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Expe r imen t s  on r abb i t s  have demons t r a t ed  a d i rec t  re la t ionship  between the ze ta -poten t ia l  and local  
hemocoagula t ion .  With an i nc r ea s e  in magni tude of the ze ta-potent ia l ,  a tendency toward hemocoagnla t ion  is 
obse rved ,  and vice  v e r s a .  

Recent  work has  shown that  the s ta te  of hemocoagula t ion  depends not only on the ra t io  between p r o -  
coagulants and ant icoagulants ,  but also on the e l ec t rochemica l  c h a r a c t e r i s t i c s  of the blood celIs  and the v a s -  
cular  wall  [8, 10, 12-15]. Some w o r k e r s  cons ider  that  changes in the potent ia l  of the v e s s e l  wall  a r e  an i m -  
por tan t  f ac to r  in the et iology of i n t r avas cu l a r  th rombos i s ,  and they have even gone so f a r  as to c lass i fy  
t h r o m b o s e s  on this bas i s  [3]. During m o v e m e n t  of the blood along the blood s t r e a m ,  an e lec t rok ine t ic  po ten-  
t ial  develops on the in te rna l  wall  of the blood v e s s e l  [1, 5-7].  Bes ides  potent ia ls  of flow, sedimentat ion,  
e l e c t r o o s m o s i s ,  and so on, the total  e lec t rok ine t ic  potent ial  a lso  includes the ze ta -poten t ia l .  This a r i s e s  
d i rec t ly  on the endothel ium of the v e s s e l  wall  [1, 5-7].  

The object  of the p r e s e n t  invest igat ion was to s tudy the re la t ionship  between local  hemocoagula t ion  and 
the magni tude of the ze ta -po ten t ia l  in va r ious  blood v e s s e l s .  

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

Acute expe r imen t s  were  c a r r i e d  out on 26 rabbi t s  weighing 2.5-3 kg. The blood v e s s e l s  to be inves t i -  
gated were  f i r s t  exposed under  in t ravenous ure thane  anes thes ia  (10 ml  of a 20% solution) and care fu l ly  
s e p a r a t e d  f r o m  sur rounding  t i s sues .  In the course  of the invest igat ion the region of the blood v e s s e l  and 
the t i s sues  sur rounding  it were  mois t ened  with physiological  sal ine at  37 ~ The ampli tude of the z e t a - p o t e n -  
t ia l  was de te rmined  by Smolukhovski i ' s  equation, which takes  into account  all  f ac to r s  exe r t ing  a s ignif icant  
influence on the ze ta -po ten t i a l .  Smolukhovski i ' s  equation has  the fo rm:  
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where  ~ r e p r e s e n t s  the ze ta -po ten t ia l  (in mV), ~ the dynamic v i scos i ty  of the blood (in P), D the d ie lec t r i c  
constant  (120 for  blood), K the spec i f ic  constant  of e l ec t r i ca l  conductivity (1.07" 10 l~ for  blood), P the blood 
p r e s s u r e  (in dynes/cm2),  and V the di f ference  of flow potent ia ls  (in mV). 

I t  follows f r o m  Smolukhovski i ' s  equation that the m o s t  impor tan t  constant  is the d i f ference  of flow 
poten t ia l s .  To m e a s u r e  them,  g lass  m i c r o e l e c t r o d e s  with a tip 5 # in d i ame te r  were  used .  The m i c r o -  
e l ec t rodes  were  fi l led with 2.7 M KC1 solution and connected through a sa l t  br idge  (2.7 M KC1 solution) with 
Ag-AgC1 e lec t rodes  [15]. The m i c r o e l e c t r o d e s  were  inse r ted  into the blood s t r e a m  in the blood v e s s e l  to be 
invest igated,  immed ia t e ly  next to the in ternal  wall,  by means  of a m ic roman ipu l a to r  and MBS-1 m i c r o s c o p e .  
The dis tance between the m i c r o e l e c t r o d e s  was 10 m m ,  and the i r  r e s i s t a n c e  was between 10 and 20 M~. The 
d i f fe rence  of flow potent ia ls  was de te rmined  by a type LPU-01 l abo ra to ry  p H - m e t e r ,  which was used  as dc 
ampl i f i e r .  The input r e s i s t a n c e  of the ins t rument  was 150 M~. The flow potent ia ls  were  r e c o r d e d  g raph i -  
cal ly on a type E P P - 0 9  automat ic  e lec t ron ic  po ten t iomete r .  The blood v i scos i ty  was m e a s u r e d  with a Hess  
v i s c o s i m e t e r .  The blood p r e s s u r e  was r e c o r d e d  in the carot id  a r t e r y  by a m e r c u r y  m a n o m e t e r .  The s ta te  
of hemocoagula t ion  was judged by m e a s u r i n g  the p l a s m a  reca lc f f ica t ion  t ime  and by studying the t h ro mb o -  
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TABLE 1. Zeta-potential  of Rabbit 's  Blood Vessels  

Difference of flow Viscosity of blood Zeta-potential 
Blood vessels potentials (in mV) (in P) (in mV) 

~,~bdominal aorta 
Inferior vena cava 
P 
Femoral artery 
P 
Femoral vein 
P 
Renal artery 
P 
Renal vein 
P 
Portal vein 
P 

25,6-+0,8 
12,7-+1,17 

<0,001 
18,2-+1,1 

<0,001 
15,1--+0,38 

<0,001 
22,9-+2,1 

0,2 
31,4-+0,4 

<0,001 
10,8-+ 1,06 

<o,ooi 

0,021+0,0008 
O, 0246 -+ O, 004 

<0,001 
0,0238-+0,0006 

<0,02 
0,023-+0,002 

<0,001 
0,02-+0,0008 
>0,05 

0,025-+0,0015 
<0,001 

0,029-+0,001 
<o,ooi 

42,6--+3 
24,7----.5 

<0,001 
31,5-+3 

<0,01 
27,5+I ,2 

<0,001 
36,6-+5,2 
0,5 

63,1-+3,3 
-<0,001 

23,3-+5,i 
<o,ool 

Note. Significance of differences (P) determined relat ive to abdom- 
inal aorta .  

e las togram [410 Blood for  investigation of the v iscos i ty  and clotting pa rame te r s  was taken direct ly  f rom the 
vesse l s  examined. The numer ica l  data were  subjected to s tat is t ical  analysis [3]. 

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

The difference of flow potentials investigated in the rabbi t ' s  blood vesse ls  in vi tro was recorded  within 
a few seconds af ter  inser t ion of the mic roe lec t rodes  into the blood s t r eam and was stable in charac te r .  The 
polar i ty  of the flow potentials was always negative, and their amplitude did not exceed 35 mV. An 1-01 
s imulator  of the electrode sys tem was used to check the amplitudes and polar i ty  of the flow potentials ob-  
tained. Fu r the rmore ,  at the beginning and end of the experiment  the potential difference,  which should a l -  
ways be zero,was measured  in Tyrode solution. 

As Table 1 shows, the difference of flow potentials was grea tes t  in the renal  vein and least  in the p o r -  
tal vein. The highest  blood v iscos i ty  was observed  in the por ta l  vein and the lowest in the abdominal aor ta  
and renal  a r t e ry .  Corresponding to the amplitude of the f lowpotent ia ls ,  the highest  zeta-potential  was r e -  
corded in the renal  vein and aor ta .  Measurement  of the plasma recalc i f icat ion time of blood in the vesse ls  
where the difference of flow potentials and blood v iscos i ty  were investigated showed that the velocity of blood 
coagulation differed in the different vesse l s .  The longest  recalci f icat ion time was found in the renal  vein 
(211 sec). The recalc i f icat ion t ime in the renal  a r te ry ,  abdominal aorta,  inferior  vena cava, femora l  a r te ry ,  
f emora l  vein, and por ta l  vein was 180.4, 203, 116, 149, 143, and 127 sec  respect ive ly .  Corresponding p a r a -  
me te r s  of the th romboelas togram were obtained. Of the temporal  pa rame te r s  of the thromboelas togram 
which were studied, the total clotting time, the react ion time, and the maximal  amplitude showed the most  
marked  differences in the different blood vesse l s .  For  instance, the r eac t ion t ime  in the abdominal aor ta  and 
renal  vein was 552 * 12 and 528 * 36 sec respec t ive ly  (P < 0.05), and in the portal  vein and inferior  vena 
cava it was 336 • 18 and 294 • 24 see respect ive ly  (P < 0.02). 

The resul t s  indicate that hem.coagula t ion  follows a different course  in different blood vesse ls .  The 
experiments  showed that coagulation of the blood takes place mos t  rapidly in the infer ior  vena cava and p o r -  
tal vein, and is slowest  in the renal  vein, abdominal aorta,  and renal  a r t e ry .  These resul ts  corre la te  with 
the values of the zeta-potential  measured  in these blood vesse ls  (r = 0.902). It  may  be supposed that these 
differences in blood clotting in the vesse ls  investigated are  due to differences in the amplitude of their ze ta -  
potential .  The veloci ty of movement  of the fluid, the dielectr ic  constant of the solution and surface  in con- 
tact  with it, the pH of the solution, and all fac tors  known to influence the total electrokinetic potential have 
all been shown to have a substantial  effect on the amplitude of the zeta-potential  [1, 5-7]. It  is cer tain that 
electrokinet ic  p r o c e s s e s  in different blood vesse l s  follow their own charac te r i s t i c  course  which is de te r -  
mined by metabolic  activi ty of the vesse l  wall, the concentration of vasoact ive substances in the flowing 
blood, the nerve supply to the blood vesse ls ,  and the local concentration of p r o -  and anticoagulants in the 
vesse l  wall and blood. All these fac tors  have a significant effect also on the amplitude of the zeta-potential  
in the blood vesse l s .  Another important  fac tor  is the local heparin concentration in the vesse l  wall and the 
blood, for  according  to some data heparin contains a large number of negatively charged ions and, conse-  
quently, tends to increase  the zeta-potential  [9-11]. The resul ts  of the presen t  investigation show that the 
highest  value of the zeta-potent ial  and slow coagulation of the blood are  observed in the renal  vesse ls  and 
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aor t a .  This is p r e s u m a b l y  a t t r ibutable  to the p r e s e n c e  of a high concentra t ion of hepa r in  in these v e s s e l s ,  
en ter ing  the ao r t a  f r o m  the m a s t  cel ls  of the lung t i ssue  and e l iminated  through the kidneys [2, 11]. In addi -  
tion, the ao r t a  and rena l  v e s s e l s  a r e  dist inguished by a high ve loc i ty  of blood flow and also,  apparent ly ,  by 
a low concentra t ion of procoagulants  in the v e s s e l  wall,  for  in cl inical  p r a c t i c e  i n t r avascu la r  th rombos i s  is 
obse rved  compara t i ve ly  r a r e l y  in these  v e s s e l s .  The high v i scos i ty  of the blood in the po r t a l  vein and the 
low ze ta -po ten t ia l  found in it in the p r e s e n t  expe r imen t s ,  compared  with o ther  v e s s e l s ,  indicate that r e la t ive  
hypercoagula t ion  of the blood co r re sponds  to an i nc rea se  in its v i scos i ty .  Since the withdrawal  of m o r e  than 
0.5 m l  of blood f r o m  the r a b b i t ' s  blood v e s s e l s  was accompanied  by a m a r k e d  dec r ea se  in the ini t ial  values  
of the blood p r e s s u r e  and flow potent ia ls ,  only the reca lc i f i ca t ion  t ime and t h r o m b o e l a s t o g r a m  were  studied, 
giving an indication of the genera l  s ta te  of blood coagulation in the v e s s e l s .  Bes ides  the genera l  f ea tu res  of 
local  hemoeoagula t ion  in d i f ferent  blood v e s s e l s ,  d i f fe rences  in the i r  content of p r o -  and ant icoagulants  a r e  
ce r ta in ly  a lso  obse rved  in them.  

The ra t e  of blood coagulation thus differs  in different  blood v e s s e l s .  Vesse l s  with slow blood coagu-  
lation have cor responding ly  h igher  values  of the i r  ze ta-potent ia l  than blood v e s s e l s  dist inguished by rapid  
blood coagulat ion.  
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