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THE ANTIMUTAGENIC POTENTIAL OF EXTRACTS FROM
LIMONIUM GMELINII FAMILY PLUMBAGINACEAE
(= 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 (MI) 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.) TYKbIMAQCbIHAAFbI
Limonium gmelinii eciMAiKTep CbIFbIHAbIAAPbIHbIH, AHTUMYTareHAIK NoTeHLUaAbl

Apra TYKbIMbIHbIH TaMbIPbIHbIH YPbIK, MEPMCTEMACbIHbIH, KAETKAAAPbIHAAFbl  XPOMOCOMAAbBIK,
abeppaumsAapAbl ecenke aAy TecTi KOAAaHy HeriziHae Limonium gmelinii ecimMaikTiH >xep acTbl
>KOHEe Kep YCTi MyLIeAepiHiH CbIFbIHAbIAAPbIHbIH, OMOAOrMSAbIK OGeAceHAil 3aTTap (BB3) KelieHiHiH
LUMTOrEHETUKAABIK, >KOHE MyTareHAl e3repmenik 6eaceHaiairi 3eptreaai. 50,0 >xaHe 100,0 Mr/a
KOHLEHTPALMSICbl 6ap 6CIMAIK CbIFbIHABIAAP MyTareHAIK GEACEHAIAIK KOPCETKEH XKOK,, Oipak, KepiciHiue,
CMOHTAHAbI MyTareHHiH AeHreniH TomeHaeTTi. CraHAapTTbl MeTMAMeTaHCYAbOoHAT (MMC) MyTareHHiH,
>K8HEe OCIMAIKTEpP CbIFbIHAbIAAPbIHbIH, KOCbIMLLA 8cepi 6oAFaHAa MHAYKUMsSAaHFaH MMC MyTareHesaiH
AEHreni CTaTUCTMKAAbIK, CEeHIMAI peTiHAe TemeH OOAFaHbl aHblKTaAAbl. MMC-ka Kapcbl >KOfFapbl
AeHreriae IMeArH KepMeriHiH >kep acTbl XkaHe yep YCTi MylleAepiHiH bb3 cbiFbIHABIAAPBI aHTUMYTAreHAI
GeACEHAIAITIH KepceTTi. Bb3-HblH MaKCMMaAAbl aHTMMYyTareHAl TMIMAIAITT TYKbIMAQPABI aAAbIH aAQ,
cocblH Gapbin MMC-neH eHaereHae 6Gankanabl, sFHu 64,70% (kep acTbl myuleci) >xaHe 67,46%
(>kep ycTi Myuweci) apaabifbiHAa. MMC-rieH >keHe CblFbIHABIAAPMEH BOAEK >KOHE KOCbIMLLIA OHAEreH
JKaFAQMAQ TYKbIM OCIHAIAEPAIH TaMbIp MEPUCTEMACBIHBIH, MMTO3AbIK, MHAEKCT (M) 3epTTeaai. ©cimaik
CbIFbIHABIAAP MUTO3AbI bIHTAAQHABIPY HOTUXKECIH KepceTTi. MMC TaMblp alMarbIHAAFbl MEPUCTEMAADIK,
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KAETKaAap MOMyASUMSCbIHBIH, MPOAMdEPaTUBTI  BGEACEHAIAITIH 6aKbIAdyMEH CaAbICTbIpFaHAA CTa-
TUCTUKAABIK, CEHIMAI peTiHAe TOMEHAETTI. TyKbIMAAPAbI OCIMAIKTEPAIH Kep acTbl XK8He >Xep YCTi
MyLueAepiHiH Bb3-MeH anAbIH ana >keHe KeliHri TYpAe eHAEreHAE Tamblp MepPUCTEMACBIHbIH MUTO3ABIK,
GeAceHAIAITIHIH aeHreni MMC-neH caAbICTbIpFaHAQ CTAaTUCTUKAAbIK, CEHIMAI PETIHAE XKOFapbIAAAbI.
BB3-HbIH, reHONPOTEKTOPABIK, 8Cepi OAAPAbIH 8PTYPAI FTEHOTOKCMKAHTTAPAbIH, 8CepPIHAE YAFash TYCKeH
60CpaAMKaAAbI POLIECTEPAI TEXKeyre KabiAeTTi BOAY MYMKiH XK8HE XPOMOCOMaAapAbIH pernapaumsiCbiH
bIHTaAQHAbIPaAbl. ©OCIMAIK NpenapaTtTapAbl eM O6epeTiH Kypaaaap, SFHM MyTareHAEpAiH OpraHmM3mre
acepiH Xotora GarblTTaAFaH PeTiHAE caHayFa 60AaAbI.

TyHiH ce3aep: rMeAVH Kepmeri, GMOAOTUSIAbIK, GEACEHA] 3aTTap, aHTUMYTareH, XPOMOCOMAADIK,
abeppaumsAap, MUTO3AbIK, MHAEKC.
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AHTMMYyTareHHbI1 NoTeHLMaA SKCTPAKTOB pacTtenui Limonium gmelinii
cemeiictBa Plumbaginaceae (= Limoniaceae Lincz.)

M3yueHa uutoreHeTMyeckas U MyTareHMOAMMULMPYIOLLAS aKTUBHOCTb KOMIMAEKCa OBUOAOTMUECK
aKTMBHbIX BELIECTB B 3KCTPAKTaxX MOA3EMHON M HAA3EMHOM dacTeir pacTenHuit Limonium gmelinii
C MCMOAb30BaHMEM TecTa Mo y4yeTy XPOMOCOMHbIX abeppaumii B KAETKax KOPHEBOW 3apOAbILLIEBOM
MEPUCTEMbI CEMSIH STUMEHS1. PacTUTeAbHble 3KCTPaKTbl B KoHUeHTpaumsx 50,0 1 100,0 Mr/A He NposiBUAK
MyTareHHOM aKTMBHOCTM, a, HA0BGOPOT, HECKOAbKO CHU3MAM YPOBEHb CMOHTAHHOrO MyTareHesa. B
pe3yAbTaTe  KOMOWMHMPOBAHHOINO BO3AEMCTBMS CTAHAAPTHOIO MyTareHa MeTMAMETAHCYAb(oHaTa
(MMC) 1 pacTUTEAbHbIX 3KCTPAKTOB HABAIOAAAOCH CTAaTUCTUUECKM 3HAUMMOE CHUXKEHWE YPOBHS
MHAYyuMpoBaHHoro MMC myTtareHesa. DKCTpakTbl BAB 13 noaA3eMHOM 1 HaA3eMHOM YacTer kepmeka
[MeArHa Mpu BCeX KOHLEHTPAuMsX M BapuaHTax 0O6pabOTKM MPOSIBUAM CUAbHYIO aHTUMyTareHHyto
akTMBHOCTbL npotMB MMC. MakcuMaabHble aHTUMyTareHHble 3ddekTbl BAB  BbigBAeHbI npu
npeABapUTeAbHOM 06PAaBbOTKe CEMSIH IKCTPAKTaMM C MOCAEAYIOLLIMM Bo3aencTBreM MMC, cocTaBumBLLme
64,70% (noa3emMHas 4acTb) 1 67,46 % (Hap3eMHast YacTb). M3yueH MutoTnyeckmin nHaekc (M) kopHeBoi
MeprCTEeMbl MPOPACTAIOLIMX CEMSIH, PAa3AEAbHO M COBMeCTHO o6paboTaHHbix MMC 1 akcTpakTamu.
PacTuTeAbHble 3KCTPaKTbl AAAM MUTO3CTUMYAMPYIOLWMIA 3hpekT, B TO Bpems Kak MMC cTaTucTnyeckm
3HaUYMMO CHM>KAA MPOAMGEPATUBHYIO aKTUBHOCTb MOMYASILMN MEPUCTEMATUYECKMX KAETOK B KOPHEBOM
30HE MO CPaBHEHUIO C KOHTpoAem. [peaBapuTeabHas M nocaeaytowas o6paboTkn cemsH BAB 13
MOA3EMHOM WM HAA3EMHOM YacTerl pacTeHWI CTAaTUCTMYECKM 3HAUYMMO YBEAMUMAM MUTOTUYECKYIO
AKTMBHOCTb KOPHEBOW MepucTeMbl Mo cpaBHeHWio ¢ MMC. [eHOMpPOTeKTOpHOE AENCTBUME AaHHbIX
BAB moxeT 6biTb 06YCAOBAEHO MX CMOCOBHOCTHIO MHIMBUPOBATh CBOOGOAHOPAAMKAABHbIE MPOLECCHI,
YCUAEHHble BO3AEMCTBMEM PA3AMUHBIX MEHOTOKCMKAHTOB, M CTUMYAMPOBATb penapalyio XPOMOCOM.
PacTtuTeAbHble NpenapaTtbl MOXKHO CUMTATb HAMOOAEE NEPCNEKTUBHbIMU B KQUeCTBE AeUeOHbIX CPDEACTB,
HarnpaBAEHHbIX Ha HUBEAMPOBaHWE AEMCTBMS MyTareHOB Ha OpPraHM3Mm.

KaoueBble cAoBa: kepmek [MeAnHa, 6MOAOTMUECKM aKTUBHbIE BELLECTBa,
XPOMOCOMHbIe abeppaumm, MUTOTUYECKUIA MHAEKC.

AHTUMYTareH,

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, is typical for most regions of our planet.
The accumulation of different xenobiotics in 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 animals, 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 is manifested in the
body directly by interacting with DNA molecules or
indirectly as a result of activation of the processes

ISSN 1563-034X

of negative internal and external factors, the system
of maintaining DNA equilibrium can degrade and
genome instability and an increase in DNA adduct
level (Vasil’eva, 2009: 753-757; Xia, 2008: 464-
473). It is almost impossible to exclude human
contact with toxic and mutagenic factors in the
current situation. Therefore, it is of great importance
to search for protectors of natural origin from their
impact. Identifying new antimutagens, studying the
mechanism of their action, practical ways of applying
them to reduce professional, general and age-related
risks to people and preserving biodiversity is 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 medicinal plant
Limonium gmelinii (fam. Plumbaginaceae) growing
in Kazakhstan.

Materials and methods

The object of the study was the seeds of spring
barley (Hordeum vulgare L.) Baisheshek variety
attributed to Almaty region. The wide use of barley
seeds for cytogenetic studies is due primarily to a
small number of chromosomes (7 pairs, 2n = 14)
and large sizes (6-8 pum). The barley has a low
frequency of spontaneous mutation and, at the
same time, a sufficiently high sensitivity to external
damaging effects. Thus, it is 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,O,S). It is an alkylating agent of direct action,
which has activity in standard short-term tests in
vivo and in vitro. 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
(Khudolei, 1999: 374-375). Extracts from the shoot
and root parts of Limonium gmelinii (Willd.) Kuntze
(family Plumbaginaceae) containing a complex of
biologically active substances was used as subjects
for phytotoxicity, mutagenic and antimutagenic
activity.

Aqueous solutions of MMS were used in 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 in 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 mitosis and to account for chromosome
rearrangements (Nemtseva, 1970: 84-122). The
mitotic index (the ratio of dividing cells to the total
number 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 in 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
germination 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 in the direction of its reduction was
observed. Thus, pretreatment with an extract from
root part of L.gmelinii in a concentration 50.0 mg/L
followed by treatment with MMS resulted in the
frequency of aberrant cells statistically significantly
decreased in 2.5 times (p<0.01) and the number
of chromosomal aberrations per 100 metaphase
reduced in 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 wvariant 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 concentration. The frequency of
aberrant cells decreased by 2.2 times (p <0.01),
and the number of chromosomal aberrations per
100 metaphase decreased by 2.4 times (p <0.01).
A significant 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

Variant cells studied, frequency of aberrant Number of chromosomal aberrations per 100 metaphase cells
ariants
total cells (M +m, %) aberrations, total | chromosomal type chromatd type
Watifn(;‘fo%‘)’“"e 510 1.57+0.55 1.57+0.55 0.98 + 0.44 0.59 + 0.34
MMS, 5.0 mg/L 540 6.85+1.09%** 7.96 + 1.16%*** 4.26+0.87*** 3.70 £ 0.81%*
L. gmelinii, extract of root part
BAS, 50.0 mg/L 550 1.27 +£0.48 1.27 +£0.48 0.73 £0.36 0.55+0.32
BAS+MMS 575 2.78 £ 0.69* 2.96+0.71* 2.09 +0.60* 0.87 +£0.39**
MMS+BAS 580 3.10£0.72* 3.28 £0.74* 2.07 £0.59* 1.21 £ 0.45¢
BAS, 100.0 mg/L 550 1.09 +£0.44 1.09 +0.44 0.73 £0.36 0.36 £0.26
BAS+MMS 570 2.46 +0.65* 2.81 +£0.69** 1.75 £ 0.55¢ 1.05+0.43*
MMS+BAS 550 3.09 £0.74* 3.27+£0.75* 2.00 £ 0.60* 1.27 £0.48*
L. gmelinii, extract of shoot part
BAS, 50.0 mg/L 590 1.36 £ 0.48 1.36 £ 0.48 0.68 +0.34 0.68 +0.34
BAS+MMS 580 2.24+0.61* 2.59+0.66*** 1.55+0.51* 1.03 +£0.42*
MMS+BAS 585 2.56 +0.65* 3.08 £0.71* 2.05+0.59* 1.03 +£0.42*
BAS, 100.0 mg/L 575 1.22+£0.45 1.22+£0.45 0.70 £ 0.34 0.51+0.29
BAS+MMS 580 2.59 +0.66* 2.76 £ 0.68** 1.90 +0.57¢ 0.86+0.38 *
MMS+BAS 560 3.04 £0.73* 3.39+0.76* 2.14+£0.61 1.25 +£0.47*
Note — * — p<0.05; ** — p<0.01; *** — p<0.001 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 in 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 variants, there was a statistically significant
decreased in 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-induced 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 in 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 extracts from the shoot part of L.gmelinii
in a concentration 100 mg/L also reduced the
level of MMS-induced mutagenesis irrespective
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) times, 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 antimutagenic activity
against MMS in all concentrations used and upon all
variants of treatment. 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
(figure).

80

| @50.0 mg/L

[ 0100.0 mg/L

percentage of mutation's inhibition, %

BAS+MMS

MMS+BAS

L.gmelinii, root part

BAS+MMS

MMS+BAS
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) is used to evaluate the
proliferative activity 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 in assessing the toxicity, mutagenicity and
antimutagenic potential of different agents.

We studied the MI of the root meristem of
germinating 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 mitotic index in the root meristem of seeds
soaked and germinated on distilled water was 6.94%
(negative control). This indicator decreased by 2.7

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 germinated on aqueous solutions of BAS
from the root part of L. gmelinii in a concentration
50.0 mg/L was 9.67%, and in a concentration
100.0 mg/L was 11.63%. The MI statistically
significantly increased in 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) 9.67+0.51° 11.63 £1.03°
BAS + MMS 5.66 + 0.67** 6.07 £ 0.67**
MMS + BAS 4.87 +0.55%* 5.66 + 0.96**
BAS from L. gmelinii (shoot part) 8.81 £0.55 9.82 +£0.55°°
BAS + MMS 4.47 £0.62* 5.03 £ 0.73%*
MMS + BAS 4.37 £0.60* 498 £0.61%*
Distilled water (negative control) 6.94 + 0.80

MMS, 5.0 mg/L (positive control) 2.57+0.38°°

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 meristem
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 increase in the
MI depended on the sequence of MMS and BAS
treatment. Thus, the pre-treatment of barley in a
solution of BASs in concentrations 50.0 and 100.0
mg/L, followed by soaking in a solution of MMS,
statistically significantly increased the MI in 2.2
(p <0, 01) and 2.4 (p <0.01) times, respectively,
compared to soaking only in the mutagen solution.
Post-MMS-treatment of seeds with BASs in 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 in 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 treatment of BAS was statistically
significantly increased by 1.4 times (p <0.01) only
with a concentration 100 mg/L in 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 treatment, there was also an
increase in the proliferation of the cell population.
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At the same time, the MI values increased in 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 in the concentrations used
have not mutagenic activity, 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 in 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
in the root part of plants. Plant extracts showed a
mitostimulatory effect, while MMS statistically
significantly reduced the proliferative activity of
root meristematic cells compared to the control
(water). Pre- and post- treatment of BAS seeds
in all concentrations statistically significantly
increased 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 of cellular metabolism.
It is shown that the preliminary administration
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 experimentally confirmed the thesis that the
preliminary induction of enzymatic metabolizing
systems in vivo 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 to their ability
to inhibit 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
is associated with the content of such substances
as vitamins, pigments, amino acids, phenols and
polyphenols, most of which have antimutagenic
activity (Ajith, 2011: 2676-2680; Al-Jaber, 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:
312S-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).
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MES RK 0587/GF4, GR Ne 0115RK00378 (2015-
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