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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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POM, B pexKHME X0I0aHOU abssiinu, u HeoquMoBbiM (Nd: YAG) -
B JUIMHHOMMITYJIbCHOM pexuMme. MakcuMalibHasl TOJIIUHA Iep-
MBI OTMEUEHA B CPEIHEH TpeTH (CTaHAapTHAas TOUKA U3MEPEHUs
[0 CPEe/IHEe3PAYKOBON JIMHUK B MPOEKIMU HH(PaopOUTAIBLHOTO
oTBepeTHs) U cocTaBuia 1,75+0,29 MM, MUHUMAIbHAS - HA 1LIee
W NOJIIa3HUYHOM obnacTtH, coorBercTBeHHO 1,2 (1,15; 1,3) MM
u 1,15+0,15 mm. Ha Bropble cyTku mocie mpoueaypsl oTMeda-
JIOCh CTAaTUCTUYECKH 3HAYMMOE YBEIMYCHUE TOILIUHBI AEPMBI B
cpenHel TpeTH B MPOCKLUK HHPPAOPOUTATIBHOTO OTBEPCTHS J10

2,63+0,33 MM 1 B cyOMeHTasIbHO# obiacTy mier - 10 1,57+0,23 mm,
3a CUeT BCEX €€ CII0EB B CPABHEHHUHU CO 3HAYCHHUSIMHU J10 POLE/Y-
pst (p=0,005, p<0,0001). IIpu yabTpa3ByKOBOM HCCIEIOBAaHUU
B B-pexxnme Bu3yanmuzalus coeB IepMbl 3aTpyIAHEHA, IIPU KOM-
MPECCHOHHON 31acTorpadn KECTKOCTh TKAHEH YMEHBIIINIACH, B
peXKUME IIBETOBOTO JIOMIIIEPOBCKOTO KAPTHPOBAHHUS HAOFOIAIach
GoJiee BbIpaKCHHAsI BACKYILSIPU3ALMS B CPABHEHUHU C HCXOIHOU J10
HpoLeRypbl, coxpanstouiasics 10 6 Hexenb. C 7 cytok Y3U kapru-
Ha B B—pe)l(l/IMe COOTBETCTBOBAJIA UCXOAHBIM ITOKA3aTCIISIM.
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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
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[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
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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
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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 OECD [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,

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

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

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

Chromatide- | Chromoso- Total Frequen-
type aberra- metype ota cy Statis-
Num- tions aberrations number of meta- iz
ber Multi- | of meta-
Poly- phases cally
Dose, of aber- | phases : .
Groups ploid chromo- sig-
mg/kg analy- | Single Ex- rant | chromo- .
Double cells some nifi—
zed frag- | chang- cells some
cells A fragments aber- aberra- cant,
mens * rations tions td'
(Mm), %
Negative control 0 500 1 0 0 0 1 0 0,20+0,19 -
Dioxidine (positive | -, 500 27 0 0 0 27 3| 5.60£1,03 | 5162
control)
Dioxidine + 100 +710 | 500 12 0 0 0 12 2,40+0,68 | 3,093
Ivin (2,6-dimethyl- | 100+ 71 500 9 0 0 0 9 1,80+0,59 | 2,553
pyridine- N-oxide) | 190 +0.7 | 500 7 0 0 0 7 1,4040,53 | 2,133
note: 'td — Student s reliability criterion; *—P <0,001;° - P <0,05
A) B)
120 120
Dioxidine, 100 mg/kg bw 100 Cyclophosphamide, 40 mg/kg bw
100 100
80 80
55,71
. % 60 .
% 60 as.2a 0 443 -
40 452 25,92 =
5 0
710 71 7.1 0,71
710 71 0,71

Doses of Ivin, mg/kg bw

i Dioxidinetlvin ====Dioxidine

Doses of Ivin, mg/kg bw

i Cyclophosphamidet+Ivin ~ ===Cyclophosphamide

Fig. 1. Reduction of the mutagenic effect of Dioxide (4) and Cyclophosphamide (B) when combined action with Ivin (in %)
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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. In 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
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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

PE3IOME

BJIMSIHUE 2,6- JMMETUWINIMPUIUHA-N-OKCU A
HA BBIPA’)KEHHOCTb HUTOI'EHETHYECKUX 2®-
®EKTOB, UHAYIUPOBAHHBIX TJUOKCUAUHOM B
KJIETKAX KOCTHOI'O MO3I'A MBIILIE

Baceukas O.II., 3yoxo E.C., IIponanuyk H.I.,
Kpaguyk A.IL., ’Kmunbko ILT.

Tocyoapcmeennoe Ilpeonpusmue «Hayunviii yenmp npeeen-
MUBHOU MOKCUKOTIO2UU, NULEBOU U XUMUYECKOU Oe30NACHOCMU
um. axao. JIL.U. Meoeeoss Munucmepcmea 30pasooxpaneHust
Vrpaunwvry

Lenb vcciienoBaHust - U3yYUTh CIHOCOOHOCTH 2,6-TMMETHII-
nupuanHa N-okcuna MoAu(UIUPOBATh [IUTOTCHETHIECKHE (-
(beKTbI B KJICTKaX KOCTHOI'O MO3ra Mblmeﬁ, BBI3BAHHBIC MyTare—
HOM MIPOOKCHIAHTHOTO THIA JEHCTBUS JUOKCUINHOM.

I/I3y‘[eHbl IUTOICHETCYCCKAass aKTUBHOCTb U MyTaFeH—MO)lI/I—
¢dunmpyrolee 1efCTBUE PEryisiTopa pocTa pacTeHuit 2,6-1ume-
twinupuanHa N-okenaa (VBuH) MeTOOM ydeTa XpOMOCOMHBIX
aleppanuuii B KIeTKax KocTHOro Mosra Meimeit CD-1 (camios)
IpYU OJJHOKPATHOM COBMECTHOM BO3JICHCTBUU C JHOKCHINHOM.
VIBUH BBOOWIM OJHOKPATHO NEPOPAJIILHO B BHJIE BOTHOIO pac-
TBOpa B j03ax: 710, 71 u 0.71 mMr/kr Macchsl Tena, 4TO COOTBET-
creyer 1/2, 1/20 u 1/2000 ot netansuoit no3wl (JI/I ) copmect-
HO C JUOKCHUIWHOM. )II/IO](CI/II[I/IH BBOJIUJIN BHyTpI/I6plOLI_Il/IHHO
B n03¢ 100 Mr/kr. VHTaKTHBIM JKHBOTHBIM (TpyIia OTpHLA-
TEJIBHOTO KOHTPOJISI) NMEPOpPaIbHO BBOAMWIM OUHUILEHHYIO, YD-
CTEPUIIM30BaHHYIO, IEHOHU3UPOBAHHYIO BOLY.

[TokazaHo, YTO TPU COBMECTHOM BO3JICHCTBUU C JHOKCHIM-
Hom MBun B poszax 710, 71 u 0,71 Mr/kr maccel Tejia 3Ha4M-



GEORGIAN MEDICAL NEWS
No 5 (314) 2021

TEJIPHO CHIDKACeT CPEIHIOI YacToTy Mmeradas ¢ abeppauusMu
XPOMOCOM B KJIETKaX KOCTHOTO MO3Ta MBIIICH 1O OTHOIICHHIO
K JeiicTBHIO MyTareHa Ha 55,56%, 66,70% u 74,08%. Mynbru-
a0eppaHTHBIX U MOJHUIUIOMIHBIX KIECTOK HE HaOmromanock. Bo
BCEX BapHaHTaxX JKCIEPHMEHTA B CIIEKTpE abeppanuii Xpomo-
COM BBISIBJICHBI TOJIBKO a0eppard XpOMOCOM XPOMATHIHOTO
THTIA C OIMHOYHBIMHU (PparMeHTaMHU.

BeIpaxkeHHOCTb YKa3aHHOTO 2 dekTa MMeeT 00paTHYIO 1030-
BYIO 3aBUCHMOCTG: C TOHM)KCHHEM J103bI VIBHHA IIUTOTCHETHYC-
ckre 3¢ dexThl JIMOKCHINHA CHIXKAIOTCS B OOJIBIICH CTEICHH,
4yeM IPH BO3/ICHCTBUU BHICOKOH /103b1 MBUHA.

[MonTBepxIeH BBICOKHMI aHTHUMyTareHHbli 3¢ dext VBuHa,
KOTOPBIH BBIpaXEH B OOJIbIIEH CTENEHU IPU COBMECTHOM €ro
neiictBun ¢ JJuoxcununom, yem ¢ Luknodochamugom. Beiss-
JIeHHBIH 3 EKT, 0 BCeil BEPOSITHOCTH, CBSI3aH C F€HOIPOTEK-
TOpPHBIM JciicTBHeM VBHHA, BCICACTBUEC CTAOMIM3AIMHA MEM-
OpaH, ¥ ero aHTHOKCHIAHTHBIM JICHCTBUEM.
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REMODELING OF THE RAT DUODENAL WALL UNDER THE EFFECT OF COMPLEX
FOOD ADDITIVES OF MONOSODIUM GLUTAMATE, SODIUM NITRITE AND PONCEAU 4R

Grigorenko A., 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
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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-
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