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Retrograde coronary  perfusion of the isolated rat  heart  with calcium-deficient  Hanks 's  solu- 
tion leads to cardiac a r res t .  Microscopic examination revealed destruction of the in terca-  
lated disks, followed by segmentation of the myocardium. The dissociated segments contracted 
sharply but the myofibri ls  in them remained in a definite order .  After fur ther  perfusion with 
complete Hanks 's  solution the contracti le activity of the isolated heart  was res tored,  but the 
segmentation of the myoeardium did not disappear.  

The inability of the myocardium to contract  in the absence of calcium ions while preserv ing  its bio- 
e lectr ical  activity is welLknown [6, 8]. More recent  investigations have demonstrated the complex ' ro le  of 
calcium ions in the initiation of excitation, the coupling of excitation with contraction, arid the regulation of 
permeabi l i ty  of the cell membrane.  Calcium ions are  essential  for the functioning of several  enzyme sys -  
tems,  including the ATPase  system, and for the maintenance of contacts between the muscle cells of the 
myocardium. 

Attempts have been made to demonstrate  the importance of disturbances of the calcium balance in the 
development of myocardial  injury. However, changes observed in the myocardium during perfusion of the 
isolated heart  with ca lc ium-f ree  solutions have been interpreted quite differently. Gradually developing 
deaggregation of the myofibri ls  of the muscle cells with the format ion of an optically empty sa rco lemmal  
sheath has been descr ibed [9]. This phenomenon, known as "myofibrolysis ,"  was attributed to the need for 
calcium ions for morphological  integration of the myofibrils.  After other observations on the myocardium 
when perfused under s imi lar  conditions severe  injuries (contractures) to the muscle cells were descr ibed 
[7]. These changes were regarded  as the result  of a disturbance of cell adhesion. 

Since contractural  changes andmyoeytolysis  have been shown to be clear ly distinguishable types of 
injury to heart  muscle cells [2-5], it is interesting to discover  what type of changes are produced in the 
myocardium by calcium ion deficiency. 

EXPERIMENTAL METHOD 

The isolated hearts from 50 male albino rats weighing 120-150 g were treated by retrograde coronary 

perfusion with oxygenated Hanks's solution at 37~ Besides complete Hanks's solution containing 1.2 
mmole Ca ~- per liter, solutions containing 0.6, 0.12, 0.06, 0.04, and 0.03 mmole Ca +~ per liter and calcium- 

free solutions were used. The heartswereperfused for 5 rain with complete Hanks's solution and then with 
one of the Ca++-deficient solutions for 5 min to 2 h. Some of the isolated hear ts  perfused with the Ca ++- 
deficient solution were again perfused with the complete Hanks 's  solution for 1 h. 

The methods of preparat ion of the mater ia l  for microscopic  investigation and the changes ar is ing in 
the myocardium during perfusion with complete Hanks 's  solution for 5 rain to 2 h were descr ibed p re -  
viously [1]. 
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Fig. 1. Area  of myocard ium f rom a hear t  per fused  
with ca l c ium- f r ee  Hanks ' s  solution: a, b) commencing 
destruct ion of in terca la ted  disks; c, d) d issocia ted  seg-  
ments in s a r c o l e m m a l  sheath; e, f) cont rac tura l ly  changed 
muscle  segments .  PAS react ion  combined with staining 
with colloidal iron and hematoxylin,  630 • a, c, e) photo- 
graphed in ord inary  light; b, d, f) photographed in polar ized  
light. 

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

The course  of development of the dist inctive changes a r i s ing  in the contract i le  appara tus  of the myo-  
ea rd ium dur ingper fus ionof  the isolated hear t  with Ca++-deficient solutions can be  studied in detail  by h i s -  
tological  and, in par t i cu la r ,  by polar iza t ion mic roscop ic  methods. These  changes consis ted of swelling of 
the in terca la ted  disks with deaggregat ion of the myof ibr i l s  in a reas  lying next to the disks {Fig. la ,  b). 
Muscle cel ls  previous ly  joined together  into a f iber  became  separa ted  f rom one another,  the i r  myof ibr i l s  
cont rac ted  sharply,  the i r  c r o s s  s t r ia t ion disappeared,  and it was  rep laced  by continuous anisotropy.  These  
cont rac tura l ly  changed segments ,  p r e se rv ing  the cyl indr ical  shape of the myocard ia l  cell, each with one or 
two slightly pycnotic nuclei, were  located in a we l l -p rese rved  s a r e o l e m m a l  sheathIFig,  lc ,  d). An isot ropic  
globular substance,  varying in amount, could be observed  between the segments  inside the s a r c o l e m m a l  
sheath. If the perfusion continued for  long enough, the o rder ly  pa t te rn  just descr ibed  was dis turbed.  The 
segments  contracted sti l l  more ,  lost the i r  connection with one another  through the s a r c o l e m m a ,  and be-  
came rounded in shape (Fig. le ,  f). Despite such profound changes ia the muscle  cel ls ,  the myofibr i l s  in 
them underwent nei ther  complete  lys is  nor complete  deaggregat ion but p r e s e r v e d  a definite o rder l iness ,  as 
demons t ra ted  by the i r  anisotropy.  

To  give r i s e  to the above-ment ioned changes in the contract i le  appara tus  of the muscle  cel ls  it was 
sufficient to per fuse  for  15 min with Hanks ' s  solution containing 0.04 mmole  Ca++or less  per  l i ter .  Rais ing 
the Ca ++ concentrat ion in the solution to 0;12 m m o l e / l i t e r  led to the development of changes such as these  
only af ter  perfusion for 2 h. In this ca lc ium concentrat ion the contract i le  act ivi ty of the myocard ium ceased  
however,  a f te r  perfusion for  3-5 min. The segmentat ion of the myocard ium descr ibed  above sp read  to all 
pa r t s  of the hear t  if the isola ted heart  was per fused  with solutions containing 0.03-0.06 mmole  Ca ++ per  
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l i ter  or completely free f rom calcium for 1 h or more. Nevertheless ,  some of the muscle cells p rese rved  
their  normal s t ructure .  In addition, in the severes t  forms of segmentation of the myocardium additional 
perfusion with complete Hanks 's  solution led to resumption of contract i le  activity. 

The initial phases of the changes in the hear t  muscle cells during perfusion with solutions deficient 
in calcium ions are extremely s imilar  to the histological picture of the myocardium observed after  delib- 
erate  isolation of the muscle cells by homogenizing the myocardium or t reat ing it with proteolyt ic  enzymes 
and chelating agents. In conjunction with the other histological features of the changes in the myocardium 
in calcium ion deficiency, this s imilar i ty  agrees  well with existing data [7] and suggests that the key factor  
in the development of the myocardia l  injuries descr ibed above is a change in the proper t ies  of the inter-  
calated disks followed by dissociation of the muscle cells. Perfusion with solutions with calcium deficiency 
evidently gives r ise  to i r revers ib le  destruction of the intercalated disks, for equally extensive zones of 
segmentation are  observed during perfusion with calcium-deficient  solutions for 1 h and with complete 
Hanks 's  solution for 1 h after  p re l iminary  perfusion for 15 min with the ca lc ium-f ree  solution. The essen-  
tial fact is that the dissociated heart  muscle cells undergo further  gross  changes, with karyor rhex is  of the 
nuclei in them. 
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