
Q U A N T I T A T I V E  R E L A T I O N S  B E T W E E N  P A R E N C H Y M A  

A N D  S T R O M A  OF T H E  M Y O C A R D I U M  IN R A B B I T S  

W I T H  A T H E R O S C L E R O T I C  C A R D I O S C L E R O S I S  

L.  M. N e p o m n y a s h c h i k h  a n d  L .  V. K o l e s n i k o v a  UDC 616.132.2-004.6-092.9-07: 
616.127-091.8 

The re l a t ive  volume of the musc le  f ibers ,  connec t ive - t i s sue  cei ls ,  cap i l l a r i e s ,  and ground sub-  
stance and the sur face  a r e a  of the musc le  f ibers  and cap i l l a r i e s  per  unit volume of t issue were  
m e a s u r e d  in the myoca rd ium of an imals  with diffuse c a r d i o s c l e r o s i s  accompanying  e x p e r i m e n -  
tal a t h e r o s c l e r o s i s .  A signif icant  d e c r e a s e  was found in the re la t ive  volume of the ground sub-  
s tance of the s t r om a .  
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There  is no informat ion in the l i t e ra tu re  on quanti tat ive re la t ions  between s t r u c t u r e s  of the myoca rd ium 
during the development  of s c l e r o s i s  and c ica t r iza t ion .  There  a re  m e r e l y  s t a t emen t s  indicating changes in the 
r a t i o  between cel ls  of the s t r o m a  and p a r e n c h y m a  of the hear t  musc le  in i s chemia  and nec ros i s  of the m y o -  
card ium [2]. 

The object of this invest igat ion was to make a s t e reo log ica l  ana lys is  of r e la t ions  between pa renchymatous  
and s t r omaI  s t ruc tu r e s  of the hear t  musc le  in expe r imen ta l  a the rosc l e ro t i c  c a r d i o s e l e r o s i s .  

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

Atherosc le ro t i c  changes were  produced in 70 r abb i t s  by the wr i t e r s '  method [4] based on periodic s t a r -  
r a t ion  (endogenous h y p e r c h o l e s t e r e m i a ) c o m b i n e d  with admin is t ra t ion  of cho les te ro l  to the animals .  The 
a the rosc le ro t i c  changes in the a r t e r i e s  were  a s s e s s e d  by Avtandi lov 's  method [ 1]. The hear t  was studied by 
histological,  h is tochemical ,  and e l e c t r o n - m i c r o s c o p i c  methods.  Semithin (1 /z) s t y r e n e - m e t h a c r y l a t e  sec t ions  
through the myoca rd ium of nine expe r imen ta l  an imals  which had developed diffuse c a r d i o s c l e r o s i s ,  and of six 
intact an imals  were  used for s t e reo log ica l  ana lys is  [1, 3, 5, 9]. The t r a n s v e r s e  or ienta t ion of the musc le  
f ibers  was ver i f ied  [7]. Sections were  stained with toluidine blue at 60~ for 10 min. The m o r p h o m e t r i c  in- 
vest igat ion was based on the pr inc ip les  developed by Sitte [ 8] for the s te reo log ica l  study of or iented m e m -  
b rane - su r rounded  s t ruc tu re s .  The magnif icat ion used for counting was 900• 

The re la t ive  volume of the musc le  f ibers ,  connec t ive - t i s sue  cel ls ,  cap i l l a r i e s ,  and ground subs tances  of 
the in te rs t i t ia l  connective t issue was measu red .  An ocular  measu r ing  grid (Fig. 1) with a s tep of 0.66 # (Pt, 
the number  of tes t  points on the grid,  is 225), and tt~e tes t  a r e a  of t i ssue for analys is  10,696 # 2  Altogether 
60,750 points were  counted in the expe r imen ta l  and 33,750 in the control  s e r i e s ;  the re la t ive  content of the t i s -  
sue s t r u c t u r e s  of the myoca rd ium was calcula ted in per  cent. 

Fo r  example :  

Vmf Pmf 
V m f / t i s -  Vtis - P t i s '  
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Fig, 1. Semith[n (1 it) t r ansverse  sections thro(lgh myocardium of left ventricle of rabbit  
hea:ct after superposi t ion of test grid for s tereological  analysis :  a) normal  myocardium; 
b) myocard ium of rabbit  120 days after beginning of experiment:  diffuse ca rd iosc le ros i s .  
Embedding in s ty rene-methacry la te ,  staining with toluidine blue, 756• 

where Vmf/ t is  is the relat ive volume of the muscle  fibers in the t issue; Vmf the total volume of muscle fibers;  
Vti s the total volume of myocardia l  t issue; Pmf the number of points lying within the outline of the muscle 
f ibers;  and P~is the number of points of the test  sys tem failing on the tissue. The relat ive volume of the r e -  
maining myocardia l  s t ruc tu res  was determined in the same way. 

The surface a rea  of the muscle f ibers and capi l lar ies  per unit volume of myocardia l  tissue was calcu- 
lated by the formula  

7r C 
SV - 2 P t i s 'Z  ' 

where C is the number of intersect ions of the boundaries of the outlines of the test s t ruc tures  with the test 
lines; Z the length of the test line divided by the magnification (2.13/900). In this par t icular  case an ocular 
test sys tem of shor t  segments  (n = 21; Pt = 42) and with a test a rea  of tissue for analysis of 9748 tt ~ was used. 
Altogether 11,340 points in the exper imental  se r ies  and 6300 in the control  were counted. 

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

Changes in the capi l lary endothelium (leading to disturbance of the m[crocirculat[on),  degenerative 
changes in the myocard iocytes ,  and increased production of acid glycosaminoglycans by the fibroblasts were 
observed in the hear t  muscle  30-60 days f rom the beginning of the experiments .  After 90 days profound dis-  
turbances of the s t ruc ture  of the myocard[ocytes  were observed (atrophied muscle cells with a reduced num- 
ber of myofibr i ls  and with densely packed intraeel lular  organelles appeared) and progress ive  development of 
the collagen s t roma  took place against the background of the formation of fibrous plaques in the aorta.  After 
120 days marked a the rosc le ros i s  of the aorta,  diffuse ca rd iosc le ros i s ,  and evidence of chronic heart  failure 
were found in the animals.  Increased heterogenei ty of the contracti le myocard ium could be attributed to the 
presence  of normal,  atrophied, and hypertrophied muscle cells.  

Card iosc ie ros i s  developed paral le l  to the increased ~ntens[ty of the a therosc lerot ic  changes in the aorta. 
Fibrous  plaques were observed in the coronary  a r t e r i e s  (the main trunks and large branches) only in the late 
stages.  The charac te r  of the sc lerot ic  changes in the myocard ium and their severi ty  depended mainly on the 
local d is turbances  of the co ronary  circulat ion and the state of the parenchymatous s t ructures .  

The resul t s  of the s tereological  analysis  of the myocardia l  sections are given in Table 1. They show a 
significant decrease  in the relat ive volume of muscle fibers in the myocard ium of the animals with diffuse 
ca rd iosc l e ros i s  (73.27 :e 0.79% compared with 76.49 * 0.83% in the control) together with an increase in the 
relat ive volume of ground substance of the interst i t ial  connective tissue of the myocardium (19.39 * 1.64% 
compared wi.th 13.65 �9 0.93% in the control;  P < 0.05). A tendency was observed for the surface area  of the 
muscle f ibers to increase  (456.61 ~ 30.78 cm2/cm 3 compared with 385.83 �9 28.28 cm2/cm 3 in the control), pos-  
sibly on account of a compensatory  response to the decrease  in their volume. On the basis of these figures a 
decrease  in the relat ive volume of the capi l lar ies  with an increase in surface a rea  of the microc i rcu la to ry  
sys tem can :be deduced. These resu l t s  were confirmed by calculating the relat ive volumes and the area /volume 
relat ionships  for s t ruc tures  of the parenchyma and s t roma  of the myocardium.  
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The specific function of the parenchymatous  s t ruc tu res  is closely connected with the state of the connec- 
t ive- t issue s t roma.  Exper imenta l  and pathological investigations show that mechanisms responsible for auto- 
matic  regulat ion of the ra t io  of s t roma  to parenchyma operate at the tissue level. The relat ions between pax- 
enchyma and s t roma  of the myocard ium during the development of diffuse ca rd iose le ros i s  in these experiments  
,can be explained on the basis of Tse l la r ius '  concept [6J of dynamic equilibrium between the desmoplast ic  and 
desmolyt ic  p rocesses  in the s t roma  and the leading role of the functional state of the parenchymatous s t ruc -  
tures  in the regulation of these p rocesses .  

Changes in the quantitative re la t ions  between s t romal  and parenchymatous s t ruc tures  in the myocardtum 
cannot be considered separate ly  f rom data on the relat ive weight of the heart.  The measurements  made 
showed some increase  in the relat ive weight of the hear t  in the experimental  animals (3.31 ~: 0.2 g /kg com-  
pared with 2.88 ~: 0.17 g/kg in the control).  With this fact in mind, as well as the rest~its of light and electron 
microscopy,  it: can be concluded that in the myocard tum of animals with diffuse ca rd iose le ros i s  associated 
with experimental  a the rosc le ros i s  there is an increase in the quantity of both parenchyma and s troma,  but that 
the grea tes t  increase  is observed in the content of connective tissue. 
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