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The resu l t s  of a compara t ive  investigation of the activity of thromboplas t in  fac tor  or  normal  
and t ryps in ized human e ry th roey tes  suggest that the incorporat ion of e ry th rocy te  thrombo- 
plast in  fac tor  in the p rocess  of internal  thromboplast in  format ion is coupled with reorgani -  
zation of the internal  s t ruc tu re  of the cell  membrane ,  initiated by in terac t ion  between the 
membrane  s ia loprote in  (clotting r ecep to r? )  and act ivated plasma clotting fac tors .  

In the p rocess  of internal  thromboplast in  format ion  whole e ry th rocy tes  can compensate  to some de- 
g ree  for  a deficiency of platelet  fac tor  3 by vir tue of the p resence  of a l ipoprotein with procoagulant  act iv-  
ity in the e ry th rocy te  membrane  [12]. 

With the inclusion of e ry th rocy te  thromboplast in  fac to r  (ETF) in the p roces s  the catalytic react ion of 
blood clotting is t r ans fo rmed  into the second, heterogeneous phase,  resul t ing in in teract ion between fac tors  
Y andX.  

The mechanism of act ivat ion of ETF is not c lea r .  Meanwhile, the inc rease  in  ETF  activity with a 
change in the t ranspor t  function of the membrane  [6] suggests that ETF  mobil ization is dependent on the 
functional state of the cell  membrane .  

In continuation of the investigation of e ry th rocy te  thromboplast in activity [1-5], the mechanism of in- 
corpora t ion  of ETF into the p rocess  of internal  thromboplast in format ion  was studied. 

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

The thromboplast in activity of e ry th rocy tes  (hemolyzate) was es t imated f rom the i r  ability to inc rease  
thromboplast in format ion in autologous plasma deprived of platelets .  The tes t s  used: thrombin generat ion 
t ime (TGT) [8] with some modification (see below), recalc i f ica t ion time, and thromboelas togram.  

The TGT was de termined in samples  of equal volumes (0.25 ml) of the ingredients  of a clotting mix-  
ture  (plasma, isotonic NaC1 solution, e ry th rocy tes  or  hemolyzate,  0.05 M calcium chloride solution). The 
thromboelas togram was recorded  on the Tromb-2  apparatus with specified proport ions  of the ingredients 
[5]. A suspension of e ry th rocy tes  (hemolyzate) was p repa red  f rom a res idue of washed normal  and t ryp-  
sinized erythrocytes (8-9 million/ram 3) in dilutions of 1 : 2, 1 : I0, and 1 : 100. Isotonic NaCI solution was 
added to the control in accordance with the hematocrit index [1]. The samples were tested from 2 minafter 
recalcification at intervals of 1 min for 7 rain. The total TGT also was studied over the period from the 
second to the fourth minute, the fourth to the seventh minute, and for the whole period (from the second to 
the seventh minute). Erythrocytes wer e trypsinized with a buffered 0.1% or 0.4% solution of the crystalline 
enzyme (pH 7.2) at 37~ for 45 min. 

For a comparative analysis of the results, besides absolute values, the following relative indices also 
were calculated: 1) the index of comparative erythroeyte activity - the ratio between the absolute value of 
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TABLE 1. C o m p a r a t i v e  Effect  of  Norma l  and T r y p s i n i z e d  E r y t h r o -  
cy tes  on Indices  of T h r o m b o p l a s t i n  F o r m a t i o n  ( M * m  / 

Series of 
expts. 

Index 
studied 

I ICEA 
n = 20 ICHA 

II I ICEA 
n = 15 ICHA 

T A B L E  1. (Continued) 

Recalcifica- [ Thrombin generation time 
I tion time 
/ in in2-7 (sec) in 2-4min . 5-Tmin min t 

1,13• ] 1,17--+0,04 1,04-+0,02 ] 1,12--+0,028 
0,96_+0,015 0,90+--0,013 1,05+--0,01 0,97-+0,04 

1,14--~0,04 
0,97-+0,01 

1,49--+0,09 1,24--+0, 05 I 1,41"+'0, 06 
0,96--0,013 0,98--0,015 I 0,97• 

Maximal thrombin 
activity (sec) 

Thromboelastogram 

1,24--~0,04 
0,97--0,015 

a (deg) r (sec) K (sec) 

1,05-----0,2 0,96• 1,07--+0,13 1,25--+0,15 
0,97_+0,02 -- _ _ 

0,88+--0,08 1,32--+0,098 1,40-'-0,21 
1,13-- +0,095 0,83 -+-0,07 0,94-'-0,095 

Legend  : ICEA) Index of  c o m p a r a t i v e  e r y t h r o c y t e  act iv i ty ;  ICHA) 
index of c o m p a r a t i v e  hemolyza t e  ac t iv i ty .  
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Fig.  1. C o m p a r a t i v e  effect  of n o r m a l  and t r y p s i n i z e d  
e r y t h r o c y t e s  and of the i r  hemolyza te  on t h r o m b i n  gen -  
e r a t i on  in p l a s m a  depr ived  of p la te le t s :  1) t h r o m b i n  
g e n e r a t i o n  in p l a s m a  be fo re  t r e a tmen t ;  2, 3, 4, 5) 
t h r o m b i n  g e n e r a t i o n  in p l a s m a  a f t e r  addi t ion of n o r m a l  
and t r y p s i n i z e d  e r y t h r o c y t e s  and of h e m o l y z a t e  of n o r -  
ma l  and t r y p s i n i z e d  e r y t h r o c y t e s ,  r e s p e c t i v e l y .  Dilu- 
t ion  of e r y t h r o c y t e  suspens ion  (hemolyzate)  1 : 10, t r y p -  
s in  in 0.4% solut ion.  A b s c i s s a ,  t ime  of incubat ion  of 
c lo t t ing  mix tu re  (in rain); ord ina te ,  t h r o m b i n  ac t iv i ty  
(in sec) .  

of the index (in sec)  in e x p e r i m e n t s  with p l a s m a  conta in ing t ryps in i zed  e r y t h r o c y t e s  and the absolu te  value 
(in sec) of this index in e x p e r i m e n t s  with p l a s m a  with n o r m a l  e r y t h r o c y t e s ;  2) the index of  c o m p a r a t i v e  a c -  
t ivi ty of the hemolyza t e  was  ca lcu la ted  s i m i l a r l y .  

Blood f r o m  35 heal thy p e r s o n s  of both sexes  aged f r o m  20 to 44 y e a r s  was  tes ted .  

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  

In the or ig ina l  va r i an t  of the e x p e r i m e n t s  us ing  a r e l a t ive ly  concen t r a t ed  cel l  su spens ion  (4-4.5 m i l -  
l ion/mine) ,  t r e a t m e n t  of the e r y t h r o c y t e  with t r y p s i n  (0.1% solution) led to s o m e  d e c r e a s e  in t h r o m b o p l a s t i n  
ac t iv i ty  [ lengthening of TGT and the t ime of m a x i m a l  ac t iv i ty  of  the th rombin ,  the r e c a l e i f i c a t i o n  t ime,  and 
the r and k ind ices  of the t h r o m b o e l a s t o g r a m  (Table 1)]. The d e c r e a s e  in E T F  ac t iv i ty  was  m o r e  m a r k e d  
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Fig. 2. Comparat ive effect of normal  and t rypsinized e ry th ro -  
cytes (hemolyzate) on thromboelas togram indices. Dilution of 
e ry throcy tes  (hemolyzate) 1 : 10. Donor Dzh. Trypsin  in 0.4~0 
solution. P lasma deprived of platelets was t reated with: 1) 
normal  e ry throcytes :  ~ = 15 ~ r =  258 sec, k = 78 sec; 2) e ry th-  
rocytes  t rypsinized,  ~ = 13 ~ r = 300 sec, k = 84 sec; 3) hemo- 
lyzate  of normal  ery throeytes :  c~ = 19 ~ r=  120 sec, k= 54 see; 
4) hemolyzate of t rypsinized ery throcytes ;  c~ = 26 ~ r = 66 sec, 
k = 42 sec.  
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Fig. 3. Comparative effect of suspension of normal  and 
t rypsinized ery throcytes  (hemolyzate) of different con- 
centrat ions on recalcif icat ion time of plasma deprived of 
platelets (from resul ts  of 10 experiments):  1) reca lc i f ica-  
tion time of untreated plasma; 2, 3, 4, 5) recalci f icat ion 
t ime of plasma after  addition of normal  and t rypsinized 
e ry throcytes  and hemolyzate of normal  and t rypsinized 
ery throcytes ,  respect ively.  Trypsin  in 0,1q0 solution. Ab- 
sc issa ,  dilutions of erytbrocyte  suspension (hemolyzate); 
ordinate, recalcif icat ion t ime (in sec). 

when a less  concentrated suspension of e ry throcytes  (800,000-900,000/ram 3) t reated with a more  con- 
centrated solution (0.4%) of t rypsin  was used (Table 1). 

It must  be emphasized that 'none of these differences were found when activity of the hemolyzates 
obtained f rom normal  and t rypsinized ery throcytes  was compared (Table 1; Figs.  1 and 2). 

The decrease  in ETF activity af ter  t rypsinizat ion was due to part ial  removal  of the effect of ETF 
but was not connected with the acquisit ion of inhibitory proper t ies  with respect  to actual thromboplast in 
formation by any par t icu lar  f ract ion of the e ry throcytes .  This conclusion is supported by the absence of 
a negative influence of the t rypsinized e ry throcytes  on the p rocess  of thromboplast in format ion in platelet-  
enriched plasma.  
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The dec rea se  in ETF  activi ty under  these  conditions was not due to d i rec t  damage to the th rombo-  
p las t in  f ac to r  by the proteoly t ic  enzyme.  If the t ryps in  had acted direct ly  on the pro te in  pa r t  of the l ipo-  
p ro te in  with procoagulant  act ivi ty [9] the dec rease  in th romboplas t in  act ivi ty of the cell  would have remained  
a f t e r  its des t ruc t ion  [7]. It can be postula ted that the d i sappea rance  of the d i f ferences  d iscussed  a f t e r  de- 
s t ruc t ion  of the cell  was due to the fact  that the excess  content of ETF  in the hemolyzate  masked  the par t ia l  
d i sappearance  of E T F  act ivi ty in the whole cel l .  Against  this  suggestion,  however,  there  is the fact  that 
when hemolyza te  with lower  act ivi ty f r o m  normal  and t ryps in ized  e ry th rocy te s  was used no dec rea se  l ike-  
wise was found in its act ivi ty (Fig. 3). 

If t ryps in  does not d i rec t ly  damage  the l ipoprote in  with procoagulant  act ivi ty in the whole cell  we a re  
forced  to cons ider  that the E T F  is located in the deeper  l a y e r s  of the cy top lasmic  m e m b r a n e  and not on the 
sur face .  In that case  it would be expected that  r emova l  of the s ia lopro te in  complex  under  the influence of 
t ryps in  would fac i l i ta te  in te rac t ion  between the p l a s m a  clotting f ac to r s  and the e ry th rocy t ic  clotting fac to r s  
as is known, in pa r t i cu la r ,  with r e spec t  to the T-phenomenon [10, 14] and some other  immunological  r e a c -  
tions [11]. However,  the opposite effect  is observed .  

ETF,  if  r emoved  f r o m  the su r face  of the cell  m e m b r a n e ,  thus r equ i re s  the s ia lopro te in  of the outer  
l aye r  of the cell  m e m b r a n e ,  which plays  the role  of a specia l  type of media tor ,  be fore  it can mani fes t  its 
act ivi ty.  

The following hypothesis  can be put fo rward  on the bas i s  of the facts  descr ibed  above.  The c lose r  
approximat ion  of E T F  to the su r face  of the m e m b r a n e  mus t  co r r e spond  to opt imal  contact  between ETF 
and the p l a s m a  fac to r s .  This c l o s e r  contact  is evidently secured  by reorgan iza t ion  of the in ternal  s t r u c -  
ture  of the cell  m e m b r a n e  as  a resu l t  of in te rac t ion  between the s ia lopro te in  (clotting r e c e p t o r ? )  and ac -  
t ivated p l a s m a  clotting fac to r s .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

L I T E R A T U R E  C I T E D  

I. Ya. Ashkinazi,  Byull. t~ksperim. Biol. i Med., No. 7, 45 (1966). 
I. Ya.  Ashkinazi,  Byull. E k s p e r i m .  Biol. i IVied., No. 5, 27 (1968). 
I. Ya. Ashkinazi,  ByuH. ]~ksperim. Biol. i Med., No. 1, 3 (1969). 
I. Ya. Ashkinazi ,  Byull. ~:ksperim. Biol. i Med., No. 3, 46 (1970). 
I. Ya. Ashkinazi ,  Byull. I~ksperim. Biol. i Med., No. 7, 28 (1972). 
P. Cohen, Bri t .  J .  Haemat . ,  14, 141 (1968). 
J .  C. Georga t sos ,  C. V. Hussey,  et al. ,  Am. J .  Physiol . ,  181, 1, 30 (1955). 
N. D. Hicks and W. P. Pitney, Bri t .  J .  Haemat . ,  3, 227 (1957). 
S. Margolis ,  in: E. T r i a  and A. M. Scany (editors),  Structural  and Functional Aspects  of L ipopro-  
te ins  in Living Sys tems,  London (1969), p. 370. 

10. J . A .  Morton and M. M. Pickles ,  Nature,  159, 779 (1947). 
11. G. Pardoe,  Nouv. Rev. F ranc . ,  11, 863 (1971). 
12. A. Quick, in: Proceed ings  of the Fourth Internat ional  Congress  on Biochemis t ry ,  Vol. 10, Vienna 

(1958), p. 123. 
13. E. Tr i a  and O. Barnabei ,  in: E. T r i a  and A. M. Scany (editors),  St ructural  and Functional Aspects  

of Lipoprote ins  in Living Sys tems ,  London (1969), p. 144. 
14. W . E .  Wheeler ,  A. L. Lunby, and L. L. Schooll, J .  Immunol . ,  6.~5, 39 (1950). 

115 


