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EYXAPIXTIEX

Me v oAokAnpwon g Adoktopikng Atotpipic pov, o n0eia vo ekppdow Tig Bepués pov

guyoploTieg og OAOVG 660VE GLVEPAALAY GTNV EKTOVNON TNG.

Apywcd, 0o nBsda va gvyopiotiow, tov Kadnynm To&woroyiog, k. Aptoteidn Toatodkn,
AtevBovt tov Epyaostnpiov To&ikohoyiag kot EykAnuotoloykng Xnueiag, o omoiog ovtog
vrevOLVOC TG TaPoVGAG AlATPIPG PPOVTICE Y10 TNV OGO TOV OLVATOV KAADTEPT] OPYAVMOGCT) TNG
KoODS Kot 1ol TIG GLUVEPYOGIEG LE QAL TOVETLOTILLLOKE WOPVILATO, KOL EPYACTIPLO 0VTOE DOTE

va £pBet €1¢ TEPOC TO GHVOLO TV AVAAVCEWV.

Axoun, Ba nBera va gvyapiotiom tov Kadnynm Maevtikng — INyvawcoroyiag, k. Avidvio
Moaxpoylovvakn, yio T GOUBOATY TOL GTO EPELVNTIKO TPMOTOKOALO KOl GUUUETOYY] TOVL LE KAOE

duvatd PECO.

[dwaitepa, Oa nBela va evyapiotiom tov Avaminpwt) Kadnynm Toioloyiag, k. Eppoavouni
TClatlopdkn yio TIg TOAVTILEG GLUUPOVAEG KO TNV LITOUOV] TOV, KOOMG KOl Yo TN GLVEXN

UETOAQUTAOEVOT] YVMOGEMY KOl TPOKTIKMV.

®a NBeha emiong va eKPPAEC® TNV EKTIUNOT HOL Kol Vo T £vo uyxaptoTd otov Kabnynt
dvoworoyiog Zowkov opyovicpudv kot Tofuwoloyiog tov Tunuatog Bioynueiog &
Buoteyvoroyiag tov [Tavemotnpiov Occcariog, k. Anuntpro Kovpéta, yia v nepaioon tov

TEWPOUATOV EKTIUNONG TOL 0EEWMTIKOV GTPEC.

Inuoavtikn ntav kot n ovpPorr g Kadnynrtprog To&ikoroyiag tov Ilavemotnuiov tng
Craiova, Anca Oana Docea, otnv opydvmon 0Ang g epyaciog alAd Kol oTNV TEPATMOOT TOV
in vivo mepdpotog, kobog ko g Kobnyntpiag @appoxevtikiic Tofwoloyiog tov
[Mavemotpiov g Istanbul, Eren Ozcagli mov avélaPe €& ohokdnpov v extipnomn Tov comet

assay.

‘Eva peydio euyoplotd xpootdm e OAa to LEAT Tov pyactnpiov yua tnv Bondeta, v dpiot
cuvepyacia kot T cvpmapdotact Kab’ OAn ) didpkela g epyacioc. [dwaitepa Oa Oela va,
EVYOPLOTHC® TNV KOAN LoV OiAn Kot cuvepydtn, Eipnvn @paykiadovrdkr, yio v moAvTyun

Bonbeia TG 1060 6TO TEWPAUATIKO PEPOG OGO KO GTNV EMEEEPYUGIN TOV ATOTEAECUATOV.



‘Eva dlaitepo guyoplot®d Oa nBeda vo o oty Todiky] Hov eiAn, kot eiloAoyo, MavBovia
XAéma Yo TI TOADTIUEG GLYYPOUPIKEG TNG GVUPBOVAES AL Kat Yo TNV «TAGTN» Tov EPake OO

aLTO TO OACTN LA

Téloc, Ba Bela v EKPPAo® TNV ELYVOUOGHVY OV GTNV OIKOYEVELN KOl TOVG GIAOVE OV Yl
TNV TOAVETITEST VITOGTHPIEN TOVG KoL TNV vOdppuven Ola avtd Ta xpovia. To evyapiotd sivar

Alyo yia OAa avT TOV LoV £YOVV TPOCPEPEL ATAGYEPOL.

Xopig avtodg Toug avBpdmovg otn Lon pov dev OBa giya Katapépet tinota...!
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[TEPIAHWYH

H mpdodog kot 1 eEEMEN g Propmyaviag £xovv cuvOEDEl GTEVA [E TNV EKTETAUEVT POTOVOT)
KOL TNV Topovsic Slpdpov yMUK®OV ovcldv 1060 610 TEPPAALoV 66O Kol GTNV TPOPIKN
alvoida. Apketéc Epevveg Exovv 0eifetl OTL TOAVAPIOUES YNUIKES 0VLGIEG EYOVV TNV KAVOTHTA
Vo S10TaPEGGOVY TO EVOOKPIVIKO GUGTNO KOl Ol OVGIEC OVTEC AVOPEPOVTOL G EVOOKPIVIKOL
Swtapdrteg (E.A.). Yrdpyet £vag av&avopevog 6yKog GTOLEImV IOV avadEIKVOEL TIG OVGUEVELG
EMNTOGELS TOVG 6TOVG {OVTAVOVS OpYavVIGHOVS, Ol 0moiol £pyovtol o€ €ma@Y] pe tovg EA
KUPlOG PEGM TNG KOTOVOA®MONG EMPOPLUEVOV TPOPIUOV KOl VYPAOV, TNG EICTVONG N NG

amoppOPMNONG LEGM TOV OEPLATOC.

Meléteg yia ) Promapakorovdnomn tov avOpdmov £x0vV amroKaAVYEL OTL 0 YEVIKOG TANOVCUOG,
GUUTEPIAAUPOVOUEVOV TOV ToOLDV, oTdvia eKTiBeTon o8 o pepovopévn Evaon. Avtifeta, 1
éxBeom yivetol Kuplwg g yMUKOVG GLVIVAGLOVG TTOL PpicKovtat 6To TEPPArAOV (VEPD, 0EPOC,
£€00p0G), KaODS Kou oe TPOPIUA 1 KATAVOA®TIKG 7poiovta. [Ipog to mapdv, vmdpyovv
TEPLOPIOUEVA OESOUEVA GYETIKG e TIG TIOAVES OVGUEVELG EMOPAGELS TOV TPOKVITOVY GO TNV

mapoTeTaUEVT €kBeoT G ynuKd petypota tdco otov avBpwmo 660 kot ota {da.

2KOmOC TG TapoHoOS SWOUKTOPIKNG JTPIPNG MTav 1 Tpocopoimong g ékbeong Tov
avOpOTOL o €VOOKPWIKOUG  Olatapdkteg oty mpaypotiky  {on.  Xvykekpuyéva,
EMKEVTPOONKOE 6TNV EKTiUNON TG GLVOVAGTIKNG dpdong Twv glyphosate (GLY), bisphenol
A (BPA), parabens (PBs), triclosan (TCS) kot di (2-ethylhexyl) phthalate (DEHP), ctov
OPYOVIGUO KOLVEMAV £MELTO A0 OMIEKAUNVY GLVOLACTIKY| £kOECT GE QVTEG TIG EVMOELS.
[TapdAinia, £yve GOYKPION TOV EMIMTOGE®V TOL EXNABAV VoTEPA OO dWOEKAUN VY £kOeom
omv kabapn poper| tov glyphosate ce oyéon pe v gumopikn tov poper| (Gilovioktdvo
Roundup®). H extipnon g to&ikdmrag tov ovotépo mpaypatonombnke e&etalovtag
ofeoavaymykovg Prodeikteg ko Proroywkotg deikteg PAaPng tov DNA  (pétpnonm
UIKPOTTLUPN VOV Kol £VTOoT) OVPAg (comet)), Kol aKOUT LETPAOVTOS TIG AVATOPAYWYIKEG OPLOVES

Kol LEAETAOVTOG TIG KUTTOPOAOYIKES PAGPEG.

Kaf' 6An ) didpketa Tov in VIVO TEPAUOTOS, TO. ATOTEAECUATA OO SIAPOPES OELYUATOANYIES

£de1Eav aHénon Tov CYNUATIGHOD UIKPOTLUPNVOV LLE 0G0 — Kal Ypovo — e&aptdpevo Tpomo. H
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oo Thiom TapaTnPNONKE Kot Yo TV £VTOoT) TNG OVPAGS, 0AAY VT GYETILOTAV OTOKAEICTIKG, LLE
1 d00T], OEOOUEVOL TOV TEPLOPIGUEVOL APLOLOD JEIYUATOANYIDOV (GLYKEKPIUEVA, LOVO TNG
tehevtaiog). H opdda mov éhafe vynAn d6on peiypuatoc ovoidv (opddo HD) edavnke va
emmpedletar mTEPIGGOTEPO OGOV QPOPA OTNV €VTOon TNG ovpas, mbavotota Ady®m g
a0po1oTIKNG EMOPACNG TOV YOPNYOVUEVOV OVGLOV. Xg OAES TIG OpAdEG EkBeoTG, VN PEE BETIKN

GLGYETION HETOED TOV aPlBoD TOV HKPOTLPHVAOV KOl TNG £VTAGNS TNG OVPAC.

H yopriynon tov petypartog E.A. mpokdAiece dtatapayEg TG OLotOoTOoNS 0EE000VIY®mYNG TOV
a{pLoTog 6TOVG 3 UNVEG, EVM 6TOVG 6 Kat 12 punveg evepyonoince TpocapoyEs 0Ee1doavaymyng.
Avtifeta, n éxbeon oe GLY kot Roundup®, pepovopévo, Tpokdiece Kupiog datapoyés g
0&E1000VaYOYIKNG 160PPOTIOG TOL ailaToc. X eMinedo 16TMV, W6iMG 6TO NP, 1 YOPNYNOoN
1660 tov petyparog E.A. 660 kot tov Roundup® npokdiece o&edmtikd otpeg, evdd  GLY dgv
T0 emnpéace. Akoun, n xopnynon tov peiypatog E.A. kot tov Roundup®, tpokdiece emlnueg
eMOPACELS 0NV 0EEW0AVAYMYIKT KOTAGTAGT] TOV NOTOS, EVOC KPIGILOL 1GTOV LE TOAVTILO

Bloroyikd poro oty amoto&ivoomn Twv opyavicpudV amd EevoPloTikd.

ZOUQOVOL LLE TO ATOTEAECUATO, TG LETPNONG TOV EMTESDV TV OVOTOPAYOYIKOV OPLOVDV, TO
Onivkd Kovvéla OV TapoVGIOGOV O10ITEPES SLOUPOPOTONGELS, EKTOC OO TNV TEPIMTOON TNG
T4 6mov 1660 610 ONAVKE 0G0 KOl GTO APGEVIKA KOVVEALD TTapoVGLdoTnKE ahENGT amd Tovg 3
pnveg ko petd, otig opddeg HD war Roundup. H B-owotpadiodn mopépeive oyedov
aVEMNPEAOTN GE OAN TN SLIPKEWL TOV TEPAUNTOS Y®PIS Vo, Tapovctdlel dopopég petald
apcevik®v kol INAvkadv. Ocov agopd ot EMIMEN TEGTOGTEPOVIG GTA OPCEVIKE KOVVEAQ
avéNOnkav petd toug 3 pnveg ékBeomg ko petmonkoy kotakdpvea 6toug 12 unveg ékbeong
otig opddeg Glyphosate, HD kot Roundup. H cvykévipmon g Tz avénbnke otovg 3 punqveg
éxbeomng, Kot petd, oe OAEG TIC OHAdES evd petmdnke otovg 12 unvec oty opdda Roundup.
[MapdAinia, Ta enineda g TpoyesTEPOVNG peldOnKav otovg 12 punveg ékbeong (oe oyxéon pe
tovg 0 pnveg) otig opadeg LD, HD ko Roundup, evéd avéndnkav otnv opdda Glyphosate.

Ta KuTTOPOAOYIKA EVPNUATO KAVOLV GOT| TNV VIapEN exteTapévav BAapov otig opddeg HD,
Glyphosate ka1 Roundup. "Yrapén ekpoyeiov, ekuAMoudS Kol KOPKIVOYEVEST] KATAYPAPT KOV
o NImap, VEPPOLS, OpYeLS, woBnKes Kot Bupeoeldn adéva, evd 1 Kapdld deV TOPOLGINGE

KUTTOPOAOYIKES AALOIDCELS.
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Ta guvpuotd pog avadeikvoovy 0tL 1 €kBeon oe E.A., pepovopéva oAdd Kot GuvoLaoTIKA,
TPOKOAEL OLOUEVELG EMOPACELS GE KVLTTAPOAOYIKO eminedo, oto DNA, ota eminedo twv
OPHLOVAV KOl GTNV 0EEW00VOYWYIKTY KOTACTOGT TOL OPYOVIGHOV. Avtd vroypoupilel Tovg
TOOVOUG KIvOUVOLE OV cLVOEOVTOL HE TNV Kabnuepivl €kBeon oe OVTEC TIC OLGIEC Kol

VIOYPOUUICEL TV EMTAKTIKN avAyKn Yio TPOGHETN £PEVLVA GE AVTOV TOV TOUEX.
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ABSTRACT

The advancement and evolution of industry have been closely associated with widespread
pollution and the presence of various chemicals in both the environment and the food chain.
Several surveys have indicated that numerous chemicals possess the capability to disrupt the
endocrine system, and these substances are referred to as endocrine disruptors (EDCs). There
is an increasing body of evidence highlighting their adverse effects on living organisms, which
come into contact with EDCs primarily through the consumption of contaminated food and

fluids, inhalation or absorption through the skin.

Studies on human biomonitoring have revealed that the general population, including children,
is seldom exposed to a solitary compound. Instead, exposure predominantly occurs to chemical
combinations found in the environment (water, air, soil), as well as in food or consumer
products. Currently, there is limited data regarding potential adverse effects both in humans and

animals.

The aim of this PhD thesis was to simulate human exposure to endocrine disruptors in real life.
Specifically, we focused on assessing the synergistic or non-synergistic effects of glyphosate,
BPA, PBs, TCS and DEHP, on the rabbit organism after a 12-month combined exposure to
these compounds. In addition, a comparison was made of the effects following 12 months
exposure to the pure form of glyphosate versus its commercial form (Roundup® herbicide).
The toxicity of the above was assessed by examining redox biomarkers and biological markers
of DNA damage (micronuclei count and comet intensity), and also by measuring reproductive

hormones and estimating cytological damage.

Throughout the in vivo experiment, results from different samplings showed an increase in
micronuclei formation in a dose — and time — dependent manner. The same trend was also
observed for tail intensity, but this was exclusively dose — related, given the limited number of
samples (specifically, only the latter). The group receiving a high dose of a mixture of
substances (HD group) seemed to be more affected in terms of tail intensity, probably due to
the synergistic effect of the administered substances. In all exposure groups, there was a positive

correlation between the number of micronuclei and tail intensity.
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Administration of the EDCs mixture induced perturbations of blood redox homeostasis at 3
months, while at 6 and 12 months it triggered redox adaptations. In contrast, exposure to GLY
and Roundup®, individually, mainly induced perturbations of blood redox balance. At the
tissue level, especially in the liver, administration of both EDCs mixture and Roundup®
induced oxidative stress, whereas GLY did not. Furthermore, the administration of both EDCs
and Roundup® caused detrimental effects on the redox status of the liver, a critical tissue with

a valuable biological role in the detoxification of organisms from xenobiotics.

According to the results of the measurement of reproductive hormone levels, the female rabbits
did not show any particular differences, except for the case of T4 where both female and male
rabbits showed an increase from 3 months onwards in the HD and Roundup groups. B-estradiol
remained almost unaffected throughout the experiment with no differences between males and
females. Regarding testosterone levels in male rabbits, they increased after 3 months of
exposure and decreased sharply at 12 months of exposure in the Glyphosate, HD and Roundup
groups. T3z concentration increased at 3 months of exposure onwards and decreased at 12
months of exposure in the Roundup group. In parallel, progesterone levels decreased at 12
months of exposure (compared to 0 months) in the LD, HD and Roundup groups, while they
increased in the Glyphosate group.

The cytological findings make clear the existence of extensive lesions in the HD, Glyphosate
and Roundup groups. Existence of ectasia, degeneration and carcinogenesis were recorded in
liver, kidney, testis, ovary and thyroid gland, while the heart did not show any cytological

lesions.

Our findings indicate that exposure to EDCs, individually and in combination, causes adverse
effects on the cytological scale, the DNA, the hormone levels and the redox status of the
organism. This underlines the potential risks associated with daily exposure to these substances

and highlights the urgent need for additional research in this area.
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1 EIZAT'QI'H

1.1 ENAOKPINIKOI AIATAPAKTEX

1.1.1 TENIKA

O 6pog «eviOKPWVIKOG OlotapdkTng» opiotnke opywkd ¢ kdbe ovcia mov emnnpedlel 10
evOoKpvikO ovotnua. ‘Evoc akpiBéotepog optopog coppmva, pe tov Opyavioud Ilpootaciog
[MepiParrovtog opilel évav evdokpvikd datapaxktn (E.A) o¢ wa e€myev) ovoia mov
napepPaivel otn ocvvleon, Ekkpilor, UETAPOPA, dEGUELON, Opdon N EEGAEWYT TOV PLGIKAOV
OpHOVAV oL gival VTEVBVVEG Yo TN STAPNOT TNG OUOLOGTACNG, TV OVOTAPUYWYT, TNV

avAmTTLEN 1Y/KOL T GLUTEPLPOPA.

O 06pog avtdg mEpAapPavel onpepa YAadec ovoieg kot o apluog tovg eokorlovbel va
avéaveral. Ta {nmuoato wov apopovv Toug E.A. kot Tig mbavég duopeveic enidpacels Tovg GTov
avOpAOTIVO OPYOVIGHO OTOTEAOVV GHLEPQ VAL OO TOL CNUAVTIKOTEPO ETIGTNHOVIKA OEpata Kot
&xovv culnmoet eniong and v Evponaixn Emnitponn kot 1o Evponaikd Kowvofovio. v
Evponaikn ‘Evoon (E.E.), t0 k0pto puOotikd dpyavo GYeTIkd pe T ¥pNon TOV YNUIKOV
ovclov gival o Evponaikog Opyaviopog Xnuikov Ovciov (European Chemical Agency). O
apUOC TV EMOTNHOVIK®OV eKOEGE®V TOV acyorovvTat e Toug E.A. éxet avéndel paydaia, pe
TOALEG amd avTég va eaTidlovv ot oyéon Tov E.A. pe v avoarapaywyn, Tic Aettovpyieg Tov
Bupeoeldoig adéva, TNV 0YKoYOVO dpAcT, Tn GYE0N LE TNV Evapén kot TNV eEEMEN g epnPeiog

akopo Ko pe v moyvoapkio (1).

Ovmporot E.A. mov evromictray Ntav gkeivol pe dpdon Tapopota LE QUTH TV 016TPOYOVAY,
Kol Omwg €xel amodeyBel ppovvion M moapepmodilovv T Opdcom TV 010TPOYOVEOV Kot
yopaxtnpilovioar ®g Eevoolotpoydva. Apovv TPOcHETIKA LLE TO EVOOYEVT] OLGTPOYOVA, OV KOl
cLVNOMG EYovV YOUNAGTEPT GLYYEVELD TTPOG TOVG KANGIKOVS LITOdoYElG oteTpoydvmv. Ta 1d1a
£evooloTpOYOVA TOV PaiveTal Vo etvar acBeVelg aymVIGTEG Y10 TOVG OLGTPOYOVIKOVG VITOSOYELS,
umopel va glval 1oyvpol aywvioTég OTay dpovV HECH TV HEUPPOVIKDOV DTOOOYE®V YEYOVOG TO
omoio e&nyel TNV IKAVOTNTA TOVE VO TOPAYOVV PLOAOYIKEG EMOPAGELS 08 YauUNAESG dOGELS (2).
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Xwpig v koraddnhn oovbeon oppovng-
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Soowkoko va SrotnpnBel ywpic v kardakknin
ONUATOSATNON TWV OpUOVIIV.

Ewova 1.1 Tponot dpaong evdokpwikdv dwrapaktdv (EDCs) (3).

210 meparrov, eueovifovior mTapdAANAo TOAAEG YNMIKEG OvLGieC Kot O avOpAOTIVOG
opyaviopdg extifetar ocuvnBmg oe €va pelypo YKoV ovcldv mov pmopel vo xovv
TPOoOETIKEG 1 akOuUT Kot cuvepyikég emdpdoelc. [ToAlol E.A. elvar avBektikoi, pe amotélecpa
1 PLOGVGCOPEVOT TOVG GTNV TPOPIKT OAVGIdA Kot 6ToV avOpdmivo opyavicpd. H niwkio katd
v omoia évag opyavicpds ektifetan oe évav E.A. pmopel emiong va etvan kaBopiotikn. tovg
EVNAIKEG, amartouvTol cuVHBmG VYNAOTEPQ emimeda Yo va TpokAnBovv emProfeic emdpaoels,
oAAG Kotd TN OldpreLa TG avOpOTIVIG avATTTLENG OKOUT KOl TTOAD YOUNAES OOCELS UopEl va

&xouv pokpoypovieg emdpdoeig (The developmental origins of adult disease (Barker)

hypothesis).
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1.2 XHMIKEXZ OYZIEX — XTOXOI

1.2.1 GLYPHOSATE

H £éxBeomn oe putopdppoka amotedel kivovvo Kot pumopel va odnynoel o€ ofeieg Kot ypovieg
EMMTOGE OtV Vyela, cvpmeptlopufavopévng g vevpoToSKOTTOS, NG EVOOKPIVIKNG
dltapayng Kot tov koapkivov. ‘Exet vmoloyiotel Ot mepimov 25 exotoppdpla dvOpwmot
nAntpréaoviot amd PLTOPAPLOKO TOYKOGUImG KAOe xpovo, odnydvtag o€ tepimov 300.000
Bavatovg emoing (4). O yevikdg mAnbvopdc extifeton Kupimg HEC® NG STPOPNC, GALA
ocuvnBwg o yoaunAd emineda. Ot opddec tov TANBVoUOD oV KivdvveDoLY Vo ektedohv Ge
peyaio PBabud ota putoedppaka eivol Kupimg ot aypdTeg Kol Ol WYEKOOTES, Kot wlaitepa o€
YOUNAEG £0C HEGOIOV EIGOONUOTOC YDPES, OOV OEV VITAPYOLV 1} OEV TNPOVVTOL CLGTNPA LETPOL
Y10, TOV KOTAAANAO XEPIGUO KOL TNV TPOoTAGio KOTd Tn Xpnon tov eutoeopuakmy (5). ‘Exet
eniong omodeyBel OTL T pEAN NG OWKOYEVEWS TV  OypOT®V, TAPOAO TOL OV
OpaCTNPLOTOOVVTOL O OYPOTES, UTOPOLV Vo, KTEBOVV 6e auEnuéva einedo PLTOPAPUAK®OV

(6,7).

To glyphosate 1 yAhvpoodtn (N-(phosphonomethyl) glycine, GLY) givat évo amd ta kupiotepa
QLTOQAPUOKO TOV €YOLV OovoKoALEOel péyxpt onuepa kot elval To MO EUTOPELGILO
QLTOPAPUAKO TAYKOGUIMS Yoo TOV Un emAekTikd édeyyo tov (illaviov (8). Xpnoiporoeitan
Kupimg otn yewpyla peydAng kiipoxkog, oAl sivon emiong moAd 6100€00UEVO GTOVG OKIOKOVG
KNmovs. ‘Exet v wavdtta va avacTtéALEL TV avantuén Tov QuTdV Tapepfaivoviag otnv
TOPOYWYN TOV OPOUATIKAOV OUIVOEEDV QUIVOAOAOVIVY, TUPOGIVI KO TPLTTOPAVT), YEYOVOG TTOV
npokodel peimon e mpoteivoouvieong (9). To GLY diaondratl 610 meptBaiiov Kuping pécm
™G 0pAoNg KPOOPYAVIGL®V, 10i0¢ Paktnpioy, ce apvopedviopmcpovikd o&o (AMPA). H
oy Tov GLY kot 0 avtiktumog tov 6to otkosvotipata, ennpedioviot and mapdyovteg Ommg
o puluog gpappoyng GLY, ot 1d10tmreg tov €d0QOVS, Ol dodKacieg UETOPOPES Kot Ot
TPAKTIKEG dtayeipiong kabd¢ emiong Kot amd T YOUPOKINPICTIKA TOV UIKPOOPYOVIGUAV. g
OTOTEAECLO, VTAPYOLV AVTIIKPOVOUEVEG TANpopopieg otn Piploypapio oyeTtikd pe TIg

EMNTOGELG TG YAVQOodTng oto Tepifdrrov (10).
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Ou 1péyovceg YemPYKES OpaocTnPlOTNTES E0pTOVTOL o€ peYAAo Pabud amd ™ Ypnon
guUmopIK®V okevacudtwv pe Paon to GLY, kot avtd €xet yivel akdun mo £vrovo ta tehevTaio
POV, NN Ve amd T0 75% TV YEVETIKA TPOTOTOMUEVOV GLTAOV £X0VV SLOUOPE®OET £TG1
wote va. avéyovior vynia eninedo GLY (11). H eravolapfovouevn yprion tov GLY kotd ™
OUIPKELNL TOV ETMOV 00NYNoE TEMKE otV gpeavion (ilaviov avBextikov oto GLY, ka1t mov
avayKace TOLG aypoOTeS va yekalovv peyardtepn d0om GLY mo cuyvd. Avti n emitoyuvopevn
YPNOTM 001YNOE GTN GLGGMPEVST VITOAEHATOV GLY oto mepifdAlov, 6to £00p0og, 6TO vEPO
Kol oto, eutd. To okevdopata tov {illavioktovey pe Baon tov GLY elvar moAvmioxka kot
petafAntd petypoto to omoia teptEyovv fondNTiKd Kol ETUPOVEIOIPACTIKA TPOCHETIKE EKTOC
a6 M Opactiky ovcio GLY, pe otéyo v adénon g amoppdenong Kot g
AMOTELEGLOTIKOTNTAS TOLg (8). AvoTuyMG, Ol EMPAVEIOIPOOTIKEG OVLGIEG pmOopel Vo
TOPOVGLAGOVV  TOEIKOTNTA TOAAEG @Opec peyoAvtepn amd 1o GLY, xabiotdviog to

TUTOTOINEVO TTPOTIOV TOAD 710 TOEIKO aTd TO ATOUOVOUEVO OPacTIKO cvoTaTiko (11).

To GLY 1 ta mpoidvta mov mepiéyovv GLY mepropilovtor 1| amayopebovtat ent Tov mapdvtog
o€ OpPKETEG YOpes, agov ot a&oroynoelg e IARC kot g Evponaikhig Apyng yw v
Acopdrewn tov Tpogipwv (EFSA) katéAnéav oto copmépacuo 0Tt VITEpPYEL GLGYETION LETAED
g ékBeong kot Tov avENUEVOL KIVODVOL EUEAVIONG JIPOP®Y  HOPPOV  KOPKIvov,
ovumeptrapPavopévov tov Aeppmpotog non-Hodgkin (NHL) (EFSA, 2015- IARC, 2017).
Qot6c0, GAlot debveic pvbuotikoi opyaviouoi, omwg o WHO/FAO kot o Evpomaikog
Opyaviopog Xnuikov Ipoidviov (ECHA), katéAnav oto copmnépoacpa 0t to GLY givan
aniBavo va £xel Kapkvoyovo dpacn yio tov avBporo (ECHA, 2017- WHO/FAO, 2016) (5).

To GLY, 10 mpoidv didonacng tov, AMPA, kabdg ko ta tpoidvia mov 10 TEPLEYOLV MG
OpaoTikn ovoio givor vmomta Yoo TNV TPOKANGM SeOpwV TPOoPANUATOV VYElNG KOTE TN
odpkeln Tov et®v. Ne@pikn kot Nratikn PAAPM, S1QOpES HOPPES KOPKIVOL Kot WOYIKES
nafnoelg 0nwg n vocog tov Alzheimer kot 1 vocog tov Parkinson éyovv cuvoebel pe v
extetapévn  ypnon tov GLY. Axdéun, €ypovv Koataypogel mePoTATIKE  amofoAdv,
OEPLATOAOYIKADV EPEDIGUAOV KOl OVOTVEVCSTIKGOV TpoPfAnudtov petd ond ékbeon oe GLY.
EmimAéov, vapyovv pehéteg Exovv dei&el avEnom g oTeEPOTNTOS KOl TV SUCUOPPIDV UETOED
TV yoipwv, kobdc kot PrAafec oto DNA kot avénuévn pebvrioon in vitro (12). ‘Eye

amodeyfel 6t to AMPA cuvdéetan e yevoto&ikdtnta, 0EedmTIkd oTpES, TPOPANUATO 6TV

17



avamtuén Kot To HEToPOMS O KaBmS Kot cupmeptpoptkd tpofAnuoto (13). Extog amd to GLY,
10 Roundup® mepiéyet molvarboioimpévn torreivikn apivn (POEA), éva empavelodpactikd
OV EVIGYVEL TNV TPOCANYN KOl TN UETATOMION TOV OPACTIKOD GLOTATIKOV. Q0T1dG0, TO
Roundup® mepi€yet moALd aKOUN CLOTOTIKA Y10 TOL OTOlCL O TANPNG KOTAAOYOS TOPAUEVEL
dyvootog, kabhg Bewpeital EUTOPIKO HVGTIKO KOl GUVETMS TPOGTUTEVETAL OO TNV ETALPELQ.
Kotd ovvénela, €xel yivel mo 0OGKOAO VO KOTAVONGOLUE TOVG KIVOVVOLS OV €YKVLUOVEL I
yprion tov Roundup® (14). Znuepa, eivar mpogoavéc 01t 1 ac@dAeto. Tov Roundup®
apeiopnteiton Eviova. Amod to 2015, €yovv katatebel mepiocdtepeg and 300 aywyég mov
KOTIYOPOUV TO TPoidV 0Tt eivan emPAAPES Yo TV avOpmdmvn vyeio. Eni tov mapdvtoc, apketég
ADPEG EYOLV amayopeVGEL TN XPNoN Tov, 0AAL o1 PAaPepés emmtdoelg Tov eEakorovbovv va

vrdpyovv 610 mEPPAALOV Kot oToV dvOpmTo.

1.2.2 PARABENS

Ta parabens (PBs) 11 mapafévia, ta onoio givar e0tépeg T0v Tapa-vdpocvPevioikov o&éoc,
glonyOnoav yia Tp®mTN eopd otV ayopd to 1930 Kot ¥pNGUOTOOVVTAL MG GLVTNPNTIKE Kot
avtipkpoProkoi topdayovtes (15). Xpnoyomolohviol evpE®E 6To KAAAVVTIKG Kot To TPoiovTol
TPOCOTIKNG PPOVTIONG AOY® TOV TAEOVEKTIKAOV QPUGIKMY KOl YTLUK®OV YOPUKTNPIOTIKOV TOVG,
ouuTEPIAQUPOVOUEVIC TG G p®UNG KPLGTOAAIKNG TOLG LOPPNGS, TNG EAAELYNG OCUNG 1 YEOLONG,
NG IKOVOTNTAS TOVG VOL AELTOLPYOVV KOAGL € £val evpl pacua Tiudv pH kot tng otabepdtrdg
TOVG akOUN Kot Oto avaperyvoovtot pe Ao tpoiovta (16). Ta PBs mpotipdvTon yo tn ynukn
TOVG oTAfEPOTNTA KO TIC EVPEIES AVTYMKPOPLOKES TOVG 1010TNTES, 10ImG EvavTl TV OeTIK®V
katd Gram PBokmnpiov kot poknitev. H 1oydg g avtipikpoPloxng enidpaong avéavetar 660
avfavetar T0 UAKOG TNG GAEWPOTIKNG aAvoidac, pe to butyl paraben vo givar to 7o
amotelecpatikd. Qotdc0, 1 dStodvtdtra tov PBs peidvetot pe mv adénon tov pnKovg g
oAvoidag, oAAG owTO Wmopel VO AVIWETOTIOTEL HE TN XPNOM OWPOPETIKOV aAdtwv. H
otabepdtnra Tv PBs peidvetatl mopovsio Pn 10VIK®V ETLPAVEIOOPACTIKOV 0VGLMOV, OTWS TO
moAvcopPikd 80. I'a BEATIOT avTyikpoPilaky| arotedespotikdtnTo, To PBS ypnoipomotovvot

oLYVE 6€ GLVIVACUO pE AAAOVG TapdyovTes, Omwg To EDTA kot 1 poktitodn (17).
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Ta PBs amoteAo)v 10 10 KOO GUOTOTIKO GE TPOTOVTO TPOCMTIKNG PPOVTIONS, LETA TO VEPO,
LE OTMOTEAEGLOL TY] ONUOVTIKT £KOECT] TV OVOPOTOV Kot TOV TEPPAAAOVTOG, 1010¢ G€ LOATIVA
nepiairovta. ‘Exel Bpebet 611 Ta0 PBs mapovsidlovv oiotpoyovikn dpdomn kot mapepfoivovv
oe opudvec Omwg Ta  avopoydva, TO  Ol0TPOYOVO, M TMPOYECSTEPOVN KOl  TO
yAvkokoptikootepoeldn] (18). Avnovyia mpokoiel 1 6VUVOEST TOVG UE OVGUEVEIC EMOPACELS
GTNV OVOTOPAY®OYT), TOOIKT TOYLGOPKIO, OVOGTOAN TNG CMOTNHG AELTOVPYiaG TOVv Bupeoeldong
a0éva, LEIMON TOV TEAOUEPIKDOV GKP®V, SUCAEITOVPYID TOV KEVIPIKOV VELPIKOD GLGTHUOTOC,
KapKvoyovog opaon (Kupiwg cuoytion pe Tov Kopkivo Tov pootov), BAEPn oto DNA oe
Toold, kobmg emiong kot adENomn Tov KWOOVOL EUPAVIONG OTOTIKOD AGOHOTOg Kot
€VOLCONTOTOINGNG GE AEPOUAAEPYIOYOVA GE TTALOLEL, SLATOPOYT TOV ELUNVOPPOTKOD KOKAOV TOV
EKONADVETOL LE CLVTOUOTEPOVG KUKAOVG OTIS YUVOIKES, LUEUOUEVT] YOVILOTNTA KO ELOAVION
cakyopmon dapntm tomov 2 (16,19). Xe andvinon, Exovv €0l mEPLOPIGLOL BTN YPHON TOV
PBSs o€ mpoidvta Tpoc®mikng epovtidag kot Karlvuvtikd, evd o 2013 n Evponaiky Emitponn

amaydpevoe T ypnon opiopévav PBS ota tpoiovta ovtd (18).

1.2.3 TRICLOSAN

To triclosan 1 tpucholavn (TCS), 1 5-yAwpo-2-(2,4-dyhmpo@otvolv) GavoAn, eivorl vag
EVPEMG  YPNOOTOOVUEVOS  avTykpoPlakdg mapdyovtac. Efvar yveootd emiong pe T1g
ovopaoieg Irgasan DP300, CH3565, GP41-353, FAT 80’023, Irgacare MP kot Irgasan. To TCS
napyOn v TpdTH Popd to 1964 and v erfetikn etorpio Ciba-Geigy kot ypnoipomomdnke
KLPIWG MG ATOAVUAVTIKO GE 10TPIKEG EYKATACTAGES. Me TV mpodo Tov ¥pdvov, Tpoctédnke
o€ 016.popa KOTAVOAMTIKA TPOIOVTA, OTMS GOTOVVLN, 000VTOKPEUES, KOAAVVTIKA Kot TPoiovTaL
kabapiopod (20,21). H mtocdmta TCS oe avtd ta mpoidvta givoar cuvibmg peta&d 0,1% Ewg
0,3% tov Bapovg tovc. e moyKOoUo eminedo, Ta terevtaia ypovia, N mapaywyn TCS €xel

Eemepaoet Tovg 1500 tovoug etnoing (22).

To 2016, o FDA amayopevoce v ypnon TCS oe mpoidvia comovviod, eved 1o 2017,
amayOpEVTNKE 1 YPNON TOL 6€ OAa Ta Proktdva Tpoidvta vyevng oty Evpomnaiky Evoon.
Ady® ™G gvpelag xpnong Tov kot mapd TG amayopedoelg avtég, to TCS efaxolovbel va

VILAPYEL O OPLGUEVA TPOTOVTA KoL urropel va aviyvevBel o dtdpopa meptPariovtikd detypota,
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OTMG AKOTEPYUOTO Kol EMECEPYAGUEVO ADUOTO, PLAKLO, AVUATOAACTN, WApLa, OKOUN Kol OE

avOpOTIVO COUATIKA VYPE, 6T 00pa, TAACUA Kot unTpikd yaAa (22).

To TCS é£yer ovvoebel pe evookpvikég otatapoyés kal £xel Ppebel OTL TpocdéveTan GTOVg
VTOO0YELS TV BVPEOEWIKOV OPUOVAOV Kol EYEL OVTIOVOPOYOVIKY] KOl OVTIOIGTPOYOVIKY
dpacmpomta (23). Ocwpeitor eniong oAlepyloydovo, T0 0moio UTopel Vo TPOKOAESEL 1 Vo
EMOEVOGEL TNV gvaucincio ota adliepyloyova. Axoun, £xel fpebel 6Tt cuvdEeTON LIE APVMTIKEG
EMOPACELS 6TOV AE0VH VITOOAAALOV-VTTOPLONG-BVPE0EIB0VE TOGO oe LeEAETEG 6e (DO 0G0 Kl
oe Ueléteg mopatnipnong oe ovlpomovc. Idwaitepn avnovyio vmdpyer yio TG yvvoikeg
avamapoy®ykng nikiog kabmg to TCS éyet v wKovotnTa v S10mePVA TOV TAAKOVVTO Kot
TOV OUOTOEYKEPOUAMKO Ppayrd Kot va E16EpYeTOL 6T0 UNTPkd Yaha. To TCS, cuvdéetal emiong
pe veupoovorTuElakég olatapoyés, UeTafoAkég dlatapayés kol KapdlotodikdTnta, VO M
GLGYETION TOV LE TNV ERPAVIOT KapKivoy gival ap@iieyopevn. Opiopéveg LEAETEG avapEPOVY
011 10 TCS av&avet Tov Kivouvo gueavions Kopkivov, eved TapdAAnAio GALES TpoTEivOLY TNV

enavoromodénon tov TCS ot Bepameio Tov kapkivov, 13img Tov KapKivov Tov tpootdtn (21).

1.2.4 BISPHENOL A

H bisphenol A 1 dS1opatvoin A (BPA), 1 4,4'-(tpomtavo-2,2-31ol) S1poavOorr, avaKaAveOnKe To
1891 amd tov Aleksandr Dianin, ko apyodtepa cvvtédnke to 1905 and tov Zincke pe ) ypnon
AVTICTOLY®V POIVOADVY KOl TN GUUTVKVOOCT] OKETOVNG. 10 pésa tov 20°” auddva, N BPA yvopioe
avénpévn mon vy xpnomn 6€ TOAVUEPY], CUUTEPIAALUPOVOLEVOV TOV TOAVKOAPPOVIK®V, TNG
TOAVGOVAPOVNG, TOV TOADOKPUAIKOD KOl T®V EMOEEWDIKOV  pPNnTvdV, To.  Omoio
ypnoortomonkay eniong Mg avTIOEEWMTIKA Kol ¢ TEMKO GTAO0 Yl TNV OVOGTOAN TOL
nolvuepiopob ota mhaotikd PVC (24). H BPA éyet didpopeg Prounyovikég ypnoels, Onme otny
TOPOYWYT LEAOVIDV KO XPOUATOV, GTNV KATAGKELT BEPLKOV YOPTLOV, COUTAYDOV HIoK®V Kot
NAEKTPOVIKAOV £0OV. AKOUN, YPTOCLOTOLEITAL EVPEWS GE VAIKE GLGKELAGING TPOPINWY, GE
WITOVKAAMO VEPOD Yo PAYNTO KOl OE EMOTPAOOCES PEPVIKIOV Yo kKovoepPokovtia (24,25).
Qotoco, 1 BPA &gt v kavOmTo Voo «LETOVACTEDEY OO TNV ECMOTEPIKY| EMOTPOON NG

oLOKELOGTOG GTO TPOPIO 1 TOTO Wiaitepa av ektebel oe peydheg Beppoxpaciec. ‘Etol, n
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KOTAVAAW®GT ALTOV TOV TPOPIH®V amotelel pia amd Tig facikés nnyég EkBeong Tov avBpdmov

oe BPA (26).

‘Exer amoodeyfel 611 1 BPA mapovsialel oiotpoyovikny dpaoctnpiotnta. Extdg opmg and tig
016TPOYoVIKEG emOpAoels, 1| BPA €xst v kavdtta vo oAANAETIOPA LE TOV VTTOJ0YEN TV
avopoyoévmV, Tov LIodoxEa TOv BuPEOEBOVS, TOV VLTOJOYEN TMV YAVKOKOPTIKOEWMDV Kot
apkeTovg dALovG. Ot emdpdoeig g BPA €yovv duomiotmbel oe GLYKEVTPMOELG CLYKPICIUEG e
EKEIVEC TV OpLOVAOVY TTOL amavtdvTol otn evon (1). H aAAnienidpacn ot pe Toug d14popoug
OpHOVIKOVG VTTOJ0YELS £xel oLVIEDET e pia evpeia AMota TpoPAnpdtwy vyeiag. X AMota ot
wepthappdvovtar dtatapoyn TS avanTuéng, vontikég PAAPES Kot GUUTEPLPOPIKES SaTOPOYES,
KOTOGTOAT] TOV OLVOGOTOIMTIKOV GUGTILLOTOC, OEEWOMTIKO GTPEC, AVATOPAYWYIKA TPOPAN LT
Om®G amoPoréc, 6TEPOTNTO, GOVOPOLO TOAVKVGTIKGOV MOONKAOV, evoounTpimon oAlayég otV
TOGOTNTO, TOWOTNTA KOl KIVNTIKOTNTO TOV GTEPUOTOS, OLOTANGIEG OTA aVOPIKA YEVVNTIKA
opyava. Idwitepa avnovyntikny gival n cvoyétion g ékbeong oe BPA pe v eugdvion

KOPKIVOL TOV HOoTOD, TMV WOONK®V, THG UNTPOC, TOV TPOSTATN Kol TV Opxewv (24).

H dwpoavodn A (BPA) elval o gupémg ypnOUYOTOOVHEVT] GUVOETIKN €veon HE TOV
TOYKOGO OYKO mopaywyns va extipdron o 2015 og 7,69 gkatoppoplo HETPIKOVS TOVOLS Kol
va av&averor og 10,7 exatoppvplo petpikong tovoug g 1o 2020. H maykdopa (o yw
v BPA gxtipdton ota 22,49 dioexatoppvpra Soddapio HITA 1o 2022, pe ™ peyolvtepn ayopd
va Bpioketon oty meproyn g Aciog kat tov Eipnvikod kot va aviurpocsonevel to 52% tov
pepuoiov ayopag. Ot H.ILA. kou np Avtikn) Evponn cuveiocpépovv mepinov to 36% g ayopdg
(24).

To 2012, o FDA mepidpioe 1 ypnon morvkapPovik®dv pntivev pe Baon t BPA o pmumepo
Kot muiheg o€ amAvinon o€ aitnon yw ntpdcheta TpoPitwv mov KoTEHEcE TO AUEPKOVIKO
Zvppovio Xnueioc. Eva xpoévo apyotepa, o FDA egnéikteve antovg 100G TEPLOPIGLOVG Y10, T
ypNon enolewdikdv pnrveov pe Pacn ™ BPA og emikoddyelg o€ cuokevacies yio Ppepukd
nopockevdopata, evod mopdAinia 1 Evponaikn Emutponn kowvomoince tv amdgacn va
nepropioel v BPA ota mhaotikd pmunepd oty E.E. To 2017, n FDA Eexivnoe épevva
emaveEETAoNG TG EMKIVOLVOTNTOG TNG XPNoms T BPA kot 1o 2020 amaydpevce ) xpnom g

070 YopTi OEPIKNG EKTOTTMOONG, VO avapéveTol va emPAnBodv arayopevoels ypriong s BPA
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Kot 6€ dALa Tpoidvta. 'Hom oe moArég mohreieg twv H.ILA., £xovv yiver peydia kvipato yio

TNV OAIKT OTayOPELOT) TG XPNONGS TNG KoL TO EXOVV KOTOPEPEL 6€ KAToleg and avtég (1).

E&ottiag Tov anayopedoewmv avtdv, 1 BPA avtikabiotatar cuyvd amd avéroyo g 6mmg M
dwoeawvoin S (BPS), n dwopawvoin F (BPF) kar n diopawvorn AF (BPAF). Avotuymg, m
TAEOVOTNTA TOV VTOKATACTOTOV 0V SOKIUALETOL TPV OO TV EICAYMOYT TOVG GTNV 0lyopd Kot
oLY VA TOPOVGIALOVY TOPOUOLES 1] KO TTLO 10YVPEG SLOTOAPAUKTIKEG EMOPAGELS OO TIG APYIKEG.
(27). Qo1600, TO AMOTEAEGUOTO SOPOP®YV UEAETOV £0e1&ov OTL Ol OPUCTIKOTNTEG, O
peTABOMSHOG Kot 0 unyovicpog dpdong twv BPS kot BPF givan mapopotol pe tov BPA «au,
Aoppavovtag VIToOYn TIC OPUOVIKEG OPACELS, EVOEXETAL VAL EVEYOLV TAPOUOLOVS SVVNTIKOVG

Kvdvvoug yia v vyeia pe tov BPA (28,29).

1.2.5 DI (2-ETHYLHEXYL) PHTHALATE

O pBalikol eotépeg eivar deotépec Tov EBaikov o&€og (1,2-BevievidikokapPoiviikd 0&H)
Kol €fvol GLVOETIKEG OPYOVIKES YMNUIKES OLGIEG TOV YPNCUOTOOVVTOL oTn Propnyovia g
OATEG, TAAGTIKOTOMTES Kot TpOcheta 6ta TAAGTIKA ToAvPivvroyrlopdiov (PVC) 1 ota
npoiovta  mpooomikng @poviidag (PCP). Ilepiocodtepor amd 25 o@Baiikol eotépeg
YPNOCILOTOLOVVTOL O EUTOPIKEG EQUPUOYEG, UE TOV KOOEVO VO TPOGOETEL LOVOIIKES 1O10TNTESG

070 TPOidv 610 0moio evowpatmdvetol (30).

To di (2-ethylhexyl) phthalate (DEHP) &ivatr évag omd T0UG oNUAVTIKOTEPOVG OOAALKOVG
E0TEPEG OTO EUTOPLO KOL GLVTEONKE Yo TPATN POPA Yo ¥pioN ®¢ TAASTIKOTOMTNG To 1933
(31). Xpnowomoteital mg TAAGTIKOTOWTHG OTNV Tapaymyn YAmplovyov moAvfivoriov (PVC)
YL TV TOPAY®YN HOAAKOTEP®OV Kol To gvkapntwv LAK®V. To PVC nov nepiéyer DEHP
YPNCLOTOLEITOL GE VOGOKOUEWNKO €EOMAIOUO  (EVOOPAEPLL COANVAKIL Kol GOKOVAEGS),
TEPITOALYLLOL TPOPiN®V, uovmon kadwdiov kot eEaptiuata avtokvitov (32). Ta mpoiovta
PVC pmopet va mepiéyovv £mc kot 50% (kotd Papog) ehotikéc evmoeig (31). Tt uépeg pag,
ot dvBpommot ektiBevtal d1dyvTo 6TOVG POUAIKOVS EGTEPEG HECM TNG KATATOOTG, TNG ELGTVONG

Kol TG omoppoenons amd to déppa, kabmg ot eBoiikol €0TEPEC UTOPOLV €DKOAM VO

22



UETAVAGTEVGOVV 6TO TEPPAALOV S1OTL OeV €lval OLOLOTOAKE GUVOEDEUEVOL LE TOL TAUCTIKE
(33).

To DEHP &tvar 0 mo gvpéme ypnoipomolovpuevog eOOAMKOC €0TEPAS OV AVTIUTPOCMOTEVEL
oxed6v 10 50% g moyKOoUIOG KATAVAA®ONS POOMKAOV €0TEP®V Kol €YEL GUCYETIOTEL UE
dtpopeg apvntikég emmtmoelg otny vyeio (33). H kdpla anyn ékbeong tov avbpdmov oto
DEHP &ivon to tpogipa kot 1o epplarmpévo vepd, mopdrio mov to DEHP dev ypnoonoteiton
YL TV KOTookeL purovkoMav vepov. To DEHP eivon o mbavd va dtappevoel oe Mmapd
TPOPULO 1] GE TPOPLLO TTOV £YOVV LYNAN CLYKEVTIPWOT MTdiwV, KaOMG Tapovctdletl avEnpévn
StAvTéTTa 6T EAOaL AAAL OYL 6TO vePO. AAleg TNyEg xBeonc mepthapPdvovy tn 6KV TOV
OTITION, TOV OEPO. ECOTEPIKMOY YOPM®V, TO YOUO N TIC amobnKkeS vepov, aALd avTtég sivat
devTePENOVOEG TNYEC OV 0dNYoUV oe pia eldytot mpdoinyn (34). Aeod gicélbel otov
opyavioud, 1o DEHP petaPoArileton o d1dpopeg evdoels, GUUMEPIAAUPOVOUEVOVY TG 2-
aBvregavolkng eEovoing, tov 2-aifviesovoikov o&éog kot tov MEHP (pBaAiikdg povo (2-
atBvAeulr) eotépag). Avtol ot petafoiriteg Bempovvian mo toikol amd T unTpky Eveon,
18iwg 0 MEHP, o ovsia mov €xet cuoyetiotel pe avtiavopoydvo dpaomn otov avBpwmro (34).

To 1610 to DEHP d1atopdocet eniong ) ¢UGI0A0YIKT AEITOVPYIN TOL EVOOKPIVIKOD GUGTILOTOG
(32).

Aappdavovtag vroyn tig emmtooelg g DEHP otov dvBpomo, £xel amayopevbet 1 xpnon €5
eBoMkov evicemv, cvopmeptioppavopévov ko tov DEHP, oty mapoaywyn mayvididv otig
H.IT.A., tov Kavadd kot v E.E. Tlaporo mov opiopévor Baiikol ectépeg £xovv meploplotel
oTO TOUOIKA oy viola, e&akolovBodv va ypnoiorotodviol 6e moyvidle o€ TOAAEG GAAES
TEPLOYES TOV KOGHOL, cvumeptlapPavouévng g Kivag kan g Ivdiog, yopig mepropiotikovg
kavoviopovs. EmmAéov, ta madid e&axorlovbodv va ektifevior oe POOMKES EVOGELS HECH
KOAADVTIKOV Kol TPOIOVIWV TPOCMTIKNG PPOVTIOns, KaOdg Kol HECH CGYOAMK®OV E0MV oo
PVC, 6nwg tetpddia, viocié, €idn {oypapikng, coakida, KouTid @ayntol, CLUVOETPESG Kot
ounpéreg. POaAIKES evidoelg pmopovv eniong va Ppebovv kat 6e adtaPpoya, UTOTES, TCAVTES

Kot podokd Thactikd tamovtota (31).

H éx0Beon oe DEHP éye1 ovoyetiotel pe v epedvion dwafrtn, moyvoapkiog, oAAEPYIDV Kot
do0patog, Kapkivov Kafdg Kot avoamTapay®ytKav TpofAnudtov 6nwe anofoAés Kot TpompPovs
tokeTovg (31). Zvykekpipéva, ékbeon tov TaddV e POAAKODS E0TEPEC EYEL CLOYETIOTEL UE
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AKOTAAANAN GEEO0VAAIKT] AVATTTVEY, OTWC TPOMPN AVATTVLEN TOV HOCTOV, SVCUEVEIS SLOTAPOYES
TOV OVOCOTOINTIKOV, VELPIKOV KOl OVOTVEVGTIKOD GLGTNHWOTOSG, 0TS doBuo Kot Bpoyyikn
anoepaén kabmg Ko Tpodwn epnpPeia. Iapdiinia, £kBeon evnAiikov ce OUAKOVC £0TEPEC
€xel Ppedel va €xel oxéomn Pe Un QUOIOAOYIKN OEPKELN/ATMAELD EYKVLOGVVNG, TPOMPO TOKETO
abENGCT TOL GOUATIKOV BAPOVG, OVTIOTAON GTNV WWGOVAIVY, avénuévo kivouvo EUEAVIoNG
KOPKIVOL TOV HOGTOD OALGL KOl LETOCTACE®MY, KOl LT QLUGLOAOYIKEG TVEVUOVIKEG AEITOLPYIESG

oTovg avopeg (35).
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1.3 TA KOYNEAIA QX ITIEIPAMATOZQA

Ta kovvélia givor pikpd Onraoctikd tng owkoyévetag Leporidae g taEng Lagomorpha (36) mov
AmOVIOVTIOL GE OdPopo HEPT ToL KOoUov. Ot cuviBelg epyasTnplakés QUAES KOLVEM®DV
Tpoépyovtol amd 10 evpomaikd kovvél (Oryctolagus cuniculus), peta&d twv omoiwv ot mo
Cotikéc v v épevva givan to New Zealand White (oiumivo), o New Zealand Red, to
Dutch-belted, to Californian White, kot 1o Polish. Qotdc0, égovv avayvopiotel omd v
Apepcovikn 'Evoon Extpogpéwv Kovvehidv, (American Rabbit Breeders Association, ARBA)
nepimov 30 @LAEC KoVVEMMV (CLUTEPILAUPAVOUEVOV TOV UETOAAAYUEVOV GTEAEYMV) Yo
EUTOPIKEG KOl TEWPAUOTIKES ¥pNoES. O1 PLUAEG KOLVEAIDV UTOPOVV Vo S1opopomotnBovy cg
YEVIKES Ypappég pe Paom to péyebog Kot o cmUATIKO TOVg BApog. ZvyKekpuuéva, To pKpod
avoeépetol og Ayotepo amo 2 kidd (Polish, Dutch-belted), o pecaio avagépetar og 2-5 Kiha
(New Zealand White, New Zealand Red, Californian White), v 10 peydio avagépetatl o€
avté Tov Eemepvovvy axdun kot ta 5 kidd (Flemish). Av kot to New Zealand White giva 1o o
GLYVA YPNOCLUOTOLOVUEVO EPYACTNPLOKO OTEAEYOG, KAOMDS eivol €0KOAO v EVTOMIGTOVV Ol
EMPAVELNKES OAEPEC KoL aptnpieg Tov Yoo ™) GLAAOYN OilOTOg, KOl To GAAC OTEAEYM

YPNOUOTOLOVVTOL GE CTUOVTIKES £pgLVNTIKEG Tpoortabeieg (Ewova 1.2) (37).

' 3 ( y \ »
N
- S .
New Zealand New Zealand
White Red Dutch Belted Polish Californian
* Avocoloyia 5 ﬁ[\)lupmluon v f:g:é:é:;m * DappPaKoKWwn Tk * lohoyla
¥ * \émpa -
* ABnpoaxArfpwan o Ko o DKW * MeraBoAopog

* MeEveTikn 3
voanpaza

s &%

Ewova 1.2 Eidn kovveldv o ypnoipomotodval g nepopatdloa (37).
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Ta mTheovektnuata ypoNG KOLveM®OV o¢ Telpapatolma sivar ta e€1g (38):

e Mn gyBpkn coumepipopd, Tov 10 KaBIGTA EVKOAO GTN JOYEIPION KO TNV TOPATHPNON.

o Extpépetor evpémg Kot £ivort TOAD 7O arod0TIKO oo To LEYAAVTEPA (ML

o Ot {otwcol Tov KOKAOL OT®G 1 KHNoM, N YaAovyia Kot 1 epnPeia, ivar cuvTopot.

o Agdopévov 0t taSvopeiton g pkpo (Do, EUTINTTEL 6T S1KOL0J0GIN TG TOTIKNG EMLTPOTNG
deovtoroyiog. Avtifeta, n Ay GOEWNG GO TNV KEVIPIKY EMITPOTN OEOVIOAOYIOG Y10 TOL
peyorvtepa {da etvon pia xpovoPopa kot avotnpd pubuilopevn dadikacio.

e Ot &yKaTOOTACELS EKTPOPNG TOV OTOITOVVIOL Yo TN Yopnynon adswg mowmg ko
OE0VTOAOYIOG Y10t TNV EKTELEDT] YEPOVPYIK®V EMEUPACEDV o€ peyarvTepa (Do ival TOAD
TEPIMAOKES KOt ATAVIPES, Kot GLVINOMG Eval EPIKTEG LOVO Y10l KEVIPIKEG EYKATACTAGELG

épevvag o Loa.

Qo61660, TO TEWPAUATO, LLE KOVVEALN TOPOVCIALOVV Kot KATOLo TPOBAN LT TTOV ivot KOWVE Yo

ToAG (da, Omog (38)

e H &Aewyn xord eEomMopévov yopmv erioéeviag (v, EUTEPOV YEPIGTOV Kol AUEGH
OLBECIUNG LETEYYELPTTIKNG KO SIEYYEIPNTIKNG QAPLOKEVTIKAG AYWOYS.

o H &é\ewyn BProypapiog oxeTikd Le T OPOVIION TV KOLVEAM®MY KOTA TN SIUPKELLL TNG
TEPOUATIKNG ¥pNons kabog wor 1 dmopén Ayov KINVIOTPIKOV YEPOLPYDOV  TOL

£101KEVOVTOL OTO KOVVEALC.
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1.4 YKOIIOX MEAETHX

H mopovoo owdaktopikn owatpiPny amoteAel por perétn mpooopoimong g €kbeong tov
avOpOTOL GE EVOOKPIVIKOVG OOTOPAKTEG OTNV TPOYUOTIKY {oN. ZVYKEKPIUEVA, GTOYXEVCOUE
oV eKtiunomn g cvvdvaoTikng dpdong Tov glyphosate, BPA, PBs, TCS kot DEHP, ctov
opyavicpd KOUVEMMV £MEITO OO dMOEKAUNVN GLVIVLOOTIKY €KOEON 0 AVTEG TIG EVAOOELS.
[TapdAinia, £ytve GOYKPION TOV EMMTOCE®V TOL EMNAOAY Votepa amd dmdekaunvn £kbeon
otV KaBapn popen tov glyphosate oe oyéon pe v gumopikny tov popen ({ilavioktovo
Roundup®). H extiunon ¢ to&kdmtog tov avotépo mpaypoatonombnke egetalovrtag
ofeoavaymyikovg Prodeikteg ko Prodoywovg Odeikteg PAAPng tov DNA  (pétpnon
UIKPOTUPNVOV Kot £VTOCT) 0upds (COMet)), Kot oo LETPOVTAS TIC OVOTUPAYOYIKES OPLOVES

Kol LEAETAOVTOG TIG KLTTOPOAOYIKES PAGPEG.
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2 TIEIPAMATIKO MEPOX

2.1 Invivo IIEIPAMA

2.1.1 NOMOGOETIKO ITAAIXIO

O apBpdc tov (omv Kabmg Kot ot HEBodot ekTpoPng Kot Bepamneiog akoAovBohv Tovg KovOveg
™me apyns tov 3R (Replacement (avtikatdotaon), Reduction (peiowom) xor Refinement
(BeAtioon)) kobmdg kol OAeg TIC KATELOLVTAPIEG YPOUUES amd TIG OPUOBIES apPYEC TNG
Evponaikng Evoong oyetikd pe ) xpnon mepapoatdloov (39,40).

Ta 3R onpaivoov:

» Replacement
Avtikotdotacn g xpnong Lowv pe un Lotkéc peboddove, 6mov avtd givar Suvatov.
= Reduction
Meimon tov ap1Bpod TV xpNoLLoToloVpeEVEY {DO®V GTO ELIYIOTO, LLE TAPAAANAN eniteLEn
EMOTNUOVIKE £YKVPOV OTOTELECUATOV.
» Refinement
Beltioon tov TpakTik®V Yo TNV EAN)IOTOTOINGT TOV GTPES Kol TNV gvioyvon ¢ evlmiag

TOV TEPAPATOLOOV TOV XPTGLLOTOLOVVTOL.

Avtoi o1 kavdveg givar avotnpoi dote va eEacearileton n gunpepio Tov (dov, kKabmg Kot M
oLYKpOTNUEVN Ko opBoroyikn xpnon tovg, kot 1 Emtponn) Agovtodoyiag amottel v mAnpm
GLUUOPP®OTN e avToVG TOLG Kavovee. H épevva €xet kataywpnBel 6to Animal Study Registry
(DOI: 10.17590/asr.0000259). To mpwtdéxoiro €xel eykpBel amd v Emtponn HOwmg ko
Axodnuaikng kor  Emiommuovikng  Aegovroroyiog tov Ilavemotnuiov latpung ot

DOapuakevtikng g Craiova (4/17 Iavovapiov 2020).
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2.1.2 EKTPO®H

Eikoot kovvéha (10 apoevikd kot 10 OnAvkd), nAikiog Tpiov invov Kot Bapoug Tepimov Tpumy
KIMOV 10 KoBéva, ywpiomkav oe mévie opddeg (téooepa ({do oe kdbe opdon) wot
Quo&evnOnkav g aTopKd PETOAAIKA KAOVPLE. Metd amd pio efOopada eYKAUOTIGHOD TV

KOUVEALDV, GPYIoE 1 YOPNYNON TOV EVDGEMY EVOLPEPOVTOG,.

H npdn opdda amotelei tnv oudda eréyyov (control) kou Adufove kavovikn dtatpoen (vepo,
TpOQPN epmoTicpuévn pe kaAapumokélaio (5% abavoin/vepo)). Ztig opddeg 2 kot 3 yopnyndnkov
YOUNAEG Kot VYMAES 0OGELS, avTioTolya, Lelypatog tov ovoiwv BPA, MePB, PrPB, BuPB, TCS,
DEHP xot GLY (85%), eved n tétaptn ko 1 wéumen opdoa Erapav vynin o6on GLY oty
Kkabopn kot gpmopikn tov popen, avtictoyyo(Ilivaxag 2.1). Ot ovoieg dwAvdnkav oe 5%
aBavoin/vepd yia TV mopackeLT TOV SaAvpateV amobépatog. Ot ovoieg apobd dtoAvovtay
o€ 5% a1Bavorn / vepod, avoperyviovtay e TNV TPOPn Kot xopnyovvtay oto (oo pio opd v
nuépa, mévie Muépeg ava gfdopdada Yoo dmdeka cvveydpevovg pnvec. Ot dOcGEC OV
avtioTotyovoav og kibe opdda dapopeddnkay pe Paon ta dpla mov £xovv BeomioTel Ao TIC
appodteg apyEs (PA. mapdypago 2.1.3) kot Aapfdavovioag vroymn 1o fapoc Tov Kabe (mov Kabdg
1N exdotote 066M voAoylotav 6 MY ovoiag avd Kg couatikod Bapovg. H tehkn nuepnioia

ToGOTNTA OBOVOANG GTN YOPN YOO UEVT TPOON NTav pikpdTepn amd 0,5%.

Mivakag 2.1 Opddeg kat SOCELS TOU in Vivo TMELPAUATOC

Opdoa  Kwducog ITeprypaon Adon Ovoia

1 Control  EXéyyov - -

2 LD Meiypa o€ yoapnAn d6omn 1xADI | GLY, BPA, MePB, PrPB, BuPB,
TCS, DEHP

3 HD Meiypo og vymin d6om 10x ADI GLY, BPA, MePB, PrPB, BuPB,
TCS, DEHP

4 Glyphosate | Yynin 66on GLY og kabopry | 10X ADI | GLY

HOPON
5 Roundup® = YynAn 86on GLY og 10 x ADI GLY

EUTOPIKT] LOPPT|
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Olo ta Lo mapakorovBodviav kot e&etaloviav kabnuepvd yoo onpeio voonpdtntag 1
Bvnowotroc. H mapakorovdnon nepiraupave e&€taon g youvag, Tov PAEVVOYOVOV Kol TV
eKKploemV, KOOMOS Kot TopoTpnon TG CVUTEPIPopds Towv (owv. H katavaimon tpoene Kot
vepolh  KOTOYpOQOTAY €miong KaONUEPIVE. ZVYKEKPIUEVA, 1 KOTOVAA®GN TOV OUAd®V
yopnynong (opddeg 2, 3, 4 kot 5) cvuvekpibet pe TV KaTOVIA®OT TG opddag EAEYYov (opddo

1) yio Tov EvTOmGUO TUYXOV SLOPOPDOV.

2.1.3 AOXOAOTIEX

Ot docoroyieg yopnynong Pacioctmray ota 0pla mov £yovv kabopiotel and v Evpomaixkn
Apyn v v Acedieln Tov Tpoeipwv (EFSA) kot v avaioyn vanpecio otov Kavadd.
Xoupova pe v EFSA, to ADI yw v BPA opiletar oe 0,004 mg/kg copotikod
Bapovg/Mmuépa, yio o BuPB o¢ 0,5 mg/kg copatikod Bapovg/muépa, yio 0Aa ta PBs (MePB,
PrPB) o¢ 0-10 mg/kg copatikod Bépovg/muépa (Bewpeitar 5 mg/kg copatikov fapovg/muépa
v v MePB ka1 5 mg/kg coupatikov Bapovg/muépa yia tv PrPB), yio to cdvoro twv
@BaAkov evioewv o¢ 0,05 mg/kg copatikod Bapovg/muépa kot yuo t GLY éwg 0,5 mg/kg
copatkod Bapovg/muépa. H kopépynon tov Kavadd kabdpioe v ADI yia to TCS o¢ 0,08
mg/kg copatikov Bapovg/muépa.

H younin d6om tov yopnyoduevov dtodvpdtov (opada 2) tepieiye mocotnta and kdbe Evaon
ion pe to ADI g (1x ADI), eved n vynAn doom (opdoa 3, 4 kot 5) ion pe 10 deKOTAUGI0 TOV
ADI (10x ADI).

2.1.4 AEIFTMATOAHVYIA - GANATQOXH

Katd v évapén tov meipdauatog in vivo (t = 0 uivac) kot kabe tpeig unveg (t= 3, 6, 9 ko 12
UNVEG), TPOYLOTOTTOLEITO GLALOYT detypdtav aipotoc. Ola ta (oo BavatdOrniay 6To TEA0G TOV
TEPANATOG oyNuotog, e phenobarbital sodium (epmopikd SidAvpa Dolethal, Sml/Skg
ocopatikod Bapovg), aeod TPMTO VTESTNOAV VAPK®OYN HE LTOJOPLO £VECT OLOAVUOTOG

Xylapan/Narketan (2/1), ko vekpotopnOnkav amd tov appodio Ktnviorpo.
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Ot 16101 TOV GLAAEYOMKAY NTOV KOPOLE, NP, VEPPOL, BLUPEOELDNG adEVAS, WOBNKES Kot OPYELS.
2Oppove pe TG NON LIAPYOVCES UEAETES, 0 BUPEOEIONG AdEVOG KL TOL YEVWNTIKA Opyova.
emmpedlovtal GUECH OO TOLG EVOOKPIVIKOVG OTUPAKTEG, AOY® TNG OPLOVOEEUPTMUIEVTS
Aertovpyiog Tovg, EVMO 01 VEPPOL KOt TO HITOP ATOTEAODV TO KPIATPO» TOL OPYAVICUOD KOl (PO
emPapvvovtar wWaitepa. AxoOun, N €kBeoN 6TOVE EVOOKPIVIKOVG SOTAPAKTEG TOV UEAETAUE

£)XEL CLOYETIOTEL KOl L KOPILOKE VOOT|LLOLTAL.

AQoD apotpEOnKov ot 16Tol, KOTNKOV 0 KOUUATIO Ko yopiotnkay og eppendorf ovtog dote
VO TPOYHOTOTTOM B0V Ol OVOAVGELS Y1 TNV EKTIUNGN TOV 0EEW0MTIKOD 0TPEG (VAL GTOVG -
80°C), evd mapdAAnio ANEOMKOV OTOTUTOUOTO TOV IOTAOV GE AVTIKEILEVOPOPOLS TAGKES Yol

TNV EKTIUN 0T TV KVTTAPOAOYIK®OV BAaBdV (@UANEN oe Bepokpacio doUaTiov).
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2.2 ANAAYZEIX

2.2.1 METPHXZH MIKPOITYPHNQN

e ka0e derypatonyio (KGOe 3 UNVEC), TPOYLATOTOIEITO GLAAOYN OELYLATWV OAMKOV OULLOTOG,
ocvykekpipéva 1 ml oAkod aipatog, o€ cwAnvapla nroapivng, omd T ceayitido AERa Tov Kabe

Coov. Ta detypata mopépevay atoug 4 °C péypt v avaivon.

[Ma v KoAMEPYELD TV KVTTAP®V avapelydnkay to TopoKdTm:

* (0,5 ml ond 10 aipa kaOe {dov avapeiydnkay

= 6,5 ml pésov HAM (awénrtikdg mapdyovtag),

= 1,5 ml guPpuikog opdg Pooedovg (FBS, Fetal Bovine Serum), évog avéntikdc mapdyovtog
OV TTEPLEYEL YOUUNAES TOGOTNTES OVTICOUATOV

* 0,3 ml putoopocvykoAintivng (PHA), éva pitoyoévo mov emdryet tn dtoipeon TV KLTTAPOV
TOV AEUPOKVTTAPOV

= 0,1 ml avtiBrotikod yio v amoevyn eXLOALVONS TG KLTTAPOKAAMEPYELOGS.

H xvttapokolhépyelo mopaoKendoTNKE VIO OMOCTEPOUEVEG GUVONKEC GE €101KEG PLAAEG

KLTTOPOKOAMEPYELOG Kot TomoBeThOnKe oTov enwoactpa otovg 37°C pe mapoyn 5% COo.

Me 10 mépag NG EMAOACNG TOV KLTTAPOKOAAEPYEIDV Yo 44 dpec, mpootédnioav 20ul
Kuttapoyalacsivng B oe kKaBe kaAMépyelo kol otn ocvvéxelr tomobetOnkav Eavd otov
enwactpa Yo 28 dpeg (72 dpeg endoons cuvoAlkd). H kuttapoyaracivny B avactédiel tnv
KLTTOPOTAOCUATIKY] dtaipeon Tapepmodiloviag Tov oynuaTicpd vnuatiov aktivng. Me tov
TPOTO OVTO, 1] KLTTAPOKIVION GTANATE, EVA 1 TVPNVIKT dlaipecT cuveyiletal, kATt Tov 0doMyel

GTO GYNUOTICUO OITOPNVAOV KLTTAP®V.

A@oV 0AOKANPOONKE 1 ENMOACT TOV KOAALEPYEIDV, TO EXOUEVO GTAO0 TV 1 GTaOEPOTOINGON
TV KLTTIpov. Ola To fLOTO TOL OVOPEPOVTOL TOPAKATM TPOYLATOTOONKOV LLE TN ¥PoN

OLVOLLEIKTN PO VOTteX.

»  Metagopd TV KoAAEPYEIDOV o cwAnvdpla falcons twv 10 ml
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= duyokévrpnon ota 1500 rpm yio 10 Aentd Ko ATOUAKPLVGT] TOL VIEPKEILEVOL VYPOD

*  JIpocOnkn 4 ml vrotovikov dwwivpatoc (ddH20 : HAM 1:1) ywa ) didlonacn tov epudpdv
apocpopiov kot avapovny v 4 Aertd. Etvor mold onuovtikd, o xpdvog avtdg vo punv
EemepooTtel OVTMG MOTE Vo OlOTOGTOOV POVO To. gpuBpd aipoceaipla Kot Oyl To
Aep@oOKLTTOPAL.

»  TIpocOnkn 4 ml otabepormomtikov dwoivpatoc (CH3OH : CH3COOH 3:1)

= Ovuyokévrpnon oto 1200 rpm ywa 10 Aemtd

*  ATOUAKPLVOT TOV VITEPKEIEVOD LYPOD Kot TpocHNKT 4 ml oTadepomTOTIKOD SIOAVUOTOG

Ta dVo televtaio otddto emavaleONKav TovAdyiotov 3 Popég €mg OTOL TO VYPO VA Yivel
olwyég. Metd v TeEAevTOiol QUYOKEVTPNON OTOROKPOVONKE TO HEYOADTEPO WEPOG TOV
VIEPKEILEVOL VYPOD KO 1] KVTTOPIKN TEAETO EmavatlwprOnke amard pe ta 0,5 ml vrepkeipevon
VYPOV TTOV TOPEUEVAV. ZTT GLVEYELD, TA KOTTOPO TOTOOETNONKAV GE AVTIKELLEVOPOPEG TAAKEGS.
o xdBe wutTOplKn] KOAMEPYEW TOPACKEVAGTNKOV 3  OVIIKEWEVOPOpPES mAdKeS. Ot
AVTIKEWEVOPOPEG TAAKES aédnkav va oteyvdcovv oe Beppokpacic dopotiov Kotd

OugpKeL TG VOYTOGS.

21N GLVEXELN KOl POV Ol AVTIKEILEVOPOPES TAAKES NTAV EVTEAMG GTEYVEG, eUPanticTnKay o
owivpa Giemsa 15% vy 20 Aentd. ‘Eneita, epPantiomnkav oe ddH20 yuo Aya dgvtepdrenta
Kot TEA0G apédnkav va oteyvdcovv og Beppoxpacio dwpotiov ya 2 opeg. H ypoon Giemsa
mePLEYEL petypa pmie tov peBuieviov, nwoivng kot Azure B kot eivon 101k1 Yol TIC QOGPOPIKEG
opdoeg tov DNA, kabmg cvvoéetan pe ovtéc. Emmiéov, n Giemsa ypopotilel 010popeTiKd
GLGTOTIKE TOV KUTTAPOL LE SLOUPOPETIKA YPDUOTO. ZVYKEKPIUEVA, OL TVPNVES Ypwpailovtol o€
OLIPOPES ATOYPDGELS TOL LM, EVO TO KLTTUPOTAUGLLO GE SLUPOPES ATOYPDCELS TOV UTTAE EMG

avotytov pol.

Otov ot avtikeylevoopeg mMAAKEG &€iyov oTEYVAGCEL €VIEAMG, ypnotpomomnke DPX
(Dibutylphthalate Polystyrene Xylene) ywa vo koAAnOovv ot koAvmtpideg oe Kkabe
OVTIKEILEVOPOPO TAdKA. APoV apEnkav va oTeyvacovy og Bepuokpacio dwpotiov Kotd

OLAPKELN TNG VOYTOG, NTAV ETOLUES Y10, LETPTOELS OTO UIKPOGKOTLO.

Mo 10V 7POGOOPIGHd TG  YOVIOLOTOEIKOTNTOG OTO  AEUPOKVTTAPN TMV  KOVVEMOV

ypnowonombnke 1 dokpoocic CBMN (Cytokinesis — Block Micronucleus Assay). Ot
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OVTIKEWEVOPOPEG TAAKEG eEetdotnkav pHe OnTikd pkpookdmo oe  peyébovon 100x

YAPNOLOTOLDVTOG A0 KEOPOL G AddL epPdmtions. [a kdBe (do, peTpnOnKov PKpomTvpNVeg

(micronuclei, MN) oe 1000 dumdpnvae. kdttapa. Kotapetpibnke emiong o apibudc tov

SUTOPNVOV KLTTAPW®V TOL TEPLELYOV UIKPOTVPTVEC.

Ta kpithplo Katapétpnong yio Ty enthoyn tov dmvpnvev (binucleated, BN) xvttdpmv mov

uropovv vo. petpnovv yia  ovyvotnta twv MN meptypdonkay amd tov Michael Fenech (41)

Ko etvon tar €N G

v
v

Ta KOTTOpO TPEMEL VO Elval dumbpnva

Ot 000 mopnvec oe éva BN kodttopo mpénet va £govv dBiktec mupnvikég pepPpaves Kot vo
Bpiokovtatl 6to 1010 KLTTAPOTAAGHLATIKO OPLO

O dvo mupnveg o€ éva BN kdttapo mpénet va eivan mepimov icol o péyebog, £100¢ ypmong
KOl EVTOOT XPOCNG

Ot &vo mupnveg oe éva BN «Ottapo pmopodv va ocvvoéovior pe [l AEmTN
TLUPNVOTAAGLOTIKT YEQUPQ TTOV OEV givar pueyadlvtepn amd to 1/4 g mupnvikng StapéTpov
Ot 600 kHplot Tuprveg oe éva BN kidTTapo pmopodv va gival e emagn aAld boavikd dev
TPEMEL VO EMKAADTTOVTOL PETOED TOVG. 'Eva kbttopo pe 600 EMKOAVTTOUEVOLS TUPIVEG
umopet va kotapeTpn el povo dv ta mupnvikd opla Kabe mupnva glvar vdtdkpiro

To xuttapomiacpatikd 6po N M pepPpdvn evog BN kuttdpov mpémet va givan dbikto kot

va O1aKPIVETOL GOPAOS OO TO KVTTOPOTAAGHUATIKO OPLO TWV YELTOVIKMV KUTTAPMV.

(A) (B) (N ()

Ewéva 2.1 Kprrfpra yio v enthoyn| Sumdpnvev kuttdpov pe ) dokacioc CBMN. (A) Idaviké dutvpnvo kvttapo. (B) Aurdpnvo kdttapo
pe moprveg mov epdmrovtal. (I) Aurdpnvo KOTTOPO PE GTEVI TUPNVOTAAGHATIKY YEPUPO LETAED TV TUPHVAV. (A) ATdpNvo KOTTAPO HE

OYETIKA gVpeia TVPNVOTAAGHATIKY YéQupa. (42).
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Ta kprripa yio Thv KoTapéTpnon tov uikporvpnivav (micronuclei, MN) meprypdenkay emiong

and tov Michael Fenech (Fenech, 2000) ko eivon ta €&nc:

v' H diduetpog tov MN ota avOpdmiva Aeppokdtrapa kopoivetor cuvidme petaéd tov 1/16
Kot Tov 1/3 g pHéong SUETPOL TV KHPL®V TLPNVOV TOV aVTIGTOKEL 6T0 1/256 KO 6TO
1/9 ¢ empdvelag evog amd Tovg kKuplovg Tupnveg o€ Eva BN kvtTopo, aviictorya

v Ot MN 8ev eivon dwbraotikol kot emopévmg umopodv edkolo va dtokplOodv amd
TEXVOVPYNLLOTO OTIMG TO GOUATION XPDONG

v" Ot MN dgv cuvdéovtal pLe ToVG KDPLOVE TUPTVES

v" Ot MN pmopovv va gival 6€ ena@n oALd Oyl Vo ETKAADTTOVY TOVS KOPLOVS TUPHVES KO TO
UIKPOTLUPNVIKO Op10 TTPETEL VoL OlaKkpiveTal omd TO TLPNVIKO OPlo

v Ot MN éyovv ouviBog v 8o €vtaon ypdong He TOLG KOPLOLG TVPNVES, OAAG

TEPLOTOGLOKE 1 YpOGN Hopet va eivar evtovotepn.

(A) (B) (N (8)

Ewova 2.2 Tomik epeavion Kot oxetiko péyebog tov pikporvpnvev cg durdpnva kottapa. (A) Kdttapo pe 600 pikpomuprives, o vag
peyéBovug 1/3 ko 0 dArog 1/9 g Stapétpov evog amd Toug KHPLovg TupHVeg £vTog Tov KLTTdpov. (B) Mikpomupnveg mov ayyiCovv aArd dev
EMKOAVTTOVV TOVG KOPLOLG Tup1ves. (IM) Amdpnvo KOTTOPO e TUPNVOTAAGLOTIKY YEQUPO LETAED TV KOPLOV TUPHVOV Kot TV 00
WKPOTUPNVAOV. (A) Atdpnvo KOTTOPO HE EEL LUKPOTTUPTVES S1opOp@V LeyeDdDV, TOTOG KLTTAPOL oL TTapatnpeital omdvia (42).
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2.2.2 COMET ASSAY

H évvota g nAektpo@opnong pe HIKPOYEAN TaPOVGIAGTNKE Yo TPAOTN Popd To 1984 amd tovg
Ostling kot Johanson wg péBodog pérpnong keppdtwong g povig édkag tov DNA mov
npokorel yaAdpwon Tov vreponeipmdv tov DNA (43). Mio tpomomomuévn £€kdoon
onuootevdnke amd tov Singh kot Tovg cvvepydteg tov T0 1988, 1 omoia ypnoyomolovcE

aAKOMKES cuvOnKeg (44).

To comet assay sivou po amAn péBodog yio ™ pérpnomn tov DNA 6e gukapvwtikd KbtTopa.
Kvttapa evoopatopéva oe ayopdln o€ OVTIKEWUEVOQOPO TAAKO LKPOGKOTION AVOVTOL WE
QIOPPLTOVTIKO KOl VYNAT GLYKEVIPMGN GAOTIOD Y10 VO GYNUATICTOVV VOLUKAEOEWN TOV
neplEyovv vreponelpmpévoug Ppoyovg DNA cuvdedepuévovg e tov mopnva (45). Eav 1o
apvntikd eopticpuévo DNA nepiéyet Opadoparta, ol vreponeipeg tov DNA yoAapdvouv kot to.
KEPUATIGUEVE GKPO UETOVOGTEVOVY TPOG TNV (VOO0 KOTA TN OWpPKEWL MG GUVIOUNG
niektpodpnongs. Eav to DNA dev givon kateotpappévo, n EAAeym erevBepwv AKpmv Kot T0
peyddo péyeboc tov Bpavopdtov epmodilovv ) petavaotevon (43). H niektpopdpnon oe
vynio pH odnyel oe dopéc mov poldlovv pHE «KOUNTESH, Ol OMOIEG MOPATNPOVVIOL LE
pikpookomnio @Bopiopod. H éxtaon e PAGPNS exppaletar avdroya pe o péyebog tov Kopntn
kot ovupwve pe tov Colins kot tovg cvvepydteg tovg dwakpivovial mévie taéelg, amd 0

(kaB6hov 0VpA) Emg 4 (oxeddv 6Ao To DNA oty ovpd) (Ewkova 2.3) (45).
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Ewova 2.3 Ewoveg «kopntdvy (amd Aeppokvtapa), ypopaticpuévoy e DAPL Avtimpoconevovy tig kKAdoelg 0 — 4, 6mog
¥PNOOTO00VTOL Ylo TNV ontTikY Babpordynon (45).

2V Topovoa EPYAcio xpNOLOTOONKE pio TPOTOTONUEVT LoPPT TG LEBOSOV OV TPdTEIVE
o Singh kot o1 cvvepydteg Tov 68 aAKOAIKEG cuVONKeS. Xvykekpiuéva, Aetypoto eAefKod
aipatog cvAAEXONKaV Katd v TeAevTain dstypatoinyia (t = 12 pnveg) oe coAnvaplo Tov
neplelyav  oBvievodtapvotetpaolikd o0&y (EDTA) kot ot ocuvéyer  oamobnkedtnkav
KAaopata tov 200ul otovg -80 °C. Metd v mpostnkn 1 ml kpvov pvOsticod aiatodyov
doAvpatog pocpopik®mv ardtwv (phosphate buffer saline, PBS) oe 100 pl oAtkov aipotog,
OTOLOVOGT] TV  AEUQOKLTIAP®V emtevydnke pe 1 xpnon HECOL  SlaWPICUOV
AELPOKLTTAPOV GTOV TLOUEVA TOV GOAN VA KOt PuYoKEVTPHONKE apéows 6tovg 4°C yia 3 Aemtd
ota 200g. Ta Agppokvtropo eAednocav amd 10 GTPOUN TOL gUEOVIoTNKE PeTAE) TOV
TAGGLLOTOG TOL OHUOTOC KOl TOV HEGOV OO MPIGHOD AEUPOKLTTAP®V UETA T GUYOKEVTPNON.
H Buoocyomra tov kuttdpov, 6ntog extiundnke pe 1o Trypan blue test, tav ndvo and 97%

v 6Aa ta detypata. Kdbe avirvon yve €1¢ tputhodv yio TNV mopovco LEAETN.

37



Preparation of slides
Cells mixed with low melting
The image of comet assay

The head is composed of intact DNA point agarose at 37°C
while the tail consists of single @

strand or double strand DNA breaks

[ - ‘
!

Cell suspension
Immobilization of cells on
slide

SRGE

P77 N7 N7 N7

.

LA

@ Staining and comet scoring ”

Samples stained with interclating die
and visualized by florescence Comet Head Comet tail
microscopy following alkaline (damaged DNA) @
Py 9 (Intact DNA) c

ell lysis solution
electrophoresis reveals DNA breaks y

Treatment of cells with lysis

solution to remove
@ membranes and histones
from the DNA

Unwinding
S N @ g A\
US;Vr:g:’Ler :;‘d Electrophoresis \l
5mV/cm
(Tmin)

Ewoéva 2.4 Ta ot6d10 g pedddov comet assay. (1) [poetoacio slides — avapeién tov kuttdpav pe ayapoln (2) Mopackeun evaropnudtov
HELOVOUEV®V KVTTAP®V — otabeponoinon tov kuttdpov oto slide (3) Avon twv kuttdpov — encepyocio TV KVTTAPOV HE SLdAvLO ADoTG
hote va apapebovv ot pepPpives kot ot wotoveg and o DNA (4) Hiektpopdpnon (5) Eetoirypo DNA — adkarikh eneéepyooia (to DNA
Eetuliyetar kar petovoimvetar) (6) Xpmdon kot fabpordynon — ta deiypota ypopotilovial kot OTTIKOTOWVVTaL He LKpookomio popiopon
apov 1 ahkolikn nhektpoedpnon éxet tpokarécet Opavon tov DNA (7) H ewcdva tov comet assay — 1 «ke@aipy omoteleitor amd 1o avEmapo
DNA evd 1 «ovpd» amd povokrova 1 dikhova Opadopato tov DNA (46).

ApyIKd, TPOETOWUAGTIKOV OVTIKEWWLEVOQOPES TAAKEG Kol LIOPANONKavV oe enelepyacio pe
0,65% kavovikng ™Eng ayapolng (normal melting agarose, NMA) ce PBS (mwov dev mepieiye
Ca?* 4 Mg?"). Ta Aepgpokittapa ovapeiyOnkav pe 100 ul LMA yia va 6ynHOTICTEL KOTTOPIKO
EVOLOPN O, TO OTOI0 GTI GLVEXELN EQOUPUOCTNKE OTIG OVTIKEILEVOPOPOLS TAdKESG. MeTd TV
agaipeon tov coverlip, ot AVTIKEWEVOPOPEG TAAKES gUPamTioTnKay KATA TN SAPKEWD TNG
voytag og yoyxpo didAvua Avong mov mepteiye 2,5M NaCl, 100mM NaEDTA, 10mM Tris,
pH=10, 1% Triton X kot 10% DMSO.
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211 GUVEYELD, O AVTIKELEVOPOPOL TAAKES apapEdniay amd to dtdAvpa AboNS, oTpayyicTKaY
Kot tomofethOnkav oe oplovtio deapev MAEKTPOPOPNONG Kovid oty Gvodo. H
niektpoedpnon mpayuatorombnke oe 1,6 V/iem vy 20 Aentd (300 mA) otovg 4 °C vmod
e€aoBevnuévo ewg. MeTd TV NAEKTPOPOPN O], Ol AVTIKEYLEVOPOPOL TAAKEG EMEEEPYAGTNKOV
pe pvOuotikd ddAvpa Tris (0,4 M Tris, pH 7,5) kou agédnkav yio 5 Aentd, dadtkacio mov
eMOVOANQONKE TPELS POPEC.

Kdabe avtikeipevopopog mhdxa ypopotiomke pe S0ul Bpopiovyov abidiov ko oamodnkevtnke
0€ VYPOVOUEVO 0EPOCTEYEG doyelo €mg OTov avaAvbel evtog 3-4 wpov. o kdbe detypo
TOPOCKEVAGTNKAV TPELS OVTIKELLEVOPOPOL TAAKES KO ovoAVONKav cuvolkd 100 kuTTapa ovd
oelypnon oe  peyébuvon x400, ypnowwomoiwvrog £va @Bopilov pkpookdémo Olympus
eEomhopévo pe eidtpo diéyepong 546 nm kot @iktpo epaypod 590 nm. H BAGSN tov DNA
a&oroynOnke pe ) pétpnon g neplektikdtnTag tov DNA oty ovpd (% évraon ovpdg, %
tail intensity) pe tn ypnomn tov cvotNuatog avdivong ewovag Comet Assay IV (Perceptive

Instruments).

2.2.3 OZEIAQTIKO XTPEX

ElevBepeg pileg opilovtar ta pdpia 1 dtopo ta omoio dtabétovy Eva M meplocdtepa acOievKTaL
niektpovia oty EMTEPIKT| OTIPAON GOEVOLG, Le TNV ATAOVGTEPT LOPPT| ALTOV VO, ATOTEAEL TO
dtopo tov VIPoYOVOL (Eva TPOTOVIO Kol €va MAektpovio) (47). ZynuoatiCovrar gite omd
evooyevelg eite amd eEwyevelg mapdayovteg Le Tpelg duvatoHs TpoOTovs: 1) pécm ddomaong evog
ANUIKOL deopol peta&d dvo poplov (kdbe Bpavopa dwutmpel €va miektpdvio), 2) pEc
odomaong piag pifag mpog oynuatiopd piog dAANng piCog ko 3) péow 0EEWOAVAYOYIKDV
avtidpdoemv (48). Kanoeg and tic artieg mapaymyng evéoyevav elevbipmv pilldv sivar m
QAEYLLOVT, TO YOYIKO OTPEG, 1] EVTOVN doknomn, 1| yipavor kat o Kapkivog (48) evd o avBuytevog
Tpomoc Long (T.y. KATVIo, aAKOOL), ol akTivoBoAiec, ot ynuwol dtadvtes, mepiPaiiovtikol
poOmot ko Papéa PETOALN KaBMG Kot Optopéve QApUOKE OTMG 1 YEVTOUVKIVY 00nyoLV otV
napaymyn eEoyevav erevbipmv pilav (49). Av kot ot Eledbepeg pileg Exovv ouvdebel Kupimg
HE apVNTIKEG EMOPACELS, OE UIKPEG 1) LETPLEG GUYKEVIPMGELS VoL AOPOITNTES Y10 KATOES

QLGOA0YIKEG O1epyacie Tov opyavicprov. H dtadikacio wpipovens Tov KuTTapmVY Kol 1) 6ot
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Blodoyikn dpdon SPOP®Y UETAYPUPIKMY TAPUYOVIWV ATOLTOVV TV ToPovsio. EAevBEpmv

POV VD dPOLV KOl O OTTAN Y10 TO QVVTIKO cvotnpa Tov Eeviatr (50).

Q¢ avtio&edwtikd opiletal omoladnmote ovoia kabvotepel, TPOLAUPAVEL 1} ATOUAKPVOVEL TV

ofewdwtikn PAAPN amd éva popro (51). Ta avto&ewdmtikd ywpilovtor oe 600 peydleg

Katnyopieg, Ta eviupkd Kot pun eviopukd. Ta evupikd avtioEedmTiKa dtaKpivovTal TEPULTEP®

0€ TPMOTOYEVOVS KO OELTEPOYEVOVS EVELUIKNG AULVAG VD T U1 EVODUIKA G€ HETOPOATKE Kot

Opentikd. v Ewcdva 2.5 gaivetor 1 Katavoun TV avtioEEdmTIKOV ova Katnyopia.

ENZYMIKA ANTIOZEIAQTIKA ’

Mportoyevoig eviopikig dpovag

* Yrepo&eddon g yhovtadeovng(GPx)
* Karodon (CAT)

* Yrepo&educn diopovtdon (SOD)

AguTEpoyEVoDg EVEDIKIG dpuveg
L+ Avayoydon g ylovtadeovng(GR)
* Apudpoyovaon g 6-pwcpopikng YAvkoing (G6PD)

‘ MH ENZYMIKA ANTIOZEIAQTIKA

Metopohka

* 'hovtafedvn(GSH)

* Oglopedo&iv (Trx)
 IMovtapedo&ivn(Grx)

* Aumoiko o0&y

* Mehatovivn

* Zovéviopo Q10 CoQ)

* Ovpiod 0&H

* XokepuBpivn

* MetoAMégyMMKES TpOTEIVES

OpenTiKa

* Breopivn C

* Buapivn E

* Kapotevoedn

* Iyvootoyyeia (ceAvio, Oeio,
YEL3apyopoc)

* [ToAvpovoAKéGEVHOELS

Ewoéva 2.5 Katavourn avtio&edotikdv avé katmyopia (51).

O&evwtikd otpeg opiletarl 1 doTapayr| TG 1IGOPPOTING OEEWMTIKAOV — OVTIOEELOMTIKMV VITEP

TOV TPAOT®V 1) ooia 0dNyel o€ draTapayr| TG 0EEWD00VAYMYIKNG GNULOTOSOTNONG TPOKAADVTOG

BAGPeg og Oha To frodoykd pakpoudpia Onwe DNA, tpmteiveg ko Mmidia (52).
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To mapddo&o elvar 6Tt T0 0EEBOTIKO GTPEG OmOTEAEL PLGIKO EMaKOAOVOO Yo TOVG aEPOPLOvG
0PYOVIGLOVG, 01 070101 OV UTOPOVV VAL EMPLOGOVV Y®Pic 0EVYHVO aAAE TaTOYPOVA VTO Elvar

Ko EmKivovvo yia v dtafimon toug (53).

2V mapovoa epyacio £ETACOMKAY Sty Lot OiLOTOC KO IGTMV e GKOTO TOV TPOGOIOPIGLO

0&e100avayOYIK®V PLOSEIKTOV.

H dwdikacio mepeddpfove tn GuAALOYN aipatog amd KapdloK TapaKEVTNoT, akolovbovpevn
amd GUESN QLYOKEVIPNOT Yo TO dtwplopd tov TAdouatog and to gpubpokvtrapa. To
mAdopa amobnkedtnke otovg -80°C yuo mepaUTEP® OAVAAVLGON, VD TO. €pLOPA cpOcEAiplaL
OOAVONKOY pHE TN YPNON OTOCTAYUEVOL VEPOVL, KOl TO OEIYHOTO 7OV TPOEKLYOV
QLYOKEVTPNONKOV €K VEOV, EVD TO VIEPKEINEVO GLAAEYONKE Ko amodnkevTnKe oTovg -80°C.
To map, N Kapdid, 0 aploTePOS VEPPAC, 0 dEIOG VEPPHS Kot 0 Bupeoetdng adévag apatpétnkay,
KatayOynkav ce vYpo almto Kot arodnkevTnKav otovg -80°C. I'la TV opoyevomoinon twv
16TOV, avapelynkav pe uGLoAoYIKO 0pd PLOUIGUEVO L POCPOPIKE dAaTo TOV TTEPLEiyE Eva
dokio petypatog ovactodémv  mpoteac®v Roche cOmplete™, pupetaeépbnkov o€
opoyevomomty] Minilys, opoyevomombnkayv, tomofetnOnkav oTov mAY0o Kol GTN GUVEXELN
euyokevipiOnkav. To vrmepkeipevo mov mpoékvye, dNAOSN O OHOYEVOTOMUEVOS 1GTOG,

cLALEYONKE, YopiotnKe o KAAoHATO Kot amodnkednke otovg -80°C.

2.2.3.1 [IPOYAIOPIZXMOY THY XYYT'KENTPQXHY GSH YE AEITMATA AIMATOX
KAI IXTQN

H ocvykévtpmon tg GSH petpndnke pe ) pébodo mov meptypdeeton and tovg Reddy et al.
(54), pe opiopéveg tpomomooetg (55). Ta ta deiypato aipoatog, 400 pL tov delypartoc
avapeiyOnkav pe 400 pL 5% tpyhopooluod o&éog (trichloroacetic acid, TCA) «ou
ovyokevrprOnkav, kot 300 uL Tov vepkeipevov avapeiydnkav tepartépw pe 90 ul 5% TCA
Kol puyokevtpnOnkav. ['a detypata wotdv, 50 pL tov opoyevomompévou 16tod avopeiydnkay
pe 50 uL 5% TCA, guyoxevipnOnkav Kot To VIEPKEIEVO TOV TPoEKVYE GVAAEXONKE. [ TNV
avdivon, 20 pL tov delyparog, aparopéva 1:2 oe PBS yia toug opoyevomompévoug 16tode,

avapiydOnkav pe 660 uL pvOuioTiKov dtoAdpaTOg PocPopK®Y aAddtmv kKot 330 ul DTNB (5,5-
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dithiobis(2-nitrobenzoic acid). To petypo ovadedTNKe LE VOrtex Kot En®ACTNKE Yo 45 Aemtd
og Oeppokpacio dopatiov 6To 6KOTAdL Kot 1 OTTIKN TukvotnTo petprinke ota 412 nm. H
ovykévtpwon g GSH vroloyiotnke pe Baon Tov GLUVTEAEGTY| YIMOGTOUOPLOKNG OTOGPECTG

tov TNB (2-nitro-5-thiobenzoate) (13.6 L/mmol/cm).

2.2.3.2 [IPOYAIOPIZMOY THY APAYTIKOTHTAY THXY CAT XE AEII'MATA
AIMATOXY KAI IXTQN

[a ™ pérpnon mg opactnpomtog g CAT ypnoyomombnke por Tpomomoinpévn £kdoon
™¢ nebddov tov Aebi (56). Zvykekpuéva, 4 pul aipatog, apatwpéva 1:10 oe PBS, 1 40 ulL
APOLOUEVOL OpoyEVOTOMUEVOD 16TOV o€ PBS (apatmpéva 1:5 yio v kopdid kot tov Bupeoetdn
adéva, 1:20 yio to Nmap kot 1:40 yio toug veppovg) avapeiydniay pe 2991 pl kou 2955 uL
pLOUGTIKOD SaAVHATOg PwSPopikav (67 mM, pH = 7,4), avtiotorya. To pelypa emodotnke
vy 10 Aentd otovg 37°C ko 6t cvvéyewa petopépbnke oe koyeAida UV yorolio, omov
npootédnkay 5 uL vrepolediov tov vopoyovov 30% (H202). H peimon g omtikng
mokvotNToG Tapakolovdnnke ota 240 nm yw 2 Aentd. H Spooctikoétnro g CAT

npocdlopiotnke pe Bdon Tov cuvieleot poplakng andoPeong tov H0z (40 L/mol/cm).

2.2.3.3 [IPOYAIOPIXMOZX THY APAXTIKOTHTAY THX SOD XE AEI'MATA
AIMATOXY

H dpaoctikotnta e SOD petpndnke pe ) pnébodo mov avéntvéav ot Oberley kot Spitz (57).
Yvykekpévo, 100 pL aipoatog avapeiynkav pe 800 pL evdg xvprov petypotog mov
amoteleitoan amd dSwbvievotplopvoreviaoEikd o&y  (diethylenetriaminepentaacetic  acid,
DETAPAC) (1,34 mM) cg puOuoctikd dtdhvpa poceopikov kaiiov (0,05 M, pH=7,8), NBT
(nitro blue tetrazolium) (2,24 mM) og pLOUGTIKO SLOAVHO POGEOPIKOD KaAiov kot EavOivn
(1,18 mM) og puBcTiKd d1dAvpa poceoptkod Kaiiov. To petypa mov mpoékvye avapeiydnke
kot wpootédniav 100 uL o&ewddong g Eavlivng (60 mU) ce DETAPAC. X1t cvuvéyeln
nopokolovdndnke N petafoir] g omtikng mukvoétntoag ota 560 nm yw 1,5 Aemtd. H

dpaoctikotnta e SOD vroloyiotnke pe Bdorn to m0c0oTo avactoAng e NBT.
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2.2.3.4 I[IPOYAIOPIXMOX THY APAYTIKOTHTAY THY GPx XE AEI'MATA
AIMATOXY

H dpactikomnta g GPx petpriibnke coppovo pe t puébodo twv Flohé ko Giinzler (58).
Apywcd, 100 pL aipartog, apaiwpéva 1:100 oe PBS, avaueiybnkov pe 500 uL pvOuistiko
StoAvpatog pocseopik®mv (100 mM, pH = 7), 100 uL GR (0,24 U) ko 100 u. GSH (10 mM)
Kol enmwdomkayv yo. 10 Aentd oe Ogpuoxpacio dopatiov. X cvvéyewn, To Ogtyporta
petapépOniayv oe koyehida kot tpootédnkav 100 uL NADPH (1,5 mM) og 0,1% NaHCO3 kot
petprnke n katavdiwon NADPH ota 340 nm ywo 3 Aentd. Téhog, mpootédnkav 100 pL tert-
BovtuA vopodmepoEerdiov (12 mM) ko n LETOPOAN TG OTTIKTG TUKVOTNTOS TOPOKOAOVONONKE
ota 340 nm yia 3 Aentd. H dpacticdtnta GPx vroAoyiotke pe Bdon 1o poplakd cuvielest

amocPeong tov NADPH (6,22 L/mmol/cm).

2.2.3.5 IIPOYAIOPIXMOXY THY APAXTIKOTHTAX THX GR XE AEITMATA
AIMATOX

H épactikomnto tov GR petpndnke ypnoyonoidviog 1o Tpotokoido tov Smith kot twv
ovvepyatdv tov (59). Xe avtn ™ pébodo, 700 pul pLOUGTIKOD SLAVLOTOS POCPOPIKMY TOV
nepieiye EDTA wor DTNB (3 mM), pali pe 50 pL B-NADPH (2 mM), avopeiyOnkav kot
petapépOniay oe kKoyeAida. X cuvéyela, mpootédniay dadoykd 50 pL GSSG (20 mM) oe
QOoEoPIKO pLOGTIKO d1dAvpa Kot 25 pL aipatog (aporwpévo 1:100 og PBS) konn petafoin

NG OTTIKTG TUKVOTNTAG TapaKoAoLONONKe 6t 412 nm yia Eva AemTo.

2.2.3.6 [IPOYAPIOPIXMOX TQN EIIIIEAQN TAC XE [INAXMA AIMATOX KAl
IZTOYY

Ta eninedo TAC o&oroynOnkav pe 1o TpwTOKOALO Janaszewska kou Bartosz (60).
Yvykekpyéva, 20 pL midopotog 1 40 ul opoyevorompévou 16100 o€ PBS (apoiopévo og 1:5
v Tov Bupeogdn adéva kan 1:10 yia to Nrap, TV Kapdid Kot TOVS VEQPPOVG) avapeiydnkay pe
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480 pL 1 460 pL pvBuiotikoy dtohdpotog poceopik®dv (10 mM, pH = 7,4), avtictoryo. Xt
ouvvéyela, tpootédnkav 500 L dwwAvpotog (0,1 mM) DPPH® (2,2-diphenyl-1-picrylhydrazyl
radical) oe Ka0e dctypa. Xtn cvvéyela, ta detypata avapeiydnkay, ETOACTKOY 6TO GKOTAOL
o€ Beppokpacio dopotiov yo 1 dpa kot puyokevipnOnkav ota 15.000 g yio 3 Aemntd otovg
25°C. Téhog, petpnOnke n ontiky| mokvotnto Kabe delypatog ota 520 nm. Ta enineda TAC
ekppdotkay ®¢ mmol DPPH® mov avdyovior oty avtiotoym vopalivn omd Tig

AVTIOEEIOMTIKEG EVAGELS TTOV VILAPYOVY GTO TAAGLO, 1] GTOVG OLLOYEVOTOUNUEVOVS 1GTOVG,

2.2.3.7 [IPOYAIOPIXMOZX TQN EIIIIEAQN TBARS 2E [INAXMA AIMATOX KAI
XTOYXY

Ta enineda TBARS petpnOnkov pe tpomomompuévn m péBodo mov meprypdpetol amd Tovg
Keles et al. (61) Apywd, 100 pL mhdopatog n 50 pl apaiopévov opoyeEvomomuévon 16tod 6
PBS avaueiydnkav pe 500 uL Tris-HCI ko 500 pL 35% TCA kot apédnkay va etmactodv Yo
10 Aentd o€ Beppokpacio dopatiov. H avaroyia apaiwong tov opoyevomomuévoo 16tod e
PBS fjtav 1:2 yuo v kopdid kot tov Bupeogtdn adéva kot 1:5 yio to fmop Kot Toug veppovc.
1 ovvéyetn, Tpootédnke didivpa Na2SO4 ko OsioPapPrrovpikod o&éog (thiobarbituric acid,
TBA) kot ta detypata OepudvOnkav g voatdAovtpo yia 45 Aentd otovg 95°C. Metd v wiHén
oe mayo, mpootédnke 70% TCA kot ta detypata puyokevrpriOnkayv ota 11.200 g yuo 3 Aemtd
otovg 25°C. H omtikr} TuokvoTTa TOV VIEPKEIEVOL VYpoD petpndnke oto 530 nm kot To
enineda TBARS mpocdiopictnkav pe m xpnomn tov poplakod cuvieheot| andcPeonc s MDA
(malonyl dialdehyde) (156,000 L/mol/cm).

2.2.3.8 IIPOZAIOPIZMOX THX XYTKENTPQXHX IIPQTEINIKQN
KAPBONYAIQN XE [INAXMA AIMATOXY KAI IXTOYX

H ovykévipmon tov mpoteivikov kapBovuliov npocdiopictnke pe ) pébodo tov Patsoukis
Kot TG opadag tov (62). 50 pl eite TAGOUATOC €iTE APAUOUEVOD OLOYEVOTOMNUEVOD 16TOD GE
PBS (1:2 yw 6Aovg Tovg 16t006) avapeiydnkay pe 50 pl 20% TCA kot avadehtnKay pe vortex.

A@o¥ tomoBetOnkav ta delypata otov mhyo yo 15 Aemtd, puyokevipndnkoav (15.000 g, 5
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Aemtd, 4°C) ko to vrepkeipevo amoppipbnke. Xtn ovvéyewn, mpootédnkav 500 pl 2,4-
dwitpopotvoroiidpalivng (2,4-dinitrophenylhydrazine, DNPH) (10 mM) cg vépoyAwpikd o&n
(HCI) (2,5 N) ka1 500 uLL HCI (2,5 N) ota doetypato kot oto, ToeAd detypata, avtiotoyo. Ta
detypota emmdomray yio 1 dpa 610 6K0TAOL 6€ Bepokpacio dSWUATION KOl OVOOEDOVTOV LE
vortex avd 15 Aentd. Metd v endoaon, ta dstypota euyokevipionkayv (15.000 g, 5 Aentd,
4°C) kot to vrepkeipevo amoppipdnke. Lt ocvvéyela, mpootédnke 1 mL 10% TCA ko ta
delypota avadedtnkoav pe vortex kot euyokevipnOnkav (15.000 g, 5 Aemtd, 4°C). To
vrepkeipevo amoppipbnke kot mpootédnke 1 mL SwAvpatoc aBavoing kot o&ikov
atfvreatépa (1:1 v/v). To fpa avtd enavain@dnke VO PopEG. XT1 GUVEXELN, TPOSTEDNKE GTaL
detypata 1 mL ovplag (5 M, pH = 2,3), avadevtnkav pe vortex kot enwdotnkayv otovg 37 C
vy 15 Aemtd. Xt ovvéyela, ta detypata puyokevtpnnkay (15.000 g, 3 Aemtd, 4°C) kot Td
Kot 1M otk mukvotnta petprinke ota 375 nm. H ovykévipoon Tov TpOTEIVIKOV
KapPovurlimv TpocdlopioTnKe e TN ¥PNON TOL YIAOGTOUOPLOKOD GUVTEAESTY ATOCPEGNC TOV

DNPH (22 L/mmol/cm).

2.2.3.9 EKTIMHXH THY OAIKHX XYTKENTPQXHY [TIPQTEINON KAI
AIMOI'AOBINHX

Ot oVYKEVIPAOGES TV 0EEWD0AVAYDYIKOV PlodelkT®dV 1060 6TO TAACUN OGO KOl GTOVG
OHOYEVOTOMUEVOLG 10TOVG TPOCUPUOGTNKAV Y10 TIS OLUKVUAVGELS TNG CLYKEVIPMONG NG
OMKNG TpwTeEivne, M omoia mpoodopiotnke pe ™ uébodo Bradford (63). H doxoacio
nweplelapfave ™ dnpovpyio TPOTLING KAUTVANG YPNOULOTOIDVTAG SOAVUATO LUE YVOOTES
GLYKEVTIPAOGELS aABovpiving opol Poosddv wg mpmTeivn avaeopds. Avtifeta, ol TYWEG TV
Prodectadv o&edoavaywyng ot SElYIATO OiLOTOG TPOGAPUOCTNKAY Y10, TIG OLUKVUAVGELS TNG
GUYKEVTPMOONG TNG OHOCOAIPIVIG, 1 OTOlo VTOAOYIOTNKE HE TN YPNOM EVOG EUTOPIKE
owbéoov kit (Dutch Diagnostics, Zutphen, OMavoic) mov Pociletor ot pébBodo

atpoyrofivokvovidiov. Ot avoAHGES TPUYUATOTOWONKAV GE TPELS EMAVUAYELC.
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2.2.4 KYTTAPOAOTI'TA

H emomun g Kuttaporoyiog Kot TG KuTtTopomaforoyiog EQaplosTNKE Kol avoyVmPIoTKE
a6 tov 18° ko 19° andva. Kuttaporoyia etvar 1 e€€taon evag kuttoptkoh TOTOL 6 delypata
otoV, entypiopata, Prorloyd vypd (67). O wrpdc I'edpylog Momavikoldov HTav omd Tovg
TPADTOVE OV EWGNYAYOV TNV EVVOL0 TN KVTTOPOAOYIOG 6T yuvaikoloyio, 1o yvwotd «Teot

[Mamavikoddoo» 1 «Teot [Many (68).

o v kuttaporoyikn e&€tact Tov JSEYHATOV 16TOoV ypnoomomonke n texviky touch
preparation. Xvykekpiuévo, UeTd TNV o@oipecn Tov 0opydvov, O 10TOC daToundnKe Kot
amoTuTOOnNKe oe  yvdhlwvn avtikeevoedpo mAdko (Ewova 2.7). X ovvéxewn, ot
AVTIKEYEVOPOPOL TAGKEG atafepomomOnkav pe ahkodAn 60%, ypouotiotnkay pe ™ HéBodo

[Man kot petpnOnkav o pikpookomio wtdg (Nikon ECLIPSE E 400) (20x) (69).

Topr wotou

Ewkova 2.6 TeXVLKN YLA TNV TIPOETOLLAGIO TOU AMOTUTIWHATOG (70).
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2.2.5 METPHXH OPMONQN

H pétpnon g ouykévipmong tov oppovev TPayHaTtomominke He OVTOUOTO OVOAVLTN
avocodtdyvoong Kot cvykekpiuéva to povtédo ARCHITECT i1000SR ¢ etaupiag Abbott
(Ilinois, U.S.A.) (Ewdva. 2.8).

Ewéva 2.7 Avtopatog avaivtig avosodidyvoong ARCHITECT i1000SR (Abbott).

IMpoxertoan yioo pion in Vitro ovtopotomomuévn teXVIK avalvong mov Paciletor ot
OAANAETTIOPAON AVTIYOVOD — OVTICOUOTOS HE SLUVOTOTNTO OVAAVGNG OALKOV OiUOTOS, Opov,
TAAGHOTOC Kot 00pmv. Mg T yp1on 01KV avTidpactnpiov Yo kdbe mepintmon petpnonkoy

ot €ENG OpUOVECS:

" B-ooTpadioin

= [Ipoyeotepdvn

* Teotootepdvn

*  TpuwdoBvpovivn (T3)
= @upo&ivn (T4)
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3 AIIOTEAEXMATA

3.1 MIKPOITYPHNEX

Enavaloppavopeveg perpnoelg ANOVA, ypnowyomowdviag Tig ouddeg €xkbeong wg
Tapayovtes, epappoomkay otig petpnoelg MN otovg 0, 3, 6, 9 ko 12 piveg éxbeong, yuo va
exTiunBovV ot emdpacel; TG0 oV Ypdvov €kbeong 660 Kot g Papdtnrag g Ekbeomnc.
[TopatnpnOnke oTATIOTIKE ONUAVTIKY] O1POpd otV aAANAemidpacn yxpovov kol £kBeonc
(ANOVA F(1,4) =479,23, p<0,001). Ot tiuéc g opddag control nrav otabepéc oto didpopa
YPOVIKA onueia ToOL TEPARATOG, Kupouvoueves amd 7,25 £ 1,26 (12 pnqveg) émg 9,25 + 1,71 (3
unveg). Oleg ot dAlec opddeg mapovsiocay ovENTIKN TACT GTO XPOVO, LTOOEIKVDOVTOG TN
YPOVIKY €EAPTNOT TOL GYNUATIGHOD pKkpomvuprvev. o v opdda LD, n péon i tov MN
oe t =0 unveg Nrav 7,75 £+ 0,50, n omola avéndnke oe 41,75 £ 1,71 otov 12° prva. H opdda
HD odavnke va av&dvetan pe otabepd potifo and 8,50 + 1,00 (t = 0 unqveg) oe 45,75 + 1,71 (t
=12 puivec). Opoimg, n opdda Glyphosate kot 1 opdda Roundup®, Eexvdvtag and 8,75 + 0,96
kot 8,25 + 1,89, éptacav oe Tyég 37,50 = 1,00 kon 60,75 £+ 1,71, avtictoryo (Ilivaxag 3.1).

MMivekag 3.1 Méon T kot tomik anodkAion (SD) tov petpiiceov MN ota Sidpopo ypovikd onpeio derypatonyiog otig opddeg ékbeong.

Opéoa Opdoda
Opada control Opado LD Opada HD
Glyphosate Roundup®
Mnyveg
Méo Méo Méc Méo Méc
1 +SD K +SD 1 +SD i +SD K +SD
Ty Ty Ty Ty Ty
0 9,00 0,82 7,75 0,50 8,50 1,00 8,75 0,96 8,25 1,89
3 9,25 1,71 16,75 1,26 18,25 1,50 14,25 1,50 28,75 1,71
6 8,25 1,50 20,25 1,71 22,75 2,22 18,75 1,71 40,50 2,08
9 8,75 0,96 31,50 1,29 36,00 2,16 30,50 3,70 52,50 2,38
12 7,25 1,26 41,75 1,71 45,75 1,71 37,50 1,00 60,75 1,71

Xvoro 8,50 1,25 23,60 1,29 26,25 1,72 21,95 1,77 38,15 1,95
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2mv opdda HD yopnyndnke 10 @opég vymAdtepn 66on amd v oudda LD. Qotdco, ot
petpnoelg tov MN dgv mapovciocav avarioyeg Otakvpdvoelc. Kotd tovg ypdvoug
derypotoAnyiog t = 3-12 unveg, ot apBpoit MN ¢ opddag LD kopdvOnkav amd 16,75 + 1,26
€wg 41,75 £ 1,71, eved ot apBpoi g opddag HD di€pepav ehappig, pe pécovg aptBpove MN
18,25 £ 1,50 — 45,75 + 1,71. Xmv opdada Glyphosate yopnyndnke n idwa d6omn GLY pe v
opdda HD, aArd n opdda HD mepieiye emiong petypa evéokpvikav dtatapoktov. H opddo HD
@avnke va etval mo emiPapopévn amd v opdda Glyphosate (18,25 £ 1,50 — 45,75+ 1,71 ko
14,25 + 1,50 — 37,50 £ 1,00, avtictoya), yeyovog mov Bo pmopovoe va amodobel oTtovg
TPOGOETOVG EVOOKPIVIKOVG dtatapditeg mov yopnynonkav oty opddo HD. IMapdrio mov ot
opddeg Glyphosate kot Roundup® dev Siépepav wg mpog T 860, o TPHGHETO TOV TEPIEYEL TO
Roundup® (ektog amd m Spactikn ovsio glyphosate) gévnke vo ennpedlovy Tov TEPUTEPM
oymuatiopd MN, evd 1 opdda Roundup® eiye vymAiotepec péoec tyuéc MN (28,75 + 1,71 —
60,75 £ 1,71 évavt 14,25 £ 1,50 — 37,50 £ 1,00 tng opadag Glyphosate), otic id1eg mep1ddovg
éxBeonc. Emmhéov, n opdda Roundup® eixe 11 vynidtepeg péoec tyuéc MN amd Oleg TiC
opades (Ewova 3.1).

JO

Metprijoec MN

Xpovog (Mijveg)

Ewova 3.1 Metprioeig MN tov opddmv ta d1opopetikd ypovikd onpeio. Opdda 1: control, Opdda 2: LD, Opddoe 3: HD, Opdda 4:
Glyphosate, Opddo 5: Roundup®
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3.2 COMET ASSAY

H évtaon g ovpdg (tail intensity) petpnibnke pe aipo amd v tedevtaio derypotoinyia (t =
12 pivec). Oleg ot opddeg £kbeong pavnke va, emnpedlovtatl o oyéon e v opado control.
Onwg eaivetor otv Ewdva 3.2, n évtaon g ovpdg Kabe opddag di€pepe ONUAVTIKA
(ANOVA: F(4, 15)= 13,974, p < 0,001, Kruskal-Wallis y2(4) = 13,786, p = 0,008). H
vymAdTepN dtdpeon Evtaon ovpag, 11,97 (11,26-13,90), mapatnpndnke otnv opdda HD, evo
N évtaon otnv opdda control rav 4,31 (3,86-5,06) (IMivaxag 3.2), yeyovog mov deiyvetl 0Tt 1
GLVOLAGHEVT £KBEGN GE EVOOKPIVIKOVG d1aTAPAKTEG Elxe peyalhTepn enidpacmn otn PAGPN Tov

DNA xat, kat' enéktaot, oTnv £Vvioon g ovpdc.

Mivaxag 3.2 eprypaeikd ototiotikd otoyeio (LEG0G 0pog, Tumikh arndkion (SD), Tetoptnudpie) Kot 6OYKpLon g Eviaong g ovpdc
petaéd Tov opddmv (LSD test).

Tetaptnpépro LSD test
Méon
Opéda T 8D Opédo  Opada Opddo Opada Opaéodo
il 1° Avdpecog 3°
control LD HD Glyphosate  Roundup®
control 4,46 0,88 3,86 4,31 5,06 0,002  <0,001 <0,001 0,001
LD 8,67 1,10 7,88 8,75 9,46 0,002 0,003 0,449 0,655
HD 12,58 1,90 11,26 11,97 1390 <0,001 0,003 0,014 0,007
Glyphosate 9,52 1,66 8,37 9,50 10,67  <0,001 0,449 0,014 0,752
Roundup® 9,17 1,92 7,74 9,36 10,59 0,001 0,655 0,007 0,752

H d10popd oT1g péceg TG TG évraong Tng ovpag peta&d g ouddog LD (8,75/ 7,88 — 9,46)
kot tng opadag HD (11,97/ 11,26 — 13,90) amodeikvoet v Omopén 6060 — eEApTOUEVNG
anokpiong. Evowapépov mpokaiel 1o OtL o1 péoeg TWES €viaomg G ovpis TV ORdOmV
Glyphosate xou Roundup® frav mapdpoteg (9,50/ 8,37 — 1,67 won 9,36/ 7,74 — 10,59,
ovTIoTOQ), YEYOVOC OV OmOdetkvVEL 6Tl To. mpodcheta mov meptéyel o Roundup® dev

evioyvouvv 10 oynuaticpd Prapaov oto DNA (Ewova 3.2).
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157

11,97

107 9,50 9,36
8,75
5—1
==

"Evraan ovpig

T T T T I
Opairda 1 Opirdi 2 Opddo 3 Opida 4 Opido 5

Ewova 3.2 Méon tyun évraong ovpdg petal&d tov opddmv otoug 12 prveg ékbeong. Opdda 1: control, Oudda 2: LD, Opddo 3: HD, Opddo
4: Glyphosate, Ouédo 5: Roundup®

O1 6TATIGTIKA GNUOVTIKEG SLUPOPES TPOEKLY OV OO TO TPOcaproouévo t-test pe LSD. Meta&o
tov opddwv LD xar HD, ot omoieg eiyav dwapopetikd emimeda €xBeonc, mapotnprOnke
onuavtiky ogopd (p = 0,003), evod n opdda HD d1épepe onuavtikd omd v opdoa
Glyphosate (p = 0,014) ka1 v opddo Roundup® (p = 0,007) og t = 12 prjvec (TTivaxag 3.2).
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3.2.1 XYY2XETIXH AITOTEAEEMATQN METPHXHX
MIKPOITYPHNQN KAI COMET ASSAY

O apBpdg v MN oe t = 12 pfvec GLGYETIGTNKE LE TO AVTIGTOLYO, ATOTEAEGILOTA TG EVTAONG
g ovpdc. Ot apBpoi MN OAwv tov opddmv ékbeong edvnke va oyetilovtal oTaTIoTIKG
ONUOVTIKA UE TNV EVIOOT TNG OVPAS, OTOJEIKVOOVTOS T YEVOTOEIKOTNTO TMV XOPTYOUUEV®V
ovolwv. v Ewova 3.3, mapovcialovtal dtoypappota Slemopds TG £VINONS NG 0VPAS €
oyxéon pe tov appd twv MN otovg 12 punqvec. Ot apywcég petpnoeig MN cuoyetiomnkoy pe
v évtoon g ovpdg (rs = 0,581, p = 0,007).

Opanda 1
Opadao 2
Opado 3
Db 4
Opieda 5

(T I TJe

15,0

10,0

Evraan oupis

3,07

T T T T
0 20 40 &0

Metpijoaig MN

Ewéva 3.3 Zvoyétion mg £viaong g ovpdgs pe tov aptpd t@v MN yio kdbe pio omd T1g Téve SlopopeTikeg opddes oe t = 12 unveg.
Oupdda 1: control, Opdda 2: LD, Opdde 3: HD, Opada 4: Glyphosate, Opdda 5: Roundup®
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Ytov Iivaka 3.3, tapovsialoviotl cuoyetioelg Tov aplfpuod MN 6g d1apopeg YPOVIKEG OTLYHEG

éxBeonc. O petprioelc oe t = 0 unveg 0ev mMOPOLGIOGOV GTATICTIKA CNUOVTIKEG GUCYETIOELS

peTaEy TV ypovikedv onueiov (p > 0,05). Okeg or dAdeg OpeTafANTEG GLGYETIOELS T®V

petpnoev Tov MN ota d1dpopa ¥povikd dlacTHUaTo EAvnKe vo oxetilovtol EvTova, e T

YOUNAOTEPN TN IS Vo Tapatnpeiton peta&d Tov petpioewv €kbeong 3 kot 9 unvav (rs = 0,826.

p < 0,001).

IMivaxag 3.3 Zvoyétion (Spearman’s) tov petpioemv tov MN petaéd Tomv xpovikdv Stactpatov £keong.

Mijves Mnjveg
0 3
6
9
12
3 6
9
12
6 9
12
9 12

rs

-0,350

-0,201

-0,285

-0,368

0,874

0,826

0,940

0,928

0,887

0,889

p

0,130

0,394

0,223

0,110

<0,001

<0,001

<0,001

<0,001

<0,001

<0,001
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3.3 OZEIAQTIKO XTPEX

3.3.1 EINIAPAXEIX XTOYX OEEIAOANAT'QI'IKOYX BIOAEIKTEX
TOY AIMATOX

3.3.1.1 TPEIY MHNEY EKOEXHX

Metd and €xbeon oTic ovcieg eVOLPEPOVTOG Yo TTEPIOO0 TPIOV UNVOV, Topatnpnonkay
dwtapayés oty 0&eldoovaymylky 1ooppomio. TOVG OiUHATOG.  XVYKEKPUYEVA, VRNPEE
a&loonueiom avénomn g ocvykévipoons e GSH oty opdda mov ektébnke otn YALPOoHTn
o€ GUYKPION TOCO e TNV OpAda eAEYXOL OGO KOl HE TNV OLAde LYNANG do6oNg piypotog
eVOOKPVIK®V dtatapaktdv (opdda HD), 6mwg eaivetar oty Ewdva 3.1-A. Emmdéov, n
dpaotikdtTa Tov eviOov GR peiddnke oe OAeg TIg opdideg £kBeomc e GUYKPION e TNV OpLAda
eléyyov, onmg anewoviCetar oty Ewova 3.1-E. A&ilel va onpeimdel 6t 1 dpactikdTnTO TOV
GR Ntav eniong youniotepn oty opdda HD o chykpion t0co pe v opddo LD (younin
000T WYHOTOC €VOOKPWVIKAOV SOTOPOKTOV) 00O Kol pe TNV opdoa mov ektédnke ot
YAQoGaT, KabdE Kat 6Ty opdda mov xopnynOnke Roundup® oe cvykpion pe v opdda LD.
Avtifeta, viipEe avénon g dpactikdotntog Tov GR oty opdda Glyphosate og chykpion pe
v opdoa HD, evd dev mapatnpndnkav GAAEG onUavVTIKES SoPOPES.
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3.3.1.2 EEl MHNEY EKOEXHXY

Metd v 6unvn €kbeon, dev mapatnpnONKay oNUAVTIKES SopOopEg HETAED TV dopOpmV
TEPOLATIKOV OLAS®V. 26TOCO, VITNPYOV CTLOVTIKEG OLUPOPES OTIG LETPNGELS TNG 1010C ORLAdg
UETOED TMV JPOPETIKOV YpoviKaV onueiowv. H ovykévipowon GSH mapovsioce otatioTikd
ONUAVTIKY a0ENON 6€ OAES TIC TEPOUUATIKEG OLASES GE GVYKPLON UE TIC OVTIOTOLYES LETPNOELS
otovg 3 unveg (Ewdva 3.2-A). Emmdéov, n dpactikdmra g CAT peiodnke og OAeg Tig opddeg
o€ oOykpion pe Tovg 3 unveg (Ewova 3.2-B). Ocov apopd ) dpactikdtnta 1ov GR, peiddnke
o€ OAeC TIC Opddeg €xBeomnc, extog amd Tig opddec HD won Roundup®, oe ovykpion pe tovg 3
unveg (Ewova 3.2-E). Emmdéov, ta enineda TAC Mtav otatioTikd avénpévo oTig opadeg
control kot Glyphosate ce oOykpion pe tovg 3 punqveg (Ewova 3.2-F). H ocvykévipoon tov
TPOTEVIKOV KopPovoMov Topovciace oTaTIoTIKE onuovTtikn peimon otig opddeg LD,
Glyphosate «ou Roundup® oe chykpion pe to eninedo otovg 3 uiveg (Eikova 3.2-H). Qotdoo,
ot dpactikotnteg g SOD kot e GPx, xobng kot ta enineda tov TBARS mapépevav

apetapinta (Ewova 3.2-C,D,G).
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3.3.1.3 ENNEA MHNEY EKOEXHY

[Topopola pe To EVPAUATO GTOVG 6 PNveg €kBeoms, ONUOVTIKEG SlopOopEG TTapatnpnOnkay
Kuplwg €vioc kdbe opddag KOTd Trn OVYKPION TOV OLUPOPETIKMOY YPOVIKOV OCNUEIDV.
ZVYKEKPIEVO, VITNPEE OTATIOTIKA GMUAVTIKY Leiwon ¢ ovykévipwong s GSH oe Oleg T1g
onadeg o GUYKPION UE TIG UETPNOELS OV TPOYHOTOTOMONKAY GTO ONUEID TOV 6 pUNvVoOv
(Ewéva 3.3-A). Emuthéov, mapatnpndnke onpoavtiky peimon mg dpactikomrag g CAT og
O\ec TIG ouddec o ovykplon pe to emimeda otovg 3 pniveg (Ewdva 3.3-B). Emmdéov, n
dpaotikdtnta Tov GR Topovcioce oTatioTikd onuavtiky peioon otig opnadsg Glyphosate kot
Roundup® oc¢ cvykpion pe v opdda eréyyov (Ewkova 3.3-E). Avrtibeta, | dpactikdtnta Tov
GR peidvdnke otic ouddeg control, LD ko Glyphosate ce cOykpion pe 1o eninedo otovg 3
unveg. Axoun, mopatnpnonke otatioTiKd onuavtikn avénon tov enmédwv TAC oty opdda
control, onv opdda HD kot otnv opddo Glyphosate ce chykpion pe Tig PeTpoels Tov 3 unvov
(Ewéva 3.3-F). H ovykévipoon tov tpoteivikdv KapPovoliov peumdnke onuaviikd oe Oheg
TIG opadeg, ektog amd v opdda HD, oe ovykpion pe ta enimeda otovg 3 unves. A&ilel va
onuewwbei 0t oy oudda Glyphosate, 1 cvykévipoon T@vV TPOTEIVIKOV KapPovuriny fTav
EMIONG UEWWUEVT] GE GUYKPLION LLE TIG LETPNOELS TV 6 unvav. Agv mapatnpnOnKoy cnUavTiKEg

drapopég otig dpactikottes Twv SOD kot GPx N ota enineda TBARS (Ewoéva 3.3-C,D,G).
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3.3.1.4 AQAEKA MHNEY EKOEXHY

Metd amd 12 pnveg éxbeong, onUOVTIKEG O0QOPEG GTOVG UETPOLUEVOVLS Prodeikteg
0&E1000Vay®YNG TOPATNPNONKAY LOVO KATA T1 GUYKPLON TMV SLUPOPETIKMY YPOVIKMV CNUEIDV
Kol Oyl HETOED TV O0POPMV TEPAUATIKOV OUAd®V. ZVYKEKPIUEVA, LANPEE OTOTIOTIK
onuavtiky avénon g cvykévipmong GSH og dheg TIg opddeg o cHyKplon LE TIG LETPNOELS
7oV TpaypoatoromOnkay 1660 6Tovg 3 660 Kot oTovg 9 unveg (Ewkdva 3.4-A). Ocov apopd ™
dpaoctikotnrta g CAT, vapée oTATIOTIKA ONUAVTIKT HElMOT 6€ OAEG TIG OLASES GE CLYKPLON
pe ta enineda otovg 3 unveg (Ewkéva 3.4-B). H dpaoctikdtra tov GR peidbnke otig opddeg
control kot LD o€ ouykpion pe tig petpnoelg otovg 3 pnves ( Ewova 3.4-E). IMopotnpndnke
oTOTIOTIKE onuavTikn avénon tov emmédov TAC oe OAeg TIC opddeg 6 cLYKPLON UE TO
enineda otovg 3 unveg, ektodg and v opdda LD (Ewodve 3.4-F). H ovykévipoon tov
TPOTEVIKOV KapPOVOMOV TOPOLGINGE GTATIGTIKA CTUAVTIKY LelmoT o€ OAES TIG OUAdES GE
oLYKPLON UE Ta EMimeda 6TOVG 3 pfvec, ektdc amd v opdoa HD. EmumAéov, Ntav peiwpévn
otv opddo Roundup® ce clykpion pe tig petpioelc tov 6 unvéov (Ewodva 3.4-H). Ot
dpactikdtreg tov SOD ko GPx, kobmng kot ta emineda TBARS, mopéuevay apetdfinta

(Ewova 3.4-C,D,G).
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ZUVOTTIKA, TO OOTEAECUOTO OV TPOEKLYAY omd TV AE0AOYNON TV 0EEB00VAYOYIKOV
Blodeiktdv oto aipa £de1&av 6t M 12unvn ékBeom 1600 6 LD 600 kot o HD tov petypotog
E.A. evepyonoince ypnoueg aviloEedMTIKEG TPOCAPLOYES, IGYLPICUOC TOL LITOGTNPILETOL OO
mv avénon tov emmédov GSH kot m peloon tov enmédmv TpOTEiVIK®OV KapBovoriomy.
Avtifétog, n 12unvn éxbeon ot GLY kot 1o Roundup® mpoxdrece dwatapayés tng
OLOLOGTOOTG TNG 0EE00VAYWYNS 0TO aipa. 26TdG0, OTIS TEPICCOTEPES TEPUTTOCELS, OAO TA
oynuoTo Yopnynong eiyav 1o id10 potifo dpdong oto 1010 ypovikd onueio, LE OPIGUEVES
e€apéaelc, kabmg deV EVIOTIOTNKAY GNUOVTIKEG SLUPOPES GE GVYKPLOT| LLE TNV OUAO0 EAEYYOV.
Avtifeto, To amoteléopata mOV TPOEKLYOAV Oamd TNV aEOAOYNoN TOV  PlOdEIKTOV
o&edoavaymyng TV 1oT®v vtayopegvovy 6t HD tov peiypatog E.A. mpokdiece 0&eldwmTicd
OTPEG OTO NTap, OM®G eaivetar amd tn peiwon g dpactikdomrag g CAT ko v Tdon
avénong tov emmédwv TBARS. Opoiwg, to yopnyoduevo Roundup® Aettovpynce wg
o&edmTikdg mapdyovtag, kabng peiwoe ™ dpactikdtnto CAT kot avénoe ta eninedo GSH,
TPOKOADVTOG €10l eMINUIEG EMOPACES OTNV OUOLOGTOCT OEEW0NVAY®YNG TOL NTOTOC.
Xvumepaivovpe Aoudv OTL o1 dSuoUEVEIS EMOPAGELS YIvovTal EVIOVOTEPEG e TV AENON TNG

d0oMG 1| Tov XPOVOL £kBECTC.

3.3.2 EINIAPAXZEIX XTOYXZ OEEIAOANAT'QI'IKOYX BIOAEIKTEX
TON IXTQN

Metd ™ 12unvn ékBeon oT0VG EVOOKPIVIKOVG OATOPAKTEG, O LOVOG TPOSPEPANUEVOS 16TOG
Ntav to Nmoap. Ocov agopd otic emdpdoelg g opadag HD, n dpactikdmra g CAT
pewdnke oe ovykpion pe v opada control (Ewova 3.5-B) ko, tavtoyxpova, oviyvedhOnke
tdon avénong tov emmédwv TBARS (Ewova 3.5-D). Avtifeta, n opdda LD dev ennpéace
toug Prodeikteg o&gdoavoywyng mov eEeTdoTnKay. Enuewwtéov, n  12unvn yopnynon
Roundup® npokdrece otoTioTiKd onuavtiky ovénon g ovykévipwons GSH (Ewova 3.5-A)
oe ovykplon pe Tig opddeg control koaw HD, kobmdg kot otatiotikd onuovtikny peimon g
dpactikotrag CAT oe ohykpion pe Tig opdadeg control kot LD (Ewodva 3.5-B). Avrtifeta, n

12unvn ékBeon 61N YAVPOGAtr dev ENNPEAGE TO EMITEIN TOV LETPOVUEVOV 0EEIB0AVAYOYIKMV
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Brodewktdv. Ta enineda TAC (Ewova 3.5-C) kot 1 6uYKEVIP®ON TPOTEWVIKOV KapPovoriov

(Ewéva 3.5-E) mapéuevay avennpéacto.
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3.4 KYTTAPOAOTTIKA EYPYMATA

H wvttaporoywkn eE€taon tov OeyldTOV 10TOV €0€1EE ONUAVTIKEG O0popés Hetalld g
opdaodag eELEYXOVL Kot TV OpadmVv £kBeons aALd Kot LETAED TOV OLUPOPETIKAOV Opddwv £kBeong.

H opdda control mapovoiace apatd kKOTTOPO PLGIOAOYIKNG Katdotaong ava 16td (Ewkdva 3.9).

(D)

Ewdva 3.9 Kuttapoloyiki anetkovion totwv opadag control (opdda 1). A) Kapdid B) Nedpdg C) Hriap D) Oupeoetdng adévag E) Qobrkn F)
Opxelg

'Hon and v opdoda LD @aivovior ot emidpdoelc T@v ovcidv 6g KuTttaptkod enimedo. Ommg
eaiveton kot otnv Ewova 3.10, vrdpyovv debova kuttapikd otoyyeio, epufpd kbtTopa Kot
Ovrakia avé 1ot (Ewova 3.10-A,B), evdd otovg veppolc emPePormvetor kot M Vvmapén

oAeypovig (Ewova 3.10-C).
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Ewova 3.10 Kvttoporoykn angwovion wo0tdv opddog LD (opdda ). A) Apbova kuttapikd otoryeio otig wodikes B) OvAdxio 6to
Bupeoedn adéva C) Apketd kbttapa, eppbpokvttapa Kot VrapEn EAEYHOVAS 6T0 VEQPO.

Onwc Mrav avauevopevo, ot opddeg HD, Glyphosate kot Roundup mapovciacov Tig
peyorvtepeg PAGPec ota KUTTOPA TOV GTAOV. ZVYKEKPEVE, Topatnpnnkay ekpaysio oe
OAOVG TOVG 16TOVG, EKQVAGHOG TV KLTTAPOV Kabdg Kot kapkivoyéveon. Edikotepa, otnv
opada HD mapoammpnnkav Onlodeig (Ewova 3.11-A) kot pikpoOnimodelg opddeg Buiakikmv
KUTTAp@V Kor Koapkwvoyéveon oto OBupeoedn adévo (Ewdva 3.11-B) xabdg ko dpbova
KUTTOPIKA GTOLXEID Kot EKHAYEIL OVPOPOPOY COANVAPI®V 6Tovg veppovg (Ewodva 3.11-C).
IMapdAinia, mapampndnke adénon otov TAnBvopd TV KuTtdpov TV opyewv (Leydig,
Sertoli, k.a.) pe Ao ekeviion (Ewova 3.11-D), vrepriacio, akdpo Kot KOPKIVOYEVEST, OTO
kottapa tov wodnkov (Ewdve 3.11-F) kabd¢ kot vrepmloocio T@V NTOTIKOV KUTTAP®V
(Ewova 3.11-E). A&oonueimto givol to yeyovog 0Tt o KOTTOpo TNg Kopdldg Epevay oyeddv

QVETNPEACTO.

65



Ewéva 3.11 Kvttaporoykn e€€taon wotdv opnddag HD (opdda 3). A) Onhddelg opddeg Bulakikdv kuttdpmv otov Bupeoedn adéva B)
Mukponkddeig opddeg BuRAKIKOY KOTTAPOV Kot ELPAVIOT KapKvoyéveons otov Bupeoedn| adéva C) Kuttapikd otoyyeio kot ekpoyeio
0VPOPOPOV COANVEAPLOVY 6TOVG vePpolg D) Hria expiiion tov kuttdpov tmv dpyeov (Sertoli, Leydig) E) Hratikd kdttapa pe gvdidkprn
vrepmhaocio F) Yrepmlaoio kot poavion KapkivoyEveons TV modnKiKdY KuTTapov.

[Mapdpota swcovo mapatnpridnke kar oty opdda Glyphosate, mov ftav 1 opdda Tov ektédnke
oV kabopn popoen tov GLY. Xg dha ta €101 10TOV TapovsidotnKay dedova KOTTapo oAl
Ko QAEYpHovVY, eved dev onuewmdnke kapkivoyéveon (Ewova 3.12-A, B, C, D, E). A&ilel va
onpelmdel 4Tt Ta KOTTOAPO TNG KOPILIS ELPAVICAY OVENIEVO aplBlod, Waitepa Ta pecoOMALaKA

KOTTOPO. TOV TEPIKAPion, kKabdg kot pAeypovn (Ewova 3.12-F).
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(F)

Ewova 3.12 Kvttaporoyn e€étaon wotdv opddag Glyphosate (opdda 4). AvEnuévog aptdpdg kKuttépov kot tapovsio preypovig og A)
Nrap B) veppoig C) dpyetg D) Bupeoedn) adéva E) wobnkeg F) kapdid.

Tmv 5" kot tedevtaio opddo (Roundup®), ot vegpoi, ot dpyelg kot 0 Bupeoetdng adévag frav
01 10701 TOV eMNpedoTNKAY TEPIOCOTEPO. APBova expayeia, VIOV pLTTAPOTNG KOL PAEYLLOVT
onueonkav oto kKuTTopa TOV veepav (Ewova 3.13-A) pe mapopota ikova vo Topotnpeitot
kot ota kuttopa tov opyeov (Ewodva 3.13-B). Zta xOtropo tov Oupeoedn adéva
wapopNOnKay KoAAogwég Kot aeBova Bviokikd KOTTOPO OAAG Kol olaTopoyn NG
apyrtektovikng tov Oviaxiov (Ewoéva 3.13-C). IMapdAinia, otnv kapdid Kot to Mmop

napatnpnOnke e peimon tov apBuov tov kuttapov (Ewova 3.13-D, E).
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Ewdéva 3.13 Kutraporoycr| eEétaon 1otdv opddag Roundup (opdda 5). Expayeia, éviovn pumapdng kot gAeypovh ota Kottapa A) Tov
veppav kat B) tov opyewv C) Korrogidéc, Oulakikd kdttapa kot Stotapayf opytektovikng tov Buiakiov tov Bupeoedn adéva. Meiwon

Tov Kuttdpov og D) kapdid kot E) fmap.
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3.5 EIIIIIEAA OPMONQN

Ot HeTpPNGELS TOV OPUOVAV E0E1ENV LIKPES SLAPOPOTOGELS TOGO LETOED TOV OUAd®V OGO Ko
UETOED TV YPOVIKDV SOGTNUATOV £KBEONC, EVOD TopoTPONKOY S10(POPOTOUCEL KO LETUED

COVOPIKAOVY KOl «YUVOLKEIDVY OPLOVAV.

Ymv Ewova 3.14 divovror ta eminedo TG TEGTOGTEPOVNG GTO OPSEVIKA Kol ONALKA KovvEALQL.
Oocov apopd ota OnAVKA KOVVEAL, OV LINPEAY GNUOVTIKES SLUPOPOTONGELS 0VTE LETAED TWV

OUAd®V 0ALA 0VTE Kl GE GYECT LLE TO XpOvo £kBeong.

OnAukd ApoeviKd

Il Owdveg
3 pAveg
I 6 pveg
B ounvec
. 12 prjveg
|I il h o ...J ‘.

Control Glyphosate Roundup Control G \vphosate Roundup

=
n
S

Testosterone nmol/L

Testosterone nmol/L

B
3

Ewova 3.14 Eninedo teotootepdvng (NMol/L) oe Onivkd kot opoevikd KovvEAa.

210 0poEVIKE KOVVEMO QaiveTal VoL VITAPYEL L S1OTOPOYT) GTNV OPLOVIKY 16oppoTia, Kabmg
ot1c opadeg Glyphosate, LD ka1 Roundup 1 cuykévipmon g 1e6106TEpOVNG AVEAVETOL GTOVG
3 ko 6 unveg ékBeomng evad petdveTal KaTakOpuea otovg 12 piveg. Adym tov pikpov aptBpod
LoV (2 Onivkd kot 2 apceviKE KOVVEALD avd ORLAd0) eV LILAPYEL SOLVATOTNTA GVYKPIOTG TOV
EMTEIOV TV OPpUOVAV e TNV opddo control. Emiong axopa kat av et yopnynei vynin d6om
ovoldv otic ouddec HD, Glyphosate kot Roundup, ot 806g1c avtég Tapapuévouy o€ younid
emimeda, ToAD o younAd and ta avtiototya NOAEL, odnymvtog o€ aoa@eic Kol GTATIOTIKG

L1 ONUOVTIKEG S0 POPOTOLCELS.
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Ot opuoveg Tz ko Ta dev mopovciocay GNUAVTIKEG JLOPOPOTOUCEL OTO EMIMEdN HETAED
apCEVIK®OV Kot ONAvkdv kovvelmv (Ewova 3.15 & 3.16). Zvykekpiuéva ta enimeda g T3 ota
ONAvkd KovVEMD OEV ELEAVIGOV GTATICTIKO CMUAVTIKES SLOPOPES OVTE LETOED TV YPOVOV
éxBeong aAAd ovte Ko pETOED TV opadmv €kBeong. Qo1dc0, OTA APCEVIKA KOLVEMA,
wapopnOnke avénon g ovykévipmong T3 otovg 3 pnveg €kBeonc, o€ OAeC TIG OUAOEG,
ocvumepiapfavopuévng kat g opddag control. Xta emdueva ypovikd onueia, 1 GLYKEVTIP®ON
™m¢ T3 mopépeve avénuévn o OAeg TIg OPAdES, £KTOG 0mtd TV opdda Roundup émov ctovg 12

unveg eaivetar va petoveral (Ewova 3.15).

Onwg eaiveror kot omnv Ewova 3.16, ta eninedo g T4 dev mapovsiocay dlaitepeg dStapopEs
petad ONAVKOV Kot 0poeVIKOV KouveMav. Qotdc0 Tapatnpndnke adénon tov emmédwv amd
ToVG 3 unveg Kot Hetd, otig opnddes HD kot Roundup 1660 ota apcsevikd 6o kot 6to Onivkd

KOVVEALD GLYKPIVOVTOG TTAVTOL LE TO XPOVO UNOEV.

20~ 3-

OnAukd AposviKa
15-
2-

— B 0 wriveg
£ £ 3 pnve
= 10- ) HAVES
&g = 6 pAveg

m
iy jis

B o pivec
n 12 prjveg
05-
00-

Control Glyphosate HD LD Roundup Control Glyphosate Roundup

Ewoéve 3.15 Enineda T3 (ng/ml) og Ontokd kot apoevikd kovvéa.
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OnAukd Aposvikd
o

Il Owiveg

3 piveg

I 6 Hveg

L - B 9 uivee
. 12 prjveg

Control Glyphosate Roundup Control lephosate Roundup

T4 ug,n'd\
T4 ug/d\

Ewova 3.16 Eninedo T4 (ug/dl) og Onivkd kot apogvikd kovvérLa.

Ocov agopd oto emimedo TG TPOYESTEPOVNG, OV LINPEAV CNUAVTIKES OLLPOPOTOU|CELS
petalh tov dvo eLAWV. Idwaitepa, ot ONALKE KOVVEALD, Ol GLYKEVIPAOGCELS TOPEUELVAY CE
YOUNAG emimeda ywpic cvykekpipévo potifo avéopsioons. Amd v GAAN HEPLY, GTO APCEVIK
KovvéMa, otoug 12 pnveg, mapoatnpndnke peimon TV eMmESOV TPOYESTEPOVIG GTIS OUAOES
LD, HD ka1 Roundup og oyéon pe v apyn tov mepapatog (0 pnveg). Evoiagépov mpokoel
10 yeyovog OtL avtiotoyyo to eminedo mpoyeotepoOVNG TG opddag Glyphosate avéndniav
(Ewova 3.17). Qotoéco dev pmopovpe va PydAovpe cogég COUTEPUCUE AOY® TOV UIKPOD

apBpov (Omv Kol TV YaUNA®V S0GEMV TOL YopnYHONKaV.

1.00- 15-
Apoevikd

0 wiveg

3 prjveg
6 priveg

B 9 pveg
P prveg
: u

Contrnl Glyphosate Roundup Control G \vphosate Roundup

Progesterone ng/ml
°
S
o
5

Progesterone ng/ml

Ewova 3.17 Enineda mpoyeotepovng (ng/ml) oe Onlukd kot apoevikd kovvéa.
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Control G \vphnsate Roundup

Apoevikd
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8

0- . 0 prjveg

I 3 prveg
6 prjveg
20- B 9 privec
. 12 pAveg
10-
0-

Control lephosate Roundup

Estradiol pg/ml

Estradiol pg/ml

3

0-

Ewova 3.18 Enineda B-owotpadioing (pg/ml) oe Ontukd kot apoevikd kKovvéLa.

Téhog, o1 Tiég ™G PB-o1oTpadtoAng dev edvnke va emnpedloviol Tapovstalovtag mTopOUOLEg
TIEG o€ ONAvkd Kot apcseviKd, LeTa&d TV Opad®mV oA Kot HeTald TV StaoTnUdTmV £kBeong
(Ewova 3.18).
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4 YYZHTHXH

2V Topovca SIO0KTOPIKY OaTpiPr] TPOSTOONCUUE VO TPOGOUOIMGOVIE KIVOOVOLG GTOVG
omoiovg ektifetar o AvOpwmog kabnuepvd oty mpaypoatiky (on. o to okomd avto,
yopnymOnkav oe kovvélo glyphosate, MePB, PrPB, BuPB, TCS, BPA «xot TCS og
OLOLPOPETIKEC OOCEIC KOl GLVOVACUOVS GTOYXEVOVTOS VO €EETAGOVIE TOGO TN GLUVOLOGTIKN

éxbeom 0060 kot T dlopoporoinon puetacd kabapng kot eumopikng popeng glyphosate.

H perém g to&ikdmrog tov yopnynbeiowdv ovowmv €ywve pe Paon Prodeikteg €xbeong.
ZuyKekplpéva, Tpaypotortomndnke uétpnon uikpomvprveov (micronuclei assay), uétpnon
évtaonc ovpdg (comet assay), kabopiopdc o&elodoovaymyikdv Plodeiktdv (yAovtadeiovn,
avaywyaon g yAovtabeiovng, KatoAdomn, K.6.), KUTTOPOAOYIKY EKTIUNGN Kol HETPNON

OVOTTOPOY WYLKMV OPLOVADV.

H pérpnon tov pikpomvpnivev (MN) arokdivye a&loonueioteg S10KOUAVGELS amd TV opyn
£m¢ 10 TEL0G NG mEPLOdoL ékBeonc. Evd n opdda control dwutnpnoe otabepéc néceg tipéc kb’
OAN TN ObpKELD TOV TEPANOTOS (TOV KLpavOnKay amd 7,25 + 1,26 éwg 9,25 + 1,71), dheg o1
dALec opadeg mopovsiacov HeTaPoAES Katd Tpomo e€apTduevo amd 0 Ypdvo Kot Tn dOoT).
Méypt 10 1ehkd onueio €kBeong (12 pnveg), or péceg tnég MN yua tig opddeg LD won HD
(41,75 £ 1,71 xan 45,75 = 1,71, avtictolyo) eueoavicTnKay TeEPImOL TEVTE POPES VYNAOTEPES
amo 1§ apykég TES (7,75 + 0,50 kan 8,50 + 1,00, avtictorya). Opoimg, N péomn tun MN g
opddac Glyphosate pdvnke vo ivor Tpelg popég VYNAOTEPT 0Itd TNV apyIKn TIUN o€ t = 0 unveg
(o6 8,75 + 0,96 o€ 37,50 + 1,00). Akdun, n ouddo Roundup mapovcicce entomAdoio avénon
TV pécov Tinav MN otovg 12 piveg (60,75 £ 1,71) oe o0ykpion pe toug t = 0 unveg (8,25 +
1,89).

A&iler vo onueiwBel 60t n perét tov Koller et al. oyetikd pe 11 xvtTOpoTodkés Kot
yovidrotoékéc 1816trec g GLY ko tov Roundup® og pio Kuttapiky] GE1pd GTOUATIKOD
gmOniiov, domictwoe 61t T0 Roundup® Wrav mo Spactikd and to GLY, mpokodmdvrog
KLTTOPOTOEIKEG emMdphoelg pécw g PAAPNS tov pepPpovov kot g e&acbévnong g
ptoyovoplokng Asttovpyiog (71). Avtd cvppovel pue to gvpuatd pag, kabdg n opado
Roundup epgdvioe apiBpuodg MN oyeddv dimhaciovg and tnv opdda Glyphosate oto téhog Tov
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nepdpotog in vivo (t = 12 puniveg). H gumopwkr] popery GLY (Roundup) mepiéyer mpdcbeta,
ovunepiiappavopuévov tov mpdchetov morlvoLvaibvievauivny (POEA), mov eivoal yvootd 0Tt
npokoel yovidiouatiky PAGPN (72), eEnydvtag evoeyouévmg ) dopopd LeTald TmV Opadmv
Glyphosate kotr Roundup.

Kab' 6da ta ypovikd onueio, n opndda HD (8,50 + 1,00-45,75 + 1,71) mapovcioace ctabepd
vymidtEPOoLS apBuovg MN amd v opdoa LD (7,75 + 0,50-41,75 + 1,71), ot omoiotl dpmg dev
OVTIOTOLYOVGOV GTN OEKOTAAGLO dlapopd TG Yopryovuevng 66ong. Ewdwotepa, n opdoo HD
napovciace peyoahvtepo apdpd MN and v opdda Glyphosate (8,75 + 0,96-37,50 + 1,00), av
Kot 1 S1opopd T OEV NTOV GTATIOTIKA SNUOVTIKY. AvTh 1 dapopd oTic petpnoelg tov MN
amodidetonl otig emmAéov ovoieg (BPA, TCS, DEHP, MePB, PrPB ka1 BuPB) mov vrapyouvv
omv ouddo HD og obykpion pe v opddo glyphosate, yeyovog mov vrodnimvel pio

ouvepyloTikn enidpacn e GLY pe avtég tig evooelc otov aptBud tov MN.

Ta amoTEAEG LT TPONYOVUEVOV EPELVAV TOKIAAOVY aVAAOYA e TIC VIO eE€Taom ovaies. [
napadetypa, ot Duarte et al. mapatypnooav avénon tov cuyvotntev pkporvpveov (MN) ce
nrotikd kotrapo mov extédnkav Eeywpiotd o TCS kot DEHP (73). Qotdco, 6tav ektédnkay
padi, dev mopatnpnOnKe eMoyOUEVOG CYNUATIGUOG LKPOTUPAVAOV, OV Kol 1 POCILOTNTO TOV
Kuttapov  @dvnke vo  enmpedleton  apvnrikd. Avrtifeta, mEPAUOTO TOL  APOPOVGOV
NTATOKLTTOPA OV EKTEOMKAV G pelypo dio@ovormv €de1&av avénuévn kuttapotolikdTnTo
pe oymuoatiopd MN, eved m €ékBeomn o€ HELOVOUEVES OIGPUIVOAES OEV TTPOKAAECE TETOIEG

emdpaoceig (74).

A&iler vo onueliwBel 6Tt n oudda Roundup, ennpedotnke meptocdTEPO OGOV OPOPH TOV
oynpotiopnd MN (8,25 £ 1,89-60,75 + 1,71), pe oxedov dmAdoto aptOpud MN oand v opdoa
Glyphosate (8,75 £ 0,96-37,50 £ 1,00). ITapd to yeyovog 6Tt 10660 1 opddo Glyphosate 6co kot
N ouddo Roundup érapav v id1o d6on GLY, ) mpmdtn amoterodvioy and kabapd GLY, evid
n devtepn mephdpPave dha ta Tpdsbeta wov vdpyovv oty gumopikn popen GLY. Eva and
avtd ta Bondntikd ivon 1 POEA, 1 to&ikdt o Tng omoiag £xel emkupwbel oe mepdpota o
Coa (18,75). Ewwotepa, mepdpata oe veapd yaplo £6ei&av Tn yovoToEIKOTNTA NG, TNV
wKovoTTd ¢ va mpokakel vmepoleidwon TV Amdiov Kot vo  dTopdocel v

o&edoavaymykn katdotacn (76).
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Ta amoteAéopata g dokiuaciog comet amokdivyayv 6Tt 1 opddo HD eiye vyniotepn tyun
évtaong ovpdg (12,58 + 1,90), onpavtikd dtapopetikr and ekeivn g opddog LD (8,67 +1,10),
VTOJEIKVOOVTOG docoeaptapevn PAAPN, kabmdg ot 600 ovTéC opdadeg elyav dekamTAdCIO
dtapopd ot yopnyovpevn 06on. Iapduoleg téoelg mapatnpnOnKov o€ TPONYOVUEVEG LEAETEG
OV QPOPOVCAY AEUPOKDTTOPO YAPLOV Kol ovOpdTwV Tov extédnkav pepovopéva oe GLY,
TCS xot PBs (77-79). Ot opddeg Glyphosate kot Roundup dev mapovciocay Kopio onuavTikn
dlapopd, YEYOVOS TOL LITOINADVEL OTL Ta. TPOGHETA oTNV gUmopikn Lopen tov GLY dev eiyov
Kopio emmAéov emidpacn oV éviaon TG ovpac. Qoto6co, ot opnadsg HD kot Glyphosate
TOPOVGIOCOV CTUTIOTIKA GNUOVTIKEG SLOPOPES OTIG LEGES TIUEG TNG EvTaong TG ovpdg (12,58
+ 1,90 ko 9,52 + 1,66, avtictoryn), vrodeikviovtog o tpdsbetn enidopacn g GLY, g
BPA, tg TCS, tov DEHP, tov MePB, tov PrPB kot tov BuPB otv évtaon g ovpds.
[Tponyovueveg dokég comet 6g KLTTAPIKES GEPEG TOVTIKOL oL ektédnkav oe GLY, Roundup
kot POEA £€de1i&av 0t 1 avaotaltiky oydg akoiovdnce 1 oeipd POEA > Roundup > GLY
(80). Ot amoxAicelg oto PipAoypoeikd dedouévo Pmopel vo, 0rodo0ovV GTOV TEPIOPIGUEVO

APl LEAETMOV KoL GTIG SLOPOPOTONUEVES OUAOES EkBECTG.

H ovoyétion petald g Eviaong g ovpdg kot Tov aptipov tov MN katd ™ 12punvn €kBeon
QTOKAAVYE OTOTIGTIKA GNUOVTIKEG GUGYETIOELS EVTOG TV opadwv Ekbeong (p < 0,001). Téco
N évtaomn g ovpdg 060 kat 0 apBpds Twv MN apovsiocav xpovikd eEapTOUEVT] AmdKPLoN,
eV OpPOUEVEG OHAdES eppdvicay emiong docoeaptdpevo potifo. Ilponyodueveg peréreg
oYeTKd pe T evaooelg — otoyovg, GLY, BPA, TCS, DEHP kot PBs, &dei&av dvoueveig
emopdoelg otov oplfud twv MN, ot onoieg av&dvovtav pe v mopotetapévn £kfeom Kot Tig
vymAOTEPES d00¢ELS (22,79,81-83). QoTd00, 1 évTach TG 0VPAG dEV PAVNKE VL AKOAOVOEL TV
o1 taon (72).

O\eg 01 0voieg — 6TOYOL TG TAPOVGOG LEAETNG ELPAVIGOY YEVOTOEIKT) OPAGT. ZE TPONYOVUEVES
peréteg, to TCS, mapovcioce H060eE0pTOEVT YEVOTOEIKT OpAGT) GE SLAPOPOVS OPYAVIGLOVG,
e oamotéAecpo Tn otadokny ovénom g évtaong NG Oovpdsg Kol TOL  GYNUOTIGHOD
pikpomvpnvav (78,84) 1 axdun Kot thv TpoKANGt TANPOVS SIAAVONG TV TUPNVOV GE VYNAEG
dooelg ékbeong (85). IMepduata in vitro £éei&av Ot1 10 PBs ackovv kuttopotofikég kat
veVOTOEIKEG EMOPACELS, 0dNYDVTOG 68 oynUaTticd MN kat avEnon tng £vtaomng e ovpas e

Tpomo e€aptdpevo and ) cvykévipoon (79). Ot pbahkég evdoelg kar 1 BPA éyovv emiong
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KaBepwbel g yevoto&ikéc, emnpealovtag apvnTIKa TO XPOUOCMUOTO KOl TO KOG THG OVPAG
ue docoe&aptmpevo tpomo (86-89). Emmiéov, n ékOeon oto DEHP €yetl ouvdebei pe emayopevn
BAaPn tov DNA kot kuttapikd morldamAacioopd. Ot apovpaiot mov ektédnkov o DEHP

napovsiacoy avénuévn Evtacn ovpdg 1060 og KOTTapa 060 Kot o Bupeoeldiko 16td (90).

[Mopopoteg pekéteg mov OlepevvolV TIG YEVOTOEIKEG EMOPACES TOV  PLTOPUPUAK®V
TOPATAPNOAV CNUAVTIKEG Olopopéc pe v ovénon tov ypovov ékbeonc (91,92). T
napaderypa, Kovvélo mov ektédnkayv oe cypermethrin mapovciocav onuavtiky avénon tov
duvpnvev MN, cuvodevdpevn and 16TonafoloyIKEG OAALOIDCELS Kol GAEYLOVY] GTO NP KoL
oV veppovc (91). EmmAéov, n épeuva o€ KovvéLa Tov ektédnkay e imidacloprid amokdivye
dtapopéc otov apiud twv MN peta&d TG opddag eAEYYOV Kol TMV OUAdMV TOL EKTEOMKAY,
aAAG dev vITAPYE EUPAVIG XPOVIKT EEAPTNON TG YEVOTOEIKNG emidpaong (92). Avth n éAdeym
ypovikng e&aptnong pumopel va amodobel otV €QOpUOYN UNYOVIGUOV 0mOTOEIVMOONG, GTOV

mOavo petaforopod tov Eevoprotikdv kot otny emdidopbwon Prafmdv tov DNA (8).

[Tponyovpeveg Epeuves EYOVV S1EPEVVICEL TNV EMLOPAUGT EVOG SLAUPOPETIKOV Y1 UkoD HelYLATOG,
GUUTEPIAAUPOVOUEV®Y EVPEMG SLVAVTOUEVDV EevoPiloTikav 0nwc 1 GLY, to BUPB kaim BPA,
TNV 0EE0AVAYWMYIKT KOTAGTOGT TOV OiOTOg KOl TOV 16TMV TV apovpainv. Ta evpnuota
TOV €V AOY® HELETAOV £01E0V OTL TO GUYKEKPIUEVO LETY LA TPOKAAEGE EVEPYETIKES TPOGAUPLOYES
o&edoavoymyng oe 6 ko 12 pnveg yopnynong (93-95). Qotoc0, dtav yopnyndnke eni 18
UNVEG, TOL 1odvuvapel pe T dtdpkel (oNg TV TEPAPATOlOwV, dtdpase TV OLOIOCTICT
™G  O0EEW0aVAY®MYNG, HE OTOTEAEGUO OVLGUEVEIS EMOPACES TOCO oTOLG Plodeikteg

o&e1doavoymyng Tov aipatog 660 Kat 6tovg Brodeikteg o&etdoavaymyng Twv 1otV (93).

2V Topovod HEAETN, 0TOVG 3 UNveg £kbeong emmpedotnke apvntikd 1 o&eldoavaymytkn
Katdotoon Tov aipatog twv opddwv LD, HD kot Roundup, 6nmg amodeucvoetat amd ) peimon
™m¢ dpaoctikémrog GR og oOykpion pe v opdda control. Etnv mepintmon ¢ ouddog
Glyphosate, av kot 1 dpactikémnto GR peiwdnke, vimpée avénon g cvykévipoonc GSH og
ovykplon pe Tig opadeg control ko HD, mbovdg o¢ mpocaprootikdg unyaviouds yo v
Tpootacio TV pokpopopiov amd v ofewmtikny BAAPN. Metd and 6 pnveg €kbeong, ot
avTIOEEWMTIKEG AUVVEG TOL OIUOTOG €VEPYOTOMONKAV Yo Vo OVIWETOTIGOVYV THAVEG
dwtapayés oy opotdotacn oewoovaywyns. H ocvykévipoon GSH avénbnke oe dheg Tig
TEPOAUATIKEG ORLAOES, avTioTadpilovTag mBavmg T GNUAVTIKY HEIMOT TNG OPACTIKOTNTOG TNG
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CAT (96,97). EmumAiéov, ta enineda TAC avénbnkav otic opddeg control ko Glyphosate.
Tavtdypova, n avénomn g cvykévipmong s GSH ocuvéPaie ot pelwon e cVYKEVTP®ONG
TOV TPOTEIVIKOV KapPovoriov otig opddeg LD, Glyphosate kot Roundup, amotpémovtog 1ot

TO 0EEOMTIKO GTPEG.

Eivar evoapépov 0t petd amd 9 unveg €kbBeong, mapatnpnionke a&loonueiotn peiowon g
dpaotikdtrag GR otic opddeg Glyphosate kot Roundup og obykpion ue v opddo control.
Ot avToEEd®TIKOL UNYavioHol ToV OHIOTOg EXNPEACTNKOY OPVNTIKA, EKTOC Omd TNV Opdda
Glyphosate, 6mov gvtomictnke €vag Tpocaprootikds unyoviopos. Ocov apopd v GSH, 1
CLYKEVTIPMOOT) TNG HEIMONKE GE OAES TIC OPAdES GE GUYKPIoT [Ee Tovg 6 unves. H e&avtinon tov
oe&apevaov GSH Ba pmopovoe va amodobel oe avEnuéva emimedo avIOPASTIKOV EWOMV, TOV
odnyovv ot petatponn g GSH oty ofewdopévn popen g (GSSG), 1 o petwpévn
dpactikdtra tov GR, Tov evidpov mov givatl vrevBuvo yia v avayévvnon g GSH and v
GSSG. Ot petaPfolréc oty evéokvttapia ioopponio GSH/GSSG Bewpovvtor kpicueg yio v
ofewoavaymyikn kotdaotaon Kot 1 eEdvtinon tov deapevav GSH pmopel va cuopfdiiet otnv

eneavion o&edmtikov otpes (98).

Qo1000, otV mepimtoon ¢ opddog Glyphosate, n ovykévipmon GSH peidbnke g
TPOCOAPUOCTIKOG  UNYOVICUOS Yoo TNV OVIWETONMION TOV OEEWMTIKOV TPOTEIVIKOV
TPOTOTOMCEWMY, ONMG OMOOEIKVVUETAL OO TN UEWWUEVT] GLYKEVIPOGOT  TPOTEIVIKOV
kapPBovuriov ce cOykpilon pe v mepiodo Tov 6 unvav. Ocov apopd v £kBeon 12 unvav,
QoiveTal OTL 01 AVTIOEEOWTIKOL UNYAVICHOT TOV OULOTOG EXOVV OVOKAUWEL, OTTMS VITOOEIKVVETOL
amo v avénon g ocvykévipmons GSH o 0leg Tig opddeg oe gVyKpiomn pe Toug 9 unveg. H
xopnynomn twv ovcidv otig opddes LD xor HD ywa 3 pnveg dwtdpace v ofedoavaymykn
160ppoTia. TOV aipoTog pewdvovtag T opactikdtnTa Tov GR, av ko dev mpokdrlese GALES
GUOTNUOTIKEG EMOPACELS oTO ETOUEVA Ypovikd onueia. EmimAéov, n ékBeomn ot yYAvposdtn yo
3 upfveg (opdda Glyphosate) evepyomoinoe Tig ovTlo&EdMTIKEG TPOCAPUOYES, OTMG
VIodeKVOETOL amd TV avénomn g ovykévipoons GSH, alld odnynce oe dwotapayes g
0&e1000vVayOYIKNG 100ppoTiag HETd amd 9 pveg, OTMC KATAOEIKVVETOL OO TN WEIMON NG
opaoctikotnrag GR. Téhog, n ékbeon oto Roundup® (opdda Roundup) yu 3 won 9 pnveg
TPOKAAESE dlTopayéS NG opoldotacng oewoovaymyns, oOmwg £9gi&e M pelmon g

dpactikdmrag GR.
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H GLY, eite omv xabopn T Hopen €iTe 0O HEPOG EUTOPIKADY GKEVUGUATMV OVOLEUEYUEVOV
pe dtdpopa Pondntikd, £xetl Ppebel 610 EMIKEVIPO TPOCPATOV EPEVLVAV AOY® TV ETPAAPOV
EMMTOGEDY TG Q0TOG0, VIAPYEL ASI00NUEIMTN EALEWYT LEAETOV OV VO JEPELVOVV TIC
ovotnuotikée emdpaocels ™ (99). H éxppaon tov Profepdv amotedecudtov exnpedletot
1660 and T d0coroYie 660 Kot amd T ddpkea g EkBeong. H Bpoyvmpdbeoun ékbeomn oe
yopunAég docelg GLY umopet va gvepyomonoet TG avTioEEWMTIKES AUVVES TOV OULOITOC Y10, TNV
TPOANYN TS 0EE0®TIKNG PAAPNG. T Tapdaderypa, n €kBeon apovpaiov Wistar oe GLY o¢
enineda mov Bewpodvtarl aGPAA Yia ToV AvOp®TO Yia 28 cuveXOUEVES NUEPES EVEPYOTOINCE

TOVG AVTIOEEWBMTIKOVS UNYAVIGHOVG TOV OHOTOC, TPOGTOTEVOVTAS amd TV LITEPOLEIdMOT TV
Mmdiov (100).

['evikd, to gumopikd okevdopoata 0nmg to Roundup®, mov mepiéyovv GLY, mapovcialovv
TEPLoGOTEPES AVEMIOOUNTEG EVEPYELEG OO O,TL T LELOVOUEVT OPOAGTIKT OLGI0, TOV AmodidovTaL
omv avénuévn tofikodTTa TV EmEavelodpactik®v ovoldv (101). Ta mapdderypa, Eva
Qlovioktovo pe Paon ™ GLY mpokdiese 0&edmtikd 6tpeg 6€ apovpaiovg Adym eEAvTANONG
¢ GSH, petopévng dpaostikdTTag avtoEedmTIKOV evOOI®V Kot avénuévne vepo&eidmong
tov Amdiov (102). Zvykpitikny pekét amokdAvye 01t 1 €ékbeon oto Roundup® mpoxdrece
0&edmTIKO GTPEG G€ APOoLPAioVS, TOL amodekvoeTat ard petwpéva amobépata GSH, petwpévn
opaoctikdmra CAT Kot o&edmtikéc Tpomomooels TV Mmdimv. AvtiBeta, 1 GLY povn g
TPOKAAEGE OOTAPAYEG GTNV OUOLOGTACT TNG OEEB00VAY®YNS TOL OiOTOC UOVO GE LYNAES
dooelg, O6mwg @oivetor omd T peioon tov emmédwv g GSH kot v avénon tov

VIOTPOIOVTMOV TG LITEPOEEIdONG TV Amdimv (103).

Evd n axpipg ymukr cdvBeon tov Roundup® dgv amoxarvmteton o puOpictikods Adyovd,
avoyvopiletar n KOplo. un ViKY enpavelodpaotiky ovoio, 1 POEA (104). TToAvdpBueg
peAréteg éxovv ovoyetiost v POEA, eite povn g site oe ovvépyela pe t GLY, pe 11g
emProPeic emdpaoec tov okevacpudtov e Padon ™ GLY (105-109). Adyom avtdv tmv
VoV IOV, VINPEE GTPOPT TPOG TN XPNON AYOTEPO TOEIKMV EMPOVEIOOPACTIKAOV OLGUDV

evtog g Evponaikng Evoong (101).

Metd amd 12 pnveg éxBeong, o povog mposPefAnuévog 16ToOG NTay To NIap, TOL dtoTapdyOnie
o115 opdoeg HD o Roundup. H gvausOnoia tov ratog oe PAaPeg and EevoProtkd givan

Kkpiown A0y®m Tov KevTptkoh Tov porlov oto petafoioud kail v amotofivmon (110). Eta
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KovvéAla g opdoag HD mpoxinbnke peimon g dpactucotntog e CAT. Eivar yvooto 6t
ot CAT kot SOD naifovv kaBoptotikd poro Yo TNV EEAAEIYT TOV AVTIOPACTIKMV EWOMOV KOTA
TOoV HETAPOAIOUO TV EEVOPLOTIKMV, 0dNYDOVTOC G 0EEWMTIKO GTPEG Kol LIEPOEEIdMOT TV
Mmdiov oto fmap (111). Erouévmg, n peimon g dpactikdotntog e CAT Oo pmopovoe va
odnynoet ot cvoompevon H202 mov cupfdiiel otn dnpovpyia loyvp®dv 0EE®MTIKOV, OT®S
n piCo vdpoluriov (OH®), péow tg avtidpaong Fenton (112). Me avtév tov tpomo,
mpomOndnke mn vrepoeidmon TV MMV, OTOc @aivetor omd v avéntikny tdon TV

emnédov TBARS, TpokaA®dvTog 0EE0mMTIKO GTPEG GTO NTOP.

Av Kot o1 ynkég ovoieg g peAEng dev elyav e€etactel TPONYOLUEVOC GE LOPPT HElYLOTOC,
UEUOVOUEVEG TOEIKOAOYIKES EPEVVEG £YOVV OEIEEL TNV IKOVOTNTA TOVE VAL OPOVV G 0EEIOMTIKOL
TOPAYOVTEG GTO MO, TPOKAAMVTAG OEEB00VAYMYIKT ovicoppomic. ['a mapdderypa, n £ékBeon
ot GLY é£yel ovoyetiotel pe nroatotodikdtta, 1 onoio TPokvmTel amd v adénon Tov
EMTEIWV TOV dPACSTIKMV 0OV 0&uydvou kat aldtov, ROS kot RNS, avtictoya, kat and tnv
e€acBévion TV avToEEWOTIKOV UNYOVIGUOV GULVOC, YEYOVOTO TOL UTOPOLY SVVNTIKE Vo
00NyNHoovy 6€ 0EEMTIKEG Tpomonooelg TV Amdiov (113-116). Opoing, éxet Ppebdei o1 Ta
PBs mpokalovv dtatapayEc TS 0EEW000VaymYIKNG 1IG0PPOTIOG TOV NTATOS AOY® TEPLOPIGHOD
™G SPACTIKOTNTOG TOV AVTIOEEWMTIKOV eviipwv kot e&avtinong tov de&opevav GSH, pe
anotélecpo v vrepoeidmon tov Mmdiov (117,118). H nratikn PAAPN pécwm o&edmTikon
otpeg gtvon €va Koo gupnua oty mepintoon ékbeong oe TCS, mov mpokaAeitor amd v
TPOYOPNUEVN LITEPOLEIdMON TV AMMSI®V KOl T CLGCGAOPELCT TOV AVTIIGTOLYWOV TEAKOV
npoioviov (119,120). Eivor evdwagépov 6t n yopnynon BPA oe mponyovuevn pedétn
TPOKAAEGE OEEWOMTIKO GTPES TOPOUO0 HE OVTO TOL TTapaTNPNONKE TNV TAPOVGO HEAETN,
dnAadn peidvovtag tn dpaotikdotnta ™ CAT kot awédvovrag ta enineda TBARS (121).
Téhog, €xel amoderyBel 6TL | yopnynon DEHP pewwver ta amobépoata GSH kon e§acBevel
dpaoTikdTTa TOV avTIoEEdOTIKOV evibumv ¢ 0600 GSH (122), tpowbovtag pdiioto o
OPLOUEVEG TTEPIMTAOGELG TNV VITEPOEEIdmON TV Mmidiov (123).

Avtifeto pe TIc vmolowmeg opddeg, M ypdvia yopiynon Roundup® evepyomoince o
TPOGOPUOCTIKY] OEEW0AVAYWYIKT OTOKPIGT GTO NIap Yo TV AuPAvven g o&eldmTikng
PAGPNG, kabdc @aivetar 60Tt M avénon g ovykévipwong g GSH mpoxinbnke yuwo va

avtiotabuicst ™ peiowon g dpactikotnrog g CAT. To gvpnuo avtd copeovel pe po
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wponyovpevn HeEAETN, 6mov M vrobavatneopog £kBeon apovpaiov Wistar yio 90 nuépeg oe
Roundup® peiooe ™ Spoocticdomto g CAT ko adénce T GLYKEVIPOON OMKAG
yhovtafeidvng, tov Adyo GSH/GSSG xor ™ Opactikotnta GPx, Asrtovpydviog g
TPOGTATEVTIKOG UNYOVIGHOG EvavTl TV duvnTikd emPAafov emdpdcewv tov (iaviokTtdvou

(96).

Ot ovoieg TOV PHEAETNGOLE EXOVV YOPOKTNPIOTEL O EVOOKPIVIKOL S1OTAPAKTES KOl GTO TAMIGL0
OVTO PETPTGOLE TIG CLYKEVIPMOELS GUYKEKPILEVAOV OVOTOPAYDYIKOV OPLOVOV GTO QUL TOV
KouveMdv. Teotootepdvn, B-o1otpadioAn, mpoyeotepdvn Ta kot Tz fTov ot oppdveg mov
petpnOnkay. Onwme NtV avapevOrEVo, VINPELY S1POPOTOCELS LETAED TV OV0 PVAMV OAAL

Kol LETOED XPpOVOL Katl 000omG EKBeoT.

Ta amoTEAEGLOTO TG TECTOOTEPOVIG £0E1E0V LIKPEG O10pPOPEG HETAED TV dV0 UA®V, UE TO
ONAvKd KovvéMa va unv Tapovctdlovy SlopopOTOMGELS OVTE UETAED TV ORAd®MV OAAG Kot
00Te PETOED TV SOPOPETIKMOV YpOvev ékbeonc. Ocov apopd ota apcGeEVIKA KOVVEALL, Ol
onddeg mov aivetar va emnpedomkav Ntav ot Glyphosate, LD xotr Roundup, xobdg n
GLYKEVTPMOT] TNG TEGTOGTEPOVNG avéNONKe oToLg 3 Kot 6 pnveg éxBeomg kot petmdnke acOntd
péxpt to T€Aog Tov N Vivo mepauatog (t = 12 pnveg). Iponyodueva evpruoto HEAETOV GE
movtiKie kol opovpaiovs, €yovv oamodeifer 6t M GLY mapepmodiler v mopoaymyn
TEGTOGTEPOVIG LELDVOVTAS TN OLYKEVTp®GON TG oto aipa (124,125). ITapdpoia enidpacn et
napatnpnOel kot o€ caitykdpla ta omoia ektédnkay yio 3 efdouddec oe GLY (126). Qotdoo,

VIdpyovy avaeopég 0Tt ovoieg 0nwg n BPA av&dvouv ta enineda tecT00TEPOVIG GTO Oipol
(127).

Ovoppdveg Ts ko T4 oyetilovran queca pe T cwotr| Asttovpyio Tov Bupeoeldn| adéva, dpa Kot
LE TNV OUOOGTACT] TOL OPYOVIGHOV. XTNV Tapovca €PYAcia, Kol ot 000 avTég opudveS dgv
TOPOVGIOGOV SLOPOPOTOGELS LETAED TV V0 POAMV Kot akdun to enineda Tz ota OnAvkd
KOVVEALDL PAVNKE VO UNV ETNPeAloVTaL 10104TEPA. XTA APCEVIKH KOVVEALQ, 1] CLYKEVTPMOOT) TNG
T3z mapépetve avénuévn o OAeg T1G opddeg, ektOg omd v opdda Roundup 6mov otovg 12
punveg eatvetor va pewmdnke. Ta enimeda T4 mapovsiocav adénon ond tovg 3 unveg Exbeonc

Kot ot 600 VA Kol cVYKekpLEVa oTig opddeg HD kot Roundup.
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Téoo n GLY 660 kat o1 vtoLoes ovoieg TOL TEPLEYAV TO LELYLOTO OVGLDOV TTOL YOpPT YN ONKAY
OTIG OUAOEG aVTES, £yl amodeydel OtL emmpedlovv TIC OpUOVES Kol TN COGTN AEITOLPYiL TOV
Bupeoeion aoéva. Ta amoteléopata mowkilovv otn PiAtoypagio avdAoya pe Tov opyoviGuod
OV HEAETATAL, TIG OOCELG Kol TOLG ¥POVOLG £KBEONG. Xe TEPALOTA TTOV £YIVOV GE OPOVPOIOVG,
ta eminedo T3 ko Ts4 peidOnkov perd omd ékbeon oe GLY (124), evd otav apovpaiot
ekténkav oe BPA, 1o emineda T4 diépepav avaroya pe v nhkio (128). ITo cvykekpyéva,
ta emimeda T4 avENONKAY GTOVE EVIAAIKOVS apovpaiovs eVE HEW®ONKOV OTO VEOYEVVITO. XE
TEPATO TOL £yvav oe OnAvkovg apovpaiovs, To DEHP enépepe dvopeveic emmtdoeic oto
Bupeoetdn adéva TPOKAADVTAG LETAPOAEG GTOV 1GTO, SATOPAGGOVTOS KATH 0LTO TOV TPOTO Kol

TNV TOPAY®YN TOV avALoy®V oppovav (129).

2V mapovoa £pevva, Ta eTineda TG B-010TPAOIOANG EPEVaY GYEGOV AVETNPENGTA GE OAES TIG
onadeg kou o OAn T OGpKEW TOV TEWPAPATOS VD Ogv LANPEE SPOPOTOiNGT  oTa
AOTEAECUOTO LETAED TV VO POA®V. Q6TdG0, dedopéva TOV LVITAPYoLY ot PipAoypagio
avaPEPovy awénpévn Ekppacn B-o1oTpadioing oe apovpaiovg petd omd Exbeon oe GLY (124),
EVAD OvTIoTOYO TEPAUATO G COAYKAPLL cLUTEPavOY Heiwon g P-010Tpadiding oTig
extifépevec opadeg (126). Axoun, mepdpata ProropakolobOnong mov ywvov 6€ S10QopPEg
nAkieg kot katnyopieg avOponwv, £de1&av avénuéva enineda B-o1oTpadtoAng puetd amod £kbeon
og BPA (127). O Pollock ka1 o1 cuvepydteg Toug e&étacay v enidpacn tov PBS ota enineda
B-010TpadidAng o€ movTiKia, KoTaAyovTag 6To cvunépacpa 6tt to BUPB propet va petafdiet

™mv ékepacn g B-ototpadtoing (130).

O1 GUYKEVIPOGELS TPOYEGTEPOVNG TAPEUEVAV GE YOUNAG eimeda Yo To ONALKE KOUVEALL EVD
dgv vnpEav Kot ONUOVTIKES O10POPOTOGELS LETAED TV OVO PUA®V. QQ6TOGO, GTU OPCEVIKE
KOLVEALO OTUEIDOONKE UEI®OT TOV EMTES®V TPOYEGTEPOVNG GTO TELOG TOL iN VIVO TEPAUATOG
(t = 12 pnveg) otig ouddec LD, HD ka1 Roundup, eved evtvmwon mpokarei o yeyovog 0Tt ta,
emineda tng opddag Glyphosate avéndnkav. Avtd 1o edpnuo givar o€ SlPOVioL HE
TPONYOVLEVN UEAETN TOL TPOYUHOTOTOMONKE G€ apovpaiovg Kot oty omoio. ot Onivkol

apOVPOioL ELPAVIGHY HEIOUEVA ETITESN TTPOYESTEPOVNG HETA 0o £kOeon o GLY (131).

['evikd o pkpdg apBpdg {dwv Tov ¥PNOLOTOMONKE GTO TEIPALLO LG OEV LOG EMTPETEL VAL
EVTOTMIGOLUE ONUAVTIKEG dlapoponomoels. Emiong, ot d0GEg Tov YopNnyNnoape, OKOMO Kot

eketveg mov Bewpnoope VYNAES, KOHOIVOVTAY GE APKETA YOUNAN ETITEDQ TTOAD 7O YOUUNAL OO
81



ta avtiotoyya NOAEL tng kd0e ovsiog, yeyovog to omoio icmg va pun fondnoce otnv mopovcio
o £VIOVOV JaPopoTooemVv. Q6TOG0, N TapoHoo PeAETN elval pio LEAET TPOGOUOIMONG
™G ékBeong oty Tpaypatikn {on, onoOTE TPOSTOONGALLE VO YOPNYNOOLVLE EMITESO OVGIDV TOV

va avTikatontpilovy v Tpaypratiky €kBeon Tov avBpdmov oty kabnuepvi Lon.

e Kuttapkd eminedo, to EvPNUATO TOWKIAQV avdAoyo Tov 16Td Kot T 600m €kbeong. Ot mo
emPapovpévec opddec nrav, 6mmg avapevotav, ot HD, Glyphosate kot Roundup. Qotdco axdpa
Kol 1 opdda LD gpodvice kuttapotolikd ototyeio Kabmg 6Tovg veppovg mapatnpninke n

OmapEn eAeypovig.

O)Lot ot otol g opddag HD Ntav emnpeacuévol ektdg amd Evav, TV Kapold. ZuyKeKPLUEV,
Kataypaenkay otov Bvpeoetdn adéva ONAmoelg kot piKpoONAmOElS opddec BvAaxkikdv
KUTTAPp®V KaBMOG KOl KOPKIVOYEVEST], EVA GTOLG VEQPPOVS ApBovo kKuttapikd otoryeio Kot
expayeioa ovpoedpwv coinvapiov. IlapdAinia, tapatnprnke avénomn tov TAnBLGHOL TV
Kuttapov tov opyewv (Leydig, Sertoli, k.a.) pe Amo ekpOAon. Ta kdTTOPA TOL MTOTOC
EULPAVICOY VITEPTAAGIN, EVAO GTO KOTTOPA TOV WOONKOV EKTOG Ao VIEPTAAGia TapaTnpONKe

KOl KOPKIVOYEVEDT.

[Mapdpowa ewovo mopotnpndnke kot otnv ouddo Glyphosate. Xe O6Aa ta €idn 10TOV
ToPOVCIAcTKOY ApBova KOTTOPa OAAGL Kol GAEYLOVI] VO OEV ONUEWOONKE KOPKIVOYEVEST).
A&iler va avapepbel 61, 6€ LT TNV TEPITTOOT, TA KOTTAPO TG KOPILAG ELPAVIGOYV QVENIEVO
apBud, wWwitepa To LecoOMALOKA KOTTOPA TOL TEPIKAPOion, KOBMG Kol eAeypov. Télog, av
Ko ot opddeg Glyphosate kot Roundup yopnynbnke m idwa dpoaotikny ovoia otnyv idla
docoloyia, patvetar tL T TpdGOeTa TOL TEPEYEL To RoUNdUp® emnpedlovy axdpa To mToAD
TNV KUTTOPIKN EIKOVO. ZVYKEKPLUEVA, 01 VEQPOL, 01 OPYELS Kol 0 Bupe0EdNG 0OEVAS NTAV O1 TTLO
emPapopévol 16tol onuetdvovtag dpbova expayeio kot Evtovn pumopdTTe 6To. dVO TPAOTO
VO TopdAAN Ao KOAAOEWES, dpBova BuAaKiKd KHTTOPO Kot SloTapayr] TG APYLTEKTOVIKNG TOV
Bulokiov mapamphnkov otov Bupeosdn adéva. Qotdco, onuetmdnke peltwpévog apBuds

KLTTAP®V GTNV Kapold Kot TO Nap.

Avctoymdg vtdpyovy eldyiota BipAoypapikd dedopéva ta omoia e£€TALOVY KLTTAPOLOYIKA TV
To&IKOTNTO, TOV OLGLOY TOV UG EVOLNPEPOLY. QQOTOGO TO OMOTEAEGUOTA LOG (OIVETOL VOl

CLUEMOVOLV LE TO NON LIAPYOVTO. XE& TEIPOUO TOV TpayuaTonombnke o apovpaiovg
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YOPNYNONKOV HEIYHOTO OVCIDOV GE OLOPOPETIKEG CLYKEVIPAOOELS GUUTEPIAAUPAVOUEVOV TOV
GLY, PBs kot BPA (69). H g&étaon tov derypdtov 16tod pe v teXvikn touch preparation
OTOKAAVYE 10 OOGOEEAPTMIEVT] OTOKPIGT], VITOJEIKVOOVTAS GLOYETION UETAED LVYNAOTEPWOV
000ewV Kol GoPapdTEPOL EKPUAGHOV TOV KLTTAP®WV. Ommg Kot ot 01k Hog HEAETN, dgv
wapopnOnKav a&loonuelowteg d1PopéG GTOV 10TO NG KAPOLAg GE GUYKPLIOT LE TOV 10TO
eLEYYOV. ZTOVG OPYELS, VIINPEE OMUOVTIKN HEIDMGT TOL KLTTOPIKOL TANOBLGLOD, YEYOVOS TTOV
VTOONAMVEL TOAVT] AVOPIKT] CTEPOTNTO KO AVIGOPPOTIES GTO EMIMES N TEGTOGTEPOVNG. TO NTap
eUEAvice aéNUEVN KuTToptk] PAAPN Kot 0106TOA TV PAERBOKOUPIKOV KOATWV, EVOEIKTIKA
TPOIUOV oTodioV Kippwong Kot amdepaéng tov yoAnedpwv. Ot veppoi, avdioya pe
d0c0A0Yi0, TOPOLGINCAV KATOGTAGELS TOL KULUOIVOVTOV Oft0 OREPOUUATOVEPPITION £WG

exTeETAUEVN VEQPIKN PAGPN Ko Tbov veppikn averdpkeia (69).

ZUVOTTIKA, GTNV TaPpoVG0. SIO0KTOPIKT d1atpiPn emdidéape vo aEloAoyYNCOVUE TIC EMOPACELG
evog ymukol peiypatog amotedovpevov and E.A., tov (illavioktovov Roundup® kot tov
dpaotikov cvotatikod Tov GLY, otov opyavicopud kovveMdv, Hetd and 12 pnqveg kabnuepivig
éxBeonc. H 12unvn éxBeon tov (dwv oto pelypa E.A.  egvepyomoince ypnoeg
ofewoavaymyikéc mpocapuoyéc. AvtiBeta, m GLY kot to Roundup® mpoxdrecsov
dvoertovpyia TG opotdaTacg g o&edoavaywyns. Ocov apopd Tovg e£eTalOIEVOLS 1GTOVG,
N 12unvn €ékBeon tov {dwv oto pelypa E.A. frav emlnpe yoo T0 Nmop, tov omoiov M
o&eoavaymYIKn 160ppoTia ETNPEACTNKE APVNTIKE, e amoTéAecsa To 0EedmTikod otpec. To
Roundup® Aertovpynoe eniong og 0&edmTIKOG Tapdyovtag oto fmap, eved 1 GLY dev doknoe
ovopeveic emodpdoels. Ta amoteléopoto omd T Odpopes Ostypatonyieg £dei&ov OTL O
oynuatiopods MN ovénnke pe 6060 — kat ypovo — eEaptapevo tpomo. [Hapdiinia n évioaon
Mg oVPAg mapovciace 0060 — e£aptnon, evd N mo ennpeacpévn opdda ntav n HD. Ta
KLTTOPOLOYIKE gvpruota €dei&ov extetopéveg PAAPeg Ommg QAEYHOVY], PLTOPOTNTO KOl
KOpKIVOYEVEST 6TOVG 10T00¢ TtV ouddwv HD, Glyphosate xoir Roundup, evd m koapdid
TOPEUEVE GYEOOV AVETMNPENCTN. 26TOGO T OMOTEAECUATO TOV OPUOVAV OV aKOAOVON GOV
Koo cuYKeKPUEVO HOTiBOo Tapovstalovtag HIKPES SLaPOPES ava opdada Kot xpdvo EkBeomg,
VO UOVO Y10 TNV TPOYEGTEPOVI KOl TNV TEGTOGTEPOVN LINPEE S1POPOTOiNoT LETAED ONALK®OV

KOl APGEVIKMOV KOVVEAIDV, LLE TO TEAELTALN VO KOTEYOLV TO LEYOAVTEPO ETITEDAL.
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H peAiétn avt elvan pia amd tig Ayeg mov mpoondOnocay va Tpocsdtopicouy Toug Kivouvoug Tov
gyKupovel yio v avBpordmmra 1 €kBeor o€ YoOUNAQ Kot VYNAG enimeda SO0CEMV HEYUAT®OV
E.A. Yrdpyet peydiog opOpoc yloo TNV EMGTAUN TPOKEYEVOL VO SIEPEVVIGEL S1EEO0OTKA TOVC

KvoOvVoLg NG mpory LaTikng Cong.
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Abstrack Recently, an increasing number of chemical compounds am being characterized as en-
docrine disruptors since they have been proven to interact with the endocrine system, which plays a
crucial role in the maintenance of homeostasis. Glyphosate is the active substance of the herbicide
Roundup®, bisphenol A (BPA) and di (2-ethylhexy]) phthalate (DEHF) are used as plasticizers, while
triclosan {TCS), methyl (MePB), propyl {PrPB), and butyl (BuPB) parabens ane used as antimicrobial
agents and preservatives mainly in personal care products. Studies indicate that exposure to these
substances can affect humans causing developmental problems and problems in the endocrine,
mpnxjucl.i\"q. eV ous, isrune, and mspiratory sysbems. A]ﬂlﬁughﬂ\ew ane corious studies mlated
fo these substances, there are few in vivo studies related to combined exposum bo these endocrine
disruptors. The aim of the present pilot study is the investigation and assessment of the above sub-
stamces’ boxicity in rabbils after bvelve months of exposure o glyphosate (both pure and commercial
form) and bo a mixture of all the above substances ab subtoxic kvels. The lack of data from the
literatune conceming rabbits” exposure to these substances and the restrickions of the 3Rs Principle
will mesult in a limited tumber of animals available for wee (four animals per group, bventy animals
in total).

Keywaonds: glyphosate; parabens: triclosan; di (Z-ethy Thexyl) phthalage; rabbits; combined exposane;
chronic ex pesure

1 Intreduction

The constant exposume of the population to a variety of chemicals is a global problem
and has been of particular concern to the scientific community. In particular, exposure
to substances suspected of being endocrine disruptors (E1Xs) has been studied by many
mesearchers. The endocrine system is a system of glands that control the proper function-
ing and action of hormones. Endocrine disruptors are chemicals that can interact with
the endocrine system—a system that plays an important role in maintaining the body ‘s
homeostasis—usually causing adverse effects on the body. This disorder lkeads to devel-
opmental problems as well as problems in the reproductive, nervous, respiratory, and
immune systems [1].
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Fxisting in vivo and in vitro studies mainly imvestigate the action and potential effects
of a single substance. In addition, guidelines usually indicate whether or not a single
substance is associated with endocrine action. However, people are exposed to a variety
of chemicals at a daily rate, which raises concerns about the effects that the possible
synergistic action that all of these substances may have on an organism [2]. Owver the
last five years, researchers have focused on determining the effects of real-life exposure
on human organisms, the so-called real life risk simulation (RLES), which proposes new
approaches to exposume scenarios [3,4].

This study aims to imvestigate the daily effects that the exposure to chemical substanes
has on people, as these effects have several applications. In other words, our goal is to
simulate the effects of chemical compounds in real life. In particular, the synergistic activity
of ghyphosate, bisphenol A (BPA), parabens (PBs), triclosan (TC5S), and bis ( 2-ethylhexyl)
phthalate (I¥EHF) in rabbits after twelve months of combined exposure will be evaluated.
The toxicity of the above substances will be assessed both at the molecular and histological
bases. At the same time, the effects after tbwehre months of exposure to the pure form of
glyphosate will be compared with its commercial form (Roundup® herbicide).
Glyphosate

Glyphosate (N-{phosphonomethy ) glycine) is a broad-spectrum biocide and is the
active substance of the herbicide Roundup®. It was accidentally discovered by Henri
Martin im 1950, however, it was in 1970 when Monsanto identified its herbicidal activity
and formulated Roundup® which has been commerdally available since 1974 [5]. Although
in the beginning glyphosate was used sparingly since its only application was as an aetosol
spray, in 1996 genetically modified herbicide-tolerant plants acoelerated its use

Glyphosate and /or products containing it as an active substance have been suspected
of causing several health problems over the years. Kidney and liver damage, various forms
of cancer, and mental conditions such as Alzheimer's and Parkinson's disease have all been
associated with the extensive use of glyphosate. Miscarriages, dermatological irritations,
and respiratory problems have been reported after exposure to glyphosate. In addition,
there are studies that have recorded an increase in infertility and malformations among
pigs, as well as DNA damage and increased methy lation in vitro [&].

Aside from glyphosate, R.t:ll.1.1'|.<:l1.1[:l'2 contains polyethmoylated tallow amine (FOEA), a
surfactant that enhances the uptake and translocation of the active ingredient. However,
Rm.l:n.dupi’ contains many more ingredients for which the full list remains unknown, since
it is considered a trade secret and is thus protected by the company. Consequentially, it
has become more difficult to understand the risks posed by Roundup® use [7). Today, it is
evident that the safety of Roundup® is strongly doubted. Since 2015, over 300 law suits have
been filed accusing the product of being detrimental to human health. Currently, several
countries have banned its use, but its harmful effects are still present in the emvironment
and in humans.

Bisphenol A

Bisphenol A (BIPA) is an artificial compound that was first synthesized in 1891, Itis
used as a plasticizer in a wide variety of products such as food packaging, water bottles,
thermal paper, and toys [8]. The most common use of BPA is for the manufacturing of
epuoxy resins that are used as an inner coating for metallic cans or other food or beverage
packaging. BPA leaks out of epooy resins and plastic bottles to contaminate food, beverages,
and water [%9]. The amount of BPA that leaks into stored foods and bottled water escalates
when the plastics are exposed to high temperatures [8].

It has been proven that BPA causes endocrine disrupting effects in humans by inter-
acting with nuclear receptors, such as estrogen receptors (ERs), androgen mceptors (ARs),
and thyroid hormone receptors (THRs). Since the endocrine system is affected, problems
will automatically occur in the other systems of an organism. The e productive system, the
nervous system, metabolic function, immune function, and the growth and development
of offepring are all adversely affected consequentially. Furthermore, associations between
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BPA levels and tumor development including prostate, breast, and lung cancer are added
to the list of the effects of exposume to BFA [10].

Parabens

Parabens (PBs) are esters of para-hydroeoybenzoic acid (pHBA) and wemr introduced
to the market in 1930. They are used as antimicrobial agents and preservatives, and they
have several applications in everyday products. In particular, they are used in deodorants,
cosmetics, pharmaceuticals, and paper products such as baby wipes [11]. Moreower, PBs
are the most common ingredient im personal care products, which makes them the two
main sources of exposure. However, as expected, the environment is also burdened with
PBs, mostly in aquatic environments, thereby creating a vicious oycle of exposure.

PBs have been blamed for exhibiting estrogenic activity, which is why an increasing
amount of personal care products are currently being advertised as paraben-free. It has
been found that parabens can disrupt the regular function of certain hormones such
as androgens, estrogens, progesterone, and glucocorticosternids by obstructing nuclear
receptors [12). They are also related to reproductive problems, breast cancer, obesity,
genotoxicty, and allergies.

Authorities have set specific limitations regarding the use of PBs in personal care
products and cosmetics. Since 2013, the European Commission has banned the use of
specific parabens in all cosmetic and personal care products. In the cument research, the
toeeicity of methyl (MelB), propyl (FrPB), and butyl (BuFPB) parabens will be studied.

Triclosan

Triclosan (T'CS) is a broad-spectrum antimicrobial agent that was first synthesized in
the late 19605, Initially, it was used as a disinfectant for hospitals and medical clinics but

has since been used in soaps, toothpastes, cosmetics, and household deaning products [13].

TCS has been blamed for disrupting the normal function of the endocrine system
due to its structural similarity to estrogens. Momeover, it has the ability to bind to thyroid
hormone receptors and has presented anti-androgenic and anti-estrogenic activity [14]. In
addition, it is characterized as an allergen, one which either causes or enhances sensitivity
to allergens.

In 2016, the FOUA banned the use of TCS in soap, and in 2017 its usage was banned
in all human hygiene biccidal products used within the European Union. Due to these
bans, human exposure to TCS may be less than it was in previous years, however, there are
still products that contain this substance. Another route for human exposure to TCS is the
environment and especially the aquatic environment. Since this substance is present in the
aquatic emvironment, water and natural products are being contaminated as well [13].

Bis (2-ethylhexyl) phthalate

DEHF is a phthalate ester used as a plasticizer in the production of polyvinyl chloride
(FVC) to provide softer and more flexible materials. I'VC containing DEHT is used in
hospital equipment (intravenous tubing and bags), food wrapping, cable insulation, and
automobile parts. DEHP is not bound to plastics with a covalent bond, and hence it may
seep out of a product under certain conditions [15].

The main source of DEHF exposumre for humans is in foodstuffs and bottled water,
even though DEHF is not used in the manufacturing of water bottles. DEHT is mome likely
to leach into oily foods or foodstuffs that have a high concentration of lipids since it is
highly soluble in oils but not very soluble in water. Other sources of exposure include
house dust, indoor air, soil, or water sheds, but those are secondary sources only providing
a minimal uptake [16].

After entering the body, DEHT is metabolized into several compounds including
Z-ethyl hexanol, 2-ethyl hexanoic acid, and MEHP imono (2-ethylhexyl) phthalate). Those
metabolites are considered to be more toecic than the parent compound, especially MEHE, a
substance that has been associated with antiandrogenic activity in humans [16]. DEHP itself
also disrupts the normal function of the endocrine system. A decrease in aldosterone and
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testosterone concentrations after in utero exposure of male rats to DEHP has been reported
in a previous study This substance and its metabolites have also been demonstrated
to affect some thyroid hormones in several animal models such as thyroxine (T4) and
triiodothyronine (T3) in rats [15). Considering the effects of DEHI" in humans, children's
toys ame not allowed to contain certain phthalates in the USA, Canada, and the European
Union [15].

2 Study Design
21, Study Characteristics

This is a simulation study of human exposure to endocrine disruptors in real and daiby
life. The research is registered in the Animal Study Registry where further information
such as the timeline and methods are available (DO1: 1017590,/ ast.0000259). The protocol
has been approved by the Committee of Ethics and Academic and Scientific Deontology of
the University of Medicine and Pharmacy of Craiova (4/17 January 2020).

212 Study Group

Twenty rabbits (ten female and ten male), three months old and weighing about three
kilos each, will be divided into five groups (four animals each) and placed in separate metal
cages. After one week of the rabbits” acclimatization, the administration of the compounds
of interest will begin.

13 Sample Size Estimafion

The number of animals as well as the methods of breeding and treatment should
follew the rules of the 3Ks Principle (Refinement, Reduction, and Replacement) (https:
J//ne3rs.orguk/). These rules are sharp and strict to ensume the well-being of the animals as
well as their restrained and rational use, and the Ethical Committee requires full compliance
with these rules. To calculate the required sample size, a literatume search was performed.
According to the limited literature data, there is only one metanalysis supporting the
ghyphosate effect on the micronuclei of malke mammalians, but there are no studied effects
on rabbits” micronuckei from glyphosate exposure. Due to the lack of comesponding
scientific articles concerning the exposure of rabbits to the compounds of interest, data on
the exposure of rats to the commercial form of glyphosate (Roundup®) were used [17-19].
The changes observed comparing the control group’s testosterone levels with the group
exposed to Roundup® ranged from 13.2 to 66.2%, depending on the dose administered.
Based on the hypothesis of finding a testosterone change in rats and the accepted type [
error of 5% and type Il of 20%, it was estimated that four experimental animals per group
weme required to detect a perentage difference of 50%.

14 Breeding-Administration- Dosages

The first group will be the control group and will receive a normal diet {water, pel-
lets, corn oil with 5% ethanol /water). In the second and third group, low and high
doses of mixed BPA (>99%), PBs (MePB, PrPB, BulPB) (HPLC) grade), TCS (100%), DEHP
(PESTANAL®, analytical standard) and glyphosate (85%.), will be administered while the
fourth and fifth groups will receive a high dose of glyphosate in its pure and commercial
form (Roundup®) (Figure 1). The substances will be dissobred in 5% ethanol/ water to
prepame the stock solutions. Specific amounts of each solution will be administered to the
animals once a day, and mixed with their food five days per week for twelve consecutive
months. The final daily amount of ethanol in the administered food will be less than 0L5%..

Dosages are based on the limits set by the Furopean Food Safety Authority (EFSA])
and the related service in Canada. According to the EFSA the ADI for BI'% is set as
0.004 mg/ kg body weight/day, for BuPB as 0.5 mg/kg body weight/day, for all FBs
(MeFB, PrPB) as 0-10 mg/ kg body weight/day (considered 5 mg/ kg body weight/ day
for MePB and 5 mg/ kg body weight/ day for Pri'B), for total phthalates up to 0.05 mg/ kg
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body weight/day, and for glyphosate up to 0.5 mg/kg body weight/day. The Government
of Canada has set the ADI for TCS as 0.08 mg/ kg body weight/day.

Endocrine Disruptors:
glyphosate, bisphenol A (BPA), bis (2-

Group 1 |
Control |

Group 2

Low dose (1 x ADI} mix pure glyphosate, BPA,
DEHF, MePB, PrPB, BuPB, TCS

ethylhexyl) phthalate (DEHP), methyl paraben
(MePB), propyl paraben (PrPB), butyl
pareberi(BupR) tiid=an (1CS)

Group 3

High dose (10 x ADI) mix pure glyphosate, BPA,
DEHF, MePB, PrPB, BuPB, TCS

Group 4
High dosc (10 x ADI) pure glyphosats

Group 5

High dose (10 x ADI| commercial glyphosate
(Roundup®)

Figure 1. Groups of administration (substances-doses). ADE Acceptable Daily Intake.

The low dose of the administered solution will contain an amount of each compound
equal to its ADI (1x ADI), while the high dose will contain ten times the ADI (10 ADI).

All animals will be monitored and examined daily for signs of morbidity or mortality.
Monitoring will include an examination of fur, mucous membranes, and secretions as
well as an observation of animal behavior Food and water consumption will also be
recorded daily. Specifically, the consumption of the administration groups (groups 2, 3, 4,
and 5) will be compared with the consumption of the control group (group 1) to identify

any differences.
25. Sampling-Sacrifice

At the beginning of the in vivo experiment (t = 0 month) and every three months
(t=3, 6,9 and 12 months), blood and hair samples will be collected and then analyzed to
determine the levels of the compounds we are interested in (Figure 2).
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Telomerase
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Figure 2. (A). Sacrifice procedure: obtained tissues and applied tests (B). Bloed sampling and
apphied tests.

Blood samples will also be used to assess a series of biomarkers that have been proved
to be affected by exposure to substances with endocrine activity:

Micronuclei assay

Measurement of both the number of nucleated cells and the number of micro-nuclei in
the dicotyledonous cells will be measured by testing the micro-nuclei in the lymphocytes.
Cell culture, the addition of cytochalasin b (to stop oy tokinesis while nudear division carries
on), and finally fixation of the cells are the main steps before measuring the micronuclei. By
applying this method, we will study the toxicity of these substances in the genetic material
of rabbits, using a method of high accuracy and a relatively low cost. Previous studies
have already proven that exposure to glyphosate leads to greater rates of micronuclei
formation [19].

Reproductive hormone levels

The substances that will be administered to the animals are characterized as endocrine
disruptors which means that the endocrine system (controlling hormones) is the first to
be affected. Thus, we will be able to determine the levels of the reproductive hormones
progesterone, testosterone, androstenedione, and B-estradiol, but also of the thyroid hor-
mones: thyroxine (T4), triiodothyronine (T3), and the thyroid stimulating hormone (T)
using immunoassay techniques (e.g., Elisa kit).

Telomere length

Telomeres are repetitive sequences at the ends of chromosomes, which preserve
chromosome integrity and offer protection from degradation, recombination, and fusion.
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Their length will be measured via Cuantitative-Polymerase Chain Reaction ((2PCR). After
IMNA extraction using an Absolute Human Telomere Length Cuantification qPCR Assay
Kit (ScienCell, USA), telomeme length will be estimated by an automatic real-time PCR
instrument The attrition of telomenes after exposume to organic chemicals and pesticides
has been ecorded by Louzon and co-authors [20] reendering it worthy of investigation.

Telomerase activity

Telomerase is an enzyme responsible for the elongation of telomeres. Its activity will
be measured via a Trap Elisa kit. Organic chemicals and pesticides are associated with a
decrease in telomerase activity [20] and in this study we intend to verify this.
(reidative stress

An assessment of oxidative stress will be accomplished by measuring the total antioo-
idant capacity (TAC), thiobarbituric acid reactive substances (TBARS), protein carbonyl
concentrations, glutathione (GSH), glutathione peroxidase (GPx), glutathione reductase
(GR), superoxide dismutase (S0, and catalase quantities (CAT). Previously applied proto-
ools [21-25] will be used and absorbance will be measured to determine redox biomarkers.
Studies examining the associations between exposure to pesticides and oxidative stress
biomarkers showed an increased oxidative stress [26] while the same was observed for
endocrine disruptors mainly in mixtures, indicating a more profound effect compared to
individual exposure [27].

Comet assay

DN A damage will be assessed using a single gel electrophomesis assay (SCGE). Lately,
Kara and co-authors observed DMNA damage and induced oridative stress after exposume to
pesticides [28].

All animals will be sacrificed at the end of the experiment (after twebve months of expo-
sume ) using phenobarbital sodium (Dolethal commerdal solution, 5 mL/5 kg body weight),
after first being anesthetized with a subcutaneous injection of Xylapan,/ Narketan solution
(2/1) and will be necropsied. A complete macroscopic examination will be performed on
the heart, liver, kidneys, brain, lungs, thymoid gland, and genitals.

After sacrifice, tissues and specifically kidneys, liver, heart, brain, lungs, thyroid gland,
and genitals will be examined for histopathological lesions. At the same time, an oxidative
stress assessment will be performed as well as a measurement of telomerase activity to
determine the rate of its expression in the organs and the possible problems that may be
associated with its reduced action.

3. Discussion

Studies in animals and humans have shown that health problems ocour after systemic
exposure to substances classified as endocrine disTuptors. The literature so far eports the
detection of the aforementioned substances in biological samples such as urine, blood, and
hair [29-32], indicating the diffusion of the substances into the body and their possible
accumulation in organs and/ or adipose tissue. In the present study, the compounds of
interest have been assodated with neurological and behawvioral problems; liver and kidney
lesions; cancer mainty of the breast, skin, liver, or kidney; thymid gland problems; adverse
effects on the reproductive system, such as changes in the function and morphology of
the ovaries and sperm motility; pregnancy problems; oxidative stress; increased chances
of obesity; and allergies. The fact that there is evidence of possible genotoxicity of these
substances, namely ghyphosate, Pis, and BPA, also raises concerns [6,32-35].

(Oher the last few years, few studies have been conducted that simulate real life
exposures to pesticides, food additives, and other chemicals found in consumer products
{e.g., PBs). These in vivo studies have proved that exposures to such substances can lead
to genotaxic and oytotecic effects as well as changes in the redox profile of several tissues
such as the liver, lungs, and brain [36,37]. Tsiaoussis and co-authors have concluded that
being exposed to a wide variety of toxicants such as pesticides, aromatic hydrocarbons,
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and polychlorinated biphenyls highly affects the gut microbiome leading to metabolic,
malignant, inflammatory, or immune system diseases [33). These data raise doubts about
the true extent of the burden these substances pose to people.

It is also worth noting that in terms of glyphosate, the environment—and consequenthy
humans and animals—ane not exposed in its pure form but in commercial forms. As it
happens in all drugs and pesticides, except for the active substance, there are other additives
that usually help to increase the stability and / or absorption of the drug by humans or plants,
as in the case of pesticides |39). These additives may act individually or synergistically
with the active substance and have effects that amre different or more pronounced than those
of the active substance. In vivo and in vitro studies have shown that the comme reial form
of glyphosate has adverse effects on the animal bodies and cells compared to the pure
form [40,41].

In the current study we aim to assess the effects of this kind of substance on several
of the systems of an organism. The main point is that glyphosate, BPA, PBs, and TCS
have been strongly associated with hormonal perturbation. Being the leading system of
animal organisms, the hormonal system regulates the activity of all other systems. Hence,
if hormonal function is changed all an organism's systems ame affected. Char main goal is to
estimate the magnitude of these changes, when such substances act simultaneously, and
their further health effects. The cormelation of the implications of glyphosate in comparison
with those of Roundup® will also clarify the adverse synergistic effects of the additives.

4. Perspectives

This study aims to estimate the biological effects of long-term exposure to endocrine
disruptors. The experimental protocol of this study has been designed based on the scarce
literature data regarding rabbits and is restricted by the limitations of the 3Rs Principle.
Until now, most researchers have focused on determining the associations and effects
of exposure to one or two substances. However, people are exposed to the substances
in question on a daily basis, unintentionally, and the real effects are still unknown. By
studying the effects on the entire organism, the tissues, genetic material, the hormones, and
the oxidative stress we will simulate real life exposure to these substances thus paving the
way to unravelling the real health effects.

Author Contributions: Investigation, Validation, Formal anabysis, Writing—original draft, VE ; Con-
ceprualiz ation, Supervision, Methodology, MUN.T; Formal analysis, Data curation, A A; Resources,
Methodolegy, EV. and LE; Methodology, KK, CC, FA., MF and A K ; Investigation, Methodology,
Data curation, Visualization, Writing—original drafi, DK, AO0.D, D.C. and A T All authors have
read and agreed to the published v ersion of the manuscript.

Funding This msearch received no extemal funding

Institutional Review Board Statement The animal study protocol was approved by the Comamil-
tee of Ethics and Academic and Scientific Deontology of the University of Medicine and Phar-
macy of Craiova (4/17 January 2020) and has been megistered to Animal Study Registry (DOE
10175590/ ase O000259).

Informed Consent Statement Mot applicable.

Conflicts of Interest The authors declane no conlict of inke mst.

1 European Food Safety Authority. Scientific Opinicn on the hazand assessment of endocrine disruptors: Scientific criteria for
identification of endocrine disruptors amd appropriatensess of existing test methods for assessing effects mediated by these
substances on buman health and the environment EFSA J. 2013, 17, 3132,

1 Tsaksakis, A ; Kouretas, D; Tzatzarakis, M.; Stivaktakis, P; Taarowhas, K ; Golokhvast K ; Rakitskii, V.; Tutelyan, V.; Hemandez, A ;
Rezaee, B.; et al Simulating real-life exposunes o uncov er possible risks to human healthe A propesed consensus for a novel
methodological approach. Hum. Exp. Toricol. 2016, 36, 554-564. [CrossBef] [FubMed]

3 Teatsakis, AM.; Docea, A0 Tastsimpikou, C. New challenges in risk assessment of chemicals when simmlating eal exposoane
scenarios; simultanecus multi-chenyicals” kow dese exposure. Food Ohem. Toxicol. 2006, 86, 174-176. [CrossEef] [PubMed]

102



Toxics 2022, 10, 246 9of 10

Ly

1.

1

1

13

14

15

16

17.

18

19.

1

Herndnder, AF; Teatzakis, A M. Human exposune to chemical mixtums: Challenges for the infegration of toxicology with
epide miology data in risk assessment. Food Chem. Toricd. 2017, 103, 1858-193. [CrossRef)

Benbrook, C.M. Trends in glyphosate herbicide use in the United States and globally. Environ. Sa. Ewr. 2016, 25, 3. [CrossBef)
Van Bruggen, AH.C; He, MM.; Shin, K ; Mai, V; Jeong, K.C; Finckh, MLE_; Moaris, LG, Jo Environmental and health effects of
the herbicide gly phosate. 5d. Total Enmiron. 2018, 616-617, 255-268. [CrossBet]

Vandenberg, LIN; Blumberg, B Antoniow, MM, Benbrook, CM.; Carrcll, L; Colbom, T.; Everett, LG Hansen, M.
Landrigan, F].; Lanphear, B.F; et al. Is it time to massess current safety standands for gly phosate-based herbicides? [ Epidemiol
Commenity Health 2007, 71, 613-618. [CrossFef]

Michatowicz, |. Bisphenol A—Souwrnes, toxicity and biotransformation. Enoiron. Torical. Pharmacad. 2004, 37, 7358-758 [CrosBad]
Tzatearakis, MN.; Karzi, V.; Vakonaki, E; Goumenou, M.; Kavvalakis, M.; Stivaktakis, P; Tsitsimpikou, C; Tsakiris, L; Rizos, AK;
Teatzakis, AM. Bisphenol A in soft drinks and canned foods and data evaluation. Food Addy. Contan. Part B 2018, 10, 85-90.
[CrossRef]

Ma, ¥; Lin, H; Wu, |; Yuan, L; Wang, ¥; Du, X; Wang, B; Marwa, PW_; Petluly, F; Chen, X et al. The adverse health effects of
bisphenol A and related texicity mechanisms. Enoirm. Res. 2009, 175, 108575, [CrossRef]

Dodge, LE; Kelley, KE.; Williams, EL; Williams, M.A_; Herndndez-Diaz, 5.; Missmer, 5A ; Hauser, B Medications as a source of
paraben exposure. Reprod. Toxical. 25, 52, 93-100. [CrossRef] [PubMed)

Mowak, K; Ratajezak-Wrona, W.; Gorska, M; Jablofska, E Parabens and their effects on the endocrine system. Mal. Call
Endocrinal 2018, 474, 238-251. [CrossFe f] [PubMad]

Weatherly, M. Goase, LA Triclosan exposure, transformation, and homan health effects. [ Togeol Exoiron. Health FPant B N7,
20, H7468. [CrossReaf] [PubMed]

Bedeux, G.; Roig, B; Thomas, O.; Dupent, V.; Le Bot, B. Occurnence and toxicity of anbimicrobial triclosan and by-products in the
environment. Exoiron. 5d. Palit. Res. 2011, 19, 1044-1065. [CrossRef] [PubMed]

Rowdhwal, 55.5.; Chen, |. Toxic Effects of Di-2-ethylhexy] Phthalate: An Overview. BioMal Res Int. DB, 2018, 1750358,
[CrossRef]

Erythropel, HC ; Maric, M.; Nicell, |A ; Leask, RL.; Yargeau, V. Leaching of the plasticizer dif2-ethylhexyl) phthalate {DEHF)
from plastic containers and the question of human exposure. Appl Microbid. Biotechnal. 2014, 98, %967-9981. [CrossBaf]
Remane, EM; Romano, MLA; Bernardi, MM ; Furtado, PV,; Oliveira, CA. Prepubertal ex posure to commercial formulation of
the herbicide gly phosate alters estostercne levels and testicular morphology. Reprod. Toricol. 2000, 84, 309-317. [CrossRef]
Owaghoriayea, EO; Dedeke, GA; Ademolu, KOy Olujims, O.00; Ashidi, |.5.; Adeyinka, A A. Beproductive tosicity of Roundup
he rbicide exposure in malke albino rat. Exper. Tiricd. Pathol. 2017, 69, 461468, [CrossRed]

Ghisi, N.DUC; De Oliveira, EC; Prioli, A.]. Does exposume to glyphosate kead to an inceease in the micronucki frequency? A
systematic and meta-analytic eview. Chemosphere 2006, 145, 42-54 [CrossRed]

Lonzzon, M; Coeundassier, ML; Gimbert, F; Pauget, B, de Vaufleury, A Telomere dynamic in humans and animals: Review and
perspectives in environmental ocicology. Engirm Int. 2019, 131, 105025, [CrossBef]

Ohberbey, LW, Spitz, DL E. Assay of superoxide dismutase activity in hamor tisswe. Mahods Enzymol 1984, 105, 457464, [CrossBef]
[PubMed]

Keles, M.; Taysi, 5; Sen, N.; Aksoy, H.; Akgay, E Effect of Corticosteroid Therapy on Serum and CSF Malondialdely de and
Antioxidant Proteins in Multiple Sclerosis Can. |. Newrol Sg. 2001, 28, 141-143. [CrossRef] [Pubbded]

Janaszewska, A Bartosz, . Assay of total antioxidant capacity: Comparison of four methods as applied to human blood plasma.
Scand. [ Chin. Lab. Investig. 2002, 62, 231-236. [CrossBef] [FubMed]

Patsoukis, N; Zervowdakis, G; Panagopoulos, NT.; Georgiou, C.D.; Angelatou, E; A Matsokis, N. Thiol redox state (TES) and
oxidative stress in the mouse hippocampus after penty lenetetrazol-induced epileptic seizure. Newrosci Len. 2004, 357, 8386,
[CrossRef]

Veskoukis, A5, Kyparos, A Paschalis, V.; Nikolaidis, MG Spectrophotometric assays for measuring redox biomarkers in blood.
Biomarkers 2016, 21, 208-217. [CrossRef]

Ledda, C; Cannizzaro, E.; Cind, D; Filetti, V.; Vitale, E.; Paravizzing, (; Di Naso, ©; lavicoli, ; Rapisarda, V. Oxidative stress amd
DA damage in agricultural workers after ex posure to pesticides. | Ocoup. Med. Tomeol 2021, 16, 1. [CrossRed)

Puttabyatappa, M_; Bankeg M.; Zeng, L; Goodrich, [.M.; E Domine, 5.; Doliney, DU Meeker, LD Pennathur, 5.; Song, PXK;
Padmanabhan, V. Maternal Expesure to Environmental Dismaptors and Sexually Dimerphic Changes in Matemnal and Neonatal
Owidative Steess. | Clin. Endocringl. Matab. 2009, 105, 492-505. [CrossRef]

Kara, M ; Oztag, E; Ramazanogullan, B; Koumtas, D.; Nepka, C; Teatzakis, A; Veskoukis, A S Benomyl, a bereimidazole
fungicide, indwoes oxidative stress and apoptosis in neural cells. Toricol. Rep. 2020, 7, S01-509. [CrossEet]

Machtinges, K ; Berman, T; Adir M.; Mansur, A; Baccarelli A A.; Racowsky, C.; Calafat, A M.; Hauser, K.; Nahum, B Urinary
concentrations of phthalate metabolites, bisphenols and personal care product chemical bicmarkers in pregnant women in [srael
Endiron. Inf. 2018, 116, 319-325. [CrossRaf]

Dann, A B.; Homtela, A. Triclosan: Environmental ex posure, toxicity and mechanisms of action. | Appl Tarical. 2011, 31, 285311
[CrossRaf]

103



Toxics 2022, 10, 246 10 of 10

@ B o2 B

“

41

Parvez, 5; Gerona, RE; Proctor, C; Friesen, M. Ashby, LL; Reiter, LL; Lui, Z.; Winchester P.D. Glyphosake exposure in
pregnancy and shortened gestational kengthe A prospective Indiana birth cohort stedy. Enoiron. Hedth 2018, 17, 23, [CrossHed]
[Pubbded]

Bledzka, D; Gromadeinaska, |; Wasowicz, W. Parabens. From enwvironmental studies to homan health, Enoiron. Inf. 2004, 67,
I742 [CrossBef] [PubMed]

Katsikantami, 1 ; Sifakis, 5.; Teatzarakis, MUN.; Vakonaki, E.; Kalantzi, O.1; Teatsakis, AM; Rizos, A K A global assessment of
phthalates burden and related links to health effects. Enmiran. It 2016, 97, 212-23, [CrossBef] [PubMed)

Rodricks, | V.; Swenberg, [ A Borzelleca, | E; Maronpot, BB Shipp, A M. Triclosan: A critical review of the ex perimental data
and development of margins of safety for consumer products. Crit. Rer. Todeol 2000, 40, 422484 [CrossBef] [PubMMed)
Rochester, | R Bisphenol A and human health: A review of the lileratuee. Reprod Tiwicol 2013, 42, 132-155. [CrossRef]
Teatsakis, A.; Docea, AO,; Constantin, C.; Calina, D; Zlatian, O.; Nikelouzakis, TE; Stivaktakis, FD; Kalogeraki, A.; Liesavuord, .;
Teanakakis, (.; et al. Genotoxic, optotoxic, and oy topathological effects in rats exposed for 18 menths to a mixtuse of 13 chemicals
in doses below NOAEL levels. Tomool. Lett. 2009, 316, 154170 [CrossBed]

Fountoucidou, P; Veskoukis, A 5; Kerasioti, E; Docea, A.O.; Taitzoglou, LA ; Liesivuori, |; Tsatsakis, A.; Kouretas, DA mix bure
of routinely encountered xenobiotics induces both redox adaptations and pecturbations in blood and tsswes of rats after a
lomg-termy low-dose exposume regimern: The time and dose issue. Toricol. Let. 2019, 317, 2444, [Cros=Ref]

Tsiaoussis, |; Antoniou, MN; Koliarakis, L; Mesnage, B ; Vardavas, CL; lzotov, BN Paaroulaki, A ; Tsatsakis, A Effects of
single and combined toxic ex posumes on the gut microbiome: Current knewledge and futume directions. Todool. Let. 2019, 312,
7297, [CrossBef]

Gress, 5.; Lemoine, 5.; Séraling, G.E.; Puddu, PE Glyphosate-based herbicides potently affect cardiov ascular system in mammals
Review of the literature. Cardiovase. Tericol 2015, 15, 117-126. [CrossBef]

Defarge, N.; de Vendimois, 1.5, Séralini, GE. Toexicity of formulants and heavy metals in gly phosate-based hedbicides and other
pesticides. Tir. Rep. 2018, 5, 156-163. [CrossRed]

Bach, M.C; Marino, DG MNatale, G5 Somoza, G.M. Effects of Glyphosate and its commercial formulation, Rnundup"_"'
Ultramax, on liver histology of tadpoles of the Neotropical frog, Leptodact wies latrans (A mphibia: Anura). Chemosphere 2008, 202,
289297 [CrossKef] [FubMed]

104



2" Anupooisvon

International Jourml of
Molecular Sciences

)

Arfide

DNA Damage Estimation after Chronic and Combined
Exposure to Endocrine Disruptors: An In Vivo Real-Life Risk
Simulation Approach

Vasiliki Karzi !, Eren Ozcagli 1 Manolis N. Tzatzarakis !, Elena Vakonaki ?, Irene Fragkiadoulaki !,
Aikaterini Kalliantasi ', Christina Chalkiadaki *, Athanasios Alegakis ', Polychronis Stivaktakis ',
Aikaterini Karzi !, Antonios Makrigiannakis 3 Anca Oana Docea *0, Daniela Calina *7 and Aristidis Tsatsakis -*

chieck for
updates

Citakioas Kari, W; Oneagl B
Teatzarakis, MN; Vakosaki E;
Fraghiadeslaki, | ; Kalliantasi, A ;
OhaliGadabs, C; Alegala, A_;
Stivabtaka, P Kamd Aelal DNA
] Cotinbismad Expuosre o
Enudeerine Dhsruptors An InViva
Fizad [ sfe Risk Sinmadation Appooach.
bei. [ Ml 55 2073, M, 9955

it daiong 103390/
24129989

Rapived 13 May 2023
Revisnt 7 Jurse 2123
Ao plid- 8 e 2023
Publadwd: 10 Jue 2023

@ ()

Copysight £ 373 by e autheds
Ligensee MDPL Baswl Switerland
This artich is an open acwss artick
distrlubed  wider he Geoes el
conditions of the Carative Comsnon
Ardation (00 BY) harnee Mbpe//
creativecomumeee o Bosnees by /
LU

1 Labncmgl Dt'Tuxicn'Ingl_. Medicine School, Lln.'rv\ersily af Crete, 70012 Herakbion, Gresoe;
chemstud vas?010Egmail com (VK ); tratrarakis@uoc gr (MALT); evakonaki@gmail com (EV);
eirinimbg@hotmail gr (LE); kalliantash_k@hotmail com (& K} christinad495&hotmail com (CC )
alegkaka@iuoc gr (AA- polychronis stivaktakis@gmail com (F5 ) katerinakarzi@hotmail gr (A K)

r Depﬂ.'rlmen.t of Pharmaceutical Tuxicn'luw. Facu.'ll:y nfﬁmaql_. Istanbul Ll'n.i\mily_.EeymL
Istanbul 34116, Tu:]ry;m:apﬂﬁimhulcdutr

3 Dcpﬂrhrmt of (Chstetrics and Gy'n::nlnﬁy_, Llnh'\cnit’l HD:PEL:] of Herakbion, 7150 Heraklion, Gresoes;
makrygia@uoc gr

4 Drepartment of Clinical Pharmacy, University of Medicine and Pharmacy of Craiova,
6549 Craiova, Homania; dacanad@gmail com

5 Depﬂ.'rlmen.t nme:il:Dl.ugy_.Lh'.'rv\ern'ly af Mesdicine and E'hm:macy of Craiova, 200349 Craiova, Eomanda;
calinadande L@ pmail com

*  Cormespondence tolab publications@gmail com or tsatsaka@uwoc gr; Tel : + 30 2810-34-570

Abstract Exposure to chemical substances has always been a matter of concern for the scientific
comumunity. During the last few years, msearchers have been focusing on studying the effects
resulting from combined exposure to different substances. In this study, we aimed to dete rmine the
DA damage caused afier chronic and combined exposure to substances characterized as endocrine
disruptors using comet and micromucki assays, specifically glyphosate (pure and commercial form],
bisphencl A, parabens (methyl-, propyk and butylparaben), triclosan and bis {2-ethylhexyl) phthalate.
The highest mean tail infensity was observed in the group exposed to a high-dose (10 = ADT) mixtune
of substances (Group 3), with a mean value of 1197 (11.26-13.90), while statistically significant
differences were noticed between the groups exposed to low-dose (1 x ADT) {Growp 2) and high-dose
(10 = ADT) (Growp 3) mixtures of substances (p = 0.003), and between Group 3 and both groups
exposed o high doses (10 = AD) of the pure and commercial forms of glyphosate (Growps 4 (p=0.014)
and 5 (p= (LOO7)). The micronwcled assay msults were moderately correlated with the exposure period.
Group Swas the most impacted exposure group at all sampling times, with mean MN counts ranging
between 2875 + 171 and 60.75 + 1.71, followed by Group 3 (18.25 + 1.50-4575 + 1.71), showing that
comumercial forms of gly phosate additives as well as mixtues of endocrine disruptors can enhiance
MN formation. All exposure groups showed statistically significant differences in micronwclei counts
with an increasing time trend.

Keywonds: glyphosate; bisphencl a; parabens; bis (2-ethylhexy D) phifalate; triclosan; rabbits; comet
assay ; micronuche asay

L Introduction

The continuous increase in the population and the overconsumerism that is currently
being promoted have raised the use of agrochemicals and preservatives in order to increase
food production and ensure food quality. However, this phenomenon has led to the constant
exposure of the population to a variety of compounds that are marketed by manufacturers
as harmless, with litthe or no side effects. Most of the existing studies aim to estimate the
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side effects of exposure to one chemical, rather than determining the synergic effects of
the combined exposure that actually happens in real life. The same applies to the existing
authorized guidelines and regulations, which are focused on one substance or one group of
substances [1,2]. The increase in the amount of data from biomonitoring studies has caused
researchers to turn their attention to the synergic or antagonistic effects of exposure to more
than two compounds, introducing the concept of real-life risk simulation (RLES) [1-4].

Glyphosate (GLY) is the active substance of one of the most used pesticides, Roundup.
Although GLY has been proven to be toxic, it is noteworthy that its commercial form,
Foundup, presents excessive toxicity due to its adjuvants, especially polyethomoylated
tallow amine (POEA) [5,6). In the last decade, there has been a large debate concerning the
detrimental effects of exposure to this pesticide and the proven assodation with various
forms of cancer, kidney and liver damage, delivery problems, mental conditions and
MNA damage [7]. However, Roundup is still classified by regulatory agencies as safe due
to the lack of significant studies showing its toxicity, and its residues are present in the
environment, thus entering the food chain [8].

Parabens (PBs) and triclosan (TCS) are antimictobial substances widely used in per-
sonal care products (PCPs). It has been shown that both PBs and TCS can disrupt the regular
function of certain hormones, especially those related to reproduction such as estrogens,
androgens and testosterone [9,10]. PBs are also related to reproeductive problems, breast
cancet, obesity, genotoxicity and allergies, while TCS is characterized as an allergen [9].

Bisphenol A (BPA) and bis (Z-ethylhexyl) phthalate (DEHF) are plasticizers used
in a variety of products, but the main source of exposure is food packaging and plastic
bottles [11,12]. BPA is used for the production of epoxy resins coating the inner layer of
packaging [13], while DEHF is used for the production of polyvinyl chloride (FYC), in order
to prowvide softer and more flexible materials [11]. Both are proven to act like endocrine
disruptors, thus affecting several systems of the organism, such as the reproductive system,
immune system, metabolism and development [11,12].

In the last few years, exposure studies have been focusing on determining DINA
damage since it strongly relates to or even causes all proven problems [14). Exposure of the
African catfish to gly phosate triggered the formation of micronuclei abnormalities and other
nuclear abnormalities such as bean-shaped cells, while the comets formed in the analyses
of the liver cells indicated potential genotoxic properties [15]. Previously, experiments
by Koller et al. in a buccal epithelial cell line proved that exposure to ghyphosate and /or
Roundup led to elevated frequencies of micronuclei and nuclear buds and increased
membrane damage [5].

Studies on EC mixtures have indicated elevated effects of co-ex posure in contrast
with mono-exposure to EIX s [16,17]. Treatment of Hep(G2 cells with binary mixtures
of BFA, dibutyl phthalate (IDBF) and cadmium had a stronger DMNA damage effect than
individual exposure, while stronger oy totoxdcity and the gemeration of greater amounts
of reactive cxygen species (ROS) were also observed [18]. Likewise, enhanced ROS pro-
duction and, hence, coidative stress biomarker variations wem noticed by Falfushynska
and co-authors in zebrafish administered a mixture of chlorpyrifos and Roundup. Addi-
tionally, decreased cortisol levels were measured after combined exposure to a mixture
of the aforementioned pesticides [19]. It is worth noting that IYnca et al. found oy totoxic
and histopathological effects even at very low doses (below NOAEL—No Observed Ad-
verse Effect Level) in rats exposed to a mixture of chemical substances containing several
pesticides, ethylparaben, butylparaben, bisphenol A and others [20].

The objective of this study was to investigate the DNA damage caused by chronic
and combined exposure to substances characterized as endocrine disruptors using two
different technigues that offer different approaches to the issue. The comet assay detects
the fragmentation of DNA, while the micronuclei assay detects chromosome breakage and
impairment of the mitotic apparatus [21]. Both methods have been previously applied and
proven to be reliable for the detection of DNA damage in human and animal cells caused
by warious chemical substances [22-24]. Specifically, we aimed to determine the extent of
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DMA damage in peripheral lymphooytes and tissues in rabbits after 12 months of exposure
to GLY (pure and commercial forms), BPA, methy lparaben (MePB), propylparaben (Pr’B),
butylparaben (BulP'B), TCS and DEHFE

2 Results
21, Micronucler Counts

Repeated measures ANOVA using the exposure groups as factors was applied for MN
counts at 0, 3, 6, 9 and 12 months of exposure, to estimate both time and exposure effects.
A statistically significant difference was observed in the time and exposure interaction
(ANOWVA F(1, 4)=479.23, p< 0.001). The group details are presented in Table 1. The Group
1 values were stable at the ex periment time points, ranging from 7.25 + 1.26 (12 months)
to09.25 + 1.71 (3 months). All other groups showed an increasing time trend, indicating
time dependence on micronuclei formation. In Group 2, 7.75 & 0.50 was measured at
t= 0'months, which increased to a mean value of 41.75 £+ 1.71 in the 12th month Group
3 seemed to increase in a stable pattern from 8.50 + 1.00 (t = 0 months) to 4575 + 1.71
(t=12 months). Similarly, Group 4 and Group 5, starting from 875 + 0.96 and 525 £+ 1.89,
reached values of 37.50 + 1.00 and 6075 + 1.71, respectively (Table 2 and Figume 1). Post
hoc comparisons (LS1 test) showed a statistically significant difference at the p -2 0.001 level
when the total group mean values were compared.

Table 1. Groups and deses of the in vive experiment.

Group Dhose Subslano
1 Control - -
. GLY, BPA, MePH, PrPB, BuPB,

2 Linr-closse miix 1 = AN TCS, DEHP

- - GLY, BPA, MaPB, PrPB, BuFB,
3 Highrdose mix 10 = ADI TCS, DEHP
4 Highrdose pure GLY 10 = ADIL GLY
5 High-dose commercial GLY 10 = ADI GLY

ADl is 0004 mgy kg bw / day for BRA; D5 mg/ kg bw /day for BuPE; 0-10 mg, kg bw// day for MePB and PrPE; up
ko 005 mgykg bwy' day for total phthalates; and up to 0.5 mg, kg bw/ day for glyphosate (EFSA values). AN for
TCS is .08 mg/kg bw/ day (Government of Canada values)

Table & Mean and standard deviation of MN counts at different time points in different expo-

sune oo,

Group 1 Group 2 Group 3 Group 4 Group 5

Months Mean +50 Mean +5D Mean +5D Mean +50 Mean +50
i .00 82 775 050 B.5k 100 475 (L96 825 189

3 .25 17 1675 126 18.25 150 1435 Ls0 75 171

[ 825 150 25 171 275 1n 1875 171 4050 208

] a475 (196 3150 1.2 36,00 216 30050 a7 5250 238

12 7.25 1.26 4175 171 4575 171 3750 Lo BL7S 171
Total mean 8.50 125 s0 1.2 26.25 172 2195 17 315 195

Time » group ineractionc F (1, 4) = 925, p< 0001

Group 3 was administered a 10 times higher dose than Group 2; however, the MN
counts did not present proportional values. Ower the sampling times t = 3-12 months,
Group 2 MN counts ranged from 16.75 + 1.26 to 4175 + 171, while those of Group
3 slightly differed, with mean MN counts of 1825 + 1504575 + 171, Group 4 was
administered the same dose of GLY as Group 3, but Group 3 also contained a mixture of
endocrine disruptors. Group 3 appeared to be more burdensome than Group 4 (18.25 + 1.50-
4575 + 171 and 1435 &+ 1.50-37.50 + 1.00, respectively), which could be attributed to the
additional endocrine disruptors administered to Group 3. Although Groups 4 and 5 did
not differ in dose, the adjuvants in the commercial form of GLY seemed to affect further

107



Int. [ Mol Sci 2003, 24, 9989

4 of 13

MM formation, while Group 5 had higher mean values of MN (2875 + 1.71-60.75 + 1.71
to 14.25 + 1.50-37.50 £+ 1.00 of Group 4), in the same periods of exposure. Additionally,
Group 5 had the highest mean MM counts of all groups.

=l G 1

PN cownis

a i & ] 12
Tirrse: | rrscortie]

Figure 1. MN expression in different exposune groups at diffecent sampling times
22 Tail Intensity

The tail intensity was measured using blood from the last sampling (t= 12 months).
All exposure groups seemed to be affected in relation to Group 1, which was the control
group. As shown in Figure 2, the tail intensity of each group was significanthy different
(ANOVA: Fid, 15)= 13,974, p < 0,001, Kruskal-Wallis x2(4) = 13786, p = 0.008). The highest
median tail intensity, 11.97 (11.26-13.90), was observed in Group 3, while the intensity
in Group 1 was 4.31 (3.86-5.06) (Table 3), showing that combined exposure to endocrine
disruptors had a greater impact on DNA damage and, by extension, the tail intensity.

Table 3. Descriptive statistics {mean, I, quartiles) and comparison of tail inbensities bebween groups.

Cuartile LSD Test
Group Mean £5D
1st Median 3rd Groupl Groupl Grouwpd Groupd Groups
1 446 058 386 431 506 0.002 <0001 <0001 .00
2 8.67 110 7.88 875 945 0002 0.003 0448 0.655
3 1258 150 1126 119 13.90 <(L001 0.003 04 0007
4 9.52 166 B.37 9.50 los7 <0001 0.449 o4 0752
5 4917 12 774 936 1055 0.0 0.655 o.o07 0752

ANOVA: F (4, 15) = 12074, p< 0L00L

The difference in the tail intensity mean values between Group 2 (8.75;7.88-9.46) and
Group 3 (11.97; 11.26-13.90) is proof of a dose-dependent response. Interestingly, the mean
tail intensity values of Groups 4 and 5 were similar (9.50; 8.37-1.67 and 9.36; 7.74-10.59,
mespectively), which is evidence that the adjuvants of the commercial form of GLY do not
enhance breaks in the DMNA. Statistically significant differences weme obtained from the
L5D adjusted t-test. Between Groups 2 and 3, which had different levels of exposure, a
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significant difference was observed (p = 0.003), while Group 3 was significantly different
from Group 4 (p= 0.014) and Group 5 (p= 0.007) at t = 12 months (Table 3).

i

11,497

a B§

=
1

T ail inte ity

5 i""

T T T T T
Group 1 Group 2 Group 3 Group 4 Group §

Figure 2. Mean tail intensity values between groups at 12 months of ex posune.

13 Corrdation of Micronuclel and Contet Assay Results

MN counts at t = 12 months were correlated with the corresponding tail intensity
results. Allexposure groups’ MM counts appeared to be statistically significantly associated
with the tail intensity, proving the genotoxicity of the administered substances. In Figure 3,
scatterplots of the tail intensity vs. MM counts at 12 months are presented. The baseline
MM counts weme correlated with the tail intensity (rs = 0.581, p= 0.007).

0.0 Groug
) Growp 1
Gromp #
Eﬂmw 3
Growp 4
Growp 5
5.0 *

Tall intensity
=
l'.-rl

5.0

T T T T
1] F- ] &0 &0

MM counts

Figure 3. Correlation of tail intensity with micronuclei counts (MM) for each of the five different
groups at & =12 months (s = 581, p= 0.007).
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In Table 4, measurements of the MM counts at different time points of exposure ane
shown The baseline counts were not significantly correlated between the time intervals
(p = 0.05). All other bivariate correlations of the MN counts were strongly correlated,
with the lowest r value observed between the 3 and &-month exposure counts (rs = 0L826.
p < 0001}

Table 4. Correlation of micrormclei counts bebwean months of exposue.

Spearman’s r
Months Months s P
i 3 — {350 0130
[ —0.211 0.3
9 —(.285 0.2
12 —(L.368 0110
3 & 0.574 <
9 0826 <
12 0940 <L
& 9 0928 <
12 LLBET <
<@ 12 L8B4 <

3. Diiscussion

In the current study, we aimed to determine DMNA damage caused by chronic exposure
to substances characterized as endocrine disruptors. Specifically, we tried to simulate the
real-life exposure by administering GLY, TCS, BPA, MePB, PrI'B, BuPB and DEHT to rabbits
at different doses for 12 consecutive months.

The micronuclei assay showed significant differences from the beginning to the end of
the exposure period. Except for Group 1, which showed similar mean values throughout
the whole experiment (7.25 + 1.26-9.25 + 171), all other groups showed differences in
a time- and dose-dependent manner. At the last time point of exposure (12 months), the
mean MN values of Groups 2 and 3 (41.75 £ 171 and 45.75 + 1.71, respectively) seemed
to be five times the initial values (7.75 + 0.50 and 850 + 1.00, respectively), while the
mean MN value of Group 4 seemed to three times the initial value at t = 0 months (from
8.75 & 0.96 to 37.50 £+ 1.00). The most affected group seemed to be Group 5, which showed
a7 times higher value at 12 months (60.75 £ 1.71) in comparison with that at t = 0 months
{825 + 1.89).

Koller et al. studied the cytotoxic and genotoxic properties of GLY and Roundup ina
buccal epithelial cell line, observing that Roundup was more active than GLY and induced
cytotoxic effects due to membrane damage and impairment of mitochondrial functions [5].
This observation can be found in our results, as Group 5's (commercial GLY exposure
group) MM counts at the end of the in vivo experiment (t = 12 months) we e almost twice
as much as those of Group 4 {pure GLY exposure group). The commercial form of GLY
(Roundup) contains additives including the adjuvant POEA, which is proven to cause
excessive genomic damage [6], a fact that may justify the difference between Groups 4
and 5.

At all sampling time points, Group 3 (8.50 £ 1.00-4575 £+ 171) presented higher
MMN counts than Group 2 775 £ 0504175 £ 1.71), but this did not cormespond to the
tenfold difference in the administered dosage. Interestingly, Group 3 presented greater
MN counts than Group 4 (875 £ 0.96-37.50 &+ 1.00), although they were not statistically
significant. This difference in MM measurements is attributed to the extra substances (BPA,
TCS, DEHE, MePB, PrPB and BuPB) that Group 3 contained in relation to Group 4 (pure
GLY), conchuding that there is a synergic additive effect of GLY with these compounds in
MM counts,
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The mesults from previous studies vary depending on the substances of exposure.
Duarte et al. observed increased MN frequencies when hepatic cells weme exposed to TCS
and DEHP separately However, when exposed in combination, no induced micronuclei
formation was observed, while cell viability seemed to be negatively affected [25]. On
the other hand, experiments on the exposure of hepatocytes to a mixture of bisphenols
revealed increased cytotoxicity with MM formation, but no such effects were observed
when hepatocytes weme exposed to individual bisphenols [26].

It is worth noting that Group 5 was the most impacted exposure group concerning MMN
formation (825 + 1.89-60.75 + 1.71), where it had almost twice the MN counts of Group 4
(875 £ 0196-37.50 £ 1.00). Although Groups 4 and 5 were administered the same dose of
GLY, the former contained pure GLY, while the latter contained all the adjuvants included
in the commerdial form of GLY {Roundup). One of these adjuvants is 'OEA, the toxicity of
which has been proven in animal experiments [8,27]. Notably, the results retrieved from
experiments on juvenile fish indicated its ability to be genotoxic, induce lipid peroxidation
and unbalance the redox status [25].

The comet assay results showed that Group 3 had a higher tail intensity value
(12.58 + 1.90), which was significantly different from that of Group 2 (8.67 + 1.10), sug-
gesting a dose-dependent damage, as these two groups had a tenfold difference in the
administered dosage. The same trend was observed in previous studies when fish and
human lymphocytes were exposed to GLY, TCS and PBs individually [15,29,30]. Groups
4 and 5 showed no significant difference, indicating that the additives of the commercial
form of GLY had no additive effect on the tail intensity Howewver, Groups 3 and 4 pre-
sented statistically significant differences in the mean tail intensity values (1258 + 1.90
and .52 + 1.66, respectively), indicating a synergic effect of GLY, BFA, TCS, DEHE MePB,
PrPB and BuPB on the tail intensity Previously, comet assay tests on murine cell lines
exposed to GLY, Roundup and POEA showed that the inhibitory potency followed the
order POEA » Roundup > GLY [31]. The differences in bibliographic data can be ecplained
by the limited mumber of studies and the diversified exposure groups.

The correlation of the tail intensity with the MN counts at 12 months of exposure
showe d statistically significant assodations among the exposure groups (p < 0.001). Both the
tail intensity and MN counts showed a time-dependent response, while some of the groups
also responded in a dose-dependent manner. In previous studies, the target compounds
GLY, BPA, TCS, DEHFP and PBs seemed to have detrimental effects on the MM counts, which
increased with increasing exposure period and dose [3,21,30,32,33], but the tail intensity
did not respond to this trend in the same capadity [&].

All of the target substances of the current study seemed to present genotoodc activity. In
previous studies, TCS has shown a dose-dependent genotoxic effect in different organisms,
gradually increasing the tail intensity and micronuclei formation [29,34] or even lkeading to
complete nuclei dissolution at high exposure doses [35]. In vitro experiments have proven
that PBs’ cytotonic and genotoxdc effects induce MIN formation and increase tail intensity in
a concentration-dependent manner [30]. Both phthalates and BPA have also been proven
to be genotexic and negatively affect chromosomes and tail length, in a dose-dependent
manner [36-39]. Furthermome, the induced YNA damage and cellular proliferation have
been attributed to DEHP exposure. In particular, exposure of rats to DEHP led to elevated
comet tail moments in both the cells and thyroid tissue of juvenile rats [40].

Similar research studying the genotoxic effects of pesticides observed significant
differences with increasing exposure time [41,42). Vardavas et al. noticed significant
increases in binuckeated MM after the ex posure of rabbits to cypermethrin. The induced
genotoxicity was accompanied by histopathological lesions as well as liver and kidney
inflammation [41]. Likewise, Stivaktakis et al. found differences in the MN counts between
control groups and groups of rabbits exposed to imidacloprid, but there was no time
dependence of the genotoxic effect [42]. This fact can be explained by the application of
detoxification mechanisms, possible metabolization of the xenobiotics and DMNA damage
Tepair [43].
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For the sake of argument, micronuclei formation and generation of DNA strand
breaks directly affect the functions of cells, provoking problems in the organism [14]. Our
results indicate that mixtures of EDXCs have a greater negative impact on DINA, a fact
that emphasizes the danger posed by daily exposurme to these substances and the need for
further research in this field.

4. Materials and Methods
4.1. In Vivo Experiment

The in vivo experiment has been described in detail previously [44). In brief, 20 New
Zealand albino rabbits, 10 males and 10 females, 34 months old, weighing approximateby
3 kg each, were divided into 5 treatment groups of 4 animals each. The details of the
groups and doses are presented in Table 1. The substances were orally administered
to the rabbits once a day, 7 days per week, for 12 months. Solutions of the substances
dissolved in 5% ethanol /water were prepared and mixed with the rabbits” food in specific
amounts (final daily amount of ethanol was less than 0.5%). The dose calculation was
based on the established acceptable daily intakes (ADIs) of the substances set by authorized
services. The control group (Group 1) received a normal diet (water, pellets, corn oil
with 5% ethanol/water). This research has been registered in the Animal Study Registry
(DO 1017590/ asr.0000259). The protocol was approved by the Committee of Ethics
and Academic and Scientific Deontology of the University of Medidne and Pharmacy of
Craiova (4/17.01.2020).

4.2 Reagents

GLY (PESTANAL®, analytical standard, CA S number: 1071-83-6), MePB (Methyl 4-
hydrooy benzoate ) [Reagmt?lm‘i, 00,0, crystalline, CAS number: 99-76-3), 'rPB (Propyl
4 hydrowyberzoate) (=99%, CAS number: 94-13-3), BuPB (Butyl 4 hydroxy benzoate)
(=09.0% (GC), CAS number: 94-26-8), BP'A (»99%, CAS number: 80-05-7) and DEHT
(PESTANAL®, analytical standard, CAS Number: 117-81-7) were purchased from Sigma-
Aldrich (5t. Louis, MO, USA ). TCS (100%) and ethanol absolute (>99.8%, CAS number:
£4-17-5) weme obtained from Honeywell-Fluka (Seelze, Germany), methanol | >99.8%, CAS
numbser: £7-56-1) was obtained from Honeywell-Riedel de Haén (Seelze, Germany) and
acetic acid glacial (>%.7%, CAS Number: £4-19-7) was obtained from VWE (Radnor,
PA, USA).

DPX mountant for histology was purchased from Sigma-Aldrich (MO, USA), while
KaryoMAX™ Giemsa Stain Solution (CAS Number: 67-56-1) and PHA (Ref. number: 10576
015) were purchased from Gibco™ (Dreieich, Germany). FBS and HAM were obtained
from Biowest (Wuaillé, France), and oy tochalasin b (CAS number 14930-96-2) was obtained
from Acros Organics (Geel, Belgium). Ultrapure water (ddH20) was produced using a
Dinect-0 3UV water purification system (Merck, Darmstadt, Germany).

Dimethy| sulfoxide (for molecular biology, Cas number: £7-68-5), ethidium bromide
(95% HPLC, CAS No: 1239-45-8), sodium chloride (=99% (titration], CAS No: 7647-14-5),
MazEIDTA (98.5-101.5% (titration), CAS No.: 6381-92-5), trizma base (>99.9% (titration),
CAS Number: 77-86-1), phosphate-buffered saline (tablet), TritonTM X-100 {laboratory
grade, CAS Number. 903&6-19-5) and try pan blue test (0.4%, for microscopy; CAS Number
72-57-1) wem purchased from Sigma- Aldrich (Gillingham, UK).

Finally, NMA (Catalog number: 16500100) and LMA (Catalog number: 16520100) were
obtained from Thermo Fisher Scientific (Waltham, MA, USA).

The aceeptable daily intake (AID) for various chemicals is determined by the European
Food Safety Authority (EFSA) and the related service in Canada. The EFSA has set the
ADI to 0.004 mg/ kg of bw /day for BPA [45], 0.5 mg/ kg of bw /day for BuP'B, 5 mg/kg
of bw/ day for MePB and 5 mg/ kg of bw /day for FrPB [46]. The ADI for total phthalates
is up to 0.05 mg/ kg of bw /day [47], and the AIN for glyphosate is up to 0.5 mg/ kg of
b /day [48]. The Environment and Climate Change Canada and the Health Canada
services have defined the ADI for TCS as 0.08 mg,/ kg of bw,/ day [49].
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4.3 Micronucler Assay

The micronuckei assay procedure has been described in detail previously [22,50). The
sampling was conducted every 3 months (t=0, 3, 6, 9, 12 months). Blood samples (from
the jugular vein) were collected in heparin tubes and stored at 4 “C until analysis. In
brief, 0.5 mL of each blood sample was mived with 6.5 mL of HAM medium, 1.5 mL of
FBS, 0.3 mL of phytohemagglutinin {(PHA) and 0.1 mL of antibiotic. The cell culture was
prepared under sterile conditions in spedal cell culture flasks and placed into an incubator
at 37 “C with a 5% OO0y supply After incubation for 44 h, 20 pL of cytochalasin b was
added to each cell culture, which was then placed back into the incubator for 28 h (72 h of
incubation in total).

The next step was cell fixation, firstly with 4 mL of hypotonic solution (ddH, (O:HAM
1:1) and then with 4 mL of fixative solution (CHyOH:CH2OO00H 3:1). Washes with fixative
solution were repeated until the liquid was clear. After the final centrifugation, most of
the supernatant was removed, and the pellet was gently resuspended with the 0.5 mL of
supemnatant that remained. The ells were then placed on slides by dripping two drops of
the solution on each slide. For each cell culture, 3 slides were prepared. The slides were left
to air-dry overnight.

The slides weme then submerged in 15% Giemsa solution for 20 min, followed by
ddH;( for a few seconds immediately after, and finally lett to air-dry for 2 h When the

slides were completely dry, DFX mountant was used to glue the coverslips to each slide.
The slides were keft to air-dry overnight and wene then ready for microscope measurement.

Slides were examined with an optical microscope at 100 magnification using cedar

oil as the immersion oil. For each animal, micronuclei wem scored in 1000 binucleated cells.

The number of binucleated cells that contained micronuclel was also counted. The scoring
criteria for selecting binucleated cells that can be scored for MN frequency were described
in detail by Michael Fenech [51]. In order to determine additional possible cytotodc effects,
the cytokinesis-block proliferation index (CBPI) was also calculated. Counting 2000 cells
and based on the equation CBFI = [My + 2M; + 3 (M3 + My))/ N, where My, My, M; and
My comespond to the number of cells with one, two, three and four nuclei, respectively,
and M is the total number of cells, the CBIl is a useful index for determining additional
cytotoxic effects [52].

4.4, Comef Assay

¥enous blood samples (from the jugular vein) weme collected during the last sampling
(t = 12 months) in tubes containing ethylenediaminetetraacetic acid (EDTA), and then
200 pl aliquots were stored at —80 “C. After the addition of 1 mL cold phosphate-buffered
saline (PBS) to 100 puL. whole blood, rmphocyte isolation was achieved using lymphocyte
separation medium at the bottom of the tube and centrifuged immediately at 4 “C for 3 min
at 200 g. Lymphocytes were obtained from the layer that appeared between the blood
plasma and the lymphocyte separation medium after centrifugation. The cell viability, as
assessed via the try pan blue test, was more than 97% for all samples. Each analysis was
conducted in triplicate for this study.

The alkaline comet assay technique has been previously described in detail [53-55).

Shortly after the preparation of the slides, they were treated with 0.65%: normal melting
agarose (NMA ) prepared in PES (Ca®*- and Mg**-free). Isolated lymphocytes were mixed
with 100 pl. LMA at 37 °C to form a cell suspension. After gently mmoving the coverslip,
the slides were immersed in cold ysing solution (2.5 M NaCl, 100 mM Na;EDTA, 10 mM
Tris, pH = 10} including 1% Triton X and 10% DMS0 overnight

The slides were then remeoved from the lysing solution, drained and placed in a
horizontal gel electrophoresis tank near the anode. Electrophoresis was performed at
L6V /on for 20 min (300 mA ) at 4 “C room temperature under dimmed light

After electrophoresis, the slides were taken from the tank. Tris buffer (0.4 M Tris,
pH 7.5) was gently added drop-wise, and the slides were allowed to sit for 5 min; this
procedure was repeated three times.
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Each slide was stained with 50 pL ethidium bromide and stored in a humidified
air-tight container until being analyzed within 34 h. In total, 3 slides prepared for each
subject and 100 cells per subject were analyzed at x40 magnification, under an Olympus
fluorescent microscope equipped with an excitation filter of 546 nm and a barrier filter
of 580 nm. The Comet Assay IV image analysis system (Perceptive Instruments) was
used blindly by one slide reader in order to score INA damage. The analysis software
(Comet Assay IV, https / / www.instem.com/ solutions/ genetic-toodcology / comet-assany.
php, accessed on 12 May 2023) provides automated analysis of comet size, shape and the
amount of DNA that has been formed due to the fragmentation. Specifically; it provides
a range of parameters including the tail length, tail intensity and tail moment [56]. The
tail intensity is defined as the percentage of DNA that migrates to the tail, and it isa
widely favored measurement for the comet assay because of its advantages. Therefore, this
parameter was selected for measuring PYNA damage at the single-cell level [56].

4.5 Statistical Met hods

The tail intensity is expressed as the mean and standard deviation, while median
values are also used. Omne-way analysis of variance jone-way ANOVA) was applied
to examine differences in the intensity or micronuckei counts between ex posure groups,
while additional Kruskal-Wallis analyses wem performed. Spearman’s r, coeffidents were
applied to examine associations between the intensity and micronuclei counts. LSE (least
square differences) adjusted t-tests followed by ANOWVA were performed for the pairwise
comparisons between groups. Repeated measures ANOVA using the exposure groups as
factors was applied to establish associations between micronuclei counts at baseline and 3,
& and 12 months after the experiment and the glyphosate exposure groups.

IBM SPS5 Statistics 24.0 was used for statistical analysis of the data, and a = .05 was
set as the level of significance.

5 Conclusions

In the last five years, the European Union has made substantial efforts in EDC testing
and screening methods to identify endocrine-disrupting chemicals, coordinating a cluster
group of eight research projects (EURION) [57]. In the current study, we aimed to determine
the DMNA damage caused to rabbits” lymphocytes after 12-month exposure to GLY, BPA,
MeFEB, PrPB, MeFB, TCS and DEHF using two different approaches: micronuclei assay
and comet assay. The results from the different samplings through the in vivo experiment
showed that MM formation increased in a dose- and time-dependent manner The same
also applied to the tail intensity, but this was only related to the dose, as there was only one
sampling (the last one ). Group 3 seemed to be the most affected regarding the tail intensity;
probably due to the synergic effect of the administered substances. In all exposure groups,
the MM counts were positively associated with the tail intensity. This study is one of the
few that hawve attempted to identify the risks that exposure to both low and high dose levels
of EPC mixtures pose to humanity. There is a great way forward for science in order to
thoroughly investigate the real-life risks.
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