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SI'M.MA RY 

In  ve rona l  b a i l e r  aut p i t  ~.~,, hy~Juronic  ac id  a n d  bovine  p l a s m a  a l b u m i n  m a y  form a 
c o m p l e x  which  is e ~ ~  ~ e t~ , ' t roohore t ic  p a t t e r n s  as a peak  i n t e r m e d i a t e  be tween  
those  for t h e  t o m . m e r i t s _  ~ p e a k  is cal led the  Pi complex .  

The  prese~a~ s~mt_~- ~a~mn~ie r t aken  to  d e t e r m i n e  the  effects of r e la t ive  v i scos i ty  of 
t h e  so lu t ion ,  i n t ~  ~ - / ~ -  of t he  h y a h t r o n i c  acid  and  the  re la t ive  c o n c e n t r a t i o n s  
of t he  compcr~a t t s  ,on ~ ¢,~mpiex fo rma t ion .  VVith so lu t ions  in which  the  r a t io  of 
a l b u m i n  to  h 3 m ] ~  ~ ~ tow, all the  a l b u m i n  was  b o u n d  to  h y a l u r o n i c  acid  to  
fo rm a Pi  com~**~ i n  ~ 0 ~ ~  t h a t  c o n t a i n e d  h igher  ra t ios  of a l b u m i n  to h y a l u r o n i c  
acid,  t h e  b i n d ~ ~ - ~  lkyaJuxonic acid  was a p p a r e n t l y  exceeded  a n d  free a l b u m i n  
was  d e m o n s t r ~ z l  m t h e  so,thetis'on. In  con t r a s t ,  some h y a l u r o n i c  acid  r e m a i n e d  free 
even  in t h e  t~resen~e offam e_x,ce-ss of a lbumin .  Complex  fo rma t ion  seemed  to  be d i r ec t ly  
r e l a t ed  to  t~e  ~ a ~ - ~ .  ~ s ~ e y  of the  h y a l u r o n i c  acid. 

INTRODUCTION 

P r e v i o u s  w~rk  in  ~ L ~ m t o r 3 . -  us ing e l ec t rophore t i c  ana lys i s  d e m o n s t r a t e d  t h a t  
pur i f ied  hyaaX~r~aic ac id  ~ r ~  co m b in e  wi th  bov ine  p l a s m a  a lbumin .  T h e  e l ec t rophore t i c  
p a t t e r n s  showeaa a p e r ~  ~ i n t e r rn ed i a rv  mob i l i t y ,  t e r m e d  the  Pi p e a k  x, ~. The  in te r -  
a c t i on  t o o k  plame ~ a t  FH 8.6 in ve rona l  buffer  a n d  u n d e r  ce r ta in  cond i t i ons  
a t  p H  7-4 in  ~ e  ~m~er. Thi~ t3-pe of complex  was  f r e q u e n t l y  obse rved  in n o r m a l  
h u m a n  s3-no~ciat flmk~ a n d  p c . ~ t o r t e m  h u m a n  svnovia l  fluids classed as normal ,  bu t  
was  r a r e l y  f ~ m d  m ~ - 3 _ ~  ~ f rom p a t i e n t s  w i th  r h e u m a t i c  d isease  3, , 

T h e  p r ~  ~ ~ ¢mder t aken  in an effort to  d e t e r m i n e  more  q u a n t i t a t i v e l y  
t h e  c o m p o s i t i 0 a  off 1~e lPi ~ x  a n d  to  es tab l i sh  the  effects of the  r e l a t ive  v i scos i ty  
of t h e  so lu t ion ,  ~ fl~e ~ i ¢  v i scos i ty  of the  hva lu ron i c  acid  a n d  of t he  re la t ive  
concen t ra t ioz i s  ~r  ~ ~ h v a l u r o n i c  acid. 

* Present a ~ l ~ : :  ~ r t t ~ L e r ~ t  of Biochemistry. New York Medical College, New York -'o. 
N.Y. (U.S.A.). 
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EXPERIMENTAL 

Materials 

Hyaluronic  acid was prepared from bovine synovial  fluid, collected from the 
astragalo-t ibial  joint with Merthiolate as preservat ive,  by a modification of the 
electrodialysis me thod  of ROSEMAN AND WATSON ~. The hyaluronic  acid was stored at 
- - i o  ° as a gel or as the lyophilized mater ia l .  Prior  to use, a weighed sample was 
dissolved overnight  with st irring at  2-4  ° in veronal  buffer (pH 8.6) /z = o.I.  A small  
a m o u n t  of Celite w~ts added,  and  the solution was stirred for approx.  30 min.  The 
solution was centr ifuged at 25ooo rev . /min  (43ooo ~: g) for 3o min,  and the super- 
na t an t  fluid was decanted.  Tiffs procedure gave a product  tha t  conta ined less than  
2 '~o protein by  the Lowry phenol method.  The crystal l ine bovine p lasma a lbumin  was 
obta ined from the Armour  Laboratories .  The buffers used were veronal  (pH 8.6) 
t t = o.I and phosphate  ,(pH 7.3) /z - -  o.2 (containing NaCI # = o.r5). 

General procedures 

For studies of the combining ratio of a lbumin  and hyaluronic  acid in the Pi 
complex,  solutions of a lbumin  and  of hyaluronic  acid were mixed  in different pro- 
port ions and dialyzed for 18-48 h a t  o -  4 ° agains t  veronal  buffer prior to electrophoret ic  
analysis.  The shorter  periods of dialysis were used for exper iments  in which min imal  
degradat ion of the hvaluronic  acid was desired. In every  case the  electrical resistance 
of the dialyzed product  was the same as tha t  of the buffer against  which it v. as dialyzed. 
Electrophoret ic  analvses were carried out  in a 6-ml cell in a Pe rk in -E lmer  Tiselius 
type  appara tus  in veronal buffer. An al iquot  of the reaction mix ture  was analyzed for 
protein by  the Lowry phenol me thod  n or by  the  biuret  reactionL Hyaluronic  acid was 
de te rmined  bv analysis  for uronic acid by  the carbazole me thod  using glucurone 
as a s t andard  8. The viscosity of the solution was de te rmined  with  a No. 2oo or 4o0 
Cann~m-Manning semi-micro viscometer  at  30.00 °. Limit ing intrinsic viscosity was 
de te rmined  by measurement  of the specific viscosity of serial di lutions of al iquots  of 
the hvaluronic acid solution and  p lo t t ing  specific viscosity divided bv  concentra t ion 
of hvaluronic  acid against  specific viscosity of the solution. This plot gave e.~ential ly 
a s t ra ight  line. 

R,Juction of viscosity of hyaluronic acid 

"I'o determine the effect of the intrinsic viscosity of hyaluronic  acid on Pi complex 
formati~m, highly polymerized hva!uro:fic acid was degraded by  a~corbic acid bv the 
flfll~wing pr~,cedure. Two samples of approx.  IOO mg each of lyophilized hvaluronic 
acid with an intrinsic viscosity of 42 ~ ~ " ~,,jg were weighed and dissolved at 0--40 cvernight  
with st irring in io ml of phosphate  buffer. A small  a m o u n t  of Celite was added. The 
s,,luti,~n was st irred for approx.  3o min,  and then centr i fuged at 43 ooo :.: g for 3o min. 
5 ml ~f ascorbic acid solution (o.32 mmole/1) was added to the superna tan t  and the 
viscosity was measured  at 3o.0o ° . When  the viscosity became re la t ively  constant ,  
another  5 ml of freshly prepared  ascorbic acid solution was added.  The decrease in 
vis~c;r.itv was again followed unti l  the relat ive viscosity was 8.6 and 8.o centipoises, 
respectively. The samples were combined and dialyzed against veronal  buffer for 
x 8-24 h. The combined sample had  an intrinsic viscosity of approx.  9 dl/g. This sample  
was concentra ted  by  dialysis against  a 25 % solution of polyvinylp~Trolidone to a 

Biochim. Biophys..4cta, ~9 (I963) 552-558 



5 5 4  E.  GRAMLING,  XV. N I E D E R M E I E R ,  H. L. HOLLEY,  W. PIGMAN 

relative viscosity of 31 centipoises. Albumin equal to 300 mg/ Ioo  ml was added to  
IO ml of the concentrate .  This solution was diah 'zed against  veronal  buffer for 18 h 
and analyzed electrophoretically.  

Hyaluronic  acid with an intrinsic vis,-o~itv of 42 dl/g was degraded by  heat ing 
at IOO ° in a Io-ml volumetr ic  flask in veronal  buffer. Viscosities were de termined before, 
during, and af ter  degradat ion.  Albumin  was added to the  degraded samples of hyah~r- 
onic acid and the solution was dialyzed 40-64 h before electrophoresis. 

RES U LTS 

Variations of concentration of albumin 

When hyaluronic  acid of high intrinsic visco.~itv (64 dl/g) was mixed with  bovine 
plasma albumin,  and an electrophoretic analysis was made  of the solutions, the ascend- 
ing pa t t e rns  showed three components  when the concentra t ion of a lbumin wa.q 
sufficient. This is shown in Fig. I E. The absolute mobilit ies were 7-9, 8 4  and 8. 9. IO -~ 
cm 'z V -1 sec - t  for a lbumin,  the Pi complex and hvaluronic acid, respectively. Pa t te rns  
IA and IB are those for hx'aluronic acid with a mobi l i ty  of 9. I and the o lasma a lbumin 
with  a mobi l i ty  of 6.6. Pa t t e rns  IC and  ID,  for lower a lbumin concentrat ions,  .~how 
only two components ,  but  the slowest moving component  had a mobi l i ty  greater  than 
tha t  for a lbumin alone. At the  lowest concentrat ions,  all of the a lbumin  seemed to be 
present  as the Pi complex.  

~[Hk. 
Fig.  [. T h e  P i  p e a k  : a c o m p l e x  of  h y a l u r o n i c  ac id  
w i t h  a l b u m i n .  A, I6o  m g  h y a l u r o n i c  a c i d / t o o  m l  
w i t h  t i m e  of  x95 m i n ;  B, -'5 o m g  b o v i n e  p l a s m a  
a l b u r n i n / i o o  rnl ;  C: , i  4 m g  h y a l u r o n i c  a c i d  p e r  
tOO m l  + Z50 m g b o v i n e  p l a s m a  a l b u m i n [ l o o  m l  ; 
D, 98 m g  h y a ! u r o n i c  a c i d / t o o  m l  + 256 m.g 
b o v i n e  o l a s m a  a l b u m i n / t o o  m l ;  E,  t32  m g  
h v a t u r o n i c  a c i d / l o o  m l  + 306  m g  b o v i n e  p l a s m a  
a l b u m i n ] t o o  ml .  T i m e :  B - E  2-'5 r a in .  V e r o n a l  

b u f f e r  ( p H  8.6) ,  ! t ~- o . I .  

The effect of var ia t ions  in the a lbumin concentra t ion on the formation of the Pi 
peak is also shown in Fig. 2. A series of electrophoretic pa t t e rns  were obtained for 
solutions which contained approx.  I5o mg/ roo  ml hyaluronic  acid having an intrinsic 
viscosity of 46 dl/g. The a lbumin concentrat ion was decreased progressively from 
480 mg / Ioo  ml (A) to 360 mg/ Ioo  ml (B), 280 mg/ Ioo  ml (C) and 250 mg/ Ioo  ml (D). 
At  the greatest  concentrat ion of a lbumin,  large a lbumin and hyaluronic  acid peaks 
were observed in addi t ion to the in te rmedia te  Pi peak. For  the solutions which 
conta ined  progressively smaller concentrat ions  of a lbumin,  the  size of the a lbumin 
peak  decreased with  essential ly no change in the size of the hyaluronic  acid or Pi 
peaks.  The solution tha t  contained only 250 mg of a lbumin (ratio bovine p lasma 
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albumin" hvaluronic acid, 1.74: I) gave a pa t te rn  (D) Which had no definitive albumin 
peak. Essentially all the albumin had reacted to form the Pi complex. 

Variations in concentration of hyaluronic acid 

The effect of variation of the hyaluronic acid concentration at an approximately  
constant  a lbumin concentration (73-1o3 rag/zoo ml) is shown in Fig. 3. At the lowest 
concentration (55 mg/Ioo ml of hyaluronic acid and IOO mg/Ioo ml of albumin (A)), 

N.&, 

L_,. A t-~ ~ L~. C. t._~O. 

Fig .  z. T h e  ef fec t  of  v a r y i n g  t h e  a l b u m i n  c o n t e n t  w i t h  a c o n s t a n t  h y a l u r o n i c  a c i d  c o n t e n t  o n  t h e  
P i  p e a k  f o r m a t i o n .  A, 153 m g  h y a l u r o n i c  a c i d / t o o  m l  + 48o  m g  b o v i n e  p l a s m a  a l b u m i n / t o o  m l  
~1 tel .  44 c e n t i p o i s e s ;  H, 153 nag h y a l u r o n i c  a c i d / z o o  m l  + 36o m g  b o v i n e  p l a s m a  a l b u m i n / t o o  m l  
tl reI. 44 c e n t i p o i s e s  ; C, 146 m g  h y a l u r o n i c  a c i d [ l e o  m l  + 28o m g  b o v i n e  p l a s m a  a l b u m i n / t o o  m l  
~1 tel .  4(> c e n t i p o i s e s ;  1), I44 nag h x ' a l u r o n i c  a c i d / t o o  m l  + 25o m g  b o v i n e  p l a s m a  a l b u m i n [ t o o  m l  
~1 rel .  45 c e n t i p o i s e s .  V e r o n a l  bufft2r ( p H  8.6) tt = o . t .  T h e  i n t r i n s i c  v i s c o s i t y  of  t h e  h y a l u r o n i c  a c id  

w a s  46 d l /g .  

no definitive Pi peak was observed in the electrophoretic pat tern.  However,  the al- 
bumin peak was asymmetr ic  with an increase in mobil i ty of the leading edge as shown 
in Fig. 3 A. A small but  definitive Pi peak was observed (3B) for a solution tha t  
contained 89 mg/Ioo ml of hyaluronic acid and 76 mg/Ioo ml of albumin.  VVith an 
increase of the concentrat ion of hyaluronic acid to 113 mg/Ioo ml and 189 mg/Ioo ml 
as shown in Figs. 3C and 3 D, the electrophoretic pat terns  showed hyaluronic acid and 
Pi peaks but  no peak for albumin. Thus, an excess of hyaluronic acid caused all of the 
albumin to be complexed. Even in solutions tha t  contained low concentrat ions of 
hyaluronic acid, however, a peak having the mobil i ty of "free" hyaluronic acid 
appeared in the electrophoretic patterns.  

Electrophoretic analyses were made of a series of solutions tha t  contained approx.  
i25-3oo mg/Ioo mI of hyaluronic acid which had been degraded earlier by heat  

l.l&. 

. - ¥  

t . ~  A. ~ 8. t_~ c L_~ O. 

Fig .  3- E f f e c t  of h v a l u r o n i c  a c i d  c o n c e n t r a t i o n  o n  P i  p e a k  f o r m a t i o n .  A, *1 rel .  6 c e n t i p o i s e s  h y a l u r -  
on i c  a c id  55 r a g / t o o  m l  + b o v i n e  p l a s m a  a l b u m i n  t o 5  m g / x o o  m l ;  B ,  , / r e l .  14 c e n t i p o i s e s  h y a l u r -  
on i c  a c i d  80 m g / l o o  m l  + b o v i n e  p l a s m a  a l b u m i n  76 r a g / l e o  m l  ; C, ~ te l .  43 c e n t i p o i s e s  h y a l u r o n i c  
a c i d  t I3 r a g / t o o  m l  + b o v i n e  p l a s m a  a l b u m i n  73 r a g / t o o  m l ,  D,  T t t e l .  189 c e n t i p o i s e s  h y a l u r o n i c  
a c i d  t94 r a g / t o o  m l  + b o v i n e  p l a s m a  a l b u m i n  xoo r a g / l e o  hal. T h e  i n t r i n s i c  v i s c o s i t y  of  t h e  

L 'ya lu ron i c  a c i d  w a s  42 dl ]g .  V e r o n a i  b u f f e r  ( p H  8.6),  p ---- o. ~. 
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t r e a t m e n t  at  IOO ° to  a re la t ive  v iscos i ty  of b e t w e e n  29 and  7 cent ipoises .  T h e  resu l t s  
are  p re sen t ed  in Fig. 4. T h e  so lu t ions  r e p r e s e n t e d  b y  Figs. 4 A a n d  4 B c o n t a i n e d  
127 m g / I o o  ml  a n d  158 mg/xoo  ml  of hva lu ron ic  acid t h a t  h a d  been d e g r a d e d  to  
re la t ive  viscosi t ies  of 24 cent ipoises  a n d  zc~ cent ipoises ,  respec t ive ly .  Smal l  Pi  p e a k s  
were  p re sen t  in the  p a t t e r n s  for b o t h  solut ions .  The  so lu t ions  r e p r e s e n t e d  by Figs.  4C, 
4D a n d  4 E c o n t a i n e d  progress ive ly  la rger  c o n c e n t r a t i o n s  of hya tu ron ic  acid  wh ich  h a d  
been  d e g r a d e d  to oroere~ivol ,~  smal le r  - ' - ' :  ,~- , t t~v  viscosities.. Pi p e a k s  could n o t  be 
d e t e c t e d  in these  e l ec t rophore t i c  p a t t e r n s .  The  resul ts  of th is  series  of d e t e r m i n a t i o n s  
sugges t ed  t h a t  in so lu t ions  of low re la t ive  x'isc{Mty" (7-13 centiptf i ,es) .  Pi p e a k  for- 
m a t i o n  can not  t a k e  place at  concent ra t i~ms  ~f l lva luronic  acid as h igh as I3~ -3o¢~ rag/  
i oo  mI. Since t h e  decrease  in re la t ive  x'isc~}sitv was ach ieved  by  phys ica l ly  d e g r a d i n g  
the  hva lu ron i c  acid,  the  resu l t s  did  not  ind ica te  w h e t h e r  the  fai lure t~) c~btain a Pi p e a k  
was  due  to  t h e  low re la t ive  v i scos i ty  of the  so lu t ion  or to  t h e  low in t r ins ic  v i scos i ty  of 
the  h v a l u r o n i c  acid. 

L.~ C. 

B. 

¢ 

Fig .  4- T h e  e f f ec t  of  r e l a t i v e  v i s c o s i t y  of  h v a t u r -  
o n i c  a c i d  d e g r a d e d  b y  h e a t  o n  t h e  l?'i p e a k  
f o r m a t i o n .  ; \ .  127 rag- h v a l u r o n i c  acid• t o o  m l  
d e g r a d e d  f r o m  ~i te l .  o f  35 c e n t i p o i s t . s  24 c e n t i -  
p o i s e s  q - b o v i n e  p l a s m a  a l b u m i n  5oo  r a g / t o o  
m l  : B, ! 581 m g  hy -a lu ron i c  a c i d / l o o  m l  d e g r a d e d  
f r o m  *t te l .  of 0 4 - 2 9  c e n t i p o i s e s  + b o v i n e  
p l a s m a  a l b u m i n  44 ° m R / t o o  m l :  C, I3,~ m g  
h v a l u r o n i c  a c i d / t o o  m l  d e g r a d e d  f r o m  ~1 te l .  ~f 
4 o - I 3  c e n t i p o i s e s  + b o v i n e  p l a s m a  a l b u m i n  
48o  r a g / t o o  m l :  D, t 6 9  m g  h y a l u r o n i c  a c i d  p e r  
I o o  m l  d e g r a d e d  f r o m  .t/ rel.  of  13b--I2 c e n t i -  

F ig .  5- T h e  ef fev t  of  c o n c e n t r a t i o n  ol  h v a t u r o n i c  
a c i d  d e g r a d e d  b y  a s c o r b i c  a c i d  o n  t h~  Pi  p e a k  
f o r m a t i o n .  A, a,¢~ m g  h y a l u r o n i c  a c i d / I o o  m l  
d e g r a d e d  f r o m  a n  i n t r i n s i c  v i s c o s i t y  of  4" 
d l ' g  t o  0 d l / g  a n d  c o n c e n t r a t e d  to  q rel .  of 
3I  c e n t i p o i s e s  + b o v i n e  p l a s m a  a l b u m i n  3oo  
m g / t o o  m l ;  B, 42x m g  h v a l u r o n i c  a c id l  to¢J m l  
d e g r a d e d  f r o m  a n  i n t r i n s i c  v i s c o s i t y  r~f 42 d i : g  
t o  4 d l / g  a n d  c o n c t ; n t r a t e d  t~  Jl rel.  of  30 t : en t i -  
p o i s e s  + b o v i n e  p l a s m a  a l l m m i n  3oq nag,/ 
i o o  ml .  V e r o n a l  b u t t e r  (pH, .  S,r~! t t - o . s .  

p o i s e s  + b o v i n e  p l a s m a  a l b u m i n  5oo  m g  p e r  i o o  ml"  E ,  3ot~ m g  hx ' a l t l ron ic  a c i d / t o o  m l  
d e g r a d e d  f r o m  l I rel.  of  t o 4 3 - 7  c e n t i p o i s e s  ~ b o v i n e  p l a s m a  a l b u m i n  r)2o m g / z o o  m].  V e r o n a l  

b u f f e r  ( p H  8.6),  /l  = o . t .  

In  o rde r  to  s t u d y  th is  p rob lem,  t w o  solution,~; of hya lu ron ic  ac id  t h a t  c o n t a i n e d  
226 m g / I o o  ml  a n d  441 m g / I o o  ml were d e g r a d e d  wi th  ascorbic  ac id  to  an  in t r ins ic  
v iscos i ty  of 9 d l /g  a n d  4 dl /g,  respec t ive ly .  Af te r  c o n c e n t r a t i o n  by  dia lys is  to  a r e l a t ive  
v iscos i ty  of 31 cent ipoises  for t h e  first a n d  36 cent ipoises  for t he  second,  a n d  a d d i n g  
a p p r o x .  30o nag of a l b u m i n  to  each,  the  solu t ions  were  a n a l y z e d  e lec t rophore t i ca l ly .  
T h e  resu l t s  a re  p r e s e n t e d  in Fig. 5- In  Fig. 5A a smal l  Pi  p e a k  m a y  be p r e s e n t  a t  t h e  
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base of the hyaluronic acid peak. There is no evidence of a Pi peak in Fig. 5B~ These 
observations provide strong support  for the concept tha t  albumin combines only with 
highly polymerized hyaluronic acid. The relative viscosity of the solutions appears to 
be of importance primari ly as it reflects the intrinsic viscosity of the polysaccharide. 

D I S C U S S I O N  

Hyaluronic acid and bovine plasma albumin form a complex under the conditions of 
Tiselms electrophoresis at p H  8.6 and ionic s trength o.x, in veronal buffer 2. This is 
shown as a peak, called the Pi peak, in the ascending pat tern  which migrates between 
the hyaluronic acid and albumin peaks. The earlier work suggested tha t  highly 
polymerized hyahtronic acid was required for the formation of the Pi complex since 
it could not be produced from some samples of hyaluronic acid and t rea tment  of 
svnovial fluids with hyaluronidase caused its disappearance1, 9. 

The present work demonstra tes  the influence of the degree of polymerization as 
measured by the intrinsic viscosity on Pi complex formation. Whereas formation of the 
Pi complex was demonst ra ted  wi th  highly polymerized hyaluronic acid, degraded 
hvaluronic acid had little or no capaci ty to form the complex, even in solutions with 
relative viscosities equal to those tha t  contained undegraded hyaluronic acid. 

TABLE I 
THF_ R E L A T I O N S H I P  O F  I N T R I N ' $ I C  V I S C O S I T Y  TO T H E  C O / g I B I N I N G  R A T I O  O F  H Y A L U R O N I C  A C I D  A N D  

P L A S M A  A L B U M I N  

Figure 
lJ;trijlsic Hyaluroni¢ 13ovine plasma Bovine plasma 
Viscosity acid albumin albuminlh~.alur. 

(dllg) (,*ngltoo ml) (mgl too mO oni¢ acid 

I-C 64 Ii 4 250 z.x 9 
2-D 46 t44 25 ° x.74 
3-C 4a ~t3 73 0.65 

Free albumin existod in solutions of undegraded hyahtronic acid on13~ when present 
in excess of the amount  required for saturat ion of tlte polysaccharide. On the assump- 
tion of an equali ty of negative charges in hyaluronic acid with positive charges in 
albumin at pH 8.6- the combining ratio can be calculated from the da ta  of TANFORD ~°. 
Bovine albumin has 80 positively charged groups at pH 8.6 for a molecular weight 
of 65000. Hyaluronic acid has one ionized carboxyl group for each repeating unit  
of 379, assuming complete ionization. An equivalence of charges would be given by 
z.z7 g of albumin and i .oo g of hyaluronic aeid.L 

The electrophoretic pa t te rns  in Figs. x to 3 were used to est imate the amount  of 
a lbumin required to saturate  the negative charges of hyaluronic acid. The results 
given in Table I show tha t  the amount  of a lbumin seems to approach the calculated 
ratio of 2. x 7 when the hyaluronic acid has a high intrinsic viscosity, but  may  decrease 
for hvaluronic acid of lower intrinsic viscosity. However, a concentration effect may 
also be involved as indicated by pat terns  zD and 3C. 

In addition, the pat terns  always showed a sharp peak corresponding to tha t  for 
free hyaluronic acid even when an excess of albumin was present. This suggests tha t  
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the hyaluronic acid samples contained a fraction which could not complex with al- 
bumin. Electrophoret~,c pat terns  of synovial fluid have always shown peaks corre- 
sponding to free h'¢aluronic acid and have protein concentrations considerably 
above those apparent ly  required for saturation.  Svnovia! fluids thus appear  to contain 
some hyaluronic acid which does not complex with albumin. The polydispersity of the 
hyaluronic acid of synovial fluids has not been studied directly, but  vitreous humor is 
known to be polydisperse n. 

The relation of the Pi complex of synovial fluids to other soluble complexes v'-- ~6 
formed under other conditions has not yet been clarified. In any case, the pH and 
ionic strength would provide major influences on the type of complexing. 
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