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The acce le ra t ing  effect  of  whole human red blood cel ls  ~BC)  on the thrombin  t ime of p l a sma  
(deprothrombinized,  p la te le t -depr ived)  is man i fes ted  r e g a r d l e s s  of the p r e s e n c e  or  absence  
of ca lc ium ions or  of  p re incuba t ionof  the RBC with p lasma  and it is not accompanied  by a fall 
of the f ree  hepar in  level  in the p l a s m a .  Accelera t ion  of the t r ans fo rma t ion  of the p lasma  
flbrinogen into f ibrin under  the influence of whole 1RBC is unconnected with inhibition of endog- 
enous hepar in  but r e f l ec t s  the f lbr inoplast ic  effect of the cell .  The exper imenta l  r e su l t s  do 
not suppor t  the view e x p r e s s e d  in the l i t e r a t u r e  that  whole e ry th rocy te s  have a regulat ing ef -  
fect  on the blood level  of endogenous hepar in .  
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Whereas  the inhibi tory effect  of whole red blood ce l l s  ~BC)  on exogenous hepar in  under ce r ta in  ex p e r i -  
men ta l  conditions has been proved  [14, 15], the question of the re la t ions  between RBC and endogenous hepar in  
r e m a i n s  a m a t t e r  for d i scuss ion .  In conf i rmat ion  of the inhibi tory effect of whole 1RBC on the endogenous an t i -  
coagulant  the obse rved  shortening of the th rombin  t ime  of p l a sma  (not only hepar in ized ,  but also o rd ina ry  [7, 
9]) has been ci ted,  although the effect  has not been observed  by o ther  worke r s  [4, 5] and,  bes ides ,  this could 
re f l ec t  a different  effect  on the EBC. Incidental ly,  only some  of these  w o r k e r s  cited added ca lc ium chloride 
together  with th rombin  to the p l a sma  [5], and consider ing that the inhibition of exogenous hepar in  by whole RBC 
depends on the p r e s e n c e  of ca lc ium ions in the medium (see below), this is a significant factor .  However ,  it 
mus t  be r e m e m b e r e d  that the p l a sma  clott ing t ime  a f t e r  addition of thrombin  was m e a s u r e d  in seconds and, 
consequent ly,  the durat ion of contact  of  the EBC with the endogenous anticoagulant  in the p r e sence  of calc ium 
ions was r e s t r i c t e d  to an equally shor t  in terval .  The question a r i s e s  whether  the absence  of an ant iheparin  
effect  of  the EBC is connected with too shor t  a per iod of contact  of the ce l l s  with the endogenous anticoagulant  
in reca lc i f ied  p l a sma .  

The object  of  the p re sen t  invest igat ion was to c la r i fy  whether  whole human RBC can exhibit  inhibitory 
p r o p e r t i e s  toward endogenous hepar in  (and hepar inoids  with ant icoagulants  act ivi ty) .  Three  main  s e r i e s  of ex -  
p e r i m e n t s  were  c a r r i e d  out: 1) to study the effect  of BBC on the th rombin  t ime  of o rd ina ry  and reca lc i f ied  
p l a s m a  - w i t h  incubation of the p l a s m a  with and without BBC; 2) de te rmina t ion  of the f ree  hepar in  level  in o r -  
d inary  and reca lc i f ied  p lasma  - w i t h  and without preincubat ion of the p l a sma  with BBC; 3) to c o m p a r e  the a c -  
ce le ra t ing  effect  o f  BBC on the th rombin  t ime  of p l a sma  and of a solution of f ibrinogen. 

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

Exper iments  we re  c a r r i e d  out with oxalated unheparinized p la sma .  Neve r the l e s s ,  the es tabl ished ru les  
for in teract ion between whole RBC and exogenous hepar in  [14, 15] were  taken into account ,  for  these  ru les  could 
also extend to in terac t ion  between RBC and the endogenous anticoagulant .  This rule  appl ies  to the dependence 
of mani fes ta t ion  of the ant ihepar in  ac t iv i ty  of RBC on the opt imal  t e m p e r a t u r e  (37~ the p r e s e n c e  of ca lc ium 
ions in the m e d i u m ,  and a suff icient ly long incubation of the RBC with exogenous ant icoagulant  [14, 15]. Sat is-  
faction of the two l a s t  conditions during de te rmina t ion  of the thrombin  t ime  and the f r ee  hepar in  of o rd ina ry  
p l a sma  is imposs ib le ,  for when ca lc ium chlor ide  is added to p l a s m a ,  the p r o c e s s  of  internal  th romboplas t in  
and thrombin  fo rmat ion  is act ivated.  To avoid th i s ,  the p lasma  was f i r s t  f reed  f rom pro th rombin  and fac tor  IX 
(adsorption on ba r ium sulfate  at 4~ for 30 min).  The s a m e  method was used p rev ious ly  when studying the in-  
h ibi tory p r o p e r t i e s  of a hemolysa te  agains t  exogenous hepar in  [3]. The use  of p l a t e l e t - f r e e  p lasma  prevented  
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TABLE 1. Changes in Thrombin Time of Deprothrombinized,  Platelet-Deprived 
Plasma under the Influence of I~BC (M ~ m ,  n = 26) 

Series of. experiments 

Without addition of calcium 
chloride 

With addition of calcium 
chloride 

Without preincubatiou 

control 

32,7• 
P<O,O01 

30,9-+-0,92 
P<O,O1 

experi- 
t n e n t  

26,0~0,81 
P<0,001 

26,5-----0,91 
P<O,O01 

IEA 

1,26--- +. 0,02 
P<O,O01 

1,17--0,02 
P<0,001 

After incubation with RBC 

control experi- 
ment 

36,7m 1,22 28,3m0,99 
P<0,001 P<0,001 

33,2~ 1,14 28,0~ 1,03 
P<0,001 P<0,00t 

IEA 

1,30+0,02 
P<O,OOl 

PI> 0,05 
1,19~0,02 
P<O,OOi 

PI> 0,05 

Legend. P1) significance of differences between mean values of IEA in exper i -  
ments  with and without incubation. 
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Fig. 1. Changes in free heparin level in 
deprothrombinized,  pla te le t -deprived 
plasma after  incubation with RBC (M •  
n = 26). I) Without addition of calcium 
chloride; II) with addition of calc ium 
chloride.  Unshaded column - control;  
shaded column - experiment.  Ordinate, 
free heparin in plasma (in sec). 

any possible effect of  platelet  factor 4. 

The thrombin t ime and free heparin were determined by the known method [10]. The effect of BBC on 
the plasma (fibrinogen) thrombin t ime was est imated on an equal volume of ingredients of the clotting mixture  
(0.1 ml). The ability of the BBC to adsorb endogenous heparin from plasma was judged from the change in the 
concentrat ion of free heparin (and of heparinoids with anticoagulant activity) in the plasma after  incubation with 
I~BC. The ingredients of the incubation mixture  @lasma, 0.05 M calcium chloride in isotonic NaC1 solution, a 
suspension of I~BC in a constant concentrat ion of 4 million c e l l s / r a m  3, hematocr i t  index 37) were taken in equal 
volume (1 ml)o The incubation mixture  was kept on a water  bath at 37~ for 10 rain and then freed from HBC 
by centr i fugat ion.  In the control ,  isotonic NaC1 solution was added to the plasma in a volume equal to its con-  
centrat ion in the volume of I~BC suspension taken. 

As in previous investigations [1, 2], to facilitate the comparat ive  analysis  of the data,  besides absolute 
values a relat ive index - the index of  erythrocyt ic  activi ty (IEA) - was calculated as  the ratio between the in-  
dices (thrombin t ime of plasma and fibrinogen, free heparin t ime in the plasma) in absolute values and the values 
of the corresponding index after  addition of BBC to the plasma (fibrinogen); 

The 26 subjects studied included ten healthy people aged 20-46 years  (mean 30.0 �9 2.86 years)  and 16 pa-  
tients with var ious  d iseases  of the internal organs ,  aged 21-67 years  (mean 48.7 �9 3.52 years ) .  By ca r ry ing  out 
the investigation on a group of mixed composit ion,  the aim was to clar i fy the patterns observed in healthy sub- 
j ec t s .  

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

The resul ts  of the two subgroups of experiments  were identical,  so that they could be analyzed together.  

In the presence  of BBC the t ransformat ion  of the p lasma fibrinogen into fibrin under the influence of 
thrombin took place fas ter  (Table 1), in agreement  with observat ions by other workers  [6-9] but not in conf i rma-  
tion of conclusions drawn by some workers  to the effect that RBC do not acce le ra te  this p rocess  [4, 5]. Neither 
the addition of calcium chloride to the plasma nor  an increase  in the duration of contact  of the plasma with I~BC 
had any visible effect on the intensity of the accelera t ing action of the RBC. This follows from a compar ison 
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of  IEA in the d i f ferent  va r i an t s  of  the expe r imen t  (Table 1). This mus t  be s t r e s s e d ,  for  in expe r imen t s  with 
exogenous ant icoagulant ,  not only was the p r e s e n c e  of ca lc ium ions n e c e s s a r y  for  mani fes ta t ion  of the an t i -  
hepar in  effect  of the BBC, but the PBC had to be incubated for  a ce r t a in  c r i t i ca l  t ime  with the hepar in ized  m e -  
dium. Incubation for  10 rain at 37~ (as was the ca se  in the p r e s e n t  exper iment)  was suff icient  for the RBC 
to exhibit  the i r  an t ihepar in  effect  [14, 15]. 

Let  us a s s u m e  that  the re  a r e  d i f f e rences  in the conditions under which PBC can exhibit  thei r  ant ihepar in  
ac t iv i ty  aga ins t  exogenous and endogenous hepar in ,  as  a r e su l t  of  which the inhibi tory effect  of PBC agains t  the 
endogenous ant icoagulant  is exhibited independently of  the fac to r s  ment ioned above.  Eowever ,  in that case  
a l so ,  if  the shor tening of the p l a s m a  th rombin  t ime  under the influence of I~BC is cons idered  in fact to re f l ec t  
the an t ihepar in  effect ,  a fall in the p l a s m a  level  of  endogenous hepar in  (and heparinoids)  would be expected as 
a r e su l t  of  the i r  binding with PBC. A second s e r i e s  of  expe r imen t s  was c a r r i e d  out to study this p rob l em,  but 
in none of the va r i an t s  of  the exper imen t  was the endogenous ant icoagulant  level  lowered:  The f ree  hepar in  
t ime  of the p l a s m a  was unchanged a f t e r  i ts  incubation with PBC (Fig. 1). 

It can be concluded f rom the facts  desc r ibed  above that shor tening of the p l a sma  thrombin  t ime  under  the 
influence of I~BC was unconnected with the ant ihepar in  effect ,  but re f lec ted  some  other  effect  of the PBC. In 
the w r i t e r ' s  view,  in this ca se  what was found was a " f ib r inoplas t ic"  effect.  This is conf i rmed ,  in p a r t i c u l a r ,  
by the equal deg ree  of  shor tening of the th rombin  t ime  of p l a sma  {IEA = 1.26 • 0.02; P < 0.01) and of f lb r ino-  
gen (IEA = 1o27 �9 0.03; P < 0.001) under  the influence of the PBC suspension.  The f ibr inoplas t ic  effect  of whole 
PBC is nonspecif ic  and can be induced by var ious  col loids [13]. The effect  of  the BBC examined above is con-  
nected in all  p robabi l i ty  with an ex te rna l  g lycoprote in  complex  of the cell  m e m b r a n e  or  with p l a sma  components  
adsorbed  on its su r face .  

It can be concluded f rom the r e su l t s  of  these  expe r imen t s  that whole human PBC do not exhibit  inhibi tory 
p r o p e r t i e s  toward endogenous anticoagulant~ The s t imulant  effect  of  whole PBC on th romboplas t in  format ion  
d i scovered  p rev ious ly  in p l a t e l e t - f r e e  p l a s m a  (unheparinized~) thus fully r e f l ec t s  the effect  of  the t h r o m b o -  
p las t in  fac tor  of  the cello The data given above and an ana lys i s  of  the l i t e r a tu r e  provide  no grounds for a c c e p t -  
ing the view that c i rcu la t ing  I~BC have a r egu la to ry  effect  on the endogenous hepar in  level  in the p l a sma  under 
physiological  [9, 11] and pathological  [12] condit ions.  
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