O6pa3zar 4.

®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj 2258/1-1 Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
10.09.2026. S3AXTEB
(Matym)

3a JaBame carjacHOCTHU Ha OJJIYKE O yCBajamy u3BelTaja Komucuje 3a oneny
JOKTOPCKE JUCepTalMje U O UMEHOBalbY KOMHUCH]E 3a 010paHy

Monumo na, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsurera y beorpany ("I'macuuk Yuusepsurer", 6poj 186/15-
npeuninhienu Teket u 189/16), nate carnacHOCT Ha OTYKY O yCBajamy u3Belnraja KoMmucuje 3a olieHy JTOKTOPCKE JHcepTalyje:

KAHJMJAT HUHA (BOPUCJIAB) YMUREBUR

(¥Me, UMe jeTHOT O/l POAUTEbA U IIPE3NUME)

CTYACHT NOKTOPCKUX cTyauja Ha ctyaujckom nporpamy JJOKTOPCKE AKAJEMCKE CTYAUJE, PAPMAINIEYTCKE HAVYKE,
TOKCHUKOJIOT'NJA

NPUjaBHUO je JJOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

.DHuoMapKkepy eexkara OPrauHcKuxX pacrBapadya Ko/ 3a0cJeHuX V MHIyCTpuju ooyhe*

13 Hay4YHe 00IacTu: TOKCHUKOJIOI'NJA

Vuusepsurer je mana 07.06.2022.romune cBojum akrom mox Op. 02-01 6poj 61206-2078/2-22 nao carmacHoCT Ha

TIPEIJIOT TeME JOKTOPCKE AUCEpTaIlje Koja je riacuia:
~bHuoMapkepu edexkara OPraHCKUX pacTBapaya Ko/l 3a1ocJaeHUuX V HHAYCTpuju o0yhe*

Nwme u pesume mentopa . Jp ci. buskana AxrtonumjeBuh, penoBHHM mpodecop, YHuBep3uteT y beorpamy —
dapmarieytcku dpaxynter (Vika HayuaHa obnact: Tokcukosoruja)

Kommucuja 3a olleHy JOKTOPCKE IMCEPTALUje€ MMEHOBAHA j€ Ha cequuim oapxkanoj 14.05.2026.roaune

OIITYKOM (haKyiTera mogu op. 01 6p.1115/2 , y cacTaBy:
Nwme u mpe3ume wiaHa 3Bambe Hay4YHa 00JIacT YcranoBa y K0j0j
KOMHCH]e je 3amociieH

1. Ip cu. Jlanmjena ‘bBykwh-hocuh, pemoBau npodecop., VYuuBepsuter y beorpany —
®dapmaneyrcku pakynrer (Yxka HaydHa 00macT: TOKCHKOIOTH]A), IPEJICETHUK

2. Jp cu. Ilerap bynar, penoBau mnpodecop, YHuBep3uteT y beorpany — MenunuHcku GhakyiaTeT
(Y>xa HayuHa obOnact: MeauinHa pajia)

3. OIp ci. Mwunom CrojuspkoBuh, pemnoBHH npodecop, VYuusepsurer v bawmoj Jlyvim —

Memuuuacku dakyiarer (Yka HayyHa oOgacT: PapMakoJorija 1 TOKCUKOJIOTH]a)

Hamomena: ykonuko je wian Komucuje y meH3MjU HABECTH aTyM ICH3NOHUCAKA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje Ha ysua jasaoctu: 18.06.2026.roaune.

HacraBHo-HayuHO Behe dakynrera ycBojuio je m3Bemraj Komucuje 3a oneHy JOKTOpPCKE QUcCepTalje HACEAHHUIM OIP>KAaHO]

JaHa 10.09.2026.roauue

Komucuja 3a on0paHy JOKTOPCKE IHCEpTallfje UMEHOBaHA je Ha ceauuiu oapxkanoj_ 14.05.2026.ronune

omnykom (akyrrera oa 6p. 01 6poj 1115/2, y cacrasy:

Nwme u pe3ume diaHa 3BabE Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3arocieH

1. Jp cu. Janmjena bBykwh-hocuh, penoBam npodecop, YuuBep3urer vy beorpagy —
®apmaneyrckn daxynrer (Yika HayuyHa 00acT: TOKCHKOI0TH]a), MPEACETHUK

2. Jlp cu. Ilerap bynat, pemoBHu mnpodecop, YHuBep3uteT v beorpagy — MeaunumHcky (haKynTeT
(Yxa Haygna obsact: Meauiimaa paja)

3. Hp cu. Munom CrojusekoBuh, penoBHN mpodecop, YHuBepsurteT vV bamo] Jlyiim — MeaunuHcKn

daxynrer (Yxka HayuHa obsact: PapMakoJIoraja ¥ TOKCUKOJIOTH|A)

Hanomena: ykonuko je wiaH KoMucuje y IeH3Mju HaBECTH AAaTyM NEH3UOHHUCAHA.

JEKAH ®AKVIITETA

Onnyka HacraBHo-HayuyHor Beha o ycBajamy m3Bemraja Komucuje 3a oleHy JOKTOPCKE AMCEPTAIIH]e

IIpunosu: 1. . :
U oAyKa o MMeHoBamy Komucuje 3a onOpaHy nOKTOpCKe AHCepTalyje
2. WM3Bemraj Komucuje o olieHu JOKTOPCKE TUcepTanuje

[TpumenGe Ha u3BemTaj KoMucuje o oleHn JOKTOpPCKe auceprarmje (YKOIHKO UX je GHIT0) U
Munubewe Komucuje o mpumendama

Hamomena: ®akynTer goctaBiba Y HUBEP3UTETY 3aXTEB ca MPUIO3UMA Y eNEKTPOHCKO] GOPMH H Y jeTHOM IMHCAHOM HPUMEPKY
3aapXxuBy YHUBEpP3UTETA



YHUBEP3UTET V BEOI'PALTY
OAPMALEYTCKU ®AKVIITET
11000 - BEOI'PAL

V. Bojoae Creme 450.

01. 6poj 2258/1

10.09.2026. roaune

Ha ocnoBy wrana 28. Craryra u mpemiora Komucuje 3a MOCIEIUIUIOMCKE CTyIHje —
NoKTOpcke crynuje, HacraBHo-Haydno Behe YHuBepsutera y beorpamy — ®dapmarneyrckor
¢dakynrera Ha cemauiy oapxkanoj 10.09.2026.romune, noHENO je

ONJYKY

IMPUXBATA CE no3utuBan u3Bemnitaj Komucuje 3a oreny u o0paHy 3aBpIiieHe JOKTOPCKE
nucepranuje, kagauaata auimi.papmanuje Y muhesuh Huna non naciosom: ,,buomapkepu
epexaTa opraHcKux pacTBapaya Ko/l 3anocjJeHux y uuaycrpuju odoyhe“ u ynyhyje Behy
HaydHHX OOJIAaCTH MEIUIIMHCKUX HayKa Ha yCBajame, a Mo J0OMjeHO] MHCAHOj CarylaCHOCTH
o100paBa jaBHa oa0Opana mpen Komucujom y cacrany:
1. Hp cu. Hanujena DBykuh-Thocuh, penoBan mpodecop, Yuusepsuter y beorpany
— @apwmarneyrcku akynrer (Yxka HayuyHa 06sacT: TOKCUKOJIOTH]A), IPEACETHUK
2. JIp cu. Ilerap bynar, pemoBHm mnpodecop, YHHBep3uTeT y beorpanxy —
Menumnuucku  dakynret (Yrka HayuyHa obnacT: MeauiuHa paia)
3. Op cu. Mwmmomr CrojusbkoBuh, penoBHH Tmpodecop, YHHBEp3uTeT y bamoj
JIyim — Meaunuacku  dakynrer (Yxa HayyHa oOmact: dapmakojoruja u
TOKCHKOJIOTH]ja)

YuusepsureT je gana 07.06.2022.rogune cBojum akrom 6p.: 02-01 6p: 61206-2078/2-22 nao
CariacHOCT Ha MPEUIOT TeMe JOKTOPCKE JUCEepTaIlHje.

Kanmunar auru. dapm. Huna YwmwuheBuh, oGjaBmiia je pesyaTaTe W3 OBE JOKTOPCKE
TUcepTaluje y 1Ba pajaa kareropuje M22 y mehynapoauum yaconmcuma ca CLIU nmucre:

1. Umicevic, N., Kotur-Stevuljevic, J., Paleksic, V., Djukic-Cosic, D., Antonijevic
Miljakovic, E., Buha Djordjevic, A., Curcic, M., Bulat, Z. and Antonijevic, B. (2022).
Liver function alterations among workers in the shoe industry due to combined low-
level exposure to organic solvents. Drug and Chemical Toxicology, 45(4), 1907—
1914,

IF (2022) = 2,8; Toxicology (82/106) M22

2. Umicevié, N., Kotur-Stevuljevi¢, J., Barali¢, K., Puki¢-Cosié, D., Antonijevié¢
Miljakovi¢, E., Buha Pordevi¢, A., Curéi¢, M., Bulat, Z. and Antonijevi¢, B. (2024).
Increased oxidative stress in shoe industry workers with low-level exposure to a
mixture of volatile organic compounds. Archives of Industrial Hygiene and
Toxicology / Arhiv za higijenu rada i toksikologiju, 75, 51-60.

IF (2022) = 2,3; Public, Environmental & Occupational Health (223/405) M22

Oanyky NOCTaBUTH: KaHIUAATy, YHUBEP3UTETY, WIAHOBUMA KOMHCH]e, JECKaHY, CEKpeTapy,
MpoJIeKaHy 3a MOCIeAUIIIOMCKe cTyauje, OJceKy 3a HacTaBy M CTyJEHTCKa mutama, OJceky



3a MpaBHE U OIIITE IIOCIIOBE, OCIOBHOM CEKpeTapy, MEHTOpy U npencennuky Komucuje 3a
MocIeIUIUIOMCKe cTyauje — noktopcke cryauje (Ilpod. np busbana AntonujeBuh) u apxuBH.

MPEJACEJTHUK
HACTABHO-HAYYHOT BERA
®APMALEYTCKOT
®AKYJITETA

IIpo¢. ap Harama borasan
Cranojesuh



HACTABHO-HAYYHOM BERY
YHUBEP3UTETA Y BEOI'PALLY - PAPMAILIEYTCKOI' ®AKYJTETA

KOMHUCHUJINA 3A TOCTEIUIIJIOMCKY HACTABY — TJOKTOPCKE CTYUJE

HacraBHo-Hayuno Behe ®@apmarieyrckor gakynrera, YHUBEp3UTeTa y beorpany, Ha CeHUIM OIPIKAHO)]
14.05.2026. ronune nmenoBaio je Komwucujy 3a onieHy U 00paHy 3aBpIleHEe JOKTOPCKE TUCEepTaIje
kauaugara Hune Ywmwuhesuh (ommyka 01. Opoj 1115/2), mummomupanor dapmarieyra, CTyAEHTa
JOKTOPCKUX aKaJeMCKHX CTyauja, MOAyl TOKCHKOJIOTH]ja, MpHUjaBJbeHE U OJ00peHe 3a H3paay IO

HaCJIOBOM:

»bHoOMapkepu edexara OPraHCKUX pacTBapaydya Ko 3amocjaeHuX y HHAYCTpuju o0yhe*

MenTop:

np ci. busbana AntonujeBuh, penroBHU Ipodecop

VYuusepsutet y beorpany — ®apmaneyrcku daxynrer

Komucuja y cacray:

ap cu. Jlanwjena Bykuh-hocuh, penoBHu npodecop, Yauepsurer y beorpamy — dapmareyrcku
(bhakynTeT

ap cu. [lerap bynar, pegosau npodecop, YauBep3uteT y beorpany — Meaunuacku axynrer

ap cu. Munom CrojusbkoBuh, penoBHU mpodecop, YHuBep3uteT y bawoj Jlyuu — Meauuuncku

¢bakynrer

IperJieiaia je IpuiIoKeHy JucepTanujy 1 npatehy nokymenTauujy u nogHocu HacraBHo-nayunom Behy

dapmarneyrckor (akynrera YHuBep3ureta y beorpany cnenehn



MN3BELITAJ
A. ITIPUKA3 CAAP/KAJA JOKTOPCKE JUCEPTALIMJE

JlokTopcka aucepranuja kKauauaara Huae Ymuhesuh o nacinoBowm ,,buomapkepn eexata opranckux
pacTBapaya Ko 3aloclieHUX y WHAYCTpUju o0yhe* HammcaHa je jacHO W mperienHo. Jlucepramuja
o0yxBaTa HCTpaXHBakbe paHUX OHONOMKUX edekara MPoPECHOHATHE H3JI0KEHOCTH CMelama
OpraHCKHX pacTBapayva KoJ 3aloCICHUX y HHAyCcTpuju oOyhe, y3 nmpuMeHy ceta Onomapkepa epekra u
in silicO TOKCHKOT€HOMHYKE aHAJIH3E.

JlokTopcka aucepTanuja je Hanrcana Ha 160 ctpana. Y okBHpyY paja nmpukaszaHo je 66 tabena, S5 ciuka
u 483 oubmmorpadcke jenunune. Jucepranmja caapxu cieaeha mormasspa: YBoa, Xunore3a v MUJbEBU
HCTpakuBama, Matepujanu u meroje, Pesynratu uctpaxkupama, Juckycuja, 3axspyunu u Jluteparypa.
Ha nouetky muicepraliuje mpruka3aHH Cy Ca)Kely Ha CPIICKOM U SHITIECKOM je3UKY, KIbyJHE peuu, HaydyHa
o0yacT M y)Ka HaydyHa 0o0JacT, JIOK c€ Ha Kpajy Hajasze Oumorpaduja ayropa WM MOTIHCAHE H3jaBE O
ayTOPCTBY, MCTOBETHOCTH IITAMIIAHE U EJIEKTPOHCKE BEp3Wje MOKTOPCKOT paja W Kopuihemy
JIOKTOPCKE AHCepTaluje.

YBoaHO mnorJaB/be CacTOjU C€ W3 IIeCT TemaTckux menuHa: (1) mpodecnoHanmHa H3JI0KEHOCT
OpraHCKHUM pacTBapaynMa, (2) TOKCUYHOCT OPraHCKUX pacTBapaua, (3) uarepakuuje uzmely pactapaua
y cmem#, (4) TOKCHKOJIOTHja CMEIIe W MpOIleHa KOMOWHOBAHE W3JI0KEHOCTH, (5) MeXaHW3MH
TOKCHUYHOCTH OPraHCKUX pacTBapadva u (6) Onomapkepu edekra y mporeH! paHuX OHOJIOIIKHUX ITPOMEHA
KO Mo (heCHOHAITHO MU3JI0KESHUX PaTHHIKA.

Ha nodverky yBoAHOT Aeja aT je OCBPT HA MIUPOKY WHAYCTPHUJCKY MPUMEHY OPTraHCKHX pacTBapaya, ca
MOCeOHUM HarjackoM Ha WHAYCTpHjy oOyhe kKao pajHy CpeIMHY y KOjoj Cy 3alocjeHW Hajuemnihe
U3JI05KEHU KOMIUIEKCHUM CMelllaMa UCTIapJbUBUX OPTaHCKUX JeTUbECHA.

VY HactaBky cy oOpaleHe HajBakHH]je TpyIle OpPraHCKHX pacTBapaya MPUCYTHE Yy PaJHO] CPEIUHH,
yKJbyuyjyhu apomaruune, anudaruyHe U IUKIMYHE YTJbOBOJOHHUKE, alKOXOJe, KETOHE, alAexujie,
KapOOKCHUITHE KHUCEJIMHE W JIpyra OpraHCKa je/IMikbema. 3a TOjeIMHaYHEe pacTBapade MpHUKa3aHU Cy
OCHOBHHU TOKCHKOJIOIIKH MPO(UIIN, IIMJbHU OPTaHH JIeJCTBA U JOMUHAHTHU MEXaHU3MHU TOKCUYHOCTH.
ITocebHa maxkwma mocBeheHa je HWHTEpakiMjamMa u3Mel)y pacTBapadya y CMeEIId, ca OCBPTOM Ha
TOKCUKOKMHETUYKE W TOKCHUKOJAMHAMHUYKE HHTEpaKIuje, yKbyuyjyhu KOMIETHIU]Y 3a 3ajeJHHYKE
MeTa0O0JIMYKE MMyTeBe, MHXUOWIIN]Y WM UHIYKIU]Yy eH3uMa OuoTpaHchopmaliije, HapoduTo €H3UMCKOT
cuctema muroxpoma CYP2El, xao um wmoryhHOCT mojayama OKCHIATUBHOT M HWH(IaMaTOpHOT
ontepehema. PazMoTpeHn Cy M caBpeMEHHM KOHIENTH IMpOLeHE KyMYJIaTHBHE W KOMOHHOBaHE
U3JI0KEHOCTH, YKJbYy4yjyhu H03HY, OJHOCHO KOHIICHTPAlMOHY aJUTHBHOCT, HE3aBUCHO [IEIOBaIbE,
CHUHEpru3aM, MOTEHIUPAkbE U aHTArOHU3aM, Kao ¥ MPUMEHY €KBHBAJIICHTA €KCIIO3UIM]e CMEIIIH.

VY 3aBpuIHOM Jeny YBOAHOT IMOTJIaBJ/ba YKa3aHO je Ha 3Hayaj OnoMapkepa edekTa y MPOLEHU paHUX
OMOJIOIIKUX TpOMEHa KoJA MpodecnoHanmHo H3NOKEeHUX paaHuka. OOpaheHH Cy XeMaTOJOMIKU
ouomMapkepu, OnoMapkepu (pyHKIUje jeTpe, MOKa3aTeJbu PEJOKC cTaTyca U OMOEIEeMEHTH y PEIOKC
perynauuju. Harmameno je pga wuHTerpucaHo mnpaheme OBHX MMapamMeTapa MOXE JONPUHETH
MPENo3HaBakhy pPaHUX, CYOKIMHMYKUX U HecnmeuuPUUHUX TPOMEHA IMpe pa3Boja KIMHUYKHU
MaHu(pecTHUX TmopeMehaja, Kao U TMPENHU3HUjO] TMPOILEHH 3IPABCTBEHOT pHU3HKA Yy YCIOBUMA
M3JI0’KEHOCTH PEaTHUM CMeIllaMa OPraHCKUX pacTBapaya.

VY nornaeby Xunore3a U IU/beBH UCTPAKMBaWa jacHO je JeduHUCaHA MOJa3HA MPETIOCTaBKa Jia
XPOHHUYHA NMPO(EeCHOHATHA N3I0KEHOCT HUCKUM KOHIIEHTpalljaMa CMellle OPraHCKUX pacTBapada KoJ
3aMoClieHNX y UHAycTpuju oOyhe Moxke JoBecTH [0 MEpJbUBHUX IIPOMEHAa XEMAaTOJOIIKUX,



OMOXEMU]JCKHX, PEIOKC M MOJICKYJIapHUX IOKa3aresba, YaK M KaJa KOHIICHTpAIMje IOjeJHHAYHUX
pacTBapaua He Tpelia3e I03BOJbCHE IPaHNYHE BPEIAHOCTH.

XunoTes3a UCTpAKHUBaKba 3aCHUBA CE Ha MTPETIIOCTABIM J]a CMEIIe OPraHCKUX pacTBapava MOTY M3a3BaTu
paHe U CyOKIMHHYKE OMOJIOIIKE e(eKTe IMyTeM 3aje JHUYKUX MeXaHHu3aMa TOKCHYHOCTH, YKIbY4yjyhu
OKCUJIATUBHH CTpec, MHGIaManujy U perynanujy hemmjcke cMptu. Y CKIaay C THUM, OCHOBHHU IWJb
JEcepTalyje O1o je 1a ce UCIUTa TOKCUYHY MOTEHITH]aJI CMEIIIe OPTaHCKHUX pacTBapada KoJ 3aI0CICHUX
y uHAycTpuju oOyhe MpUMEHOM HHTErpHUCaHOT MPUCTYyNa KOju 00yXBaTa MPOIEHY MpodecHoHaIHe
U3JI0’)KEHOCTH, aHan3y OnoMapkepa edekra u in SiliCo TOKCHKOreHOMUUKY aHAIH3Y.

LlwbeBn McTpaXuBama 00YXBAaTHIU Cy MPOICHY KOHIIEHTpAllMja OPraHCKMX pacTBapava y BasayXy
pagHe CpelrHEe M PU3UKa O] M3JIOKCHOCTH CMEIIHM, aHAIN3y XEMaTOJOIIKUX, OMOXEMHUJCKHX, PEIOKC
napameTapa U KOHIICHTpallija OnoeieMeHara y OHOJIOMIKAM y30piuma, Kao u in Silico ananusy rena,
Mpeka HHTEpaKI[fja, OMOJIONIKUX MPOIeca, CATHATHUX MyTeBa 1 000Jbeha MOBE3aHUX Ca UCTTUTHBAHUM
pactBapaunma. VIHTerpammjoM oBuX pe3yarara oMOryheHo je moBe3MBambe MOJICKYJIApHUX MEXaHu3amMa
JIeJI0Babha CMEIIe ca MEpJbUBUM OMOJIOIIKUM IPOMEHaMa KOJ1 TPO()eCHOHATHO U3JI0KEHUX paHHKA.

VY nornassby Matepujanau u MeTole A€TaJbHO Cy ONMKMCAHU MCIIUTHBAHA MOMYNalnja, KPUTEPUJyMHU 32
VKJbYyYMBakhe M HCKJbYYHMBAKE HCIHTAHUKA, TPOIEHA NPOPECHOHATHE H3JI0KEHOCTH OPTraHCKUM
pacTBapadynma, y30pKOoBame U 00paja OMOJIONIKOT MaTepHjaia, 1ab0paTopHujcKe METOIE 3a oipehuBame
XeMaTOJIOIIKUX, OMOXEMHUJCKHX M PEIOKC TapameTapa, ojpehuBame KOHIIEHTpalija OmoeneMeHara,
U3pavyHaBamke U3BEACHUX HHJIEKCA, MeTO Ie KopuliheHe 3a in SiliCO TOKCMKOTeHOMHUYKY aHaIH3Y, Kao U
CTaTUCTUYKA 00paja mojiaTaka.

UctpaxuBame je cnposeneno y ¢padpuru ooyhe ,,Cioprek y Korop Bapomm, bocna u Xeprierosuna,
y JIBE TIPOM3BOTHE jeIMHUIIE, O3HAUEHE KAa0 NIOTOH A U MOToH b, y KojiMa Cy 3armociieHi TOKOM PeJOBHOT
OCMOYACOBHOT PaJIHOT BpeMEHa OMITH U3JI0KEHU CMEIITN OPTaHCKUX pacTBapaya KOpUIIheHuX y mporecy
npou3Boike 00yhe. YV nucrpaxkuBame je ykibydeH 71 3nmpaB pamHuk crapoctu on 20 mo 55 ronuHa, ca
HajMame jJETHOM TOJWHOM PaJHOT CTa)Xka y YCJIIOBHUMa MPO(ECHOHATHE H3JI0KEHOCTH OPTaHCKUM
pactBapaunma. McnutuBany rpymny unHmWIo je 16 mymikapamna 3anocieHux y Ilorony A m 55 xenHa
3anociienux y [lorony b, 1ok je koHTpoaHy rpyny uynHuiao 60 3apaBux ucnuranuka, 30 Myimikapama u
30 »keHa, 3alOCICHUX HAa aJMHUHHCTPATUBHUM IIOCIOBHMA, 0€3 TpOQPECHOHATHE H3JI0KEHOCTH
XEMHUJCKUM areHCHMa.

Y OBOM MOTJIaBJbY HABEACHU Cy M KPUTEPHjYMH 33 MCKJbYYMBAIE U3 CTYIH]E, KOJU Cy OO0YXBaTHIIH
XpOHUYHA 000JIeHka, YIIOTpeOy Tepanuje, TpyaAHohy u craryc OuBIIMX nymada. CBU UCIIUTAHUIIA OWITH
Cy WHPOPMHCAHH O UIUJBEBUMA HCTpaXKMBamka W Jald Cy MHCAaHU HH()OPMUCAHH TPHCTaHAK.
HcTpaxkuBame je CHpOBENEHO Y CKJIaJy ca €TUYKHM MNPHUHIUNKMA JIehUHHCAHUM Y HajHOBHUjEM
amMaHIMaHy XeJICHHIIKE JIEKIapainuje u 0J00peHo je o cTpaHe ETudkor og0opa 3a ucTpaxuBama Ha
JbyauMa U OMOJIOIKOM Marepujany MemunuHckor (akynrera Yauep3utera y bamoj Jlymu (omtyka
Oop. 18/4.140/21), xao u ETmukor komuTeTa 3a OHMOMEIHMIIMHCKA HCTpaxuBama Papmarieyrckor
¢dakynrera YauBep3utera y beorpany (oamyka 6p. 249/1).

[IponieHa mpogecroHaTHEe U3JI0KEHOCTH M3BPIIEHA je MEPEHEM KOHIIEHTpAIMja XEMUJCKUX CYIICTaHIIH
y Ba3dyxXy pajiHe cpenuHe y o0e MPOW3BOJIHE jeMHHMIIC, Y YCIOBHMAa PEJIOBHOT pajia TEXHOJIOIIKUX
KarmanuTeta. Mepema cy cnpoBefeHa nomohy mpenocHor FTIR anammzatopa GASMET Dx-4000, a
uAeHTUGUKAIMja M KBaHTU(UKalMja TOjeAMHAYHUX KOMIIOHEHTH BpILIEHE Cy HH(PaALpPBEHOM
CHEKTPOMETPHJjOM. YKYIHAa H3JI0KEHOCT CMEIIM OPraHCKHX pacTBapada MPOIECHEHA j€ MPUMEHOM
KOHIIETNITA €KBUBaJeHTa ekcro3uije cMemu (EM), Ha OCHOBY oJHOCAa M3MEPEHUX KOHIICHTpalldja
MOjeIMHAYHUX pPacTBapadya U HUXOBHUX OJroBapajyhnx TIpaHUYHUX BPEAHOCTH TMpeMa Pa3IudUTUM
Mel)yHapoJHUM U HallMOHATHUM pedepeHTHUM cucteMuMa. Kao pedepeHTHe BpetHOCTH KopulTheHe ¢y
MpernopyvyeHe rpaHuile U3JIoKeHocTH HanumonamHor MHCTUTYTa 3a 0€30€IHOCT W 3[paBJbe Ha paay
(NIOSH REL), no3BoJbeHe rpaHuIle U3JI0KEHOCTH YTpaBe 3a O0e30emHoCT u 3apaBibe Ha paxy (OSHA
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PEL), rpanu4He BpeIHOCTH BPEMEHCKH MOHAEPHUCAHOT Mpoceka AMEpruUKe KOH(EpeHIrje BIaJHHUX
unnycrpujckux xurujennyapa (ACGIH TLV-TWA), mMakcuMallHO J103BOJbCHE KOHIICHTpAIHMje MpeMa
Hemaukoj DFG MAK komucwuju, kao u rpaHU4HE BPETHOCTH U3JI0KEHOCTH HA PAJHOM MECTY IPOTIHCAHEe
Bakehum npaBuinaunmMa Permyonuke Cpouje u Penyonuke Cpricke.

VY30puu BEHCKE KPBU MPHUKYIUbAHU CY Y jyTapkbHM YacOBMMa, HAKOH HONHOT TJa/0Bamba, Y OKBUDPY
PEIOBHUX CHCTEMATCKUX IPErJjiea HCTUTaHNKA.

XemaToJiomku napaMerpu ojapehenu cy momohy ayromarckor XeMaToJIOMIKOT aHam3aropa Sysmex XP-
300 (Sysmex Corporation, KoGe, Janan), y nmabopatopuju 3aBoja 3a MEIHWIIMHY paja W CIOpTa
Penyonmke Cprcke y bamoj Jlymu (bocha m  XepreroBwna), y CKIagy ca akKpeIUTOBAHUM
71a00paTOPHjCKUM MpolieypamMa. XeMaTOoJIONIIKU TapaMeTpy 00yXBaTHIIU Cy: Opoj epuTpouuTa (eHr. red
blood cells, RBC), xemornooun (HGB), xemarokpur (HCT), npoceuan BosyMeH epuTtpoimta (eHr. mean
corpuscular volume, MCV), npoceuan caapikaj XeMOTJIOOMHA y epuUTpOIMTYy (€HT. mean corpuscular
hemoglobin, MCH), npoceuna koHIeHTpalmja xemorioouna y 1L epurponura (eHr. mean corpuscular
hemoglobin concentration, MCHC), pacniozena eputporura mo Boiaymeny (eur. red cell distribution
width, RDW), 6poj neykorura (enr. white blood cells, WBC), ariconyTau 1 pesaTuBHH (TIPOIICHTYaTHH )
opoj mumdormra (LYM# u LYM%), anconyrau u penatuBHu 0poj Heyrpodmia (NEUT# u NEUT%),
30MpHHU anCOJYTHH U pellaTUBHH OpOj MOHOIMTA, co3uHoduiaa u 6azopmra (MXD# u MXD%), 6poj
tpomborurta (enr. platelets, PLT), mpoceuan Boaymen tpombomnuta (enr. mean platelet volume, MPV),
tpombokput (enr. plateletcrit, PCT), pacronena tpombonuta o Bosymeny (exr. platelet distribution
width, PDW). [TonatHo je uzpauyHart oxHoc Heyrpoduia u mumdormra (NLR).

buoxemujcku mapamerpu ojapeheHu cy momohy cemu-ayromarckor anamusaropa Microlab-300
(ELITech Group, Puteaux, ®panirycka), ynorpedbom komepirjannux peareHc-kutosa (Merck Millipore
Corporation, Jlapmcraar, Hemauka), mpuMEHOM CTaHAApPIHHUX CIEKTPOGOTOMETPHjCKUX METOMa, U
00yXBaTWIH CY. YKYITHH OWIMpPYOWH, TUPEKTHU OWIMPYOWH, TIYKO3Y, Ypey, KpeaTHHUWH, acmapraT
amuaoTpancdepasy (AST), amanun amuHoTpanchepasy (ALT) u rama-rimyramunrpanchepasy (GGT) u
YKYITHY KOHIIEHTPAIIH]y MPOTEHHA Y IJIa3MH.

Panu mHTerprcane mporieHe QyHKIIMOHATHOT CTamka JETpe U3padyHATH Cy CKOp pu3uka oj omtehema
jetpe, De Ritis koedunujeHt, HHAEKC OJHOCA acmapTaT aMuHOTpaHchepase u 6poja Tpombornuta (APRI)
u nHjekc xermaruane crearose (HSI). OBu nHaCKCH OMOTYhHIH Cy OJaTHY MPOIIEHY XEHaTOICTyIapHOT
omrehema, ka0 W CBEOOyXBaTHHjE carjielaBambe CYOKIMHUYKHX NIpOMEeHa (YHKIH]jE jeTpe KO
po(HECHOHATHO U3JIOKEHHUX PaJHUKA.

VY 1muiby MpOICHE PEIOKC cTaTyca oapelieHH Cy y3HampeIoBald MPOIYKTH OKCHAAIMje MPOTECHUHA
(AOPP), cynepokcuanu anjoH-paaukan (O:¢"), ykymnuu okcugatusau ctatyc (TOS) u mpooKCHIaTHBHO-
antuokcugatiBuu Oananc (PAB), ka0 W mapamMeTpd aHTHOKCHAATHBHE 3allITUTE. CYIEPOKCHI-
mucmytaza (SOD), mapaokconasa 1 (PONL1), ykynuu antHokcumatuBHu cratyc (TAS) u ykymHe
cynxunpuinne rpyne (SH rpyme). Mepema cy BpiieHa y naboparopuju Katempe 3a MeaUIIHHCKY
ouoxemujy, Yuusepsutera y beorpany - ®apmaneyrckor dakysrera.

Ha ocHoBy HaBezieHUX mapamerapa GOpMHUpPaHH Cy U3BEACHH PEIOKC WHACKCH: HHICKC OKCHUIAATHBHOT
crpeca (OSI), mpookcuaaTUBHUA CKOP, aHTHOKCHIATUBHU CKOP M OKCHIATHBHO-CTPECHU CKOP, YMME je&
omMoryhieHa HHTErpaTHBHA IPOLIEHA OJIHOCA U3Mel)y MPOOKCHIATHBHOT onTepeheha 1 aHTHOKCHIATUBHE
3aIlTUTE.

Konmenrpanuje 6roenemenara, ykbyuyjyhu reoxhe (Fe), maruesujym (Mg), nunk (Zn), 6akap (Cu) u
manrad (Mn), oxapeljeHe cy MeTOIOM HHIYKTHBHO CIpETHYTE IUIa3Me€ Ca ONTUYKOM EMHCHOHOM
criekrpomerpujom (ICP-OES), na unctpymenty PerkinElmer Optima 8000, nakon onropapajyhe
OpUIpeMe W MHHepalnu3alje y3opaka. AHamu3e OuoeleMeHara CIPOBEICHE CY Y HCTPAKHBAYKO)]
nabopatopuju TexHosoukor ¢axynrera YHuBep3urera y bamoj Jlynu.



In silico TokcukoreHOMHUYKa aHAIU3a CIIPOBE/ICHA j¢ KOPUIINCHEM jJaBHO JOCTYIHHMX 0Oa3a MmojaTaka u
onoumHpopmaTHuKKX ajnara, ykbydyjyhu Comparative Toxicogenomics Database, GeneMANIA u
ToppGene Suite. Ananu3a je u3BeleHa OJBOjeHO 3a pacTBapaue uaeHtuukosane y [lorony A u [lorony
b, a oOyxBaruia je npuKynJbame MoJaraka 0 MHTEpaKijaMa pacTBapaya ca reHuMa, WACHTU(UKALH]Y
3ajeIHNYKUX TEHA, aHAIM3y Mpexa HWHTEepakiuja, (YHKIHOHAIHY aHAJIW3y OMOJIOMIKHX IpoIeca,
MoOJIeKyJTapHUX (PyHKIHMja, hennjckux KOMIIOHEHTH, CHUTHAIHUX IyTeBa M OOJIECTH, Kao U IMOCEOHY
aHaJIM3y reHa NMOBE3aHMX Ca XeMaTOTOKCHYHOIINY M XeMaTOTOKCHYHOLIY.

VY ey koju ce OJHOCHM Ha CTAaTUCTHYKY OOpaay IoJaTaka HaBeIEHO je Ja je aHaM3a W3BpIICHA
kopuiihemem coprBepckor makera IBM SPSS Statistics, Bep3uja 25.0. HopmannocT muctpuOyiimje
ucriutana je Shapiro-Wilkovim u Kolmogorov—Smirnovljevim tectom. ¥ 3aBucHocTH 07 pacmojerne
nojaraka kopumrheHu cy ojaroBapajyhu mnapamMeTpujcku M HemapaMmeTpHjCcKH TECTOBH, Y2 TecCT,
Spearman-oa kopenanuoHa aHaJIn3a ¥ OWHApHA JIOTHCTUYKA perpecnona ananmmsa. Bpennoctu p < 0,05
CMaTpaHe Cy CTaTUCTUYKU 3HAYQJHUM.

VY nornasspy Pe3yJraTu ucrpakuBama TabeapHO U rpapUuKy IPUKA3aHU Cy OPUTHHAIHU PE3YNITaTh
IoOMjeHn y HCTpaKuBamy. JlaT je metasbaH MpuKa3 pe3yirara MpoleHe npodecHoHaIHe U3I0KEHOCTH
OpraHCKMM pacTBapauynMa y Tpou3BOAHUM TioronuMa A wu b, ykbydyjyhu KoHIEHTpaIuje
MOjeIMHAYHUX pacTBapada y Ba3llyXy pagHe CPeIWHE M MPOIEHY YKYITHE H3JI0)KEHOCTH CMEIIH
MPUMEHOM EKBUBAJIEHTAa eKcnosuiuje. [IpukazaHu cy pe3yinraTH XeMaTOJIONIKUX, OMOXEMHjCKUX W
penokc mapaMerapa, KOHIIEHTpalija OuoereMeHara, Kao M M3BEACHMX MHJEKca (QYHKLHUje jeTpe U
peloKc craryca KoJ Mpo(ecHOHAIHO M3JI0KEHUX paJHWKAa M KOHTPOJIHHX ucnuTaHuka. [loceOHO cy
MIpUKa3aHU Pe3yITaT aHaJu3a MpeMa MyIadykoM CTaTyCcy U JyKUHU MpodecuoHamHe U3JI0KEHOCTH. Y
OBOM IIOTJIaBJbY MPUKA3aHU CY U PE3YITATH JIOTUCTHUKE PErPECUOHE aHATIN3€e U KOpeJalloHe aHaIIN3eE,
Kao u pe3yarary in SiliCo TokcHKOTeHOMHYKE aHATM3€, YCMEPCHH Ha MACHTU(UKAIIU]Y TeHa, OHOJIOIIKHX
mporeca, MOJEKyJapHUX (YHKIMja, CUTHAJIHMX IIyTeBa M OOJeCTH MOBE3aHUX Ca HCIUTHBAHUM
CMelllaMa OpPraHCKUX pacTBapaya.

VY nornarspy JuMckycmja mpukazaHa je eTajbHA aHalu3a JOOWjEHHX pe3yliTara OBE NUCEpTAlHje y
KOHTEKCTY JIOCTYITHUX JIMTEPATypHUX NojaTaka. JIMCKyTOBaHHU Cy Pe3yJITaTH MpoleHe MpodecnoHaIne
M3JI0KEHOCTH, TTPOMEHE XEMAaTOJIOMKUX U OMOXEMHJCKUX IMOoKa3aTesba, OnoMapkepa (GyHKIH]jE jeTpe,
pelokc craryca W OuoeneMeHaTa, Kao M HHXOB 3Hayaj y MPOIICHW paHWX OHOJIOMIKHX edekaTa Ko
paHuKa M3JI0KEHUX CMelllaMa OPraHCKUX pacTBapava. [loceOHO cy pa3MOTpeHH pe3yinTaTH H3BEACHUX
WHJIEKCa, YKJbYuyjyhu HHIEKkce (QyHKIMje jeTpe W HMHTETrpaTUBHE PEIOKC HWHICKCE, Kao W Hajasu
JIOTHCTHYKE perpecuje M KoperialuoHe aHanuse. Pesyaratu in SiliCO TOKCHKOr€HOMHYKE aHAIHM3e
JMCKYTOBaHU Cy Yy IIHJbY TOjallllbeha MOTYNHX MOJICKYJIapHHX MEXaHHW3aMa TOKCHYHOCTH CMellla
OPraHCKUX pacTBapauva.

Y nornaBby 3ak/bydlli HM3HECEHU Cy PEJICBAHTHU 3aKJbYUlld KOJU TMPOM3MIIA3E W3 pe3yiTara
CIIPOBEJCHOT HCTpaKMBarba M IHUXOBE aHalM3e, MOCEOHO y MOTJeay MpolleHe MpodecroHaIHe
U3JI0KEHOCTH CMelllaMa OPraHCKUX pacTBapayva, uaeHTH(UKalMje paHuX OMOJIOKKX eekara, 3Hadaja
ouomapkepa edekra u Moryhux MoJIeKyJIapHUX MEXaHW3aMa TOKCUYHOCTH. 3aKJbYUIH YKa3yjy Ha 3HAYA]
HHTErPUCAHOT TIPUCTYIA KOju 00yxXBaTa MEperhe U3II0KEHOCTH, aHaIN3y OUOJIOIIKHUX TTOKa3aTesba U in
SiliCO TOKCMKOTEHOMHYKY aHAIM3y Y MPOIEHH 3IPaBCTBEHOT PU3MKA KOJ 3allOCIEHUX Y MHAYCTPUjU
oOyhe.



VY nornasipy JluTepatypa HaBesneHe Cy pedepeHiie Koje cy kopuurheHe TOKOM n3pajie 0BE JOKTOPCKE
JFcepTaIuje.

b. OITUC NIOCTUTHYTHUX PE3YJITATA

VY nornarspy Pe3yjraTH MCTpakMBamwa NMPUKA3aHU Cy OPUTMHAIHU PE3YITAaTH KOjU C€ OJHOCE Ha
OTIITE KApaKTEPUCTUKE WCIUTHBAHE TOITyJalMje, KOHIIEHTPANWje OPraHCKUX pacTBapava y paaHoj
arMocgepH, TMPOIEeHy €KBUBAJICHTA EKCIO3HIMje CMEIIN, XEeMaTOoJOUIKe M OMOXeMHjCKe mapamerpe,
uHCKCce QYHKIM]jE jeTpe, mapaMeTpe peloKe CTaryca, KOHIEHTpalije OnoeneMeHara, yTuiaj mymaqkor
craryca W Qy)XHHE NMpo(ecHoHaTHEe H3JI0KEHOCTH, KOpENaloOHe aHajliHu3e, JIOTUCTUYKE PErpechoHe
Mojiene u pesyarare in SiliCO TOkCHKOreHOMUYKE aHaTU3e.

VY npBoM Jeny pe3ynrTaTa MpHUKa3aHe Cy OIITe KapaKTePUCTUKE MPO(HECHOHAIHO U3JI0KEHUX paJHUKA
Y KOHTPOJTHUX UCITUTAHUKA. VICIIUTaHUIN 3aTI0CIICHH Y TTPOU3BOJJIHOM IMOTOHY A OWJIM Cy MYIIIKOT TIOJIa,
JIOK Cy y NMPOU3BOJHOM ToroHy b Omie 3anociene pagauie. M3moxxeHe ¥ KOHTPOIJIHE Tpyre Owmie cy
I00po yrmopenuBe TpeMa CTapoCTH, MHIEKCY TEJIeCHE Mace W IYIIAYKOM CTaTycy, ITO omoryhaa
MOY3JaHWje carjieflaBabe pa3iiKa TOBE3aHWX ca MPOPECHOHATHOM W3JI0KEHOMINY OpraHCKUM
pacTBapaduma.

VY HacTaBKy Cy TpHKa3zaHH pe3ylTaTH Mepema OPraHCKUX pacTBapada y pagHoj aTMmochepu
npoun3BOHUX MoroHa A u b. YV morony A oapehenu cy nUKIOXEKCaH, TOJMYEH, CTUPEH, alleTalIIeXU/I,
METaHCKa U aleTaTHa KucenuHa, popManaexua, eTaHos, OyTaHo, alleToH, H30TPOaHO, METHII-ETHII-
KETOH ¥ METHJI-M300YTHII-KETOH, JIOK CY M-KCHJIEH, 0-KCHJICH, N-XeKCaH, N-XeNTaH, TUMETII-CYyA(UI 1
JTUMETHIT-TUCYII(HT OWITH UCTIOT TPaHHMIIE AeTeKIHje. Y MOToHy b ieTekToBaHm cy M-KCHJICH, O-KCHJICH,
N-XeKkcaH, N-XenTaH, MHUKIOXEKCaH, TONYEH, aleTalIexu], METaHCKa W alleTaTHa KUCEIWHA, eTaHOI,
alleTOH, W30IPOIAHOJ, METHI-CTHII-KETOH, METHI-H300yTHI-KETOH, TUMETWI-CYI(QHI U JIUMETHII-
mucyndua, 1ok cTupeH, GopMaaexu U OyTaHOI HUCY JCTEKTOBAHH.

CBe m3MepeHe KOHIIEHTpaIHje MOojeIMHaYHUX pacTBapada y 00a moroHa Owiie Cy MCIOJ MPOIMUCAHUX
TPaHUYHUX BPEIHOCTH NpoQecnoHaiHe U310KeHOCTH. MelyyTum, rmporiera KoMOMHOBaHE U3JI0KEHOCTH
MMPUMEHOM €KBHUBAJICHTA EKCITO3MIIM]€ CMEIHN MOoKa3aia je /1a 30MpHH MoKa3aTesbu U3JI0KEHOCTH y 00a
MOTOHA TIpeMa TMOjeIMHUM pedepeHTHHM cucTeMuMa mpenase BpeaHocT 1. Y morony A HajBuia
BpenHocT nooujena je mpema NIOSH kputepujymy, rae je Em uznocuo 8,77, nok cy Bpeanoctu Behe on
1 yrephene u npema ACGIH kpurtepujymy, Hemaukom MAK-y u npasunauky Penybnuke Cpouje. ¥V
norony b Bpemnoctu Em npenaszune cy 1 mpema NIOSH u ACGIH kpurtepujymuma. OBu Halla3u yKaszyjy
Ha HY>KHOCT carjie/laBarba KOMOMHOBAHE W3JI0KEHOCTH OPTaHCKUM pacTBapavynMa.

VY okBHpY XeMaTOJIONIKUX aHAJIN3a, KOJI pPaIHUKa HUje OMJIO 3HaYajHUX pasiinka y ykyrmaom 6pojy WBC,
RBC, konnentpammju HGB, HCT, O6pojy PLT wu penaTuBHUM BpeIHOCTHMA JICYKOIUTHUX
cyOmomnynanyja y OJJHOCY Ha KOHTpOJIHY rpymy. Mnak, youeHe cy 3HavajHe MPOMEHE SPUTPOIIUTHHUX
unaekca: Bpeanoctu MCV 6une cy ke, a MCHC Bume kon uznoxeHux pagHuka. JlomatHo,
arniconytHu 6poj NEUT# Ouo je 3HauajHO HMKM KOJ M3JT0KeHUX paanuka. Kon pagauia cy 3abenexene
CYNTHIIHE, aJli 3HAYajHe MPOMEHE EPUTPOIUTHE JIMHU]e, PBEeHCTBeHO Hmke BpenHoctd HCT u Buie
Bpeanoctu MCHC, nok je y pomboruTHOj muauju yrBphen nopact PCT.

Jloructuka perpecuoHa aHaiu3a J0JIaTHO je MOTBp/uiia 3Havaj oBUX Hanasza. Kox pagnuka cy MCV u
MCHC 6unu 3HauajHO MOBe3aHU ca MPoGECHOHATHOM U3JI0KEeHOIhY Yy YHUBapHUjaHTHOM MOJIENY, JOK
je MCHC 3anpxao He3aBUCHU NPEeIUKTUBHU 3Hayaj y MyATHBapujaHTHOM Mmojeny. Kox paanuna cy
HCT u MCV 06unu 3HauajHu yHUBapujaHTHU NpeaukTopH, 1ok je HCT ocrao He3aBHcaH MPEIUKTOP
npodecroHaHe U3NI0KEHOCTU. YKYIMHO MOCMAaTPaHO, XeMAaTOJIOMIKH Hajla3u He YKa3zyjy Ha U3pakeHe
nopemehaje KpBHE CIUKe, alld yKa3yjy Ha paHe, CENIeKTUBHE U CYOKIMHUYKE MPOMEHE XEeMaTOJOIIKOT
npoduia koA mpohecuoHaIHO U3JI0KEHUX UCITUTaHUKA.



broxeMujcku pe3ynraru mokasaiau Cy IpoMeHe Koje ce MPBEHCTBEHO OJHOCE Ha MoKas3aTesbe (pyHKInje
jerpe. Kon pamnuka cy BpetHOCTH YKYIHOT U nupekTHor Omnupyouna, AST, GGT u ykynHux npoTenHa
Ouse 3Ha4yajHO BUILE Y OJHOCY Ha KOHTPOJIHY Tpymy, JOK je akTuBHOcT ALT Oumna Buma, anu 6e3
cTaTucTHuke 3HadajHocTH. Kox pamuuma cy 3abeseskeHe BHIIE BPEAHOCTH YKYIHOT W JUPEKTHOT
ounnpybuna, raykose, ypee, AST, GGT u yKynmHuUX HpOTeHMHA, y3 HHXKE BPEIHOCTH KpEaTHHHHA.
AHanm3a BpeIHOCTH HW3HAJA pedepeHTHHX WHTEepBaja IOKa3aua je Ja Cy OJCTylama OHMOXEMH)CKUX
napameTapa Owia M3pakeHuja KOJ paJHUKa, IPU YeMY Cy KOJ Jeja M3JI0KEHUX PaTHHKA BPEAHOCTU
ALT u GGT nocrtuzane u 10 TpH IyTa BHIIIE BPEIHOCTH OJ] TOPH-E peepeHTHE TpaHHUIIe.

[TocebHO cy ananm3upanu uHACKCH GyHKIH]je jeTpe: Z-ckop omreherma jerpe, De Ritis koedunujenr,
APRI unanexc u HSI. Kox pamnuka cy Bpemnoctu Z-ckopa omrehema jerpe u APRI mnzmekca Owuie
3HAYajHO BHIIE Y OJHOCY Ha KOHTPOJIHY rpymy, 1ok AST/ALT oanoc u HSI Hucy mokaszanu 3HadajHe
pasnuke. Kon paguuna cy Z-ckop omreherma jerpe, AST/ALT oxnoc u APRI wHgekc Ouau 3Ha4ajHO
BumH, ok je HS| mokasmBao rpaHWYHHM TpeHHA. Y JIOTHCTUYKHM PETPECHOHUM MojennMa Z-CKOp
omrehema jerpe ce ko 00a moJia U3IBOJHO Ka0 HEe3aBUCAH MPEIUKTOP MPOPECHOHAITHE U3JI0KEHOCTH.
OBaj Hamaz mnoOceOHO HCTUYE BPEIHOCT MHTETPATUBHUX HWHJEKCA Y IMIPENO3HaBalky paHHUX
XEMaTOTOKCHYHUX edeKara y yCIOBHMA U3JI0KEHOCTH CMelllaMa OPraHCKHUX pacTBapaya.

Jeman on Haju3paKEeHUJUX HaJla3a AMCEPTAIMje OJHOCH ce Ha mapaMeTpe pefokc cratyca. Koa pagnuka
je yrBpheH moMak peloKC paBHOTEKE Ka MPOOKCHIATHUBHOM CTaTyCy, Ca 3HAUajHO BUIIMM BPETHOCTHMA
O:+7, TOS u PAB. HcroBpemeHo cy 3abenexxene suime BpenHoctd SOD u ykymamx SH rpyna, mro
yKa3yje Ha aKTHBAIW]y MOjeINHUX KOMIIOHEHTH aHTHOKCHIATHBHOT OAroBOopa. MHTETrpHcaHW perokc
uHaekcH, ykibyayjyhu OSI, mpookcumaTHBHH CKOpP, aHTHOKCHJIATHBHU CKOP M OKCHIATHBHO-CTPECHU
CKOPp, OMJIM Cy 3Ha4YajHO BUILM KOJ M3JIOKEHUX pajiHUKa, MoTBphyjyhu nmopemehaj peaokc xomeocrase.
Kon panauia je mopemehaj pefokc cratyca 6uo jomn uspaxkenuju. Bpemnoctu AOPP, O:¢7, TOS u PAB
OwJie cy 3Ha4ajHO BHIIE y OJJTHOCY HAa KOHTPOJIE, IITO yKazyje Ha nmoBehaHo okcuaaTuBHO ontepeheme u
okcugaTuBHY Moaudukanujy onomonekyna. AktuBHoct SOD, Bpennoctu TAS u ykynaux SH rpyna
Takohe cy Ome Buie, 10k je aktuBHOCT PON1 6una 3Havyajuo Huka. CBU UHTETPUCAHU PEAOKC HHICKCH
OwiM Cy 3Ha4YajHO TIOBHMIICHHW KOJI H3JI0KCHUX pagHUIld, YWME je TOTBpHeHa JOMHUHAIMja
MIPOOKCUIATHBHOT 00paciia.

Jloructuyka perpecroHa aHalln3a JI0JIATHO je yKa3aia Ha IPeJAMKTUBHYU 3Hauaj peJoKce mapamerapa. Kon
pannuka cy Oz+7, TOS, PAB, SOD u ykynue SH rpyrie 6uinu 3Ha4ajHU YHUBapUjaHTHHU MPEAUKTOPH, TOK
cy PAB u SOD 3anpkanu He3aBHCHHM 3Hayaj y MynTuBapujaHTHOM Mozeny. Koxa pamnuma cy AOPP,
TOS, TAS, SOD u PON1 Ownu 3Havajuu yHuBapujanTHu npenukropu, a AOPP u SOD cy ocramu
HE3aBUCHH NPEAUKTOPHU MPodecuoHanHe u3I0KeHOCTH. [IoceOHO Cy ce M3IBOjUIIN UHTETPUCAHH PEIOKC
uaaekcn: OS| W aHTHOKCHIATHBHHM CKOp KOJ 00a TOJa OCTald Cy HE3aBUCHH NPEAUKTOPU
npodecroHaHe n3noxeHocTn. OBH pe3ynTatu NOTBplhyjy Ja OKCHIATHBHH CTPEC MPEICTaBIba jeJ]aH 01
KJbYUYHUX PAHUX OMOJIONIKUX eeKaTa U3JI0KEHOCTH CMeIllaMa OPraHCKHX pacTBapaya.

VY okBHpy aHanu3e OHoeseMeHara yrBpheHe cy npoMeHe Koje J0AaTHO yKa3yjy Ha nopemehaj peaokc u
MeTtabonnuke xomeoctasze. Kon pamnuka cy koHueHtpauuje Fe u Mg Oune 3HayajHO BHUIE, JOK je
koHIeHTpanuja CU Owia 3Ha4YajHO HIDKA y OJHOCY Ha KOHTpoJiHy rpymy. Konx pamauia cy yrBphene
BHUIIIE BpeAHOCTH Fe, y3 Hmke koHneHTpanuje Mg, Zn u Cu. Konnentpanuja Mn y y3opiuma u3noskeHux
paHUKa U PaJHMIIA OWJIa je UCIIOJI TPAHHUIIE IETeKIHje. Y JIOTUCTHYKUM perpecuoHuM moaenuma Md je
KOJI paJHUKa 33Jp>Ka0 HE3aBUCHU MPEJUKTUBHU 3HAYa], TOK KOJ pajJHHUIIA HUjeJaH OHMOeNeMEHT HHUje
0CTa0 He3aBHCaH MPEIUKTOP HAKOH MYATHUBapHjaHTHE aHanu3e. Hajnocnennuju Hanas y 006e U3noxkeHe
rpyme 6uo je mopact Fe u camkeme CU, ITO MOXKE UMATH 3Ha4a] Y KOHTEKCTY OKCUAATUBHOT CTpeca U
AHTHOKCHIATUBHE 3aIITHUTE.

VY HacTaBKy pe3yiTara aHaIM3MpaH je YTHIlAj mymadkor cratyca. CtpaTudukaiyja je mokasana aa ce
OCHOBHM O0OpacIy XeMaTOJIOIIKUX, OMOXEeMH]CKUX, PEJIOKC U MPOMEHa KOHIIEHTpaluje OuoeemMeHara,
yIJIaBHOM OJIp)KaBajy U HAKOH IMOJeNie UCIIMTAaHNKa Ha TyIade u Henyinade. Ko pajgHuka cy moBUIleHe
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BpenHoctu MCHC, nupextnor ounupyouna, AST, ykynmHux npotenHa, Z-ckopa omreherma jerpe, Kao u
MIPOMEHE pelOKC MapaMerapa, Ouje MpUCyTHE y 00a mymaudka crpara. Koa paaHuna cy CHMKEHE
Bpennoctu HCT, moBumenn OunupyOouH, yKyIHU MpOTeHHHU, Z-ckop omrtehema jerpe u mopemehaju
pEloKC cTaTyca Takohe perucTpoBaHH M KOJ pajJHUIlA Mylllaya v Hemymava. ako je mymadku craryc
MOM(UKOBAO TOjeIMHE MapaMeTpe, HApOYUTO JIeo0 Onoxemujckor npoduia kox pagauna u PAB xon
panHuKa, HHje Y TOTIYHOCTH 00jalImhaBao pa3iuke u3Mel)y U310KeHnX 1 KOHTPOJIHUX TPyTIa.

Ananu3a npema JTy)XKUHH NpoQecuoHatHe N3I0KEeHOCTH TI0Ka3ala je a paJHu CTax HUje Ono 3Ha4ajHO
nmoBe3aH ca BENMHOM XEMAaTOJIOIIKUX M OMOXEMHJCKUX TIapaMerapa, HUTH ca KOHIEHTpalfjaMa
onoenemenara. HajpakHuje pasnmuke oJHOCWIIE Cy ce Ha peqokc craryc. Kon paaHuka cy BpeaHOCTH
O:+~ Gune BuIIEe KOJ ocoda ca MyKUM pamHuM ctaxxoMm. Kon pagHuina cy pasiuke Owie u3paxkeHuje:
pamHUIlE ca CTAXOM OJ 5 roMHa U BUIIIE UMae Cy BUIIEC BpeTHOCTH (27, MPOOKCHIATUBHOT CKOpa M
OKCHJIATHBHO-CTPECHOT CKOpa, y3 Hmxke BpemHoctd SOD u aHTHOKCHIaTHBHOT ckopa. OBM Haiasu
yKazyjy Jda Oyxe Tpajambe MpodecHoHaTHE H3JI0KEHOCTH MOXKE OWTH TOBE3aHO ca TOojadyaHUM
MIPOOKCHIATUBHUM omTepeheeM, HapoUuTO KOJ| paTHHIIA.

Kopenannone aHanmmse IOJAaTHO Cy IMOBe3asie Haja3e PENoOKC cTaTyca, OMOXEMH)CKHX Tapamerapa u
onoenemenara. Kox pamHuka Cy NpPOOKCHIATHBHH IapaMeTpu OWJIM TOBE3aHM ca IMOKa3aTesbuMma
dbynkmje jerpe u Mmerabonu3ma rirykose: TOS je mosutuBHO Kopenupao ca AST, ALT u GGT, nox je OSI
6uo nosesaH ca riyko3om, ALT u APRI unnexcom. Kon pagauna cy peaokc napameTpu OUIU MOBE3aHU
ca OmmmpyomHckuM MmetabomuzmoM, ALT, HSI mamexcom m myxmHOM pamHOor cTaxa. IloceOHO je
3Ha4yajaH Hajla3 Ja Ccy TOIWHE paJHOT CTaka KOJ paJHHIa OWiie MO3UTHBHO ToBe3aHe ca e
MIPOOKCHJIATHBHAM M OKCHIATHBHO-CTPECHHM CKOPOM, a HETAaTHBHO Ca aHTHOKCHIATHBHUM CKOPOM U
ykymauM SH rpymama. OBu pesynraté moTBplyjy melycoOHY MOBE3aHOCT Tpajama H3JI0KEHOCTH,
OKCHJATUBHOT CTpeca U paHUX OMOXEMHUJCKUX MPOMEHA.

V 3aBpIIHOM fiey pe3yiTara mprkasana je in siliCo TokCMKOreHOMHYKa aHaIM3a OPraHCKUX pacTBapaya
unentudukoBanux y moronnma A u b. Koy pactBapada npucyrHux y morony A uaeHTH(OUKOBAHU Cy
3ajenanuku TeHn CASP3, CXCL8, HMOX1 u MAPK1. ®yHKiimoHa Ha aHajau3a yKaszalia je Ha Impoiece
MOBE3aHe ca OJArOBOPOM Ha peakTwBHE BpcTe KuceoHuka (ROS), mH(pIaMaTOPHOM CHUTHAIH3AIHjOM,
perynanujoM Murpamuje jJeykorura U hemmjckom cmphy. AHanmu3a 30MpHOT CKyma reHa J0JaTHO je
W3/IBOjUJIa peryiaiyjy mporpaMupade henmjcke cMpTH, amonToTcke mporece, Mehyhenumjcky
curHanu3anujy, meradosmsam, VEGFA-VEGFR2 curnanusanujy, HHTEpJICYKUHCKY CHUTHAJIW3AIU]y U
MyTEBE TIOBE3aHE Ca KAPIIMHOTEHE30M.

VY oKkBHpY aHaJIM3€ XeMaTOTOKCMYHOCTH 3a moroH A usnBojenu cy reau CAT, GSTP1, HMOX1, IL1B,
IL6, PTGS2 u TNF, koju ynyhyjy Ha MexaHu3Me aHTHOKCHAATHBHE OA0paHe, OKCHIATHBHOT CTpeca,
uH(IIaMaTOPHOT OAroBopa u peryianuje henujckor omrehema. CUrHAIHY yTEBU YKIbY4nBaiu cy Nrf2-
nocpenoBane oarosope, NF-xB curnanuzanmjy u nHTEpICyKHMHCKY CUTHAJIM3AIN]Y, IITO j€ Y CKIaay ca
eKCIEPUMEHTAIHO T0OWjeHUM Hala3uma o IpoMeHama OrnoMapkepa QpyHKIHMje jeTpe U peloKC cTaryca.
VY aHanu3M XeMaTOTOKCHUYHOCTH 3a NMoroH A uszzasojenu cy IL1B u PTGS2, nok je 30upHu cKym reHa
yKa3ao Ha XeMaronoe3y, akTUBaIujy henuja, perynanujy UMyHCKOT OJITOBOPA H arlornTo3Yy.

Kon pactBapaua mpucytHux y norony b maentuduxoBanu cy 3ajennuuxku rean CXCL8, CYP1A1L,
CYP2E1 u HMOX1. dysnknuoHanHa aHajau3a OBUX T€Ha YyKa3ala je Ha OKCHUAOPEAYKTazHy U
MOHOOKCHUT'CHA3HY aKTHBHOCT, BE3MBaHE 32 XeM, MeTaboym3aM yriboBojoHuKa, P450 enokcureHasHu
NyT, XWJIPOKCWJIALM]y JUIOHAA, MUTOXOHJIPHUJCKY MeMOpaHy M MeMOpaHy €HJO0IUIa3MaTCKOT
perukynyma. Ilocebno je 3Hawajan CYP2E1l, koju je y aHamu3um XemaTOTOKCUYHOCTH M
XeMaTOTOKCUYHOCTH 3a MOroH b M3/1BOjeH Kao 3ajeAHHYKH TeH, uMajyhu y BUAY HEroBYy YyIOTYy Y
OKCHJIATUBHOM METab0JIM3My OPraHCKUX pacTBapaya, OMoTpaHchopMannji KCeHOOMOTHKA U CTBAPABY
ROS.

VYKynHO mocMaTpaso, pe3ynrarty in Silico ananm3se omyHWIM cy eKCriepuMeHTalIHe Halla3e 1 oMoryhum
IIMpH yBUJ Yy Moryhe MosieKyllapHe MEeXaHHu3Me JiefIoBamba CMellla OpraHCKUX pacTBapada. Koj morona
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A W3IIBOjEHM Cy I'€HU U IYTEeBH TOBE3aHU Ca OKCHJATUBHUM CTPECOM, MH(MIaAMAIHMjoM, PEeryiaanujom
henmjcke cMpTH, XemaTOTOKCHYHOIINY M XeMaTOTOKCHYHOIINy, NOK cy KoJx moroHa b moceGHO
uctakaytu CYP-mocpenoBana Ouorpanchopmaiuja, OKCHIOPEayKTa3Ha aKTUBHOCT, MUTOXOHIPH)CKO-
€HJIOTIIIA3MAaTCKEe KOMIIOHEHTE U MeTa00JIM3aM KCEHOONOTHKA.

[Ipukazanu pe3yaTatu ykaszyjy Aa je nmpodecruoHamHa W3JI0KEHOCT CMelllaMa OPTaHCKUX pacTBapaya y
uHaycTpuju oOyhe moBe3zana ca panuM, CyOKIMHHYKUAM IPOMEHAMa XeMaTOJIOUIKUX, OMOXEeMHJCKUX U
pelIoKC ToKa3aresba, Kao M ca NpOMEHaMma XOMeocTa3e OuoejeMeHaTa, Yak W y YCIOBMMa Kajaa
KOHIICHTpalHje TojeAMHAYHNX pacTBapaya He Mpelia3e Mponucane rpaHudHe BpenHocTH. MHTerpanymja
MoJiaTaka O M3JI0)KEHOCTH, OMOMapkepa e(ekra, pe3yiTara KOpeJalHOHUX U PerpecHOHMX aHajiu3a U
Hamaza in SilicO ToxcukoreHoMuuYke aHanuze, omoryhmia je cBeoOyXBaTHHjE carjie/aBame
MOTEHIMjaTHUX MEXaHW3aMa TOKCHYHOCTH CMeEIa OPraHCKHUX pacTBapadya H HWIACHTU(DUKAIH]Y
MoKa3aTeJba O]l 3HaYaja 3a MPOLEHY 3JPaBCTBEHOT PU3UKa KO MPOPECHOHATHO U3JI0KECHUX PaTHHUKA.

B. YHHOPEJTHA AHAJIN3A PE3YJITATA JOKTOPCKE JUCEPTAIUJE CA ITOJAIIMUMA
N3 JIMTEPATYPE

B.1. Ilpouena npogecnoHa e U3/10KEHOCTH CMeIlIN OPraHCKHUX pacTBapaya

Pesynratn oBe MOKTOpCKE AMcepTaiyje MoKaszaid Cy Ja NpodecHOHAIHA H3JI0KEHOCT OPraHCKHM
pacTBapauuMa y MHIYCTpUjU oOyhe IpencTaBjhba KOMIUIEKCHY KOMOWHOBAHY HM3JI0)KEHOCT CMellama
WCTApJPUBUX OPraHCKUX jeJMbEHa, MPH Y€MYy Cy KBAJUTATUBHU W KBAHTUTATHBHU CAaCcTaB CMeIe
3aBHCHIIH O] TEXHOJIOIIKOT TIPOIleca U PaJHOT OKpYKema. Y 00a IMpOou3BOIHA MTOTOHA KOHIIEHTpAIHje
MOjeIMHAYHUX OPraHCKWX pacTBapada Owje Cy YHyTap J03BOJBCHHX TPAHHUYHUX BPEAHOCTH
npodeCHOHAIHE H3JIOKEHOCTH TpeMa PEJICBAaHTHUM PETyJaTOPHUM KpUTepujymuMa. MelyTum,
MpoIICHa €KBUBAJICHTA €KCITO3UIIM]e CMEIIN IMoKa3ana je /a cy 30upHe BpeaHocTd Em y o6a morona
nmpemMa TMOjeIMHUM KpUTEpUjyMHMa TMpernasuiie pedepeHTHy BpemHocT 1, yOpKOC OICYCTBY
MOjeAMHAYHHUX MTPEKOpadeHha.

[Toce6HO M3paKEHO KyMYJIaTHBHO onTepeheme perucTpoBaHO je€ Yy MPOU3BOJAHOM IMOTOHY A, Taje je
BpenHoct EmM mpema NIOSH kputepujymuma usznocuna npudmmkHo 9, 1ok cy Bpennoctu Behe o 1
yTBpheHe ¥ mpeMa JPYruM peryIaToOpHUM KpUTepHjyMuMa. Y MPOU3BOJHOM MoroHy b Bpemnoctn Em
owre cy Hmwke, amu cy npema NIOSH u ACGIH kpurtepujymmma Takohe mnpenasuie pedepeHTHY
BpenHocT. OBM Hana3u NMOTBphyjy Za mpoiieHa MpoEecCHOHATHOT PH3UKA 3aCHOBAaHA MCKJbYYHBO Ha
KOHIICHTpalMjaMa TIOjeJMHaYHUX pacTBapaya MOXKE IOTICHUTH CTBApHU 3HAaYaj KOMOHMHOBaHE
U3JI0KeHOCTH XeMujckuM cmemama (Meek u cap., 2011; ACGIH, 2024).

OBu HaJa3u Cy y CKJIaIy ca CaBPEMEHUM KOHIICTITUMA TpOIleHe KOMOMHOBAaHE W3JI0KEHOCTH, MpeMa
KOjuMa UCTOBpeMeHa eKkcro3uirja Behem Opojy XeMuKanuja MOKe UMaTh OMOJIOUIKY 3Ha4yaj YyaK U Kaja
MojeJIMHaYHe KOMIIOHEHTE HE Mpejia3e COINCTBEHE TpaHW4yHe BpeaHocTu. McroBpemeno, Em uHmexc
MPEJCTaBIba PEryJaTOPHY alPOKCHMAIIU]y 3aCHOBaHY Ha MOJICNTY aIATHBHOT JICJIOBamka U He 00yxBarta
y IOTIyHOCTH Moryhe untepakiuje u3mely komnonentu cmemie (ACGIH, 2024).

JloOujeHu pe3ynTaTH Cy y CKJIajay ca JUTepaTypHUM MOoJAllMa KOjH YKa3yjy Jia U3JI0KEHOCT CMelIaMa
HCIapJbUBUX OPraHCKuX jeaumera (enr. volatile organic compounds, VOC) mosxe OuTH moBe3aHa ca
poMeHaMa OMoMapkepa eeKTa yak U Ipy peslaTUBHO HUCKUM HJTU TI0JeIMHAYHO JJ03BOJFEHUM HUBOMMA
U3JI0KEHOCTH, NPH Y€MY C€ OKCUAATUBHU CTPeC, MeTaboarMuKa OMOaKTHUBAIMja U UHTepakuuje namehy
KOMITOHEHTH CMEIIe CMaTpajy KJbydHUM MexaHu3muma tokcuunoctu (Chang u cap., 2013; Wahlang u
cap., 2022; Liu u cap., 2023).

Pesyntatu oBe JOKTOpCKE aucepTanuje MOTBphyjy 3Haua] MHTETpUCaHE MpOLEHE MNpodecHoHaIHe
U3JI0KEHOCTH CMeIlaMa OpPraHCKUX pacTBapaya M yKazyjy Ha OTpaHHYeHma IMPUCTyNa 3aCHOBAHOT
UCKJbYYHMBO HA MOjeIMHAYHIUM I'PAaHUYHUM BPETHOCTHMA MPO(ECHOHATHE EKCIIO3UIIH]e.



B.2. XemaTosomku egekTy npogecuoHalHe H3JI0KEHOCTH CMelI OPraHCKUX pacTBapaya

VY okBupy Jluckycuje aHATM3UPAHU Cy XEMAaTOJIOMIKH €PEKTH XPOHUYHE TPOPECHOHATHE U3JI0KEHOCTH
cMelllaMa OPraHCKHX pacTBapada KOJ 3arocCleHHX y MHAyCTpHju oOyhe, ca moceOHHMM OCBPTOM Ha
Moryhe cyOKITMHIYKE IPOMEHE XeMaTOJIOMIKKX TapameTapa.

JloOujern pe3ynTatu moka3anu cy jaa npodecronaina u3noxeHoct komuiekcHuM VOC cMemama mpu
KOHIICHTpalrjaMa Koje MojeIMHAYHO He Mpesia3e J03B0JbeHE TPAHUYHE BPEAHOCTH MOYKe OUTH TIOBE3aHa
ca CENeKTUBHUM M CYOKIMHHUYKAM XEMAaTOJIOMIKMM TpoMeHama. Kon pagHuka HHCY perucTpoBaHe
3HavajHe paznuke y ykynmaom opojy WBC, RBC, HGB, HCT u PLT, anu cy yrBplhene Huxe BpeaAHOCTH
MCV, Bume Bpennocty MCHC u amxu anconyrau 6poj NEUT#. Kon pagauna cy 3abenexeHe HUXKE
Bpeanoctu HCT, Bumie BpenqHoctt MCHC u PCT, y3 odyBaHe OCHOBHE XeMaTOJIOIIKE ITapaMmeTpe.
OBakBH HaJIa3W y CKJAJy Cy ca CTyAHjaMa Koje MOKa3yjy Ja XpOoHHUYHA MpodecroHamIHa U3JI0KEHOCT
OpPraHCKMM pacTBapaynMa NpH HUCKHUM WJIM JI03BOJHEHUM KOHIIEHTpalujama dernrhe m0BOIM 10
JTUCKPETHUX U JIMHUJCKU-CHENU(PUYHUX MPOMEHA HEro /10 MaHU(ECTHUX IUTOINEHHja WM HU3paKeHe
xemarouiomke cynpecuje (Doherty u cap., 2017; Salem u cap., 2024; Zhuang u cap., 2024). TIpomene
EpUTPOIMTHUX WHAEKCAa MOTY OWTH TIOBE3aHE Ca OKCHIATHBHUM CTPECOM, HH(IAMATOPHUM OJITOBOPOM
U MpoMeHama MeMmOpaHcke ctabuiaHocTH eputpormTa (Becatti u cap., 2016; Orrico u cap., 2023), mok
HxH ancoiayTHu 6poj NEUT# Moike yka3uBaTu Ha CEJEKTUBHY OCETJbUBOCT T'PaHYJIOLUTHE JIO3€ Ha
JAYroTpajHy XeMHjcKy ekcro3uiujy (Sancini u cap., 2014).

Pe3ynratu norucTuuke perpecroHe aHajlv3e J0JIaTHO Cy MOTBPAWIIM NMPEAUKTUBHU 3HAYa] MOjeIUHUX
xeMaTojomkux mapamerapa. Kom pamamka ce MCHC wu3ngBojuo kao He3aBHCAaH TIPEAUKTOP
npodecroHaTHE H3JI0KEHOCTH, JTOK je ko paguaunia HCT 3aapikao He3aBUCHU MPEAUKTUBHY 3Ha4aj. OBU
Hasa3|u yKa3yjy Ja XpOHUYHA U3JI0’KEHOCT CMelIaMa OpPraHCKUX pacTBapaya Ipe JOBOJIH 10 CYNTHIHUX
npoMeHa MOP(hOJIONIKUX 0COOMHA EPUTPOLIUTA M PEAUCTPUOYIIHjEe EPUTPOLIUTHE Mace HETO JI0 pa3Boja
U3pakeHe XeMaTOTOKCUYHOCTH.

Pe3ynratu oBe AOKTOpCKe AMcepTalMje yKa3yjy Aa npodecuoHaaHa U3JI0KEHOCT CMelllaMa OPraHCKUuX
pacTBapaya Moke OWUTH TOBe3aHa ca paHUM U CYOKIMHMYKUM XEMAaTOJIOUIKMM ITpoMeHama, Koje ce
MPBEHCTBEHO MaHU(ECTY]y Kpo3 IMPOMEHE EPUTPOLUTHUX HHIEKCA M TMOjeIUHUX JEYKOLUUTHUX
napamerapa. J{obujenn Hanaszm ykasyjy Ja XeMaToJIONIKK oaroBop Ha xpoauuHy VOC ekcro3uimjy uma
MIPETEKHO aJaNTUBHU KapaKTep, ajld UCTOBPEMEHO MOTBPl)y]y OCETIbUBOCT XEMATOJIOLIKUX OoMapKepa
3a IeTeKI]y paHux edekara npodecuoHanHe U3I0KEHOCTH.

B.3. Xenarorokcuunu epekTH NpodecuoHaTHEe U3JT0KEHOCTH CMEIIM OPraHCKUX pacTBapava

VY oxBupy Jluckycuje aHaJM3MpaHM Cy XEHNaTOTOKCHMYHHM e(eKTH MNpodecHOoHaNIHe H3JI0KEHOCTH
cMelllama OpraHCKMX pacTBapada KoJ| 3alloCIeHUX Y MHAycTpuju oOyhe. Jerpa mpezicraBiba jenaH on
raBHuX 1uwbHUX opraHa VOC ekcno3umyje 300r IeHTpaidHe yinore y Ouorpanchopmanuju
KCEHOOMOTHKA, MPH Y€MYy OPraHCKHM pacTBapaydl MOTY MHIYKOBAaTH OKCHJATHBHHU cTpec, mopemehaj
bynkimje muroxpoma P450, mutoxouapujcky auchyHKIujy u uapiamaropuu oarosop (Malaguarnera
u cap., 2012; Lang u Beier, 2018; Wahlang u cap., 2023).

Koxa pannuka cy perucrpoBaHe 3Ha4ajHO BMIIE BPEAHOCTH YKYIHOT U JAWpEKTHOr OunupyOuna, AST,
GGT u ykynmHUX MPOTEHHA, 0K Cy KOJ paJHULA 3a0eNe)KeHe BHIIEe BPEIHOCTH YKYIMHOT U TUPEKTHOT
ounupyouna, AST, GGT, raykos3e, ypee M yKYNHUX HpPOTEHMHA, y3 HHUXKE BPEAHOCTH KpEaTHHHHA.
IToce6HO je 3Ha4yajHO Ja Cy KOJ jAeia MpopecrOoHATHO M3JI0’KEHUX HCIUTAHUKA BPEIHOCTHU IMOjeJMHUX
O6uomapkepa (yHKLHM]je jeTpe mpernasuiie pedepeHTHe IpaHulle, IITO yKazyje Ha CTBapHa OMOXeMHjcKa
OJICTYNama, a HE CaMO Ha MIOMEepame AUCTPUOYIIHje BPEIHOCTH.
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JloOujern pe3ynTatd cy y CKJIaay ca CTyAWjama Koje ToKasyjy na mpodecroHallHa H3II0KEHOCT
cMelamMa MoKe OWTH IMoBe3aHa ca MpoMeHama Ouomapkepa (DyHKIHMje jeTpe Yak M MPH PeaTHBHO
HUCKUM HHBoMMa ekcriosunmje (Chang u cap., 2013; Gresner u cap., 2021). ctoBpeMeHO, HHTEH3UTET
OJIrOBOpa BEpPOBATHO 3aBUCH OJI cacTaBa CMeIlle, Tpajamba eKCIO3WIUje W WHIUBHIYaTHHX
MeTaboMuKKX KapaktepucTrka (Beier u cap., 2025).

[Toceban 3Ha4aj y 0BOj AMCEPTAIUjH NMAjy HHTETPaTUBHU HHJIEKCH (pyHKuuje jerpe. Kox pagnuka cy Z-
ckop omrrehema jerpe u APRI naaexc Omim 3Ha4ajHO BUIIH Yy OJHOCY Ha KOHTPOJIHY TPYILY, TOK CY KO
pamHuIla 3HAYajHO BHUIIe BpeaHocTH mokaszamu Z-ckop, APRI u AST/ALT oanoc. Jlorucruuka
perpecnoHa aHanm3a rokasana je ga je Z-ckop omrehema jerpe koa oba rmoJsia 3aJpikao HE3aBUCHU
MPEIUKTHBHY 3HAYaj 3a MpodecrnoHany u3noxeHoct. OBaj Haja3 ykasyje Aa MHTETPAaTHBHH WHACKCH
jeTpe Mory mmaTH Behy OCETJBMBOCT Y MpENO3HaBamby PaHUX W CYOKIMHUYKHUX XEMaTOTOKCHYHUX
poMeHa 0J1 ojeIMHaYHNX Onoxemujckux napamerapa (Lin u cap., 2011; EASL, 2019).

[ToceOHO je 3HAYAjHO 1A Cy AUPEKTHU OMIIMPYOWH KOJ pajHuKa, OqHOCHO AST U AUpEKTHU OMIIMPYOHH
KOJI paJHUIIa, U3BOJEHH Ka0 HE3aBUCHH MPEAUKTOPH IpodecroHamHe u3noxeHocTu. OBakaB o0Opa3ail
ykazyje Ha Moryhm 3Hauaj paHux nopemehaja xemaroOwiMjapHOT TpaHCIopTa U Oyaror
XeMaTOLETYJIAPHOT OJIr0OBOPA Y YCIOBHMA JIyrOTpajHE M3JIOKEHOCTH CMENIaMa OpPraHCKHX pacTBapada.
HcroBpemeno, ojacycTBO 3HauajHux mpomeHa HSI mHpekca ykazyje na perucTpoBaHe NMpoMEHeE Mpe
oJlpakaBajy paHe GpyHKIIMOHATHE opeMehaje Hero pa3BHjeHe CTPYKTYPHE MPOMEHE jeTpe.

VYKyITHO TIOCMaTpaHo, pe3yATaT OBe JIOKTOPCKE JUCEpTaIrje yKa3yjy Ja mpodecHoHaIHa U3JI0)KEHOCT
cMelamMa OpTaHCKUX pacTBapada MoOKe OWTH IOBe3aHa ca PaHUM W CYOKIMHUYKHM TpOMEHama
Oonomapkepa GyHKIM]je jeTpe, YaK U P KOHIIEHTpallijaMa T0jeIMHavYHUX pacTBapayda Koje He mpeas3e
JI03BOJbEHE TpPAaHUYHE BpeaHOCTH NpodecroHanHe ekcno3uiyje. Iloceban nompuHOC aucepTanuje
oriiela ce y NMPUMEHHM HMHTETPATHBHUX HWHIEKCA jeTpe, KOjUu Cy MoKa3zanu Behy OCEeTJhUBOCT 3a
uneHTudukanujy panux edpekara npodecruonanne VOC ekcnio3uiyje o1 MojeIMHAYHUX OMOXEMH]CKHX
[I0Ka3aTesba.

B.4. Tlopemehaju penokc XxXoMeocTaze W XoMmeocTaze OuoejleMeHATa NPH NPOPeCHOHATHO]
U3J105KeHOCTH cMelllaMa OPraHCKMX pacTBapaya

VY oxBupy Jluckycwje moceOHO Cy aHamm3upaHu mopemehaju peJoKc XoMmeocTase U IPOMEHE
KOHIIEHTpanuja OuoeiaeMeHara Ko MpoeCHOHAIHO M3JI0KEHUX paJHUKa M paJHUIa, uMajyhu y BuIy
Ja ce OKCHJATHBHHU CTpPEC CMaTrpa jeJHUM O] LEHTPAJHHX MEXaHW3aMa TOKCHYHOCTH OPTraHCKUX
pactBapaya u muxoBux Mertabomuta (Rahal u cap., 2014; Sies u Jones, 2020). Jlobujenu pe3yaratu
MOKa3aJM Cy Jia je XpOHWYHA NpodecroHaTHa M3JI0KEHOCT CMeIIaMa OpraHCKUX pacTBapada Omia
MIOBE3aHa Cca U3PAKECHUM ITOMAKOM PEIOKC PaBHOTEXKE Ka MMPOOKCHIATHBHOM CTamby, YIIPKOC TOME IITO
Cy MojeJMHa4YHEe KOHIICHTpPALMje pacTBapaya Oujie NCIO JO3BOJbEHUX IPAHUYHUX BPEIHOCTH.

Kon pamnuka cy HajuspakeHHje NMPOMEHE YyKIJbydyHBaje 3HAYajHO BHIIE BpeAHOCTH (¢, YKYIHOT
OKCHUIATHBHOI CTaTyca M INPOOKCHIATUBHO-aHTHOKCHIATUBHOI OajaHca, IITO yKa3yje Ha IOjadaHy
nponykuujy ROS u mopact ykynmHor okcupgatuBHOT omnrtepehema. McToBpemeHOo je perucrpoBaHa
noBehana aktuBHocT SOD u Bume BpeaHocTH ykymHuX SH rpyma, mTo ykasyje Ha aKTUBAIHjy
KOMITEH3aTOPHUX AaHTHOKCHUIATUBHHX MeXaHW3ama. 3Ha4yajHO moBehaH MHAEKC OKCHIATHBHOI CTpeca
J0JJaTHO je TIOTBPAMO HETO MOMAaK peAOKC PaBHOTEKE Ka OKCHAATUBHOM cTpecy. OBakaB oOpasall y
CKJIaJly je ca JUTEepaTypHUM IoJalrMa Koju MokKasyjy aa npodecroHanHa uzioxeHoct VOC cmemama
MOJKe JIOBECTH JI0 aKTHBAallMje OKCUAATUBHOT cTpeca, nopeMmehaja peJoKc CUTHaIM3alrje U aJanTUBHOT
antHokcuaatuBHOT oaroopa (Cavallo u cap., 2021; Ogbodo u cap., 2024; Shen u cap., 2024).

Kox pagnuna je mopemehaj penokc xomeocraze O0uMo jomr u3paxkeHuju. llopen 3HayajHO BMIIMX
Bpeanoctu O:¢, TOS, PAB u OSI, xon pagauia cy peructpoBanu u 3Hadajuo nosehanu AOPP, mto
yKa3yje Ha U3paXeHH]y TMPOTEMHCKY OKCUIALM]y U OKCHUIATUBHO omTeheme OuoMomeKya.
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HctoBpemeno cy Bumie BpenHoctd SOD, TAS u ykymuux SH rpyna ykasuBalie Ha aKTHUBAaIHjy
AHTUOKCH/IaTUBHE 3aITHTE, JOK je 3HauajHo Hwka akTuBHOCT PONI1 ykasuBana na nmopemehaj HDL-
3aBHCHOT aHTHOKCHUJATUBHOT cucTeMa. JJoOujeHn Haja3u 0AroBapajy MoJIENy U3pakeHOT, JeTUMUYHO
JICKOMIICH30BAaHOT OKCHJIATUBHOT CTpeca, Koju je Beh omucaH kojJ NpOECHOHATHO H3JI0KEHUX
nomyianuja y uaaycrpujama ca xpoarnanom VOC ekcnozutijom (Xiong u cap., 2016; Sisto u cap., 2020;
Ghahri u cap., 2024).

[loceban 3Hayaj y OBOj JAWCEpTAllju WMajy WHTETPaTUBHU perokc uHaekcu. Kom oba moma
MPOOKCHJIATUBHU, AHTHOKCHIATHBHH W OKCHJATHBHO-CTPECHH CKOp OWJIM Cy 3HAYajHO BHIIU KOJ
podeCHOHATHO H3JI0KEHHUX NCITUTAaHUKA, MOTBPhyjyhu aa ce peoke oAroBop He MOXKeE carjieflaTd Kpo3
jenaH u30JI0BaHU mapaMerap. Jlornctudka perpecnoHa aHaim3a rmokasaia je aa cy koj pagauka PAB u
SOD, a xox pamaunia AOPP u SOD Ounm HE3aBHCHU TPEAMKTOPU MPO(ECHOHAIHE W3JI0KEHOCTH.
Honatrno, OS| M aHTHOKCHJATHBHU CKOp KOJ 00a IMoJia M3ABOJIIN Cy C€ Kao HE3aBUCHU NPEIUKTOPU
npodecroHalHe W3J0KEHOCTH, MITO yKazyje Ja MHTETPAaTHBHH PEIOKC WHAEKCH MOTY mMartu Behy
OCETJPMBOCT M TPEAUKTUBHY BPEAHOCT O] MOjeIMHAYHIX OMOMapKepa y MPOIEHH PaHOT OMOJIOMIKOT
OJIrOBOpA Ha cMelle opraickux pactBapaua (Rahal u cap., 2014; Sies u cap., 2017).

PesyntaTu oBe MOKTOPCKE nucepTalije 10AaTHO MOTBPhyjy a OKCHIATUBHU CTPEC MPeICTaBsba je/laH
OJl KJbYUYHHX MeXaHW3aMa TOKCHYHOCTH OPTaHCKHMX pacTBapada. J[oOWjeHM Hanmasu Cy y CKIagy ca
CaBpEeMEHHUM €KCIEpUMEHTATHUM K OWOMOHMTOPUHI CTyAMjaMa KoOje IIOKa3zyjy Ja XpOHHYHA
npodecronanna minoxenoct VOC cmemama Moxe noBecTH a0 mnopemehaja pemokc paBHOTEKe,
nH(pIaMaTOpHE aKTUBAlMje U OKCHJIATUBHOT omTehema OMOMOJIEKya, YaK U MPH PEIaTUBHO HUCKUM
KOHIICHTpalljamMa IojeanHauHuX KoMmonenTu cmerre (Sies u Jones, 2020; Ogbodo u cap., 2024; Shen
u cap., 2024).

VY Juckycuju cy aHaIM3UpaHe U MPOMEHE XOMeocTaze buoeaemMeHaTa Ko mpo(pecHoHAIHO U3JI0KEHUX
WCIIUTaHKKa, nMajyhu y Buny 3Havaj Fe, Mg, Zn, Cu u Mn y perynamuju penokc xomeoctase, GyHKIUjU
AHTHOKCHUJIATUBHHUX €H3UMa U ojpKaBamy henujckor metadbonnsma (Wotonciej u cap., 2016; Jomova u
cap., 2025). Ko pagnuka cy peructpoBase Buile KoHIeHTpanuje Mg u Zn, y3 Hike KoHieHrpanuje Cu,
oK Fe Huje moka3ao 3HauajHy pas3lIMKy Yy OJHOCY Ha KOHTpoJHy rpymy. Koa pamnuna je yrBphen
npyraduju oOpasall, ca 3Ha4ajHO BHIIKUM BpeaHocTHMa Fe m HmkuMm xoHneHTpamujama Mg, Zn u Cu.
KonnenTpamuje Mn ko1 mpo¢eCHOHAIHO U3JI0KEHUX MCITUTAaHUKA OWJIe CYy MCTIOI TPAHUIIC IETEKITH]E.
[ToBumeHe koHeHTpanuje Mg u Zn koa pagHUKa MOTY MPEICTaBIbaTH 0 aJalTHBHOT OJrOBOpa Ha
XPOHUYHO OKCHUIATUBHO omnrtepeheme, ¢ 003MpOM Ha HHUXOBY YIOTY y CTAaOWIHOCTH heujcKux
MeMmOpana, GyHKIIMjH MHUTOXOHpHja M aHTHOKcHaaTuBHO] 3amtutu (Barbagallo m Dominguez, 2010;
Lee, 2018). Hacympor Tome, cHIKeHe KoHIeHTpalje CU MOry yka3uBaTH Ha rmopemehaj xomeocrase
Oakpa yciel IojadyaHe MOTPOIIkBE U PEIUCTPUOYIHjE Y YCIOBHMAa XPOHHYHOT OKCHIIATHBHOT CTpeca
(Yang u cap., 2024). Ko paanuiia je moceOHO 3Ha4ajaH Hala3 MOBHUIEHOT Fe, nMajyhu y BUy J1a BUIIIaK
ciio6oHOT rBOKha MOJKe Mmojayatu popMHupame XUAPOKCUITHUX paauKaiia myreM OeHTOHOBHX peakiinja
U JI0JJATHO MHTEH3UBHPATH OKCUIATUBHO omTeheme Grnomosekyna (Papanikolaou u Pantopoulos, 2005;
Ru u cap., 2024). UcroBpemeHo, cHmwkeHe KoHieHTpaije Mg, Zn u Cu Mory J0JaTHO JIONPUHETH
MIPOOKCHJIATHBHOM ITIOMAKy ¥ CMambeHhy €(PUKACHOCTH aHTHOKCUIATUBHE 3allTUTE.

JloOujenn pe3ynraTd Ccy y CKIaay ca cTyaujama Koje ykasyjy na npodecroHaaHa H3JI0KEHOCT
OPraHCKUM pacTBapauyumMa U JIPyruM KOMIUICKCHUM XEMH]CKHM CMelllama MOXe JIOBECTH 10 mopemMehaja
XoMeocTasze OuoeleMeHara, Mako Cy Hala3M pa3IMYUTUX NPOPECHOHATHUX KOXOPTH XETEPOTeHH U
3aBHCE O] CcacTaBa CMeIle, WHTEH3UTETa W3JO0XKEHOCTH U WHAMBHIYAIHUX MEeTaOOJMYKHX
kapaktepuctuka (Mahmood, 2012; Maksoud u cap., 2019). YnpaBo oBa BapujaOUIHOCT MOJpKaBa
TyMademe J1a IpoOMeHe OuoeeMeHaTa pe/cTaB/bajy HHTEIPUCaHU OJITOBOP OpraHu3Ma Ha KOMIUIEKCHY
VOC excnio3ulyjy, a He U30J0BaHU NopeMehaj ojeIMHaYHOT eJeMEHTa.

Jloructuyuka perpecuoHa aHanusa rnokasana je aa je Mg xox pagHuka 3a/1p)kao He3aBUCHH MPEJUKTUBHU
3Ha4aj 3a Mpo(ecHOHaNIHy M3JI0KEHOCT, IITO yKasyje jJa rnopeMehaj XxomeocTase MarHesujyma ModKe

12



MPEJCTAaBIbaTH OCETJbUB TOKa3aTeJb PAHUX PEIOKC M METabOIMYKHX mpoMeHa npu xpoHunynoj VOC
excriosunuju (Kolisek u cap., 2017; Liu u Dudley, 2020). Kox paanuina HujeaH MOjeIdHAYHU
OMOETIeMEHT HHMje 3aJpKa0 HE3aBHCHHM NPEAMKTHBHHM 3HA4Ya] Y MYJITHBApUjaHTHOM MOJENIY, IITO
cyrepuiie Ja ce \UX0OB eeKkaT BepoBaTHO MCMOJbaBa Kpo3 Mel)ycoOHo moBe3anu oOpasal] nopemehaja
XoMeocTase OuoeneMeHara.

VYKyITHO MOCMaTpaHo, pe3yJITaTH OBE JOKTOPCKE JUCEpTallrje YKa3yjy Ja mpodecrnoHaIHa H3JI0KEHOCT
cMellIaMa OpraHCKHX pacTBapadya Mo)ke OMTH MOBE3aHa ca M3pakeHUM ropeMehajeM peloke XoMeocTase
¥ IpOMEHaMa KOHIICHTpaluja OnoeaeMeHara, 4ak U Mpy KOHIIEHTpalrjaMa Moje/IMHAaYHIX pacTBapaya
KOje He Tpena3e J03BOJbEHE I'paHW4HE BpemHocTu. [locebaH JOmMpUHOC aucepTanuje oriieaa ce y
MHTErPUCAHOM carjie/iaBamy Moje/IMHAYHUX PEIOKC OMOMapKepa M U3BEICHUX PEIOKC MH/ICKCA, 3aje/THO
ca TpoMEHaMa XOMeocTa3e OuoejeMeHaTa, 4YhMMe je omoryheHa oOceTJpHBHja MpOLEHA pPaHUX U
CyOKIMHUYKHX Onosomkux edexara xponuane npodecnonanne VOC excriozuiyje.

B.5. Yrumaj nymaukor craryca Ha XeMaTo/IOLIKe, OHOXeMHjcke, peldoKc mapaMerpe H
KOHIIeHTpauuje OuoeseMeHaTa

VY okBupy Jluckycuje aHalIM3MpaH je yTUla] MyIIayKoT CTaTyca Kao MOTEHIHUjaHOT Mojaudukaropa
OMOJIOIIKOT OATOBOPa Ha MPOQECHOHATHY M3JI0KEHOCT CMelIaMa OPraHCKUX pacTBapada. bynyhm nma
TYBAHCKH JHUM TIPEJICTaBJba JOJAaTHU H3BOP UCIAPJHPUBHUX OPraHCKUX jenumbera u ROS, mymeme Moxe
YTUIIATH HAa XEMAaTOJIOIIKE, OMOXEMHJCKE M PEIOKC IMapaMeTpe, Kao M Ha XOMEOoCTa3y OmoelieMeHara
(Messner u Bernhard, 2014; Caliri u cap., 2021).

Pesynratu cy moka3zanm aa ce OCHOBHHU 0OpacIi XeMaTOJIONIKUX, OMOXEMHJCKHX, PEIOKC TTapamMeTapa u
MpoOMeHa y KOHIIEHTpaIjamMa OnoeseMeHaTa yriiaBHOM OJIpyKaBajy M HaKOH cTpaTu(UKaIMje mpeMa
MylaykoM crarycy. Mako cy mHojequHu mHapaMeTpHd IOKa3HBaIM Pa3IUYUT CTENEeH CTAaTUCTHYKE
M3PKEHOCTH KOJ| IMyllladya W Hemylaya, HUje MIACHTH(PUKOBAH jacaH oOpasall Koju OW yKasWBao Ja
MylIewke NMPeACTaBba JOMUHAHTAH Y3POK PETMCTPOBAHUX MpoMeHa. OBakBU Hajla3u Cy y CKIaJy ca
TUTEpaTypoM Koja ykasyje aa ce epexkru VOC ekcnosuiiyje u mymiema yecto Mel)ycoOHo npernuhy u
3aBHCE 01 HHTCH3UTETa EKCIIO3MIINjE U HHANBUIYaIHE OCETJbUBOCTH ncnuranuka (Doherty u cap., 2017;
Watson u cap., 2021).

IToce6HO je 3HaYajHO Ja Cy KJbYYHE MPOMEHE OMomapkepa (QyHKIHje jeTpe, YKIbydyjyhu ounmupyOous,
AST u Z-ckop omtehema jeTpe, perucTpOBaHEe W KOJ Iyliada W KOJ HeIyllava, ITo yKasyje aa ce
OCHOBHHU OMOXEMUJCKU OJITOBOP OJIp>KaBa HE3aBHCHO OJ1 MyIIaykor cratyca. CIMYHO TOMe, OBUIIICHE
BpPEJAHOCTH MPOOKCUJIATUBHUX NapaMeTapa u rnopemehaj perokc xomeocrase OUIIM Cy MPUCYTHH Y 00€
noArpyne npodecUoHaIHO M3JI0KEeHUX ucnuTaHuka. OBakBM Haja3u NOTBphyjy na mpodecruoHaaHa
U3JI0’KEHOCT CMeIllaMa OpPTaHCKHUX pacTBapaya OcTaje JOMUHaHTaH (hakTop moBe3aH ca nopemehajem
PENOKC PaBHOTEXE, OK MyIICHe BEPOBATHO MOAUGUKYje MHTEH3UTET MOjeIUHUX MPOMEHA, ald He
Merba OCHOBHH MpookcuaatuBHu oopasar (Cakmak u cap., 2020; Cavallo u cap., 2021).

Cnuuan oOpasal] perucTpoBaH je u 3a Ouoenemente. OcHOBHE MpoMeHe KoHIeHTpanuja Fe, Mg, Zn u
Cu yrnaBHOM cy ce oJpkaBalie M HaKOH cTpaTHUdUKaluje mpeMa MyIiaykoM CTaTycy, IITO yKasyje aa
nylewme Huje Ouno riaBHU jAerepMmuHupajyhu daktop mopemehaja xomeocTtase OuoenemeHara y
ucnutHBaHoj nomynaiju (Marreiro u cap., 2017; Mohammed u cap., 2023).

YKymHO mocMaTpaHo, pe3yiATaTd OBE NOKTOPCKE AWCepTalMje yKa3yjy Hda MYIIaukh CTaTyCc MOXKe
MOAU(PHUKOBATH UHTEH3UTET MOjJEIMHIX XEMATOJIOMIKUX, OMOXEMUJCKUX, PEIOKC MapameTapa 1 MpoMeHa
KOHIIEHTpalMje OuoeneMeHaTa, aii He Melha OCHOBHHM 00Opa3zall OMOJIOMIKOT OATOBOpa MOBE3aHOT ca
npodecruoHaAIHOM H3JI0KEHOIThy cMelama OpraHckux pactBapada. [loOujeHu Hamasu MoAp:KaBajy
TyMaueme Ja Ce PEerucTpoBaHe NMPOMEHE Mpe CBera MOTY MOCMaTpaTd Kao MOCIeIuIla XPOHUYHE
€KCMO3UIIMje CMEIIM OPraHCKUX pacTBapaya, y3 JOJAaTHU JOMPUHOC WHIMBUAyaTHUX (akTopa U
MYIIAYKOT CTaTyca.
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B.6. YTuuaj ayxune npodgecruoHalHe H3J10:KEHOCTH HA XeMAaTOJIOUIKe, OHOXeMHjCKe, pelaoKc
napamMerpe U KOHIeHTpauuje OuoeneMeHaTa

VY oxBupy /Jluckycuje aHaiu3upaH j€ YTHLA] AYKHHE Npo(ecHOHANTHE H3JI0KEHOCTH OPraHCKUM
pacTBapauuma, MpoIEHEHE HAa OCHOBY PaJHOT cTaxa y (abpurm oOyhe. Mcnutanuim cy mojesbeHu Ha
rpyme ca kpahom (<5 rogunHa) ¥ Iy)XOM MpodeCHOHATHOM H3J0XeHoIhy (>5 roamHa), ca IHbEM
carienaBama MOTyhHX KyMyJIaTUBHUX edeKaTa XpOHHYHE EKCIIO3UIMje CMEIIN OPraHCKUX pacTBapaya.
Pesynrartu cy mokaszanu 1a IyuHa IpoQecuoHatHe U3JI0KEHOCTH HUje Onila TIOBE3aHa ca U3PAKEHUM
MPOTPECUBHAM IpOMEHaMa BehnHEe XeMAaToJIOIIKHUX TapaMerapa HU KOJ paJHhKa HH KOJ paIHHIIA.
YoueHu cy caMo TUCKPETHH MOMAIU MOjeIMHUX JICYKOIIMTHUX MOKa3aTesba, MTO MOXKE YKa3UBaTH Ha
Omaro wuH(MIaMaTOpHO onTepeheme NpH AYKO] HU3IOKEHOCTH, aiu 0e3 3HAKOBa H3PAKEHE
xemarotokcuuHoctu (Forget u cap., 2017; Meng u cap., 2021).

Kon 6uoxemujckux mapamerapa Takohe HUje perucTpoBaH jacaH oOpasall MPOTPECUBHOT MOropliamba
(GyHKIMje jeTpe ca MOpacTOM paJHOr CTaXa. JeAMHM 3HayajaH Haia3 Ouia je BUIa KOHILEHTpaluja
TJIYKO3€ KOJI paJHHIIa ca Ty*KOM MpodeCHOHAITHOM H3JI0KEHOIIhy, IITO je Y CKIIaay ca CTyaujama Koje
MOBE3yjy XPOHHUYHY €KCIIO3MIIM]y pacTBapaunMa ca mnopemehajeM MeTa0oOJMYKe XOMeocTa3e U
rnykoperynanuje (Hosseininejad u cap., 2021; Wang u cap., 2023).

Hajuzpaxxenuju edextu nyxvHe npodecHOHATHE H3JI0)KEHOCTH PETHUCTPOBAHMU Cy KOJ NapaMerapa
pemokc craryca. Kon pagHuKka je QyXH pamgHu CTaX OHWO TMOBE3aH ca BHIIMM BpeaHoctuMa (O:*” U
M3paKEHUJUM IPOOKCUIATHUBHUM OJITOBOPOM, JIOK CY KOJI paIHUIIA PErHCTPOBaHE BUIIIE BpeHOCTH O:°
MIPOOKCHJIATHBHOT M OKCHIATHBHO-CTPECHOT CKOpa, y3 Hibke BpemHocTH SOD m aHTHOKCHIATHBHOT
ckopa. OBakaB oOpasall yka3yje Ha MOCTENEHO MOMepame PEIOKC PaBHOTEXKE Ka MPOOKCHIATHBHOM
npoduiTy ca Ty>KHM TpajamkeM MpodeCHoHAITHE U3JI0KEHOCTH U TOTBphyje 3Ha4aj OKCHIaTUBHOT CTpeca
Kao JeJHOT O] IICHTPATHUX MexaHn3ama ouosomnikor oaroopa Ha VOC cmemre (GreSner u cap., 2015;
Cetintepe u cap., 2023).

3a pasnuKy of peloKC MmapaMerapa, KOHIICHTpalje OnoeneMeHaTa HUCY MoKa3aye jaCHe IPOTPECHBHE
MMPOMEHE y OJHOCY Ha AYXUHY npodecrnonante n3noxxeHoctu. Jlooujenn Hamasu yka3yjy na ce ehexTu
nyrotpajarje VOC ekcrno3uiyje mpe oapaxaBajy Kpo3 (PyHKIIMOHAIHE MPOMEHE PEIOKC XOMEeoCTa3e
HEro Kpo3 u3pakeHe mopemehaje koHIeHTpanyja mojeauHauynux ouoenemenara (Prasad, 2014; Marreiro
u cap., 2017).

Pesynratu oBe JOKTOpCKE AMCcEpTanyje yKasyjy Ja JyKuHa TpoQdecHOHATHE H3JI0KEHOCTH CMellaMa
OpPraHCKMX pacTBapavya HHje OWja TMOBE3aHa Ca W3PAKECHUM IPOTPECHBHUM XEMATOJIOIIKHM WU
ouoxemujckuM mopemehajuma, anm jecte ca MmoMepameM PEIOKC PaBHOTEKE Ka MPOOKCHIATHBHOM
npo¢miry. OBakaB oOpa3all MmoJip>kaBa KOHIICTIT JIa OKCUJIaTUBHH CTPEC MPEICTaBba jeaH O]l paHUX U
[EHTPAIHUX MEXaHH3aMa OMOJIOIIKOT OJIrOBOpa Ha XPOHWYHY NPO(GECHOHAIHY M3JI0KEHOCT CMelaMa
OPraHCKUX pacTBapauva.

B.7. Kopenauuone ananusze usmel)y penokc, 0MoxeMHjCKHUX NapaMeTrapa UM KOHIEHTpaluja
OmoesemMeHara

VY okBupy Jluckycuje aHamu3upaHe cy KopelaoHe MoBe3aHOCTH u3Mel)y mapamerapa peloKkc craTyca,
OMOXeMH)CKHX TOKa3aresba (PyHKIMje jeTpe U MeTaboau3Ma, Kao U KOHLEHTpaluja OuoenemMeHara, ca
LIUJbEM caryiefiaBamba MehycoOHHX oHOca u3Mel)y OKCHIAaTMBHOI cTpeca, MeTabOJUYKOT OATrOBOpa U
XoMeocTasze OuoenemeHata Hpu MpOo(ECHOHAIHO] M3JI0KEHOCTH CMelllaMa OpPraHCKHX pacTBapada.
JloGujeHH pe3ynTaT yKaszaliM Cy J1a OKCHJIATUBHM CTPEC IpeAcTaB/ba BakaH MeXaHU3aM KOju MOBeE3yje
VOC ekcno3unujy ca GMOXEMHUJCKUM U METa0OJMUYKUM MPOMEHaMa KOJ MPOo(ECHOHAIHO HM3JI0KEHUX
UCIIUTAaHUKA.
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Kon npodecronanno u3noxxkeHux pagauka yrephene cy nozutusHe kopenamuje TOS u OSI ca AST, ALT
u GGT, xao u moe3anoct AOPP ca ALT u rimykozom. OBakaB o0Opasall ykasyje Ja mopact CUCTEMCKOT
OKCHJIATMBHOT onTepehema mpatu W3paXKeHWjU XEMaToUETyJIapHH OJrOBOP M HEMOBOJHHUJH
MeTtaboanuku rpodun. loOujeHn Hanas3u cy y CKJIaay ca Mo3HaTUM MEXaHU3MHUMa OHoTpaHcdopmarmje
Oopranckux pactBapaua, Hapouuto myreM CYP2EL 3aBucHor merabonusma, npu yemy Hactajy ROS koje
MOTY JOTIPHHETH JIMIHUIHO] IEPOKCUAAIN ]I, MUTOXOHAPHCKO] MTUCPYHKIMH U omTehermy XemaTonura
(Caro u Cederbaum, 2004; Lu u Cederbaum, 2008; Malaguarnera u cap., 2012; Brauner u cap., 2020).
[Toce6HoO je 3nauajua mozutuBHa Kopenanuja OSI ca APRI nnekcoM, jep ykasyje aa penokc-aucoaiane
MO>ke OMTH TIOBE3aH U ca TMoKa3aTespbuMa paHor omrehema jerpe. Mako je APRI nmpumapro pa3BujeH 3a
nporeHy Gpudpose y KITMHUYKUM TOMYJIalijama, ’eroBa MoBe3aHOCT ca OKCHIATHBHUM CTPECOM Yy OBO)]
KOXOPTH ToAp>kaBa npernocTtaBky aAa ROS u nHpnamaTtopan MeXaHU3MH MOTY y4eCTBOBATH y PaHUM
Mexanuamuma orrehema jerpe (Parola m Robino, 2001; Wai u cap., 2003; Tan u cap., 2021).
HcroBpemeno, HeratuBHe Kopenamuje TAS ca rtiaykozom u APRI ykasyjy na HWXKH YKyITHH
AHTHOKCHIATUBHY KalalWTeT MpaTH HEMOBOJFHHjU MeTabonmyku npodui u Behe onrepeheme jetpe,
ITO je y CKJaay ca CaBpEeMEHHM MOJelIMMa OKCHIATHBHOT CTpeca, MHCYJIMHCKE PE3UCTEHIHUje H
undamaruje (Furukawa u cap., 2004; Hotamisligil, 2006; Allameh u cap., 2023).

Kon mpodecnonanHo u3n0KeHUX paJHULA KOpETaluoHM oOpasail Ouo je NeNMMHYHO Apyrauuju u
YKa3uBao je€ Ha W3PaKEHH]y IOBE3aHOCT TapaMerapa OKCHIATHBHOT CTpeca ca OWIMpyOMHCKHUM
MeTaboIM3MOM, TIIYKO30M M MapaMeTpuMa KOju YKa3yjy Ha cTeaToTcke mpomeHe jerpe. Herartusne
kopenanuje O:, PAB, mnNpooKcHIATUBHOT U OKCHUIATUBHO-CTPECHOT CKOpa ca JUPEKTHUM
OMTUpYOMHOM, y3 TIO3UTHBHE Kopejamnuje TUpekTHor Ommupyomna ca TAS, SH rpymama wu
AHTHOKCHJIATUBHUM CKOPOM, yKa3yjy Ja OuaupyOuWH y OBOj KOXOPTH BEpPOBATHO JENyje Kao €0
€HJIOTEHOT aHTHOKCHJIATUBHOT CHUCTEMA, IIITO j€ y CKIIA/Jy Ca FherOBOM TI03HATOM aHTHOKCHIATHBHOM U
uTonpotekTuBHOM yitorom (Vitek, 2012; Bellarosa u Tiribelli, 2022).

HcroBpemeno, no3utuBHe kopenaruje TOS m OSI ca ALT, kao u momesanoct O, TOS, OSI u
MPOOKCUAATHBHOT cKopa ca HSI mHaexkcoM, yka3yjy Aa mopacT OKCHAATUBHOT omnrTepehema mpartu
HETIOBOJbHUJU METaboMM4YKu W jeTpeHu mpodwmwi. OBakBM Hajga3W Cyrepuinry Ja ce KOJ KeHa
KopenaruoHu oopasar] y Behoj mepu ogHOCH Ha MeTabOIMYKO-(YHKIIMOHATHE MPOMEHE jeTpe HEero Ha
m3paxkenuje pudpounHdIaMaTopHE IpoIIece, IITO je Y CKIaay ca 0JICYCTBOM 3HAYajHUJUX Kopesaluja ca
APRI unnexcom (Lee u cap., 2010; Nassir u Ibdah, 2014; Eslam u cap., 2020; Younossi u cap., 2023).
JlonatHo, MO3WUTHBHA KOpeJalyja TOJUHA PAJHOT CTaKa ca TIYKO30M TOJp)KaBa IMPETIIOCTaBKY Ja
nyrotpajaa VOC ekcrno3uiinja MOKe JOTPUHOCUTH MopeMehajy TIIyKO3HE XOMEOCTa3e U METab0INIKO]
IMCHYHKIMH TyTeM OKCHIATHBHOT cTpeca, nH(iaMaije 1 Mutoxonapujcke muchynkuuje (Tilg u
Moschen, 2010; Rochette u cap., 2014).

AHanm3a TIOBE3aHOCTH PEIOKC MapaMeTrapa M OuoeneMeHara KoJ paJHuKa ykaszaja je Ha KOXEpeHTaH
oOpazail okcuIaTUBHOT cTpeca. [lo3uTuBHA Kopenammja pagHor ctaxa ca Oz 1oJaTHO MOTBphyje na
nyxa mpodecnoHallHa H3II0KEHOCT mpaTH mojadany mnpoaykinujy ROS. HMcroBpemeHno, NMO3UTHBHE
kopenanuje AOPP ca TOS u napouuto ca OSI| ykazyjy Ha MOBe3aHOCT MPOTEHMHCKE OKCUAALIUjE U
yKymHOT okcujaaTuBHor ontepehema. Heratusue kopenanuje TAS ca AOPP, OSI, npookcuaatuBHuM u
OKCHJIATHBHO-CTPECHUM CKOPOM YKa3yjy Jia MopacT OKCHIATUBHOT omnTepehema mpaTH clabiberhe
YKYITHOT aHTHUOKCHUJATHBHOT KamamuTeTra, JoK mno3utuBHa moBe3aHoct SOD u PON1 ca
AHTUOKCU/JIATUBHUM CKOPOM BEpOBaTHO OJ[pakaBa AaKTHUBAlLM]y 3alITUTHUX AHTHOKCHUIATUBHUX
mexanuszama (Erel, 2004; Cichoz-Lach u Michalak, 2014).

[ToBe3aHocT OHoeeMeHarTa ca peJoKc mapameTpuMa KoJi pajHuka Omia je orpaHndeHa. CTaTUCTUYKH
3HayajHa Kopenaiuja peructpoBana je camo usmehy Mg u TOS, nok Fe, Zn u Cu Hucy noxazanu
J0CiIeIHe MOBE3aHOCTH ca MapamMeTpuMa pefokc craTyca. OBakaB Hajla3 yKa3yje Ja KOHIIEHTpaluje
OuoeneMeHara y 0B0j KOXOPTH BEpPOBATHO HE OJJpakaBajy JUPEKTHO MHTEH3UTET OKCUIATUBHOTI CTpeca,
Beh mpe mpeacTaBibajy €0 MHUper MeTabO0IMYKOT M aJallTUBHOT OJIrOBOPa OpraHnu3Ma.
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Kox pamnuma je perucrpoBaH HM3paXEHUJH CHUCTEMCKU penokc-aucOananc. [lo3utuBHe Kopenammje
panHor craxa ca O:*", IPOOKCUJATUBHUM M OKCHJIATUBHO-CTPECHUM CKOPOM, y3 HEraTUBHE KOpeJaluje
ca SH rpynama u aHTHOKCHJATUBHUM CKOPOM, YKa3yjy Ja ayka mpoecHOHaIHa M3JI0KEHOCT IpaTH
nojayany npoaykuujy ROS u mocreneHo cnabsbeme aHTHOKCHAATUBHE o0paHe. CHa)XXHE Kopelnalyje
O:*” ca IPOOKCUIATUBHUM M OKCUJATUBHO-CTPECHIUM CKOPOM JI0JIaTHO TOTBP)Yjy LeHTpaHy ynory Oz~
y dopMupamy penokc-nucoananca, 10k HeraruBae kopenamuje TAS u SH rpyma ca O:¢7, PAB u OSI
yKa3yjy Ha UCHPIJbHBaKHE HECH3UMCKE aHTHOKCHIATHBHE 3amTuTe TokoM Xponnune VOC excnio3urmje
(Brauner u cap., 2020; Dehghan Haghighi u cap., 2022).

Kox pamnuima cy u moBe3aHocTu OuoeneMeHaTa ca pefoKC mapamerpuma Ouiie U3paKeHHje Hero KOJ
panauka. Heratusae xopenamnuje Fe, Mg u Zn ca SOD, xao u Mg u Zn ca aHTHOKCHJJaATHBHUM CKOPOM,
MOTy YKa3uBaTH Ha nopemehaj nin mpepacnoielly XoMeocTa3e OnoereMeHara y yejaoBHMa XpOHHYHOT
okcupatuBHOT ontepehema. [TosutuBHa Kopenamuja Cu ca PAB cyrepuimne Moryhy moBe3aHOCT OBOT
OnoeneMeHTa ca M3paXEHUJUM IPOOKCUIATUBHUM OKpykemeM. OBaKBH Haja3W yKasyjy Ja MpOMeEHe
XoMeocTa3e OuoenemMeHara KoJA Npo(pEeCHOHATHO M3JI0KEHMX paJHHIla MOTy OUTH IOBE3aHe ca
nopemehajeM penokc paBHOTEXKE W JPYrHMM aJalTUBHUM MeEXaHH3MHUMa OpraHW3Ma W3a3BaHUM
XPOHUYHOM H3JI0’KEHOIIhy cMenama OpraHCKHX pacTBapaya.

Kopenammone ananuze uzmely OmoxeMujckux mapaMmerapa U OMoelieMeHaTa MokKas3ajie Cy CEJICKTUBHE
noBe3anoctr. Kox pagauka cy Mg u Zn mo3uTuBHO KOpenupaiu ca ypeoMm, 1ok je Cu 6ruo mosesaH ca
riryko3oM. OBe TIOBE3aHOCTH MOTY C€ TOCMaTpaTH y OKBUPY yiore OuoeJIeMeHaTa y €HepreTcKOM
MeTabonu3My, hennjckoj CHTHaNIM3alMju W aHTHOKcuaaThBHO) 3amTutu (Barbagallo m Dominguez,
2010; Prasad, 2014; Maret, 2019). Kox paauuna cy Fe u Zn mo3uTHBHO KOpENUpaId ca YKYIMTHHM
OmMpyOMHOM, JIOK je ZN ToKa3ao MO3WTHUBHY IMOBE3aHOCT U ca Z-ckopoMm omrehema jerpe. OBakBu
HaJla3W yKa3yjy Ja OWOeNeMEeHTH MOTY Y4YeCTBOBAaTH Yy MOIYJIAIMjH XENaTOOWMJIMjapHOT M PEIIOKC
0JIroBOpa KoJ1 mpodecnoHaaHo u3nokenux ucnuranuia (Papanikolaou u Pantopoulos, 2005; Himoto u
Masaki, 2020; Prasad, 2014).

YKynmHO TIOCMaTpaHO, KOpENAIMOHE aHajiu3e II0Ka3aje Cy Ja IMOCTOju MelhycoOHa IOBE3aHOCT
OKCHUJIATUBHOT CTpeca, OMOXEMHJCKHMX IOoKa3aTesha (DYHKIHjE jeTpe, METaObOJMUKHX Iapamerapa u
XOMeocTa3e OroenemMeHara Ko mpodecHoHaTHO U3JI0KEHUX UCTTHTaHuKa. J0OMjeHr Halla3u J10JaTHO
MOJIp’KaBajy TyMauewmhe Ja OKCHAATUBHHU CTPEC IMPEICTaBJba jelaH OJf KJbYYHHUX MeXaHH3ama KOjH
noBesyje nmpodecnonanny VOC ekcno3uiujy ca paHUM OMOXEMHUJCKHM U METa0OJIMYKUM IpOMEHaMa.

B.8. In silico TokeMKOreHOMHUYKA aHAJIU3A OAATAKA

VY oxBupy JucKycuje aHAIM3MpaHU cy pe3ynratd iN SiliCO TOKCHKOrEHOMHYKE aHaIW3e OPraHCKUX
pacTBapada WICHTH(GUKOBAHMX Yy TMpPOM3BOJHMM moronnma A u b, ca mwmem carienaBama
MOJIEKYJIapHUX MeXaHu3ama Koju Mory mnose3aTu mpodecuonanny VOC ekcno3unujy ca
eKCIIEPUMEHTAIHO PErHCTPOBAHIM IIpOMeHaMa Ornomapkepa edexra. JJooujeHun pe3ynraTu nokasam cy
12 ce OMOJIOIIKY OJITOBOP Ha CMEIIe OPraHCKUX pacTBapaya JOMHHAHTHO MOXKe IoBe3aTH ca Mel)ycoOHo
MOBE3aHUM MEXaHU3MHUMa OKCHIATUBHOT cTpeca, nHpaamaiuje, onorpanchopmalirje KCeHOOUOTHKA U
nopemehaja henujcke xomeocTase.

Kon mpousBogHor nmorona A uaentuduxoBanu cy 3ajeaaunuku rean CASP3, CXCL8, HMOX1 u MAPK1,
1ok cy kox mpousBogHor moroHa b m3gojenu CXCL8, CYP1Al, CYP2E1 u HMOX1. OBu renu
MOBE3aHU Cy ca WH(IaMaTOPHUM OJArOBOPOM, OMOTpaHCPOPMALMjOM KCEHOOMOTHKA, PeryialnujoM
OKCHJIATUBHOT CTpeca M MexaHm3MuMa henmjckor mpexuBsbaBama (Loboda u cap., 2016; Zanger u
Schwab, 2013; Ryter, 2022). [loOujern Hana3u 100po ce yKiamnajy ca eKCIepUMEHTAIHO PErHCTPOBAHUM
IIpoMeHaMa peJlokc bruomapkepa U Omomapkepa GpyHkIuje jerpe, ykibyuyjyhu nopact O+, TOS, PAB u
OSI, kao u mpomene AST, GGT u bunupyOuHa.
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OyHKIMOHATHA aHalIM3a JIOJAaTHO j€ W3JBOjHJIa Ipollece TmoBe3aHe ca oxaroBopomM Ha ROS,
UH(IAMAaTOPHOM CHTHAJIM3aLUjOM, METa00JIM3MOM KCEHOOMOTHKA U OKCHJIOPEIYKTa3HOM aKTUBHOIINY,
noTBphyjyhu meHTpaiHy yiaory OKCHUAATHBHOT CTpeca u OmoTpaHchopmaimje y OAroBOpYy Ha CMeIle
opraHckux pactBapada (Sies u cap., 2017; Nebert, 2017). [Toce6Ho je 3nHauajHO u3aABajatbe HMOX1 u
CYP2EL, umajyhu y Bugy ynory HMOX1 y nuTonpoTeKTUBHOM OATOBOPY Ha OKCHIATHBHHU CTpPEC H
CYP2E1 y wmerabonu3My OpraHCKHX pacTBapada. YKYIHO IOcMarpaHo, pesyarard in silico
TOKCHKOTEHOMHMYKE aHaJKM3e TOJAPKABajy TyMauemhe Ja c€ TOKCHMYHM MOTEHIMjaJl CMella OPTaHCKHX
pacTBapaya 3acHUBa Ha Mel)yCOOHO IMOBE3aHO] MPEKM OKCHUIATHBHOT cTpeca, mH(uamanuje u CYP
nocpenoBane OuorpanchopMmanje. MHTETpanuja OMOMOHHTOPHUHTA 3aCHOBAHOT Ha OHMOMapKepuma
edekra ca in SiliCO TOKCHKOrEHOMHYKOM aHAJIM30M IPEJICTaB/ba METOJOJOIIKA CHAKAH TMPUCTYI 3a
OpPOILIEHY pPaHUX M CYOKIMHUYKHX edekata npodecroHasHe H3JI0KEHOCTH CMellaMa OPraHCKUX
pacTBapaua.
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I'. OBJAB/BEHU PAZIOBU U CAOIIIITEBA

Pesynratu uctpaxuBama U3 JOKTOPCKE aucepranuje Kanaugara Hune YmwmheBuh oGjaBibeHu cy y
LHEJMHU y JBa paja y MeljyHapogHHM HAaydYHHUM 4YacolHMcHUMa, Ka0 M y BHJIY CaoMlIITeHa Ha
MelyyHapoJHUM W HallMOHAJIHUM HayYHUM CKYIOBHMA.

PanoBu o0jaBbenu y meh)ynapoaguum yaconucuma (M22)

Umicevic, N., Kotur-Stevuljevic, J., Paleksic, V., Djukic-Cosic, D., Antonijevic Miljakovic, E., Buha
Djordjevic, A., Curcic, M., Bulat, Z. and Antonijevic, B. (2022). Liver function alterations among
workers in the shoe industry due to combined low-level exposure to organic solvents. Drug and Chemical
Toxicology, 45(4), 1907-1914.

IF (2022) = 2,8; Toxicology (82/106) M22

. Umicevié, N., Kotur-Stevuljevi¢, J., Barali¢, K., Puki¢-Cosi¢, D., Antonijevi¢ Miljakovi¢, E., Buha
Pordevi¢, A., Cur¢ié, M., Bulat, Z. and Antonijevi¢, B. (2024). Increased oxidative stress in shoe industry
workers with low-level exposure to a mixture of volatile organic compounds. Archives of Industrial
Hygiene and Toxicology / Arhiv za higijenu rada i toksikologiju, 75, 51-60.

IF (2022) = 2,3; Public, Environmental & Occupational Health (223/405) M22

Caonmrema ca meh)yHapoauux ckynopa mrammnana y ussoay (M34)

Umicevic, N., Kotur-Stevuljevic, J., Antonijevic, E., Djukic-Cosic, D. and Antonijevic, B. Effects of
low-level exposure to a mixture of organic solvents on oxidative stress in workers in the shoe industry.
6th Croatian Congress of Toxicology, October 3—6, 2021, Rabac, Croatia. Book of Abstracts.

Umicevic, N., Baralic, K., Djukic-Cosic, D., Miljakovic Antonijevic, E., Djordjevic Buha, A., Curcic,
M., Bulat, Z. and Antonijevic, B. Toxicity of a mixture of toluene, xylene, ethanol and acetaldehyde: in
silico toxicogenomic data-mining. 13th International Congress of the Serbian Society of Toxicology and
1st TOXSEE Regional Conference, May 10-12, 2023, Belgrade, Serbia. Book of Abstracts.

Umicevic, N., Kotur-Stevuljevic, J., Baralic, K., Djukic-Cosic, D., Miljakovic Antonijevic, E.,
Djordjevic Buha, A., Curcic, M., Bulat, Z. and Antonijevic, B. Correlation of oxidative stress parameters
and liver function in workers employed in the shoe industry. 13th International Congress of the Serbian
Society of Toxicology and 1st TOXSEE Regional Conference, May 10-12, 2023, Belgrade, Serbia. Book
of Abstracts.

Umicevic, N., Kotur-Stevuljevic, J., Baralic, K., Djukic-Cosic, D., Miljakovic Antonijevic, E.,
Djordjevic Buha, A., Curcic, M., Bulat, Z. and Antonijevic, B. Oxidative stress parameters in workers
exposed to a mixture of low-level organic solvents. 13th International Congress of the Serbian Society
of Toxicology and 1st TOXSEE Regional Conference, May 10-12, 2023, Belgrade, Serbia. Book of
Abstracts.

Caonmrema ca CKynoBa HAMOHAJIHOT 3Ha4aja mraMnana y ussony (Mé64)

. Umicevi¢, N., Kotur-Stevuljevi¢, J., buki¢-Cosi¢, D., Bogavac-Stanojevi¢, N., Antonijevi¢, E. and
Antonijevi¢, B. Efekat organskih rastvaraca na parametre funkcije jetre kod radnika u industriji obuce.
6. Hrvatski kongres farmacije, 4—7. april 2019, Dubrovnik, Hrvatska. Knjiga sazetaka.
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2. Umicevic, N., Barali¢, K., Djukié-Cosié, D., Miljakovié Antonijevié, E., Djordjevi¢ Buha, A., Curéi¢,
M., Bulat, Z. and Antonijevi¢, B. Hepatotoksi¢ni potencijal smjese toluena, stirena i etanola: in silico
toksikogenomicka analiza. VIII Kongres farmaceuta Srbije sa medunarodnim uces¢em. Arhiv za
farmaciju, 72(Suppl. 4), 2022.

HaBenenu pazoBu U CaoNIITeHa HENOCPETHO CY MPOUCTEKIIN U3 UCTPaXKHBaba CIPOBEICHUX Yy OKBUPY
JIOKTOPCKE JHcepTandje W o0yxBarajy MEHE KJbydHE Hay4yHE AaclekTe, YKJbydyjyhu mnporeny
npoecroHalHe HM3JI0)KEHOCTH CMellaMa OPraHCKHMX pacTBapada, IMpOMEHE Omomapkepa (QyHKIHje
jetpe, mopemehaje peoKc XOMeocTase, MOBE3aHOCT OKCHIATHBHOT CTpeca W mapamerapa (QyHKIHje
jerpe, kao u in SiliCO TOKCMKOr€HOMHMYKY aHAJIW3y TOKCHYHOT TOTCHIMjaJia CMEIIa OPraHCKHX
pactBapaya. O0jaBJbUBaE pe3yiaTaTa y Mel)yHapoJHUM HAYYHUM YaCcOMMCHUMA U FbUXOBO CAOTIIITABAHE
Ha HallMOHAJIHUM U Mel)yHapoAHUM Hay4YHUM CKYNOBHMMA IOTBPhyjy Hay4dHY YTEMEJbEHOCT, AKTYEITHOCT
U 3Hayaj pe3yJitaTa OBe JOKTOPCKE AUcepTaluje.

JI. 3AK/bBYUYAK - OBPA3JIOXKEIE HAYUYHOI JIONPMHOCA JIOKTOPCKE
TACEPTAIINJE

JlokTopcka muceprandja kKanaunara Huae YmuheBuh mpeacraBiba OpUTHHANAH HAYYHH JIOTIPUHOC Y
00JacTu TOKCHUKOJIOTHje MpodecroHalHEe M3JI0KEHOCTH CMelllaMa OpraHckux pactBapadva. Iloceban
3Ha4aj OBE JUCEPTAIIH]e OTJIea Ce y TOME IIITO j€ TOKa3aHo Jia ce€ MepJbUBE MpOMeHe OnoMapkepa edexra
MOTY JaBUTHU M Y YCJIOBHMMa KaJa KOHIIEHTpalllje MOjeIWHAYHUX OPraHCKHUX pacTBapaya He Ipesasze
MIPOTMICaHe TPAHUIHE BPETHOCTH MPO(HECHOHATHE H3JI0’KEHOCTH.

OBaj Hama3 mnoceOHO HariamaBa OIpaHUYEeHAa IPOLIEHE pPHU3UKAa 3aCHOBAHE MCKJbYYUBO Ha
TOKCHKOJIOITKMM CBOJCTBHMA IMOjeAMHAYHUX CYICTAHIM M MOTBphyje moTpedy 3a MpOIEHOM PEaTHUX
XEMHJCKHX CMeIIIa y PaAHO] CPEANHHU.

Jucepranuja naje 3Ha4ajaH TOMPUHOC M KPO3 UICHTU(DHUKAIN]Y paHUX, CYOKITMHUYKUX XEMaTOJIOIIKUX,
OMOXEeMM]CKHX U peIOKC IpOoMeHa Ko Tpo(eCHOHATHO U3JI0KEHUX paJHUKa U paaHua. Kao HezaBucHU
MPEAUKTOPH MpodecuoHanHe n3noxkeHoctn n3aBojuiu ¢y ce MCHC kox paganka u HCT kox pagnauia.
HcroBpemeno, mupektHu Owmupyoun, AST, Z-ckop omrehewa jerpe, PAB, SOD, AOPP, OSI u
AHTHOKCHJIATUBHU CKOP H3JIBOJUIIM Cy C€ Kao 3HAayajHH MoKa3aTesbu MpodeCHOHATHE U3JI0KEHOCTH U
MOTBPJIMJIM OCETJHUBOCT OBHX IapaMmerapa 3a JeTeKIu]y paHux Ouosiomkux edekata. OBU Hamasu
yKa3yjy J1a UHT€TpUCaHu ceT OMoMapkepa eekTa MOKe MPeACTaBIbaTh MPELU3HUJU IPUCTYI TPOLECHU
paHux OMOJIOLIKUX MpoMeHa o1 Mpahema MojeJMHAYHUX PYTUHCKUX TTapaMeTapa.

[Toceban HayyHu NONPUHOC AUCEpTAIlMje OTJie[a ce y MOTBphuBamy IEHTpalHEe yjore mopemehaja
pPEIOKC XOMEOoCTa3e y PaHOM OMOJIOIIKOM OJrOBOPY Ha XPOHUYHY MPO(ECHOHAIHY H3II0KEHOCT
CMelllaMa OpraHcKHuX pactBapaya. [loOujeHH pe3ynTaTH yKa3aid Cy Ja WHTETPUCaHHU PEeIOKC HHIEKCH,
Hapounto OS| W aHTHOKCHAATUBHU CKOpP, HMMajy 3HauajHy BPEOHOCT Y TMPENo3HABalky paHOT
OKCHJATUBHOT OATOBOpA M MOTY IOIPUHETH MPELU3HI]0] IPOLIEHH 3[JpaBCTBEHOT PU3UKA.

JlolaTHY Hay4YHU TOTIPUHOC MIPE/ICTaB/ba aHaIu3a KOHIICHTpaIja OruoejaeMeHara, KojoM je moKazaHo Ja
npodecroHalHa H3JI0KEHOCT CMellaMa OPraHCKUX pacTBapaya Mo)ke OMTH TMOBe3aHa ca MpoMeHama
xomeocraze Fe, Mg, Zn, Cu u Mn. OBu Hanasu NpouHUpyjy TyMauyewmhe PEJOKC M METaO0O0IMUYKOT
OJIrOBOpa, MoceOHO uMajyhu y BUIy yIoTy OnoeneMeHaTa y aHTHOKCUAATUBHO] 3allITUTH, €H3UMCKUM
peaknujama 1 op>kaBamy hemjcke XoMeocTase.

3HauajaH JOMPHUHOC JIUCEpTalldje Orje/la C€ W y UHTErpalyju eKCIepUMEHTATHUX OMOMOHUTOPHHT
pesynrtara ca in SiliCO TOKCHKOTeHOMHUYKOM aHaan30M. MIeHTH()HUKOBAHW T€HH W CHTHAJIHU MYTEBH,
ykipyuyjyhu CASP3, CXCL8, HMOX1, MAPK1, CYP1A1, CYP2E1, CAT, GSTP1, IL1B, IL6, PTGS2 u
TNF, ykazanu cy Ha MeXaHHU3Me MOBE3aHe ca OKCUAATUBHUM CTPECOM, HHGIaMaIlljoM, METa00IN3MOM
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KCEHOOMOTHKA, XeMAaTOTOKCUYHONINY, XeMaTOTOKCHYHOIIIhY, alionTo30M U PEryiainjoM IporpaMupane
hemujcke cmptu. Ha Taj Hauwmn in Silico ananu3a monmatHo je mojpikaina ¥ MEXaHHCTHYKU OOjacHMIIA
MIPOMEHE youeHe y OMOJIOMIKUM y30pLrMa MPOo(hEeCHOHATHO U3JI0KEHUX UCTIUTAaHUKA.

VYKyIHO TMOCMaTpaHo, pe3yiTaTH OBE JOKTOPCKE AMCEpTAllMje NpPEICTaBJbajy OPUTHHAJIAH HAyYHH
JOTIPUHOC Y 00JIaCTH MPOPECHOHATHE TOKCHKOJIOTH]E U MPOIICHE PU3MKA O/ U3JI0KEHOCTH XEMHUJCKUM
cmemama. [Toceban 3Havaj auceprainmje oriena ce y MHTeTrpaluju MpoLeHe 3JI0KEHOCTH, OnoMapKkepa
edekra, HM3BENCHUX HHIEKca W IN SIliCO TOKCMKOrE€HOMHYKOT TIPUCTYyIa, 4YhME je OMOryheHo
cBeOOyXBaTHHjE carjefaBame MEXaHW3aMa TOKCHYHOCTH CMEIla OPraHCKHX pacTBapada u yHampelhena
Hay4YHa OCHOBA 3a IPOLIEHY 3[PAaBCTBEHOT PU3HMKa KO MPO(GECHOHATHO U3JI0KEHUX paaHuKa. JJoOujeHn
pe3yiITaTé UMajy HaydyHH 3Ha4yaj ¥ MOTY MPEICTaB/baTh OCHOBY 3a Jlajha UCTPAKMBama U yHarpeheme
OMOMOHUTOPHHTA MPO(HECHOHATHO U3JI0KESHUX TOITYJIAIH]a.

Ha ocHoBy IlpaBunHuka o NocTynky npoBepe OpUrHHATIHOCTH JOKTOPCKUX JMcepTalrja Koje ce OpaHe
Ha YHuBep3urery y beorpany, kao um yBuAa y Haja3 u3 u3BemTaja nporpama iThenticate, kojum je
W3BpIICHA TPOBEpPA OPUTHHAIHOCTH JIOKTOPCKE Jucepranuje ,.buomapkepm edexara OpraHcKux
pacTBapaya KoJi 3alOoCieHUX y UHAycTpuju oOyhe®, ayropa Hune YmuheBuh, yrBphyjem na crenex
TEKCTyaJTHOT Tojynapama usHocu 12%. OBaj mpolieHaT MOAYAApHOCTH TMPOU3WIIA3U U3 YyHmoTpede
TEPMHHA KOJU CE€ OJIHOCE Ha: Ha3MBE NCIUTHBAHMUX OMOMapKepa, Ha3uBe U OTHCE aHATUTUIKUX METO/Ia,
Ha3WBE U M0jMOBE CTATUCTHYKUX IMOCTYIIaKa, MEIUIIMHCKE M3pa3e, OIIITE MOjMOBE M IMOJATKE, Kao M
pe3ynTaTe KOoju Cy MPeTXO0JHO MyOIMKOBaHHU U KOJU MOTHUYY U3 OBE JOKTOPCKE JHcepTalyje, ITo je y
ckiany ca wianoM 9. [IpaBuinHuka.

[Tonazehu o1 HaBeIEHWX YNELEHUIIA U Y CKJIATy ca WiaHoM §. cTaB 2. [IpaBuiIHHKA O TOCTYIIKY ITPOBEPE
OPHUTMHATHOCTH JOKTOPCKHUX JUCEpTaIfja Koje ce OpaHe Ha YHHBEp3UTETy y beorpamy, kKoHCTaTyjeMO
Jla U3BEIITAj MOTBphyje OPUTHMHAIHOCT JOKTOPCKE AUCepTalnje, Te Jla ce MpoIMcaHa mpoleaypa bheHe
IpUIIpEME 3a 0JJOpaHy MOXk€e HECMETAHO HACTaBUTH.

‘B. MUIIIJBEILE U ITPEJJIOT' KOMHUCHUJE

JleTaJbHOM aHAIM30M TPUIOXKEHE TOKTOpPCKe mucepranuje Kommcwja je KOHCTatoBajsia 1a je
JHcepTalyja HalucaHa jacHO, TPErJICJIHO W HaydyHO yTEMEJbEHO, Kao W Jla Cy MOCTaBJbEHH ITUJBCBH
UCTPaXMBaWka y TOTIHYHOCTH peajan30BaHU. Pe3ynTatm MOKTOpPCKe aucepranuje Kanmuaata HuHe
YwmuheBuh mnpencraBibajy OpWrMHalaH HaydyHH JONPUHOC MPOICHHM paHUX OWOJOmKUX edekarta
npohecroHaITHE M3JI0’)KEHOCTH CMEIIaMa OPraHCKUX pacTBapayva Ko/ 3alloClIeHUX Yy HHIycTpuju oOyhe,
MPUMEHOM HWHTETPUCAHOT MPHCTYyNa KOju o0yXBaTa MPOIEHY H3JI0KCHOCTH, aHaIu3y Onomapkepa
edekra u in SiliCO TOKCHKOreHOMHUUKY aHAIH3Y.

CBeMy HaBeIEHOM y TIPWIOT TOBOPY M YHIbCHHUIIA Ja Cy pPE3yNTaTH OBE JOKTOPCKE JUCEpTaIlHje
MyOJIMKOBaHU y MelyHapoJHUM HaydyHMM YacOlMCHUMa W CAOIIITeHW Ha Mel)yHapoIHMM HaydyHUM
CKyITOBUMA.

Ha ocHoBy cBera u3nosxeHor, Komucuja cmarpa Jia je KaHIuIaTKUba UCITYHUIIA TOCTABJbEHE 3aXTEBE Y
JTOKTOPCKO]j TUCEPTAIIMj! 1101 HA3UBOM ,,bHOMapkepu edekara OpraHCKUX pacTBapaya KoJl 3all0CICHUX
y uHayctpuju obyhe* u npennaxxe HacraBHo-nHayunom Behy dapmarieyrckor akynrera Y HUBEp3UTETa
y beorpany ma npuxatu M3Bemraj m ynyru ra Behy HayyHuX o0lacTM MEIMIMHCKHX HayKa
Yuusep3uteta y beorpany paau no0ujama cariacHOCTH 3a jaBHY 0JI0paHy TOKTOPCKE qUcepTaIyje.
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V¥ beorpany, 11.06.2026. ronune

UnaHOBU KOMHCH]E

np cu. Jlaaujena Bykuh-hocuh, penosau nmpodecop
VYuusepsuret y beorpany — ®apmaneyrcku paxyaTer
(yxa HaydHa obnact: Tokcukooruja)

np ci. [lerap bynar, penosau npodecop
VYuusep3uteT y beorpany — Menuuunucku ¢axkynaret
(yxa Hay4Ha oOacT: MeaunuHa paja)

ap ci. Munomr CtojusbkoBuh, peoBHU TTpodecop
VYuusep3utet y bawoj Jlynu — Menununcku ¢akyirer
(yxa HayyHa o0act: dapmMakoJOrja # TOKCHKOJIOTHja)
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OLIEHA U3BELITAJA O IPOBEPU OPUTMHAJTHOCTH JJOKTOPCKE
JTUCEPTAIINJE

Ha ocHoBy [IpaBuiHHKa O MOCTYINKY MPOBEPE OPUTHHATHOCTH JOKTOPCKHX JHCEpTaIja Koje
ce OpaHe Ha YHuBep3uteTy y beorpamy, kao W yBuaa y Hajla3z W3 M3BENITaja MporpaMa
iThenticate, kojuM je HU3BpIICHA TMPOBEPAa OPHUTHMHAIHOCTH JIOKTOPCKE JHUCEpTallrje
,,buoMapkepu edekara opraHcKuX pacTBapada KoJ 3all0CJICHUX y HHAYCTpHUju o0yhe®, ayTopa
Hune VYwmuheBuh, yrBphyjem na cremeH TeKkcTyaqHor moayaapama u3HocH 12%. Osaj
MPOIEHAT MOAYIAPHOCTH MPOM3HIA3M M3 yIMOTpebe TepMHHA KOjU C€ OJHOCE Ha: Ha3HBE
UCIUTHBAaHUX OHOMapKepa, Ha3MBE M OMNHCE AHAIUTHYKAX METOJa, Ha3MBE M II0jMOBE
CTaTUCTHYKUX MOCTYIaKa, MEAUIMHCKE U3pa3e, OIMIITE TIOjMOBE U MOJATKE, Ka0 U pe3yirare
KOjU CYy IPETXO/JHO IyOJUKOBAaHU U KOjU MOTHYY U3 OBE JIOKTOPCKE JHCEpTaluje, MTo je y
ckiany ca wianoM 9. [IpaBuiHuKa.

[Tonazehn on HaBeNeHMX YHMIEHHMIA M Yy CKIaay ca wiaHoMm 8. crtaB 2. [IpaBuinHuka o
MOCTYNIKYy TIPOBEPE OPUTMHAJIHOCTM JIOKTOPCKMX JAWcCepTalndja Koje ce OpaHe Ha
VYuuBepsutety y beorpaay, KoHCTaTyjeM jJa W3BemTaj MOTBphyje OPUTHHAIHOCT TOKTOPCKE
JMcepTanyje, Te 1a ce MpoINKcaHa Mpoleaypa BbeHe IpuIpemMe 3a 0J0paHy MOXKe HECMETaHO
HACTaBUTH.

10.06.2026. ron. Mentop

p.cu. busbana Autonujesuh, peroBHU npodecop
VYuusepautet y beorpany — ®@apmarieyTcku GpakyaTer
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235 words / < 1% match - Internet
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Ewa Dudzinniska, Magdalena Gryzinska, Katarzyna Ognik, Paulina Gil-Kulik, Janusz Kocki. "Oxidative
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157 words / < 1% match - ProQuest
Tenodi, Slaven. "Razvoj holisticCkog modela za prioritizaciju deponija za sanaciju I/ili zatvaranje na
osnovu procene uticaja na zivotnu sredinu”, University of Novi Sad (Serbia), 2023
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izloZenosti pacova: protektivno dejstvo probiotika.", University of Belgrade (Serbia),
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let7a) u bolesnika s mijelodisplasti¢nim sindromom [Expression of circulating microRNA (miR-125a,
miR-125b, miR-126, miR-99b,miR-let7a) in myelodysplastic syndrome patients]’, 2020
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IvaniSevié, Jasmina M.. "The examination of inflammatory, oxidative stress and lipid status
parameters in sarcoidosis patients", YHuBep3autet y beorpaay, ®apmavieytcku dhakyntet, 2016
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Stani¢, Dusanka D.. "Effects of oxytocin on the hypothalamic-pituitary-adrenal axis activity and
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Markovi¢, Ivan Z.. "Sentinel lymph node biopsy in differentiated thyroid carcinoma in decision for
selective modified lateral neck dissection", YHuBep3auteT y beorpaay, MeaunuunHcku dakyntet, 2014

8 words / < 1% match - Internet
Mari¢, Vesna D.. "Assessment of predictors for the development of pseudoexfoliative glaucoma”,
YHuBep3autet y beorpaay, MeauumuHcku dakyntet, 2019
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76 words / < 1% match - Crossref

Liu, Rui, Jingbo Wang, Yan Yang, Inamullah Khan, and Naishuo Zhu. "Rabies virus lipopeptide
conjugated to a TLR7 agonist improves the magnitude and quality of the Th1-biased humoral immune
response in mice", Virology, 2016.

71 words / < 1% match - ProQuest
Vasiljevi¢, Sanja. "Uticaj uslova koagulacionog_procesa na efikasnost uklanjanja mikroplastike u
tretmanu voda.", University of Novi Sad (Serbia)
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www.paragraf.ba
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Kanis, Laura. "Fluorometric determination of selenium in eggs", Josip Juraj Strossmayer University of
Osijek. Department of Chemistry. Department of Analytical, Organic and Applied Chemistry., 2019
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Tenoau, KpuctuaHa 3pHuh. "Karakterizacija i Unapredenje Procesa Elektrokoagulacije u Tretmanu
Voda sa Visokim Sadrzajem Arsena",_University of Novi Sad (Serbia), 2025

60 words / < 1% match - Internet from 21-Nov-2012 12:00AM
www.ache.org.rs

24 words / < 1% match - from 16-Aug-2025 12:00AM
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18 words / < 1% match - from 16-Dec-2024 12:00AM
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16 words / < 1% match - from 16-Dec-2024 12:00AM
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54 words / < 1% match - Internet from 01-Feb-2023 12:00AM
www.mdpi.com

52 words / < 1% match - Crossref
Jovana Bogdanovi¢, Marija Duki¢, Tijana Gmizi¢, Marija Brankovié. "Prognostic value of the aspartate
aminotransferase-to-platelet ratio in decompensated liver cirrhosis", Medicinski podmladak, 2025

51 words / < 1% match - ProQuest
Jakovljevi¢, Ana. "Prognosticki znacaj laboratorijskih pokazatelja uteroplacentalne cirkulacije kod
trudnica sa hipertenzijom i preeklampsijom", University of Novi Sad (Serbia), 2024

50 words / < 1% match - ProQuest

Maijkic, Tatjana. "Modulatori Metabolizma Arahidonske Kiseline u Procesu Inflamacije: Uticaj
Odabranih Polifenola na Produkciju Prostaglandina E2 i Tromboksana A2", University of Novi Sad
(Serbia), 2021

48 words / < 1% match - ProQuest
Ristié, Snezana Stojanovié. "Prediktivni Znaéaj Prisustva Aleksitimije u Proceni Anksioznosti i
Depresivnosti Kod Studenata Obolelih od Bronhijalne Astme", University of Belgrade (Serbia), 2024

47 words / < 1% match - Internet
Antonijevi¢, Evica. "Antidotal efficacy of newly synthesized oximes K203 and K027 in rats acutely
exposed to dichlorvos", YHuBep3autet y beorpaay, ®apmaueyrtcku dakynrtet, 2019
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Grubac, Zeljko Z.. "Fragmentacija Spavanja Izazvana Eksperimentalno Po Modelu Apneje u Spavanju:
Bihejvioralne, Elektrofizioloske, Biohemijske i Strukturne Promene", University of Belgrade (Serbia),
2024
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Dordevi¢, Milo$ M. "Molekularni Mehanizmi Antioksidativhog Dejstva Ekstrakta kicice (Centaurium
Erythraea Rafn) u Eksperimentalnom Modelu Dijabetesa Pacova', University of Belgrade (Serbia),
2024

44 words / < 1% match - ProQuest
Barali¢, Ivana R.. "Uticaj Suplementacije Astaksantinom na Nivo Markera Oksidativhog Stresa i Nivo
Sekretornog IgA u Salivi kod Mladih Fudbalera", University of Belgrade (Serbia), 2024

44 words / < 1% match - ProQuest
Dimitrijevic, JelenavN. Radovanovi¢. "Subakutna Toksi¢nost Fluorida i Protektivni Efekat Selena Kod
Eksperimentalnog Zivotinjskog Modela", University of Belgrade (Serbia), 2024
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Savié, Aleksandra R.. "Etnobotanicka Istrazivanja Sorti Kruske (Pyrus Communis L.) Centralne i
Jugozapadne Srbije i Bioloska Aktivhost Ekstrakata Plodova", University of Belgrade (Serbia), 2024

24 words / < 1% match - Internet from 06-Nov-2020 12:00AM
repozitorij.fazos.hr

9 words / < 1% match - Internet from 03-Dec-2020 12:00AM
repozitorij.fazos.hr

8 words / < 1% match - Internet from 24-Nov-2020 12:00AM
repozitorij.fazos.hr

40 words / < 1% match - ProQuest
Vukicevié, Petar S.. "Uticaj razliCitih Operativnih Tehnika Tokom hirursSke Revaskularizacije Miokarda
Na Oksidativni Stres i Antioksidativnu zastitu", University of Belgrade (Serbia), 2024
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Marija Bozovic, Barbara Ostanek, Jelena Kotur-Stevuljevié, Janja Marc, Filiz Mercantepe, Aleksandra
Klisic. "Oxidative stress in adolescents with overweight/obesity", Journal of Medical Biochemistry,
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repozitorij.mefst.unist.hr

17 words / < 1% match - Internet from 30-Sep-2022 12:00AM
repozitorij.mefst.unist.hr
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38 words / < 1% match - ProQuest

Vukovi¢, MiloS. "Evaluation of Changes in the Neurobiochemical Profile of the Brain in Obese
Individuals Using_the Multi-Voxel Magnetic Resonance Spectroscopy Study.”, University of Novi Sad
(Serbia)

37 words /< 1% mgtch - ProQuest
Arsi¢, Aleksandra C.. "Uticaj hroni¢nog intenzivnog_treninga na parametre oksidativhog_stresa |
masnokiselinski profil plazme | eritrocita kod sportistkinja", University of Belgrade (Serbia), 2024

37 words / < 1% match - ProQuest
Savi¢, Jelena S.. "Dizajniranje, Sinteza, Fizicko-hemijske i BioloSke Karakteristike Derivata B-Hidroksi-
B-Arilalkanskih Kiselina", University of Belgrade (Serbia), 2024

36 words / < 1% match - Publications
0354-3447,2004

35 words / < 1% match - ProQuest

Milenkovié, Marina Z.Roksandi¢. "Odnos Serumskih Parametara Sistemske Inflamacije, Oksidativnog
Stresa i Lipidnog_Statusa Kao Zajednickih Biomarkera za Idiopatsku Plu¢nu Fibrozu i Nesitnocelijski
Karcinom Pluéa’, University of Belgrade (Serbia), 2024

33 words / < 1% match - ProQuest

Bozi¢, Iva D.. "Antiinflamatorna i Antioksidativna Svojstva Benfotiamina u Aktiviranoj Liniji
Mikroglijskih Celija Misa: Uloga Proinflamatornih Signalnih Puteva", University of Belgrade (Serbia),
2024

33 words / < 1% match - ProQuest
Markovié, Gorica S.. "Biomarkeri inflamacije i kvalitativne i kvantitativne karakteristike lipoproteina
visoke gustine u proceni rizika za razvoj preeklampsije.’, University of Belgrade (Serbia)

30 words / < 1% match - ProQuest
Zmijanjac, Tamara N.. "Uticaj vezivanja antipsihotika klozapina, ziprazidona i sertindola na sadrZaj_i
reaktivnost tiolne grupe Cys34 humanog serum-albumina.”, University of Belgrade (Serbia)

29 words / < 1% match - ProQuest

Kardum, Nevena D.. "Uticaj_ Soka Ploda Aronije Na Markere Oksidativhog Statusa i Profil Masnih
Kiselina Kod Zdravih Osoba Sa i Bez Faktora Rizika Za Nastanak Kardiovaskularnih Bolesti", University
of Belgrade (Serbia), 2024

29 words / < 1% match - ProQuest
Petrovi¢, Stanislava M.. "Dijagnosti¢ki i Ekonomski Znac¢aj Odredivanja Biomarkera Akutnog
Osteéenja Bubrega kod Dece", University of Belgrade (Serbia), 2024

27 words / < 1% match - ProQuest
Antoni¢ Krejovi¢, Tamara D.. "Markeri sinteze i apsorpcije holesterola i sfingolipidni profil u
preeklampsiji.", University of Belgrade (Serbia)
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27 words / < 1% match - Internet from 28-Jul-2021 12:00AM
repozitorij.sfzg.unizg.hr

26 words / < 1% match - ProQuest

Krsmanovi¢, Nenad. "Potencijal Lignikolnih Vrsta Gljiva Schizophyllum Commune Fr. 1815.,
Flammulina Velutipes (Curtis)_Singer 1951., Trametes Versicolor (L.)_Lloyd 1921, | Pleurotus Ostreatus
(Jacg. Ex Fr.) Pkumm. (1871) za Proizvodnju Biomaterijala | Funkcionalne Hrane", University of Novi
Sad (Serbia), 2025

26 words / < 1% match - ProQuest
Ljubisavljevi¢, Srdan. "Protektivho Dejstvo Modulatora Oksidativnog_i Nitrozativhog Stresa u
Neuroinflamaciji - Eksperimentalna i klini¢ka Studija", University of Nis (Serbia), 2024

26 words / < 1% match - ProQuest
Nikolic, Stanislava. "Uticaj metformina na nastanak deficita vitamina B12 kod pacijenata sa tipom 2
dijabetes melitusa", University of Novi Sad (Serbia), 2020

25 words / < 1% match - ProQuest .
Belevska, Maja K.. "Procena Kvaliteta Zlvota i Uticaj Psihosocijalnih Faktora Radne Sredine na Radnu
Sposobnost Slabovidih Osoba", University of Nis (Serbia), 2024

25 words / < 1% match - ProQuest
Jovanovié, Ivana Z.. "Analiza Odnosa Rezerve Koronarnog Protoka, TIMI Protoka i Indeksa Naprezanja
Leve Komore kod Bolesnica sa Sindromom X", University of Belgrade (Serbia), 2024

25 words / < 1% match - ProQuest
Radak, Boris. "Morfoloska varijabilnost vrsta roda Anacamptis Rich. (Orchidoideae, Orchidaceae) na
podruaju Balkanskog poluostrva i Panonske nizije.", University of Novi Sad (Serbia), 2020

24 words / < 1% match - ProQuest
Kovacevi¢, Mila. "Uticaj poremecéaja Acidobaznog Statusa Na Tok i Prognozu Akutnog Infarkta
Miokarda Sa Elevacijom St Segmenta", University of Novi Sad (Serbia), 2023

24 words / < 1% match - ProQuest
Stojicevi¢, Aleksandra S.. "Stabilizacija Hladno Presovanog Suncokretovog_ Ulja Primenom Etarskih
Ulja i Ekstrakata Odabranih Vrsta Lekovitog_i Zac¢inskog_Bilja", University of Belgrade (Serbia), 2024

24 words / < 1% match - ProQuest

Vukaijlovi¢, Jadranka M. Miletié. "Ispitivanje Zavisnosti Lipidnog_Sastava Plazme i Parametara Lipidne
Peroksidacije od Stadijuma i Duzine Trajanja Parkinsonove Bolesti i Primene Terapije", University of
Belgrade (Serbia), 2024

23 words / < 1% match - Internet

Dordevi¢, Branka S.. "Efekat melatonina na parametre oksidativnog_oSteéenja, inflamacije i
neoangiogeneze u retini pacova sa dijabetesom melitusom tip 2 izazvanim streptozotocin-
nikotinamidom", YHuBepauteT y Huwy, Meanuunncku dhakyntet, 2019
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22 words / < 1%vmatch - ProQuest
Maletin, Marija Z.. "Synthesis, Characterization and Application of New Adsorbents and lon Exchange
Materials for Nickel Removal From Water.", University of Novi Sad (Serbia)

21 words / < 1% match - ProQuest

Petrovic, Jelena M.. "Uticaj Magnezijuma na Ponasanje, Neuroendokrine i Poromene na Miokardu
Uzrokovane HiperaktivnoScu Osovine Hipotalamus-Hipofiza-Nadbubreg kod Pacova.", University of
Belgrade (Serbia), 2024

21 words / < 1% match - from 14-Feb-2026 12:00AM
WWW.rsu.lv

20 words / < 1% match - ProQuest
Micunovic, Milana llic. "Model za evaluaciju rezultata merenja karakteristika praskastih materija
zasnovan na elektronskoj mikroskopiji', University of Novi Sad (Serbia), 2020

20 words / < 1% match - ProQuest
Nasti¢, Katarina D.. "Vortioksetin u inflamatornim modelima bola: Mehanizam dejstva, uticaj na
kognitivne sposobnosti i oksido-redukcioni status kardiomiocita.", University of Belgrade (Serbia)

20 words / < 1% match - ProQuest
Stojanovi¢, Dijana. "Klinicko-Biohemijski Pokazatelji Endotelne Disfunkcije i Inflamacije kod Pacijenata
sa Transplantiranim Bubregom", University of Nis (Serbia), 2024

20 words / < 1% match - ProQuest
Tatovié¢, Andelina Z.. "Uticaj pastrmskog_ribnjaka na antioksidativni status odabranih vrsta akvati¢nih
beski¢menjaka.",_University of Belgrade (Serbia)

19 words / < 1% match - ProQuest 5
Aleksié, Jelena M.. "Parametri KoStane Strukture i Snage u Proceni Rizika za Prelom kod Zena u
Postmenopauzalnom Periodu", University of Belgrade (Serbia), 2024

19 words / < 1% match - ProQuest
BozZovié¢, Anja V. llié. "Pokazatelji Sistemske Inflamacije i Nivo Homocistena kod Pasa sa Atopijskim
Dermatitisom.", University of Belgrade (Serbia)

19 words / < 1% match - ProQuest

Franeta, Filip M.. "Uticaj Insekticida na Mortalitet i FizioloSki Stres Gusenica Kukuruznog Plamenca
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Tasi¢, Danijela D.. "Klinicki Modaliteti Kardiorenalnog_Sindroma i Znacaj_ Pojedinih Biomarkera u
Nijihovoj Proceni", University of Nis (Serbia), 2024

15 words / < 1% match - ProQuest

Tirmenstajn Jankovi¢, Biserka H.. "Dijagnosticki i Prognostic¢ki Znacaj Kardijalnih Biomarkera Kod
Asimptomatskih Bolesnika sa Hroni¢cnom Bubreznom Insuficijencijom”, University of Belgrade
(Serbia), 2024

15 words / < 1% match - ProQuest

Todorovié, Nevena R.. "Efekti Fluoksetina i Klozapina na Antioksidativni Sistem i Parametre
Inflamacije u Mozgu i Jetri Pacova u Uslovima Hroni¢ne Izolacije", University of Belgrade (Serbia),
2024

15 words / < 1% match - ProQuest
Manauh-CtojmeHoBuh, lopaHa b.. "KnuHuyke l'eHetcke Y Mopdosolike KapakTepucTuke
BonecHuka Ca lemeHuujom PaHor MoyveTtka", University of Belgrade (Serbia), 2024

14 words / < 1% match - ProQuest
Bojanin, Dragana V.. "Rani Lipidni i Inflamatorni Markeri Ateroskleroze Kod Dece sa Tipom 1 Dijabetes
Melitusa: Uticaj Metabolicke Kontrole i Komorbiditeta", University of Belgrade (Serbia), 2024

14 words / < 1% match - ProQuest
Pintac, Diandra. "Hemijska Karakterizacija i Bioloska Aktivhost Soka od grozda i Vina iz Vinogorja
Fruske Gore", University of Novi Sad (Serbia), 2021

14 words / < 1% match - Crossref
Radica Boji¢i¢, Marko Pavlovi¢, Biljana Stojanovié-Visié. "Zadovoljstvo poslom u EU, Rusiji i Srbiji -
komparativna analiza", Vojno delo, 2018
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Kojadinovié¢, Milica .. "BioloSko Delovanje Polifenola Nara (Punica Granatum L) na Parametre
Oksidativhog_Stresa | Masnokiselinski Profil Fosfolipida Plazme | Eritrocita Osoba sa Metaboli¢kim
Sindromom", University of Belgrade (Serbia), 2024

13 words / < 1% match - ProQuest
Maksi¢, Jelena D.. "Karakterizacija Sistema Te¢ne Hromatografije Hidrofilnih Interakcija Sa UV i
Ms/Ms Detekcijom u Analitici i Bioanalitici Olopatadina”, University of Belgrade (Serbia), 2024

13 words / < 1% match - ProQuest
Miler, Marko S.. "Uticaj Citrusnih Flavanona na Tireoidnu Homeostazu i Lipidni Status Starih Pacova’,
University of Belgrade (Serbia), 2024

12 words / < 1% match - ProQuest
Bozié-Anti¢, Ivana B.. "Analiza Fenotipova Sindroma Policisti¢nih Jajnika i Njihov Uticaj na
Metabolicke Promene", University of Belgrade (Serbia), 2024

12 words / < 1% match - ProQuest
Dimitrijevi¢, Blagoje P.. "Ispitivanje Moguénosti Kori§éenja Izoenzimskih Oblika Superoksid Dizmutaze
1 Kao Biomarkera Intenziteta Parazitskih Infekcija Kod Ovaca", University of Belgrade (Serbia), 2024

12 words / < 1% match - ProQuest
Ivanisevié, Jasmina M.. "Ispitivanje Pokazatelja Inflamacije, Oksidativhog Stresa i Lipidnog_Statusa
kod Pacijenata sa Sarkoidozom", University of Belgrade (Serbia), 2024

12 words / < 1% match - Crossref

Nina Umicéevié, Jelena Kotur-Stevuljevié, Katarina Barali¢, Danijela Duki¢-Cosié et al. "Increased
oxidative stress in shoe industry workers with low-level exposure to a mixture of volatile organic
compounds", Archives of Industrial Hygiene and Toxicology, 2024

12 words / < 1% match - ProQuest
Rankovi¢, Slavica G.. "Uticaj RazliCitih Vrsta Hrane na Parametre Oksidativhog Stresa i
Masnokiselinski Profil Fosfolipida Jetre Pacova", University of Belgrade (Serbia), 2024

11 words / < 1% match - ProQuest

Jovidié, Snezana Z. "Faktorska Analiza i Povezanost Lipidnih, Inflamatornih, Sréanih i Bubreznih
Biomarkera sa C-Reaktivnim Proteinom u Kategorizaciji Kardiovaskularnog_Rizika", University of
Belgrade (Serbia), 2024

11 words / < 1% match - Crossref
Marijana Jandri¢-Kogéi¢. "Risk factors and comorbidities that predispose to atrial fibrillation", PONS -
medicinski casopis, 2020
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11 words / < 1% match - ProQuest

Matié, Sanja D.. "Uticaj Polimorfizama Gena za Inflamatorne Citokine i Njihove Receptore na Nivo
Cirkulisu¢ih Citokina i klinicke Parametre Kod Pacijenata sa Hroniénom Parodontopatijom i Dijabetes
Melitusom Tipa 2", University of Belgrade (Serbia), 2024

11 words / < 1% match - ProQuest
Samardzié, Stevan S. "Uporedno Hemijsko i Farmakolosko Ispitivanije Liofilizovanih Infuza Cvasti
Predstavnika Roda Filipendula Miller u Srbiji", University of Belgrade (Serbia), 2024

11 words / < 1% match - Crossref

Tamara MiloSevié¢, Miron Sopic¢, Jelena Veki¢, Azra Guzonji¢ et al. "The influence of Klotho protein and
prooxidant—antioxidant balance combination on the mortality of HD patients", International Urology.
and Nephrology, 2023

11 words / < 1% match - from 12-Apr-2026 12:00AM
camplejeunecourtinfo.com

11 words / < 1% match - from 15-Dec-2024 12:00AM
vnras.com

11 words / < 1% match - from 23-Aug-2023 12:00AM
www.researchsquare.com

10 words / < 1% match - Crossref

Abdullah Alabdulhadi, Ashraf Ramadan, Peter Devey, May Boggess, Maya Guest. "Inhalation exposure
to volatile organic compounds in the printing_industry"”, Journal of the Air & Waste Management
Association, 2019

10 words / < 1% match - ProQuest

Memon, Lidija A.. "Znacaj_Odredivanja Simetricnog Dimetil-I-Arginina i N-Terminalnog Fragmenta
Natriuretskog Propeptida B Tipa Kod Bolesnika sa Hronicnom Bubreznom Insuficijencijom i
Transplantiranim Bubregom", University of Belgrade (Serbia), 2024

10 words / < 1% match - Crossref

Milena Andjelkovic, Aleksandra Buha Djordjevic, Evica Antonijevic, Biljana Antonijevic et al. "Toxic
Effect of Acute Cadmium and L ead Exposure in Rat Blood, Liver,_and Kidney", International Journal of
Environmental Research and Public Health, 2019

10 words / < 1% match - ProQuest
Nikolic, Tatjana. "Molekularne osnove odgovora medonosne pcele (Apis mellifera, L.) nastres izazvan
jonima teskih metala.", University of Novi Sad (Serbia), 2020

10 words / < 1% match - ProQuest
Nikoli¢, Aleksandra M.. "Faktori Rizika za Nastanak Zavisnosti od Pametnih Mobilnih Telefona Kod
Studenata Medicine", University of Belgrade (Serbia), 2024
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10 words / < 1% match - ProQuest
Pericevic, Medic Sonja. "Uticaj Starosti i duzine Radnog staza Na Reakciono Vreme Kod
Profesionalnih vozaca", University of Novi Sad (Serbia), 2021

10 words / < 1% match - ProQuest

Radovi¢, Jelena M.. "Zastupljenost Mutacija i R202Q _Polimorfizma Gena za Porodi¢nu Mediteransku
Groznicu i Njihov Uticaj na Oksidativni Stres i Klinicke Zapaljenske Manifestacije", University of Nis
(Serbia), 2024

10 words / < 1% match - ProQuest
Savkovié¢, Miljan M.. "Znacaj Odredivanja Hepcidina-25 i Odabranih Genetskih Varijanti u lecenju
Anemije Kod Pacijenata u Terminalnoj bubreznoj Slabosti", University of Belgrade (Serbia), 2024

10 words / < 1% match - ProQuest

Vunduk, Jovana D.. "Hemijska Karakterizacija i BioloSka Svojstva Polisaharidnih Ekstrakata Gljiva
Fomes Fomentarius, Auricularia Auricula-Judae i Sparassis Crispa", University of Belgrade (Serbia),
2024

10 words / < 1% match - Internet from 13-Dec-2022 12:00AM
theses.gla.ac.uk

10 words / < 1% match - ProQuest
Dordevi¢ Aleksi¢, Jelena Z.. "BioloSka Aktivnhost Alkiltio | Ariltio Derivata 2-terc-butil-1,4-benzohinona’,
University of Belgrade (Serbia), 2024

10 words / < 1% match - ProQuest
3y6uh, UeaHa M.. "YcknaheHoct MNpodecrnoHanHux NHtepecoBara Ocobe N OkonunHe Kao Kopenat
Msrapatba U 3apoBosbetBa NMocnom”, University of Nis (Serbia), 2024

10 words / < 1% match - ProQuest
Terbu, lnna | Tenji, Dina. "Biomarkeri Kod Riba u Monitoringu Statusa akvati¢nih Ekosistema i
Identifikaciji Efekata Hemijskog_ Stresa in Situ", University of Novi Sad (Serbia), 2022
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Filipovi¢, Aleksandra Z.. "Fiziolosko prilagodavanje larvi gubara, lymantria dispar L., | Zutotrbe,
Euproctis chrysorrhoea L., (Lepidoptera) na delovanije fluorantena", University of Belgrade (Serbia),
2024

8 words / < 1% match - ProQuest
Galié, Ivan. "Upotreba antioksidanasa u ishrani i njihov uticaj na parametre razredene sperme i
oksidativni status spermalne plazme priplodnih nerastova.’, University of Novi Sad (Serbia),

8 words / < 1% match - ProQuest .
Jovanovié, Maja V.. "Hemijski Sastav i Oksidativni Potencijal Respirabilnih Cestica u Urbanoj Sredini i
u Industrijskom Okruzenju", University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest
Jovanovié, Marija N.. "Identifikacija i Kvantifikacija Faktora Varijabilnosti Topiramata Kod Odraskih
Pacijenata sa Epilepsijom", University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest 5
Kalinovi¢, Jelena V.. "Moguénosti KoriSéenja Sipurka, Gloga i Trnjine u Biomonitoringu i
Fitoremedijaciji", University of Belgrade (Serbia), 2024

8 words / < 1% match - Crossref

Katarina Barali¢, Jovana Jerotijevi¢, Marta Panteli¢, Jovana Zivanovié, Danijela Dukié-Cosic.
"Computational profiling of toxic mixtures associated with type 2 diabetes mellitus development:
identification of key protective agents”, Food and Chemical Toxicology, 2026

8 words / < 1% match - ProQuest
Knezevic, Violeta. "Uticaj parametara osmotske dehidratacije na kinetiku, funkcionalne i
antioksidativne karakteristike lista koprive (Urtica dioica)’, University of Novi Sad (Serbia), 2020
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8 words / < 1% match - ProQuest
Loncarevi¢, Goranka M.. "Ispitivanje Prediktora Vakcinalnog Statusa Povezanog_sa Imunizacijom
Protiv Malih Boginja, Zau$aka i Rubele na Teritoriji Srbije", University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest
Mateji¢, Jelena S.. "Bioloska aktivnost etarskih ulja | ekstrakata odabranih vrsta iz familije Apiaceae”,
University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest

Miljkovi¢, Radmila D.. "Profilakticko dejstvo rekombinantne izoforme lektina banane u zapaljenskim
bolestima creva: ispitivanje na modelu hemijski-indukovanog kolitisa u misa.", University of Belgrade
(Serbia)

8 words / < 1% match - ProQuest

Munjas, Jelena D.. "Odredivanje Nivoa Genske Ekspresije Rezistina i Receptora za Rezistin i
Koncentracije Rezistina u Krvi Pacijenata sa Ishemijskom Bolesti Srca", University of Belgrade
(Serbia), 2024

8 words / < 1% match - ProQuest

Opankovié, Ana M.. "Povezanost Nivoa Jonizovanog Magnezijuma, Pokazatelja Oksidativhog_Stresa i
Specificnih Medijatora Zapaljenja kod Pacijenata sa Anksioznim i Depresivnim Poremecéajima”,
University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest
Petrovi¢, Ivana P.. "Efekat SuSe na FizioloSke i Biohemijske Pokazatelje Kvaliteta Plodova Paradajza
(Lycopersicon Esculentum L.)", University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest
Pogrmic, Kristina. "Mehanizmi delovanja atrazina na steroidogenu aktivhost Leydig-ovih celija
peripubertalnih pacova.", University of Novi Sad (Serbia), 2020

8 words / < 1% match - ProQuest .
Popié¢, Mia M.. "Uticaj Individualnih Protektivnih Faktora na Pregovaracku Asertivnost Zena u Situaciji
Pretnje Rodnim Stereotipom.”, University of Belgrade (Serbia)

8 words / < 1% match - ProQuest
Reis, André Miguel Souto. "Doencas&#xa0;neurodegenerativas&#xa0;associadas a
exposicdo&#txa0;ao n-hexano",_Egas Moniz School of Health & Science (Portugal), 2023

8 words / < 1% match - ProQuest
Savié, Porde B.. "Uticaj Prepartalne Aplikacije Propiltiouracila na Endokrini i Metabolicki Status Junica
HolStajn Rase’, University of Belgrade (Serbia), 2024
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8 words / < 1% match - ProQuest

Stankovié, Sanja D.. "Prognosticki Znacaj Biohemijskih Pokazatelja Kod Pacijenata sa Infarktom
Miokarda sa st Elevacijom Lec¢enih Primarnom Perkutanom Koronarnom Intervencijom®, University of
Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest

Vidovié, Vanja D.. "Povezanost Polimorfizama Gena Znacajnih za Diferencijaciju i Aktivaciju Mrkog
Masnog Tkiva sa Indeksom Telesne Mase Glikemijom i Lipidnim Statusom Adolescenata’, University,
of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest 3
Vladi¢, Jelena. "Savremene Metode Ekstrakcije Rtanjskog Caja (Satureja Montana L.), Hemijski Sastav
| Bioloska Aktivnost Dobijenih Ekstrakata", University of Novi Sad (Serbia), 2023

8 words / < 1% match - ProQuest
Vujnié, Milorad. "Ispitivanje Prisustva i Znacaja Metaboli¢kog Sindroma Kod Bolesnika sa
Miotoni¢nim Distrofijama", University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest
Zupan, Boris. "UTICAJ DODATKA LANENOG ULJA U HRANI NA PROMENU SADRZAJA MASNIH
KISELINA U MISICNOM TKIVU SARANA.", University of Novi Sad (Serbia), 2020

8 words / < 1% match - Internet from 30-Nov-2019 12:00AM
nugs.rs

8 words / < 1% match - Internet from 21-Nov-2020 12:00AM
repozitorij.unizg.hr

8 words / < 1% match - Internet from 08-Jan-2014 12:00AM
WWW.SQS.I's

8 words / < 1% match - ProQuest

Duri¢, Marko D.. "Mehanizmi Kardiodinamskih i Vazoaktivnih Efekata Propofola kod Pacova: Znacaj
Oksidativnog Stresa, Gasotransmitera i Kardiovaskularnih Biomarkera", University of Belgrade
(Serbia), 2024

8 words / < 1% match - ProQuest 3
Zivkovi¢, Marija M.. "Sadrzaj i Sastav Unutrasnjeg_| Spoljasnjeg Aerozagadenja u Skolskim Sredinama
u Srbiji",_University of Belgrade (Serbia), 2024

8 words / < 1% match - ProQuest
Caduje, Teonopa U.. "CuHapom CaropeBan-a Ha Pagy U MenTanHo 3apaBibe Ko 3apaBCcTBEHMX
PapHuka Tokom MaHpemuje Covid-19", University of Kragujevac (Serbia), 2024
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8 words / < 1% match - ProQuest

Catba, Catba C.. "Asocijacija Promena Antropometrijskih i Metabolickih Parametara i Aktivnosti
Enzima Antioksidativnhe Zastite sa Polimorfizmom LEP G2548a u Genu za Leptin Kod Gojaznih Osoba
u Srbiji", University of Belgrade (Serbia), 2024

7 words / < 1% match - ProQuest
Anti¢, Milutin. "Povezanost Koncentracije Proteina Akutne Faze i Faktora Koji Uti¢u na Funkciju
Endotela Kod Pasa Prirodno Inficiranih Protozoom Leishmania Spp.",_University of Belgrade (Serbia)

7 words / < 1% match - ProQuest

Jovanovié, Katarina Z.. "Opravdanost primene hlorheksidin-diglukonata u okviru konzervativhog
leCenja obolelih od parodontitisa - klini¢ka, biohemijska i mikrobioloSka studija.", University of
Belgrade (Serbia)

7 words / < 1% match - ProQuest
Kovacevi¢, Jovana N.. "Farmaceutski Razvoj Gastrorezistentnih Peleta Primenom Koncepta Dizajna
Kvaliteta i Tehnika Vestacke Inteligencije", University of Belgrade (Serbia), 2024

7 words / < 1% match - ProQuest
Kutlesi¢, Marija S.. "Efekat Remifentanila na Hemodinamiku, Metabolizam Adenozina i Oksidativni
Stres Toko Carskog Reza", University of Nis (Serbia), 2024

7 words / < 1% match - ProQuest
Maksimovié, Nevena Lj.. "Ocena Varijabilnosti Koncentracije Testosterona i Povezanosti sa Primarnim
i Sekundarnim Polnim Osobinama i Ponasanjem Ovnova", University of Belgrade (Serbia), 2024

7 words / < 1% match - ProQuest
Milankov, Andrijana. "Povezanost estara ftalne kiseline i sindroma policistianih jajnika.", University of
Novi Sad (Serbia), 2020

7 words / < 1% match - ProQuest
Milenkovi¢, Svetlana J.. "Povezanost Nivoa Leptina i Adiponektina sa Somatskim i Metaboli¢kim
Parametrima Diskordantnih Blizanaca", _University of Belgrade (Serbia), 2024

7 words / < 1% match - ProQuest

Miljkovic, Dejan. "Histomorfoloske, imunohistohemijske i biohemijske karakteristike ostecenja
bubrega kod miseva u modelu toksiane nefropatije izazvane aristolohianom kiselinom 1.", University of
Novi Sad (Serbia), 2020

7 words / < 1% match - ProQuest
Novakovic, Aleksandra. "Biopotencijal autohtonih gljiva u funkciji nutraceutika.”, University of Novi Sad
(Serbia), 2020
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7 words / < 1% match - ProQuest

Petrovié, Bojana M. Rankov. "Prenatalna Hiperandrogenizacija Zenki Pacova Testosteron
Undekanoatom: Kognitivne Elektroencefalografske i Metabolicke Promene", University of Belgrade
(Serbia), 2024

7 words /< 1% matchv- ProQuest
Radomirovi¢, Mirjana Z.. "Kovalentne modifikacije globularnih proteina fikocijanobilinom i
karakterizacija dobijenih konjugata.’, University of Belgrade (Serbia)

7 words / < 1% match - ProQuest
Vuckovic, Biljana. "Poremecaj funkcionalnosti fibrinoliznog mehanizma kod bolesnika sa venskom
trombozom.", University of Novi Sad (Serbia), 2021

7 words / < 1% match - ProQuest

Vukovié-Dejanovié, Vesna D.. "Ispitivanje Markera Inflamacije Pentraksina 3, Ciklofilina a i Heparin-
Vezujuceg Epidermalnog Faktora Rasta Kod Bolesnika sa Akutnim Infarktom Miokarda sa ST-
Elevacijom", University of Belgrade (Serbia), 2024

7 words / < 1% match - ProQuest
Pureti¢, Jasmina N.. "Uticaj Starenja na Imunski Odgovor i Neuroinflamaciju: Ispitivanja na Modelu
Eksperimentalnog Autoimunskog Encefalomijelitisa”, University of Belgrade (Serbia), 2024

6 words / < 1% match - ProQuest
Crnobrnja, Veljko. "Odnos Geometrije Miokarda Leve Komore i Fenotipskih Karakteristika Masnog
Tkiva Kod Gojaznih Osoba", University of Novi Sad (Serbia), 2021

6 words / < 1% match - ProQuest
lli¢, Nevena N.. "ldentifikacija i Filogenetska Analiza Norovirusa Poreklom iz Dagnji (Mytilus
Galloprovincialis) sa Aspekta Bezbednosti Hrane", University of Belgrade (Serbia), 2024

6 words / < 1% match - ProQuest

Janjié, Filip M.. "Odgovor Akutne Faze Kod Pasa Obolelih od Babezioze Tokom Razli¢itih Godisnjih
Doba i Veza Pojave Akutnog Oboljenja sa Meteoroloskim Parametrima", University of Belgrade
(Serbia), 2024

6 words / < 1% match - ProQuest

Knezevic, Varja. "Recovery Potential of Aquatic Macrophyte Species Lemna minor Linnaeus
(Lemnaceae, 1753) and Myriophyllum aquaticum (Vellosco)_Verdcourt (Haloragaceae, C. 1880), from
Toxic Stress after Exposure to Individual Herbicides and Their Mixtures.", University of Novi Sad
(Serbia), 2020

6 words / < 1% match - ProQuest
Kovacevi¢, Vladan M.. "Dugoroc¢ni tromboembolijski rizik posle kateterske ablacije tipiénog_atrijalnog
flatera", University of Belgrade (Serbia), 2024
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6 words / < 1% match - ProQuest
Nikic, Jasmina. "Sinteza, karakterizacija i primena sorbenata na bazi gvozda i mangana za uklanjanje
arsena iz vode.", University of Novi Sad (Serbia), 2020

6 words / < 1% match - ProQuest
Ninkov, Marina M.. "Intestinalni i Sistemski Imunski Efekti Oralnog_Unosa Kadmijuma Kod Pacova’,
University of Belgrade (Serbia), 2024

6 words / < 1% match - ProQuest
Petri¢evié, Veselin D.. "Proizvodni Rezultati Tovnih pili¢a i KokoSi Nosilja Hranjenih SmeSama sa
Razli¢itim Uce$¢em Sirovog_Zrna Soje", University of Belgrade (Serbia), 2024

6 words / < 1% match - ProQuest

Pijanovi¢, Marina Z.. "Longitudalne Promene Parametara za Procenu Insulinske Rezistencije,
Adipocitokina i Markera Formiranja Kostiju kod Zdravih Negojaznih Trudnica", University of Belgrade
(Serbia), 2024

6 words / < 1% match - ProQuest
Popevié, Martin B.. "Pospanost, Sindrom Opstruktivhe Apneje u Spavanju i Saobraéajni Traumatizam
kod Profesionalnih Vozaéa", University of Belgrade (Serbia), 2024

6 words / < 1% match - Crossref
R. Gianello. "Subchronic Oral Toxicity Study of Mixed Tocopheryl Phosphates in Rats", International
Journal of Toxicology, 9/2007

6 words / < 1% match - ProQuest
Tutus, lva Stankovié. "Prospektivna Studija Napredovanja Parkinsonove Bolesti u Ranom Motornom
Stadijumu",_University of Belgrade (Serbia), 2024

6 words / < 1% match - ProQuest
Vidicevi¢ Novakovi¢, Sasenka B.. "Uloga stresa endoplazmatskog retikuluma u indukciji
eksperimentalnog autoimunskog encefalomijelitisa kod pacova.”, University of Belgrade (Serbia)

6 words / < 1% match - ProQuest

Vranje$, Borjana R.. "Prisustvo Prirodnih Radionuklida i Toksi¢nih Elemenata u Fosfatnim Aditivima i
Postmortalno odredivanje Rezidua u Krvi, Jetri, Bubrezima Kostima i Fecesu Tovnih Svinja", University
of Belgrade (Serbia), 2024

6 words / < 1% match - ProQuest
Vujovi¢, Slavica S.. "Prediktivni Znacaj Plazma Proteina a Vezanog za Trudnocu i Slobodnog Humanog
Horionskog_Gonadotropina za Tok i Ishod Trudnoc¢e", University of Belgrade (Serbia), 2024

6 words / < 1% match - ProQuest
Vuceti¢, Milica M.. "Molekulski Mehanizmi Metaboli¢ke Regulacije u Hibernaciji i Tokom Aklimacije na
hladnoéu Kod Tekunice (Spermophilus Citellus)", University of Belgrade (Serbia), 2024
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YHUBEP3WUTET ¥ bAb0J NYLIN
UNIVERSITY OF BANJA LUKA

MEAVLIMHCKWN DAKYITET F
FACULTY OF MEDICINE

Bpoj: 18/4.140/21
Harym: 12.7.2021.

Ha ocxoBy unana 6. (1) Tauka 5 a y Be3u ca unanom 20. (5) u (6} IlpaBuanuka o pagy Ernukor
oafopa 3a MCTPAXKMBAKES HA JbyZWUMA W Guonouwkom Marepujaiy, MeanuuuCKOr dakyinreTa
Vhupepsvutera y barmoj JIyun, va cjeanuiu oapaxanoj aana 9.7.2021, rogune Onbop aonocn:

OAJNYKY
0 MCMYH:eHOCTH 3aXTjeBa eTHYHOCTH 32 NMPoBoljerse HETPAKHBRAKA Y OKBHDY HAYYHOr paja

Ynan 1.
ETduxu 0oABOp 3a HCTpaKHBasme Ha JbYAMMA W OMOJOLIKOM MaTtepujany, MeauurHCKOr
daxyarera Yausepautera y bawoj JTyun (Ondop) yTBphyje MCNyHREHOCT 3aXTjeBa €TUUHOCTH 34
npoBolie€ MCTpaXUBaha y OKBMPY HaywHor ucrpaxusama mr ph Hwne Ywmuhesuh, noa
HasuBoM ,,OKCHIATHBHH CTPEC ¥ XoMeocTaza OnoeneMeHaTa KOJA PafiHMKa 3amocieHHX Y
Mpon3eo kA 06yhe UaNnmKeHUX HUICKMM J1038Ma TOKCHYHHX CYNCTaHUn”.

Od6pasaoxeme

ETH4akn oafop 3a MCTpaXMBamke Ha JbyaHMa U GuomomkoM Marephjany Meauuunckor
dakyrrera (Onbop) v cacrasy [Ipod. ap Jlana Hexnh, ap men., Ilpeacjennuua, Meanuuncku
(akynrer, Yuusepsurer y Bamoj Jyuu; ITpod. np Amena Marasyss, Ap mMen., MeaWLHHCKH
dakynrer, YunpepanteT y Bawoj Jlyuu, unas; [Ipod.ip Hena Pamera CumoBwh, ap men.,
Meaununcku daxynrer Yuusepsurer y Bawoj Jlyuy, unan; Harama [py6nwa, mr ph. , ®oHz
3/paBCTBEHOr OCHTypama Penybnuke Cpncke, Bamwa Jlyka, unaw, Jenesa Dophuh, KIHHMuKH
menxonor, 3aBoj, 32 GUHKAIHY MeMUMHY ¥ pexabuantaumjy ,,JIp Mupocias 3otosuh®, bawa
Jyka, unaw; Ilpod. ap Harama Tprtufi, ap ctoM., Menuumuucku dakynrer, YHUBEp3UTET Yy
Bawoj Jlyuu, unan; Zp cun. Hepemko Munakosuh, aunn. npasuuk, bama Jlyka, unad, n
Cnapuua Cepnap Jamyul, anmi. gemorpad, Meauuuncku daxysnrer, YHUBEP3HTET y Baro]
Jlyum, cekperap; je Ha pefoBHoj V cjenHHLM ofpkaHoj fada 9.7.2021. roamHe pasMarpao
HCTIYHEHOCT 3aXTjeBa STHYHOCTH 3a nposoberse wcTpaxkuBama y OKBUPY H3paje Hay4yHor
HCTpaXKHBamwa MOA Ha3uBoM ,,OKCHIATHBHM CTpec W XoMmeocrasa OnoeneMeHaTa KOZ pajiHHKa
3AMOCNEHAX Y NPOU3BOAILH 06yhe u3N0XKEHNX HHCKUM [103aMa TOKCHYHHX CYNCTaHUM,.

Ioctynajyhu y naseaeHom niperMety Oabop je y3eo y ob3up noaxeceHy JOKYMEHTAUH]Y

U TO:
- MonGa EtudxoM ofibopy 3a MCTPaXHBAELE Ha JbyAHMa H CHONOLIKOM MaTepHjaly;
- [IpvjaBa nnaHa HCTpaXKUBAILA;
- HWndopmauuje ¥ HAGOPMHCAHH [PUCTAHAK 338 WUCIMTHBAHE DAJIHUKE Y
BUOMEAHLHHCKOM HCTPAXHBALY,;
- Nudpopmaiinje 1 vHPOPMKCAHH NPUCTAHAK 32 34PAROT HCMHUTAHHKA Y GHOMEAHIMHCKOM
HCTpaXKUBamy;
S N Strana | 1002
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WUmajyhu v Buay (A) oapende unana 20 TIpaBuiiHuka KOjHM ce MpOMKCYjy OnHKH
KPUTEPH]YMH 3a pasMaTpathbe 3axTjeBa 3a 0f00pere HaydHOT UCIHTHBAMbA H Koju y ctaBy (5)
[porucyje Aa 3aluTUTa nojiataka 0 WCNUTaHMKy/nauujenty odyxsara (1) mucty ocoba koje he
HMATH MPUCTYIH N0JALMMA O HCIIHTAHHKY/MalMjenTy u (2) Mjepe koje oGesbjehyjy besbjeanoct
W TajHOCT mojaTaka o uenuTanuky/nauujenty; (B) a y crasy (6) mpomucyje na 3axTjeBaHM
npoiec nobujarka NpUcTaHKa MCMUTAHMKa/Nauujenta caapxn (1) JeTasbaH onue nocrynka
N00Mjarba caraacHoCTH U Jiucta ocoba Koje he paauTH Ha Tome, (2) pasyM/BUBOCT, MOTMYHOCT M
ajackBarHocT  MupopMmaludje 38 MenuraHuka/manujenTta,  (3)  ako  ce YKIbYUYjy
MCMMTAHULA/TTALMJSHTH KOj HE MOTY JIaTH CarjlacHOCT, AeTabaH Ofuc 1001jamba carjlacHoCTH
0J1 3aKOHCKOT 3aCTYIHHKa, cTaparesba w/uin pojnTe/ba. Oadop je Ha OCHOBY usiaHa 6 (1) rauxa
15 [lpaBunnuka koju mponucyje pa Oudop ¥V yuny obasmara csoje Ojeramonocmu oonocu
nojedunavne akme y opmu ApPONUCAHO] 3d KOMKpemHu axkm, JOHHO 3ak/byyak Kao y
JICTIO3UTUBY.

Hanomena: Ernuku oafop 3a MCTP@KUBAIE Ha JbyAMMa M OHOJIOLIKOM matepujany
Meguunnckor dakynrera Yuusepsutera y bamoj Jlyuu papu y cknajty ca npuiiinima HoGpe
Kaunnuke Tlpakce (Good Clinical Practice), 3akonoaasctsa bocHe XepuLeroBuHe M 3a/1ihe
Bep3uje XesncHHLIKe AeKiapaumje.

INHOYKA O IIPABHOM JIMJEKY: Muwberme Etnukor 0a00pa je KoHauHo.

[pencjeaHuk
Errakor o160pa 3a HCTPaXKUBABE
_}ﬁmynm&a_iﬁ%}{onommm maTepujany
(- Mepupitickor Gakyirera
~~ Yuuse y bamoj Jlyuu

JloeTaB/meno:

- [lognocuorty 3axTjesa

- ApxuBa

- 'napHyM UCTPAXKMBAY/HCTPAKHBAYH

- Uneruryunja
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This study aimed to assess the redox status and trace metal levels in 49 shoe industry workers (11 men and 38 women) occupationally
exposed to a mixture of volatile organic compounds (VOCs), which includes aliphatic hydrocarbons, aromatic hydrocarbons, ketones,
esters, ethers, and carboxylic acids. All measured VOCs were below the permitted occupational exposure limits. The control group included
50 unexposed participants (25 men and 25 women). The following plasma parameters were analysed: superoxide anion (O,"), advanced
oxidation protein products (AOPP), total oxidative status (TOS), prooxidant-antioxidant balance (PAB), oxidative stress index (OSI),
superoxide dismutase (SOD) and paraoxonase-1 (PON1) enzyme activity, total SH group content (SHG), and total antioxidant status
(TAS). Trace metal levels (copper, zinc, iron, magnesium, and manganese) were analysed in whole blood. All oxidative stress and antioxidative
defence parameters were higher in the exposed workers than controls, except for PONT activity. Higher Fe, Mg, and Zn, and lower Cu
were observed in the exposed vs control men, while the exposed women had higher Fe and lower Mg, Zn, and Cu than their controls.
Our findings confirm that combined exposure to a mixture of VOCs, even at permitted levels, may result in additive or synergistic adverse
health effects and related disorders. This raises concern about current risk assessments, which mainly rely on the effects of individual

chemicals, and calls for risk assessment approaches that can explain combined exposure to multiple chemicals.

KEY WORDS: antioxidative defence parameters; occupational exposure; trace metals; VOC mixture

Volatile organic compounds (VOCs) are still commonly used
in different industries as diluents in glues, primers, and degreasers.
In the shoe industry, workers are often exposed to a range of VOCs,
including aliphatic hydrocarbons (#-hexane, #-pentane, #-heptane),
aromatic hydrocarbons (xylene, toluene, styrene, cyclohexane),
ketones (acetone, methyl ethyl ketone, methyl isobutyl ketone),
esters, ethers (diethyl ether, tetrahydrofuran, 1,4-dioxane), aldehydes
(acetaldehyde, formaldehyde), alcohols (ethanol, isopropanol,
butanol) and carboxylic acids (acetic, formic acid) (1). Occupational
exposure to a diverse mixture of VOCs raises concern about risks
of acute and chronic health illnesses and conditions, as VOCs are
known to be neurotoxic, hepatotoxic, and haematotoxic (1-3).

Some studies looking into the mechanisms of VOC toxicity
point to an endogenous imbalance between oxidants and
antioxidants (4-6). The resulting oxidative stress directly increases
free radical formation, indirectly affects the antioxidant defence
system, leads to cell damage, and disrupts cell signalling and
regulation of gene expression through redox-sensitive mechanisms.
To fight oxidative stress, living organisms have developed defence
mechanisms that involve capturing free radicals and inhibiting the
formation of chelating metal ions that catalyse free radical reactions
Corresponding author: Nina Umicevi¢, University of Banja Luka Faculty of
Medicine, Department of Toxicology, Bulevar vojvode Petra Bojovica 1a, 78000

Banja Luka, Bosnia and Herzegovina
E-mail: nina.umicevic@med.unibl.org, ORCID: 0000-0002-5835-275X

(7, 8). The main antioxidant defences include glutathione (GSH),
catalase, and superoxide dismutase (SOD) (9).

In addition, some trace metals such as copper (Cu), zinc (Zn),
iron (Fe), magnesium (Mg), and manganese (Mn) protect cells from
damage by acting as cofactors in antioxidant reactions, and their
deficiency can impair the overall defence system, increase oxygen
radicals above normal physiological levels, and lead to pathological
conditions (8, 9). Furthermore, almost no antioxidant enzymatic
activity is possible without ion equilibrium ensured by trace metals
(9, 10). Cu and Zn ions enable the activity of cytoplasmic SOD. Mn
is essential for the mitochondrial type of this enzyme, Fe ions are
an integral part of catalase, and Mg, as a mitochondtrial antioxidant
and a cofactor, plays a role in GSH production and can regulate the
activity of SOD and catalase.

However, toxic effects from combined occupational exposure
are often higher than exposure to individual compounds, even if
they are below the occupational exposure limits (11-14). An
occupational exposute limit indicates the highest permissible level
of exposure to a single component by an employee during an eight-
hour shift in a 40-hour work week without incurring the risk of
adverse health effects (15). While the adverse health effects of
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exposure to single solvents above these limits are well-known, there
are still uncertainties regarding the mechanisms triggered in the
human body by combined exposure to low concentrations of
different solvents. Our previous study (16) suggests that combined
occupational exposure to organic solvents, even at low concentrations,
may lead to hepatotoxicity.

Therefore, this study aimed to take a step further and investigate
redox status parameters and trace metal levels among shoe industry
workers occupationally exposed to a mixture of VOCs below
permitted thresholds to determine the mechanistic aspects of their
action.

PARTICIPANTS AND METHODS

Study population

In order to select the study participants, we invited 80 shoe
industry workers in Bosnia and Herzegovina who had been
occupationally exposed to VOCs. They were interviewed to obtain
their basic anamnestic data, and their medical records were checked
to exclude those who reported smoking, drinking alcohol, taking
medicines, and those who had abnormal liver function tests or a
history of liver disease. The study eventually included 11 male and
38 female shoe industry workers who had at least one year of work
experience and were occupationally exposed to a mixture of low-
level VOCs. The control group consisted of 25 healthy male and
25 healthy female workers who were not occupationally exposed to
VOCs. All participants signed an informed consent to participate,
and the study protocol was approved by the Biomedical Research
Ethics Committee of the University of Banja Luka Faculty of
Medicine, Bosnia and Herzegovina (approval no. 18/4.140/21) and
the Ethics Committee for Biomedical Research of the University
of Belgrade Faculty of Pharmacy, Serbia (approval no. 249/1). The
study followed the ethical guidelines outlined in the Declaration of
Helsinki.

We studied the effects of VOCs in workers employed in two
production units. Production unit A had all male workers exposed
to a combination of acetaldehyde, acetic acid, acetone, butanol,
cyclohexane, ethanol, formaldehyde, formic acid, isopropanol,
methyl ethyl ketone, methyl isobutyl ketone, styrene, and toluene.
Production unit B had all female workers exposed to a combination
of acetaldehyde, acetic acid, acetone, cyclohexane, dimethyl
disulphide, dimethyl sulphide, ethanol, formic acid, isopropanol,
methyl ethyl ketone, methyl isobutyl ketone, z-xylene, #-heptane,
n-hexane, o-xylene, and toluene.

VOC levels measured in the air samples in both production
units have been published in our previous article (16). They ranged
from 0.15 mg/m? (acetic acid) to 64.87 mg/m? (acetone), while the
permitted values ranged from 9 mg/m’ (formic acid ) to 1900 mg/
m? (ethanol). In other words, the measured VOC levels ranged from

Umicevié N, et al. Increased oxidative stress in shoe industry workers with low-level exposure to a mixture of volatile organic compounds

Ath Hig Rada Toksikol 2024;75:51-60

two (formaldehyde) to almost several hundred times below the
permitted limits (o-xylene, 7-heptane).

Sample collection

Blood samples of approximately 4 mlL were collected into
heparin tubes by venipuncture at the same time, in the morning
after the overnight fast at the end of the working week. They were
then kept at a temperatutre of up to 8 °C and prepated for analysis
within 5 h of collection. Trace metals were analysed in whole blood
and redox status parameters were analysed in plasma, separated by
centrifugation at 1000 g for 15 min and stored at -80 °C.

Determination of redox status parameters

Advanced oxidation protein products (AOPP) were determined
spectrophotometrically at 340 nm according to the method described
by Witko-Sarsat et al. (17). Chloramine-T was used for standard
curve calculation in the range of 10-100 umol/L. AOPPs are
expressed in chloramine-T equivalents. The rate of nitroblue
tetrazolium reduction was used to measure the level of superoxide
anion (O,") as described by Auclair and Voisin (18).

Total oxidative status (TOS) was measured with a
spectrophotometric method developed by Erel (19) using
o-dianisidine. The results are expressed in terms of micromolar
H,0, equivalent per litre (umol H,O, Eq/L).

Prooxidant-antioxidant balance (PAB) was determined with a
modified PAB test using 3,3,5,5'-tetramethylbenzidine as a
chromogen (20) and is expressed in arbitrary Hamidi-Koliakos units
(HKU), which correspond to the percentage of hydrogen peroxide
in standard solution.

Plasma superoxide dismutase (SOD) activity was measured
according to the method of Misra and Fridovich (21). We monitored
SOD-mediated inhibition of adrenalin autooxidation to
adrenochrome. One unit of SOD activity is defined as the activity
that inhibits adrenalin auto-oxidation by 50 %, and results are
expressed as units per litre (U/L).

Paraoxonase-1 (PONT) activity was measured through paraoxon
hydrolysis into p-nitrophenol using the method described by Richter
et al. (22). We measured the rate of hydrolysis of paraoxon by
monitoring the increase in absorbance at 405 nm and 25 °C. One
unit (U) of paraoxonase activity is defined as 1 umol p-nitrophenol
formed pet minute and the activity is expressed as U/L of plasma.

Total antioxidant status (TAS) was determined using an
automated method developed by Erel (23). This method is based
on the discoloration of 2,2'-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid)-radical cation (ABTS) by antioxidants present in
plasma. The change in colour was measured using an IL.ab 300 Plus
autoanalyser (Instrumentation Laboratory, Milano, Italy). The
reaction rate was calibrated with Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), and TAS value is expressed
as mmol Trolox Eq/L.
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Total sulphhydryl group (SHG) levels in plasma were measured
with the method described by Ellman (24). Dinitrodithiobenzoic
acid (DTNB) was used as a reagent with aliphatic thiols at pH 9.0
producing p-nitrophenol, which was measured with
spectrophotometry at 412 nm. The tesults are expressed as mmol/L.

Total protein levels were measured with a routine laboratory
method using the biuret reagent and results are expressed as g/L.

Oxidative stress index (OSI) was calculated as the ratio between
TOS and TAS parameters, as follows:

OSI (arbitrary unit) = TOS (umol H,0, Eq/L)/TAS (umol
Trolox Eq/L)x100 (25, 20).

Measurement of trace metal levels

Blood samples (I mL) were processed by microwave-assisted
digestion (Milestone, Start D SK-10 T, Milestone Stl, Sorisole, Italy)
with 1 mL of H,O, (30 %) and 7 mL of HNO, (68 %) using the
following program: 1) heating to 180 °C for 15 min, 2) maintaining
the temperature at 180 °C for another 15 min, and 3) ventilating
the system and cooling for 30 min.

After digestion, all samples were restored to 25 mL volume with
deionised water. Levels of Cu, Zn, Mn, Mg, and Fe were determined
with inductively coupled plasma — optical emission spectrometry
(ICP-OES) (Optima 8000, Perkin Elmer, Waltham, MA, USA). The
elements were quantified using the external standard method, while
calibration was performed using the ICP multielement standard
solution IV (1000 mg/L) in diluted nittic acid (Metck, Darmstadt,
Germany). The accuracy of analyses was validated with standard
reference material Seronorm™ for trace elements in whole blood.
The limit of detection for Fe, Mg, Zn, Cu, and Mn was 0.1, 0.04,
0.2, 0.4, and 0.1 ug/L, respectively. The obtained recovery values
ranged from 99.2 % to 99.9 %.

Statistical analysis

Statistical analysis was run on SPSS version 25.0 (IBM Corp,
Armonk, NY, USA). As the variables were not disttibuted normally,
which was determined with the Shapiro-Wilk test, comparisons
between the groups were made with the Mann-Whitney U test, and
all data expressed as medians and interquartile ranges. For possible
correlations between redox status parameters and trace elements
we used Spearman’s correlation coefficient. Differences at p<0.05
were considered statistically significant.

Table 1 Participant age and BMI by sex, expressed as median and IQR
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RESULTS

The exposed and control groups did not significantly differ in
age and BMI (Table 1).

All oxidative stress and antioxidative defence parameters were
significantly higher in female workers than their controls, except for
PONT, which was significantly lower. In male workers the pattern
was similar, except that differences from controls were not
significant for AOPP, PON1, and TAS (Table 2).

Blood Fe was significantly higher and other trace metals
significantly lower in the exposed women than their controls. In
men the pattern was quite different. They had significantly higher
Mg and Zn and significantly lower Cu levels than their controls,
while the differences in Fe were not significant, although higher in
the exposed group. Mn levels in the exposed workers of both sexes
were below the limit of quantification (LOQ) (Table 2).

Correlation analysis allowed a deeper insight into the relationship
between redox status parameters and their relationship with trace
metal levels. In male workers (Table 3), AOPP correlated with TOS,
OSI, and total protein levels, SOD with employment years and
0,", SHG with TOS and OS], O," with employment years. Fe
positively correlated with Mg and Zn and negatively with Cu. Mg
positively correlated with Zn, and Cu negatively with TAS. There
was a positive correlation between O,” and SOD activity and
prolonged exposure to VOC mixtures (Table 3).

In female workers (Table 4), O, strongly positively correlated
with employment years, PAB, and OSI and negatively with TAS and
SHG. TOS positively correlated with SHG and OSI, PAB with OSI
and Cu, SHG with TOS, PONT, and total proteins and negatively
with O,". SOD negatively correlated with PONT1. Like in male
workers, Fe positively correlated with Mg and Zn and Mg with Zn.
SHG levels, TAS, and SOD negatively correlated with employment
years (Table 4).

DISCUSSION

Our findings provide new knowledge about the mixture effects
of VOCs in occupationally exposed populations. The majority of
earlier studies (27-33) investigated the toxicity of a relatively high
exposure to a single chemical, while the available literature related
to occupational exposure to low concentrations of a larger number
of VOCs in the mixture and the associated mechanisms or their
outcomes is still relatively scarce (34-36). Workers in this and the

Exposed men
(Production unit A)

(N=11)

Control men

(N=25)

Exposed women
(Production unit B)

(N=38)

Control women

(N=25)

Median age (years) 35 (29-37)

32 (27.5-39.5)

39 (31.75-45.25) 34 (27-40)

Median BMI (kg/m?) 26.90 (25.90-31.00)

24.22 (22.40-26.21)

25.75 (22.70-27.77) 24.00 (22.25-25.90)

BMI — body mass index; IQR — interquartile range (25" to 75™ percentile)
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Table 2 Plasma redox status parameters and blood trace metal levels in shoe factory workers exposed to a mixture of volatile organic compounds vs

controls by sex (means and interquartile ranges)

Men Women
Exposed workers _ Exposed workers Control
Parameter (N=11) Control (N=25) p-value (N=38) (N=25) p-value
Q?HI;II;] ) 22.20 (19.10-38.00) 20.50 (17.53-23.06) 0.210 24.85 (21.90-26.93) 19.08 (16.37-22.69) <0.001
0, (mmol 91.00 (56.00~132.00) 29.00 820.50-34.50) <0.001  199.00 (135.50-263.00) 29.00 (25.50-38.50) <0.001
NBT/min
(T;(r?lil/l) 17.50 (14.90-21.00) 8.50 (8.10-10.05) <0.001 18.55 (17.08-19.80) 8.70 (7.90-12.00) <0.001
PAB (HKU) 115.07 (89.33-136.20) 85.38 (70.63-91.27) <0.001 175.70 (159.15-195.92) 88.59 (68.37-94.94) <0.001
SOD (U/L) 133.0 (78.00-142.00) 22.00 (15.50-43.00) <0.001 139.50 (105.75-146.00) 33.00 (21.00-41.50) <0.001
?[f;l;})l 230.00 (93.00-444.00) 347.00(205.50—-435.50) 0.233 217.50 (72.75-326.75) 393.00(276.50—489.50) <0.001
(Tfr\nsol/l) 1212.00 (1139.00-1261.00) 976.00 (779.00-1292.00) 0.071 996.50 (905.25-1159.00)  878.00 (760.00-1003.50) 0.008
SHG
—0.69 . — —
(mmol /1) 0.66 (0.63-0.69) 0.56 (0.45-0.63) 0.001 0.63 (0.60-0.67) 0.54 (0.50-0.59) <0.001
Total
proteins 85.60 (82.00-89.00) 67.60 (65.50-69.20) <0.001 94.30 (88.70-101.85) 67.60 (64.30-69.75) <0.001
(/L)
OSI (AU) 1.38 (1.31-1.82) 0.85 (0.68-1.13) <0.001 1.84 (1.57-2.04) 0.99 (0.77-1.48) <0.001
Fe (mg/L) 630.00 (530.40—-691.20) 544.72 (527.82-564.32) 0.057 467.20 (360.40-599.40) 99.22 (77.75-117.07) <0.001
Mg (mg/L) 46.48 (44.40-51.60) 33.91 (32.14-36.43) <0.001 36.72 (29.89-41.18) 39.67 (32.83-48.70) 0.039
Zn (mg/1) 6.96 (6.08-8.52) 5.27 (4.26-5.80) 0.001 5.70 (2.95-7.47) 6.98 (5.28-9.04) 0.032
Cu (mg/L) 0.64 (0.60-0.84) 0.82 (0.79-0.85) 0.024 0.52 (0.38-0.66) 2.28 (1.35-2.66) <0.001
Mn (ug/L) <LOQ 4.86 (4.09-7.29) <LOQ 3.17 (1.90-5.78)

p-values in bold indicate significant difference between workers and matched controls (Mann-Whitney U test). <LOQ — below the limit of quantification;
AOPP — advanced oxidation protein products; Cu — copper; Fe — iron; Mg — magnesium; O, — superoxide anion radical; OSI — oxidative stress index;
PAB — prooxidant-antioxidant balance; PON1 — paraoxonase-1 enzyme activity; SHG — total SH group content; SOD — superoxide dismutase; TAS —

total antioxidant status; TOS — total oxidative status; Zn — zinc

earlier study (16), however, were exposed to a complex mixture of
VOCs within the permitted levels established by national and
international regulatory bodies. Even so, our findings confirm that
combined exposure to VOCs can highly affect redox parameters
and trace metal levels.

In terms of oxidative stress parameters, the case in point is the
threefold increase in plasma O, in the exposed men and sixfold
increase in the exposed women compared to their controls. Exposed
wotkers also had increased TOS, PAB, and AOPP, whose role in
oxidative stress is well known (3, 26, 37). Furthermore, the calculated
values of OSI, which reflects changes in the oxidant-antioxidant
equilibrium, were significantly higher in the exposed workers than
controls. They also evidence the presence of enhanced continuous
oxidative stress in the exposed workers and are consistent with
earlier studies of the effects of occupational exposure to VOCs

(37-39).

We should also mention some observations related to the
antioxidant defence system. The values of antioxidant parameters
in the exposed workers were higher than in controls, except for
PONT1. TAS levels in male workers point to the compensatory
increase in antioxidants due to chronic stimulation by prooxidants.
Similar results, i. e. increased antioxidant enzyme activities after
low-level exposure to chemicals present in the paint, were previously
reported by Moro et al. (6). Two other studies (35, 36) also found
increased oxidative stress and high activities of antioxidant enzymes
in occupationally exposed nail care technicians and industrial
workers. However, some studies report significantly lower
antioxidants, SOD in particular, in shoe factory and petrol station
workers (5, 8, 40, 41).

Our extensive analysis of correlations between measured
parameters and duration of occupational exposure indicates thatin
spite of increase in O,", the concentrations of SHG, TAS, and SOD
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decreased in female workers, suggesting a potential compromise in
their antioxidant defence mechanisms.

Existing literature (42) also reports that SHG increases with
increasing TOS, probably as an adaptive mechanism to oxidative
stress. We believe that increased SHG and total protein levels in our
male workers could also be a compensatory mechanism against
increased oxidative stress. Finally, OSI showed a positive correlation
with oxidative stress parameters (AOPP, O,7, TOS, PAB) and a
negative correlation with TAS, which indicates an imbalance
favouring oxidative stress.

Trace metal levels in workers exposed to solvents were
investigated in several studies. For instance, Rizk et al. (8) evaluated
oxidative stress and trace metal levels in Egyptian petrol station
workers to find that the significant drop in antioxidant enzyme
activities and trace element (Fe, Cu, and Zn) levels after prolonged
occupational exposure was associated with the ability of VOCs to
deplete cellular antioxidant defences (40, 41, 43—46). However,
changes in trace metals levels may be attributed to different dietary
patterns as well.

In our study, Mg and Zn levels increased while Cu decreased
significantly in the exposed men compared to control. Fe also
increased, but not significantly. In contrast, the exposed women
workers showed a significant, fourfold increase in Fe and a significant
drop in Mg, Zn, and Cu compared to respective control. These
findings may suggest some physiological vatiations in response to
exposure to the different mixtures of solvents to which our working
men and women were exposed. Similar variations in trace metal
levels in workers exposed to organic solvents have been observed
previously by other researchers. Mahmood et al. (47) found
significantly increased Cu and Zn levels and decreased Fe in petrol
station workers following long-term exposure to petrol products.
Hussein et al. (5) reported no significant differences in Cu and Zn
levels between shoe factory workers and their controls. However,
it is difficult to compare our results with other studies because of
the differences in VOC mixtures and levels present in different
working environments.

Another point of interest in our study is the relation between
redox parameters and trace metal levels. Considering many complex
and important roles of specific trace metals in the body, it is difficult
to assess their combined impact on oxidative stress. Our findings
have shown that professional exposure to VOCs results in increased
blood concentration of Fe. This, however, can be interpreted in two
ways. On the one hand, Fe as a component of catalase may
contribute to the efficacy of antioxidant defence , but on the other,
high Fe levels can cause lipid peroxidation and free radical
production (48). Previous studies (16, 49, 50) have shown that excess
Fe promotes oxidative stress and tissue damage, resulting in liver
fibrosis, hepatocellular carcinoma, and other liver pathologies.
Furthermore, elevated Fe levels are occasionally accompanied by
decreased Cu and ceruloplasmin levels in some tissues. In turn, high
levels of free Cu may result in decreased ferroxidase activity (9). Cu
plays an important role in oxidative stress and is a cofactor of the

57

antioxidant enzyme Cu, Zn-SOD, present in cell cytoplasm. Our
statistics show that only Cu significantly correlated with redox
parameters. In men, Cu negatively correlated with TAS; in women,
Cu positively correlated with PAB and total proteins.

We observed a positive, but not statistically significant
correlation between Mg levels and TOS. As a mitochondrial
antioxidant, Mg is an essential cofactor that plays a role in GSH
production by gamma-glutamyl transpeptidase. Intracellular Mg can
affect mitochondrial function by altering reactive oxygen species
(ROS) production and by regulating the antioxidant defence system
(catalase, SOD, and GSH) (51).

Obur results reveal an inverse relationship between SOD and Zn
in the exposed women, although Zn is a cofactor of Cu, Zn-SOD.
They also show a negative correlation between Mg and SOD. The
physiological role of Zn is very complex. It prevents ROS generation
through several mechanisms and increases GSH synthesis,
glutathione peroxidase activity, and other detoxification mechanisms.
By inducing metallothionein synthesis, Zn may decrease the
availability of redox metals and their participation in the Fenton
reaction. Also, Zn may inhibit the susceptibility of proteins to free
radical oxidation by protecting the thiol groups. However, it does
not always act as an antioxidant. High intracellular Zn levels can
have prooxidant properties and increase oxidative stress (52).

As for metal-to-metal interactions, we found a strong positive
correlation between Fe, Zn, and Mg, which has also been suggested
in liver damage (53, 54).

One of the major limitations of our study is the small sample
size, which does not allow general conclusions, especially in terms
of correlations between trace metals and redox parameters. In
addition, we did not measure VOC levels in body fluids, which
would better reflect exposure. Moreover, associating the measured
plasma redox status parameters with VOC levels or their metabolites
in body fluids would not only enhance the study’s mechanistic
relevance but also provide a more direct link between exposure and
biological response, offering a deeper insight into the complex
interplay between occupational exposure to VOCs and the observed
physiological changes.

These limitations underscore the need for further research with
a larger sample size and a more exhaustive study design.

CONCLUSION

Our findings confirm that long-term combined exposure to a
mixture of VOCs, even at permitted levels, may result in synergistic
adverse health effects and related disorders in shoe industry workers.
This raises concern about current risk assessment in occupational
settings, which mainly relies on the effects of individual chemicals
and calls for risk assessment approaches that can explain combined
exposure to multiple chemicals.
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Povecani oksidacijski stres u obucarskih radnika izloZenih mjes$avini niskih razina hlapljivih organskih spojeva

Cilj istrazivanja bio je procijeniti redoks status i koncentracije metala u tragovima kod 49 radnika (11 muskaraca i 38 Zena) zaposlenih u
industriji obuce, 1zlozen1h mijesavini hlapljivih organskih spojeva (engl. volatile organic compounds, krat. VOC) koju su Cinili alifatski i aromaticni
ugljikovodici, ketoru esteri, eteti i karboksilne kiseline. Sve izmjerene razine VOC bile su ispod dozvoljenih granica profesionalne izloZenosti.
U kontrolnoj je skup1n1 bilo 50 neizlozenih ispitanika (25 muskaraca i 25 Zena). U plazmi obucarskih radnika analizirani su sljedeci parametri:
superoksid anion radikal (O,"), uznapredovali produkti oksidacije proteina (AOPP), totalni oksidacijski status (TOS), prooksidacijsko-
antioksidacijski balans (PAB), indeks oksidacijskoga stresa (OSI), aktivnost superoksid-dismutaze (SOD), aktivnost enzima paraoksonaze-1
(PONT1), ukupni sadrzaj sulfhidrilnih grupa (SHG) i totalni antioksidacijski status (TAS). Koncentracije metala u tragovima (bakar, cink,
zeljezo, magnezij i mangan) analizirane su u punoj kevi. U usporedbi s kontrolnom skupinom, svi parametri oksidacijskoga stresa i
antioksidacijske obrane u izlozenih radnika bili su poviseni, osim aktivnosti PON1. Povecana koncentracija Fe, Mg i Zn te smanjena
koncentracija Cu uocene su u izlozenih muskaraca u usporedbi s kontrolnima, a u Zzena je primije¢ena povisena koncentracija Fe, a niza
koncentracija Mg, Zn i Cu u odnosu na kontrolnu skupinu. Nasi nalazi potvrduju da kombinirano izlaganje mjesavini VOC, ¢ak i pri
dozvoljenim koncentracijama, moze dovesti do aditivnih ili sinergistickih $tetnih ucinaka na zdravlje i popratnih poremecaja. Trenutna
procjena rizika, koja se uglavnom oslanja na ucinke pojedinacnih kemikalija, izaziva zabrinutost i upucuje na potrebu za novim pristupima
koji ¢e objasniti kombiniranu izloZenost vecem broju kemikalija.

KIJUCNE RIJECI: metali u tragovima; parametri antioksidacijske obrane; profesionalna izlozenost; VOC



Taylor & Francis
Taylor & Francis Groug

Drug and Chemical Toxicology

Inferma

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/idct20

Liver function alterations among workers in the
shoe industry due to combined low-level exposure
to organic solvents

Nina Umicevic, Jelena Kotur-Stevuljevic, Vesna Paleksic, Danijela Djukic-
Cosic, Evica Antonijevic Miljakovic, Aleksandra Buha Djordjevic, Marijana
Curcic, Zorica Bulat & Biljana Antonijevic

To cite this article: Nina Umicevic, Jelena Kotur-Stevuljevic, Vesna Paleksic, Danijela Djukic-
Cosic, Evica Antonijevic Miljakovic, Aleksandra Buha Djordjevic, Marijana Curcic, Zorica Bulat
& Biljana Antonijevic (2021): Liver function alterations among workers in the shoe industry
due to combined low-level exposure to organic solvents, Drug and Chemical Toxicology, DOI:
10.1080/01480545.2021.1894703

To link to this article: https://doi.org/10.1080/01480545.2021.1894703

@ Published online: 10 Mar 2021.

"
[B Submit your article to this journal (&'

A
& View related articles (&'

o

&) View crossmark data &

CrussMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=idct20


https://www.tandfonline.com/action/journalInformation?journalCode=idct20
https://www.tandfonline.com/loi/idct20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01480545.2021.1894703
https://doi.org/10.1080/01480545.2021.1894703
https://www.tandfonline.com/action/authorSubmission?journalCode=idct20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=idct20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01480545.2021.1894703
https://www.tandfonline.com/doi/mlt/10.1080/01480545.2021.1894703
http://crossmark.crossref.org/dialog/?doi=10.1080/01480545.2021.1894703&domain=pdf&date_stamp=2021-03-10
http://crossmark.crossref.org/dialog/?doi=10.1080/01480545.2021.1894703&domain=pdf&date_stamp=2021-03-10

DRUG AND CHEMICAL TOXICOLOGY
https://doi.org/10.1080/01480545.2021.1894703

Taylor & Francis
Taylor &Francis Group

ARTICLE

‘ W) Check for updates

Liver function alterations among workers in the shoe industry due to combined

low-level exposure to organic solvents

Nina Umicevic?, Jelena Kotur-Stevuljevic®, Vesna PaleksicS, Danijela Djukic-Cosic®®, Evica Antonijevic Miljakovic?,
Aleksandra Buha Djordjevic®, Marijana Curcic®, Zorica Bulat® and Biljana Antonijevic*®

Department of Toxicology, Faculty of Medicine, University of Banja Luka, Banja Luka, Bosnia and Herzegovina; "Department of Medical
Biochemistry, Faculty of Pharmacy, University of Belgrade, Beograd, Serbia; “Institute of Occupational and Sports Health in Republic of
Srpska, Banja Luka, Bosnia and Herzegovina; “Department of Toxicology “Akademik Danilo Soldatovi¢”, Faculty of Pharmacy, University of

Belgrade, Beograd, Serbia

ABSTRACT

This study aimed to investigate the potential hepatotoxicity, nephrotoxic, and hematotoxic effects of
simultaneous occupational low-level exposure of shoe workers to a mixture of organic solvents. The
study included 16 male and 55 female workers and non-exposed subjects (n = 60) in the control group.
Along with a standard sets of hematological, liver enzymes (aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and gamma-glutamyl transpeptidase (GGT), bilirubin total, bilirubin direct, blood
glucose, urea, and creatinine were analyzed in all participants. Indoor air quality was monitored using a
Gasmet Dx — 4000 multi-component analyzer. Despite the concentration levels of individual chemicals
in shoe production units were below the permissible limits, the equivalent exposure (Em) values calcu-
lated based on the American Conference of Governmental Industrial Hygienists (ACGIH) and National
Institute of Occupational Safety and Health (NIOSH) occupational exposure limits were higher than 1.
Statistically significant increase of biochemical parameters (aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), total bilirubin, and direct bilirubin) was obtained in exposed workers of
both genders compared with controls (p < 0.001). Calculated liver damage risk scores were significantly
higher in both females and males compared with controls (p < 0.001). The multivariate logistic regres-
sion analysis showed that direct bilirubin was the most important predictor of organic solvent mixture
exposure in the studied group of workers. These results suggest that combined exposure to organic
solvents even at low concentrations may lead to hepatotoxicity.
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Introduction

Although highly toxic to various organs and systems of
organs, organic solvents are still widely used in various indus-
tries (Kim 2010, Chang et al. 2013, Hurley and Taber 2015).
Occupational exposure to a mixture of organic solvents is
more common than exposure to a single solvent (Fiedler and
Lerman 2007). Toluene, xylene, and styrene are among the
most commonly used aromatic solvents in the shoe industry.
Also, shoe workers are exposed to n-hexane, heptane, acet-
one, and methyl ethyl ketone, mainly from adhesives used in
the assembly, cleaning agents, primers, and degreasers.
Absorption usually occurs by inhalation, but significant
absorption by dermal exposure may occur (such as solvent
exposure in liquid form or works involving industrial dyeing
or degreasing). Mixtures of organic solvents can potentiate
each chemical's effect, as happens with the simultaneous
presence of toluene with xylene (xylene inhibits toluene
metabolism, increasing its toxicity). Exposure to organic sol-
vents in shoe factories has been reported to increase the risk
of hepatotoxicity and other health problems including

anemia and decreases in blood elements, renal failure, and
glucose metabolism changes (Hussein et al. 2008, Ekpenyong
and Asuquo 2017, Joshi and Adhikari 2019, Brauner et al.
2020, Cakmak et al. 2020).

The liver plays a key role in the maintenance of the
homeostasis of the organism as the main organ responsible
for detoxification of xenobiotics hence it is regarded as the
primary target organ for many organic solvents (Hernandez
et al. 2019a). The complex nature of hepatotoxic mechanisms
is further affected by many factors such as differences in spe-
cies, liver blood flow, protein binding, point of intracellular
binding, genetic factors, different cellular enzymatic degrad-
ation, age, nutritional condition, interaction with alcohol, and
interaction with medicines and drugs of abuse (Chang
et al. 2013).

Nowadays, the need for early detection of liver dysfunc-
tion has become more important due to the growing con-
cerns over the chronic effects of exposure to low
concentrations of solvents (Hady et al. 2014). However, early
diagnosis of organic solvent hepatotoxicity is rather chal-
lenging, and it is essential to select appropriate liver
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function tests. These tests should represent the best com-
bination of specificity and sensitivity for screening possible
adverse effects. Abnormal liver enzyme levels may signal
liver damage. In the liver function tests, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and gamma-
glutamyl transpeptidase (GGT) are the most commonly
measured enzymes. However, the elevation of these
enzymes can point to damage to organs other than the
liver. On the other hand, isolated alterations of biochemical
markers of liver damage in a seemingly healthy patient
often represent a challenge even for the experienced clin-
ician (Giannini et al. 2005). Thus, to increase the sensitivity,
researchers propose to measure other biochemical parame-
ters of liver function, such as bilirubin (Green and Flamm
2002, Chang et al. 2013). Studies on the workers exposed to
organic solvents have shown increased levels of liver transa-
minases and GGT, indicating hepatic necrosis and cholesta-
sis (Ann et al. 2001). Human health risk assessment of
individual contaminants can be a relatively simple proced-
ure due to the existence of available toxicity data for a sin-
gle chemical including corresponding reference values
established by national and international authorities.
However, in realistic scenario workers are exposed to a
combination of different chemicals, rather than to a single
solvent. Little is known about the toxicity of organic sol-
vents mixtures, and toxicity of the mixture very often can
be overlooked especially, having in mind the problem of
identification and quantification of possible interactions
between these chemicals. Recently, studies on low dose
exposure to organic solvents have shown inconsistent
results. Several independent studies have shown unchanged
liver function in the workers exposed to the mixture of
organic solvents (Ukai et al. 1994, Todd et al. 2008, Hady
et al. 2014, Bin-Mefrij and Alwakeel 2017, AL-Jaff 2019).
Similarly, workers exposed to a mixture of organic solvents
did not have significantly different levels of hepatic
enzymes when compared to the controls (Uuksulainen et al.
2002, Rania et al. 2019). In a case-control study conducted
among workers in an auto manufacturing plant, plasma ALT
and AST levels in workers exposed to a mixture of aromatic
hydrocarbons at the above permissible levels did not differ
significantly (Mohammadi et al. 2010). A significant decrease
in ALT and AST values and a non-significant difference in
total bilirubin among employees in the chemistry depart-
ment at Koya University was shown, occupationally exposed
to chemicals (Salih et al. 2019). On the other hand,
researchers reported abnormal liver function manufacturing
workers, even at low-level exposure to solvent mixtures
(Tomei et al. 1999, Hasani et al. 2015).

This study was conducted to determine the potential
impact of simultaneous occupational exposure to a mixture
of organic solvents on liver and kidney function, hemato-
logical parameters, and glucose metabolism. Further, a stand-
ard battery of hematological and biochemical parameters
was measured to evaluate the potential health impact of low
level exposure. Some emphasis was put on the predictive
power of these parameters and their ability to detect early
changes induced by combined chemical stressors.

Materials and methods
Study population

The study was performed in the shoe industry located in
Bosnia and Herzegovina. We examined workers employed in
two different production units in the factory. The first group
consisted of 16 male workers employed in production unit A
and 55 female workers employed in shoe production unit B
that had occupational exposure to a mixture of organic sol-
vents. All workers had at least one year of work experience
and working hours of around 8hours a day. For all studied
individuals, the required information such as age, smoking
habits, alcohol consumption, health, education level, daily
working hours, working years in this factory, and medication
usage were collected using direct interviews and were docu-
mented in their medical records. Workers with alcohol con-
sumption, medication usage, previous liver disease, and
abnormal liver function tests at the beginning of the occupa-
tion were excluded. The control group consisted of 30
healthy males and 30 healthy females that were administra-
tive workers with no occupational exposure. All participants
in this study confirmed their voluntary participation by writ-
ten consent. The study was approved by the Ethical
Committee on biomedical research, Faculty of Medicine,
University of Banja Luka, Bosnia and Herzegovina (certifica-
tion no. 18/4.5/20).

Exposure evaluation

Chemicals that were measured in the working environment
of production facilities are: m-xylene, o-xylene, n-hexane, n-
heptane, cyclohexane, toluene, styrene, acetaldehyde, formic
acid, acetic acid, formaldehyde, ethanol, butanol, acetone,
isopropanol and methyl ethyl ketone, methyl isobutyl ketone,
dimethyl sulfide and dimethyl disulfide. All chemical substan-
ces were measured by an occupational hygiene team of the
factory. All shoe materials and production volume in both
production units, unit A and unit B, were similar and no
changes were introduced to the ventilation systems and
work practices during the study period. Air samples were col-
lected from both factory units and were examined using a
Gasmet Dx — 4000 multicomponent analyzer (Temet
Instruments OY, Finland). This equipment includes a high-
resolution Fourier transformed infrared (FTIR) spectrometer
with the GASMET software.

The occupational exposure of the workers to organic sol-
vents was assessed according to the equation described by
Cohen (2007) and referring to the American Conference of
Industrial Hygienists Threshold Limit Values (ACGIH-TLVs). The
following equation was used to assess the entire exposure to
organic solvents:

En= G/L + G/l + + G/l

where E,, is the equivalent exposure for the mixture of
organic solvents, C is the mean concentration of mentioned
substances in the air of the environment, and L is the occu-
pational exposure limit for the same. We used the following
occupational exposure limits:



e National Institute of Occupational Safety and Health
(NIOSH) recommended exposure limit (REL);

e The Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL);

e The American Conference of Governmental Industrial
Hygienists (ACGIH) threshold limit value (TLV) of the
time-weighted average (TWA).

e National standards of maximum allowable concentrations
of toxic gases vapors and aerosols in working atmos-
phere (JUS)

The E,, values lower than 1 indicates that the concentra-
tion of the mixture of organic solvents in the work environ-
ment is lower or equal than the limit values.

Biological measurements

A sample of peripheral blood was collected from each partici-
pant by venipuncture into tubes containing heparin as an
anticoagulant. Blood samples were transported to the labora-
tory at or below 8°C and processed within 5h of collection
for complete blood profile and biochemical analysis.
Heparinized blood was centrifuged (10 min, 1500 x g, 4°C) to
isolate blood plasma.

Hematological parameters

Analyses were carried on Sysmex XP-300 automated hemato-
logical analyzer using standard laboratory methods. Red
blood cell parameters such as the erythrogram (red blood
cell count (RBC), hemoglobin (HGB), and hematocrit value
(HCT)) and the red blood cell indices like mean corpuscular
volume (MCV) were assessed. White blood cell count (WBC)
and platelet count (PLT) were also determined.

Biochemical parameters

The standard set of biochemical parameters was measured
by Microlab-300 semi-auto analyzer (ELITech Group, Puteaux,
France) and included bilirubin total, bilirubin direct, blood
glucose, urea, creatinine, aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and gamma-glutamyl trans-
peptidase (GGT). All biochemical assays were done by using
the reagent kits (Merck Millipore Corporation, Darmstadt,
Germany). The reference values of laboratory were: bilirubin
total <21 umol/L, bilirubin direct <5.4 umol/L, blood glucose
3.9-6.4mmol/L, urea 1.7-7.2mmol/L, creatinine 53-97
(female) 80-115 (male) pmol/L, AST <31(female) and 37
(male) U/L, ALT <40U/L and GGT <32 (female) and 49 (male)
U/L.

Statistical analysis

After examining the distribution using Shapiro-Wilk and the
Kolmogorov-Smirnov test, the variables did not show normal
Gaussian distributions and the data were presented as mean
and interquartile ranges, while comparisons between groups
were made by Mann-Whitney U test. The qualitative results
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were expressed as numbers, and qualitative variables were
further compared using the chi-square test. In order to test
the best predictors of exposure to toxic solvents, we have
used binary logistic regression analysis (univariate and multi-
variate analysis). To calculate liver damage risk score we
standardized all the variables by calculating Z scores for bili-
rubin direct, AST, and ALT having used mean and standard
deviation calculated from the control group. De Ritis coeffi-
cient was used to describe the ratio between the serum lev-
els of AST and ALT. When the values gave p<0.05,
differences were regarded as significant. Statistical analysis
was done using SPSS version 25.0.

Results

The following chemical substances were measured in the air
samples from production unit A: cyclohexane, toluene, styr-
ene, acetaldehyde, formic acid, acetic acid, formaldehyde,
ethanol, butanol, acetone, isopropanol, methyl ethyl ketone,
and methyl isobutyl ketone, while in air samples from pro-
duction unit B were measured: m-xylene, o-xylene, hexane,
heptane, cyclohexane, toluene, acetaldehyde, formic acid,
acetic acid, ethanol, acetone, isopropanol, methyl ethyl
ketone, methyl isobutyl ketone, dimethyl sulfide and
dimethyl disulfide (Table 1). The concentrations of all organic
solvents were below the permissible exposure limits. The Em
values calculated based on different exposure limit values,
ranged from 0.83 to 8.77 (0.83 according to OSHA, 0.90
according to JUS, 2.02 according to ACGIH, and 8.77 accord-
ing to NIOSH) in the production unit A, while they ranged
from 0.36 to 2.44 (0.36 according to OSHA, 0.49 according to
JUS, 2.17 according to NIOSH and 2.44 according to ACGIH)
in production unit B. Even the concentration of a single
organic solvent was below the corresponding permissible
limit, the calculated values of Em based on ACGIH and
NIOSH occupational exposure limits, in both production units
were greater than 1, indicating that there might be a risk of
combined exposure to organic solvents.

There was no statistically significant difference between
the exposed study population vs. non-exposed regarding
age, BMI, and smoking status (Table 2). All exposed male sub-
jects were employed in production unit A, while exposed
women were employed in production unit B.

Hematology parameters of males were not significantly
different compared to values in non-exposed administrative
staff, except for MCV parameter which was significantly
decreased in the workers’ group. However, these MCV values
were still in the reference range (Table 3). Females had sig-
nificantly lower HCT values compared to non-exposed admin-
istrative pairs, although in both groups HCT values were in
reference ranges.

Although renal function parameters (urea and creatinine)
were in the reference range regardless of the gender, urea
was significantly higher and creatinine was lower in female
workers compared to controls.

Total bilirubin as well as direct bilirubin, known as markers
of liver damage, were significantly increased in both genders
compared to their distinct control groups (Table 3). The
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Table 1. Concentrations of organic solvents in the sections A and B and equivalent exposure values for the mixture of organic solvents.

WA Concentration in Concentration in

Organic solvents NIOSH (ppm) OSHA (ppm) ACGIH (ppm) JUS Z.B0.001/91 (ppm) unit A (ppm) unit B (ppm)
m-Xylene 100 100 100 100 ND 1.48
o-Xylene 100 100 100 100 ND 0.34
n-Hexane 50 500 50 50 ND 2.12
n-Heptane 85 500 400 384 ND 0.67
Cyclohexane 300 300 100 300 481 1.16
Toluene 100 200 20 100 7.845 1.1
Styrene 50 100 / 50 1.75 ND
Acetaldehyde 25 200 25 50 1.595 0.15
Formic acid 5 5 5 5 1.25 1.04
Acetic acid 10 10 10 10 1.45 0.06
Formaldehyde 0.016 0.75 03 - 0.125 ND
Ethanol 1000 1000 1000 1000 7.565 9
Butanol 50 100 20 50 7.63 ND
Acetone 250 1000 250 244 27.345 12.41
Isopropanol 400 400 200 400 9.95 8.27
Methyl ethyl ketone 200 200 200 - 5.86 3.65
Methyl isobutyl ketone 50 100 20 50 2.5 5.6
Dimethyl sulfide - - 10 - ND 0.37
Dimethyl disulfide 0.5 - 0.5 - ND 0.83
Em"OsH 8.7745 2.1730

mOSHA 0.8328 0.3643
EmAcei 2.0183 2.4446
Em’VS 0.9035 0.4868

ND: nondetectable; TWA: time weighted average; ppm: part per million; NIOSH: National Institute of Occupational Safety and Health; OSHA: Occupational Safety
and Health Administration; ACGIH: American Conference of Governmental Industrial Hygienists; JUS Z.B0O.001/91: National standards of maximum allowable con-
centrations of toxic gases vapors and aerosols in working atmosphere; Em: estimation of mixture.

Table 2. General characteristics of the study population.

Man Woman
Exposed Non-exposed Exposed Non-exposed
Characteristics n=16 n=30 p-Value n=>55 n=30 p-Value
Age (years) 33 (28-37) 34 (28-39) 0.419 37 (32-46) 37 (26-51) 0.761
Employment duration (years) 4 (1-6) / / 3 (3-11) / /
BMI (kg/m?) 26.0 (22.1-29.4) 25.8 (23.6-28.3) 0.827 254 (22.7-27.8) 25.2 (23.4-28.0) 0.836
Smoking status (yes/no) 5/11 5/25 0.253 17/38 5/25 0.152*
p Values from Mann-Whitney U test exposed vs. non-exposed.
*Chi-square test.
Data are presented as median and interquartile range (25-75th percentile).
Table 3. Hematology and biochemical parameters in exposed vs. non-exposed population.
Men Women
Parameter Exposed Non-exposed p-Value Exposed Non-exposed p-Value
WBC (x109/L) 6.45 (5.48-7.68) 7.25 (6.40-8.30) 0.106 6.0 (5.20-7.20) 6.30 (5.47-7.50) 0.462
RBC (x1012/L) 5.34 (4.78-5.66) 5.15 (4.85-5.33) 0.131 4.51 (4.20-4.70) 4.47 (4.32-4.89) 0.213
HGB (g/L) 164.0 (155.5-176.0) 157.0 (150.0-161.3) 0.087 137.0 (128.0-145.0) 142.0 (135.0-147.25) 0.12
HCT (%) 45.95 (42.95-49.20) 45,90 (44.60-47.40) 0.945 39.90 (37.80-41.75) 41.65 (39.82-43.75) 0.005
MCV (fL) 87.00 (85.20-89.73) 90.35 (88.50-91.73) 0.007 89.50 (85.0-91.65) 90.25 (88.20-93.95) 0.063
PLT (x109/L) 217.00 (205.50-257.75) 237.0 (203.75-271.25) 0.612 244.50 (206.25-285.50) 234.50 (200.0-271.50) 0.214
Bilirubin, total (umol/L) 20.73 (14.66-28.22) 12.85 (11.13-15.30) <0.001 13.31 (11.21-14.83) 9.90 (8.50-12.70) <0.001
Bilirubin, direct (umol/L) 5.82 (4.93-8.13) 3.70 (3.0-3.90) <0.001 3.92 (3.56-4.80) 3.10 (2.60-3.50) <0.001
Glucose (mmol/L) 5.90 (5.33-6.35) 5.50 (5.30-5.83) 0.064 5.20 (5.02-5.66) 5.0 (4.58-5.40) 0.016
Urea (mmol/L) 5.57 (4.47-5.84) 5.70 (4.65-6.50) 0.337 4.86 (3.91-5.46) 4.15 (3.28-4.70) 0.009
Creatinine (umol/L) 97.20 (86.53-110.0) 98.0 (91.0-102.0) 0.853 72.0 (66.80-74.90) 80.50 (73.75-92.50) <0.001
AST (U/L) 36.17 (28.22-46.05) 21.0 (14.75-26.25) <0.001 21.49 (17.92-27.01) 15.0 (10.75-19.25) <0.001
ALT (U/L) 27.71 (18.17-54.11) 22.50 (16.0-29.50) 0.106 16.59 (13.01-20.68) 16.0 (12.0-19.0) 0.301
GGT (U/L) 28.09 (17.65-43.76) 9.50 (7.88-12.25) <0.001 13.0 (11.0-16.0) 9.50 (7.87-12.25) <0.001

WBC: white blood cell count; RBC: red blood cell count; HGB: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; PLT: platelet count; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; GGT: gamma-glutamyl transpeptidase.

p Values were tested by Mann-Whitney U test exposed vs. non-exposed.
Data are presented as median and interquartile range (25-75th percentile).

bilirubin status in male workers was not only higher than in
the controls but was also above the upper limit of the refer-
ence value.

AST significantly increased in all workers compared to con-
trol subjects, especially in the male group where it was

above the upper reference limit. GGT was significantly higher
only in the female group compared to non-exposed women,
but it was still in the reference range (Table 3).

Additionally, we calculated the ratio of the two liver func-
tion enzymes AST and ALT i.e., de Ritis coefficient, and found
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Figure 1. (A) De Ritis coefficient in study sub-groups. **p < 0.01 exposed vs. non-exposed women according to the Mann-Whitney U test. (B), Liver damage risk
score (calculated as average Z scores for direct bilirubin, AST, and ALT values). ***p < 0.001 exposed vs. non-exposed groups according to the Mann-Whitney

U test.

Table 4. Binary logistic regression analysis for the exposition determinants
(univariate and multivariate analysis) in male subjects.

Parameter B (SE) Wald coefficient OR (95th Cl) p-Value
Direct bilirubin 2.85 (0.911) 9.809 17.37 (2.91-103.55)  0.002
AST 0.107 (0.036) 8.918 1.11 (1.04-1.19) 0.003
ALT 0.048 (0.023) 4.266 1.05 (1.00-1.10) 0.039
GGT 0.369 (0.132) 7.8 1.45 (1.12-1.87) 0.005
Multivariate model

Direct bilirubin ~ 2.85 (0.91) 9.81 17.36 (2.91-104) <0.001

OR (95% Cl), odds ratio (95% confidence interval).

Table 5. Binary logistic regression analysis for the exposition determinants
(univariate and multivariate analysis) in female subjects.

Wald

Parameter B (SE) coefficient OR (95th Cl) p-Value
Direct bilirubin 1.590 (0.418) 14.46 490 (2.16-11.13)  <0.001
AST 0.224 (0.056) 15.97 1.25 (1.12-1.40) <0.001
ALT 0.004 (0.031) 0.013 1.00 (0.94-1.07) 0.908
GGT 0.029 (0.048) 0.37 1.03 (0.94-1.13) 0.543
Multivariate model

AST 0.209 (0.061) 11.81 1.23 (1.09-1.39) 0.001

Direct bilirubin 1.497 (0.460) 10.6 4.47 (1.81-11.00) 0.001

OR (95% Cl), odds ratio (95% confidence interval).

a significantly higher ratio in female workers compared to
non-exposed women (Figure 1(A)). Calculated liver damage
risk scores were significantly higher in both females and
males subjects compared with their respective controls
(p < 0.001) (Figure 1(B)).

The univariate binary logistic regression model showed
that in male subjects all investigated liver function parame-
ters were significant toxicant exposure determinants (Table
4). These results, as well as the multivariate analysis, per-
formed subsequently, distinguished direct bilirubin as the
most important predictor of toxicant exposure.

The univariate analysis in the female group showed that
significant exposure predictors were only AST and direct bili-
rubin (Table 5). Multivariate logistic regression analysis (back-
ward selection) confirmed the previous finding and selected

AST, and direct bilirubin for the model of best predictors of
the exposure status.

Discussion

In the present study, elevated transaminases indicated hep-
atotoxicity in workers continuously exposed to a mixture of
low-level organic solvents. Interestingly, however single con-
centrations of all measured workplace organic solvents were
below established upper limits, pointing to the importance of
mixture toxicity risk assessment, as opposed to single-chem-
ical risk assessment. This is in line with a recent review by
Hernandez et al. (2019b) that highlighted the importance of
identifying real-life exposure patterns and health outcomes
connected with mixture toxicity.

Hematological variables are commonly used to assess
well-being and human health. Numerous studies have shown
that environmental or occupational exposure to organic sol-
vents, causes changes in hematologic parameters, signifi-
cantly reducing circulating red blood cells (RBC), hemoglobin
(HGB), platelets (PLT), and total white blood cells (WBC)
(Samadi et al. 2019). However, in the present study, there
was no deviation of the hematological parameters from the
reference values.

Hepatotoxicity is the most common organ injury due to
occupational and environmental exposures to industrial
chemicals (Lang and Beier 2018, Tsai 2019). Many different
studies have demonstrated high liver enzyme levels in per-
sons after organic solvent intoxication (Hobara et al. 2000,
Chang et al. 2013). The liver is the first line of defense against
potentially harmful xenobiotics, and it is, therefore, the target
organ that is most commonly affected by commercially pro-
duced chemicals.

The main pathogenic mechanisms responsible for func-
tional and organic damage caused by solvents are inflamma-
tion, dysfunction of cytochrome P450, mitochondrial
dysfunction and oxidative stress (Malaguarnera et al. 2012,
Ekpenyong and Asuquo 2017, Gunathilaka et al. 2017). Many
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studies have been conducted to establish possible mechanis-
tic insight into the underlying toxicity of organic solvents,
and the findings supported reactive oxygen species (ROS)
generation and lipid peroxidation, defective mitochondria
structures, as well as decrease of cell viabilities as possible
mechanisms of organic solvents’ toxicity (Calderén-Guzman
et al. 2005, Coskun et al. 2005, Bakand et al. 2006, Costa et al.
2006). Many solvents have been reported to cause mem-
brane disarrangement followed by superoxide production
(Revilla et al. 2007).

Exposure to hepatotoxic solvents is clinically associated
with liver steatosis which is a good clinical sign of solvent
hepatotoxicity. It now appears that fatty liver may be the first
and most common pathologic hepatic response to chemical
exposure (Brautbar and Williams 2002, Cave et al. 2011,
Wahlang et al. 2013, Lang and Beier 2018). After steatosis,
necrosis is the second most common effect of hepatotoxic
solvents. It is the result of the destruction of the cell architec-
ture, as well as the damage of various biochemical pathways.
The mechanism of injury is most likely the result of metabolic
changes in the liver itself. Histological samples obtained from
workers exposed to solvents that had only mild biochemical
abnormalities have shown prominent fatty change, or stea-
tosis, with degrees of inflammation and fibrosis, suggesting
that parenchymal changes may be an early feature of solvent
induced- liver injury. Toxic hepatitis is characterized by differ-
ent degrees of steatosis and fibrosis, which can lead to cir-
rhosis (Malaguarnera et al. 2012).

Monitoring of the liver function in workers exposed to sol-
vents is thus, of great significance. Liver transaminases are
the most commonly measured enzymes that detect hepato-
cellular injury caused by the toxicant’s effect on all parts of
the hepatocyte, including the cell membrane. Also, ALT is
considered as the gold standard biomarker of liver injury
while elevated bilirubin can indicate serious liver disease
(Solter 2005, Kim 2008, Malaguarnera et al. 2012, Ekpenyong
and Asuquo 2017, Gunathilaka et al. 2017, Hernandez
et al. 2019b).

Caciari et al. (2013) analyzed the liver damage induced by
organic solvents and proved increased levels of transami-
nases and total bilirubin among a large group of workers
exposed to the mixture of organic solvents while Hasani
et al. (2015) have shown similar results among furniture
workers. Also, ALT, AST, and conjugated bilirubin levels in
shoemakers exposed to organic solvents were found
extremely high (Tomei et al. 1999). Statistical analysis among
workers in the auto manufacturing plant revealed higher val-
ues of AST and ALT in the case group but the difference was
not statistically significant (Mohammadi et al. 2010).

In this study, the univariate binary logistic regression
model showed that all investigated liver function parameters
(GGT, ALT, AST, direct bilirubin) were significant toxicant
exposure determinants in male subjects. In the female group,
significant exposure predictors were only AST and direct
bilirubin.Also, multivariate logistic regression analysis showed
that direct bilirubin was the most important predictor of mix-
ture exposure in workers of this shoe factory regardless
of gender.

Chen et al. (1994) examined biochemical alterations of
liver function among paint workers, who were exposed to a
mixture of xylene, toluene, acetone, methyl isobutyl ketone,
and methyl ethyl ketone, but the major components of sol-
vents were xylene and to a lesser degree toluene. Their data
showed that GGT activities increased independently with
both an increased consumption of alcohol and exposure to
mixtures of solvents. The altered blood-chemistry hepatic
parameters ALT, AST, GGT, and AST/ALT ratio in workers
exposed to the solvent mixture, among which toluene and
xylene were of particular toxicity, have also been reported
(Sancini et al. 2014). ACGIH proposed a method for calculat-
ing an index of combined exposure when it can be assumed
that chemicals in a mixture have additive effects on a com-
mon organ or biological system (ACGIH 2012). Despite the
concentration levels of individual chemicals in both shoe pro-
duction units were all below the permissible limits, the Em
values calculated using ACGIH and NIOSH occupational
exposure limits were higher than 1, which is an indication
that adverse health effects might be expected. By the use of
ACGIH methodology, exposure to a mixture of organic sol-
vents was evaluated additively with the assumption that
there were no interactions. However, little is known about
the toxicity of organic solvents when they are in the mixture.
A long time ago, it was found that xylene may affect the
metabolism of other potentially toxic solvents, probably
through a proliferation of the endoplasmic reticulum, and
pointed out the possibility of a synergistic toxic effect
between xylenes and other solvents that are metabolically
activated by cytochromes P450 (Niaz et al. 2015). For
example, 2,5-hexanedione the main metabolite of N-hexane,
was increased in workers after exposure to xylene (McKee
et al. 2015). Styrene undergoes biotransformation to styrene-
7,8-oxide via cytochrome P-450s (Vodicka et al. 2006, Sati
et al. 2011, Wongvijitsuk et al. 2011, Costa et al. 2012), and
may thus interfere with chemicals that share the same meta-
bolic pathway. Induction of P450 enzyme activities by methyl
isobutyl ketone (MIBK) and consequent potentiation of the
toxic effects produced by other chemicals have been exten-
sively reported (Stout et al. 2008). In the case of solvents,
which are potent metabolizers, the existence of toxicokinetic
interaction can be assumed. Indeed, Chang et al. (2013) have
suggested that exposure to a mixture of organic solvents
could cause an elevation of the liver function index, even
under the permissible exposure limits. Therefore, even if a
worker is exposed to a low dose of single organic solvents,
liver damage could happen due to additive actions or
interactions.

Conclusion

In the current study, workers in a shoe factory had elevated
liver function parameters of which the most predictive in
both genders was direct bilirubin. These results suggest that
combined exposure to organic solvents even at low concen-
trations may lead to hepatotoxicity. Human health risk assess-
ment for multiple chemicals is a challenging procedure,
particularly due to the diversity of chemical entities, the



complexity of the toxicological profiles, uncertainties in mix-
ture toxicity data, and potential joint toxic action including
additivity or interactions.

Acknowledgements

The authors would like to acknowledge and thank all participants in this
study and especially the laboratory staff at the Institute of Occupational
and Sports Health.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was partially supported by The Ministry of Education, Science
and Technological Development of the Republic of Serbia (451- 03-68/
2020-14/200161).

References

AL-Jaff, D.A.A.,, 2019. Evaluation of renal and liver function in petrol sta-
tion workers in Kirkuk city. International Journal of Research in
Pharmaceutical Sciences, 10 (2), 1029-1034.

American Conference of Governmental Industrial Hygienists (ACGIH),
2012. Threshold limit values and biological exposure indices. Available
from: https://www.nsc.org/Portals/0/Documents/facultyportal/
Documents/fih-6e-appendix-b.pdf [Accessed 4 November 2019].

Ann, CY., et al, 2001. The association of exposure to organic solvents
with liver function. Korean Journal of Occupational and Environmental
Medicine, 13 (1), 64-74.

Bakand, S., et al., 2006. A novel in vitro exposure technique for toxicity
testing of selected volatile organic compounds. Journal of
Environmental Monitoring : JEM, 8 (1), 100-105.

Bin-Mefrij, M., and Alwakeel, S., 2017. The effect of fuel inhalation on the
kidney and liver function and blood indices in gasoline station work-
ers. Advances in Natural and Applied Sciences, 11 (1), 45-50.

Brauner, C,, et al., 2020. Exposure to organic solvents and hepatotoxicity.
Journal of Environmental Science and Health, Part A, 55 (10),
1173-1178.

Brautbar, N., and Williams, J., Il, 2002. Industrial solvents and liver toxicity:
risk assessment, risk factors and mechanisms. International Journal of
Hygiene and Environmental Health, 205 (6), 479-491.

Caciari, T., et al., 2013. Exposure to solvents in health care workers:
assessment of the hepatic effects. Annali di Igiene: Medicina Preventiva
e di Comunita, 25 (2), 125.

Cakmak, S., et al, 2020. Associations between blood volatile organic
compounds, and changes in hematologic and biochemical profiles, in
a population-based study. Environment International, 145, 106121.

Calder6n-Guzman, D., et al., 2005. Effect of toluene and nutritional status
on serotonin, lipid peroxidation levels and Na+/K+-ATPase in adult
rat brain. Neurochemical Research, 30 (5), 619-624.

Cave, M.C, et al, 2011. Serum cytokeratin 18 and cytokine elevations
suggest a high prevalence of occupational liver disease in elastomer/
polymer workers highly exposed to acrylonitrile, butadiene and styr-
ene. Gastroenterology, 140 (5), S-975.

Chang, W.J,, et al., 2013. The relationship of liver function tests to mixed
exposure to lead and organic solvents. Annals of Occupational and
Environmental Medicine, 25 (1), 5-12.

Chen, Z., et al., 1994. Exposure of workers to a mixture of toluene and
xylenes. Il. Effects. Occupational and Environmental Medicine, 51 (1),
47-49.

Cohen, B., 2007. Industrial hygiene measurement and control. /n: W. Rom
and S. Markowitz, eds. Environmental and occupational medicine.
Philadelphia: Lippincott Williams & Wilkins, 1764-1778.

DRUG AND CHEMICAL TOXICOLOGY @ 7

Coskun, O., et al., 2005. The oxidative and morphological effects of high
concentration chronic toluene exposure on rat sciatic nerves.
Neurochemical Research, 30 (1), 33-38.

Costa, C, et al, 2006. In vitro evaluation of oxidative damage from
organic solvent vapours on human skin. Toxicology in Vitro : An
International Journal Published in Association with BIBRA, 20 (3),
324-331.

Costa, C, et al, 2012. DNA damage and susceptibility assessment in
industrial workers exposed to styrene. Journal of Toxicology and
Environmental Health. Part A, 75 (13-15), 735-746.

Ekpenyong, C.E., and Asuquo, A.E, 2017. Recent advances in occupa-
tional and environmental health hazards of workers exposed to gas-
oline compounds. International Journal of Occupational Medicine and
Environmental Health, 30 (1), 1-26.

Fiedler, N., and Lerman, S., 2007. Organic solvents and fuels. In: W. Rom
and S. Markowitz, eds. Environmental and occupational medicine.
Philadelphia: Lippincott Williams & Wilkins, 1102-1122.

Giannini, E.G., Testa, R., and Savarino, V., 2005. Liver enzyme alteration: a
guide for clinicians. CMAJ : Canadian Medical Association Journal =
journal de I’Association medicale canadienne, 172 (3), 367-379.

Green, R.M., and Flamm, S., 2002. AGA technical review on the evaluation
of liver chemistry tests. Gastroenterology, 123 (4), 1367-1384.

Gunathilaka, M.L,, et al., 2017. Possible gasoline-induced chronic liver
injury due to occupational malpractice in a motor mechanic: a case
report. Journal of Medical Case Reports, 11 (1), 1-4.

Hady, H.M.E., et al., 2014. Serum bile acid as a screening tool in workers
occupationally exposed to mixtures of organic solvents. Toxicology
and Industrial Health, 30 (7), 645-652.

Hasani, LW., et al., 2015. Hepatic impairment among workers of furniture
manufacture occupationally exposed to solvents in Egypt. Journal of
the Arab Society for Medical Research, 10 (2), 82.

Hernandez, AF., et al., 2019b. Critical assessment and integration of sep-
arate lines of evidence for risk assessment of chemical mixtures.
Archives of Toxicology, 93 (10), 2741-2757.

Hernandez, A. F., Gil, F., and Tsatsakis, A. M., 2019a. Biomarkers of chem-
ical mixture toxicity. In: R. Gupta, 2nd ed., Biomarkers in Toxicology.
Cambridge, MA: Academic Press, 569-585.

Hobara, T., et al., 2000. Estimation of the lethal toluene concentration
from the accidental death of painting workers. Industrial Health, 38
(2), 228-231.

Hurley, R.A., and Taber, K.H., 2015. Occupational exposure to solvents:
neuropsychiatric and imaging features. The Journal of Neuropsychiatry
and Clinical Neurosciences, 27 (1), 1-6.

Hussein, A, et al., 2008. Antioxidants in shoe-makers exposed to organic
solvents. Journal of Applied Sciences Research, 4, 1107-1117.

Joshi, D.R., and Adhikari, N., 2019. An overview on common organic sol-
vents and their toxicity. Journal of Pharmaceutical Research
International, 28 (3), 1-18.

Kim, H., 2010. Occupational diseases in workers exposed to organic sol-
vents. Hanyang Medical Reviews, 30 (4), 313-318.

Kim, Y.J., 2008. Interpretation of liver function tests. The Korean Journal
of Gastroenterology = Taehan Sohwagi Hakhoe chi, 51 (4), 219-224.

Lang, A.L, and Beier, J.I, 2018. Interaction of volatile organic compounds
and underlying liver disease: a new paradigm for risk. Biological
Chemistry, 399 (11), 1237-1248.

Malaguarnera, G., et al., 2012. Toxic hepatitis in occupational exposure to
solvents. World Journal of Gastroenterology, 18 (22), 2756-2766.

McKee, RH., Adenuga, M.D., and Carrillo, J.C, 2015. Characterization of
the toxicological hazards of hydrocarbon solvents. Critical Reviews in
Toxicology, 45 (4), 273-365.

Mohammadi, S., et al, 2010. The effect of exposure to a mixture of
organic solvents on liver enzymes in an auto manufacturing plant.
Journal of Public Health, 18 (6), 553-557.

Niaz, K., et al., 2015. A review of environmental and occupational expos-
ure to xylene and its health concerns. EXCLI Journal, 14, 1167-1186.
Rania, M., et al., 2019. Assessment of Occupational Exposure to Organic
Solvents, Applied Safety Measures and Their Effect on Liver Function
of Exposed Workers in Rubber Industry Tanta City-Gharbia
Governorate. The Medical Journal of Cairo University, 87 (June),

2651-2656.


https://www.nsc.org/Portals/0/Documents/facultyportal/Documents/fih-6e-appendix-b.pdf
https://www.nsc.org/Portals/0/Documents/facultyportal/Documents/fih-6e-appendix-b.pdf

8 N. UMICEVIC ET AL.

Revilla, A.S., et al., 2007. Potential toxicity of toluene and xylene evoked
by mitochondrial uncoupling. Toxicology in Vitro : An International
Journal Published in Association with BIBRA, 21 (5), 782-788.

Salih, .M., et al., 2019. Effect of occupational exposure to chemicals on
some biochemical parameters. ZANCO Journal of Pure and Applied
Sciences, 31 (1), 40-45.

Samadi, M.T., et al., 2019. Association of long term exposure to outdoor
volatile organic compounds (BTXS) with pro-inflammatory biomarkers
and hematologic parameters in urban adults: a cross-sectional study
in Tabriz, Iran. Ecotoxicology and Environmental Safety, 180, 152-159.

Sancini, A., et al., 2014. Workers of the printing industry and hepatic
damage. Annali di Igiene: Medicina Preventiva e di Comunita, 26,
321-329.

Sati, P.C., et al., 2011. Pulmonary function and oxidative stress in workers
exposed to styrene in plastic factory: occupational hazards in styrene-
exposed plastic factory workers. Human & Experimental Toxicology, 30
(11), 1743-1750.

Solter, P.F., 2005. Clinical pathology approaches to hepatic injury.
Toxicologic Pathology, 33 (1), 9-16.

Stout, M.D., et al., 2008. Toxicity and carcinogenicity of methyl isobutyl
ketone in F344N rats and B6C3F1 mice following 2-year inhalation
exposure. Toxicology, 244 (2-3), 209-219.

Todd, L., et al., 2008. Health survey of workers exposed to mixed solvent
and ergonomic hazards in footwear and equipment factory workers in
Thailand. Annals of Occupational Hygiene, 52 (3), 195-205.

Tomei, F., et al, 1999. Liver damage among shoe repairers. American
Journal of Industrial Medicine, 36 (5), 541-547.

Tsai, W.T., 2019. An overview of health hazards of volatile organic com-
pounds regulated as indoor air pollutants. Reviews on Environmental
Health, 34 (1), 81-89.

Ukai, H., et al, 1994. Occupational exposure to solvent mixtures: effects
on health and metabolism. Occupational and Environmental Medicine,
51 (8), 523-529.

Uuksulainen, S.0., et al., 2002. Self-reported occupational health hazards
and measured exposures to airborne impurities and noise in shoe
repair work. International Journal of Occupational and Environmental
Health, 8 (4), 320-327.

Vodicka, P., et al, 2006. Styrene metabolism, genotoxicity, and potential
carcinogenicity. Drug Metabolism Reviews, 38 (4), 805-853.

Wahlang, B., et al., 2013. Toxicant-associated steatohepatitis. Toxicologic
Pathology, 41 (2), 343-360.

Wongvijitsuk, S., et al., 2011. Low level occupational exposure to styrene:
its effects on DNA damage and DNA repair. International Journal of
Hygiene and Environmental Health, 214 (2), 127-137.
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04.11.2025. rogune

Ha ocHoBy unana 107. 3akoHa o Bucokom oOpasosamy PenyGmuke Cpbuje, mpoaexkaHn
3a MOC/EIMIUIOMCKY HACTABY M KOHTHHYMPHY exykauujy Pakynrera je pama 04.11.2025.

roauHe, noHeIa

PEINEE

OJIOBPABA ce YMWREBWHh HHWUHH, crynentry Papmaneytckor (akyirera,
unzexc 6p. 32/2015, npoayKeTak cTaryca CTYJAeHTa y mKojckoj 2025/2026 roanuu

Ob6pasznoxncerme

YMHUREBHR HUHA, crynent Ha JJAC — TokcHK0I0ruja, NOJHENA je 3aXTeB Opoj
3/100-1 on 30.10.2025. roguHe MpoAEKaHy 3a MOCIEAUIUIOMCKY HAacTaBy M KOHTHHYHpPaHY
enykauujy Pakynrera ma joj ce onoOpu mpoaykeTak CTraryca CTyAeHTa y HIKOJICKO}

2025/2026 rogunm.
Iponexan akynreTa je pasmatpaia 3axtes 04.11.2025. ropuue u oueHWna 1a je

3aXTEB OCHOBAH, T€ j& JOHETO PelleHhe KAO Y JHCIIO3UTUBY.

IMPABHA ITOYKA: [IpoTuB 0BOr peliemha UMEHOBAHM MM MPaBO NPUrOBOPA NCKaHY
daxynTeTa y poKy ox 8 (0cam) faHa O iaHa IMpHjeMa UCTOT.

Pemweme nocrasutu: HMmenosanoM cryaeHty, Ojceky 3a HacraBy # CTYACHTCKA
nutara, meatopy (IIpod ap 3opuua Bynar).

IMPOJIEKAH 3A ITOCJIEJUITIOMCKY
HACTABY U KOHTHUHYHUPAHY

EAYKAIIM]Y
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IIpod. ,ﬂ/yl.uamca KpajHosuh




+HUBEP3UTET Y BEOI'PA/TY
GAPMALEYTCKN ®AKYJTET
IMoca.6poj: 3/100

04.11.2025. rogune

Ha ocHoBy unaHa 107. 3aKoHa O BUCOKOM o6pasosamwy Pernybmuke CpOuje, npoxekan
3a MOCJIEIUIUIOMCKY HAcCTaBy M KOHTHHYHPHY eavkauujy @akynTera je AaHa 04.11.2025.
romuHe, JoHena

PEIIEDE

O/JOBPABA ce YMUREBWhR HHHH, cryneuty dapmaueyrckor daxyirera,
unzexc 6p. 32/2015, muposame npaBa W 00aBe3a CTyACHTa y mKosackoj 2024/2025

roaHHH

Ob6paznoxemne

VMWREBAR HAHA, cryzent na JAC — ToxcnkoI0ruja, noaHena je 3axreB Opoj
3/100 ox 30.10.2025. roamHe MPOAEKaHY 3a MOCHSAHIIOMCKY HAacTaBy M KOHTHHYHPaHY
enyxamujy Pakynrera f1a joj ce on00pu MHpOBa-e NPaBa U 00aBe3a CTYACHTA Y HIKOJICKO]

2024/2025 roguHu.
ITponexan Pakynrera je pasMaTpana 3axTes 04.11.2025. romuHe U OUEHHNA 1a je

3axTeB OCHOBAH, Teje JOHETO peuIehe Kao 'y OHCIIO3HTHUBY.

ITPABHA ITOYKA : IIpoTHB OBOT peluesa HMEHOBAH! HMa NPaBo MPUToBopa ACKAHY
®akynTera y poky oni 8 (ocam) fana Off aHa npHjemMa UCTor.

Peweme noctaputy: VIMeHoBaHOM cTyeHTY, OZCeKy 32 HAacTaBy u CTyNEHTCKA MUTaka

I[TPOJIEKAH 3A [TOCJIEMUIUIOMCKY
HACTABY U KOHTUHYHPAHY

EAYKALIAIY
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VHUBEP3UTET Y BEOT'PALTY
OAPMAIEYTCKH ©OAKVYIITET
Ioca.6poj: 3/127

Jlana 25.09.2023. rogune

Ha ocsoBy Craryra Yuusepsmrerz y beorpany, nponexat daxynrera je JaHa
25.09.2023. ronuHe, AOHEA

O1.1VYKY

OJOBPABA ce HUHH YMHRE BUR, crynenty @apmaneyrckor (akynrera,
unpexc 6p. 32/15, mpojyKeTak poka 3a 325pLIETaK cryzmja 3a mKoscky 2023/2024.

OGpazioncemne

HAHA YMHUREBHUR, crynesT =2 CTYAH]CKOM Nporpamy JTAC — ToKCHKOJIOTH]a,

noxHena je 3axres 6poj 3/127 on 25.09.2023. rofuHe NpOACKAHY daxynrera 1a joj ce onodpu

MPOIYKEeTaK POKA 3a 3aBpLIETaK CTyOH]a.
IIponekan QaKysITeTa j€ pa3sMaTpaia 3axTeB 25.09.2023.roANHE 1 OLIEHIIIA [1a j€ 3aXTeB

OCHOBAH, T€ j€ JIOHETO PElIEHE Kao y AHCTIO3HTHBY.

IMPABHA ITOYKA: [TpoTuB OBe 0:LTyke HMEHOBAaHH MMa NPaBo MPUroBOpa neKaHy
®akynTeta y poky oa 8 (ocam) naHa o1 Aaxa rpujemMa HCTOT.

Omnyky moctaBuTH: MIMEHOBAHOJ-OM. NEKaHy H Opceky 3a HacTaBy M CTyAEHTCKA
MUTakbAa.

TTPOJIEKAH 3A TTIOCJIEUITTIOMCKY
HACTABY
OHTUHYUPAHY EAYKALIUTY
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