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ANTIMUTAGENIC ACTIVITY OF ALCOHOLIC EXTRACTS
OF MEDICINAL HERBS MENTHA PIPERITA L.
AND THYMUS VULGARIS L. FAMILY LAMIACEAE

The global pollution of environment urges the screening of effective natural protectors for the correc-
tion of toxic and genotoxic action of xenobiotics. Medicinal herbs contain a complex of biologically ac-
tive compounds that are the potential sources of such a protective agent. In current study the mutagenic
and antimutagenic activity of alcoholic extracts of peppermint (Mentha piperita L.) and thyme (Thymus
vulgaris L.), family Lamiaceae, was studied using the chromosome aberration assay (metaphase cytoge-
netics) in barley. The ability of extracts to significantly reduces methyl methanesulfonate-induced mu-
tagenesis under preliminary or subsequent tinctures exposure was established (p <0.05). The modifying
effect of peppermint and thyme tinctures was also studied under the exposure to rocket fuel unsymmetri-
cal dimethylhydrazine (UDMH, 1,1-dimethylhydrazine) which possess mutagenic and genotoxic activ-
ity. Subsequent test-object treatment with tinctures and UDMH significantly decrease the frequency of
induced aberrant cells and number of chromosomal aberrations (p <0.05). In case of both mutagens,
the rate of mutagenesis inhibition depended both on the order of tinctures and mutagen treatment and
extracts concentration. The efficacy of antimutagenic activity of Mentha piperita L. and Thymus vulgaris
L. tinctures was assessed with reduction factor (RF) which in both experiments exceeded 40% testifying
to inhibition of MMS and UDMH induced mutagenesis. Data obtained indicate the antimutagenic ac-
tivity of extracts of peppermint (Mentha piperita L.) and thyme (Thymus vulgaris L.) conditioned on the
presence of biologically active compounds of various nature.

Key words: medicinal herbs, biologically active compounds, induced mutagenesis, antimutagenic
activity, chromosomal aberrations.
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Lamiaceae TykbiMAaCTbIfbIHbIH, Mentha piperita L.
xaHe Thymus vulgaris L. Aspirik eciMAiKTepiHiH, cnnpTTi
TYHOAAAPbIHbIH, AHTUMYTareHA | 6e@ACeHAAIriH 3epTTey

KopluaraH opTaHblH, 3KOAOTMSABIK, KayinTi (hakKTOpAapMeH FaAaMABIK, AEHFerMAe AacTaHybl YAbl
>KOHE reHTUKAAbIK, 9CEPAEPAI Ty3ey YLUiH LWbIFy Teri Tabusn 6OAbIN TabbIAATbIH TMIMAI MPOTEKTOPAAPAbI
i3aeyAl e3ekTi eTeai. MyHAQM KOpFaHbIC KypaAAapbliHbIH MEPCNeKTUBTI KO3AEpiHiH 6ipi AspiAik
OCIMAIKTEPAIH KypaMbiHAAFbl BGMOAOTMSIABIK, OEACEHA] 3aTTapAblH KelleHi OOAbIn TabbiAaAbl. Apria
ASHAEPIHAE XPOMOCOMAaAbIK, abeppaumsAapAbl ecenke aay (metaasAbl 9AIC) TECTiHiH KemeriMeH
Lamiaceae TyKbIMAACTbIFblHA >KaTaTblH 2 OCIMAIK Kepmek >aAbbi3 (Mentha piperita L.) xeHe
Kapanarnbim >xebipaiH, (Thymus vulgaris L.) cnvpTTi TyHOQAQPbIHbIH MyTareHAIK XXeHe aHTUMyTareHAIK
GeAceHAIAIrT 3epTTeaai. JKyprisiAreH UMTOreHeTMKaAbIK, 3epTTeyAep HOTMXKeCiHAe TyHOaAapAbiH
meTnameTaHcyAbpoHatneH (MMC) MHAYKUMSAQHFAH MyTareHe3 AEHremiH OHbIH TOMEHAEY >KaFblHa
e3repTy KabiAeTi aHbIKTaAAbl. Apra ASHAEPIH OPTYPAI KOHUEHTPAUMSIAAFbl  CNMPTTI  ©CIMAIK
TyHOaAapbIHbIH, epiTiHAiAepiMeH >koaHe MMC (oH, 6akbiAdy) KAACCMKaAbIK, MyTareHimeH GipAecin Typa
>XoHe Kepi eHAey Ke3iHae MMC-MHAYKUMSAQHFAH MyTareHe3 AeHremiHiH CTaTUCTMKAABIK, MaHbI3Abl
TemeHAeyi Oaikasabl (p<0,05). MyTaumsi NpoueciH Texkey AeHreni TyH6a MeH MyTareHHiH acep ety
peTiHe, COHbIMEH KaTap TyH6a KOHLUEeHTpauusicbiHa GaiAaHbICTbl 6OAAbI. OHbIMEH KOCA, XKYMbICTA
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KOpLUAFaH OpTaHbIH KAyiMnTi AacTayllbiCbl, MYyTareHAIK >X®HE TeHOTOKCMKAAbIK, OeACEHAIAIri Gap
3bIMbIPaH OTbIHbIHbIH, HETi3ri KOMIMOHEHTI — aCUMMETPUSIAbIK, AMeTUArnApasmHre (HAMI, 1,1-AMTT,
renTuA), >kaAbbi3 xxoHe xebipAiH TyHOaAapbiHbIH MOAMMUKAUMSABIK, acepAaepi 3epTTeaai. MMC-nien
XKYprisiAreH Toxiprbeaepaeriaeit, TecT-o6bekTiHi HAMI MeH Koca >kaabbl3 xoHe XebipAiH cnvpTTik
TyHOaAapPbIMEH KE3EeKNeH 6HAEY Ke3iHAE, aCMMMETPUSIAbIK, AMMETUATMAPA3MHMEH MHAYKLUMSAQHFaH
abeppaHTTbIK, >KacywaAap >KMIAIFHIH )koHe XPOMOCOMaAbIK, abeppaumsiaap caHbiHbiH 100 meTadhasara
lwakkaHAarbl (p <0,05) CTaTUCTMKAABIK, MaHbI3AbI TOMEHAEYI OaiKaAAbl. Texey AeHreni 3epTTeAeTiH
areHTTepAiH acep eTy peTiHe >KeHe 6CIMAIK TyHOaAapbIHbIH, KOHLIEHTPaLMSICbiHA GaiAaHbICTbl GOAADI.
TyHOaAapAbIH aHTUMYTareHAIK 8CepiHiH TMIMAIAITT 3KCNepUMEHTTIH, GapAbIK, HYCKAAapbIHAQ Heri3iHeH
40%-AaH >kOFapbl GOAFaH peAYKUMSAbIK (hakTopmeH (PD) 6araraHabl. bya HaTuxeaep Mentha piperita
L. »xxeHe Thymus vulgaris L. Tyn6arapbiHbii MMC >xeHe HAMI nHAyKumMsinaHFaH myTareHesai 40%-AaH
acTam MHrMbupaey KabiAeTiH kepceTeai. XKyprisiareH 3epTreyAep Kepmek »aAbbi3 OeH Kaparaibim
kebipAiH TyHOaAapbiHAQ, OCbl OCIMAIK TYPAEPIHAE OPTYPAI cunaTTarbl OGMOAOTMSIABIK, OEACEHA]
3aTTapAblH GOAYbIMEH LLIAPTTAAATBIH, AHTUMYTareHA| NMoTeHUMaAAbIH 6ap eKeHiH KepceTeA|.

Ty#in cesaep: ABpPIAiK 6CIMAIKTEP, BUOAOIMSIABIK, GEACEHA] 3aTTap, MHAYKLMSIAAHFAH MyTareHes,
aHTUMyAareHAi GeACEHAIAIK, XpOMOCOMaAbIK abeppaumsiaap.
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MN3yyeHne aHTUMyTareHHOM aKTUBHOCTHU
CIMUPTOBbIX HACTOEB AEKapPCTBEHHbIX PACTEHUH
Mentha piperita L. v Thymus vulgaris L. cemeiictBa Lamiaceae

[AobGaAbHOE 3arpsi3HEHWE CpeAbl OOMTaHMSI YeAOBEeKa 3KOAOTMUYECKM OMacHbIMM (hakTopamm
AEAAET aKTyaAbHbIM MOUCK 3(hheKTUBHBIX MPOTEKTOPOB MPUPOAHOIO NMPOUCXOXKAEHNS AAS KOPPEKLMK
TOKCUYECKMNX U reHeTnyecknx achdekToB. OAHMMU U3 NepCrneKkTUBHbIX MCTOYHMKOB TakMX 3alUMTHbIX
CPEACTB SIBASIIOTCSI KOMIMAEKCbI BUOAOrMUYECKM aKTUBHbBIX BELLECTB, COAEPIKALLMXCS B AEKAPCTBEHHbIX
pacteHusx. C NoMoLLLbio TeCTa Mo yUeTy XPOMOCOMHbIX abeppaumii (MeTachasHblii METOA) Ha CeMeHax
SUYMEHS ObIAM M3YUeHbl MyTareHHasi M aHTMMyTareHHasl akTMBHOCTb CMMPTOBbLIX HACTOEB 2-X BUAOB
pacTeHuin cemencTea Lamiaceae msaTbl nepevroit (Mentha piperita L.) n yabpeua obbikHoBeHHOTO (Thy-
mus vulgaris L.). B pe3yAbTate NpOBEAEHHbIX LMTOMEHETUUECKMX MCCAEAOBaAHUI OblAd YCTAHOBAEHA
CNocobBHOCTb HACTOEB MOAMMDULIMPOBATH YPOBEHb MHAYLIMPOBAHHOT O METUAMETaHCY AbpoHaToM (MMC)
MyTareHesa B CTOPOHY ero CHueHust. [1py1 COBMECTHOM NpsiMon 1 06paTHO 06paboTKe CEMSIH SUMEHS
pacTBOpamm CMMPTOBbLIX PACTUTEAbHbIX HACTOEB Pa3HOM KOHLUEHTPAUMM U KAACCUYECKMM MyTareHoM
MMC (NOAO>KMTEAbHbIN KOHTPOAb) HABAKDAAAOCH CTAaTUCTUUECKM 3HAUMMOE CHIKeHMe ypoBHs MMC-
MHAYLMPOBaHHOro MyTareHesa (p < 0,05). [Npur 3ToM ypoBeHb MHIMOMPOBAHUS My TALLMOHHOIO MPOLecca
3aBMCEA OT MOCAEAOBAaTEAbHOCTM BO3AEMCTBMS HAaCTOEB M MyTareHa, a TakXKe OT KOHUeHTpaumu
HacTos. B pabote Takxxe 6biAM U3yueHbl MoAMpUUMPYIOLLME 3PMEKTbI HACTOEB MATbI M Yabpeua B
OTHOLLUEHWM OMACHOrO 3arpa3HUTEAs OKpY>Kaloller CpeAbl HECUMMETPUYHOIO AMMETUATMAPa3nHa
(HAMT, 1,1-AMTI, rentma), OCHOBHOrO KOMIMOHEHTa PaKeTHOro TOMAMBA, 06AAAQIOLLErO MyTareHHOM
M FeHOTOKCMYEeCKOM aKTMBHOCTbIO. Kak M B akcrnepmmeHTax ¢ MMC, npu coBmectHot ¢ HAMI
NMOCAEAOBATEALHON 06paboTKe TECT-06bEKTa CMIMPTOBbIMM HACTOSIMM MSITbl M Yabpelia HaBAIOAAAOCH
CTaTUCTMYECKM 3HAUMMOE CHUXKEHME YaCTOThl ABePPAHTHbBIX KAETOK M YMCAA XPOMOCOMHbIX abeppatimi
Ha 100 metacpas (p<0,05), MHAYLMPOBAHHBIX HECUMMETPUYHBIM AMMETUATMAPA3UHOM. YPOBEHb
MHIMOMPOBAHUS 3aBUCEA OT NMOCAEAOBATEALHOCTM BO3AEMCTBUS M3YyUaeMbIX areHTOB U KOHLEHTpaLum
pacTUTEeAbHbIX HacToeB. I(PdhEKTUBHOCTb aHTMMYTAreHHOro AENCTBUS HACTOEB OLEHMBAAM MO
peaykumoHHomy akTopy (PD), KOTOPbI BO BCEX BapMaHTaxX 3KCNEPUMEHTa ObiA NPENUMYLLLECTBEHHO
Bbile 40%. DTM pe3yAbTaTbl CBUAETEABCTBYET O CMOCOOHOCTM HacToes M3 Mentha piperita L. i Thy-
mus vulgaris L. nHrmbuposatb MHAYyuMpoBaHHbln MMC n HAMI mytareHes 6oaee uvem Ha 40%.
[MpoBeAeHHble MCCAEAOBAHMS YKa3bIBAIOT HA HAAMUYME aHTMMYTareHHOro NMoTeHLMaAa Y HaCTOeB M4ThbI
nepeyHoi 1 Yabpeua 06bIKHOBEHHOI0, 06YCAOBAEHHOIO HaAMUMEM BUOAOTMYECKM aKTUBHbIX BELLECTB
pPa3AMYHOM NPUPOABI B PACTEHMSIX 3TUX BUAOB.

KAtoueBble CAOBa: AEKaPCTBEHHbIE PACTEHMSl, BUOAOTMUECKM aKTUBHbIE BELLLECTBA, MHAYLIMPOBAHHbI
MyTareHes, aHTUMyTareHHasi akTMBHOCTb, XPOMOCOMHbIe aGeppaumu.
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Introduction

The global environmental pollution urges the
screening of effective approaches to increase the
organism’s resistance to unfavourable factors
including mutagenic and genotoxic agents [1-3].
Long-term complex exposure to various xenobiotics
leads to the development of multiple physiological
disorders and having an influence upon genetic
apparatus leads to potential diseases risk for
offspring [4, 5]. Thus, the screening for low-toxic
protective compounds is of high actuality. Among
them the biologically active compounds (BAC) of
medicinal herbs are of interest as they are able to
enhance immunity, activate reparative systems, bind
free radicals and reactive oxygen species especially
[6-13]. Most of crude herbal drugs show wide range
of pharmacological activity and relatively low
toxicity [14]. In medicinal herbs BAC provide their
antioxidant, antimutagenic, immunomodulatory,
antiinfllamatory, genoprotective and other effects,
thus the medicinal herbs are perspective sources
of raw materials for pharmacology [15]. The flora
of Kazakhstan is of 6000 species of higher plants
and at least 500 species are medicinal herbs [16-
18]. Medicinal herbs of Lamiaceae family include
250 genera and about 8 thousand species, are of
great interest and widely used in folk medicine
lavender, basil, mint, thyme, origanum, rosemary,
salvia etc. are among them. Such a species as
peppermint Mentha piperita L. and common thyme
Thymus vulgaris L. are most commonly used in folk
medicine [19].

Peppermint contains BAC such as menthol,
terpenoids (limonene, cineol, dipenten), carotene,
rutin, ascorbic acid, ursolic acid, oleanolic acid,
flavonoid, tannins, microelements. The folk medicine
uses peppermint as a part of herbal collections for
the treatment of gastric and bile disorders, nausea,
as spasmolytic, antiseptic, astringent, carminative
and demulcent remedies and for external use at
neuralgia, upper airways illness, burns, hoarseness,
bronchitis, heartburn [19].

Species of Thymus genera are important
essential oil plants and contain phenol compounds
as thymol, carvacrol, tannins, bitter stuff, organic
pigments, triterpenoids (ursolic, oleanolic acids),
terpenes. In medicine, thyme extract is used in
treatment of cough, bronchitis, cold, whooping
cough, laryngitis and tonsillitis (external use).
Essential oil and thymol are part of nonprescription
drugs [19].
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Screening of medicinal drugs of Trans-Ili
Alatau mountain system for antimutagenic and
genoprotective activity and the investigation of
cellular and molecular aspects of their BAC activity
is actual. Advanced researches of herbal tinctures
include the identification and recommendation of
appropriate species for the creation of antimutagenic
herbal collections to reduce the risk of hereditary
and oncological diseases. Besides the application of
known species could be widened with antimutagenic
and genoprotective effects.

The aim of current research was the study of
antimutagenic potential of tinctures of medicinal
herbs — peppermint Mentha piperita L. and thyme
Thymus vulgaris L. family Lamiaceae. The genetic
activity of tinctures was analyzed in two steps:
the mutagenic activity of tinctures in different
concentrations and protective effects of tinctures
under combined mutagen exposure.

Materials and methods

The study was performed on spring two-row
barley seeds (Hordeum vulgare L.), Baysheshek
variety zoned to Almaty region. Barley has low
rate of spontaneous mutation and at the same time
is susceptible to external exposure thus being a
unique test-object for assessment of xenobiotics
action. Besides barley contains small number of
chromosomes (2n=14) which are of large size (6-8
MKM) [20].

The alcoholic tinctures of peppermint (Mentha
piperita L.) in concentrations 1.25; 2.50 and
3.75 ml/L and thyme (Thymus vulgaris L.) in
concentrations 2.5; 5.0 u 7.5 ml/L were screened
for the antimutagenic activity. Aqueous solution of
methyl methanesulfonate (MMS) in concentration
5.0 mg/L was used as positive control, and distilled
water as negative control. As reference mutagenic
xenobiotic ~ unsymmetrical ~ dimethylhidrazine
(UDMH) in concentration 5.0 mg/L was used.

The reference mutagen methyl methanesulfonate
(MMS, C,H,O,S) was used in concentration 5 mg/L
[21]. MMS is the strong alkylating agent of direct
action that exhibit mutagenic activity in both in
vitro and in vivo tests. In tests on S. typhimurium
TA 1535/pSK1002 culture it induces SOS-response,
in bacteria under absence of metabolic activation
induces point mutations. MMS causes somatic and
sex-linked lethal mutations in drosophila, induces
neoplastic transformation in rodents cell cultures
increasing the frequency of sister chromatid
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exchanges and chromosomal aberrations. In
vivo MMS causes mutations in mice germ cells,
and in vitro in human cells induces formation of
micronuclei, DNA single-strand breaks, unscheduled
DNA synthesis, gene mutations and sister chromatid
exchanges. In rodent somatic cells MMS induces
chromosomal aberrations and chromatid exchanges.
Due to its broad spectrum of genetic activity methyl
methanesulfonate was used as positive control
possessing genotoxic and mutagenic activity [21].

Seeds treatment (soaking with agent) was carried
out for 4 hours. Seeds were washed out and grown
in Petri dishes on water-moistened filter paper under
t =25+1°C in incubator.

Mutagenic and antimutagenic activity of herbal
extracts was tested by chromosomal aberration test
(metaphase method), preparations and cytogenetic
analysis were carried out according to routine
methods [22]. 3 hours before fixation grown seeds
were transferred into 0,01% colchicine solution to
accumulate metaphase plates. Main roots were fixed
in ethyl alcohol:glacial acetic acid (1:1) mixture.
After the hot hydrolysis with 1IN HCI roots were
stained with Schiff reactive. Stained roots were
washed in three portions of fresh sulphurous water
and than subjected to enzymatic maceration by
cytase for 40-60 min to separate extracellular matrix
and cell walls. Slides were placed on table cooled
with liquid nitrogen to -120£1°C for 5-10 min,
covering slides were further removed and alcoholic
dehydration was performed to obtain stable slide
preparations.

The analysis of chromosomal aberrations in cells
of root meristeme was performed using microscope
Olympus BX 43F (Olympus, Japan). The assessment
of structural chromosome abnormalities includes
total number of abnormalities and all types of
chromosomal aberrations. At least 500 metaphases
were scored for each experimental variant. The
ability to reduce the frequency of MMS- and UDMH-
induced chromosomal aberrations (antimutagenic
activity) was assessed by reductional factor (RF).
Antimutagenic activity was considered as moderate
at inhibition level 25-40%; as strong at more than
40%; as negative at less than 25%.

Statistical analysis was performed using StarPlus
and WinPepi softwares. For each variant mean and
standard error of mean were calculated. To establish
the significance of differences between the mean
values of different variants, the Student’s test was
used. Differences between the data were considered
statistically significant at a confidence level of 0.95.
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Results

Thecurrentstudyisconcerned withantimutagenic
effects of alcoholic tinctures of peppermint and
common thyme in various concentrations as based
on cytogenetic method. As has been mentioned
above, the genetic action of tinctures was studied in
two steps. First, the mutagenic activity of tinctures
in different concentrations was studied in order to
select non-mutagenic variants. Further, the DNA-
protective properties of selected tinctures were
discovered on barley seeds under exposure to
mutagen.

The study of mutagenic and antimutagenic
activity of alcoholic tinctures of peppermint herb
(Mentha piperita L.) family Lamiaceae. The results
of cytogenetic study of primary roots meristematic
zone of barley seeds exposed to MMS and
peppermint tincture are represented in the Table
1. Rate of spontaneous mutation in seeds grown
on distilled water was 1.49+0.52%. The rate of
structural mutations in barley seeds induced by
MMS significantly exceeded negative control, at that
both total frequency of aberrant cells and a number
of chromosomal aberrations per 100 metaphases
were increased.

The frequency of aberrant metaphases increased
from 1.49% to 5.08% (p<0.001) and the number of
structural mutations per 100 cells enhanced from
1.49% to 6.03% (p<0.001). The rate of chromatid
typerearrangements per 100 metaphases significantly
increased 7.7 times (p<0.001) which is determined
by high susceptibility of DNA to MMS action in
S-phase and G,-phase. Among the chromosomal
aberrations various rearrangements were observed,
but paired and single end-deletions (chromosomal
fragments), paired and single interstitial deletions,
centric and acentric rings, point fragments prevailed
(Figure 1). It should be noted, that a high frequency
of anaphases with different types of alterations were
observed including chromosomes lag, bridges,
single fragments and multipolar mitosis (Figure
2). The frequency of chromosomal rearrangements
in the apical meristem of barley seeds exposed to
peppermint tinctures in different concentrations
did not exceed the negative control level indicating
the absence of mutagenic activity of peppermint
tinctures.

Further, the ability of peppermint tinctures to
modify the mutagenic action of MMS under the
combined exposure of barley seeds was studied.
Preliminary treatment of seeds with peppermint
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tinctures has statistically decreased the yield of
MMS induced aberrant cells with increasing solution
concentrations in 2.0 (p<0.05), 2.5 (p<0.01) and 2.4

(p<0.01) times and the number of chromosomal
aberrations per 100 cells in 2.2 (p<0.01), 3.0
(p<0.01) and 2.6 (p<0.01) times correspondingly.

Table 1 — The frequency and range of structural chromosome abnormalities induced in barley seeds under the separate and combined
exposure to methyl methanesulfonate and peppermint alcoholic tinctures

Frequency of | Number of chromosomal aberrations per 100 metaphases
Exposure Total .cells aberrant cells ]

studied (M £ m%) total aberrations | chromosomal type | chromatid type
Water 538 1.49+£0.52 1.49 £0.52 0.93+£041 0.56 £0.32
MMS, 5 mg/L 531 5.08 £0.95* 6.03 +1.03* 1.69 £ 0.56 4.33+0.88*
Peppermint, 1.25 ml/L 548 1.46 +0.51 1.46 £0.51 0.73 £0.36 0.73 +0.36
Peppermint, 2.50 ml/L 524 1.34+0.50 1.34 £ 0.50 0.76 £ 0.38 0.57+0.33
Peppermint, 3.75 ml/L 503 1.59£0.56 1.79 £0.59 0.80 £0.40 0.99+0.44
Peppermint, 1.25 ml/L + MMS 547 2.56 +0.68° 2.74 £ 0.70°° 0.55+0.32 2.19+0.63°
Peppermint, 2.50 ml/L + MMS 550 2.00 £ 0.60°* 2.00 £ 0.60°* 0.36 +0.26° 1.64 +0.54°°
Peppermint, 3.75 ml/L + MMS 566 2.12+0.61°° 2.30+0.63°° 0.35+0.25° 1.94 +0.58°°
MMS + peppermint, 1.25 ml/L 512 3.71+£0.84 3.91 +£0.86 0.98 +£0.43 2.93+0.75
MMS + peppermint, 2.50 ml/L 514 3.11+£0.77 3.31+£0.79° 0.97+043 2.33+£0.67
MMS + peppermint, 3.75 ml/L 508 3.54+0.82 3.74+0.84 1.18 £0.48 2.56+0.70
Note: * — p<0.001 compare to negative control (water); * — p<0.05;** — p<0.01 compare to methyl methanesulfonate (MMS)
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Figure 1 — Structural chromosome abnormalities induced by MMS, x1000
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Figure 2 — Anaphases with different types of abnormalities, x1000
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Concerning the structural chromosomal
aberrations preliminary treatment with peppermint
tinctures significantly decreased the yield of MMS
induced aberrations of chromatid type (p<0.01),
and of chromosome type only with second and third
tinctures concentrations (p<0.05).

The reverse combination when seeds were
preliminary soaked in mutagen solution and in
peppermint tinctures than, the modifying effect on
MMS mutagenic action was different. The frequency
of aberrant cells and number of chromosomal
aberrations per 100 metaphases as well the rate
of chromosomal rearrangements did not differ
statistically from MMS exposure only except
for followed treatment with tincture in middle
concentration where the number of chromosomal
aberrations per 100 cells decreased significantly from
6.03 to 3.31 (p<0.05). The data obtained testify the
ability of alcoholic peppermint tinctures to reduce
MMS-induced mutagenesis, at that the decrease
in aberrant cells and the number of chromosomal
aberrations per 100 cells under preliminary seeds
soaking in tinctures was observed.

The efficacy of peppermint antimutageneic action
was assessed by reduction factor. Reduction factor
of alcoholic tinctura in 1%, 2" and 3™ concentrations
under preliminary seeds soaking was 52.0%, 67.0%
and 62.0% correspondingly, testifying more than
50% inhibitory action of Mentha piperita L. tinctura
toward MMS induced mutagenesis. Study results
give rise to conclusion that assessed peppermint
tinctures contain biologically active compounds and
have strong antimutagenic action. Only the treatment
with tinctura in middle concentration subsequent to
MMS exposure significantly decreased the number
of chromosomal aberrations per 100 metaphases
and reduction factor was 46%.

The study of mutagenic and antimutagenic
activity of alcoholic tinctures of Thymus vulgaris
L. family Lamiaceae. The results of cytological
assessment of mutagenic/antimutagenic activity
of thymus tinctures are represented in the Table 2.
For all thymus tintcures the genetic activity was not
shown. The frequency of aberrant cells and number
of chromosomal aberrations per 100 metaphases
in roots meristem treated with alcoholic tinctures
did not exceed the negative control, meaning the
absence of mutagenic activity of thymus extracts
in studied concentrations. The ability of thymus
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tinctures to modify mutagenic activity of MMS was
assessed in two ways —tinctures and subsequent
mutagen treatment and vice versa.

As can be seen from Table 2 preliminary
seeds treatment with thymus tinctures significantly
decrease the MMS-induced frequency of aberrant
cells and number of chromosomal aberrations per
100 metaphases. MMS induced the frequency of
aberrant cells and number of structural mutations
up to 5,96% and 6,56% comparing to control. The
combined seeds treatment «tinctura + MMS» led to
concentration-dependent decrease in 2.0 (p<0.05)
and 2.1 (p<0.01); 2.3 (p<0.05) and 2.1 (p<0.01); 2.1
(p<0.05) and 2.0 (p<0.01) times from minimal to
maximum concentration correspondingly. It should
be noted, that MMS-induced mutagenesis reduction
was mainly due to chromosomal aberrations of
chromatid type.

Under the reverse seeds treatment «MMS +
tincturay the efficacy of modification of MMS-
induced mutagenesis was significantly lower.
The only variant where the significant decrease of
the number of chromosomal aberrations per 100
metaphases was observed was the treatment with
thymus tincture in a middle concentration (p<0.05).

Studied alcoholic tinctures of thymus
demonstrated the ability to reduce induced
mutagenesis, the rate of mutagenesis inhibition
depends both on tinctures concentration and
treatment sequence. It could be proposed, that
biologically active compounds of thymus possess
antimutagenic activity. The comparative analysis of
results of combined seeds exposure to mutagen and
tinctures showed that preliminary treatment with
tinctures reduced the rate of induced mutagenesis
more effectively.

Reduction factor that was used for the
assessment of thyme antimutagenic activity, and in
case of preliminary tinctures treatment in all studied
concentrations RF was more than 50% indicating the
ability of thyme tinctures to inhibit MMS-induced
mutagenesis. Reduction factor was assessed only
in those variants where the statistically significant
decrease of induced mutagenesis had been shown,
thus at MMS exposure followed by treatment with
middle concentration extracts RF was 43%.

The modification of UDMH-induced mutagenesis
by alcoholic tinctures of medicinal herbs Mentha
piperita L. and Thymus vulgaris L.
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Table 2 — The frequency and range of structural chromosome abnormalities induced in barley seeds under the separate and combined
exposure to methyl methanesulfonate and thymus alcoholic tinctures

Frequency of Number of chromosomal aberrations per 100 metaphases
Exposure Total .cells aberrant cells

studied (M + m%) total aberrations chromosomal type | chromatid type
Water 550 1.45+£0.51 1.49 £0.52 0.93+0.41 0.56 £0.32
MMS 503 5.96 +1.06* 6.56 +1.10* 1.99 £ 0.62 4.57+0.93*
Thymus, 2.5 ml/L 504 1.39+0.52 1.39£0.52 0.79 £0.40 0.60 £0.34
Thymus, 5.0 ml/L 510 1.57+0.55 1.57 £ 0.55 0.98 +0.44 0.59+0.34
Thymus, 7.5 ml/L 530 1.51+0.53 1.51+0.53 0.75+0.38 0.75 +0.38
Thymus, 2.5 ml/L + MMS 515 2.91+0.74° 3.11£0.76°° 1.17£0.47 1.94+0.61°
Thymus, 5.0 ml/L + MMS 518 2.90 +0.74° 3.09 £ 0.76°° 1.54 +0.54 1.54 +0.54°°
Thymus, 7.5 ml/L + MMS 520 2.88+0.73° 3.27+0.78° 1.35+0.51 1.92 +0.60°
MMS + Thymus, 2.5 ml/L 515 3.88£0.85 4.08 £0.87 1.55+0.54 2.52+0.69
MMS + Thymus, 5.0 ml/L 508 3.54+0.82 3.74 £0.84° 1.57+£0.55 2.17£0.65°
MMS + Thymus, 7.5 ml/L 520 3.46 £0.80 3.46 £0.80 1.35+0.51 2.12+0.63
Note: * —p<0.001 compare to negative control (water); * — p<0.05;** — p<0.01 compare to methyl methanesulfonate (MMS)

The component of rocket fuel unsymmetrical
dimethylhydrazine(UDMH, 1,1-dimethylhydrazine)
is the hazardous pollutant contaminating the
atmosphere, soils and subsoil waters during
the emergency booster launching, at Baikonur
Cosmodrome in particular. There are multiple
researches indicating the toxic, genotoxic and
mutagenic activity of UDMH in both plant and
animal cells [23, 24].

In current research, the tinctures of peppermint
and thyme that showed antimutagenic activity were
appraised under UDMH-induced mutagenesis. As
shown in Table 3 UDMH significantly increased the
frequency of aberrant cells (p<0.01) and the number
of chromosomal aberrations per 100 metaphases
(p<0.001) when compared to negative control.
Among the observed chromosomal abnormalities,
the chromatid aberrations prevailed, however
increased frequency of chromosomal rearrangements
and anaphase alterations were observed (Figure 3).

The combined seeds treatment
«peppermint+tUDMH»  statistically ~ significant
decreased UDMH-induced mutagenesis.

Preliminary seeds soaking in peppermint extracts in
all concentrations led to decrease in total frequency
of aberrant cells and number of chromosomal
aberrations per 100 metaphase in 2.1 and 2.2 times
(low concentration, p<0.05); in 2.3 and 2.4 times
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(middle concentration, p<0,01); in 2.2 and 2.3 times
(high concentration, p<0.01). At that significantly
decreased the frequency of UDMH-induced
structural mutations of chromatid type. The same
picture was observed under preliminary UDMH
exposure «UDMH+peppermint», however the
statistically significant decrease of UDMH-induced
mutagenesis was observed only under treatment
with tinctures in middle and high concentrations

(p<0.05).
Under the combined seeds exposure
«thyme+UDMH»  there was observed the

statistically significant reduce of UDMH-induced
mutagenesis. Preliminary treatment of seeds with
thyme extract in all studied concentrations led
to decrease in total frequency of aberrant cells
and number of chromosomal aberrations per 100
metaphases in 2.5 and 2.1 times (low concentration,
p<0.05); in 2.4 and 2.4 times (middle concentration;
p<0.05; p<0.01); in 2.3 and 2.2 times (high
concentration, p<0.05). As in experiments with
peppermint, statistically significant decrease in the
frequency of chromatid type mutations induced by
unsymmetrical dimethylhydrazine was observed.
Thyme extract treatment followed the exposure to
UDMH (UDMH+thyme) decreased the UDMH-
induced frequency of aberrant cells in all three
concentrations (p<0.05).
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Table 3 — The frequency and range of structural chromosome abnormalities induced in barley seeds under the separate and combined

exposure to unsymmetrical dimethylhydrazine and peppermint and thymes alcoholic tinctures

Frequency of Number of chromosomal aberrations per 100 metaphases
Exposure Total f:ells aberrant cells ] ]
studied (M = m%) total aberrations | chromosomal type | chromatid type
Water 538 1.49 +0.52 1.49+£0.52 0.93+0.41 0.56+0.32
UDMH 509 491 +£0.96* 5.50 £ 1.01** 1.97 +£0.62 3.54 +0.82%*
Peppermint, 1.25 ml/L + UDMH 518 2.32+0.66° 2.51+0.69°° 1.16 £ 0.47 1.35+0.51°
Peppermint, 2.50 ml/L + UDMH 515 2.14 +0.64° 2.33 +£0.66°° 0.97+0.43 1.36+£0.51°
Peppermint, 3.75 ml/L + UDMH 530 2.26 +0.65° 245+0.67° 1.13 £ 0.46 1.32 +£0.50°
UDMH + Peppermint, 1.25 ml/L 514 3.11£0.77 3.50+0.81 1.36 £0.51 2.14+0.64
UDMH + Peppermint, 2.50 ml/L 525 248 £0.68° 2.86 £0.73° 1.14 £ 0.46 1.71 £0.57
UDMH + Peppermint, 3.75 ml/L 545 2.57+0.68° 2.75+0.70° 1.10+0.45 1.65+0.55
Thymus, 2.5 ml/L + UDMH 500 2.00 £ 0.63° 2.60+£0.71° 1.20+£0.49 1.40 £0.53°
Thymus, 5.0 ml/L + UDMH 530 2.08 £ 0.62° 2.26 +0.65°° 0.75 +0.38 1.51 +£0.53¢
Thymus, 7.5 ml/L + UDMH 515 2.14 +0.64° 2.52+0.69° 0.97 +0.43 1.55+£0.54°
UDMH + Thymus, 2.5 ml/L 548 2.55+0.67° 2.74+0.70° 1.09 £0.44 1.82+0.57
UDMH + Thymus, 5.0 ml/L 552 2.36 +0.65° 2.90+0.71 1.09 +£0.44 1.81+0.57
UDMH + Thymus, 7.5 ml/L 528 246 +0.67° 2.84+0.72° 0.95+0.42 1.89 +0.59
Note: * —p<0,001 compare to negative control (water); * — p<0,05;** — p<0,01 compare to UDMH
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Figure 3 — Structural chromosome abnormalities induced by UDMH, x1000

Reduction factor of peppermint and thyme
alcoholic tinctures in all concentrations both under
preliminary or followed UDMH exposure exceeded
40%. Data obtained indicated the antimutagenic
potential Mentha piperita and Thymus vulgaris
and necessity of further researches on laboratory
animals.

Discussion
Widespread industrialization, use of chemical
technologies and a variety of artificially synthesized

chemicals in various spheres of human economic
activity increase the genetic risk for the population.
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However, it is almost impossible to completely
avoid human contact with mutagenic factors in
everyday life. Therefore, one of the priority tasks
is to ensure genetic safety for the population. In
this regard, of particular interest is the issue of
antimutagenesis, which is defined as a biological
phenomenon of suppression of both spontaneous
and induced mutagenesis [25].

One of the promising approaches to reduce
the negative effect of environmental mutagens on
the human body is the use of various biologically
active substances with antimutagenic potential. This
approach seems to be a possible and practically
feasible way to prevent genotoxic effects; therefore,
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antimutagens can be used in the genetic safety
system as genome protectors [25].

In current work the cytogenetic researches on
plant test-object, barley (Hordeum vulgare L.)
were carried out to investigate the mutagenic and
antimutagenic activity of tinctures of two medicinal
herbs of family Lamiaceae — peppermint (Mentha
piperita L.) and thyme (Thymus vulgaris L.). Studied
plant extracts showed no mutagenic activity in barley
seeds and demonstrated the antimutagenic activity
under the mutagen exposure. Antimutagenic activity
was revealed as statistically significant inhibition of
MMS- and UDMH-induced mutagenesis. The rate
of induced mutagenesis as decrease in frequency
of chromosomal aberrations depended both on
treatment sequence and tinctures concentration.

Atpresent, a fairly large number of antimutagens
of various nature have been discovered. The
mechanism of action of many of them is still not
fully understood, due to which they have not found
widespread use. In addition, their harmlessness to
the human organism has not been fully assessed,
and traditional pharmacotoxicological studies of
antimutagens have not been carried out.

In this regard, the search for inhibitors of induced
mutagenesis among approved drugs and medicinal
plants widely used in folk medicine is promising.
Their pharmacological activity is due to a wide
range of biologically active substances contained
in plant raw materials, most important of these are
alkaloids, cardiac glycosides, saponins, tannins,
resins, essential oils, gums, vitamins, phytoncides,
etc [26].

are distinguished into a separate class:
phenylpropanoids, which include several structurally
different groups: glycosylated phenylpropanoids,
flavonoids, isoflavonoids, coumarins, stilbenoids,
curcuminoids and lignans [27]. Numerous studies
of the biological and pharmacological properties of
phenylpropanoids indicate that they are promising
for use as components of immunomodulatory and
antioxidant drugs [28-31].

The genetic effects of most chemical mutagens
are manifested through the development of oxidative
stress, therefore, most of the known antimutagens
are characterized by antioxidant activity [32]. The
studied extracts of peppermint and common thyme
contain phenolic and polyphenolic compounds that
can inhibit free radical processes. Some phenols
are capable of inhibiting the formation of mutagens
from their precursors. Tannins are found in many
perennial plants and contain more phenolic OH
groups, which allows them to firmly bind to proteins
and other biopolymers. In addition, they are able to
bind toxins and heavy metal salts. These properties
of tannins can significantly reduce the induced
mutability [33].

As for the mechanisms of action of antimutagens,
they can be different. Most antimutagens are
biologically active substances that can act on nucleic
acids. It is safe to say that the antimutagenic activity
of most biologically active substances of plant origin
is primarily due to the ability to suppress free radical
processes induced by the action of genotoxicants
and to activate the repair systems.

The further researches on antimutagenic and

Among the biologically active substances  gene-protective action of peppermint and thyme
in medicinal plants, phenolic compounds tinctures are planned using the animal test-objects.
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