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The purpose of this experimental study was to determine quantitative
changes of the connective tissue in all parts of the hearts, to point out a
correlation between these changes and the morphological state of cardio-
myocytes of repeated ischemia conditions. We have also investigated the
influence of hyaluronidase on the process of the development and healing
of myocardial infarction.

Experiments were carried out on 55 rabbits weighing 2.5-3.0 kg. The
control group consisted of 5 rabbits and the study groups comprised 50
rabbits. Experiments in groups 1-6 and 10 were done inducing intrave-
nous thiopental anesthesia (ITA). Rabbits in all groups were investigated
functionally and morphologically. In groups 1, 6 and 10 measurements
were taken of the ischemia basin and its adjacent areas, using an original
electrode (5), and analysed according to ST interval dislocation in epicar-
diograms — Ae. Experimental data on myocardial function were compa-
red with morphometric investigation results.

The investigation has shown that under conditions of chronic transi-
tory short-duration occlusions of the coronary arteries, the cardiomyocy-
tes apparently adapt to ischemic affects. On the grounds of such changes,
a 20-minute occlusion of the coronary arteries results in less pronounced
irreversible changes in the myocytes than those in the non-adapted my-
ocardium.

Repeated myocardial infarction is a rather frequent condition in me-
dical prac-tice. Permanent occlusion of coronary arteries induces morpho-
logical changes in the tissue areas nourished by the vessel of the heart.
Initially, there is a necrosis and some time later a scar is formed. Repe-
ated myocardial infarction in a heart affected by the first infarction de-
velops with difficulty, yielding much deeper pathological and morpho-
functional changes in the cardiac tissues. The use of hyaluronidase in
such cases helps to decrease the expressiveness of the pathological pro-
cess. This is reflected in the quantitative changes of interstitial tissue and
in cardiomyocyte nucleic acids, this condition of the normalization pro-
cess is particularly evident after treatment with hyaluronidase.
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INTRODUCTION

the body. Investigating experimental ischemic heart
disease in order to explicate the questions of imminent

As a result of coronarogenic ischemia, the processes
taking place in the heart wall deviate from the norm,
depending on the duration and degree of the distur-
bance of coronary circulation (2, 3). The developing
morphofunctional changes are of either reversible or
irreversible nature. Such processes take place in the
heart tissues not in isolation from other systems of

*Corresponding author. Ph.: 8 299 40851. Fax: (370-7)
220 733.

danger and treatment, it is necessary to impartially
evaluate the depth of pathological processes, their dy-
namics and development trend before resor-ting to
therapeutic measures (1, 2, 6).

MATERIALS AND METHODS

Experiments were carried out on 55 rabbits weigh-
ing 2.5-3.0 kg. The control group consisted of 5
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Table 1. Structure of the experiment
Duration
Group Type of occlusion (PO — permanent, OD — occlusion duration) and treatment, n = 55 (days) of
b experiment
0 control group of healthy rabbits [5 rabbits]
1 PO of anterior branch of left coronary artery [5 rabbits] 5
2 PO of anterior branch of left coronary artery [5 rabbits] 30
3 PO of right coronary artery [5 rabbits] 65
4 PO of right coronary artery and PO anterior branch of left coronary artery on the
30th experiment day [5 rabbits] 65
5 PO of right coronary artery followed by PO of anterior branch of left coronary artery
and subcutaneously administered hyaluronidase 500v/kg every other day [5 rabbits] 65
6 OD 20 min [5 rabbits] 5
7 OD 5 min 2 times daily everyday [5 rabbits] 5
8 OD 5 min 2 times daily everyday and later OD 20 min [5 rabbits] 10
9 OD 5 min 2 times daily everyday, later OD 20 min and subcutaneously administered
hyaluronidase 500 v/kg every other day [5 rabbits] 10
10 OD 20 min and treatment with hyaluronidase 500 v/kg [5 rabbits] 5

rabbits and the study groups of 50 rabbits. Experi-
ments in groups 1-6 and 10 were done inducing
intravenous thiopental anesthesia (ITA).

Rabbits in all groups were investigated function-
ally and morphologically. In groups 1, 6 and 10
measurements were taken of the ischemia basin and
its adjacent areas, using an original electrode (5),
and analysed according to ST interval dislocation in
epicardiograms — Ae. Experimental data on the myo-
cardial function were compared with morphometric
investigation results. Stereologic-morphometric myo-
cardial studies were carried out on the fifth day of
the experiment. Serial total histological sections per-
formed by Masson dye method were used for the
study. Total heart sections and their necrosis zone
were determined with the help of photo enlarger
and depicted on paper. Stereologic-morphometric
measurements were performed with an “infarctru-
ler” of our own construction. Nucleic acid concen-
tration was investigated with a luminescence micros-
cope (histological sections being stained with acridi-
ne orange) and the volume of the interstitium in
the myocardium was assessed by calculating the ra-
tio of the area taken by interstitium and the investi-
gated area of the myocardium. Macro devices fixed
to the Opton microvideomat were used for inves-
tigation of microphotographs made of histological
micropreparations stained by original technique
(orange used for cardiomyocytes and dark blue for
the interstitium).

RESULTS AND DISCUSSION

The results of our study demonstrated that follo-
wing 20 min of coronary occlusion, transmural my-

ocardial necrosis on the fifth day developed in the
anterior cardiac wall and the interventricular sep-
tum in 80 per cent of cases, and small focused nec-
rosis developed in the rest of cases. The necrosis
comprised 9 to 10 per cent of the total cardiac
muscle volume.

During occlusion a single medicamental injection
reduced the incidence of transmural myocardial nec-
rosis to 50 per cent. The volume of necrosis on the
fifth day was reduced to 5 per cent. These positive
changes or morphological parameters of myocardial
necrosis corresponded to positive ECG dynamics. A
comparative analysis of the results of morphofunc-
tional investigations (Figs. 1-3) has revealed the fol-
lowing facts: the recorded epicardiograms show that
deviation of ST segment is an informative index,
and the analysis of these indices makes allows as-
sessing changes of coronary blood circulation in the
ischemia basin of the occluded blood vessels as well
as in the adjacent areas; during occlusion, maximal
changes in the heart wall tissues develop in the
central part of ischemia basin, and they are much
less in the outlying area; at the beginning of occlu-
sion, due to inner reserves and the remains of blood
circulation as well as involvement of colateral circu-
lation, there are attempts to compensate for the de-
veloping morphofunctional disturbances in cardio-
myocytes and their adjacent tis-sues; in the course
of occlusion of coronary blood vessels, pharmacolo-
gical preparations were used, helping to limit the
depth and scope of the pathological processes;
searching for some new therapy methods of ische-
mic heart disease, using analysis of epicardiograms,
it is easier to select the proper time, dose, and struc-
tural complex of medicaments and to assess the
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effectivenes of experimental treatment at an early
stage of acute ischemia; the use of original methods
of functional investigation in the experiment allo-
wed us to prognosticate the scope of the possible
necrosis basin in later experiments, using only the
data of functional investigations obtained during the
first hours, thus making it possible to compare them
with the morphometric data of analysis of a stere-
ological picture of heart wall necrosis in an analo-
gous ischemia basin evaluating the areas of maxi-
mal, average and minimal level of damage of car-
diomyocytes (Figs. 4, 5).
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Fig. 1. Dynamics of changes of the index of ST interval
dislocation (Ae) in epicardiograms of the ischemia basin
during and after occlusion (group 1)
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Fig. 2. Dynamics of changes of the index of ST interval
dislocation (Ae) in epicardiograms of the ischemia basin
during and after occlusion (group 6)
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Fig. 3. Dynamics of changes of the index of ST interval
dislocation (Ae) in epicardiograms of the ischemia basin
during and after occlusion (group 10)

Fig. 4. Results of morphometric investigation of the area of
myocardial necrosis (occlusion 20 min) on the 5" day of ex-
periment. AMN - area of myocardial necrosis, N1 < 10%,
30% > N2 > 10%, 60% > N3 > 30%, 75% > N4 > 60%,
N5 > 75%

Our results have shown that permanent occlu-
sion of coronary vessels induces morphological chan-
ges in the heart tissues in the area of the nourish-
ing vessel, with necrosis developing first, followed
by cicatrization of the area. Quantitative changes
also develop in the interstitium of the cardiac wall.
These changes manifest themselves differently in the
periinfarct area and in the intact left or right ven-
tricular areas (Fig. 6). Normalization of the amount
of interstitium in the cardiac wall can be markedly
affected by hyaluronidase treatment. Repeated myo-
cardial infarction in the heart affected by the first
infarction develops in aggravated conditions, and the
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Fig. 5. Results of morphometric investigation of the area of
myocardial necrosis (occlusion 20 min and treatment) on
the 5™ day of experiment. N1 < 9%, 30% > N2 > 10%,
60% > N3 > 30%

pathological morphofunctional changes in the myo-
cardial tissues become more pronounced. Investiga-
tion of quantitative changes in the cardiomyocyte
nucleic (Fig. 7) acids has contributed to a better
understanding of the structural reorganization of the
affected cardiac muscle. This is due to the fact that
adaptation mechanisms of this organ and the intra-
cellular regeneration processes are closely linked with
nucleic acids. It has been found that quantitative
normalization processes of cardiomyocyte nucleic
acids are positively affected by hyaluronidase. Nuc-
leic acids of cardiomyocytes vigorously react to the
developing changes in the myocardium due to coro-
narogenic ischemia. This reaction takes place in all
cardiac areas, but its intensity differs.

Recurrent ischemia of the myocardium presents
a relevant problem, as understanding the interrela-
tion between the duration of the disturbed coronary
circulation and the dynamics of structural and func-
tional changes developing in response to ischemia,
which lead to destruction of the cardiac tissues, es-
pecially in the early stages of the disorder due to
repeated coronary spasms, extends the possibilities
of prevention and restriction of the pathological
changes. The investigation has shown that under con-
ditions of chronic transitory short-duration occlusions
of the coronary arteries, the cardiomyocytes appa-
rently adapt to ischemic effects. On the ground of
such changes, a 20-minute occlusion of the coronary
arteries results in less pronounced irreversible chan-
ges in the myocytes than those in the non-adapted
myocardium. During the process of the development
and healing of myocardial infarction a connective
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Fig. 6. Quantitative changes of interstitial tissue during
MI. I - quantitative ratio of interstitial tissue in experi-
mental group as compared to that of healthy myocardium:
pz — periinfarction zone, ilz — infarction zone of the left
ventricle, irz — intaction zone of the right ventricle
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Fig. 7. NA concentration in the cardiomyocytes in the zo-
nes of MI: pz — periinfarction zone, ilz — intaction zone of
the left ventricle, irz — intaction zone of the right ventric-
le; R - RNA/RNAo, D — DNA/DNAo, Nao — nucleic acid
of the myocardium of healthy experimental animals, NA —
nucleic acid of the myocardium of experimental animals
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tissue scar is formed in the zone of circulation dis-
turbance. Morphological changes are taking place in
the whole heart. The purpose of this study was to
determine quantitative changes of the connective
tissue in all parts of the heart, to point out a cor-
relation between these changes and the morphologi-
cal state of cardiomyocytes. We have also investi-
gated the influence of hyaluronidase on the process
of the development and healing of myocardial in-
farction.

CONCLUSIONS

1. The recorded epicardiograms show that deviation
of ST segment is an informative index, and the ana-
lysis of these indices makes it possible to assess the
changes of coronary blood circulation in the ische-
mia basin of the occluded blood vessels as well as
in the adjacent areas.

2. The use of original methods of functional in-
vestigation in the experiment allowed us to prog-
nosticate the scope of the possible necrosis basin in
later experiments, using only the data of functional
investigations obtained during the first hours, thus
making it possible to compare them with the mor-
phometric data of analysis of a stereological picture
of heart wall necrosis in an analogous ischemia ba-
sin, evaluating the areas of maximal, average, and
minimal level of damage of cardiomyocytes.

3. Due to permanent occlusion of coronary arte-
ries myocardial infarction develops in the cardiac
wall, embracing about 10% of the entire volume of
the cardiac muscle on the 5th day of experiment,
and on the 30th day a scar is found in the place of
infarction.

4. Neither the amount of nucleic acids of cardio-
myocytes nor the volume of interstitium can restore
itself in the cardiac wall on the 30th and 65th day
of experiment, the normalization process taking pla-
ce due to the effect of hyaluronidase.

5. In the presence of permanent occlusion of the
left coronary artery or of the right one, the quan-
titative changes of nucleic acid in the interstitium of
the heart wall are different, this being associated
with the peculiarities of blood circulation in the he-
art of rabbits.

6. Restorative processes of heart tissues affected
morphologically and functionally by primarily ens-
tained myocardial infarction are found to be aggra-
vated following a repeated infarction, and this is
shown by changes of NA in the cardiomyocytes and
in the cardiac interstitium.
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SIRDIES AUDINIU ADAPTACIJA
PASIKARTOJANCIAI ISEMIJAI IR ATSISTATYMO
PROCESU EFEKTYVUMAS

Santrauka

Sis darbas yra eksperimentinis. Jame panaudoti 55 triusiai,
kurie sudare 10 grupiy. Modeliuota laikino ir permanen-
tinio pobudzio Sirdies audiniy ischemija, kad biity galima
iStirti pasikartojancios Sirdies audiniy ischemijos poveikj
Sirdies audiniams. Miisy tyrimo rezultatai parode, kad Sir-
dies audiniuose del ischemijos vykstantys pakitimai priklau-
so nuo jos trukmeés. Ischemijos laikas, po kurio jvyksta ne-
griztami pokyciai kardiomiocituose, yra dvideSimt minuciy.
DvideSimt minuciy trukmés bei permanentiné vainikiniy
Sirdies kraujagysliy okliuzija kraujagyslés maitinamame ba-
seine sukelia eksperimentinio gyvuliuko Sirdyje morfologi-
nius Sirdies audiniy poky¢ius. I§ pradZiy vystosi nekroze,
veliau ¢ia formuojasi randas. Trumpalaiké bei laikino po-
biidzio ischemija ,treniruoja“ miokarda deguonies stokai,
Sirdies audiniuose vyksta adaptacinio pobiuidzio persitvarky-
mai. Pakartotiné miokardo ischemija jau pakenktoje po
pirmojo miokardo infarkto Sirdyje vystosi sunkesnémis sa-
lygomis, patologiniai morfofunkciniai Sirdies audiniy poslin-
kiai yra gilesni. Miisy eksperimente hialuronidazés panau-
dojimas padéjo sumazinti patologinio proceso iSreikStuma.
Tai atsispindi tiek Sirdies intersticijumo, tiek kardiomioci-
ty nukleino rugsciy kiekybiniuose poslinkiuose, ju kitimy
normalizacijos linkme taikant gydyma.

Raktazodziai: eksperimentinis miokardo infarktas, Oir-
dies audiniai, kardiomiocitas, pakartoti¢ ischemija, hialuro-
nidaze



