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Cor re la t ion  was found between the dynamics  of the e l ec t r i ca l  potential  on the su r face  of the 
parot id  s a l i va ry  gland and on the co r respond ing  body su r face  {n cats  during s t imulat ion of the 
s e c r e t o r y  ne rves  and o ther  p rocedu re s .  The absence  of a potential  gradient  when the e lec t rode  
was on the body s u r f ace  con f i rm s  the m a c r o s t r u c t u r e  of the global field of the s a l i v a r y  gland. 
The exper imen ta l  r e su l t s  indicate the g landular  or igin of e l ec t r i ca l  r e sponses  on the body 
su r face .  

KEY WORDS: e l ec t r i ca l  potent ial  of the s a l i v a r y  gland; field m a c r o s t r u c t u r e ;  g landular  origin.  

The e lec t ronega t iv i ty  of the outer  su r f ace  of the submandibular  and e lec t ropos i t iv i ty  of the sublingual 
s a l i va ry  glands re la t ive  to the chyle in r e sponse  to s t imulat ion of the s e c r e t o r y  ne rves  a re  linked with the 
global effect  of e lec t r i ca l  r e sponses  of the ac ina r  ce l l s  to var ious  degrees  of hyperpola r iza t ion  of the i r  basa l  
and apical  m e m b r a n e s  [3, 9, 10]. The mac roscop i c  na ture  of the global effect  points to the sui tabi l i ty  of a 
dis tant  invest igat ion of e l ec t r i ca l  potent ia ls  of the s a l i v a r y  glands and, in pa r t i cu l a r ,  the i r  record ing  f r o m  the 
body sur face .  

I t  was shown p rev ious ly  that  on the su r face  of the human body in the region of the parot id  s a l i va r y  gland 
changes in e lec t r i ca l  potential  c o r r e l a t e  with the dynamics  of sec re t ion  of sa l iva  by the gland [5], and that 
the dis t r ibut ion of e l ec t r i ca l  potent ia ls  points to a dipole r ep resen ta t ion  of the equivalent  sou rce  [6]. 

To study the re la t ionship  between the dynamics  of e lec t r i ca l  potent ials  on the body su r face  and on the 
su r f ace  of the s a l i v a r y  gland, and to obtain detailed informat ion on the fo rmat ion  of e lec t r i ca l  r e s p o n s e s ,  an 
exper imenta l  invest igat ion was made of e l ec t r i ca l  act iv i ty  of the parot id  s a l i va ry  gland in cats .  

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

In eight cats  anes the t ized  with pentobarbi ta l  (0.04-0.05 g/kg) and in nine cats  anesthet ized with urethane 
and ch lora lose  (0.5 and 0.05 g /kg ,  respect ive ly)  a s e c r e t o r y  r e sponse  was induced by e lec t r i ca l  s t imulat ion of 
the au r i cu lo tempora l  and sympathe t ic  ne rves  supplying the s a l i v a r y  gland [7, 8], and also by subcutaneous in-  
jection of 0.5-0.7 mg/kg  pi locarpine .  A pa r a s y mpa the t i c  block was induced by subcutaneous injection of 3 mg 
atropine.  The duct of the parot id  gland was cannulated and the level  of sec re t ion  recorded .  E lec t r i ca l  poten-  
t ials  w e r e  der ived  f rom the body sur face  and a lso  d i rec t ly  f rom the f a sc ia  cover ing the s a l i v a r y  gland. In 
both ca se s  the r e f e r ence  e lec t rode  was placed in the s a m e  posit ion 3-5 cm away f rom the gland. Nonpolar iz -  
ing Z n - Z n S O  4 e lec t rodes  with a wick 3-4 mm in d i a m e t e r  we re  used to pick up the potent ials ,  which were  
r eco rded  within a f requency band f r o m  0 to 0.1 Hz [5]. In f ive exper iments  the dynamics  of the e lec t r ica l  r e -  
s i s tance  of the s a l i va ry  gland was r eco rded  s imul taneous ly  by the method descr ibed  in [4]. Al together  about 
500 r e sponses  to these  p rocedures  w e r e  recorded .  

In r e sponse  to s t imulat ion of the s e c r e t o r y  ne rves  the e lec t r i ca l  potential  of the parot id  gland changed 
to negat ive  (Fig. 1A, B) and did not differ  s ignif icant ly f r o m  the r e sponse  recorded  on the body sur face  (Table 
1). In r e sponse  to s t imulat ion of the au r i cu lo tempora l  ne rve  e lec t ronegat iv i ty  developed f a s t e r  than to s t i m -  
ulation of the sympathe t ic  ne rve  (P < 0.01) and it was accompanied  by a marked  s e c r e t o r y  response .  The ab-  
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TABLE 1. E lec t r i ca l  Responses  to S t im-  
ulation of Sec re to ry  Nerves  (M ~- m) 

Stimulation of nerve 
Index Record fag aurieulo- sympa- 

temporal thetie 

G 4; 16 5; 32 
No.; n B 8; 64 4; 25 

A, mV G 1,39-t-0,20 0,75-4-0,09 
B 1,31-t-0,12 0,724-0,14 

t, mV/min G 20,3-t-4,9 2,04-0,4 
B 14 ,54-1 ,2  1,74-0,2 

Legend.  No.) No. of exper iments ,  n) num-  
be r  of r e s p o n s e s ,  A) ampli tude of r e sponse ,  
t) r a t e  of change of e l ec t r i ca l  potential ,  G 
and I3) r ecord ing  f r o m  su r face  of gland and 
body su r face ,  r e spec t ive ly .  

sence  of any signif icant  potential  gradient  as the record ing  e lec t rode  was moved away on the body su r f ace  is 
evidence of the mac roscop i c  s t ruc tu re  of the global e lec t r ic  field. 

The independence of the e lec t r i ca l  r e sponse  of c o m p r e s s i o n  of the parot id  duet and also of the sub se -  
quent rapid  flow of sa l iva  on r e l ea s ing  the duct (number of r e sponses  n = 35), lus t  as in the c a s e  of the sub-  
mandibular  s a l i v a r y  gland [9], indicates  that  it is unre la ted  to the sec re t ion  of sal iva.  The phenomenon of in-  
c r e a s e d  sec re t ion  [2] with its initial changes on account  of " sympathe t ic"  act ivat ion of musc le  ce l l s  l ikewise  
was not accompanied  by a c o r r e l a t e d  change in e lec t r i ca l  potent ia l  (Fig. 1C, D, n = 40), indicating no connection 
between the e lec t r i ca l  and muscu la r  r e sponses  of the s a l i va ry  gland. 

Stimulation of the aur icu lo tempora l  ne rve  15-20 min a f t e r  injection of a t ropine  ne i ther  induced sec re t ion  
nor  caused  any change in the e l ec t r i ca l  potent ial  (n = 12), whe reas  the e lec t r i ca l  r e s i s t a n c e  of the gland de-  
c r ea sed ,  indicating the development  of vasodilatat ion.  In the s a m e  way, an inc rease  in the p r e s s u r e  in the 
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Fig.  1. E lec t r i ca l  potent ia ls  of paro t id  gland. A and B) Dynam-  
ics of e l ec t r i ca l  potent ial  of paro t id  gland (1) and potent ial  on 
body su r f ace  (2) during s t imulat ion of sympathe t ic  (A) and a u r i c -  
u lo t empora l  (]3) n e r v e s .  C and D) Examples  of s e c r e t o r y  (1, 3) 
and e lec t r i ca l  (2) r e sponses  to s t imulat ion of sympathe t ic  ne rve  
against  the background of s ec re t ion  induced by p i locarp ine  o r  
by s t imulat ion of au r i cu lo tempora l  nerve;  3) s e c r e t o r y  r e sponse  
as a function of t ime  T between drops  of sal iva;  f ~ 1 /T .  Du- 
ra t ion  of s t imulat ion shown by hor izontal  l ine below records .  
T ime  sca le  1 min; cal ibrat ion:  1 mV fo r  A, B, and C, 0.3 mV 
fo r  D. 
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ducts (n = 14) and r e t r o g r a d e  injection of sa l iva  into the ducts (n = 17), leading to vasodi la ta t ion of the gland 
[1] and accompanied  in the p resen t  exper imen t s  by a reduct ion of e lec t r i ca l  r e s i s t ance ,  did not cha~ge the 
e lec t r i ca l  potent ial  when r eco rded  by the two methods.  

Considering previous  data [8-10], these  findings indicate the glandular  origin of the e lec t r i ca l  r e sponses .  
Much g r e a t e r  hyperpo la r i za t ion  of the apical  m e m b r a n e s  than of the basal  m e m b r a n e s  must  be a s sumed  in the 
ac inar  cel ls  of the parot id  gland. Should the acini be or iented away f r o m  the hilus of the gland, summat ion  of 
the se t  of d ipole-ac in i  into one equivalent  source  would take place ,  the d is tance  f r o m  the gland to the su r face  
of the body would be much less  than the s ize  of the source ,  and the potential  gradient  would be absent .  Such a 
model ,  in a g r e e m e n t  with the exper imen ta l  data,  explains the e lec t r i ca l  r e sponse  on the su r face  of the body 
and allows it to be used for  invest igat ions of glandular  t i ssue .  
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E F F E C T  OF A C E T Y L C H O L I N E  ON D I S C H A R G E  

F R E Q U E N C Y  A N D  S H A P E  O F  A C T I O N  

P O T E N T I A L S  OF P A C E M A K E R  C E L L S  

G.  I .  B o c h k i n a ,  G .  S. S u k h o v a ,  
a n d  M. G.  U d e l ' n o v  
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The action of exogenous acetylchol ine  on the isolated p a c e m a k e r  of the f rog  hea r t  was studied. 
Act ivi ty  of s ingle cel ls  and the total  act iv i ty  of the p repa ra t ion  were  recorded .  Exogenous 
acetylchol ine  had not only an inhibitory,  but a lso  an acce le ra t ing  effect  on the rhythm of d i s -  
cha rge  of the p a c e m a k e r  ce l l s .  As a ru le  an acce le ra t ing  action was obse rved  when re la t ive ly  
low concent ra t ions  of acetylchol ine  w e r e  used. An inc rea se  in the r a t e  of r i s e  of slow diastol ic  
depolar iza t ion  during the development  of pa r a sympa the t i c  acce le ra t ion  is evidence of the act ive 
mechan i sm of this p r o c e s s .  The d i f fe rence  in the effects  of acetylchol ine was probably  due to 
d i f fe rences  in the action of l a r g e  and smal l  concentra t ions  of the drug on t r a n s m e m b r a n e  ionic 
cu r r en t s .  

KEY WORDS: acetylchol ine;  p a c e m a k e r  cells;  acce le ra t ion  of rhythm; inhibition of rhythm.  

Invest igat ions have shown that  the pa r a s y mpa the t i c  innervat ion of the hea r t  can cause  opposi te  effects  on 
the hea r t  beat  [4, 5]. It has recen t ly  been found that  impulses  acting through chol inergie  media to r  can e i ther  
delay or  a c c e l e r a t e  the development  of slow diastol ic  depolar iza t ion (SDD) and, at the s a m e  t ime,  delay or  
a c c e l e r a t e  the d i scharge  f requency  of p a c e m a k e r  cel ls  [1, 3]. S imi lar  s tudies of the action of exogenous 
acetylchol ine (ACh) on the development  of SDD and on the rhythm of the p a c e m a k e r  cel ls  have not been u n d e r -  
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