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We studied ultrastructural changes in cardiomyocytes and blood capillary endotheliocytes in 
the ventricular myocardium in response to mechanical injury of the heart of varying severity 
in Wistar rats. Acute alterative changes in cardiomyocyte and endotheliocyte ultrastructure 
indicate impairment of the energy-producing, contractile, and protein-synthesizing functions 
of the cells after mechanical injury. These disorders play the key role in the development of 
acute contractile insufficiency of the myocardium in mechanical injury to the heart.
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Most studies on heart pathomorphology are focused 
on myocardial injury in ischemia as a result of cardio-
vascular disease and toxic damage caused by chronic 
alcohol and narcotic intoxication [2-6,8,9,15]. Reports 
presenting morphological evaluation of thoracic inju-
ries associated with myocardial damage are still rare 
and primarily performed at the light microscopy level 
[7,10,11,13,14]. It seems essential to carry out a mor-
phological analysis of ultrastructural changes in car-
diomyocytes and blood capillary endotheliocytes in 
the myocardium after mechanical injury (contusion) 
of the heart, because these changes play an important 
role in the development of acute contractile failure of 
the myocardium.

We evaluate ultrastructural changes in the mito-
chondria, ribosomes, sarcoplasmic reticulum, lyso-
somes, and glycogen of ventricular cardiomyocytes 
and in the mitochondria, ribosomes, luminal, free 

(cytoplasmic) and basal micropinocytotic vesicles of 
blood capillary endotheliocytes in ventricular myocar-
dium after experimental mechanical injury of the heart 
of varying severity.

MATERIALS AND METHODS

The study was carried out on Wistar rats (n=48; 180-
200 g) bred under standard vivarium conditions on 
standard ration. The experiment was carried out un-
der general anesthesia with diethyl ether. Immediately 
before the experiment, the animals under light ether 
narcosis were fixed on a special table in the supine 
position. ECG was recorded in standard leads using 
needle electrodes (LabLink complex, model V75-25A; 
Coulbourn Instruments), the data were processed by 
LabVIEW 5.1 software.

Mechanical injury to the heart was inflicted by 
dropping a load of 50 g from the height of 30 cm 
(free drop acceleration; contusion surface area 2 cm2) 
onto the anterior chest surface at the site of maximum 
heart pulsation. Then, the animals were distributed 
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into two groups by the severity of mechanical injury 
to the heart according to ECG data. Medium-severe 
injury group consisted of 20 rats. The ECG manifesta-
tions of mechanical injury in these animals consisted 
of single and grouped ventricular extrasystoles and 
sinus bradycardia with gradual recovery of the nor-
mal rhythm. The animals were decapitated after heart 
rhythm recovery. Severe mechanical injury group con-
sisted of 20 animals in which the above disorders in 
heart rhythm was followed (after 15-20 min) by ven-
tricular fibrillation eventuating in asystole, after which 
the animals were decapitated. Control group consisted 
of 8 rats decapitated under deep anesthesia. The chest 
was opened directly after decapitation. The heart was 
isolated and fragments of the right and left ventricular 
myocardium were collected for studies.

Semithin sections (2-3 µ) were stained with tolu-
idine blue. Myocardial sections were examined under 
a microscope in order to determine area for further 
ultramicroscopic studies. The myocardium was exam-
ined at ×100 and then at ×400 (Fig. 1).

After selection of appropriate sites in myocardial 
semithin sections, ultrathin sections (35-45 nm) were 
sliced on an LKB-880 ultratome and contrasted with 
water solution of uranyl acetate.

Transmission electron microscopy was carried out 
under a JEM 1010 electron microscope according to 
recommendations [12]. Ultrastructural organization of 
cardiomyocytes and blood capillary endotheliocytes of 
the right and left ventricular myocardium was studied.

Volume densities (Vv) of the cardiomyocyte 
mitochondria, ribosomes, sarcoplasmic reticulum, 
lysosomes, and glycogen and of blood capillary en-
dotheliocyte mitochondria, ribosomes, luminal, free 
(cytoplasmic), and basal micropinocytotic vesicles of 
ventricular myocardium were characterized in elec-
tronograms (×8000) by the point method. The results 
were statistically evaluated with reference to previous 
data [1] by the ANOVA common linear model.

RESULTS

Focal condensation of myofibrils (contracture strips) 
and slight fragmentation (dissociation) of individual 
myofibrils or their groups were observed in cardio-
myocytes in medium-severe mechanical injury to the 
heart. In severe injuries, the myofibril fragmentation 
was pronounced: ruptures of myofibril groups. The 
mitochondria varied in sizes, were enlarged or shrank. 
However, quantitative analysis showed a trend to an 
increase of their total volume density. In medium-se-
vere cardiac injury, the gaps between the cristae were 
dilated, the cristae were often deformed, sometimes 
with solitary ruptures (Fig. 2). In severe injury, clear 
foci because of edema sometimes occupied almost the 

Fig. 1. Unevenly stained changed myofibrils (wave-like pattern) in 
severe heart contraction. Toluidine blue staining, ×400.

Fig. 2. Variability of mitochondrial size, crist deformation and 
ruptures in medium severe contusion of the heart. Electronogram, 
×8000.

Fig. 3. High plication of endotheliocyte luminal surface with formation 
of microvilli and clasmatosis, sharp dilatation of pericapillary space 
in severe contusion of the heart. Electronogram, ×8000.

total mitochondrial area. In addition, the number of 
crist ruptures was higher, they were sometimes par-
tially and completely homogenous.

The number of ribosomes in cardiomyocytes was 
significantly lower in mechanical cardiac injury in 
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comparison with the control. The volume density of 
the endoplasmic reticulum increased, vesicles were 
dilated, and large vacuoles emerged in the cardio-
myocyte hyaloplasm, making it look perforated. Lyso-
somes, virtually not found in cardiomyocytes of con-
trol animals, were significantly more numerous. The 
number of glycogen granules sharply decreased and in 
some areas they disappeared completely in comparison 
with glycogen level in control.

The volume density of vesicles increased in myo-
cardial blood capillary endotheliocytes, depending on 
the severity of heart injury. The volume density of 
organelles in myocardial capillary endotheliocytes was 
higher in the left vs. right ventricle in cardiac injury. 
In control animals the volume density of micropinocy-
totic vesicles in myocardial capillary endotheliocytes 
was greater by the basal surfaces of cells. The differ-
ences in the volume densities of micropinocytotic ves-
icles concentrated by the basal and luminal surfaces of 
endotheliocytes in ventricular myocardial capillaries 
tended to be less manifest in medium severe injuries. 
In severe injuries the volume densities of micropino-
cytotic vesicles, concentrated by the luminal surfaces 
of myocardial capillary endotheliocytes were higher 
than the volume densities of micropinocytotic vesicles 
located at the basal surfaces of endotheliocytes.

Mechanical cardiac injury was associated with 
high plication of the endotheliocyte luminal surface, 
up to formation of microvilli. Severe injury was as-
sociated with clasmatosis – rupture of endotheliocyte 
microvilli from the body of the cells (Fig. 3). Quan-
titative analysis showed an increase of the mitochon-
drial volume density in mechanical injury to the heart. 
The structural changes in endotheliocyte mitochon-
dria were similar, with changes in the cardiomyocyte 
mitochondria. In addition, the numbers of ribosomes 
and glycogen granules in endotheliocytes decreased 
significantly in comparison with control.

The findings indicated that mechanical injury 
(contusion) of the heart was associated with an in-
crease in the volume densities of mitochondria, sar-
coplasmic reticulum, and lysosomes and a decrease 
in the volume densities of ribosomes and glycogen in 
ventricular cardiomyocytes. In ventricular myocardial 
blood capillary endotheliocytes the volume density of 
mitochondria and micropinocytotic vesicles increased 
and the volume density of ribosomes decreased. The 

degree of these disorders depended on the severity of 
mechanical injury to the myocardium. Acute alter-
ative changes in cardiomyocyte and endotheliocyte 
ultrastructure indicated a reduction of the energy-pro-
ducing, contractile, and protein-producing functions of 
the cell in response to mechanical injury. It seems that 
these disorders played the key role in the development 
of acute contractile insufficiency of the myocardium 
in mechanical injury to the heart.
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