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The effect  of adrenal in ,  acetylchol ine,  h is tamine ,  th rombin ,  hepar in ,  f ibr inogen,  and ADP on 
the e lec t rokine t ic  potential  of human and canine e ry th rocy te s  was studied. Hepar in  inc reases  
the ~-potent ia l  and the other  subs tances  reduce it. The mechan i sms  of action of these  
subs tances  on the e lec t rokine t te  p r o p e r t i e s  of the e ry th roey te  membrane  a r e  d iscussed.  
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The d i spe r sed  s tate  of the blood cel ls  depends on the i r  in teract ion with each  other ;  this is de te rmined  
by the sur face  p rope r t i e s  of the m e m b r a n e s  and, in pa r t i cu l a r ,  by the sur face  e lec t r i c  charge  [3, 4, 7, 8]. 

Since the e lee t rokinet ic  potential  re f lec t s  the sur face  p rope r t i e s  mos t  c lose ly ,  it was decided to study 
the effect  of substances  act ive toward blood coagulation on the e lec t rophore t i c  mobi l i ty  of the e ry th rocy t e s ,  
a function of the i r  e lec t rokinet ic  potential .  

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

Human and canine e ry th rocy te s  obtained by venipancture  were  washed three  t imes  in phosphate buffer ,  
pH 7.3, and t r a n s f e r r e d  to a modified A b r a m s o n ' s  chamber  [5]. By means of nonpolariztng C u - C u S O  4 e l ec -  
t rodes  a constant  cur ren t  of 5 mA was p a s s e d  through the chamber  f r o m  a s tab i l ized-vol tage  source .  By 
using the ca l ibra t ion sca le  of the mic roscope  ocular ,  the veloci ty  of movement  of 15 e ry th rocy te s  in an e l ec -  
t r i c  field was recorded .  The veloci ty  of movement  of 15 e lec t ro ly tes  was then de te rmined  when the po la r i ty  
of the voltage was a l tered .  These m e a s u r e m e n t s  were  made for  each  concentra t ion of the p repa ra t ions  
studied and also in control  exper imen t s  on th ree  s amples  of blood. The mean value of the veloci ty was thus 
calcula ted f r o m  90 observa t ions .  The e lee t rophore t ie  mobil i ty  was de te rmined  as the ra te  of migra t ion  of 
the cel ls  pe r  unit of intensi ty of  the e lec t r i c  field and was e x p r e s s e d  in microns  pe r  second per  volt per  cen-  
t ime te r .  Next, using Smolukhovski i ' s  fo rmula ,  the e lec t rokine t ic  potential  (the i -po ten t ia l )  was calculated:  

4n~lv 

where D t s  the d ie lec t r ic  pe rmeab i l i t y  of the medium; ~ the e lec t rophore t ie  mobil i ty;  the v i scos i ty  of the 
solution. The m e a s u r e m e n t s  were  made at a t e m p e r a t u r e  of 25-~ 0.1~ the s tabi l i ty  of which was ma in -  
tained with the aid of a wa te r  t t l t ra thermosta t .  

The effect  of the following substances  was studied on the e lec t rokinet ic  p rope r t i e s  of the e ry th rocy te s :  
adrenal in ,  acetyleholine,  h i s tamine ,  thrombin ,  f tbr inogen,  ADP, and heparin.  Human and canine e r y t h r o -  
cytes were  incubated in a solution of these  substances  for  5 mtn at 37~ a f t e r  which the e lec t rophore t ic  mo-  
bil i ty was determined.  
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T A B L E  1. E f f e c t  o f  S u b s t a n c e s  A c t i v e  t o w a r d  B l o o d  C l o t t i n g  o n  

- P o t e n t i a l  of  E r y t h r o c y t e S  (M + m)  

Preparation 

Control 
Adrenalin 

Control 
Acetylcholine 

Control 
Histamine 

Control 
Thrombin 

Control 
Fibrinogen 

Controi 
Heparin 

Control 
ADP 

CONCH. 

(pg/ml!  

5 
10 
50 

100 
500 

5 
I0 
50 

100 

;;5 
0,t0 
0,50 
1,00 
5 20 

0% 
0,50 
1,00 
5,00 

10,00 

50 
100 
400 
4000 

t0 000 

0,05 
0,I0 
1,00 

25,00 
50,00 

5 
25 

100 
250 
500 

canine 

21,0--+0,28 
22,7~0,28 
19,9-+0,43 
20,4--0,43 
20,6-+0,43 
20,220,28 

19,7-+0,3 
19,4-+0,3 
19,9~0,4 
19,3---.+0,3 
I9,7~0,3 

17,8~--0,2 
15,4= 0,3 
t5,0--~0,3 
14,4=0,2 
15,1=0,2 
15,7• 0,3 

18,5=0,3 
17,4~ 0,4 
17,6~0,3 
17,520,3 
16,9~0,4 
17,1=0,2 

17,1---+0,2 
16,9-+0,3 
16,5• 
16,2 ~- 0,4 
14,1=0,2 
12,2~0,3 

�9 g -potential of erythrocytes (in mY) 

<0,2  
<0,2 

<0,2 
<0,2 

<0,01 
<O,OI 
<0,01 
<0,01 
<021 

<O,Ol 
<0,01 
<0,0I 
<O,O1 
<0,0! 

human 

15,8-~ 0,2 
14,7• 0,3 
14,6=0,2 
14,1--0,3 
14,0~0,2 
14,1"+-0,2 

16,8-+0,3 
16,8-----0,3 
15,8=0,3 
16,t=0,4 
15,2=0,3 

16,8-+ 0,3 
14,6=0,3 
14,3=0,3 
14,[~0,3 
14,1• 
14,4=0,3 

15,5=0,3 
15,4~0,4 
15,4--+0,4 
15,4-----0,2 
14,4--+0,2 
14,0-"- 0,2 

16,7---+0,2 
16,t=0,3 
15,8~0,3 
l 4,8= 0,4 
12,2-+- + 0,4 
i0,9=0,4 

17,6~0,3 
18,6=0,3 
19,3=0,2 
20,7-+0,3 
21,7-+0,2 
22,5~0,2 

18,0=0,3 
17,7--+0.4 
18,4=0,4 
18,4=0.3 
18,2~0,2 
18,6~0,3 

<0,I  
<0,02 
<0,01 
<0,0l 

< 0,02 
<O,OI 
<0,01 
<0,01 
<0,01 

}5,5--0,3 
16,5• 
16,5=0,2 
] 7,9= 0,4 
17,9=0,4 
19,0=0,4 

15,6• 
14,0:0.3 
14,0=0,4 
14.0-----0,5 
14,0=0,6 
13,4• <0,05 

< 0.0 t 
<0,0I 
<0.0[ 
<o.or 
<0,01 

<0,05 
<0,02 
<O,O1 

<025 
<0,0 t 
< 0,0 I} 
<O,Ot 
< 0 2 l  

< 0 0 1  
< 0,01 

<0,I 
<0,02 
< 0.01 
<0.01 
<0.0! 

< 0,0 I 
<0,01 
<0,01 
<O,Ol 
<0,01 

<0,01 
<021 
<O,Ol 
<0,02: 
<O,Ol 

L e g e n d :  T h r o m b i n  a n d  h e p a r t n  c o n c e n t r a t i o n s  g i v e n  i n  u n i t s / m l .  

EXPERIMENTAL RESULTS 

It can be concluded from analysis of the experimental results (Table I) that the substances investigated 
modify the electrical properties of the surface of the erythroeytes. Fibrinogen and heparin had the strongest 
action on the mobility of the cells. Adrenalin, thrombin, fibrinogen, and histamine in the overwhelming ma- 
jority of cases significantly lowered the electric charge on the erythroeytes, both human and canine. Acetyl- 
choline and ADP reduced the electrophoretie mobility of the human erythrocytes. So far as the canine cells 
are concerned, no significant changes were detected under the influence of these substances. Unlike the 
other preparations, heparin increased the electrophoretie mobility of the erythrocytes. 

Analysis of the dependence of the electrokinetic potential on the concentration of the substances tested 
showed that it is a linear function of the logarithm of the fibrinogen and heparin concentrations (Fig. I). 
With an increase in the fibrinogen concentration the mobility of the cells was reduced. An increase in the 
heparin concentration gave the opposite effect. So far as acetylcholine, adrenalin, and thrombin (for human 
erythrocytes) are concerned, in these cases the change in velocity was "trigger" in character and only little 
dependent on concentration. With an increase in the histamine concentration the velocity of the cells fell 
initially and then rose slightly. 

The relationship between the electrokinetic potential and the concentration of these substances can be 
explained only on the basis of the analysis of the mechanisms of interaction of these substances. The first 
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Fig. 1. Electrokinetic 
potential ([-potential) of 
human (I) and canine (II) 
erythrocytes as functions 
of logarithm of concentra- 
tion of heparin (continuous 
line) and fibrinogen (broken 
line). 

fact to be noted is that substances with high molecular weight (fibrinogen, 
heparin) act on the velocity as linear functions of concentration. Sub- 
stances of low molecular weight (adrenalin, acetylcholine, histamine)give 
r ise to relaxation changes in the electrokinetic potential. This suggests 
that biopolymers affect chiefly the electr ic  charge as a result  of their  
adsorption on the cell membranes. However, the results cannot be ex- 
plained entirely by adsorption effects. In all probability, deformation of 
the membrane structure with consequent changes in permeability with 
respect  to substances capable of neutralizing the surface electr ic  charge 
plays an important role in this process.  Biologically active substances 
(adrenalin, acetylcholine, histamine) may not only be adsorbed on cell 
membranes,  but they may also interact with their  components. In par-  
t icular,  there is evidence that acetylcholine reacts with phospholipids 
(phosphatidylcholine), inducing conformational changes in the membrane 
proteins, followed by changes in the permeability of the membrane [6]. 
It has also been shown that adrenaline, acetylcholine, and histamine can 
liberate a thromboplastic factor f rom intact erythrocytes - the "rebound 
effect" [1, 2]. The action of thrombin can be attributed, f i rs t ,  to adsorp- 
tion on the surface of the erythrocytes and, second, to its proteolytic 
propert ies ,  affecting the surface of the membranes. 

Changes in the electrokinetic properties of the erythrocytes under 
the influence of substances affecting blood clotting must be regarded as 
due not only to adsorption effects, but also to the effect of the substances 
on the permeabili ty of the blood cells. 
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