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A CYTOGENETIC STUDY OF THE ANTIMUTAGENIC POTENTIAL
OF HERBAL INFUSIONS FROM MATRICARIA CHAMOMILLA L. AND
ACHILLEA MILLEFOLIUM L. (FAM. ASTERACEAE)

Abstract. Due to increase of hazardous factors in the environment, it becomes relevant to search
for effective protectors of natural origin for the correction of toxic and genetic effects induced by xeno-
biotics. Using the test for count chromosomal abnormalities in cells of root germinal meristem of barley
seeds, the mutagenic and antimutagenic activity of infusions from chamomile (Matricaria chamomilla)
and yarrow (Achillea millefolium) were studied. The studied infusions with various preparation methods
(concentrated, diluted and phyto tea) did not show mutagenic activity. The frequency of structural muta-
tions was at the level of negative control (distilled water). The ability of yarrow and chamomile infusions
to reduce MMS-induced mutagenesis has been established. For direct and reverse treatment of seeds
with diluted infusions or herbal tea of medicinal plants and mutagen methyl methanesulfonate (MMS,
positive control) a statistically significant decrease of MMS-induced was observed (p <0.05). Moreover,
the level of inhibition of the mutation process depended on the sequence of exposure to infusions and
mutagen, as well as the type of infusion. The effectiveness of the antimutagenic effect of the studied in-
fusions was evaluated by the reduction factor. The reduction factor in the infusion of diluted chamomile
and chamomile tea was 67.0% and 62.0%, respectively, which indicates the ability to inhibit MMS-
induced mutagenesis by more than 60% from Matricaria chamomilla infusions. The results indicate a
strong antimutagenic effect of diluted infusions of chamomile. The magnitude of the reduction factor
in yarrow infusions indicates the ability of infusions from Achillea millefolium to inhibit MMS-induced
mutagenesis by 40-50% with preliminary exposure to barley to MMS. The reduction factor subsequent
to the effect of infusions after MMS was 45-50%. The results obtained indicate the presence of antimu-
tagenic activity in infusions of chamomile and yarrow, due to the presence of biologically active sub-
stances of various nature in plants of these species.

Key words: biologically active substances, medicinal plants, mutagenesis, antimutagenic activity,
chromosomal aberrations.
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Asteraceae Tykpimaac Matricaria chamomilla L. xaue Achillea millefolium L.
ADPIAIK 6CIMAIKTEPAiH TYHOAAAPbIHbIH,
AHTUMYTareHAK NOTeHLMAAbIH LIUTOTeHeTUKAABIK, 3epTTeyi

Anaatna. KopuaraH opraparbl DKOAOTMSAbIK KayinTi dhakTopAapAbiH kKebeioiHe 6GaiAaHbICTbI
KCEHOOMOTMKTED TYAbIPFaH YbITTbl )KOHE F€HETUKAAbIK, 9CEPAEPAI TY3ETY MOCEAEC MaHbI3Abl GOAbIM
TabblAaAbl. ByA MaceAeHiH wwelly >XOAAAPbIHbIH, 6ipi — TabWFu WbIFy Teri TMIMAI NPOTEKTOPAAPAbI
i3aey 60AbIN TabblAaAbl. Apra TYKbIMbIHbIH Tamblp FePMUAAAbI MEPMCTEMACbIHbIH, >KacyllaAapbiHAA
XPOMOCOMAAbIK, abbepaumsianap CaHbiHbIH eCernke TecTTi namAasaHa OTbIpbIN, TyhMeAak, (Matricaria
chamomilla) >xeHe koaimri MbiHpkanbipak, (Achillea millefolium) TyH6aAapbiHbIH MyTareHAIK >XoHe
AHTUMYyTareHAIK OEACEHAIAIN 3epTTeAAi. Op TYPAI AanblHAQY SAiICTepiMeH 3epTTeAreH TyHb6aAap
(KOHUEHTpAUMSIAQHFAH, CYMbIATBIAFAH >k8He (OUTO-1IAN) MyTareHAIK OEACEHAIAIKTI  KepceTrneAi.
MyTaumsaaapAbiH >KUIAIF Tepic Gakpiray (Cy) AeHreiniHae 06oAAbl. TyrMmeaAak, neH MblHXKanbipak,
TyH6aAapAbIH MHAYKLIMSIAQHFAH MyTareHe3Ai TOMEHAETY GarbiTbIHAQ ©3repTy MYMKIHAIM aHbIKTaAADI.
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ABPIAIK 6CIMAIKTEPAIH, CYMBIATBIAFAH TYHOACHI MEH (OMTO-LLIAMbI MyTareH METUA METaHCYAbPOHATIIEH
(MMC, nosuntmeTi 6akpiray) Bipre TykbiIMAAPAbI TIKEAeN XaHe Kepi eHaey kesinae MMC KO3AbIpbIAFaH
MyTareHes AEeHremiHiH CTaTMCTUKAAbIK, MaHbI3Abl TemMeHAeyi Oaikasabl (p < 0.05). CoHbiMeH KaTap,
MyTaumsl MPOLECIHIH, TEXXEAY AeHreiri TyHO6a MeH MyTareHHiH acep eTy TapribiHe, coOHaat-ak, TyH6a
TypiHe 6aiAaHbICTbl BOAAbI. 3epTTeAeTiH TyHOa aHTUMYTareHAIK 9CepiHiH AeHreni peAyKUMSIAbIK,
dakTop 6GoMbiHWA 6aFaraHAbl. TyMMEAAKTbIH, CYMbIATbIAFAH TyHOACbl MEH TYMMEAQK, LIaibIHbIH
peAYKUMSAbIK, akTopbl 67,0% >xaHe 62,0% Kypaabl, 6ya Matricaria chamomilla TyH6acbiHbiH, MMC
KO3AbIPFaH MyTareHesAji 60%-AaH acTam MHrMOMpAey KabiaeTTiAirin kepceTeai. HaTmxkeaep Tyiimeaax,
CYMbIATBIAFAH TYHOACbl GepeTiH MbIKTbl aHTUMYyTareHAIK acepai kepcereai. Tykpimaapabl MMC-tex
OYypbIH KOAIMIi MbIHXKarbipak, TYHO6ACbIMEH OHAEY BDKCMEPUMEHTIHAE PEAYKLMSAbIK (haKTOPbIHbIH,
meawepi Achillea millefolium MMC unaykumsinanFan mytaredesai 40-50% TtemeHAeTy KabiAeTTiAiriH
kepcerTi. TykbiMaapAbl MMS-TeH KeniH MbIHXarnblpak, TyHOACbIMEH OHAEY IKCINEPHMMEHTIHAE
peAyKUMaAbIK dbakTopbl 45-50% Kypaabl. AAbIHFAH HBTUXKEAED TYMMEAAK, )KOHE >KyCaH 6CIMAIKTEPAIH
KYPaMbIHAQF bl 8PTYPAI BMOAOTMSIABIK, GEACEHA] 3aTTapAbIH 60AYbIHa 6aMAAHBICTbI 3epTTEAreH TyHbaAap
aHTUMyTareHA K 6eACeHAIAIri 6ap ekeHiH KepceTeAi.

Ty#in ce3aep: 61MOAOTUSAABIK, BEACEHAIT 3aTTap, ABPIAIK OCIMAIKTEP, MyTareHes, aHTYMyTareHAIK
6GeACEHAIAIK, XPOMOCOMaAbIK, abeppaumsaap.
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LinToreHernueckoe MCCAeAOBaHME aHTUMYTAreHHOro NOTEeHLMaAa HACTOeB
AeKapCTBEHHbIX pacTeHuit Matricaria chamomilla L. v
Achillea millefolium L. cemeiicTBa Asteraceae

AHHOTaums. B CBS3M C yBeAMUEHMEM 3KOAOTMYUECKM OMnacHbIX (PAaKTOPOB B OKPYy>KaloLen cpeae
CTAHOBMTCS AKTYaAbHbIM MOWMCK 3(MEKTUBHBIX MPOTEKTOPOB MPUPOAHOIO MPOUCXOXKAEHUS AAS
KOPPEeKLMU TOKCUUECKMX U FreHeTUUYEeCKMX IPAEKTOB, MHAYLIMPYEeMbIX KCeHoOuoTrkamu. C nomolLbo
TECTa Mo y4yery XpOMOCOMHbIX abeppaumii B KAETKaX KOPHEBOW 3apPOAbILIEBOM MEPUCTEMbI CEMSIH
SuMeH$ ObIAM M3YUeHbl MyTareHHasi M aHTUMyTareHHas ak TMBHOCTM HAaCTOeB pomallikv antedHoi (Matri-
caria chamomilla) n TeicsiueancTHmka obbikHoBeHHOro (Achillea millefolium). Mccaeayembie HacTom npu
Pa3AMUHBIX CNOCOOAX MPUrOTOBAEHMS (KOHLLEHTPMPOBAHHDIN, Pa3bGaBAEHHbIN M (DUTO-Yai) HE NPOSBUAM
MyTareHHOM aKTMBHOCTM. YacToTa CTPYKTYPHbIX MyTalMi OblAa HAa YPOBHE HEraTMBHOrO KOHTPOAS
(BoAQ). YcTaHoBAEHA CNOCOBHOCTb HACTOEB POMALLKM anTeUYHOM U ThICAYEAMCTHMKA OObIKHOBEHHOMO
MOAMMULMPOBATb MHAYLIMPOBAHHbIV MyTareHe3 B CTOPOHY ero CHw>keHus. [1pyn coBMeCTHOM npsamon
n obpaTHoM 06paboTKe cemsaH pa3bABAEHHbIMM HACTOSIMU M (DUTO-YaeM AEKAPCTBEHHbIX PACTEHWI U
MyTareHoM MeTrAMeTaHCyAboHaToM (MMC, MOAOXKMTEABbHbI KOHTPOAbL) HAOAIOAAAOCH CTATUCTUUECKM
3HauMMoe CHW>KeHne ypoBHS MMC-MHAYLMPOBAHHOrO MyTareHe3da (p<0,05). Ipn 3TOM ypoBeHb
MHIMOMPOBAHMS MYTALIMOHHOIO MPOLIECCA 3aBMCEA OT MOCAEAOBATEALHOCTM BO3AEMCTBMS HACTOEB U
MyTareHa, a TakxXe BMAQ HAcTOS. DPMEKTUBHOCTb aHTUMYTareHHOro AEMCTBMS M3ydaemblX HAaCToeB
OLIEHUBAAM MO PEAYKLIMOHHOMY (hakTopy. PEAYKLMOHHbIM (DAaKTOp Y HACTOS pa36aBAEHHOIrO POMALLIKU
M 4as pPOMaLIKM COCTaBMA COOTBETCTBEHHO 67,0% M 62,0%, 4TO CBMAETEAbCTBYET O CMOCOBHOCTM
MHIMOMpOBaTL HacTosMM M3 Matricaria chamomilla MMC-nHAyUMpPOBaHHbIM MyTareHe3 6GoAee uem
Ha 60%. [ToAyueHHble pe3yAbTaTbl YKa3blBalOT HA CMAbHbBIA aHTUMyTareHHbolid 3dpekT, Aatowmi
pa36aBAEHHbIMU HACTOSIMM POMALLIKM anTeUHON. BeAnumHa peAyKLIMOHHOMO hakTopa y ThICAUEAUCTHUKA
0ObIKHOBEHHOI O CBMAETEALCTBYET O CriocobHoCTM HacToes u3 Achillea millefolium nurmémnposars MMC-
WMHAYLIMPOBaHHbIN MyTareHe3 Ha 40-50% npu npeaBaputeAbHOM A0 MMC BO3AENCTBMM Ha CcemMeHa
sguMeHs. PeAyKUMOHHBINM hakTop npu nocAaeaytolwmm nocae MMC BO3AEMCTBMM HACTOEB COCTABMA 45-
50%. 'MoAyuYeHHble pe3yAbTaTbhl CBUAETEABCTBYIOT O HAAMYMM aHTUMYTareHHOM akTMBHOCTWM Y HAaCTOEB
POMALLIKM aNTeYHOM U ThICAUEAUCTHUKA O0ObIKHOBEHHOrO, 0OYCAOBAEHHOM HAaAMUMEM GMOAOTMYECKM
AKTMBHbIX BELLEeCTB PA3AMYHON MPUPOADBI B PACTEHMSIX ITUX BUAOB.

KAtoueBble CAOBa: GMOAOMMUECKM aKTMBHbBIE BELIECTBA, AEKAPCTBEHHbIE PACTEHWs, MyTareHes,
AHTUMYyTareHHasi akTMBHOCTb, XPOMOCOMHbIe abeppatiyu.

Abbreviations: MMS — methyl methanesulfonate
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Introduction

Large-scale environmental pollution by potential
mutagens and genotoxicants poses a serious threat
to biological diversity, including humans, which has
been formed during evolution over a huge period of
time [1-4]. Therefore, it becomes relevant to search
and create means for protecting the body from the
negative effects of hazardous factors in the envi-
ronment. Biologically active substances of natural
origin are promising in this regard, because of their
capability of increasing the body’s immune status,
activating reparation systems, and intercepting free
radicals, in particular reactive oxygen species. One
of the promising sources of such biologically active
substances are medicinal plants [5-10]. Among the
great variety of flora of Kazakhstan, which has about
6,000 species of higher plants, at least 500 species
are medicinal plants [11-13].

One of the largest families among flowering
plants is the Asteraceae family (Compositae), which
has more than 23,000 species that grow on all con-
tinents. This family includes varieties of valuable
medicinal plants, which leads to the growing popu-
larity of herbal medicine based on them. A number
of species of medicinal plants from the Asteracea
family are used as pain medications, disinfectants,
antipyretic and anti-inflammatory drugs [14].

The genus Matricaria of the Asteracea family
has about 25 species and it of great interest for re-
search in this area, due to the high content of various
biologically active substances with antimutagenic
activity. The most common and used in tradition-
al medicine is chamomile. It contains essential oil
(chamomile oil); derivatives of glycosides of api-
genin, luteolin, quercetin; coumarins; free organic
acids, including caprylic, antemisic, isovalerianic,
salicylic); polysaccharides, tannins, vitamins (nico-
tine and ascorbic), etc. Chamomile flowers contain
a large amount of flavonoids [11].

Another perspective source of biologically ac-
tive substances with antimutagenic effect is yarrow
(Achillea millefolium L.) from the genus Achillea,
Asteraceae family (Compositae). Yarrow is widely
used in traditional medicine as a medicinal plant.
This type of plant contains vitamin K, carotene,
ascorbic acid, alkaloid, achillein (0.05%), sesquiter-
penes, tannins, resin, up to 1% essential oil, which
contains up to 30% azulenes, pinene, borneol, up
to 13% esters, camphor, thujone, up to 10% cineol,
formic, acetic and isovaleric acid, up to 20% alco-
hols. The genus Yarrow has about 150 species.

Screening the medicinal flora of Trans-Ili Alatau
for antimutagenic and gene-protective activity, as

well as studying the mechanisms of action of bio-
logically active substances contained in them at the
cellular and molecular level, is relevant and promis-
ing. The prospect of the study lays in the possibility
of recommending certain types of plants to create
collections with antimutagenic activity, using of it
will reduce the risks of hereditary and oncological
diseases. The conducted studies will expand the
spectrum of action of known medicinal plants with
another type of activity — antimutagenic.

The purpose of this study was to study the anti-
mutagenic activity of infusions of medicinal chamo-
mile plants of Matricaria chamomilla L. (Astera-
ceae) and Achillea millefolium L. (Asteraceae).
Analysis of the genetic activity of infusions of the
studied species of medicinal plants was carried out
in two stages. At the first stage, the mutagenic activ-
ity of infusions of different concentrations was stud-
ied with the aim of selecting options that would not
give a mutagenic effect, and at the second stage, the
tread ability of the selected infusions was studied
with barley seeds acting together with the mutagen.

Materials and methods

In experimental cytogenetic studies, barley
seeds (Hordeum vulgare 1..) of the Baysheshek
strain, zoned in Almaty region, were used as an
object for studying the antimutagenic potential of
chamomile and yarrow infusions. The seeds of bar-
ley (Hordeum vulgare 1..) are widely used in cyto-
genetic studies as a test object. It is associated with
a small number of chromosomes equal to 7 pairs (2n
= 14), which differ in large sizes (6-8 microns) [15].
Mutagenic and antimutagenic activities studies were
carried out with infusions of medicinal plants from
the Asteraceae family — yarrow (Achillea millefoli-
um L.) and chamomile (Matricaria chamomilla L.).
The infusion of chamomile (Matricaria chamomilla
L.) is prepared mainly from flowers. The infusion
of chamomile (Matricaria chamomilla L.) is useful
for the treatment of abdominal pain, irritable bowel
syndrome and insomnia. It has anti-inflammatory
and bactericidal action [16, 17]. Infusion of yar-
row (Achillea millefolium 1..), which most often use
leaves and inflorescences, has anti-inflammatory,
wound healing and anti-allergenic properties. This
plant is used in traditional medicine to treat a num-
ber of diseases, in particular for the treatment of gas-
tric ulcer, gastritis and stomatitis [18].

A negative control was the natural level of
mutation in seeds germinated on distilled water,
and a positive level was the level of MMS-
induced mutations. The standard mutagen methyl
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methanesulfonate (MMS, C HO,S) was used at
a concentration of 10 mg/L [20]. MMS is a direct
acting alkylating agent and in standard short-term in
vivo and in vitro tests exhibits mutagenic activity. In
the umu test on the strain S. fyphimurium TA1535/
pSK1002, it induces an SOS response; in bacteria,
in the absence of metabolic activation, it induces
point mutations. In addition, MMS can cause
somatic and sex-linked recessive lethal mutations
in Drosophila melanogaster. MMS induces a
neoplastic transformation in rodent cell cultures,
increasing the frequency of sister chromatid
exchanges and chromosomal aberrations. /n vivo
methyl methanesulfonate causes mutations in the
germ cells of mice, in vitro in human cells causes
the formation of micronuclei, single-stranded
breaks, unplanned DNA synthesis, gene mutations
and sister chromatid exchanges. In somatic rodent
cells, MMS induces chromosomal aberrations
and chromatid exchanges. It is precisely the wide
range of genetic activity manifested in the battery
of various test systems that explains the choice of
methyl methanesulfonate as a positive control as a
genotoxic and mutagenic factor [19, 20].

To study the mutagenic / antimutagenic potential
of infusions of medicinal plants, chamomile
(Matricaria chamomilla L.) and yarrow (Achillea
millefolium L.), barley seeds were preliminarily
treated with the herbal infusions. Infusions were
prepared according to the recipe indicated in
the pharmaceutical instructions. Three types of
infusions were studied for antimutagenic activity:
concentrated (according to the recipe), diluted
(concentrated infusion, diluted 2 times) and phyto
tea.

The separate and combined effects of infusions
and MMS on barley seeds were studied. Soaking
seeds was carried out in each solution for 4 hours.
The treated seeds were washed and germinated in
Petri dishes on filter paper moistened with distilled
water under thermostat conditionsatt25 + 1°C. A day
later, germinated seeds with a primary root length of
0.5 cm were transferred onto filter paper moistened
with an aqueous solution of 0.01% colchicine for 4
hours in order to accumulate metaphase plates. Then,
the roots were fixed in alcohol-vinegar mixture (1:
1), and after 24 hours they were transferred to 70%
alcohol for long-term storage [21].

The fixed material was subjected to cold
hydrolysis by placing it in a dilute aqueous
cooled HCI (1: 1) solution for 40-50 minutes at a
temperature of 4°C. As a result of weak hydrolysis
of DNA, free aldehyde groups are formed that
interact with the dye, and the chromosomes become
fuchsia. After staining, the roots were placed in
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freshly prepared sulphurous water to remove dye
from the cells that did not react with DNA. Next,
maceration was performed using the cytase enzyme
(a mixture of cellulitic enzymes of the salivary gland
of the grape snail), which destroys the intercellular
substance and cell walls of plant cells, facilitating
the distribution of a monolayer of metaphase plates
on microscope slide. The obtained preparations with
metaphase plates were kept in a refrigerator for 24
hours at a temperature of -74+1°C to obtain constant
cytological preparations.

To determine the mutagenic / antimutagenic
potential of infusions of medicinal plants, a
metaphase method for analyzing chromosomal
aberrations was used. The cytogenetic test widely
used by researchers gives us information about the
types of structural mutations and their frequency
[1, 20, 22]. Metaphase plates were analyzed on an
Olympus BX 43F optical microscope (Olympus,
Japan). In each embodiment, 400-500 metaphases
were analyzed. The effectiveness of reducing
the frequency of MMS-induced chromosomal
aberrations (the effectiveness of antimutagens) was
determined by the value of the reduction factor (RF).
With 25-40% inhibition, the antimutagenic effect
was considered moderate, with more than 40%
strong, and with less than 25% the antimutagenic
effect was not recognized as a positive result.

Statistical analysis of the results was carried out
using the program “Data Analysis” Microsoft Excel,
StarPlus. In each variant, the average values and the
standard errors of the means were calculated. To
establish the significance of differences between the
average values of the various options, Student’s test
was used. The differences between the data were
considered statistically significant with a confidence
level of 0.95.

Results and Discussion

This section presents the results of a cytoge-
netic study of the antimutagenic potential of various
concentrations infusions of chamomile and yarrow.
Analysis of the genetic activity of infusions of the
studied species of medicinal plants was carried out
in two stages. At the first stage, the mutagenic ac-
tivity of infusions of different concentrations was
studied in order to select options that would not give
a mutagenic effect. At the second stage, the DNA
protective ability of the selected varieties of infu-
sions was studied with a combined action with the
mutagen on barley seeds.

The study of mutagenic and antimutagenic activ-
ity of herbal infusions from chamomile (Matricaria
chamomilla L.).
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The results of a cytogenetic study of the cell
population of the root germinal meristem of bar-
ley seeds, separately and combined with MMS and
chamomile infusions, are presented in Table 1. The
natural (spontaneous) mutation level in the cells of
the root germinal meristem of barley seeds germi-
nated in distilled water was 1.25%. The number of
chromosomal aberrations per 100 metaphases was
slightly higher and amounted to 1.46. As a result of
seed treatment, methyl methanesulfonate induced
structural rearrangements of chromosomes, the level
of which was statistically significantly higher than
the negative control. Thus, the frequency of aber-
rant metaphases increased from 1.25% (control) to
5.33% (MMS), and the number of structural muta-
tions increased from 1.46 to 6.44, respectively, i.e.,
4.3 times (p <0.001). Moreover, the level of chro-
mosomal type rearrangements increased 2.7 times,

and the number of chromatid aberrations per 100
cells statistically significantly increased 6.7 times (p
<0.001).

A statistically significant increase in chroma-
tid type structural mutations indicates a greater
sensitivity of DNA to the damaging effects of the
mutagen in the S phase (synthetic phase) and G,
phase (postsynthetic phase) of the cell cycle. In
the spectrum of chromosomal aberrations, various
rearrangements were noted, but paired and single
terminal deletions (fragments of chromosomes),
paired and single interstitial deletions, centric and
acentric rings, and point fragments prevailed (Fig-
ure 1). It should be noted that anaphases with vari-
ous types of rearrangements were also observed
with high frequency, including chromosome lag-
ging, bridges, single fragments, and multipolar mi-
toses (Figure 2).

Table 1 — The frequency and spectrum of structural chromosome abnormalities induced by separate and combined treatment of
barley seeds with methyl methanesulfonate and chamomile infusions

Number of chromosomal aberrations
) Number of | Frequency of per 100 metaphase cells
Variant studied cells aberrant (;ells Tol .
(M £ m%) aberrations chromosome type | chromatid type

Water (negative control) 480 1,25+0,51 1,46+0,55 0,83+0.41 0,63+0,36
MMS, 10 mg /L (positive control) 450 5.33+1,06* 6,44+1,16* 2,22+0,69 4,22+0,95%

Concentrated infusion 510 2,16+0,64 2,55+0,70 0,98+0.44 1.57+0,55
Diluted infusion 530 1,51+0,53 1,70+0,56 0,75+0,38 0,94+0,42
Chamomile tea 500 1,40+0,53 1,40+0,53 0,60+0,35 0,80+0,40
Concentrated infusion + MMS 530 3,96+0,85 4,34+0,89 1,89+0,59 2,45+0,67
Diluted infusion + MMS 520 1,92+0,60°° 2,12+0,63°° 0,96+0,43 1,15+0,47°
Chamomile tea + MMS 530 2,08+0,62°° 2,45+0,67°° 1,32+0,50 1.13+0.46°*
MMS+ concentrated infusion 525 4,76+0,93 5,14+0,96 2,10+0,63 3.05+0,75
MMS + diluted infusion 495 2,83+0,75 3,03+0,77° 1,21£0,49 1,82+0,60°
MMS + Chamomile tea 490 2,45+0,70° 2,65+0,73°° 1,02+0,45 1,63£0,57°

Note: * —p <0.001 in comparison with the control; ® — p <0.05; e® —p <0.01 in comparison with methyl methanesulfonate.

As a result of seed treatment with chamomile

The results obtained

indicate the absence of

infusions of different concentrations (concentrated
and diluted infusions, phyto tea), the level of
chromosomal rearrangements in the cells of the
apical part of the primary roots of barley did not
statistically significantly exceed the control values.
Nevertheless, seed treatment with concentrated
chamomile infusion increased the induction of
structural mutations by 1.7 times, but, as noted
above, the difference was not statistically significant.

mutagenic activity in chamomile infusions in the
used concentrations.

In the next series of experiments, the ability
of chamomile infusions to modify the mutagenic
effect of MMS with their combined effect on
barley seeds was studied. As can be seen from the
results presented in Table 1, pre-treatment of seeds
with concentrated chamomile infusion reduced
the number of MMS-induced structural mutations
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by 1.3 times, and the number of chromosome
aberrations per 100 cells by 1.5 times. However, the
observed decrease was not statistically significant.
Pre-treatment of seeds with diluted chamomile
infusion followed by mutagen treatment caused
a statistically significant decrease in the level of
MMS-induced mutagenesis. At the same time, the

7~ =N =7
/:,
X

Chromosome number in normal, 2n =14

paired terminal deletion

frequency of cells with chromosome aberrations
decreased statistically significantly by 2.8 times
(p<0.01), and the number of chromosomal
rearrangements per 100 metaphases decreased by
3.0 times (p<0.01). The number of MMS-induced
chromatid-type aberrations also decreased by a
factor of 3.7 (p<0.01).
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Figure 1 — Structural chromosome abnormalities induced by MMS, x1000
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Figure 2 — Anaphases with various types of disorders, x1000
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A similar picture was observed in the variant
with pre-treatment of barley with chamomile tea
prior to MMS. Tea statistically significantly reduced
the MMS-induced mutagenesis observed in the
apical meristematic zone of primary roots. At the
same time, the frequency of aberrant cells and
the number of chromosomal aberrations per 100
metaphases decreased in both cases by 2.6 times
(p<0.01). It should be noted that, as in the previous
version, there was a statistically significant decrease
in the level of chromatid type aberrations (3.7 times;
p <0.01).

In the reverse combination of seed treatment
(exposure to a mutagen, and then treatment with
infusion), the effect of modifying the mutagenic
effect of MMS was somewhat different. So,
upon subsequent exposure to a concentrated
chamomile infusion after a mutagen, the frequency
of aberrant cells and the number of chromosome
aberrations per 100 cells, the level of aberrations
of the chromosome and chromatid types did not
statistically significantly differ from the values of
these parameters in the variant of seed treatment
only with MMS.

In the variants subsequent to the treatment of
seeds after MMS with diluted chamomile infusion,
a statistically significant decrease in the number of
chromosomal aberrations per 100 cells by 2.0 times
was observed (p<0.05). The decrease occurred
equally due to aberrations of the chromosomal and
chromatid types.

Phyto tea in this sequence of seed treatment, that
is, at the beginning of MMS, and then chamomile,
was most effective as a protector of the mutagenic
effect of MMS. The level of aberrant cells
decreased by 2.2 times (p<0.05), and the number of
chromosome aberrations per 100 metaphases — by
2.4 times (p<0.01). There was also a statistically
significant decrease in chromatid-type aberrations
(p<0.05).

The results obtained in this series of experiments
indicate the ability of chamomile infusions to modify
methyl methanesulfonate-induced mutagenesis
in the direction of its reduction. Antimutagenic
activity was shown in diluted infusion and phyto
tea. However, the antimutagenic activity of
chamomile infusions depended on the degree
of their concentration. Concentrated infusion,
unlike diluted infusion and tea, did not cause a
statistically significant decrease in MMS-induced
mutagenesis. A comparative analysis of the results
of combined treatment of seeds with mutagen and
chamomile infusions showed that the pre-treatment
of the infusions more effectively reduces the level of

induced mutagenesis than the subsequent after the
mutagen.

The effectiveness of the antimutagenic effect
of chamomile was evaluated by a reduction factor.
The reduction factor in the diluted chamomile
infusion and chamomile tea was 67.0% and 62.0%,
respectively, which indicates the ability to inhibit
MMS-induced mutagenesis by more than 60% from
Matricaria chamomilla infusions. The results allow
us to conclude that a strong antimutagenic effect,
giving diluted infusions of chamomile containing
biologically active substances.

The study of mutagenic and antimutagenic
activity of herbal infusions from yarrow (Achillea
millefolium L.).

Cytogenetic  studies of the mutagenic/
antimutagenic potential of yarrow on barley seeds
were carried out, the results of which are presented
in Table 2. All types of yarrow infusions used in this
series of experiments did not exhibit genetic activity.
The frequency of aberrant cells and the number of
chromosomal aberrations in the root meristem of
barley seeds treated with infusions were at the level
of negative control. At the same time, concentrated
infusion increased these indicators compared to the
negative control 2.0 times, however, this increase
was not statistically significant. The obtained results
indicate the absence of mutagenic activity in yarrow
infusions in the used concentrations.

The next stage was the study of the ability
of yarrow infusions containing a complex of
biologically active substances to modify the
mutagenic effect of MMS with the aim of revealing
the antimutagenic properties of this medicinal plant.
For this, barley seeds were sequentially treated
first with yarrow infusions, and then with mutagen
(Table 2).

As can be seen from the results presented in the
Table2,theyarrowinthe combination “concentrated
infusion + MMS” reduced the frequency of aberrant
cells and the number of chromosome aberrations
by 100 metaphases induced by MMS, but the
decrease was not statistically significant compared
with the positive control. As a result of pre-
treatment of barley seeds with diluted infusion and
tea from yarrow, the degree of inhibition of MMS-
induced mutagenesis was statistically significantly
increased. So, in the variant with a diluted yarrow
infusion, the number of chromosomal aberrations
per 100 metaphases decreased by 1.8 (p <0.05)
compared with the processing of MMS only. The
decrease in this indicator was due to structural
aberrations of both the chromosomal and chromatid
types. Pre-treatment of seeds with tea from yarrow
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also statistically significantly reduced the yield of
mutagen-induced chromosomal aberrations. In this
variant, the number of chromosomal aberrations
per 100 metaphases decreased by 2.1 times (p

<0.05). A decrease in the level of MMS-induced
mutagenesis as a result of pre-treatment to tea
occurred due to all types of structural aberrations
of chromosomes.

Table 2 — The frequency and spectrum of structural chromosome abnormalities induced in barley seeds during separate and combined

treatment with methyl methanesulfonate and yarrow infusions

. Number of Frequency of Number of chromosomal aberrations
Variant studied cells aberrant cells per 100 metaphase cells
(M £ m%) Total aberrations | chromosome type | chromatid type
Water (negative control) 480 1,254+0,51 1,46+0,55 0,83+0,41 0,63+0,36
MM, 10021%1‘/01% (positive 450 5.3341,06* 6.44<1,16* 2,22+0,69 4,22+0,95*
Concentrated infusion 480 2,50+0,71 2,71£0,74 1,04+0,79 1,67+£0,58
Diluted infusion 490 1,43+0,54 1,84+0,61 0,82+0,41 1,02+0,45
Yarrow tea 510 1,76+0,58 1,76+0,58 0,78+0,39 0,98+0,44
Concentrated infusion + MMS 510 4,31+0,90 4,31+0,90 1,57+0,55 2,75+0,72
Diluted infusion + MMS 520 3,46+0,80 3,65+0,82° 1,35+0,51 2,31+0,66
Yarrow tea + MMS 510 3,14+0,77 3,14+0,77° 0,78+0,39 2,35+0.,67
MMS+ concentra-ted infusion 490 5,10+0,99 5,31+1,01 1,84+0,61 3,47+0,83
MMS + diluted infusion 510 3,33+0,79 3,33+0,79° 1,18+0,48 2,16£0,64
MMS + yarrow tea 520 2,88+0,73 3,08+0,76* 1,35+0,51 1,73+0,57°
Note: * —p <0.001 in comparison with the control; @ —p <0.05; ee® —p <0.01 in comparison with methyl methanesulfonate.

In the reverse combination of seed treatment
(exposure to mutagen, and then yarrow treatment),
the effect of modification of the yarrow with MMC-
induced mutagenesis was significantly weaker and
was not shown in all treatment options. So, with the
treatment concentrated infusion on barley seeds af-
ter a mutagen, a tendency was observed to decrease
all studied parameters, the frequency of aberrant
cells, the number of chromosomal aberrations by
100 metaphases, and the frequency of aberrations of
the chromosome and chromatid types. However, the
observed decrease in the level of mutagenesis was
statistically insignificant.

In the variants post-treatment of seeds after
MMS with infusion diluted with yarrow tea, there
was a statistically significant decrease in the num-
ber of chromosomal aberrations per 100 cells. At
the same time, this indicator decreased by 1.9 and
2.1 times, respectively (p <0.05). In the variant with
post-treatment of seeds after MMS with yarrow
phyto tea, the frequency of chromatid-type aberra-
tions also statistically significantly decreased by a
factor of 2.4 (p <0.05).

The results obtained in this series of experi-
ments clearly demonstrated the ability of yarrow
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infusions to significantly modify the level of in-
duced mutagenesis in the direction of its decrease.
It was shown that the degree of inhibition of in-
duced mutagenesis depends not only on the con-
centration of infusions, but also on the sequence
of exposure. The results obtained suggest that the
complex of biologically active substances con-
tained in the studied medicinal plant has antimuta-
genic and gene-protective activity. A comparative
analysis of the results of combined treatment of
seeds with mutagen and herbal infusions showed
that the pre-treatment of the infusions more effec-
tively reduces the level of induced mutagenesis
than the post-treatment one.

The effectiveness of the antimutagenic effect of
yarrow was evaluated by the reduction factor (RF).
In pre-treatment of barley seeds, the RF in diluted
yarrow infusion was 43%, and in tea — 52%. The
magnitude of the reduction factor indicates the abil-
ity of infusions from Achillea millefolium to inhibit
MMS-induced mutagenesis by 40-50% with pre-
treatment to barley seeds prior to MMS. The reduc-
tion factor post-treatment of infusions after MMS
was 45-50%. The results obtained indicate the pres-
ence of antimutagenic activity in yarrow infusions,
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due to the presence of biologically active substances
of various nature in plants of this species.
Mutagenic factors of various nature that enter
our environment as a result of rapid industrializa-
tion of the agricultural sector increase the genetic
risk for the population, which can result in various
hereditary pathologies in newborns, malignant tu-
mors and other diseases. One of the priority tasks
of any state is genetic safety. Nevertheless, the
genotoxic effect on living organisms, including hu-
mans, is almost inevitable. In this regard, the phe-
nomenon of antimutagenesis, which is defined as a
decrease in the spontaneous or induced genotoxic-
ity of environmental mutagens, is of interest [23].
Therefore, the use of substances with antimutagenic
potential is one of the main approaches to reducing
the negative effect of mutagens in the environment
on the human body. The use of various substances
that have antimutagenic properties seems to be a
possible and practicable way to prevent genotoxic
effects, therefore, antimutagens can be used in the
genetic safety system as protectors of the genome
[24]. This work presents the results of a cytogenetic
study of the antimutagenic activity of infusions of
different concentrations of two species of medici-
nal plants from the Asteraceae family — chamomile
(Matricaria chamomilla 1.) and yarrow (Achillea
millefolium 1..). The antimutagenic activity of infu-
sions from medicinal plants established in this series
of experiments was shown in a significant decrease
in the level of chromosomal aberrations induced by
the classical mutagen methyl methanesulfonate. No
statistically significant differences were found in
the level of modification of the mutagenic effect of
MMS with infusions of various concentrations con-
taining biologically active substances. Also, statisti-
cally significant differences were not established in
the degree of antimutagenic activity of chamomile
and yarrow infusions in relation to MMS-induced
mutagenesis. Currently, a fairly large number of
various antimutagens have been discovered. The
mechanism of action of many of them is still not
fully known, and therefore they have not been wide-
ly used [25, 26]. In addition, their harmlessness to
the human body has not been fully evaluated, and
traditional pharmacotoxicological studies of anti-
mutagens have not been conducted. In this regard, it
is promising to search for inhibitors of induced mu-
tagenesis among the approved drugs and medicinal
plants that are widely used in traditional medicine.
The most promising antimutagens capable of level-
ing the effect of mutagens are herbal preparations
used as therapeutic agents. The antimutagenic effect
of herbal preparations is due to the presence of bio-

logically active substances in them, primarily vita-
mins, phenols, polyphenols, pigments, amino acids
[27, 28]. These biologically active substances are
present in human vegetables, fruits, berries, herbs.
The genetic effects of many chemical mutagens are
demonstrated through the development of oxida-
tive stress. That is why most of the currently known
antimutagens are characterized by antioxidant ac-
tivity [29]. The extracts of the medicinal plants of
the chamomile and yarrow studied by us, as already
noted above, contain phenolic and polyphenolic
compounds that can inhibit free radical processes.
Some phenols are able to suppress the formation of
mutagens from their precursors. Tannins, a mixture
of tanning agents present in many perennials. Most
tannins belong to the flavonoid class and contain a
larger number of phenolic -OH groups. This allows
them to firmly bind to proteins and other biopoly-
mers. In addition, they are able to bind toxins that
appear in the body, as well as salts of heavy metals.
These properties of tannins can significantly reduce
the induced mutability [30]. The mechanisms of
action of antimutagens can be different. But most
antimutagens are biologically active substances
that can act on nucleic acids. It can be asserted with
confidence that the antimutagenic activity of most
biologically active substances of plant origin is due
primarily to the ability to suppress free radical pro-
cesses induced by the action of genotoxicants and to
activate the work of repair systems.

Conclusion

The mutagenic and antimutagenic activity of in-
fusions from chamomile (Matricaria chamomilla)
and yarrow (Achillea millefolium) in barley seeds
were studied. The studied infusions did not show mu-
tagenic activity. At the same time, the infusions of
these medicinal plants modified induced mutagenesis
in the direction of its decrease. The ability of Matri-
caria chamomilla infusions to inhibit MMS-induced
mutagenesis by more than 60%, and Achillea mille-
folium infusions — by 40-50% were revealed. The re-
sults obtained indicate the presence of antimutagenic
activity in the studied infusions, due to the presence
of various biologically active substances in plants of
these species. Possible mechanisms of antimutagenic
action of infusions are discussed.
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