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The anticoagulant  abil i ty of a hepar in  fract ion containing four sulfur ic  acid res idues  per 
disaccharide structural unit of the macromolecule is 1.40 times greater than that of a 
fraction containing three sulfuric acid residues per unit. 
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Hepar in  p repa ra t ions  isolated f rom many t i s sues  consis t  of a na tura l  complex of f racHons  of this b io-  
po lymer  that  d i f fer  chief ly  in the i r  content  of sulfuric acid res idues  [1-3]. The g r e a t  d ive rs i ty  of the b io-  
logical  functions of hepar in  can be cons idered  to be linked somehow with its na tura l  chemica l  and physical  
he te rogene i ty  [2, 4]. Quantitative invest igat ions into this p rob lem are  cons iderably  h a m p e r e d  by the diffi-  
culty of isolat ing individual f rac t ions  of this g lycosaminoglycan [5]. 

The object  of this invest igat ion was to study the re la t ive  anticoagulant ability, i .e. ,  the p rope r ty  of 
prolonging the blood clott ing t ime,  of homogeneous hepar in  f ract ions  containing three  (HP-3S) and four (HP- 
4S) sulfur ic  acid res idues  pe r  repeat ing d isacchar ide  s t ruc tu ra l  unit of the i r  mac romolecu l e .  

EXPERIMENTAL METHOD 

HP-3S and HP-4S were  obtained f rom hepar in  (Spofa, Czechoslovakia)  as the po tass ium sa l t s .  The 
anticoagulant  act ivi ty  of HP-3S and HP-4S was compared  ent i re ly  for  f rac t ions  isolated f rom the same  
sample  of the manufac tured  product .  The t ime of delay of blood clotting was de te rmined  visual ly  f rom the 
appearance  of the f i r s t  f ibr in  clots  in expe r imen ta l  and control  s amp le s .  In the expe r imen ta l  s amples  r a b -  
bit  blood was mixed with hepar in  solution (in physiological  saline) in the ra t io  of 2 : 1. In all samples  the 
volume of the mix tu res  was 0.3 ml .  Observat ions  were  made at 20~ 

TABLE 1. Ability of Hepar in  Frac t ions  to Delay Blood Clotting 

No. of groups 
Expt. Preparation per alsaccnar- Kt K, K, K, I<~ 
No. No.* ide unit (A) . ~ A- A-- 

I 
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III 
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VI 
VII 

3,29 
4,04 
3,25 
3,92 
3,17 
3,80 
2,97 

0,65 
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037 

1,38 

1,40 

1,40 

0,20 

jo  
0,23 

0,23 

*Resul t s  of ana lyses  (in m m o l e s / g  anion of b iopolymer) :  in p r e p a r a -  
tions I, Ill, V, and VII - g lucosamine 1.32, hexuronic acids 1.43-1.54, 
sulfate  groups 4.20-4.58; in p repara t ions  If, IV, and VI (in the same  
order)  1.40,1.24-1.43,  and 5 .00-5 .93 , respec t ive ly .  Nitrogen content in 
a l l p r e p a r a t i o n s  1 20-1 .23;  ra t io  between content of hexuronic acids and 
g lucosamine  content  is I .  

(P resen ted  by  Academic ian  of the Academy of Medical Sciences of the USSR S. S. Debov.) T rans la t ed  
f r o m  Byulleten T I~ksper imenta l 'noi  Biologii i Meditsiny, Vol.  79, No. 2, pp. 61-63, Feb rua ry ,  1975. Original  
ar t ic le  submi t ted  March  26, 1974. 

�9 1975Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the publisher for $15.00. 

158 



20 
{J 

o 

~ 5 

Fig .  1. 

, A 3  

' : I  

i I I i 

# ~,z# 2,#a 3,7# #,a 
Heparin (pg/ml) 

Time of beginning of blood clotting 
as a function of concentra t ion of hepar in  
f rac t ions :  1) or ig inal  unfrac t ionated  p r e p a -  
rat ion of hepar in;  2,3) hepar in  f rac t ions  con-  
raining 3.25 and 3.92 sulfur ic  acid res idues  
r e spec t i ve ly  pe r  d i sacchar ide  unit. 

ra t ions  the re la t ive  abil i ty (activity) of these p r e p a r a -  
tions to delay blood clotting can be de te rmined .  

•11 p repa ra t ions  of f rac t ions  HP-3S and HF-4S isola ted  f rom different  spec imens  of the manufac tured  
product  were  c h a r a c t e r i z e d  by values  of K 1 and K 2 lying within the l imi ts  0.60-0.65 and 0 . 8 7 - 0 . 9 0 , r e s p e c -  
t ively  (Table 1). The ra t io  K2/K 1 in e v e r y  case  was approx imate ly  1.40, f rom which it  follows that  the 
anticoagulant  act ivi ty  of the HP-4S f rac t ion  was a lmos t  1~ t imes  g r e a t e r  than that  of the HP-3S f rac t ion .  
The activi ty of HP-3S was twice, and that of HP-4S four t imes  g r e a t e r  than the act ivi ty of the or ig inal  un-  
f rac t iona ted  hepar ing p repa ra t ion  (Fig. 1). The ra t io  of K 1 and K 2 to the content of su l fur ic  acid res idues  
in each  hepar in  f ract ion was 0.20 for  HP-3S and 0.22-0.23 in HP-4S.  

The r e su l t s  show that  the anticoagulant  act ivi ty  of homogeneous hepar in  f rac t ions  depends on the i r  
content  of sulfur ic  acid res idues :  f rac t ions  with a h igher  content  of such r e s idues  have g r e a t e r  act ivi ty in 
this r e s p e c t .  In the hepar in  molecule  one sulfur ic  acid res idue  is bound with an amino group of the 
g lycosamine ,  whereas  the others  are  bound by means  of an e s t e r  bond with var ious  carbon a toms of the 
s ame  amino suga r  and of hexuronic  acid [1, 3]. P robab ly  the role  of each  sul fur ic  acid res idue  d i f fers  in 
b iochemica l  r eac t ions .  The dif ferent  value of the ra t ios  between K i and K2, on the one hand, and the num-  
ber  of these sulfur ic  acid res idues  in HP-3S and HP-4S,  on the other  hand, may  possibly- be the r e su l t  of 
the nonadditivity of each  sulfate group as r ega rd s  the i r  par t ic ipat ion  in the reac t ion  of inhibition of blood 
clott ing.  The assumpt ion  can be made that  the act ivi ty  of hepar in  in other biological  p r o c e s s e s  in which 
it pa r t i c ipa tes  also depends to a ce r ta in  extent  on its content  and disposi t ion of its su l fur ic  acid r e s idues ,  
quite apar t  f rom the other  chemica l  and phys ica l  f ea tu res  dist inguishing the mic romo lecu l e s  of this b io -  
p o l y m e r .  

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

The t ime by which blood clotting was delayed was 
found to be a l inea r  function of the hepar in  concentra t ion 
over  a wide range of values of the la t t e r ,  as is c l e a r  
f r o m  Fig.  1, showing the r e su l t s  for  e x p e r i m e n t  2 (Fig. 
1, Table 1). All the o ther  expe r imen t s  gave s i m i l a r  r e -  
su l t s .  The g rad ien t  of the s t r a igh t  line was g r e a t e s t  
for  HP-4S and that  for  HP-3S was much s m a l l e r .  The 
s m a l l e s t  gradient  of all was found on the g raph  for  the 
or ig inal  unfrac t ionated  hepar in  p repa ra t ion .  It  follows 
that  the blood clotting t ime can be e x p r e s s e d  as t = KC + 
a ,  where K is the tangent of the angle of slope of the 
s t r a igh t  line to the absc i s sa ,  exp res s ing  the re la t ionship  
between the t ime and hepar in  concentra t ion (C), and a is 
a constant  equal  to the blood clotting t ime in the control  
t es t .  The t e r m  K (determined graphical ly)  is thus a 
value cha rac t e r i z ing  the ant icoagulant  act ivi ty of hepar in .  
By compar ing  the values of K for  di f ferent  hepar in  p r e p a -  
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