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An u l t r a s t r uc t u r a [  and m o r p h o m e t r i c  invest igat ion was made of ce i l s  f r o m  the r igh t  and left 
ven t r i c l e s  of young r a t s  4 days old dubing cul ture  for  7 days,  in o rder  to study the morpholog i -  
cal  and s te reo log ica l  p a r a m e t e r s  of the mi tochondr ia  and myof ibr i l s .  The r e su l t s  of the m o r -  
phomet r i c  m e a s u r e m e n t s  r evea l ed  the per iodic  cha rac t e r  of s t ruc tu ra l  changes in the mi to -  
chondria  and myof ibr i i s .  The changes d i scovered  mus t  be r e g a r d e d  not as  s t ruc tu ra l  d i f fe ren-  
t iat ion of the cel ls  but r a t he r  as adaptat ion to the conditions of culture.  

KEY WORDS: morphomet ry ;  r a t  ca rd iomyocytes ;  cul ture  of ca rd iomyocytes .  

Rat  hea r t  musc le  cei ls  in cul ture  a r e  used for  var ious  types  of exper imenta l ,  physiological ,  and b iochemi-  
cal  r e s e a r c h ,  for  the conditions of the med ium can be re la t ive ly  constant  and the r a t e  of pulsat ion can be r e -  
garded as  a p a r a m e t e r  of thei r  functional capaci ty  [4~6]. 

I t  has  not ye t  been es tab l i shed  what morphologica l  changes take place in h e a r t  musc l e  cel ls  in v i r to  during 
cul ture  and how they can be ha rmonized  with ce r ta in  cont rad ic tory  biochemical  data [7-9]. 

Against  this  background it  was  decided that  exist ing qual i ta t ive morphologica l  data [10] should be aug-  
mented by the r e s u l t s  of an u l t r a s t r u c t u r a l  and morphologica l  invest igat ion of hea r t  musc l e  cei ls  in cul ture  in 
o rder  to detect  quanti tat ive changes in the s t ruc tu re  of the mi tochondr ia  and myof ibr i l s .  

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

The method of obta ining h e a r t  musc le  cel ls  and the conditions of the med ium w e r e  desc r ibed  previous ly  
[6-11]. Muscle cel ls  f r o m  the ven t r i c l e  of 4 -day-o ld  Wis t a r  r a t s  (original ma te r i a l )  w e r e  cul tured on c o v e r -  
sl ips.  The cell  density in each f lask  (LeightonTs tube) was 2 x l0 s cel ls  in 2 ml  of 5M 201 nutr ient  medium [4, 
12] with the addition of 10~o inact ivated calf  s e rum.  The cel ls  we re  cul tured for  7 days and m a t e r i a l  for  e l ec -  
t r o n - m i c r o s c o p i c  invest igat ion was taken each day. After  fixation in glutaraldehyde the cel ls  we re  carefu l ly  
s epa ra t ed  f r o m  the s u b s t r a t u m  with a r a z o r  blade, then fixed in OsO 4 and embedded in Micropal .  Sections were  
cut on an LKB Ul t ro tome and studied in the IA (Simens) e lec t ron  m i c r o s c o p e .  On each day of t i s sue  cul ture ,  
50 e lec t ron  m i c r o g r a p h s  with secondary  magnif ica t ion of between 20,000 and 40,000 were  subjected to mo rp h o -  
me t r i c  examinat ion by the quanti tat ive s te reo log ica l  dot-counting method [1, 3, 13], aad the  razidom cutting 
method [2]. A square  gr id  with in te rva l s  (distance between two neighboring points) of 0 . 5 g m w a s u s e d f o r t h e  
calculat ions.  By means  of spec ia l  computer  p r o g r a m s ,  the following m o r p h o m e t r i e  p a r a m e t e r s  we re  obtained 
f r o m  the p r i m a r y  data: 

the bulk density of the mi tochondr ia  (Vvm) in cm3/cm 3 and of the myof ib r i l s  (Vvmy0) in cm3/cm3; 

the su r face  density ( re la t ive  su r face  area)  of the outer  m e m b r a n e  of the mi tochondr ia  (Svm0) in m2/cm3; 

the r e l a t i ve  sur face  density of the outer  m e m b r a n e  of the mi toehondr ia  (the su r face  a r e a  of the outer  
m e m b r a n e  per  unit volume of mitochondrion) (Svm0)/Vvm) in ~m2/~m3; 

the number  of sect ions  through the mi tochondr ia  per  unit a r e a  of myocy tes  (Nora) in cm-2; 

the numer i ca l  density ( re la t ive  number  of mitochondria)  (Nvm) in cm-3; 

the mean  a r e a  of c r o s s  sect ion of the mi toehondr ia  in a sect ion (A m) in ~m2; 
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the mean  vo lume  of a mitochondrion  (V m) in #ma; 

the mean  diameter  of a mitochondrion (D m) in #m; 

the mean  length of a mitochondrion  (L m) in #m; 

file m i t o c h o n d r i a t - m y o f i b r i l l a r y  rat io  (Pro/Pray0), 

The fo l lowing indices  a l so  w e r e  calculated: 

the number of s ec t ions  of mi toehondria  in 100 pra 2 area  of cytoplasm;  

the re la t ive  proport ion of micromi tochondr ia  (with a vo lume  of below 0.02 #ma), in%; 

the proport ion of degenerat ing mitochondria ,  in %; 

the number of m y o f i l a m e n t s  per myof ibriL 

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

The r e s u l t s  of the m o r p h o m e t r i c  invest igat ions  are  given in Table 1. They show that the bulk density of 
the myof ibr i l s  was  cons iderably  reduced by the 3rd day of culture,  by which t ime only 34% of the o r i g i n a l m a t e -  
r ia l  s t i l l  r emained  in culture.  By the 4th day a cons iderable  i n c r e a s e  in this index was  observed  and it lasted 
until the 7th day. However ,  by that t ime the bulk density of the myof ibr i l s  had not ye t  rega ined  its  initial  value 
(the bulk density of myof ibr i l s  of m y o c a r d i o c y t e s  f r o m  4-day-o ld  rats) .  

On the 1st day o feu l ture ,  the number of myof i l aments  per s a r c o m e r e  fe l l  sharply,  after which a gradual 
i n c r e a s e  was  observed  until  the 4th day. F r o m  the 4th through the 7th days a gradual  d e c r e a s e  in their number 
again was  o b s e r v e d .  The bulk density of  the mitochondria ,  l ike that of the myof ibr i l s ,  f luctuated in a s imi lar  
manner ,  and its va lues  w e r e  a lways  lower than initially.  

The d e c r e a s e  in the bulk density of the mitochondria  was  mainly  the re su l t  of a d e c r e a s e  in their s i z e  
(mean area  of c r o s s  sec t ion  of the mitochondrion  and its  mean  volume) .  During 7 days in culture the number 
of s ec t ions  through the mitochondria  per unit area  of m y o c y t e  and their numer ica l  density w e r e  higher than 
in the or ig inal  mater ia l .  The number of m i c r o m i t o c h o n d r i a  r o s e  s l ightly f r o m  the 1st through the 4th day of 
culture,  then fe l l  and c a m e  c l o s e  to the init ial  value.  

It shou ld  be e m p h a s i z e d  that the mi tochondr ia l -myof ibr i I lary  rat io  was  higher than in the or ig inal  m a t e -  
t im f rom the 1st through the 4th days of culture.  This indicates  a c lear  d e c r e a s e  in the re la t ive  vo lume  of the 
myof ibr i l s  compared  with the vo lume  of the mitochondria .  Throughout the period of culture and, in part icular,  
on the 3rd and 5th days,  an i n c r e a s e  in the number of degenerat ing mitochondria  was  found. In this  c a s e  the 
number of degenerat ing mitochondria  was  evidently i n v e r s e l y  proport ional  to their total number.  

The r e s u l t s  of  the m o r p h o m e t r i c  invest igat ion showed that heart  m u s c l e  ce l l s  of 4 -day-o ld  rats  can r e -  
pair the s tructura l  changes  ar i s ing  as  a r e s u l t  of  enzymic  degradation. This  i s  ev idence  of their ability to 

TABLE i. 

(M 4- m) 
Morphometr ic  Indices  of Myocardial  Cei ls  f r o m  4 -day-o ld  Rats  in Culture 
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adapt themselves  to the conditions of cul ture [10]." On the basis of the resu l t s  of the morphomet r i c  invest iga-  
tion th ree  per iods of morphological  changes in the myocard iocytes  in vi t ro  can be distinguished. In the f i r s t  
period, ending on the 2nd day in culture,  des t ruct ive  p roces se s  predominated in the mitochondria  and myo-  
f ibri ls  (a dec rease  in the bulk density, r e la t ive  volume, number of myofi laments  per  s a r c o m e r e ,  and dimen- 
sions of the mitochondria) .  

In the second per iod (from the 3rd  through the 5th day of culture) synthetic p ro ce s se s  predominated,  
evidently in connection with adaptation of the myocard iocytes  to conditions in vitro.  In the th i rd  per iod the 
cul ture medium was inadequate to maintain the changes found in the s t ruc tu re s  during the second period. An 
increase in the number of cells in culture and a decrease in the dimensions of the mitochondria, their mean 
volume, the mean area of cross-section of the mitochondria in the tissue section, andthe mitochondrial-myo- 
fibrillary ratio were observed. 

The results of this morphometric study confirm the view that myofibri[s can be synthesized in vitro in 
rat myoeardiocytes [8] and they are in good agreement with the results of morphometry of myocardial muscle 
cells kept under hypo~lc conditions [14]. Meanwhile the results do not agree with the view that disturbance of 
structural differentiation of myocardial cells takes place during culture [7]. 
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