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THE STUDY OF ANTIGENOTOXIC ACTIVITY
OF THE MEDICINAL PLANTS INFUSIONS
OF TRANS-ILI ALATAU

Due to growing number of factors causing a hazard effect to nature, the search for protectors be-
comes urgent in environment. Using the bioluminescent test (lux-biosensor), genotoxic, oxidative, anti-
genotoxic and antioxidant activities of sage (Salvia officinalis), oregano (Origanum vulgare), chamomile
(Matricaria chamomilla) and yarrow (Achillea millefolium) have been studied. We used genetically modi-
fied E. coli strains: E. coli MG 1655 (pColD-lux), E. coli MG 1655 (pRecA-lux), E. coli MG 1655 (pSoxS-
lux), E. coli MG 1655 (pKatG-lux). The operon MG 1655 is responsible for the work on luciferase and
the provision of bioluminescence, which applied in this test for its reporter function. The infusions inves-
tigated under various methods of preparation (concentrated, diluted and phyto-tea) did not reveal geno-
toxic and oxidative activity. The induction factor of the SOS-response in all strains is statistically signifi-
cant, not exceeding the level of the negative control (distilled water). The combined effect of medicinal
plants with mutagen 4-nitroquinoline 1-oxide (4-NQO) and oxidants paraquat with hydrogen peroxide
did not show a statistically significant decrease in SOS responses to the pColD-lux, pRecA-lux, pKatG-
lux pSoxS-lux sensors, induced by 4-NQO, hydrogen peroxide and paraquat. The exception alerted
by sage. Concentrated sage infusion, prepared according to the recipe, and sage phyto-tea statistically
significantly reduce the induction factor of the pKatG-lux biosensor SOS response (p <0.001). The level
of inhibition depended on the type of infusion. Concentrated infusion and phyto-tea showed a strong
antioxidant effect against hydrogen peroxide, while inhibition was 43.6% and 46.8%, respectively. Di-
luted sage infusion showed a moderate antioxidant effect with an inhibition rate of 29.2%. Thus, using a
bioluminescent test, antioxidant activity of the concentrated infusion and phyto-tea of sage are released
using the pKatG-lux biosensor. It can be assumed, that the sage infusion contains biologically active
substances that are capable of both inactivating hydrogen peroxides and organic peroxides. Considering
that oregano, chamomile and yarrow contain many biologically active substances, but the test did not
reveal antigenotoxic and antioxidant activity. Therefore, it can be concluded that the required amount of
biologically active substances for detect activity is not extracted during the preparation of the infusion.

Key words: lux-biosensors, Salvia, Origanum, Matricaria, Achillea, antioxidant.
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Iae AAaTaybiHbiH, ABDIAIK 6CIMAiKTEpiHIH TyH6aAapbIH
AHTUreHOTOKCHMKaABIK GeaceHAAiKke 3epTTey

KopwaraH optaaa KayinTi  3KOAOrMsAbIK,  (DaKTOpAApABIH  Kebeioite 6atAaHBICTD,
KCEHOBMOTUKTEPMEH MHAYLIMPAEHETIH TOKCMKAABIK, KOHE 3KOAOFUSIABIK, SCepAepAi  Ty3ey YuWiH
Taburu 3hheKTUBTI NPOTEKTOPAAPALI Taby ©3eKTi Macere 6OAbIN TabblAaAbl. BUOAIOMUHUCLEHTTI
Tect (lux-6uoceHcop) kemerimeH coaben (Salvia), kuikoTbi (Origanum), TyiMeaak, (Matricaria) »xaHe
mblKanbipak,  (Achillea) TyHGaAapbiHbIH FEHOTOKCMKAALIK, OKCMAAQHTTBI, AHTMrEHOTOKCMKAABIK,
GeacerainikTepi 3eptTeaai. Xymbicta E. coli: E. coli MG 1655 (pColD-lux), E. coli MG 1655 (pRecA-
lux), E. coli MG 1655 (pSoxS-lux), E. coli MG 1655 (pKatG-lux) reHeTukaAbik, MOAUDUKALMSAAHFAH
WITaMMAApbl KOAAAHBIAAbL. Ataarad MG 1655 onepoHbl AtoumMbepas’sarapAbiH KYMbIChIHA Xayan
6epeai xaHe GyA TECTTe PEnopTEPAi MIHAET aTKapaTbiH GUOAIMUHUCLEHUMSHBI KaMTaMachi3 eTeAi.
3epTTeAiHeTiH TyH6anap SpTYPAI AQspAay TociAAepiHAe (KOIO, CYMbIATBIAFAH XaHe buTO-1Wai)
FEHOTOKCUKAABIK, XKBHE OKCUAAHTTHI GEACEHAIAIK KepceTkeH oK. SOS-xayantbl UHAYLMPASITIH
(hakTop 6apAblk WTaMMAAPAA Tepic GakpiAayAblH (AMCTUAAMHIEH Cy) AEHIEMiHEH CTAaTUCTUKAABIK
MaHbI3AbI TYPAE aCKaH XKOK. ASPIAIK BCIMAIKTEPAIH TyH6aAapbl MyTareH 4-HUTPOXMHOAMH 1-OKCUA
(4-HXO) >koHe OKCMAAHTTap MapakBaT, CyTeriHiH TOTbIFbIMEH Gipre acep eTKeHAE pColD-lux, pRe-
cA-lux, pKatG-lux xaHe pSoxS-lux ceHcopaapbiHaa 4-HXO, CYTeriHiH TOTbIFbl XOHe napakBaTneH
uHAyumpAaenren SOS-XayanTbiH CTAaTUCTUKAABIK MaHbI3AbI TYPAE TeMeHAeyi GailkaaFaH KOK. Tek
coabeH TyHGaAapbi epekiueAik kepcetTi. Peuent 6oiibiHWwa AaibiHAAAFAH CBABEHHIH KOKO TyHOacht
xaHe uto-wai pKatG-lux 6nocercopbiHbIK SOS-kayanTbl MHAYKUMSAQY (haKTOPbIH CTAaTUCTMKAADIK,
MaHbi3Abl TYpAe (p<0,001) TemenaeTTi. CoHbiMeH KaTap MHIMOMPARY AeHreiti TyH6a TypiHe TayeAal
6onabl. ConbenHin KOO TYHOAChl KaHe Wali CyTeri TOThIFbIHA KAPChl KYIITI aHTMOKCUAAHTTHI acep
KOpCeTTi, MHrUbBMpAey carkeciHie 43,6% xaHe 46,8% Kypaabl. AA COAGEHHIH CYMbIATbIAFaH TyH6achl,
MHrMbMpAey AeHreiti 29,2%, OpTalla aHTUOKCMAAHTTHI acep 6epai. OCbiAa, GUOAIOMUHUCUEHTT
TECT KeMeriMeH CAAOEHHIH KOI0 TYHBach! MeH (UTO-WBMIHIH aHTUOKCUAAHTTBI BEACEHAIAIr pKatG-
lux 6roceHcopsl apkpiAbl KepceTiaai. Canben TyH6aAapbiHbiH KYPaMbHAA, TMAPOTOTBIKTAPABI XKaHe
OpraHuKaAbik NEPOKCUATAPAbI MHaKTUBaLMsAaYFa KabiAeTTi GUOAOTMAAbIK, GeACEHA] 3aTTap 6ap AereH
60AXam xacayra 60AaAbl. KUIKOTbI, TYIMEAAK 8HE MbIHXKanblpak, KYPaMbIHAA KOMTereH GUOAOTUSAbIK,
6eAceHAi 3aTTap Gap eKeHiH eckepe OTbipbin, GipaK, TECT aHTUreHOTOKCUKAABIK, XXOHE aHTUOKCUAGHTTI
6eACEHAIAIK aHbIKTamaraHblHa CyieHin, TyH6a AaiblHAAFaH Ke3Ae, GeACEHAIAIK aHbIKTAY YLWiH,
6GMOAOTHSIABIK GEACEHAT 3aTTapABIH KEPEKTI MOALIEPI aAbIHGaALI AereH GOAXaM aitTyFa GOAAAbI.

Tyitin cesaep: lux-6uocencopaap, Salvia, Origanum, Matricaria, Achillea, aHTMOKCHAaHT.
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U3y4eHne aHTUreHOTOKCHYECKOH aKTUBHOCTH HacToes
A€KapCTBeHHbIX PacTeHMH 3auAuitckoro Aaatay

B cBSI3n C yBeAMUEHMEM IKOAOTMUECKU ONAaCHbIX (haKTOPOB B OKPYXKAIOWEN CPEAE CTAHOBUTCA
aKTyaAbHbIM NOUCK 3((EKTUBHLIX NPOTEKTOPOB NPUPOAHOTO MPOUCXOXKAEHUS AAS KOPPEKLMH
TOKCMYECKMX U reHeTuueckux 3deKToB, MHAYLMPYEMbIX KceHobuoTvkamn. C  NOMOLUbIO
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6GrontommHecueHToro  Tecta  (lux-6MoceHCOp) 6bIAM  M3YUeHbl TeHOTOKCMUYECKas, OKCUAAHTHas,
AHTUIEHOTOKCUYECKas M aHTMOKCMAAHTHAsS aKTMBHOCTM HacToes waades (Salvia officinalis), aywmup
(Origanum vulgare), pomatuku (Matricaria chamomilla) u TbicaueauctHuka (Achillea millefolium). B
pa6oTe GblAM UCMOABL30BAHbI FEHETUYECKM MOAMMMLMPOBaHHbIE WTammbt E. coli: E. coli MG 1655
(pColD-lux), E. coli MG 1655 (pRecA-lux), E. coli MG 1655 (pSoxS-lux), E. coli MG 1655 (pKatG-lux).
Aannbit onepod MG 1655 oTBeuaert 3a paGoty Aoumpepas u obecneumsaet GUOAIOMUHECLIEHUMIO,
MCMOAb3YEMYIO B AQHHOM TecTe B KayecTse penoprepHoi (yHkuuu. Mccaeayembie HacTou npu
PasAMUHbIX CNOCOBaX MPUrOTOBAEHUS (KOHUEHTPUPOBAHHbIM, Pa3B6aBAEHHbIN M (UTO-4ait) He MPOSIBUAN
FeHOTOKCUUECKOW M OKCMAAHTHOM akTUBHOCTU. (DakTop MHAYKumm SOS-0TBETa y BCEX WTAaMMOB
CTaTUCTUHECKM 3HAUUMO HE NPEBbILIAA YPOBHS OTPULIATEALHOTO KOHTPOAS (AMCTUAAUPOBAHHA] BOAQ).
Mpy COBMECTHOM BO3AEMCTBMM HACTOEB AEKAPCTBEHHBIX PACTEHMIt C MyTareHOM 4-HUTPOXUHOAMHA
1-okcnaoM  (4-HXO) u okcuaaHTamu napakBaTOM W NEPEKMCbIO BOAOPOAA He HABAIOAAAOCH
CTaTUCTUUECKU 3HAUMMOrO CHIKeHns SOS-oTseToB Ha ceHcopax pColD-lux, pRecA-lux, pKatG-lu xu
pSoxS-lux, uHayunposaHbix 4-HXO, nepekncbio BOAOPOAA M NapakeatoM. MCKAIOUEHUE COCTaBUAM
HacTou waaes. KOHUEHTPUPOBaHHbIA HACTOM WaAdes, NPUroTOBAEHHBIA COFAACHO peuenType, U
(BUTO-4al CTaTUCTUYECKM 3HAUMMO CHUXKAAM hakTop MHAYKuMM SOS-otseta 6uocencopa pKatG-
lux (p<0,001). Mpu 3TOM ypoBeHb MHTMBMPOBAHUS 3aBUCEA OT BUAA HACTOR. KOHLIeHTpUpOBaHHbIA
HaCTOM 1 4ai Waades NPOSBMAM CUAbHBIA aHTUOKCMAAHTHBINA 3(DHEKT NPOTUB NEPEKUCU BOAOPOAA,
NPy 3TOM MHIMGMPOBaHUE COCTABUAO COOTBETCTBEHHO 43,6% 1 46,8%. Pa3GaBAeHHbIR HACTOM waades
AAA 'YMEPEHHbIA aHTUOKCMAAHTHBIM 3((DEKT C ypoBHem UHrMOUpoBaHns 29,2%. Takum obpasom, ¢
TOMOLUbBI0 BUOAIOMUHECLLEHTHOTO TeCTa NoKa3aHa aHTUOKCMAAHTHAS aKTUBHOCTb KOHLIEHTPUPOBAHHOIO
HacTos u (uto-yas waades ¢ noMoubio 6uoceHcopa pKatG-lux. MoXHO NpeANOAOXKMTE, UTO B COCTaBe
HacToeB wWaades COAEpKaTcs GMOAOrMUYECKWU aKTUBHbIE BELIECTBA, CNOCOGHbIE MHAKTMBMPOBATh
rMAPONEPEKUCH U OpraHUYecKMe NepoKCMAbL. YuMTbIBAS, UTO AyWMUA, POMaLIKa, TbICSYEAUCTHUK
COAEPXKaT MHOXECTBO GUOAOTMYECKM aKTUBHBIX BEWECTB, a TECT HEe BbISBMA aHTUreHOTOKCUUYECKOM
M aHTMOKCUAAHTHOM aKTMBHOCTMU, TO MOXHO NPEANOAOXMUTb, UTO MPU NPUrOTOBAEHUU HACTOEB He

U3BAEKAETCH HYXXHOE KOAMYECTBO GUOAOrMUECKM aKTUBHBIX BELLECTB AAS BbISBAGHUS aKTUBHOCTU.
Kalouesbie caoBa: lux-6uoceHcope, Salvia, Origanum, Matricaria, Achillea, aHTuokcnaanT.

Introduction

Most of the chemical pollutants of the environ-
ment are capable of genotoxic, mutagenic and car-
cinogenic effects on organisms. The genotoxicity of
any factor is maintained in direct and indirect effects
on DNA [1]. The mediated effect on DNA may be
due to the activation or inhibition of various pro-
cesses in the cell, for example, induction of intracel-
lular free radicals and inhibition of the activity of
cellular repair systems [2, 3]. As a rule, a wide range
of genetic effects are recorded in genetic toxicology
using methods for determining the induction of a
SOS response in bacterial cells, reparative synthesis
and DNA breaks in mammalian cells [1].

It is impossible to escape human contact with
genetically dangerous factors in everyday life.
Therefore, the search for effective protectors,
antigenotoxicants and antimutagens, becomes
extremely important. Most of the biologically
active substances (BASs) of natural origin, such
as vitamins, vegetable flavonols, phytohormones,
polypeptides, amino acids, etc., have such
protective properties. Many BASs have antioxidant
properties and can increase the body’s resistance
to various genotoxicants. In recent years, interest
in the study of medicinal plants as promising

sources of antimutagenic active substances has
increased significantly, due to their low toxicity
and allergenicity, complex effects on the body and
the possibility of long-term use without side effects
[4-6]. Biologically active compounds can affect the
genotoxic factor simultaneously in several different
ways, which significantly increases the effectiveness
of the antigenotoxicant itself [7]. Therefore, the
search for effective protectors of natural origin
for the correction of genetic effects induced by
xenobiotics widely used by humans, as well as
prevention means for the protection of hereditary
structures, is an extremely important task.

Flora of Kazakhstan has about 6000 species
of higher strata, of which 1406 are medicinal. In
Kazakhstan, only 230 species are actually used in
official medicine [8]. A survey conducted by us in
August 2017 showed that the population knows just
over 60 species of medicinal plants used for treatment
and nutritional purposes. The flora of the Ile Alatau
mountain range includes over 800 plant species, of
which 117 species are medicinal. In phytochemical
terms, the medicinal plants of the local flora contain
most of the known classes of biologically active
substances. Among them are predominant species
containing flavonoids and their derivatives (60% of
species), alkaloids (42%), organic and phenolic acids
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(34%), vitamins (32%). tannins (29%), coumarins
(25%) and others. According to the phytochemical
composition, medicinal plants of Kazakhstan have
a very wide spectrum of pharmacological action [8].

Plants of the genera Matricaria and Achillea
of the Asteraceae family are used as anti-
inflammatory, antiviral, antibacterial, wound
healing, sedative, antioxidant, detoxifying,
anesthetic, hepatoprotective, and antiseptic [8-
10]. Plants genera of the Origanum and Salvia of
the Lamiaceae family have anti-inflammatory,
antioxidant, sedative, antibacterial, wound healing,
tonic, antiseptic effects, and are used in diseases of
the upper respiratory tract and the gastrointestinal
tract [8, 11, 12].

The purpose of this study was to study the
genotoxic and antigenotoxic activity of infusions
of sage (Salvia officinalis L.), oregano (Origanum
vulgare L.), chamomile (Matricaria chamomilla
L.) and yarrow (Achillea millefolium L.) grown in
Trans-Ili Alatau, using /ux-biosensors.

Materials and methods

Infusions of sage (Salvia officinalis L.), orega-
no (Origanum vulgare L.), chamomile (Matricaria
chamomilla L.) and yarrow (Achillea millefolium L.)
were tested for genotoxic and antigenotoxic activity.

Were used 3 types of infusion of medicinal
plants: concentrated — according to the recipe; di-
luted — concentrated infusion, diluted 2 times; tea
— 1 spoon of a medicinal plant raw was poured with
boiling water and infused for 15 minutes.

Distilled water served as negative control. 4-ni-
troquinoline 1-oxide (4-NQO, C,HN,O,) was used
as a genotoxicant (positive control), and paraquat
(C,,H,C,)N,) and hydrogen peroxide (H,0,) were
used as oxidative substances (positive control).

We used genetically modified E. coli strains:
E. coli MG 1655 (pColD-lux), E. coli MG 1655
(pRecA-lux), E. coli MG 1655 (pSoxS-lux), E. coli
MG 1655 (pKatG-/ux) [13-15]. This operon is re-
sponsible for the luciferase function and provides
the bioluminescence used in this test as a reporter
function. Strains courtesy of G.B. Zavilgelsky and
I.V. Manukhov (State Research Institute of Genet-
ics, Moscow).

For detection of substances that induce DNA
damage, the promoters pColD and pRecA were
used. To activate these promoters, 4-nitroquinoline
1-oxide (4-NQO) at a concentration of 75.0 pg/ml
was used. For the detection of substances that induce
oxidative stress in the cell, the PkatG and PsoxS pro-
moters were used. The PkatG promoter (protein-ac-
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tivator OxyR) specifically reacts to hydrogen perox-
ide and organic peroxides, and the promoter PsoxS
(protein-activator SoxR) — to superoxide ion radi-
cals [15]. To activate the pKatG promoter, hydrogen
peroxide at a concentration of 0.01 pg/ml was used,
and for activation of the PSoxS promoter, paraquat
(1,1’-dimethyl-4,4’-dipyridylium dichloride) at a
concentration of 10.0 pg/ml was used. Bacteria
were grown in Luria-Bertani broth (LB) containing
100 pg/ml ampicillin. The overnight culture was di-
luted to a concentration of 107 cell/ml in fresh broth
and grown at 37°C for 2-3 h. Aliquots of this culture
(180-190 pl each) were transferred to sterile cells in
the strip plates and added to them depending on ex-
perimental variant of 20 pl of the tested infusion and
/ or 20 ul of oxidative stress inducer (except control
cells), while 40.0 pl of distilled water was added to
the control wells.

During the evaluation of genotoxic and oxida-
tive activity, 20 pl of distilled water and 20.0 pl of
infusion or oxidative stress inducers were added sep-
arately to aliquots of the culture. During the evalu-
ation of the antigenotoxic and antioxidant potential,
aliquots of the culture were jointly added with 20.0
pl of infusion and oxidative stress inducers.

They were incubated at certain time intervals:
for pColD-/ux — 90 minutes, pRecA-/ux and pSoxS-
lux — 60 minutes, for pKatG-/ux— 45 minutes. The
luminescence level of bacteria was measured on a
LuMate 4400 microplate luminometer (Awareness
Technology, USA) and expressed in relative light
units (RLU). A measure for genotoxicity is the in-
duction factor (I), defined as the ratio of the intensity
of the glow of a /ux-biosensor suspension contain-
ing the test compound (L), to the intensity of the
glow of a lux-biosensor control suspension (L,).
The indicator of antigenotoxic potential, or protec-
tive activity (AA,%) was calculated by the formula

I 3 ¥ .

AA= (1 —Il)x 100, where I_is the induction factor
4

of the SOS response by the test exposure in the pres-

ence of a protector; I is the induction factor of the
SOS response by the test exposure; 100 — coefficient
for conversion to percent. The antigenotoxic effect
was considered as moderate when inhibition of the
induction factor of the SOS response of genotoxi-
cants by 25-40%, high at 40%, with less than 25%,
the effect was considered weak and did not recog-
nize the result as positive.

All experiments were performed in two inde-
pendent replicates. As a characteristic of the protec-
tor activity of the studied concentration of the sub-
stance, the average value of AA was used throughout
the entire measurement time.
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Results

Study of antigenotoxic and antioxidant activity
of infusions of sage (Salvia officinalis L.) and
oregano (Origanum vulgare L.)

With the bioluminescent test (/ux-biosensors),
the ability of sage and oregano infusions to protect
E. coli MG 1655 (pColD-/ux) and E. coli MG 1655
(pRecA-lux) strain from DNA damage under the
action of 4-NQO, inactivate superoxide anion was
studied under the action of paraquat on the biosensor
strain E. coli MG 1655 (pSoxS-/ux), inactivate
hydroperoxides and organic peroxides under the

action of hydrogen peroxide on the biosensor strain
E. coli MG1655 (pKatG-lux).

In studies, infusions of sage (Table 1) did
not show genotoxic and prooxidant activity. The
induction factor of the SOS response of the pColD-
lux and pRecA-lux biosensors when exposed to
the concentrated sage infusion was 0.93 and 0.88,
respectively; diluted infusion — 0.93 and 0.90;
phyto-tea — 0.98 and 0.93. The induction factor for
the SOS response of the pKatG-/ux and pSoxS-/ux
biosensors after exposing to the concentrated sage
infusion was 1.77 and 1.03, respectively; diluted
infusion — 1.23 and 1.06; phyto-tea — 1.37 and 1.06.

Table 1 - Induction of luminescence in bacterial lux-biosensors with biologically active substances of infusions and sage phyto-tea

Induction of luminescence* in bacterial /ux-biosensors
Experiment variance E.coli MG1655 E. coli MG1655 E. coli MG1655 E. coli MG1655
(pColD-/ux) (pRecA-/ux) (pKatG-/ux) (pSoxS-lux)
Negative control 447.19£30.92 17373.06£1123.99 1406.69+138.46 3448.00+318.69
l:‘(’;‘::zf 13387.56£2530.85« | 150444.44+21210.97+ | 59161.69£9198.45= 22841.00+5633.88+
Cotcsitrited fuge 414.81461,04 15356.00£1216.60:0 |  2495.88+526.45% 3562.63251.22
infusion
Diluted sage infusion 416.25+76.25 15690.19+801.93%0 1724.38+187.84%0 3637.94+273.07
Sage phyto-tea 438.31+87.16 16208.25+1231.54%0 1927.88£196.97+0 3642.50+223.62
Positive control +
conceritrated sage 10927.56£2621.3450 | 147196.25+15123.56= | 33381.56£5966.13=0 | 23065.63+2000.73
infusion
Focstive coultol 13425.06£2251.64= | 150388.31£13893.05+ | 41890.44+13603.81=0 | 25650.63+3013.46
diluted sage infusion
P"S'“V:h;"l';f't‘e’;* S38¢ | 14465.0042056.39+ | 149916.44+9578.24« | 31495.19:7064.38=0 | 23854.00+2987.85«
Note: * in relative light units — RLU; J
= p <0.001 compared to negative control;
0 p <0.001 compared to positive control

During the explosion with a mutagen 4-NQO,
the induction factor of the SOS response of the
pColD-Zux biosensor was 29.94, and when combined
with 4-NQO with a concentrated sage extract
response was 24.44; with diluted infusion — 30.02;
with phyto-tea — 32.35. The induction factor of the
pRecA-/ux biosensor SOS response after exposion
to 4-NQO was 8.66, and combination of 4-NQO
with a concentrated sage extract — 8.47; with diluted
infusion — 8,66; with phyto-tea — 8.63.

Hydrogen peroxide induced luminescence in
the pKatG-/ux biosensor, the induction factor of
SOS response was 42.06, and in combination with

concentrated sage infusion, this indicator decreased
t023.73; with diluted infusion —to 29.78; with phyto-
tea — to 22.39. The induction factor of the pSoxS-
lux biosensor SOS response was 6.62 after treating
with oxidant paraquat, and 6.69 in combination with
hydrogen peroxide and concentrated sage infusion;
with diluted sage infusion — 7.44; with phyto-tea —
6.92.

According to the presented results, inhibition of
the luminescence level after exposion with infusions
together with the oxidant was observed in the
biosensor pKatG-/ux. During the combined action
of mutagen and infusion on the pColD-lux and
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pRecA-/ux biosensors, as well as with the oxidant
on the pSoxS-/ux biosensor, no luminescence was
inhibited (table 1). The level of inhibition depended
on the type of infusion. Thus, a concentrated infusion
and tea of sage showed a strong antioxidant effect
against hydrogen peroxide, while the inhibition
were 43.6% and 46.8%, respectively. Diluted sage
infusion gave a moderate antioxidant effect with
an inhibition rate of 29.2%. Concentrated sage
infusion statistically significantly reduced the
genotoxic effect of 4-NQO, but its inhibitory effect
was only 18.4%. This effect is considered as weak,
concluded as not positive antioxidant effect. Thus,
based on the obtained results, it can be assumed
that the composition of the sage extracts contains

biologically active substances that can inactivate
hydroperoxides and organic peroxides.

Similar studies were related to infusion and
phyto-tea of oregano (table 2). Oregano infusions
did not show genotoxic and oxidative activity. The
induction factor of the SOS response of the pColD-
lux and pRecA-lux biosensors after treatment
with concentrated infusion of oregano were 0.93
and 0.95, respectively; diluted — 0.83 and 1.00,
and phyto-tea — 1.13 and 1.06. The induction
factor of the SOS response of the pKatG-/ux and
pSoxS-/ux biosensors after treatment with the
concentrated infusion of oregano were 1.82 and
1.11, respectively; diluted — 1.49 and 1.08, phyto-
tea—1.17 and 1.12.

Table 2 — Induction of luminescence in bacterial lux-biosensors with biologically active substances of extracts and oregano herbal tea

Induction of luminescence* in bacterial /ux-biosensors

Experiment variance E.coli MG1655 E. coli MG1655 E. coli MG1655 E. coli MG1655
(pColD-lux) (pRecA-/ux) (pKatG-/ux) (pSoxS-/ux)
Negative control 622.94+138.88 16924.94+1285.92 1454.75+258.70 3421.384772.35
Positive control 19493.44+3804.68= 158053.75+26241.03« 38531.87+8069.83 25924.88+2233.27=

Concentrated oregano
infusion

580.94+238.83

16083.86+1029.29

2653.69+951.81

3787.80+842.22

Diluted oregano

R 516.63+129.28 16932.88+1771.86 2171.33+1702.02 3691.31+850.38
infusion
Oregano phyto-tea 705.13+349.98 17892.88+2410.38 1697.63+£527.44 3820.00+777.98
Positive control +
concentrated oregano 16520.27+4659.67+ 152401.19+36735.03= 29811.63+6138.44%0 25216.56+2842.05=

infusion

Positive control +

4+ .
diluted oregano infusion 1RAGLT5a4659:07

157496.00+41863.05+

38179.50+10520.68= 27104.88+1825.17=

Positive control +

aregano phyto-tea 18330.36+4599.71+

157377.00+45535.67

38380.06+7586.94= 27663.94£2973.87=

Note: * in relative light units (RLU);
* p <0.001 compared to negative control

After the influence of mutagen 4-NQO,
the induction factor of the SOS response of
the pColD-lux biosensor was 31.29, while the
action of 4-NQO with a concentrated infusion of
oregano the induction factor was 26.52; diluted
— 29.64, phyto-tea — 29.43. The induction factor
of the pRecA-lux biosensor SOS response when
exposed to 4-NQO was 9.34, while 4-NQO with
concentrated oregano infusion gave 9.00; diluted
— 9.31; phyto-tea — 9.30. The treatment with
peroxide oxidant resulted in the induction factor
of the SOS response of the pKatG-/ux biosensor,
reaching 26.49, when hydrogen peroxide with a
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concentrated infusion of oregano the induction
factor was 20.49; diluted infusion — 26,24; phyto-
tea — 26.38. The induction factor of the pSoxS-
lux biosensor SOS response during exposion
to oxidant paraquat was 7.58; and under the
combined effect of hydrogen peroxide with
concentrated infusion of oregano — 7.37; diluted
—7.92; phyto-tea — 8.09.

As can be seen from the presented results,
the inhibition of luminescence in lux biosensors
induced oregano infusions and the used mutagens
and oxidants was insignificant. Although the
concentrated infusion of oregano statistically

Eurasian Journal of Ecology. N1 (58). 2019 31



The study of antigenotoxic activity of the medicinal plants infusions of trans-Ili Alatau

significantly reduced the effect of hydrogen
peroxide, its inhibitory effect was 22.6%. This
effect is considered as weak, so it is not concluded
as a positive antioxidant effect.

Study of antigenotoxic and antioxidant activity
of chamomile (Matricaria chamomilla L.) and yar-
row (Achillea millefolium L.) infusions

Similar to the above, studies of the antigenotoxic
and antioxidant potentials of chamomile and yarrow
infusions were performed. The induction factor of
the SOS response after treatment with a concentrated
chamomile infusion on the pColD-/ux biosensor
was 0.81; pRecA-lux — 1.0; at pKatG-/ux — 1.04; on
pSoxS-/ux — 0.89 (table 3).

Table 3 — Induction of luminescence in bacterial lux-biosensors with biologically active substances of infusions and chamomile

phyto-tea

Induction of luminescence* in bacterial ux-biosensors

Experiment variance E.coli MG1655 E. coli MG1655 E. coliMG1655 E. coli MG1655
(pColD-/ux) (pRecA-/ux) (pKatG-/ux) (pSoxS-lux)
Negative control 536.63+128.29 17592.88+3065.23 1474.75+139.94 4623.50+411.71
Positive control 38050.00£9672.50s | 135312.25+13861.39ss | 36943.1347684.84sss | 31103.69:4459.14s=s
Concentrated
e B 435.63496.04= 18484.25:6114.46 1541.75+282.85 4120.69+373.01%
DeEdhaiomie 458.94£9927 18549.75+3879.92 1776.69+814.47 4240.19+382.11
infusion
Chamomile phyto-tea 465.50+97.38 18774.44+4030.50 1708.44+528.81 4322.69+373.48
Positive control +
concentrated chamomile | 35063.44+8622.24sse | 140098.4428259.16%= | 33758.13£6996.07=s | 29787.69+2643.69ssn
infusion
Positive control +
diluted chamomile | 34276.88+12552.51=e= | 144072.56427339.45%= | 40486.44+10667.17== | 32229.758155.00w==
infusion
Bttt 37883.06+9143.91== | 142755.31£6370.88+= | 42711.50£10755.35% | 32000.19£5674.40%
chamomile phyto-tea

Note: * in relative light units (RLU);
» —p <0.05, »= — p <0.01. *» — p <0.001 compared to negative contro;
¢ —<0.001 compared to positive control

During the action of diluted chamomile infusion,
the induction factor of the SOS response on the
pColD-lux, pRecA-lux, pKatG-/ux and pSoxS-/ux
biosensors was respectively 0.86; 1.05; 1.20 and
0.92, after exposion to phyto-tea, respectively, 0.86
and 1.07; 1.16 and 0.93. The induction factor for
the SOS response of the pColD-lux biosensor was
70.91 after treatment with mutagen 4-NQO, while
4-NQO with concentrated chamomile extract make
induction factor 65.34; with a diluted infusion —
63.87, phyto-tea— 70.59. The induction factor of the
pRecA-lux biosensor SOS response when exposed
to 4-NHO was 7.69, while 4-NQO with concentrated
chamomile infusion. it was 7.96; diluted infusion —
8,19, and phyto-tea — 8,11. The induction factor of
the SOS response of the pKatG-/ux biosensor when
exposed to hydrogen peroxide was 25.05, and when
combined with hydrogen peroxide with concentrated

extract of chamomile, it was 22.89; diluted infusion
—27.45, and phyto-tea — 28.96. The induction factor
of the pSoxS-/ux biosensor SOS response when
exposed to paraquat was 6.73, and when combined
with hydrogen peroxide with concentrated extract of
chamomile, 6.44; diluted infusion—6.97, and phyto-
tea—6.92.

The results obtained demonstrate that chamomile
infusion did not show genotoxic, prooxidant and
protective activity in the bioluminescent test (Jux-
biosensors).

Table 4 presents the level of luminescence
induced by separate and joint exposure to yarrow
infusions of genetically modified E. coli strains
(lux-biosensors) with mutagen and oxidants. The
induction factors of the SOS response when the
concentrated infusion of the yarrow affects the
pColD-lux, pRecA-lux, pKatG-lux and pSoxS-
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lux biosensors were respectively 0.82; 0.97; 1.61
and 1.19; after exposure with a diluted infusion
— respectively 0.89; 0.96; 1.62 and 1.17; while
after treatment with phyto-tea, respectively, 0.90;

0.96; 1.62; 1.12. The detected increase in the
luminescence level by yarrow infusions exposure
was not statistically significant compared with the
negative control.

Table 4 — Induction of luminescence in bacterial biologically active substances of infusions and yarrow phyto-tea

Induction of luminescence* in bacterial /ux-biosensors

Experiment variance

E.coliMG1655

E. coli MG1655

E. coli MG1655

E. coli MG1655

diluted yarrow infusion

(pColD-/1x) (pRecA-lux) (pKatG-/ux) (pSoxS-lux)
Negative control 768.88+212.53 19069.50+2018.30 1739.13£290.49 5713.25£1407.37
Positive control 12799.75£1888.96* | 150246.56+9357.84 | 52460.81£16101.92« | 54014.69+24676.21«
C ™
°““;‘;'ﬁalts";gga"°w 631.194217.63 18444.56+2619.89 2802.06+£922.37%0 6793.63+2198.040
Diluted yarrow infusion 681.63£177.90 18234.00+2642.78 2822.69+1257.35%0 6686.94£1374.930
Yarrow phyto-tea 689.25+223 47 18245.442919.91 2674.69+1285.53%0 6430.31+1229.230
Positive control +
concentrated yarrow 12437.0046834.38 | 168456.31435927.55= | 48398.63:11236.80= | 48551.31£16201.76
infusion
TURAVE P 13208.25:1190.94 | 157940.13421450.67+ | 54520.94:13814.64= | 48607.44+18611.62=

Positive control +

yarrow phyto-tea 13823.00+980.31=

162980.69+34748.10=

50745.00+16568.08= 43915.13+16867.71=

Note: * in relative light units (RLU);
* p <0.001 compared to negative control;
0 p <0.001 compared with positive control

The induction factor of the pColD-/ux biosensor
SOS response affected by 4-NQO was 16.65,
which statistically significantly exceeds the level of
negative control. The combined effect of mutagen
4-NQO with a concentrated, diluted infusions and
phyto-tea of yarrow, the induction factors were
respectively 16.18; 17.18 and 17.98. On the pRecA-
lux biosensor, the induction factor of the SOS
response, treated with 4-NQO, was 7.88, which
is also statistically significantly higher than the
negative control level. With the combined effect of
the mutagen 4-NQO with a concentrated infusion
of yarrow, the induction factor of the SOS response
was 8.83; diluted infusion — 8.28, and phyto-tea —
8.55. SOS-response of the pKatG-/ux biosensor to
hydrogen peroxide was 30.16, while in combination
with concentrated infusion of yarrow —27.83; diluted
infusion — 30,20 and phyto-tea — 29,18. During
the exposure to paraquat, the SOS response of the
pSoxS-/ux biosensor was 9.45, while after treatment
with a concentrated infusion of yarrow, it was 8.50;
diluted infusion — 8.51 and herbal tea — 7.69. The
inhibition of the luminescence level induced by
the infusions of yarrow under joint action with the
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mutagen and oxidants was not shown on the used
strains (Table 4).

Discussion

Microbiological tests are short-time demanding
methods for assessing the toxic and mutagenic
potential of various chemical compounds. Currently,
along with the Ames test, bacterial Jux-biosensors
are being widely used. Lux-biosensor is a complex
of sensory bioluminescent strains that respond by
changing the luminescence intensity to toxicants
specific for each strain. The bioluminescent test
has known not only as a test system for evaluating
genotoxicants, but also for evaluating the antioxidant
and antigenotoxic activity of biologically active
substances [16, 17]

Applying the bioluminescent test, we
investigated the genotoxic, oxidative, antigenotoxic
and antioxidant properties of infusions of the
medicinal plants of sage, oregano, chamomile and
yarrow, belonging to the local flora and widely
used in traditional medicine. The genotoxic and
antigenotoxic activity of infusions was determined
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on strains E. coli MG1655 (pColD-/ux) and E. coli
MG1655 (pRecA-lux), and oxidant and antioxidant
on strains E. coli MG 1655 (pSoxS-lux) and E. coli
MG1655 (pKatG-/ux).

ColD-biosensor is used for the primary detection
of genotoxic agents. In the hybrid plasmid pColD,
transcription of the luminescence genes is under the
control of the SOS promoter of the cda gene. The
cda gene obtained from the plasmid pColD-CA23,
which encodes colicine synthesis, necessary for cells
only under stressful conditions, being released into
the external environment as a killer [18]. Biosensors
with PkatG and PsoxS promoters detect the presence
of oxidants, which form hydroperoxide and
superoxide anion radical in the cell. A characteristic
sign of oxidative stress in E. coli is the induction
of antioxidant system genes and an increase in the
~ activity of antioxidant enzymes encoded by these
genes [19]. The katG gene determines catalase
synthesis; its promoter PkatG (protein-activator
OxyR) specifically reacts to hydrogen peroxide
and organic peroxides. The PsoxS promoter (SoxR
activator protein) specifically reacts to superoxide
anion radicals.

Studies demonstrates that the induction factor for
the SOS response of E. coli MG 1655 (pColD-/ux) and
MG1655 (pRecA-/ux) when adding infusions of sage,
oregano, chamomile and yarrow was significantly
lower than the values of this indicator after exposure
to 4-NQO (p <0.001). In this bioluminescent test, no
genotoxic and oxidative activity was detected in the
infusions during the study.

With the combined effect of infusions with
toxicants, no statistically significant decrease in
the SOS response on the pColD-/ux, pRecA-/ux
and pSoxS-lux sensors induced by 4-NQO and
paraquat was observed. However, infusions of
sage when combined with hydrogen peroxide
statistically significantly reduced the SOS responses
on the pKatG-lux sensors (p <0.001). The degree
of inhibition of the damaging effect of the oxidant
depended on the concentration of the infusion. A
strong antioxidant effect in the test system used was
noted with a concentrated infusion of sage, prepared
according to the recipe, and in phyto-tea.

Sage leaves contain essential oils (up to 2%),
including camphor, cineole, D-u-pinene, o- and
B-thujone, D-borneol; tannins, alkaloids, some ac-
ids, sodium, potassium, calcium, vitamins A, C,
E, K, fiber, and flavonoids [8, 12, 20, 21]. Orega-
no grass contains from 0.3 to 1% of essential oil,
which consists of phenols (up to 44%), thymol and
its isomer carvacrol; bi- and tricyclic sesquiterpenes
(12.5%); tannins, ascorbic acid, and flavonoids [8,

11, 22]. Chamomile inflorescences contain essential
oil (0.2 — 0.8%), consisting of the main biologically
active substances — chamazulene, its precursor pro-
hamazulene and other monoterpenes and sesquiter-
penes; flavonoids, derivatives of apigenin, luteolin,
quercetin, kaempferol, isorhamnetin; coumarins,
sesquiterpene lactones: matricin, matricarin, phy-
tosterols, phenolcarboxylic acids, choline, organic
acids (isovaleric, salicylic, caprylic), vitamin C,
carotene, gums, mucus, bitterness, polyacetylenes,
macro- and microelements [8, 9]. The shoot parts of
the yarrow during the flowering period contain fla-
vones, alkaloids, coumarins, aconitic acid, bitter and
tannins, resins, organic acids, inulin, asparagine,
mineral salts, vitamins C and K, phylloquinone, car-
otene, choline. Also in the leaves and inflorescences
of the yarrow contained with an essential oil (up to
0.85%), which consists of monoterpenoids (cineol
(8-10%), camphor, tuyol), sesquiterpenoids — achil-
lin, acetylbalhinolide, karyofillen, azulene, esters,
L -Borneol, B-pinene, L-limonene, thujone, bornyl
acetate [8, 10, 23].

Depending on the type of extraction and the
sensitivity of the method, plant infusions may show
varying degrees of biological activity. Kocak M.C.
et al. found that the methanol, water, and ethyl
acetate extracts of Salvia cadmica in different test
systems demonstrate different antioxidant activity.
The methanol extract showed strong activity on
phosphomolybdenum, in the DPPH and CUPRAC
method, as well as significant activity in inhibiting
L-glucosidase and L-amylase. While the aqueous
extract represented strong activity against the
chelating effect, in the ABTS and FRAP methods.
All extracts did not show activity against AChE,
BChE and tyrosinase. At the same time, a strong
correlation was seen between the total content of
phenolic compounds and the biological activity of
the infusions [20].

The composition of medicinal plants includes
many natural antioxidants of the phenolic class,
which cause their antioxidant, anti-inflammatory,
antimicrobial, antispasmodic and neuroprotective
actions. Phenolic and polyphenolic compounds are
involved in redox reactions and in the neutralization
processes of reactive oxygen species. There is an
evidence of the presence of antimutagenic and
anticarcinogenic activities of polyphenols [24].

Thus, using bioluminescent test, the antioxidant
activity of the concentrated infusion and sage phyto-
tea using the pKatG-/ux biosensor is shown. Taking
into account investigating medicinal plants contain a
lot of BASs, and the test did not reveal antigenotoxic
and antioxidant activity, it can be assumed that the
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preparation of infusions did not extract the right
amount of BAS to detect its activity.

Phyto compounds affect the metabolic processes
and neutralization of foreign substances, including
carcinogens and mutagens. They have the ability

foreign substances, inhibit enzymes, activating
xenobiotics and activate detoxification enzymes
[25]. A comprehensive study of phyto compounds
as potential protectors in the toxic, genotoxic
and mutagenic effects of various environmental

to bind free radicals and reactive metabolites of  pollutants on the body is necessary.

References

A6unes C.K., I'masep B.M. MyTareHes ¢ OCHOBaMHM NeHOTOKCHKONoruu: yueGHoe nocobue. — M.; CTI6.: Hecrop-HMcropns,
2015.-304 c.

Natarajan A., Molnar P, Sieverdes K. et al.. Jamshidi A., Hickman J.J. Microelectrode array recordings of cardiac action poten-
tials as a high throughput method to evaluate pesticide toxicity // Toxicol. in Vitro. — 2006. — Vol. 20, No. 3. — P. 375-381.

Holland N.T., Duramad P., Rothman N. et al. Figgs L.W., Blair A., Hubbard A., Smith M.T. Micronucleus frequency and prolif-
eration in human lymphocytes after exposure to herbicide 2,4-dichlorophenoxyacetic acid in vitro and in vivo / Mutation Research.
Genetic Toxicology and Environmental Mutagenesis. — 2002. — Vol. 521, No. 1-2. —P. 165-178.

I'onuaposa PU.. Kyxup T.JI. MosnekyispHsle OCHOBbI NPHMEHEHHs aHTHMYTAareHOB B KaYeCTBE AHTHKAHLEPOTCHOB /"
Dkonoraveckas renetuka. — 2005. - T. 3, Ne 3.~ C. 19-32.

Jlypre A.JI. Metoanueckue acriekThl WCCNENOBaHMA 1O MOTHQUKALMH XWMUYECKOIO MyTareHesa /| BromnereHs
IKCTICPUMERTATLHOM Gronornn u MeanimHbL. — 2008. — T. 146, Ne 9. - C. 281-287.

Uzun F., Kalender S., Durak D., Demir F., Kalender Y. Malathion-induced testicular toxicity in male rats and the protective ef-
fect of vitamins C and E // Food and Chemical Toxicology. — 2009. — Vol. 47, No. 8. — P. 1903-1908.

Stoczynska K., Powroznik B, Pekala E., Waszkielewicz A.M. Antimutagenic compounds and their possible mechanisms of ac-
tion // J Appl Genetics. —2014. — Vol. 55, No. 2. — P. 273-285.

Ipymunckas J1.M., Temesviuesa H.I', Henwna H.B., Kapxay6ekora JK.JK. AHHOTHPOBaHHBIW CIMCOK JICKApCTBEHHBIX pacTeHui
Ka3axcrana: CripaBousoe w3nanue. — Anmarsl, 2014, — 200 c.

Petronilho S., Maraschin M., Coimbra M.A., Rocha S.M. In vitro and in vivo studies of natural products: A challenge for their
valuation. The case study of chamomile (Matricaria recutita L.) // Industrial Crops and Products —2012. — Vol. 40, No. 1. -P. 1-12.

De Souza P., Gasparotto A., Crestani S., Stefanello MEA., Marques M.C.A., Da Silva-Santos J.E., Kassuya C.A.L. Hypoten-
sive mechanism of the extracts and artemetin isolated from Achillea millefolium L. (Asteraceae) in rats // Phytomedicine — 2011.
—Vol. 18, No. 10. - P. 819-825.

Sarikurkeu C., Zengin G., Oskay M., Uysal S.. Ceylan R.. Aktumsek A. Composition, antioxidant, antimicrobial and enzyme
inhibition activities of two Origanum vulgare subspecies (subsp. vulgare and subsp. hirtum) essential oils // Industrial Crops and
Products. — 2015. — Vol. 70. — P. 178-184.

Tundis R.. lacopetta D., Sinicropi M.S., Bonesi M., Leporini M., Passalacqua N.G., Ceramella J., Menichini F., Loizzo M.R.
Assessment of antioxidant, antitumor and pro-apoptotic effects of Salvia fruticosa Mill. subsp. thomasii (Lacaita) Brullo, Guglielmo,
Pavone & Terrasi (Lamiaceac) / Food and Chemical Toxicology. — 2017. — Vol. 106. — P. 155-164.

Manyxos U.B., Kotosa B.IO., ManboB JL.T., Mnbuues A.B., BenbkoB A.TL., 3apuabrensckuii [.B. MHIyKIHA OKHCIIHTEIBHOTO
crpecca u SOS-oteeta B Gaxrepusax Escherichia Coli pacTHTEbHBIME 2KCTPAKTAMH: pOib ruaponepekuceit H dPeKT CHHEpru3Ma
IIPH COBMECTHOM JICHCTBHH C LicniatuHoii / Mukpotuonorus. —2008. — T. 77, Ne 5. — C. 590-597.

Kortosa B.IO., Manyxos U.B., 3asunsrensckuii I'B. Lux-6uocencopsl ans ACTCKIMA SOS-oTeeTa, TEMIOBOTO ILIOKA H
OKHCIHTETbHOTO cTpecca // Bruotexuonorus. — 2009. - T. 6. — C. 16-25.

Zavilgelsky G.B., Kotova V.Y., Manukhov LV. Action of 1.1-dimethylhydrazine on bacterial cells is determined by hydrogen
peroxide / Mutat Res. — 2007. — Vol. 634. Ne 1-2. —P. 172-176.

Lovinskaya A.V., Kolumbayeva S.Zh., Shalakhmetova TM., Marsova M.V., Abilev S.K. Antigenotoxic activity of biologi-
cally active substances from Inula britannica and Limonium gmelinii / Russian Journal of Genetics. — 2017. — Vol. 53, No. 12. -
P. 1311-1319.

Caupnjiosa JIA., A6unes C.K. VsyucHue aHTHOKCHIQHTHOH aKTMBHOCTH LIMCTEMHA M €TO 2UETHIMPOBAHHOTO aHajora ¢
nomonsio 6akTepramsHoro Lux-tecra // MzpecTus YedeHCKOTO roCyaapcTBEHHOTO YHABEPCUHTETA. — 2018.—T. 12, Ne 4. — C. 32-36.

Manmarnc T, ®pua 3., CoMm6pyk Jhx. MeTojis! reHeTHUeCKoH HinkeHepHH. MONIeKYISIPHOE KIIOHMPOBAHKE. — M.: Mup, 1984.
-479c.

Farr S.B., Kogoma T. Oxidative stress responses in Escherichia coli and Salmonella typhimurium // Microbiol. Rev. — 1991. —
Vol. 55. —P.561-585.

Kocak M.C., Sarikurkcu C., Cengiz M., KocakS.,Uren M.C., Tepe B. Salvia cadmica: Phenolic composition and biological
activity // Industrial Crops and Products. — 2016. — Vol. 85. — P. 204-212

Toplan G.G., Kurkcuoglu M., Goger F., iscan G., Agalar H.G., Mat A., Baser K.H.C., Koyuncu M., Sariyar G. Composition
and biological activities of Salvia veneris Hedge growing in Cyprus // Industrial Crops and Products. — 2017.—Vol. 97. - P. 41-48.

ISSN 1563-034X
eISSN 2617-7358

Eurasian Journal of Ecology. Nel (58). 2019 35




The study of antigenotoxic activity of the medicinal plants infusions of trans-Ili Alatau

Bouyahya A., Dakka N., Talbaoui A., Et-Touys A., El-Boury H., Abrini J., Bakri Y. Correlation between phenological changes,
chemical composition and biological activities of the essential oil from Moroccan endemic Oregano (Origanum compactum Benth)
// Industrial Crops and Products. — 2017. — Vol. 108, No. 1. - P. 729-737

Gharibi S., Tabatabaei B., Saceidi G.. Goli S.. Talebi M. Total phenolic content and antioxidant activity of three Iranian endemic
Achillea species // Industrial Crops and Products. — 2013. — Vol. 50. — P. 154-158.

Macnennmkos [1.B., Uynaxuna I'H., Cxpuinank JLH. Conepkanne (eHONLHBIX COCAMHCHUH B JIEKAPCTBERHBIX PACTCHHAX
Goranmueckoro cana / Mssecrus PAH. Cepus 6uonornyeckas. — 2013, — Ne5. — C. 551-557.

Antyxos O I1. Tenetuaeckue npoueccs 8 nomyssmsx. — M.: UKL «AkanemkHnray, 2003.—431 c.

References

Abilev S.K.. Glazer VM. (2015) Mutagenez s osnovami genotoksikologii [Mutagenesis with the basics of genotoxicology].
Moscow; Saint-Petersburg: Nestor-Istoriya, pp 1- 304 pp. (In Russian)

Altukhov Yu.P. (2003) Geneticheskie protsessy v populyatsiyakh [Genetic processes in populations]. —Moscow: IKTs «Akadem-
kniga», pp 1-431 (In Russian).

Bouyahya A., Dakka N., Talbaoui A., Et-Touys A., El-Boury H., Abrini J., Bakri Y. (2017) Correlation between phenological
changes, chemical composition and biological activities of the essential oil from Moroccan endemic Oregano (Origanum compactum
Benth). Industrial Crops and Products, vol. 108, no. 1, pp. 729-737.

Durnev A.V. (2008) Metodologicheskie aspekty issledovaniy po modifikatsii khimicheskogo mutageneza [Methodological as-
pects of studies of chemical mutagenesis modification]. Byulleten” eksperimental’noy biologii i meditsiny, vol. 9, pp. 281-287 (In
Russian).

Farr S.B., Kogoma T. (1991) Oxidative stress responses in Escherichia coli and Salmonella typhimurium. Microbiol. Rev,
vol. 55, pp. 561-585.

Gharibi S., Tabatabaei B., Saeidi G., Goli S., Talebi M. (2013) Total phenolic content and antioxidant activity of three Iranian
endemic Achillea species. Industrial Crops and Products, vol. 50, pp. 154-158.

Goncharova R.I.. Kuzhir T.D. (2005) Molekulyarnye osnovy primeneniya antimutagenov v kachestve antikantserogenov [Mo-
lecular basis of the use of antimutagens as anticarcinogens]. Ekologicheskaya genetika, vol. 3, no 3, pp. 19-32 (In Russian).

Grudzinskaya L.M., Gemedzhieva N.G., Nelina N.V., Karzhaubekova Zh.Zh. (2014) Annotirovannyi spisok lekarstvennykh
rastenii Kazakhstana [Annotated list of medicinal plants of Kazakhstan]. Almaty. 1-200 pp. (In Russian)

Holland N.T.,, Duramad P., Rothman N. et al. Figgs L.W., Blair A., Hubbard A., Smith M.T. (2002) Micronucleus frequency
and proliferation in human lymphocytes after exposure to herbicide 2,4-dichlorophenoxyacetic acid in vitro and in vivo. Mutation
Research. Genetic Toxicology and Environmental Mutagenesis, vol. 521, no. 1-2, pp. 165-178.

Kocak M.C., Sarikurkcu C., Cengiz M., Kocak$., Uren M.C., Tepe B. (2016) Salvia cadmica: Phenolic composition and bio-
logical activity. Industrial Crops and Products, vol. 85. pp. 204-212.

Kotova V.Yu.. Manukhov LV., Zavil’gel’skii G.B. (2009) Lux-biosensory dlya detektsii SOS-otveta, teplovogo shoka i
okislitel'nogo stressa [Lux-Biosensors for Detection of SOS-Response, Heat Shock and Oxidative Stress]. Biotekhnologiya, vol. 6,
pp- 16-25 (In Russian).

Lovinskaya A.V., Kolumbayeva S.Zh., Shalakhmetova T.M., Marsova M.V., Abilev S.K. (2017) Antigenotoxic activity of
biologically active substances from Inula britannica and Limonium gmelinii. Russian Journal of Genetics, vol. 53, no. 12, pp. 1311-
1319.

Maniatis T.. Frich E., Sembruk Dzh. (1984) Metody geneticheskoi inzhenerii. Molekulyarnoe klonirovanie [Methods of genetic
engineering. Molecular cloning]. Moscow: Mir, pp. 1-479 (In Russian).

Manukhov 1.V.. Kotova V.Yu., Mal'dov D.G., I’ichev A.V.. Bel'kov A P., Zavil gel skii G.B. (2008) Induktsiya okislitel'nogo
stressa i SOS-otveta v bakteriyakh Escherichia Coli rastitel'nymi ekstraktami: rol® gidroperekisei i effekt sinergizma pri sovmest-
nom deistvii s tsisplatinoi [Induction of oxidative stress and SOS response in Escherichia coli by vegetable extracts: The role of
hydroperoxides and the synergistic effect of simultaneous treatment with cisplatinum]. Mikrobiologiya, vol. 77, no 5, pp. 590-597
(In Russian)

Maslennikov P.V., Chupakhina G.N., Skrypnik L.N. (2013) Soderzhanie fenol’nykh soedinenii v lekarstvennykh rasteniyakh
botanicheskogo sada [Content of phenolic compounds in medicinal plants of a botanical garden]. Izvestiya RAN. Seriya biologiches-
kaya, no 5, pp. 551-557 (In Russian)

Natarajan A., Molnar P., Sieverdes K. et al.. Jamshidi A., Hickman J.J. (2009) Microelectrode array recordings of cardiac action
potentials as a high throughput method to evaluate pesticide toxicity. Toxicol. in Vitro, vol. 20, no. 3, pp. 375-381.

Petronilho S., Maraschin M., Coimbra M.A., Rocha S.M. (2012) In vitro and in vivo studies of natural products: A challenge
for their valuation. The case study of chamomile (Matricaria recutita L.). Industrial Crops and Products, vol. 40, no. 1, pp. 1-12.

Sarikurkcu C., Zengin G., Oskay M., Uysal S., Ceylan R., Aktumsek A. (2015) Composition, antioxidant, antimicrobial and
enzyme inhibition activities of two Origanum vulgare subspecies (subsp. vulgare and subsp. hirtum) essential oils. Industrial Crops
and Products, vol. 70, pp. 178—184.

Stoczynska K.. Powroznik B., Pgkala E., Waszkielewicz A.M. (2014) Antimutagenic compounds and their possible mecha-
nisms of action. J Appl Genetics, vol. 55, no. 2, pp. 273-285.

36 Xabapum. Dkoorus cepusicel. Nel (58). 2019




Lovinskaya A.V. et al.

De Souza P., Gasparotto A., Crestani S.. Stefanello M.E.A.. Marques M.C.A., Da Silva-Santos J.E., Kassuya C.A.L. (2011)
Hypotensive mechanism of the extracts and artemetin isolated from Achillea millefolium L. (Asteraceae) in rats. Phytomedicine,
vol. 18, no. 10, pp. 819-825.

Sviridova D.A., Abilev S.K. (2018) Izuchenie antioksidantnoi aktivnosti tsisteina i ego atsetilirovannogo analoga s pomoshch’yu
bakterial'nogo Lux-testa [Study of the antioxidant activity of cysteine and its acetylated analog using bacterial Lux-test]. Izvestiya
Chechenskogo gosudarstvennogo universiteta, vol. 12, no 4, pp. 32-36 (In Russian).

Toplan G.G., Kurkcuoghu M., Goger F., [scan G., Agalar H.G., Mat A., Baser K.H.C., Koyuncu M., Sariyar G. (2017) Compo-
sition and biological activities of Salvia veneris Hedge growing in Cyprus. Industrial Crops and Products. vol. 97. pp. 41-48.

Tundis R.. lacopetta D., Sinicropi M.S.. Bonesi M., Leporini M., Passalacqua N.G., Ceramella J., Menichini F., Loizzo M.R.
(2017) Assessment of antioxidant, antitumor and pro-apoptotic effects of Salvia fruticosa Mill. subsp. thomasii (Lacaita) Brullo,
Guglielmo, Pavone & Terrasi (Lamiaceae). Food and Chemical Toxicology, vol. 106. pp. 155-164.

Uzun F., Kalender S., Durak D., Demir F., Kalender Y. (2009) Malathion-induced testicular toxicity in male rats and the protec-
tive effect of vitamins C and E. Food and Chemical Toxicology. vol. 47, no. 8, pp. 1903-1908.

Zavilgelsky G.B., Kotova V.Y., Manukhov L.V. (2007) Action of 1,1-dimethylhydrazine on bacterial cells is determined by
hydrogen peroxide. Mutat Res, vol. 634, no 1-2, pp. 172-176.

ISSN 1563-034X Eurasian Journal of Ecology. Nel (58). 2019 37
eISSN 2617-7358




CONTENTS

Section 1
Environmental impact of
anthropogenic factors and
environmental protectiony

Mashzhan A.S., Nils-Kére B., Kistaubaeva A.S., Talipova A.B., Batykova Zh.K., Mussabekov Zh.T., Baubekova A.S., Hovik P

Isolation and Characterization of Thermophilic Bacteria from Zharkent geothermal hot spring

Ramazanova N.E., Toxanbayeva S.T., Inkarova Zh.I., Saspugayeva G.Y.

Modern state of soil cover Burlin district of West Kazakhstan region

Section 2
Assessment of environmental
pollution on biota and health

Lovinskaya A.V,, Bekmagambetova N.T., Adybayeva A.T, Mukhambetiyar K.T., Kolumbayeva S.Zh., Abilev S.K.
The study of antigenotoxic activity of the medicinal plants infusions of trans-Ili Alatau

Pavlichenko L.M., Rvsmagambetova A.A., Rodrigo llarri J.
The ecological capacity assessment of the Ilek River with boron pollution

Sagymbay A.B., Nusupbaeva G.E., Tleumbetova N.Zh., Mutalieva A.S., Nurpeisova A.S.. Jussupova D.B., Digel 1.

Molecular genetics features of the epidemic season 2017-2018 on the influenza in Kazakhstan

Sarkulova J.S., Kozybaeva FE.

Content of heavy metals in plants growing on the territory of influence of emissions of the Reider zinc factory....ccoevennne

Tuleukhanov S.T., Abdrasulova Zh.T., Tusupbekova G.A., Mautenbaev A.A., Yernazarova K.B., Turmetova G.Zh.
Change in amplitude of slow depolarization of GABA (A) - and glutamate receptor

Section 3
Actual problems of
biodiversity conservation

Baktybayeva L.K., Namaz E.R., Kalzhan K.M., Berlin Kennet Darrell, Umbetiyarova L.B.

Pharmacological properties of endemic plants growing in the steppes of Kazakhstan

Inelova Z., Nesterova S., Yerubaeva G., Zaparina Ye., Aitzhan M.
Ecological analysis of plants in Almaty region (Enbekshikazakh and Talgar districts)

Sadyrova G.A.
Analysis of biodiversity of vascular plants of the Baum grove of Almaty

Izbastina K.S., Kurmanbayeva M.S., Moldakaryzova A.Zh., Bazargaliyeva A.A.. Kakisheva G. T., Tarakova K.A.

Ontogenetic condition and age structure of Anthemis trotzkiana claus coenopopulationin the conditions of Aktobe region

ISSN 1563-034X Eurasian Journal of Ecology. Nel (58). 2019
eISSN 2617-7358

4

26

38

50

61

74

86

94

102

125




