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cents. The same effect in the CSF of intact do-  
nors is less p ronounced  but also reliable. 

Thus, CSF  of convalescents activates HRP  
transport in the cortical neurons  both in intact 
recipients and in animals with brain damage. The 
CSF of intact donors exhibits the same activity in 
recipients with a damaged CNS. It is known that 
an in t rac is temal  injection of  convalescent CSF 
speeds up the restoration of the functions of the 
contralateral extremities after unilateral removal of 
the sensor imotor  cortex in rats. It may be as- 
sumed that the effect of the donor fluid is associ- 
ated with the mobilization of neuronal connections 
that are not  normally active. The biochemical in- 
ductors of this process may be oligopeptide and 
polypeptide agents which were previously deter- 
mined to be the factors of postural asymmetry and 
compensation [2]. The preexistence of oligopeptide 
factors of  postural  asymmetry in the CSF of  a 
donor with an intact CNS [4,5] probably accounts 
for the above-described effect of "intact" fluid. 
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A general, even short-lived, overheating of a ho-  
moiothermic animal induces pronounced and often 
irreversible morphofunctional  changes in many in- 
ternal organs and systems [13]. This is the ratio- 
nale for the use of hyperthermia in oncotherapy, 
since tumor  cells have been shown to exhibit a 
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lower resistance to such treatment [3,14]. However, 
the induced alterations not  only do not  disappear 
after the termination of overheating, but actually 
may be intensified during the period of postheating 
restitution [7]. The long-lasting circulation of  en- 
dogenous toxic metabolites [1] probably causes the 
destructive changes and the disturbances of circula- 
tion in different organs [8,10]. F rom the first mi-  
nutes of thermal action the cardiovascular system un- 
dergoes functional reorganizations, such as a redi- 
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TABLE 1. Results of Morphometric and Stereological Analysis of Rat Myocardium after One-Tr ia l  General Overheating (M+_m). 

Index  Control  
T ime  af ter  overheat ing ,  days 

3rd [ 7th 

Body weight ,  g 
Hear t  weight ,  m g  
Relat ive hear t  weight ,  m g / g  

Volume densi ty ,  mm3/cm3: 
of cardiomyocy-tes 
of cardiomyocyte nuclei 
of capillaries 
of endothelial cells 
of connective tissue cells 
of connective tissue fibers and matrix 
Surface density, m2/cm 3 
of cardiomyocytes 
of cardiomyocyte nuclei 
of capillaries 
of connective tissue cells 
Surface--volume ratio, m2/cm3: 
of cardiomyocytes 
of cardiomyocyte nuclei 
of cap i l l a r i e s  
of connec t ive  t i s sue  cells 
of cap i l la r ies  to the  ca rd iomyocy te s  
Volume ratio,  number :  
of cap i l l a r i es  to ca rd iomyocy te s  
of s t roma  to p a r e n c h y m a  

Morphome t r i c  assays  
112.6---5.4 

610,0• 
5,60• 

S te reo log ica l  assays  
772,7• 

17,1• 
17.1---2.4 
57.5• 
20,0---2.4 
13,5• 

119.2---19,3 

0.1046• 
0.0119• 
0.0375• 
0.0111 • 

0.132---0.005 
0,689• 
0.649• 
0.832• 
0.047• 

0.073• 
0,268• 

118.0---5.7 
600,0• 
5.07• 

786.7• 
14.6• 
14,6• 
47.3•  
19.9• 
11.6• 
119.9• 

O. 1154• 
0.0108• 
0.0368• 
0,0099• 

O, 144• 
0.737• 
0.795• 
0,847• 
0.046• 

0.059• 
0.248• 

98,6• 
466.0• 
4.74• 

796.2---11,8 
14.1• 
14.1• 

39,9-+-2.5" 
18.4• 
13,4• 

118,0---9,9 

O. 1184• 
0,0112• 
0.0305• 

O. 0108--0.0009S 

O. 146• 
0.812• 
0.764• 
0.828• 
0.038• 

0.050• 
0.235• 

N o t e .  Asterisks signify reliability of differences, * p<0.05, ~ p<0,01. 

stribution of the blood flow and changes of the pul- 
sepressure and cardiac output [4,12,13]. The func- 
tional disturbances of the cardiovascular system un- 
der heat loads may be so significant that they often be- 
come the direct cause of death in human beings and 
homoiothermic animals [11]. Yet the dynamics 
and nature of myocardial tissue reorganization rema- 
in virtually unstudied, hampering the establishment of  
morpho functional criteria for the adaptive reorgani- 
zation of the myocardium after general overheating. 

The aim of  the present investigation was a 
qualitative and quantitative assessment of myocar- 
dial tissue reorganization in rats after a one-time 
general  overheating within  the dynamics of  
postheating restitution. 

MATERIAL AND METHODS 

Experiments were carried out on 28 2-month-old  
male Wistar rats. The animals were exposed to a 
45-rain overheating in a thermal chamber at a 
temperature of  43~ The time of exposure was 
dictated by the vitality of the animals and corre- 
sponded to the time limit after which large-scale 
mortality occurred. Tissue samples for examination 

were taken on the 3rd and on the 7th day after 
the overheating. The control  animals of the same 
age and the experimental animals before and after 
treatment were held under  the usual conditions 
with standard laboratory food and water ad libitum. 
After killing, the heart was weighed, tissue samples 
of the left papillary muscles and of the left ven- 
tricle were fixed in 495 paraformaldehyde solution, 
and both halves of the heart were immersed in 
1095 neutral formalin. After routine paraffin em- 
bedding, sections were obtained and stained with 
hematoxylin-eosin using the Pearls reaction after 
van Gieson, with counterstaining of elastic fibers, 
and the PAS reaction was performed. The slides 
stained with hematoxyl in-eos in  were examined 
under a Docuval polarizing microscope to reveal 
the state of the cardiomyocyte  myofibrils. The 
heart tissue samples were fLxed in 495 paraformal- 
dehyde, postflxed in 1950sO4,  dehydrated rou- 
t inely, and e m b e d d e d  in Epon-Ara ld i te .  The 
semithin sections (l~t) were prepared with an LKB 
III ultramicrotome and stained with 1% Azure II. 
A tissue stereological analysis with the use of a 
multipurpose test-kit [5] and measurement  of the 
cardiomyocyte diameter with an MOV-I-15 ocular 
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Fig. i. Morphological changes in Wistar rat myocardium on the 3rd day after one- tr ia l  general 
overheating, a) edema of interstitial connective tissue (hematoxylin-eosin staining, x200); b) lymphostasis 
and contracture damage of individual cardiomyocytes (semithin section, Azure II staining, x800); c) 
contracture damage of myofibrils in cardiomyocytes (PAS-reaction, x312); d) clasters mononuclear 
cells around atrophying cardiomyocytes in interstitial connective tissue (semithin section, Azure II 
staining, XS00). 

micrometer (xl12) were performed on the semithin 
sections. The volume density of the cardiomyo- 
cytes, their nuclei, capillaries, endothelial cells, 
connective tissue cells (in sum), matrix, and fibers 
was assessed. The surface density was determined 
for the cardiomyocytes, their nuclei, capillaries, 

and connective tissue cells. On the basis of these 
primary indexes the secondary stereological param- 
eters were calculated: the surface-volume ratio of  
the structures, the volume ratio of  myocardial 
stroma to parenchyma, and the volume and sur- 
face-volume ratio of capillaries to cardiomyocytes. 
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Fig. 2. Morphological  changes  in Wistar  rat  myocardium on the  7th day  after o n e - t r i a l  general  overheat ing.  H e m a t o x i l i n -  
eosin staining, a) modera te  edema  of interst i t ial  connect ive  t issue (x500); b) clasters of mo n o n u c l ea r  cells  in  loci of necrosis 
of ca rd iomyocytes  (• 

The data were processed statistically using the Stu- 
dent t test. The differences between the control and 
experimental groups were reliable at p<0.05. 

RESULTS 
A one-trial general overheating of the organism (at 
43~ caused a modest (12%) drop of the body 

weight on the 7th day after treatment (Table 1). 
At the same time, the weight of the heart toward 
the end of the experiment reliably (by 24%) de- 
creased (from 610.0+22.7 mg in the control to 
466.0_+47.6 nag on the 7th day, p<0.05). Since the 
heart weight diminished to a greater degree than 
the body weight, there was a decrease (by 15 %) 
in the relative weight of the heart  (from 5.06 
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4-0.21 to 4.744-0,25, p<0.05). A microscopic ex- 
amination of the myocardium performed 3 days 
after the overheating revealed an interstitial edema 
(Fig. 1, a) ,  predominant ly  in the middle and 
subendocardial zones, and lymphostasis (Fig. 1, b). 
The blood vessels were markedly plethoric, and 
focal plasmorrhages were noted. The intramural 
arteries were mainly in a state of spasm. The 
changes in the cardiomyocytes mostly related to 
contracture damage (I, II, and III degree) (Fig. 1, 
c). Most of the damaged cardiomyocytes were in 
the middle and subendocardial zones. Atrophied 
cardiomyocytes (Fig. 1, d), surrounded by clusters 
of mononuclear cells, appeared simultaneously in 
different regions of the myocardium. 

On the 7th day after overheating the myocar- 
dium still showed features of impaired blood and 
lymph circulation, such as plethora of vessels, fo- 
cal plasmorrhages, occasional hemorrahages, and 
lymphostasis. Moderate edema was observed mainly 
in the middle myocardial zone (Fig. 2, a). Most 
of the cardiomyocytes stained uniformly with acid 
stains, there being just a few eosinophilic cells with 
contracture damage of the myoflbrils. There was 
atrophy of cardiomyocytes and necrosis of indi- 
vidual muscle segments, which were resorbed by mo- 
nonuclear cells, in some myocardial zones (Fig. 2, b). 

According to the stereological analysis, the vo- 
lume and surface density of the cardiomyocytes did 
not significantly change during the whole experi- 
ment, so that the surface-volume ratio of the car- 
diomyocytes stayed the same. The volume density 
of the cardiomyocyte nuclei  decreased by 17.5% 
toward the 7th day after a one-trial overheating, 
whereas the surface density of these structures was 
scarcely affected. The surface-volume ratio of the 
cardiomyocyte nuclei rose toward the end of the 
experiment by 17.8%. 

The most significant changes of volume den- 
sity were in the capillaries: for instance, on the 
3rd day this parameter dropped 17.7% and on the 
7th day 31% (p<0.01). The surface capillary den- 
sity was less affected, and by the end of the ex- 
periment it was decreased by 18.6%. The quanti- 
tative indexes of the endothelial cells practically did 
not change. 

The decrease of the volume and surface den- 
sity of the capillaries during the experiment led to 
a decrease of the volume and surface-volume ratio 
of the capillaries to the cardiomyocytes. On the 
7th day after treatment these indexes dropped by 
32% (p<0.01) and 19%, respectively. 

The quantitative parameters of the connective 
tissue components did not significantly change, so 
that preserves the volume ratio between stroma and 

parenchyma in the course of the experiment, re- 
mained the same. 

Thus, a one-time general overheating of the 
organism resulted in a reliable decrease of the 
absolute and relative weight of the heart by the 7th 
day of the experiment. The morphofunct ional  
changes were most pronounced in the myocardium 
on the 3rd day. At that time there was marked 
plethora of the vessels, plasmorrhages, moderate 
edema of the intermuscular tissue, and COiltracture 
damages of the heart cells. By the 7th day the 
histological organization of the myocardium was 
more or less restored to normal, but atrophic al- 
terations of the cardiomyocytes were noted. Sings 
of the preceding treatment were also evident from 
the individual necrotic cardiomyocytes, which were 
resorbed by the mononuclear cells. In contrast, 
quantitative changes of the main myocardial com- 
ponents, attesting to spatial reorganization of the 
myocardium, increased toward the end of the ex- 
periment. These changes mostly affected the cap- 
illaries and testified to the unbalanced (compared 
to the cardiomyocytes) decrease of their volume 
and surface area. 

The same features of tissue rearrangement have 
been described for an array of pathological pro- 
cesses in the heart [6] and reflect a conformity to 
natural laws of regeneration in parenchymatous and 
stromal components of the myocard ium under 
conditions of plastic disturbances. It is likely that 
prolonged circulation of endogenous metabohtes, in 
particular the molecules of a medium weight, that 
play an imported role in the development of the 
autotoxic states [2,3], to a large degree depresses 
the regenerating processes in the endotheliocytes of 
the capillaries. The subsequent penetration of these 
metabohtes into the intercellular spaces and their 
cytopathic effect on the cardiomyocytes on the one 
hand, and the pronounced decrease of the volume 
and surface area of the capillaries, on the other, 
determine the disorders in plastic metabolism in 
the parenchyma cells and their ensuing atrophy [9]. 
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Since the state of the microcirculatory bed (MCB) 
of cardiac muscle determines in many respects the 
nature of the adaptive processes and metabolic ac- 
tivity of  cardiomyocytes,  the mass of necrosis 
forming in acute myocardial infarction (MI) de- 
pends largely on the blood supply of the ischemic 
region [4], a factor which has to be taken into 
account in treatment aimed at minimizing ischemic 
damage to cardiac muscle during disturbed coronary 
circulation. As previously noted, the use of tran- 
scardial galvanization (TCG) in patients with 
stenocardia of functional class 1-2 improves the 
microcirculation in the underlying organs, increases 
fibrinolytic activity, and decreases blood coagulation 
(enhancing heparin tolerance) [2,3]. All this argues 
in favor of expanding the uses of TCG, including 
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it in cardiac ischemia therapy, particularly in com- 
bined therapy of acute MI. 

The aim of this investigation was to study the 
effects of TCG on MCB state in periinfarcted re- 
gions in experimental MI. 

MATERIALS AND METHODS 

Experiments were carried out on 30 male Wistar 
rats weighing 280-320 g. A model of experimental 
MI (EMI) was used. With the animals under  
nembutal anesthesia (20 mg/kg) and breathing 
naturally, the chest was opened at intercostal space 
4-5, and the anterior descending coronary artery 
was ligated in its upper third. The operative wound 
was then tightly closed with sutures. For control 
an ECG was recorded in 12 standard leads after 
the initial narcosis and 1 h after MI simulation. 
There were 3 experimental groups: the first group 
(n= 10) comprised sham-operated rats, the second 
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