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LIUATOTEHETUYECKUUN AHAJIN3 PAIMOITPOTEKTOPHBIX
CBONCTB JIMTHOT'YMATA HATPHU A ITIPU y-OBJIYYEHUI
B ALLIUM-TECTE

Llenb pa6oTbl. KomnneKcHbIl LUTOreHeTMYeCKMil aHanu3 3 heKToB IMrHorymara Hatpus Npu UHAYLMPOBAHHOM Y-06-
nyvyeHuem myTareHese B Allium-tecte.
Martepuansbi u meToabl. AHanu3 KNeToK KOPHEBOW MepucTeMbl NPOpocTKoB ceMsiH Allium cepa L. npoBogunu aHa-Te-
nodasHeiM MeTogoM. WiccnepoBanu BausHue nurHorymara Hatpus (100 mr/n) Ha uutoreHeTuyeckue acdekTbl y-06-
nyyenns (**Cs) B posax 5, 10 n 20 Ip.
Pesynbrarbl. [01MYHKLMOHANBHOCTb IMTHOTYMATa HATPUA KaK aHTUMyTareHa obecneynmBaeTcs HaluymeM He TONbKO
AHTUOKCUAAHTBIX CBOWCTB, HO U APYruX aHTUMYTAreHHbIX MexaHu3mMoB. [1pn 3TOM IMFHOryMaT HAaTpUA NPOSBAAET CBOM-
CTBa TepaneBTUYeCcKOro paguonpotektopa. CTumynaLmsa npoueccos penapauumn Noj BAUAHUEM NUTHOTYMaTa 3aBUCKT
oT f03bl 06nyyeHus. Hanbonee acdekTuHa oHa npu fose 5 Mp. Mpu o6ayyeHun B fosax 10 u 20 p, npeobnagatot
Apyrue MexaHu3mbl, CPeAn KOTOPbIX CTUMYNALMA penonynauum u anonto3a. BoiaeneHa auddepeHumanbHas akTuB-
HOCTb MpenapaTa no OTHOWEHWIO K Pa3/InyHbIM TUNAM abeppaLunii, Hanbonee 3hHEKTUBHO YMEHbLIEHWE YACTOThI Map-
KepoB paanaLMOHHOro MyTareHe3a — abeppaLnii XpoMOCOMHOTO TUNA, MeHblas 3 (EKTUBHOCTb NPOABAAETCA B OT-
HOLEHWUMN BANUTENbHO XMUBYLLNX NOTEHLMUANbHBIX U3MEHEHU XPOMOCOM MO CPABHEHUIO C KOPOTKOXMBYLLUMMU.
BbiBoAbl. [l0Ka3aHa MHOXKECTBEHHOCTb MEXaHM3MOB peann3alnmy aHTUMYTareHHbIX CBOWCTB IMTHOryMaTta HaTpusa npu
MHAYLUMPOBaAHHOM Y-00/1yyeHnem myTareHese B Allium-Tecre.
KnioueBble cnoBa: aHTUMyTareHes, IMrHOrymat Hatpus, y-obnyyerue, Allium-Tect, TepaneBTnyeckuit pagnonpo-
TEKTOP.
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Cytogenetic analysis of radioprotective properties of sodium lignogumate
after y-exposure in Allium-test

Objective. Comprehensive cytogenetic analysis of the effects of sodium lignohumate in induced y-irradiation muta-
genesis in Allium-test.

Materials and methods. Analysis of the root meristem cells of Allium cepa L. seeds carried by ana-telophase.
Lignohumate investigated the effect of sodium (100 mg/l) on cytogenetic effects y-irradiation (**'Cs) at doses of 5,
10 and 20 Gy.
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Results. Polyfunctionality lignohumate sodium antimutagen as provided by the presence not only antioxidant proper-
ties, but other antimutagenic mechanisms. Thus Lignohumate sodium exhibits radioprotective properties of the ther-
apeutic. Stimulation of repair processes influenced lignohumate depends on the radiation dose. It is most effective at
a dose of 5 Gy. Upon irradiation at doses of 10 Gy and 20 predominate, other mechanisms, including stimulation of
apoptosis and repopulation. Spotted differential activity of the drug with respect to various types of aberrations are
most effectively reducing the frequency of radiation markers mutagenesis — chromosomal aberrations manifested in
lower efficiency of long term survivors against potential changes of chromosomes compared with short-lived.

Conclusions. Revealed multiple mechanisms for implementing antimutagenic properties lignohumate sodium vy-

irradiation-induced mutagenesis in Allium-test.

Key words: antimutagenesis, lignohumate sodium, y-irradiation, Allium-test therapeutic radioprotector.
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BCTYIIVNIEHUE
B Hacrosiee BpeMsi B Hay9HOI JIMTEpaType MMEETCSI
00JIbIIOE KOJMYECTBO CBEACHUII O OMOJIOTMYECKOM aK-
TUBHOCTU TYMMHOBBIX BeulecTB (I'B) m mpumenenum
npenapaToB Ha UX ocHOoBe B MeauiuHe [1—7]. I'B — ato
KOMIUIEKC TIPUPOIHBIX ITOJIMMEPHBIX COSIMHEHU, IIpO-
IYKTOB IIPOLIECCOB I'yMU(UKALINHI, KOTOPHIE COOEPXKATCS
B MouBe, Topdax, OyphIX YIJIsIX, camponeisax u ap. Oc-
HOBHOW KOMITOHEHT I'B — r'yMHHOBBIE KUCIOTHI, (PU3U0-
JIOTMYEeCKN aKTUBHOM (POPMOIT KOTOPBIX SIBIISIIOTCSI MX
comu (trymathl). OcobernHocThIo ['B aBIsIeTcsT HaCHIIIeH-
HOCTb UX MOJIEKYJT CaMBIMU pa3HOOOPa3HBIMU (DYHKIIMO-
HaJIbHBIMM TPYITIaMK: KapOOKCUJIBHBIMU, (DEHOIbHBIMU
¥ CITMPTOBBIMU TUAPOKCUIAMU, XMHOUIHBIMU TPYIIIIH-
pOBKaMM, METOKCUJIAMU, aMUHO- M aMUIOTpYIIaMu [ 3].
[TomoGHbBIE CTpPYKTypHBIE ocobeHHOcTH ['B mosBossiior
MM Y4aCTBOBaThb B pa3HOOOPA3HBIX OKMCIUTEIbHO-BOC-
CTAaHOBUTEJIBHBIX PeakUMsIX, B (PepMEHT-CyOCTpaTHBIX
B3aMMOJIEICTBUSIX, BIMSTh HA OCMOTHUYECKOE JTaBICHHUE,
00pa30BBIBaTh KOMILIEKCHbBIE COEIMHEHUSI XeJIaTHOIO
TUIIA, YTO B KOHEYHOM UTOre U obecrieunBaet I'B mupo-
YAl cIeKTp OMOJOrMYeCKO aKTUBHOCTH [3, 5].

UpesBbluailHO MHTEHCUBHbIE HcciaenoBaHusi I'B B
nocjenHee NecITUIeTUe CBUAETEIbCTBYIOT O MOTeHIIMA-
Jie 3HAUMTEJbHOTO pacllUpPEeHMsI CYLLIECTBYIOILETO Ha ce-
TONHSAIIHUKM AeHb (hapMaKOJIOTMIECKOIO CIIEKTpa MX
npuMeHeHus. [IoMUMO CTUMYISILIMK MIPOLIECCOB POCTA,
MeMOpPaHOTPOITHOM aKTUBHOCTU, YCWJICHUSI IHEPreTH-
yecKolt 00ecreyeHHOCTU KJIETOUHBIX MPOLIECCOB, aKTH-
BalMM cuHTe3a 6enka, I'B gaBastiorcst addekTUBHBIMU
aZCcoOpOCHTaAMM TSIKEJIbIX METaJIJIOB, PaIMOHYKIMOOB,
ITAB, nectununoB. B HayuyHOli TuTepatype onmmcaHa ux
AHTUOKCHUIAHTHASI, UMMYHOCTUMYJIMPYIIAsi, ITPOTUBO-
BOCITAJIUTEJIbHASI, aHTUBUPYCHASI U IIPOTUBOOITYXO0JIeBast
aktuBHOCTH [3—9]. IlokazaHo, uro moxn BiausHueM ['B
n3MeHseTcsa npoduiab sKcrpeccun Oosiee 30 reHoB,
npouecchl MetunupoBanusa JHK [10, 11].

HecMoTpst Ha mvTebHYIO0 UCTOpUIO M3ydyeHus 1B, B
CBSI3U C YPE3BBIYATHON CJIOXKHOCTBIO T€TEPONOINMEPHOM

INTRODUCTION

Currently, the scientific literature contains a
large amount of information about the biological
activity of humic substances (HS) and applying
the preparations on their basis in healthcare
[1-7]. HS — is a complex of natural polymer
compounds, products of humification processes,
which are contained in the soil, peat, brown
coal, sapropel and others. The main component
of the HS is a humic acid, the physiologically
active form of which are salts (humates). The
feature of HS is the saturation of its molecules by
most diverse functional groups: carboxyl, pheno-
lic and alcoholic hydroxyls, quinoid groups,
methoxy, amino and amido groups [3]. These
structural features of HS allow them to partici-
pate in a wide variety of redox reactions, an
entire range of enzyme-substrate interactions,
affect the osmotic pressure, to form complex
compounds of a chelated type, that ultimately
provides the widest range of HS biological activ-
ity [3, 5].

Extremely intense study of HS in the last
decade show the potential of a significant
expansion of the existing today pharmacologi-
cal spectrum of their application. In addition to
the stimulation of growth, membranotropic
activity, enhancing energy security of cellular
processes, the activation of protein synthesis,
HS are effective adsorbents of heavy metals,
radionuclides, surfactants, pesticides. The sci-
entific literature describes their antioxidant, im-
munostimulatory, anti-inflammatory, antiviral
and antitumor activity [3—9]. It is shown, that
under the influence of HS varies expression
profile of more than 30 genes, DNA methyla-
tion processes [10, 11].

Despite a long history of studying HS, due to
the extreme complexity of the heteropolymer
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CTPYKTYPbl TYMUHOBBIX KUCJIOT TTOKa He TpeACTaBIsIeTCs
BO3MOXHBIM BBIIEIUTh B UX MaKpOMOJEKYadaX OIpeae-
JIEHHBbIE JOECKPUITOPHI, O0yClIaBIuUBaroIe (pru3roaoru-
YecKylo aKkTUBHOCK. PazHoOOpa3ne nx 61Moa0rndeckux a¢-
(eKTOB HeNb3sl CBECTU K eAMHOMY MexaHuamy. [loarsep-
JKIEHUEM 3TOMY SIBJISIETCS] MOJU(PYHKLIMOHAIBHOCTD Mpe-
napaTtoB u3 I'B. CooTBeTcTBEHHO, MEXaHU3M JICHCTBUS
TaKUX MPOAYKTOB MOXET He CBOIUTHCS K OMHOM (PyHK-
LIMU, HO OBITb KOMILIEKCHBIM, a 3(h¢eKT ompenesseTcs
HeKkoell paBHomeicTByIolIeil. Bo3aMoxeH BapuaHT, Korjaa
JEHCTBYET TOJIHKO KOMITIEKC B 1I€JIOM M HEBO3MOXKHO BBI-
JIEIUTh €r0 OTAEJbHbIE KOMIIOHEHTBI, KaXIblii U3 KOTO-
PBIX caM 0 cebe oKa3biBaeTcs Hea((heKTUBHbIM [1, 3, 5].

ITIpu sTOM cymiecTByeT mnpobiemMa cTaHIapTU3aLUU
MperapaToB U3 TYMUHOBBIX BellecTB. VX moaydyeHue 3a-
BUCHUT OT OCOOEHHOCTEl TeXHOJOIMYECKOIo Mpoliecca,
BUJA ChIPbsI, COAEPXaHUSI MUKPOIJIEMEHTOB, 30JIbHOC-
TH, OKHUCJIEHHOCTU TyMaTOB U UHBIX XapaKTEPUCTHUK [3,
5]. B nmocnegHee BpeMsi BHMMaHMEe WcCCeaoBaTesei
MpuBJeKaeT U3yyeHHe OMOJOTMYEeCKOl aKTUBHOCTU HeE
TOJBKO TIpUPOAHBIX I'B, HO UX CUHTETMYECKUX aHAIO-
roB, B YaCTHOCTU JUTHOryMaToB [9, 12]. JIurHorymarsl -
MPOMBIIIUICHHBIE TYMUHOBBIE IIpeIapaThl, IMPOU3BOMISI-
ILIMeCs Ha OCHOBE TEXHOJIOTUM OKUCIUTEIbHO-TUAPOJI -
TUYECKOM JeCTPYKLMU MPOMBILIEHHBIX JUTHOCYJIb(HO-
HaTOB.

BrisiBiieHbl aHTUMyTareHHble cBoiictBa I'B mo oTHO-
ILIEHUIO K PSITY XMMUYECKUX MyTareHOB, IIpY 9TOM JaH-
HbIE OTHOCHUTEIBHO aHTUMYTAareHHBIX / MyTareHHBIX
cBoiicTB I'B mpoTHBOpeUMBbI, HECMOTPSI Ha UX HU3KYIO
TokcmyHocTh [11, 13]. MccremoBanust ocobeHHOCTEH
monudukauu I'B muroreHeTnueckux apekToB 00JTy-
YEHUSI OCTAIOTCS MAJIOU3YYEHHBIMU. YUUTHIBAsS CyLIECT-
BYIOLLIME JaHHbIE O CUJIbHOM PaglONpPOTEKTOPHOM BJIM-
sgHun I'B Ha BbIXKMBaeMOCTb OOJIydEHHBIX XMBOTHbIX
[14], meabio Halieil pabOTHI ObIJIO MTPOBECTU KOMITJIEKC-
HBII IUTOreHeTUYeCKUIi aHaIu3 3¢ (HEeKTOB TUTHOTyMa-
Ta HATPUS MPU UHAYIMPOBAHHOM Y-O0JIy4eHUEM MyTa-
reHese B Allium-tecre.

MATEPUAJIBI 1 METO/1bI

B xagecTBe TeCT-CMCTEMBI MCIOJb30BaIA KIIETKU aIli-
KaJIbHOI MEpPUCTEMBI IPOPOCTKOB ceMsiH Allium cepa L.
Tamma-o6ayuenne ('¥'Cs) ceman (BospacT 9 MecsueB)
MPOBOWIN C TTIoMolbio ycTaHoBKY IBL 437C (®paniiust)
B no3ax: 5, 10, 20 Ip (MomrHOCTh 103bI 2,46 Ip/Mun). Ce-
MeHa BHOCWUJIM B 3KCIIEpMMEHTAJIbHBIC PACTBOPHI Ha IIPO-
TsokeHuu 30 & 15 MuH rocjie o0IydeHus U popaliuBaim
npu Temnepatype 25°C 72 daca. Mcrionb3oBaiu JIUTHOTY-
mat Hatpusi (Mapka A, HITO POT, Caukr-IletepOypr,
Poccuiickast @enepannst) B KoHueHTpauuu 100 mr/m, B
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structure of humic acids, is not yet possible to
identify in their macromolecules certain descrip-
tors, causing physiological activity. The diversity
of their biological effects can not be reduced to a
single mechanism. Proof of this is the multifunc-
tionality of products of humic substances.
Accordingly, the mechanism of action of these
products can not be reduced to a single function,
but be complex, but the effect is determined by a
certain resultant. The variant is only valid when
the complex is in general, impossible to distin-
guish individual components, each of which in
itself is ineffective [1, 3, 5].

In this case, there is the problem of standardiza-
tion of products of humic substances. Their
preparation is dependent on the characteristics of
the process, the type of raw material, the trace
element content, ash content, humates oxidations
and other characteristics [3, 5]. More recently
researchers pay attention to studying the biolog-
ical activity of not only natural HS, but their
synthetic analogues, in particular lignohumate
[9, 12]. Lignohumate — industrial humic prepara-
tions, producing using technology based on oxi-
dation-hydrolytic degradation of industrial ligno-
sulfonate.

Identified anti-mutagenic properties of HS in
relation to a number of chemical mutagens, and
the data on the antimutagenic / mutagenic proper-
ties of HS are inconsistent, in spite of their low
toxicity [11, 13]. Studies of the modification of HS
cytogenetic effects of radiation are still poorly
understood. Taking into account the existing data
about the strong radioprotective effect of HS on
the survival of irradiated animals [14], the objective
of this study was to conduct a comprehensive
analysis of cytogenetic effects of lignohumate
sodium by fy-irradiation-induced mutagenesis in
Allium-test.

MATERIALS AND METHODS

As a test system using cell apical meristem
seedlings Allium cepa L.; vy-irradiation ('*’Cs)
seeds (age 9 months) was carried out by setting the
IBL 437C (France) at doses of 5, 10, 20 Gy (dose
rate 2,46 Gy/min). Seeds were added to experi-
mental solution for 30 = 15 min. after irradiation
and were grown at 25°C for 72 h. of sodium ligno-
humate (grade A, NGOs RET, Saint-Petersburg,
Russia) at a concentration of 100 mg/1 were used,
in the control - distilled water. In the molecular
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KOHTpoJIe — AUCTWUIMpOBaHHas BoAa. B MonekynsipHo-
MAacCOBOM pacIIpelie/IeCHU OPTaHNYECKUX BEIIECTB B CY-
XoM 00pa3slie JUTHOTYyMaToOB MapKu A Tipeo0JjiagaeTr cpe-
He-MoJieKyJsipHas dpakius (34 teic. a.e.Mm.) — 70 % ot
cyMMblI (ppakuuii. HuzkomonekynsapHas (19 Teic. a.e.M.) 1
BbICOKOMOJIEKYJIsipHas (6osiee 50 Thic. a.e.M.) (ppakuumn
coctaBysiioT ~ 10 1 20 % cootBeTcTBeHHO. [1py 3TOM JIUT-
HOTYMAaThl SIBJISIIOTCSI OTHOCHUTEIbHO HU3KOMOJIEKYJISIp-
HBIMU TIperiapaTaMy 110 CPaBHEHUIO C IIPOMBIIIITIEHHBIMU
TYMUHOBBIMU TIperiapaTaMy M3 YIJICH, IJIsI KOTOPBIX Xa-
pakTepHO HAJIMYKE OTHOM (ppaKIiy C TOpa3no OOJIBIITNMM
3HAYEHUSIMU MOJIEKYJIsIpHOI Macchl (60—70 Teic. a.e.M.).
BeposiTHO, B cOCTaB HU3KOMOJIEKYJISIPHOM (PpaKIINKU BXO-
JISIT BellleCTBa KMCI0TOpacTBOpUMOM ppakumu [12].

LlutoreHeTUYECKUII aHaAIU3 KJIETOK KOPHEBOW Me-
pUCTEeMBbI IPOBOIUIN B IIEPBOM MUTOTHMYECKOM ITUKIIE
aHa-Tejloda3HbIM METOIOM Ha BpPEMEHHBIX IIperiapa-
TaX, OKpaIIeHHBIX alleTOOpCeMHOM. [IJIsI OIIeHKM BIIM-
SIHUSI JIMTHOTyMaTa HaTPpUSl aHAIM3UPOBAIM KOMILIEKC
LIUTOTEHETUYECKUX KPUTEPUEB: YacTOoTa abeppaHTHBIX
aHa-teaodaz (HAA) u abeppauuii, MoBpexXIeHHOCTb
abeppanTHoit kineTku (ITAK — konuyecTBo abeppauuii
Ha abeppaHTHYIO KJIETKY), 4acTOTa MYJIbTHAOeppaHT-
HbBIX KJIeToK (MAK), criekTp abeppaiuii, COOTHOIIE-
HUE “MOCTOB” U (pparMeHTOB (KaK MOoKa3aTelb MHTEH-
CMBHOCTH penapainumn), pacupeaeieHne abeppanuii 1mo
KJIETKaM, MUTOTMYECKHMI MHAEKC, pacrpencjeHue
KJIETOK T10 ¢pazaMm muto3a. K abeppaHTHBIM OTHOCHUIIN
aHa-Tejjodassl ¢ hparMeHTaMH U “MOCTaMu”’, KaK Mo-
KazaTeJsiMu KjacToreHHoro adexra. OTaenabHO yuur-
THIBaJd abeppalliyd XpOMAaTUAHOIO M XPOMOCOMHOTO
THUIIOB.

O} HeKTUBHOCTL AHTUMYTAareHHOIO IeCTBUS JTUTHO-
ryMara HaTpHsI OLICHMBAJIH I10 TTOKA3aTe0: peayKIINOH-
Hblil dakrop (PP), KOTOpHI XapakTepu3yeT CTeleHb
MHTUOMPOBAaHUS MHAYLMPOBAHHOIO MyTareHes3a I10[
BIMsTHUEM Monudukaropa. PD paccunThiBaam Mo Kpu-
tepusiM YAA (P®1) u yactotsl abeppanuii (PD)):

M— (AM + M)
PO = :

0 %,

rne M - YAA wnu gactora abeppaunii (st PO u P®)
COOTBETCTBEHHO) WHJYIIMPOBAHHBIX MyTareHoM (y-00-
JydyeHueMm); AM + M — YAA unu yactoTta abeppauuit
(m1s1 P®1 1 PD2 cOOTBETCTBEHHO) ITPY KOMOMHMPOBAH-
HOM JEHCTBUM MyTareHa u MoaudukaTopa. CraTtucTu-
YeCcKyr 00pabOTKy pe3yJabTaTOB 3KCIIEPUMEHTATbHBIX
JAHHBIX IIPOBOJIMIIA COIVIACHO OOILIETTPUHSITBIM METOIM-
KaM, JOCTOBEPHOCTh OTJIWYMI OLIEHUBAJIU C ITOMOIIBIO
TOYHOTO ABYXCTOpOHHETO Kputepus Puirrepa [15].

weight distribution of organic substance in the dry
sample Lignohumate grade A is predominant
medium-molecular fraction (34 thousand. Amu) —
70 % of the fractions. Low molecular weight (19
thousand. Amu) and a high molecular weight
(greater than 50 thousand. Amu) fractions were ~
10 % and 20 % respectively. Thus lignohumates
are relatively low molecular weight preparations,
compared with industrial humic preparations of
coals, which are characterized by the presence of
a fraction of a much larger molecular weights (60—
70 thousand. Amu). Probably, the low molecular
weight fraction contain substances of acid-soluble
fraction [12].

Cytogenetic analysis of root meristem cells was
carried out in the first mitotic cycle, using ana-
telophase method on temporary preparations
stained atsetoorseinom. To evaluate the effect of
sodium lignohumate were analyzed complex
cytogenetic criteria: frequency of aberrant ana-
telophases (FAA) and aberrations, damage aber-
rant cells (PAC — the number of aberrations per
aberrant cell), frequency of multiaberrant cells
(FMC), the spectrum of aberrations, the ratio of
“bridges” and fragments (as an indicator of the
intensity of repair), distribution of aberrations in
cells, mitotic index, the distribution of cells in
phases of mitosis. To aberrant were attributed
ana-telophase with fragments and “bridges” as
indicators of clastogenic effect. Separately were
accounted aberrations of chromatid and chromo-
some types.

Efficiency of antimutagenic action of lignohu-
mate sodium was estimated on an index: reduction
factor (RF), which characterizes the degree of inhi-
bition induced mutagenesis under the influence of
modifier. RF was calculated by the FAA criteria
(RF1) and the frequency of aberrations (RF?):

M— (AM + M)
RF = :

0 %,

where M - FAA or aberration frequency (for RF|
and RF2 respectively) induced by mutagen (y-irra-
diation); AM + M - FAA or aberration frequency
(for RF1 and RF>, respectively) at the combined
action of the mutagen and the modifier. Statistical
processing of the experimental data was performed
according to conventional methods, reliability of
differences was assessed using the exact two-tailed
Fisher's criterion [15].
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PE3VYJIBTATBI 1 OBCYXK/JIEHUE

PesynbraThel n3ydeHUs BIUSHUS IUTHOTYMAaTa HaTpHsI Ha
YPOBEHb MOBPEXICHUI XPOMOCOM, MHAYLIMPOBAHHBIX
y-00syueHueM B KjieTkax Allium cepa L. npenctaBieHbl
Ttabaue 1.

Yacrtora abeppaHTHBIX KJIETOK U abeppaluii Xpomo-
COM IIpM ACHCTBUU I'YMHHOBOIO IIpeliapaTa Ha HeoOIy-
YeHHbIE CeMEHa He OTJIMYajlach OT KOHTPOJISI, YTO CBU-
NETeJIbCTBYeT 00 OTCYTCTBUMM MyTareHHoro sddekra
mnperapaTa B KCIIOJb30BAaHHOM KOHIIeHTpamuu. Ilpm
MpopalMBaHUN O0JIyIeHHBIX CEMSIH B paCTBOPE JIUTHO-
rymMara HaTpusl IIpOSIBISIETCS aHTUMYTareHHbIN 3¢ deKT
nocnenaHero — YAA, MHAYUMPOBAHHBIX Y-O0JIy4eHUEM,
cHxanach Ha ~ 40—58 %. Crnemyer OTMETUTh, YTO B
JAHHOM cJly4yae IIperapar IpOosBsIeT aKTUBHOCTD B CITy-
yae MPUMEHEHUs ocjie 00JIydeHuUsl, T. €. SIBJISIETCS Tepa-
MEBTUYECKUM DPAIMOIIPOTEKTOPOM. DTO CBOICTBO JIMT-
HOTyMaTa HaTpus IIPEACTaBIISICTCS HaM 0CO00 3HAYM-
MBbIM [IJISI TEOPETUYECKOTO OOOCHOBaHUSI pa3pabOTKU
(hapMaKoJOrMYecKrX MperapaToB 3alllMThl TeHeTUJecC-
Koro amnrmnapata Ha ocHoBe I'B.

[NomdeHoapHasT CTPYKTYpa IT'yMaTOB ITO3BOJISIET TIPEI-
noJjlaraTh y HUX HAIMYME aHTUOKCUIAHTHIX CBOMCTB, KO-
TOpbIe OBUIM MHOTOKPATHO OCBEIIeHbI B uTeparype [1,
3,5,8,9, 16]. HaubGonee 2 HpeKTUBHO CHUKEHNE YaCTO-
THI abeppaluii XpOMOCOM IIPU IIPUMEHEHUN aHTUOKCH-
JAHTOB 10 OOJIy4eHUsI, ITOCKOJIBKY pamlralliOHHO-UHIY-
nupoBaHHble ADK gBJISI0TCS peakKMOHHO aKTUBHBIMU
M KOPOTKOXUBYIIMMH. OTHAKO CYIIECTBYIOT JAHHEIE O

Ta6bauuya 1

RESULTS AND DISCUSSION

The results of studying the effect of the level of
sodium lignohumate chromosome damage, indu-
ced by y-irradiation in Allium cepa L. cells are pre-
sented Table 1.

The frequency of aberrant cells and chromoso-
mal aberrations by the action of humic preparation
for non-irradiated seeds do not differ from the
control, indicating the absence of the mutagenic
effect of the preparation in used concentration.
When irradiated seeds were germinated in a solu-
tion of sodium lignohumate, was shown its
antimutagenic effect — FAA, induced vy-irradia-
tion, was reduced by ~ 40—58 %. It should be
noted, that in this case the preparation is active in
case of application after irradiation, i.e. is a thera-
peutic radioprotectors. This property of lignohu-
mate sodium seems to us particularly significant
for the theoretical study of development of phar-
macological preparations to protect the genetic
system based on HS.

Polyphenolic structure of humates suggests pres-
ence of antioxidant properties, that have been
repeatedly described in the literature [1, 3, 5, 8, 9,
16]. The most effective reduction in the frequency
of chromosome aberrations is in the application of
antioxidants prior to irradiation, since the radia-
tion-induced ROS are reactive and short-lived.
However, there is evidence of the gene-protective

LiuToreHeTMYeCcKMe NoKasaTenu B KNEeTKax MepuUcTeMbl MPOPOCTKOB 06syueHHbIx cemaH Allium cepa L. npwm

AeNCTBUM IUTHOTYMaTa HaTpUA
Table 1

Cytogenetic indices in meristematic cells of seedlings irradiated seeds Allium cepa L. under the influence of

sodium lignohumate

[o3sa KoHueHTpauus YAA, % Pdq, % A6eppaumii / 100 kneTok Pd2, % MAK
v-00nyyeHus, [p nurdorymara Na, mr/n M=m M=m

v-irradiation Sodium lignohumate FAA, % RF1, % Aberrations per 100 cells RF2, % PAC
dose, Gy concentrtion, mg/I Mzm M=m

0 0 2,00 = 0,51 - 2,00 = 0,51 - 1,00

0 100 2,01 £0,55 - 2,32 + 0,59 - 1,15

5 0 5,80 = 0,81 - 6,88 + 0,88 - 1,19

10 0 9,64+ 1,10 - 15,43 + 1,34 - 1,60

20 0 20,15+ 1,42 - 27,61 £1,58 - 1,37

5 100 3,50 = 0,56* 39,66 4,79 £ 0,42** 30,38 1,37

10 100 4,77 £0,72* 50,52 7,83 091" 49,26 1,64

20 100 8,51 £0,89* 57,71 12,16 £ 1,04* 52,26 1,43

Mpumeyanms. * — p < 0,05 no cpaBHEHMIO C BAapUaHTOM ToMbko obnyyetne; ** — p = 0,05, No cpaBHEHMIO C BApMAHTOM TONbKO 00MyYeHue.
Note. * — p < 0.05, as compared to a variant only irradiation, ** — p = 0.05, as compared to a variant only irradiation.
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TeHOIIPOTEKTOPHON POJIM aHTUOKCHUIAHTOB IIPU UX TIPH-
MeHeHUU Tmocje oomyyeHust. OgHUM U3 OOBSICHEHUI
3TOr0 MOXET OBITh TO, YTO ACHCTBHE paaualiy IIPUBO-
JIUT K HapyIIEHUIO MPOOKCUIAHTHO-aHTUOKCUIAHTHOIO
romMeocrasa, a JIeiicTBMe aHTUOKCUAAHTOB B IMOCTJIyYe-
BOI MepUOJ CITIOCOOCTBYET €ro ctabunusauuu. Bmecre ¢
TeM, UMEIOTCS JaHHBIE ¥ 00 YBEeINYSHUN KOHILIEHTPAIIUN
ADK npu geiictBuu I'B (ut. 1o [1]). IlpotruBopeun-
BOCTh JAHHBIX 00 aHTHMOKCUIAHTHBIX/TIPOOKCUIAHTHBIX
cBorictBax I'B obyciioBieHa HE TOJbKO MaJOM3yYEHHbI-
MU OCOOCHHOCTSIMU KOHIIEHTPALMOHHBIX 3aBUCHUMOC-
teil. HecMoTpsl HA TO, YTO TP MCITOJIL30BAHHON HaMU
KOHIIEHTPALIMX JINTHOTYMATa, 10 JaHHBIM JIUTEPaTypHI,
He Habmogaetcs aktuBauus ITOJI, HEOOXOOUMMO TaKxKe
YUMTBIBATh PETYISITOPHYIO POJIb HU3KUX KOHILIEHTpaLMi
A®DK, KOTOpble MOTYT MHAYLIMPOBATHCS IPU JIEHCTBUU
I'B. HexkoTtopsble rccienoBaTead OTMEUaloT, YTO reHepa-
g Oy non BimstHreM ['B miponcxomuT myTeM peryim-
pPOBaHMSI CHUCTEMBl KCAaHTWMH/KCAaHTHMH-OKCHAA3bI, YTO
BaXKHO, C YUE€TOM KJIFOUE€BOI pOJIM, KOTOPYIO UIpaeT 3Ta
CHCTEeMa B peain3alliy 3allIUTHBIX MEXaHU3MOB IIpY OM-
OTHMYECKUX CTpeccax M aOMOTUYECKHX CTPECCax, BhI3BaH-
HBIX TSDKEJIBIMM MeTajiaMu. B 3Toil ¢BsI3M IpuBiIeKaioT
BHMMaHMe JaHHBIE O TOM, UTO IIPU JEHCTBUU I'YMaTOB B
nvarna3oHe KoHieHTpauuit 20—80 mr/m HabmomaeTcs
HEe3HAYUTeIbHOe yBeludeHue KoHueHTpauuu ADK B
KOPHEBOI1 MepuCcTeMe prca Ha (pOHEe OTCYTCTBMSI aKTHBA-
mu nipouieccoB ITOJI. ITockonbKy ykazaHHbIe 3(P(PeKThI
W B psjie IpYruX pabOT CONMPOBOXKIAINCH CTUMYJISIIACH
POCTOBBIX IIPOIIECCOB, X aBTOPHI BHICKA3BIBAIOT IIPEII-
nonoxenne, yto ADK, Bo3HMKaOIINE 1100 BIUSTHUEM
I'B, MoryT aeiicTBOBaTb B KayeCTBE IPOMEXYTOYHOTO
areHTa, Urpast peryJIsiTOpHYIO POJIb, IPUBOAS K CTUMYJISI-
LMY MUTO3a U nUddepeHIralnu KJIeTok (LIuUT. mo [1]).
I1o nanHbIM A. B. bysnama [9] BBeaeHue turHorymara
00JIy4eHHBIM XKMBOTHBIM 00€CIIeUrBaeT HE TOJbKO CHU-
XeHue coaepxxanHus npoaykroB [TOJI, Ho n KomIieHca-
TOPHOE YMEHBIIIEHNE N30BITOYHOM aKTUBAIUK (hepMeH-
TaTUBHOTO 3B€HA aHTMOKCHUIAHTHOM 3aIIUTHL. BiusHue
npernapara Ha aHTUPAIUKaJIbHYIO M aHTUOKUCIUTE/Ib-
HYI0 aKTUBHOCTb THAPO- W JUNMOMPUIBHBIX (paKInii
TKaHEW XapaKTepu3yeTcsl IepepacipeneieHueM JIMIIO-
(bUIBbHBIX aHTUOKCUAAHTOB U3 IIE€YEHU B KPOBb U TKaHMU,
a ruapoWIbHbIX, HA000POT, U3 TKaHeil B IMe4yeHb. Ta-
KM 00pa3oM, BJIMSIHHE TyMaTOB Ha IPOOKCHIAHTHO-
AHTUOKCHUIAHTHBIM TOMEOCTa3 He MCYepIbIBacTCs Iie-
pexBatoM ADK, a nmeet 60Jjiee CAOXKHBINA, CUCTEMHbII
Xapakrep, Korma MpOMCXOAWT aKTUBALMSA PasaInYHbIX
BHYTPUKJIETOYHBIX PETYJISITOPHBIX ITyTEil, a UX BBIOOD
KJIETKOM MOXKET 3aBUCHUTh OT KOHULeHTpauuu I'B. Yuu-
THIBasi aHTUMYTareHHBIM 2(@eKT nurHorymara Ipu

role of antioxidants, when applied after irradia-
tion. One of the explanations for this may be, that
the effect of radiation leads to disruption of proox-
idant-antioxidant homeostasis, and the effect of
antioxidants in the post-radiation period con-
tributed to its stabilization. However, available the
data about the increase of ROS concentration at
HS action [cit. 1]. Conflicting evidence about the
antioxidant / prooxidant properties of HS is due
not only poorly understood features of the concen-
tration dependences. Despite the fact that, when
we used lignohumate concentrations, according to
the literature, there is no activation of lipid perox-
idation, must also be consider, the regulatory role
of low concentrations of ROS, which can be
induced by the action of HS. Some researchers
have noted, that the generation of O2 under the
influence of HS, occurs through the regulation of
xanthine / xanthine oxidase, which is important,
taking into account a key role, played by this sys-
tem in the implementation of protective mecha-
nisms under biotic and abiotic stresses, caused by
heavy metals. In this regard, attention is attracted
to the data, that by the action of humates in the
concentration range of 20—80 mg/l, there is a
slight increase in the concentration of ROS in the
root meristem of rice with the absence of activa-
tion of lipid peroxidation processes. Since these
effects in a number of other works were accompa-
nied by stimulation of growth processes, the
authors suggest that ROS, that occur under the
influence of HS, can act as an intermediate agent,
playing a regulatory role, leading to stimulation of
mitosis and cell differentiation [cit. 1].

According to A. V. Buzlama [9], injection of lig-
nohumate to irradiated animals not only provides
reduction of lipid peroxidation products, but also a
compensatory reduction in excessive activation of
the enzymatic antioxidant defense level. Effect on
antioxidant and antiradical activity of hydro- and
lipophilic fractions of tissues is characterized by
the redistribution of the lipophilic antioxidant
from the liver in the blood and tissues, and
hydrophilic, conversely, from the tissues to the
liver. Thus, the effect of humates on prooxidant-
antioxidant homeostasis is not confined to the
interception of the ROS, and has a more complex,
systemic character, when occurs the activation of
various intracellular regulatory pathways, and their
selection of a cell may depend on the concentra-
tion of HS. Taking into account the antimutagenic
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MPUMEHEHUHN II0cJIe OOJIydeHUs, HaJIM4he IMOTOOHBIX,
0oJiee CIOXHBIX, MEXaHU3MOB BIMSHUS Ha IIPOOKCHUIA-
HTHO-aHTUOKCHUIAHTHBIM TOMEOCTa3 MOXKHO IIPEAroJIo-
JKUTb U B HAILIUX 3KCIIEPUMEHTAaX.

MbI He MCKITIOYaeM M IPYIMX MEXaHM3MOB LIMTOTCHE-
TUYECKOU PamrOIPOTEKTOPHOM aKTUBHOCTH JINTHOTYMAa-
Ta HaTpus1. B CBSI3U ¢ 3TUM clleayeT OTMETUTh Psif 3aKO-
HOMEPHOCTEM, BBISIBJICHHBIX B HAIMX 3KCIEPUMEHTAaX.
IIpexne Bcero, 3To Oojee CHJIbHBIA aHTUMYyTareHHBIN
a¢dexT npu Oosbllei no3e 00ayyeHus. 1lo kputepuio
YAA (nokazarenb PD1) HabmomaeTcs 1030Bast 3aBUCH -
MocTh 3Toro 3¢ dekra. Ilo kpureputo yacrora adbeppa-
uuit (mokazarenb PM2) aHTuMyTareHHbIN addexT aur-
Horymarta rnpu odnyyeHuu B 1o3ax 20 u 10 Ip octaercst Ha
OIMHAKOBOM ypoBHe: PD) = 52,66 % u 49,26 % coorse-
TCTBEHHO, IOCTOBEPHO MpPeBbIlIasl 3TOT MOKa3aTe/b MpU
obsryuyeHuu B 1o3e 5 Ip: P2 = 30,38% (cMm. Tadm. 1). Oxn-
HUM U3 ($aKTOpOB, Orpeaestommnx 3POEKTUBHOCTb aH-
TAMYyTareHa SBJISIETCS 9acTOTa MHAYLMPOBAHHBIX MyTa-
reHoMm abeppauuii. Kak mpaBuiao, Nmpu TOBBIIIEHUUN
YPOBHSI MHAYLIMPOBAHHOTO MyTareHe3a 3(h(GeKTUBHOCTD
OOJIBIIMHCTBA AaHTUMYTareHOB CHIDKaeTcs. Tak, mpu
4acTOTe UHAYLUUPOBAHHBIX Y-00JIydeHUEM abeppalnii Ha
ceMeHax Crepis capilaris, paBHoii 4,62 %, aHTUMyTareH-
HbI 3¢ dekT mapaammHooeH3oiHoi KucaoThl (ITABK)
coctapisut 50,6 %. I1pu MOBBIIEHUY YPOBHS UHIYLIMPO-
BaHHBIX abeppanuii 1o 13,33 % aHTMMyTareHHBIN 3¢-
ekt IMABK cauxaincs no 30,8 %, nipu yactoTe abeppa-
umii 31,97 % TTABK Ttepsiina criocoGHOCTh BOCCTaHABIIM -
BaTh MOBpeXACHUS XpoMocoM (LUT. 1o [17]). Bo3amox-
HO, BBISIBIICHHBIC 3aKOHOMEPHOCTM, B OIIPEACIEHHOI
CTeNeHu, OOYCJOBIEHbI IIPOSBICHUEM SJIMCUTOPHBIX
CBOICTB TYMWHOBBIX BEIIICCTB, aKTUBALIMEl MEXaH3MOB
Hecrenn(pUUIeCcKOl pe3MCTEHTHOCTH K ITOBPEKIAOIITAM
dakTopam [18, 19]. MccnenoBaTen HEOMHOKPATHO MO/ -
YepKMBaJyd MMEHHO afallTOreHHbIe M aHTHUCTPECCOBbLIC
cBoiictBa I'B, xorma ux ¢usuojornyeckasi akTHBHOCTb
MIPOSIBIISIETCS CUJIbHEE He B YCIIOBUSIX HOPMEL, a B YCJIOBHU-
SIX OMOTMYECKMX U abroTUYecKMX cTpeccoB [16, 18, 19].

Kak BugHo u3 Tabn. 1, aHTMMyTareHHBIA 3(ddeKT
JIMTHOTYMAaTa CHJbHEe IIPOSBIISIETCS IO KPUTEPUIO
YAA, yeMm 1o KpuTepuio 4yactora abeppamuii: PO >
P®; (B Bapmante ¢ ooayuennem 10 Ip 31 mmokaszarenn
JOCTOBEPHO He oTianuarorcs). [1pu geiicTBUM JIUTHOTY-
Mmata, Ha ¢oHe yMeHblIeHuss YAA u yacToThl abeppa-
Ui, HaOIomaeTcsa TEHACHIIUSI YBEIMUYCHUS TTOBPEXK-
JeHHOCTU abeppaHTHO# Kiaetku — 1,19 u 1,37; 1,60 u
1,64; 1,37 u 1,43 B BapraHTax: 00JIyueHHe 1 00JIydeHre
+ nurHorymart, npu no3ax S Ip, 10 Ip u 20 Ip cooTBeT-
CcTBeHHO (cM. Ta6a. 1). T. e. HabaogaeTcsl NpearnouTH-
TEJIbHOE YMEHBIIEHNE KJIETOK C MEHBIIMM YMCIOM

(1) 496

effect of lignohumate, when applied after irradia-
tion, the presence of such, more complex mecha-
nisms of influence on prooxidant-antioxidant
homeostasis can be assumed in our experiments.

We do not exclude other mechanisms of cytoge-
netic radioprotective activity of lignohumate sodi-
um. In this connection it should be noted a num-
ber of patterns, identified in our experiments. First
of all, it's a stronger antimutagenic effect at a higher
dose of radiation. On the criterion of the FAA
(index RF1) was observed dose dependence of this
effect. On the criterion of aberrations frequency
(index RF?) antimutagenic effect of lignohumate
by irradiation at doses of 20 Gy and 10 Gy remains
at the same level: RF2 = 52.66 % and 49.26 %,
respectively, significantly exceeding this index by
irradiation at a dose of 5 Gy: RF2 = 30.38 % (see
Table 1). One of the factors, determining the effi-
ciency of antimutagen, is the frequency of aberra-
tions, induced by mutagens. As a general rule, with
an increase in the level of induced mutagenesis,
efficiency of most antimutagens is reduced. For
example, at a aberrations frequency, induced by
v-irradiation, on the seeds Crepis capilaris, equal to
4.62 %, antimutagenic effect of para-aminoben-
zoic acid (PABA) was 50.6 %. At higher levels of
induced aberrations to 13.33 %, antimutagenic
effect of PABA decreased to 30.8 %, by the fre-
quency of aberrations 31.97 % PABA lost the abi-
lity to repair chromosomal damage [cit. 17].
Perhaps identified patterns, to a certain extent, are
due to the manifestation of eliciting properties of
humic substances, the activation of mechanisms of
nonspecific resistance to damaging factors [18, 19].
Researchers have repeatedly underlined exactly
adaptogenic and anti-stress properties of HS, when
their physiological activity shows up stronger not in
the conditions of norm, but in the conditions of
biotic and abiotic stresses [16, 18, 19].

As can be seen from Tablel, antimutagenic effect
of lignohumate shows up stronger for FAA criteria,
than for the criterion frequency of aberrations:
RF1> RF2 (in a variant with an irradiation of 10
Gy, these indexes were not significantly different).
Under the action of lignohumate, on a back-
ground of reduction the FAA and the frequency of
aberrations, there is a tendency to increase the
damage of aberrant cells — 1.19 and 1.37; 1.60 and
1.64; 1.37 and 1.43 in variants: exposure and expo-
sure + Lignohumate, at doses of 5 Gy, 10 Gy and
20 Gy, respectively (see Table 1). I.e., was observed




ISSN 2304-8336. pobnemu pagiauiitHoi Meauumky Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

EKCINMEPUMEHTAJIbHI

AOCNIAXEHHSA

abeppalluii, TTo0 cpaBHEHUIO C OoJiee MOBPEXKACHHBIMU
KJIleTKaMu. PaccmarpuBass BO3MOXKHBIE MEXaHM3MBI,
MOXHO MPEANOoJIOXUTh, YTO MpU ASHCTBUU IIpelapaTa
MPOUCXOIUT OoJiee a(ppeKTUBHAS perapals MOBpPexK-
JeHUIl B KJIeTKax ¢ OJHOM abeppailueil (B pe3yjbTare
4yero, MpU LIMTOT€HETUYECKOM aHaJIu3e, OHU “Iepexo-
I9T” B KJIacc KJIETOK Oe3 abeppammii) mmpu MeHee d3¢-
(eXTUBHON penapanuy B KJeTKax ¢ OOJBIIMM YUCIIOM
MOBPEXKAECHUI. DTO KOCBEHHO TOATBEPXKAACTCS aHAM -
30M TMOKJIETOYHOTO pacrpejesieHus abeppauuii. Ha pu-
CyHKe | nmpeacTaBieHO COOTHOILLIEHKWE abeppaHThIX KJle-
TOK C pa3JIMYHBIM YHUCJIOM abeppalliii, BHISIBJIEHHBIX B
SKCTEPUMEHTE.

B BapmanTax skcnepumeHTa: 00JlydeHUe + JUTHOTY-
Mar, 10Jis1 KJIeToK ¢ 1 aGeppauueit cpeayu abeppaHTHbBIX
KJIETOK MEHbIIIe, YeM B BapHMaHTax TOJbKO C O0JIydeHU-
eM (Kpome BapuaHTa ¢ ooiaydeHueM B no3e 10 Ip). [1pu
o0ayyeHuu 20 Ip, neiicTBue TUTHOryMaTa XapakTepusy-
eT IpeodIIaaHne JOJIM KJIETOK ¢ 2 abeppallisiMu, a TIpu
oonyyenuu 10 Ip — kneTok ¢ 3 abeppauusaMu, TIpU cpaB-
HEHUM A0JIel TAKUX KJIETOK B BApUAHTAaX TOJIBKO ¢ 00J1y-
yeHueM (cM. puc.l).

AHanu3 crieKkTpa abeppaiuii TakKe BBISIBUJI psif 3a-
KOHOMepHocTell. OCHOBHbBIE TUIIBI XPOMOCOMHBIX TIe-
pecTpoek, HabJI0JaeMbIX B 3KCIEPUMEHTE U CIIEKTP
abeppalliii mpeacTaBJeHbl Ha pUCyHKax 2—3 U B Ta0-
e 2.

preferential reduction cells with a less number of
aberrations, compared to the more damaged cells.
Considering the possible mechanisms, we can
assume that the action of the preparation is more
effective in the repair of damaged cells with one
aberration (with the result that, by cytogenetic
analysis, they “pass” in the class of cells without
aberrations), with less efficient repair in cells with
a large number of injuries. This is indirectly con-
firmed by analysis of whole-cell distribution of
aberrations. Figure 1 shows the relationship of
aberrants cells with a different number of aberra-
tions, detected in the experiment.

In variants of the experiment: irradiation + ligno-
humate, proportion of cells with 1 aberration among
aberrant cells is lower vs. in variants with only irradi-
ation (except the variant with 10 Gy irradiation). At
an irradiation of 20 Gy, the effect of sodium lignohu-
mate characterizes the prevalence of cells with 2
aberrations, and by the irradiation of 10 Gy — cells
with 3 aberrations, when comparing percentage of
such cells under only the irradiation (see Fig. 1).

Analysis of the aberrations spectrum also revealed
a number of patterns. The main types of chromoso-
mal rearrangements, observed in the experiment,
and the spectrum of aberrations are shown in
Figures 2—3 and in Table 2.

920

80

70

60

50

40

% KneTtoK / % of cells

30
20

10

KonunyectBo aGeppauum B K/leTKe
Aberrations in cell

PucyHoK 1. CooTHoweHHMe KNETOK C pasHbIM 4nuciom abeppaumii, % ot Bcex abeppaHTHbIX KIETOK

Figure 1. The ratio of cells with different numbers of aberrations, % of all aberrant cells

497 &



EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. Ipobnemu pagiauiitHol Mequumky 1a pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

PUCYHOK 2. Tunbl XpOMOCOMHbIX NepecTpoek, Habnoaaembix B IKcnepumeHTe, x400, auetoopcenH: A) nap-
Hble (hparmeHTbl U KosiblieBble XpOMOCOMbI; b) xpomocomHbie “MocTbl” 1 hparmenTbl; B) xpomatuaHble “moc-
Tb1”; ) xpomaTupHbie “MocTbl” U parmenTbl; [1) KNETKU C MHOXKECTBEHHbIMU NOBPEXAEHUAMN XPOMOCOM

Figure 2. Types of chromosomal rearrangements, observed in the experiment, x400, atsetoorsein: A) paired
fragments and ring chromosomes; B) chromosomal “bridges” and fragments; C) chromatid “bridges”; D) chro-
matid “bridges” and fragments; E) cells with multiple damages of chromosomes

ITpuBiekaer BHMMaHUE HeoauHakoBas 3(hEOEKTUB-
HOCTb IpeIiapara 1o OTHOIIEHUIO K CHIDKCHUIO YaCTOThI
abeppaliii XpoMaTUIHOTO U XPOMOCOMHOIO THUIIOB.
Tak, pu o6ayyeHumn B go3e 5 Ip, CHUXKEHUE YacTOThI
abeppauuii Mo AEWCTBUEM JIMTHOTYMATa MPOUCXOIUIIO
TOJIBKO 3a CYET abeppaliii XpOMOCOMHOTO THUIa (CM.
puc. 3A). [ToaToMy 1OCTOBEpPHOCTh OTIMYUI OT KOHTPO-
JISl IO KPUTEPUIO YacTOTa BCeX TUIOB abeppaluii Haxo-
JUTCS HAa TPaHU AOIYCTUMOTO YPOBHSI 3HAUMMOCTU: p =
0,05 (cm. Tab6m. 1). [1pn MeHBIIIEM KOJIMYECTBE MCCIIEIO-

Different efficiency of preparation attracts atten-
tion in relation to the reduction of frequency of
chromatid and chromosomal types aberrations.
Thus, the irradiation of 5 Gy, reducing the frequen-
cy of aberrations under the influence of lignohu-
mate, only due to chromosomal aberrations (see Fig.
3A). Therefore, the reliability of the differences from
control by the criterion of frequency of all types of
aberrations is on the verge of an acceptable level of
significance: p = 0.05 (see Tab. 1). With a smaller

(1) 498
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KonunuectBo a6eppaumii / 100 KneTtok
Aberrations per 100 cells

5 Gy, allaberrations III

5Tp, BCe abeppaunun

5 Gy + SLH, allaberrations
5p + JIMCH, Bce abeppauuun

5 Gy, chromatid-type aberrations
5Ip, abeppaunm XxpoMaTUaHOro TUNa

5 Gy + SLH, chromatid-type aberrations
5Tp + JIMTH, abeppauun xpomaTnaHoro Tmna

5 Gy, chromosomal aberrations
5p, abeppaLmm XxpOMOCOMHOr 0O TMna

I

5 Gy + SLH, chromosomal aberrations
5Tp + JIMTH, abeppauumn XpOMOCOMHOro T1na

KonunuectBo a6eppaumii / 100 KneTok
Aberrations per 100 cells

10 Gy, allaberrations B/B
10 'p, BCe abeppauun

10 Gy + SLH, allaberrations
10 'p + JITH, BCce abeppauun

10 Gy, chromatid-type aberrations
10Mp, abeppaummn xpomaTnaHoro Tmna

10 Gy + SLH, chromatid-type aberrations
10 M'p + JITH, abeppaumm xpomaTngHoro Tmna

10 Gy, chromosomal aberrations
10 'p, abeppaunn XxpOMOCOMHOTr 0 TUMNa

Lirrnl

10 Gy + SLH, chromosomal aberrations
10 'p + JITH, abeppauymm XpOMOCOMHOrO Tuna

Aberrations per 100 cells

KonunuectBo a6eppauumii / 100 KneTok

10 Gy, allaberrations B/C
10 'p, Bce abeppaumn

10 Gy + SLH, allaberrations
10 M'p + JITH, BCce abeppauunn

10 Gy, chromatid-type aberrations
10lMp, abeppaLumm xpomMaTuaHoOro Tmna

10 Gy + SLH, chromatid-type aberrations
10 'p + JITH, abeppaumm xpomaTnaHoro Tmna

10 Gy, chromosomal aberrations
10 M'p, abeppaumm XpOMOCOMHOMO TUNa

Lirnrnl

10 Gy + SLH, chromosomal aberrations
10 M'p + JITH, abeppaumm XxpOMOCOMHOIO TUna

PucyHoK 3. CoTHoweHune abeppaLuit XxpoMaTUAHOTO M XPOMOCOMHOFO TUNOB B KNeTKax KOPHEBOW MepUCTeMbl
npopocTkoB cemaH Allium cepa L., 06ny4enHbix B fo3ax 5 p (A), 10 Ip (B), 20 I'p (B) npu peicteum nurHory-

mata Hatpusa (JITH)

Figure 3. The ratio of aberrations of the chromatid and chromosome types in the root meristem cells of
seedlings Allium cepa L., irradiated at a dose of 5 Gy (A), 10 Gy (B), 20 Gy (C) under the action of sodium lig-

nohumate (SLH).

BaHHBIX KJIETOK MOXHO OBLJIO OBI CeJIaTh BBIBOI O He-
3 (dEKTUBHOCTA TIperrapaTa OTHOCUTEIBbHO ITUTOTCHE-
TN4YecKnX 3(pGeKToB 00JyUeHUST B 3TOM J03€. DTO 00b-
SICHSIET MEHbILIMI OOIIMI aHTUMyTareHHbIA 3(deKT
npenapara (HECMOTpPSI Ha CYIIECTBEHHOE CHMXEHUE
4acTOThI abeppalnii XpOMOCOMHOro Thna — Ha 74,40 %)

number of studied cells it could be concluded about
the ineffectiveness of the preparation regarding to
cytogenetic effects of exposure at this dose. This
explains the lower total antimutagenic effect of
preparation (although a substantial reduction in the
frequency of chromosomal aberrations — to 74.40 %)
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Ta6nuua 2
CneKTp abeppauunin XxpoMoCOM B KJIeTKax KOPHEBOW MepuUcTeMbl NPOPOCTKOB 06J1y4eHHbIX ceMaH Allium cepa L.
npu pecTeum aurnorymara Hatpua (JIFH)

Table 2
Spectrum of chromosomal aberrations in root meristem cells of seedlings irradiated seeds Allium cepa L.
under the influence of sodium lignohumate (LGN)

c 2
§ £
s 2 3 3
S = - 3 @ £ - =
g 5 A 5 S g g 8 4
- z s e & 2 E § & g £ g ¢
=& = S- = g s =S & E = 5 g s -
g S5 53 5 = s 2 s E x 8 H H
Ss oS = =2 T _E 2 5 2 2 e _E =
] a =08 E g T ZEEQ d e ey I E S E = .
s E-E - £E% 8w8E ESEE o - g @EE -
25 s 6 E & 4 g S< g 34 g A 3 Heq LHFH x °.
S E 822 3=sg §g=sc= Ef=g= E=ZS8= z=o= ¥y
LT 2283 265 £xbx o6 E££8F S£&F =g
0 0 1,33 % 0,42 0,13 0,13 0,53 + 0,27 - - -
0 100 1,70 + 0,51 0,15 £ 0,15 0,46 + 0,27 - - -
5 0 2,90 + 0,58 1,08 + 0,36 1,09 + 0,36 1,44+ 0,39 1,45 + 0,42 -
10 0 5,23 + 0,82 0,83 0,33 4,68 +0,78 4,13 +0,74 0,56 + 0,27 0,55 + 0,27
20 0 10,44 + 1,08 373+067 1568+ 1,28 6,34+ 1,28 0,75 + 0,30 0,37 + 0,21
5 100 3,50 + 0,56 0,19+ 0,13 0,55 + 0,22 0,55 + 0,22 - -
10 100 3,29 + 0,60 0,45 + 0,23 3,52 + 0,62 0,90 + 0,32 - 0,23+0,15
20 100 4,26 + 0,64 0,30 + 0,17 4,86 + 0,68 2,13 + 0,46 0,61+0,25 -

npu obiiydeHun B Ao3e 5 Ip, Mo cpaBHEHUIO C €ro
JIeicTBreM Tpu 6oabImx mo3ax ooaydeHus (10 u 20 Ip).
[Ipu yBenuuyeHUM YPOBHS paavallMOHHO-MHIYLIUPO-
BaHHOTO MyTareHe3a JIMTHOTYMAT COCOOEH TOCTOBEPHO
CHITXATh YacTOTy abeppaluii 000MX TUIIOB, XOTS CHU-
JKeHHE 4acTOThI abeppalrii XxpOMOCOMHOTO THUIIa OCTa-
eTcs 6onee apdekTuBHBIM (cM. puc. 3b 1 3B). Tak, ipu
obsyyeHuu B 1o3e 10 Ip yacTora abepparmii XxpomaTuI-
HOTO THUIA IIOJ BJSMHUEM JIMTHOIyMaTa CHIKAeTcsl Ha
31,35 %, a abeppanuii xpoMocoMHoro Thma — Ha 81,49 %.
IIpu o6nyyenun B mo3e 20 Ip yacToTa XpoMaTUIHBIX
abeppauuii cHuKaercs elé cwibHee — Ha 50,11 %, a
yYMeHbIlIeHUEe YPOBHsI abeppaliuii XpOMOCOMHOTO THUTa
MPONCXOAUT MeHee 3(PMOEKTUBHO, YeM TIpPU OO0TydeHUH
10 Ip — Ha 67,42 %. DTO CBUAETEILCTBYET O TOM, UTO C
yYBeJIMYEHNUEM YPOBHS paIvallMiOHHO-MHIYLIMPOBAHHO-
ro MyTareHesa, Ioj AeiCTBEeM JIUTHOTYMaTa 3aIeiiCTBY-
IOTCSI pa3IMYHbIe MeXaHM3Mbl aHTHMYyTareHesa, a ypo-
BeHb CHIDKEHUSI 4acTOThl abeppaliuii TOro MJIM MHOTO
THMAa 3aBUCUT OT Pa3IMYHOTO BKJIaJa KaXI0ro 13 Mexa-
HU3MOB B PE3YJIbTUPYIOLIUNA 3P HEeKT.

IIpu OoJiee geTasbHOM aHaliu3e CIIEKTpa adeppaluid,
MpeICcTaBIeHHOTo B Tab/uIle 2, BUIHO, YTO, OTCYTCTBHE
BJIMSTHUSI TyMaTa HaTpUsI Ha ypOBeHb abeppallnii Xxpoma-
TUAHOrO TUIIa NMpu objsydeHuu B mo3e 5 Ip Kacaercs
TOJIBKO XPOMATUAHBIX “MOCTOB”, YaCTOTa KOTOPBIX Jla-

(1) 500

with a radiation dose of 5 Gy, as compared to its ef-
fect at higher doses of irradiation (10 and 20 Gy). By
increasing the level of radiation-induced mutagene-
sis Lignohumate is able to significantly reduce the
frequency of both types of aberrations, while reduc-
ing the frequency of chromosomal aberrations is
more effective (see. Fig. 3B and 3C). Thus, the irra-
diation of 10 Gy, reduced frequency of chroma-
tid type aberrations, influenced by lignohumate,
on 31.35 %, and chromosomal aberrations — on
81.49 %. Upon irradiation of 20 Gy, the frequency of
chromatid aberrations is reduced even further — on
50.11 %, and a decrease in the level of chromosomal
aberrations occur less effective, than by irradiation of
10 Gy — on 67.42 %. This suggests, that an increase
in the level of radiation-induced mutagenesis, under
the influence of lignohumate, involved different
mechanisms of anti-mutagenesis, and the level of
reduction in the frequency of aberrations of a partic-
ular type, depends on the contribution of each of the
various mechanisms in the resulting effect.

At more detailed analysis of the spectrum of aber-
rations, presented in a table 2, evidently, that the
absence of influence of sodium humate on the level
of chromatid type aberrations by irradiation of 5 Gy
applies only chromatid “bridges”, the frequency of
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K€ YBEJIMUMBACTCS, XOTSI OTJIMUYMSI UMEIOT HeIOoCTaTou-
HBIIi YpOBEHb CTATUCTUUYECKOI TO0CTOBepHOCTU. CTaTuC-
TUYECKHU 3HAYMMBIC OTJIUYMS He ObLIU BBISIBJICHBI 1 OT-
HOCHUTEJbHO U3MEHEHMSs Mol AeHCTBUEM JIMTHOTyMaTa
YaCTOTHI OAMHOYHBIX (hparMeHTOB IIPU OOJTY4EHUHN B 10-
3e 10 I'p ¥ KobLIEBBIX XPOMOCOM IIPpU OOJIyUEHUHU B 103€
20 Ip. B eoMm Xe ciaenyeT OTMETUTh, YTO BIMSHUE JIUT-
HorymaTa OOYC/IaBJIMBaeT CHUKEHUE BCEX TUIIOB abep-
paluii, XOTs B Pa3JIMYHOM CTETIEHU.

Kak yka3bIBajloCh BhIllI€, aHAJIU3 MOKJIETOYHOTO PaCII-
peneneHus abeppanuii (cM. puc. 1) Tokasan, 4TO
NEeCTBUE Mperapara CUIbHEe MPOSIBISIETCS B OTHOIIIE-
HUM KJIETOK C OJHOI abeppauueil. B oTHoLIeHUU Kile-
TOK ¢ 2 1 3 abeppauusiMy €ro AeiCTBUE 3HAYUTEILHO
MeHee 3 dekTuBHO. B oTHOmeHnn MAK Habmogaercs
HecKoJIbKo uHasg KapTuHa. [1pu obnydyenuu B gose 10 Ip
npenapar MpUBOAUT K CHMXKeHUIO yacToThl MAK Ha
58,18 %, a nipu obGnydyeHuu B go3e 20 Ip — K mostHOM
SJIMMUHALIMA TAaKOI'O THUIIA a0eppaHTHBIX KJIETOK (CM.
TabJ. 2). DTU OTIMYUSA CBUACTEIBCTBYET O HAIWYUU
MHOTO MEXaHW3Ma aHTUMYTareHHOI'O JEUCTBUS JIUTHO-
rymaTta, HexXelu CTUMyJsauus penapauuu. Haubonee
BEpPOSITHBIM MEXaHU3MOM yMeHblIeHusl yacToThl MAK
Mnpu JeWCTBUM JUTHOTYMaTa MOXET ObITb CTUMYJISILIUSI
anornro3a. O Takoit BO3MOXKHOCTU CBUAETEIbCTBYET PSIf
paboT, B KOTOPHIX IOKAa3aHO MHAYLIMPOBaHNAE TyMaTaMM
ctuMynsun amonrosa [20, 21]. Jlaxke ecan He MCKITIO-
4aTh, YTO aIlONTOTUYECKON rrbesy IMoABeprarTcs KeT-
KM ¢ 3 u 4 abeppallMsiMu, pe3yJibTaThl HALLIMX MUCCE0-
BaHMII MOKAa3bIBAIOT, YTO IIOJ BIMSHUEM JIMTHOTyMaTa
3TOT IIPOLIECC IIPUBOAUT K IIPEUMYIIECTBEHHON TMMMU-
HallMY KJIETOK MMEHHO ¢ MHOXECTBEHHBIMU ITOBPEXIIEe-
HUSIMHA XPOMOCOM.

O HEKOTOPBIX MEXaHM3MAaX PeaKlMy Ha 00JTydeHHEe ce-
MSIH U MOAM(DUKALMY paaralliOHHO-UHIYIIPOBAHHBIX
LUTOreHeTUYeCKUX 3(PPEKTOB MOXKHO OIMOCPEIOBAHHO
CYIUThb MPU CPAaBHEHUU YACTOTHI BCeX “MOCTOB” U AOJU
XPOMOCOMHBIX ABOMHBIX “MOCTOB”. “MoCTbl” 00pa3yoT-
csl BCIEACTBHE ACCHMETPUUYECKON TPaHCIOKAIMKU IIpU
CJIMSTHUM 00pa30BaBLIMXCST LIEHTPUUYECKUX (pparMeHTOB.
Takoe ciusiHMe — TMpOLIECC SHEPro3aBUCUMBIIA, KaK 3TO
Obu10 MokaszaHo B padore H. I1. IlyouHuHa U coaBT. [22].
ITockonbky 00pa3oBaHMe “MOCTOB” BO3pacTajio Ha (hoHe
cHikeHns YAA, aBTOpbl paccMaTpuBaind “MOCTBHI” Kak
rnokasarejib MHTEeHCUBHOCTH pernapauuu. JTa Touka 3pe-
HUSI COTTIaCyeTCs TAK3KE C pe3y/IbraTaMy JaJIbHEHIINX 1C-
cIemoBaHMI ApPyrnx aBTOpoB [23]. AGeppali XpoOMO-
coMHoro tuna (“aBoitHble MOCThI” U TMapHbIe (PparMeH-
THI) SIBJISIIOTCSL pe3YJIBTaTOM HepernaprupOBaHHBIX ITOB-
pexneHuii xpomocoM coctosiBimxcst B G ase, a mosiB-
JIeHUWe XpOMaTUAHBIX abeppalldii — pealu3alueid MoB-

which even increases, although differences have an
insufficient level of statistical significance.
Statistically significant differences were not detec-
ted regarding the frequency of single fragments
under the influence of lignohumate after exposure
to 10 Gy and frequency of ring chromosomes by
irradiation of 20 Gy. In general, it should be noted,
that the effect of lignohumate causes reduction of
all types of aberrations, although to varying degrees.

As mentioned above, whole-cell analysis of the
aberrations distribution (see Fig. 1) showed, that
the impact of preparation stronger shows up with
regard to cells with one aberration. With respect to
the cells with 2 and 3 aberrations, its action is con-
siderably less efficient. With regard to the FMC is
observed a somewhat different picture. At an irra-
diation of 10 Gy preparation leads to decrease in
FMC at 58.18 %, and under irradiation of 20 Gy —
to complete elimination of aberrant cells of this
type (see Table 2). These differences indicate the
presence of another mechanism of antimutagenic
action of lignohumate, than stimulation of repair.
The most probable mechanism of reducing the
FMC by lignohumate impact can be stimulated
apoptosis. This possibility was demonstrated by a
number of works, that show the induction by
humates the stimulation of apoptosis [20, 21].
Even if you do not exclude the possibility, that to
apoptotic death are exposed cells with 3 and 4
aberrations, our results show, that under the influ-
ence of lignohumate this process leads to preferen-
tial elimination of cells with a multi-chromosome
damage.

On some mechanisms of response to irradiation
of seeds and modification of radiation-induced
cytogenetic effects can be judged indirectly by
comparing the frequencies of all the “bridges” and
the proportion of chromosomal double “bridges”.
“Bridges” are formed as a result of the asymmetric
translocation by the fusion of formed centric frag-
ments. This fusion — the energydependent
process, as it was shown N. P. Dubinin et al. [22].
Since the formation of “bridges” increased due to
lower FAA, the authors considered the “bridges”
as an indicator of the intensity of repair. This view
is consistent with the results of further studies of
other authors [23]. Chromosomal aberrations
(“double bridges” and paired fragments) are the
result of damage to the nonrepaired chromosomes,
held in G| phase, and the appearance of chro-
matid aberrations — the implementation of dam-
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peXKIeHNI B OCTPEIIMKATUBHEIN TTepro. [Tpu aHadas-
HOM MeTOJe He BCerla yIaeTcsl OTIMIUTh IBOMHEIE (hpar-
MEHTBI OT OJUHOYHBIX, OJJHAKO JBOHBIC “MOCTBI” XPO-
MOCOMHOTO THIIa JOCTaTOYHO YETKO OTJIMYAIOTCS OT
“MocTOB” XxpoMatuaHoro Tura. [lo MHeHUIO psima uccie-
JIOBAaTEJIei, 3TO MO3BOJIIET CYIUTh O TOM, B KAKOM IIepH-
one uHTepdasbl IPOUCXOAUT MOBPEXKICHNE XPOMOCOM U
“IBOIHBIC MOCTBI” paccMaTPUBAIOTCS UMM KaK KOCBEH-
HBII TTOKa3aTeIb MHTEHCUBHOCTY JOPEIUIMKATUBHOM pe-
napauuu [23]. Pe3ynbraThl aHaau3a pa3jinyHbIX BapuaH-
TOB COOTHOIIIEHUS “MOCTHI” / (DparMeHTHI IPEACTABICHBI
B Tabiuie 3. [1pu HanuuumM onpeneaéHHbIX 3aKOHOMEep-
HOCTEl B IpYrMX BapMaHTax, HauboJiee IMoKa3aTeJIbHbIM
SIBJIIETCSI COOTHOILICHHUE BCe “MOCTHI” / BCce (DparMeHTHL.
Tak, B KJIeTKax NpOPOCTKOB OOJYYEHHBIX CEMSIH Ha0-
JIIOIaeTCsl 10303aBUCHMOE CHMXKEHME YacCTOThl MOCTOB,
YTO yKa3bIBacT Ha CHIKeHUEe 3G GEKTUBHOCTU perlapa-
LMK, KaK OJHO U3 ITOCIIeACTBUI 00ydeHus y Allium cepa
L. Tlpu neiicTBUM JUTHOTyMaTra Ha HEOOJydeHHbIE Ce-
MEHa COOTHOIIIeHUE “MOCThl” / (pparMeHThl yBeJIUUMBa-
€TCsI II0 CPAaBHEHUIO ¢ KOHTPOJIEM, XOTSI 3TO U HE TIPUBO-
IUT K JOCTOBEPHOMY CHIKCHMIO YPOBHSI CIIOHTAaHHOTO
MyTareHes3a. PaccMarpuBasl BIMSIHME JUTHOTYMaTa Ha
HUTOreHeTM4Yeckne >(P@eKThl o0aydyeHus, Hauboiee
3 HEKTUBHO M3MEHEHME ITOro Mmokasatesisl Mpu o0Jy-
yeHuu B 103e 5 Ip, cooTHOIIeHNE “MOCThI” / (pparMeH-
ThI IIpH 3TOM yBeamuuBaetrcs ¢ 1,00 no 3,36. I1pu obay-
yeHuu B 1o3e 10 [p yBenmueHue COOTHOLIEHUS “MOCThI” /
(parMeHTBl TTO BIMSIHMEM IIpeliapata MeHee 3Hadu-
tenbHo — ¢ 0,64 no 0,85. I1pu obayyenun B nose 20 Ip
JIMTHOTYMAT He BIIUSIET HA YBETWYECHUE JOIU “MOCTOB” -

Ta6nuua 3

age in post-replicative period. At anaphase method
is not always possible to distinguish double frag-
ments from single, but double “bridges” of chro-
mosome type clearly enough different from the
“bridges” of chromatid type. According to some
researchers, it allows to judge whether, in what
period of interphase occurs chromosome damage
and “double bridges” are considered by them as an
indirect indicator of the intensity of previous to
replication repair [23]. Results of the analysis of
different variants of the ratio “bridges” / fragments
are presented in Table 3. If there are certain laws in
other variants, the most significant is the ratio of
all the “bridges” / all fragments.

Thus, in cells of seedlings irradiated seeds is
observed a dose-dependent reduction in the fre-
quency of bridges, which indicates decrease in the
efficiency of repair, as a consequence of irradiation
of Allium cepa L. At an action of lignohumate on the
non-irradiated seeds, ratio bridges / fragments is
increased compared with the control, although this
does not lead to a significant decrease in the level of
spontaneous mutagenesis. Considering the impact
of lignohumate on cytogenetic effects of radiation,
the most effective change in this indicator is during
irradiation at a dose of 5 Gy, the ratio of “bridges” /
fragments will be increased to 3.36 from 1.00. After
irradiation with a dose of 10 Gy increased ratio of
“bridges” / fragments under the influence of prepa-
ration is much less — from 0.64 to 0.85. After irradi-
ation with a dose of 20 Gy, Lignohumate does not

CooTHoweHUe “MoCTbl”/dparmeHTbl B pasiudHbIX BapMaHTax IKCNEPUMEHTa

Table 3

Ratio of “bridges” / fragments in different versions of the experiment

Moka3zarennb / parameter

[o3a y-o6nyyeHus, p / y-radiation dose, Gy

0 5 10 20 5 10 20
KoHLeHTpaums naMrHorymara Hatpusi, Mr/n 0 0 0 0 100 100 100
Concentration lignohumate sodium, mg/|
Bce “MocTbl” / Bce ¢pparMeHThl 2,76 4,02 1,00 0,64 0,62 3,36 0,85 0,60
All bridges / all fragments
XpOMOCOMHbIE “MOCTbI” / PparmMeHT * 0,37 0,18 0,53 0,50 0,50 0,11
Chromosomal bridges / fragments
XpomatuaHble “MOCTbI” / dparMeHThbl 2,51 2,66 1,12 0,67 6,36 0,93 0,88
Chromatid bridges / fragments
XpOMOCOMHbIe “MOCTbI” (% OT BCEX MOCTOB) 8,90 27,14 13,70 26,32 5,15 12,03 6,58

Chromosome bridges ( % of all bridges)

Mpumeyatms. * — abeppaLmuy XxpOMOCOM NPEACTaBIIEHb! TONLKO “MoCTaMn”
Note. * — chromosome aberrations represented only a “bridge”.
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cootHotueHue 0,62 u 0,60 coorBeTcTBEHHO (CM. TabII.
3). O06cyxnast BO3BMOXHbIE MEXaHU3Mbl, MOXKXHO Tpe-
MOJIOXKUTh YCUJIEHNE SHEPTeTUYECKOM 00eCIIeueHHOCTH
MPOIIECCOB pelapaluy oA BAMSHUEM JUTHOTyMaTa.
OnHako peajM3alius 3TOro MeXaHu3Ma 3aBUCUT OT JI03bl
o0nyueHust. Haubonee s(pdekTMBHO OHA MPOUCXOAUT
npu no3e obmyugenus 5 [p, mpu 6onee BeIcOKOM go3e 10
Ip, cTuMynsiuus penapanuu, XoTsS U UMEET MECTO, He
SIBJISICTCS] BEIYIIMM MeXaHu3MoM. Ilpm manbHeirem
yYBEJIMYEHUM 103bl 001ydeHus 10 20 Ip BAMSIHUE TUTHO-
rymMata Ha 3TOT Ipoliecc Hed(POEKTUBHO, BEPOSTHO
BCJIEACTBHME SIBJACHUS “HachllleHUs” (epMEeHTOB peria-
panyu. OueBUAHO, MPU MOBBIIIEHUN YPOBHS pagyai-
OHHO-MHIYIMPOBAHHOTO MyTareHe3a (IIpu OOJyYeHUU
B mo3ax 10 1 20 Ip) mpoucxomut “BKIIOUeHNE” U IPYTUX
AHTMMYTareHHbIX  MEXaHHU3MOB,  OOYCIOBJIEHHBIX
JIeiCTBUEM Ipernapara, KOTOpble BHOCST OoJjiee 3HAUM-
TEJIbHBIN BKJIAM B peajn3aliio KOHEYHOIO TeHOIIPOTEK-
TOpHOTO 3 deKTa, YeM CTUMYJISILNS TIPOIECCOB pella-
paiuu.

Kpome cooTHotieHus “mMocToB” M (hparMeHTOB (KakK
crie@UUeCcKoro roKasaresis y psaia pacTUTEIbHbIX 00b-
€KTOB) XOTeJOCh OBl yKa3aTb M Ha IPYroi mapameTp,
MPaKTUYECKN HE UCIIOIb3yeMblii PU LIMTOTEHETUIECKOM
aHaJIN3e B MCCIIEIOBAHUSX 110 MOIM(UKALIUY pagdaii-
OHHBIX 3(p(peKkToB. Peub UAET O TOM, YTO HATMYKE, TIOMU-
MO XPOMOCOMHBIX abeppalluii, 3HAYMTEILHOTO 4Yucia
abeppauMii XpoOMaTUIHOTO TUMA MpU odsydeHuu Ha G
wi paHHent G| ctanuu y Allium cepa L. CBSI3bIBAIOT TaK-
K€ C CYIIIeCTBOBaHHWEM ITOTEHIIMAIbLHBIX MU3MECHEHUI XPO-
MOCOM, MMEIOIINX Pa3HyI0 JVIMTEIbHOCTD X13HU. OObIU-
HO paaualysl BbI3bIBa€T KOPOTKOXKUBYIIIME ITOBpEXIIe-
HUsI, KOTOpBIE PeaIM3yI0TCsl B MyTallMy B TOi (haze Kire-
TOYHOTO 1IMKJIa, B KOTOPOIi 00TydaeTcs Kietka. Boamox-
HOCTh MOSIBIEHHSI XPOMATUIHOW MYTallUM BCJICICTBUE
BO3IEHCTBUS paguallii Ha XPOMOCOMY C OJHOI 3(deK-
TUBHOI HUTHIO YKa3bIBaeT Ha CYILIECTBOBAHUE IJINTCIHHO
KUBYIINX TTOTeHIMATBHBIX U3MEHEHUI XPOMOCOM, KOTO-
poie “moxuBaior” o S unm G2 ¢askbl, TIe U peann3yloTcs
B BUJIE XpPOMATHUIHbBIX MyTalluiA. YUUTbIBas BbIILIECKa3aH-
HOe, 3HAUMUTETHHO MEHbIlIee CHIKEHNE YPOBHS abeppa-
Ui XpOMaTUAHOIO TUIIA, B CpPaBHEHUU C adeppalrsiMU
XPOMOCOMHOTO THIIa, BBISIBJICHHOE B HAIlMX 3KCIIEpU-
MeHTax (cM. puc. 3), MOXHO OOBSICHUTH TEM, YTO
JIEMICTBUE JIMTHOTYMAaTa He BIIMSICT WJIM OKa3bIBAETCS Me-
Hee 3(pPeKTMBHBIM OTHOCUTENIBHO CTUMYJISILIMN periapa-
WU IJIUTEIBHO KMBYIIMX MOTCHUIMAIBHBIX N3MEHEHUI
XPOMOCOM, I10 CPAaBHEHUIO C KOPOTKOXMUBYIIIMMU.

Pesynbrathel aHanm3a BIUSHUS JIMTHOTYMAaTa Ha MUTO-
TUYECKYIO aKTUBHOCTh B KJIETKaX KOPHEBOI MEPHUCTEMBI
Allium cepa L. ipeacTaBiieHbl Ha PUCYHKE 4.

affect the increase of “bridges” — the ratio of 0.62
and 0.60, respectively (see. Table. 3). Discussing
possible mechanisms, can be assumed strengthen-
ing energy security of repair processes, influenced
by lignohumate. However, the implementation of
this mechanism depends on the dose. Most efficient
if it is a radiation dose of 5 Gy, with a higher dose of
10 Gy, the stimulation of repair, although it has a
place to be, is not the leading mechanism. With fur-
ther increase in the radiation dose to 20 Gy ligno-
humates influence on this process is inefficient,
probably due to the phenomenon of “saturation” of
repair enzymes. Obviously, by the increase of radia-
tion-induced mutagenesis (under irradiation at
doses of 10 Gy and 20 Gy), there is “including” and
other antimutagenic mechanisms, caused by the
action of the preparation, which make a significant
contribution to the implementation of the final
gene-protective effect, more than stimulation of
reparative processes.

Except correlation “bridges” and fragments (as a
specific indicator of plants), it would be desirable
to specify on other parameter, which is practically
not used for cytogenetic analysis, in research on
modification of radiation effects. We are talking
about the fact that the presence, in addition to
chromosomal aberrations, a significant number of
chromatid type aberrations at an irradiation on Go
or early G stage in Allium cepa L. has also been
associated with the existence of potential changes
in the chromosomes, with different life span.
Usually radiation causes short-lived damage,
which are implemented in a mutation in the phase
of the cell cycle, in which the cells are irradiated.
Possibility of appearance of chromatid mutations
due to the impact of radiation on chromosome
with one effective thread indicates the existence of
long term potential changes in the chromosomes,
which are “live” to the S or G2 phase, where are
implemented as chromatid mutations. Taking into
account a much smaller decline in chromatid type
aberrations in comparison with chromosomal
aberrations, detected in our experiments (see. Fig.
3), it can be explained by the fact, that the impact
of lignohumate does not affect or is less effective
with respect to stimulation of repair of long term
potential changes of chromosome, compared with
short term.

The results of analysis of the impact lignohumate
on the mitotic activity in the root meristem cells of
Allium cepa L. are presented in Figure 4.
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PucyHoK 4. Bauanue nurvorymara Hatpua (JITH) Ha MUTOTMYECKYID aKTUBHOCTb KJIETOK KOPHEBOW
MepucTeMbl B NPOPOCTKax 061y4eHHbIx ceMaH Allium cepa L.: A) 3HaueHus mutoTuyeckoro uuaekca (MU, %),

B) cooTHowWeHue (a3 MUTO3a

Figure 4. Impact of sodium lignohumate (LGN) on the mitotic activity of the cells of the root meristem in
seedlings irradiated seeds Allium cepa L.: A) the value of the mitotic index (MI, %o.), B) the ratio of the phas-

es of mitosis

ITockonbky I'B gBAsSIlOTCS CTUMYJISITOpaMU poCTa,
BIIOJIHE 3aKOHOMEPHO 3HauyuTelbHOEe yBelndeHue MU
Npu AEHCTBUU JUTHOTYMara HaTpus II0 CPaBHEHUIO C
KoHTposieM (cM. puc. 4A). JlelicTBUEe WOHU3UPYIOIIEH
paguanuy OOBIYHO COIPOBOXKIAETCSI YTHETCHUEM MUTO-
TUYECKOI aKTMBHOCTHU. B HallleM aKcrnepruMeHTe HalJto-
JaeTcsl 1o303aBUcUMoe cHIKeHre MU, ogHako cratuc-
TAYECKN 3HAYNMBIC OTJIMYMS BEISIBIIEHBI TOJIBKO IIPU JI0-
3e 20 Ip. HocToBepHoro yBeandyeHust MU nipu neiictBun
JIMTHOTyMAaTa Ha ceMeHa, 00JiydeHHbIe B 03¢ 5 Ip He BbI-
apneHo. [Ipu 6onee BbicokMX mo3ax oomydyeHus 10 u 20
Ip monm BIusiHMEM Tipenapara HaOJIOAAETCS CTaTUCTH-
yecku 3HaunmMoe yBenudyenne MU na 17,25 u 13,43 %
COOTBETCTBEHHO (cM. puc. 4A). C yBeIndeHHEM 035l
00JIydyeHusI yBeJIMYMBaeTCsl 3HaueHue MeTacha3HOro MH-
JeKca, 4To Ha ¢poHe ymeHblIeHus1 MU cBUAETeIbCTBYET
0 3aJiep>KKe MUTO3a Ha cTaguy MeTadasbl IIpU JeCTBUA
pamuaumu. [locnenHee accommupyercs ¢ IaTOJIOTASIMU
MUTO3a, CBSI3aHHBIMU C TTOBPEXACHUSIMU MUTOTUYECKO-
ro anmapata. [leiicTBre IMrHOTyMaTa Ipy 00JIydeHUH He
MPUBOAUT K CTAOMIM3ALMM COOTHOIIEHMS (a3 MUTO3a
IO YPOBHSI KOHTPOJIBHBIX 3HaueHM (cM. puc. 4b). [1pu
5TOM OTMEUaeTCs 3HAYUTEIbHOE YBeIUeHue Mpoda3HO-
ro MHIEKCa, YTO CBI3BIBAIOT C IIpeo0IagaHrueM Ipoliec-
coB nHruoupoBanus cuHresa JHK. OgHako 310 ObLIO
OBl CIIpaBeIJIMBBIM IIPU YMEHBIIEHUU IIpOJrdepaTrB-

Since HS are growth stimulants, quite appropri-
ately is a significant increase in M1 at impact of lig-
nohumate sodium compared to the control (see.
Fig. 4A). The effect of ionizing radiation is usually
accompanied by inhibition of the mitotic activity.
In our experiment we observed a dose-dependent
decrease in MI, but statistically significant differ-
ences were detected only in a dose of 20 Gy.
Significant increase in MI at impact of lignohu-
mate on irradiated seeds in a dose of 5 Gy was not
revealed. At higher doses of 10 Gy and 20 Gy under
the impact of the preparation, a statistically signif-
icant increase in MI at 17.25 % and 13.43 %,
respectively is observed (see. Fig. 4A). With
increasing radiation dose the value of metaphase
index increases, which on the background of
reducing MI, indicates the delay of mitosis at
metaphase by the impact of radiation. The latter is
associated with abnormalities of mitosis, related
with injuries of the mitotic apparatus. Impact of
lignohumate during irradiation does not lead to
stabilization of the ratio of mitosis phases to the
level of control values (see. Fig. 4B). At the same
time there is a significant increase in the prophase
index, which is associated with a predominance of
processes of inhibition of DNA synthesis. However,
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HoIt akTuBHOCTU. Ha (poHe yBenuueHus 3HadyeHuii MU
3TO CKOPEE CBUIIETEJILCTBYET 00 YBEJIUUEHUU YKCIIA KIle-
TOK BCTYITAIOIINX MUTO3. YUUTHIBASI TAKXKE YMEHBIIICHUE
MeTada3HOro MHAEKca TIpU yBeJWYeHUU aHada3zHOTo
(kpome BapuaHTa ¢ 0bydyeHueM 5 [p) mosrydeHHbIE TaH-
HbIE TIPUBOIAT K IIPEAIIOI0XKEHUIO O CTUMYJISILIAM JINT-
HOTYMaTOM IIPOIIECCOB PEIOIYJISILNY, KOIra Iocje 00-
JIydeHUsI MPOUCXOIUT aKTUBALMS BCTYIUIEHUS] B MUTO3
HETOBPEXAEHHBIX KJIeToK. [Ipu 3TOM, moa BIUSIHUEM
JIUTHOTYMaTa MPOVCXOAUT He TOJIbKO 3HAUUTEIbHOE Ha-
KOIUIEHNE KJIETOK Ha CTamuu Ipodasbl, HO U YCKOPEHHUE
MPOXOXKAEHUS CTanuu MeTadasbl, B pe3yjabraTe yero npu
LIUTOTEHETUYECKOM aHaJIM3€e Mbl MOXXEM HaOJIt01aTh yBe-
JIMYEHNE TOJIV HEITOBPEKIEHHBIX KJIETOK Ha CTaINU aHa-
u Tenodasbl. PenomyasslimOHHOE BOCCTAHOBJIEHUE Kak
peakiivsi opraHM3Ma Ha OOJIydeHMe NeTajbHO MCCIeNOo-
BaHO HAa MHOXKECTBE MOJAEJbHBIX CUCTEM, BMECTE C TEM,
MokazaHa BO3MOXHOCTb CTUMYJISILIMM 3TOTO Tpoliecca
aHTUMyTareHamu [24].

CTuMynsUs penoIyJIsIUMY MO BAUSHUEM JIMTHOTY-
Mara Mo3BoJIsIeT 00bSICHUTh HEKOTOPbIE 3aKOHOMEPHOC-
TA BIWSIHUS TIpeIiapaTta Ha COOTHOIICHWE pPas3IMYHBIX
tunoB abeppauuii. [Tpu obnyyenuu B nose 5 Ip mocro-
BepHoro yseauueHus: MU 1on BIvstHUEM JIMTHOTyMaTa
He HaOmomaercs. Ilpy 3TOM He MPOUCXOAUT U YMEHb-
LIEHUST YacTOThl abeppaiuii xpomaTuaHoro tuna. Ctu-
MYJISILUS PETIOIYJISILIMY JTUTHOTYMATOM IIpu 00Jjiee BbI-
COKHUX J103aX MPUBOAUT K CHMIKEHUIO YacTOThl abeppa-
Mt odboux tumnos. Eciu Obl 3TOT mpouecc ObLT eIuH-
CTBEHHBIM aHTUMYTareHHbIM MEXaHU3MOM, YBEeJIMUCHUE
JIOJIM KJIETOK 0e3 abeppauuii NprUBOAUIO Obl K IPOMHOP-
LIMOHAJILHOMY CHIDKEHUIO abeppalldii XxpoMaTUIHOTO U
XPOMOCOMHOTO TUITOB. OIHAKO CTUMYJISILIMS PEHOTTYJIs -
oMM (CHMXXEHHE YacTOThl abeppaluii oOOUX TUIIOB)
“ITioc” CTUMYNSLMS pernapanuy (4TO MPOSIBISETCS B
CHMXXEHUU 4YacTOThl abeppaluii MpeuMyLIeCTBEHHO
XPOMOCOMHOTIO THUIIa) MPUBOAUT B KOHEYHOM HUTOTE K
HaOII0maeMOMY B 3KCIIEPMMEHTE COOTHOIIeHU0. Hau-
0oJiee TTOKa3aTeIbHO 3TO MMPU ASHCTBUM JUTHOTYMAaTa Ha
cemeHa, oosyueHHble B g1o3e 10 Ip. [1pu geiictBuu npe-
naparta Ha ceMeHa, ooydeHHbIe B o3e 20 Ip, ctumysi-
s penapaluy, Kak yKa3blBaJoCh, 3HAYUTEJIBHO MEHEe
addexkTBHA MM HeapdekTnBHA. MeHee 23(PHEeKTUBHO
MPU 3TOM U CHMDKEHHME YacTOThl abeppalniit XxpOMOCOM-
Horo tumna: Ha 67,42 %, no cpaBHeHuto ¢ 81,49 % npu
JIeicTBMM Ha ceMeHa, obaydyeHHble B g1o3e 10 Ip. IToc-
KOJIbKY 4YacToTa abeppaluii XpOMaTUIHOIO THUIA IO
BJIMSIHMEM JIMTHOTYMaTa Tipu obaydyeHuu B mo3e 20 Ip
cHxaetcs Ha 50,11 %, 1. e. “noYTH” MPONOPLIMOHAIb-
HO CHIDKEHUIO YaCTOTHI adeppalunii XpOMOCOMHOTO TH-
a, 3aKOHOMEPHO IIPEAIIOJI0XUTh, YTO B 3TOM ClIydae

it would be fair to a decrease in proliferative activi-
ty. With increasing values of MI is rather indicates
an increase in the number of cells entering mitosis.
Taking into account a decrease of metaphase index
with an increase of anaphase index (except for the
variant with 5 Gy irradiation), obtained data lead to
the assumption about stimulation of Lignohumate
repopulations processes, when after exposure
occurs activation of entry into mitosis of intact
cells. Thus, under the influence of lignohumate
occurs not only a significant accumulation of cells
at the prophase stage, but also the acceleration pas-
sage at metaphase, so that, by the cytogenetic
analysis we can observe the increase in the propor-
tion of intact cells at anaphase and telophase.
Repopulation recovery as the response to irradia-
tion was studied in detail on a variety of model sys-
tems, however, is also the possibility of stimulation
of this process by anti-mutagenic [24].

Stimulation of repopulation, influenced by ligno-
humate, explains some regularities of preparation's
impact on the ratio of different types of aberrations.
After irradiation with a dose of 5 Gy significant
increase in MI, influenced by lignohumate, is not
observed. Thus, the reduce of the frequency of
chromatid type aberrations does not occur.
Stimulation of repopulation by Lignohumate at
higher doses lead to a decrease in the frequency of
both types of aberrations. If this process was the
only antimutagenic mechanism, increase the pro-
portion of cells without aberrations would lead to a
proportional reduction in aberrations of the chro-
matid and chromosome types. However, stimula-
tion of repopulation (reduction in the frequency of
both types of aberrations) “plus” stimulation of
repair (which manifests itself in reducing the fre-
quency of aberrations mainly chromosome-type)
ultimately leads to the experimentally observed
ratio. The most significant is the impact of lignohu-
mate on seeds irradiated with 10 Gy. Under the
impact of the preparation on the seeds irradiated in
a dose of 20 Gy, the stimulation of repair, as indi-
cated, is much less effective or ineffective. Less
effective in this reducing the frequency of chromo-
some aberrations type: 67.42 % compared with
81.49 % under the impact of the seed, irradiated at
10 Gy. Since the frequency of chromatid type aber-
rations, influenced by lignohumate at a dose irradi-
ation of 20 Gy reduced by 50.11 %, i.e. “almost” in
proportion to the reduction in the frequency of
chromosomal aberrations, logical to assume, that
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CTUMYJISIIIUAST PETIONYJISIAN SIBJISIETCS] OMHUM M3 Bedy-
IIMX AaHTUMYTareHHBIX MEXaHN3MOB.

CyMMupysl pe3yIbTaThl MCCIEIOBaHUS, HEOOXOIMMO
yKazaTh Ha TO, YTO YYET KOMIUIEKCA LIUTOT€HETUYECKUX
KpUTEpUEB, UCIOJb30BAHHBIX HAMU B padoOTe, MO3BOJINI
3HAYUTEJIPHO PACIIMPUTh MH(GOPMATUBHYIO 3HAYMMOCTh
aHaJI13a, 110 CPAaBHEHUIO C OOBIYHO MCITOIb3YeMbIMU IO~
xogaMu. [TogoOHBIH MOAX0I MOXKET ObITh TPOAYKTUBHBIM
B CO3IaHUM METOIUKU KOMITJIEKCHOTO LIMTOT€HETUYECKO-
ro aHaJiu3a B MCCJEIOBAHUIX MO aHTUMYyTareHe3y C MC-
nonb3oBanueM Allium-tecta. B ¢BI31 ¢ 3TUM ciemyeT oT-
METUTb JTOMOJHUTEbHbIE KPUTEPUU aHaIM3a, KOTOpbIE
TaKxKe MOTYT OBbITh MCITOJIb30BaHbI IIPY IIPUMEHESHNH JaH-
Horo Tecta. Peub ua€T 0 CTaTUCTUYECKOM aHAIU3e TTOKJIe-
TOYHOTO pachpeneeHnsT adbeppalrii XxpOMOCOM 1 Mare-
MaTUYeCKOM aHaJiu3e HdO30BBbIX 3aBUCUMOCTEH IIpU
JEeNCTBUM MyTareHa u Moavdukaropa (C UCIOIb30BaHU-
eM (hOpMaJIbHBIX Y TEOPETUYECKUX Mojeeit). OrpaHuye-
HUST 00beMa ITyOJIMKALIMU He TTI03BOJISIIOT MPeICTaBUTh pe-
3yJIBTaThl aHAIM3a 110 TUM KPUTEpHUsIM B TaHHOI padoTe,
X MBI TUTAHUPYEM OCBETUTD B CJICAYIOIIMX IMyOIUKALIMSIX.

BBIBO/IbI

Taxum 00pa3oM, MoKazaHa MHOXKE€CTBEHHOCTb MEXaHU3-
MOB peajii3allii TeHOIPOTEKTOPHBIX CBOMCTB JIUTHOTY-
MaTta HaTpusl npu ramma-ooaydeHuu. ITommdyHkimo-
HaAJIbHOCTh 00€CIIeYnBaeTCsl HAIMUYKEM HE TOJIbKO aHTHU-
OKCHUJAHTBIX CBOMCTB, HO M DAa IPYTUX MEXaHU3MOB.
BrisiBiena muddepeHnmaabHas aHTUMyTareHHasT aKTUB-
HOCTB JINTHOTYMATa [0 OTHOIICHUIO K pa3JIMYHbIM TUIIAM
abeppaumii: Hanoonee 3(PPEKTUBHO YMEHBIIIEHNE YaCTO-
Thl MapKePOB paJuallMOHHOIO MyTareHesa — abeppauuii
XpPOMOCOMHOTO THUITa, MeHbIIast 3P(PEKTUBHOCTD ITPOSIB-
JIIETCSI B OTHOLIEHUH IJIUTEIHHO KUBYIINX ITOTCHLIM AT~
HBIX M3MEHEHUI XPOMOCOM II0 CPaBHEHMIO C KOPOTKO-
x)kuyiiuMu. [ox BiussHueM nurHorymara oosee apdex-
TUBHO peliapalus ITOBPeXKICHUIA ITIPOMCXOIUT B KIIeTKaX
¢ olHOM abeppauueii, npyu MeHee 3(h(heKTUBHOM pernapa-
LIMX B KJIETKAX ¢ OOJIBIIMM YHCJIOM NOBpexaeHuit. CTu-
MYJISILMST TIPOLIECCOB pernapalyy Mo BIUSHUEM JIMTHO-
rymara 3aBUCHUT OT A03bl 00yyeHus. Haubonee apdex-
THBHA oHa Ipu ao3e 5 Ip. I1pu moBbIllIeHUN 03Bl 00JTY-
yeHus 10 10 Ip n 20 Ip aTOT mpo1recc CTaHOBUTCS MUHOP-
HbIM, MOCKOJIbKY “BKJIIOYAIOTCS” NPYrMe aHTUMYTareH-
Hble MEXaHU3MBI: CTUMYJISILNS PEITOMYJISILINY W arloNTo-
3a, KOTOPHIC CTAHOBSITCS MPeo0IagalolMU B peain3a-
I KOHEYHOTO TEHOIIPOTEKTOPHOTO 3(ppeKTa.

CMUCOK UCNOJIb3YEMOW JIUTEPATYPbI
1. Berbara R. L. Humic substances and plant defense metabolism / R. L. Ber-
bara, A.C. Garcia // Physiological mechanisms and adaptation strategies in

in this case the stimulation of repopulation is one of
the leading antimutagenic mechanisms.

Summing up the results of the study, should be
pointed out that, the inclusion of complex cytoge-
netic criteria used in our work, has greatly expand-
ed the importance of informative analysis, com-
pared with conventional approaches. Such an
approach can be productive in the creation of a
comprehensive cytogenetic analysis techniques in
studies of anti-mutagenesis using the Allium-test.
In this connection it should be noted additional
criteria analysis, which can also be used in the
practice of this test. We are talking about a statisti-
cal analysis of whole-cell distribution of chromo-
some aberrations and the mathematical analysis of
the dose dependence by the impact of the mutagen
and the modifier (using formal and theoretical
models). Limitations of volume of publication
does not allow us to submit the results of the analy-
sis of these criteria in the present study, we plan to
highlight them in the following publications.

CONCLUSIONS

Thus, revealed multiple mechanisms for imple-
menting of gene-protective properties of lignohu-
mate sodium by gamma-irradiation. Polyfunctio-
nality is ensured by the presence of not only
antioxidant properties, and a number of other
mechanisms. Revealed differential antimutagenic
activity of lignohumate in relation to various types
of aberrations: the most effective reduction in the
frequency of markers of radiation mutagenesis —
chromosomal aberrations, lower efficiency has
been reported for long term potential changes in
the chromosomes, compared with short-lived.
Under impact of lignohumate more effectively
repair of damage takes place in cells with one aber-
ration, at less efficient repair in cells with a large
number of damage. Stimulation of repair process-
es influenced by lignohumate depends on the dose.
It is most effective at a dose of 5 Gy. With increas-
ing radiation dose up to 10 Gy and 20 Gy, this
process becomes a minor, as “included” other
anti-mutagenic mechanisms: stimulation of
repopulation and apoptosis, which are prevalent in
the implementation of the final gene-protective
effect.
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