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The effect  of ATP and ADP, in doses  of 5-50 ~g /ml ,  on the zeta potential  of p la te le ts  was 
studied by de terminat ion  of e lec t rophore t i c  mobil i ty  in a chamber  for  m i c r o e l e c t r o p h o r e s i s  
and by p h a s e - c o n t r a s t  m i c r o s c o p y .  An inc rease  in the ADP concentrat ion causes  a de-  
c r ea se  in the zeta  potential  of intact  and washed p la te le t s .  Small doses of ATP inc rea se  
the zeta  potential  of p la te le ts ,  but h igher  doses dec rea se  it~ The value of the platelet  zeta 
potential  depends not only on the concentrat ion of ATP  and ADP, but a lso  on the duration of 
the i r  incubation with p la te le t s .  

The functional s ta te  of p la te le ts  is de te rmined  by the p l a sma  prote ins ,  vasoac t ive  subs tances ,  and in 
pa r t i cu la r ,  adenyl nucleotides (ATP and ADP) adsorbed on them [3-6, 8, 10-12]. I t  has been  shown recent ly  
that the mos t  accura te  index of functional act iv i ty  of the p la te le ts  is the magnitude of thei r  zeta  potential ,  
f o rmed  at the boundary between the adso rbed  and diffuse l a y e r s  surrounding the pla te le t  [7, 9, 13]. 

In this invest igat ion the effect  of A T P  and ADP on the pla te le t  zeta  potential  was studied~ 

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

Exper imen t s  were  c a r r i e d  out with a suspension of p la te le ts  f rom c i t ra ted  r abb i t ' s  blood. The zeta  
potential  of the p la te le ts  was de te rmined  f rom thei r  e lee t rophore t ic  mobil i ty  in the chamber  of Abramson  
and Moyer [2]. The fiat  pa r t  of the chamber  was connected by means  of t h r e e - w a y  cocks with nonpolarizing 
A g - A g C 1  e lec t rodes .  The e l ec t rophore t i c  mobil i ty  was inves t igated by a p h a s e - c o n t r a s t  mic roscope ,  
o c u l a r - m i c r o m e t e r ,  and seconds counter .  The veloci ty  of movemen t  of the pla te le ts  w a s  de te rmined  at 
0.211 and 0.79 depths of the chamber .  During the invest igat ion record ings  were  made of the voltage applied 
to the e l ec t rodes ,  the cur ren t  s t rength ,  and the v i scos i ty  and pH of the medium in which the zeta  potential  
was de te rmined ,  This was calculated f rom the fo rmula  

4nvls/ 
E = Dvt ' 

where  F r e p r e s e n t s  the zeta  potential  of the pla te le ts  in mV, ~7 the v i scos i ty  (0.026 for  blood, 0.01 fo r  
physiological  saline),  D the d ie lec t r ic  constant  (1.20 for  blood, 89 for  physiological  saline),  v the voltage 
between e lec t rodes  in the exper imen t s ,  I the length of the chamber  in era, S the dis tance t r ave led  by the 
p la te le t  in unit t ime  in cm,  and t the t ime  in see .  A T P  and ADP (Reanal) were  added to the suspens ion 
of intact  and washed pla te le ts  in concentra t ions  of 5, 12o5, 25, and 50 pg /ml .  The pla te le ts  were  incubated 
with ATP and ADP for  1, 3, and 10 rain in a wa te r  bath at 37% To wash the p la te le ts  to r e m o v e  the l aye r  
of p l a sma  pro te ins  adsorbed on them,  they were  centr i fuged 15 t imes  with physiological  sal ine [1]. The zeta  
potential  of intact  pla te le ts  and of p la te le t s  washed in physiological  sal ine was de te rmined .  The p lasma  and 
physiological  sal ine were  t i t ra ted  to pH 7.46-7.48. Exper imen t s  were  ca r r i ed  out on 34 rabbi t s  weighing 

2 . 5 - 3  kg. 
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Fig. 1. Zeta potential of intact  and washed platelets  af ter  incubation with ATP and ADP 
for 1 rain. Here and in other f igures:  1) effect of ATP on zeta potential of intact  p la te -  
lets;  2) effect of ATP on zeta potential of washed platelets;  3) effect of ADP on zeta 
potential of intact platelets;  4) effect of ADP on zeta potential of washed platelets .  

Fig. 2. Zeta potential of intact and washed platelets af ter  incubation with ATP and ADP 
for  3 rain. 
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Fig. 3. Zeta potential of intact and washed 
platelets after  incubation with ATP and ADP 
for  10 min. 

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

The zeta potential of the intact platelets was 25.6~0.45 
inV. After washing of the platelets 15 times with physiological 
saline, their zeta potential fell to 20.2:L0.6 mV (P < 0~ 
ATP, in a concentration of 5 and 25 pg/ml, increased the 
zeta potential of the platelets by 2 mV (P < 0.02) and 0.3 mV 
(P > 0.5),respectively. An increase in the amount of ATP 
added to the plasma to 50 pg/ml was accompanied by a de- 
crease in the zeta potential of the platelets by 6.6 mV, 
(P < 0.001). The addition of ATP to a suspension of washed 
platelets in a concentration of 5 and 25 pg/ml increased their 
zeta potential by 4.5 mV (P < 0.01) and 3.6 mV (P < 0.05), 
respectively. The zeta potential of washed platelets fell very 
slightly after treatment with ATP in a dose of 50 ~tg/ml. By 

contras t  with ATP, ADP reduced the zeta potential of the platelets .  A more  marked decrease  was observed 
when ATP was added to intact platelets .  A sharp decrease  in the zeta potential of intact pIatelets (by 
10.8 mV, P < 0.001) was observed when ADP was added to the plasma in a dose of 1.2.5 #xg/ml. A fur ther  
increase  in the amount of ADP added to the p lasma was accompanied by res to ra t ion  of the normal  zeta 
potential of the intact platelets .  The addition of ADP to washed platelets in doses of 5 and 12.5 ~g/ml l ike-  
wise reduced the zeta potential of the platelets by 3.4 mV (P < 0.001) and 3.6 mV (P < 0.001),respectively.  
An increase  in the dose of added ADP was accompanied by a very  slight increase  in tile zeta potential of 
the washed platetets .  Incubation of intact  and washed platelets with ATP and ADP for  3 rain caused s o m e -  
what different changes in the zeta potential (Fig. 2). Addition of ATP in concentrat ions of 5, 25, and 50 
~g/ml to a suspension of intact platelets caused a well marked decrease  in the zeta potential,  by 3.2, 600, 
and 10.1 mV, respect ively  (P < 0.001). When ATP was added to a suspension of washed platelets,  no s ig -  
nificant changes were  found in their  zeta potential.  Addition of ADP to intact and washed platelets  was 
accompanied by a decrease  in their  zeta potential. The grea tes t  decrease  was observed by the action of 
ADP in a concentrat ion of 12.5 gg/ml  on intact platelets (by 12.8 mV, P < 0.001). 

Incubation of intact and washed ptatelets with ATP and ADP for  10 rain caused s imi la r  changes in the 
zeta potential (Fig. 3). The grea tes t  decrease  in zeta potential of the intact platelets was observed after  
addition of ATP in a concentration of 50 ~g/ml,  and in this dose ATP had pract ical ly  no effect on the zeta 
potential of the washed platelets.  ADP likewise reduced the zeta potential of the intact and washed platelets .  
The most  marked  decrease  was observed after  addition of ADP in a concentrat ion of 12.5 ~g/ml of intact 
platelets (by 11.7 mV; P < 0.001). 

ATP and ADP thus produce marked changes in e lect r ical  activity of platelets .  These changes are  
dependent not only on the s t ruc ture  on the nucleotides,  but also on their  dose and the duration of incubation 
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with the pla te le ts .  Low concentrat ions of ATP,  with short  per iods of incubation, increase ,  while large doses 
dec rease  the zeta potential of intact and washed plat , le ts~ With an increase  in the t ime of incubation of ATP 
with the platelets ,  the i r  zeta potential is reduced.  By cont ras t  with ATP, ADP reduces the zeta potential of 
p la t ,  lets r ega rd l e s s  of the dose added or  the t ime of incubation with the pla te le ts .  The g rea tes t  dec rease  
is observed by the action of ADP in a concentrat ion of 12.5 ~g/ml on intact  plateletso This dose of ADP is 
the threshold at which aggregation of the platelets takes place [8]. No increase  was observed in the e l e c t ro -  
phoret ic  mobility of the platelets  during the action of small  doses of ADP on them, as some workers  have 
descr ibed  [9, 13]. Since ATP and ADP have a g rea t e r  effect  on the zeta potential of intact than of w a s h e d  
platelets ,  this suggests  that the nucleotides in terac t  with the components of the blood clotting sys tem and 
with other  substances adsorbed on the surface  of the platelets .  Changes in the zeta potential of washed 
platelets  during the action of ATP and ADP may be due to the i r  effect  on ion t ranspor t  through the cell 
membrane .  The more  marked  effect  of ADP is probably associa ted with the negative charge of its molecule 
and its g r e a t e r  adsorpt ive capacity than that of ATP.  The increase  in the blood concentrat ion of ATP and 
ADP, resul t ing in lowering of the zeta potential of the p la t , l e t s ,  can be p resumed  to facil i tate thei r  adhesion 
and aggregation and, consequently, to promote  in t ravascu la r  thrombosis .  
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