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Pas s ive  e l ec t r i ca l  p r o p e r t i e s  in the pap i l l a ry  muscle  of the rabbi t  hear t  were  invest igated under 
(control) and hypoxic conditions. The input r e s i s t a n c e  and the length constant of e lec t ron ic  de-  
cay were  measured .  With the use of a two-d imens iona l  model of the an iso t ropie  syneyt ium and 
the r e su l t s  of m e a s u r e m e n t  of the length constant  and input r e s i s t ance  it was shown that the r e -  
s i s tance  of the e lec t rogen ic  m e m b r a n e  is reduced  by 1.4 t i m e s  a f t e r  10 min of hypoxia, whe reas  
the r e s i s t a n c e  of the in t raee l lu la r  medium of the syncyt ium in the longitudinal (px) and t r a n s -  
v e r s e  (py) d i rec t ions  of the f ibers  is inc reased  by 1.39 and 1.3 t imes  respec t ive ly .  The i n c r e a s e s  
Px and~py a re  d u e t o  an inc rease  in r e s i s t ance  of the contact ing m e m b r a n e s .  Dis turbance of 
ce l lu la r  interact ion during hypoxia is important  to the understanding of the m e c h a n i s m  of the 
card iac  a r r h y t h m i a s  a r i s ing  in i schemia  of the hear t  and myocard ia l  infarction. 
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Hypoxia is one of the commones t  causes  of a d is turbance of normal  function of the myocard ium.  In 
i schemia  and myocard ia l  infarct ion card iac  a r r h y t h m i a s  and blocks to the t r a n s m i s s i o n  of exc i ta t ion  in dif-  
ferent  pa r t s  of the conducting s y s t em  of the hear t  f requent ly  a r i s e  [7, 10, 13]. There  a re  two poss ib le  mech-  
a n i s m s  of these  a r r h y t h m i a s  and d i s tu rbances  of the conduction of excitat ion: depress ion  of the exci tabi l i ty  of 
the e lee t rogenic  m e m b r a n e s  and a d is turbance of ce l lu la r  interact ion.  

Many exper imen ta l  s tudies have r evea led  depress ion  of the exci tabi l i ty  of the myocard ia l  f ibe rs  during 
hypoxia [12, 14]. U l t r a s t ruc tu ra l  invest igat ions have shown a dis turbance of in te rce l lu la r  contacts  during hy- 
poxia [2, 11]. However,  the re  is st i l l  a lack of d i rec t  evidence of an impa i rmen t  of ce l lu la r  in teract ion based  
on the study of the pass ive  e lec t r i ca l  p r o p e r t i e s  of the myocard lum.  

The object  of this invest igat ion was to study the effect  of hypoxia on in te rce l lu la r  connections in the 

myocardium.  

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

Expe r imen t s  were  c a r r i e d  out on the pap i l l a ry  musc le  of the rabbi t  hear t .  The p repa ra t ion  was per fused  
with oxygenated Tyrode  solution. The t e m p e r a t u r e  of the so lu t ionwas  37=~ 0.5~ and its pH 7.35. To produce 
hypoxia a solution not containing glucose and sa tu ra ted  with a gas  mixture  consis t ing of 95% N 2 and 5% CO 2 was 
used. The par t ia l  p r e s s u r e  of oxygen in the hypoxic solution was reduced to 10-15 m m  Hg. 

The length constant  CA) and input r e s i s t ance  (Rin) was m e a s u r e d  in the expe r imen t s  under normal  and 
hypoxie  conditions. During the m e a s u r e m e n t  of k a suction e lec t rode  [6] was used for in t race l lu la r  p o l a r i z a -  
tion. Elec t ro tonie  decay was invest igated in the longitudinal and t r a n s v e r s e  d i rec t ions  of the f ibe r s  f rom the 
suction e lec t rode.  During the m e a s u r e m e n t  of Rin, double mic roe l ee t rodes  were  used; a pulse of cu r ren t  of 
10 -8 A was applied through one e lec t rode  and the other  was used for recording.  The total  number  of e x p e r i -  

ments  was 21. 
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Fig. 1. Dependence of input res is tance  (Rin) of myo-  
cardia l  syncytium on exposure of preparat ion under 
hypoxie conditions. 

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 dependence of Rin on exposure of the preparat ion under hypoxic conditions is i l lustrated in Fig. 1, 
which shows that Rin increased  with an increase in the degree of hypoxia. Repeated hypoxia led to an even 
sharper  increase  in Rin. The experimental  measurements  of Rin and the length constant in longitudinal (hxe) 
and t r ansve r se  (~ye) direct ion of the fibers are  given in Table 1. The measurements  were made under control 
conditions (oxygenated solution) and after  10 min of hypoxia. 

To analyze the resul ts  and a s ses s  the changes in cel lular  interaction during hypoxia, a two-dimensional  
model ofthe anisotropic syncytium may be used [1]. The distribution of eleetrotonous (V) in the model is des-  
cr ibed by the equation: 

~2 6sV �9 )$ 82V 
6x 2 + u - ~ r - =  V, (1) 

For  convenience of examination, the above-mentioned model was  slightly modified, and in addition the 
res i s tance  of the myoplasm during the distribution of the intracel lular  current  in the t r ansve r se  direction of the 
f ibers will be taken into account. In that case:  

9x 

~/r Rm 
~;J = K ~ - ,  (3) 

where R m is the specif ic  res is tance  of the e lectrogenic  membrane,  K a coefficient, and Px and p. the specific 
res i s tances  of the intraeel lular  medium in the longitudinal and t r ansve r se  direct ions of the f ibers y, including 
the res is tance  of the myoplasm and the contacting membranes .  

Rin in the model, when measured  with the microeleetrode,  is descr ibed by the following equation: 

~x 
Rin = KI I' PxP~j In ~ a ,  (4) 

where K s is a coefficient and x 0 the dimensions of the electrode.  
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TABLE 1. Changes in Pa s s ive  E lec t r i ca l  
P r o p e r t i e s  of the Myoeardium under Hypoxie 
Conditions 

Experimentalconditions kxe' /~ kY e' P Rin' kf~ gkx' gkY' 

Control 3392 36 590 200 
(n=20) 

420 148 After 10rain of 263_+_65 
hypoxia (n= 11) 

152~30 288228 
(n= 12) (n=30) 

117+46 364--+26 
(n=7) (n=38) 

Legend. Xxe and Xye, ~x, and Xy r e p r e s e n t  
va lues  of length constant  m e a s u r e d  e x p e r i -  
mental ly  and de te rmined  with the aid of the 
model respec t ive ly ;  n) number  of m e a s u r e -  
ments .  

Measured  expe r imen ta l ly  with the aid of the suction e lec t rode ,  hxe and k ye, were  always s m a l l e r  than the 
t rue  values  of the length constant  (t x and Xy). Knowing the d i ame te r  of the suction e lec t rode  x0, by means  of the 
model  [5] it is poss ib le  to find Xx and Xy f r o m  the m e a s u r e m e n t s  of ;~xe and ~ye; the r e su l t s  of the calculat ion 
a re  given in Table 1. 

By the use of the equations (2), (3), and (4) and the r e su l t s  of m e a s u r e m e n t  Ofhx, Xy, and Rim it is e a sy  
to show that under hypoxic conditions R m is reduced by 1.4 t imes ,  whereas  Px and py a re  inc reased  by 1.39 and 
1.3 t imes  respec t ive ly .  

During hypoxia, Rm is thus reduced.  This  resu l t  c o r r e l a t e s  well  with data showing an inc rease  in p e r -  
meabi l i ty  for  K + ions [9]. Considering that  the r e s i s t a n c e  of the myop la sm shows l i t t le  or  no change a f t e r  hy- 
poxia  for  10 rain, the inc rease  in Px and py must  be a t t r ibu ted  mainly  to an inc rease  in the r e s i s t a n c e  of the 
contacting m e m b r a n e .  

Confirmation of the d is turbance of ce l lu la r  in terac t ion  in hypoxia is given by morphologica l  data obtained 
with the light and e lec t ron  m i c r o s c o p e s  [2, 11]. Widening of the in te rca la ted  disks,  en la rgement  of the in t e r -  
ce l lu la r  space [2, 11], and dissociat ion of the t i s sue  into individual cel ls  [3] a r e  obse rved  in the zone of i schemia  
and myocard ia l  infarction. Under hypoxic conditions a fall is obse rved  in both the s ta t ionary  and the nonsta-  
t ionary  ve loc i ty  of conduction of exci tat ion down to the development  of comple te  block at va r ious  leve ls  of the 
conducting s y s t e m  of the hear t  [8, 14]. The weakening of ce l lu la r  in teract ion may  be the main cause of the 
onset  of these  d is turbances .  

In hypoxia there  is an inc reased  r i s k o f t h e d e v e l o p m e n t  of ca rd iac  a r rhy thmias .  The question a r i s e s :  
What is the role  of the weakening of in te rce l lu la r  connections in the development  of these  hypoxic a r r h y t h m i a s  ? 
When the conduction of excitat ion f rom cell  to cell  is dis turbed,  the conditions a re  faci l i ta ted for the accumula -  
tion of the long la tene ies  n e c e s s a r y  for  r e - e n t r y  fo rmat ion  [4]. It follows f rom the model concepts  that  r e -  
en t ry  takes  place only in the case  of rupture  of the exci tat ion wave- f ron t  as  a resu l t  both of the he terogenei ty  of 
the r e f r a c t o r y  pe r iods  and thresholds  of excitat ion and the geomet r i ca l  cha r ac t e r i s t i c s ,  and a lso  of the c h a r a c -  
t e r i s t i c  e l ec t r i ca l  an i so t ropy  of the myoeard ium [6]. It follows d i rec t ly  f r o m  the model of r e - e n t r y  a r i s ing  
through an iso t ropy  that  its fo rmat ion  is faci l i ta ted when ce l lu la r  in teract ion IS weakened. 

There  is no doubt that a d is turbance of in te rce l lu la r  contacts  is one of the main causes  of the d i so rgan iza -  
t ion of the e l ec t r i ca l  act iv i ty  of the hear t  which a r i s e s  in genera l  and local  myocard ia l  hypoxia. Unfortunately,  
the an t i a r rhy thmic  drugs avai lable  at p r e sen t  for  cl inical  use a re  known only for  the i r  act ion on the exci tabi l i ty  
of e lee t rogenic  m e m b r a n e s  and no drugs  act ing at the level  of the contacting m e m b r a n e s  have yet been produced. 
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