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A U T O M A T I C  A C T I V I T Y  O F  P A C E M A K E R  C E L L S  

O F  T H E  A T R I O V E N T R I C U L A R  V A L V E S  O F  T H E  

V.  A .  M a k a r y c h e v ,  I .  L .  K o s h a r s k a y a ,  
a n d  L .  S. U l ' y a n i n s k i i  

R A B B I T  HEART 
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Automatic  ac t i v i t y  of p a c e m a k e r  cel ls  with slow diastol ic  depolar iza t ion  was found by means  of 
a m i c r o e l e c t r o d e  technique in the cusps  of the a t r i oven t r i cu l a r  va lves  taken f r o m  the hea r t s  of 
34 rabbi t s .  E lec t rophys io log ica l  c h a r a c t e r i s t i c s  of the action potent ia ls  of these  cel ls  were  
studied. Inhibi tors  of the slow s o d i u m - c a l c i u m  channel (Mn ++, Co ++, and Mg ++ ions) were  
found to abol ish automat ic  act ivi ty  of the p a c e m a k e r  ce l l s ,  whereas  a t h r e e -  to fourfold dec rea se  
in the p o t a s s i u m  ion concent ra t ion  in the per fus ion  solution did not dep re s s  it. The automat ic  
act ivi ty  of the p a c e m a k e r  cel ls  of the a t r i oven t r i cu l a r  va lves  is cons idered  to be due to the func- 
tion of the slow s o d i u m - c a l c i u m  channel.  

KEY WORDS: a t r i oven t r i cu l a r  valves;  au tomat ic  activity;  action potent ials ;  inhibi tors  of ionic 
pe rmeab i l i t y .  

Potent ia l  p a c e m a k e r s  have recen t ly  been found in the a t r i oven t r i cu l a r  va lves  of the dog 's  [11, 12] and 
monkey ' s  [8] hear t .  The cells  of these  p a c e m a k e r s  a r e  c h a r a c t e r i z e d  by slow diastol ic  depolar izat ion,  by 
action potent ia ls  of re la t ive ly  low ampli tude,  and by a low level  of the threshold  and max ima l  diastol ic  potent ia ls  
As r e g a r d s  the ionic m e c h a n i s m s  of au tomat ic  act ivi ty  of the cel ls  of the a t r i oven t r i cu l a r  va lves  all  that  is 
known is that  v e r a p a m i l ,  which blocks  the slow ca lc ium channel,  abol i shes  it  [8]. The w r i t e r s  found p a c e m a k e r  
cel ls  in the a t r i oven t r i cu l a r  va lves  of the rabbi t  hea r t  and inves t iga ted  the i r  e lec t rophys io logica l  c h a r a c t e r i s -  
t ics  as well as the effect  of inhibi tors  of the slow s o d i u m - c a l c i u m  channel and of subs tances  se lec t ive ly  modi -  
fying p o t a s s i u m  p e r m e a b i l i t y  on them.  

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

The h e a r t  was r em oved  f rom 34 rabbi t s  under  ure thane  anes thes ia  and p laced  in oxygenated Tyrode  solu- 
tion at 36-37~ and the cusps  of the a t r i oven t r i cu l a r  va lves  were  excised.  The spontaneously contract ing p r e p -  
a ra t ions  were  pe r fu sed  with Tyrode  solution of the following composi t ion (in raM): NaC1 137, KC1 2.7, CaC12 
1.8, MgC12 1.0, NaHCO 3 12.0, NaHePO 4 10.4, and glucose 5.5. The solution was oxygenated with a mix tu re  of 
95% 02 and 5% CO2; the pH of the solution was 7.4 and i ts  t e m p e r a t u r e  36-37~ Membrane  potent ia ls  of the 
p a c e m a k e r  cel ls  were  der ived  by means  of g lass  m i c r o e l e c t r o d e s  fil led with 3 M KC1, with a tip 0.5 ~ in d i am-  
e t e r  and a r e s i s t a n c e  of 20-40 M~. To ampl i fy  and r e c o r d  the potent ia ls  a cathode fol lower (Biof izpr ibor  Spe- 
cial  Engineer ing Design Office), an $1-19 ca thode - r ay  osc i l loscope,  and an N041 loop osc i l lograph were  
used. The spontaneous exci ta t ion ra te  of the p a c e m a k e r  cel ls ,  the levels  of the i r  c r i t i ca l  and max imal  
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Fig. 1. Automat ic  act ivi ty of p a c e m a k e r  
cel ls  of a t r i oven t r i cu l a r  va lves  taken 
f r o m  h e a r t s  of th ree  rabbi t s .  Spontane- 
ous APs  with genera t ion  f requency  of 170 
(A}, 110 (B}, and 75 (C} p e r  minute  r e -  
corded.  
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Fig. 2. Effect  of Co + + ions on auto- 
ma t i c  act ivi ty  of p a c e m a k e r  cell  of 
a t r i oven t r i cu l a r  valve:  A) spontaneous 
APs;  B, C) gradual  d i sappearance  of 
APs and subthreshold  potent ia ls  at 
seventh minute of action of Co + + ions 
(4 mM); D, E) gradual  r e c o v e r y  of 
au tomat ic  act ivi ty  during per fus ion  
with o rd ina ry  Tyrode  solution. 

diastol ic  potent ia ls ,  the ampli tude of the i r  act ion potent ia l  (AP) and i ts  durat ion at the level  of the c r i t i ca l  po-  
tent ial ,  and the mean ra t e  of r i s e  of the slow diastol ic  depolar iza t ion (SDD) were  de termined.  In 18 expe r imen t s  
the effect  of manganese ,  cobalt ,  o r  magnes ium ions,  inhibi tors  of the slow s o d i u m -  ca lc ium channel [1, 5- 7, 9, 
10], on automat ic  act ivi ty of the valve cel ls  was studied. F o r  this purpose  one of the following subs tances  was 
added to the Tyrode  solution: MnC12 (2-4 mM),  CoC12 (4 mM), or  MgC�89 (10-20raM). In nine expe r imen t s  the 
action of a t h r e e -  to fourfold i nc rea se  in the po ta s s ium ion concentrat ion in the Tyrode  solution (8.1-10.8 raM) 
was invest igated.  In seven expe r imen t s  the action of t e t r ae thy lammonium chloride (TEA, 10-20 mM), which 
inhibits po ta s s ium pe rmeab i l i t y  [7, 10], was invest igated.  Before and during the action of the t es t  substances  
the m i c r o e l e c t r o d e  r em a i ned  in the s ame  p a c e m a k e r  cell.  

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

The a t r i oven t r i cu l a r  va lves  of the rabbi t  hea r t  contain potent ial  p a c e m a k e r s  with s table  spontaneous auto- 
mat ic  act ivi ty.  This  is  mani fes ted  chiefly in the cusps  of the valves  of the r ight  vent r ic le .  Action potent ia ls  of 
different  f requency,  ampli tude,  and shape,  with slow diastol ic  depolar iza t ion ,  were  recorded  in the p a c e m a k e r  
cel ls  (Fig. 1, Table  1). Inthe cour se  of 5-15 min Mn + + (2-4 mM),  Co + + (4 mM), and Mg + + (10-20 mM) ions 
abolished the automat ic  act ivi ty of the valve cei ls .  The act ivi ty  d i s appea red  mos t  rapidly  during the action of 
Mn ++ ions. Before  the automat ic  act ivi ty  ceased  as a r e su l t  of this t r e a t m e n t  the ampli tude of the AP fell on 
ave rage  by 17% of i ts  init ial  value (p < 0.01), whereas  the o ther  e lec t rophys io logica l  p a r a m e t e r s  were  not s ig-  
nificantly changed. During the act ion of Co ++ ions the f requency of exci tat ion d e c r e a s e d  (on average  by 27%), 
the r a t e  of r i s e  of SDD was reduced (on ave rage  by 31%), and the leveI  of the c r i t i ca l  potential  (on ave rage  by 
26%) and ampli tude of the AP (on ave rage  by 28%) fell .  Individual sp ikes  of the AP then d isappeared ,  leaving 
subthreshold potent ia ls ,  osci l la t ions  of which, gradual ly  diminishing in ampli tude,  p r eceded  the d i sappearance  
of e l ec t r i ca l  act ivi ty  (Fig. 2). 
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Fig. 3. Effect of increased  concentrat ion of K + ions on 
automatic activity of pacemaker  cell  of a t r iovent r icu lar  
valve: A) spontaneous APs; B, C) APs during perfusion 
with Tyrode solution with threefold increase  in concen- 
tration of K + ions at 15th and 30th rain respect ively  of ac -  
tion of K + ions; D) APs during perfusion with ordinary  
Tyrode solution. 

T A B L E  1. 
Valves of the Rabbit Heart  (data f rom 39 cases)  

Freq. ofex- 1 Amplitude of 
I 

citation, I Duration of AP, 
per rain / in msec AP 

Limits of variations 52--170 80--130 41--73 
M----- m 82__. 4,76 105• 2,5 56• 1.2 

Electrophysiological  Charac te r i s t i cs  of Pacemake r  Cells of At r iovent r icu lar  

Critical I Maximal diastolic 
potential I potential 

in mV 

I --32--60 I ~46--93 
--42--- 1,4 --64--. 1,8 

During the action of Mg ++ ions the frequency of excitation fell considerably (on average by 64%), the rate  
of r i se  of SDD was reduced (on average by 66%), and the amplitude of the APs also fell (on average by 22%). In 
some experiments  the extinction of automatic activity during the action of Mg ++ ions passed through a stage of 
low-amplitude potentials,  just  as during the action of Co + + ions. The effect of extinction of automatic activity 
by bivalent cations was revers ib le  following perfusion with Tyrode solution of normal  composition. 

A three-  to fourfold increase  in the concentration of K + ions in the Tyrode solution did not abolish the 
automatic activity of the prepara t ions .  Not until the 10th-15th min of action of an excess  of K + ions was the 
excitation frequency reduced (on average  by 19%), the rate  of r i se  of SDD slowed (on average by 55%), and the 
level of the maximal  diastolic potential lowered (on average by 19%). The duration of the APs was slightly 
shortened (Fig. 3). Af te r  the action of TEA in a concentration of 10-20 mM for  10-15 rain the excitation f r e -  
quency of the pacemaker  cells increased  (on average by 40%), SDD rose  more  rapidly (on average by 52%), and 
the level of the maximal diastolic potential (on average by 25%) and the amplitude of AP (on average by 31%) 
were raised.  The duration of the AP was 1.5-2 times longer than initially. 

The electrophysiological  charac te r i s t i cs  of cells of the potential pacemakers  in the cusps of the a t r io-  
vent r icular  valves of the rabbit  hear ts  were thus s imi la r  to those of pacemaker  cells of the a t r iovent r icular  
valves of other mammals  [3, 8, 11, 12] and ve ry  s imi la r  to the charac te r i s t i cs  of the automatic cells of the 
s inoatr ial  node [2, 4]. The l imits  of variat ions in the cr i t ical  potential of rabbit  hear t  valve cells (from - 3 2  to 
- 6 0  mV) differed significantly f rom those established for Purkinje f ibers  of the ventr ic les  of warm-blooded 
animals (from - 6 0  to - 8 0  mV) [2, 4, 12]. 

In the opinion of mos t  workers ,  a leading fac tor  in AP generation at low levels of membrane  potential is 
the slow inward current ,  c a r r i ed  by sodium and calcium ions [7, 10]. Inhibitors of the slow s o d i u m - p o t a s s i u m ,  
channel, including Mn ++, Co ++, and Mg ++ ions as used in the present  experiments  and varapamil ,  as other  
workers  have found [8], abolish the automatic activity of cells of the a t r ioventr icular  valves.  Co ++ and Mg ++ 
ions inhibit not only the generat ion of AP spikes, but also the subthreshold spontaneous low-amplitude poten- 
tials. 

The generat ion of pacemaker  activity in the valves still continues during the action of an excess of potas-  
sium ions. The TEA inhibitor of potass ium permeabi l i ty  causes an increase  in the rate of  SDD and in the f r e -  
quency of spontaneous excitation, evidently on account of a shift in the ionic equilibrium toward an increase  in 
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s o d i u m - c a l c i u m p e r m e a b i l i t y  of the m e m b r a n e  and a d e c r e a s e  in i ts  po ta s s ium pe rmeab i l i t y .  On the grounds 
ment ioned above it can be postula ted that  the au tomat ic  act ivi ty  of the p a c e m a k e r  cel ls  of the a t r ioven t r i cu la r  
va lves  of the rabbi t  hea r t  i s  due p r inc ipa l ly  to the flmctioning of the slow s o d i u m - c a l c i u m  channel.  
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E F F E C T  O F  A N G I O T E N S I N  I I  ON T H E  H E M O D Y N A M I C S  

A F T E R  S Y S T E M I C  A N D  P O R T A L  A D M I N I S T R A T I O N  

P .  V .  M a t v e e v ,  O.  N. T s y s ' ,  
a n d  A.  S. K o g a n  

UDC 615.225.2.032.015.4:612.13 

Changes in the genera l  hemodynamics  were  studied in healthy unanesthet ized dogs a f te r  in jec-  
tion of angiotensin II  for  60 min into the supe r io r  vena cava and por t a l  vein at the r a t e  of 27 n g /  
k g / m i n .  P o r t a l  admin is t ra t ion  of the peptide was found to induce a weaker  p r e s s o r  effect.  Af ter  
sy s t emic  injection of angiotensin II  the a r t e r i a l  p r e s s u r e  ro se  as the resu l t  of an i nc r ea se  in 
p e r i p h e r a l  va s cu l a r  r e s i s t ance ,  and the minute  volume of the c i rculat ion was reduced.  After  
po r t a l  injection of angiotensin the i nc r e a se  in a r t e r i a l  p r e s s u r e  was due chiefly to an i nc rea se  in 
the minute  volume of the circulat ion.  The d i f ferences  in the hemodynamic  r e s p o n s e s  cannot be 
explained en t i re ly  by me tabo l i sm of the peptide in the l iver .  Af ter  po r t a l  inject ion of angiotensin 
II i t  is  poss ib le  that d e p r e s s o r  subs tances  f rom the l iver  enter  the blood s t r e a m .  

KEY WORDS: angiotensin II; hemodynamics ;  peptide me tabo l i sm in the l ive r .  

Direct ing blood f rom the kidneys and adrena ls  into the l ive r  leads to an inc rease  in the me tabo l i sm of 
humora l  f ac to r s  of the r e n i n - a n g i o t e n s i n - a l d o s t e r o n e  sy s t em [3, 5], and produces  a hypotensive effect  in vaso -  
rena l  hyper tens ion  [5, 6]. 

To analyze this effect  changes in the hemodynamics  were  c o m p a r e d  a f te r  infusion of angiotensin II into 
the sys t emic  and por t a l  c irculat ion.  
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