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AnHomauyusi. CoanacHo npesanupyrowemy MHeHuto, hmanamasl CHUMaromes UCKIYUMmMebHO KceHobuomu-
Kamu-rorniomaHmamu, a WupoKoe pacrnpocmpaHeHue Ux 8 okpyxarowel cpede — criedcmeaue obriea4yeHHoU
Oughbgby3uu amux coeQuHeHUU U3 rnracmmaccosbix u3denud. B akcriepumeHmax ro enusiHuK CUHMEemMUu4YecKux
ghmarnamos Ha Xueble Op2aHU3Mbl 8bISIBIIEHO UX KpalHe HezamuegHoe delicmaue Ha Memabonu3m XUSOMHbIX
u yenoeseka. MexaHusm delicmeusi amux coeduHeHuUl nuaaHO-peuenmopHbIl. @manambl OMHECEHbI K Kame-
20puu 3HOOKPUHHbIX duspanmopos, Hapsidy ¢ OUOKCUHaMU, rnouxaopuposaHHbiMu bugeHunamu u rp. OOHaKko
K HacmosiwemMy MOMeHMy HaKorieHb! ghakmabl, OKa3bi8aoWue ecmecmeeHHOe npoucxoxoeHue hmarnamos.
B kynsmype sodopocrniet 6bin rpoussedeH buocuHmMe3 chmariamos de novo U3 MeYeHbIX MpPedlecmeeHHUKOS.
®marnambl 6binu 06Hapy>XeHb! 8 3aKpPbIMbIX 3KCEPUMEHMarbHbIX cucmemax — Kyrbmypax KemokK 8bICUUX
pacmeHul. ®manamsi 6biiu 8bi0enieHbl U3 psida eudos bakmepul, 2pubos, HUIWUX U 8bICLIUX pacmeHul,
Haxodsauwuxcsi edasiu om UCMOYHUKO8 MEXHO2eHHO20 3azpsisHeHUs1. KoHuenuusi buozeHe3a ¢pmarnamos rped-
ronazaem Hanu4due yHKUUU amux coeduHeHul 8 xuebix cucmemax. OHu obradarom 6akmepuyuOHbIM U ¢hyH-
auyuoHbIM delicmeueM U 8x005iImM 8 cOCMaes arienionamu4yecKux akccydamos, nodassisis POCM KOHKYPUPYULUX
sudoe pacmeHul. ®marnambi OeMOHCMpPUPYOM UHCEeKMUUUOHbIe U pernesneHmHble ceolicmea. [Npocnexusa-
emcs aHarnoausi 8 delicmeuu ¢hmanamos U 3HOOKPUHHbIX Ou3parnmopos Opy20ol XuMu4eckol Kameaopuu —
¢huMOaCMpPoO2eHO8, HanpasIeHHbIX Ha Peaysayuro YUCIIEHHOCMU MOoMysayuu mpagosiOHbIX MIIEKOMUMAWUX.
Bbidsueaemcsi curiome3a 0 buonoauveckol posiu 3HO02EHHbIX hmarnamos pacmeHul Kak coeOUHEeHUU 8mo-
puUYHO20 Memabornuama MPeuMyLweCmeeHHO ¢ 3auumHol hyHKyUeU, ydacmeyrouux 8 cemu Mexeudosbix
g3aumodelicmauli Mex0y pacmeHUsIMU, XUBOMHbIMU, 2pubamu U MukpoopeaHudMmamu. Credyem ommemume,
4mo CUHMemu4ecKue U 9HOO2eHHbIe chmariambl UMEM CyUEeCMBeHHbIE CMEPEeOXUMUYECKUE PasfuYusi, Ymo
MOXem 518115iMbCS MPUYUHOU pa3HoHarpasieHHoOCmMuU ux 8030elicmeusi Ha Xuseble opaaHU3MbI.

Knrodeenie cnoea: aH002eHHbIe hmariambl, hUmoacmpo2eHbl, IHOOKPUHHbIE Au3parnmopsl, uzaHd-peuen-
mopHoe 83aumodelicmaue, Mexeudo8bie 83aUMOOMHOLWEHUS
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Abstract. It is widely believed that phthalates are xenobiotic pollutants whose prevalence in the environment is
associated with their facilitated diffusion from plastic materials. Studies into the effect of synthetic phthalates on living
organisms revealed their extremely negative action on the metabolism of animals and humans. The acting mechanism
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of these compounds is realised through a ligand-receptor pathway. Along with dioxins, polychlorinated biphenyls and
similar compounds, phthalates are classified as endocrine disrupters. However, at present, sufficient evidence has
been accumulated confirming the natural origin of phthalates. Thus, phthalates were de novo biosynthesised from
labelled precursors in an algae culture. These compounds were detected in closed experimental systems, including
cell cultures of highest plants, as well as those isolated from a number of bacterial, fungi, lowest and highest plant
forms located far from the sources of technogenic pollution. The concept of phthalate biogenesis assumes the action
of these compounds on living systems. Phthalates exhibit bactericidal and fungicidal action and compose allelopathic
exudates, suppressing the growth of competing plant forms. Phthalates possess insecticidal and repellent properties.
An analogy can be traced between the action of phthalates and endocrine disrupters of another chemical category,
namely phytoestrogens, which regulate herbivorous mammal populations. A hypothesis is proposed about the
biological role of endogenous plant phthalates representing secondary metabolic compounds. Exhibiting predominantly
a shielding function, these compounds participate in the network of interactions between plants, animals, fungi
and microorganisms. It should be noted that synthetic and endogenous phthalates are characterised by essential
stereochemical differences, which can explain their different action on living organisms.

Keywords: endogenous phthalates, phytoestrogens, endocrine disrupters, ligand-receptor interaction,
interspecific relations
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BBEOEHUE

dTanaTbl (CNoxHble adupbl 0-pTaneBon KUCMo-
Thbl) OBHapPY>XMBaKOTCS B OKPYKaloLLEen cpeae npakTum-
YeCcKM MOBCEMECTHO: B CTOMHbIX BoAax, Nnoyse, BO3-
ayxe, npogyktax nutaHusa [1-6]. Ha cerogHAwHUR
OeHb MMeIoTCA ABe KOHLEenuun, paccMmaTtpusaroime
nosisneHne dotanatoB B OKpyXawllen cpege U ux
BMNMUsIHWE Ha XMBble opraHM3mMbl. CornacHo nepsowu,
dranatbl HaMbonee M3BECTHbI Kak MPOAYKTbl XUMU-
YeCKOW MPOMBILLIIEHHOCTUN, MPUMEHSIEMbIE B Kaye-
CTBE MNacTUgMKaToOpoB MpU NpOM3BOACTBE NnacT-
macc. dTanaTtbl He CBA3aHbl XUMUYECKN C MONIMMEp-
HOW MaTpuuen, MO3TOMY FEerko BbICBOOOXAATCS
B OKpyXatowyto cpegy. dranatbl pacueHuBarTCS
WCKIIOYNTENBHO Kak KCEHOOMOTMKM, nMonajawlime B
OKpY)XaloLLyto cpedy BCreacTBME UHTEHCUBHOIO 3a-
rPsI3HEHUS OTXO0A4aMM NMPOMBbILLIIEHHBIX MPOU3BOACTB,
a Takke gecopbumm ns ouiToBoro nnactmka. CuHTe-
Tnyeckme otanaTbl He NPOABNAT OCTPOWN TOKCUYHO-
cTu [7], Gnarogaps Yemy CTano BO3MOXHbLIM JONyLLe-
HWe X NCMOMb30BaHUSA NPU NPON3BOACTBE NULLIEBOrO
1 BblTOBOrO NNacTuka. Tem He MeHee OHW obnagatoT
Bronormyeckon akTMBHOCTLIO, HapsAy C OUOKCUMHa-
MW, NOMMXMNOPMPOBaHHLIMU BudeHunamm, nonubpo-
MUOHBIMWU  AUEHUNOBBIMKU  3hUpamu, akpunamm-
namu, bucdeHonom A, OAT n ero metabonutamm
BHECEHbI B KaTeropmio 3HOOKPUHHBLIX AN3PanTopoB —
XUMUYECKUX COEQUHEHUI, CMOCOBHbLIX HapyLlaTb Me-
XaHU3Mbl PErynsiLun XXMUBbIX OPraHN3MOB Ha YPOBHE
ropMoHarbHbIX KNeTovHbIX peuentopos [8]. MMpose-
OEeHHble UCcneqoBaHUs CBUAETENLCTBYOT O KpanHe
HeraTMBHOM BO34ENCTBUM CUHTETMYECKMX (DTanaToB
Ha OpraHM3Mm >XUBOTHbIX, B TOM Y/CEe YENOoBEYECKMN
[9, 10]. Mo pokoBomy coBnageHuto ptanatbl MMe-
I0T BOCTpPeDOBaHHbIE TEXHONOrM4eckne CBOWCTBA,
M X MUPOBOE MPOU3BOACTBO AOCTUraeT OKomro 5
MITH TOHH exerogHo. CornacHo BTOPOW KOHLENUMK,
gTanartbl B TOM 4ucne ABMASTCA nNpogykrammn 6uo-
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CMHTE3a M LUMPOKO PacrnpoCTpaHeHbl cpean XMBbIX
opraHmamoB. Llenb gaHHon paboTtbl — obcyxaeHune
PYHKLMOHaNbHOW pOnM SHOOMEHHbIX dhTanaTtoB Kak
BEPOSITHOIO PEerynatopa MEXBWAOBbLIX B3auMOAeWn-
cTBUI B BroueHose.

OQHAOONEHHbLIE ®TANATDI

K HacTodleMy BpPEMEHW HAKOMIIEHO Hemarno
cBefeHui 06 obHapyXeHM AHAOreHHbIX PTanaTos.
YNOMUHaHUSA O HUX MPUCYTCTBYIOT B HAYYHON NuTe-
paType Hayana npoLnoro Beka, T. €. 4O aKTUBHO-
ro pasBuMTMS XMMWYECKOW MpomblwneHHocTn [11].
OHporeHHble bTanatel 0BbHapyxeHbl y 6baktepui, B
rpubax, HU3WKX N BbICLUMX pacTeHusx. B 1981 r.
W. B. EropoB n coaBTopbl coobwmnu o6 obHapy-
XeHun dranatoB cpean MeTabonuToB JUCTHEB
nwenuuybl [12]. 3TuM coeduHeHnsa obHapyxe-
Hbl B KpacHblX [13] M NpecHOBOAHLIX BOLOPOC-
nax, umaHobaktepusx [14], B rpubax Penicillium
bilaii [15], Aspergillus awamori [16], Aspergillus
fumigatus [17], a Takke B pacTeHuUsX pasnuy-
HbIX CEMEMNCTB BbICLLUMX TaKCOHOB: Onb3aaBenu
n ap. coobuiatoT, 4To cybTponunyeckoe pacrteHue
Rumex janonicus Houtt. npoayunpyet anatundra-
nat [18]; B aKCTpakTax NekapCTBEHHOIO pacTeHus
Nepeta kurramensis 6binn nMOeHTUPULMPOBAHbDI
ounc(2-atunkosun)gpTanar n ouc(E)-2-(rmgpokcume-
TUN)HOHaAek-3-eHun)dpranat [19]; B SKCTpakTe nu-
ctbeB Cajanus cajan — gnbytundtanar (Ob®P) [20].
MpumeyaTenbHO, YTO B pacTeHUAX cogepXkaHue
pTanatoB MMeeT KaydeCTBEHHble U KONUYECTBEH-
Hble pas3nuyus, B 3aBUCMMOCTU OT UX floKanuMsauum
B pasfu4YHbIX opraHax pacteHusa [21]. dTanatbl
OblniM OOHapyxeHbl Yy psida BUAOB pacTeHUn, B3s-
TbIX M3 eCTeCTBEHHOW cpeabl obuTaHua in situ.
PacTteHus Obiniv pasHbiX TAKCOHOMUYECKMX rpynn,
pasHbIX 3KOMOrMYECKMX crneumnanmsauyuim n npoms-
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pactanu B pasHbix permoHax Poccun, yaaneHHbIx
OT NPOMBILLUITEHHbIX LIEHTPOB [22].

®dTtanatel ObiNM Takke BbIsBNEHbl Yy HakTtepuum
Streptomyces nasri [23]. Y Streptomyces wtamma
KX852460 6bin BbligeneH U MAEHTUOULNPOBAH 3H-
goreHHbin Ob®, obnagawowmn QyHrMUMAHON aK-
TMBHOCTbKO B OTHOLIEHUWN BO3GyauTENnsa NATHUCTO-
CTW NNcTbeB Tabaka Rhizoctonia solani [24]. OB®
n gn(2-atunrekcun)dptanat (43 P) BxogaT B uncno
OMOaKTUBHbIX COEAWHEHUN, BbIOAENEHHbIX U3 MOp-
cknx Pseudomonas sp. [25]. CoobLiaeTcs 06 obHa-
pyxeHun OBb® n O3r® y Clavibacter michiganensis
ssp. sepedonicus, Pectobacterium carotovorum ssp.
carotovorum, Rhizobium rhizogenes, Rhizobium
radiobacter n Escherichia coli [26]. Helicobacter
pylori BblgensaoT AnaTundTanaT B kavecTBe dak-
Topa xemoTakcuca [27]. Bmecte ¢ Tem (ptanaTbl B
BakTepuanbHoOW KreTke MoryT ObiTb pesyrnsratoM
He TONbKO BUOCMHTE3a, HO U HAKOMIEHUS MPOMEXY-
TOYHBIX NPOAYKTOB LUMPOKO M3BECTHOro branartHo-
ro nyTv gerpagauumn nonmumKIMyYecknx apomartmye-
CKMX yrnesogopoaos [28].

OcHOBHOe BO3pa)keHWe MNpPOTUB KOHLENUUN
€CTECTBEHHOIo NMPOUNCXOXAEHNS dTanaTtoB 3aknio-
YyaeTcs B YTBEPXOEHUWU, YTO 3HAOTEHHbIMU MOTYT
ObITb OWIMOOYHO pacueHeHbl Tanartbl, KaKUM-nn-
60 obpasom nonaswne B uccriegyemoini obpasel
n3eHe [29]. OgHako dptanaTbl 0OHapyXuBarTCs B
3aKpbITbIX 3KCMEPUMEHTaNbHbIX CUCTEMAX C KOH-
TPONMMPYEMbIMUK YCNIOBUSIMM pOCTa — B pacTeHu-
AX W KynbTypax KMneTok, BblpalimMBaemblX in Vitro.
ABTOpbI NoAYeEPKMBAIOT, YTO 0coboe BHMMaHuE B
3TUX 3KCMEPUMEHTaxX OTBOAUNOCHL NPOBEPKE peak-
TMBOB 1 06opyaoBaHus Ha npeaMeT apTedakTHOro
cogepxaHua gptanartoB [30]. CambimM 04eBUOHBLIM
cnocoboM paspelinTb Bce pro et contra SsBUNocCb
Obl ocyuwlecTBrneHne 6OuocuHTe3a ranatoB de
novo N3 MeuveHblX npeaLlecTBEHHUKOB, U Takoe
nccrnegosaHue 6bino npoBeaeHo. JlabopaTopHbie
KynbTypbl MPEeCHOBOAHbLIX BOAOPOCMEN M LMaHO-
BGakTepun KynsTMBUMPOBANu, UCMNOMb3ys B Ka4ecTBe
€0MHCTBEHHOIo UCTOYHMKA yrnepoaa ctabunbHbln
nsoton *C B coctase NaH™CO,, BknioyeHune Ko-
TOpOro mn 6bINIO 3aperncTpupoBaHO BO hTanarax,
BblAENEHHbIX U3 NepPeYnCreHHbIX opraHn3amoB [14].
Taknm obpasom, GbInn NonyveHbl NpsMble AoKa3a-
TenbCTBa NPUHUMNNANbHON BO3MOXHOCTU BUOCKH-
Tesa dranatoB. CpaBHUTENbHLIN aHanM3 cogep-
XaHusa TanaToB B KreTkax pacTUTenbHoOn Guo-
Tbl MOKa3blBAET, YTO UX KOMUYECTBO 3HAYUTEIBbHO
npesbllWaeT CymMMapHoe Npou3BoacTBO (bTanaTtoB
MWUPOBOWN XMMMUYECKOWN MPOMbILLNEHHOCTbLIO [31], n
3TO 03HA4aeT, YTO 3HaUYUTENbHas YacTb OBHapyXu-
BaeMbIX COEOUHEHUN, CKOpee BCEro, UMEEeT ecTe-
CTBEHHOE NMPOUCXOXAEHNE.

BUOJNIOM'MYECKOE OENCTBUE

QHOOTNEHHbIX ®TAINNATOB

KoHuenuus 6uoreHesa htanatos Npearnonaraet nx
DYHKUMOHaMbHY0 3Ha4MMocCTb. Pag asTtopos [15, 32]
6e30roBOPO4HO MNO3ULIMOHUPYET dhTanaTbl Kak BTOPUY-
Hbll MeTabonuT pacTeHun. N3BecTHO, YTO MMEHHO
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BTOpPWYHbIE MeTabonMTbl 06ecneynBaloT MEeXBUAOBOE
B3aumopgencTee B buoLeHose (3awmuta oT opraHu3-
MOB OpYrMX BUAOOB UMK, HANpoOTUB, UX MPUBMEYEHNE
[33, 34]). OencrtButenbHo, dTanaTel obrnagatT aHTu-
MUKPOBHbLIMM CBOWCTBaMW, OTMYrMBaKOT HACEKOMbIX
N BO3OENCTBYIOT Ha MeTabonM3aM MITEKOMUTAIOLLUX.
B akcTpakTax Bypbix Bogopocnen Sargassum wightii
ObIn ngeHTMdMUMpoBaH agnoktTundranar ¢ aHTnbak-
TepuanbHOM akTMBHOCTLIO [35]. B psge paboT BbisiB-
fieHa aHTMMUKpPOOHasi aKTMBHOCTb (pTanaTtoB Mo OT-
HOLLIEHUIO K FPaMMoNnoXMTENbHBIM U FpamoTpuLaTenb-
HbIM natoreHam YenoBeka [36]. AHTnbakTepuanbHble
cBoucTBa hranatbl NPOSBASIOT B NOAABMNEHNM pocTa
CMMOUOHTOB pacTeHun Rhizobium leguminosarum
bv. viceae [37]. A3T® n OB® nogaensanm poct 1 6uo-
nneHkoobpasoBaHne dutonatoreHoB Clavibacter
michiganensis ssp. sepedonicus n Pectobacterium
carotovorum ssp. carotovorum [38]. O3I® cHwxaeT
ypoBeHb MeTabonmama noYBeHHbIX GakTepuii, a Tak-
e MHoroobpasve BMAOB M MX COOTHOLLEHME B NOYBE
[39, 40].

B cBolo o4yepenb, MUKPOOPraHn3Mbl MOTYT yCrneLu-
HO pasnaratb Tanatbl A0 HWU3KOMOMNEKYNSAPHbLIX
uHTepmeamatoB. K umcny Takux OTHOcSATCA OGakTe-
pun pogoB Sphingomonas sp., Comamonas sp.,
Pseudomonas sp., as Arthrobacter sp. n Rhodococcus
sp., a Takke Gordonia [41], Thauera sp., Xanthobacter
sp. u Agrobacterium sp. [42], Azoarcus sp. [43],
Ochrobactrum anthropic [44], Acinetobacter sp. [45].
W3 Acinetobacter sp. 6bin BbigeneH reH gubytundgra-
nart rugponasbl [40], ns Gordonia — reH 3,4-phthalate
dioxygenase [46]. P. [Ix. Pant n coaBTOpbl 0O6HapyXu-
nn y Mycobacterium sp. reHbl pranatgnokcureHasbl n
aurpokcndptanataekapbokemnasbl [47]. CoobLuaetcs
0 cnocobHoctu rpubos poda Fusarium perpagupo-
BaTb Ol ® [48].

Kak okasanocb, oranartbl okasblBalOT CUCTEMHOE
BO3[ENCTBUE HA OpPraHn3M pacTeHWI Kak Ha3eMHbIX,
Tak 1 BoaHbIX oopm [49]. BnusHme pacteHuin Ha KOH-
Kypupylowme Buabl, HasblBaeMoe annenonarude-
CKUM, HamnpaBrieHO Ha nodaBfieHne KIeTOYHOro Ae-
neHnsa n pepmMeHTaTUBHOM aKTUBHOCTU, HapyLueHne
CVHTE3a 9HOOrEHHbIX (PUTOFOPMOHOB N MUIMEHTOB,
yrHeTeHne (oToCUHTE3A U OblXaHWs, UHTMOMpPOBaHue
CUHTE3a 6enkoB M HYKIMENHOBLIX KUCMNOT, HapyLleHne
BOAHOro 6anaHca n MUHepPanbHOro MMTaHUS 1 B UTore
Ha nogaerieHne nNpopacTaHns CEeMsiH U pocTa pacTe-
HUR [50]. BOMbLUIMHCTBO N3 NEPEYMCIEHHOro NpUCyLLEe
aencteuto dranatoB Ha pacteHus. T. . CioaHb u
Ap. pacueHunBaloT ptanatbl U NponsBoaHble dTane-
BOM KUCNOTbI Kak PUTOTOKCUMYHBbIE coeauHeHus [18].
N3BecTHO, 4TO (pTamatbl y pacTeHWn WHIMOMpYoT
aenctsue Tonounsomepas | u 1l [51], a Takke nogaens-
0T cuHTE3 mHZonunykcycHon kucnotel (MYK) n rmb-
OepennmHoB [52], 4YTO 3aKOHOMEPHO OTpaXkaeTcsl Ha
CHWXEHUM MUTOTUYECKOro nHaekca [53, 54], a Takke
B 3aMefieHMM npopacTaHus CemsiH, pocTa KOpHeW,
ctebnen n HakonneHms uomaccsl [55]. PTanaTbl 3Ha-
YNTEMBHO CHWKAKT copepXaHune xropodwnna a u b
[55]; MHOYUMPYIOT OKUCNUTENBHLIA CTPECC B KreTkax
pacTteHun, npuBoaawmin k HakonneHuto A®K un no-
BpEeXAEeHN0 MemMbpaH XnoponnacToB U MUTOXOHOPWN,
HaKOMMEHNIO MarnoHOBOro anbgernga U MHTOKCUKa-
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uunm knetok [56, 57]. ABP — aHTUMeTabonmT NponuHa,
Ba)KHOTO KOMMOHEHTa KINETOYHOW 3alUuTbl pacTeHui
npu ctpecce [58]. OB® nHrMbupyet aencTene a-ro-
Ko3uaasbl U1 MaHHo3uMaas [59]. EXXOBHMK OObLIKHOBEH-
Hbl (Echinochloa crusgalli) — wmMpoko pacnpocTtpa-
HEHHBIN COPHSIK, KOTOPbIA MPUHOCUT CYLLECTBEHHbIN
YPOH noceBam puca, B COCTaBe ero KOpHeBOro 3KCCy-
narta obHapyxeH anatundptanar [18]. Abd BxoguT B
COCTaB NUCTOBbIX 3KCCYOaToB 3BKanNunTa, u3BeCTHOro
cBouM annenonarunyeckum gencremem [60]. ObP npu-
CYTCTBYET Cpeau annenocoeauvHeHun, BblOeNeHHbIX
n3 pacteHun Pogostemon cablin n pusocdepHon no-
yBbl [61].

CuHTE3 pacTeHMs MU COELUHEHUN, TOKCUYHbIX
ONa  pacTUTENbHOAOHbLIX KMBOTHbIX, OYEBWUOHO
npegHasHayeH [ns NpefoTBpalleHuns M30biTou-
HOMO MNOBPEXAEHUS W CHWXEHUS YUCIIEHHOCTU
pactutenbHon nonynauuun. dtanatbl AEMOHCTPU-
PYHOT MHCEKTULUMOHbIE WU pEnenneHTHbIe CBOWCTBA.
CuHTeTUYECKMI anmeTundTanar — camblii NepBbIN
MPOMBILLFIEHHBIN  PENenmeHT NpPOTUB KPOBOCOCY-
LUMX HacekoMbIX, Obin BnepBble NpuMeHeH B 1929 r.
N MCMOMNb30Barics odeHb Aonro [62]. B BbITsSXKe 13
Angelica sinensis (Umbelliferae), pacteHunsa ¢ Bblpa-
XEHHbIMW penensyieHTHbIMM CBOMCTBaMn MpPOTUB
MOCKWTOB, BbInNn 0BHapyxeHbl ANn3ooKTundgTanar
n MoHo(2-atunrekcun)dranat [63]. KynbTypbl 9H-
TomonaToreHHoro rpuba Beauveria bassiana wuc-
nonb3oBanuMcb Ana MOPaXeHWs KamnyCTHOW MOonu
Plutella xylostella. B nornbwux nuunHkax ©Obino
obHapyXeHO MakcumanbHOe KONMMYecTBO AUU30-
okTundTanara. B 300poBbIX NMYMHKaxX dTanaTthbl
otcytcTBoBanu [64]. H. O. Wenkep n ap. [65] 3a-
dukcmpoBanu npucytctene A3Md B atunaueraTHom
dpakummM BTOPUYHBLIX METaboNMUTOB APYroro 3HTOMO-
natoreHHoro rpuba Cladosporium cladosporioides,
YCMELLHO YHMUYTOXatOLLEro B3pocCsble 0CObu 1 NUYnH-
Kn xronkoson TnNu Aphis gossypii. B nekapctBeHHOM
pacteHnn Nepeta kurramensis, W3BECTHOM TaKxke
CBOUMM penensieHTHbIMU CBOWCTBaMu MNpPOTUB Ha-
CEKOMbIX, ODHapyxeH Ouc(2-atunukosun)dranart, a
TakKke HOBbIM dTanaTt, HasBaHHbIM KyppamMUHATOM,
no Xummn4yeckon cbopmyrne NpeacTaBnAaoLWLMIN cobon
6uc (E)-2-(rmppokcrmeTtun)HoHaaek-3-eHun)dpranart
[19]. OkcTpakT nucTteeB Cajanus cajan Obin BbICOKO-
adhpbekTnBEH NPOTUB NMUYNHOK koMapa Culex vishnui
— nepeHocynka BO3byauTenst AnOHCKOro aHueda-
nuta. B ero atunauetaTtHon gpakumm ObINO MAEH-
TudpmumnposaHo 18 coeanHeHunin, B Tom vncne Ob6P.
ABTOpbI BMECTe C TEM NpeanonaratT, YTO OCHOBHON
NPUYMHON TMBENN NMUYNHOK SABNSAIOTCH COEOUHEHUSI
cbnasoHomgHow rpynnel [66]. B To e Bpemsa T. Mon n
CoaBTOpbI NoKasanu, 4To npucyTtcTene AB® B cpene
NpOSIBMSIET aTTPaKTMBHbIE CBOWCTBA U CYLLECTBEH-
HO M3MeHsieT nosegeHne nuymHok Caenorhabditis
elegans Ha xeMOCEHCOPHOM ypoBHe [67].

MexaHuam pencTeusa TanatoB Ha >XMBOTHbIX
OCHOBLIBAETCA Ha WX KOH(POPMAaLMOHHOM CXO4-
CTBE C FOPMOHaMu, Ha 3TOM OCHOBaHUW WX BHOCAT
B KaTEropuio SHOOKPUHHBIX AM3PanTopoB, T. €. coe-
OVHEHWIA, U3MEHSIIOLWNX UCXOAHbLIA rOPMOHAanbHbIN
fanaHc B opraHusme [68]. Tak, U3BECTHO, 4YTO (hTa-
natbl SBMSKTCA aHTAroOHUCTaMu [MOKOKOPTUKOUA-
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HbIX peuenTopoB [69], nporectepoHoBix [70], apun-
rmapokapboHoBbIX [71], MHCYNMHOBbLIX U NENTUHOBBIX
[72], acTporeHoBbIX [73], aHAPOreHHOro peLenTtopa u
KOHCTUTYTUBHOIO peLenTopa aHapOCTaHOB, PETUHO-
naHoro X-peuentopa [74], agepHOro peuenTopHOro
Oenka, akTMBMpyemMoro nponuceparopom nepokcu-
com (PPARa, B, and y) [75]. OenctBue atnx coegu-
HEeHWUN, Beayllee K YTHETEHUIO XU3HEeOEeATEeNbHOCTH
XXMBOTHOIO OpraHm3mMa, oKasanocb CTOMb OGLUMPHO
(cepoeyHo-cocyaucTasa [76], penpodyKTMBHasi cu-
crema [77], HepBHasa [78] U MMMYyHHas CUCTEMbI
[79]), 4TO Ux paccmaTpuMBalOT yXxe Kak MeTabonuye-
ckme guspantopsbl [80]. Kpome Toro, nytem meTunu-
poBaHua OHK drtanatsl MmognduumnpyroT anureHomM
[81, 82], n nx gencTene MOXeT COXPaHATLCSA Ha NpPo-
TSHKEHUN HECKOMNBbKUX NOKOMNEHWMN.

OpHako BnusiHue (ptanatoB Ha OpPraHU3M >XUBOT-
HbIX Oaneko He Tak ofHo3HayHo. dtanatel (OBD u
O3 d) aenstotca nHrmbrntopamun katencuHa B, npo-
BOLMpYHOLLLEro 060CTpeHre psiga NaTonorMmn, a UMeH-
HO pasBuTWE BOCMAanuTENbLHOIO npouecca, BUPYCHbIX
WH(peKUMiA, naHKpeaTuT, OCTEONOpO3, MeTacTasmpo-
BaHWe pakoBbIX KNeTok [25]. Bbicka3blBaeTcs MHEHWE
0 TOM, YTO pe3ynbraTbl SKCNEPUMEHTANbHbIX AAHHbIX,
norydeHHble Ha NTabopaTopHbIX >XUBOTHbIX, Cregyet
3KCTpanonuMpoBaTb Ha 4YernoBeYeCKUn opraHusm [o-
CTaTOMHO OCTOPOXHO. 3BECTHbI Cryvau, koraa nony-
YeHHble Ha KpbiCax CBeAeHUst O KpanHe HeraTtMBHOM
BNUAHUK hTanaToB He NOATBEPXKOAKTCSA HA MblLlax u
npumarax u He coBrnagatoT C ANMAEMUOSNOTNYECKMMMI
AaHHbIMK [83]. CnenyeT Takke y4nTbiBaTh, YTO CUHTE-
TUYeCcKMe 1 NpupoaHble pTanaTbl UMEKT CyLLeCTBEH-
Hble CTepPeOXUMUYECKME pasnnynst, YTO MOXET UMETb
dyHKUMOHanNbHoe 3HayeHue [31]. MockonbKy akcne-
pUMEHTanbHbIE MCCreaoBaHUS NPOBOAWUMNUCE C UC-
Nnonb30BaHMEM CUHTETUYECKMX COeOQUHEHUN, U3BECT-
Hble HeraTMBHbIE NOCNeACTBUSI MOTYT OblTb OTHECEHDI
TONbKO K HUM. Ha cerogHsilHWIA AeHb KpanHe mano
M3BECTHO O MeTabonuamMe 3HAOOreHHbIX hTanaTos,
KOTOpbl€ C YYETOM MX LUMPOKOrO pacrnpocTpaHeHUs
Cpeau XMBbIX OPraHN3MOB Pas3fIUYHbIX TaKCOHOB MO-
ryT oKasaTbCsl HEMarnoBaXHbIMW y4yacTHUKaMK pur3n-
onornyecknx npoueccos. BeposiTHee Bcero, aHOoreH-
Hble bTanaTbl MOOYNUPYIOT MeXaHW3Mbl perynsuum
OTAenbHbIX 3BeHbEB MeTabonuama.

JevictBne NpuMpoaHbIX 3HAOKPUHHBIX AM3PanTo-
poB B OMOLEHO3e MOXHO pacCMOTPETb Ha NpumMmepe
Apyroro Tuna CoeAuHeHWNn C aHanornmyHbIM Mexa-
HM3MOM OenCTBUS — PUTO3CTPOreHoB. PUTOICTPO-
reHsl — ropmoHonogobHble BellecTBa, obnagato-
lmMe cpoacTBOM C 9CTPagvonoBbiMW pelenTopa-
MU. PUTOICTPOreHbl BKITHOYAOT B cebHA pasnuyHble
Kraccbl coeanHeHnn (n3ocnaBoHbl, n3odnaBaHbl,
NWrHaHbl, KyMecTaHbl [68]) 1 y4acTBylOT B MEXBU-
O0BbIX B3aUMOOTHOLUEHUAX. PUTOICTPOreHbl CUHTE-
3upytoTca B rpubax u pacteHusax v Takke obnaga-
0T 3alUTHBIM AencTBueM. Tak, nsocnaBoHbl pac-
TEHUN [OENCTBYIOT Kak oMTOaneKkCUHbl, NogaBnsas
pocT MuKpoopraHuamoB [84] u rpuboe [85]. BmecTe
C TeM 1U30riaBOH reHUCTENH SBMSIETCS KITHYEBbIM
CUrHanNbHbIM COeAMHEHMUEM MPU CTAHOBIEHUU CUM-
OMOTMYECKMX B3aMMOOTHOLLUEHUA MeXAY MUKpPO-
opraHuamamu Bradyrhizobium japonicum, Dellftia
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MIeKoIIHTAINHE

HacexoMblie

[MnoTeTuyeckas cxema y4vyacTtuna 3HOOreHHbIX CbTaJ'IaTOB B perynaunn MmexxsmgoBbiX B3aUMOOTHOLLIEHNI B 6|/|oueHo3e

Hypothetical scheme of endogenous phthalates participation in the regulation of interspecies relationships in the
biocenosis

n pacteHuem Glycine max [86], siBNAsicb Takxe
cneunduyecknm aTTpakTaHToM ans 6akrepun poga
Rhizobium n munkopunsoobpasyowmx rpubos pona
Glomus [87]. lUupoko mn3BecTtHO gencremne putos-
CTPOreHoB, CBSI3aHHOE CO CMOCOOHOCTLIO MOAYNU-
poBaTb PenpoayKTUBHbLIA MPOLECC Y MieKkonutar-
wmx. Knaccmyecknum npumMepom crana «krnesepHas
fonesHb» OBel, Bbi3BaHHasA CyLLECTBEHHbIM Npeob-
nagaHueM B paunoHe XUBOTHLIX knesepa Trifolium
subterranium ¢ BbICOKMM copepXaHuem ¢uUToS-
CTPOreHOB KyMecCTponoB u unsodnasoHouaoB. Pe-
3ynbTaTOM CTarno pe3koe CHWXeHWe NIogoBUTOCTU
KMBOTHbIX [88]. AHamnorudHble npumepbl npocrne-
XUBaAKTCA N B APYrnX cnyyasax MexXsBuOOBbIX B3a-
UMOAENCTBUN pacTEHU, CUHTE3NpYLWNX OUTOS-
CTpOreHbl, U TpaBOSAHbIX XUBOTHbIX. Paa aBTopoB
3aKOHOMEPHO pacueHnBaeT UTOSCTPOreHbl Kak
3alMTHbIE COeAMHEHUS, NO3BOMSLWME perynupo-
BaTb YMCMNEHHOCTb TPaBOSAHbLIX XMBOTHLIX [89, 90].
C y4yeToM BbISIBMEHHOIO LUMPOKOro pacrnpocTpaHe-
HUS TanaTtoB cpeaun pacTeHUW BMOSIHE NOrUYHO
nNpeanonoXuTb Y HUX, NOAOGHO PUTOICTpOreHam,
Hanuuue yHKUMN 3PGPEKTUBHON 3alUUTbl pacTu-
TenbHOW NonynauMM oT JaBneHus pactuTenbHoAa-
HbIX XMBOTHbIX NyTEeM YrHeTeHust nx metabonuama
N CHUXeHUSA nnogosuTocTu. Cnegyer oTMETUTh, YTO
bTanaTtbl — BewecTBa npaktudyeckn 6e3 3anaxa u,
ckopee Bcero, 6e3 Bkyca, No3TOMy pacTUTenbHOSAA-
Hble€ XXMBOTHbIE HE MOryT BbipaboTaTb pednekTop-
Horo msberaHuns dranaTcogepXallimx pacTeHun B
pauuoHe.

BoiwenpuBeneHHble dakTbl 0600LLeHbl 1 npea-
CTaBreHbl B BUAE MNOTETUYECKON CXEMbl HA PUCYH-
Ke. OHAoreHHble oTanaTtbl CUHTE3NPYOTCS, NO-BUAK-
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MOMY, NPENMYLLECTBEHHO PACTEHUSIMU, HO TaKkKe KX
CUHTE3 MOXET OCYLLECTBNATLCA BakTepusMn 1 rpuda-
mu. JeicTBue pacTuTenbHbIX (hTanaTtoB HanpasBneHo
Ha 3alUMTy OT GaKTepuil M >KUBOTHBLIX OPraHWM3MOB,
TOra Kak rpmbbl UCMOb3YHT 3TV CoeanHEHNs Kak UH-
CTPYMEHT XuLLHM4YecTBa. [MprMeyaTensHo yenelHoe
annonaTtuyeckoe NMpuMMeHeHVe pTanaToB pacTeHus-
MU B KOHKYPEHTHO Gopbbe, NpeanonoXuTernsHoO, YTo
nodo6HbIM 06pa3oM 3T COEAUHEHUS MOTYT UCMOIb-
30BaTb 6akTepum v rpubbl. Bonpoc o Tom, NpUMEHSItoT
T GakTepum 3TN MeTabonuTbl kak hakTop NaToreHHo-
CTV MPOTUB PaCTEHUI U XKMBOTHbIX, OCTAETCS OTKPbI-
TbIM, Ha CEroAHSILLHWI AeHb Takue AaHHble B NnTepa-
Type OTCYTCTBYIOT.

3AKINIOYEHUE

OHporeHHble bTanatbl — 3T0 GUONOrMYECcKn ak-
TUBHbIE COEOUWHEHUS, CUHTE3UPYEMblE pacTeHUs-
MU, rpubamMm 1 MUKpoopraHmaMamm. QHOOrEHHbIE
pTanaTbl pacTeHuit obnagatT annonatu4eckumm
CBOMCTBaMW, a Takxke 3aluwalrT pacTeHue oT
MWUKPOOPraHn3MoB, rpuboB u pacTUTENbHOSAHbBIX
XUBOTHbIX. [lpocrnexuBaeTca aHanorvs B Aen-
CTBMW SHAOKPUHHbIX AN3PanNTOPOB €CTECTBEHHOIO
NPOUCXOXOEHUS pasHOW XUMWYECKOW npuponbl
(dpTanatel U PUTOICTPOreHbl) Ha pPacTUTENbHO-
AAHBIX XXMBOTHbIX. [MpeanonoXnTenbHO 3HAOrEH-
Hble (bTanaTbl ABAAKTCA BblCOKOIMEKTUBHbLIMMU
y4yacTHMKaMun perynsumm B CMOXHOW CEeTU Mex-
BUAOBbIX B3AaMMOOTHOLLUEHWI B BUOLIeHO3e Mexay
MUKpOOpraHnsmamu, rp|/|6a|vw|, pacTeHnAaAMn n Xu-
BOTHbIMMW.

https://vuzbiochemi.elpub.ru/jour



Makcumoea J1. A., Llagpukoea T. H. SHOo2eHHbIe ghmasiambl Kak 8ePOSIMHbILU pe2ysissmop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

CNUCOK NCTOYHUKOB

1. Gao D. W., Wen Z. D. Phthalate esters in the
environment: a critical review of their occurrence,
biodegradation, and removal during wastewater
treatment processes // Science of the Total Envi-
ronment. 2016. Vol. 541. P. 986-1001. https://doi.
org/10.1016/j.scitotenv.2015.09.148.

2. Xu Q., Yin X., Wang M., Wang H., Zhang N.,
Shen Y., et al. Analysis of phthalate migration from
plastic containers to packaged cooking oil and min-
eral water // Journal of Agricultural and Food Chem-
istry. 2010. Vol. 58. P. 11311-11317. https://doi.
org/10.1021/jf102821h.

3. Yuan H., Hao Q., Su R., Qi W., He Z. Migra-
tion of phthalates from polyvinyl chloride film to fat-
ty food simulants: experimental studies and model
application // Journal of Consumer Protection and
Food Safety. 2020. Vol. 15. P. 135-143. https://doi.
org/10.1007/s00003-019-01249-x.

4. Lv M., Gao W., Li J., Ye X,, Xu T, Liu L., et al.
Identification of zones contaminated with phthalates
and polycyclic aromatic hydrocarbons by concentra-
tions in gridded soil with 1/6° latitude by 1/4° longitude
resolution: a case study of Zhejiang, China // Jour-
nal of Soils and Sediments. 2021. Vol. 22. P. 67-68.
https://doi.org/10.1007/s11368-021-03075-x.

5.RezaeiH.,MoazzenM.,ShariatifarN.,KhanikiG.J.,
Dehghani M. H., Arabameri M., et al. Measurement
of phthalate acid esters in non-alcoholic malt bever-
ages by MSPE-GC/MS method in Tehran city: che-
mometrics // Environment Sciense and Pollution Re-
search. 2021. Vol. 28. P. 51897-51907. https://doi.
org/10.1007/s11356-021-14290-x/.

6. Ouédraogo D. Y., Delaunay M., Sordello R.,
Hédouin L., Castelin M., Perceval O., et al. Evidence
on the impacts of chemicals arising from human ac-
tivity on tropical reef-building corals; a systematic
map // Environmental Evidence. 2021. Vol. 10, no.
22. Article number 22. https://doi.org/10.1186/
s$13750-021-00237-9.

7. Wrendens B. O. BpegHble BellectBa B
npomblilneHHocTn. M.: Xumusa, 1991. 592 c.

8. Arnoea H. B., Arnos B. B. 3HOOKpPUHHbIE
OM3panTopbl — HOBOE HarnpaBfeHne UccrnegoBaHun
B 9HOoOKpuHonorun // BecTHuk Poccuiickon akage-
MUK MeanunHcknx Hayk. 2012. T. 67. N 3. C. 56-61.
https://doi.org/10.15690/vramn.v67i3.186.

9. Kay V. R., Bloom M. S., Foster W. G. Reproduc-
tive and developmental effects of phthalate diesters
in males // Critical Reviews in Toxicoogy. 2014. Vol.
44, no. 6. P. 467-498. https://doi.org/10.3109/104
08444.2013.875983.

10. Yuan X. S, Li C. Phthalates in house and dor-
mitory dust: occurrence, human exposure and risk as-
sessment // Bulletin of Environmental Contamination
and Toxicology. 2021. Vol. 106. P. 393-398. https://
doi.org/10.1007/s00128-020-03058-7.

11. Parry E. J. The chemistry of essential oils and
artificial perfumes. London: Scott, Greenwood and
Son, 1922. Vol. 2. 365 p.

12.Egorovl. V., GramenitskayaV.N., Vul'fsonN. S.

https://vuzbiochemi.elpub.ru/jour

Low-molecular-weight metabolies of wheat. |. Com-
ponents of an ethereal extract of wheat leaves //
Chemistry of Natural Compaunds. 1981. Vol. 17. P.
574-579. https://doi.org/10.1007/BF00574380.

13. Chen Ch. Yu. Biosynthesis of di-(2-ethylhex-
yl) phthalate (DEHP) and di-n-butyl phthalate (DBP)
from red alga — Bangia atropurpurea I/ Water Re-
search. 2004. Vol. 38, no. 4. P. 1014-1018. https://
doi.org/10.1016/j.watres.2003.11.029.

14. Babu B., Wu J.-T. Production of phthalate es-
ters by nuisance freshwater algae and cyanobacteria
/I Science of the Total Environment. 2010. Vol. 408,
no. 21. P. 4969-4975. https://doi.org/10.1016/j.
scitotenv.2010.07.032.

15.Savard M. E.,Millerd.D.,BlaisL.A., SeifertR.F.,
Samson R. A. Secondary metabolites of Penicillium
bilaii strain PB-50 // Mycopathologia. 1994. Vol. 127.
P. 19-27. https://doi.org/10.1007/BF01104007.

16. Lotfy M. M., Hassan H. M., Hetta M. H., EI-Gen-
dy A. O., Mohammed R. Phthalate, a major bioactive
metabolite with antimicrobial and cytotoxic activity
isolated from River Nile derived fungus Aspergillus
awamori [/ Beni-Suef University Journal of Basic and
Applied Sciences. 2018. Vol. 7, no. 3. P. 263-269.
https://doi.org/10.1016/j.bjbas.2018.02.002.

17. Ye K., Ai H. L., Liu J. K. Identification and
bioactivities of secondary metabolites derived from
endophytic fungi isolated from ethnomedicinal plants
of Tujia in Hubei province: a review // Natural Prod-
ucts and Bioprospecting. 2021. Vol. 11. P. 185-205.
https://doi.org/10.1007/s13659-020-00295-5.

18. Xuan T. D., Chung I. M., Khanh T. D., Tawata S.
Identification of phytotoxic substances from early
growth of barnyard grass (Echinochloa crusgalli) root
exudates // Journal of Chemical Ecology. 2006. Vol. 32.
P. 895-906. https://doi.org/10.1007/s10886-006-
9035-x._

19. Rehman N. U., Ahmad N., Hussain J., Ali L.,
Hussein H., Bakht N., et al. One new phthalate deriv-
ative from Nepeta kurramensis // Chemistry of Natu-
ral Compaunds. 2017. Vol. 53. P. 426-428. https://
doi.org/10.1007/s10600-017-2014-3.

20. RawaniA. Larvicidal efficacy of the mature leaf
extract of Cajanus cajan against the vector of Japa-
nese encephalitis // International Journal of Tropical
Insect Science. 2021. Vol. 41. P. 1155-1161. https://
doi.org/10.1007/s42690-020-00300-x.

21. Shafaghat A., Salimi F., Amani-Hooshyar V.
Phytochemical and antimicrobial activities of Lavan-
dula officinalis leaves and stems against some patho-
genic microorganisms // Journal of Medicinal Plants
Research. 2012. Vol. 6, no. 3. P. 455-460. https://doi.
org/10.5897/JMPR11.1166.

22.EHukeeBA.T., CemeHoBA. A., lNMepmsakoB A. B.,
Cokonosa H. A., l'ambypr K. 3., Qynapesa J1. B.
BuocnHTes anankunoBbiX 3PUPOB OpPTO-PTaNEBOM
KACNOTbl B pacCTeHUsIX U B KynbTypax KneTtok //
MpuknagHaa Guoxmmust U Mukpobuonorusa. 2019.
T. 55. N. 3. C. 282-285. https://doi.org/10.1134/
S0555109919020065.

429



Makcumoea J1. A., Llaghukosa T. H. QHOo2eHHbIEe hmasiambl Kak 8ePOsIMHbILU pPe2ysisimop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

23. EI-Naggar M. Y. M. Dibutyl phthalate and the
antitumor agent F5A1, two metabolites produced by
Streptomyces nasri submutant H35 // Biomedical Let-
ters. 1997. Vol. 55. P. 125-131.

24. Ahsan T., Chen J., Zhao X., Irfan M., Wu Y.
Extraction and identification of bioactive compounds
(eicosane and dibutyl phthalate) produced by Strep-
fomyces strain KX852460 for the biological control
of Rhizoctonia solani AG-3 strain KX852461 to con-
trol target spot disease in tobacco leaf // AMB Ex-
press. 2017. Vol. 7, no. 54. https://doi.org/10.1186/
$13568-017-0351-z.

25. Isnansetyo A., Kamei Y. Bioactive substanc-
es produced by marine isolates of Pseudomonas
/I Journal of Industrial Microbiology and Biotech-
nology. 2009. Vol. 36. P. 1239-1248. https://doi.
org/10.1007/s10295-009-0611-2.

26.ShafikovaT.N.,OmelichkinaY.V.,BoyarkinaS.V.,
Enikeev A. G., Maksimova L. A., Semenov A. A.
Detection of endogenous phthalates in bacterial
pathogens of plants and animals // Doklady Bioljgi-
cal Scienses. 2019. Vol. 484. P. 13-15. https://doi.
0rg/10.1134/S0012496619010022.

27.KeireD.A.,AntonP.,FaullK.F.,RuthE.,WalshJ.,
Chew P,, et al. Diethyl phthalate, a chemotactic factor
secreted by Helicobacter pylori// Journal of Biological
Chemistry. 2001. Vol. 276, no. 52. P. 48847-48853.
https://doi.org/10.1074/jbc.M109811200.

28. MakapoBa Jl. E., Mopuy A. C., Cokornoa H. A.,
MetpoBa U.T., CemeHoB A. A., Qynapesa J1.B. [n gp.].
M3yueHne perpagaunm N-thbeHun-2-HadpTunammHa
Baktepuamn Rhizobium leguminosarum bv. Vicie,
Pseudomonas syringae pv. Pisi, Clavibacter michi-
ganensis sps. Sepedonicus // MpuknagHas Guoxmmums
n mukpobuonorusa. 2020. T. 56. N 2. C. 165-173.
https://doi.org/10.31857/S0555109920010122.

29. 3eHkeBuy . T, Potapy K. ., CenuBaHoB C. U.,
KoctukoB P. P. [JUCKYCCUOHHblE MOMEHTLI onpeae-
neHvst avankundgranartoB B pasnuyHbix odbekTax //
BecTHuk CaHkT-lNeTepbyprckoro yHuBepcuteTta. du-
3uka un xumus. 2015. T. 2. N 4. C. 386-394.

30. CemeHoB A. A., EnukeeB A. I., CHeTko-
Ba Jl. B., Nepmsakos A. B., Cokonosa H. A., lyna-
peBa Jl. B. CrnoxHble acupbl opTOodhTaneBon Kuc-
notbl U3 Kynbtypbl Aconitum baicalense Turcz ex
Rapaics 1907 // Ooknagbl Akagemun Hayk. 2016.
T. 471. N 3. C. 366-367. https://doi.org/10.7868/
S0869565216330288.

31. Semenov A. A, Enikeev A. G., Babenko T. A,,
Shafikova T. N., Gorshkov A. G. Phthalates — a
strange delusion of ecologists // Theoretical and Ap-
plied Ecology. 2021. Issue 1. P. 16-20. https://doi.
org/10.25750/1995-4301-2021-1-016-021.

32. Ruikar A. D., Gadkari T. V., Phalgune U. D.,
Puranik V. G., Deshpande N. R. Dibutyl phthalate,
a secondary metabolite from Mimusops elengi I/
Chemistry of Natural Compaunds. 2011. Vol. 46. P.
955-956.  https://doi.org/10.1007/s10600-011-
9793-8.

33. Adedeji A. A., Babalola O. O. Secondary me-
tabolites as plant defensive strategy: a large role
for small molecules in the near root region // Plan-

430

ta. 2020. Vol. 252, no. 61. https://doi.org/10.1007/
s00425-020-03468-1.

34. Pagare S., Bhatia M., Tripathi N., Pagare S.,
Bansal Y. Secondary metabolites of plants and their
role: overview // Current Trends in Biotechnology and
Pharmacy. 2015. Vol. 9, no. 3. P. 293-304.

35. Sastry V. M. V. S., Rao G. R. K. Dioctyl phthal-
ate, and antibacterial compound from the marine
brown alga — Sargassum wightii // Journal of Applied
Phycology. 1995. Vol. 7. P. 185-186. https://doi.
org/10.1007/BF00693066.

36. Philip D., Kaleena P. K., Valivittan K. GC-MS
analysis and antibacterial activity of chromatographi-
cally separated pure fractions of leaves of Sansevie-
ria roxburghiana // Asian Journal of Pharmaceutical
and Clinical Research. 2011. Vol. 4, no. 4. P. 130-
133.

37. Makaposa J1. E., CmupHoB B. W., Kneiba J1. B.,
Metposa W. I, Olynapesa J1. B. Ponb annenonatu-
YeCKMX CoeaMHEHWU B perynsaumm n oopmMmpoBaHmm
6oboBo-pusobuansHoro cumbuosa // lNpuknagHas
Buoxumnsa n mukpobuonorusa. 2012. T. 48. N 3. C.
394-402.

38.ShafikovaT.N.,OmelichkinaY.V.,EnikeevA.G.,
Boyarkina S. V., Gvildis D. E., Semenov A. A. Or-
tho-phthalic acid esters suppress the phytopathogen
capability for biofilm formation // Doklady Biological
Sciences. 2018. Vol. 480. P. 107-109. https://doi.
org/10.1134/S0012496618030092.

39. ChenH., Zhuang R., Yao J., Wang F., Qian Y. A
Comparative study on the impact of phthalate esters
on soil microbial activity // Bulletin of Environmental
Contamination and Toxicology. 2013. Vol. 91. P. 217—
223. https://doi.org/10.1007/s00128-013-1033-4.

40. Zhang C., Song P, Xia Q., Li X., Wang J.,
Zhu L., et al. Responses of microbial community to
di-(2-ethylhcxyl) phthalate contamination in brown
soil // Bulletin of Environmental Contamination and
Toxicology. 2020. Vol. 104. P. 820-827. https://doi.
org/10.1007/s00128-020-02878-x.

41. Wu J., Liao X., Yu F., Wei Z., Yang L. Cloning
of a dibutyl phthalate hydrolase gene from Acine-
tobacter sp. strain M673 and functional analysis of
its expression product in Escherichia coli I/ Applied
Microbiology and Biotechnology. 2013. Vol. 97. P.
2483-2491.  https://doi.org/10.1007/s00253-012-
4232-8.

42. Nair P. R. A, Sujatha C. H. Organic pollutants
as endocrine disruptors: organometallics, PAHs, or-
ganochlorine, organophosphate and carbamate in-
secticides, phthalates, dioxins, phytoestrogens, alkyl
phenols and bisphenol A. In: Environmental chemis-
try for a sustainable world. Environmental chemistry
for a sustainable world. Lichtfouse E., Schwarzbau-
er J., Robert D. (eds.). Dordrecht, Springer, 2012.
P. 259-309. https://doi.org/10.1007/978-94-007-
2442-6_8.

43. Junghare M., Patil Y., Schink B. Draft genome
sequence of a nitrate-reducing, o-phthalate degrad-
ing bacterium, Azoarcus sp. strain PA01" // Standarts
in Genomic Sciences. 2015. Vol. 10, no. 90. https://
doi.org/10.1186/s40793-015-0079-9.

https://vuzbiochemi.elpub.ru/jour



Makcumoea J1. A., Llagpukoea T. H. SHOo2eHHbIe ghmasiambl Kak 8ePOSIMHbILU pe2ysissmop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

44. Nshimiyimana J. B., Khadka S., Zou P,
Adhikari S., Proshad R., Thapa A., et al. Study on
biodegradation kinetics of di-2-ethylhexyl phthalate
by newly isolated halotolerant Ochrobactrum anthro-
pi strain L1-W // BMC Research Notes. 2020. Vol.13.
https://doi.org/10.1186/s13104-020-05096-0.

45. Liang R., Wu X., Wang X., Wang X., Dai Q.,
Wang Y. Aerobic biodegradation of diethyl phthal-
ate by Acinetobacter sp. JDC-16 isolated from riv-
er sludge // Journal of Central South University of
Technology. 2010. Vol. 17. P. 959-966. https://doi.
org/10.1007/s11771-010-0584-3.

46. Wu X., Wang Y., Dai Q., Liang R., Jin D. Isola-
tion and characterization of four di-n-butyl phthalate
(DBP)-degrading Gordonia sp. strains and cloning
the 3,4-phthalate dioxygenase gene // World Journal
of Microbioljgy and Biotechnology. 2011. Vol. 27. P.
2611-2617. https://doi.org/10.1007/s11274-011-
0734-2.

47. Wright R. J., Bosch R., Gibson M. I., Chris-
tie-Oleza J. A. Plasticizer degradation by marine
bacterial isolates: a proteogenomic and metabolomic
characterization // Environmental Science and Tech-
nology. 2020. Vol. 54. P. 2244-2256. https://doi.
org/10.1021/acs.est.9b05228.

48. Kim Y. H., Lee J., Moon S. H. Degradation of
an endocrine disrupting chemical, DEHP [di-(2-ethyl-
hexyl)-phthalate], by Fusarium oxysporum f. sp. pisi
cutinase // Applied Microbiology and Biotechnology.
2003. Vol. 63. P. 75-80. https://doi.org/10.1007/
s00253-003-1332-5.

49. Sharma R., Kaur R. Physiological and meta-
bolic alterations induced by phthalates in plants: pos-
sible mechanisms of their uptake and degradation //
Environmental Sustainability. 2020. Vol. 3. P. 391-
404. https://doi.org/10.1007/s42398-020-00141-x._

50. Scavo A., Restuccia A., Mauromicale G. Al-
lelopathy: principles and basic aspects for agroeco-
system control. In: Sustainable agriculture reviews.
Gaba S., Smith B., Lichtfouse E. (eds.). Cham,
Springer, 2018. Vol. 28. P. 47-101. https://doi.
org/10.1007/978-3-319-90309-5_2.

51. Lee D. S., Hong S. D. Inhibition mode of DNA
topoisomerase by dibutyl phthalate // Journal of Mi-
crobiology and Biotechnology. 1996. Vol. 6, no. 5. P.
366-367.

52. Zhang C., Fu S. Allelopathic effects of eu-
calyptus and the establishment of mixed stands of
eucalyptus and native species // Forest Ecology and
Management. 2009. Vol. 258, no. 7. P. 1391-1396.
https://doi.org/10.1016/j.foreco.2009.06.045.

53. Eljezi T., Pinta P., Richard D., Pinguet J.,
Chezal J. M., Chagnon M. C., et al. In vitro cytotoxic
effects of DEHP-alternative plasticizers and their pri-
mary metabolites on a L929 cell line // Chemosphere.
2017. Vol. 173. P. 452-459. https://doi.org/10.1016/j.
chemosphere.2017.01.026.

54. Kumari A., Arora S., Kaur R. Comparative cyto-
toxic and genotoxic potential of benzyl-butyl phthalate
and di-n-butyl phthalate using Allium cepa assay // En-
ergy, Ecology and Environment. 2021. Vol. 6. P. 244—
257. https://doi.org/10.1007/s40974-020-00186-y.

https://vuzbiochemi.elpub.ru/jour

55.Ma T, Teng Y., Christie P., Luo Y. Phytotoxicity
in seven higher plant species exposed to di-n-butyl
phthalate or bis (2-ethylhexyl) phthalate // Frontiers
of Environmental Science and Engineering. 2015.
Vol. 9. P. 259-268. https://doi.org/10.1007/s11783-
014-0652-2.

56. Zhang Y., Du N., Wang L., Zhang H., Zhao
J., Sun G., et al. Physical and chemical indices
of cucumber seedling leaves under dibutyl phthal-
ate stress // Environmental Science and Pollution
Research International. 2015. Vol. 22, no. 5. P.
3477-3488. https://doi.org/10.1007/s11356-
014-3524-1.

57. Kumari A., Kaur R. A review on mor-
pho-physiological traits of plants under phthalates
stress and insights into their uptake and transloca-
tion // Plant Growth Regulation. 2020. Vol. 91. P.
327-347. https://doi.org/10.1007/s10725-020-
00625-0.

58. Roy R. N., Laskar S., Sen S. K. Dibutyl phthal-
ate, the bioactive compound produced by Strep-
tomyces albidoflavus 321.2 /I Microbiological Re-
search. 2006. Vol. 161, no. 2. P. 121-126. https://doi.
org/10.1016/j.micres.2005.06.007.

59. Dong-Sun L. Dibutyl phthalate, an a-gluco-
sidase inhibitor from Streptomyces melanosporo-
faciens /I Journal of Bioscience and Bioengineer-
ing. 2000. Vol. 89, no. 3. P. 271-273. https://doi.
org/10.1016/S1389-1723(00)88832-5.

60. Song Q., Qin F., He H., Wang H., Yu S. Alle-
lopathic potential of rain leachates from Eucalyptus
urophylla on four tree species // Agroforesty Systems.
2019. Vol. 93. P. 1307-1318. https://doi.org/10.1007/
$10457-018-0240-8.

61.XuY.,WuY.G.,ChenY.,ZhangJ.F.,Song X.Q.,
Zhu G. P, et al. Autotoxicity in Pogostemon cablin
and their allelochemicals // Revista Brasiliera de Far-
macognosia. 2015. Vol. 25. P. 117-123. https://doi.
org/10.1016/j.bjp.2015.02.003.

62. Singhamahapatra A., Sahoo L., Sahoo S.
Mosquito repellent: a novel approach for human
protection. In: Molecular identification of mosquito
vectors and their management. Barik T. K. (eds.).
Singapore, Springer, 2020. P. 149-178. https://doi.
org/10.1007/978-981-15-9456-4_8.

63. Champakaew D., Junkum A., Chaithong U.,
Jitpakdi A., Riyong D., Intirach J., et al. Angelica sin-
ensis (Umbelliferae) with proven repellent properties
against Aedes aegypti, the primary dengue fever
vector in Thailand // Parasitology Research. 2015.
Vol. 114. P. 2187-2198. htitps://doi.org/10.1007/
s00436-015-4409-z.

64. Nithya P. R., Manimegalai S., Nakkeeran S.,
Mohankumar S. Comparative study of the ditrophic
interaction between Beauveria bassiana and Plutella
xylostella /| 3 Biotech. 2021. Vol. 11. P. 223. https://
doi.org/10.1007/s13205-021-02760-5.

65. ShakerN. O.,Ahmed G. M. M., IbrahimH.Y.E.,
El-Sawy M. M., Mostafa M. E., Ismail H. N. A. E. Sec-
ondary metabolites of the entomopathogenic fungus,
Cladosporium cladosporioides and its relation to tox-
icity of cotton aphid, Aphis gossypii (Glov) // Interna-

431



Makcumoea J1. A., Llaghukosa T. H. QHOo2eHHbIEe hmasiambl Kak 8ePOsIMHbILU pPe2ysisimop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

tional Journal of Entomology and Nematology. 2019.
Vol. 5, no. 1. P. 115-120.

66. Rawani A. Larvicidal efficacy of the mature leaf
extract of Cajanus cajan against the vector of Japa-
nese encephalitis // International Journal of Tropical
Insect Science. 2021. Vol. 41. P. 1155-1161. https://
doi.org/10.1007/s42690-020-00300-x.

67. Paul T., Biswas K., Mishra S., Sinha S., Ban-
dyopadhyay J. Thermo-chemical micro-sensing
system of a biological model organism C. elegans
towards a chemical stimulus // Microsystem Tech-
nologies. 2020. Vol. 26. P. 2235-2241. https://doi.
org/10.1007/s00542-019-04568-z.

68. Bennetau-Pelissero C. Natural estrogenic
substances, origins, and effects. In: Bioactive mol-
ecules in food. Mérillon J. M., Ramawat K. (eds.).
Cham, Springer, 2019. P. 1157-1224. https://doi.
org/10.1007/978-3-319-78030-6_10.

69.Leng Y., SunY, Huang W., LvC., CuiJ,, Li T,
et al. Identification of dicyclohexyl phthalate as a glu-
cocorticoid receptor antagonist by molecular docking
and multiple in vitro methods // Molecular Biology
Reports. 2021. Vol. 48. P. 3145-3154. https://doi.
org/10.1007/s11033-021-06303-2.

70. Sheikh I. A. Stereoselectivity and the poten-
tial endocrine disrupting activity of di-(2-ethylhexyl)
phthalate (DEHP) against human progesterone re-
ceptor: a computational perspective // Journal of Ap-
plied Toxicology. 2016. Vol. 36, no. 5. P. 741-747.
https://doi.org/10.1002/jat.3302.

71. Wojtowicz A. K., Sitarz-Glownia A. M., Szczes-
na M., Szychowski K. A. The action of di-(2-ethylhex-
yl) phthalate (DEHP) in mouse cerebral cells involves
an impairment in aryl hydrocarbon receptor (AhR)
signaling // Neurotoxicity Research. 2019. Vol. 35.
P. 183-195. https://doi.org/10.1007/s12640-018-
9946-7.

72. Xu J., Zhou L., Wang S., Zhu J., Liu T., Jia Y.,
et al. Di-(2-ethylhexyl)-phthalate induces glucose
metabolic disorder in adolescent rats // Environmen-
tal Science and Pollution Research. 2018. Vol. 25. P.
3596-3607. https://doi.org/10.1007/s11356-017-
0738-z.

73. Liu C,, Qian P, Yang L., Zang L., Chen C.,
He M., et al. Pubertal exposure to di-(2-ethylhex-
yh)-phthalate inhibits G9a-mediated histone methyl-
ation during spermatogenesis in mice // Archives of
Toxicology. 2016. Vol. 90. P. 955-969. https://doi.
org/10.1007/s00204-015-1529-2.

74.Chou C.K., Yang Y. T, YangH. C., Liang S. S,
Wang T. N., Kuo P. L., et al. The Impact of
di(2-ethylhexyl)phthalate on cancer progression
/I Archivum Immunologiae et Therapiae Experi-
mentalis. 2018. Vol. 66. P. 183-197. https://doi.
org/10.1007/s00005-017-0494-2.

75. Zarean M., Keikha M., Poursafa P., Khaligh-
inejad P., Amin M., Kelishadi R. A systematic re-
view on the adverse health effects of di-2-ethylhexyl
phthalate // Environmental Science and Pollution Re-
search. 2016. Vol. 23. P. 24642-24693. https://doi.
org/10.1007/s11356-016-7648-3.

432

76. Lu X., Xu X,, Lin Y., Zhang Y., Huo X. Phthal-
ate exposure as a risk factor for hypertension // En-
vironmental Science and Pollution Research. 2018.
Vol. 25. P. 20550-20561. https://doi.org/10.1007/
s$11356-018-2367-6.

77. Cargnelutti F., Di Nisio A., Pallotti F., Sabovic .,
Spaziani M., Tarsitano M. G., et al. Effects of endocrine
disruptors on fetal testis development, male puberty,
and transition age // Endocrine. 2021. Vol. 72. P. 358—
374. https://doi.org/10.1007/s12020-020-02436-9.

78. Hlisnikova H., Petrovicova |., Kolena B.,
Sidlovska M., Sirotkin A. Effects and mechanisms
of phthalates’ action on neurological processes and
neural health: a literature review // Pharmacologi-
cal Reports. 2021. Vol. 73. P. 386-404. https://doi.
0rg/10.1007/s43440-021-00215-5.

79. Quinete N., Hauser-Davis R. A. Drinking water
pollutants may affect the immune system: concerns re-
garding COVID-19 health effects // Environmental Sci-
ence and Pollution Research. 2021. Vol. 28. P. 1235—
1246. https://doi.org/10.1007/s11356-020-11487-4.

80. Sargis R. M., Simmons R. A. Environment
neglect endocrine disruptors as underappreciated
but potentially modifiable diabetes risk factors // Di-
abetologia. 2019. Vol. 62. P. 1811-1822. https://doi.
org/10.1007/s00125-019-4940-z.

81. Pogribny I. P., Tryndyak V. P., Boureiko A.,
Melnyk S., Bagnyukova T. V., Montgomery B., et
al. Mechanisms of peroxisome proliferator-induced
DNA hypomethylation in rat liver // Mutation Re-
search. 2008. Vol. 644, no. 1-2. P. 17-23. https://doi.
org/10.1016/j.mrfmmm.2008.06.009.

82.JonesA.C., IrvinM.R., Claas S.A.,Arnett D. K.
Lipid phenotypes and DNA methylation: a review
of the literature // Current Atherosclerosis Reports.
2021. Vol. 23. https://doi.org/10.1007/s11883-
021-00965-w.

83. Habert R., Livera G., Rouiller-Fabre V. Man
is not a big rat: concerns with traditional human risk
assessment of phthalates based on their anti-an-
drogenic effects observed in the rat foetus // Basic
and Clinical Andrology. 2014. Vol. 24. https://doi.
org/10.1186/2051-4190-24-14.

84.Boué S. M., Burow M. E., Wiese T.E., ShihB.Y.,
Elliott S., Carter-Wientjes C. H., et al. Estrogenic and
antiestrogenic activities of phytoalexins from red kid-
ney bean (Phaseolus vulgaris L.) /| Journal of Agri-
cultural and Food Chemistry. 2011. Vol. 59, no. 1. P.
112—120. https://doi.org/10.1021/jf102255u.

85. Tahara S., Ingham J. L., Nakahara S., Mizutani
J., Harborne J. B. Fungitoxic dihydrofuranoisoflavones
and related compounds in white lupin, Lupinus albus I/
Phytochemistry. 1984. Vol. 23. P. 1889-1900. https://
doi.org/10.1016/S0031-9422(00)84936-5.

86. Riviezzi B., Garcia-Lavifia C. X., Morel M.
A., Castro-Sowinski S. Facing the communica-
tion between soybean plants and microorganisms
(Bradyrhizobium and Delftia) by quantitative shot-
gun proteomics // Symbiosis. 2021. Vol. 83. P.
293-304. https://doi.org/10.1007/s13199-021-
00758-4.

https://vuzbiochemi.elpub.ru/jour



Makcumoea J1. A., Llagpukoea T. H. SHOo2eHHbIe ghmasiambl Kak 8ePOSIMHbILU pe2ysissmop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

87. Zhang F., Smith D. L. Preincubation of
Bradyrhizobium japonicum with genistein accelerates
nodule development of soybean at suboptimal root
zone temperatures // Plant Physiology. 1995. Vol. 108,
no. 3. P. 961-968. https://doi.org/10.1104/pp.108.3.961.

88. Bennetts H. W., Underwood E. J., Shier F. L. A
specific breeding problem of sheep on subterranean
clover pastures in Western Australia // Australian Vet-
erinary Journal. 1946. Vol. 22. P. 2-12. https://doi.

org/10.1111/j.1751-0813.1946.tb 15473 .x.

89. Jansen D. H. When is it coevolution? //
Evolution. 1980. Vol. 34. P. 611-612. https://doi.
org/10.1111/j.1558-5646.1980.tb04849.x.

90. Huges C. L. Phytochemical mimicry of re-
productive hormones and modulation of herbivore
fertility by phytoestrogens // Environmental Healph
Perspectives. 1988. Vol. 78. P. 171-174. https://doi.
org/10.1289/ehp.8878171.

REFERENCES

1. Gao D. W,, Wen Z. D. Phthalate esters in the
environment: a critical review of their occurrence, bio-
degradation, and removal during wastewater treat-
ment processes. Science of the Total Environment.
2016;541:986-1001. https://doi.org/10.1016/j.sci-
totenv.2015.09.148.

2. Xu Q., Yin X., Wang M., Wang H., Zhang N.,
Shen Y., et al. Analysis of phthalate migration from
plastic containers to packaged cooking oil and
mineral water. Journal of Agricultural and Food
Chemistry. 2010;58:11311-11317.  https://doi.
org/10.1021/jf102821h.

3. Yuan H., Hao Q., Su R., Qi W., He Z. Migra-
tion of phthalates from polyvinyl chloride film to fatty
food simulants: experimental studies and model ap-
plication. Journal of Consumer Protection and Food
Safety. 2020;15:135-143. https://doi.org/10.1007/
s00003-019-01249-x.

4. Lv M., Gao W., Li J., Ye X,, Xu T, Liu L.,
et al. Identification of zones contaminated with
phthalates and polycyclic aromatic hydrocarbons
by concentrations in gridded soil with 1/6° lati-
tude by 1/4° longitude resolution: a case study of
Zhejiang, China. Journal of Soils and Sediments.
2021;22:67-68. https://doi.org/10.1007/s11368-
021-03075-x.

5. Rezaei H., Moazzen M., Shariatifar N.,
Khaniki G. J., Dehghani M. H., Arabameri M.,
et al. Measurement of phthalate acid esters in
non-alcoholic malt beverages by MSPE-GC/
MS method in Tehran city: chemometrics. En-
vironment Sciense and Pollution Research.
2021;28:51897-51907. https://doi.org/10.1007/
$11356-021-14290-x/.

6. Ouédraogo D. Y., Delaunay M., Sordello R.,
Hédouin L., Castelin M., Perceval O., et al. Evidence
on the impacts of chemicals arising from human ac-
tivity on tropical reef-building corals; a systematic
map. Environmental Evidence. 2021;10(22). Article
number 22. https://doi.org/10.1186/s13750-021-
00237-9.

7. Shteifel’ V. O. Harmful substances in industry.
Moscow: Khimiya; 1991. 592 p. (In Russian).

8. Yaglova N. V,, Yaglov V. V. Endocrine disrup-
tors are a novel direction of endocrinologic scientif-
ic investigation. Vestnik Rossiiskoi akademii med-
itsinskikh nauk = Annals of the Russian Academy
of Medical Sciences. 2012;67(3):56-61. https://doi.
org/10.15690/vramn.v67i3.186. (In Russian).

9. Kay V. R., Bloom M. S., Foster W. G. Repro-

https://vuzbiochemi.elpub.ru/jour

ductive and developmental effects of phthalate
diesters in males. Critical Reviews in Toxicoogy.
2014;44(6):467-498. https://doi.org/10.3109/1040
8444.2013.875983.

10. Yuan X. S., Li C. Phthalates in house and dor-
mitory dust: occurrence, human exposure and risk
assessment. Bulletin of Environmental Contamina-
tion and Toxicology. 2021;106:393-398. https://doi.
org/10.1007/s00128-020-03058-7.

11. Parry E. J. The chemistry of essential oils and
artificial perfumes. London: Scott, Greenwood and
Son; 1922, vol. 2. 365 p.

12.Egorov|. V., GramenitskayaV.N., Vul'fsonN. S.
Low-molecular-weight metabolies of wheat. I. Com-
ponents of an ethereal extract of wheat leaves.
Chemistry of Natural Compaunds. 1981;17:574-579.
https://doi.org/10.1007/BF00574380.

13. Chen Ch. Yu. Biosynthesis of di-(2-ethylhexyl)
phthalate (DEHP) and di-n-butyl phthalate (DBP) from
red alga — Bangia atropurpurea. Water Research.
2004;38(4):1014-1018.  https://doi.org/10.1016/j.
watres.2003.11.029.

14. Babu B., Wu J.-T. Production of phthal-
ate esters by nuisance freshwater algae and
cyanobacteria. Science of the Total Environ-
ment. 2010;408(21):4969-4975. https://doi.
org/10.1016/j.scitotenv.2010.07.032.

15.Savard M. E.,Millerd.D.,BlaisL.A., SeifertR.F.,
Samson R. A. Secondary metabolites of Penicillium
bilaii strain PB-50. Mycopathologia. 1994;127:19-27.
https://doi.org/10.1007/BF01104007.

16. Lotfy M. M., Hassan H. M., Hetta M. H.,
El-Gendy A. O., Mohammed R. Phthalate, a major
bioactive metabolite with antimicrobial and cytotox-
ic activity isolated from River Nile derived fungus
Aspergillus awamori. Beni-Suef University Journal
of Basic and Applied Sciences. 2018;7(3):263-269.
https://doi.org/10.1016/j.bjbas.2018.02.002.

17. Ye K., Ai H. L., Liu J. K. Identification and bio-
activities of secondary metabolites derived from en-
dophytic fungi isolated from ethnomedicinal plants of
Tujia in Hubei province: a review. Natural Products
and Bioprospecting. 2021;11:185-205. https://doi.
org/10.1007/s13659-020-00295-5.

18. Xuan T.D., Chung I. M., Khanh T. D., Tawata S.
Identification of phytotoxic substances from early
growth of barnyard grass (Echinochloa crusgalli) root
exudates. Journal of Chemical Ecology. 2006;32:895-
906. https://doi.org/10.1007/s10886-006-9035-x.

19. Rehman N. U., Ahmad N., Hussain J., Ali L.,

433



Makcumoea J1. A., Llaghukosa T. H. QHOo2eHHbIEe hmasiambl Kak 8ePOsIMHbILU pPe2ysisimop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

Hussein H., Bakht N., et al. One new phthalate de-
rivative from Nepeta kurramensis. Chemistry of
Natural Compaunds. 2017;53:426-428. https://doi.
org/10.1007/s10600-017-2014-3.

20. Rawani A. Larvicidal efficacy of the mature
leaf extract of Cajanus cajan against the vector of
Japanese encephalitis. International Journal of Trop-
ical Insect Science. 2021;41:1155-1161. https://doi.
org/10.1007/s42690-020-00300-x.

21. Shafaghat A., Salimi F., Amani-Hooshyar V.
Phytochemical and antimicrobial activities of La-
vandula officinalis leaves and stems against some
pathogenic microorganisms. Journal of Medicinal
Plants Research. 2012;6(3):455-460. https://doi.
org/10.5897/JMPR11.1166.

22.EnikeevA. G., SemenovA.A., PermyakovA. V.,
Sokolova N. A., Gamburg K. Z., Dudareva L. V.
Biosynthesis of ortho-phtalic acid esters in plant
and cell cultures. Prikladnaya biokhimiya i mikro-
biologiya = Applied Biochemistry and Microbiolo-
gy. 2019;55(3):282-285. (In Russian). https://doi.
0rg/10.1134/S0555109919020065.

23. El-Naggar M. Y. M. Dibutyl phthalate and the
antitumor agent F5A1, two metabolites produced by
Streptomyces nasri submutant H35. Biomedical Let-
ters. 1997;55:125-131.

24. Ahsan T., Chen J., Zhao X., Irfan M., Wu Y.
Extraction and identification of bioactive compounds
(eicosane and dibutyl phthalate) produced by Strep-
tomyces strain KX852460 for the biological control of
Rhizoctonia solani AG-3 strain KX852461 to control
target spot disease in tobacco leaf. AMB Express.
2017;7(54). https://doi.org/10.1186/s13568-017-
0351-z.

25. Isnansetyo A., Kamei Y. Bioactive substanc-
es produced by marine isolates of Pseudomonas
/I Journal of Industrial Microbiology and Biotech-
nology. 2009. Vol. 36. P. 1239-1248. https://doi.
org/10.1007/s10295-009-0611-2.

26.ShafikovaT.N.,OmelichkinaY.V.,BoyarkinaS.V.,
Enikeev A. G., Maksimova L. A., Semenov A. A. De-
tection of endogenous phthalates in bacterial patho-
gens of plants and animals. Doklady Bioljgical Sci-
enses. 2019;484:13-15. https://doi.org/10.1134/
S0012496619010022.

27. Keire D. A., Anton P, Faull K. F., Ruth E.,
Walsh J., Chew P., et al. Diethyl phthalate, a chemo-
tactic factor secreted by Helicobacter pylori. Journal
of Biological Chemistry. 2001;276(52):48847-48853.
https://doi.org/10.1074/jbc.M109811200.

28. Makarova L. E., MoritsA. S., Sokolova N. A,
Petrova I. G., Semenov A. A., Dudareva L. V., et
al. Degradation of N-phenyl-2-naphthylamine by
Rhizobium leguminosarum bv. Viciae, Pseudo-
monas syringae pv. pisi, and Clavibacter michi-
ganensis sps. Sepedonicus bacteria. Priklad-
naya biokhimiya i mikrobiologiya = Applied Bio-
chemistry and Microbiology. 2020;56(2):165-
173. (In Russian). https://doi.org/10.31857/
S0555109920010122.

29. Zenkevich I. G., Rotaru K. I., Selivanov S. I.,

434

Kostikov R. R. Determination of dialkyl phthalates in
different objects (problems for discussion). Vestnik
Sankt-Peterburgskogo universiteta. Fizika i khimiya
= Vestnik of Saint Petersburg University. Physics and
Chemistry. 2015;2(4):386-394. (In Russian).

30.SemenovA.A., EnikeevA. G., PermyakovA. V.,
Sokolova N. A., Dudareva L. V., Snetkova L. V. Or-
tho-phthalic acid esters in lipophilic extract from the
cell culture of Aconitum baicalense Turcz ex Rapa-
ics 1907. Doklady Akademii Nauk. 2016;471(3):366-
367. (In  Russian).  https://doi.org/10.7868/
S0869565216330288.

31. Semenov A. A., Enikeev A. G., Baben-
ko T. A., Shafikova T. N., Gorshkov A. G. Phthal-
ates — a strange delusion of ecologists. Theoretical
and Applied Ecology. 2021;(1):16-20. https://doi.
org/10.25750/1995-4301-2021-1-016-021.

32. Ruikar A. D., Gadkari T. V., Phalgune U. D.,
Puranik V. G., Deshpande N. R. Dibutyl phthal-
ate, a secondary metabolite from Mimusops elengi.
Chemistry of Natural Compaunds. 2011;46:955-956.
https://doi.org/10.1007/s10600-011-9793-8.

33. Adedeji A. A., Babalola O. O. Secondary me-
tabolites as plant defensive strategy: a large role
for small molecules in the near root region. Planta.
2020;252(61).  https://doi.org/10.1007/s00425-
020-03468-1.

34. Pagare S., Bhatia M., Tripathi N., Pagare S.,
Bansal Y. Secondary metabolites of plants and their
role: overview. Current Trends in Biotechnology and
Pharmacy. 2015;9(3):293-304.

35. Sastry V. M. V. S., Rao G. R. K. Dioctyl
phthalate, and antibacterial compound from the
marine brown alga — Sargassum wightii. Journal of
Applied Phycology. 1995;7:185-186. https://doi.
org/10.1007/BF00693066.

36. Philip D., Kaleena P. K., Valivittan K. GC-MS
analysis and antibacterial activity of chromatographi-
cally separated pure fractions of leaves of Sansevie-
ria roxburghiana. Asian Journal of Pharmaceutical
and Clinical Research. 2011;4(4):130-133.

37. Makarova L. E., Petrova I. G., Dudareva L. V.,
Smirnov V. I., Klyba L. V. Role of allelopathic com-
pounds in the regulation and development of le-
gume-rhizobial symbiosis. Prikladnaya biokhimiya i
mikrobiologiya = Applied Biochemistry and Microbiol-
ogy. 2012;48(3):394-402. (In Russian).

38.ShafikovaT.N.,OmelichkinaY.V., EnikeevA.G.,
Boyarkina S. V., Gvildis D. E., Semenov A. A. Or-
tho-phthalic acid esters suppress the phytopathogen
capability for biofilm formation. Doklady Biological
Sciences. 2018;480:107-109. https://doi.org/10.1134/
S0012496618030092.

39.ChenH., Zhuang R., Yao J., Wang F., Qian Y. A
Comparative study on the impact of phthalate esters
on soil microbial activity. Bulletin of Environmental
Contamination and Toxicology. 2013;91:217-223.
https://doi.org/10.1007/s00128-013-1033-4.

40. Zhang C., Song P., Xia Q., Li X., Wang J.,
Zhu L., et al. Responses of microbial communi-
ty to di-(2-ethylhcxyl) phthalate contamination in
brown soil. Bulletin of Environmental Contamina-

https://vuzbiochemi.elpub.ru/jour



Makcumoea J1. A., Llagpukoea T. H. SHOo2eHHbIe ghmasiambl Kak 8ePOSIMHbILU pe2ysissmop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

tion and Toxicology. 2020;104:820-827. https://doi.
org/10.1007/s00128-020-02878-x.

41. Wu J., Liao X., Yu F., Wei Z., Yang L. Cloning
of a dibutyl phthalate hydrolase gene from Acineto-
bacter sp. strain M673 and functional analysis of its
expression product in Escherichia coli. Applied Mi-
crobiology and Biotechnology. 2013;97:2483-2491.
https://doi.org/10.1007/s00253-012-4232-8.

42. Nair P. R. A., Sujatha C. H. Organic pollutants
as endocrine disruptors: organometallics, PAHs, or-
ganochlorine, organophosphate and carbamate in-
secticides, phthalates, dioxins, phytoestrogens, alkyl
phenols and bisphenol A. In: Environmental chemistry
for a sustainable world. Environmental chemistry for
a sustainable world. Lichtfouse E., Schwarzbauer J.,
Robert D. (eds.). Dordrecht, Springer; 2012, p. 259-
309. https://doi.org/10.1007/978-94-007-2442-
6_8.

43. Junghare M., Patil Y., Schink B. Draft genome
sequence of a nitrate-reducing, o-phthalate degrad-
ing bacterium, Azoarcus sp. strain PA01". Standarts
in Genomic Sciences. 2015;10(90). https://doi.
org/10.1186/s40793-015-0079-9.

44. Nshimiyimana J. B., Khadka S., Zou P,
Adhikari S., Proshad R., Thapa A., et al. Study on
biodegradation kinetics of di-2-ethylhexyl phthalate
by newly isolated halotolerant Ochrobactrum an-
thropi strain L1-W. BMC Research Notes. 2020;13.
https://doi.org/10.1186/s13104-020-05096-0.

45. Liang R., Wu X., Wang X., Wang X., Dai Q.,
Wang Y. Aerobic biodegradation of diethyl phthal-
ate by Acinetobacter sp. JDC-16 isolated from river
sludge. Journal of Central South University of Tech-
nology. 2010;17:959-966. https://doi.org/10.1007/
s11771-010-0584-3.

46. Wu X., Wang Y., Dai Q., Liang R., Jin D. Isola-
tion and characterization of four di-n-butyl phthalate
(DBP)-degrading Gordonia sp. strains and cloning
the 3,4-phthalate dioxygenase gene. World Journal
of Microbioljgy and Biotechnology. 2011;27:2611-
2617. https://doi.org/10.1007/s11274-011-0734-
2.

47. Wright R. J., Bosch R., Gibson M. |., Chris-
tie-Oleza J. A. Plasticizer degradation by marine
bacterial isolates: a proteogenomic and metab-
olomic characterization. Environmental Science
and Technology. 2020;54:2244-2256. https://doi.
org/10.1021/acs.est.9b05228.

48. Kim Y. H., Lee J., Moon S. H. Degradation of an
endocrine disrupting chemical, DEHP [di-(2-ethylhex-
yl)-phthalate], by Fusarium oxysporumf. sp. pisi cutinase.
Applied Microbiology and Biotechnology. 2003;63:75-80.
https://doi.org/10.1007/s00253-003-1332-5.

49. Sharma R., Kaur R. Physiological and met-
abolic alterations induced by phthalates in plants:
possible mechanisms of their uptake and degrada-
tion. Environmental Sustainability. 2020;3:391-404.
https://doi.org/10.1007/s42398-020-00141-x.

50. Scavo A., Restuccia A., Mauromicale G.
Allelopathy: principles and basic aspects for agro-
ecosystem control. In: Sustainable agriculture re-

https://vuzbiochemi.elpub.ru/jour

views. Gaba S., Smith B., Lichtfouse E. (eds.).
Cham, Springer; 2018, vol. 28, p. 47-101. https://
doi.org/10.1007/978-3-319-90309-5_2.

51. Lee D. S., Hong S. D. Inhibition mode of DNA
topoisomerase by dibutyl phthalate. Journal of Micro-
biology and Biotechnology. 1996;6(5):366-367.

52. Zhang C., Fu S. Allelopathic effects of eu-
calyptus and the establishment of mixed stands of
eucalyptus and native species. Forest Ecology and
Management. 2009;258(7):1391-1396. https://doi.
org/10.1016/j.foreco.2009.06.045.

53. Eljezi T.,, Pinta P, Richard D., Pinguet J.,
Chezal J. M., Chagnon M. C., et al. In vitro cytotoxic
effects of DEHP-alternative plasticizers and their pri-
mary metabolites on a L929 cell line. Chemosphere.
2017;173:452-459. https://doi.org/10.1016/j.chemo-
sphere.2017.01.026.

54. Kumari A., Arora S., Kaur R. Comparative cy-
totoxic and genotoxic potential of benzyl-butyl phthal-
ate and di-n-butyl phthalate using Allium cepa assay.
Energy, Ecology and Environment. 2021;6:244-257 .
https://doi.org/10.1007/s40974-020-00186-y.

55.Ma T, Teng Y., Christie P., Luo Y. Phytotoxicity
in seven higher plant species exposed to di-n-butyl
phthalate or bis (2-ethylhexyl) phthalate. Frontiers of
Environmental Science and Engineering. 2015;9:259-
268. https://doi.org/10.1007/s11783-014-0652-2.

56. Zhang Y., Du N., Wang L., Zhang H., Zhao J.,
Sun G., et al. Physical and chemical indices of cu-
cumber seedling leaves under dibutyl phthalate
stress. Environmental Science and Pollution Re-
search International. 2015;22(5):3477-3488. https://
doi.org/10.1007/s11356-014-3524-1.

57. Kumari A., Kaur R. A review on morpho-phys-
iological traits of plants under phthalates stress and
insights into their uptake and translocation. Plant
Growth Regulation. 2020;91:327-347. https://doi.
org/10.1007/s10725-020-00625-0.

58. Roy R. N., Laskar S., Sen S. K. Dibutyl phthal-
ate, the bioactive compound produced by Strepto-
myces albidoflavus 321.2. Microbiological Research.
2006;161(2):121-126.  https://doi.org/10.1016/j.mi-
cres.2005.06.007.

59. Dong-Sun L. Dibutyl phthalate, an a-gluco-
sidase inhibitor from Streptomyces melanosporo-
faciens. Journal of Bioscience and Bioengineering.
2000;89(3):271-273. https://doi.org/10.1016/S1389-
1723(00)88832-5.

60. Song Q., Qin F., He H., Wang H., Yu S. Alle-
lopathic potential of rain leachates from Eucalyptus
urophylla on four tree species. Agroforesty Systems.
2019;93:1307-1318. https://doi.org/10.1007/s10457-
018-0240-8.

61.XuY.,WuY.G.,ChenY.,ZhangJ.F.,Song X.Q.,
Zhu G. P, et al. Autotoxicity in Pogostemon ca-
blin and their allelochemicals. Revista Brasiliera
de Farmacognosia. 2015;25:117-123. https://doi.
org/10.1016/j.bjp.2015.02.003.

62. Singhamahapatra A., Sahoo L., Sahoo S.
Mosquito repellent: a novel approach for human
protection. In: Molecular identification of mosquito
vectors and their management. Barik T. K. (eds.).

435



Makcumoea J1. A., Llaghukosa T. H. QHOo2eHHbIEe hmasiambl Kak 8ePOsIMHbILU pPe2ysisimop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

Singapore, Springer; 2020, p. 149-178. https://doi.
org/10.1007/978-981-15-9456-4 8.

63. Champakaew D., Junkum A., Chaithong U., Jit-
pakdi A., Riyong D., Intirach J., et al. Angelica sinensis
(Umbelliferae) with proven repellent properties against
Aedes aegypti, the primary dengue fever vector in Thai-
land. Parasitology Research. 2015;114:2187-2198.
https://doi.org/10.1007/s00436-015-4409-z.

64. Nithya P. R., Manimegalai S., Nakkeeran S.,
Mohankumar S. Comparative study of the ditrophic
interaction between Beauveria bassiana and Plute-
lla xylostella. 3 Biotech. 2021;11:223. https://doi.
org/10.1007/s13205-021-02760-5.

65. ShakerN. O.,Ahmed G. M. M., IbrahimH.Y. E.,
El-Sawy M. M., Mostafa M. E., Ismail H. N. A. E.
Secondary metabolites of the entomopathogenic
fungus, Cladosporium cladosporioides and its rela-
tion to toxicity of cotton aphid, Aphis gossypii (Glov).
International Journal of Entomology and Nematology.
2019;5(1):115-120.

66. Rawani A. Larvicidal efficacy of the mature
leaf extract of Cajanus cajan against the vector of
Japanese encephalitis. International Journal of Trop-
ical Insect Science. 2021;41:1155-1161. https://doi.
org/10.1007/s42690-020-00300-x.

67. Paul T., Biswas K., Mishra S., Sinha S., Ban-
dyopadhyay J. Thermo-chemical micro-sensing
system of a biological model organism C. elegans
towards a chemical stimulus. Microsystem Technol-
ogies. 2020;26:2235-2241. https://doi.org/10.1007/
s00542-019-04568-z.

68. Bennetau-Pelissero C. Natural estrogenic
substances, origins, and effects. In: Bioactive mol-
ecules in food. Mérillon J. M., Ramawat K. (eds.).
Cham, Springer; 2019, p. 1157-1224. https://doi.
org/10.1007/978-3-319-78030-6_10.

69.Leng Y., SunY.,, Huang W, LvC., CuiJ., Li T,
et al. Identification of dicyclohexyl phthalate as a glu-
cocorticoid receptor antagonist by molecular docking
and multiple in vitro methods. Molecular Biology Re-
ports. 2021;48:3145-3154. https://doi.org/10.1007/
s$11033-021-06303-2.

70. Sheikh I. A. Stereoselectivity and the poten-
tial endocrine disrupting activity of di-(2-ethylhexyl)
phthalate (DEHP) against human progesterone re-
ceptor: a computational perspective. Journal of Ap-
plied Toxicology. 2016;36(5):741-747. https://doi.
org/10.1002/jat.3302.

71. Wojtowicz A. K., Sitarz-Glownia A. M.,
Szczesna M., Szychowski K. A. The action of
di-(2-ethylhexyl) phthalate (DEHP) in mouse cere-
bral cells involves an impairment in aryl hydrocar-
bon receptor (AhR) signaling. Neurotoxicity Re-
search. 2019;35:183-195. https://doi.org/10.1007/
$12640-018-9946-7.

72. Xu J., Zhou L., Wang S., Zhu J., Liu T, Jia Y.,
et al. Di-(2-ethylhexyl)-phthalate induces glucose
metabolic disorder in adolescent rats. Environmental
Science and Pollution Research. 2018;25:3596-3607.
https://doi.org/10.1007/s11356-017-0738-z.

73. Liu C., Qian P, Yang L., Zang L., Chen C.,
He M., et al. Pubertal exposure to di-(2-ethylhex-

436

yl)-phthalate inhibits G9a-mediated histone methyla-
tion during spermatogenesis in mice. Archives of Tox-
icology. 2016;90:955-969. https://doi.org/10.1007/
s00204-015-1529-2.

74.Chou C. K, Yang Y. T.,,YangH. C., Liang S. S.,
Wang T.N., Kuo P. L., etal. The Impact of di(2-ethylhex-
yl)phthalate on cancer progression. Archivum Immu-
nologiae et Therapiae Experimentalis. 2018;66:183-
197. https://doi.org/10.1007/s00005-017-0494-2.

75. Zarean M., Keikha M., Poursafa P., Khalighine-
jad P., Amin M., Kelishadi R. A systematic review on
the adverse health effects of di-2-ethylhexyl phthal-
ate. Environmental Science and Pollution Research.
2016;23;24642-24693.  https://doi.org/10.1007/
s$11356-016-7648-3.

76. Lu X., Xu X., Lin Y., Zhang Y., Huo X. Phthal-
ate exposure as a risk factor for hypertension.
Environmental Science and Pollution Research.
2018;25:20550-20561. https://doi.org/10.1007/
s$11356-018-2367-6.

77. Cargnelutti F., Di Nisio A., Pallotti F., Sabo-
vic |., Spaziani M., Tarsitano M. G., et al. Effects
of endocrine disruptors on fetal testis develop-
ment, male puberty, and transition age. Endocrine.
2021;72:358-374. https://doi.org/10.1007/s12020-
020-02436-9.

78. Hlisnikova H., Petroviéova ., Kolena B., Sid-
lovska M., Sirotkin A. Effects and mechanisms of
phthalates’ action on neurological processes and
neural health: a literature review. Pharmacological
Reports. 2021;73:386-404. https://doi.org/10.1007/
s43440-021-00215-5.

79. Quinete N., Hauser-Davis R. A. Drinking
water pollutants may affect the immune system:
concerns regarding COVID-19 health effects.
Environmental Science and Pollution Research.
2021;28:1235-1246. https://doi.org/10.1007/
$11356-020-11487-4.

80. Sargis R. M., Simmons R. A. Environment ne-
glect endocrine disruptors as underappreciated but
potentially modifiable diabetes risk factors. Diabe-
tologia. 2019;62:1811-1822. https://doi.org/10.1007/
s00125-019-4940-z.

81. Pogribny I. P., Tryndyak V. P., Boureiko A.,
Melnyk S., Bagnyukova T. V., Montgomery B., et
al. Mechanisms of peroxisome proliferator-induced
DNA hypomethylation in rat liver. Mutation Research.
2008;644(1-2):17-23. https://doi.org/10.1016/j.
mrfmmm.2008.06.009.

82.JonesA.C., IrvinM.R., Claas S. A.,Arnett D. K.
Lipid phenotypes and DNA methylation: a review
of the literature. Current Atherosclerosis Reports.
2021;23. https://doi.org/10.1007/s11883-021-
00965-w.

83. Habert R., Livera G., Rouiller-Fabre V. Man
is not a big rat: concerns with traditional human
risk assessment of phthalates based on their an-
ti-androgenic effects observed in the rat foetus.
Basic and Clinical Andrology. 2014;24. https://doi.
0rg/10.1186/2051-4190-24-14.

84.Boué S. M., Burow M. E., Wiese T.E., ShihB.Y,,

https://vuzbiochemi.elpub.ru/jour



Makcumoea J1. A., Llagpukoea T. H. SHOo2eHHbIe ghmasiambl Kak 8ePOSIMHbILU pe2ysissmop ...
Maksimova L. A., Shafikova T. N. Endogenous phthalates as a prospective regulator ...

Elliott S., Carter-Wientjes C. H., et al. Estrogenic
and antiestrogenic activities of phytoalexins from red
kidney bean (Phaseolus vulgaris L.). Journal of Ag-
ricultural and Food Chemistry. 2011;59(1):112-120.
https://doi.org/10.1021/jf102255u.

85. Tahara S., Ingham J. L., Nakahara S., Mizuta-
ni J., Harborne J. B. Fungitoxic dihydrofuranoisofla-
vones and related compounds in white lupin, Lupinus
albus. Phytochemistry. 1984;23:1889-1900. https://
doi.org/10.1016/S0031-9422(00)84936-5.

86. Riviezzi B., Garcia-Lavifia C. X., Morel M. A,
Castro-Sowinski S. Facing the communication be-
tween soybean plants and microorganisms (Bradyrhi-
zobium and Delftia) by quantitative shotgun pro-
teomics. Symbiosis. 2021;83:293-304. https://doi.
org/10.1007/s13199-021-00758-4.

87. Zhang F., Smith D. L. Preincubation of Bradyrhi-

UH®OPMALINS OB ABTOPAX

Nn. A. MakcumonBa,

K.0.H., CTapLUMiA Hay4YHbIA COTPYLHUK,
Cnbunpckuin MHCTUTYT PU3NONOTUN 1 BUOXUMUN
pacTtenun CO PAH,

664033, r. ipkyTck, yn. JlepmoHToBa, 132,
Poccunckas ®enepauus,

VendyS@yandex.ru
https://orcid.org/0000-0002-6133-0981

T. H. WWadukoBa,

K.0.H., CTapLUMin HAay4YHbIA COTPYLHUK,
Cnbunpckuin MHCTUTYT PU3NONOrUn

n 6uoxmmmm pacteHun CO PAH,

664033, r. ipkyTck, yn. JlepmoHToBa, 132,
Poccunckas ®enepauus,
t-shafikova@yandex.ru
https://orcid.org/0000-0002-1099-4235

Bknad aesmopoe
Bce aBTopbl caenanu sKBMBarneHTHbIV BKNag
B MOArOTOBKY MyGnukauuu.

KoHdhstukm uHmepecoe
ABTOpbI 3aABMSOT 06 OTCYTCTBUM KOH(NNKTA
WHTEPECOB.

Bce asmopsbi npodyumarnu u 000bpusu
OKOHYameJibHbIl 8apuaHm pyKomnucu.

Uugopmayusi o cmamebe
lNMocmynuna e pedakyuro 01.12.2021.
O0obpeHa nocne peueHauposaHus 27.03.2022.
lpuHama k nybnukayuu 15.09.2022.

https://vuzbiochemi.elpub.ru/jjour E——— — —— —————————————

zobium japonicum with genistein accelerates nod-
ule development of soybean at suboptimal root zone
temperatures. Plant Physiology. 1995;108(3):961-968.
https://doi.org/10.1104/pp.108.3.961.

88. Bennetts H. W., Underwood E. J., Shier F.
L. A specific breeding problem of sheep on subter-
ranean clover pastures in Western Australia. Aus-
tralian Veterinary Journal. 1946;22:2-12. https://doi.
org/10.1111/j.1751-0813.1946.tb 15473 x.

89. Jansen D. H. When is it coevolution? Evolution.
1980;34:611-612.  https://doi.org/10.1111/j.1558-5646.
1980.tb04849.x.

90. Huges C. L. Phytochemical mimicry of repro-
ductive hormones and modulation of herbivore fertility
by phytoestrogens. Environmental Healph Perspec-
tives. 1988;78:171-174. https://doi.org/10.1289/
ehp.8878171.

INFORMATION ABOUT THE AUTHORS

Lyudmila A. Maksimova,

Cand. Sci. (Biology), Senior Researcher,
Siberian Institute of Plant Physiology
and Biochemistry SB RAS,

132, Lermontov St., Irkutsk, 664033,
Russian Federation,
VendyS@yandex.ru
https://orcid.org/0000-0002-6133-0981

Tatiana N. Shafikova,

Cand. Sci. (Biology), Senior Researcher,
Siberian Institute of Plant Physiology and
Biochemistry SB RAS,

132, Lermontov St., Irkutsk, 664033, Russian
Federation,

t-shafikova@yandex.ru
https://orcid.org/0000-0002-1099-4235

Contribution of the authors
The authors contributed equally
to this article.

Conflict interests
The authors declare no conflict of interests
regarding the publication of this article.

The final manuscript has been read and approved
by all the co-authors.

Information about the article
The article was submitted 01.12.2021.
Approved after reviewing 27.03.2022.
Accepted for publication 15.09.2022.

437



