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Hypertrophic cardiomyopathy, a hereditary pathology of the myocardium, was gener- 
ates in rats with genetically determined galactose metabolism. It is shown that the 
increase in the myocardium mass results at first predominantly from an increase in 
the number of cardiomyocytes and then, after exhaustion of the proliferative potential, 
from cardiomyocyte hypertrophy. 
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Genetic factors play an important role in the de- 
velopment of numerous chronic diseases [1], in- 
chiding cardiomyopathies [10]. Therefore, pure- 
strain animals with genetically determined cardiac 
pathology are the most suitable models for a de- 
tailed study of the mechanisms and patterns of 
cardiomyopathies [2-5,10,15]. Despite the fact that 
hypertrophic cardiomyopathy is a common disease, 
it is one belonging to the noncoronarogenic group, 
which has not  been studied in depth [7,8]. In 
order to create a model of cardiomyopathy with 
the corresponding parameters of myocardial hyper- 
trophy, a line of normotensive rats W/SSM was 
generated at the Institute of Cytology and Genet- 
ics (Siberian Division of the Russian Academy of 
Sciences) [9] by the inbreeding of Wistar rats se- 
lected for high sensitivity to the damaging effect 
of galactose. The morphological manifestations of 
hereditary hypertrophic cardiomyopathy in W/SSM 
rats were described previously, and some biochemi- 
cal mechanisms characterizing the development of 
a number of pathological signs have also been elu- 
cidated [9,12]. 

In s t i t u t e  of R eg iona l  P a t h o l o g y  a n d  P a t h o m o r p h o l o g y ,  
S ibe r i an  D iv i s i on  of  the  Russ ian  A c a d e m y  of M e d i c a l  
Sc iences ;  I n s t i t u t e  of C y t o l o g y  and  Gene t ics ,  S ibe r i an  
Division of the Russian Academy of Sciences, Novosibirsk 

Our objective was to investigate the dynamics of 
the cardiomyocyte (CM) population and the specific 
feature of spatial organization of the myocardium on 
W/SSM rats with hereditary cardiomyopathy. 

MATERIALS AND METHODS 

Twenty-five male W/SSM rats aged 3 and 10 
months and 8 control male Wistar rats of the same 
age were used. They were maintained under stan- 
dard vivarium conditions. The animals were sacrifi- 
ced by decapitation under chloroform anesthesia im- 
mediately after being weighed. The heart and its 
parts were weighed 1 h after fixation with 4% pa- 
raformaldehyde in 0.1 M phosphate buffer (pH 8.0). 

General pathological investigation was carded out 
on paraffin section-histotopograms including the left 
and right ventricle (LV and RH) myocardium with 
the interventricular septum. The sections were 
stained with hematoxylin and eosin (Perls reaction) 
and colloid iron-PAS-hematoxylin. Some semithin 
sections were processed for a special histological 
study. After standard dehydration the tissue speci- 
mens were embedded in Epon-Araldite. Longitudi- 
nal sections were cut on an LKB III ultratome. The 
sections (1 ~t thick) were stained with azure-II and 
examined under a Docuval light microscope. Quan- 
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Fig. 1. LV myocardium of 1 0 - m o n t h - o l d  rat. Col lo id  i r o n - P A S - h e m a t o x y l i n .  • a) normal s t ructure  of 
myocardium in Wistar rat; b) myocardial hypertrophy in W/SSM rat with hereditary cardiomyopathy. Massive deposits 
of acid glycosaminoglycans in intercellular spaces; diffuse roughening of stroma. 

titative analysis of the CM population was performed 
after alkaline dissociation [10,11]. The myocardium 
was fixed for 14 days, and then washed with 0.1 
M phosphate buffer (pH 8.0) for 24 h, tissue speci- 
mens (20-25 mg) were incubated in 50% KOH for 
18 h at 8~ The CM suspension thus obtained was 
stained with 0.1% etidium bromide. The suspensions 
were analyzed in a Fuchs-Rosenthal chamber under 
a Dialux microscope. 

Quantitative morphological  study was carried 
out using the morphometric and stereological meth- 
ods [5,6]. The mean diameter  of CM was deter-  
mined in each group of rats at a magnification of  
1000, and tissue stereological analysis was per-  
formed. We determined the relative volume (vol- 
ume density) of CM, their nuclei, capillary lu- 
mens, endothelial cells, the interstitial cells, ground 
substance, and fibers of the myocardium stroma 
and the relative surface area (surface density) of  
CM, their nuclei, inner surface of the capillaries, 
and connective tissue ceUs. On the basis of these 
data the surface-volume ratio of tissue structure 
and the ratio of volume and surface densities of  

stromal structures to the volume density of  heart 
parenchyma were calculated. The results were pro- 
cesses using mathematical  and statistical methods 
described elsewhere [5,11]. 

RESULTS 
Over the entire observation period there were no 
statistically significant differences in the mean body 
weight of  control and experimental animals of the 
same age (Table 1). The mean  heart weight of  3- 
month-old  W/SSM rats increased 21.8% compared 
with that of the control  Wistar rats. The LV myo- 
cardium weight increase by 17.6% and that of the 
RV myocardium by 40.1% (p<0.05). The cardiac 
index increased correspondingly.  Morphological  
study revealed no focal metabolic necrobiotic alter- 
ations in the myocard ium of either ventricle. It 
should be noted that in the RV myocard ium the 
muscle fibers were packed more densely while the 
myoffiaments were packed more loosely. 

Quantitative analysis of  the CM popula t ion 
revealed no differences in the concentrations of the 
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TABLE 1. Morphometr ic  Parameters or Cardiac Hyper t rophy  in Rats with Hereditary Cardiomyopathy  ( M - m )  
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Note. Here and in Tables 2 and 3: one asterisk indicates p<0.05, two asterisks p<0.01, and three asterisks p<0.001 when the 
parameters  of Wistar  rats (control) are compared  with those of a g e - - m a t c h e d  W / S S M  rats (heredi tary cardiomyopathy) .  

nuclei and cells in the LV and RV myocardium 
(Table 2). Nevertheless, the total number  of  CM 
in the LV in 3-month-old  W/SSM rats increased 
by 13% and in the RV by 46%. The diameter of  
the myofibrils in W / SSM rats increased 15.8% 
compared with Wistar rats. From these observations 
it followed that the augmentation of the weight of 
the ventricular myocardium in W/SSM rats dur- 
ing the ftrst 3 months  of life is due predominantly 
to an increase in the number  of  CM, but not  in 
their volume and weight. This is indirectly con- 
fumed by a certain prevalence of mononuclear CM 
in W/SSM rats. 

By the 10th mon t h  of life, the heart and LV 
weights in W/SSM rats did not differ significantly 
from those in the control  animals, while the RV 
weight had increased 16.7% (p<0.05). Macroscopi- 
cally, the ventricles, particularly the right one, were 
widened, and mural thrombi were often seen in 
the RV. Microscopically, the myocardium of con- 
trol animals was normal.  In experimental animals 
CM were hypertrophied,  the stroma had become 
rough, and the myof i lament  in CM were very 
loosely packed (Fig. 1). All these signs are indi- 
rect evidence of a chronic contractile cardiac in- 

sufficiency. This is confirmed by phenomena  of  
stagnation in the lungs, such as thickening of the 
interalveolar septa, dystelectases, and accumulation 
of siderophages in the alveoh. 

Quantitative analysis of  the CM populat ion 
revealed leveling of CM counts  in the LV of ex- 
perimental and control animals (compared with 3- 
month-old  rats) as a result of a decreased rate of  
cell population growth. In control animals the CM 
count  in the RV had risen 96.9% and in experi- 
mental rats 42.6% compared with the counts in 3- 
month-old  rats. However, in experimental rats the 
increase m the RV growth rate was 16.7% greater 
than in the control  (p<0.05) due to CM hyper- 
trophy. If the cardiosclerotic alterations which were 
revealed by histological s tudy are taken into ac- 
count, the weight of an individual CM in W/SSM 
rats had increased by 10%. 

Stereological analysis of the tissue organization 
of the myocardium of W/SSM rats aged 3 and 10 
months showed that the statistically significant de- 
crease in volume and surface densities of  the cap- 
illaries and the increase in the volume density of  
the ground substance and the connective tissue fi- 
bers (compared with Wistar rats of the same age) 

TABLE 2. Changes in the CM Populat ion in RV and LV in Rats for Modeled Hereditary Cardiomyopathy (2~4~m) 
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TABLE 3. Stereological Parameters of the Myocardium of W/SSM Rats with Hereditary Hypertrophic Cardiomyopathy (M--m) 

were the most important events (Table 3). In 3- 
month-old animals the decrease was the greatest in 
the case of capillary parameters 27.2 and 15.7% 
vs .  16.2 and 13.7% in 10-month-old rats. This 
determined the more pronounced decrease in the 
volume and surface-volume ratio of the capillaries 
to CM in 3-month-old W/SSM rats: 27.6 and 
16.3 v s .  14.8 and 9.8% in 10-month-old rats. By 
contrast, the volume density of the connective tis- 
sue aceUular components increased to a greater 
extent in 10-month-old W/SSM rats (by 48.9%), 
which resulted in a statistically significant increase 
in the volume ratio of stroma to parenchyma (by 
22.4%) at this period of ontogenesis. 

The reorganization of the myocardinm of W! 
SSM rats is similar to that observed in spontane- 
ously hypertensive rats (SHR) during the develop- 
ment of cardiac hypertrophy [3]. It is likely that 
such a dynamics of quantitative changes in paren- 
chymatons and stromal structures reflects the geneti- 
cally determined peculiarities of their regeneration at 
different periods of ontogenesis and represents a spe- 
cies-specLfic development of hypertrophic cardio- 
myopathy independently of the background against 
which it occurs: normotensive or hypertensive. 

In the myocardium of W/SSM rats with ge- 
neticaUy determined disorders of carbohydrate me- 
tabolism and elevated activity of lysosomal enzymes 

[9] cardiomyopathy leads to disturbances in muscle 
contractility , which induces an increase in the 
heat weight. Our results show that the compensa- 
tory growth of the ventricular myocardium obeys 
certain regularities: at fn-st, cell proliferation is trig- 
gered, and when the proliferate potential is ex- 
hausted, the diameter of muscle fibers starts in- 
creasing - in other words, hypertrophy culminat- 
ing in cardiac decompensation [12,14]. 
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Neutron and x-radiations induce focal dose-dependent demyelination of the optic nerve. 
Myelin sheaths are more radiosensitive than axis cylinders. It is shown that phago- 
cytic activity of fibrillary astroglia and endocytosis of myelin by altered axons play a 
key role in postradiation demyelination. 
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Damage to myelin sheaths under the impact of 
ionizing radiation has been reported in various 
regions of the brain and spinal cord [5,7]. How- 
ever, the mechanisms of this phenomenon are not 
completely understood and, as a rule, are attrib- 
uted to radiosensitivity of myelin-producing oligo- 
dendrocytes [ 1,6]. 

In view of the high probability of radiation 
injury of the optic nerve occurring in oncoradiology 
[4], the aim of the present investigation was to iden- 
tify the role of glial and neuronal elements in de- 
myelination of the optic nerve after exposure to 
sparse and dense ionizing radiation. 

MATERIALS AND METHODS 

The study was performed on 45 guinea pigs of 
both sexes with an initial weight of 400-450 g, 25 
of which were exposed to a single whole-body x- 
raying with a dose of 4.5 Gy (LDs030) using an / 
RUM-17 apparatus (40 cm focal distance, 0.5 mm 
Cu filter, dose rate: 0.64 Gy/min) and 20 animals 

Department of Histology and Embryology, Siberian State 
Medical University, Tomsk. (Presented by E. D. Gol'dberg, 
Member of the Russian Academy of Medical Sciences) 

were the control. The right eye of 45 male chin- 
chilla rabbits (2-2.5 kg weight) was exposed to 
fractionated neutron radiation with a dose of 1.5 
Gy per fraction twice a week (Monday and Fri- 
day) according to the treatment protocol for can- 
cer patients used at the Oncological Institute of the 
Tomsk Science Center, Russian Academy of Medi- 
cal Sciences. Fast neutrons (6.2 MeV) were pro- 
duced by bombardment of a beryllium target in a 
U-120 cyclotron (proportion of gamma-quanta 8- 
10%, dose rate 0.15 Gy/min ,  4• cm field). 
Forty-four control rabbits were exposed to sham 
irradiation and kept under the same conditions as 
the treated animals with the usual 24-h light regi- 
men in the vivarium. Decapitation of the animals 
and collection of the material (the optic nerves) 
were performed 1, 5, 10, 25, and 60 days after 
whole-body x-raying and after local neutron expo- 
sure 1 day and 6 months later ff the total doses 
attained 3 and 15 Gy, 1, 10, and 30 days and 6 
months later at 7.5 Gy, and after 24 h at 40.5 
Gy. Bioptates from 16 cancer patients with paraor- 
bital tumors that had not spread to the eyeball and 
optic nerve were studied, 12 of these patients hav- 
ing received a course of radiotherapy with a total 
focal dose of 9-10.5 Gy prior to surgery. With 
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