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The inc rease  in aggregat ion of the e ry th rocy te s  f rom healthy and s ick  pe r sons  in vi t ro  under 
the influence of dext ran  was accompanied by changes  in the procoagulant  act ivi ty of the cel ls  
of the healthy pe r sons ,  while in pat ients  with no cl inical  mani fes ta t ions  of a t he ro sc l e ro s i s  an 
inc rease  in the procoagulaut  act ivi ty of the e ry th roey te s  was o b s e r v e d  m o r e  frequent ly  than a 
dec rease ;  in pat ients  with a t h e r o s c l e r o s i s  no such d i f fe rences  were  observed .  The poss ibi l i ty  
of an inc rease  in the act ivi ty of the thromboplas t in  fac tor  of the e ry th rocy t e s  at a t ime  of in-  
c r ea sed  aggregat ion of the ce l l s  sugges ts  a phylogenetic connection between the o ldes t  mechan-  
i s m  of h e m o s t a s i s  (aggregation of the e ry th roey tes )  and the p r o c e s s  of t rue  coagulation.  

Inc reased  aggregat ion o f e r y t h r o c y t e s  is a sc r ibed  an impor tan t  role  both in h e m o s t a s i s  [8] and in the 
pathogenesis  of t h rombos i s  in connection with the secondary  d is turbance  of the hemodynamics  in the m i c r o -  
c i rcula t ion  with the development  of local s t a s i s  and hypoxia, contr ibuting to hypercoagulat ion [3, 5, 6]. 

Inc reased  aggregat ion of e ry th rocy te s  re f lec t s  phys icochemica l  changes in the i r  membrane ,  which 
mus t  influence i ts  p rope r t i e s .  The question a r i s e s  as to what extent inc reased  aggregat ion of the e r y t h r o -  
cytes  can influence the act ivi ty of the i r  th romboplas t in  factor ,  which is cons idered  to be connected with the 
cel l  m e m b r a n e  [1, 2] and which p o s s e s s e s  definite functional labil i ty.  

The object  of the invest igat ion descr ibed  below was to study re la t ions  between the inc reased  ag g reg a -  
tion of the e ry th rocy te s  and the i r  th romboplas t in  activity.  

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

Increased  aggregat ion of e ry th rocy te s  suspended in auto!ogous p l a s m a  containing few pla te le ts  was 
produced by p r e l i m i n a r y  addition of dextran (mean molecu la r  weight about 80,000) to the p l a s m a  up to a final 
concentra t ion of 500, 1000, o r  1500 mg%. 

The degree  of aggregat ion was a s s e s s ed  by an or iginal  method. The res idue  of e ry th rocy tes ,  washed 
th ree  t imes  with isotonic NaC1 solution (hematocr i t  74) was added to p l a s m a  (with or  without dextran) in the 
ra t io  of  1:1; the number  of e ry th rocy te s  in the p l a s m a  suspension was 4.4-,- 0.11 m i l l i o n / m m  3. After  uni-  
f o r m  s t i r r ing  the suspension of e ry th rocy t e s  was poured into a mixe r ,  diluted with the same  p lasma ,  agitated 
gently for  3 min, and a sample  was then introduced into a Goryaev  chamber .  The number  ofnonaggregated  
e ry th rocy te s  pe r  m m  3 was counted and the s ize and shape of the aggrega tes  de te rmined  at the same  t ime.  
To count the total  number  of e ry th rocy te s  pe r  m m  ~ of suspension,  the la t te r  was  diluted with isotonic NaC1 
solution to r e v e r s e  aggregat ion of the ce l l s .  Knowing the total  number  of e ry th rocy te s  pe r  m m  3 of suspen-  
sion and the number  of ce l l s  which had not aggregated,  the number  of aggregated e ry th rocy te s  could be ob- 
tained. 

Thromboplas t in  act ivi ty was de te rmined  by the p ro thrombin  consumption method [11] in a g lass  tube 
with additional activation of the in ternal  clott ing s y s t e m  by Diatomite.  The thromboplas t in  act ivi ty was de-  
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Fig. 1. Effect of dex-~ran on aggregation of 
ery throcytes  and on ESR. Ordinate, number  
of unaggregated ory throcytes  (in %) and ESR 
(mm in 1 h); abscissa ,  dextran concentrat ion 
in p lasma (in mg%). Shaded columns r e p r e -  
sent nnaggregated e ry throcy tes  (M• un- 
shaded columns represen t  ESR (M• 

TABLE 1. Changes in IEA under the In- 
fluence of Dextran 

Group of 
subjects 

Overall fre-[ Character of changes in lEA 
quency 9.r for all conceatratXons of dex- 

Icnanges m I tran (N u/o) 
IEA(in%) - - - - -  
for all con- increase decrease no change 
eentrations ] 
of dextran 

54,0 
71,6 
70.7 

21 (33,0) 
29 (48,3) 
27 (36,0) 

13 (21:0) 
14 (23,3) 
26 (34,7) 

29 (46,0) 
17 (28,3) 
22 (29,3) 

0.06 ml, residue of washed e ry throcy tes  0.3 ml, 0.05 
Incubation on a water  bath continued for 40 min. 

te rmined in p lasma with a low platelet  count and also 
after  addition of e ry throcytes  to it. Similar invest iga-  
tions were ca r r i ed  out in the presence  of dextran in 
the above concentration.  The prothrombin consumption 
was measured  in this way in eight samples,  each of 
which was tested three t imes.  The relat ive proport ions  
of the ingredients of the clotting mixture were:  p lasma 
deficient in plates 0.3 ml, 1% suspension of diatomite 
M calc ium chloride (in isotonic NaC1 solution) 0.3 ml. 

After  determination of the prothrombin consumption t ime in absolute f igures the relat ive index, con-  
ventionally t e rmed  the index of erythrocyt ic  activity (IEA) was calculated as the ratio 

prothrombin consumption t ime in p lasma (with or without dextran) with e ry throcy tes  (in sec) 

prothrombin consumption t ime in plasma (with o r  without dextran), (in sec) 

Determination of IEA, reflect ing changes in prothrombin consumption in plateletdeficient p lasma in 
the presence  of e ry throcytes ,  enables the thromboplast in activity of e ry throcytes  in the different samples 
to be compared.  

Tests  were ca r r i ed  out on 66 persons  of both sexes who were distributed into three groups:  healthy 
subjects (21) with a mean age of 30.3• 1.68 yea r s  (group 1); patients with no clinical manifestat ions of a thero-  
sc le ros i s  (mainly with peptic ulcer) (20), with a mean age of 30.3~1.64 yea r s  (group 2), and patients with 
clinical manifestat ions of a therosc le ros i s  (25), mean age 60.1~1.56 yea r s  (group 3). Because of the tendency 
toward hypercoagulation and thrombosis  in a therosc leros is ,  comparat ive  investigations were deemed neces -  
sary.  

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

Under the influence of dextran the number  of aggregated cel ls  in the suspension of e ry throcytes  was 
increased,  and this was accompanied by an increase  in size of the aggregates  and elevation of the ESR (Fig. 
1). With all concentrat ions of dextran the overal l  frequency of changes in IEA was least  in the control  group 
(Table 1). The IEA was increased more  often than decreased  in groups 1 and 2, as could be seen with dex-  
t ran  in a concentrat ion of 1000 and 1500 mg%, while in group 3 the frequency of both tendencies was about 
equal. 

No significant differences were found between the mean values of the increase  in IEA with the d i f fe r -  
ent dextran concentrat ions in the various groups or  between the overal l  values for each group: they all ave r -  
aged 23.3%. Significant differences between the mean overal l  increases  (26.3• P = 0.001) and dec reases  
(10.2• P = 0.001) in IEA were observed only in group 2. 

Analysis of the changes in IEA gave the following picture.  The increase  in IEA in all subgroups (77 
observations) corresponded in mos t  cases  (62) also to an absolute increase  in the prothrombin consumption 
t ime in the p lasma suspension of e ry throcy tes  containing dextran (on the average by 26%), whereas  the p r o -  
thrombin consumption in p lasma alone after the addition of dextran remained unchanged in 46 cases .  The 
decrease  in IEA (53 observations)  was connected in 20 cases  with an absolute decrease  in the prothrombin 
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consumption t ime in the p lasma with e ry th rocy tes  in the p resence  of dextra,  whereas  the prothrombin con-  
sumption t ime in plasma in most  of these cases  (16) was unchanged or  slightly increased.  In the o t h e r c a s e s  
(33) the reason  for the dec rease  in IEA was the predominantly increased  prothrombin consumption t ime in 
the p lasma coupled with the constant prothrombin  consumption t ime in p lasma with e ry throcy tes ,  or  its r e l a -  
t ively smal le r  increase  compared  with that in p lasma alone. The change in prothrombin  consumption ob-  
served in the p resence  of dextran in p lasma with e ry throcy tes ,  independent of the cha rac t e r  of prothrombin 
consumption in p lasma alone, is evidence in support  of a change in the thromboplast in activity ofthe e r y t h r o -  
cy t e sunde r  these c i rcumstances .  These group di f ferences  evidently re f l ec t  cha rac t e r i s t i c s  of both e ry th ro -  
cytes  and plasma.  

Turning to data in the l i t e ra tu re  on the effect  of dextran on procoagulant  activity of the blood cel ls ,  it 
must  be pointed out that this  has been studied only with r e s p e c t  to platelets .  The d ec r ea se  in activity of 
factor  HI observed under  these c i r cums tances  did, however,  depend on the duration of incubation o f t h e p l a t e -  
lets  with dextran,  on its mean molecular  weight, and on the method used to investigate the thromboplast in 
activity [7, 10]. Resul ts  indicating an increase  in the thromboplast in activity of whole blood under the in-  
fluence of dextran,  whereas  no such effect  was exhibited by blood p lasma [9], a re  noteworthy. Although the 
author cited does not s t r e s s  this fact, in the presen t  w r i t e r ' s  view it indicates a ro le  of the blood cel ls  in 
the mechanism of the stimulation of thromboplast in formation by dextran.  

The resu l t s  of the p resen t  investigation support such a possibil i ty.  

The increase  in the intesnsi ty of aggregation of the e ry th rocy tes  under the influence of dextran r e p r o -  
duces to some extent the phenomenon also observed in vivo with an increase  in the blood levels  of globulins 
and fibrinogen [4]. The possibil i ty the re fo re  cannot be ruled out that the observed changes in thromboplast in 
activity of the e ry th rocy tes  at the t ime of their  increased  aggregation may also take place in the m i c r o c i r -  
culation in vivo. 

The possibil i ty of an increase  in the activity of the thromboplast in  factor  of the rye th rocy tes  during 
increased  aggregation of the cel ls  suggests that aggregation of e ry throcy tes ,  the oldest  mechanism of hemo-  
stasis ,  is linked phylogenetically with the p roces s  of t rue  coagulation. 
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