ISSN 1562-725X

CLINICAL PHARMACY. = 2016. - Vol. 20, No. 4 35

UDC 616.36-099.036.2:57.084.1

THE EFFECT OF THE GERMANIUM COMPLEX WITH NICOTINIC
ACID ON OXIDATIVE MODIFICATION OF CARDIAC AND
HEPATIC PROTEINS IN THE EXPERIMENTAL CHRONIC
INTOXICATION WITH DOXORUBICIN IN RATS

V.PNarokha

Bogomolets National Medical University

Key words: germanium; nicotinic acid; oxidative modification of proteins; myocardium; liver; doxorubicin

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.

dverse 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 nicotinicacid [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.Mechnikov Odessa National Uni-
versity under the supervision of
professor L.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-
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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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Table 1
The content of protein oxidative modification products
in the heart muscle of rats, CU/mg of protein (M+m), n=40
Neutral products Basic products
Group 356 nm, 370 nm, 430 nm, 530 nm,
aldehyde products | ketone products | aldehyde products | 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).

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-

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

As aresult 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

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,

gest that the secondary markers a complex MIGU-1 a statistically  troponin-I and desmin [10].

Table 2
The content of protein oxidative modification products
in liver of rats, CU/mg of protein (M+m) n=40
Neutral products Basic products
Group 356 nm, 370 nm, 430 nm, 530 nm,
aldehyde products | ketone products | aldehyde products | 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* 1.46x0.11% 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% 1.514+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.
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BII/IMB KOMIVIEKCY TEPMAHIIO 3 HIKOTUHOBOIO KMC/IOTO0 HA OKHUCHY MOAU®PIKALIIO BIUIKIB CEPLIA
TA INIEYIHKH IIYPIB ITPY XPOHIYHIW IHTOKCUKAILII JOKCOPYBIIMHOM

B.Il.Hapoxa

HayioHaavHuii Medu4Huil yHieepcumem im. 0.0.502omoavys

Karouosi caosa: eepmaHitl; HIKOmuHo8a Kuc.10ma; OKUCHa moougikayis 6iakie; miokapd; neuiHka; dokcopybiyuH

IIpomunyxauHHi aHmu6iomuku 3 2pynu aHmMpayukAiHie Wupoko 8UKOPUCMO8YIOMbCsl 0151 NIKYBAHHS 3/105IKICHUX HOBO-
ymeopeHb, 00HaK npenapamu 0aHoi epynu 8idomi ce0im YumMomokcu4HuM eoekmoM, 0c06.1U80 pO38UMKOM KApOiomoK-
cuyHocmi. [losedeHo, wo 8 0CHOBI yWK0Ox*CY8a1bHOI 0if aHmpayukAiHie HA MKAHUHU J1eXCUMb YMBOPeHHSI AKMUBHUX
@opm KucHIo, AKI nocu0I0Mb po38UMok okcudamueHozo cmpecy. Ceped 6ioMo1eKy/1 Op2aHi3My HALIGLIbW 1Y MAUBUMU
do npoyecie nepeKucH020 OKUCHEHHS € bi/KU, K MoXcymb Gymu nepeuHHUM MAPKEPOM y 8U3HAYEHHI HA KAIMUHHUMY
pisHi daH020 namos102i4Ho20 npoyecy. BusHaveHHs1 ma nonepediceHHs1 po38UMKy 0OKCUdamue8H020 CMpecy € 8aXcAUBUM
015 3ano6izaHHsA NodabWO020 anonmosy ma Hekpo3y mkaHuH. Mema docaidxiceHHs nos2ana y susdeHHi enausy Hiko-
MUHOB0I KUC10mu ma KOMNJAEKCHOI CNolyKu 2epMaHir 3 HikomuHosow Kucaomor (MIT'Y-1) Ha okucHy modugikayiro
6is1Kie y mMiokapdi ma neviHyi wypie npu ekchepumeHmMabHill XxpoHIiuHitl iHmokcukayii dokcopybiyuHom. BcmaHnoeseHo
Xxapakmep 3MiH eMicmy npodykmie nepeKucHo20 OKUCHeHHS 6iaKis (2,4-dunimpogenineiopasonie HelimpaabHo20 ma
0CHOBHO20 Xxapakmepy) 6 kapdiomioyumax ma 2zenamoyumax wypis, akuil ceid4ums npo NOCUNeHHs1 OKCUAAMUBHO20
cmpecy 8 ymosax XxpoHiuHoi IHmokcukayii dokcopybiyunom. HikomuHosa kucsaoma e do3i 10 m2/ke ujodeHHO He YHUHUAa
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2enamonpomekmopHoz0 enausy 6 ymoeax XI/]. /loeedeHo, ujo eukopucmaHHs Hogoi KoopouHayiliHoi cnoayku 2epma-
HII0 3 HIKOMUHOB010 Kuca0mot 8 003i 10 M2/kz2 WodeHHO cnpusie 3aMmyXaHHI0 NPoyecy NepeKUucHO20 OKUCHEHHS OiaKI8
y Kapdiomioyumax ma zenamoyumax wypie Ha mai X1/]. Ompumaui peaysemamu do3goasrome poseasdamu MIT'Y-1
8 ssKocmi npenapamy 3 8ipo2idHO0 YUmMonpomeKmopHow akmusHicmio, a io2o nodabuie 8USYEHHS AKMYAJAbHUM Mda
nepcnekmueHuUM.

B/IMAHUE KOMIIJIEKCA TEPMAHHUA C HHKOTHHOBOIX}(HC]IOTOF[ HA OKHCJ/IMTEJIbHYIO MOAUPUKALIUIO
BEJIKOB CEPAUA YU MTEYEHU KPbIC TP XPOHUYECKOU MHTOKCUKALIMH JOKCOPYBULIMHOM

B.Il.Hapoxa
HayuoHaawbHb1il MeduyuHcKull yHugepcumem um. A.A.bozomorbya
Karouesvle cno08a: eepMaHull; HUKOMUHOBAS KUC1I0MA; OKUCAUMeAbHAsl Modudukayusl 6e/1K08; MUokapd; neueHb; OKCopyouyuH

IIpomusoonyxosesvie aHMUOUOMUKU U3 2pyNnnbl GHMPAYUKAUHOB WUPOKO UCNOAb3YIOMCsl 0/151 Ae4eHUs! 310Ka4ecmeeH-
HblX H08006pa3osaHull, 00HaKO npenapamul 0aHHOU 2pynnbl U38ECMHbI CBOUM YUMOMoKkcu4eckum agpghekmom, ocobeH-
Ho pazgumuem KapduomokcuyHocmu. /JokazaHo, ¥mo 8 0CHO8e nogpedcdarowezo delicmeust AHMpayuUKAUHO8 HA MKAHU
Jiesxcum 06paszosarue akmugHbslX hopm Kuca0pooa, Komopule ycuausarom pasdgumue okcudamugHozo cmpecca. Cpedu
6UOMO/1eKY/l OP2AHU3MA HAUGO1ee Yy8CmaumeabHbIMU K NPOYeccam nepekUcHo20 OKUCAeHUs S85K0mcsl 6e/KU, Komo-
pble Mo2ym 6blmb NepeUYHbIMU MAPKepamu 8 onpedeeHUU HA K/AemovYHOM yposHe daHHO20 hamo/102u4ecKo20 npoyec-
ca. Bvisisnenue u npedynpesicdenue pasgumust okcudamugHo20 cmpecca s185110mMcsl 8ANHCHbIMU 0151 npedomepaujeHust
noczedynouje2o HeKpo3a u anonmosa mkaueli. Ljesvro ucciedosaHus 6bl10 uzydeHue 8AUsSHUS HUKOMUHOBOU KUC/10Mbl
U KOOpOUHAYUOHHO20 COeQUHEHUSs1 2epMAHUsl ¢ HUKOMUHOo8oU kucsaomotl (MHUI'Y-1) Ha okucaumeavbHyto modugukayuio
6e/1K08 8 MUOKApde U ne4eHU KpbiC NpU IKCNePUMEHMA/AbHOU XpOHU4eckol UHmMoKkcukayuu dokcopybuyuHom (XU/).
YemaHoeseH xapakmep uameHeHull codepicarusi npodykmoe nepeKkucHo20 oKucaeHus 6eakos (2,4-duHumpogpenuazu-
dpasoHos Helimpa/ibHO20 U OCHOBHO20 Xapakmepa) 8 KapouoMuoyumax u 2enamoyumax Kpbic, Komopblil ykasbieaem Ha
ycuseHue okcudamugHozo cmpecca 8 ycaosusx XH/l. HukomuHogas kucaoma e dose 10 me/ke excedHe8HO He 8blsi8UAd
2enamonpomekmopHo20 8ausiHus 8 ycaogusix XU/, /lokazaHo. 4mo ucho/1b308aHue H08020 KOOPOUHAYUOHHO20 coedu-
HeHUsl 2epMaHusl C HUKOMUHOB0U Kucsomoli 8 doze 10 me/kz excedHe8HO cnocobcmayem 3amyXxaHuro npoyecca nepe-
KUCHO20 OKUC/IeHUsl 6eaK08 8 Kapduomuoyumax u 2zenamoyumax Ha gore XH/]. [lonyuentble pe3yabmamsl N0360.1510m
paccmampusams MUTY-1 8 kauecmee npenapama ¢ 803MONHCHOU YumMonpomeKmopHoll akKmugHOCMblo, a e2o UsyveHue
aKmMya/bHbIM U NEPCNeKmMu8HbIM.

Address for correspondence: Received in 21.03.2016
22, Pushkinska str., Kyiv, 01004.

Tel. (97) 644-84-51. E-mail: v.narokha@ukr.net.

Bogomolets National Medical University



