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MOJIU®IKALIIA TYMATOM HATPIIO PATIALIIIAHO-
IHAYKOBAHUX ITOIIKOJA2KEHb XPOMOCOM
B ALLIUM-TECTI

Meta po6oTu: LUMTOreHeTUYHUI aHani3 edekTiB rymaty Hatpito Npu iHOYKOBAHOMY Y-OMPOMiHEHHSM MyTareHesi B
Allium-Tecri.
Marepianu i meTogu. AHanis KNiTMH KOpeHeBOT MEPUCTEMM MPOPOCTKiB HaciHHA Allium cepa L. npoBoaunun aHa-Te-
nodasHum metogom. [locnigxysanu Bnaus rymaty Hatpito (100 Mr/n) Ha UMTOreHeTUYHi edeKTU Y-OnpoMiHEHHS
(*’Cs) B go3ax 5,101 20 Tp.
Pesynbtatu. byno BuABNEHO aHTUMyTareHHUN edeKT rymaty Hatpilo, WO [O3BONSE PO3MAAATM WOrO B AKOCTI Mo-
TeHUiHOTo TepaneBTUYHOro MoaudikaTopa paaialiiHMX NOWKOAXKEHb. AHTUMYTareHHKIt eheKT rymaty HaTpito 3poc-
Ta€ 3i 30iNbWEHHAM 4031 ONpOMiHEHHSA. BusBneHa gudepeHuiitHa akTUBHICTb NpenapaTty No BiAHOWEHHIO [0 Pi3HUX
TUNiB abepauiil, HaNGiNblWw eeKTUBHUM € 3MEHLIEHHA YacTOTU MapKepiB paaiauiliHoro MytareHesy — abepauiit xpo-
MOCOMHOFO TUMY, MeHLWa eeKTUBHICTb NPOABASETLCA MO BiAHOWEHHIO A0 LOBIOTPMBANUX NOTEHLINHMX 3MiH XPOMO-
COM, NOPiBHAHO 3 KOPOTKOXMBYYUMMU.
BucHoBKM. [ToKa3aHO MHOXWHHICTb MeXaHi3MiB peani3auii aHTUMyTareHHUX BAACTUBOCTEN rymMaTy HaTpito Npu iHay-
KOBAHOMY Y-ONpOMiHeHHAM myTareHesi B Allium-tecri.
KniouoBi cnoBa: aHTuMyTareHes, rymar Hatpito, Y-onpomiHeHHs, Allium-tecr.
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Modification of radiation-induced chromosome damage in Allium-test
by sodium humate

Objective. Cytogenetic analysis of the effects of sodium humate in induced y-irradiation mutagenesis in Allium-test.
Materials and methods. Analysis of the root meristem cells of Allium cepa L. seeds carried by ana-telophase. Inves-
tigated the effect of sodium humate (100 mg/l) on cytogenetic effects y-irradiation (**’Cs) at doses of 5, 10 and 20 Gy.
Results. Antimutagenic effect of sodium humate was revealed, what allows to consider it as potential therapeutic
modifier of radiation damage. Antimutagenic effect of sodium humate increased with increasing irradiation dose.
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 different mechanisms for implementing antimutagenic properties of sodium humate in con-
dition of y-irradiation-induced mutagenesis in Allium-test.
Key words: antimutagenesis, sodium humate, y-irradiation, Allium-test.
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BCTVYII

BuBueHHS MexaHi3MiB [Iii MPUPOIHMX 0i0JIOTIYHO aKTUB-
HUX PEYOBMH 3 aIalTOTeHHMMHM BJIACTUBOCTSMU € IIepC-
MEKTUBHUM I110JI0 PO3POOKM aHTUMYTareHHUX pagionpo-
TEKTOPHUX 3aC00iB Ha iX 0CHOBi. Ha choromHi B HayKoBiit
JliTepaTypi 3pOCTa€ KiJIbKiCTb MyOJIiKalliii, MpUCBIYEHUX
JIOCJIiI>KeHHSIM 010J10rYHOI aKTUBHOCTI TYMiHOBUX peuo-
BuH (I'P) Ta BUKOprcTaHHIO TYMiHOBUX ITpernapaTiB B Me-
muiyHi [1—6]. TP — KoMmIuteke mprpoaHUX MOTiMEPHUX
CMOJIYK, MPOAYKTIiB MPOLIECIB IryMiikallii, sSIKi MiCTSITbCS
B TPYHTI, Topdi, Oypomy Byrimti, carmponensx Ta iH. Oc-
HOBHUI KomrioHeHT I'P — rymMmiHoBi Kuciotu, ¢iziono-
TiYHO aKTUBHOIO (POPMOIO IKUX € iX coJi (rymatu). Ocob-
JuBicTiO OynoBu I'P € HacuyeHicThb X MaKpOMOJIEKYJ
pi3HOMaHITHUMHU (PYHKIIOHAJIBHUMHU TPYIIaMu: KapOoK-
CWIbHUMU, (PEHOJIBHUMHU i CIIMPTOBUMMU TiIpOKCUIAMU,
XiHOITHUMU TpyIramMu, METOKCUJIaMU, aMiHO- i aMigorpy-
namu [2]. Taki crpykTypHi ocobauBocTi I'P 103B0JSI0TH
iM OpaTu y4acTb Y pi3HOMAaHITHUX OKHMCHO-BiTHOBHUX pe-
aK1isx, (hepMEeHT-CyOCTpaTHUX B3aEMOJIiSIX, BIULIMBATU Ha
OCMOTUYHUI TUCK, YTBOPIOBATU KOMILJIEKCHI CITOJYKMU
XaJIaTHOTO TUMY, 110 B KiHLIEBOMY PaxyHKY il 00yMOBITIOE
IIMPOKWIA CIIeKTp (Pi3ioaoriyHoi akTMBHOCTI |3, 5].

HanzBuuaiino iHTeHcuBHi gocnimxkeHHs: ['P mpots-
TOM OCTAaHHBOTO IeCATUPIYYS CBiAYaTh PO MOTEHIIIMHI
MOXKJIMBOCTI 3HAYHOTO PO3LIMPEHHS (DapMaKOJIOTiUYHO-
IO CIIeKTpY iX 3acTocyBaHHsI. OKpiM CTUMYIISLII TTpo-
1eciB pocTy, MEMOPaHOTPOIHOI AaKTUBHOCTI, TTOCUJIEH-
HS eHepreTUYHoi 3a0e3MeYeHOCTi KJIITUMHHUX Mpo-
ueciB, I'P € edekTUBHUMU cOpOEHTAMU BaXXKHX Me-
TajliB, MOJliapOMaTUYHUX BYIJIE€BOAHIB, MECTULIMAIB,
panionykJiiaiB [3-9]. BusiBineno, o I'P nmpusBonsth 10
3MiHU CTYNEHsI OKUCJIEHHS aKTUHUIiB, MePeBOISUM 1X
B MaJopyXxoMi (hOpMHU, IO CIIPUSIE OOMEKEHHIO iX Mir-
paiiifHoi 37aTHOCTI y moBKiLti [9]. OmucaHa aHTHOK-
CMJIaHTHA, iIMyHOCTHMMYJIOIOUa, IpoTU3allajibHa, aH-
TUBipyCHa i MPOTUITYXJIMHHA aKTUBHicTh I'P [2-3,
10—15]. TTokazaHo, 1o BmauB I'P oGymoBI0€ 3MiHU
npoginro ekcrpecii moHan 30 reHiB, MPOILIECH METHITY-
BanHsg JHK [16, 17].

HesBaxaroun Ha TpuBaty ictopito mociimkeHHs [P, y
3B’SI3KYy 31 CKJIQJHICTIO TeTEepOMNOJiIMEPHOI CTPYKTYypH
TYMiHOBUX KMCJIOT, HA CbOTOHI HEMOXJIMBO BUIIIATU B
iXHIX MAaKpOMOJIeKyJIaX BUBHAUYEHi IECKPUIITOPH, SIKi 00Y-
MOBJIIOIOTh (hi3i0JIOTIYHY aKTUBHICTh. Pi3HOMaHITHICTh
GiostoriuHux edexTiB I'P HEMOXJIIMBO 3BeCTU A0 €AMHOTO
MeXaHi3My, ITATBEpIKeHHSIM IIbOTO € MOMi(PYHKIIiO-
HaJILHICTh MpernapaTiB 3 TyMiHOBUX pe4oBHH. BiamosinHo,
MEXaHi3M il TaKMX MPOMYKTiB HE 3BOMUTHCS 1O €IUHOI
¢yHK1Iii, a MOXKE OYyTH KOMILJIEKCHUM, KiHLIEBUI e(heKT XKe
BU3HAYAETLCS MEBHOW PiBHOAINHOW0. MOXIMBUI Bapi-
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INTRODUCTION

The study of the mechanisms of action of natural
bioactive substances with adaptogenic properties is
perspective to develop antimutagenic radioprotec-
tive tools based on them. 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 medicine [1—6]. HS — is a complex of natural
polymer compounds, products of humification,
which are contained in the soil, peat, brown coal,
sapropel and others. The main component of the
HS — 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, phenolic and alco-
holic hydroxyls, quinoid groups, methoxy, amino
and amido groups [2]. These structural features of
HS allow them to participate in a variety of redox
reactions, enzyme-substrate interactions, affect
the osmotic pressure, to form complex compounds
chelated type, that ultimately provides the widest
range of HS biological activity [3, 5].

Extremely intense study of HS in the last decade
show the potential of a significant expansion of the
existing today pharmacological spectrum of their
application. In addition to the stimulation of
growth, membranotropic activity, enhancing ener-
gy security of cellular processes, the activation of
protein synthesis, HS are effective adsorbents of
heavy metals, radionuclides, surfactants, pesti-
cides [3-9]. Revealed that HS lead to a change in
oxidation actinides, translating them into inactive
forms, which helps limit the ability of migration in
the environment [9]. The scientific literature
describes their antioxidant, immunostimulatory,
anti-inflammatory, antiviral and antitumor activi-
ty [2—5, 10—15]. It is shown, that under the influ-
ence of HS varies expression profile of more than
30 genes, DNA methylation processes [16, 17].

Despite a long history of studying HS, due to the
extreme complexity of the heteropolymer struc-
ture of humic acids, is not yet possible to identify
in their macromolecules certain descriptors, caus-
ing physiological activity. The diversity of their
biological effects can not be reduced to a single
mechanism. Proof of this is the multifunctionality
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
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aHT, KOJIU [Ti€ JIMIIe KOMILJIEKC B LIiJIOMY i HEMOXJIMBO BU-
OKPEMMTH HOT0 OKpPeMi KOMIIOHEHTH, KOXKEH 3 SIKMX CaM
10 co0i BUIBISIETLCS HeepeKTuBHUM |1, 4, 5].

Xoua 1oBeeHi aHTUMyTareHHi BnactuBocTi I'P o BigHO-
ILIEHHIO JI0 PSITY XiMiYHMX MyTareHiB, JaHi 111010 aHTUMYTa-
TeHHUX/MyTareHHUX BiactuBocTeil I'P 3aymimarorscst He-
OIIHO3HAYHMMM, HE3BaXKalouM Ha iX HU3bKY TOKCUYHICTb
[17, 18]. IcHyt0Ui JOCHimKEHHS PaTiONPOTEKTOPHUX Bac-
tuBocTel I'P mepeBaxkHO CTOCYIOThCS TAKMX MTapaMeTPiB SIK
BIDKMBAHICTb OIPOMIHEHMX TBapWH, aHTUOKCHUIAHTHUIA
CTaTyc, «IeTOKCUKALIis pamioHyKIimiB» 8, 9, 19, 20]. Oco0-
JIMBOCTI X Moaucikallii ryMaTaMy LIUTOTEHETUIHUX epeK-
TiB OIPOMiHEHHS 3aJIMIIAIOTHCS MAJIO TOCITIIKEHUM.

META

MeTo1o poboTH OYyJ10 TPOBECTU LIMTOTEHETUUHMIA aHaIi3
edeKTiB IIpernapary, SIKMii HaiiyacTillle BAKOPMCTOBYETh-
Cs1 B IOCJIiIKeHHSIX 0iooriyHoi akTuBHOCTI I'P — ryma-
Ty HaTpilo, Mpu WOro Aii micis y-ornpomiHneHHs B Allium-
TECTI.

MATEPIAJIN TA METOJIN
AK TecT-cucteMy BUKOPUCTOBYBAJIM KJIITUHU aIliKalbHOI
MEepUCTEMU TMPOPOCTKIB HaciHHs Allium cepa L.; y-orpo-
MiHeHHsT ('YCs) HaciHHs mpoBomwM Ha yctaHoBHi IBL
437C (®panuisa) B gozax: 5, 10, 20 Ip (moTyXHICTb m031
2,46 Ip/xB). HaciHHSI BHOCMIM B €KCIIEPUMEHTAJIbHI pO3-
yuHU nipoTtsarom (30 £ 15) XB micJisg orpoMiHEeHHS i TIpopo-
1yBaau npu temmneparypi 25 °C npotsirom 72 roa. Buko-
PUCTOBYBJIM T'ymMaT HaTpilo («Arpoximiiak», YKpaiHa) B
koHueHTpaitii 100 Mr/J1, B KOHTPOJIi — IUCTUILOBaHA BOJIA.
LlutoreHeTMuHMT aHali3 KIJIITUH KOPEHEBOI MEPUCTEMU
MPOBOAWIN B TIEPIIOMY MIiTOTMYHOMY LIMKJIi aHa-TeJlo-
¢azHMM MeTOIOM Ha TUMYACOBHUX MpenapaTax, rmogapoo-
BaHUX alieToopceiHoM. JIJ1s1 OLiHKY BIUIMBY T'yMaTy HaTpist
BUKOPHCTOBYBaJIM KOMIUIEKC IIUTOTEHETUIHUX KPUTEPIiiB:
yacToTa abepaHTHUX aHa-Tejodas (HAA) i abepalliit xpo-
MOCOM; TIOIIKOMKEHICTh abepaHTHOI kimitnHU ([TAK —
KIUTBKIiCTh abepalliii Ha abepaHTHY KIITWHY); YacTOTa
mynsrradbepanTHuX KmitnH (MAK); posmnogin abepariit
XPOMOCOM MO KJIITUHAX; CIIEKTp abepalliii — BpaXOBYBaJIU
abepallii XpoMaTUIHOIO i XpOMOCOMHOIO TUITIiB.
EdexTBHICTS aHTUMYTAaTreHHOI i OLIiIHIOBAJIN 3a Be-
JIMYMHOIO peayKuiiiHoro gakropa (PM), 110 xapakrepu-
3y€ CTYMiHb iHTIOyBaHHS IHAYKOBAHOTO MyTareHe3y ITif
BILTUBOM Moau@ikaTtopa. PO po3paxoByBanu mist Kpu-
tepiiB YAA (P®D)) i yactoTa abepaitiit xpomocom (PD,):

M- (AM+ M)
M

PD

100 %, (1)

variant is only valid when the complex is in gener-
al, impossible to distinguish individual compo-
nents, each of which in itself is ineffective [1, 4, 5].
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 tox-
icity [17, 18]. Existing research of radioprotective
properties of HS primarily related to such parame-
ters as survival of irradiated animals, antioxidant
status, «detoxification radionuclides» [8, 9, 19, 20].
Studies of the modification of HS cytogenetic
effects of radiation are still poorly understood.

OBJECTIVE

The aim of this work was to conduct a cytogenetic
analysis of effects of the preparation, which is most
commonly used in studies of the biological activi-
ty of HS — sodium humate, with his actions after
v-irradiation Allium-test.

MATERIALS AND METHODS

As a test system using cell apical meristem
seedlings Allium cepa L.; y-irradiation ('¥'Cs) seeds
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 experimental solution for 30
* 15 min. after irradiation and were grown at 25 °C
for 72 h. We used sodium humate («<Ahrohimpak»,
Ukraine) at a concentration of 100 mg/l in the
control — distilled water.

Cytogenetic analysis of root meristem cells was
carried out in the first mitotic cycle, using ana-
telophase method on temporary preparations stained
atsetoorseinom. Cytogenetic criteria were applied to
evaluate the effect of sodium humate complex: fre-
quency of aberrant ana-telophases (FAA) and aber-
rations, damage aberrant cells (PAC — the number of
aberrations per aberrant cell), frequency of mul-
tiaberrant cells (FMC), distribution of aberrations in
cells, the spectrum of aberrations — were accounted
aberrations of chromatid and chromosome types.

Efficiency of antimutagenic action was estimated
on a reduction factor (RF), which characterizes the
degree of inhibition induced mutagenesis under the
influence of modifier. RF was calculated by the FAA
criteria (RF)) and the frequency of aberrations (RF>):

M- (AM + M)
M

RF

100%, (1)
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ne M — YAA a6o dacrora aGepauiii (ms P®D; i PD,,
BiIMIOBiAHO), iHAIYKOBaHUX MyTareHOM; AM + M — YAA
abo vacTota abeparriit (st PO, u PO,, BinmoBinHo) 11pn
Iii i MmyrareHa, i Moamugikaropa. CTaTuCTUYHY 0OpOOKY
pe3yabTaTiB IIPOBOAMIINA BiAITOBIIHO IO 3arajlbHOIIPHIA-
HSTUX METOAUK, BipOTiAHICTh BiAIMiHHOCTEH OLIiHIOBAIN
3a JOMOMOTOI0 TOYHOI'O ABOCTOPOHHBOTO KPHUTEPilO
®Dimepa [21].

PE3VYIJIBTATU 1 OBIOBOPEHHA

PesynbraTtu gociiaKeHHsI BIUIMBY T'yMaTy HaTpilo Ha pi-
BEHb IOIIKOIXEHb XPOMOCOM, IHAYKOBAHUX 7Y-OIl-
POMiHEHHSIM MpeacTaBieHi B Ta0auLi 1.

Bronus rymaty Hatpito B KoHUeHTpawii 100 Mr/a1 Ha
HEOIIpOMiHEHE HAaCiHHSI He TPU3BOAMB OO0 OOCTO-
BipHMX 3MiH CITOHTAHHOTO piBHSA MyTareHe3y. [Ipopo-
LIIyBaHHSI OIPOMiHEHOTO HAaCiHHS B pO3UMHi Ipernapa-
Ty NPU3BOIUIIO IO TOCTOBIPHOTO 3MEHIIEHHS YaCTOTH
paniauiiiHO-iHAYKOBaHMX aHa-Teaoda3 ~ Ha 40—55 %.
B nanomy Bunmagky rymat HaTpilo MOXHa BBaXKaTH Te-
paneBTUYHUM PadioNpPOTEKTOPOM, OCKiJIbKM KHOro
e(EeKTUBHICTh MOPOSBIASETbCA NPU Aii IiCAI OM-
poMmiHeHHS [22].

IMonipeHONBHA CTPYKTYpa ryMaTiB JO3BOJISIE TIPOTHO-
3yBaTW Y HUX HASIBHICTh aHTMOKCUAAHTHUX BJIACTUBOC-
Tel, 1o Oy/10 MiATBEpIXKEHO B 0araThOX JOCTiIKESHHSIX
[1, 4,5, 14, 15, 20, 23]. Haii0inbim e(peKTUBHO 3HIKEH-
Hs1 YyacTOTH abepalliii XpOMOCOM BiOyBa€eThCS MPU 3ac-
TOCYBaHHI aHTUOKCHUIAHTIB Teped OIMNPOMiHEHHSIM,
OCKUIbKM pamianifiHo-iHmykoBaHi APK € peakiiiiHO ak-
TUBHUMU i «<KOPOTKOXMBYIMMI». OIHAK, iCHYIOTh JaHi i

Ta6naumusa 1

where M — FAA or aberration frequency (for RF;
and RF; respectively) induced by mutagen; AM +
M — FAA or aberration frequency (for RF; and RF;,
respectively) at the combined action of the mutagen
and the modifier. Statistical processing of the exper-
imental data was performed according to conven-
tional methods, reliability of differences was assessed
using the exact two-tailed Fisher's criterion [21].

RESULTS AND DISCUSSION

The results of studying the effect of the level of
sodium humate chromosome damage, induced by
y-irradiation are presented Table 1.

Effect of sodium humate concentration of 100
mg/l in the irradiated seeds did not result in signif-
icant changes in the level of spontaneous mutage-
nesis. When irradiated seeds were germinated in a
solution of sodium humate, it leads to a significant
decrease in the frequency of radiation-induced
ana-telophase at ~ 40—55 %. In this case sodium
humate can be considered as therapeutic radiopro-
tectors, because its effectiveness is manifested in
action after irradiation [22].

Polyphenolic structure of humates suggests pres-
ence of antioxidant properties, that have been
repeatedly described in the literature [1, 4, 5, 14,
15, 20, 23]. The most effective reduction in the
frequency of chromosome aberrations is in the
application of antioxidants prior to irradiation,
since the radiation-induced ROS are reactive and
short-lived. Howewer, there are data of their anti-

LiuToreHeTUYHi NOKA3HMKMN B KNiTUHAX MepUCTEMU NPOPOCTKiB onpomiHeHOro HaciHHA Allium cepa L. npw pii

rymary Hatpiio
Table 1

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

sodium humate

n.psa KoHueHTpauis YAA, % Pd1. % Kianich_: abepauiin / Pd2. % NAK
v-onpomiHeHHs, Ip  rymaty Na, mr/n M+m ! 100 knituH, M=m ’

v-irradiation dose  Concentration of FAA, % RF1. % Aberrations / RF2. % PAC
Gy Na humate, mg/I M=+m ’ 100 cells, 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 3,45 £ 0,49* 40,52 4,95 £ 0,58** 28,05 1,44

10 100 4,88 £ 0,51* 49,38 713 +0,61* 53,79 1,46

20 100 9,05 = 0,97* 55,09 14,34 = 1,19* 48,06 1,58

Mpumitka. * — p < 0,05, NOPIBHSIHO 3 BAPIAHTOM — TifIbkW ONPOMiHEHHst; ** — p = 0,07, NOPIBHSHO 3 BapiaHTOM — TiNbKK OMPOMIHEHHS.
Note. * — p < 0.05, compared to the effect of irradiation; ** — p = 0.05, compared to the effect of irradiation.
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III0JI0 AaHTUMYTareHHUX e(heKTiB aHTUOKCUIAHTIB MPHU 1X
3aCTOCYBaHHi ITic/as1 onpoMiHeHHs1. OTHUM 3 MOXJIMBUX
MOSICHEHb TepaleBTUYHUX (2 HE TiJTbKU TIPOQiTaKTUI-
HUX) aHTUMYTareHHUX BiacTuBocTeil AO Moxke OyTH Te,
110 Jis paniaiiii MpU3BOAUTH O MOPYIIEHHS MTPOOKCHU-
JAHTHO-aHTUOKCUJIAHTHOTO TOMEOCTasy, a Aisl aHTHOK-
CUJAHTIB Yy IIOCTIIPOMEHEBUI MepioJ CHpUSIE HOTO
crabOimizaitii. B nocinimkennsix A. B. bysnama [9] BBeneH-
HsI JTiITHOTYMaTy TBapMHaM MicJIs iHAYKIii OKCUAAaHTHOTO
cTpecy 3a0e3IeuyBajio He TUTbKU 3HUXKEHHSI BMIiCTY IpoO-
nykrtiB I[1OJI, ame ¥ KomrieHcaTopHe 3MEHIICHHST Hamd-
JIMIIIKOBOI aKTUBAallii (hepMEeHTATUBHOTO JIAHIIIOTa aHTU-
OKCUJIAHTHOTO 3axMCTy. BIIMB rymMiHOBOro mpemnapary
Ha aHTUpAOWKaJIbHY i aHTHMOKWCIIOBAJIBHY aKTHUBHICThH
rigmpo- Ta minodinbHUX (pakiiiii TKAaHWH XapaKTephU3y-
BaBcsl Tepepo3mnofiioM ginoginbHux AO 3 medyiHKu B
KpOB i TKAHWHU, a TiApo(iIbHUX, HABNAKU, 3 TKAHWH B
neyviHky [15]. TakuMm 4MHOM, BILIMB T'yMaTiB Ha MPOOK-
CMJIAHTHO-aHTUOKCUIAHTHUI TOMEOCTa3 He BHYEP-
NyeThesl «IepexoruieHHIM» ADK, a Mae OUIbLI cKita-
HUi, CUCTEMHUWI1 XapakTep, KOJM BiIOYBAa€ThCSI aKTH-
Ballisl Pi3HOMAHITHUX PEryJISITOPHUX LLISIXiB HA KJTITUH-
HOMY Ta TKAHMHHOMY piBHSX. TepaneBTUYHUI aHTUMY-
TareHHUI e(pekT rymaTy HaTpito 3a KputepiemM YAA B Ha-
IIKUX EKCIIEPUMEHTAX, ITO03BOJISIE 3pOOUTH MPUIMYIICHHS
PO HASIBHICTb MOAiOHUX, CUCTEMHUX MEXaHi3MiB BILIK-
BY Ha IIPOOKCUIAHTHO-aHTUOKCHUIAHTHUI TOMEOCTa3.
I1po cknagHuii MexaHi3M pamioNpOTEeKTOPHOTO BILJIN-
BY T'yMaTy HaTpil0 Ha TEHETUYHOMY PiBHi CBiT4aTh 0CO0-
JIMBOCTI 3aJ1€XKHOCTI aHTUMYTareHHOTO e(DEKTY Bill piBHSI
iHAYKOBaHOTO MyTareHe3y. 30KpeMa, 1ie Oiiblra edek-
TUBHICTb MperapaTy Mpu 30iblIeHHI 1031 OIPOMiHEH-
Hia. 3a kputepieM YAA croctepiraetbcsi m030Ba 3a-
JIEKHICTh Takoro edexkry — 3HaueHHs P®; mpu orI-
poMiHeHHi B 1o3ax 5, 10 i 20 Ip ckinagators 40,52; 49,38
ta 55,09 %, BignmoBigHO (OUB. Tabi. 1). 3a KpuTepiem 3a-
raJIbHOI YyacToTu abepailiii xpomocoM (Toka3Huk Pd;)
— KapTuHa Jello iHIla. 3HWXEHHS 3arajibHOl 4aCTOTHU
abepaiiii xpomocoM Ha 28,05 % mim BIUIMBOM TyMaty
HaTpilo Micjs OonpoMiHEeHHsT HaciHHS B no3i 5 Ip (mpu
YacTOTi pajiallifHO-iHIYKOBaHUX adepalliii XpoMocoM
6,88 = 0,88 abepauiii/100 KIITHH) MajJ0 HEIOCTATHIA
piBeHb cTatucTudHOi 3Hauymocti (p = 0,07). Ilpu
MiABUILEHHI PiBHS pamialliiiHO-iHIyKOBAaHOIO MyTare-
He3y nmo 15,43 + 1,34 abepauiii/100 xmituH (pu orII-
poMiHeHHi B 103i 10 Ip) aHTuMyTareHHUI e(eKT rymaTy
OyB gocToBipHMM 1 Oinbil cvibHuUM (PD; = 53,79%).
[Tpu nmomanbiIoMy 30iNbIIEHHI piBHS pamialliliHO-iHIY-
KOBaHOTro MytareHesy go 27,61 + 1,58 aGepariii/100
KJIITUH (TIpu onpoMiHeHHi B 103i 20 Ip) aHTUMyTareH-
Huil edekr rymi"osoro mpemnapary (Pd, = 48,06 %)

mutagenic effects of antioxidants after exposure.
One possible explanation of therapeutic (not only
preventive) antimutagenic effects of AO may be
that the radiation exposure leads to disruption of
prooxidant-antioxidant homeostasis and action
AO contributes to its stability. In studies A. V.
Buzlama [9], injection of lignohumate to animals
after induction of prooxidant stress not only pro-
vides reduction of lipid peroxidation products, but
also a compensatory reduction in excessive activa-
tion of the enzymatic antioxidant defense level.
Effect of humic preparation on antioxidant and
antiradical activity of hydro-and lipophilic frac-
tions of tissues is characterized by the redistribu-
tion of the lipophilic antioxidant from the liver in
the blood and tissues, and hydrophilic, conversely,
from the tissues to the liver [15]. 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 regu-
latory pathways, and their selection of a cell may
depend on the concentration of HS. Anti-
mutagenic therapeutic effect of sodium humate on
criterion of FAA in our experiments, suggest the
presence of similar, systematic mechanisms to
influence the prooxidant-antioxidant homeostasis.

On the complex mechanism of radioprotective
sodium humate influence on the genetic level show
features of antimutagenic effect depending on the
level of induced mutagenesis. In particular, this is
greater efficiency with increasing dose. On the cri-
terion of the FAA was observed dose dependence of
this effect — RF; indexes by irradiation on 5, 10 and
20 Gy values up to 40.52 %, 49.38 and 55.09 %,
respectively (see Table 1). On criterion of overall inci-
dence of chromosomes aberations (figure RF,) — the
picture is somewhat different. Reducing the total
frequency of chromosomal aberrations on 28.5 %
under the influence of sodium humate after irradia-
tion seeds in dose of 5 Gy (when the frequency of
radiation-induced aberrations chromosome aberra-
tions 6.88 £ 0.88 / 100 cells) had insufficient statis-
tical significance (p = 0.07). With increased level of
radiation-induced mutagenesis to 15.43 = 1.34
aberrations / 100 cells (irradiation dose of 10 Gy)
humate antimutagenic effect was significant and
stronger (RF, = 53.79 %). With further increase of
radiation-induced mutagenesis to 27.61 £ 1.58
aberrations / 100 cells (irradiation dose of 20 Gy)
antimutagenic effect of humic preparation (RF, =
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JIOCTOBIpHO He 3MiHIOBaBcs (nuB. Tadi. 1). TooTO, MO-
piBHSIHHSI 3HaueHHS mapameTrpiB PP, ta P®, mpwu
aHaJji3i 3aJeXXHOCTI aHTUMYTareHHoi nii rymary Bil
piBHS palialliiiHO-iHAYKOBAHOTO MyTareHe3y Ja€ MOX-
JIMBICTh TIPUMNYCTUTHU, 110 OJHUM 3 MEXaHi3MiB pe-
ajizallii pagionpoTEeKTOPHUX BIACTUBOCTEU MpernaparTy
npU 301IbIIEHHI PiBHSI MyTareHe3y Moxe OyTH He TUIbKU
3MEHILIEHHS 3arajJbHOi 4acTOTW abepalliii, a i 30iJb-
IIEHHST YaCTKM HEIOIIKOIKEHUX KIIITHH.

OTpuMaHi pe3yJabTaTy OIOCEPEIKOBAHO CBiTdYaTh IIPO
Te, 110 B peajli3allild OCTaATOYHOT0 reHONPOTeKTOPHOIO
eeKTy Mpu pi3HUX PIBHAX iHIYKOBAHOTO MYyTarcHe3y
MOXYTb OyTH 3afisiHi pi3Hi MexaHi3MU. MOXJIUBO, BU-
SIBJIEHI B Hauliii po0OOTi 3aKOHOMIpHOCTi, IEBHOIO
Mipo1o, 00OYMOBJIEHI MPOSIBOM €JIiICUTOPHUX BJIACTUBOC-
teit I'P, akTuBalliero MexaHi3aMiB HecriendiyHOI pe3nc-
TEHTHOCTI A0 Jii MOIIKOIXKYouux dakTopis [24, 25]. B
HayKOBiil JliTepaTypi HEOIHOPA30BO MiAKPECIIOIOTHCS
caMe aJanToreHHi i aHTUCTpecoBi BaacTuBocTi I'P, konu
ix (piziosoriyHa aKTUBHICTb TIPOSIBISIETLCS CUIBHIIIIE He
3a HOPMaJIbHUX YMOB, a MPU OiOTMYHUX Ta a0iOTUYHUX
cTpecax [23—25].

Sk BumHO 3 TabJ. 1, aHTUMyTareHHU# e(peKT TyMaTy
HaTpilo, B ILiJIOMY, CWJbHIllle TIPOSIBASIETbCS 3a KpHU-
TepieM YAA, HiX 32 KpUTEPIEM 3arajbHOI YaCTOTH abe-
pawiii xpoMocom: P, > P®; (xoua citig 3a3HAYUTH, 110
y BapiaHTi 3 oripoMiHeHHSIM y 103i 10 Ip, 11i moKa3HUKU
JOCTOBipHO He Binpi3HsatoThes ). [1pu nii rymaTy HaTpito,
Ha ¢oHi 3MeHIIeHHsT YAA i yacToTu abepalliii XpoMo-
COM CITOCTEPIra€TbCs TEHAECHIIS 301IbIIEHHS MOIIKOI -
JKEHOCTi abepaHTHOI KIiTUHU (1uB. Taba. 1). TooTo, i
BILUIMBOM TYMiHOBOTO Mpenapary BiZOyBa€TbCsl Mepe-
BaxkHE 3MEHILEHHS KiJbKOCTi KJIITUH 3 MEHIIUM 4YuC-
JloM abepalliii, MOPiBHSIHO 3 OiJbII MOIIKOIXEHUMU
KJIiTUHaMU. Po3risgaarouyy MOXIMBI MEXaHi3MM TaKMX
eeKTiB, MOXXHA MPUITYCTUTHU, 1110 3a Jii rymMaTy HaTpilo
BimOyBaeThcd OiNbII e(eKTUBHA perapalisi MOIIKOI-
KEHb B KIITMHAX 3 MaJlol0 KiJbKiCTIO MOIIKOIKEHb
JHK mpm MeHI edeKTUBHIN perapalii B KIiTHHaX 3
OiTBIIMM YKCJIOM TOLIKOKeHb. B pe3ybTaTi KIiTuHM,
sKi 0e3 BIUIMBY Mpenapary IIpU LMTOTeHETUYHOMY
aHaJTi3i BXOAUJIU 10 KJacy 3 OJHIi€l0 peali3oBaHO0 abe-
pali€l0 XpOMOCOM «MEPEXOIsTh» A0 KJacy KJITUH 0e3
abepauiit. Take puIylIeHHS OMOCepPeIKOBAHO ITiITBe-
PIXYETbCS pe3yJbTaTaMU aHallizy CTPYKTypU TMO-
KJIITHHHOTO po3Moainy abepaiiii xpomocoM. Ha pucyH-
Ky 1 mpeacraBiaeHO CHiBBiIHOILIEHHSI aOepaHTHUX KJli-
TUH 3 Pi3HUM YMCJIOM abepalliii, BUSBIIEHUX B €KCIIEpH-
MEHTI.

Y BapiaHTax eKCIepMMEHTY 3a YMOB il rymary
HaTpil0 Ha ONpPOMiHEHE HAacCiHHS 4acTKa KJIITUH 3

48.06 %) was not significantly changed (see Table
1). That is, the comparison values RF; and RF; in
analysis of antimutagenic effect depending on the
level of radiation-induced mutagenesis of suggests
that one of the mechanisms of radioprotective prop-
erties of the preparation in condition of increasing
the level of mutagenesis can be not only reduce the
overall frequency of aberrations, but also increase
the share of undamaged cells.

The results indirectly suggest that the final
implementation of gene-protective effect at differ-
ent levels of induced mutagenesis can be employed
various mechanisms. Perhaps identified patterns,
to a certain extent, are due to the manifestation of
eliciting properties of humic substances, the acti-
vation of mechanisms of nonspecific resistance to
damaging factors [24, 25]. Researchers have
repeatedly underlined exactly adaptogenic and
anti-stress properties of HS, when their physiolog-
ical activity shows up stronger not in the condi-
tions of norm, but in the conditions of biotic and
abiotic stresses [23—25].

As can be seen from Tablel, antimutagenic
effect of sodium humate shows up stronger for
FAA criteria, than for the criterion frequency of
aberrations: RF; > RF, (in a variant with an irra-
diation of 10 Gy, these indexes were not signifi-
cantly different). Under the action of sodium
humate, on a background of reduction the FAA
and the frequency of aberrations, there is a ten-
dency to increase the damage of aberrant cells
(see Table 1). That is under the influence of
humic preparation was observed preferential
reduction cells with a less number of aberrations,
compared to the more damaged cells. Con-
sidering the possible mechanisms, we can assume
that the action of sodium humate is more effec-
tive in the repair of damaged cells with less num-
ber of aberration, with less efficient repair in
cells with a large number of injuries. As a result,
cells that without the influence of the prepara-
tion in cytogenetic analysis included in the class
with 1-st realized chromosome aberration «tran-
sition» to a class of cells without aberrations.
This is indirectly confirmed by analysis of whole-
cell distribution of aberrations. Figure 1 shows
the relationship of aberrants cells with a different
number of aberrations, detected in the experi-
ment.

In variants of the experiment by action of
humate on irradiated seeds proportion of cells with
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@ 5p/50 @ 10 /10Gy

@) 5mp+TH/5Gy+SH

@) 10Mp+TH/10Gy+SH

@ 20 /206Gy
@) 20Mp+TH/20Gy+SH

PucyHoK 1. CniBBigHOWEHHA KNiTUH 3 pi3HUM yncnom abepauiit xpomocom (% Bip BCix abepaHTHMX KNiTUH)
npu onpomiHeHHi B po3ax 5 p (a), 10 Ip (6) i 20 Ip (B); 5 Tp + TH, 10 p + I'H, 20 Ip + I'H - npu aii rymary
HaTpilo Ha onpomiHeHe HaciHHA, 5Mp, 10 Ip, 20 p — BapiaHTU eKCcnepUMeHTY uLe 3 ONPOMiHEHHAM

Figure 1. Value cells with different number of chromosome aberrations (% of total aberrant cells) when irra-
diated at doses 5 Gy (a), 10 Gy (b) and 20 Gy (c); 5 Gy + SH, 10 Gy + SH, 20 Gy + SH - with impact of humate
sodium on irradiated seeds, 5 Gy, 10 Gy, 20 Gy - variants of the experiment only with exposure.

OJIHi€0 abOepalli€er0 MeHIla, HiX TiIbKWM MOpPU OII-
pomiHeHHi. Ilpu 1mpoMy cepen abepaHTHUX KIITUH
CIOCTepiraeTbcs MmepeBaxkKaHHs YaCTKU KJIITUH 3 JBOMA
Ta TpbOoMa abepallisMu MpU Aii TyMaTy, MOPiBHSIHO 3
BapiaHTaMU JOCHIAiB TiJIbKA 3 OIPOMIiHEHHSM (IUB.
puc. 1).

ITpu onpomiHeHHi B no3i 5 Ip y npenapartax He BUSIB-
JIEHO KJIITUH 3 TpbOMa abepalissMu. Ajie pu Ail rymaTy
HaTpilo Ha HACIHHSI, OPOMiHEHe B 11ili 7031, He3BaXato-
YU Ha JOCTOBipHE 3HauHe 3MeHIIeHHs (Ha 40,52 %) yac-
TOTHU abepaHTHUX KJIiTHUH, Y MpernapaTax CriocTepira€Tb-
Cs MosIBa KJIITMH 3 TpbOMa abepallisiMU, 4acTKa SIKUX
ckiagana 6,25 % cepen abepaHTHMX KJIITUH (OUB. pUC.
la). OgHUM 3 MOXJIMBUX MOSCHEHD LILOTO € MPUITYILEH-
HsI, IO BIUIMB TYMiHOBOIO ITpeliapaTy Ha pellapaThBHI
OpoLecH BUSBUBCS HEAOCTAaTHIM [Js1 e(heKTUBHOIL
eJliMiHaLlil BCiX MNOIIKOAXEHb, aje 1e OOYyMOBMJIO
BiICYTHICTb «IE€PEKJIIOYEHHSI» CUJbHO TTOLIKOIXKEHUX
KJIITUH Ha LIJISIX arnonTody. PazoM 3 TuMm, cjiif 3a3Havyu-
TH, 110 PadiONPOTEKTOPHUIA BIUIMB FyMaTy HaTpilo 00y-
MOBJIIOE TTIOBHY e/liMiHallil0 MyJIbTUaOepaHTHUX KJIiITUH 3
Oinbllle HixX T’aTbMa abepauisiMu (DuB. puc. 16 i puc.
1B). MoxX1BO, B JTaHOMY BUMAAKY, MA€EMO TIPUKJIAL pe-
ajizallii pi3HUX LLISIXiB aHTUMYTareHe3y, iHIyKOBaHOTO
rymMaToM HaTpilo.

IIpuBepTtae yBary pizHa e(eKTUBHICTb T'YMiHOBOTO
npenapaTy II0J0 3HMXEHHS 4acTOoTu abepaliil xpoma-
TUIHOTO Ta XpPOMOCOMHOTO TUIIIB (puc. 2).

one aberration among aberrant cells is smaller,
than in variants with only irradiation. Moreover,
among the aberrant cells observed prevalence pro-
portion of cells with 2 and 3-aberration by the
action of humate, compared with variants with
only irradiation experiments (see Figure 1).

By irradiation dose of 5 Gy in preparations were
not found cells with 3 aberrations. But under the
influence of sodium humate on seeds irradiated in
that dose, despite the significant decrease (by
40.52 %) frequency of aberrant cells, in prepara-
tions were observed cells with 3 aberrations, whose
share amounted to 6.25 % of aberrant cells (see
Figure 1). One possible explanation for this is the
assumption that the effect of humic preparation on
reparative processes is insufficient for effective
elimination of all damage, but it caused no
«switch» severely damaged cells on the path of
apoptosis. However, it should be noted that the
radioprotective effect of sodium humate makes
complete elimination of multyaberant cells with
more than 5- th aberrations (see. Figures 1b and
Ic). Perhaps, in this case, we have the example of
the different ways of realization anti mutagenesis,
induced by sodium humate.

Different efficiency of humate preparation
attracts attention in relation to the reduction of
frequency of chromatid and chromosomal types
aberrations (see Figure 2).
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PucyHoK 2. CniBeigHoweHHA abepauinl XxpoMaTMAHOro Ta XPOMOCOMHOrO TUMiB B KAiTUHAX KOpPeHeBoOi
MepucTeMu NpopocTKiB HaciHHA Allium cepa L., onpominenunx B posax 5 p (a), 10 Ip (6), 20 Ip (B) npwm aii

rymary Hatpito (FH)

Figure 2. Value of chromatid and chromosome aberrations in the cells of the root meristem of seedlings seeds
Allium cepa L., exposed to doses of 5 Gy (a), 10 Gy (b), 20 Gy (c) under the action of sodium humate (SH)

Tak, mpu onpomiHeHHi B 103i 5 [p, 3HMXKEHHS YaCTOTH
abepalliif BHAC/IiIOK BIJIMBY T'yMaTy HaTpilo BinOyBaJloCh
JINIIIE 3a paXyHOK abepalliii XpOMOCOMHOTO TUTTY (IMB.
puc. 2a). Yacrora abepalliii LIbOro TUITY MPU 1il TymMaTy
HaTpilo Ha OoMpoMiHeHe HaciHHs gocTtoBipHO (p < 0,05)
3MeHIIyeThesl B 2,89 paza. CaMe TOMy JOCTOBIpHICThb
BIAMIHHOCTEM 3a KPUTEPIEM 3arajibHOI 4YacTOTU BCiX
TUIIIB abepalliii Mae€ HEAOCTATHIi piBeHb CTATUCTUYHOIL
3HauywocTi: p = 0,07 (auB. Ta61. 1). Ile oOymMoBuMIO Ta-
KOX MEHIIWKA 3araJjbHUM aHTUMyTareHHUN egeKT
TyMiHOBOIO IIperapary IIpu ONpoMiHeHHi B g03i 5 Ip,
MOPIBHSHO 3 10T0 Ai€10 MPU OiJbIINX 032X OTTPOMiHEH-
Ha (10 i 20 Ip). Ilpu 30inbIIEHHI piBHSA pamialiifHo-
iHIYKOBAHOTO MyTareHe3y BIUIMB TyMaTy HATpilo Mpu3-
BOIUTH JO JOCTOBIPHOTO 3MEHIIIEHHST YacTOTH abepalriit
000X THUIIIB, XO04Ya 3HMKEHHST YacTOTU abepalliii XxpoMo-
COMHOTO TUMY 3JIMIIAETHCS MPU LIbOMY OibII edek-
TUBHUM (AuB. puc. 20 i 2B). Tak, mpu onpoMiHEeHHi B
mo3i 10 Ip ugacTtora abepaliili XpOMaTUIHOTO THUITY

Thus, the irradiation of 5 Gy, reducing the frequen-
cy of aberrations under the influence of sodium
humate, only due to chromosomal aberrations (see
Figure 2a). The frequency of aberrations of this type
by the action of sodium humate on irradiated seeds
was significantly (p < 0,05) 2.89-fold decrease. That
is why the reliability differences in the overall inci-
dence criterion for all types of aberrations has insuf-
ficient statistical significance: p = 0,07 (see Table 1).
It also caused a smaller overall antymutagenic effect
of humic preparation by irradiation dose of 5 Gy,
compared with its impact at higher doses (10 and 20
Gy ). By increasing the level of radiation-induced
mutagenesis effect of sodium humate leads to a sig-
nificant decrease in the frequency of both types of
aberrations, while reducing the frequency of chro-
mosomal aberrations is more effective (see Figures 2b
and 2c¢). Thus, by the irradiation dose of 10 Gy fre-
quency of chromatid aberrations due to the impact of
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BHACJIiTOK BIUIMBY TyMaTy HaTpilo 3HUXYETbcd B 1,7, a
abepauiii xpomocomHoro tuny — B 4,4 paza. IIpu om-
pomiHeHHi B 103i 20 Ip wacTrora xpoMatumHux adepairiit
3HMKYEThCS B 1,8 pasza, a 3MeHIIeHHS piBHS abepalliit
XPOMOCOMHOTO TUITY BiIOyBa€eTbcsl MEHII e(MEKTUBHO,
HiK Tpu omnpomiHeHi B 103i 10 Ip — y 2,39 pa3za. Lle
CBIIUUTH MpPO Te, IO IPU Pi3HUX PiBHSIX padialliiiHO-
iHIYKOBAaHOTO MyTareHe3y BILUIMB IyMaTy HaTpilo o0y-
MOBJIIOE iHAYKIIIO Pi3HUX MEXaHi3MiB aHTUMYyTareHesy,
a BeJIMYMHA 3HUXXEHHS 4acTOTU abepalliii Toro 4yu iHIIO-
ro TUIY 3aJIeXXUTh Bil Pi3HOrO BHECKY KOXHOTIO 3 Me-
XaHi3MiB y KiHLIeBUI e(eKT.

K 3a3Havanu BUILE, aHali3 pO3IMOAiNy abepalriii
XPOMOCOM I10 KJiTMHAaX MMoKa3as, 110 Aisd npenapary
CUJIbHILIE TIPOSIBISIETHCS T10 BiAHOILIEHHIO 10 KJIiTUH
3 OJHi€I0 abepalli€ro, II0A0 KJIITHUH 3 ABOMa i TpboMa
abepalisiMu — HOro BIJMB MEHII e(PEeKTUBHUMN (AUB.
puc. 1). Pazom 3 TuM, HalibiJiblla aHTUMYyTareHHa
aKTUBHICTh TyMaTy HAaTpil0 MOPOSBISETHCS 1I0A0
MAK, gKki mig BIJIMBOM MpernapaTry IOBHICTIO eJli-
MiHyIOoTbCcsI. Taki BiAMiHHOCTi cBigyaTh NpO Ha-
SBHICTh iHIIOIO MEXaHi3My aHTUMYTAareHHO1 Ail Ty-
MaTy HaTpilo, HiX CTUMYJALiS penapaliiHUX Mpo-
HeciB. Haii6inpm iMOBipHUM MeXaHi3MOM BILIUBY
rymaTty HaTpito Ha efimMiHaniio MAK Moxe OyTu cTu-
MyJsLis amoONTOTUYHO1 3arvbesii CUJIbHO ITOLIKOM-
KEHUX KJIITUH, OPpO 110 CBiAUUTh Uinuit psia poOiT, B
AKUX OyJI0 TMoKa3zaHa iHAYKIIiSI TymMaTaMHu amoIlTo3y
[26, 27]. He BukI04Ya04Yd MOXKIUBOCTI allONTOTUY-
HOi 3aru0eni KJITUH 3 MEHIIe HiX IT’IThbMa abepa-
LiIMM, pe3yJbTaTyu HALIKUX JOCHiIXEeHb CBiAUYaTh IpPO
nepeBaxkHy eiaiMiHauio came MAK mig BIuBOM Ty-
MaTy Hatpito (auB. puc. 1).

HagBHicTb, KpiM XpoMOCOMHUX abepalliii, 3HaUHOTO
yuciia abepaiiii XpoMaTUAHOIO TUITY IIPU ONMPOMiHEHHI
Ha G0 a6o panHiit G1 crazii y Allium cepa L. 10B’13y10Th
TaKOX 3 MOTEeHUiMHMMU 3MiHAMU XPOMOCOM, 1110 MalOTh
pi3HY TpPUBAJiCTh iCHYBaHHs. 3a3BMYail pamiauis copu-
YUHSE TIOSIBY KOPOTKOXMBYYHMX ITOIIKOIKEHb XPOMO-
COM, SIKi peasli3yloThCs B MyTallii y Tiil uM iHIIi# da3si
KJIITUHHOTO IIUKIY, B $SIKiii OMPOMIiHIOETHCS KJIITUHA.
MoOXJIUBICTh TOSIBY XPOMATUAHOI MyTallil BHACIiIOK
BIUIMBY pajialiii Ha XpOMOCOMY 3 OAHi€0 e(PEKTUBHOIO
HUTKOIO BKa3y€ Ha iCHYBaHHSI TPUBAJIO iCHYIOUUX ITO-
TEHLIMHUX 3MiH XpPOMOCOM, $IKi «I0XWBAIOTb» A0 S UM
G2 dazu, ge it peani3yloTbCs y BUIISIAI XPOMATUIHUX
MyTaliii. B Hammx mochimkeHHSX BUSBIeHA AuUde-
peHliliHa e(eKTUBHICTh TyMaTy HaTpilo IIOJO0 3MEH-
IIEHHS 4YacTOTW paialliifHO-iHIyKOBaHUX abeparliit
XpPOMOCOM DPi3HUX TUITIB (AMB. puc. 2). BpaxoByrouu Bu-
IeBKa3aHe, MOXHa IIPUITYCTUTH, 1110 MEHII e(peKTUBHE

sodium humate in 1.7, and chromosome aberration
type — 4.4 times decrease. By the irradiation dose of
20 Gy frequency of chromatid aberration is reduced
by 1.8 times, while reducing of chromosome type
aberrations is less effective, than by irradiated dose on
10 Gy — in 2.39 times. This suggests, that an increase
in the level of radiation-induced mutagenesis, under
the influence of sodium humate, 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.

As mentioned above, whole-cell analysis of the
aberrations distribution 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 considerably less effi-
cient (see Figure 1). However, the highest antimuta-
genic activity of sodium humate appears on the
FMC, which under the influence of the preparation
is completely eliminated.These differences indicate
the presence of another mechanism of antimutagenic
action of sodium humate, than stimulation of repair.
The most probable mechanism of reducing the FMC
by sodium humate impact can be stimulated apopto-
sis of severely damaged cells. This possibility was
demonstrated by a number of works, that show the
induction by humates the stimulation of apoptosis
[26, 27]. Even if you do not exclude the possibility,
that to apoptotic death are exposed cells with less
than 5 aberrations, our results show, that under the
influence of sodium humate this process leads to
preferential elimination the FMC (see Figure 1).

The presence, in addition to chromosomal aberra-
tions, a significant number of chromatid type aberra-
tions at an irradiation on GO or early G1 stage in
Allium cepa L. has also been associated with the exis-
tence 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 chromo-
some 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. In our studies
revealed differential effectiveness of sodium humate
to reduce the frequency of radiation-induced chro-
mosome aberrations of different types (see Figure 2).
Taking into account a much smaller decline in chro-
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3HUXKEHHSI piBHS abOepaliii XpoMaTHUIHOTO THILY,
MOpiBHSIHO 3 abepaulisiMi¥ XpOMOCOMHOIO THUILY, Mif
BIUIMBOM T'yMaTy HaTpil0 OOyMOBJIEHO TUM, IO IMpena-
par He BIJIMBa€ (HaNpuKJad, MPU ONMPOMiHEHHI B 1031 5
Ip, nuB. puc. 2a), abo € MeHINl e(PEKTUBHUM IIOJI0 CTH-
MyJIsILii perapalii TpMBaJiO iCHYIOUUX IMOTEHLiAHUX
3MiH XpOMOCOM, TTOPiBHSIHO 3 KOPOTKOKUBYYUMMU.

VY 3B’43Ky 3 LIUM MPUBEPTAIOTh yBary pe3yJbTaTH all-
pokcHuMallii eKCIepuMEHTaIbHUX 3aJIEXXHOCTEN J103a-
edeKT Ipu ONPOMiHEHHI Ta IpH Aii MoaMdiKaTopa mics
ONpPOMIiHEHHS BiAMOBIAHO A0 AiHIAHO-KBaapaTUYHOIL
mozaeni (puc. 3).

matid type aberrations in comparison with chromo-
somal aberrations, detected in our experiments (by
irradiation dose 5 Gy, see Figure 2a), it can be
explained by the fact, that the impact of sodium
humate does not affect or is less effective with respect
to stimulation of repair of long term potential
changes of chromosome, compared with short term.

In this regard, take attention the results of
approximating experimental dose-effect of irradi-
ation and under the influence of the modifier after
exposure under the linear-quadratic model
(Figure 3).

OnpomiHeHHA
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SH after irradiation
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PucyHoK 3. JliHillHo-KBaApaTUYHa MoJenb anpoKCUMaLii 3aneXXHOCTen A03a — YacToTa abepauyiit xpomocom
npu onpomiHeHHi Ta aii moaudikaropa (rymary Harpito — N'H) nicnsa onpomineHHA

Figure 3. Linear-quadratic approximation model dependencies dose - rate of chromosome aberrations by
irradiation and actions of modifier (sodium humate - SH) after exposure

Bimomo, 1110 3a1€KHICTh YaCTOTU abepalliil XxpoMOoCcoM
BiJ JO3M 10HiI3YI0UOr0 OIPOMiHEHHSI 10OPE OMUCYETHCS
JiHiHO-KBagpaTUYHO Monemo: y = aD? + BD + C.
B ocHOBi OCTaHHBOI JEXKUTH MPUMYLLIEHHS MPO Te, 110
Koe(dilliEHT MpU KBaApaTUYHOMY 4YJIE€Hi OMMCYE 3a-
JIEXKHICTb J03a-e(PeKT IJIs 4acTOTH abepalliii XpOMOCOM
«IBOYAApPHOIrO» TUILY, a TIPU JIIHIHHOMY — IS 4aCTOTU
abepalliil «OQHOYIapHOTO» TUITY. SIK BUIHO 3 puc. 3, 3a-
JIEXHICTh J03a-edekT B 000X BuMagkax 1o0pe OIu-
cyerbed wmiero momewmo (R2 =1, p < 0,01). PiBusaunsa
perpecii MalOTh BU/;

y=182x"+3,1Ix + 1,96

(TTpu oIPOMiHEHHI )

(2)

Ta

y=2,52x’— 5,37x + 7,80

(rpu Aii ryMaTy HaTpito Mic/st ONPOMiHEHHS)

3)

BignosimHO 10 Moneni, paaionpoTeKTOpHA [isl rymMaTy
HaTpil0 OOyMOBJIeHAa 3MEHIIEHHSIM 4acTOTU abepalliil

(1) 168

The frequency of chromosome aberrations
dependent on the dose of ionizing radiation is
well described by the linear-quadratic model:
y = oaD? + BD + C. The basis of the latter is the
assumption that the coefficient of the quadratic
term describing the dose-effect for frequency of
chromosome aberrations «two-hit type», while the
linear — for frequency aberrations «one-hit type».
As shown in Figure 3 dose-effect in both cases is
well described by this model (R> =1, p < 0,01).
The regression equation with view:

y=182x" +3,1Ix + 1,96 )
(by irradition)
and
y=2,52x— 537x + 7,80 3)

(under the influence of Na humate after exposure)

According to the model, the radioprotective
effect of sodium humate due to a decrease in the
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XPOMOCOM <«OJTHOYJAApHOTO» TUMY — KoedillieHTH
+3,11x ta -5,37x, BinnoBigHo. IIpu aHa-TenodazHOMY
aHaji3i HeMOXJIMBO YiTKO BiIpi3HUTU abepalil LuX
TUIIIB, K 1Ie Ma€ Miclie npu MetadasHomy aHamizi. Pa-
30M 3 TUM, OYEBHAHO, IO pelaparist ITOIIKOIKEHb
HHK, gki npu3BoasaTh 10 abepalliil «1BOyIapHOIro» TH-
ny € OiJbII YCKJIaJHEHUM NPOLIECOM, HixXK «OIHOYAAPHO-
ro» TUITy. TAKMM YMHOM perpeciiiHuii aHai3 3aJ1e3KHOCTI
no3a-edeKkT npu Aii Mogudikatopa nepeadavyae Oiibli
eeKTUBHE 3HMXEHHS piBHSI abepalliii XpoMOCOM TOTO
TUITY, peraparlisi IKUX € MEHII YCKJIaAHEHOIO.

BUCHOBKU

TakuMm 4yMHOM, TTOKa3aHO IIEPCIEKTUBHICTh PO3POOKM
pamionpoTeKTOPHUX 3ac00iB TepaneBTUYHOI il Ha OC-
HOBi rymaty Hatpito. BusgBieHO MHOXWHHICTH Me-
XaHi3MiB peaJii3allii TeHOMPOTeKTOPHUX BIACTUBOCTEM
ryMaTy HaTpilo, I10J0 HUTOTCHETUYHUX MOIIKOMXKEHbD,
IHIYKOBaHUX Y-OMpOMiHEHHSIM B Allium-tecti. Tymat
HaTpilo 31aTeH IPOSIBISITUA PamdioNpPOTEKTOPHI BJIACTH-
BOCTi, 3MEHIIYIOYM DPiBEHb iHIYKOBAHOTO MYTareHe3y
Ha 40—55 % npu itoro mii micisg onpoMmiHeHHs. Briius
TyMaTy HaTpilo OOyMOBIIOE OiNbII e(PeKTUBHE 3MEH-
IIEHHS YaCTKU KJIITUH 3 OJHi€l0 abepalli€lo, Mpu MEHIII
e(eKTUBHOMY 3MEHIIEHHI YaCTKMU KJITWUH 3 2—4 ale-
pauisgmu. PazoM 3 TUM, MyJIbTMAOEepaHTHI KIITUHU (> 5
abepalili/Ha KJIITUHY) BHACIIOOK Mii rymMaTy HaTpilo
MOBHICTIO eNliMiHyI0ThCsl. BusiBeHa nudepeHiiifina aH-
TUMyTareHHa aKTHUBHICTh T'YMiHOBOTO IIpeliapaTy IIo
BiIHOLIEHHIO O Pi3HMX TUITIB abepalliii: HaAWOUIbII
e(eKTUBHUM € 3MEHIIEHHS YacTOTH MapKepiB pamia-
LiliHOro MyTareHe3ly — abepalili XpOMOCOMHOIO THUILY,
MeHIlIa e(EeKTUBHICTb MPOSIBISETHCS 110 BiIHOIICHHIO
0 TPUBAJIOICHYIOUMX MOTEHLIAHMX 3MiH XPOMOCOM,
SIKi MPOSIBJISIIOTHCS Y BUTJISIAI abepalliii XxpoMaTUaHOro
THUILY.
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frequency of chromosome aberrations «one-hit
type» — factors +3.11 and -5.37 respectively. By
ana-telophaze analysis is not possible to clearly
distinguish these types of aberration, as occurs
during metaphase analysis. However, it is obvious
that repair DNA damage that leads to aberrations
of «two-hit type», is a more complicated process
than «one-hit type». So regression analysis of
dose-effect by impact of modifier provides to more
effective reduction of chromosome aberrations of
this type, reparation which is less complicated.

CONCLUSION

Thus, was shown promising means of development
radioprotective therapeutic action based on sodium
humate. Discovered different mechanisms of
implementation gene-protective properties of
humate sodium on cytogenetic damage induced by
v-irradiation in A/lium-test. Sodium humate is able
to show radioprotective properties, reducing the
induced mutagenesis by 40—55 % by its action after
exposure. Antimutagenic effect of sodium humate
increased with increasing irradiation dose. Effect of
sodium humate makes more efficient reduction of
the proportion of cells with one aberration, and the
less effective reducing the proportion of cells with
2—4 aberrations. However, multiaberrant cells (> 5
aberrations per cell) due to the impact of sodium
humate were completely eliminated. Revealed dif-
ferential antimutagenic activity of humate prepara-
tion in relation to various types of aberrations: the
most effective reduction in the frequency of mark-
ers of radiation mutagenesis — chromosomal aber-
rations, lower efficiency has been reported for long
term potential changes in the chromosomes,which
revealed as chromatid aberrations.
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