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The ability of hyaluronic acid and the p ro te in -chondro i t in -ke ra t in  sulfate  complex to s epa ra t e  
a suspens ion of red  cel ls  in physiological  sal ine rapidly into the solution and cell  phases  has 
been shown to be la rge ly  de te rmined  by the p rope r ty  of these  b iopo lymers  to f o r m  t h r e e - d i -  
mensional  s t ruc tu re s  in solution. Hepar in  and po lypept ide-chondro i t in -4-su l fa te ,  which do 
not p o s s e s s  this p rope r ty ,  inhibit the separa t ion  of a red  cell  suspension into these  two phases  
induced by the f i r s t  two b iopo lymers .  

The p rob l em  of the ro le  of acid glucosaminoglucans  in adhesion of cel ls  has r ece ived  li t t le inves t iga-  
tion despite its cu r ren t  impor tance  [9-11]. The wr i t e r s  have found that s eve ra l  of these  b iopo lymers  have 
the ability to induce nonspecif ic  r e v e r s i b l e  adhesion of red cei ls  and their  rapid  prec ip i ta t ion  f r o m  blood 
p l a s m a  and f r o m  suspension in physiological  sal ine as a s epa ra t e  phase  [1-3]. 

The object  of this invest igat ion was to study the impor tance  of the negat ive e l ec t r i ca l  charge ,  the 
m a c r o m o l e c u l a r  na ture ,  and the hydrophil ic  p rope r t i e s  of hyaluronic acid (HA), the hybrid b iocomplex 
p ro te in -chondro i t in -ke ra t in  sulfate  (PCKS), polypept ide-chondroi t in-4  sulfate  (PCS), and hepar in  (HP) dur-  
ing in terac t ion  with the outer  su r face  of the red  cell. These  glucosaminoglucans  can be a r r anged  in the fol-  
lowing o rder  of s ize  and charge  densi ty of the i r  molecules :  HP > PCS > PCKS > HA. In the i r  molecu la r  
weight and the abil i ty to f o r m  th ree -d imens iona l  s t r u c t u r e s  in solution and to bind water  in var ious  ways 
they can be a r r anged  in the opposi te  o rde r  to the f i r s t  s e r i e s :  HA > PCKS > PCS > HP [4, 5]. 

E X P E R I M E N T A L  M E T H O D  

A suspens ion of rabbi t  red  cel ls  (6% by volume) in physiological  sal ine was used in all  the expe r i -  
ments .  The red  cel ls  were  f i r s t  washed th ree  t imes  with the s ame  solution. The subs tances  for  tes t ing  
were  added to the solution used for  p r epa r ing  the suspension.  A suspens ion of red  cel ls  without the t es t  
subs tance  acted as the control .  The ra te  of separa t ion  of the suspension into red cel ls  and solution was 
m e a s u r e d  by obse rv ing  the movemen t  of the par t i t ion  boundary between the phases  at r e co rded  t imes  in 
graduated p ipet tes  fixed in the ve r t i ca l  posi t ion and placed in a water  t he rmos t a t  (30~ The format ion  of 
red  cell  a g g r e g a t e s  was obse rved  in a drop of the t e s t  mix tu re  under the m i c r o s c o p e  under low power.  

Highly pur i f ied  p repa ra t ions  of HA were  isolated f r o m  human umbil ical  cords  [7]. PCKS was isolated 
f r o m  the car t i lage  of bovine t r achea l  r ings  [6]. PCS was obtained by r emova l  of the pro te in  component  
f r o m  PCKS by the action of papain [6]. HP was used as the sodium sal t  p r e p a r e d  by purif icat ion of the com-  
m e r c i a l  p r epa ra t ion  (Spofa, Czechoslovakia)  of this glucosaminoglucan.  Details of the chief  s t ruc tu ra l  com-  
ponents of the p repa ra t ions  used a re  given in Table 1. 

E X P E R I M E N T A L  R E S U L T S  

A suspension of red cel ls  in physiological  sal ine s e p a r a t e s  ve ry  slowly into the cell  and solution 
phases  (Fig. 1). The p r e s ence  of HP and TCS in the suspension delayed this separa t ion  into l aye r s  st i l l  
m o r e  (Fig. 1A and B). Rapid separa t ion  of the suspens ion into red cel ls  and solution was induced by HA 
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TABLE 1. Results  of Analysis  of Glucos-  
aminoglucan Prepa ra t ions  
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Fig. 1. Rate of separat ion of a suspen-  
sion of red cel ls  into solution and cel ls .  
A: 1) 0,25% HA; 2) 0.25% HA+ 3.00%HI); 
3) control;  4) 3.00%HI). B: 1) 0.50% PCKS; 
2) 0.50 I)CKS + 1.00% HI); 3) 1.00% HI). 
C: 1) 0.50% I)CKS; 2) 0.50%I)CKS+1.00% 
I)CS; 3) 1.00% I)CS. B: 1) 0.12% HA; 2) 
0.07% HA; 3) 0.12% HA + 1.00% I)CS; 4) 
0.07% HA + 0.12% I)CKS; 5) 0.12% PCKS. 

and I)CKS. The action of the las t  two glucosaminoglucans is 
s t rongly  inhibited by HI) (Fig. 1A and B) and I)CS (Fig. 1D 
and C). If HA and I)CKS were  p resen t  together  in the so lu-  
tion, the separa t ion  of the red cell  suspension took place 
m o r e  c lose ly  because  of its inhibition of the effect  of HA. 
With all invest igated combinations of the mix ture  of g lucos-  
aminoglucans,  the final volume of red cel ls  de te rmined  af -  
t e r  the lapse of 1 h was g r e a t e r  than a f te r  the action of HA 
and I)CKS independently. In the las t  cases  the volume of the 
red  cell  phase  was m o r e  tightly c o m p r e s s e d  (Fig. 1). 

In the p re sence  of HA, I)CKS, I)CS, and HI ), and a lso  
of the mix tu res  of these b iopo lymers  indicated above,  in all  
concentrat ions invest igated aggregat ion of the red  cel ls  took 
place to a var ied  degree;  i .e. ,  nonspecif ic  adhesion occu r r ed  
between the cel ls  [3]. 

Chemical  in teract ion between glucosaminoglucans and 
the red  cell  su r face  can take place  mainly  by union of the i r  
anionic groups with the cationic groups of the outer  pa i r  of 
the m e m b r a n e  of this cell. I)CKS, I)CS, and Ht ), which con- 
tain sulfur ic  acid res idues ,  can in addition suppress  the d is -  
sociat ion of acid groups p r e sen t  on the red  cell  su r face ,  
thereby increas ing  the possibi l i ty  of interact ion with the ca t -  
ionic groups of this sur face .  Being polyanions,  the m a c r o -  
molecules  of these glucosaminoglucans a re  cen te r s  of ag-  
gregat ion of large numbers  of red cel ls ,  with the resu l t tha t  
aggrega tes  a re  formed.  These  assoc ia t ions  of red cel ls  
have a negative charge ,  produced by the acid groups of the 
glucosaminoglucans which are  not used up in neut ra l iz ing  
the posi t ive charges  of the red cel l  sur face .  As a resul t ,  
HI) and I)CS inc rease  the s tabi l i ty  of the suspension of ag-  
gregated  red cel ls  in the solution. HI  ) has a s t ronge r  action 
in this r e spec t  than I)CS, for  it contains many more  anionic 
groups.  I)CKS gives the aggrega tes  of red cel ls  a s m a l l e r  
charge  than HI) and I)CS (see above). HA is the weakest  
agent f r o m  this point of view, yet it was HA and I)CKS which 
induced the  mos t  rapid  and comple te  separa t ion  of the red 
cel ls  as an independent phase.  Since HA and I)CKS po s se s s  
to a ve ry  g rea t  degree  the ability to f o r m  complex t h r ee -  
dimensional  s t r uc tu r e s ,  binding large  quantit ies of wa te r  in 
var ious  ways,  in solut ions,  it is evident that one of the chief 
fac tors  inducing the separa t ion  of a suspension of red cel ls  
into solution and cells  is this pa r t i cu la r  p roper ty  of the bio-  
po lymers .  HA and I)CKS, which bind large  quantit ies of wa-  

t e r ,  expel the red cel ls  f rom the solution. The e lec t r ic  charge  on the red cell  aggrega tes ,  which poss ib ly  
a r i s e s  in the p re sence  of HA and, in pa r t i cu la r ,  of I)CKS, has only a weak action in prevent ing the s e p a r a -  
tion of these  aggrega tes  f rom the suspension into an isolated phase.  The r ea son  for  this is dominance of 
the fac tors  de termining the format ion  of th ree -d imens iona l  s t ruc tu re s  to co r respond  to the binding of wa te r  
by these b iopo lymers .  Destruct ion of the prote in  component  of I)CKS, leading to the fo rmat ion  of I)CS which 
does not f o r m  such complex s t ruc tu re s  in solution, and which cannot bind large  quantit ies of water ,  like the 
original  b iopo lymer ,  inc reases  the s tabi l i ty  of the red cell  suspension and does not induce its separa t ion  
into layers .  

The reason  for  the inhibitory effect  of Ht ) and I)CS on the action of HA and I)CKS and also for the 
weakening of the action of HA by accompanying I)CKS is the r e s i s t ance  of the red cel l  aggrega tes  to thei r  
expulsion f r o m  the solution into a s epa ra t e  phase  as a r e su l t  of the re la t ive ly  high e lec t r i c  charge  on these 
aggregates .  The large  final volume of the red cel l  phase de te rmined  in mix tu res  of HA with HI), I)CS, and 
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PCKS, and also in mix tu res  of PCKS with HP and PCS compared  with the volume in the exper iments  in 
which HA and PCKS acted independently of the other  g lucosaminoglucans ,  can be explained in the s a m e  way. 

The par t ic ipa t ion  of acid glucosaminoglueans  of the HA and PCKS type in the fo rmat ion  of ce r t a in  t i s -  
sue s t ruc tu r e s  of the body can be cons idered  to be de te rmined  not only by the ability of these  b iopo lymers  
to fo rm e lec t rova len t  bonds with many components ,  but also by the i r  abili ty to bind (retain) la rge  quantit ies 
of water .  As a resu l t  of this phenomenon, m a c r o m o l e c u l e s  and complexes  expelled f r o m  the space  occupied 
by the glucosaminoglucans may  be concent ra ted  into a s m a l l e r  volume,  thereby increas ing  the probabi l i ty  of 
var ious  types of in teract ion between them [8]. 
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