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Cardiotoxic effect of drugs and chemicals with an-
titumor activity is one of the most serious problems
of modern oncology and cardiology [4]. Pronoun-
ced cytotoxicity of many cytostatics, which is uni-
versal, necessitates the development of new proto-
cols for their use, delivery to the focus, and search
for approaches at correction of their side effects.

Cyclophosphamide (CP) used in antitumor ther-
apy is characterized by alkylating effect on DNA
molecules, which causes the death of tumor cells
[1]. Some cardiotoxic effects of CP were described
[11-14]. Other side effects of CP and its metabo-
lites include damage to the urinary organs, fetal
cells, and erythroid cells [10,13].
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to binuclear cardiomyocytes, which differ by their regeneratory and compensatory
adaptive potential.
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Side effects of cytostatics necessitate creation
of preparation for combined treatment reducing the
organotoxic effects of chemotherapy. One of these
compounds is betulonic acid (BA), a lupane series
triterpenoid extracted from betulin, a component of
birch bark [8]. Betulonic acid and its derivatives
(e.g. betulonic amide) are characterized by a wide
spectrum of biological effects, which prompts their
clinical application [5,7]. These compounds were
first obtained at Laboratory of Medical Chemistry,
N. N. Vorozhtsov Institute of Organic Biochemis-
try, and are now studied experimentally [6]. Betu-
lonic acid and its amide used in combination with
cytostatics reduce the severity of toxic damage to
the liver and kidneys without reducing the specific
effects of antitumor drugs [2,3]. On the other hand,
biological effects of these compounds are not yet
fully studied.

We compared structural reorganization of the
myocardium in experimental animals treated with
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antitumor drugs (CP, BA and its amide) and evalu-
ated cardiomyocyte (CMC) count in the heart as an
integral index of the intensity of regeneratory and
compensatory adaptive reactions.

MATERIALS AND METHODS

The study was carried out on 57 male Wistar rats
divided into 6 groups. Animals of groups 1-3 (n=28)
received a single intraperitoneal injection of CP
(Biokhimik) in a dose of 125 mg/kg; 24 h after CP
group 2 animals received daily intragastric water-
Twin BA solution (50 mg/kg), group 3 animals re-
ceived water-Twin solution of BA amide (50 mg/kg).
Group 4 animals (n=13) were injected with water-
Twin solution of BA alone in the same dose, group
5 animals (n=10) received BA amide alone. Con-
trols (group 6; n=6) simultaneously with the experi-
mental animals were intraperitoneally injected with
saline in the volume corresponding to their body
weight and then daily received intragastric water.
All animals were decapitated under ether narcosis
3 and 14 days after CP injection.

The heart was separated from the adjacent tis-
sues and rapidly weighed. Heart specimens were
fixed in 10% neutral formalin and 4% paraformal-
dehyde. The material was treated routinely for pre-
paring semithin sections and embedded in epon-
araldite mixture. Paraffin sections were stained with
hematoxylin and eosin, Perls and van-Gieson reac-
tions were performed. Semithin sections were stai-
ned with 1% Azur II. The study was carried out
under a universal Leica DM 4000B microscope.
Microphotographs were made with a Leica DFC
320 digital camera and Leica QWin software.

Total CMC population in the heart was quanti-
tatively evaluated by the method of alkaline disso-
ciation of fixed tissues [4]. In addition to CMC
evaluation, quantitative ratio of mono-, bi-, and
multinuclear (3 and more nuclei) CMC in the heart
was evaluated.

The results were processed statistically using
Student’s t test.

RESULTS

The most pronounced changes in the heart weight
after injection of antitumor agents were detected on
day 3 of the experiment. Heart weight decreased by
11% after injection of CP or BA alone, by 15%
after injection of CP followed by BA and after BA
amide, and by 19% after CP followed by BA amide.
By day 14 of the experiment, the heart weight was
restored in groups 1, 2, 4, and 5. In group 3, the
heart weight remained 8% reduced. It is notewor-

thy that in group 5, heart weight increased by 10.5%
by the end of the experiment.

In group 1 animals, normal architectonics of
the myocardium was preserved on day 3 after in-
jection of CP. Contractures of some CMC were
noted, but signs of lytic changes in CMC were rare.
A characteristic feature of CP damage to the myo-
cardium was the appearance of CMC with vacuole-
like dilatation of the cytoplasm (Fig. 1, a). Small
foci of myocardial necrosis were noted. In parallel,
hemodynamic disorders, primarily venous and ca-
pillary plethora, lymphostasis, perivascular and in-
terstitial edema were observed in all animals of this
group.

The absolute count of CMC 3 days after CP
injection changed negligibly (Table 1), indicating
that cellular form of CMC regeneration was pre-
served. At the same time, the percentage of mono-
nuclear CMC decreased by 31% and that of binu-
cleated cells increased by 10%. Cardiomyocytes
with mitotically dividing nuclei appeared in rat myo-
cardium during this period (Fig. 1, b). Small (“mi-
nor”) CMC with closely located nuclei were often
seen (Fig. 1, c), which was not characteristic of
mature CMC.

The population of mononuclear CMC is regar-
ded as a regeneratory reserve of the myocardium
[9]. Karyokinesis in mononuclear CMC leads to an
increase in the binuclear CMC population, predo-
minating in the myocardium of all adult mammals;
these cells are not only the main structural and
functional elements of the myocardium, but also its
main compensatory adaptive reserve. Quantitative
analysis of CMC population in control and experi-
mental animals also showed that binuclear CMC
are the terminal cell form, because the pool of poly-
nuclear cells does not exceed 3%.

Hemodynamic disorders persisted after 14 days
of the experiment. It is noteworthy that in addition
to blood cells, blood vessels and capillaries in vir-
tually all animals contained plasma; plasmorrhagia
was observed. The count of CMC with lytic and
vacuole-like changes increased in comparison with
the previous term. Small foci of CMC necrosis and
necrobiosis and their infiltration with mononucle-
ars were observed (Fig. 2, a). CMC nuclei were
polymorphic and often shifted to the cell periphery.
“Minor” CMC with closely located nuclei were
seen in the myocardium during this period of the
experiment (Fig. 2, b), which can be considered as
a morphological equivalent of completed karyoki-
nesis. Moderate diffuse mononuclear infiltration of
the myocardial stroma and more intense perivascu-
lar sclerosis are worthy to note. Intramural arteries
were mainly in a state of spasm; the vascular me-
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Fig. 1. Morphological changes in rat myocardium 3 days after injection of CP and BA. a) pronounced lytic changes in the CMC with
formation of vacuolated dilatation round the nuclei after CP injection, ×1000; b) mitotic division of nucleus in CMC, ×1600; c) small CMC
with closely located nuclei, ×500; d) mosaic changes in CMC after BA injection, ×1000. a, b, d: hematoxylin and eosin staining; c)
semithin section, Azur II staining.
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Fig. 2. Structural reorganization of rat myocardium after CP and BA amide treatment. Semithin sections. Azur II staining ×1000. a)
formation of cardiosclerosis focus at the site of CMC death 14 days after CP injection; b) small CMC with closely located nuclei 14 days
after CP injection; c) moderate lytic changes in CMC 3 days after injection of BA amide; d) CMC with vacuole-like dilatation of sarcoplasma
3 days after CP and BA amide treatment.
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dia was thickened as a result of smooth muscle cell
hypertrophy and hyperplasia. Total CMC count 14
days after CP injection increased by 50%; the per-
centage of mononuclear CMC increased, but re-
mained below the control (by 13%).

CMC with intact morphology and tinctorial pro-
perties predominated in the myocardium after BA
treatment; contractures and lytic changes in CMC
were seen (Fig. 1, d), “minor” CMC with closely
located nuclei were observed. Pronounced poly-
morphism of CMC nuclei was observed. Hemody-
namic disorders manifested in vascular plethora,
erythrocyte sludge; foci of hemo- and plasmorrha-
ges were seen. Interstitial edema was moderate.
The content of atrophic and necrobiotically modi-
fied CMC increased in the myocardium after 14
days of the experiment; this was paralleled by an
increase in the content of hypertrophic CMC. Mod-
ified shape and tinctorial characteristics of CMC
nuclei and their frequent shifting to the subsar-
colemmal zone are worthy of note. Hemodynamic
disorders were paralleled by moderate diffuse in-
filtration of myocardial stroma with mononuclears;
small foci of cardiosclerosis were seen in some
animals.

Treatment with BA caused no appreciable chan-
ges in the total CMC count or the mono/binuclear
CMC ratio in rat hearts by day 3 of the experiment
(Table 1). On the other hand, the percentage of
multinuclear cells decreased significantly. By day
14 of the experiment, the total CMC count in the
heart also did not change appreciably in compari-
son with the control, while the percentage of mono-
nuclear CMC decreased by 39% and that of binu-
clear CMC increased by 20%.

Morphological changes in the myocardium af-
ter BA amide treatment during the first 3 days of
the experiment virtually did not differ from those
observed after BA treatment. Contractures in CMC
were combined with lytic changes (Fig. 2, c). The
zones of sarcoplasma and myofibril lysis in the
CMC were small. After 14 days, injuries progressed
in some CMC, the number of damaged cells in-
creased; small foci of CMC necrosis with accumu-
lation of mononuclears appeared. Diffuse and small
focal cardiosclerosis developed. Treatment with BA
amide caused no appreciable changes in the total
CMC count in the heart at all terms of the experi-
ment. Changes in the ratio of CMC with different
numbers of nuclei were significant. Three days af-
ter treatment with BA amide, the percentage of
mononuclear CMC increased by 92%, while the
percentage of binuclear and mononuclear CMC
decreased significantly (Table 1). After 14 days the
changes were opposite, the percentage of mononu-

clear CMC decreased (by 28%) in comparison with
the control, while the percent of binuclear cells in-
creased (by 14%).

Injection of CP followed by BA produced no
appreciable changes in the myocardial architecto-
nics on day 3 of the experiment, but the mosaic
pattern of CMC changes (more pronounced than
after CP alone) was observed. The number of CMC
with contractures increased. Enlargement of “mi-
nor” CMC was observed in the perivascular zones.
Moderate interstitial edema and diffuse infiltration
of the stroma with mononuclears were observed.
Similarly as after CP, moderate hemodynamic dis-
orders were noted. Mosaic pattern of myocardial
injuries persisted after 14 days. The number of CMC
with lytic changes of the cytoplasm increased and
reached 30-40% in some animals. The phenotypi-
cal heterogeneity of CMC increased: atrophic cells
were seen along with hypertrophic ones. This latter
circumstance promoted recovery of heart weight.
Moderate diffuse infiltration of myocardial stroma
with mononuclears (diffuse cardiosclerosis) was
observed; in addition, mononuclears accumulated in
small foci of CMC death. Hemodynamic disorders
persisted; interstitial and perivascular edema in-
creased in some cases.

Quantitative changes in the CMC population 3
days after CP injection followed by BA treatment
were the same as after CP alone (Table 1). Quanti-
tative ratio of mono/binuclear CMC in the myocar-
dium of these animals did not change after 14 days
of the experiment, in contrast to animals injected
with CP alone.

Injection of CP with subsequent treatment with
BA amide led to manifestation of contractures and
lytic injuries to CMC 3 days after the treatment. In
parallel, CMC with numerous vacuole-like dilata-
tions in the sarcoplasma were seen (Fig. 2, d). He-
modynamic disorders manifested by venous and
capillary plethora; pronounced lymphostasis and
interstitial edema (sometimes significant) were seen.
After 14 days, the manifestations of necrobiosis and
degeneration of some CMC progressed; on the oth-
er hand, CMC hypertrophy was observed, and mo-
saic pattern of damage to the muscle segments was
retained. Hemodynamic disorders were manifest,
the severity of stromal edema varied. Diffuse infil-
tration of the stroma with mononuclears was ob-
served, the number of these cells increased in the
adventitia of intramural arteries.

Quantitative analysis of CMC population re-
vealed a 26% decrease in the total count of paren-
chymatous cells after 3 days of the experiment, the
mono/binuclear CMC ratio remained unchanged.
By day 14 of the experiment, the total CMC count
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in the heart was restored, with the percent of mono-
nuclear CMC decreased by 35% and that of binu-
clear CMC increased by 19% in comparison with
the control.

The results indicate that the substances with
antitumor effects used in this study cause similar
morphofunctional changes in the myocardium of
experimental animals. The main structural changes
in CMC (lytic and necrobiotic injuries) were caused
by the cytotoxic effects of these antitumor agents.
These changes were most pronounced after CP in-
jection followed by treatment with BA amide. It is
noteworthy that successive treatment with these
substances resulted in the most pronounced de-
crease in heart weight on day 3 of the experiment
and most marked reduction of total CMC count in
the heart. On the other hand, treatment with BA
amide alone led to an increase in heart weight by
day 14 of the experiment and to most pronounced
increase of the mononuclear CMC pool. These data
indicate that BA amide potentiates the cytotoxic
effects of CP and induces regeneratory reactions in
the myocardium. Hence, special attention should be
paid to the development of treatment protocols and
selection of optimal doses of this agent for attain-
ing the desired biological effect, protection or po-
tentiation of cytotoxicity.
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