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(= LIMONIACEAE LINCZ.)

The cytogenetic and mutagen-modifying activity of a complex of biologically active substances in
extracts from shoot and root parts of Limonium gmelinii were investigated testing on count chromosome
abnormalities of cells of barley root meristem. Plant extracts in concentrations 50.0 and 100.0 mg/L have
no mutagenic activity, but, on the contrary, reduced the level of spontaneous mutagenesis. As a result
of the combined effect of methanesulfonate mutagen (MMS) and plant extracts, a statistically significant
decrease in the level of MMS-induced mutagenesis was observed. Extracts of BAS from the shoot and
root parts of L. gmelinii in all concentrations and all variant of treatment have strong antimutagenic activ-
ity against MMS. The maximum antimutagenic effects were observed during BAS preliminary treatment
MMS exposure and were 64.70% and 67.46% for the root and shoot parts, correspondingly. The mi-
totic index (M) of the root meristem of germinating seeds, separately and jointly treated with MMS and
extracts, was studied. Plant extracts gave a mitostimulatory effect, while MMS significantly reduced the
proliferative activity of the root meristematic cells as compared to the control. Pre- and post- treatment
of BAS from the shoot and root parts statistically significantly increased the mitotic activity of the root
meristem in comparison with MMS. Genoprotective action of these BASs can be due to their ability to
inhibit free radical processes, enhanced by the action of various genotoxicants, and to stimulate chromo-
some repair. Herbal preparations can be considered the most promising as therapeutic agents aimed at
leveling the action of mutagens on the body.

Key words: Limonium gmelinii, biologically active substances, antimutagen, chromosome aberra-
tions, mitotic index.
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Plumbaginaceae (= Limoniaceae Lincz.) 1YKbIMAACBIHAAFDI
Limonium gmelinii 6CiMAIKIep ColfbIHABIAAPBIHBIH AHTHMY TareHAIK roTeHIMaAb!

Apna TYKBIMEIHBIH TaMmbIpeHBIH - YPBIK, MEPMCTEMACKIHBIH, KAETKAApPbIHAAGFLI XPOMOCOMANBIK,
afieppauMsanapabl BCEMKe any TecTi KoaaaHy Herizivae Limonium gmelinii eciMaikTid xep acTwi
KOHE MEp YCTi MYLIEAEDIHIH ChIFbIHALIAGDBIHEIH, Ouoaormasslk, BGeacenai 3attap (BB3) keweninin
LUMTOrEHETHKAABIK, KaHe MYyTareHAl earepmenik BGeaceHaiairi septreaai. 50,0 xoue 100,0 mr/a
KOHUEHTPAUMACK! Bap eCiMAIK ChIFLIHABIAGD MyTareHAK BeaceHAlAIK KepCeTKeH oK, Bipak, kepiciHwe,
CMOHTaHALI MyTareHHiH AeHreriH TemeHAeTTi. CraH AapTTel MeTHaMeTaHoyAbthoHaT (MMC) My TareHHiH
HEHE BCIMAIKTED ChIFBIHABIAGPBIHBIH KOChIMIA acepi BoaraHaa mHayKumanadFrad MMC myTaredesain
ABHIedi CTaTMCTHKAALIK, CeHiMAl peTiHae TemeH GOAFaHbl aHbiKTasabl. MMC-Ka kapcel ofaphbl
AeHredae [MeArH KepMEriHiH Xep acThl XKaHE Xep YCTi MylweAepiHiH bb3 chiFkHABIAGDEI aHTHMYTareHAl
GeaceHAINrH kepceTTi. BE3-HbIH MakcHManabl aHTUMYTareHAl THIMAIAITT TYKbIMAADABI aAABLIH aAa,
cocki Bapbin MMC-ned sHaerenae Gaikanabl, arHn 64,70% (xep acTel myweci) xeHe 67,46%
(ep ycTi myweci) apasbifbiHaa. MMC-nieH KaHe ChifbIHABbIAAPMEH BEAeK KaHe KOChIMLLA eHAEreH
HMAFAAMAA TYKBIM 8CIHAIAEPAIH TaMbIP MEPMCTEMACKIHBIK MUTO3ALIK MHAEKCT (MW) 3epTTeaail. Bcimaik
ChIFBIHABIAGD MMTO3AB! BIHTAAGH ALIPY HBTHAKECIH KepceTTi. MMC TaMmblp aiMarbiHAFBI MEPUCTEMANBIK,
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KAETKaAAp MONYyASUMSICEIHBIH npoandepatieTi  GeaceHAinirin  BakbnayMeH CaabICTBIpFaHAd CTa-
THCTMKAALIK, CEHIMAT PETIHAE TEMEHAETTI. TyKbIMAAPABI BCIMAIKTEPAIH XKep acTbl KaHe Kep yCTi
mylwenepiHiy Bb3-MeH anabIH ana xaHe KeRiHM TYpAS SHAETEHAE TaMBIP MEPMCTEMACKIHBIH MUTO3ZABIK,
BeaceHAinrHIH aeHreri MMOC-NeH casblCThIpFaHAA CTATMCTHMKAABLIK, CEHIMAT PeTIHAE XOFapbliAaAbl.
BB3-HEIH reHONPOTeKTOPALIK, SCEPI OA3pPALIH SPTYPAI MEHOTOKCHKAHTTApALIH SCEPIHAE YAFAA TYCKEH
focpaavkasabl NpouecTepai Texeyre KabianeTTi GoAy MyMKIH KaHE XPOMOCOMAAADALIH PenapaLMachiH
BIHTaAAHABIDaALL ECiIMAIK NpenapaTTapakl em GepeTiH KypasAap, SFHW MyTareHAEpAIH opraHvamre
acepiH xowFa GarbITTaAFaH peTiHAe caHayra Goaaabl.

TyiiH ce3aep: MMeAMH Kepwmeri, GMOAOTMAALIK, OEACEHAI 3aTTap, aHTMMYTareH, XpoMOCOMAABIK
abeppaunsaaap, MMTO3ALIK MHASKC.

AoBuHCKas A.B.", Koaymbaesa CK., Ecum .M., BopoHosa H.

Ka3axCxMi HALMOH AABHBIA YHHBEPCUTET MMEHKM anb-Dapatu,
KazaxcraH, Aasarsl, “e-mail: annalovinska@rambler.ru

AHIMMY1areHHBIH MOTeHLLMAA 3KCIPaKIoB paciedmid Limonium gmelinii
cemenciBa Plumbaginaceae (= Limoniaceae Lincz.)

MayueHa uMTOreHeTHYECKas M MyTareHMoAMbMUMPYIOLWAs aKTMBHOCTE KOMMABKCA BHOADIMUecKH
AKTHMBHBIX BELLECTB B 3KCTPAKTaX MOA3ZEMHOM M HAA3EMHOM Jacted pactedHwid Limonium gmelinii
€ WCMOAL30BaHWEM TECTa MO y4eTy XPOMOCOMHBLIX afeppaumii B KAETKaX KOPHEBOW 3apOABILEBOWH
MEPUCTEMBI CEMSIH AumMeHst. PacTureabHble 3kcTpakTsl B koHueHTpaumsx 50,0 m 100,0 mr/a He npossuan
MyTareHHOH akTMBHOCTM, a, HaoOOpOT, HECKOALKO CHM3MAM YPOBEHb CMOHTaHHOrD MyTareHesa. B
pesyAsTaTe KOMOWHMPOBaHHOTO BO3ASHCTBMS CTaHAAPTHOTO MYTAreHa MEeTMAMETaHCYAboHaTa
(MMC) M pacTMTeABHBIX 3KCTPAKTOB HaOAKAAAOCE CTATMCTMYECKM 3HAYMMOE CHHAKEHWE YPOBHA
MHAYuMpoBaHHoro MMC myTareHesa. SkcTpakTel BAB M3 NoAZemMHOR M HaA3EMHOM YacTel KepMmeka
[MEAMHA MpPKW BCeX KOHUEHTPauMsaX W BapuaHTax o0patoTKW NPOSBMAM CMALHYIO aHTHMMYTareHHyio
aKkTMBHOCTE npoTME MMC. MakcumanbHbele aHTMMyTareHHele 3chdextel BAB  BhIABAEHB NpH
MpeABapUTEABHOR oﬁpaﬁome CemMsiH IKCTPaKTaMM C NOCAEAYIOWMM Bo3aercTBreM MMC, cocTaenBlumne
64,70% (noa3emHas YacTe) M 67,46% (Haa3eMHaa YacTk). M ayueH MuTOTHYECKWA MH AekC (M) kopHeBO#A
MEPUCTEMBI MPOPACTAIOWMX CEMSAH, Da3AEABHO M coBmecTHo obpabotaddbx MMC u skcTpakTamm.
PacTuTeabHbIE 3KCTPAKTEl AAAM MMTO3CTMMYAMPY FOWKIA 3dhdperT, B To Bpema kak MMC craTMcTHueckH
3HAYMMO CHMKAA NPOAMGEPATHUBHYIO aKTMBHOCTE NOMYAALMK MEPHMCTEMATHUECKMX KAETOK B KOPHEBOM
30HE MO CPaBHEHMIO C KOHTpoaem. [peaBapuTesbHas W nocaeayowas obpaboTkd cemsH BAB u3
NOAZEMHOM M HaA3EMHOM 4acTell pacTeHMil CTaTMCTMYECKM 3HAYMMO YBEAMYMAM MWUTOTHUECKYID
AKTMBHOCTE KOPHEBOW MEDMCTEMBI NO cpaBHeHuw ¢ MMC. [eHONpoTekTOpHOE ABHCTBME A@HHLIX
BEAB moer GeiTh 00yCADBAEBHO MX CNOCOBHOCTBLIO MHMMBKMPOBaTL CBOB0AHOPAAMKAALHBIE NPOLECCHI,
YCHAEHHLIE BO3ASACTBMEM Pa3AMuHBIX MeHOTOKCHMKAHTOB, WM CTMMYAMPOBATE penapauMio XpPOMOCOM.
PacTuTeAbHbIE NPENapaTbl MOXKHO CUMTATL HaMGOAEE NEPCNEKTHBHBIMM B KauecTBe AeuebHbIX CPeACTE,
HaMNpaeAeHHEBIX Ha HUBEAWPOBaHKWE ASHCTBMA MyTareHOB Ha OpraHuam.

Kaoueebie caoBa:  kepmer  [MeamHa, BGMOAOTMUECKM  aKTMBHBIE
XPOMOCOMHBIE abeppaumm, MUTOTHMYECKHMIA MHABKC.

BELLECTBA, aHTHUMYyTareH,

Introduction of intracellular free radical formation and inhibition
of DNA repair system activity (Holland, 2002: 165-
The ecological crisis, caused by the 178; Natarajan, 2006: 375-381). Under conditions

environmental pollution resulting from human
activity, 1s typical for most regions of our planet.
The accumulation of different xenobiotics m the
biosphere leads to an increase in the incidence of
the population, a decrease in the number of rare
and endemic species of plants and ammals, as
well as the destabilization of natural ecosystems
(Artyukhov, 2006: 208-215; Kurlyandskii, 2002:
385-406). Most pollutants have a toxic and
mutagenic potential, which 1s manifested m the
body directly by interacting with DNA molecules or
indirectly as a result of activation of the processes
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of negative internal and external factors, the system
of mamtamning DNA equilibrium can degrade and
genome instability and an increase m DNA adduct
level (Vasil’eva, 2009: 753-757; Xia, 2008: 464-
473). It 1s almost impossible to exclude human
contact with toxic and mutagenic factors m the
current situation. Therefore, it is of great importance
to search for protectors of natural origin from their
umpact. Identifying new antimutagens, studying the
mechanismoftheir action, practical ways of applying
them to reduce professional, general and age-related
risks to people and preserving biodiversity 1s one
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of the most urgent tasks (Goncharova, 2005: 19-
32; Zasukhina 2008: 464-473). Antimutagenic
properties have many biologically active substances
(BAS) of natural origin, including vitamins, plant
flavonols, phytohormones, polypeptides, amino
acids, etc. Most of them are antioxidants and can
increase the body’s resistance to the mutagenic and
toxic effects of a wide range of pollutants. The aim
of the current study was to research antimutagenic
potential of extracts from the medicmal plant
Limonium gmelinii (fam. Plumbaginaceae) growing
in Kazakhstan.

Materials and methods

The object of the study was the seeds of spring
barley (Hordewmn vulgare L.) Baisheshek variety
attributed to Almaty region. The wide use of barley
seeds for cytogenetic studies 1s due primanly to a
small number of chromosomes (7 paws, 2n = 14)
and large sizes (6-8 pm). The barley has a low
frequency of spontaneous mutation and, at the
same time, a sufficiently high sensitivity to external
damaging effects. Thus, 1t 1s a unique test object
for indicating the biological action of xenobiotics
(Geras’kin, 201: 55-56). As the standard mutagen
was used methyl methanesulfonate (MMS,
C,H,0,8). It 1s an alkylating agent of direct action,
which has activity in standard short-term tests in
vive and in vifro. The validity of the choice of MMS
as a positive control is due to an extremely wide
spectrum of genetic activity in different test systems
(Khudole1, 1999: 374-375). Extracts from the shoot
and root parts of Limonium gmelinii (Willd.) Kuntze
(fanuly Plumbaginaceae) containing a complex of
biologically active substances was used as subjects
for phytotoxicity, mutagenic and antimutagenic
activity.

Aqueous solutions of MMS were used mn a
concentration of 5.0 mg/L, and aqueous solutions
of plant extracts were used in concentrations 50.0
and 100 mg/L. The seeds were treated to separate
and consecutive with a mutagen and extracts for 4
hours. After each treatment, the seeds were washed,
lightly dried and germinated in Petri dishes on filter
paper wetted with distilled water at 25+1°C 1 the
incubator.

Mutagenic / antimutagenic activity of the
plant extracts was determined using chromosome
aberration test. The cytogenetic test informs about
the frequency and types of structural rearrangements
(aberrations) of chromosomes and about changes
in their number. The meristematic root tip tissue
was used to study somatic chromosomes at the

stage of mutosis and to account for chromosome
rearrangements (Nemtseva, 1970: 84-122). The
mitotic index (the ratio of dividing cells to the total
nuimber of cells) was determined to study the mitotic
activity of the root germinal meristem Statistical
processing of the data was carried out in the add-in
«Analysis ToolPak» of Microsoft Excel. The mean
and standard errors were calculated. The reliability
of the differences in the mean was estimated by the
Student’s test. Differences were considered reliable
with a confidence level of 0.95.

Results and discussion

The results of a cytogenetic study of barley
seeds jointly treated with mutagen and BAS extracts
from L.gmelinii are presented in Table 1. The
spontaneous mutation level in the root embryonic
meristem of barley seeds treated with distilled water
was 1.57%. MMS 1n concentration 5.0 mg/L induced
structural rearrangements in chromosome in 4.4
times (p<<0.001) higher than the control level. The
seed’s treatment of BASs from L.gmelinii before
germunation reduced the frequency of aberrant cells
and number of chromosomal aberrations per 100
metaphases in comparison with the control variant.

When combined with the effects of plant extracts
and mutagen in different treatment combinations, a
significant modification of the level of MMS-induced
mutagenesis m the direction of its reduction was
observed. Thus, pretreatment with an extract from
root part of L.gmelinii 1n a concentration 50.0 mg/T.
followed by treatment with MMS resulted i the
frequency of aberrant cells statistically significantly
decreased 1 2.5 tumes (p<0.01) and the number
of chromosomal aberrations per 100 metaphase
reduced 1n 2.7 times (p<<0.01) in comparison with
MMS treatment. At the same time, the frequency of
rearrangements of both chromosomal and chromatid
types decreased. The level of structural mutations
of the chromosome type decreased by 2.1 times (p
<0.05), and the chromatid type reduced by 4.3 times
(p <0.01), which corresponds to the control level.

In the variant with the reverse sequence
of seed treatment with genotoxicant and plant
extract (MMS+BAS), the level of MMC-induced
mutagenesis statistically significantly decreased
at the same concenfration. The frequency of
aberrant cells decreased by 2.2 tumes (p <0.01),
and the number of chromosomal aberrations per
100 metaphase decreased by 2.4 tumes (p <0.01).
A sipnificant decrease in these indices was equally
due to rearrangements of the chromosome (2-fold,
p <0.05) and chromatid (4.9 times, p <0.05) types.
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Table 1 — The frequency and spectrum of chromosomal aberrations induced in barley seeds treated with L. gmelinii extracts and

methyl methanesulfonate
Variants cells studied. frequency of aberrant Number of chromosomal aberrations per 100 metaphase cells
fotal cells (M=m, %) aberrations, total | chromosomal type chromatd type
Water (negative 510 1.57=0.55 157=0.55 0.98 £ 0.44 0.59=034
control)
MMS, 5.0 mg/L 540 6851 Q0**+* 7961 16%** 4 260 87+ 370+ 081**
L. gmelinii, extract of root part
BAS. 50.0 mg/L 550 127+048 127+048 0.73=036 055032
BAS+MMS 575 278 = 0.60+ 206071+ 200 = 0.60¢ 0.87 =039+
MMS+BAS 580 310=0.72% 328 074" 207059 121 =045
BAS, 100.0 mg/L 550 100+044 1.00=+044 073036 036=026
BAS+NMMS 570 246 = 0.65* 281 +0.60* 175055 1.05=043*
MMS+BAS 550 3.00 = 0.74* | 327=075" | 200=0600 | 127 =048
L. gmelinii, extract of shoot part
BAS. 50.0 mg/L 590 136048 136048 0.68=034 0.68=034
BAS+NMMS 580 224 =061 2.59+0 664 1.55+051 1.03 =042+
MMS+BAS 585 256 =0.65" 3.08=071% 205 =050 1.03 =042
BAS, 100.0 mgL 575 122045 122045 070034 051029
BAS+MMS 580 259 = 0.66* 276+ 068" 190057 086+038*
MMS+BAS 560 3.04 =073 330=0.76% 214=061 1.25=047
Note — * —p=<0.05; ** —p=0.01; *** — p=10.001 as compared to the control group;
¢ —p=0.05;* — p=0.01; **-p=0.001 as compared to methyl methanesulfonate

A similar picture was revealed when using
L.gmelinii extracts from the root part m a
concentration 100.0 mg/L. Thus, seed pre-treatment
of BAS reduced the frequency of aberrant cells and
the number of chromosomal aberrations per 100
metaphases by 2.8 times (p <0.01). Post-mutagen
treatment of BAS was also reduced these indicators
by 2.2 (p<0.05) and 2 4 (p<0.01) times, respectively.
In both varants, there was a statistically significant
decreased i the structural mutations of the
chromosomal and chromatid types. With the pre-
treatment of BAS, the frequency of chromosome-
type disorders decreased by 2.4 times (p<0.05), and
the chromatid type is 3.5 times (p <0.01). With post-
exposure to BAS (after the mutagen), the frequency
of aberrations of the chromosome type decreased by
2.1 (p <0.05), and the chromatid type reduced by
2.9 times (p <0.05). A comparative analysis of the
effectiveness of the sequence of application of BAS
pre- or post-treatment with mutagen did not reveal
statistically significant differences in the reduction
level of MMS-1induced mutagenesis.

Modification of the mutagenic effect of
methyl methanesulfonate towards its reduction
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was also observed when seed treatment from the
shoot part of L.gmelinii extracts. Pre-treatment of
seeds with extracts in a concentration 50.0 mg/L
led to a decrease in the frequency of metaphases
with chromosomal aberrations and the number of
structural rearrangements in chromosomes per 100
cells in 3.1 times (p <0.01). Post-mutagen treatment
also contributed to a decrease in the mutagenic
effect of MMS. The frequency of aberrant cells and
the number of structural mutations were lower in 2.7
(p <0.01) and 2.6 (p <0.01) times as compared with
MMS, respectively. In the spectrum of structural
mutations, a significant decrease m chromosome
and chromatid rearrangements was observed in 2.7
(p <0.05) and 3.6 (p <0.01) times in pre-treatment
and 2.1-fond (p <0.05) and 3,6-fond (p <0,01),
respectively, with post-treatment of BAS seeds.
Plant exfracts from the shoot part of L gmelinii
in a concentration 100 mg/l. also reduced the
level of MMS-induced mutagenesis urespective
of the treatment sequence. Thus, in the variant of
BAS+MMS, the frequency of aberrant cells and the
number of structural rearrangements in chromosomes
per 100 metaphases decreased by 2.6 (p<0.01) and 2.9
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(p<0.01) times, respectively, compared with MMS.
With the reverse sequence of MMS+BAS, these
indicators decreased by 2.3 (p <0.01) and 2.4 (p <0.01)
times, respectively, compared to MMS. The decrease
in the level of MMS-induced mutagenesis was due to
both types of rearrangements, with the exception of the
MMS+BAS variant, where a significant reduction was
observed only due to chromatid rearrangements. In the
variant of BAS+MMS, the frequency of chromosomal
and chromatid rearrangements significantly decreased
by 2.2 (p <0.05) and 3.2 (p <0.01) tumes, respectively,
and by an inverse processing sequence reduced by 2.0
times (statistically not significant) and 3.0 (p <0.05)
times.

Comparative analysis of the level of
modification of the MMS-induced mutagenic

effect with the L.gmelinii extract did not reveal
significant differences in the frequency of aberrant
cells and the number of structural rearrangements
in chromosomes per 100 cells using concentrations
50.0 and 100.0 mg/L. There were no statistically
significant differences in the decrease of these
parameters when using L gmelinii extracts from the
shoot and root parts.

Extracts of BAS from shoot and root parts
of L.gmelinii have strong antimutagenmic activity
against MMS 1n all concentrations used and upon all
variants of treatment. The maximum antimutagenic
effects were observed during BAS prelinunary
treatment MMS exposure and were 64.70% and
67.46% for the root and shoot parts, correspondingly
(figure).

percentage of mutation's inhibition, %

L.gmelinii, root part

BAS+MMS | MMS+BAS = BAS+MMS | MMS+BAS

B 50.0 mg/L
0100.0 me/L

L _gmelinii, shoot part

Figure — Percentage of mutation’s inhibition (antimutagenic activity) of BAS
extracts from the shoot and root parts of L gmelinii against MMS

The mitotic index (MI) 1s used to evaluate the
proliferative actrvity of tissues, and also as one of the
tests in the analysis of mutagens. The mitotic index
informs about the normal, depressed or intensified
mitotic activity of the tissue. This indicator can be
used mn assessing the toxicity, mutagemicity and
antimutagenic potential of different agents.

We studied the MI of the root meristem of
germunating seeds, separately and jointly treated
with MMS (positive control) and extracts from the
shoot and root parts of L.gmelinii in concentrations
50.0 and 100.0 mg/L (Table 2).

The mutotic index in the root meristem of seeds
soaked and germunated on distilled water was 6.94%
(negative control). This indicator decreased by 2.7

40

times (p <0.01) in the treatment of MMS._ It indicates
that the mutagen suppresses the proliferative activity
of the cell population.

The MI in the root meristem of seeds soaked
and germunated on aqueous solutions of BAS
from the root part of L. gmelinii m a concentration
500 mg/L. was 9.67%, and in a concentration
100.0 mg/L. was 11.63%. The MI statistically
significantly increased i 1.4 (p<0.05) and 1.8
(p<0.01) times when treatment of seeds with the
BAS complex, respectively, in concentrations 50.0
mg/L and 100.0 mg/L compared with the negative
control (water). It indicates about the stimulating
effect of BAS on the proliferative activity of the
root meristem
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Table 2 — Mitotic index of the root meristem of germinating barley seeds treated with methyl methanesulfonate and biologically

active substances from L. gmelinii

Mitotic index (%)

Variant —
50.0 mg/L 100.0 mg/L

BAS from L. gmelinii (root part) 967=051" 1163=103"
BAS + MMS 5.66 =067 6.07 = 0.67%
MMS +BAS 487055 5.66 = 0.96%F
BAS from L. gmelinii (shoot part) 881=055 0.82 =0.55
BAS + MMS 447 =0.62*% 5.03=0.73%*
MMS +BAS 437 =0.60* 408 =061
Distilled water (negative control) 6.94 = 0.80

MMS, 5.0 mg/L (positive confrol) 257 =038

Note — *-p=0.05; **-p<0.01 as compared to methyl methanesulfonate;
*~p=0.01; *~p=0.001 as compared to the negative control (water)

The proliferating activity of the root mernstem
cell population was statistically significantly
increased by the joint treatment of seeds with BASs
and MMS as compared to the treatment with the
mutagen. However, the degree of mcrease m the
MI depended on the sequence of MMS and BAS
treatment. Thus, the pre-treatment of barley in a
solution of BASs m concentrations 50.0 and 100.0
mg/L, followed by soaking i a solution of MMS,
statistically significantly increased the MI m 2.2
(p <0, 01) and 24 (p <0.01) times, respectively,
compared to soaking only in the mutagen solution.
Post-MMS-treatment of seeds with BASs mn these
same concentrations also increased the mitotic
activity of the cells compared to treatment with
MMS. At the same time, BASs in a concentration
50.0 mg/L statistically significantly increased the MI
in 1.9 (p <0.01) times, and BASs in a concentration
100.0 mg/L n 2.2 (p<<0.01) times.

Extracts from the shoot part of L.gmelinii also
increased the proliferative activity of the primary root
meristematic cells of the barley seeds. The MI in the
variant with seed freatment of BAS was statistically
significantly increased by 1.4 times (p <0.01) only
with a concentration 100 mg/L mn comparison with
the negative control (water). In the variant of seed
treatment of BAS+MMS, statistically significant
increase in the proliferative activity of cells inhibited
by MMS was observed. The mitotic index increased
in comparison with the treatment of only MMS in 1.7
(p<0.05) and 2.0 (p <0.01) times in concentrations
50.0 and 100.0 mg/L, respectively. With the reverse
sequence of seed freatment, there was also an
mncrease in the proliferation of the cell population.

[SSN 1563-034X

At the same time, the MI values increased i 1.6
(p <0,05) and 1,9 (p <0,01) times in concentrations
50,0 and 100,0 mg/L. Comparative analysis of the
MI showed that pre- and post-treatment of seeds
with BASs from root and shoot parts of L.gmelinii
statistically significantly decreased the inhibitory
effect of proliferative activity of MMS.

Thus, cytogenetic studies have shown that
extracts from L.gmelinii n the concentrations used
have not mutagenic actvity, but, on the contrary,
even slightly reduced the level of spontaneous
mutagenesis in the root meristem of barley. As
a result of combined action of MMS and plant
extracts, regardless of the treatment sequence, a
statistically significant decrease mn the frequency of
aberrant cells and chromosomal aberrations per 100
metaphase was observed. It indicates the presence
of antimutagenic activity in the extracts. There
were no significant differences in the antimutagenic

activity of extracts from the shoot and root parts
of L.gmelinii, despite the greater content of BAS
i the root part of plants. Plant extracts showed a
mutostimulatory effect, while MMS statistically
significantly reduced the proliferative activity of
root mernstematic cells compared to the control
(water). Pre- and post- treatment of BAS seeds
m all concenfrations statistically sigmificantly
mcreased the mitotic activity of the root meristem in
comparison with MMS.

It is known that DNA repair is an enzymatic
process, depending on the level ofcellular metabolism.
It 15 shown that the prelinunary admumstration
of various vitamin complexes to rats exposed to
different chemical mutagens leads to decreased
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DNA susceptibility to damaging effect. L.P. Sycheva
and V.S Zhurkov theoretically substantiated
and expenimentally confirmed the thesis that the
preliminary induction of enzymatic metabolizing
systems in vive leads to a weakening of the effects of
direct mutagens (Sycheva, 2003:87-91).

The antimutagenic effect of the extracts from
L.gmelinii containing a complex of biologically
active substances can be caused by the activation or
restoration of the repair systems of a cell damaged
by a mutagen In addition, the genetic protective
effect of these BASs may be due fo their ability
to mhibit free radical processes, enhanced by the
action of different genotoxicants, and to stimulate
chromosome repair. Herbal preparations can be
considered the most promising as therapeutic agents
aimed at leveling the action of mutagens on the

body. Antimutagenic action of herbal preparations
15 associated with the content of such substances
as vitamuns, pigments, amino acids, phenols and
polyphenols, most of which have antimutagenic
activity (Ajith, 2011: 2676-2680; Al-Taber, 2011:
293-307; Farghalaly, 2009: 1-7; Havsteen, 2002:
67-202; Hernes, 2001: 3109-3122; Kumar, 2014:
815-826: Lin, 2008: 634-646: Lotito, 2000: 151-
157; Manjula, 2006: 113-116; Medvedeva, 2003:
27-29. Middleton, 2000 673-751; Miller, 2000:
3125-319S; Milner, 2001: 1027-1031; Rice-Evans,
2001: 797-807; Sarag, 2014: 60-64; Sprygin, 2006:
81-90; Sram, 2012: 39-49; Strusovskaya, 2012:
128-131).

This work 1s supported by scientific project
MES RK 0587/GF4, GR Ne 0115RK00378 (2015-
2017). Principal investigator 1s Kolumbayeva S.Zh.
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