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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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According to ongoing clinical data, the significant improve-
ment of cancer patient’s prognosis and the overall increase of 
their life expectancy is observed and must be considered as a 
real breakthrough in modern medicine. Still, notwithstanding 
this fact, the hospitalization rate of cardiovascular events among 
the under-treatment and post-treatment cancer patients remains 
high and keeps increasing exponentially [23]. 

Per the data obtained from CARDIOTOX 2020 Pan-European 
registry, an immense number of patients receiving chemother-
apy have presented objective data of myocardial injury or left 
ventricular dysfunction [13]. The risk of cardiovascular disease 
(CVD) development among the chemotherapy patients in a 
5-year perspective up to 3.6-fold has increased the risk of car-
diovascular mortality. Compared with age-matched counterparts 
with no prior cancer history, it has risen 1.7- to 18.5-fold the in-
cidence of CVD risk factors, such as hypertension, diabetes mel-
litus, and dyslipidemia [10]. Comparing with the data from Von 
Hoff et al. (1979), it is worth noting that previously retrospective 
analysis conducted with the participation of 4000 patients tak-
ing doxorubicin (DOX) indicated that the CVD and symptoms 
of congestive heart failure were 2.2% [21]. Consequently, this 
rate has been increased to 3.6-fold in comparison with previous 
research findings.

We propose the following definition of cardiotoxicity: car-
diotoxicity implies the functional myocardial dysfunction, 
morphological derangement in line with an increase of the 
myocardial lesion and/or necrosis highly sensitive markers 
level, the subclinical or clinical left ventricle ejection frac-
tion decrease, and the corresponding non-specific cardiovas-
cular semiotics [3-5].

To one degree or another, all chemotherapeutic agents 
provide favorable ground for pathological circle formation. 
Still, anthracycline-induced cardiotoxicity deserves special 
attention since the cardiac cells are the most sensitive to the 
latter’s irreversible, dose-dependent and tremendous toxico-
genic potential [20,22].

During our clinical practice, we have noted that the inci-
dence of atherosclerosis among yang cancer patients with a 
low coefficient of cardiovascular (CV) risk factors [1,7,8] is 
so high in the case of AC-mode of chemotherapy administra-
tion about breast cancer (non-hormonal type) [6]. That’s why 
we decided to assess the AC-mode of the chemotherapy-driv-
en pathological sequel and try the cardioprotective reserve of 
TMZ [12,17,18] as a probable decelerator of cardiotoxicity 
pathogenesis.	

Material and methods. All stages of this study were carried 
out strictly following the directives of the European Convention 
ofVertebral Animals Protection used for experiments or other 
scientific purposes, as well as the legislation on the protection 
of animals used for scientific purposes (Directive 2010/63/EU). 
The content of animals was carried out with strict compliance 
with the international recommendations “Guide for the Care and 
Use of Laboratory Animals - 8th Edition, 2011”, in the conven-
tion conditions of Vivarium.

120 males inbred rats of the Wistar line weighing 280-300 gr, 
were involved. In the period of the experiment, the animals were 
kept in plastic cells with wood chips, 5 individuals in the cell, at 
a temperature of 22-24 s, in a 12-hour daylight day. Before con-
ducting research, experimental animals are randomly divided 
into 4 equal groups, 30 rats each in each:

1. Group N1 (control) - rats intraperitoneally injected physi-
ological sodium chloride solution in a single dose of 10 ml/kg, 3 
times a week, for 2 weeks.

2. Group N2 (comparison 1) - rats were simulated by AC mode 
of chemotherapy, by intraperitoneal administration of DOX -in a 
single dose of 2.5 mg/kg [16] and cyclophosphamide (CY) - in a 
single dose of 25 mg/kg [14], 3 times a week, for 2 weeks.

3. The group N3 (experimental) - rats similarly simulated the 
AC mode of chemotherapy (DOX + CY), with additional TMZ 
administration. The introduction of the crushed preparation rats 
was carried out daily, for 2 weeks, in the form of a suspension 
intragastrically. Dose - 3.0 mg/kg.

4. The group N4 (comparison 2) - rats in the same way, in 
the previously marked dosage, were injected with TMZ and in-
traperitoneally injected with a physiological solution of sodium 
chloride, for 2 weeks.

Course dosage of DOX was 15 mg/kg, monohydrate CY- 
150 mg/kg, trimetazidine - 42 mg/kg. All interventions that can 
cause animals pain and suffering were carried out under the “in-
jection” anesthesia - telezole 20 mg/kg intramuscularly and Xila 
6 mg/kg intramuscularly.

Statistical processing of research results was carried out us-
ing the MS Excel 2010 software (Microsoft, United States), Sta-
tistica 13 (StatSoftInc, USA) and “Graphpadprism 7” (Graph-
pad Company, USA). Checking the distribution of the studied 
features for compliance with the normal distribution law was 
carried out using the criteria of Shapiro-Willow, Lilliefors, and 
additionally with the help of distribution histograms. An arith-
metic average and standard deviation were used to describe data 
having a normal distribution.

When comparing three or more groups, a single-factor disper-
sion analysis was used for the test indicator (One-Way Anova), 
with F> FCRT. C p <0.05 deviated a zero hypothesis about the 
absence of intergroup differences. Posterior post-hoc and Sidak 
tests were also used. P <0.05 was used as a critical level of sig-
nificance.	

Results and discussion. The data obtained during this ex-
perimental work are shown in Table 1. The results of statistical 
processing are shown in Fig. 1-4. 

The mechanisms of chemotherapy-induced cardiotoxicity 
are summarizing, the appalling cardiotoxic influence of anthra-
cyclines is caused by free oxygen radicals’ generation, DNA and 
RNA synthesis inhibition, the NO formation inhibition, Fe++-
transport system disturbances, topoisomerase suppression II, 
neuregulin-1 expression abnormalities, endothelial dysfunction, 
RAAS, and PPAR systems dysregulation, LOX-1 overexpres-
sion, hERG channels abnormalities, T-tubule disarray and sar-
coplasmic reticulum instability  [2,9,11,15,19]. 
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Table 1. Effect of TMZ on body weight, heart weight, and heart/body ratio in DOX + CY treated rats

Treatment Body wt (g) Heart wt (g) Heart/Body ratio (*10-3)

Control 193.7 ± 9.09 0.657 ± 0.045 34 ± 2.8

DOX + CY 170.1 ± 10.32a 1.007 ± 0.125a 59 ± 8.5a

DOX + CY + TMZ 183.1 ± 8.22b 0.849 ± 0.153b 46 ± 8.6b

TMZ 199.8 ± 7.87ns 0.657 ± 0.035ns 33 ± 2.4ns

Values are mean ± SD; one-way ANOVA, post-hoc Tukey’s test: ns – not significant; P values; < 0.05 with acontrol, bDOX + CY

Fig. 1. Intergroup differences in body weight after 2 weeks 
from the start of AC-mode chemotherapy, g (difference in mean, 
±95% ДИ, one-wayANOVA, post-hoc Tukey test)

Fig. 2. Intergroup differences in heart mass after 2 weeks 
from the start of AC-mode chemotherapy, g (difference in mean, 
±95% ДИ, one-wayANOVA, post-hoc Tukey test)

Fig. 3. Intergroup differences in Heart / Body ratio at 2 weeks 
from the start of AC-mode chemotherapy (difference in mean 
±95% ДИ, one-wayANOVA, post-hoc Tukey test)

Fig. 4. Intergroup differences in body weight before starting 
AC-mode chemotherapy, g (difference in mean, ±95% ДИ, one-
wayANOVA, post-hoc Tukey test)

Pic. Macroscopic appearance of myocardium of 2 and 3 groups

Analyzed the above-mentioned critical points of chemotherapy-
related myocardium constant aggravation, the favorable properties 
of TMZ look inspiring. To date, TMZ is the only cardioprotective 
drug that was proven and recognized by the European Society of 

Cardiology. This drug is an intramyocardial membrane stabilizer 
and antioxidant, which is able to stabilize the myocardium metabo-
lism in a failing heart. Consequently, TMZ is able to prevent the 
heart from injury at the initial phase of cardiotoxicity development. 
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The results of our study, is shown the normalization of the 
heart mass in group No. 3, which should be considered as a case 
of successful cardioprotection. Thus, our study demonstrated a 
statistically significant and pathogeneticallyjustified morpho-
stabilizing potential of TMZ.TMZ preventing strategy success 
validation had also been clearly visible during rat’spost-mortem 
examination, and presented on the pic. 

Conclusion.Analyzed the TMZ-induced stabilization influ-
ence on heart weight, body weight, and heart/weight ratio pa-
rameters during AC-mode of chemotherapy mediated model of 
heart alteration, the TMZ administration should be considered a 
real acting pharmacological agent that can preserve myocardium 
from pathological deviations.
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SUMMARY

THE IMPACT OF TRIMETAZIDINE ON THE ANTHRO-
POMETRIC PARAMETERS OF DOXORUBICIN-CY-
CLOPHOSPHAMIDE MODE IN CHEMOTHERAPY-IN-
DUCED HEART ALTERATION

1Avagimyan A., 2Kakturskiy L.

1Yerevan State Medical University after M. Heratsi, Pathologi-
cal Anatomy Department, Republic of Armenia; 2FSBI Research 
Institute of Human Morphology, Moscow, Russian Federation

The field of cardio-oncology encompasses the CVD preven-
tive activities and management among under-treatment and 
post-treatment cancer patients. Cardiovascular complications 
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of cancer therapy manifest because of a tremendous potential of 
chemotherapy-driven cardiotoxicity. Cardiotoxicity implies struc-
tural and functional myocardial alteration, in conjunction with the 
sensitive cardiac biomarkers (namely, troponins T and I, and NT-
pro-BNP) concentration increase, as well as the subclinical or clini-
cal decrease of the left ventricular ejection fraction.

In our study, we assess the anthropometric parameters of heart 
affected by doxorubicin and cyclophosphamide (AC)-mode of 
chemotherapy. As an object of study, 120 males of inbred rats 
weighing 280-300 gr of the Wistar line are involved. Course 
duration 14 days. Course dosage of doxorubicin hydrochloride 
was 15 mg/kg, cyclophosphamide monohydrate - 150 mg/kg, 
trimetazidinedihydrochloride - 42 mg/kg. The body weight, 
heart weight and heart/body ratio were assessed.  

The results of our study the normalization of the heart weight 
in group No. 3, should be consider as an indicator of successful 
cardioprotection. Thus, our study demonstrated a statistically 
significant and pathogenetically valuable morpho-stabilizing 
potential of TMZ.

Analyzed the TMZ-induced stabilization of heart weight, 
body weight and heart/weight ratio parameters during AC-mode 
of chemotherapy mediated model of heart alteration, the TMZ 
administration should be considered as real acting pharmaco-
logical agent which is able to preserve myocardium from patho-
logical deviations.

Keywords: doxorubicin, cyclophosphamide, cardio-oncolo-
gy, cardiotoxicity.

РЕЗЮМЕ

ВЛИЯНИЕ ТРИМЕТАЗИДИНА НА АНТРОПОМЕ-
ТРИЧЕСКИЕ ПАРАМЕТРЫ СЕРДЦА, ПОРАЖЕННО-
ГО ДОКСОРУБИЦИН-ЦИКЛОФОСФАМИДНЫМ РЕ-
ЖИМОМ ХИМИОТЕРАПИИ

1Авагимян А.А., 2Кактурский Л.В.

1Ереванский государственный медицинский университет 
им. М. Гераци, Республика Армения; 2ФГБНУ «Научно-ис-
следовательский институт морфологии человека», Москва, 
Российская Федерация

Цель исследования - оценка антропометрических параме-
тров сердца, пораженного доксорубицином и циклофосфа-
мидом, т.е. (AC)-режимом химиотерапии. В качестве объек-
та исследования использовано 120 самцов инбредных крыс 
линии Вистар массой 280-300 г. Продолжительность курса 
воздействия 14 дней. Курсовая дозировка доксорубицина 
составила 15 мг/кг, циклофосфамида - 150 мг/кг, тримета-
зидина - 42 мг/кг. В качестве антрометрических параметров 
использовали массу тела, массу сердца и их соотношение.

Результаты исследования продемонстрировали повы-
шение массы тела, массы сердца и, следовательно, со-
отношения массы сердца с массой тела в группе 2, в то 
время как триметазидин инициировал нормализацию 

всех исследуемых макроскопических параметров серд-
ца в группе 3, что следует рассматривать как показатель 
успешной кардиозащиты. Таким образом, настоящее ис-
следование продемонстрировало статистически значи-
мый и патогенетически ценный морфостабилизирующий 
потенциал триметазидина.

Подводя итог вышеизложенному следует сделать вывод, 
что триметазидин можно рассматривать в качестве потен-
циального модификатора химиотерапией индуцированной 
патологии сердца. 

reziume

trimetazidinis zemoqmedeba gulis anTropomet-
riul parametrebze qimioTerapiis doqsorubicin-
ciklofosfamiduri reJimis pirobebSi

1a. avagimiani, 2l. kakturski
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universiteti, somxeTi; 2„adamianis morfologiis 
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Tis federacia

kardioonkologia warmoadgens Tanamedrove 
medicinis multidisciplinarul da inovaciur 
ganxras, aris kardiologiisa da onkologiis momi-
jnave dargi. misi gamokvlevis sagania mkurnalo-
biT inducirebuli kardiotoqsiurobis (treatment-
releated) Seswavla. kardiotoqsiuroba gulisxmobs 
miokardiumis struqturul da funqciur cvli-
lebebs gulis mgrZnobiare markerebis koncen-
traciis zrdasTan erTad, saxeldobr, troponin T, 
I da NT-pro-BNP, aseve marcxena parkuWis gandevnis 
fraqciis subklinikur da klinikur daqveiTebas.
warmodgenil naSromSi Sefasebulia doqso-

rubiciniT da ciklofosfamidiT dazianebuli 
gulis anTropometriuli parametrebi, anu (AC)-
qimioTerapiis reJimiT. kvlevaSi gamoyenebulia 
vistaris xazis inbreduli virTagvebis 120 mamri, 
280-300 g. masiT. kursis xagrZlivoba 14  dRe, doq-
sorubicinis doza - 15 mg/kg, ciklofosfamidis 
- 150 mg/kg, trimetazidinis - 42 mg/kg. anTropomet-
ruli parametrebi iyo: sxeulis masa, gulis masa, 
gulis masis Sefardeba sxeulis masasTan.
Sedegebma aCvena sxeulis masis da gulis ma-

sis, Sesabamisad, gulis masis sxeulis masasTan 
Sefardebis zrda meore jgufSi, maSin rodesac, 
trimetazinis zemoqmedebiT moxda yvela Seswav-
lili parametris normalizacia mesame jgufSi, 
rac SeiZleba ganvixiloT rogorc dadebiTi kar-
dioproteqciuli efeqti. amdenad, gamokvlevam 
aCvena trimetazidinis statistikurad sarwmuno 
da paTogenezurad mniSvnelovani morfomastabi-
lizebeli potenciali.


