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The art icle describes the results of implantation of Ag-AgC1 nonpolarizing electrodes, capable of 
recording slow electrical  potentials, into the stomach wall and parenchyma of the liver.  

In chronic experiments on dogs performed earlier in our laboratory the potentials accompanying 
rhythmic contractions of the digestive organs were studied [I, 2, 4, 5]. A technique of implantation of me- 
tallic electrodes into the wall of the organ of our own invention, together with an ac amplifier with a nar- 
row frequency transmission band, was used in these experiments [3]. 

The very slowly changing potentials aecompanying processes in the digestive system such as the se- 
cretory activity of glands or tonic contractions of the smooth muscles are no less interesting to the phy- 
siologist or diagnostieian. These very slow potentials cannot be recorded by means of metallic electrodes 
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Fig. i. Parallel recordings of biopo- 
tentials by means of Ag-AgC1 (I) and 
Ag (2) electrodes implanted into the 
pancreas. Experiment on the dog Seryi 
performed on the day after operation. 
Upward displacement of the curve corre- 
sponds to an increase of the negative po- 
tential at the recording electrode. 

of the polarizing t3qpe. In acute ex-periments such potentials 
are recorded by means of nonpolarizing electrodes. In 
chronic experiments, however, because nonpolarizing elec- 
trodes cannot be adapted for impiantation, these potentials 
have been recorded only from the surfaces of the stomach 
and intestine. 

We felt that there were good prospects for using non- 
polarizing Ag-AgCI electrodes for implantation. The Japa- 
nese worker Ono [6] implanted Ag-AgCl electrodes tempo- 
rarily into the wall of the stomach and intestine of human 
patients during operations. Without discussing the ethical 
aspects of this worker's technique, we must point out, how- 
ever, that he recorded only the fast potentials which do not 
create the conditions for polarization, and he did not there- 
fore observe to what extent the electrodes retain their non- 
polarizing properties with the passage of time after 
implantation. 

In experiments on dogs we investigated the possibility 
of implanting Ag-AgCI electrodes into the digestive organs, 
paying speeial attention to the time during which they pre- 
served their nonpolarizing properties. 

The electrodes were made in the form of silver disks 
to which a thin, single-stranded wire insulated with poly- 
vinyl chloride was soldered. The junction was covered with 
insulating epoxide resin. To exteriorize the free ends of 
the wires from the abdomen, we used a plexiglass contact 
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Fig~ 2. Fluctuation Of potential on electrogastrogram after 
t~dng food~ Experiment on the dog Tsygan performed 2 
days after operation. 

socket of our own design fi~ed with metallic sockets for plugs [5]. One such plexiglass contact socket had 
leads from several electrodes. 

On the day before  the opera t ion  the e lec t rodes  were  coated with a f i lm of s i l ve r  ch lor ide  by the ga l -  
vanic method,  and they w e r e  kept along with the socket  in a w a r m  bath of phys io logica l  sal ine containing 
penici l l in.  Only the su r face  of the contact  socket  containing the meta l l i c  socke ts  for the plugs r ema ined  
out of the solution.* 

In our  expe r imen t s  on t h r ee  dogs the e lec t rodes  w e r e  implanted  into the s tomach  wall  and also into 
the p a r e n c h y m a  of the l i ve r  and p a n c r e a s .  Control  po lar iz ing  e l ec t rodes  w e r e  Mso implanted  (at a shor t  
d is tance  away f r o m  the nonpolar izing e lec t rodes)  into these  organs .  They cons is ted  of s i l ve r  d isks  of the 
s ame  s ize  and shape,  not coated with s i lve r  chlor ide .  

The potent ia ls  de tec ted  f r o m  the s ame  organ  by means  of the Ag-AgC1 and Ag e l ec t rodes  w e r e  r e -  
corded  s imul taneous ly  by two type  N-373 ac ampl i f i e r s .  Under these  r ecord ing  condit ions the i r  in terna l  
impedance  was 500 k~.  Unipolar  leads  w e r e  used,  the indifferent  nonpolar iz ing e lec t rode  being applied to 
a shaved a r e a  of skin in the s a c r a l  region.  Po ten t ia l s  w e r e  r e c o r d e d  dai ly throughout  the pos tope ra t i ve  
per iod.  

The t r a c e s  obtained on the f i r s t  few days  af ter  the  opera t ion  showed the following c h a r a c t e r i s t i c s  
(Fig. 1). I m m e d i a t e l y  af ter  the opera t ion  a potent ial  d i f fe rence  of a few mi l l ivo l t s  was  detected between 
the act ive Ag-AgC1 and indifferent  e lec t rodes .  On the  following days  th is  d i f fe rence  gradua l ly  i nc reased  
by 20-30 mV, the act ive  e lec t rode  becoming  m o r e  negat ive.  Meanwhile the init ial  potent ia l  d i f fe rence  b e -  
tween the act ive Ag and indifferent  (Ag-AgC1) e lec t rodes  f luctuated on dif ferent  days,  but was always of 
the o rde r  of s eve ra l  hundred mi l l ivo l t s ,  and the act ive e lec t rode  was negat ive .  On e l e e t r o g r a m s  obtained 
by means  of po la r iz ing  act ive  e lec t rodes  the level  of the s teady component  gradual ly  changed in a s i m i l a r  
manner  to the ze ro  drift~ On the other  hand, on the e l e c t r o g r a m s  r e c o r d e d  by means  of nonpolar iz ing ac -  
t ive e l ec t rodes ,  no such dr i f t  was p r e s en t  o r  it was hard ly  pe rcep t ib l e .  

In o rde r  to c o m p a r e  the conductivity of the polar iz ing  and nonpolar iz ing e l ec t rodes ,  in an  exper imen t  
on one dog on the  4th day aRer  the opera t ion a weak d i rec t  cu r r en t  was pas sed  through the an ima l ' s  body. 
This  cu r r en t  was fed into the record ing  ins t rumen t s  s imul taneous ly  f rom the Ag-AgC1 and the Ag e l ec -  
t rodes .  The s t rength  of the cu r ren t  r e co rded  f rom the Ag-AgC1 e lec t rode  was 3-5 t i m e s  g r e a t e r  than that  
of the cu r ren t  r e c o r d e d  f rom the Ag e lec t rode  (the potent ia ls  w e r e  a lmos t  identical) .  

F r o m  the 6th-7th day af ter  the opera t ion the quality of the r e c o r d s  obtained with act ive  Ag-AgC1 
e lec t rodes  va r i ed  cons iderab ly .  A m arked  "drif t"  appeared ,  and the potent ial  d i f fe rence  (mean level  of the 
s teady component) i nc rea sed  by 10 t i m e s  or  more .  Both these  phenomena  indicated that  the e l ec t rodes  had 
lost  the i r  nonpolar izing p r o p e r t i e s .  A c h a r a c t e r i s t i c  sign of th is  change was the appea rance  of sudden up-  
ward  m o v e m e n t s  on the e l e c t r o g r a m s  assoc ia ted  with mechan ica l  movemen t s :  g a s t r i c  p e r i s t a l s i s ,  r e s p i -  
r a t o ry  excurs ions ,  or  m o v e m e n t s  of the  an ima l ' s  whole body. 

We t r i ed  to r e s t o r e  the los t  p rope r t y  of nonpolar izat ion to the e l ec t rodes  in vivo.  Twenty days  af ter  
the opera t ion  the implanted e l ec t rodes  were  given a f r e sh  coating of AgC1 in a spec ia l  way. A weak d i rec t  

* I m m e r s i o n  of the meta l l i c  sockets  in the solution rap id ly  de s t roys  the AgC1 f i lm because  of genera t ion  of 
a galvanic cu r r en t  in the sys t em.  
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cu r r en t  was pa s sed  through the dog ' s  body for  90 rain, the implanted e lec t rode  showed signs of los s  of non- 
polar iz ing  p r o p e r t i e s  being connected to the anode of the source  of cu r ren t ,  while a s i lve r  disk  placed on the 
skin was connected to the cathode. With the values  of voltage (6 V) and s t rength  (1-2.5 mA) of the cur ren t  
used,  no d i s tu rbance  or  o ther  outward signs of adve r se  effect  f rom the cu r r en t  we re  shown by the dog dur -  
ing or  af ter  the exper iment .  When the e lec t rodes  were  coated again with AgCI by this  method,  on the fol-  
lowing days  e l e c t r o g r a m s  could be obtained under  the s ame  conditions of r ecord ing  as before  which were  
f r ee  f rom the peaks  desc r ibed  above and which showed a reasonab ly  low potential  d i f ference .  This  method 
of s i lve r  chlor ide  applicat ion in vivo does not comple te ly  r e s t o r e  the p rope r ty  of nonpolar izat ion of the 
e lec t rodes .  

At autopsy, p e r f o r m e d  on dogs sac r i f i ced  not e a r l i e r  than 16 days  af ter  the operat ion,  m a c r o s c o p i c  
and his tological  invest igat ion of the s i t e s  of  implantat ion revea led  the usual  p r o c e s s  of  encapsulat ion of a 
foreign body, with no significant d i f fe rence  between the r eac t ions  of the t i s sues  around the Ag~AgC1 and 
Ag e lec t rodes .  

In the per iod  during which the e lec t rodes  p r e s e r v e d  the i r  p r o p e r t y  of nonpolar izat ion we invest igated 
the action of ce r t a in  food s t imul i  on the e lec t r i ca l  act ivi ty of the s tomach.  As Fig. 2 shows, a f ter  100 g 
broth had  been taken by the dog a smal l  negat ive wave of potent ial  appeared on the e l ec t rogas t rogramo 
Waves  synchronous with the gas t r i c  p e r i s t a l s i s  w e r e  superposed on this  slow wave. At tempts  to prolong 
the per iod  of s e rv i ce  of implanted nonpotarizing e lec t rodes  a re  promising~ 
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