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It is shown that different regimens of general cooling and overheating of  the organism 
produce different changes of  the volume and area of  the major tissue components  of 
the myocardium. The most pronounced alterations in the volume and area of  the tis- 
sue components  are recorded after overheating. A marked decrease of  the volume and 
area of the microcirculatory bed is a regular feature of  tissue reorganization in the 
myocardium under  the influence of  cooling and heating. 
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Analysis of  the patterns of  changing parenchyma- 
stroma relationships or in tissue reorganization is 
essential for understanding the nature and direction 
of the adaptive-compensatory processes developing 
under various extreme factors [2,7,9]. Such analy- 
sis is particularly important  for the myocardium, 
where cell systems interact with intercellular (car- 
diomyocytes) and primarily cellular (endotheliocytes 
and connective tissue cells) forms of  regeneration 
at the level of  the tissue microregion [10,11]. Al- 
terations of  the regenerative capacity of  these cell 
systems exposed to extreme factors will dictate the 
nature of  parenchyma-stroma relationships and will 
manifest themselves integrally in the spatial tissue 
organization of  the myocardiurn, the assessment of 
which is of  prognostic significance. Analysis of  the 
spatial tissue and intracellular organization of  the 
myocardium is performed according to the relative 
indexes of  volume and area of  the tissue and cell 
structures [1,15], which yield information on the 
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type of relationships between structural components. 
The absolute indexes must be analyzed in order to 
gauge the alterations o f  volume and area of  struc- 
tures within cells or in the whole organ. Such in- 
vestigations were previously performed to study the 
development of  myocardial hypertrophy of  various 
genesis [4,12-14]. However, data concerning the 
nature o f  changes in the myocardial volume and 
cell components  in the whole organ exposed to 
extreme factors are practically nonexistent. 

The goal of the present study was to elucidate 
the nature of  myocardial tissue reorganization un- 
der extreme temperature effects on the basis of 
estimation of  the changes in total volume and area 
of  tissue components  in the myocardium. 

MATERIALS AND METHODS 

An assessment of  changes in volume and area of  
the main myocardial tissue components  in Wistar 
rats subjected to contrasting temperature effects was 
performed using the following models: a moderate 
general cooling at 3-4~ for 8 weeks, a general 
supercooling at -7~ for 16 days, and a one-t ime 
general overheating at 43~ for 45 rain (in this 
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Fig. 1. C h a n g e s  of to t a l  v o l u m e  of cap i l l a r i es  in  the  ra t  
rayocardiura u p o n  exposure  to contrast ing temperatures.  Here 
and  in Fig. 2: con t ro l  (1), 6 weeks  (2), and 8 weeks  (3) in  
experiments with moderate  general  cooling; control (4), 8 days 
(5) and 16 days (6) in experiments  with general supercooling;  
control  (7), 3rd day  (8) and  7th day  (9) in exper iments  with  
general  overheat ing.  

model  the tissue samples were examined on the 
3rd and 7th day). 

The weight o f  the rat heart  and o f  the left 
ventricle (LV) was de te rmined  at the beginning 
and at the end of  the experiment for each experi- 
mental group. The material was then treated by the 
methods described previously [9] to obtain paraf- 
fin and semithin sections. The volume o f  the left 
ventricle tissue (VLv) was determined by dividing 
its mass by  the specific gravity of  the myocardium, 
namely 1.06+0.006 g / c m  s. 

The absolute total volume (F i) and area (Si) 
of  the myocardial tissue components were calculated 
by the equations:  Fi= VLv x Ftc~ and Si = VLvx3a~ , 
where Izo and 5 ~ the volume and surface densi- vi vi 
ties of  the corresponding tissue structures [6]. For 
this purpose a tissue stereological analysis was per- 
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Fig. 2. C h a n g e s  of  t o t a l  a rea  of c ap i l l a r i e s  in  the  r a t  
rayocardium u p o n  exposure  to cont ras t ing  tempera tures .  

formed on the semithin sections. The volume and 
surface density of the cardiomyocytes, their nuclei, 
capillaries, endotheliocytes,  cells, fibers, and ma- 
trix of connective tissue were assessed using a mul- 
tipurpose test-system. 

The results of  the investigation were subjected 
to statistical t reatment and the reliability of  differ- 
ences was determined by the Student  test. 

RESULTS 

Analysis o f  the weight and volume characteristics 
of  the left ventricle myocardium revealed a reliable 
decrease in these indexes for general  supercooling 
and after the one-t ime general overheating (by 15 
and 27%, respectively) and a 10-14% increase o f  
them under  the modera te  general  cooling (Tables 
1-3) in all experimental  models. 

The quantitative changes in volume and area of  
the myocardial tissue components  was found to be 
most pronounced after general overheating of  the 
organism. A decrease o f  the volume and area in all 
the main myocardial components (by 25-48%, Table 
3) was noted with this type o f  temperature action. 
The volume and area o f  the cardiomyocyte nuclei 
decreased significantly (by 44 and 33%, respectively) 
as well as the same parameters of  capillaries (by 48 
and 42%, respectively). The volume and surface 
characteristics of  endothelial and connective tissue 
cells were reduced substantially. It should be noted 
that the decrease of  the total volume of  cardiomyocy- 
tes correlated with the diminution o f  LV mass, while 
the total capillary volume decreased practically 2-fold. 

The increase o f  mass and volume of  the left 
ventricle occurring for moderate general cooling of  
the animals was due to an elevation o f  the total 
volume of  cardiomyocytes,  fibers, and connective 
tissue matrix (Table 1). The general  cooling was 
found to cause a decrease of  the total volume and 
area of  capillaries (by 15 and 5%, respectively) and 
a still more  marked fall in the volume and sur- 
face characteristics of  the endotheliocytes and con- 
nective tissue cells (on the average by 40%). 

The decrease of  mass and volume under  gen- 
eral supercooling was brought about by the reliable 
reduction o f  the total volume of  cardiomyocytes 
(by 18%) and their nuclei  as well as of  the total 
volume of  capillaries (by 32%, Tabl. 2). In con-  
trast, the total volume of  endothel iocytes,  cells, 
fibers, and connective tissue matrix increased to- 
ward the 16th day of  the experiment. Nevertheless, 
the absolute value o f  this growth was insignificant 
and it could not compensate for the more consid- 
erable decrease of  the volume of  cardiomyocytes 
and microcirculatory bed (MCB). 
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TABLE 1. Absolute Stereological Parameters of Vr Rat Myocardium Exposed to Moderate General Cooling (M• 

Index 

Body weight, g 

Weight of LV, mg 

Total volume, cm3: 
cardiomyocytes 
cardiomyocyte nuclei 
cap illaries 
endothelial cells 
connective tissue cells 
connective tissue fibers and 
matrix 

Control 

275.0• I 

1121.0--43.0 

0.937• 
0.014-----0.003 
0.053-----0.001 
0.023• 
0.010--0.001 

0.050• 

6 weeks 

284.0• 11.5 

1276.0---43.0" 

1.066• 
0.011 ---0.002 
0.044• 
0.021 ---0.004 
0.011 • 

0.153 ~-0.021 * 

Time of cooling 

8 weeks 

417.0~24.8"** 

1236.0• 

1.014• 
0.015-----0.003 
0.045• 
0.017• 
0.007-----0.00l* 

0.080-----0.012 

Note. Here and in Tables 2 and 3: "p<0.05, "p<0.0I, "p<0.001. 

Comparative analysis of  the dynamics o f  abso- 
lute indexes o f  the myocardial tissue components  
under  the contrasting temperature shows that the 
bulk o f  mass and LV volume alterations consisted 
o f  changes in the total volume and mass o f  cardi- 
omyocytes comprising about 80% of  the myocardial 
volume under the experimental conditions. It should 
be noted that, in spite o f  the inverse changes in 
heart mass and LV volume at different temperatures, 
a decrease o f  the total volume (Fig. 1) and area 

(Fig. 2) of  the MCB was found in all cases. These 
parameters dropped most significantly under  general 
supercooling and after general overheating, the alter- 
ations being due to a marked decrease o f  the total 
volume o f  endothelial cells. Despite a slight increase 
in the total endotheliocyte volume toward the 16th 
day of  general supercooling, this fell short of  the 
recovery o f  the MCB initial volume. 

A relative decrease o f  the capillary volume and 
area in a volume uni t  o f  tissue was shown previ- 

TABLE 2. Absolute Stereological Parameters of Wistar Rat Myocardium Exposed to General Supercooling (M'+-m) 

Index 

Body weight, g 

Weight of LV, mg 

Total volume, cma: 
cardiomyocytes 
cardiomyocy-te nuclei 
capillaries 
endothelial cells 
connective tissue cells 
connective tissue fibers and 
matrix 

Control 
Time of cooling 

8 days 16 days 

213.3• 210.0• 123.3• 

813.3• 

0.641 • 
0.008-----0.0002 
0.038• 
0.015• 
0.009-----0.002 

0.056~-0.002 

851.7-----46.4 

0.674• 
0.009--0.002 
0.032-*-0.006 
0.011 --0.001 
0.010--0.001 

0.069--0.007 

691.7• 

0.527--0.009" 
0.007• 
0.026• 
0.016• 
0.010• 

0.065-----0.004 
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TABLE 3. Absolute Stereological Parameters of Wistar Rat Myocardium after a One-Time General Overheating (Me=m) 

Index 

Body weight, g 

Control 

112.6• 

Weight of LV, mg 525.0-----20.2 

Total volume, cm3: 
cardiomyoc3rtes 
cardiomyocyte nuclei 
capillaries 
endothelial cells 
connective tissue ceils 
connective tissue fibers and 
matrix 

0.384• 
0.009--0.001 
0.029--0,002 
0.010---0,001 
0.007• 

0.059•  

Time of cooling 

8 days 16 days 

118.0---5.7 98.6• 

:' 6 ~ i 0 ~ , 4 6  zi 4660• : ~ . . . . . .  
522.0• 383.0-----23.5 ++ 

. . . . .  , : :0136~ •  

0.353• 
0.007-----0.001 
0.022-----0.004 
0.009-----0.001 
0.005• 

0.054---0.005 

0.288• 
0.005• 
0.015--0.002" 
0.007• 
0,005-----0.001 

0.042---0.003 

ous ly  in s te reo log ica l  s tudies o f  the  m y o c a r d i u m  
unde r  the  same exper imenta l  condi t ions  [5,8]. Cal- 
cu la t ion  o f  the  abso lu te  indexes  at tests  to  a total  
dec r ea se  o f  the  M C B  v o l u m e  in  the  LV m y o c a r -  
d ium exposed  to ex t r eme  tempera tures .  The  results 
ob ta ined  suggest a ma rked  inhib i t ion  o f  the  regen-  
e r a t i ve  c a p a c i t y  o f  e n d o t h e l i o c y t e s  d u r i n g  the  
organism's  adap ta t ion  to  inappropr ia te  t empera tu re  
condi t ions .  A s imilar  reduc t ion  o f  regenera t ive  ca- 
pac i ty  m a y  be iden t i f ied  in c o n n e c t i v e  tissue cells 
u n d e r  cond i t i ons  o f  mode ra t e  coo l ing  and  general  
overheat ing  o f  the  animals,  because  their  total vol- 
um e  d r o p p e d  by  a r o u n d  30%. Cons ider ing  the ab- 
sence o f  body  t empera tu re  changes  in these experi-  
menta l  models ,  we  can  assume tha t  the weakened  
intraceUular regenera t ion  in card iomyocytes  and  the 
inhibi t ion o f  proliferat ive activity in the cambial  el- 
ements  o f  endothel iocytes  and connect ive  tissue cells 
did no t  result  f r o m  a n y  direct  t empe ra tu r e  drop m 
the tissue and cell systems, but  were  due to reorga- 
n iza t ion  o f  the plastic and  ene rge t i c  resources  to 
a t ta in  the  op t imal  level  o f  hea t  p r o d u c t i o n .  

Thus ,  e x t r e m e  t e m p e r a t u r e s  cause  s ignif icant  
a l te ra t ions  in the  p a r e n c h y m a - s t r o m a  relat ionships 
in the  m y o c a r d i u m  and  des t roy  p rev ious ly  estab- 
l ished co r re l a t ions  b e t w e e n  s t ruc tu ra l  e l emen t s  o f  
the p a r e n c h y m a  and  s t roma  at the  level o f  the  tis- 
sue microreg ion .  The  type o f  myocard ia l  regenera-  
t ion processes  causing changes o f  spatial tissue or-  
gan iza t ion  m a y  be  classified as a pecu l i a r  k ind o f  
subs t i tu t ion  o r  a typ ica l  r e g e n e r a t i o n  [3], w h e r e b y  
the t issue a rch i t ec ton ics  is des t royed .  
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