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Adrenaline damage to the myocardium is an important element in the pathogenesis of
myocardial infarction in humans. Despite the use of modern methods of treatment of
myocardial infarction, the issue of cardioprotection of reperfusion myocardial damage
remains open. Promising in this direction is the use of quinazolone derivatives, which
have already shown cardioprotective properties in other models of myocardial infarction.
The aim of the study was to establish morphological changes in the conditions of
adrenaline myocardiodystrophy (AMD) against the background of the introduction of
the compound PC-66 and amiodarone in rats. The study was performed on 100 nonlinear
rats of both sexes weighing 165-220 g, divided into four groups of 25 animals each:
1-intact rats; 2 - rats with a model of adrenaline myocardial infarction without treatment
(control); 3 - rats with AMD treated with amiodarone (10 mg/kg, intraperitoneally);
4 - rats with AMD treated with compound PC-66 (10 mg/kg, intraperitoneally). It was
found that control rats under conditions of cardiotoxic dose of adrenaline in the left
ventricular myocardium for up to 8 days of the experiment does not fully restore the
myocardial structure, dystrophic and necrobiotic changes were found in both
cardiomyocytes and walls of vessels of a blood microcirculatory channel of a
myocardium. Course intraperitoneal administration to rats of the compound PC-66 in
the conditions of adrenaline myocardial infarction as well as amiodarone, contributes
to the attenuation of signs of dystrophic and destructive processes. The degree of
protective effect on the myocardium under conditions of cardiotoxic dose of adrenaline
compound PC-66 was not lower to the reference drug - amiodarone. Thus, it is
morphologically confirmed that in adrenaline myocardial infarction the compound
PC-66, similar to the action of amiodarone, has a cardioprotective effect.
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Introduction

Adrenaline myocardial damage is an important element
in the pathogenesis of myocardial infarction in humans,
which can be both an inducer of the pathological process
and part of cascading myocardial damage [12, 18]. It has
been established [1, 10] that myocardial infarction in
humans causes significant endothelial injury, as well as a
parallel increase in the concentration of circulating
catecholamines and, in particular, adrenaline. It was also
found [3] that sympatho-adrenal activation is a standard
response of the body to myocardial infarction, but it can
turn from a protective reaction to non-adaptive, which, in
turn, can contribute to myocardial damage with a direct
negative impact on the endothelium. There is no doubt that
circulating catecholamines and endothelial damage are

interrelated and lead to increased mortality after myocardial
infarction [9]. Despite the use of modern methods of
treatment, myocardial infarction remains an open issue of
cardioprotection of reperfusion myocardial damage [2].
Cardioprotection in myocardial infarction is a very
significant factor influencing the consequences of therapy
and survival of patients despite the use of thrombolysis [7].
Insufficient efficiency and the presence of side (negative)
reactions in modern cardioprotective agents encourage
the search for new molecules with this effect, promising to
create on their basis more effective and safe drugs [9]. The
search for new drugs is carried out around the world and
includes both the study of the protective properties of long-
known substances [8] and the study of new synthesized
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substances with potential protective activity [5, 15].
According to many researchers [16, 22], the second way is
more promising in scientific and practical terms.

In our opinion, the use of quinazolone derivatives, which
have already shown cardioprotective properties [6] in other
models of myocardial infarction, is promising in this
direction.

That is why in order to establish the characteristics of
the cardioprotective activity of the compound PC-66 we
chose an experimental model of myocardial ischemia -
adrenaline myocardiodystrophy (AMD) [14], which will reveal
the cardioprotective effect of this compound. For
comparison, we used amiodarone, which is currently
considered by many researchers [11, 23] as a reference
drug with cardioprotective properties against the
background of myocardial infarction. It is also important to
note that we studied the morphological changes that are
the most objective signs of myocardial damage and its
recovery against the background of treatment [13, 15].

Purpose of study: to establish morphological changes
in the conditions of adrenaline myocardial infarction on the
background of the introduction of the compound PC-66
and amiodarone in rats.

Materials and methods

AMD was modeled according to the standard method
[15] by a single intramuscular (intravenous) injection of
0.18% solution of adrenaline tartrate (PJSC Pharmaceutical
Company "Darnytsia", Kyiv) at a dose of 1 mg/kg body
weight. The study was performed on 75 nonlinear rats of
both sexes weighing 165-220 g, divided into four groups of
25 animals each: 1 - intact rats; 2 - rats with AMD model
without treatment (control); 3 - rats with AMD receiving
amiodarone (10 mg/kg, intraperitoneally (i/p)); 4 - rats with
AMD, receiving compound PC-66 (10 mg/kg, i/p). The test
substances were administered to groups of animals daily
for 7 days: the first injection - for 30 minutes before AMD
modeling.

Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (Minutes Ne7 from 21.09.2018)
found that the experiment was conducted considering the
recommendations of the European Commission for
medical and biological research using animals, medical
recommendations of the State Pharmacological Center of
the Ministry of Health of Ukraine, as well as "Rules for
clinical safety assessment pharmacological agents (GLP)".

To assess the morphological changes in the
myocardium of experimental animals under experimental
ischemia using PC-66 and reference drugs, pieces of
cardiac muscle were fixed in 10% neutral formalin solution.
Micropreparations were prepared according to standard
methods, histological sections 5-7 pm thick were stained
with hematoxylin and eosin, picrofuxin according to Van
Gieson, a combination of PAS reaction with alcian blue
[21].

Microscopy and photographing of histological

specimens were performed using a light microscope
OLIMPUS BX-41 at magnifications of 40, 100, 200, 400
and 1000 times.

Results

Microscopic examination revealed that in control rats
under conditions of cardiotoxic dose of adrenaline in the
left ventricular myocardium on the second day of the
experiment there is damage to the walls of blood vessels
of the circulatory microcirculatory system, which lead to
cardiac hemodynamics and reversible and irreversible
structural changes. Under the conditions of action of a
cardiotoxic dose of adrenaline in a myocardium of a left
ventricle of rats in the specified term of experiment of a
gleam of arterioles were full-blooded and contained parietal
thrombi. In the walls of arterioles endothelial cells in a
state of edema and destructively altered, do not form a
continuous layer. In venules the gleams are expanded,
sharply full-blooded. Endotheliocytes in their walls are also
dystrophically and necrobiotically altered. Such changes
increase the permeability of the walls of the vessels of the
blood microcirculatory tract in the myocardium of the left
ventricles of rats with the development of perivascular
edema, hemorrhage and histiolymphocytic infiltration
(Fig. 1).

On the 8th day of the experiment under the action of a
cardiotoxic dose of adrenaline, morphological disorders
in the myocardium of rats were more pronounced than in
the previous period of the study. During this period,
dystrophic, hypertrophic and necrobiotic processes that
developed in the myocardium were unbalanced and
disproportionate. We found the predominance of dystrophic
changes in cardiomyocytes. Histological examination
revealed parenchymal dystrophy with pyknosis of the nuclei
in cardiomyocytes.

Fibroblast proliferation is present around the muscle
fibers, indicating connective tissue growth. Arterioles in the
myocardium showed signs of spasm and histiolymphocytic
infiltration of the walls. At the same time, hypertrophied
cardiomyocytes were almost absent (Fig. 2).

By the 8th day of the experiment there is no complete
restoration of the structure of the myocardium of
experimental rats, dystrophic and necrobiotic changes were
detected in both cardiomyocytes and vascular walls of the
blood microcirculatory tract of the myocardium.

Against the background of amiodarone, areas of the
myocardium with signs of cardiomyocyte alteration were
detected less frequently than in control rats. In most
cardiomyocytes, the transverse striation is preserved, in
contrast to rats, which were administered adrenaline
without correction (Fig. 3). Foci of cardiomyocyte necrosis
usually contained one cell and were not detected in all
fields of vision.

The lumens of the blood capillaries are dilated,
moderately full-blooded, but the endothelial lining of the
capillaries is intact. The basement membrane in the walls
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Fig. 1. Afragment of the myocardium of rats which was administered
the compound PC-66 to correct the action of adrenaline. 2 day of
observation. 1 - focal necrosis of cardiomyocytes; 2 - dilated lumens
of the venules; 3 - stasis and diapedesis of leukocytes through the
walls of venules. Hematoxylin-eosin. x100.

Fig. 2. Fragment of the myocardium of the left ventricle of rats on
the background of the action of adrenaline for 8 days (control). 1
- focal necrosis of cardiomyocytes; 2 - histiolymphocytic infiltration;
3 - dilated full-blooded lumens of blood capillaries; 4 - full-blooded
lumens of venules. Hematoxylin-eosin. x400.

Fig. 3. Afragment of the myocardium of the left ventricle of a rat
which was administered amiodarone to correct the action of
adrenaline. 2 day of observation. 1 - cardiomyocyte necrosis; 2 -
shortened cardiomyocytes; 3 - dilated and full-blooded lumens of
the venules; 4 - dilated lumens of blood capillaries. Hematoxylin-
eosin. x400.

of blood capillaries is homogeneous in thickness and color.
At the same time, no diapedesis hemorrhages were
detected. The interstitium around the capillaries is not
loose, without signs of edema and contained single
lymphocytes.

On day 8 of the experiment, rats treated with Cordarone
were less likely to show signs of dystrophic and alterative
changes in the left ventricular myocardium, both in
cardiomyocytes and in the vessel walls of the blood
microcirculatory tract, compared with control rats of the same
research period (Fig. 4). Thus, in most of the cardiomyocytes
of rats, which were administered Cordarone on the
background of the action of adrenaline, there is a transverse
striation, and the sarcoplasm was stained moderately
basophilic. The endothelial lining in the walls of arterioles

Fig. 4. A fragment of the myocardium of rats which was
administered amiodarone to correct the action of adrenaline. 8
days of observation. 1 - dystrophically altered cardiomyocytes; 2
- muscle fibers; 3 - blood capillaries; 4 - venules; 5 - stasis and
diapedesis of leukocytes through the wallls of venules. Hematoxylin-
eosin. x400.

and venules is continuous. Thrombi in arterioles and venules
were found less frequently in contrast to rats given adrenaline
without correction. The lumens of the venules and blood
capillaries are dilated and moderately full-blooded
compared to those in intact rats.

When using the compound PC-66 to correct the effect
of adrenaline on the myocardium of rats at all times of the
study, pathological changes in its structure are less
pronounced than in rats that were administered adrenaline
without correction (Fig. 5).

In most cardiomyocytes, the transverse striation was
preserved. The foci of cardiomyocytes, in the sarcoplasm
of which there is no transverse striation, as well as areas
of shortened cardiomyocytes, are smaller than in rats, which
were administered adrenaline without correction. Foci of
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Fig. 5. A fragment of the myocardium of rats which was
administered the compound PC-66 to correct the action of
adrenaline. 2 day of observation. 1 - nuclei of cardiomyocytes; 2 -
sarcoplasm of cardiomyocytes; 3 - fibroblasts; 4 - dilated lumens
of capillaries. Hematoxylin-eosin. x400.

cardiomyocyte necrosis usually contained one cell and were
not detected in all fields of view. Hypertrophied
cardiomyocytes are located around the foci of necrotic
cardiomyocytes, but their number was higher than in rats
treated with Cordarone to correct the action of adrenaline.
Areas of the myocardium with signs of cytoplasmic
dystrophy and cardiomyocyte alteration were found less
frequently than in rats treated with uncorrected adrenaline.

On day 8 of the study, rats treated with PC-66 for
adrenaline showed signs of dystrophic and necrobiotic
changes in the left ventricular myocardium, both in
cardiomyocytes and in the vascular walls of the circulatory
microcirculatory system, similar to those in rats. Corrections
of the cardiotoxic effect of adrenaline were similar to
administered Cordarone, and less pronounced than in rats
administered adrenaline without correction in the same
period of the study.

Left ventricular myocardial cardiomyocytes had the
same diameter and shape. In the sarcoplasm of most of
the cardiomyocytes of rats, which on the background of the
action of adrenaline was administered the compound
PC-66, there is a characteristic transverse striation. The
nuclei in cardiomyocytes are located in the center, oval,
chromatin in them is clarified in the center and condensed
on the periphery (Fig. 6).

The endothelial lining in the walls of arterioles and
venules is continuous. Thrombi in arterioles and venules
were not detected in all fields of view, in contrast to rats,
which were administered adrenaline without correction. The
lumens of the venules and blood capillaries are dilated and
moderately full-blooded compared to those in intact rats.

Discussion
Thus, the results of the study showed that the course of
intraperitoneal administration to rats of the compound

Fig. 6. A fragment of the myocardium of rats which was
administered the compound PC-66 to correct the action of
adrenaline. 8 days of observation. 1 - nuclei of cardiomyocytes; 2
- sarcoplasm of cardiomyocytes; 3 - proliferation of fibroblasts, 4
- dilated lumens of capillaries; 5 - dilated lumens of the venules.
Hematoxylin-eosin. x400.

PC-66 at a dose of 10 mg/kg in conditions of adrenaline
myocardiodystrophy as well as amiodarone (10 mg/kg
i/p), helps to reduce the symptoms of degenerative and
destructive processes [21] in damaged heart muscle, which
may be a sign of the presence of cardioprotective action in
the studied quinazoline derivative under given experimental
conditions, and similar in other studies of cardioprotective
properties [2, 6]. The degree of protective effect on the
myocardium under conditions of cardiotoxic dose of
adrenaline compound PC-66 was not inferior to the
reference drug - amiodarone, which is a recognized
cardioprotector [11, 23] in myocardial infarction.

The obtained results also indicate a significant
damaging effect of adrenaline, which is realized on both
the 2nd and 8th day of the study, which indicates a long-
term negative effect of this compound [12, 18]. The injuries
were not corrected without the use of cardioprotection, which
increases the risk of further mortality in clinical practice
[10].

The use of PC-66, as well as the comparison drug
helped to reduce the degree and prevalence of pathological
changes in the myocardium caused by experimental
ischemia. Myocardial remodeling that occurs after an
episode of ischemic injury has one very important aspect -
the reconstruction of the connective tissue framework [19].
This develops enzymatic cleavage of connective tissue
fibers (mainly collagen) and the synthesis of an
intermediate substance, according to the new conditions
of mechanical loads on the organ [4]. The greatest role in
this process is assigned to enzymes of the metalloprotease
group [20]. By the end of the experiment in animals treated
with PC-66, changes in the myocardium were minimal, the
histological structure of the heart muscle was close to that
in the intact group. There were no signs of inflammation
and severe circulatory disorders. Note that in comparison
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with the intact myocardium there is a slight increase in the
width of the stromal spaces and the diameter of
cardiomyocytes, which indicates [17] the preservation of
intercellular and intracellular edema, but these
pathomorphological changes in the interstitium and
cardiomyocytes are not alterative.

The use of PC-66 and amiodarone caused similar
morphological changes in the myocardium, which indicate
increased regeneration and reduced damage of adrenaline
[15, 21]. The obtained changes indicate a direct
cardioprotective effect of amiodarone and PC-66 on the
background of AMD set at the morphological level according
to modern recommendations [3].
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reperfusion is compromised in the absence of tissue inhibitor

MOP®OJOrYHI 3MIHU B YMOBAX ALPEHATNIHOBOI MIOKAPLIOAUCTPO®Ii HA ®OHI BBEOEHHS CMOMYKU MNK-66 TA
AMIOOAPOHY Y LUYPIB

DOxuzamok O.B., Jlucenko [.A., Cmonko A.I., Kupu4yeHrko I.M., lMpokoneHko C.B.

AdpeHaniHoge ywKoOXeHHs MiokapOa € 8aXUsUM e/leMeHMOM rnamozeHe3y po3gumKy iHghapkmy miokapda y noduHu. Hesgaxarouu
Ha 3acmocygaHHsl cydacHUX MemoOuK iKyeaHHs iHgbapkmy miokapda 3anuwaembcsi 8i0Kpumum rnumaHHs Kapdionpomekuyii
pernepgby3iliH020 yWKOOXeHHs1 Miokapda. [lepcrieKmueHUM y UbOMY HarnpsiMi € 8UKOPUCMaHHS MOXiOHUX XiHa30/10HY, W0 8Xe eusieusu
KapdionnpomeKkmueHi enacmugocmi Ha iHWux modernsx iHghapkmy miokapda. Mema pobomu - ecmaHogumu MopghoroeiyHi 3MiHU 8
ymoeax adpeHaniHosoi Miokapdioducmpodbii (AML) Ha ¢hoHi esederHsi crionyku MK-66 ma amiodapoHy y wiypie. [JocnioxeHHs npogedeHo
Ha 100 HeniHiliHUX wypax obox cmamel macoto mina 165-220 e, po3bumux Ha Yomupu epynu Mo 25 meapuH y KOXHIl: 1 - iHmakmHi
wypu; 2 - wypu 3 modesto adpeHariHosoi Miokapdioducmpodgii 6e3 nikysaHHs1 (KoHmponb); 3 - wypu 3 AM/, nikosaHi amiodapoHom
(10 me/ke, 8HympiwHb004Yepe8uUHHO); 4 - wypu 3 AM/, nikosaHi crionykoto NK-66 (10 me/ke, HympiwHb004epe8UHHO). BcmaHoeneHo,
W0 y KOHMpOJsbHUX wWypie 8 ymosax Oii kapdiomokcuyHoi do3u adpeHarsiHy & Miokapdi nigoeo wiyHoyka 8 mepmiH do 8 dobu
ekcriepumeHmy He 8i0bygsaembCsi 108HO20 8iIOHOBMNEHHSI CMPyKmMypu Miokapda, OucmpogiyHi ma HeKpobiomuYHIi 3MiHU 8useMnsnU K
8 Kapdiomioyumax, mak i 8 cmiHkax cyOUH KPOBOHOCHO20 MIKPOUUPKYISIMOpPHO20 pycrna miokapda. Kypcose eHympiluHb004epe8UHHE
8sedeHHs wypam crionyku [NK-66 e ymoeax adpeHaniHogoi miokapdioducmpohii mak camo, sk i amioGapoHy, cripusie nocaabneHHo
03Hak ducmpogiyHUX ma OecmpykmueHux npouecis. [lpu ybomy 3a cmyrneHeMm 3axucHoeo egekmy Ha MiokapO 8 ymosax Oif
kapdiomokcu4Hoi do3u aBpeHaniHy criornyka NK-66 He nocmynanack peghepeHc-npenapamy - amiodapoHy. Takum YUHOM, MOPGhOI02iHHO
niomeep0dxeHo, wo rpu adpeHariHosil miokapdioducmpoaii crionyka MNK-66 aHanoziyHo Oii amiodapoHy rnposiensie kapdionpomeKmopHul
egexkm.

KnrouoBi cnoBa: kapdionpomekuisi, MK-66, amiodapoH, miokapd, mopghoroais.

MOP®OJIOMMYECKUE U3MEHEHUS B YCNOBUSAX AIPEHANTMHOBOW MUOKAPANOAUCTPO®UN HA ®OHE BBEOEHUS
COEOUHEHMUA MNMK-66 U AMUWOOAPOHAY KPbIC

DOxuezamok O.B., JlbiceHko [.A., Cmonko A.I., Kupu4yenko U.M., lpokoneHko C.B.

AdpeHanuHosoe rospexx0eHus1 Muokapda S8/1emcs 8aXHbIM 37IEMEHMOM famoeaeHe3a pa3gumusi UHhapkma Muokapda y Jeroseka.
Hecmompsi Ha npumeHeHuUe co8peMeHHbIX MemoduK riedeHuUsi UHpapkma Muokapda ocmaemcs OMKPbIMbIM 80MPOCOM
KapduornpomeKyusi pernepgy3uoHHO20 noepexoeHusi Muokapda. [NepcrnekmusHbIM 8 3MOM HarpasneHuu Sesiemcs Ucnoib308aHue
MPOU3800HbIX XUHa30/I0Ha, KOMOPbIE yXe fposieunu KapduornpomeKmopHble ceolicmea Ha Opyaux Modersix uHgapkma mMuokapoa.
Llenb pabombl - ycmaHo8umb MOp@Oio2uyecKue UsMeHeHUs1 8 ycriogusix adpeHanuHosol muokapouoducmpoguu (AM/L) Ha ¢boHe
sgedeHusi coeduHeHus [NK-66 u amuodapoHa y Kpbic. MiccnedosaHue rnposedeHo Ha 100 HenuHelHbIX Kpbicax 0b6oezo rnona maccou
mena 165-220 e, pa3bumbix Ha Yembipe epymnmbl Mo 25 KU8O0MHbIX 8 Kax0ou: 1 - UHMaKmHbIe KpbiCbl; 2 - KPbICbI C MOOEIIbo
adpeHanuHoeol muokapduoducmpoguu be3 neyeHuss (KOHmMposb); 3 - kpbicbl ¢ AM/M, neyeHHble amuodapoHom (10 ma/ke,
8HympubprowuHHO); 4 - Kpbicbl ¢ AM/, neyeHHble coeduHeHuem [1K-66 (10 ma/ke, 8HympubprOWUHHO). YcmaHo8neHo, 4mo y
KOHMPOIbHbIX KPbIC 8 ycrosusix delicmausi kapduomokcu4deckol 003bl adpeHarnuHa 8 Muokapoe 11ee020 xerlydo4yka 8 cpok o 8 cymok
3KCrepuMeHma He rpoucxodum rosIH020 80CCMaHOBIeHUS CMPYKMYypbl Muokapda, ducmpoghuyeckue U HeKpobuomu4yeckue U3MeHeHUst
8bISIBNISANU KaK 8 KapOuomMuoyumax, mak u 8 cmeHkax cocydo8 KPOBEHOCHO20 MUKPOUUPKYISIMOPHO20 pycna muokapoa. Kypcosoe
8HympubprowuHHoe esedeHue Kpbicam coeduHeHus [1K-66 e ycrosusix adpeHanuHogoU MuokapOuooucmpoguu mak xe, Kak u
amuodapoHa, criocobcmeyem ocnabreHuto npusHakoe ducmpoguyeckux u decmpykmueHbix ripoyeccos. [lpu amom no cmerneHu
3awumHoeo aghghekma Ha muokapd 8 ycriosusix Aelicmeusi kKapouomokcuyeckol 003bl adpeHanuHa coeduHeHue [1K-66 He ycmynaro
peghepeHc-npenapamy - amuodapoHy. Takum obpa3om, mopghonoaudyecku nodmeepx0eHO, Ymo npu adpeHasauHogol
muokapduoducmpogpuu coeduHeHue 1K-66 aHanoz2u4Ho Oelicmeuro amuodapoHa nposierisiem KapouornpomeKmopHbIU 3ghghekm.
KnroueBble cnoBa: kapduonpomekuyusi, 1K-66, amuodapoH, muokapd, Mopgonoausi.
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