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Elec t r i ca l  act ivi ty of the walls of intact  blood ve s se l s  and the blood ve s se l s  of rabbi t s  kept 
on an a therogenic  diet was invest igated in a t r anspa ren t  p las t ic  chamber  containing aera ted  
K r e b s '  solution. With the development  of a the rosc l e ro t i c  changes in the ve s se l  wall, the 
potential  d i f ference  between its in t ima and adventi t ia  is reduced.  The mos t  ma rked  m o r p h -  
ological  and e lec t r i ca l  changes in the ve s se l  wall  in a t h e r o s c l e r o s i s  a re  obse rved  in the ab-  
dominal  ao r t a  and f e m o r a l  a r t e r y .  

Clinical  and exper imenta l  invest igat ions have shown that a t h e r o s c l e r o s i s  is mani fes ted  pr inc ipal ly  
by morphologica l  and functional changes in the blood v e s s e l  wall  [1, 2, 5, 7, 8, 11, 16]. The coagulant a c -  
t ivi ty of the v e s s e l  wall  is inc reased  and its anticoagulant and f ibrolyt ie  act ivi ty  is reduced [6, 12, 14, 15]. 
It is cons idered  that  changes in the coagulant p rope r t i e s  of the ve s se l  wall  and d is turbance  of its m o r p h -  
ological  integr i ty  a r e  impor tan t  f ac to r s  in the pathogenesis  of i n t r avaseu la r  t h rombos i s  in a t h e r o s c l e r o s i s  
[6, 10, 15]. Most  worke r s  s ta te  that functional changes in the v e s s e l  wall  in a t he ro sc l e ro s i s  a r e  assoc ia ted  
with metabol ic  d is turbances  taking place in it [11, 16]. Recent work has shown that act ive ion t r anspo r t  
takes  place  through the ve s s e l  wall, and is de te rmined  by the c h a r a c t e r  of its e l ec t r i ca l  act ivi ty and the 
magnitude of the ze ta -po ten t ia l  of the boundary l ayer  of moving blood [3, 4, 9, 16]. It can t h e r e f o r e  be 
postulated that a t h e r o s c l e r o s i s  is accompanied  by changes in the e l ec t rochemica l  c h a r a c t e r i s t i c s  of the 
v e s s e l  wall.  

The object of the p resen t  invest igat ion was to study the e l ec t r i ca l  act ivi ty  of the intact va scu l a r  wall  
and its changes in the wall  of blood ve s s e l s  of rabbi t s  with exper imen ta l  a t he ro se l e ro s i s .  

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 on 17 rabbi t s  weighing 2.5-3 kg. Group 1 consis ted  of control  an imals  
(9 rabbi ts) ,  group 2 of animals  rece iv ing  cho les te ro l  in a dose  of 0.5 g /kg  body weight daily with the diet 
for  8 months (8 rabbi t s ) .  The mos t  m a r k e d  changes in a t h e r o s c l e r o s i s  a r e  obse rved  in the f e m o r a l  ves se l s ,  
at the bi furcat ion of the aor ta ,  and in the abdominal  aor ta .  Accordingly,  e l ec t r i ca l  act ivi ty was studied in 
the abdominal  pa r t s  of the aor ta  and in fe r io r  vena cava, and also in the f e m o r a l  a r t e r y  and vein. For  this 
purpose ,  the blood v e s s e l  to be invest igated was excised under intravenous ure thane  anes thes ia  (10 ml  of a 
20% solution) and all  the p e r i v a s c u l a r  t i s sues  carefu l ly  removed .  The d issec ted  par t  of the blood vesse l ,  
4-5 cm long, was incised longitudinally. The appara tus  used to study e l ec t r i ca l  act ivi ty  of the v e s s e l  wall  
in vi t ro is shown d i ag ram m at i ca l l y  in Fig. 1. The segment  of blood v e s s e l  for  tes t ing was placed between 
two halves  of a t r a n s p a r e n t  p las t ic  chamber ,  joined together  h e r m e t i c a l l y  by means  of sc rews .  The two 
halves of the cham be r  were  fil led with K r e b s '  solution of the following composi t ion (in g / l i t e r ) :  NaCl 7.7; 
NaHCO 3 1.36; NaH2FO 4 0.165; KC1 0.347; CaC12.6H20 0.272; MgC12.6H20 0.01; g lucose 1.4. The K r e b s '  
solution was t i t r a ted  to pH 7.4. Agar  br idge  e lec t rodes ,  p r epa red  in the usual  way, were  placed 2 m m  away 
f r o m  the su r face  of the in t ima and adventi t ia  of the blood vesse l .  The o ther  ends of the agar  br idge  e lec -  
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Fig. 2 

Fig. 1, Diagram of apparatus for measur ing  e lect r ical  activity of blood vesse l  wall in vitro: 1) 
separate  half of t ransparent  plastic chamber;  2) Krebs w solution; 3) t i ssue of blood vesse l  to be 
tested; 4) agar  bridge electrodes;  5) calomel  electrodes;  6) ja rs  containing 2.7 M potassium 
chloride solution; 7) LPU-01 pH-meter ;  8) KSP-04 potentiometer;  9) sys tem for  ae ra t ingKrebs '  
solution. 

Fig. 2. Elect r ica l  activity of intact blood vessel  wall (A) and vesse l  wall of rabbits with ex- 
per imental  a therosc leros is  (B): 1 and 5) abdominal aorta; 2 and 6) abdominal portion of in- 
f e r io r  vena cava; 3 and 7) femora l  a r te ry ;  4 and 8) femora l  vein. 

t rodes  were placed in jars  containing 2.7 M potassium chloride. Calomel electrodes were inser ted into 
the same jars  and made contact with wires connecting t hemto the  input of a type LPU-01 pH-meter .  The 
potential difference between the intima and adventitia of the blood vessel  was recorded  graphical ly bymeans  
of a type KSP-04 automatic electronic potentiometer .  Calibration of the recorded  potential difference and 
determination of its polari ty were car r ied  out by a type 1-01 electrode sys tem simulator .  The potential 
difference between the agar  br idge electrodes placed in Krebs '  solution was 1.5-2 mV, and the drift of the 
amplif ier  sys tem while recording e lec t r ica l  activity in the vesse l  wall was virtually zero.  

In the course  of the investigation the blood cholesterol  of intact rabbits and of rabbits kept on an 
atherogenic diet was determined and a morphological  control  was provided. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The potential difference between the intima and adventitia of the blood vesse l  was stable in charac -  
t e r  (Fig. 2). The intima was charged negatively relat ive to the adventitia of the blood vessel .  Comparat ive  
analysis of the potential difference of the blood vesse ls  investigated showed marked differences between 
them (Fig. 2A). For  example, the greates t  potential difference (32.5"1.6 mV) was recorded  in the ab-  
dominal aorta.  The potential difference between the intima and adventitia of the inferior  vena cava, femora l  
a r te ry ,  and femora l  vein was 26.64-1, 22.5+2, and 184-1.7 mV (P <0.05). 

A sttldy of the potential difference between the intima and adventitia of the blood vesse ls  of rabbits 
kept on an atherogenic diet revealed significant differences f rom the controls  (Fig. 2B). The potential dif- 
ference  of the abdominal aor ta  of rabbits with a therose le ros i s  was reduced by 10.84-1.5 mV (P<0.02) com-  
pared with the intact abdominal aorta.  The potential difference of the wall of the infer ior  vena cava in r ab-  
bits receiving cholesterol  was only 3.6 4-1 mV below that of the intact inferior  vena cava (P < 0.05). The 
potential difference between the intima and adventitia in the femora l  a r t e ry  of rabbits with experimental  
a therosc le ros i s  was 8.4 4- 2.3 mV (P < 0.01) below that of the femora l  a r t e ry  of the control  animals.  The 
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potential  d i f ference  of the f e m o r a l  vein in rabbi t s  with a the ro sc l e ro s i s  was 5.6 ~ 1.4 mV (P< 0,01) lower 
than that in the f e m o r a l  vein of the control  an imals .  The blood choles te ro l  of rabbi ts  kept on an a the ro-  
genic diet was on the ave r age  53 rag % g r e a t e r  than in the control  rabbi t s  (P <0.05). Morphological  con-  
t r o l  examinat ion of the invest igated blood ve s se l s  revea led  cha rac t e r i s t i c  changes of exper imenta l  a thero ~ 
s c l e r o s i s  in the v e s s e l  wall.  The mos t  m a rked  morphologica l  changes were  found in the abdominal  aor ta  
and f e m o r a l  a r t e ry ,  in ag reement  with observa t ions  made  by o ther  worke r s  [10, 11]. 

The resu l t s  indicate that a t h e r o s c l e r o s i s  lowers  the e lec t r i ca l  act ivi ty of the v e s s e l  wall, and it does 
so to the g r ea t e s t  degree  in the abdominal  ao r t a  and f e m o r a l  a r t e ry ,  i .e. ,  where  the g rea t e s t  changes a r e  
found in the in t ima in a t h e r o s c l e r o s i s  [10, 11]. The s m a l l e r  changes in e l ec t r i ca l  act ivi ty  of the in fe r ior  
vena cava  in a t h e r o s c l e r o s i s  c o r r e l a t e  with the v e r y  slight morphologica l  changes obse rved  the re  in a the ro -  
s c l e r o s i s  [11]. Results  obtained by s e v e r a l  inves t iga tors  suggest  that the ve s se l  wall  should be r ega rded  
as a biological  m e m b r a n e  through which ions of the blood e lec t ro ly tes  a re  t r anspo r t ed  [4, 9]. F u r t h e r m o r e ,  
the e lec t r i ca l  act ivi ty  of the v e s s e l  wall  may  be genera ted  as the resu l t  of d i f ferences  in the pe rmeab i l i t y  
of the cel ls  of the in t ima and adventi t ia  and, consequently,  of a d i f ference  in the i r  po la r i ty  [9]. Ion t r a n s -  
por t  can be cons idered  to be  dis turbed by a the rose l e ro t i e  changes in the blood ve s se l  wall. As a resul t ,  
the e l ec t r i ca l  act ivi ty  of the v e s s e l  wall  is reduced.  This  leads to a d e c r e a s e  in the intensi ty of t r a n s v a s a l  
e lec t ro ly t ic  d issocia t ion  of the coagulation f ac to r s  of the blood and o ther  e lec t ro ly tes .  These  p r o c e s s e s  
a r e  undoubtedly assoc ia ted  with the lowered level  of me tabo l i sm in the ve s se l  wall, which is re f lec ted  in 
the magnitude of its potent ial  dif ference.  A d e c r e a s e  in the potent ial  d i f ference  between the in t ima and 
adventi t ia  of a blood ve s s e l  have been shown to p romote  in t r avascu la r  th rombos i s  [13]. Hence it follows 
that a d e c r e a s e  in the potential  d i f ference  between the int ima and adventi t ia  of blood v e s s e l s  in a the ro -  
s c l e r o s i s  may  be the d i rec t  cause  of i n t r avaseu l a r  t h rombos i s .  The poss ib le  ro le  of morpho log ica lchanges  
in the int ima,  faci l i ta t ing adhesion and aggregat ion of pla te le ts  on its sur face ,  in th rombogenes i s  during 
a t h e r o s c l e r o s i s  l ikewise cannot be  ruled out. 
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