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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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ром, в режиме холодной абляции, и неодимовым (Nd:YAG) - 
в длинноимпульсном режиме. Максимальная толщина дер-
мы отмечена в средней трети (стандартная точка измерения 
по среднезрачковой линии в проекции инфраорбитального 
отверстия) и составила 1,75±0,29 мм, минимальная - на шее 
и подглазничной области, соответственно 1,2 (1,15; 1,3) мм 
и 1,15±0,15 мм. На вторые сутки после процедуры отмеча-
лось статистически значимое увеличение толщины дермы в 
средней трети в проекции инфраорбитального отверстия до 

2,63±0,33 мм и в субментальной области шеи - до 1,57±0,23 мм, 
за счет всех ее слоев в сравнении со значениями до процеду-
ры (р=0,005, р<0,0001). При ультразвуковом исследовании 
в В-режиме визуализация слоев дермы затруднена, при ком-
прессионной эластографии жесткость тканей уменьшилась, в 
режиме цветового допплеровского картирования наблюдалась 
более выраженная васкуляризация в сравнении с исходной до 
процедуры, сохраняющаяся до 6 недель. С 7 суток УЗИ карти-
на в В-режиме соответствовала исходным показателям.  

reziume

maRali garCeviTobis ultrabgeriTi kvlevis roli saxis 
da kisris kanis diagnostikaSi lazeruli gaaxalgazrdavebis Semdeg

i.bondarenko, e.privalova

sxivuri diagnostikis centraluri samecniero-kvleviTi instituti, ruseTis federacia

maRali garCeviTobis ultrabgeriTi kvlevis 
gamoyenebiT gamokvleulia 25 pacienti procedura-
mde da me-2, me-7, 21-e DdRes da 1,5 Tvis Semdeg saxi-
sa da kisris kanze erbiumis (Er:YAG)  lazeris 
kombinirebuli gamoyenebis Semdeg, civi ablaciis 
reJimSi da neodimuri  (Nd:YAG) lazerisa - grZel-
impulsur  reJimSi.  dermis maqsimaluri sisqe 
aRiniSna Sua mesamedSi (gazomvis standartuli 
wertili - gugis Sua xazze infraorbituli 
xvrelis proeqciaze) da Seadgina 1,75±0,29 mm, mini-
maluri – kisersa da TvalisqveSa midamoSi, Sesa-
bamisad 1,2 (1,15; 1,3) mm da 1,15±0,15 mm.
proceduridan meore dRes, proceduramdel 

maCveneblebTan SedarebiT,  aRiniSna dermis sisqis 
statistikurad sarwmuno momateba Sua mesamedSi 
infraorbituli xvrelis proeqciaze 2,63±0,33 mm-mde,  
kisris submentalur midamoSi - 1,57±0,23 mm-mde, 
misi yvela Sris xarjze (р=0,005, р<0,0001).
ultrabgeriTi kvlevisas B-reJimSi dermis 

fenebis vizualizacia garTulebulia; kompre-
siuli elastografiisas qsovilebis simtkice Sem-
cirda; konvergentuli feradi doplerogarfiisas 
aRiniSna ufro gamoxatuli vaskularizacia, proce-
duramdel donesTan SedarebiT, rac SenarCunda 6 
kviramde periodSi. me-7  dRidan ultrabgeriTi su-
raTi B-reJimSi Seesabameboda sawyis maCveneblebs.

EFFECT OF 2,6-dimethylpyridine-N-oxide ON THE SEVERITY OF CYTOGENETIC 
EFFECTS INDUCED BY DIOXIDINE IN BONE MARROW CELLS OF MICE

Vasetska O., Zubko O., Prodanchuk M., Kravchuk O., Zhminko P.

L.I. Medved’s Research Center of Preventive Toxicology, Food and Chemical Safety, 
Ministry of Health of Ukraine (State Enterprise)

The rapid technological development of society at the pres-
ent stage has led to global pollution of the environment with 
various types of chemicals that have harmful properties and 
potential delayed effects, among which a special place is occu-
pied by pesticides. As you know, to protect the crop from pests, 
pesticides are deliberately introduced into the environment and 
some of them persist for a long time in various objects (water, 
soil, air, food), thereby causing irreparable damage to both the 
inhabitants of the aquatic, soil and ground environment and hu-
man health. Based on the entire variety of scientific literature on 
the mutagenic activity of pesticides, it can be stated briefly that 
some pesticides used in agriculture and having genotoxic poten-
tial are mainly weak mutagens [18,23,27,29]. It should be noted 
that pesticides that do not have a direct mutagenic effect, for ex-
ample, azinfosmethyl, diazinon in animals, metribuzin and am-
etrine in plants, form genotoxic metabolites during metabolism 

[18,23,28], which should be taken into account when developing 
hygienic standards for the initial active substance and assessing 
the potential risk of its genotoxic metabolites for human health. 

The most at risk of pesticides are workers engaged in the pro-
duction and use of pesticides in agriculture. It was shown that 
cytogenetic disorders characterized by an increased frequency 
of chromosome aberrations in human peripheral blood lym-
phocytes were detected in workers who came into contact with 
pesticides such as ziram, zineb, TMTD (tetramethylthiuram di-
sulfide), benomyl, polychlorocamphene (toxaphene), cotoran 
(fluometuron), as well as with some organophosphorus insecti-
cides [1], which may indicate an increased risk of reproductive 
disorders and the growth of cancer. 

When exposed to cultivated and wild plants, pesticides such 
as 2,4-D, TMTD, propazine, atrazine and simazine, a number of 
organophosphates, and heavy metal salts make a certain contri-
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bution to the mutation process, which contributes to changes in 
plant species and varieties. In particular, formulations based 
on 2,4-D in some plant species cause changes in the branch-
ing of the ear, husklessness; organophosphorus insecticides 
cause ontogenetic variability and sterility of grain crops; 
when treating grain with TMTD and triazine herbicides, 
structural rearrangements of all types of chromosomes were 
found in plant cells [2,16].

Depending on the chemical structure of the mutagen mole-
cule, they can affect the synthesis of DNA, regulatory proteins, 
have a direct damaging effect on the DNA structure, or interact 
with cell membranes and indirectly induce mutations [17,25]. 
When several pesticides are co-administered to humans, ani-
mals, and plants, their genotoxic effects may be potentiated 
[24,31,32], which can lead to severe consequences for human 
health and environmental variability. Given the fact that studies 
of the cytogenetic effects of pesticide formulations containing 
two or more active ingredients are rarely conducted, at this stage 
of preventive and experimental toxicology, special attention 
should be paid to the study of their genotoxicity with concomi-
tant exposure. Understanding the severity and danger of the con-
sequences of induced mutagenesis should also draw the atten-
tion of toxicologists and geneticists to the search for new drugs 
with antimutagenic properties and the search for ways of protec-
tion aimed at reducing the negative effect of the chemical factor 
on the human genome and increasing the body’s resistance to 
mutagenic effects at low doses. The importance of preventing 
the consequences of induced mutagenesis and the development 
of means to protect the human genome from mutagenic effects 
is reflected in [19].

Currently, a search is underway for natural and synthetic 
compounds that can reduce the mutation processes of various 
chemicals, including some drugs. Pyridine derivatives are prom-
ising in this regard since it is known that the heterocyclic system 
of pyridine is the basis for many pharmacological drugs with a 
wide spectrum of action. One of the known effective drugs with 
a multicomponent, multi-agent mechanism of action belonging 
to pyridines is mexidol (ethylmethylhydroxypyridine succinate)
[9]. Among this group of substances, a number of effective sub-
stances with antioxidant, membrane - and genoprotective and 
antimutagenic properties have been identified [10,14,15,21].

On bacterial test systems, cyto- and genoprotective effects 
were also revealed in pyridine-N-oxide [26]. In experiments on 
laboratory animals, it was shown that the methyl derivatives of 
pyridine-N-oxide are low-toxic substances. In contrast to pyri-
dine, the toxicity of pyridine-N-oxide and its methyl derivatives 
is largely due to the presence of oxygen in the pyridine molecule 
near the nitrogen atom, the amount of charge on the nitrogen 
atom, and lower lipophilicity. With a decrease in the charge on 
the nitrogen atom in the molecules of methyl derivatives of pyr-
idine-N-oxide, their toxicity increases. The toxicity of pyridine-
N-oxide complexes with organic acids depends on the structure 
of proton-donors and can be caused by changes in the state of 
hydrogen bonds with oxygen N+→O and hydrogen as a result 
of their interaction [6]. In this regard, derivatives of pyridine-
N-oxide can also be promising compounds for these purposes.

Among this group of substances, Ivin (2,6-dimethylpyridine-
N-oxide), which is an analogue of natural phytohormones and is 
recommended as a plant growth regulator (PGR), showed high 
biological activity. Ivin, as PGR, is widely used in Ukraine to 
increase the yield of many vegetable, melon-field, grain and in-
dustrial crops [22]. In the plant protection system, Ivin is used 
both separately and together with insecticides and fungicides of 

various chemical groups. It has been shown that Ivin intensi-
fies plant growth, increases resistance to adverse environmental 
influences, reduces infectious and parasitic diseases of plants, 
and reduces the content of nitrates and heavy metals in fruits 
[30]. Important in the regulation of plant growth, in addition to 
the intensification of the transport of nutrients through the mem-
branes due to changes in the lipid composition, activation of 
H+-ATPase and increased membrane permeability, is the modi-
fication of the functioning of the cellular genome, in particular, 
changes in the matrix availability of DNA, activation of RNA 
and protein synthesis [30]. In studies on laboratory animals, it 
was found that Ivin has a membrane-stabilizing effect, reduces 
the processes of lipid peroxidation, slightly increases the level 
of RNA, DNA and the mitotic index of hepatocytes, and intensi-
fies protein-synthetic processes in liver tissues [30]. Also, us-
ing the model “NDEA-hepatectomy” in the modification of Ito 
N., which allows us to study the effect of the substance on the 
proliferation of transformed hepatocytes, it was shown [20] that 
Ivin is not a promoter of carcinogenesis. When Ivin was admin-
istered at doses of 26 and 0.126 mg/kg body weight, relative to 
the positive control, there was a decrease in the number and area 
of gamma-glutamyltranspeptidase-positive hyperplastic nodules 
in the rat liver, which indicates inhibition of the promoter action 
of the known carcinogen N-nitrosodiethylamine (NDEA). 

A study of the combined effect of Ivin with pesticides of vari-
ous chemical groups showed that Ivin reduces the severity of 
clinical signs of intoxication and acute toxicity to animals of 
most of the studied substances [5]. The combined acute and 
subchronic oral effects of the organophosphorus insecticide 
Chlorpyrifos and Ivin on the rat body showed a decrease in the 
anticholinesterase effect of Chlorpyrifos and the severity of cho-
linergic symptoms of intoxication [4,7], which may be associ-
ated with the stabilization of biological membranes caused by 
the action of Ivin.

Earlier [8], we studied the cytogenetic activity and the ability 
of 2,6-dimethylpyridine-N-oxide to modify the cytogenetic ef-
fects in mouse bone marrow cells caused by the known alkylat-
ing mutagen Cyclophosphamide. It was found that Ivin in the 
test for the induction of chromosome aberration in mouse bone 
marrow cells in the dose range from 0.07 mg/kg to 710 mg/kg 
did not induce spontaneous mutagenesis. When co-administered 
to male CD-1 mice with Cyclophosphamide at a dose of 40 mg/
kg, Ivin at low doses (7.1, 0.7, and 0.07 mg/kg body weight) 
significantly reduced the frequency of metaphases with chromo-
some aberrations (by 55.7%, 62.9%, and 72.9%, respectively), 
which may be due to its genoprotective effect, due to membrane 
stabilization and antioxidant action. The detected high antimuta-
genic activity of this compound indicates the prospects for fur-
ther studies of it as a genoprotector.

To confirm the genoprotective effect of Ivin, it was advisable 
to study its modifying properties when combined with the pro-
oxidant mutagen Dioxidine, which was the task of this work.

Purpose of the study - to study the ability of 2,6-dimethylpyr-
idine-N-oxide to modify the cytogenetic effects in mouse bone 
marrow cells caused by the pro-oxidant mutagen Dioxidine.

Material and methods. This study used Ivin, 99.5%, synthe-
sized at the Institute of Bioorganic Chemistry and Petrochemi-
cals of the National Academy of Sciences of Ukraine. Ivin by 
its chemical structure belongs to the derivatives of pyridine-N-
oxide. The chemical name of Ivin is 2,6-dimethylpyridine-N-
oxide (CAS No. 1073-23-0).

To induce damage to the structure of chromosomes, the 
well-known antibacterial drug Dioxidine – a pro-oxidant muta-
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gen (hydroxymethylchinoxylindioxide, CAS No. 17311-31-8, JSC 
“Farmak”, Ukraine) was used, which is widely used in cytogenetic 
studies [12, 13], both as a positive control to confirm the reproduc-
ibility of the method, and to assess the possible modifying geno-
toxic effect of Ivin when it is co-exposed with Dioxidine.

One of the evidential indicators of the mutation process at 
the cellular level is the detection of chromosomal aberrations, 
the increased level of which is considered as chromosomal in-
stability, which can later cause the development of malignant 
neoplasms. In order to study the effect of Ivin on the genome of 
mammalian somatic cells, both when isolated and when com-
bined with Dioxidine, the method of metaphase analysis of chro-
mosome aberrations in mouse bone marrow cells was used. The 
method of studying chromosomes at the metaphase stage is the 
most informative, since it allows us to study a wide range of 
structural damage to chromosomes.

The cytogenetic activity of the studied substances was studied 
in accordance with the recommendations of OECD 475 (OECD 
Guideline for Testing of Chemicals “Mammalian Bone Marrow 
Chromosome Aberration Test”) [33] on young adult Mus Mus-
culus CD-1 albino mice (males) and the GLP principles (GLP 
Certificate of Compliance “Statement of GLP compliance No. 
G-042” issued by SNAS 10.03.2020). The test for the induction 
of chromosome aberrations is based on the registration of struc-
tural disorders of chromosomes in bone marrow cells.

It is known that studies on mammals are the most informative, 
since they take into account the features of adsorption, as well 
as transport in the body of chemical mutagens and their metabo-
lites. Some substances, not being direct mutagens, can be con-
verted into mutagens during metabolism, so the in vivo method 
allows us to adequately assess the mutagenicity of a substance 
in relation to the whole organism. This significantly affects the 
yield of induced mutations, allows a more reasonable approach 
to the assessment of the mutagenic activity of the studied com-
pounds and to anticipate the consequences for humans, which 
are the ultimate goal for these experiments.

In this regard, the experiment used mice (males), which have 
a high proliferative activity of tissues and a low fat content in the 
bone marrow, which contributes to obtaining high-quality speci-
mens. Mice weighing 18-20 g, acquired from the SPF nursery of 
small laboratory animals of the “L. I. Medved Research Center 
for Preventive Toxicology, Food and Chemical Safety, Minis-
try of Health, Ukraine (State Enterprise)” (6, Geroyev Oborony 
str., Kiev, 03127, Ukraine) with a certificate of quality of animal 
health. Acclimatization of the animals in the vivarium was car-
ried out within 5 days after acquisition. The experimental and 
control groups included 5 animals each. 

Throughout the experiment, the mice were kept in the SPF 
vivarium at a temperature of 22°C (±2°C), air humidity – 46-
48%. The animals received balanced granulated compound feed 
produced by Altromin (Germany) and water (decontaminated, 
purified, UV-sterilized, deionized) ad libitum. The study was 
conducted following the principles of bioethics and the require-
ments of humane treatment of animals (European Convention 
for the Protection of Vertebrate Animals used for Experimental 
and other Scientific Purposes, 1986).

An experiment to study the cytogenetic effect of Ivin was per-
formed on 5 groups of mice. The first group was intact animals 
(negative control) were orally administered purified, UV-ster-
ilized, deionized water. The second group of animals (positive 
control) was intraperitoneally administered an aqueous solution 
of Dioxidine at a dose of 100 mg/kg of body weight, capable 
of causing damage to chromosomes. The third, fourth and fifth 

groups of animals were experimental groups, who were intra-
peritoneally administered an aqueous solution of Dioxidine at 
a dose of 100 mg/kg of body weight and immediately after the 
introduction of the mutagen, were orally administered Ivin at 
doses of 710, 71 and 0.7 mg/kg of body weight, respectively 
(1/2, 1/20, 1/2000 from LD50). The choice of Ivin doses was 
based on its effective and inactive dose levels studied in the pre-
vious experiment with Cyclophosphamide [8] and the principles 
of bioethics.

The animals were killed by cervical dislocation 24 hours af-
ter the administration of the test substances. Two hours before 
bone marrow collection, animals were given an intraperitoneal 
colchicine solution (Sigma-Aldrich, USA) at a dose of 4 mg/kg 
of body weight to stop cell division at the metaphase stage of 
mitosis. Bone marrow isolation and preparation of specimens 
for cytogenetic analysis were carried out in accordance with the 
recommendations of the ОЕСD [33].

The analysis of chromosomal aberrations was performed on 
encrypted preparations. The selection of metaphases suitable 
for analysis was carried out at a 10-fold magnification, and in 
the study of individual metaphase plates, a 100-fold magnifica-
tion of the microscope (immersion lens) was used. Metaphases 
containing 40±2 chromosomes, clearly distinguishable and with 
moderate spiralization, were analyzed. No more than 3 chromo-
some overlaps were allowed in one metaphase. We analyzed 
100 metaphases in each plate (a total of 500 metaphases in each 
dose). The analysis of the preparations was based on the gen-
eral principles of determining the disorders of the chromosome 
structure, taking into account breaks, aberrations of chromo-
somes, multi-aberrant and polyploid cells [33].

Statistical data processing was carried out using standard meth-
ods using the Student’s t-criteria. The arithmetic mean (M), the rep-
resentativeness error (m), the Student’s criterion “t”, and the signifi-
cant difference in the results obtained (P) were calculated. 

Results and discussion. With the isolated action of Dioxi-
dine, as well as the combined action of Ivin and Dioxidine, no 
animal deaths and clinical symptoms of intoxication were ob-
served in all the studied doses. The behaviour of the experimen-
tal mice did not differ from that of the control animals.

The results of studies of cytogenetic parameters are shown in 
the table 1. As can be seen from the table, in the negative control 
group, the average frequency of metaphases with chromosome 
aberrations was 0.2 %, which does not exceed the spontaneous 
level of the frequency of metaphases with aberrations in intact 
animals. 

In mice treated with Dioxidine at a dose of 100 mg/kg (posi-
tive control group), the average frequency of metaphases with 
chromosome aberrations in mouse bone marrow cells was 5.4 
% (p ≤ 0.001), which is 27 times higher than the level of spon-
taneous frequency of chromosome aberrations in intact animals. 

Chromatid-type aberrations with single fragments were found 
among the damaged chromosomes. There were no multi-aber-
rant cells, and three polyploid cells were identified. The iden-
tified effects indicate the adequacy of the test system used to 
assess the mutagenic properties of chemical agents.

As previously established [8], when Ivin was isolated in mice 
at doses of 710 and 71 mg/kg of body weight, the average fre-
quency of metaphases with chromosome aberrations was 0.8 
% and 0.6 %, respectively, and at a dose of 7.0 mg/kg of body 
weight – 0.2 % (at the level of negative control). In all the 
studied doses of Ivin, the detected chromosome aberrations 
in the bone marrow cells of mice, as in the negative control, 
were of the chromatid type in the form of single fragments. 
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Other types of chromosome aberration, multi-aberrant and 
polyploid cells were not detected in all the studied doses. 
This indicates that Ivin in the studied doses did not induce 
a statistically significant increase in incidence of metaphases 
with chromosome aberrations.

When exposed to Ivin at doses of 710, 71, and 0.7 mg/kg of 
body weight against the background of Dioxidine, the aver-
age frequency of metaphases with chromosome aberrations in 
mouse bone marrow cells, relative to the positive control, de-
creased by 55.56 %, 66.70 %, and 74.08 %, respectively. No 
multi-aberrant or polyploid cells were observed.

As can be seen from the presented data, when the dose of Ivin 
is decreased, the mutagenic effect of Dioxidine decreases too, as 
evidenced by a reduction in the frequency of metaphases with 
chromosome aberrations in mouse bone marrow cells.

The results of the studies indicate that Ivin at doses of 710, 
71 and 0.7 mg/kg of body weight reduces the frequency and 
number of chromosome aberrations in mouse bone marrow cells 
caused by Dioxidine, with the greatest effect at the lowest dose. 
In all variants of the experiment, only chromatid-type chromo-
some aberrations with single fragments were detected in the 
spectrum of chromosome aberrations.

The obtained data of cytogenetic analysis indicate that Ivin 
when combined with the inducer of chromosome aberrations, 

Table 1. Frequency of metaphase chromosome aberrations and the spectrum of chromosome aberrations
in the mice bone marrow cells of under the combined action of Ivin with Dioxidine

Groups Dose,
mg/kg

Num-
ber 
of 

analy-
zed 
cells

Chromatide-
type aberra-

tions

Chromoso-
metype 

aberrations
Multi-
aber-
rant 
cells

Total 
number 
of meta-
phases 

chromo-
some 
aber-

rations

Poly-
ploid 
cells

Frequen-
cy 

of meta-
phases 

chromo-
some 

aberra-
tions 

(М±m), %

Statis-
ti–

cally 
sig-
nifi–
cant,
td1

Single 
frag-
ments

Ex-
chang-

es

Double 
fragments

Negative control 0 500 1 0 0 0 1 0 0,20±0,19 -
Dioxidine (positive 
control) 100 500 27 0 0 0 27 3 5,60±1,03 5,162

Dioxidine + 
Ivin (2,6-dimethyl-
pyridine- N-oxide)

100 + 710 500 12 0 0 0 12 0 2,40±0,68 3,093

100 + 71 500 9 0 0 0 9 0 1,80±0,59 2,553

100 + 0.7 500 7 0 0 0 7 0 1,40±0,53 2,133

note: 1td – Student’s reliability criterion; 2 – Р ≤ 0,001; 3 - Р ≤ 0,05

Fig. 1. Reduction of the mutagenic effect of Dioxide (A) and Cyclophosphamide (B) when combined action with Ivin (in %)

Dioxidine, contributes to a significant reduction in the frequen-
cy of damage to the chromosomes of mouse bone marrow cells 
caused by Dioxidine. The severity of this effect had an inverse 
dose dependence: with a decrease in the dose of Ivin, the cyto-
genetic effects of Dioxidine decreased to a greater extent than 
with high doses of Ivin. 

Comparing the dose-effect relationship obtained in the experi-
ment with Cyclophosphamide [8] and Dioxidine (Fig.1) it can be 
argued that the antimutagenic effect of Ivin is more pronounced 
when it is combined with Dioxidine than with Cyclophospha-
mide. In contrast to the previous experience with Cyclophospha-
mide, where the dose of Ivin 710 mg/kg was not effective, in the 
case of Dioxidine, the antimutagenic effect of Ivin at this dose 
was more than 50 %. In both experiments, the same direction of 
the effect was found – with a decrease in the dose of Ivin, the 
antimutagenic effect increased. 

The mechanism of the antimutagenic action of Ivin has not 
been studied. Since Dioxidine is a pro-oxidant mutagen (in-
creases lipid peroxidation, significantly reduces the activity of 
anti-radical defense enzymes), which plays a significant role in 
the mechanism of its damaging action [11], it can be assumed 
that the genoprotective effect of Ivin is associated with the stabi-
lization of membranes and its antioxidant properties.

The strengthening of the protective effect with low doses of 
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Ivin, both when combined with Cyclophosphamide and Dioxi-
dine, can be explained by the physico-chemical state of the Ivin 
molecule. Since, according to [3], Ivin interacts with membrane 
lipids in a dehydrated form at low concentrations, as a result of 
membrane modification, their stabilization (lipid compaction) is 
observed, while there is a change in cellular signal transduction, 
an increase in protein synthesis processes and the function of 
reparative systems, which leads to a decrease in the toxic effect 
and adaptation.

However, considering high biological activity and interaction 
Ivin with lipid membranes at low doses and concentrations, it can 
be assumed that the mechanism of its protective (genoprotective) 
action along a membrane-stabilizing and antioxidant effect could be 
realized at the level of specific regulatory proteins, receptors and of 
the genome that can be the subject of further research.

Conclusions. 1. Іn a test for the induction of chromosome 
aberrations in mouse bone marrow cells, Ivin (2,6-dimethyl-
pyridine-N-oxide) when combined with Dioxidine at doses of 
710, 71 and 0.7 mg/kg of body weight significantly reduces the 
incidence of chromosome aberrations (by 55.56 %, 66.70% and 
74.08%, respectively), which may be related to the genoprotec-
tive effect of Ivin, due to the stabilization of membranes and its 
antioxidant effect.

2. The degree of the antimutagenic effect of Ivin has an in-
verse dose dependence: with a decrease in the dose of Ivin, the 
cytogenetic effects of Dioxidine decrease to a greater extent than 
when it is exposed to a high dose.

3. The high antimutagenic effect of Ivin was confirmed, which 
is expressed to a greater extent when it is combined with Dioxi-
dine than with Cyclophosphamide.
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SUMMARY

EFFECT OF 2,6-dimethylpyridine-N-oxide ON 
THE SEVERITY OF CYTOGENETIC EFFECTS IN-
DUCED BY DIOXIDINE IN BONE MARROW CELLS 
OF MICE

Vasetska O., Zubko O., Prodanchuk M., Kravchuk O., 
Zhminko P.

L.I. Medved’s Research Center of Preventive Toxicology, Food 
and Chemical Safety, Ministry of Health of Ukraine (State En-
terprise)

Objective - to study the ability of 2,6-dimethylpyridine-N-
oxide to modify the cytogenetic effects in mouse bone marrow 
cells caused by the pro-oxidant mutagen Dioxidine.

The cytogenetic activity and mutagen-modifying effect of 

the plant growth regulator 2,6-dimethylpyridine-N-oxide (Ivin) 
were studied by the method of accounting for chromosomal ab-
errations in the bone marrow cells of CD-1 mice (males) with 
a single joint exposure with Dioxidine. Ivin was administered 
single orally in the form of an aqueous solution at doses of 710, 
71, and 0.7 mg/kg bw, which corresponds to 1/2, 1/20, 1/2000 
of LD50 after intraperitoneally administered of Dioxidine at a 
dose 100 mg/kg. The animals of the positive control group were 
treated Dioxidine intraperitoneally at a dose of 100 mg/kg bw. 
Intact animals (negative control group) were orally administered 
purified, UV-sterilized, deionized water.

It was shown that when combined with Dioxidine, Ivin at 
doses of 710, 71, and 0,7 mg/kg bw significally reduced the fre-
quency of metaphases chromosome aberrations, relative to posi-
tive control by 55,56%, 66,70%, and 74,08% respectively. No 
multi-aberrant and polyploid cells were observed. In all variants 
of the experiment, only chromatid-type chromosome aberrations 
with single fragments were detected in the spectrum of chromo-
some aberrations.

The severity of this effect had an inverse dose dependence: with 
a decrease in the dose of Ivin, the cytogenetic effects of Dioxidine 
decreased to a greater extent than with high doses of Ivin. 

The high antimutagenic effect of Ivin was confirmed, which is 
expressed to a greater extent when it is combined with Dioxidine 
than with Cyclophosphamide. These findings may be associated 
with the genoprotective effect of Ivin, due to the stabilization of 
membranes and its antioxidant effect.

Keywords: 2,6-dimethylpyridine-N-oxide, Dioxidine, chro-
mosome aberrations, bone marrow cells, mice

РЕЗЮМЕ

ВЛИЯНИЕ 2,6-ДИМЕТИЛПИРИДИНА-N-ОКСИДА 
НА ВЫРАЖЕННОСТЬ ЦИТОГЕНЕТИЧЕСКИХ ЭФ-
ФЕКТОВ, ИНДУЦИРОВАННЫХ ДИОКСИДИНОМ В 
КЛЕТКАХ КОСТНОГО МОЗГА МЫШЕЙ

Васецкая О.П., Зубко Е.С., Проданчук Н.Г., 
Кравчук А.П., Жминько П.Г.

Государственное Предприятие «Научный центр превен-
тивной токсикологии, пищевой и химической безопасности 
им. акад. Л.И. Медведя Министерства здравоохранения 
Украины»

Цель исследования - изучить способность 2,6-диметил-
пиридина N-оксида модифицировать цитогенетические эф-
фекты в клетках костного мозга мышей, вызванные мутаге-
ном прооксидантного типа действия диоксидином.

Изучены цитогенетеческая активность и мутаген-моди-
фицирующее действие регулятора роста растений 2,6-диме-
тилпиридина N-оксида (Ивин) методом учета хромосомных 
аберраций в клетках костного мозга мышей CD-1 (самцов) 
при однократном совместном воздействии с диоксидином. 
Ивин вводили однократно перорально в виде водного рас-
твора в дозах: 710, 71 и 0.71 мг/кг массы тела, что соответ-
ствует 1/2, 1/20 и 1/2000 от летальной дозы (ЛД50) совмест-
но с диоксидином. Диоксидин вводили внутрибрюшинно 
в дозе 100 мг/кг. Интактным животным (группа отрица-
тельного контроля) перорально вводили очищенную, УФ-
стерилизованную, деионизированную воду. 

Показано, что при совместном воздействии с диоксиди-
ном Ивин в дозах 710, 71 и 0,71 мг/кг массы тела значи-
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тельно снижает среднюю частоту метафаз с аберрациями 
хромосом в клетках костного мозга мышей по отношению 
к действию мутагена на 55,56%, 66,70% и 74,08%. Мульти-
аберрантных и полиплоидных клеток не наблюдалось. Во 
всех вариантах эксперимента в спектре аберраций хромо-
сом выявлены только аберрации хромосом хроматидного 
типа с одиночными фрагментами.

Выраженность указанного эффекта имеет обратную дозо-
вую зависимость: с понижением дозы Ивина цитогенетиче-
ские эффекты Диоксидина снижаются в большей степени, 
чем при воздействии высокой дозы Ивина. 

Подтвержден высокий антимутагенный эффект Ивина, 
который выражен в большей степени при совместном его 
действии с Диоксидином, чем с Циклофосфамидом. Выяв-
ленный эффект, по всей вероятности, связан с генопротек-
торным действием Ивина, вследствие стабилизации мем-
бран, и его антиоксидантным действием.

reziume 

2,6-dimeTilpiridinis-N-oqsidis gavlena dioqsi-
diniT inducirebuli citogenetikuri efeqtebis 
gamoxatvis xarisxze virTagvebis Zvlis tvinis 
ujredebSi

o.vaseckaia, e.zubko, n.prodanCuki, a.kravCuki, p.Jminko

akad. l.medvedevis sax. prevenciuli toqsikolo-
giis, kvebiTi da qimiuri usafrTxoebis samecni-
ero centri, ukraina

kvlevis mizans warmoadgenda 2,6-dimeTil-
piridinis-N-oqsidis mamodificirebeli cito-
genetikuri efeqtis Sefaseba virTagvebis Zv-
lis tvinis ujredebze dioqsidinis mutagenuri 
prooqsidaciuri moqmedebis pirobebSi.
Seswavlilia mcenareebis zrdis regulatoris 

- 2,6-dimeTilpiridinis-N-oqsidis (ivini) citoge-
netikuri aqtivoba da mutagen-mamodificirebeli 
moqmedeba mamri virTagvebis Zvlis tvinis CD-1 
ujredebis qromosomuli aberaciebis gaTva-
liswinebis meTodiT, dioqsidiniT erTjeradi ze-
moqmedebis TanxlebiT.
ivini SehyavdaT erTjeradad, peroralurad, wyal-

xsnaris saxiT dozebiT 710, 71 da 0.71 mg/kg, rac 
Seesabameba letaluri dozis (ld

50
) 1/2-, 1/20- da 

1/2000-s dioqsidinTan erTad. dioqsidini Sehyav-
daT intraperotoneulad doziT 100 mg/kg. intaq-
tur cxovelebSi (uaryofiTi kontrolis jgufi) 
peroralurad SehyavdaT gawmendili, ultraiis-
feri sxivebiT sterilizebuli, deionizebuli 
wyali.
naCvenebia, rom dioqsidinTan erToblivi moq-

medebisas ivini dozebiT 710, 71 da 0.71 mg/kg vir-
Tagvebis Zvlis tvinis ujredebSi mniSvnelovnad 
amcirebs metafazebis saSualo sixSires qro-
mosomuli aberaciebiT mutagenis moqmedebasTan 
mimarTebiT (55,56%, 66,70% da 74,08%). multiaberaci-
uli da poliploiduri ujredebi ar aRiniSnebo-
da. eqsperimentis yvela variantSi qromosomebis 
aberaciebis speqtrSi gamovlinda mxolod qroma-
tiduli tipis aberaciebi erTeuli fragmentebiT.
aRniSnuli efeqtis gamoxatvis xarisxs aqvs 

ukudamokidebuleba dozasTan: ivinis dozis Sem-
cirebisas dioqsidinis citogenetikuri efeqtebi 
mcirdeba meti xarisxiT, vidre ivinis didi do-
ziT zemoqmedebis pirobebSi.
kvleviT dadgenilia ivinis maRali antimutage-

nuri efeqti, rac metad gamoixateba dioqsidin-
Tan erToblivi moqmedebisas, vidre ciklofos-
famidTan erTad. gamovlenili efeqti, rogorc 
Cans, dakavSirebulia ivinis genproteqtorul mo-
qmedebasTan membranebze misi mastabilizebeli da 
antioqsidaciuri moqmedebis Sedegad.

REMODELING OF THE RAT DUODENAL WALL UNDER THE EFFECT OF COMPLEX 
FOOD ADDITIVES OF MONOSODIUM GLUTAMATE, SODIUM NITRITE AND PONCEAU 4R

Grigorenko А., Yeroshenko G., Shevchenko K., Lisachenko O., Perederii N.

Ukrainian Medical Stomatological Academy, Poltava, Ukraine 

A food additive is any substance that is not normally consid-
ered a food product or its component, but is added to a food 
product for technological purposes in the production process, 
and finally becomes an integral part of the product. 

Monosodium glutamate (E 621), sodium salt of glutamic acid, 
is the most common and widespread flavor enhancer. Monosodi-
um glutamate, consumed in food and drink, has a narcotic effect 
on the body and does not contain nutrients; it is not a preserva-
tive, it is a toxin that excites the nervous system, a chemical that 

overexcites brain cells, sometimes to complete uncontrol and it 
deceives the brain [4]. Therefore, the growing use of monoso-
dium glutamate, including for children’s food and some compo-
nents of some vaccines, is a matter of concern due to potential 
impact on human health [7].

Sodium nitrite (E 250) food additive is widely used as a pre-
servative in the national and international technology of meat 
sausages production to give products certain properties and 
maintain quality. E-250 has been proved to be harmful to hu-


