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A decrease  in the K + concentration and increase  in the Na + concentrat ion were observed in 
the myocard ium of the isolated heart  kept in a state of anoxia for 60 min. In the isolated 
heart  r ecover ing  its functional activity after  perfusion with the aid of a donor the K + con-  
cen~ration in the myocardium fell still more .  Administrat ion of large quantities of glucose 
by frequent injection of small  doses into the blood s t ream during perfusion aggravated the 
electrolyte imbalance caused by anoxia~ Adrenalin, if injected into the sys temic  c i r cu la -  
tion (0.025 rag/100 g body weight), did not change the electrolyte  composit ion of the donor 's  
myocardium,  but considerably lowered the K + level in the myocardium of the isolated heart .  

The object of this investigation was to study the concentration of Na + and K + ions in the myocardium 
of the left ventricle of the isolated, denervated rabbi t ' s  heart  when its functional activity was res to red  after  
a state of prolonged anoxia by perfusion with the aid of a donor rabbit .  The aim of one se r ies  of experiments  
was to detect the effect of glucose on the Na + and K + levels in the isolated hear t  when perfused af ter  a state 
of anoxia~ The object of another ser ies  of experiments  was to compare the effect of adrenalin on the e lec-  
t rolyte composition of the myoeardium of the donor rabbit  and of the isolated, perfused heart,  since ca te -  
cholamines are  known to a l ter  the electrolyte composition of the myocardium [1-3]. 

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

The isolated rabbit  heart  was connected to the c i rcu la tory  sys tem of a donor rabbit  through the carotid 
a r t e ry  (connected to the left ventricle of the isolated heart) and jugular vein (connected to the right ventricle 
of the isolated heart)o 

In control experiments  the isolated heart  was connected to the c i rcula tory  sys tem of the donor soon 
after  isolation~ In the experiments  to study the effect of prolonged anoxia on the e lectrolyte  composition of 
the isolated perfused heart,  the circulation in the heart  was stopped for 1 h at room temperature ,  and the 
heart  was then connected to the donor ' s  circulation.  When the effect of glucose on the electrolyte balance 
of the isolated perfused heart  was investigated, a 40% glucose solution was injected into the systemic c i r -  
culation during perfusion in repeated small doses (20 doses each of 0.75 ml during 1 h)~ Altogether 15 ml 
of 40% glucose solution was given together with 4 units of insulin. 

The volume velocity of perfusion of the isolated heart  averaged 10-12 ml /min ,  the heart  rate was 120- 
140/min, and the a r te r ia l  p re s su re  was 90-110 mm Hg~ 

In the ser ies  of experiments  to investigate the effect of adrenalin on the Na + and K + concentrat ions in 
the myocardium of the isolated heart  and the heart  of the donor rabbit, 0~ adrenalin solution was injected 
into the systemic circulat ion by repeated small doses throughout the period of perfusion at a mean rate of 
17 #g/min~ The total dose of adrenalin injected was 1 mg. The rate of perfusion in these experiments  was 
12-14 ml/min,  the rate of contraction of the isolated heart  was 160-170 beats/rain,  and the ar te r ia l  p re s su re  
in the perfusion sys tem under the influence of adrenalin was 150-160 mm Hgo 
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In all  s e r i e s  of expe r imen t s  the dura t ion  of per fus ion  was 60 rain 
and the t e m p e r a t u r e  of the i so la ted  hear t  was main ta ined  au toma t i ca l ly  
at  38~ throughout the pe r iod  of perfusiono 

The concen t ra t ions  of Na + and K + in the m yoc a r d i um  of the lef t  
ven t r i c l e  were  de t e rmined  by f lame pho tomet ry  [4] a f t e r  p r e l i m i n a r y  
inc inera t ion  of the t i s s u e .  

The hea r t  of the donor rabbi t ,  into which ne i the r  ad rena l in  nor  
glucose was injected,  was used  as  the cont ro l .  

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  

It will  be c l e a r  f rom Tsble  1 that the level  of i n t r a c e l l u l a r  K + was 
v e r y  s l ight ly  lower  in the lef t  ven t r i c l e  of the i so l a t ed  rabb i t  hea r t  r e -  
ce iv ing  continuous oxygenation than in the control  while the Na + con-  
cen t ra t ion  was unchanged.  

A d e c r e a s e  in the K + concent ra t ion  (by 30%) and an i n c r e a s e  in the 
Na + concent ra t ion  (by 30%) were  obse rved  in the m y o c a r d i u m  of the 
i so la ted  hear t  in a s ta te  of anoxia,  with a consequent  m a r k e d  d e c r e a s e  
in the K+/Na + concent ra t ion  r a t i o .  During subsequent  per fus ion  of the 
i so la ted  hear t  with the blood of a donor rabb i t  the i n t r a c e l l u l a r  Na + 
concen t ra t ion  r e t u r n e d  to no rma l  but the K + concent ra t ion  fell  s t i l l  
m o r e  (Tsble 1). 

Inject ion of l a rge  quanti t ies  of glucose into the blood s t r e a m  m e r e -  
ly  aggrava ted  the d i s tu rbance  of the e l e c t r o l y t e  composi t ion  of the i s o -  
l a ted  hear t  p roduced  by anoxia.  

Inject ion of glucose in the doses  used into the genera l  blood s t r e a m  
did not change the l eve l s  of the e l e c t r o l y t e s  in the donor ' s  m y o c a r d i u m .  
A sl ight  d e c r e a s e  in the level  of i n t r a c e l l u l a r  K + and an i n c r e a s e  in the 
Na+ concent ra t ion  were  obse rved  in the myoca rd ium of the i so la ted  
hear t  which had not been in a s t a t e  of anoxia under  the influence of glu-  
cose ,  but these  changes were  e x t r e m e l y  s l ight  by c o m p a r i s o n  with those 
obse rved  as  the r e s u l t  of the ac t ion of glucose on the i so la ted  hea r t  p e r -  
fused a f t e r  a s ta te  of anoxia .  It is  a l so  c l e a r  f rom Table 1 that  the a d r e -  
nal in  concent ra t ions  used  did not a l t e r  the e l ec t ro ly t e  ba lance  of the 
dono r ' s  myocard ium,  whereas  a s t a t i s t i c a l l y  s ignif icant  d e c r e a s e  in the 
K + concent ra t ion  was obse rved  in the myoca rd ium of the i so la ted  hea r t .  

These  r e s u l t s  show that c e r t a i n  changes in the e l e c t r o l y t e  c o m -  
pos i t ion  of the myocard ium,  man i fes t ed  as a d e c r e a s e  in the i n t r a c e l -  
l u l a r  K + concentra t ion ,  take place  in the i so la ted  hea r t  when main ta ined  
under  continuous oxygenation and pe r fused  by means  of a homologous 
donor.  A s ta te  of anoxia l eads  to m a r k e d  d i s tu rbance  of the e l e c t r o l y t e  
composi t ion  of the m y o c a r d i u m  of the i so la ted  hea r t  due to a change in 
the p e r m e a b i l i t y  of the cel l  m e m b r a n e s .  These changes a r e  s table  in 
c h a r a c t e r  and p e r s i s t  to a cons ide rab le  degree  in the m yoc a r d i um of 
the i so la ted  hear t  when i ts  functional ac t iv i ty  has been r e s t o r e d  by sub-  
sequent per fus ion  with the aid of a donor .  Inject ion of glucose into the 
s y s t e m i c  c i r cu la t ion  causes  the mos t  m a r k e d  d i s tu rbances  of the e l e c -  
t ro ly te  ba lance  in the hear t  pe r fused  a f t e r  be ing  in a s ta te  of anoxia .  

In the concent ra t ions  used glucose did not affect  the e l ec t ro ly t e  
concen t ra t ions  in the donor ' s  hea r t  but it  p roduced  some changes in 
the e l e c t r o l y t e  concen t ra t ions  in the myooard ium of the i so l a t ed  p e r -  
fused hea r t  kept under  continuous oxygenation.  All these  r e s u l t s  in -  
dicate  compl ica t ions  which may a r i s e  following the use of glucose dur ing  
per fus ion  of a hear t  des t ined  for  t r ansp lan ta t ion  when it is in a s ta te  of 
anoxia before  pe r fus ion .  
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In the concentra t ions  used adrenal in  did not affect  the e lec t ro ly te  composi t ion of the myocard ium of 
the intact donor, although it cons iderably  reduced the level of in t race l lu la r  K + in the myoca rd ium of the 
isola ted hear t .  
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