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Anthracycline antitumor antibiotics are widely used for the treatment of malignancies, but this group of drugs is known 
for their cytotoxic effects, especially cardiotoxicity. It has been proven that the adverse effect of anthracyclines on tissues 
is based on formation of the reactive oxygen species that enhance development of the oxidative stress. Among the body 
biomolecules proteins are the most sensitive to peroxidation; they can be the primary markers in determining this patho-
logical process at the cellular level. To identify and prevent the oxidative stress is important for prevention of further tissue 
apoptosis and necrosis. The aim of the study was to investigate the effect of nicotinic acid and the complex compound of 
germanium with nicotinic acid (MIGU-1) on oxidative modification of myocardial and hepatic proteins in the experimental 
chronic intoxication with doxorubicin (CID) in rats. The pattern of modifications in the content of protein peroxidation 
products (neutral and basic 2,4-dinitrophenylhydrazine) in cardiomyocytes and hepatocytes in rats has been determined; 
it shows intensification of the oxidative stress in CID. Nicotinic acid in the dose of 10 mg/kg daily did not exhibit the hepato-
protective effect in CID. It has been proven that the use of the new complex compound of germanium with nicotinic acid 
in the dose of 10 mg/kg daily provide attenuation of protein peroxidation in rats’ cardiomyocytes and hepatocytes in CID. 
The results obtained allow considering MIGU-1 as a drug with a possible cytoprotective activity, and its further study may 
be topical and prospective.

Adverse reactions to drug  
products take an impor- 

tant place in the structure of mor-
bidity and mortality. Anticancer 
chemotherapy causes approxima- 
tely 30% of all adverse reactions,  
cardiotoxicity being the most com- 
mon one among them [6]. Forma- 
tion of active oxygen species and 
their ability to bind to proteins of  
myocytes, which can significant- 
ly reduce the myocardial contrac- 
tility, are major adverse effects 
of anthracyclines on the myocar-
dium [11]. The study of protein 
oxidative modification (POM) is  
stipulated by the role of proteins  
in the cell and in the body as a  
whole. In addition, they are more 
susceptible to free radical oxida-
tion, and their oxidation is the ear- 
liest and most stable indicator of  
the intensity of generation of ac-
tive oxygen species which can be  
mediators of the cell damage in 
cardiovascular diseases [4, 9, 15].

Considering the pathological 
role of the oxidative stress in de-
velopment of diseases and new 

data on the antioxidant proper-
ties of nicotinic acid [12, 14] and  
efficacy of complex compounds of  
germanium with nicotinic acid [2-4]  
the aim of this work is to study 
POM in cardiomyocytes and he- 
patocytes under the effect of nico- 
tinic acid and the complex com-
pound of germanium with nico-
tinic acid (MIGU-1) synthesized 
for the first time in the laborato-
ry of the Department of General 
Chemistry and Polymers of the  
I.I.Mechnikov Odessa National Uni- 
versity under the supervision of  
professor I.Y.Seifullina on the mo- 
del of chronic intoxication with 
doxorubicin (CID) in rats.

materials and methods

Experiments were carried out  
on Wistar albino rats weighing 180- 
220 g according to the European 
Union Directive 2009/10/63 EU  
on the protection of vertebrate ani- 
mals used for experimental and 
other scientific purposes. All ani- 
mals were divided into 4 groups 
of 10 animals each: 1) animals re- 

ceiving 0.9% NaCl intramuscularly  
once a week for 5 weeks (group 1,  
control); 2) animals receiving doxo- 
rubicin (DOX) intramuscularly in  
the dose of 5 mg/kg once a week 
for 5 weeks (group 2); 3) animals  
receiving DOX intramuscularly once  
a week for 5 weeks with conco- 
mitant intraperitoneal administra- 
tion of nicotinic acid in the dose of 
10 mg/kg/day (group 3); 4) ani- 
mals receiving DOX intramuscu- 
larly once a week for 5 weeks with  
concomitant intraperitoneal admi- 
nistration of complex MIGU-1 in the  
dose of 10 mg/kg/day (group 4).

Evaluation of POM intensity  
was based on the reaction of pro- 
tein carbonyl derivatives and Schiff  
bases with 2,4-dinitrophenylhy- 
drazine (DNPH) with formation  
of neutral and basic 2,4-dinitro- 
phenylhydrazones [1]. The opti-
cal density of the dinitrophenyl-
hydrazones formed was recorded  
at the wavelengths of 346 nm and  
370 nm (neutral aldehyde and ke- 
tone oxidative modification pro- 
ducts) and at 430 nm and 530 nm  
(basic aldehyde and ketone oxi-
dative modification products). 
The resulting values were calcu-
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lated per 1 mg of the total pro-
tein using Lowry method [13].

Mean values were compared 
using either the t-test or Mann-
Whitney U-test for non-paramet-
ric quantitative sampling. Excel 
and Statistica 6.0. programmes 
were used for statistical analysis. 
All results are presented as M ± m  
where M – is the mean value, m –  
is the standard deviation, p – is 
the significance level (p ≤ 0.05).

results and discussion

The increase in POM products  
in cardiomyocytes and hepatocy- 
tes in rats with CID indicates the 
activation of free radical proces- 
ses and development of the oxi-
dative stress.

The studies have shown that 
the content of neutral derivati- 
ves in rat hearts (registration at 
356 and 370 nm) is 2-fold higher 
than the content of alkaline de- 
rivatives (registration at 430 and  
530 nm) (Tab. 1). These results sug- 
gest that the secondary markers 

of the oxidative stress, neutral al-
dehyde products of POM, domi- 
nate in the control group [7].

As a result of the studies con- 
ducted, a significant almost 2-fold  
increase in alkaline products was  
observed in cardiomyocytes in ani- 
mals with CID. In these conditions  
formation of protein carbonyl de- 
rivatives may be due to oxidation 
of amino acid residues, which have 
alkaline properties. 

The analysis of the POM pro- 
duct content in the liver showed 
a significant increase in the con- 
centrations of the following com- 
pounds: the content of both neut- 
ral and basic aldehyde- and keto- 
ne-dinitrophenylhydrazones was  
significantly higher compared to 
the control group (Tab. 2). 

The injection of nicotinic acid  
caused a reduction in POM pro- 
ducts though the reduction in neut- 
ral and basic products was not 
statistically significant.

In the group of rats receiving 
a complex MIGU-1 a statistically 

significant reduction in neutral 
(34.9% for aldehyde products 
and 28.6% for ketone products, 
p < 0.05) and basic (23.3% for al- 
dehyde products and 29.1% for 
ketone products, p < 0.05) POM 
products was observed compared  
to the group of untreated animals 
with CID. At the same time, the le- 
vels of neutral and basic aldehy- 
de products did not significantly 
differ from those in the control 
group, indicating a significant in-
hibition of free radical oxidation 
of the protein molecules when 
MIGU-1 was used in CID.

Despite numerous studies of  
causes of DOX cytotoxicity, espe- 
cially on the myocardial tissue, this  
problem is not fully understood 
and is the subject of debate. It has  
been proven that DOX is able to  
enhance the oxidative stress [5],  
but there is an assumption that 
anthracycline antibiotics can in- 
hibit the activity of alpha-actin, 
heavy and light chains of myosin,  
troponin-I and desmin [10]. 

Table 1
The content of protein oxidative modification products  

in the heart muscle of rats, CU/mg of protein (М±m), n=40

Group
Neutral products Basic products

356 nm,
aldehyde products

370 nm,
ketone products

430 nm,
aldehyde products

530 nm,
ketone products

Control 0.65 ± 0.04 0.44 ± 0.04 0.32 ± 0.03 0.23 ± 0.02
CID 0.67 ± 0.06 0.85 ± 0.07* 0.74 ± 0.06* 0.54 ± 0.05*
CID + nicotinic acid 10 mg/kg 0.66 ± 0.05 0.68 ± 0.05*/# 0.56 ± 0.04*/# 0.39 ± 0.03*/#

CID + MIGU-1 10 mg/kg 0.68 ± 0.06 0.59 ± 0.04*/# 0.49 ± 0.05*/# 0.32 ± 0.03*/#

Note. * – comared to the control group (p<0.05); # – compared to the group with CID (p<0.05).

Table 2
The content of protein oxidative modification products  

in liver of rats, CU/mg of protein (М±m) n=40

Group
Neutral products Basic products

356 nm,
aldehyde products

370 nm,
ketone products

430 nm,
aldehyde products

530 nm,
ketone products

Control 0.92±0.08 1.06±0.09 0.84±0.07 0.92±0.08
CID 1.49±0.13* 1.75±0.14* 1.46±0.11* 2.13±0.16*
CID +nicotinic acid 10 mg/kg 1.25±0.11* 1.52±0.11* 1.27±0.11* 1.84±0.17*
CID +MIGU-1 10 mg/kg 0.97±0.08# 1.25±0.11# 1.12±0.11# 1.51±0.15*/#

Note. * – compared to the control group (p<0.05); # – compared to the group with CID (p<0.05).
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Decrease in the contractile pro-
tein expression and POM enhan- 
cement may be associated with  
the loss of the contractile function  
by myofibrils and the final myo-
cardial dysfunction. According to  
some authors, there is also a cor-
relation between liver diseases 
and the use of anthracycline an-
tibiotics [8]. Since the liver per-
forms many metabolic functions 
in the human body, its protection 
from toxic damage by anthracy-
cline antibiotics is also important.

Therefore, the data on POM 
changes in the heart and liver in 

rats with CID after introduction 
of the complex of germanium with  
nicotinic acid (MIGU-1) indicate the 
probable cytoprotective effects of  
the complex studied, namely in-
hibition of free radical oxidative 
processes in cardiomyocytes and  
hepatocytes. It has been determi- 
ned that the effectiveness of the 
new MIGU-1 combination is sig-
nificantly superior to the effects 
of nicotinic acid, and it may indi-
cate its probable cardioprotective  
and hepatoprotective effects and 
the prospect of further studies of 
its cytoprotective effects.

CONClUsIONs 
1. The results obtained indi-

cate a deep oxidative damage of  
cardiomyocyte and hepatocyte pro- 
teins in chronic intoxication with 
doxorubicin in rats.

2. A new drug MIGU-1 (com-
plex of germanium with nicotinic  
acid) in the dose of 10 mg/kg in-
hibits protein peroxidation pro-
cesses in chronic intoxication with  
doxorubicin. It allows considering  
MIGU-1 as a drug with a possible 
cytoprotective activity, and its 
further study may be topical and 
prospective.
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ВплиВ коМплексу герМанію з нікотиноВою кислотою на окисну Модифікацію білкіВ серця  
та печінки щуріВ при хронічній інтоксикації доксорубіциноМ
В.П.Нароха
Національний медичний університет ім. О.О.Богомольця
Ключові слова: германій; нікотинова кислота; окисна модифікація білків; міокард; печінка; доксорубіцин

Протипухлинні антибіотики з групи антрациклінів широко використовуються для лікування злоякісних ново-
утворень, однак препарати даної групи відомі своїм цитотоксичним ефектом, особливо розвитком кардіоток-
сичності. Доведено, що в основі ушкоджувальної дії антрациклінів на тканини лежить утворення активних 
форм кисню, які посилюють розвиток оксидативного стресу. Серед біомолекул організму найбільш чутливими 
до процесів перекисного окиснення є білки, які можуть бути первинним маркером у визначенні на клітинниму 
рівні даного патологічного процесу. Визначення та попередження розвитку оксидативного стресу є важливим 
для запобігання подальшого апоптозу та некрозу тканин. Мета дослідження полягала у вивченні впливу ніко-
тинової кислоти та комплексної сполуки германію з нікотиновою кислотою (МІГУ-1) на окисну модифікацію 
білків у міокарді та печінці щурів при експериментальній хронічній інтоксикації доксорубіцином. Встановлено 
характер змін вмісту продуктів перекисного окиснення білків (2,4-динітрофенілгідразонів нейтрального та 
основного характеру) в кардіоміоцитах та гепатоцитах щурів, який свідчить про посилення оксидативного 
стресу в умовах хронічної інтоксикації доксорубіцином. Нікотинова кислота в дозі 10 мг/кг щоденно не чинила 
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гепатопротекторного впливу в умовах ХІД. Доведено, що використання нової координаційної сполуки герма-
нію з нікотиновою кислотою в дозі 10 мг/кг щоденно сприяє затуханню процесу перекисного окиснення білків 
у кардіоміоцитах та гепатоцитах щурів на тлі ХІД. Отримані результати дозволяють розглядати МІГУ-1 
в якості препарату з вірогідною цитопротекторною активністю, а його подальше вивчення актуальним та 
перспективним.

Влияние коМплекса герМания с никотиноВой кислотой на окислительную Модификацию 
белкоВ сердца и печени крыс при хронической интоксикации доксорубициноМ
В.П.Нароха
Национальный медицинский университет им. А.А.Богомольца
Ключевые слова: германий; никотиновая кислота; окислительная модификация белков; миокард; печень; доксорубицин

Противоопухолевые антибиотики из группы антрациклинов широко используются для лечения злокачествен-
ных новообразований, однако препараты данной группы известны своим цитотоксическим эффектом, особен-
но развитием кардиотоксичности. Доказано, что в основе повреждающего действия антрациклинов на ткани 
лежит образование активных форм кислорода, которые усиливают развитие оксидативного стресса. Среди 
биомолекул организма наиболее чувствительными к процессам перекисного окисления являются белки, кото-
рые могут быть первичными маркерами в определении на клеточном уровне данного патологического процес-
са. Выявление и предупреждение развития оксидативного стресса являются важными для предотвращения 
последующего некроза и апоптоза тканей. Целью исследования было изучение влияния никотиновой кислоты 
и координационного соединения германия с никотиновой кислотой (МИГУ-1) на окислительную модификацию 
белков в миокарде и печени крыс при экспериментальной хронической интоксикации доксорубицином (ХИД). 
Установлен характер изменений содержания продуктов перекисного окисления белков (2,4-динитрофенилги-
дразонов нейтрального и основного характера) в кардиомиоцитах и гепатоцитах крыс, который указывает на 
усиление оксидативного стресса в условиях ХИД. Никотиновая кислота в дозе 10 мг/кг ежедневно не выявила 
гепатопротекторного влияния в условиях ХИД. Доказано. что использование нового координационного соеди-
нения германия с никотиновой кислотой в дозе 10 мг/кг ежедневно способствует затуханию процесса пере-
кисного окисления белков в кардиомиоцитах и гепатоцитах на фоне ХИД. Полученные результаты позволяют 
рассматривать МИГУ-1 в качестве препарата с возможной цитопротекторной активностью, а его изучение 
актуальным и перспективным.
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