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I so -osmot i c  solutions of l i thium, po tass ium,  and rubidium chlor ides  faci l i tate  hemocoagulat ion 
whereas  sodium chloride does not affect  blood clotting. No d i rec t  re la t ionship  was found be -  
tween changes in blood coagulation and the magnitude of the sur face  e lec t r i c  charge  of the red  
cel ls  and p la te le ts .  Changes in hemocoagulat ion are  evidently connected with a whole range of 
sur face  phenomena taking place at the in terphase  boundary between blood cell  m e m b r a n e  and 
p l a s m a  and a lso  with the specif ic  effect  of the ions studied on the functional p r o p e r t i e s  of the 
red  cei ls  and pla te le ts .  
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In the exist ing view blood is a colloidal sy s t em,  the aggregat ive  and sedimenta t ion r e s i s t a n c e  of which 
is l a rge ly  de te rmined  by e l ec t ros t a t i c  repulsive" fo rces  a r i s ing  between the negat ively  charged blood cel ls ,  
prote in  mice l l e s ,  and the vascular  endothel ium [2, 5-7, 10, 11]. It is postulated that a dec rease  in the su r f -  
ace e lec t r i c  charge  on the blood cei ls  induces their  aggregat ion and s t imula tes  hemocoagulat ion,  whereas  
an inc rease  in the sur face  charge on the blood cei ls  tends to maintain the d i spe r sed  s ta te  of the blood [3, 4, 
12, 13]. 

The effect  of a change in the sur face  e lec t r i c  charge  on the pla te le ts  and red  cel ls  on hemocoagula -  
tion was studied. 

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

Changes in the sur face  e lec t r i c  cha r ac t e r i s t i c s  of the blood cel ls  were  induced by means  of i s o - o s m o -  
tic solutions of chlor ides  of the alkali  meta l s  and de te rmined  by m i c r o e l e c t r o p h o r e s i s  [8]. The effect  of 
0.16 M solutions of Li,  Na, K, and Rb chlor ides  on the coagulation of whole blood, of p l a t e l e t - r i ch  p la sma ,  
and of p l a t e l e t - f r ee  p l a s m a  was studied. The t h romboe l a s tog ram (TEG) and e l ec t rocoagu log ram were  r e -  
corded.  For  the f o r m e r ,  0.1 ml  of a solution of the e lec t ro ly te  was added in the cell  of an ISK-1 th rombo-  
e las tograph  to 0.4 ml  Of whole blood or  p l a s m a  s tabi l ized with 3.8% sodium c i t ra te .  To r e c o r d  the e l e c t r o -  
coagulogram,  0.05 ml of a solution of the e lec t ro ly te  was mixed with 0.25 ml whole blood or  p l a sma .  In 
para l le l  t es t s  the e lee t rophore t i c  mobil i ty  (EPM) of the pla te le ts  and red  ce i l s  was m e a s u r e d  with the Olten 
cy topheromete r .  ALl m e a s u r e m e n t s  were  c a r r i e d  out in Michaelis buffer ,  pH 7.35, with a specif ic  r e s i s t -  
ance of 68.64 fz/cm, at 25~ and with a cu r ren t  of 5 mA. The EPM was calculated by the fo rmula  

l B = ~ cm 2 �9 V'Z . see'l, 

where l is the path t rave led  by the blood cell  (in cm),  t the t ime taken to pass  along the path (in sec) ,  and 
E the voltage of the e l ec t r i c  field (in V). 

Solutions of the alkal i  me ta l s  were  added to 1 ml  p l a t e l e t - r i ch  blood p l a sma  or to a suspension of 
red cei ls  in physiological  sal ine,  incubated for 10 rain at r o o m  t e m p e r a t u r e ,  diluted with buffer ,  and poured 
into the measur ing  cell  of the ey topheromete r .  At each  m e a s u r e m e n t  the EPM of 20 s epa ra t e  cel ls  was r e -  
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corded.  Altogether more  than 2000 blood cells were investigated. 

Aggregation was r eco rded  in 25 exper iments  af ter  the addition of 0.2 ml of the electrolyte  solution 
to 0.7 ml p lasma;  after  incubation at room tempera ture  for 10 min the aggregat ion proper t ies  of the plate-  
lets were determined [9]. 

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

Addition of lithium chloride to the whole blood of intact rabbits  facilitated the formation of thrombo-  
plast in and thrombin,  reduced the density and elas t ic i ty  of the blood clot, and caused virtually no change in 
the intensity of format ion of the blood clot or its re t rac t ion  time {Fig. 1). 

Potassium and rubidium chlorides accelerated all three phases of blood clotting, facilitated the form- 
ation of thromboplastin, thrombin, and fibrin, accelerated formation of the blood clot, increased its density 
and elasticity, and shortened the retraction time. The action of potassium ions was the stronger of the two. 
An increase in the blood concentration of Na + ions had no significant effect on blood clotting. 

The addition of iso-osmotic solutions of chlorides of the alkali metals to platelet-rich blood plasma 
accelerated coagulation whereas Na + ions, just as in the experiments with whole blood, did not change the 
time or dynamics of the clotting of platelet-rich plasma (Fig. 2). An increase in the concentration of all 
the ions studied in platelet-free plasma did not affect its coagulation. Li + and K + ions induced an increase 
in red cell mobility in an electric field, but platelet mobility was not significantly altered. Rb ions slightly 
increased the EPM of the platelets but did not change the mobility of the red cells, whereas Na + ions re- 
duced the EPM of the platelets (Table 1). 

The study of the aggregation properties showed that Li + and Rb + ions inhibited aggregation of the 
platelets whereas Na + and K + ions did not significantly alter either the time or the degree of aggregation 
(Fig. 3). 

Iso-osmotic solutions of Li, K, and Rb chlorides thus accelerated the clotting of whole blood and of 
platelet-rieh plasma. An increase in the concentration of these electrolytes in platelet-free plasma did not 
significantly affect its coagulation. This shows that the acceleration of coagulation was connected with 
changes in the functional state of the blood cells. 

The effect of ions of the alkali metals on red cells and platelets might be supposed to be connected 
with differences in the degree of hydration of these ions and, consequently, with their effect on the ~-poten- 
tial of the blood cells. However, no direct relationship could be found between the EPM of the blood cells 
and blood clotting p roces ses .  
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Fig. 1. 
on coagulation of whole blood and p la te le t - r ich  plasma:  a) TEG of 
whole blood; b) TEG of p la te le t - r ich  plasma;  c) changes in pa rame-  
ters  of TEG of whole blood during action of chlorides of alkali me-  
tals (M+ m). 
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Fig. 2. Effect of i so-osmot ie  solutions of chlorides of alkali metals on coagula- 
tion of p la te le t - r ich  (A) and platelet-free plasma (B) (M• Ordinate, total time 
of coagulation of p la te le t - r ich and platelet-free plasma (in %). 

Fig. 3. Effect of i so-osmot ic  solutions of chlorides of alkali metals  on aggrega-  
tion proper t ies  of platelets:  H) degree of platetet  aggregation;  T) aggregation 
time of platetets (rate of re t rac t ion  12 mm/min). Arrow marks  addition of ADP 
to plasma.  

TABLE 1. 
Red Ceils 

Electrolyte 

Original 
Li+ 

Na+ 

It+ 

Pb + 

Effect of Ions of Alkali Metals on EPM of Platelets  and 

Platelets -.I Red cells 

t B t B 

7,9+ 0,09 
7,4• 0,32 
P<O,l 

8,36• O, 15 
P <0,02 

7,67• O, I I 
P<0,1 

7,68• 0,08 
P<0,05 

1,27.10 -4 
1,34.10-4 

1,20 -10 -4 

1,14.10-4 

1,14.10 -4 

12,43__- 0,22 
11,27• 0,27 

P <0,01 

I 1,18--- 0,23 
P<O,OI 

12,76----- 0,32 
P<O,I 

0,80.10-4 
0,80.10-4 

0,89.10 ~ 

0,82.10-4 

Legend. Significance of change P calculated by compar ison with 
original  values; t) time taken by platelet or erythrocyte  to cover 
distance of 0.0032 cm; B) e lectrophoret ic  mobility of red  cells (in 
cmLV-i - sec - t ) .  The original value for red  cells  was taken to be 
the EPM of cells suspended in physiological saline. 

Li + and K + ions increased the EPM of the red cells  and accelera ted  coagulation, whereas the EPM 
of the platelets was not significantly altered.  Rb + ions increased the EPM of the platelets a little but did 
not change the EPM of the red cel ls;  the clotting time of blood and p la te le t - r ich  p lasma was considerably 
shortened. 

Since the e lec t r ica l  conductivity, the dielectr ic  constant,  and the viscosi ty of the surrounding medium 
were unchanged in these experiments ,  determinat ion of the mobility of the blood cells in an e lec t r ic  field 
gave some idea of the electrokinetic potential and the surface charge on the blood cells .  Consequently, the 
surface e lec t r ic  charge of the red  cells and platelets does not play an essential  role in blood clotting. 

The study of the aggregation proper t ies  of the platelets showed that Li + and Rb § ions inhibit aggre-  
gation of the platelets whereas Na § and K+ions have no significant effect  on this process .  No relat ionship 
was found between the aggregation function of the platelets and the magnitude of their EPM, on the one hand, 
and hemocoagulation p rocesses  on the other hand. 

Elect ros ta t ic  forces  thus play only a secondary role in the maintenance of the colloidal state of the 
blood. It is more  likely that the aggregative and sedimentation res i s tance  of the blood and p rocesses  of 
hemocoagulation are  determined by a whole range of surface phenomena taking place on the interphase 
boundaries of the blood: the adsorption proper t ies  of the contacting surfaces ,  their hydrophilicity,  the con- 
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centration of free energy in the interphase layers,  and the magnitude of the electr ic  charge of the boundary 
surfaces [1]. 

Another possibility is that ions of the alkali metals interact with the l ip id-prote in  complexes of the 
blood cell membranes;  this interaction induces changes in the permeability of the cell membranes and facil- 
itates the liberation of thrombogenic substances from their cytoplasm, accelerating hemocoagulation pro- 
cesses.  
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