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YBopHa peu

[TomroBane Konere, [Iparu npujaresbu,

ITpBu CpIICKM KOHIPEC MOJIEKY/ICKE MeJVUIMHE OfPKaH je y jyHy IIPOII/e TOfUHE.
CraxkeMo ce ca BaMa Jia je cacBMM HeyoOM4ajeHo Jja ce KOHTpecu OfpsKaBajy y ysa-
cromHuM roguHama. Ho, oBo Hije odnyna ropgmua. OBo je roguHa y kojoj Pakynrer y
®oun cnaBe TpumeceT rofyHa NocTojama. PaTHe 1993. ropuHe Hajdobe WITO Ce MOITIO
YYMHUTH je U y9urbeHo. Mynpu /by Koju Cy JOHENM Ty OfTyKy MOPaIu Cy 3HaTH Ja
dymyhHocTu Hema 1 Hehe je Hu duTy aKko He dyJie IIKOMA U Y 1Oj.

I[Tocre oBux TpupeceT Temkux rogyHa Gakynrer je cafga y 1ody 3penocTu Kaja je
crocodaH 3a Be/lMKe Kopake 1 HOBe 13a30Be Y HayIu 1 odpasoBamy. [IpoTok Bpeme-
Ha U CaMOIIPeTOpHM paf jenyHu 0de3del)yjy oHO HEM3TOBOP/BMBO UCKYCTBO, OTHOCHO
3Hambe HeOINIXO/IHO aKaJeMCKVM 3ajefHnIaMa. To MCKycTBO Iacy: HeManu dpoj mbyau
3Ha IITa Tpeda ypaauTy, MHOTO Maibe IJX 3Ha I KaKo, jOIlI Mame Kafla a caMo II0CBe-
henn 3Hajy mra ce Humomro He paau. [leriennje cy motpedHe fa To npehyraHo 3Hambe
IIOCTaHe JyXOBHA CBOjUHA CBUX HACTaBHMKA U CTY/I€HATa.

Tako je u ca Hama npujarebuma Paxynrera u Poue. Kay npujarebn cnaBe ncnyme-
HJI CTPEIOM 300T TAMHIX 00/TaKa KOji ce HarOMIIaBajy MOpaMo OMTH Ty ca IbIMa fia
CBM 3Hajy a je M HamMa BaXHO fa dypemo 1y. To Huje camo yacT Beh 1 odasesa.

3aTo je u oBaj KoHrpec mpeypameH anu he ce ofgp>kaTu y ImpaBoM TPEHYTKY.

®oyo, XBAJIA TN.

Bemmko Mapuh n Hedojura Apcennjesunh
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CVMHTE3A, KAPAKTEPU3AIIMJA N IIOTEHIINJAJIHA
AHTUTYMOPCKN EOEKTV MOHOHYKJ/IEAPHUX
5,6-EIIOKCU-5,6-IXVIPO-1,10-OEHAHTPOJINH-

CKIX KOMIITEKCA IIJTATMHE(II)

Anbena ®panuh’, Munnia Iumutpujesnh Crojanosuh?, Munena Jypuinesnh’, Hesena Iajosnh?, He-
dojura Apcennjesuh?, VBan Josanosuh*, bojan Crojanosnh’, Cnodomanka Mutposuh?, Jakod KpyHS,
CHexana Pajkosuh’, 3opana Mapuh Octosuh’, HeBena Bupojesuh’, Pyxuna JIykuh?,
Mapuna Josanosuh®, Mapuja )Kusxosuh’

! Yuusepsuitieiti y Kpaiyjesuy, IIpupogro-maitiemaitiuuxy daxynitieiti, MHCIUimy i 3a xemujy
? Ynueepsuitieini y Kpaiyjesuy, akynitieiti meguyurckux Hayka, Kaitiegpa 3a tiattionoiujy
? Ynueepsuitieii y Kpaiyjesuy, Paxynitieii meguyuHckux Hayka, Kaitiegpa 3a papmaujy
* Ynusepsutiieini y Kpaiyjesuy, Qaxynitieiti MEGUUUHCKUX HAYKA,
Llenitiap 3a MoneKyncKy MeguyuHy u ucilipaxusaroe mamiuunux henuja
* Yuusepsutieiti y Kpaiyjesuy, Qaxyniieini meguyuHckux Hayka, Kattiegpa 3a xupypiujy
¢ Ynueepsuitieiti y /bySmanu, Paxynitieiti 3a XeMujy u XeMUjcKy tlexHonoiujy,
Wnctmuinyiti 3a xemujy u Suoxemujy
7 Yuusepsutiieti y Vcitiounom Capajesy, Mequuuncku daxynitieiti, Kaitiegpa 3a muxpoduonoiujy u umy-
Honoiujy, Peitydnuxa Cpcxa, Bocna u Xepueiosuna
8Yuusepsuitietii y Kpaiyjesuy, Qaxynitieiti meguuunckux nayxa, Kaitiegpa 3a ottiopuronapunionoiujy

CAJKETAK

Yerupu Pt(II) kommekca ommre popmyre [Pt(L)(5,6-epoxy-1,10-phen)], rae je L an-
joH ManoHcKe KucenmuHe (mal, Ptl), 2-metnnmanoncke kucemue (Me-mal, Pt2), 2,2-am-
MeTmIManoHcke kucenuHe (Me2-mal, Pt3) u 1,1-nuxnodyranankapdoKcuiHe KcenHe
(CBDCA, Pt4) u 5,6-epoxy-1,10-phen je 5,6-ermokcn-5,6-myxnnpo-1,10-peHaHTpOMMH.

Kommnexkcn cy cuHTeTMCaHM M OKapaKTEPUCAHM €1eMEHTATHOM MMUKPOAHAIU30M
Y Pa3IMYUTHM CIIEKTPOCKOIICKMM TeXHMKaMa. Kpucranna cTpyKTypa aHXMJPOBaHOT
KoMIutekca Pt3 oxpebheHa je pudpakumjoMm peHATeHCKUX 3paka MOHOKpYICTana. AHTH-
KaHIlepOTeHa aKTMBHOCT KoMIutekca matuHe(Il) je mcnutuBaHa y /bycKIM 1 MU UM
henujckum nMMHMjaMa KapIyHOMa J0jKe ¥ KOTOPEKTYMa, Kao 1 y 3[ipaBOj IMHUjU Me-
3eHXMMa/IHUXH MaTtnyHux hennja munra, kopumrhemwem MTT TecTa.

VicnutuBanu xommiekcy 1atuae(Il) mokasyjy cHaXKHY IMTOTOKCMYHY aKTMBHOCT
nporus henuja kapunnoma fojke muma (4T1), xymanux (HCT116) n mumjux (CT26)
hennja xomopexTanHor KapryHoma. Pt3 KOMIUIEKC IToKa3yje jady ceJIeKTMBHOCT IIPO-
TUB TyMOPCKMX henmja y mopehemy ca ApyrunM ncnuTMBaHMM KOMIIEKCMMA IIATUHE-
(II) 1 Ha Taj HAYMH IOKa3yje KOPUCHY aHTUTYMOPCKY aKTUBHOCT, YIJIABHOM MHAYKY-
jyhm amontosy m mHxudunujy npomudepanyje u murpanuje Tymopcknx hemmja. Pt3
KOMII/IEKC, Takobe Iokasyje 3Ha4ajHy in vivo aHTUTYMOPCKY aKTMBHOCT Y OPTOTOII-
CKOM MOJIeNTy TyMopa fiojke, de3 TOKCMYHOCTH 3a jeTpy, Oydpere, iyha u cpue.

CBu pesynTaTy yKasyjy ja HOBOCHHTeTucaHu komiekcy miaruse(Il) nmajy nodpy
aHTUTYMOPCKY aKTMBHOCT Ha TyMopcke henmje kapiuHoMa fiojke 1 KOTOpPeKTaTHOT
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KapLJ¥HOMa ¥ MMajy MOTeHIja/l Aa IOCTaHy MOryhu KaH[JuAATV y aHTUKAHIEPCKO]
Tepanuju.

Kmbyune peun: xommnekcy mwiatnse(Il), IMTOTOKCMYHOCT, allONTO3a, PacT KapIiy-
HOMa J10jK€e, TOKCMYHOCT

Pap je mydmuxoBan: Dimitrijevic Stojanovic M, Franich A, Jurisevic M, Gajovic N, Arsenijevic N,
Jovanovic I, Stojanovic B, Mitrovic S, Kljun J, Rajkovic S, Zivkovic M. Platinum(II) complexes with malonic
acids: Synthesis, characterization, in vitro and in vivo antitumor activity and interactions with biomolecules.
Journal of Inorganic Biochemistry 2022; 231: 111773 DOI: 10.1016/j.jinorgbio.2022.111773. (IF= 3,9)
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SYNTHESIS, CHARACTERISTICS AND POTENTIAL
ANTITUMOR EFFECTS OF MONONUCLEAR 5,6-EP-
OXY-5,6-DIHYDRO-1,10-PHENANTHROLINE
PLATINUM(II) COMPLEXES

Andela Frani¢', Milica Dimitrijevi¢ Stojanovi¢?, Milena JuriSevi¢?, Nevena Gajovi¢*, Nebojsa Arsenije-
vi¢?, Ivan Jovanovi¢*, Bojan Stojanovi¢®, Slobodanka Mitrovi¢?, Jakob Kljun®, Snezana Rajkovi¢', Zorana
Mari¢ Ostovi¢’, Nevena Vidojevi¢’, Ruzica Luki¢’, Marina Jovanovic®, Marija Zivkovié?®

! University of Kragujevac, Faculty of Science, Department of Chemistry, Kragujevac, Serbia
2 University of Kragujevac, Faculty of Medical Sciences, Department of Pathology, Kragujevac, Serbia
* University of Kragujevac, Faculty of Medical Sciences, Department of Pharmacy, Kragujevac, Serbia
* University of Kragujevac, Faculty of Medical Sciences,
Center for Molecular Medicine and Stem Cell Research
* University of Kragujevac, Faculty of Medical Sciences, Department of Surgery, Kragujevac, Serbia
¢ University of Ljubljana, Faculty of Chemistry and Chemical Technology,
Department of Chemistry and Biochemistry, Ljubljana, Slovenia
7 University of East Sarajevo, Medical faculty, Department of microbiology and immunology,
Foca, Republic of Srpska, Bosnia and Herzegovina
& University of Kragujevac, Faculty of Medical Sciences, Department of Otorhinolaryngology, Kragujevac, Serbia

ABSTRACT

Four Pt(II) complexes of the general formula [Pt(L)(5,6-epoxy-1,10-phen)], where
L is an anion of either malonic acid (mal, Ptl), 2-methylmalonic acid (Me-mal, Pt2),
2,2-dimethylmalonic acid (Me2-mal, Pt3) or 1,1-cyclobutanedicarboxylic acid (CBD-
CA, Pt4) and 5,6-epoxy-1,10-phen is 5,6-epoxy-5,6-dihydro-1,10-phenanthroline.

Complexes were synthesized and characterized by elemental microanalysis and dif-
ferent spectroscopic techniques. The crystal structure of anhydrous Pt3 complex was
determined by single crystal X-ray diftfraction. The in vitro anticancer activity of the
platinum(II) complexes was investigated in human and murine cancer cell lines as well

as in a normal murine cell line by MTT assay.

The results show that the investigated platinum(II) complexes exhibit potent cytotox-
ic activity against murine breast carcinoma cells (4T1), human (HCT116) and murine
(CT26) colorectal carcinoma cells. The Pt3 complex shows stronger selectivity against
cancer cells compared to other platinum(II) complexes tested and thus exhibits beneficial
antitumor activity, mainly by inducing apoptosis and inhibiting cell proliferation and mi-
gration. The Pt3 complex also exhibits significant in vivo antitumor activity in the ortho-
topical 4T1 tumor model without detected liver, kidney, lung, and heart toxicity.

All the results indicate that these novel platinum(II) complexes have good antitumor
activity on breast and colorectal cancer and have the potential to become possible can-
didates for cancer treatment.

Key words: platinum(ii) complexes, cytotoxicity, apoptosis, breast cancer growth, toxicity
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TAMOKCU®EH KAO BEKTOP 3A INTATUHCKE(II) 1
ITAJTTAOVJYMCKE(IT) KOMIUTEKCE
Y TPETMAHY PAKA TOJKE

Bnaroje Mypraunh', Anexcanznp Kasumnp?, Cama Jenaua®, Hukona Tanuh?, Hacta Taunh',
EBamapne Xej-Xoknuc?, Cawa Mujarosuh?, lanujena Makcumosuh-Vsanuh?

'Uncitiuiniyin 3a HyxneapHe Hayke “Bunua”, ncitiuitiyiii og HauyuoHanHoi 3Hauaja 3a
Peitydnuxy Cpdujy, Yrnusepsuitieiti y beoipagy, beoipag, Cpduja
Uncitiutiiyiti 3a HeopiaHcKy xemujy, Yuusepsuitieini y JIajayuly, /lajayui, Hemauxa
SUnctmuitiyin 3a Suonowka uciipaxusara ,,Cunuwa Citianxosuh”, IHCiutliy i 0g HAUUOHANIHOT 3HA-
uaja 3a Peitydnuxy Cpdujy, Yrnueepsuitieiti y beoipagy, beoipag, Cpduja

CAJKETAK

Pak pmojke je Hajuenthu odnuk paka kof keHa ca mpudmoKHO 70% cydajeBa Koju cy
NO3UTMBHM Ha XopMoHcKe peneritope (HR+). [TpekomepHa excripecuja eCTpOreHCKor
peuentopa (ER) je ycko noBesana ca nponugepannjoM TyMopa. AHTUECTPOTeHCKe Te-
pamnuje, HIIp. ca TaMOKcKdeHoM, cy yodudajeHy 1 epyKacHY IPUCTYIN Y nederby ER+
paxa zojke. Mako Tepamnmja TaMOKCH(EHOM CIIafia y TPyIy IVJbaHNX Tepalja, beroBa
eMKaCHOCT je OoKas3aHa U KOJi XOPMOH-HE3aBJMCHVUX TUIIOBA KapIHOMA JIOjKe, IITO
yKasyje Ha IPUCYCTBO IPYTUX MHTpaleTyTapHUX IU/BHMUX MOeKyna. Vako je TaMOK-
crudeH NoKa3ao 3HAYajHY ePUKACHOCT y jederry ER-IO3NTMBHMX KapuMHOMa JI0jKe,
OpojHu manyjeHTy Cy pasBuwIM pe3aucTeHyjy. Y by nosehama mberoBor MoTeHIm-
jama u mpeBaswIaXKemwa pe3NCTeHIMje, TaMOKCU(eH je MOaM(UKOBaH MeTalyMa Kao
mro cy mwiatuHa (Pt) n mamagujym (Pd). Jenumema 3acHoBaHa Ha Pt TpaguiuoHantsHo
ce KOPJMCTe Y XeMMOTEepaIuji, JOK KoMIUleKcu Pd Mory cMamuUTI TOKCUYHOCT U OUTH
edukacHmju npotus oxpehennx Bpcra paka. Llwp oBe cryamje dmo je ga ce mpoueHn
epukacHOCT TaMoKcudeHa mopndukosaHor ca Pt u Pd na maneny henmjckux nunuja
pakKa JojKe ca pasJIMIMTUM CTAaTyCOM eKcIipecuje perentopa. epuBaT TaMokcugeHa
KOj¥I ce KOPYCTY Kao JIMTaH[|, CMambIO je BUjadUIHOCT TYMOPCKUX henmja He3aBMCHO
op, ekcpecuje ER, mTo ykasyje ja ce meroBo aHTUTYMOPCKO JI€jCTBO MOXKe IIpeBac-
xogHo npunucatu ER-He3aBuCHOM fienoBamby. EKcliepyMeHTaIHy JIEKOBY CY M3a3Baln
aTlONTO3y HEe3aBUCHY Of Kaclasa, ca M3paKeHUjUM ePeKTOM y CIy4ajy JepuBara Ha
dasn Pd. EduxacHoct mepmBara Pd moxe ce momaTHo mosehatn ykupameM Impolieca
ayTodaruje. ¥Y3eTo 3ajefHO, gepyuBaTusanyja TaMokcudena je odehasajyha crpareruja
y I¥3ajHy XMOPUTHIX MOJIEKYIa.

KibyuHe peun: pak mojke, TaMOKCHQeH, MeTasy, XOPMOHCKa Teparinja, IeKOBU

HcrpakuBame je puHaHCHpaHO cpecTBMMA: MIHICTapCTBa HayKe, TEXHOJIOLIKOT pa3Boja Y MIHO-
Banyja Perrydnuke Cpduje, dpoj: 451-03-47/2023-01/200007.
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TAMOXIFEN AS A VECTOR FOR PLATINUM(II)
AND PALLADIUM(II) COMPLEXES
IN BREAST CANCER TREATMENT

Blagoje Murgani¢', Aleksandr Kazimir?, Sanja Jelac¢a’, Nikola Tani¢’, Nasta Tanic¢!,
Evamarie Hey-Hawkins?, Sanja Mijatovi¢®, Danijela Maksimovi¢-Ivanié®

!Institute of Nuclear Sciences “Vinca”, National Institute of Republic of Serbia,
University of Belgrade, Vinca, Republic of Serbia.
2Institute of Inorganic Chemistry, Faculty of Chemistry and Mineralogy,
Leipzig University, Leipzig, Germany
*Institute for Biological Research “Sinisa Stankovic”, National Institute of Republic of Serbia,
University of Belgrade, Belgrade, Serbia

ABSTRACT

Breast cancer is the most prevalent form of cancer in women, with approximately
70% of cases being hormone receptor positive (HR+). While overexpression of estro-
gen receptor (ER) is closely related with tumor proliferation, anti-estrogen therapies,
e.g., with tamoxifen, are common and effective approaches. Although treatment with
tamoxifen belongs to the group of targeted therapies, its effectiveness has also been
proven in hormone-independent types of breast cancer, which indicates the pres-
ence of intracellular off-targets. Apart of the fact that tamoxifen showed significant
efficiency in the treatment of ER+ breast cancers, numerous patients developed re-
sistance towards it. With an aim to amplify its potential and overcome resistance, ta-
moxifen has been modified with transition metals such as platinum (Pt) and palladi-
um (Pd). Pt-based compounds have traditionally been used in cancer chemotherapy,
while Pd complexes may lower the toxicity and be more effective against certain types
of cancer. The aim of this study was to evaluate the efficacy of tamoxifen modified
with Pt and Pd on a panel of breast cancer cell lines with different receptor expression
status. The tamoxifen derivative used as ligand diminished the viability of tumor cells
independently of ER expression, indicating that its antitumor action can be domi-
nantly ascribed to a ER-independent action. The experimental drugs induced caspase
independent apoptosis, with a more pronounced effect in the case of the Pd-based
derivatives. The efficacy of the Pd derivate can be further increased by abolishment
of the autophagic process. Taken together, derivatization of tamoxifen is a promising
strategy for hybrid molecule design.

Key words: breast cancer, tamoxifen, cancer drugs, metals, hormone therapy

Funding: This research was funded by the Ministry of Science, Technological Development, and In-
novation of the Republic of Serbia, grant number 451-03-47/2023-01/200007.
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ME3SEHXUMA/IHE MATUYHE hEJIMJE KYITUBMCAHE
Y MEINJYMY U3JIOKEHOM OVIMY LINTAPETA UIMAJY
HAPYIIEHA XEITATOIIPOTEKTVBHA CBOJCTBA

Brnagumup Mapkosuh', Iparuna [Tasnosuh', Jparana [Tamuh', Hukonuua Kactparosuh', Munuia
Oumutpujesuh Crojanosuh?, Anexcangap Apcennjesnh', Ana Bonapesnh',
Anexcanpap Anosuh’, Bragucnas Bomapesuh'

]enitiap 3a cmarverve wiiiiettie 0g SUONIOUKUX U XEMUCKUX UTHETHOCIU,
Daxynitieini mequuyuHckux Hayka Yrnueepsuitieitia y Kpaiyjesuy, Kpaiyjesau, CpSuja
2 Katiiegpa 3a taiionoiujy, Paxynitieiti MeguUUHCKUX HAyKa,
Ynusepsuitieini y Kpaiyjesuy, Kpaiyjesay, Cpduja
etiapitiman 3a ciiomationoiujy, Pakynitieii MeguyuUHCKUX Hayka Yuueepsuiiieiiia y Kpaiyjesuy,
Kpaiyjesauy, Cpduja
CAJKETAK

EdexTu mymrema Ha XeIraTOIpOTEKLMjy IOCPENOBAHY ME3eHXMMCKIM MaTyHMM he-
nujama (eHr. mesenchymal stem cell, MSC) y undnamupaHoj jeTpu HUCY y TOTITYHOCTH
VICTpa)KeHN 1 odjalllibeHn. Y CKIamy ca THM, KopyuirhemeM MojieTa MUIIjeTr XelaTuTICa
13a3BaHOr a-rajmakro3mnepamugoM (a-GalCer), ynopeauam cMO XeraToIpOTeKTHBHA
cBojctBa MSC Koje cy KyITUBMCaHe Y MeIMjyMy U3TI0>KeHOM iuMy Iurapeta (MSCWS-
CM) ca MSC koje cy KyntuBucate y cranfapgaum ycnosuma (MSCCM). MSCWS-CM
cy ucnospuie nporHdramMaTopan GeHOTHII, HUCY OMJIe ¥ CTamby Jla OITUMAJTHO IPOLY-
KYjy MIMYHOCYIIpeCVBHE IIMTOKVHE U CEKpeTOoBaJle Cy 3Ha4ajHO BMINe MH(IAMaTOPHUX
nurokuHa og MSCCM. MSCWS-CM Hucy dune y ctamy fia cripede omreheme xernaTo-
IIUITa ¥ TTOKa3ajie Cy Mawy CIIOCOOHOCT MHXMOMIMje MH(IaMaTOpHuX Makpodara, IeH-
nputckux hemmja u mumdounrta mHPUATpUpaHux y jerpu. MSCWS-CM Hucy nsasBane
ucro nosehamwe antunHpmamaropunx IL-10-cekperyjyhux FoxP3+CD4+ u CD8+ T pe-
rynaTopHux hemja kao MSCCM. Y ckamy ca OBMM 3allayKamyIMa Cy V1 Halll pe3y/ITaTu
HodujeHy Ha MOJe/Ty XyMaH!X MOHOHYK/IeapHUX henja TpeTrpaHux Me3eHXVIMaTHIM
marnaHuM hemjama. MSCWS-CM Hucy Ouie y cTamy fa ONTUMAIHO CMakbe Tydere
MH(}IaMaTOPHMX U XeTATOTOKCYYHMX IIUTOKIHA y aKTUBUpPaHVM JbyfackuM T mumdornm-
TuMa U npuponHo younaukuMm T hemnjama (enrn. natural killer T cells, NKT), motspby-
jyhm mpepyior ma usnarame IMMy OUrapeTa y BeIMKOj Mepy HapymraBa criocodHocT MSC
ia penyKyjy uH$mamManujy y3pokoBany nMyHckuM henjama.

K/byune peum: num nurapera, Me3eHXMMalHe MaTH4He henuje; uMyHOCyIpecnja;
XeIaToIpOoTeKIMja; Tepalyja; aKy THU XEITaTUTIC

HcrpaxkuBame je puHaHCHpaHO cpencTBuMa: OBa cTyauja je puHaHcrupaHa rpantoM QoHpanmje 3a
cset des puma (Foundation for a Smoke-Free World, Inc. (“FSFW?), a US nonprofit 501(c)(3), independent
global organization, rpant dp. B3-032 koju je mpummo B.B.). Mucuja FSFW je na mpexuHe mymieme y 0Boj
rerepanyju. Cagpxaj, 1300p U mpeseHTalLMja YNbEHNIIA, Kao U CBa MULI/bEha KOja CY OBJle M3PakeHa,

MCK/bY4UBa Cy OITOBOPHOCT ayTOpPa U HM IIOf] KOjUIM OKOTTHOCTMMa Hehe ce cMarparu fia ofjpakaBajy
craBoBe QoHpanyje 3a cBeT Oe3 AMMa.
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MESENCHYMAL STEM CELLS CULTURED
IN CIGARETTE SMOKE-EXPOSED MEDIUM HAVE
IMPAIRED HEPATOPROTECTIVE PROPERTIES

Vladimir Markovic', Dragica Pavlovic', Dragana Papic’, Nikolina Kastratovic', Milica Dimitrijevic
Stojanovic?, Aleksandar Arsenijevic, Ana Volarevic!, Aleksandar Acovic® and Vladislav Volarevic'

! Center for harm reduction of biological and chemical hazards, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac, Serbia
“Department of Pathology, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia
*Department of Dentistry, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia

ABSTRACT

Effects of smoking on mesenchymal stem cell (MSC)-mediated hepatoprotection
in the inflamed liver are not completely investigated and explained. Herewith, by us-
ing a-galactosylceramide (a-GalCer)-induced hepatitis murine model, we compared
hepatoprotective properties of MSCs which were cultured in whole cigarette smoke-ex-
posed medium (MSCY*M) with MSCs that were grown under standard conditions
(MSCM). MSC"*“M had a pro-inflammatory phenotype, were unable to optimally pro-
duce immunosuppressive cytokines and secreted significantly more inflammatory cy-
tokines than MSC™. MSCY>“™ were not able prevent hepatocyte damage and showed
lower ability to inhibit liver-infiltrated inflammatory macrophages, dendritic cells
(DCs), and lymphocytes. MSC"*“M did not generate the same increase in anti-inflam-
matory IL-10-producing FoxP3+CD4+ and CD8+ T regulatory cells as MSC“™. Corre-
spondingly to these observations were our findings which were obtained in MSC-treat-
ed human mononuclear cells. MSC"*“™ were unable to optimally reduce secretion of
inflammatory and hepatotoxic cytokines in activated human T lymphocytes and natural
killer T cells, confirming the proposal that exposure to cigarette smoke greatly impairs
the capacity of MSCs to suppress immune cell-driven liver inflammation.

Key words: cigarette smoke, mesenchymal stem cells; immunosuppression; hepato-
protection; therapy; acute hepatitis

Funding: This study was funded with a grant from the Foundation for a Smoke-Free
World, Inc. (“FSFW?), a US nonprofit 501(c)(3), independent global organization (the
grant No. W3-032 received by VV). FSFW’s mission is to end smoking in this genera-
tion. The contents, selection, and presentation of facts, as well as any opinions expressed
herein are the sole responsibility of the authors and under no circumstances shall be
regarded as reflecting the positions of the Foundation for a Smoke-Free World, Inc.
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MOP®O/IOIIKA 1 MOJIEKY/IAPHA INJATHOCTUKA
N ITNOEPEHIINJAJIHA INJATHOCTUNKA
MYITUIIOKY/IAPHE EXMTHOKOKO3E

Oyuan JTamomesuh'? Becna Jlanouteuh?®, Byk Bpauap®, Jaumnjena Ilerposuh, [oppana Kosomeposuh,
Mupjana JKuBojunos*®, Banentuna Vcaxkosuh’®, [lejan Visanos>’, Bragan TpusyHoBuUR?,
Maja Py>xuh?*®, lopan Denapnh®, Harama Munaguuosuh-Tacuh’

actaepos sasog Hosu Cag, Ynusepsuitietti y Hosom Cagy
“Meguyurcku gaxynitieiti, Ynusepsuitieiti y Hosom Cagy
[omwoupuspegru paxynitietti Hosu Cag
Yuuinierocku paxynitietii Combop
*Ynueepsuitieticku knaunuukuy yentiap Bojsogune, Hosu Cag
*Onwinia Sonnuya Iladay
"HUncimuiniyi 3a jasHo 3gpaemwe Huwi, Yuusepsuitieiti y Huuty, Meguuyuncku daxynitieis

CAJKETAK

YBopm: VIHpeKTMBHU areHC MYITWIOKYJIapHE WIM a/JIBeOJIApHE eXMHOKOKO3e,
Echinococcus multilocularis, je Bpcta pasnuunra of E. granulosus Koju n3a3uBa LUCTUY-
HY €XIHOKOKO3Y, He caMO I10 OMOJIOIIKMM CBOjCTBYMMA HETO U 110 K/IMHIYKOM 3Ha4ajy
KOJL JbYM, KOjU MOTY OUITV PETKU U CTy4ajHU IpenasHu foMahyan. [JepuHnTBHM 1O-
mahwunu 3a E. multilocularis cy odudaHO nucuiie U akamy, a peTKu ¢y fomahu cucapu
IIOIYT Iaca ¥ Mavyaka. VHPekumje IMCTYHOM eXITHOKOKO30M KO JbYAV CY eHIEMCKe,
anu po caga y Cpduju joir Huje mpeno3HaTa MY/ITMIOKY/TapHa eXMHOKOKO3a, Koja je
MHOTO OIIaCHMja Off IIMCTIYHe.

Marepujan, ucnuTaHny 1 MeTome: MopdosomKy ¥ MOJIEKY/IapHO Cy aHA/IN3M-
PaHU CYCIIeKTHM XYMaHU C/Iy4ajeBU eXMHOKOKO3€e II0f] CYMEOM Ha MYITWIOKYTApHY
eXJHOKOKO3y 113 pe[OBHOT KJIMHMYKOT MaTepujana. MojekynapHa aHami3a je pabena
xoHBeHIyoHaHOM 1P 1 mpoxykT ox 200 11 je cekBeHumpan. Ypabena je un cepono-
mka notepaa EJIVICA u BectepH 0710T TeXHUKOM.

Pesynrarn: JJokasaHa cy iBa CIy4aja MY/ITUIOKY/IapHE eXMHOKOKO3€ ¥ Cepyja CIIy-
JajeBa MY/ITHUIUIE LMCTUYHE eXMHOKOKo3e. IlanujeHTn cy aHanmsupaHu KIVHIYKY,
PaJVIOJIOIKY, €IV/IEMUOIONIKY, @ OHM KOji Cy duin onepaduIHMm, JIedeH Cy XUPYP-
wku. CBu cy godujamy andeHsas3on, MalyjeHT ca MY/ITIWIOKY/IApHUM €XMHOKOKOM,
HEIIPEeKMIHO.

3ak/pyvyak: MyITuIOKy/IapHa eXIHOKOKO3a IIpelCTaB/ba HOBOPETUCTPOBAHY 300-
Ho3y y Cpoujn.

K/byuHe peun: eXx'HOKOKO3a, MYITIWIOKY/IapHa, IIUCTUYHA, XYMaHa

Pap je mySmuxoBan: Lalo$evi¢ D, Zivojinov M, Isakovi¢ V, Ivanov D, Trivunovié¢ V, Ruzi¢ M. The first
human case of multilocular echinococcosis recognized in Serbia. Srp Arh Celok Lek 2023(7-8): 453-456.

https://doi.org/10.2298/SARH230112060L

HcrpaxkuBame je GpuHaHCHMpaHO cpegcTBUMa: [TOKpajIHCKM CeKpeTapujaT 3a BICOKO 0dpasoBame
Y HayYHOUCTPAXMBAYKY JeMaTHOCT Opoj 142-451-2626/2021-01; MMHUCTapCTBO HayKe, TEXHOJIOLIKOT
pasBoja u nuHoBauuja dp.: 451-03-47/2023-01/200117
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MORPHOLOGICAL, MOLECULARAND DIFFERENTIAL
DIAGNOSIS OF MULTILOCULAR ECHINOCOCCOSIS

Dusan Lalo$evi¢"?, Vesna Lalosevi¢?, Vuk Vracar’, Danijela Petrovi¢!, Gordana Kozoderovi¢*, Mirjana
Zivojinov*®, Valentina Isakovi¢®, Dejan Ivanov?®, Vladan Trivunovi¢®, Maja Ruzi¢*’, Goran Denadi¢®,
Natasa Miladinovi¢-Tasi¢”

!Pasteur Institute Novi Sad, University of Novi Sad, Novi Sad
2Faculty of Medicine, University of Novi Sad, Novi Sad
*Faculty of Agriculture, Novi Sad
‘Faculty of Education, Sombor
*University Clinical Center of Vojvodina, Novi Sad
SGeneral Hospital Sabac
“Institute for Public Health Nis, University of Nis, Faculty of Medicine

ABSTRACT

The infectious agent of multilocular or alveolar echinococcosis, Echinococcus multi-
locularis, is a species different from E. granulosus that causes cystic echinococcosis, not
only in biological properties but also in clinical importance in humans, which are rare
and accidental intermediate hosts. Definitive hosts for E. multilocularis are usually foxes
and jackals, and domestic mammals such as dogs and cats are rare. Cystic echinococ-
cosis infection in humans are endemic, but cases of multilocular echinococcosis, which
are much more dangerous have not been recognized in Serbia up to date.

Material, subjects and methods: Suspected human cases of echinococcosis from
regular clinical material were analyzed morphologically and by molecular methods.
Molecular analysis was performed by conventional PCR and the 200 bp product was
sequenced. Serological confirmation by ELISA and Western blot technique was also
performed.

Results: Two cases of multilocular echinococcosis and a series of cases of multiple
cystic echinococcosis were confirmed. Patients were analyzed clinically, radiological-
ly, and epidemiologically, and those who were operable were treated surgically. All re-
ceived albendazole, patients with multilocular echinococcus, continuously.

Conclusion: Multilocular echinococcosis is new zoonotic pathogen in Serbia.

Key words: echinococcosis, multilocular, cystic, human.

The paper is published: Lalosevi¢ D, Zivojinov M, Isakovi¢ V, Ivanov D, Trivunovi¢ V, Ruzi¢ M. The
first human case of multilocular echinococcosis recognized in Serbia. Srp Arh Celok Lek 2023(7-8): 453-

456. https://doi.org/10.2298/SARH230112060L

Funding: Provincial Secretariat for Higher Education and Scientific Research, number 142-451-
2626/2021-01; Ministry of Science, Technological Development and Innovation No.: 451-03-47/2023-
01/200117
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VHTPAHA3A/THA ITPMUMEHA EI'3030MA Y
PETEHEPATMUBHOJ] MEIUIIVHN:
OBERABAJYRU TEPAIIEYTCKU ®POHT

Hyuan Mapuh', Jaunno Bojsomih?

'Opinio M]] Honuxnunuxa Hosu Cag, Cpéuja
’BMA, Beoipag, Cpduja

CAJKETAK

YHampehemwa y pereHepaTuBHOj MeIMIMHM IOBeNA Cy HO VHOBATVBHVX IIPUCTYIIA,
Mehy kojuMa cy Tepammje 3acCHOBaHe Ha er3o30MyMa IPUBYKJIe 3HATHY Naxmby. Erso-
30MI, MaJie eKCTpaljeTy/lapHe Be3VKYy/le Koje cafipyKe pas/mmiunTe OMOAKTVBHE MOJIEKY-
JIe, TI0jaBIJIe Cy ce Kao MONHU IOCPENHVIIM MHTepIleNTy/lapHe KOMyHIKaluje 1 0OHOBe
tKyBa. OBaj IperegHy paj UCTpaxyje pacTyhn nHTepec 3a kopuirhemwe MHTpaHa3aIHe
aJMHICTpalyje er3o30Ma Kao HeMHBA3MBHOT U e(pMKaCHOT MeTOJia 3a IIpVIMEeHe y pere-
HepaTVBHOj MEAVILIVHIL JeIMHCTBEHEe KapaKTepyCTIIKe MHTPaHa3a/IHe a[MIHICTpaLyje,
yK/Byuyjyhn 3aodunaxkerse KpBHO-MOXKIaHe dapujepe U O/laKIlIaBarbe IbaHe UCIIOoPY-
Ke, ynHe je odehaBajyhum 3a Tepamnuje sacHoBaHe Ha erso3omuma. OBaj IperieqHn paj
OCBeT/baBa CKOPAlllhe PEKIMHNYKE Y KIMHUYKE CTY/IMje KOje UCIIUTY]y pereHepaTyiBHI
IIOTEHLMja/I MHTPaHA3a/IHO IIPYIMEeHIX €r3030Ma KOJI pas/INunTIX O0/IecT U IIoBpesa
TKVBA, HaIJIalllaBajyhu BIXOB TepaleyTcKy 3Ha4aj, n3a3oBe u dynyhe nepcrekTuse.

Kby4yHe pevn: MHTpaHa3aIHA all/IMKAIVja, €r3030MI
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INTRANASAL EXOSOME APPLICATION
IN REGENERATIVE MEDICINE:
A PROMISING THERAPEUTIC FRONTIER

Dusan Mari¢', Danilo Vojvodi¢?

!Ortho MD Polyclinic Novi Sad, Serbia
“Military Medical Academy, Belgrade, Serbia

ABSTRACT

Advancements in regenerative medicine have led to innovative approaches, among
which exosome-based therapies have garnered significant attention. Exosomes, small
extracellular vesicles containing various bioactive molecules, have emerged as potent
mediators of intercellular communication and tissue repair. This abstract explores the
growing interest in utilizing intranasal delivery of exosomes as a non-invasive and ef-
fective method for regenerative medicine applications. The unique characteristics of
intranasal administration, including bypassing the blood-brain barrier and facilitating
targeted delivery, make it a promising route for exosome-based therapies. This review
highlights recent preclinical and clinical studies investigating the regenerative potential
of intranasally administered exosomes in various diseases and tissue injuries, emphasiz-
ing their therapeutic promise, challenges, and future prospects.

Key words: intranasal application, exosomes
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AYTOAHTUTEA IIOBE3AHA CA IIOBERhAHUM
PU3NKOM O] MAJIMTHUTETA KO/l ITAITIJEHATA CA
JEPMATOMMNO3NTNCOM

IOyuman Muxajnosuh'

'Meouyuncku dpaxynmem Qoua, Yrnusepsumem y Vicmounom Capajesy,
Doua, Petiybnuxa Cpcka, bocna u XepueiosuHna

CAJKETAK

JlepMaToMMO3UTHC je XpOoHMYHA WH(IaMaTOpHa OONECT KOja 3axBaTa KOXy U
mumnhe. Hajuemrhe ce jaBpa xop ogpaciux oco6a, anu je Mmoryha u kop mene. Pusnk
Off MaJIUTHNUTETa KOZ Ofpacimx ocoba ca DepMaTOMMO3UTUCOM HEKOMMKO ITyTa je
Behu y mopebemy ca onmroM momynanujoM u To Hajuerrhe y MpBoOj rOAVHYU HAKOH
[VjarHO3e ;lepMaTOMMO3UTIICA. JeflaH Off KapaKTePUCTUIHMX Ta00PATOPUjCKMX Halasa
IOBE3aHNX Ca IEePMaTOMMO3UTUCOM je INPUCYCTBO LMPKyIMIIyhux ayToaHTMTeNa
Koja Ccy K1acupUKOBaHA y IBe MOATPyIe: aHTUTeNA ClielnpUYHA 32 MMOSUTIC U
aHTHUTeIa [I0Be3aHa ca Myo3uTycoM. ITokasaHo je a 6u crienmuyHa aHTUTENA MOITIA
OuTy moBe3aHa ca mopehaHMM PM3NMKOM Off MaJIUTHUTETA. TpeHyTHM JIMTepaTypHU
IofalM YKa3yjy fia je Hajjadya Kopesanyja ca MaIUTHUTETOM II0Ka3aHa KOJ IaljyjeHara
no3utuBHYUX Ha aHTU-TIF1-y. Takobe je ommcano moBehamwe pusuka of TymMopa Kox
nanujeHata caaHTu-NXP2 n antn-SAE anturenuma. IlpucycTBo gpyrux ayroanTurena
Takohe Moyxe 6TH TIOBe3aHO ca moBehaHuM pusnKoM off ManurHurera. [Ipema Tome,
nanyjeHT ca yupkymmyhum antu-TIF1-y, antu-NXP2 mnn antu-SAE tpeba fa
Oyzmy Bpio nax/pyBo npahenn 36or Moryhe rmojaBe MaaUrHuTeETA.

KipydHe peun: ayroaHTHTENIa, JePMATOMMO3NUTIIC, KAPIITHOM
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AUTOANTIBODIES ASSOCIATED WITH INCREASED
RISK OF MALIGNANCY IN PATIENTS
WITH DERMATOMYOSITIS

Dus$an Mihajlovi¢!

!Medical faculty Fola, University of East Sarajevo, Fola, Republic of Srpska, Bosnia and Herzegovina

ABSTRACT

Dermatomyositis is a persistent inflammatory condition that targets the skin and
muscle tissues. While it predominantly appears in adults, children can also be affected.
In adults diagnosed with dermatomyositis, the likelihood of developing malignancies
is several times greater compared to the broader population, especially within the first
year following the diagnosis. A distinctive laboratory characteristic of dermatomyositis
is the detection of circulating autoantibodies, segregated into two categories: antibodies
that are specific to myositis and those associated with myositis. Research indicates that
certain antibodies might be linked to a heightened risk of malignancy. Current scientif-
ic literature suggests that the most significant association with malignancy is observed
in patients who test positive for anti-TIF1-y antibodies. Additionally, there is a noted
escalation in tumor risk among individuals with anti-NXP2 and anti-SAE antibodies.
Consequently, individuals with detectable levels of anti-TIF1-y, anti-NXP2, or anti-SAE
antibodies should be closely monitored for the potential malignant developments.

Key words: autoantibodies, dermatomyositis, carcinoma
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XEMHNJCKA 1 BUOJTOIIKA NCIIUTUBAIbA
IMMATAOUJYM(II) KOMIIVIEKCA CA HEKM
OJEPVIBATUUMA ®EHVW/IATTAHNUHA

Hopbe C. Ilerposuh’, Cangpa C. Josuwunh Muanh’, Maja B. Byknh', Visana [I. Pagojesuh?, Munena
M. Jypumesuh?®, Hesena M. Iajosuh’, Aubena Ilerposuh?, Hedojma H. Apcennjesuh?,
ViBanu I1. Joanosuh’, Enuna Apgosuh’, Jauujena Jb. Crojkosuh®, Bepuua B. Jestuh!
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Wncmuinyiti 3a Suonoiujy u exonoiujy, Kpaiyjesauy, Cpduja
*Yuusepsutiieti y Kpaiyjesuy, Paxynitieiti MeguuyuHcKux Hayxa,
Kaitiegpa 3a gpapmayujy, Kpaiyjesau, Cpduja
“Yuusepsutiieti y Kpaiyjesuy, Paxynitieiti MeguuyuHckux Hayxa,
Lenitiap 3a monexyncky meguuuHy u uciipaxcusare mattiuunux henuja, Kpaiyjesay, Cpéuja
*Yuusepsutiietis y Kpaiyjesuy, Vinciiuiliyiti 3a ungopmayoHe iliexHonoiuje,
Hetapiuman 3a tipupogro-maitiemaitiuvuxe Hayke, Kpaiyjesauy, Cpduja

CAJKETAK

Yetupyu HOBa NMUraHJa HPONMIEHAMAMMHCKA JepuBaTa denmunamanuua (R -S,S-
pddba2HCI; L1-L4) n ogrosapajyha kommnekca namapujym(II) (C1-C4) cy cunrern-
CaHa U OKapaKTepyCaHa eJIeMeHTaTHOM MUKpOaHaIN30M, nHppanpseHom, 'H n PC
NMR criektpockonujom. 3a cuHTe3y U npeunirhaBae MuraHaga KopuiiheHa je HoBa
merona. VHtepaknuje mamapujym(Il) xommtekca ca XymaHUM cepyMoM ajadyMuHa
(HSA) npoyuaBaze cy QpyopecieHTHOM CIIeKTPOCKOIjoM. VicnuTuBama cy 1mokasa-
JIa Ia ce KOMIUIEKCH MOTY TPaHCIIOpTOBATH JI0 IV/bHMX henuja BesuBameM 3a HSA,
IOK je Hajdosbe pe3ynTare Be3MBama IMoKazao komiviekc C4. CumymanujoM MOJEKy-
JIAPHOT JIOKMHTa 0djalllibeHo je Be3uBamwe KoMIltekca 3a HSA u nodujenn pesynratu
Cy Y B0dpoj Kopemanyju ca eKCIepuMeHTaTHUM IIOfjalliMa O Ha4ylHYy Be3uBama IIa-
nmagujym(II) xommtekca 3a HSA. In vitro TMTOTOKCMYHA aKTMBHOCT CUHTETUCAHMX
nuranaga u nanagujym(Il) kommekca ncnutuBaHa je Ha 4eTMpy TyMopcke hemmjcke
nuHuje (Muije henmjcke muHKje KapryHoMa fojke (4T1) u KoopeKTanTHOT KapIHO-
ma (CT26), xymane henmjcke nuuuje kapunuoma gojke (MDA-MD-468) 1 xonmopek-
tanHor KapuyHoMa (HCT116), kao u Ha 3apaBUM Me3eHXMMaTHUM MaTuyHuM henmu-
jama (mMSC)) npumenom MTT Ttecta. IIpema fodujenum pesynraruma nurang L4 ce
JICTaKao Kao HajaKTUBHIje U Hajce/IeKTUBHIje jelyberbe 1 Kao fJodap areHc 3a dyayha
in vivo ucnntuBama. [lajpe ucnutuBamwe nuranga L4 n ogrosapajyher kommiekca C4
II0Ka3aJIo je a U3a3uBajy hemmjcky cMpT yrmaBHOM anonTtos3oM. Jlurang L4 je yrunao
Ha 3aycTaB/bame nukiayca y G0/G1 ¢asu u cmamuo npondepaTuBHY KallalUTeT TY-
Mopckux hennja. In vitro aHTUMMKpPOOHA aKTUBHOCT 3a JiuraHje u oprosapajyhe Pd(II)
KOMITIEKCe MCINMTaHA je Ha jeJaHaeCT MUKpOOpraHmsama (ocaM cojeBa NAaTOTE€HMX
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dakrepuja 1 Tpu BpcTe KBaclja) METOJOM MUKPOAMUIYLVje 1 ofgpeheHe cy MUHUMaHe
nHxuduTopHe KoHueHTpanuje (MIC) n MyUHMMaTHe MUKPOOUIMIHE KOHIIEHTpaLyje
(MMC). Hajdosme pesynrare (MIC 3,4 u 7,8 ug/mL) nokasamu cy L3 u L4 Ha B. subtilis
ATTC 6633 u Saccharomyces boulardii. Kommnexc C1 penyje do/be o HO3UTHBHE KOH-
tpore ¢ykonasona Ha Candida albicans ATCC 10231 dakrepuju.

Kipyune peun: mamagujym(Il) xoMIiekcy, MOleKy/IapHU JOKMHT, MHTEpaKILuje ca
HSA, unToTOKCHYHA aKTUBHOCT, aHTUMMKPOOHA aKTUBHOCT

Pap je mydnuxoBan: Petrovi¢ DS, Jovi¢i¢ Mili¢ SS, Duki¢ MB, Radojevi¢ ID, Jurisevi¢ MM, Gajovi¢ NM,
Petrovi¢ A, Arsenijevi¢ NN, Jovanovi¢ IP, Avdovi¢ E, Stojkovi¢ DL, Jevti¢ VV. Synthesis, characterization,
HSA binding, molecular docking, cytotoxicity study, and antimicrobial activity of new palladium(II)
complexes with propylenediamine derivatives of phenylalanine. ] Inorg Biochem. 2023;246:112283. doi:
10.1016/j.jinorgbio.2023.112283. (IF=4.336)

HcrpaxkuBame je puHaHcupaHo cpegcTBuMa: OBaj paj je puHaAHCHjCKM OAPKano MUHICTapCTBO
IPOCBeTe, HayKe U TeXHOJONIKOT pasBoja Perrydmuke Cpduje (Criopasym 8p. 451-03-47/2023-01/200122,
Op. 451-03-47/2023-01/200378, 451-03-47/ 2023-01/200111), GakynTeT MEAMIMHCKIX HayKa YHUBep-
sureta y Kparyjesuy (MI102/19, JIT15/19, JTI11/18, JI102/20).
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CHEMICAL AND BIOLOGICAL RESEARCH
OF PALLADIUM(II) COMPLEXES
WITH SOME DERIVATIVES OF PHENYLALANINE

Porde S. Petrovi¢’, Sandra S. Jovic¢i¢ Mili¢’, Maja B. Duki¢!, Ivana D. Radojevi¢?, Milena M. JuriSevié?,
Nevena M. Gajovi¢?, Andela Petrovi¢?, Nebojsa N. Arsenijevi¢?, Ivan P. Jovanovi¢?, Edina Avdovié?,
Danijela Lj. Stojkovi¢?, Verica V. Jevti¢!
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2University of Kragujevac, Faculty of Science, Department of Biology and Ecology, Kragujevac,
Republic of Serbia
3University of Kragujevac, Faculty of Medical Sciences, Department of Clinical pharmacy,
Kragujevac, Republic of Serbia
“University of Kragujevac, Faculty of Medical Sciences,

Center for Molecular Medicine and Stem Cell Research, Kragujevac, Republic of Serbia
*University of Kragujevac, Institute for Information Technologies,

Department of Science, Kragujevac, Republic of Serbia

ABSTRACT

The four newligands, propylenediamine derivatives of phenilalanine (R -S,S-pddba-2H-
Cl; L1-L4) and their palladium(II) complexes (C1-C4) were synthesized and characterised
by elemental microanalysis, infrared, '"H and “C NMR spectroscopy. For synthesis and
purification of ligands the new method was used. The interactions of new palladium(II)
complexes with human serum albumin (HSA) were studied by fluorescence spectrosco-
py. All investigated compounds can be transported to target cells by binding to HSA, but
complex C4 interacts most strongly. Molecular docking simulations were applied to com-
prehend the binding of the complex to the molecular target of HSA. Obtained results are
in good correlations with experimental data regarding binding affinity by HSA. In vitro
cytotoxicity activities were investigated on four tumor cell lines (mouse mammary (4T1)
and colon (CT26), human mammary (MDA-MD-468) and colon (HCT116)) and mouse
mesenchymal stem cells (mMSC) as non-tumor control cells. Cytotoxic capacity was de-
termined by MTT test and according to obtained results ligand L4 stands out as the most
active and selective compound and as a good candidate for future in vivo testing. Further
examination of the ligand L4 and corresponding complex C4 led to the conclusion that
both induced cell death mainly by apoptosis. Ligand L4 facilitated cycle arrest in G0/G1
phase and decreased proliferative capacity of tumor cells. In vitro antimicrobial activity
for ligands and corresponding Pd(II) complexes was investigated against eleven micro-
organisms (eight strains of pathogenic bacteria and three yeast species) using microdilu-
tion method and minimum inhibitory concentration (MIC) and minimum microbicidal
concentration (MMC) were determined. The best results (MIC 3.4 and 7.8 pg/mL) were
shown by L3 and L4 on B. subtilis ATTC 6633 and Saccharomyces boulardii. Complex C1
acts better than the positive control fluconazole on Candida albicans ATCC 10231.
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Key words: palladium(II) complexes, molecular docking, HSA binding, cytotoxicity
study, antimicrobial activity
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AHTUTYMOPCKU TOTEHIIUJAJI BUHYKJIEAPHUX
JEMUIHLEIbA TBOXKBA CA M3OIINJAHUIHUM
TUTAHIOM

Exarapuna Muxajomosuh', Cama Jermaua', Jlopenno bjankanana?, Jlopenno KjaBepuun?, Camwa Muja-
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CAJKETAK

JlexoBy Ha das3y MeTasa ce HelleHMjaMa KOpUCTe Y Tepamuju paka. Haxanoct, myxo-
Ba e(pMKACHOCT je 0d1yHO npaheHa 3HaYajHOM TOKCMYHOLINY 1 300T TOra MOCTOjU CTal-
Ha rorpeda 3a pasBojeM jiekoBa ca nodospiIanuM de3derHocHUM npoduiom. IBoxbe je
Ba)KaH €/IeMEHT Ca CTPOTO PeryIicaHyM MeTado/MI3MOM Y UTpa KJbYYHY Y/IOTy y MHOTVIM
(bM3NOTOMIKIIM ITPOLeCHMa Y OPTaHM3MY, IIOITYT PacTa 1 pa3Boja, LITO je MOCeOHO BasKHO
Kaja cy y nuramy hemje paka. ITomro nmajy nosehane norpede 3a rsoxxbhem y ogaocy
Ha 3ipaBe henuje, Moxxe ce odexkyBaty fia henuje paka dyny oceT/pyBUje Ha TpeTMaH jemy-
memwnMa reoxkha op 3ppasux hemsja. Y 0BOj cTyuji, UCIINTAH je IUTOTOKCUYHN edeKaT
duHyK/IeapHIX jenuberba rBokha ca m3onujarnganm mrasgoM (Xyl-NC, XyINC+DMAP,
Ind-NC) Ha hemjama paka xymasor nopekna: A2780 pak jajuuka, MCF-7 pak mojke u
HCT116 xonopekTanHyu KapLUUHOM in vitro. TpeTMaH UCIUTUBaHKM jefMbebIMa je cMa-
w110 Bujadumrer cBux henmja paka, nok cy A2780 omadpaHe 3a ajbe UCTPXKMBaIbe Kao
HajoceT/pyByje. [Tokasaso ce ma Tpet™aH hemuja paka jajHyka SUHYKI€apHVIM jeVIE-CHH-
Ma reokba ca MsoIMjaHIHNM UraHAMMa MHAYKyje peponrosy, henmjcky cMpT nsasBany
JINVITHOM IIepOKCHanujoM 3aBcHOM off rBokba. VisHenabyjyhe, depomnrosa je npahena
VIHXVIOVIIVjOM ITPOAYKIVje pajyKaa KOji Y3pOKYjy OKCHIATVBHI Y HUTPO3ATUBHN CTPeC
- BOJIOHMK IIepOKCH/IA 1 TepoKCcuHNTprTa. [lopen Tora, okasaso ce ja TpeTMaH CBYM je-
IubembUMa y3pokyje ayrodarujy henmja paka jajuuka. TpetmaH y koMOuHanuju ca uH-
xuduropom ayrodaruje 3-MeTII aJIeHIHOM JOJATHO cMamyje Bujadummrter henyja, mro
Cyrepuille la leTeKTOBaHa ayTodaryja MMa IUTONPOTeKTUBHY yiory. Takobe, Tperman
VICOUTUBAHUM jeMibembliMa 3HaYajHO je MHXudMpao npommdepanujy hemmja paka jajuu-
Ka. Pesynraru modujenn y oBoj cTymuju ykasyjy na Ou OuHyK/IeapHa jenumbera rBokba ca
V3OLVjaHNMIHYM JIMTaH/VIMa Moryia ioctaty odehaBajyhm areHcn 3a yedere paka u cTora
3axXTeBajy IOfJATHY XIbY 1 AeTa/bHMja OMOJIONIKA NCTPKIBAbA.

K/pyuHe peun: pax jajH1ka, jennmema reoxDha, peponrosa, IMTONPOTEKTUBHA ay-
Todaruja

HcrpakuBame je puHaHcupaHo cpefcTBUMa: VcTpaxknBame je GMHAHCHPAHO cpefcTBIMa MuHN-
CTapTCcBa HayKe, TEXHOJIOLIKOT pa3Boja 1 MHOBaLMja, Op. 451-03-47/2023-01/200007.
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ANTITUMOR POTENTIAL OF DIIRON COMPOUNDS
WITH ISOCYANIDE LIGANDS

Ekatarina Mihajlovi¢', Sanja Jelaca', Lorenzo Biancalana?, Lorenzo Chiaverini?, Sanja Mijatovi¢',
Stefano Zacchini’, Fabio Marchetti?, Danijela Maksimovi¢-Ivani¢!

'Department of Immunology, Institute for Biological Research “Sinisa Stankovi¢” -
National Institute of Republic of Serbia, University of Belgrade, Belgrade; Serbia
2 Department of Chemistry and Industrial Chemistry, University of Pisa, Pisa; Italy
*Department of Industrial Chemistry “Toso Montanari”, University of Bologna, Bologna; Italy

ABSTRACT

Metal-based drugs have been used as cancer therapeutics for decades. Unfortunately, their efficacy
usually comes with significant toxicity and there is a constant need for the development of drugs with
improved safety profile. Iron is an important element with tightly regulated metabolism and plays crucial
role in many physiological processes in the body, like growth and development, which is particularly
important for cancer cells. Since they have increased iron demands compared to healthy cells, it is ex-
pected that they could be more susceptible to treatment with iron compounds than healthy cells. In the
present study, the cytotoxic effect of diiron compounds with isocyanide ligands (Xyl-NC, XyINC+DMAP,
Ind-NC) was investigated on human cancer cell lines: A2780 ovarian cancer, MCF-7 breast cancer, and
HCT116 colorectal carcinoma in vitro. Treatment with experimental compounds decreased the viability
of all cancer cell lines, while A2780 was selected for further investigation as the most sensitive one. It was
shown that treatment of A2780 cells with diiron compounds with isocyanide ligands caused ferroptosis,
cell death induced by iron-dependent lipid peroxidation. Surprisingly, ferroptosis was accompanied by
the scavenging of radicals causing oxidative and nitrosative stress - hydrogen peroxide and peroxyni-
trite. Additionally, all 3 compounds induced autophagy in A2780 cells. Co-treatment with the autophagy
inhibitor 3-methyl adenine further decreased cell viability, suggesting that detected autophagy had cy-
toprotective role. Furthermore, treatment with investigated compounds significantly inhibited the pro-
liferation of A2780 cells. Results obtained in this study indicate that diiron compounds with isocyanide
ligands could become promising agents for cancer treatment and therefore, require additional attention
and further biological assessment.

Key words: ovarian cancer, iron compounds, ferroptosis, cytoprotective autophagy

Funding: This study was supported by the Ministry of Science, Technological Development and Inno-
vation of the Republic of Serbia, Grant No. 451-03-47/2023-01/200007.
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YTUIA] MOHTE/IYKACTA HA CIIEOUJALIINJY
ECEHIIMJAJIHUX JOHA METAJIA 'Y KPBHOJ ITASMMU

VBaH JakoBmeBuh', Jbydunxa Jokcosuh', HeBena Muxannosuh', Mapuja Jepemnh'

"Yuusepsuitieiti y Kpaiyjesuy, IIpupogro-mailiemaiiuuky daxyniieit,
Wncmuinyit 3a xemujy, Kpaiyjesau, Cpéuja

CAJKETAK

Y oBOM pajiy MCIIMTHUBAH je YTUIaj 1eka MOHTeTyKacT, IIMPOKO KOpUIITheHOr aHTa-
TOHVMCTUKA JIEYKOTPUEHCKMX PELIENITOPa KOjy Ce MPETEXHO NPUMEbYje Y KIMHNYKOM
TpeTMaHy acTMe, Ha CIIelMjaliyijy eCeHIMja/IHUX jOHA MeTaJla y KPBHOj IIJIa3MI.

Kaxo du mojacamu yruijaj MoHTenmykacTa Ha eCeHIujaiHe joHe MeTana y KPBHO]
IIa3MM, KOPUCTUMO K/bYYHY ITapaMeTap II03HAT Kao ITa3Ma MOOM/IN3ALMOHY MHJIEKC
(IIMI). OBaj nHAEKC ce MOXKe KOPUCTUTY 3a OIUCKBambe cHare MOHTeIyKacTa jja Mo-
dunniie joHe MeTasIa y KPBHOj IUTa3MM 1 leMHIICAH je Kao OJJHOC YKYIIHe KOHI[eHTpa-
1/1je CBUX BPCTa MOJIEKY/Ia Majie MOJIEKYJICKE Mace Be3aHe 3a jOHe MeTasla y IPUCYCTBY
1 OfICYCTBY €I'30T€HOT YHETOT JINTaH/IA.

Hamr mopen xpBHe mmasMe je BuiedasMm Mofien Koju ykpydyje 10 joHa merana,
43 nuranpa u npeko 6300 mertan-nuraHyg komiviekca. Kako du mpenusHocTt duma Ha
HajBUIIEM HUBOY, MU3BOPY KOMIIOHEHATA ¥ KOHIEHTpalyja Cy pey3eTu U3 MaK/bUBO
IperieffaHNX HayYHUX ITydnuKanyja kao n Geigy tademna. Koncranre ctadmunnoctu Me-
TaJI-IUTaH], KOMIUIEKca IIpey3eTe Cy U3 Moy3faHux dasa nmopartaka ykpydayjyhm JESS,
IUPAC i NIST da3e nogaraka a rze je 0110 moTpedHO KOHCTaHTe CTadUITHOCTH Cy NIPU-
narobheHe pU3MONTOUIKNIM YCITOBUMA.

Pesynratu Hame cryamje OTKpMBajy MHTpUraHTHe yBuje. MOHTeNTyKacT mcnosba-
Ba MUHUMajIaH edekar Ha AUCTPUOYIMjY jOHA Ka/IIUjyMa ¥ MarHe3ujyma, ocedHo y
HIDKVMM KOHILIeHTpalujama. MehyTuMm, meros yTuijaj mocraje cBe u3pakeHuju Kako ce
KOHILIeHTpaluje noBehasajy, IITO JOBOAM /IO 3HAYAjHOT CMambemha HIXOBUX KOHIIEH-
Tpaumja. MoHTenykact Takohe uma Onaru yTuiiaj Ha Crelyjannjy joHa MaHraHa, JJOK
IOCTIETHO CMabyje KOHI[eHTpAljy joHa IIMHKA, Ca U3y3eTKOM je[JHOT CIelubuIHOT
tyma (ZnCysCit) unja ce KoHIeHTpanyja nosehasa 3a 11 %. BaxxHo je na Huje mpume-
hen HukakaB npumeraH yTunaj MoHTenykacta Ha gucTpudyLujy jona reoxxha.

Y 3aK/byuKy, cBeoOyXBaTHa aHa/IM3a CIIPOBEJIeHA Y OBOj CTY[VjJ CyTepHIlIe fja yIIo-
Tpeda MoHTenmykacTa ocTaje de3defHa y morieny Metadomsma eCeHIjaTHIX MeTal-
HIIX jOHA, HOCEOHO Y KOHTEKCTY HheroBe KIMHIYKe IIPYIMEHE Y JIeYerby acTMe.

Kiby4He pedn: MOHTeNTyKacT, clieljijaiija, KppHa Ijaasma

HUcrpaxusame je puHancupano cpeacreuma: OBaj paj je GpuHAHCH]CKM HOAPXKaT0 MUHICTAPCTBO
IpOCBeTe, HayKe I TEXHOJIOLIKOT pa3Boja Pemrydmuke Cpduje (Yrosop dpoj. 451-03-47/2023-01/200122).
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INFLUENCE OF MONTELUKAST ON SPECIATION OF
ESSENTIAL METAL IONS IN BLOOD PLASMA

Ivan Jakovljevic', Ljubinka Joksovic', Nevena Mihailovic', Marija Jeremic'

"University of Kragujevac, Faculty of Science, Department of Chemistry, Kragujevac, Republic of Serbia

ABSTRACT

This study delves into the impact of Montelukast, a widely-used leukotriene receptor
antagonist primarily employed in the clinical management of asthma, on the speciation
of essential metal ions in blood plasma.

We assess Montelukast’s ability to compete with plasma metal ions as well as oth-
er low molecular weight (LMM) ligands using a parameter known as the plasma
mobilizing index (PMI). PMI is defined as the ratio between the total concentra-
tion of LMM-metal species in the presence and absence of this exogenous ligand in
blood plasma.

In the development of our computer model for blood plasma, we have taken signifi-
cant steps to enhance the accuracy and comprehensiveness of the model. This includes
incorporating a multi-phase model encompassing 10 different metals, 43 ligands, and
over 6300 metal-ligand complexes. The total concentrations of all components have
been meticulously sourced from a combination of peer-reviewed publications and au-
thoritative Geigy tables. Nearly all stability constants pertaining to binary and ternary
complexes have been obtained from well-regarded databases such as JESS, IUPAC, and
NIST. In cases where necessary, these constants have been adapted to match physiolog-
ical conditions.

The findings from our study reveal intriguing insights. Montelukast exhibits a min-
imal effect on the distribution of calcium and magnesium ions, particularly at lower
concentrations. However, its impact becomes more pronounced as concentrations in-
crease, leading to a significant reduction in their presence. Montelukast also exerts a
slight influence on the distribution of manganese ions, while consistently decreasing
the concentration of zinc ions, with one specific type being an exception (ZnCysCit).
Importantly, no discernible impact of Montelukast on the distribution of iron ions is
observed.

In conclusion, the comprehensive analysis conducted in this study suggests that Mon-
telukast’s use remains safe concerning the metabolism of essential metal ions, especially
within the context of its clinical applications in asthma management.

Key words: Montelukast, speciation, blood plasma
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YVJIOT'A IL-33 HA CTEIIEH OHITEREIbA CIIY3HUIIE
JKEIYIA'Y EKCIIEPUMEHTAJIHOM MOJETY
AKYTHOI TACTPUTUCA

Npdan hoposuh'?, Jenena I[lantuh', lopmana [I. Pagocasmesuh’, Hedojura Apcennjesuh’,
Bojana Cumosuh Mapxosuh!

Tenttiap 3a MOneKyncKy MequUUHy U UCTIPaANUEAtbe MATU4HUX henuja,
Dakynitieiti MequUUHCKUX Hayka, Ynusepsuitieiti y Kpaiyjesuy
2Ouwinia donvuya, Hosu Ilasap

CAJKETAK

Omrreheme crysHuIje >xenmyla npefcTaB/ba YeCcT TaCTPOMHTECTNHAMIHY opeMehaj,
Koju HacTaje ycnern pucdananca usmehy arpecuBHux u ogdpamdenux akropa crysHu-
e >xenyna. Konsymanuja ankoxona jenHa je on Bofehnx okmpaava 3a pasBoj aKyTHOT
omrehema Xeyla, MTO je MOCIEANI]A AMPEKTHOT IPeKN/ia eIUTeTHOT NHTEeTPUTETa
CTy3HMIIE U MHAVMPEKTHOT omTehema 3a3BaHOT PerpyTOBambeM JICYKOINTA I OKCHAA-
TUBHMM CTpecoM. IIpekoMepHI yHOC a/IKoXo/1a je mpaheH CHa)XKHUM MH(IaMalyjcKIM
VIMYHCKVM OfITOBOPOM, IITO 3a KPajiby MCXOJ, IMa HaCTaHaK aKyTHOT racTpuruca. Y
OBOj CTyAMju UCTIUTUBAH je yTunaj 1L-33 Ha cTenen omrehemwa cmysHuie sxenyna y
aKyTHOM TaCTPUTICY M3a3BaHOM aJIKOXOJIOM.

Y ucrpaxuBamwy cy kopuuthenn ST2 gedummjentan u BALBc MumeBn uncror coja,
KOjMMa je Opa/THOM IaBaykoM arumMKoBaH 80% ankoxos. Y nujby IpOLieHe aKy THOT OLITe-
hema >ernymra aHanmM3upaHe Cy MaKpOCKOIICKe IIPOMeHe CIy3HMIIe XKemylia 1 pabeHa je
KBaHTUTATVBHA XVMICTOJIOLIKA €Ba/Tyaljyija TKMBHMX IIPOMEHA Y JKeTyILly MUIIEBA.

Henenyja rena 3a ST2 penenTop je 3Ha4ajHO cCMamIIa BeNMYNHY jIe3Uja CIy3HUIIE
Xenyna. Y3 to, y nopehemwy ca WT MuineBuma, yKyIiHa mopiunHa nesuja ST27 xuso-
THIbA je OMIa 3HAYajHO Mamba, IpaheHa 1 MambVIM XVICTOIOLIKIM CKOPOM. Y CK/Iafy ca
OBIM HaJIa30M, YOU€HO je 3HaTHO OICeXXHuje omTeheme TkmBa xxenyna y WT mumesa
ca 3Ha4yajHO BehoM mHmnTpanujom nupnamanmjckux hemmja, egeMom MyKkose U pu-
cyctBoM xemoparuje. OBaj TOKCMYHY edeKar alKoXoya Ha CTy3HUITY XKeTylla je 3HaTHO
yMameH y ST2 nedunujentnum BALBc sxuBoTumama.

Hodujenu Hanas ykasyje na menenyja reHa 3a perentop IL-33 cMamyje cTerneH orre-
hema crysHmIIe Xerylja y akyTHOM TracTPUTIICY M3a3BAaHOM a/IKOXOJIOM.

Kbyune peun: IL-33, akyTHO omreheme >xenyna, nHdmamanyja, ankoxorn
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THE ROLE OF IL-33 ON THE DEGREE OF GASTRIC MU-
COSAL DAMAGE IN AN EXPERIMENTAL MODEL
OF ACUTE GASTRITIS

Irfan Corovic'?, Jelena Pantic', Gordana D Radosavljevic', Nebojsa Arsenijevic!,
Bojana Simovic Markovic!

! Center for Molecular Medicine and Stem Cell Research, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac, Serbia
2General Hospital of Novi Pazar, Novi Pazar, Serbia

ABSTRACT

Gastric mucosal injury represents a common gastrointestinal disorder resulting from
an imbalance between the aggressive and protective factors of the gastric mucosa. Alco-
hol consumption is one of the leading triggers for the development of acute gastric in-
jury, which is a consequence of direct disruption of the epithelial integrity and indirect
damage caused by the recruitment of leukocytes and oxidative stress. Excessive alcohol
intake is accompanied by a strong inflammatory immune response, ultimately leading
to the development of acute gastritis. In this study, we evaluated the role of IL-33 on the
degree of gastric mucosal damage in alcohol-induced acute gastritis.

Acute gastric injury was induced with 80% alcohol via oral gavage using ST2-defi-
cient and pure-strain BALBc mice. To assess acute gastric injury, macroscopic gastric
changes were analyzed, and a quantitative histological evaluation of tissue alterations in
the mouse stomach was performed.

Deletion of the gene for the ST2 receptor significantly reduced the size of lesions
in the gastric mucosa. Furthermore, compared to wild-type (WT) mice, the total le-
sion area in ST2”" animals was notably smaller, accompanied by a reduced histological
score. In line with this finding, considerably more extensive gastric tissue damage was
observed in WT mice, with a significantly greater infiltration of inflammatory cells, mu-
cosal edema, and the presence of hemorrhage. This toxic effect of alcohol on the gastric
mucosa was substantially diminished in ST2-deficient BALBc animals. The obtained
findings indicate that the genetic deletion of the IL-33 receptor reduces the degree of
gastric mucosal damage in alcohol-induced acute gastritis.

Key words: IL-33, acute gastric injury, inflammation, alcohol
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INIUTOTOKCMYHOCT BMMTHYK/IEAPHUX KOMIIVIEKCA
BAKPA(II) CA S-MBOAJIKUJI JEPVIBATUIMA
TNOCA/TIMIOMN/IHE KMCEJIMHE
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‘Kaitiegpa 3a Mukpoduonoiujy u umyHonoiujy,

Daxynitieini mequuuHckux Hayka Yrnueepsuitieiia y Kpaiyjesuy, Kpaiyjesay, Cpéuja.
Lenitiap 3a MONEKY/ICKY MeGUUUHY U UCTApaXusare maimiuunux henuja,
Daxynitieini mequyuHckux Hayka Yrnueepsuitieitia y Kpaiyjesuy, Kpaiyjesay, Cpéuja.
¢ Uncinutityin 3a ciiomainionoiujy, Kpaiyjesau, Cpduja
’Kaitiegpa 3a Xuciiionoiujy u emOpuonoiujy,

Dakynitieini mequuyuHckux Hayka Yrueepsuitieitia y Kpaiyjesuy, Kpaiyjesau, CpSuja

CAJKETAK

Bpojuu HexxebeHN eeKTU XeMOTepaIeyTIKa, iepyBaTa IJIaTIHe, YCIOBUIN CY UC-
Tpa)XMBamba U AM33jH HOBUX TepalleyTHUKa y KOjiMa je IIaTMHA 3aMEeHeHOM APYIUM
Ipe/IasHUM METAJIOM. Y OBOj CTYAVjU MCTPXKMBAJIV CMO aHTUTYMOPCKe eeKTe IpeT-
XO[HO KapakTepucaHmx OmHykaeapHnx komiviekca dakpa(ll) ca S-msoankun pmepu-
BaTMMa TMOCA/IMIVMIHE KICENUHe Y MOy KaplIyuHoMa KojoHa. CBa TPy KOMIUIEKca
dakpa(ll) cy mokasana ymepeHo, ayy CeeKTMBHO VITOTOKCUYHO fiejcTBO Ha henmmjama
KapLMHOMa KOJIOHA in vitro. bunykneapan komiiekc dakpa(ll) ca S-mzoammn mepu-
BaTOM TMocanuiyiHe KucenyHe (C3) McHobuo je Hajjady OUTOTOKCHMYKM edekaT Ha
henmjama xapuyHOMa KOJIOHA MMIIIA, @IV MIIAK C1aduju y nopehemy ca IUCIIATNHOM.
C3 je Taxkobe mokasao HajceMeKTUBHUjM UUTOTOKCHYKkY edekat, ca dObOM CeNeKTIB-
Homhy y nopebemwy ca nucmiaruaom. C3 je 3aycraBuo henuje kapuyuHoOMa KO/IOHA y
G2/M dasu hemmjckor nyKIyca n 13a3Bao yMmepeHy arnonTosy opux hemmja. Mebytum,
aHTUTYMOpPCKa akTuBHOCT C3 in vivo y MOfeny XeTepOTOIICKOT KapIMHOMa KOJIOHA
MmuieBa dua je 3Ha4ajHO Beha y mopebemwy ca nncmmarnaom. C3 je cMambyo eKcIipecu-
jy nadnamanmjcknx Monekyna mnpo-IL-1B, TNF-a, ICAM-1 u VCAM-1 y TkuBy npu-
MapHOT' MUIIjeT XeTePOTOIICKOr KapIMHOMa KOJIOHa, IITO je duto npaheHo 3HaYajHO
CMambeHVM PacTOM TyMOpa I MamJM OpojeM MeTacTasa y IIyhnuma u jeTpu.

Kibyune peun: dSunykneapuu kommiekcu dakpa(ll); kapunnom konona; CT26 hemn-
j€; IUTOTOKCMYHOCT; aHTUTYMOPCKa aKTUBHOCT; MH(IaManyja

Pap je mydnukosan: Dimitrijevi¢ D, Solovjova N, Bukonji¢ AM, Tomovi¢ DL, Milinkovic M, Cakovié
A, Bogojeski J, Ratkovi¢ ZR, Janji¢ GV, Raki¢ AA, Arsenijevic NN, Milovanovic MZ, Milovanovic JZ,
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Radi¢ GP, Jevti¢ VV. Docking Studies, Cytotoxicity Evaluation and Interactions of Binuclear Copper(II)
Complexes with S-Isoalkyl Derivatives of Thiosalicylic Acid with Some Relevant Biomolecules. Int ] Mol
Sci. 2023 Aug 6;24(15):12504. doi: 10.3390/ijms241512504. (IF=5.6)
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CYTOTOXICITY OF BINUCLEAR COPPER(II)
COMPLEXES WITH S-ISOALKYL DERIVATIVES
OF THIOSALICYLIC ACID

Jelena D Dimitrijevi¢', Natalija Solovjova?, Andriana M Bukonji¢?, Dusan Lj Tomovi¢?, Aleksandar
Arsenijevi¢™*, Nebojsa N Arsenijevic*®, Tatjana Kanjevac®, Marija Z Milovanovic'*,
Jelena Z Milovanovic!’, Gordana P Radié?

!Center for Harm Reduction of Biological and Chemical Hazards, Faculty of Medical Sciences,
University of Kragujevac, Serbia, Kragujevac, Serbia.
2Academy of Applied Studies Belgrade, The College of Health Science, Belgrade, Serbia.
*Department of Pharmacy, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia.
‘Department of Microbiology and Immunology, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac, Serbia.
*Center for Molecular Medicine and Stem Cell Research, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac, Serbia.
®Institute of Dentistry, Kragujevac, Serbia
"Department of Histology and Embryology, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac, Serbia

ABSTRACT

The numerous side effects of platinum based chemotherapy has led to the design of new
therapeutics with platinum replaced by another transition metal. Here, we investigated the
antitumor effects, in a colon carcinoma model of previously reported copper(Il) complexes
containing S-isoalkyl derivatives of salicylic acid. All three copper(II) complexes exhibited a
moderate, but selective cytotoxic effect toward colon cancer cells in vitro. Binuclear complex
of copper(II) with S-isoamyl derivative of thiosalicylic acid (C3) showed the highest cytotoxic
effect toward murine colon cancer cells, but lower than cisplatin. C3 also exhibited the most
selective cytotoxic effect, with better selectivity compared to cisplatin. C3 arrested colon cancer
cells in the G2/M phase of the cell cycle and induced moderate apoptosis. However, antitumor
activity of C3 in vivo in murine heterotopic colon cancer model was significantly higher com-
pared to cisplatin. C3 reduced the expression of inflammatory molecules pro-IL-1p, TNF-a,
ICAM-1, and VCAM-1 in the tissue of primary heterotopic murine colon cancer, which was
accompanied by a significantly reduced tumor growth and metastases in the lung and liver.

Key words: binuclear copper(II) complexes; colon cancer; CT26 cells; cytotoxicity;
antitumor activity; inflammation

The paper is published: Dimitrijevi¢ JD, Solovjova N, Bukonji¢ AM, Tomovi¢ DL, Milinkovic M,
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vic JZ, Radi¢ GP, Jevti¢ VV. Docking Studies, Cytotoxicity Evaluation and Interactions of Binuclear Cop-

per(II) Complexes with S-Isoalkyl Derivatives of Thiosalicylic Acid with Some Relevant Biomolecules.
Int J Mol Sci. 2023 Aug 6;24(15):12504. doi: 10.3390/ijms241512504. (IF=5.6)
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AHTUITPOJIM®EPATVIBHA AKTUBHOCT JEIUIBEIHA
CA OYPO-OYPAHOHCKIMM CET'MEHTOM
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Cpemcxa Kamenuya, Cpduja
? Cpiicka axagemuja Hayka u ymeitinociiu, beoipag, Cpéuja

CAJKETAK

[TocToju Benmk Opoj MpUpOJHNUX IIPOU3BOJA KOjU ¥ CBOjOj CTPYKTYPU HOCeRyYjy ¢y-
po-dypaHOHCKY SVIMKINYHY CUCTeM IpcTeHoBa. OBaj CETMEHT YeCTo je OArOBOpaH
3a OMOJIOIKY aKTMBHOCT NPUPOSHMX IPOM3BOAA. AKTMBHOCTH KOje CYy JIO caja OT-
KpMBEHE CY M3y3eTHO pa3HOBPCHE U IIOTEHTHe. Y 0BOM pafly hemo npukasaTu cepujy
bypo-dypaHOHCKUX TaKTOHA ¥ BUXOBY aHTUIpOnudepaTuBHy akTuBHOCT. OBa ce-
puja je modujeHa cuHTe30M monasehy of MOHOcaxapuza oprosapajyhe crepeoxemu-
je. OcHOBHa pa3nuKa y CTpyKTypama oBuX Gypo-(pypaHOHCKUX TAKTOHA je Y BbUXOBO]
cTepeoxeMuju u TO Ha nonoxkajesuma C-3, C-4, C-5 u/umn C-6. Autunponudepa-
TYBHA aKTVMBHOCT OBUX jequmema ofpeherna je MTT rectom. Jemumema cy TecTrpaHna
Ha ofadpaHe XyMaHe TyMopcke hemmjcke KynType, Kao 1 Ha jeqHy 3[paBy hemmjcky
nmuunjy (MRC-5). SAR ananusom ycrocraB/beHa je Kopenanuja usmehy cTpykrype u
dumoroIIKe aKTMBHOCTY ¥ OTKPUBEHO je KOj/ CTEPEOXeMMjCKY OTHOCK CY 3Ha4YajHM! 3a
aHTUIPOM(epaTUBHY aKTUBHOCT.

Kibyune peun: anTunponmdepaTrBHa aKTVBHOCT, IMTOTOKCUYHY JIAKTOHM, CTepe-
oxemnja, SAR anannsa

HcrpaxkuBame je punancupano cpemscrBuma: Hayunu mporpam MuHMCTapcTBa HaykKe, TeXHOJIO-

IIKOT pa3Boja 1 MHOBanuja (dpoj mporpama: 451-03-47/2023-01/200125), Kao 1 Ae/IOM 113 HAyYHOT IIPO-
jexta Cpricke akajgeMiuje Hayke i ymMmeTHOCTH (Spoj mpojexTa: F-130).
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ANTIPROLIFERATIVE ACTIVITIES
OF COMPOUNDS WITH FURO-FURANONE SCAFFOLD

Jovana Francuz', Sanja Doki¢’, Jelena Kesi¢,' Ivana Kovadevi¢,! Goran Benedekovié,'
Vesna Koji¢?, Mirjana Popsavin', Velimir Popsavin'?

"University of Novi Sad - Faculty of Sciences, Novi Sad, Serbia
2University of Novi Sad — Medical Faculty, Oncology Institute of Vojvodina, Sremska Kamenica, Serbia
3Serbian Academy of Sciences and Arts, Belgrade, Serbia

ABSTRACT

There are a large number of natural products that have a furo-furanone bicyclic ring
system in their structure. This scaffold is often responsible for biological activity. The
activities that have been discovered so far are extremely diverse and potent. Herein,
we want to report a series of furo-furanone lactones and their antiproliferative activity.
This series was obtained by synthesis starting from monosaccharides with appropriate
stereochemistry. The main difference in the structures of these furo-furanone lactones is
in their stereochemistry at the C-3, C-4, C-5 and/or C-6 positions. The antiproliferative
activity of these compounds was determined by the MTT test. The compounds were
tested on selected human tumor cell cultures as well as on one healthy cell line (MRC-
5). SAR analysis established a correlation between structure and biological activity and
revealed which stereochemical relationships are significant for antiproliferative activity.

Key words: binuclear copper(II) complexes; colon cancer; CT26 cells; cytotoxicity;
antitumor activity; inflammation
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VHIOYKINJA AIIOIITO3E HELA 'RhEJINJCKE JINMHUJE
CTEPOVMIHIM 16,17-CEKO-16,17A-IVIHUTPU/IIMA

JTuanja Anexcuh', Aunpea Hukonuh? Becna Kojuh', Mapuja Caxau?, Cysana JoBanosuh-IllanTa?

"Yuusepsuitieiti y Hosom Cagy, Meguuyurcku daxyniiei,
Wnctauitiyin 3a onkonoiujy Bojeogune, Cpemcka Kamenuya, Cpduja
*Yuusepsutiein y Hosom Cagy, I[Ipupogro-mattiemaiiuuku daxyniieii,
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CAJKETAK

Creponayu ¢y nodpu KaHAMATA 32 pa3Boj I€KOBa, 3aXBa/byjyhn HIXOBOj HUCKO]j OII-
IITOj TOKCUYHOCTM ¥ MOIyhMM CTpyKTypHMM Momy¢uKalyujaMa, IOBE3aH)M ca IIpo-
MEHOM IbMXOBe aKTMBHOCTY. CHMHTeTHCAHO je Buile 16,17-ceKkoaHapocT-4-eH-16,17a-
AVHUTPUIA, YK/BYYYjyhm 6-0KCO M 6-OKCMMMMHO JiepuBare, M WUCIUTAHA HUXOBA
aHTUIpO/IMQepaTNBHA aKTUBHOCT. OBa NCTpaXKVBaba Cy HaCTaB/beHa ITOKYIIaj/iMa pa-
3/IMYNATE CMHTETUYKE CTpaTeruje U eBajyalyje MeXaH3Ma aHTMKAHLIEPCKOT leloBarba.
Tectupann ceKOmVHUTPUIIN CYy MCIIO/BIIN IUTOTOKCHYHY edekar npema Hela hennja-
Ma KapiyHoMa rpjha Martepuiie, oadpaHoM 3a MOJIEIT CUCTEM, ca CYOMUKPOMOIapHUM
710 MoapHuM BpefHocTuma IC, , Tpu ueMy cy 6-CyTCTUTyUCaHN fiepuBaty Summ epuka-
cuuju. Iloce 72-4acoBHOT TpeTMaHa hennja eKBUTOKCMYHUM KOHIIEHTpaljaMa VCIIN-
TUBAHUX jeNMiberba, jeHakuM IC | BpeIHOCTMMA VICIIUTUBAHNX jelUbEba, MEXaHN3aM
IbJIXOBOT JIeJIOBaMba je IPOydYaBaH IIPYMEHOM IIPOTOYHE IIUTOMETpHje U CHelpUIHIX
¢bnyopecrienTHNX doja. YoueHe cy usBeche mpomeHe y GO/G1 n G2/M dasama MupoBa-
13, Kao U IIPOMeHe Y MeMOPaHCKOM MTOTeHIIMjaTy MATOXOH/IPYja, JOK je HajuspakeHu-
ju epexar d1o MHAyKIMja aronTo3e. YKyIIHa anoTos3a oma je y omcery 50,72-58,31% y
CBUM Y30pILIMa TPETMPAHUM CEKOCTepouanMa, y nopebhemwy ca 7.44% y KOHTpOTHOM
y30pky. [Tpouenar mptBux henuja, ykpydyjyhu anonrorndse u HeKpo4dHe, 010 je y oII-
cery 55,24-65,34%, y nopehemy ca 10,68% y KOHTpOITHOM y30pKy. Beoma BaxHa Kapak-
TEPUCTIKA OBUX jelMiberba je CeIEKTMBHOCT IpeMa henmujama KaHIepa, de3 IeTeKToBa-
Hor edekTa Ha 3zipase hemje MRC-5 nuHpje, mto nx cBpcraBa y Bofieha jenumerma y
PasBojy JIEKOBA IPOTYUB KaHI[epa TKMBA 3aBMCHNUX Of] CTEPOUIHNX XOPMOHA.

Kipy4uHe peun: cekocTeponaiy; aHTUKaHLepckit edekaTa; henmmjck MyKITyc; MOTe -
jal MUTOXOH/IpMjaiHe MeMOpaHe; IIPOAIONTOTIYKY edeKaT; IPOTOYHA IUTOMEeTpuja
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MN. Anticancer activity of novel steroidal 6-substituted 4-en-3-one D-seco dinitriles. Steroids. 2018
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APOPTOSIS INDUCTION IN
HELA CERVICAL CANCER CELL LINE BY
STEROIDAL 16,17-SECO-16,17A-DINITRILES

Lidija Aleksi¢', Andrea Nikoli¢?, Vesna Koji¢!, Marija Saka&?, Suzana Jovanovi¢-Santa?

!Oncology Institute of Vojvodina, Faculty of Medicine, University of Novi Sad, Sremska Kamenica, Serbia
2University of Novi Sad, Faculty of Sciences, Department of Chemistry,
Biochemistry and Environmental Protection, Novi Sad, Serbia

ABSTRACT

Steroids are good candidates for drug development, thanks to their low general toxic-
ity and possible structure modifications, connected with change of their activity. Sever-
al 16,17-secoandrost-4-ene-16,17a-dinitrile compounds were synthesized and screened
for anticancer effect, including 6-oxo and 6-hydroxyimino compounds. This research is
continued with the attempts for different synthetic strategy and evaluation of antican-
cer effect mechanism. Tested secodinitriles expressed cytotoxic effect on HeLa cervix
cancer cells, with submicromolar to molar IC, values, where 6-substituted derivatives
were more effective. After 72 h treatment with equitoxic concentrations equal IC,_ val-
ues of test compounds the mechanism of this effect was studied using flow cytometry
and specific fluorescent dyes. Modest change in both G0/G1 and G2/M resting phases
and change in mitochondrial membrane potential were noticed, while the most prono-
unced effect was apoptosis induction. Total apoptosis was in range 50.72-58.31 % in
all samples of cells treated with secodinitriles, compared to 7.44 % in control samples.
Total percent of dead cells, including both apoptotic and necrotic, ranged from 55.24 to
65.34 %, compared to 10.68 % in control. Selectivity towards cancer cells is very impor-
tant feature of these compounds as leading compounds in the drug development for the
treatment of cancers of steroid hormone-dependent tissues.

Key words: secosteroids; anticancer effect; cell cycle; mitochondrial membrane po-
tential; proapoptotic effect; flow cytometry
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IMMKIIMOJEHO30H, CETEKTUBHU ATOHUCT A3
PELIEIITOPA, MO YINPA ®YHKIN]Y 1 PEHOTUII
HEYTPOOWI/IA: YBUIW U3 IN VITRO CTYIUJE

Jbmwpana Kosuh', Bawa Mamu', Mapuja [Ipakyn', Capa Pakouesnh', Japunka Ilomosuh’,
Anbena Maupnh', Jejan boxowuh', Muogpar Yomnh', Jyman Muxajnosuh'

"Yuusepsuitieiti y Vciiournom Capajesy, Meguuuncku gpaxynitieiri Poua, buX-PC

CAJKETAK

IMuxmpenoson (CF101, IB MECA), cenekTuBHM aroHucT A3 pelientopa, ce KIMHNYKA
VICTPaXY]y Y LMY /jederba IIcopujase U peymarouHor aprpuruca. [loctojehu nokasu
CyrepuIly O aHTMVMH(IAMaTOPHVIM U IMYHOMOZY/IATOPHY cBojcTBMMa [InKmineHo30Ha,
MeDhyTVM 1beroBo JiejcTBO Ha XyMaHe Hey TpOoQIIHe IPaHY/IOLyTe jOLI yBHUjeK je HelTO3HATO.
Llwb oBe cTynuje je duo ma ce uctpaxn edpekxar [Inkmmpeno3ona Ha peHoTHUIICKE U QYHK-
IMIOHATHE KapaKTepUCTUKe XYMaHUX HeYTPOMWIHUX IpaHyIonuTa nepudepHe KpBy, in
vitro. Heyrpodwian rpaHyIonmTy Cy M30/I0BaHN 13 KPBM ILECT 37[paBMX fiaBaola. V3o-
noBaHe henmuje cy TpeTupaHe HETOKCMYHUM KOHIleHTpanmjama IImkmmpenosona (1000,
500, 250 nM/ml), puje Hero mMTO Cy CTUMY/IVICAHEe CTUMY/IMCUMA TIonyT phorbol myristate
acetate (PMA), N-formyl-L-methionyl-L-leucyl-L-phenylalanine (tMLP), calcium ionophore
(CAI), opsonized zymosan (opZY), tumor necrosis factor alpha (TNF-a) v xomdnnanuje
TNF-a n fMLP-a. ®enoturcke kapakTepucTuke cy ofipeheHe mpoTOYHOM IIUTOMETPYjOM.
[TponsBopma peakTnBHNX KyiceoHndkux Bpcta (POC) je MjepeHa MeTOOM XeMMTyMM-
HYCLieHIMje noMohy ymyHOma, a nHTeHsuteT HET-03e MeTonoM drryopecnenuie ca Sytox
green-oM. IIponsBonmwa HE (HeyTpodwne emacrase) oppehena je ELISA-om. [la ducmo
ycnutamu ia m A3 penenitop nocpepyje y ebekry [lukmpenosona Ha npopykuujy POC
-a v uHTeHsnteT HET-03e, kopuitheH je mpepTpeTMaH ca aHTaroHNcToM A3 perenrtopa,
MRS 1220. Hamm pesynratu cy nokasamu fa IIMkmiaeHo30H, y cBUM IpUMUjeHEHNM
mo3ama, naxndupa npoussopwpy POC-a 'y fMLP u PMA ctumynucanum HeyTpodumma.
Edexar nuxudniyje je moHuITeH npeTxogHuM TpetManoM ca MRS 1220 xop fMLP-om
CTUMYy/ICaHVX HeyTpoduia. CBe TecTupane fnose [InkmeHo30Ha Cy cynpuMuparie Ipo-
usBozwy HetoBa Yy PMA u CAI ctumynmmcanum HeyTpodunmma. [Ipenrpetman ca anraro-
HyctoM, MRS 1220 je monumitno edexar nuxudunyje u kog PMA n CAI ctumynmcannx
HeyTpodwia. [TukmgeHo30H je cmawuo npopykuyjy HE nectumymcannx, opZy, fMLP
u TNF-a crumynucannx hemmja. Takobe, cmamno je excripecujy CD11b, CD18, u CD32
y TNFa/ftMLP-ctumymicanum henmjama, anu Huje IIpOMUjEHNO eKCIPeCHjy HaBeIeHUX
Mapkepa Koy Hectumyucanux u fMLP-om crumymmcanux henmja. Pesynraru cyrepuiry
ma IInkmmpeHo30H Monymupa (QYHKIVIOHAIHE Y (EHOTUIICKE KapaKTepYCTUKe XyMaHNX
HeyTpodWIHMX IpaHyIonuTa epudepHe KpBH, in vitro, a uHxudMImja npoussonme POC
-a VI HET-o03e nocpenoBana je A3 perjennitopuma.

K/by4He peun: NVK/INIEHO30H, HEYTPO(IIHY TPaHyTIOLNTH, HETO3a, OKCUIATUBHI
npacax, GpeHOTHI.
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PICLIDENOSON, SELECTIVE AGONIST OF THE A3
RECEPTOR, MODULATES NEUTROPHIL
FUNCTION AND PHENOTYPE:
INSIGHTS FROM AN IN VITRO STUDY

Ljiljana Kozi¢', Vanja Mali$', Marija Drakul', Sara Rakocevi¢', Darinka Popovi¢', Andela Mandi¢',
Dejan Bokonji¢!, Miodrag Coli¢!, Dugan Mihajlovi¢!

'Faculty of Medicine Foca, University of East Sarajevo, Republic of Srpska, Bosnia and Herzegovina

ABSTRACT

Steroids are good candidates for drug development, thanks to their low general toxic-
ity and possible structure modifications, connected with change of their activity. Sever-
al 16,17-secoandrost-4-ene-16,17a-dinitrile compounds were synthesized and screened
for anticancer effect, including 6-oxo and 6-hydroxyimino compounds. This research is
continued with the attempts for different synthetic strategy and evaluation of antican-
cer effect mechanism. Tested secodinitriles expressed cytotoxic effect on HeLa cervix
cancer cells, with submicromolar to molar IC, values, where 6-substituted derivatives
were more effective. After 72 h treatment with equitoxic concentrations equal IC, val-
ues of test compounds the mechanism of this effect was studied using flow cytometry
and specific fluorescent dyes. Modest change in both G0/G1 and G2/M resting phases
and change in mitochondrial membrane potential were noticed, while the most prono-
unced effect was apoptosis induction. Total apoptosis was in range 50.72-58.31 % in
all samples of cells treated with secodinitriles, compared to 7.44 % in control samples.
Total percent of dead cells, including both apoptotic and necrotic, ranged from 55.24 to
65.34 %, compared to 10.68 % in control. Selectivity towards cancer cells is very impor-
tant feature of these compounds as leading compounds in the drug development for the
treatment of cancers of steroid hormone-dependent tissues.

Key words: miclidenoson, neutrophils granulocytes, NETosis, oxidative burst, phenotype
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IN VITRO AHTUTEHOTOKCNYHOCT HOBUX
XETEPOMETA/THUX ITVUHYKIEAPHUX KOMIIUVIEKCA

Majna Konenosuh Cepesnuh,' Tawa B. Congatosuh,' bupana llImur,? Cama Jb. Matnh?

letiapitiman 3a UpupogHo-mattiemaimiuike Hayxe,
Aprcasnu ynusepsutieini y Hosom Iasapy, Hosu Ilazap, Cpduja
Uncitiutityiti 3a uHdopmayuone iliexronoiuje, Ynusepsuitieini y Kpaiyjesuy, Kpaiyjesau, Cpduja

CAJKETAK

Yetupu HOBa  AmHyKnmeapHa — kommiekca,  [{cis-PtCI(NH,) (u-4,4'-bipyridyl)
ZnCl(terpy-CD)}(CIO,),, [{trans-PtCI(NH,),(u-4,4'-bipyridyl)ZnCl(terpy-Cl)}](CIO,),,
[{cis-PtCI(NH,),(u-pyrazine)ZnCl(terpy-CD)}](CIO,), u [{trans-PtCI(NH,) (u-pyrazine)
ZnCl(terpy-CI)}](CIO,),, ussenena us mononykneapsor [ZnCl(terpy-Cl)], (re je terpy-
Cl = 4-x10p0-2,2" :6',2"-TepnmpuanH) Cy CMHTETU30BaHA U OKapaKTepUCaHa.

Moryha JHK-mpoTexTnBHa [jejcTBa OBMX KOMIUIEKCA Y Pas/ININTIAM KOHIIEHTPaI-
jama (25, 50, 100, 200 n 400 pg/ml) nporus omrehewa JHK nsasBana xupokcumnum
U TIEPOKCUJI pajyKanuma cy opehena xopuiiheweMm fBa in vitro aHTUMOKCUATVBHA
TecTa. Y mopebemy ca HeraTMBHUM M MO3UTMBHMM KOHTPOJIAMa, CBY KOMIUIEKCU Cy
nokasanu 3HadajHe [JJHK-3amTnutHe edexre y McnmuTMBaHMM KOHIIEHTpaLyjama, HITo
yKasyje Ha CIHOCOOHOCT YK/Iambabha XMAPOKCYITHYIX 1 ITePOKCIII pajjyiKasia ITeHepYCaHUX
nomohy FeSO,, H O, u AAPH.

Y HaIoj NPeTXOQHO] CTYAMjU YeTUPY AMHYKIeapHa KOMIUIEKCA C/IMYHE CTPYKTYPe,
aHAJIO3] OBUX KOMIUIEKCa, a/ de3 XTOpUHOT CYIICTUTYeHTa Y TepI IMTaHzy, Takohe
cy kopumthenu sa npoueny anturesorokcnanocty. Camo [{cis-PtClI(NH,),(u-pyrazine)
ZnCl(terpy)}](ClO,), je uMao 3Ha4ajHy J03HO 3aBUCHY CTIOCOOHOCT J1a MHX1OMPa TIePOK-
CHJTHE Kao U XMAPOKCUIHE pajiuKaje IITO je y CKIafy ca TPEHYTHOM CTYAUjOM U aH-
TureHoToKcuuHouthy mcnmuranor xommaekca [{cis-PtCI(NH,),(u-pyrazine)ZnCl(terpy-
CD}(CIO,),. 3navajan JHK 3amTuTHy NOTeH1Mjal NPOTUB XUAPOKCUTHIX U TIEPOKCIUT
panukana takobe je modmjeH u 3a mpeocTana TpM TeCTHpaHa AMHYK/IeapHa KOMITIEKCA.
[IpucycTBO XI0pUAA Y CTPYKTYpM HOBOCMHTETM30BAaHMX KOMIUIeKkca mosehaBa enmek-
TPOHCKY TYCTMHY Ha Zn LIEHTPY U Ha Taj HaUMH CMambyje HberoBy HYK/IeOo(M/IHOCT, ITO
du Morno duty odjarimere HBUXOBOr NTOHaNIamba. OBY oAV MOTY dUTU KOPMCHM 32
Iasbe in vitro n in vivo ONOTOIIKe IIPOLieHe OBMX aHTVOKCUIATVBHIIX jeIMberha.

Kbyune peun: nucrnatus, Zn(1I) kommnexen, Tepnu murang, JHK samtutay mo-
TeHLMjasl

HcrpaxkuBame je puHaHCHpPaHO cpelcTBMMA: AyTOpM ce 3aXBa/byjy Ha (PMHAHCHjCKO] TOAPIILN

MuHKcTapcTBa 3a HayKy, TEXHOOLIKM pasBoj 1 MHoBanuje Penydmuke Cpduje (Yrosop Op. 451-03-
47/2023-01/200378).
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IN VITRO ANTIGENOTOXICITY OF NOVEL
HETEROMETALLIC DINUCLEAR COMPLEXES

Majda Kolenovi¢ Serezli¢,' Tanja V. Soldatovié,' Biljana Smit,> Sanja Lj. Mati¢?

'Department of Natural-Mathematical Sciences, State University of Novi Pazar, Novi Pazar, Serbia
2Institute for Information Technology, University of Kragujevac, Kragujevac, Serbia

ABSTRACT

The four novel dinuclear complexes [{cis-PtCl(NH3)2(u-4,4"-bipyridyl)ZnCl(terpy-Cl)}]
(ClO4)2, [{trans-PtCI(NH3)2(u-4,4"-bipyridyl)ZnCl(terpy-Cl)}](ClO4)2, [{cis-PtCI(N-
H3)2(u-pyrazine)ZnCl(terpy-Cl)}](ClO4)2  and  [{trans-PtCI(NH3)2(u-pyrazine)Zn-
Cl(terpy-Cl)}](ClO4)2, derived from mononuclear [ZnCl(terpy-Cl)], (where terpy-Cl =
4’-chloro-2,2":6',2"-terpyridine) were synthesized and characterized.

The possible DNA-protective effects of these complexes at different concentrations
(25, 50, 100, 200, and 400 pg/ml) against hydroxyl and peroxyl radicals-induced DNA
damage were determined using two in vitro antioxidant assays. Compared with the
negative and positive controls, all complexes showed the significant DNA-protective
effects at the concentrations tested, indicating scavenging activity on hydroxyl and per-
oxyl radicals generated by FeSO4, H202, and AAPH.

In our previous study four dinuclear complexes of similar structure, analogues of these
complexes but without chloride substituent in terpy ligand, were also used to evaluate
the antigenotoxicity. Only [{cis-PtCI(NH3)2(u-pyrazine)ZnCl(terpy)}](ClO4)2 had
significant dose-dependent ability to inhibit peroxyl as well as hydroxyl radicals which
is in line with the current study and antigenotoxicity of tested complex [{cis-PtCI(N-
H3)2(p-pyrazine)ZnCl(terpy-Cl)}](ClO4)2. The significant DNA protective potential
against hydroxyl and peroxyl radicals was also obtained for the remaining three tested
dinuclear complexes. The presence of the chloride in the structure of newly synthesized
complexes increase the electronic density on Zn center and, thus, decrease its nucleop-
hilicity, which could be an explanation of their behavior. This data could be useful for
further in vitro and in vivo biological evaluations of these antioxidative compounds.

Key words: cisplatin, Zn(II) complexes, terpy ligand, DNA protective potential

Funding: The authors gratefully acknowledge financial support from the Ministry of Science, Tech-

nological development and Innovations of the Republic of Serbia (Agreement No. 451-03-47/2023-
01/200378).

JIpyrut cprickm KOHrpec MOeKyicke Meguipnne, ®owa, 6-8. oktobpa 2023. 49



INOTEHLIMJAT IIPUPOOHE HYTPUTUBHE ®OPMYJIE
Y TPETMAHY AHEMMUJE

Mapuja Jlecjak', Hemama JKusanosuh', Cphan Byjunosuh’,
Becna Mujatosuh Josun?, Jaunna Lyjuh®, Hatama Cumus'

TIpupogro-maitiemaitiuuku paxynitieini Yuusepsuitieiia y Hosom Cagy, Hosu Cag, Cpduja;
*Meguyuncku paxynitieii Ynueepsuitieitia y Hosom Cagy, Hosu Cag, Cpduja;
Uncimuinyiti 3a upumery HykneapHe enepiuje (MHEII), 3emyn, Cpéuja

CAJKETAK

ITpema nopanuma Csetcke 3apaBcTBeHe oprannsanuje (C30) Buie ox 30% cBet-
CKe IIONy/Ialluje MMa aHeMUjy ycieq Hefoctatka rBoxkba. [Tocnenniie oBakBe aHeMuje
MOTy MIMaTJ HeTaTVBaH yTUIAj Ha 3/ipaB/be U JOIIPMHETY IIpeBpeMeHoM nopobajy, ore-
YKaHOM (V3VYKOM VI KOTHUTMBHOM Pa3Bojy Jelie U CMambeHO] IPOSYKTUBHOCTI KO
ofipaciyX. JefaH off Hajuemrhnx y3poka oBakBe aHEMUje je HICKA ancoprnuja reoxkha
13 XpaHe Yy TaCTpOMHTEeCTVHA/THOM TpakTy. CTaH/lap/iHa Tepalyja 3a aHeMMI]y je CyIlie-
MeHTaluja rBoXKheM Koja je cydontumanHa 1 ¥MMa HU3 Hycrojasa. Llnwp oBe cTyguje
je duo pa ce mponenn yTuiaj nHoBatusHe u 100% npupopgHe HyTpUTUBHE PopMyIe,
HasBaHe FeJuice™, nanpas/bete ox Boha u moBpha, Ha ancopnuuje reoxxkha Meperem
IapaMeTapa aHeMuje y KpBU in vivo. Hakon mro cy yBefeHn y anemujy Wistar nmanosu
cy Tpetupanu opanHo TokoM FeJuice™ HyTputuBHOM pOpMyNIOM TOKOM 27 y3acTOII-
HIUX JJaHa. Y30pLy KPBU Cy Y3€TU M3 PeIlHe BeHe M KapAMjayHOM ITyHKIVjOM, IIpe U
niocie TpetMana FeJuice™ HyTpuTuBHOM HOPMYIOM, PEOM, I MEPEHM Cy TapaMeTpu
aHemuje y kpBu. IIpema pesynraruma, tperman FeJuice™ nyrpurusHoM ¢popmynom
nosehao je cromy ancopmiuje reoxxba mro norsplhyje nosehame nmapamerapa anemnje
y KpBM, Kao IITO Cy HMBO XeMOITIOOMHa, cepyMcKor rBoxkbha 1 TpaHcdepnHa 3a Haj-
Mame 10% 1o cBakoM mapameTpy y nopehemy ca KoHTponHOM rpynoM. Crtora, Moxe
Cce 3aK/bYYNTH Ia pefoBHa KoH3yMaluja FeJuice™ uyTtputusHe popmyre nma Bemnuku
HOTeHIIMja/l Y IPeBeHLIMjU M TPeTMaHy aHeMMje M3a3BaHe HeZocTaTKoM rBoxkha des
He>Xe/beHUX edekara.

KbyuHe peun: anemMmja n3asBaHa HeTOCTaTKOM IrBoXKba, HyTpuTMBHA popMyIa, an-
copmnyja reoxxha

HcrpaxxuBame je puHaHcupano cpexcrsuma: OBy cTyaujy ¢y ¢unancujcku nogpskamu Ooup 3a
MHOBALOHY AeaTHOCT Perrydmuke Cpduje, Ilporpam Tpancepa Texuonoruje (rpant op. 1078) u Mu-
HMCTapCTBO 3a HAyKY, TEXHOJIOLIKY pa3Boj 1 nHoBauuje Penydnuke Cpduje (rpant Op. 451-03-47/2023-
01/200125).
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POTENTIAL OF NATURAL NUTRITIONAL FORMULA
IN ANEMIA TREATMENT

Marija Lesjak', Nemanja Zivanovi¢!, Srdan Vujinovi¢!,
Vesna Mijatovi¢ Jovin?, Danica Cuji¢®, Natasa Simin'

'Faculty of Sciences University of Novi Sad, Novi Sad, Serbia
2Faculty of Medicine University of Novi Sad, Novi Sad, Serbia
*Institute for the Application of Nuclear Energy, Zemun, Serbia

ABSTRACT

According to the World Health Organization (WHO) more than 30% of the world
population is affected with iron deficiency anemia (IDA). Consequences of IDA can
be detrimental and contribute to the premature birth, impaired physical and cognitive
development in children and reduced productivity in adults. One of the most common
cause of IDA is low rate of iron absorption from food in gastrointestinal track. The stan-
dard therapy for IDA is iron supplementation which is suboptimal and has a number of
side-effects. The aim of this study was to evaluate the influence of innovative and 100%
natural nutritional formula, named FeJuice™, made of fruits and vegetables, on iron
absorption rate by measuring anemia blood parameters in vivo. After becoming anemic
Wistar male rats were treated orally during 27 consecutive days by FeJuice™ nutritional
formula. Blood samples were taken from tail vein and by cardiac puncture, before and
after the treatment with FeJuice™ nutritional formula, respectively, and anemia blood
parameters were measured. According to results 27-days long treatment with FeJuice™
nutritional formula increased iron absorption rate since it caused increase in anemia
blood parameters, such as hemoglobin, serum iron and TFS levels by at least 10% per
each parameter compared with control group. Thus, regular consumption of FeJuice™
nutritional formula has a great potential to be beneficial for humans and prevent and
treat IDA without side effects.

Key words: iron deficiency anemia, nutritional formula, iron absorption
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IIOBERAHA EKCIIPECUJA GSTA4 Y MEJIAHOMY
IHOOCTUYE U3BETABAIBE AHTUTYMOPCKOT
VMYHCKOTI OJITOBOPA 1 IIOBEhABA
METACTATCKHN IIOTEHIINJAJI
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2 Ogemetve 3a umyHonoiujy, Mucimuiiyii 3a duonowka ucitipaxusarea ,,Cunuwia Ciiankosuh”
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CAJKETAK

IFNYy je K/by4HM LIMTOKMH aHTUTYMOPCKOT MMYHCKOT OfiroBopa. Y henmjama kaH-
nepa, IFNy cTumynuie npousBojby peakTUBHUX BPCTa Kceonuka. Hacrano crame
OKCHUZIATMBHOT cTpeca noBoau jo omrehemwa [JHK u, mocnenmyuHo, fo ceHecueHmyje
i o pepomnTose, hemmjcke cMpTH MocpefoBaHe Mepokcuganyjom mumnuia. Hea-
mexBaraH ofrosop Ha IFNY je uecta ofymka KaHIjepa ca CHOCOOHMX fia ,[TOOETHY"
aHTUTYMOPCKOM MIMYHCKOM OZiITOBOpPY. YjenHo, oBaj fedekt y ogrosopy Ha IFNy ce
CMaTpa 3HA4YajHMM YMHMOLIEM OTPAHMYEHOT yCIlleXa MMYHOTepanuje KoJ IalyujaHTa
ca KaHI|EPOM.

Y 0BOj cTyAuju, UCTPaXKM/IN CMO Kako hemuje Tymopa nsderapajy aHTUTYMOPCKI
UMYHCKI OATOBOp mocpenosaH nuroknHoM IFNy. YenocraBuwmm cmo henmjcke nu-
HUje MeJlaHOMa Koje Cy ,1oderne” aHTUTYMOPCKOM MMYHCKOM OATOBOPY ¥ aHA/IM-
3Mpanu CMO IIpOMeHe y BbuXoBoM peHoTuiry. OTkpunm cMo ja cy henuje menanoma
Koje Cy M3derie MMYHCKM OATOBOP pa3BU/Ie Pe3UCTEHINjy Ha OKCHMATMBHM CTpec
uHaykoBaH IFNy. Kipyunu urpau y oBom mpotuecy je rmyrarnon-C-tpancdepasa
(enr.GSTA4), uman mopopuIie eH3MMa 32 IeTOKCUKAIUjy KOji MMajy Ba>KHY Y/IOTY Y
hemmjckom opgrosopy Ha okcupaTuBHM cTpec. OcuM Tora, henmje memanoMa koje cy
u3deryie MUMYHCKY OITOBOP Cy cTeksie Behu MeTacTaTcku nmoteHuujan in vivo, Takobe
3aBucaHn oy nosehanor HuBoa exkcnpecuje GSTA4. Kop manujeHara ca MelTaHOMOM
yTBpheHo je ma Hykm HuBO excrnpecuje GSTA4 xopenupa ca dopoM cTomoMm Ipe-
JKUBJbaBama de3 MeracTasa. Takobe, marujeHTy ca MeTaHOMOM KOJ| KOjUX je HIDKa
GSTA4 exnpecnja dorpe pearyjy Ha antu-PD1 Tepanujy u umajy cy dospy cromy mpe-
KVB/baBamwa de3 mporpecuje Tymopa.

Hamm pesynratu pacBeT/baBajy HOBU MeXaHM3aM moMohy kojer henuje kaHiepa ns3-
deraBajy MMyHOOIIKY Haf30p 1 MoBehaBajy cBOj MeTacTaTCKM MOTEHIIMjasl, pasBuja-
IEeM pe3CTeHIVje Ha OKCUAATUBHY cTpec yoen nosehane excnpecuje GSTA4. Crora,
TapreTypame MOJIEKY/Ia y OTOBOPY KaHIlepa Ha OKCUIATVBHM CTPeC IIpeficTaB/ba 0de-
hapajyhn TepaneyTckm npuctyn 3a npeBasmnakerme pesucTeHIije Ha aHTUTYMOPCKHI
VIMYHCKM OITOBOP M pery/ycarme MeTacTas/para.
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Kbyune peun: IFNy, menranom, GSTA4, nzderaBame aHTUTYMOPCKOT MIMYHCKOT OJI-
roBOPa, MeTacTase
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GSTA4 UPREGULATION PROMOTES MELANOMA
IMMUNE EVASION AND METASTASIS
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2 Department of Immunology, Institute for Biological Research “Sinisa Stankovi¢”, National Institute of the
Republic of Serbia, University of Belgrade, Belgrade, Serbia
* Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama, Toyama, Japan

ABSTRACT

IFNY is a crucial cytokine in antitumor immunity. In cancer cells, IFNy promotes ex-
cessive production of the reactive oxygen species. Oxidative stress leads to DNA damage
and, consequently, triggers cellular senescence or ferroptosis, a type of cell death associat-
ed with increased lipid peroxidation. The IFNYy response defect is commonly observed in
cancers that exhibit immunoevasive properties. This defect is considered a significant fac-
tor contributing to the limited success of cancer immunotherapy in patients with cancer.

In this study, we explored how tumor cells evade the IFNy-dependent immune response.
We established immune-escape variants of melanoma cells and analyzed changes in their
phenotype. We found that the immune-escape melanoma variants gained resistance to
the IFNy-induced oxidative stress response. The critical molecule in this process was glu-
tathione-S-transferase-4 (GSTA4), a member of a family of detoxification enzymes that
play an important role in cellular oxidative stress responses. In addition to the resistance
to IFNy-mediated antitumor immunity, the immune-escape melanoma variants acquired
higher metastatic ability in vivo by a GSTA4-dependent mechanism. Melanoma patients
with lower expression of GSTA4 had better prognosis in terms of metastasis-free survival
rate. Additionally, melanoma patients with low GSTA4 expression were better responders
to anti-PD1 therapy and showed a better progression-free survival rate.

Our results reveal a novel mechanism by which cancer cells escape from immune
surveillance and increase metastatic potential by developing resistance to oxidative
stress responses through GSTA4 upregulation. Therefore, targeting the oxidative stress
response in cancer cells presents a promising therapeutic approach for overcoming im-
mune resistance and regulating metastatic progression.

Key words: IFNy, melanoma, GSTA4, immune evasion, metastasis
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MOIY/IAIIMJCKA Y/IOTA TAJIEKTVHA-1
Y VIHEPO3HOM KOJINTUNUCY CA METABO/IMYKNM
CVMHIPOMOM KAO KOMOPBMIANTETOM
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CAJKETAK

Meradomukn curgpom (MetS) u ynueposun komutnc (UC) cy mmpoko pacrpo-
CTpameHa 3[[paBCTBEHA CTama KOja KapaKTepuille XPOHMYHA yIaja HICKOT CTeleHa.
lanextnH-1 (Gal-1), ”MyHOMORYTaTOPHY HENTH/, KOjU Ce YITTaBHOM U3JTy4yje 13 Ma-
CHOT TKVIBA, IIOTEHIIMja/IHO Y MOTao Jia MIpa K/bYYHY Y/IOTy Y yOlna)kaBamwy OBMX CTa-
ma. OBa CcTyAMja MOMPEeYHOr Ipeceka NCTpaxyje ykbyunBame Gal-1'y MetS u UC y
OKBUPY I'pyIle Off 75 nanyjeHara, KojuMa je HeflaBHO aujarHocTukosad UC. MetS mop-
rpymna je mokasana nosehane ¢gexanne Husoe Gal-1 y nopebhemy ca onuma 6e3 MetS.
[lITaBumre, Gal-1 je mokasao npepary Haji TpOMH(IAMaTOPHUM IIUTOKMHMMA, YK/bYUy-
jyhu TNF-a, IL-6 n IL-17, ko oBuX cydjexara. OBM HaIa3y HaI/IallaBajy MoTeHLIMjaI-
Ho yuenthe Gal-1 y matodusnonornju UC u MetS, mpencrasbajyhn ra kao odehasajy-
hu gujarHocTiyky droMapKep 1 TepanyjcKy INb 32 OBA CTAba.

K/byune peun: rajekTus-1, ynepo3Hy KOIUTIC, METadOMNYKI CMHAPOM, NHPIa-
Manuja

Pap je mydnukoBan: Corovic K, Stojanovic B, Petrovic A, Stanisavljevic I, Maric V, Zdravkovic N,

Jovanovic M. Modulatory role of galectin-1 in ulcerative colitis with comorbid metabolic syndrome.
EABR 2023; DOI: 10.2478/eabr-2023-0006
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ABSTRACT

Metabolic syndrome (MetS) and ulcerative colitis (UC) are widespread health con-
ditions characterized by chronic, low-grade inflammation. Galectin-1 (Gal-1), an im-
munomodulatory peptide mainly secreted from adipose tissue, could potentially play
a crucial role in mitigating these conditions. This cross-sectional study explores the
involvement of Gal-1 in MetS and UC within a cohort of 75 patients, newly diagnosed
with UC. The MetS subgroup displayed increased fecal Gal-1 levels compared to those
without MetS. Furthermore, Gal-1 showed predominance over pro-inflammatory cy-
tokines, including TNF-a, IL-6, and IL-17, in these subjects. These findings emphasize
the potential involvement of Gal-1 in the pathophysiology of UC and MetS, presenting
it as a promising diagnostic biomarker and therapeutic target for these conditions.

Key words: galectin-1, ulcerative colitis, metabolic syndrome, inflammation
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CAJKETAK

Y OBOM HUCTpaXMBamby UCIUTAHA je aHTUTYMOPCKA aKTMBHOCT HOBOCHHTETJCA-
Hux xommekca pyrenujyma(Ill) [Ru(L)CI(H,O)], rae je L is Terpagentaram Schiff
base bis(acetylacetone) ethylendiimine (acacen, 1), bis (benzoylacetone) ethylendiimine
(bzacen, 2), (acetylacetone) (benzoylaceton) ethylendiimine (acacbzacen, 3), bis(a
cetylacetone) propylendiimine (acacpn, 4), bis (benzoylacetone) propylendiimine
(bzacpn, 5) or (acetylacetone) (benzoylaceton) propylendiimine (acacbzacpn, 6). Kom-
mekcu 2 (bzacen) u 5 (bzacpn) ca gBa apoMaTnyHa IpCTeHa MTOKa3ajIy Cy Hajjaun Iiu-
TOTOKCMYKY edeKaT Ha xyMaHuM henujama ageHokapuyHoma wiyha, A549, u Muijum
henmnjama Jlyncosor Tymopa mnyha, LLC1. OBM KOMITIEKCH CY CMambUIN eKCIIPECUjy
pAKT, npoMeHNIN OTHOC aHTH - U IPO-aNONTOTUYKIX MOJIEKY/IA Y MHYKOBaJ/IM alloll-
t03y A549 hennja. Takobhe, kommekcu 2 u 5 ¢y cmamwumu excnpecujy pAKT y LLC1
henujama u cMamuIM eKcripecujy u npolieHar oBux henuja koje excripumupajy Mcll n
Bcl2 n n3asBanu BUXOBY aoONTOTCKY cMpT. KoMrekeu 2 1 5 ¢y cMamuIm eKCrpecujy
mortekyna Ki67 y LLC1 hennjama, mro cyrepuiie antunponudepaTuBHy epekaT OBUX
KkoMItekca. KoHa4HO, KOMIUIEKC 5 je CMamby0 BOTYMEH IIPYMapHOT XeTepoTorckor Jly-
JICOBOT KapIHOMa IUTyha MU, JOK je KOMIUIEKC 2 CMabyo MHIU/IEHIY ¥ IPOCeYaH
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dpoj MeTacTasa o myhmuma muia ca xereporornckum JIlyncosum KaprymHoMoM ryha.
Kbyune peun: pyrennjym(IIl), lllndose dase, anHTMTyMOpCKa aKTUBHOCT, JIycoB
Tymop 1iyha
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Arsenijevi¢, Marija Milovanovi¢, Biljana Petrovi¢, Ana Rilak Simovi¢. Synthesis, characterization,
biomolecular interactions, molecular docking, and in vitro and in vivo anticancer activities of novel
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ANTICANCER ACTIVITIES OF NOVEL RUTHENIUM(III)
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ABSTRACT

Antitumor activity of newly synthetized ruthenium(III) complexes [Ru(L)CI(H,0)],
where L is tetradentate Schiff base bis(acetylacetone) ethylendiimine (acacen, 1), bis
(benzoylacetone) ethylendiimine (bzacen, 2), (acetylacetone) (benzoylaceton)
ethylendiimine (acacbzacen, 3), bis (acetylacetone) propylendiimine (acacpn, 4), bis
(benzoylacetone) propylendiimine (bzacpn, 5) or (acetylacetone) (benzoylaceton)
propylendiimine (acacbzacpn, 6), was explored. Complexes 2 (bzacen) and 5 (bzacpn)
with two aromatic rings showed the highest cytotoxic effects toward human, A549 and
murine LLC1 lung cancer cells. These complexes reduced expression of pAKT, altered
the ratio of anti- and pro-apoptotic molecules and induced apoptosis of A549 cells.
Further, complexes 2 and 5 reduced the expression of pAKT in LLC1 cells and reduced
the expression and percentage of Mcll and Bcl2 expressing LLC1 cells, and induced
their apoptotic death. Complexes 2 and 5 reduced expressions of Ki67 molecule in
LLC1 cells suggesting antiproliferative effect of these complexes in LLCI cells. Finally,
complex 5 reduced the volume of mouse primary heterotopic Lewis lung cancer, while
complex 2 reduced the incidence and mean number of metastases per lung.

Key words: ruthenium(III), Schiff bases, antitumor activity, Lewis lung cancer
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CAKETAK

HuTpaBackynapHy XeMonau3y mparu ociaolahame mpornHQpIaMaIijcKux KOMIIOHEHTH
€pPUTPOLINTA, KOj€ YKOJIHMKO ce 0cliob0/ie Y KOIMYMHU TOBOJHHO] Jla Mpemallie Kara-
IUTET XanTOrIOOMHA U XeMOIIEKCHHA, HHAYKY]Y CUCTeMCKY MH(pIamaIijy u omrehe-
wma paznuuutux oprana. Gal-3 (Galectin-3), MoyieKysT KOju ce HaJla3u y TOTOBO CBUM
hennjama u ekcTparenyIapHoM TIPOCTOPY, peryauiie OpojHe henmjcke mporece, MH-
(dhamanujcku 1 IMYHCKH oAroBop. Lluss oBor pazna je na ce ucnura yrunaj Gal-3 Ha
pa3Boj omrehema opraHa HaKOH aKyTHE MHTPaBAacKylapHEe XeMOJM3e H3a3BaHe de-
HuUIXuaApasuHoM kopunthemeMm Gal-3 nedunmjentaux (Gal3-/-) n Gal-3 mo3uTuBHUX
(WT) mumieBa. XHUCTOJIOIIKOM aHATM30M Mcedaka 100ujeHnX 48 caTh HAaKOH NPUMEHE
(dheHnTXuApa3uHa YOueHo je 3HauajHO Mame omreheme OyOpera, jeTpe W maHKpeaca,
OpraHa y Kojuma ce JICTIOHY]y XeMOIJIOOWH U HEeTOBU Pa3rpaHH MPOAYKTH, Y TPYIHU
Gal3-/- mumesu. Takohe cy koHIleHTpaluje ypee, KpeaTHHHHA M aMujia3e 3HadyajHo
Mame y cepymy Gal3-/- mumeBa y nopehemy ca rpynnom WT mumesa. Gal-3 He yTuue
Ha CTETeH XeMOJM3e M3a3BaHe (PeHUIXUIPa3uHOM, OpOj epUTPOILUTA, XEMATOKPUT U
KOHIIEHTpaIlFja XeMOIIIOOMHA ce He pa3sinKyjy Mehy rpynama, ainu je Opoj Jieykomnura
3HauajHo Behu y nepudepnoj kpeu WT muieBa y mopehemwy ca rpynom Gal3-/- mure-
Ba. Y cne3unama Gal3-/- MumeBa yTBpheH je 3Ha4ajHO Behu IpoIeHAT aJTepHATHBHO
aktuBupanux (CD206+) u perynaropaux (IL-10+) makpodara (F4/80+) u nenapur-
ckux hemmja (CD1lc+), anu u 3Ha4ajHo Mamu nporeHat nHdaamanujckux (IL-1p+,
TNF-o+, IL-12+ u IL-6+) makpodara u aeHaputckux hemuja Hero y ciaesuHama WT
MmumieBa. Mame omreheme oprana y rpynu Gal3-/- muimieBa TpetTupaHux (QeHHIXH-
Ipa3uHOM IpaheHo je v 3Ha4ajHO BehuM IPOIIEHTOM PETyJIaTOPHUX U 3HAYajHO MamkbUM

JIpyrut cprickm KOHrpec MOeKyicke Meguipnne, ®owa, 6-8. oktobpa 2023. 61



nporentoM uHpnamanujckux (IL-17+ u IFN-y+) CD4+ u CD8+ henuja y cine3unu y
nopehemwy ca rpynnom WT mumieBa. Pesynrtaru oBe cryauje ykasyjy na Gal-3 e ytuue
Ha CTENEeH XeMOJu3e, ajy M0jayaBa aKyTHU CUCTEMCKHU MH(MIaMalljCKi OATOBOP KOjU
nokpehy xeMornnobun u xem ocinodoleru u3 omreheHux epuTpoIuTa, IMITO 3a MOCie-
nuiy uma Behe omreheme oprana.

KibyuHe peumn: ranekTuH-3, akyTHa HHTpaBacCKyJapHa XeMoIu3a, PeHUIXUIpa3uH,
uHbpnamanyja, omreheme opraHa
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IIPOCBETE, HayKe M TeXHOJIOWKOr pa3Boja Pemybmike Cpouje (OM175069) n PaxyareT MeIUINHCKUX
Hayka YHuBepsutera y Kparyjesiy (JP 19/19).
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GAL-3 DEFICIENCY DECREASES DAMAGE OF ORGANS
INDUCED BY ACUTE INTRAVASCULAR HEMOLYSIS
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ABSTRACT

Intravascular hemolysis is followed by the release of proinflammatory components of
erythrocytes, which, if released in a quantity sufficient to exceed the capacity of hapto-
globin and hemopexin, induce systemic inflammation and damage to various organs.
Gal-3 (Galectin-3), a molecule found in almost all cells and extracellular space, regu-
lates numerous cellular processes including death and survival, and also inflammatory
and immune response. The aim of this work is to investigate the influence of Gal-3 on
the development of organ damage after acute intravascular hemolysis caused by phe-
nylhydrazine, using Gal-3 deficient (Gal3-/-) and Gal-3 positive (WT) mice. Histolog-
ical analysis of tissue sections obtained 48 hours after the administration of phenylhy-
drazine showed significantly reduced damage in kidneys, liver and pancreas, organs in
which hemoglobin and its breakdown products are deposited, in the group of Gal3-/-
mice. Also, the concentrations of urea, creatinine and amylase are significantly lower
in the serum of Gal3-/- mice compared to the group of WT mice. Gal-3 does not affect
the extent of phenylhydrazine-induced hemolysis. Erythrocytes, hematocrit, and he-
moglobin do not differ between groups, but leukocyte count is significantly higher in
the peripheral blood of WT mice compared to Gal3-/- group. In the spleens of Gal3-/-
mice was detected a significantly higher percentage of alternatively activated (CD206+)
and regulatory (IL-10+) macrophages (F4/80+) and dendritic cells (CD11c+), but also
a significantly lower percentage of inflammatory (IL-1p+, TNF-a+, IL-12+ and IL-6+)
macrophages and dendritic cells compared to spleens of WT mice. Less organ damage
in the group of Gal3-/- mice treated with phenylhydrazine was accompanied by a signif-
icantly higher percentage of regulatory CD4+FoxP3+ T cells in the spleen and a signif-
icantly lower percentage of inflammatory (IL-17+ and IFN-y+) CD4+ and CD8+ cells.
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The results of this study indicate that Gal-3 does not affect the degree of hemolysis,
but enhances the acute systemic inflammatory response triggered by hemoglobin and
heme released from damaged erythrocytes, resulting in greater organ damage caused
by acute hemolysis.

Key words: galectin-3, acute intravascular hemolysis, phenylhydrazine, inflamma-
tion, organ damage
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YT A] DEHTPA/THE TVMM®HE JPEHAJKE KAO
HOEJIA KOMBMHOBAHE MAHYA/THE TEPAIINJE
HA TABOPATOPUNJCKE 3HAKE NTHOTAMAIIMNJE
KO ITADMNJEHTKUIBE CA IICOPUJATUTYHUM
APTPUTNCOM

Haranna Conosjosa'

!Axagemuja ipumerenux citiyguja beoipag, Bucoka 3gpascitiéena wikona, beoipag, Cpéuja

CAJKETAK

[IcopujaTuHu apTpUTHUC j€ XPOHUYHA, UMYHCKM TOCpEelOBaHa, MH(pIamalujcka
apTponardja koja ce MaHu(ecTyje ynajioM 3II000Ba M €HTe3a, YKIbyuyjyhu oHe ak-
CHjaJIHOT CKeJleTa, a MoBe3aHa je ca moBehaHoM cmprTHomhy oJ KapJHOBaCKyJIapHUX
6onectu. JIumdpHu cucTeM KOHTHHYUPAHO 00aBJba TPAHCHOPT TEUHOCTH, JICYKOILIUTA,
MPOTENHA, MaCTH U APYTUX MpoAykaTa MeTabonu3ma. [lomro npaxmeme HeHTPATHOT
nena TMM(HOT cUCTeMa CTUMYIIUIIIE MTPaKiberhe nepudepHux J1e10Ba JIUMQHOT cUCTe-
Ma, IieHTpaiHa JuMdHa apeHaxa O6u Tpedano aa mojcTakHe c1000maH TOK auMde y
1esaoM JuMQpHOM cucTeMy, a 00yxBaTa MaHyeJIHY HHTEPBEHIIU]Y IToMohy Koje ce Mory
JTNjarHOCTUKOBATH, JICUUTHU U CIIPEUUTH OOJIECTU WIIH MTOBPEIE.

[{uss pana je ga ce mpuKaxke Kako IeHTpaiHa JUMQHA JpeHaxa yTHue Ha TUHAMUKY
UMHAMKaTopa nH(IaMalije y KpBu 00JeCHUIIE ca MCOPUjaTUHIHUM apTPUTHCOM.

[Manujentkuma b. jaBuiaa ce y calioH 3a eCTeTCKy Macaxy H enykaruje Haramua
ComosjoBa“ 19.12.21. namajyhu ce na he tepanuje yYMHUTH HEMOTPEOHOM IMPUMEHY
MeTaTpeKcara KOoju cy mpomucanu JoKTopu MHcTuTyTa 3a peymartoiorujy 300r Ha-
nasa nosumenux napamerapa ynane (CE 38, CRP 4,2(06. 08.21.) CE 60, CRP 10,9
(12.08.21.) CE-80 (12.10.21) u Dg: Psoriasis L-40 arthropathiae psoriaticaealiae (L
40,5+)-M07.3, Gonarthrosis inc.—M17. IlanijeHTKUBA UCTTyHaBa KPUTEPHjyME 32
MICOPHjaTHUKKN apTpUTHC (3amasbeHcku cuHapoM, HLA-B27 mo3utuBHa). [TanujenT-
KUY je ypaheHa meHTpanHa duMmQHa JpeHa)ka, CTUMYJalHja Baryca, BUCIEpajHa,
KpaHHjaJiHa U MHOdacijaaHa Tepanuja, o0oe30eheHa je HopMarHa JpeHaka JIMKBOPa
u3 3. MokaaHe KOMOpE jep je MPUIMKOM Mpervieia KOHCTATOBaH 3acToj JTMKBOpa y 3.
koMopu. HakoH pyre HHTepBEHIH]je MalljeHTKUbA j€ 3aMOJbEeHA J1a ypaau KOHTPOJIHE
ananuse. Pesynraru cy ounm cinenehu: 29.4.22. CE-24;07.02.23 CE-5. 28.5.23 CE-20
5.9.2013 CE- 20 (pedepenTtHa BpenHoct gadboparopuje 28). MHdmamanujcke mpoMeHe
Cy ce TIOBYKJIe Kao U OOJIOBHU Y J€CHOM KOJIeHY U peMucuja Tpaje 1.5 roquny.

Pesynraru yka3yjy na 6u nieHTpanHa aumdHa IpeHaxa, Kao 160 KOMOMHOBaHE Tepa-
nyje, Morvia J1a yTU4e Ha TOK aKyTHUX U XpOHUYHUX MH(IaMAIN]jCKUX 00JIECTH.

KibyuHe peun: nicopujaTHyHu apTPUTHC, TUMGHA JpeHaXxa, HHpIaMaIHjCKe O0IeCTH
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THE INFLUENCE OF CENTRAL LYMPH DRAINAGE
AS PART OF COMBINED MANUAL THERAPY
ON LABORATORY SIGNS OF INFLAMMATION
IN PATIENTS WITH PSORIATIC ARTHRITIS

Natalia Solovjova'

!Academy of Applied Studies Belgrade, University of Health, Belgrade, Serbia

ABSTRACT

Psoriatic arthritis is a chronic, immune-mediated, inflammatory arthropathy man-
ifested by inflammation of joints and entheses, including those of the axial skeleton,
and is associated with increased mortality from cardiovascular diseases. The lymphatic
system continuously transports fluids, leukocytes, proteins, fats and other metabolic
products. Since the draining of the central part of the lymphatic system stimulates the
draining of the peripheral parts of the lymphatic system, central lymphatic drainage is
supposed to encourage the free flow of lymph throughout the lymphatic system, and
includes manual intervention by which diseases or injuries can be diagnosed, treated
and prevented.

The aim of the investigation is to show how central lymphatic drainage affects the
dynamics of inflammation indicators in the blood of a patient with psoriatic arthritis.

Patient B. came to the aesthetic massage and education salon “Natalia Solovjova” on
12/19/21. hoping that the therapies will make unnecessary the use of methotrexate pre-
scribed by the doctors of the Institute of Rheumatology due to the findings of elevated
inflammation parameters (SE 38, CRP 4.2 (06. 08.21) SE 60, CRP 10.9 (12.08.21) SE-
80 (12.10.21) and Dg: Psoriasis L-40 arthropathiae psoriaticaealiae (L 40.5+)-M07.3,
Gonarthrosis inc.-M17. The patient meets the criteria for psoriatic arthritis (inflamma-
tory syndrome, HLA-V27 positive). central lymphatic drainage, vagus stimulation, vis-
ceral, cranial and myofascial therapy, normal drainage of cerebrospinal fluid from the
3rd cerebral ventricle was provided because during the examination, cerebrospinal fluid
stagnation was noted in the 3rd ventricle. After the second intervention, the patient was
asked to do control analyses. The results were following: 4/29/22 SE-24;02/07/23 SE-5
5/28/23 SE-20 9/5/2013 SE- 20 (lab reference value 28) Inflammatory changes resolved
as well as right knee pain and remission ongoing 1.5 years.

The results indicate that central lymphatic drainage, as part of combined therapy;,
could influence the course of acute and chronic inflammatory diseases.

Key words: psoriatic arthritis, lymphatic drainage, inflammatory diseases
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IMIPOTHOCTUYKU VI KAVIHUYIKY 3HAYA]
EKCITPECUJE PD-L1, EGFR I AHAPOTEHOT
PELIEITTOPA (AP) KOA ITALIIJEHATA
CA TPOCTPYKO HETATUBHUM
KAPLITHOMOM AOJKE (THKA)

Harama Mepuh-Muaunjuh', Vipena Josauuh', Muanua Heaemkosuh', Virop Cnypuuh',
3opka MuaoBanosuh', Hejaa Apemoruh?, Hukoaa Tanuh? Hacra Tanuh®*
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2Odemetve 3a Heypobunozujy, Mncmumym 3a 6uonowxa ucmpaxusarwa “Cunuma Cmanxosuh”,
Wncmumym 00 nayuonantoe 3nauaja 3a Penybnuxy Cpoujy,
Ynusepsumem y beoepady, Beoepad, Cpbuja.

*Jlabopamopuja 3a paduobuonoeujy u MoneKynapHy senemuxy, Mincmumym 3a HykieapHe Hayke
»Bunua’; *‘Uncmumym 00 nayuonantoz suauaja 3a Penybnuxy Cpoujy,
Ynusepsumem y Beoepady, Beoepao, Cpouja;

Hpxcasnu Yuusepsumem y Hosom Iasapy, Jenapmman 3a npupooHo-mamemamuuxe Hayxe,
Hoesu Ilasap, Cpbuja.

CAJKETAK

Pak pAojke je Hajuenrhu Tun MaaurHurera u Bopehu y3apok cMpTu oA KapuyHoMa
KoA >keHa. TpocTpyko HeratuBHM KapuuHoM Aojke (THBLI) je HajarpecuBHmju
IErOB MOATUII KOjU C€ OAAMKYje BUCOKOM CTOIIOM PeLMAMBA, y4eCTaAOM I10jaBOM
yAQ/EHMX MeTacTas3a, Kao M AOLIMM YTHULAjeM Ha YKYIIHO IpeXuBmaBamwe. Llum
oBe cTyauje je duo oapebuBamwe excnpecuje PD-L1 (Programmed Death-Ligand
1), EGER (Epidermal Growth Factor Receptor) u anpporeH peuentopa (AP) xop
natjeHTkumba odoreanx op THKA kao u Aa ce yTBpAM A AU B-UXOBA M3MetbeHa
eKCIIpecHja KopeArpa ca KAMHUYKUM TOKOM OOAECTHU, TIPOrPeCcujoM dOAECTU U/UAK
OATOBOPOM Ha IIPUMeEEeHY Tepamnujy.

OBOM peTpoCreKTUBHOM CTyAujoM odyxBaheHo je 125 marujeHTK1ba 000AEA0X
OA TPOCTPYKO HeraTMBHUX KapLMHOMa AOjKe Koje cy y mepuopy 2009. po 2014.
roAMHe ornepucaHe y VIHCTuTyTy 3a oHKoAOrujy u papuoaorujy Cpduje. Ekcripecuja
PD-L1, EGFR u AR je oppebeHa UMyHOXUCTOXeMUjCKOM MeTOAOM dojera. CraTyc
excrpecuje PD-L1 je oppeben xopuithereM KOMOMHOBAHOI MO3UTUBHOT CKOPa
(LJITC), excrpecuja EGER je oapebena xopuuthewem Allred scoring cuctema ca
I'PaHMYHUM BpepHOCTUMa: <4 1 >4 (HMCKa/BMCOKa eKCIIpecuja), AOK je oppebrBame
craryca ekcrpecuje AR moppasyMeBasO KBaHTUTAaTMBHY MeTOAY OasMpaHy Ha
IIPOLIEHTY HYKAeapHe eKcIpecuje MaAUrHux heAuja d1A0 Kor nHTe3UTeTa (paHMIHA
BPEAHOCT 32 MO3UTUBHY eKcIpecHjy duaa je >10%).

OBa crTyauja je mokasasa Aa je moBehana excmpecuja PD-L1 y 3HauajHOj
KOpeAepaLyji ca BUIIMM XUCTOAOLIKUM rpasycom Tymopa (p=0,0002), HykAeapHUM
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rpaaycom (p=0,0007) u ca d4emhoM I0jaBOM AOKO-PETrMOHAAHUX peLAUBA
(p=0,0146). IToBehaHa excrpecuja PD-L1 npoTenHa HeMa 3Havamujer yTuiaja Ha
AYKVHY MHTepBaAa 0e3 d0AeCTH U Ha YKYITHO npekuBmaBatbe (DFI u OS). CynporHo
oBoMe, ekcrpecuja AR je y acouujauuju ca DFI (p=0,0171), u y Kopeaanuju je ca
BUILVIM IPaAycoM TyMopa. YTBpheHo je Takohe pa mocToju 3HavajHA TOBE3aHOCT Y
CUMYATQHOj eKcIipecuju oBa ABa npoteuHa , PD-L1 u AR (Spearman p -0,2747; 95%
nHTepBaA moBepewa -0,4339 a0 -0,09895: P (ABoctpano) 0,0019). VictoBpemeno
jacHo cy pedbuHMCaHe ABe IpyIIe MTaljeHTKMba-Ca MOBUIIeHOM eKcripecujom PD-L1
1 AR 1 ca cMambeHOM eKCIIpecrjoM OBa ABa IIPOTeNHA U YTBPHEHO je Aa cuMyATaHa
eKcrpecuja KopeAampa ca rpapycom tymopa (m=0,05), HyKA€apHUM TIpapyCcoM
(p=0.0242) n yuectarowhy nojaBe metacrtasa (p=0,0497). icToBpeMeHO, CUMYATaHa
excrpecuja yrude Ha DFI (p=0,0191) u OS (p=0,0471). 3ana>keHo je Aa eKcripecuja
Ki67 sHauajHo Kopeaupa ca ekcripecujom PD-L1 u AR, kao u Aa uma uctu odpasaij
eKcripecuje, AOK cMamweHa excripecrja EGFR ponmpuHocu vemrhoj mojaBu meTtacrasa
(p=0,0249) u xpahem nHTEpBaAy yKyIHOT IpeXXuBmaBamwa (p=0,0127).

AodujeHn pe3yATaTu Cyrepuily Aa O MCTOBPEMEHO KCIIUTHBakbe eKCIIpecuje
nporerHa PD-L1, AR, EGFR u Ki67 morao dutu KopuchHuje y mpepBubarby
kayHnakor Toka THKA oa nojeparHauHnx aHaamsa. Haum pesyAtaru cy nmoxkasaamu
Aa ou rpynma THKA "Bucoxkor pusuka“ mMoraa dUTu oHa ca CUMYATaHOM BUCOKOM
excripecujom PD-L1 u AR, npahena Bucoxom excrpecujom Ki67.

KmyuHe peun: TpocTpyko HeraTuBHU KapLuuHoMu pAojke, PD-L1, AR, EGER, Ki67.
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PROGNOSTIC AND CLINICAL SIGNIFICANCE
OF PD-L1, EGFR AND ANDROGEN RECEPTOR (AR)
EXPRESSION IN TRIPLE-NEGATIVE
BREAST CANCER (TNBC) PATIENTS

Natasa Medi¢-Miliji¢', Irena Jovani¢!, Milica Nedeljkovi¢!, Igor Spurnié',
Zorka Milovanovi¢', Nejla Ademovi¢?, Nikola Tani¢?, Nasta Tani¢>*

nstitute of Oncology and Radiology of Serbia, Belgrade, Serbia;
“Department of Neurobiology, Institute for Biological Research “Sinisa Stankovic”,
National Institute of Republic of Serbia, University of Belgrade, Belgrade, Serbia.
*Department of Radiobiology and Molecular Genetics, Institute of Nuclear Sciences “Vincéa”,
National Institute of Republic of Serbia, University of Belgrade, Belgrade, Serbia;
“State University of Novi Pazar, Department of Natural Sciences and Mathematics,
Field of Biology, Novi Pazar, Serbia.

ABSTRACT

Breast cancer is the most commonly occurring malignancy and the leading
cause of cancer-related death in women. Triple-negative breast cancer (TNBC) is
the most aggressive breast cancer subtype and is associated with high recurrence
rates, high incidence of distant metastases and poor overall survival. The aim of
this study was to investigate the role PD-L1 (Programmed Death-Ligand 1), EGFR
(Epidermal Growth Factor Receptor) and Androgen Receptor (AR) expression in
TNBC promotion, progression and response to therapy,

This is a retrospective analysis of 125 patients with triple-negative breast cancer
operated at the Institute of Oncology and Radiology of Serbia in the period
2009 to 2014. The expression of PD-L1, EGFR and AR were observed using the
immunohistochemical staining method. PD-L1 expression was determined using
the combined positive score (CPS), EGFR expression was determined using the
Allred scoring system with cut-off values: <4 and >4 (low/high expression) while
determining the expression status of AR involved a quantitative method based on
the percentage of nuclear expression of malignant cells of any intensity (cut-off value
for positive expression was >10%).

Elevated expression of PD-L1 significantly correlated with higher tumor grade
(p=0.0002), nuclear grade (p=0.0007) and loco-regional recurrence (p=0.0146).
Alone, it did not show any significant influence on survival (DFI or OS). Contrary
to this, the expression of AR showed an impact on DFI (Disease Free Interval,
p=0.0171). In addition, elevated AR expression significantly correlated with higher
tumor grade. Interestingly, the expression of PD-L1 and AR significantly correlated
(Spearman r -0.2747; 95% confidence interval -0.4339 to -0.09895: P (two-tailed)
0.0019) and we were able to make two groups of patients, those who had high
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simultaneous expression of both genes and those who had low expression. Our
results revealed that simultaneous high expression of PD-L1 and AR significantly
correlates with tumor grade (p=0.05), nuclear grade (p=0.0242) and metastases
(p=0.0497) and has significant impact on DFI (p=0.0191) and OS (overall survival)
(p=0.0471). Notably, the expression of Ki67 absolutely correlates with the expression
of PD-L1 and AR, has the same pattern of expression. Moreover, reduced expression
of EGFR contributes to metastases (p=0.0249) and worse OS (p=0.0127).

In conclusion, we believe that concurrent examination of PD-L1, AR, EGFR and
Ki67 protein expression may be more useful in predicting TNBC clinical course
than the analysis of single protein expression. Specifically, our results showed
that simultaneous high expression of PD-L1 and AR, followed by Ki67 expression
constitutes a ‘high risk’ profile of TNBC. Combining these results with our previous
findings on PTEN-reduced/PI3K-high/mTOR-high expression could be the
promising formula.

Key words: triple-negative breast cancer; PD-L1, AR, EGFR, Ki67
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VTUIIAJ IIUTAPETA M ETEKTPOHCKUX YPEBAJA
3A ICIOPYKY HUKOTUHA HA OIITEREWKE INTYRA
V3POKOBAHO UMYHCKIM RETMJAMA
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CAJKETAK

HyroTpajua ynorpeda 3ama/pmBux nurapera (eHrn. combustible cigarettes, CCs)
U eneKTpoHCKuX ypebaja 3a ucnopyky Hukoruna (eHr. electronic nicotine delivery
devices, ENDS) HecymM®B1BO HapylaBa 3[paBCTBEHO 3[paB/be CaMUX ITylIada, aju
U VIHAVBUIYa U3 OKOJIMHE KOjJ CY M3/IOKeHM AYBaHCKOM AMMY. Y THUIIAj LUrapera 1
ENDS-a je ncnutrBan Ha MuIIjeM MOJieny XpoHn4YHe nHdnamanuje miyha, npu yemy
je dpokyc excrepyMeHaTa 01O ycMepeH Ha MCINUTUBaby IIPOMEHa Y MOJIEKYTapHUM U
henujckum nyreBuma mHdnamanuje. Merogonoruja norpedHa 3a ucnutupamwe ede-
kata urapera u ENDS-a Ha nudnamanujy nnyha, ognocHo Ha deHotun u GyHKIujy
UMYHCKUX henyja ofroBopHuX 3a HaCTaHaK U Nporpecujy uHdpramanuje, je odyxsa-
TWIA pasIN4NTe eKCIIepMMEHTa/THe MeTOofe: aHa/mu3a IapaMeTapa QyHKumje 1iyha,
xucronoruja, ELISA n nporoyna nuroMmerpuja. YoueHa je 3HadajHa pasamka y CH-
CTEMCKOM VHQIaMaTOPHOM OATOBOPY M3Mehy eKcreprMeHTaTHUX rpyna ( MuUIeBU
CCs- n ENDS-usnoxxenn) u KOHTpoHe (MUIIEBY U3TOKEHN Bas3nyxy). JleTekToBaHa
je He3aHeMap/bJiBa pa3/IMKa y jaulHJ IMYHCKOT OAToBopa usMel)y ekcrepumeHTamHIX
rpyna: ENDS-usnoxenn muuieBu cy passwim cnadujy nadrnamayjy, Koja je pesyi-
TUpaaa Mawwe 0301pHUM Mopdonoukum 1 pyHkumoHanHuM ourrehewem mnyha. [lo-
natHOo, ENDS-13/mo)xeny MuIeBs Cy y cepymMy MManyu HuKe KOHIleHTpaluje nHga-
MaTOPHMX IMTOKMHA y nopehemy ca CCs-usnoxennum mmuieBuma. Ha HuBoy miyha
[OTa3y [0 Mamber perpyToBama LUPKYIMIIYAuX jeykonnura Jo MecTa MHpramanuje
Kaza cy mutieBu usnoxxen ENDS-y y mopebemwy ca nsnaramem nuraperama. Taxobe,
norernyjan ENDS-a ma nsasoBe nHmaMaimjy npoMoBucameM aHTUTEH-IIPE3EHTY-
jyhux cnocodnoctu makpodara u geHpuTcKux hemuja usnokeHUX aepocoiy, Kao u
II0jayaHOM CEeKpeLjoM Npo-MH(IaMaTOPHUX IIUTOKMHA [TOCPEOBAaHY aKTUBAIVjOM
undpnamacoma NLRP3 y HeyTpodumuma u makpodarnma, HIOKM je y mopehemwy ca 1u-
raperama. CamnuMm TvM, MuieBu nsnoxenu ENDS-y cy pasBunm dnary pecimpatopry
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EMCOYHKLN)Y, HTOK Cy MUIIEBU M3JIOXKEH) LIUrapeTama pa3Bwiym 030M/pHO omTeheme
nnyha. CpoBefieHa cTyAuja je mpBa Koja ucnutyje edekre unurapera u ENDS -a Ha
umyHcke henuje y xpounuHoj nadnamanyju mwiyha. [JodujeHu pesynraru cy nokasaum
na ENDS nocenyjy Mamu oTeHIujas fa M3a30By CHaXkaH MHQIAMaLVjCKU OTOBOP Y
yhuma Hero uuraperte.

Kibyune peun: unrapere, eeKTPOHCKI CUCTEMM 33 UCTIOPYKY HUKOTMHA, IMYHCKe
henmje, omrehemwe 1 nHpmamanyuja mwryha.

Hcrpaxusame je punancupano cpegcreuma: OBa crysuja je prHaHcupaHa rpanToM QoHpalyje 3a
cser des puma (Foundation for a Smoke-Free World, Inc. (“FSFW?), a US nonprofit 501(c)(3), independent
global organization, rpant dp. B3-032 xoju je mpumuo B.B.). Mucuja FSFW je na mpexute nyuieme y 0Boj
reHepauuju. Cagpxaj, 1300p U MpeseHTalja YNIbEHNIIA, Ka0 U CBa MUII/berba KOja Cy OBJle U3paXKeHa,
MCK/bY4MBa CY OATOBOPHOCT ayTOpa ¥ HU IO, KOjUM OKOTHOCTNMMa Hehe ce cMarpary fa ofjpakaBajy
craBose QoHpalyje 3a cBeT de3 Ayma.
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AN IMPACT OF COMBUSTIBLE CIGARETTES
AND ELECTRONIC NICOTINE DELIVERY DEVICES
ON IMMUNE CELL-DRIVEN LUNG INJURY IN MICE

Nikolina Kastratovic', Vladimir Markovic" Aleksandar Arsenijevic', Ana Volarevic',
Milica Dimitrijevic Stojanovic?, Aleksandar Acovic® and Vladislav Volarevic!

! Center for harm reduction of biological and chemical hazards, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac, Serbia
“Department of Pathology, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia
*Department of Dentistry, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia

ABSTRACT

Long-term use of combustible cigarettes and electronic nicotine delivery devices
(ENDS) undoubtedly impairs the health of the smokers themselves, as well as individ-
uals from the environment who are exposed to tobacco smoke. The effect of cigarettes
and ENDS was investigated in a murine model of chronic lung inflammation, where
the focus of the experiments was aimed at examining changes in molecular and cel-
lular pathways of inflammation. The methodology required to examine the effects of
cigarettes and ENDS on lung inflammation, or more exactly, on the phenotype and
function of immune cells responsible for the onset and progression of inflammation,
included various experimental methods: analysis of lung function parameters, histol-
ogy, ELISA and flow cytometry. A significant change in the systemic inflammatory re-
sponse was detected between the experimental (CCs- and ENDS-exposed mice) and
control (air-exposed mice) groups. A non-negligible difference in the strength of the
immune response was detected between the experimental groups: ENDS-exposed mice
developed alleviated inflammation, which resulted in less severe morphological and
functional lung damage. Additionally, ENDS-exposed mice had lower serum concen-
trations of inflammatory cytokines compared to CCs-exposed mice. At the lung level,
there is less recruitment of circulating leukocytes to the site of inflammation when mice
are exposed to ENDS compared to cigarette exposure. Also, the potential of ENDS to
induce inflammation by promoting the antigen-presenting abilities of aerosol-exposed
macrophages and dendritic cells, as well as enhanced secretion of pro-inflammatory cy-
tokines mediated by NLRP3 inflammasome activation in neutrophils and macrophages,
is lower compared to potential of cigarettes. Therefore, mice exposed to ENDS devel-
oped mild respiratory dysfunction, while mice exposed to cigarettes developed severe
lung damage. The conducted study is the first to examine the effects of cigarettes and
ENDS on immune cells in chronic lung inflammation. The obtained results showed
that ENDS have a lower potential to cause a strong inflammatory response in the lungs
compared to cigarettes.
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Key words: cigarettes; electronic nicotine delivery systems; immune cells; lung injury
and inflammation

Funding: This study was funded with a grant from the Foundation for a Smoke-Free World, Inc.
(“FSFW?), a US nonprofit 501(c)(3), independent global organization (the grant No. W3-032 received by
VV). ESFW’s mission is to end smoking in this generation. The contents, selection, and presentation of
facts, as well as any opinions expressed herein are the sole responsibility of the authors and under no cir-
cumstances shall be regarded as reflecting the positions of the Foundation for a Smoke-Free World, Inc.
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! Yuusepsuinietii y Hosom Cagy - IIpupogHo-maitiematiuuxu daxyniiei, Hosu Cag, Cpduja
? Ynueepsuitieini y Kpaiyjesuy — [euapiuman 3a xemujy, Kpaiyjesau, Cpouja

CAJKETAK

ExcnepumMeHTanmHa Mepera IyCTHE Y BUCKO3HOCTY Y BoieHUM pacTtBopyuma: MJIMA-
HCI, meramngeramun-HCl, N-etmmmentwnos, epenpun-HCl, MIMA-HCI + 0,1 mol-kg
D-nakrosa u edpegpun-HCI + 0,1 mol-kg' D-nmakTo3a cy cnuTUBaHy y pa3nnanTUM TeM-
HepaTypHNUM ¥ KOHI[eHTpalMoOHUM oricesuma: of, (293,15 mo 313,15) K u ox (0,05 po 0,5)
mol-kg'. ¥ nwpy npoyuyaBama nHTepakiyja nu3Mely pacTBOpeHe CyICTaHIie ¥ pacTBapaya,
nopeq, jodujeHNX eKCIIepUMeHTaTHNX pedyiTara ypabeHa cy u ofgroBapajyha uspadyna-
Bama: NIPUBMIHE MOJIApHEe 3allpeMyHe, IPYBUIHE MOJIApHE 3alpeMVHe IIpyu OecKOHad-
HOM pasdnaxemy, XemiepoB KoeduiyujeHt, B-koedurjeHar BICKO3HOCTM 32 MCIIUTH-
BaHe CUCTEMe ) pa3MaTpaHa Cy HbUX0Ba CTPYKTYpPHA CBOjcTBa (structure making/breaking
properties). YKycu MCIIMTUBAHVX CUCTEMA CY IPOLICEHN IIPEKO M3PAadyyHATIX BPETHOCTI
IPVBUTHVX CIIeLM(PUYHIX MOIAPHIX 3aIIpeMIHA TPV OeCKOHAYHOM pasdiaxery. Y TBp-
beHo je ma cBu mpoy4aBaHu cucteMu UMajy structure making cBojcTBa (CucTeMM ca JIaK-
TO30M VIMajy aTUIINYHe Structure making ocoduHe), ITO yKa3yje Ha CMamberbe IOKPeT/bl-
BOCTV MOJIEKY/Ia BOJIe M1 II0jaBy TOpKOTI yKyca. JloflaBameM /IaKTO3€e y OBe CHCTeMe TOpaK
YKyC HOCTaje u3pakeHuju y nopehemwy ca unctum crcremnma y Bopy. Criektpodiryopo-
MeTpUjcKa Mepera y KOMOMHAIVjY ca padyHApCKVM CHMY/IalijaMa 1 MOJIEKY/ITapHIM MO-
JienoBameM ypaheHa cy 3a IojefiyiHe MCIUTHBaHe BofeHe cucTeMe. Takobe, ncrmrusaHa je
MHTEepPMOJIeKy/IapHa JleakTuBalyja koMmiutekca etuaujym dpomnpa (EB) ca JHK y npucy-
ctBy N-eTmnnentmnona. [Jodujenn pesynraru cy ykasam Ha fodap apuHuTeT 1t eduka-
cHocT N-etmnmnentnnona ja samenn Eb us EB-JTHK xommnekca. Kopucrehn monexyrncko
MOJIe/IOBatbe, OTKPMBEHO je Jla eHepriija Be3yBama JodujeHa 3a N-eTI/IIeHTIIOH yKasyje
Ha eroB Behn adunnTeT 32 BesuBame ca [JHK, y mopebhemwy ca metamberammntom n am-
derammHoM, amu HWKK y nopebewy ca MJIMA. VicimtuBama cripoBefieHa y OBOM pajy
3HauajHO he pmonpuHeTn yHanpebemwy pasyMeBama TepareyTCKor ¥ TOKCHMKOJIOLIKOL I10-
TeHLMjaJIa IPOyYaBaHNX IICMXOAKTUBHIX CYIICTAHI U BJIXOBYIX IIPEKYpCopa.

K/byune peun: cHTETUYKe IICUXOAKTUBHE CYIICTAHIle, MHTEPaKI[yje, I'YCTUHA, BI-
CKO3HOCT, pa4yHCKe CUMY/Ialyje

HUcrpaxusamweje punancupano cpegcrsuma: Hayunyu nporpam MuHucrapcTBa Hayke, TEXHOMO-
IIKOT pa3Boja 1 nHoBanuja (dpoj mporpama: 451-03-68/2022-14/200125).

JIpyrut cprickm KOHrpec MOeKyicke Meguipnne, ®owa, 6-8. oktobpa 2023. 75



EXAMINATION OF THE INTERACTIONS OF SELECTED
SYNTHETIC PSYCHOACTIVE SUBSTANCES
AND THEIR PRECURSORS IN AQUEOUS SOLUTIONS

Sanja Beli¢!, Milan Vrane$!, Nenad Jankovi¢?, Snezana Papovic!, Jovana Panic!,
Nikolett Cako Bagany!, Teona Teodora Borovi¢! and Slobodan Gadzuric!

! University of Novi Sad — Faculty of Sciences, Novi Sad, Serbia
2 Department of Chemistry, University of Kragujevac, Kragujevac, Serbia

ABSTRACT

Experimental measurements of density and viscosity for aqueous MDMA-HCI,
metampfetamine-HCI, N-ethylpentylone, ephedrine-HCl, MDMA-HCI + 0,1 mol-kg™
D-lactose and ephedrine-HCI + 0,1 mol-kg" D-lactose have been investigated in dif-
ferent temperature and molality ranges: from (293.15 to 313.15) K and from (0.05 to
0.5) mol-kg™, respectively. In order to study interactions between solute and solvent,
computational calculations were conducted: apparent molar volumes, apparent mo-
lar volume at infinite dilution, Hepler’s coeflicient and viscosity B-coefficients, their
structure making/breaking properties were discussed. The tastes of investigated systems
were evaluated through calculated values of apparent specific molar volumes at infinite
dilution. All studied systems of selected psychoactive substances and their precursors
were found to have structure making properties, which indicates a reduction in the mo-
bility of water molecules and the appearance of a bitter taste. By adding lactose to these
systems, the bitter taste becomes more pronounced compared to these systems in water.

Spectrofluorometric measurements in combination with computational simulations
and molecular docking were carried out for the selected aqueous systems. Also, an in-
termolecular deactivation of ethidium bromide (EB) complex with DNA was investi-
gated in the presence of N-ethylpentylone. Obtained results indicated good affinity and
efficiency of N-ethylpentylone to substitute EB from the EB-DNA complex via interca-
lation mode. Using molecular docking, it was found that the binding energy obtained
for N-ethylpentylone indicates its higher affinity to interact with DNA, comparing to
methamphetamine and amphetamine, but lower compared to ecstasy.

The tests carried out in this work will significantly contribute to the improvement of
the understanding of the therapeutic and toxicological potential of the studied psycho-
active substances and their precursors.

Key words: synthetic psychoactive substances, interactions, density, viscosity, com-
putational simulations

Funding: The acknowledgement for the support of the Ministry of Education, Science and Technolog-
ical Development of the Republic of Serbia (Grant No. 451-03-68/2022-14/200125).
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AHTUMUNKPOBHA AKTUBHOCT OJMHYK/IEAPHUX
IMMATTAIUJYM(1I) KOMIIEKCA CA APOMATUYHUM
N-XETEPOILIMMK/IMYHVM MOCTHUM JINTAHOVNMA

Cama 3opunh’, bojana Cumosuh Mapkosuh? Andela A. Franich?®, CHexxana Pajkosuh?,
Mapuja [I. JKuskosuh*, Hedojura Apcennjesuh?, Jenena ITantuh? , Topmana 1. Pagocasmesuh?

!Ogcex 3a muxpoduonoiujy, Ynusepsuitieiticku knunuuxu yeninap Kpaiyjesay,
Llenitiap 3a MONEKYNCKy MegUUUHY U UCTHpAXcusare matiuuHux henuja,
Dakynitieiti MequUUHCKUX Hayka, Ynusepsuitieiti y Kpaiyjesuy
*Kattiegpa 3a xemujy, IIpupogHo-mattiematiiuuxu daxyniteid, Yuusepsuitieid y Kpaiyjesuy
‘Katiiegpa 3a gpapmauujy, Cakynitielii meguyurckux Hayka, Ynusepsuitieiti y Kpaiyjesuy

CAJKETAK

[lojaBa peswcTeHIMje MMKpOOpraHM3aMa Ha AHTMOMOTVKE IIPeACTaB/ba IJIOdaTHU
37IpaBCTBEHM IPOOIeM KOji1 3aXTeBa UCIIUTUBAbE U YBoerme HOBUX aHTVMUKPOOHNX JIe-
KOBa y K/IMHIYKY IPaKCy. AHTMMUKpPOOHa akTMBHOCT KoMiutekca nananujyma(ll) [{Pd(en)
Cl},(u-L)](NO,), (rzie je en etunenmmamus, a L mmpasun (Pd1), mupumupun (Pd2), mupupa-
3uH (Pd3) wn denasun (Pd4)) ncnimrana je kopuinhemem KoMepijamHux pedepeHTHIX
cojeBa Gram-nosuTuBHUX ¥ Gram-HeraTUBHMX OaKTepyja, Kao U I/bMBULA. MIHIMaIHA
uaxndutopHa koHuenrpamyja (MVK) u MuHMMamHa MMKpOOMIMIHA KOHI[eHTpalyja
(MMK) oppebene cy dyjoH MUKpOAMTYIIIOHOM MeTOmOM. BaHKoMMIMH, LedTprakcoH
1 ¢rykoHa3on cy KopyumheHy kao 1mosuTtyuBHe KoHTpose. Hajocesusuja Gram-mosn-
TVBHA OaKTepyja Ha cBe KoMIUTekce je dmma Rhodococcus equi (MVIK=15.63 pg/mL, MMK
15.63-125 ug/mL). Pd2, Pd3 u Pd4, amu He u Pdl, cy nokasamy 3HauajHy aHTMMIKPOO-
Hy aKTMBHOCT IIpoTtuB daxrepuja Listeria monocytogenes (MVIK 15.63-62.5 ug/mL, MMK
31.25-62.5 pg/mL) u Staphylococcus saprophyticus (MVK=62.5 pg/mL, MMK=62.5 ug/mL).
Pd4 je moxasao d0/by aHTMMMKPOOHY aKTMBHOCT Off OCTa/IMX KOMITIeKca Ha Staphylococcus
epidermidis (MVIK=125 pg/mL, MMK=125 ug/mL). Ocrasne dakrepujcke BpcTe, YK/bydy-
jyhm Gram-uerartusne Proteus mirabilis v Escherichia coli, cy dune pesucrentre Ha Pd1-Pd4
(MUK 1 MMK 2250 ug/mL). VicnmTrBare aHTUI/BMBIYHE aKTVIBHOCTH je TI0Ka3aJIo fia je
Candida albicans najoceT/pusuja Ha Pd4 (MVK=15.63 ug/mL, MMK=15.63 pg/mL) n Pd3
(MMK=62.5 pg/mL, MMK=62.5 ug/mL), nox je aktuBHOcT Pd1 1 Pd2 mamwa (MMK=125
Hg/mL, MMK=125 pug/mL). Pd1-Pd4 cy mokasam Mary aHTUI/BMBIYHY aKTVBHOCT IIpeMa
Saccharomyces cerevisiae (MVIK u MMK y onicery 250-500 pg/mL). Tectupanu qunykteap-
Hy Komivtekey nanagujyma(ll) nmajy Bapujaduiny aHTUMMKPOOHY aKTUBHOCT Y 3aBUCHO-
CTU Off BpCTe MUKPOOpraHn3Mma, ok Pd4 mokasyje Hajdoby aHTMMIKpPOOHY edbeKar mpema
CBUM VCINTVMBAHVM MUKpoopranusMmuma. JJodujeHn mogamy ykasyjy Ha 3Ha4aj MCIIATH-
Barba KoMIviekca nanaaujyma(ll) kao moreHIyjamHNX aHTUMMKPOOHUX areHaca.

Kibyune peun: munykneapun komivtekey nanaaujyma(ll), aHTmMmukpodHa akTUMBHOCT,
MVHVMa/THa IHXVOUTOPHA KOHIIEHTpalyja, MUHVMAaTHa MUKPOOUIIVIHA KOHIIEHTpaIyja
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ANTIMICROBIAL ACTIVITY OF DINUCLEAR
PALLADIUM(IT) COMPLEXES WITH AROMATIC
N-HETEROCYCLIC BRIDGING LIGAND

Sanja Zornié!, Bojana Simovi¢ Markovi¢?, Andela A. Franich®, Snezana Rajkovi¢®, Marija D. Zivkovié’,
Nebojsa Arsenijevi¢?, Jelena Panti¢?, Gordana D Radosavljevi¢?

'Department of Microbiology, University Clinical Center, Kragujevac
“Center for Molecular Medicine and Stem Cell Research, Faculty of Medical Sciences,
University of Kragujevac
*Department of Chemistry, Faculty of Science, University of Kragujevac
‘Department of Pharmacy, Faculty of Medical Sciences, University of Kragujevac

ABSTRACT

The emergence of antibiotic resistance is a global health problem, requiring the re-
search and implementation of new antimicrobial drugs in clinical practice. The anti-
microbial activity of palladium(II) complexes [{Pd(en)Cl},(4-L)](NO,), (en is ethylen-
ediamine, while L is pyrazine (Pd1), pyrimidine (Pd2), pyridazine (Pd3) or phenazine
(Pd4) was tested against commercial reference strains of Gram-positive and Gram-neg-
ative bacteria, as well as fungi. The minimum inhibitory concentration (MIC) and min-
imum microbicidal concentration (MMC) were determined using the microdilution
broth method. Vankomycin, ceftriaksone and fluconazole were used as positive controls.
The most susceptibile Gram-positive bacteria to all complexes was Rhodococcus equi
(MIC=15.63 pg/m, MMC 15.63-125 pg/mL). Pd2, Pd3 and Pd4, but not Pd1, showed
significant antimicrobial activity against bacteria Listeria monocytogenes (MIC 15.63-
62.5 pg/mL, MMC 31.25-62.5 ug/mL) and Staphylococcus saprophyticus (MIC=62.5 ug/
mL, MMC=62.5 ug/mL). Compared to other tested complexes, Pd4 exhibited better
anti-bacterial effect toward Staphylococcus epidermidis (MIC=125 ug/mL, MMC=125
ng/mL). The other bacterial species, including Gram-negative Proteus mirabilis and Es-
cherichia coli, were resistant to Pd1-Pd4 (MIC and MMC >250 pg/mL). The examina-
tion of antifungal activity showed that Candida albicans was the most susceptible to
Pd4 (MIC=15.63 pg/mL, MMC=15.63 pg/mL) and Pd3 (MIC=62.5 pg/mL, MMC=62.5
pg/mL), while Pd1 and Pd2 activities were lower (MIC=125 pug/mL, MMC=125 pg/
mL). Pd1-Pd4 showed low antifungal activity against Saccharomyces cerevisiae (MIC
and MMC 250-500 pg/mL). The tested dinuclear palladium(II) complexes showed var-
iable antimicrobial activity depending on microorganism species, while Pd4 exhibited
the highest antimicrobial effect against all tested microorganisms. The obtained data
indicate the importance of examining palladium(II) complexes as potential antimicro-
bial agents.

Key words: dinuclear palladium(II) complexes, antimicrobial activity, minimum
inhibitory concentration, minimum microbicidal concentration
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IN VITRO BMO/JIOIIKA EBATYAIIIJA AHAJIOIA DI-
TERT-BYTUI®EHOJIA HA BA3U P-KAPBOPAHA

Cama Jenaua', Cedactujan bpayn?, Camwa Mujarosuh', EBamapnua Xej-XoknHc?,
Hannjena Makcumosuh-VBaunh'

'Ogemerve 3a umyHonoiujy, Mncimuitiyii 3a duonouika ucitipaxnusaroa ,,Cunuwa Citiankosuh'
Wncimuiniyii og Hayuonanuoi snauaja 3a PeiySnuxy Cpdujy, Yuueepsuitieini y beoipagy, Beoipag, CpSuja
Uncitiutiiyiti 3a HeopiaHcKy xemujy, Yuusepsuitieini y JIajayuly, /lajayui, Hemauxa

CAJKETAK

TapreroBame Menmjatopa nHIaManyje Kao mto cy Iykaookcurenasa-2 (COX) u 5-nu-
nokcnreHasa (5-LO) moxxe dutu odehasajyha crpareryja y nedery kaHuepa. Y Ouby I1o-
dorplirarba CeNIeKTBHOCTH, KapdopaH je yrpabheH y koMepyjamHe JBOCTPYKe MHXUOUTOPE
COX-2/5-LO. Y 0B0Oj cTyamju, IpoLieeHa je aHTUTYMOPCKA aKTMBHOCT fiepyBara di-fert-
dyrundenona (R-830, KME-4, E-5110, and S-2474) u muxoBux oprosapajyhux axnaora
kapdopana (R-830-Cb, KME-4-Cb, E-5110-Cb, S-2474-Cb) na naneny xymanux henmjckmx
mmHYja paka (A375, A549, HCT116, HT-29, and MDA-MB-231). TpetmaH mepusarumMa
di-tert-Oytundenona cmamuo je BujaduaHocT cBrX henmja paka Ha JO3SHO 3aBUCaH HauMH
HakoH 72 h. VcToBpemeHo, yrpajma p-KapdopaH Ipyrie je pe3ynTrpana CMabemheM LIUTO-
TOKCMYHOT IIOTEHIMjajIa 3a CBe TeCTUpaHe aHaiore kapdopana, ocuM R-830-Cb. Crora cy
3a [Jajbe MCIIUTHBabe MOTEHIVja/THOT MeXaHM3Ma JiefioBama ofadpanu R-830 u mweros kap-
dopan anasnor R-830-Cb. 3a pasmuky of R-830, mero kapdopaHCKM IaH/aH HIfje YTULIA0
Ha BjadummTeT hemyja mpuMapHOT ITepUTOHEATHOT eKCyJiaTa, IITO YKasyje /ia je yrpajmba
KapdopaHa 1odosbIlaja CeIEKTUBHOCT IpeMa MaIurHoM ¢eHoTuiry. CMamere Bujadu-
HOCTM TyMOpcKux henmuja nzaspano R-830-Cb je mpaheHo rydutkoMm ieodHOTr noTeHImja-
7a, KoK je oppehenn nporenar HCT116 henuja duo mopBpruyT nporpamupanoj henmjckoj
CMPTV 3aBVICHOM Off Kacrasa. [TapasienHo, gprryopeciieHTHa MUKPOCKOIINja je OTKpYJIa IIpH-
cycTBo OpojHux henmja ca adHOpMaTHMM HYK/IeyCHMa U KOH/IEH30BaHUM XPOMATHHOM.
Harme, odycTaBmpame ayrodarnje ynorpedom nHxuduropa ayrodaruje 3-MeTun ajjeHIHa
(3-MA) n XTOpOKVIHA, OTKPWJIO je IUTOIPOTEKTUBHY Y/IOTy OBOT IIPOLieca, KOMIPOMMUTY-
jyhm aktmBHOCT exa. CBu yodenn edexty dwm cy npaheHn cMambeHOM HPOU3BOIHOM
peaKkTMBHUX BpcTa KuceoHuka 1 a3ota (ROS/RNS) mro ykasyje Ha mopemeheH pemokc
craryc hemmja kao oAroBop Ha TpeTMaH. Y3eBIIN 3ajeHo, aHanor R-830-Cb Ha d6a3u kap-
dopana je odehaBajyhm kanauaaT 3a jaby MpoLeHy aHTUTYMOPCKOT ebeKTa in vivo.

Kibyune peun: kapdopaH, IMK/IOOKCUTEHA3a, TNIIOKCUTeHa3a, KaHIep, alloITo3a

Pap je mydnmkoBan: Braun S, Jelaca S, Laube M, George S, Hofmann B, Lonnecke P, Steinhilber
D, Pietzsch J, Mijatovi¢ S, Maksimovi¢-Ivani¢ D, Hey-Hawkins E. Synthesis and In Vitro Biological

Evaluation of p-Carborane-Based Di-tert-butylphenol Analogs. Molecules. 2023 Jun 4;28(11):4547. doi:
10.3390/molecules28114547. (IF=4.972)

HUcrpakusame je puHancupaHo cpexcrBuma: OBO McTpaXxuBarbe je pUHAHCHPAHO Off cTpaHe MyHM-
CTapCTBa HayKe, TEXHOIOIIKOE pa3Boja 1 nHoarja Perrydmmke Cpduje (Op. 451-03-47/2023-01/200007).

JIpyrut cprickm KOHrpec MOeKyicke Meguipnne, ®owa, 6-8. oktobpa 2023. 79



IN VITRO BIOLOGICAL EVALUATION OF
P-CARBORANE-BASED DI-TERT-BUTYLPHENOL ANALOGS

Sanja Jelaca', Sebastian Braun?, Sanja Mijatovi¢!, Evamarie Hey-Hawkins?,
Danijela Maksimovi¢-Ivani¢!

'Department of Immunology, Institute for Biological Research “Sinisa Stankovic”,
National Institute of the Republic of Serbia, University of Belgrade, Belgrade, Serbia
2Institut fiir Anorganische Chemie, Universitit Leipzig, Leipzig, Germany

ABSTRACT

Targeting inflammatory mediators, such as cyclooxygenase-2 (COX) and 5-lipoxygenase
(5-LO), may be a promising strategy for the treatment of cancer. To improve the selectiv-
ity, a carborane moiety was incorporated into known dual COX-2/5-LO inhibitors. In the
present study, we have evaluated the antitumor activity of di-fert-butylphenol derivatives
(R-830, KME-4, E-5110, and S-2474) and their respective p-carborane analogs (R-830-Cb,
KME-4-Cb, E-5110-Cb, and S-2474-Cb) on a panel of human cancer cell lines (A375, A549,
HCT116, HT-29, and MDA-MB-231). Treatment with di-tert-butylphenol derivatives de-
creased the viability of all cancer cells in a dose-dependent manner after 72 h. At the same
time, incorporation of a p-carborane moiety resulted in diminished cytotoxic potential for
all tested carborane analogs, except R-830-Cb. Thus, for further investigation of the potential
mechanism of action, R-830 and its p-carborane analog R-830-Cb were selected. Differently
to R-830, its carborane counterpart did not affect the viability of primary peritoneal exu-
date cells, indicating that incorporation of the carborane cage improved selectivity toward
the malignant phenotype. Tumor cell viability decrease triggered by R-830-Cb was followed
by a loss of dividing potential, while a certain percentage of HCT116 cells was subjected
to caspase-dependent programmed cell death. In parallel, fluorescent microscopy revealed
the presence of numerous cells with abnormally shaped nuclei and condensed chromatin.
Furthermore, abolishment of the autophagy using autophagy inhibitors 3-methyladenine
(3-MA) and chloroquine, revealed a cytoprotective role of this process, compromising the
activity of the drug. All observed effects were accompanied by reduced production of reac-
tive oxygen and nitrogen species (ROS/RNS) indicating a disturbed redox status of the cells
in response to the treatment. Taken together, carborane-based analog R-830-Cb is a prom-
ising candidate for further assessment of the antitumor effect in vivo.

Key words: carboranes, cyclooxygenase-2, 5-lipoxygenase, cancer, apoptosis

The paper is published: Braun S, Jelaca S, Laube M, George S, Hofmann B, Lonnecke P, Steinhil-
ber D, Pietzsch ], Mijatovi¢ S, Maksimovi¢-Ivani¢ D, Hey-Hawkins E. Synthesis and In Vitro Biological
Evaluation of p-Carborane-Based Di-tert-butylphenol Analogs. Molecules. 2023 Jun 4;28(11):4547. doi:
10.3390/molecules28114547. (IF=4.972)
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HYTPAIDEYTUIN XME/bA'Y CYCPET TEPAIINJU
METACTATCKOI MEJTAHOMA

Tamapa Kpajuosuh', Tannjena Makcumosnh-VBaunh', Camwa Mujarorh'

"Uncimiuiniyin 3a Suonowika uctpaxusara ,Cunuwa Citiankosuh” -
Wnciniutiiyiti og HayuonanHoi suauaja 3a Peitydnuxy Cpdujy, Ynueepsuinieiti y Beoipagy, beoipag, Cpéuja

CAJKETAK

MenanoM ce cMaTpa HajarpeCUBHUjUM TUIIOM KaHIlepa KOXe. YC/Iell MHULMjaTHe
VTN CTe4YeHe pe3NCTeHIMje 1 OpOjHMX HeXXe/beHUX JiejcTaBa, moctojehn TepaneyTckn
PEeXVMM 32 METACTAaTCKV MeJIAaHOM HIICY I0BO/BHO edpukacHM. Crora, MelTaHOM OCTaje
YOPY>KEH ca BCOKOM CTOIIOM CMPTHOCTU. YIIPKOC OIICEXKHVUM TepaIneyTCKUM IIPOTO-
KO/IVMa, CTOIIa M3JIederha MHBA3UBHUX OO/IMKA TyMOpa je mopakaBajyhe HimcKa Te ce
IIOCTaB/ba NUTAKE LITA j€ IMOTPEIIHO Y aKTYJIEHOM NPUCTYIy Y OHKOTepanuju. Inas-
HV KPUTEPUjyM 3a Ofadup HOBUX aHTUTYMOPCKNUX JIEKOBA IIPEBACXOMHO je dasmpaH
Ha IHBJIXOBOj CIIOCOOHOCTH Jja MHAYKY]y armonrtosy. MebhyTnm, cBe Buliile muTepaTypHUX
II0fjaTaKa JOBOJie Y Be3y arpecuBHe TepaleyTcKe IPUCTYIIe KOju ce dasupajy Ha MHIYK-
IIVj} aIllONTO3€ Y TYMOpUMa BUCOKOT Tpajiyca, Koje KapakTepuiile Ipucyctso hemuja
crnado udepeHTOBaHOr (HEHOTHUIA, CA TYMOPCKOM IIPOTPECHUjOM 0 KOje 0Iasu yCie]
KoMIleH3aTopHe nponudepannje. Penere mpodiema nounsa y nosehamwy HUBOA 11-
depennujannje Tymopa unMme he omagatu npomudeparyja MHYKOBaHA allONTO30M.
Iudepennyjannona Tepanyja npeacTap/ba HOBY KOHLIENT Y TEPAIMjU arPeCUBHUX Ma-
murHuTeTa. MHOIM IyipepeHIjalyIOH ) aTeHCH CY IPYPORHOT ITOpeK/Ia. Y IV/bY ITOBe-
hama epukacHOCTY 11 CMamberba TOKCMYHOCTY KOHBEHI[VIOHA/THIX Tepanja, CTaH#aPH-
HJ TepaIeyTCKV IIPOTOKO/IM Ce YeCTO KOMOVHY]y ca KOMIUIEMEHTaPHOM MENUIVIHOM,
e Bopehy mosunyjy 3aysumajy NpupofHY IIPOMU3BOAY M30T0BaHM U3 du/baka. JemHy
op HajBehmx u HajpasHOBPCHMjMX KIaca CEKYHJApHUX OM/BHMX MeTadonuTa Koja ce
O/IVIKYje M3PaKeHNM aHTMKAHIIEPCKUM ITOTEHIIVja/loM IIPefCTaB/bajy (HIaBOHOU/IN.
[TpernndnaBoHONAY U3 XMeJba MIMAjy BEIVMKM IIOTEHIMjAI ja 13a30By IIPOMEHY Ma-
NUTHOT peHOTUIIA Y MUPHUjU, PYHKIMOHATHO epUHMCAHNj Y 0K, S/IVKY 3TpaBOM
HaH/laHy MCTOT VUIM pa3in4duTor TKuBa. OBaKaB IPUCTYN HENOBO/BHO je MCTpakeH
qyMe ce OTBapajy MHOre MOTYNHOCTM KaKO Y HayYHOM TaKO ¥ Y KOMEpPIVjaTHOM CMM-
cry. Pokyc OBOr IIpeilaBama je CTaB/beH Ha MpeHVIQIaBOHOU/- M30KCAHTOXYMOJT Y
KOHTEKCTY eBEeHTYya/IHe Tepallije MellaHOMa I KpeMpamba IIPOTOKO/Ia Koju Oy IOfUIIN
edukacHOCT mocrojehux TpeTMaHa KOMepLUjaTHMM XeMOTepaley THIMA.
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NUTRACEUTICALS FROM HOPS IN THE TREATMENT
OF METASTATIC MELANOMA

Tamara Krajnovi¢', Danijela Maksimovi¢-Ivani¢', Sanja Mijatovi¢!

Institute for Biological Research “Sinisa Stankovi¢”’- National Institute of Republic of Serbia,
University of Belgrade, Belgrade, Serbia

ABSTRACT

Melanoma is considered the most aggressive type of skin cancer. Due to initial or
acquiredresistanceandnumeroussideeffects, existingtherapeuticregimensformetastatic
melanoma are not sufficiently effective. Therefore, melanoma remains associated with a
high mortality rate. Despite extensive therapeutic protocols, the curation rate for invasive
forms of tumors is quite low, and the question arises as to what is wrong with the current
approach in oncotherapy. The main criterion for the selection of new antitumor drugs is
primarily based on their ability to induce apoptosis. However, numerous literature data
link aggressive therapeutic approaches based on the induction of apoptosis in high-
grade tumors, which are characterized by the presence of cells with a low-differentiated
phenotype, with tumor progression that occurs due to compensatory proliferation. The
solution to the problem lies in increasing the level of tumor differentiation, which will
decrease proliferation induced by apoptosis. Differentiation therapy represents a new
concept in the therapy of aggressive malignancies. Many differentiation agents are of
natural origin. In order to increase the efficacy and reduce the toxicity of conventional
therapies, standard therapeutic protocols are often combined with complementary
medicine, where the leading position is occupied by natural products isolated from
plants. Flavonoids are one of the largest and most diverse classes of secondary plant
metabolites, well-known for their pronounced anticancer potential. Prenylflavonoids
from the hop plant have a great potential to trigger a change of the malignant phenotype
into a quiescent, more functionally defined form, closer to the healthy counterpart of the
same or different tissue. This approach has mainly been unexplored, opening up many
possibilities in both scientific and commercial terms. The focus of this lecture will be
on prenylflavonoid- isoxanthohumol in the context of possible melanoma therapy and
the creation of protocols that would increase the effectiveness of existing conventional
chemotherapy.

Key words: melanoma, prenylflavonids, chemotherapy, differentiation
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CAJKETAK

Hecrepounuu antumndnamaropuu nexosu (HCAWMJII) y koje usmehy ocranor
CIIajia HUMeCY/INJ, IT0Ka3aln Cy aHTUTYMOPCKM eeKaT MPOTUB pa3INIUTUX THUIIO-
Ba TyMopckux henujckux nunuja. [loTeHujanHy HUTOTOKCHYHY edeKaT N30HIMe-
Cy/Inpa, YiaHa HOpOfMIle HUMECYINTA, ! BbeTOBUX fAepuBaTta KapdopaHa oxpebeH je
Ha HT29, HCT116, MCF-7, A375 u A549 xymanum henujckum nunujama. Bujadun-
HOCT CBUX TeCTMPAHMX heujcKux NMMHMja je JO3HO-3aBUCHO CMambeHa, IITOo je Io-
kazaHo MTT u CV tecroBuma. CeneKTMBHOCT OBUX jefillibemha IIpeMa TYMOPCKOM
deHoTuny je moxasana Ha MRC-5 henujama u hennjama neputoHeanHoTr eKcynara
MMIIA, TIOfl MAEHTVYHUM eKCIepUMeHTaTHNM ycnoBuMa. IIpoToyna nurodnyoro-
MeTpUjcKa aHa/nn3a je OTKpUIa 3Ha4ajHO cMambeme JeodHor norenunjana MCE-7
henuja, HakOH TpeTMaHa M3OHMMECYIUIOM U HErOBUM OFadpaHMM [epuBaTiMa
kapOopana (4a u 40). ITokasaHo je ma cy kapOOpaHCKU AepuBaTH U30HUMECYINAA
U3a3Baly CHaXHY aIlloNTO3y Koja Huje Oula moCpefoBaHa aKTUBAILMjOM Kaclase.
Ca gpyre cTpaHe, U3OHUMECYIN/] je IIOKPEHYO alONTO3y IOCPENOBaHy aKTMBAII-
jOM Kacmasa ¥ CMamuo nponudepannjy 3HaTHO HIDKOM CTOIIOM Off leTOBUX Kap-
dopaHCkx fepuBarta. ¥ Ja/beM MCTPaXMBaBy alloNTO3y MOTBphyjeMo mpommaujym
jomup Oojewem MCF-7 henmja nmpumenom ¢yopeciieHTHe Mukpockonuje. Kop
TpeTupaHux hennja youaBaMo MHTEH3VBHY allONTO3y Koja ce MaHUdecTyje Hempa-
BIJTHUM OOIVMKOM jefiapa M KOHZeH3anujoM xpoMaruHa. KoHauHo, mHXMOMpaHa
IIPOM3BO/bAa PeaKTUBHIX BPCTA KICEOHMKA U a30Ta npuMeheHa je camo y ciydajy
nepuBaTa 4. HoBe KapakTepycTuKe N30HUMECYINTA U HBETOBYX JiepuBaTa Kapdo-
paHa orneajy ce y hUXOBOM CHa)KHOM aHTUTYMOPHOM IOTEHIIMjay, IITO OTBapa
dpojHe moryhHoCTH 3a maba UCTpaKUBamba.

K/byune peun: KaHIep, M30HMMECY/INH, IepUBaTH KapdopaHa, aHTUTYMOPCKH I10-
TEeHIMjall
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ANTITUMOR POTENTIAL OF ISONIMESULIDE
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ABSTRACT

Nonsteroidal anti-inflammatory drugs (NSAIDs) such as nimesulide have shown
antitumor effects against different types of tumor cell lines. The potential cytotoxic ef-
fect of isonimesulide, a member of the nimesulide family, and its carborane derivatives
was determined against HT29, HCT116, MCF-7, A375, and A549 human cell lines. The
viability of all tested cell lines was dose-dependently decreased as shown by 3-(4,5-di-
methythiazol-2-yl)-2,5-diphenyltetrazolium bromide and crystal violet assays. The se-
lectivity of these compounds toward a tumor phenotype was demonstrated on MRC-5
and peritoneal exudate cells under identical experimental conditions. Flow cytometric
analysis revealed a significant reduction in the division potential of MCF-7 cells treat-
ed with isonimesulide and two selected carborane derivatives (4a and 4b). Subsequently,
isonimesulide carborane derivatives induced strong apoptosis which was not mediated by
caspase activation. On the other hand, isonimesulide initiated caspase-mediated apopto-
sis and reduced proliferation at a significantly lower rate than its carborane derivatives. In
further investigations, intensive apoptosis manifested with the irregular shape of nuclei,
and chromatin condensation was confirmed by propidium iodide (PI) staining of treated
MCE-7 cells using fluorescent microscopy. Finally, the inhibited production of reactive
oxygen and nitrogen species (ROS/RNS) was observed only in the case of 4b. The new fea-
tures of isonimesulide and its carborane derivatives are reflected in their strong antitumor
potential, which opens numerous possibilities for further research.

Key words: cancer, isonimesulide, carborane derivatives, antitumor potential
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VMYHOMOIYITAINJCKA CBOJCTBA ITPMTPOIHNX
IEIYJIO3HNX HAHOKPUCTAIJTA
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CAJKETAK

Hanouernynosa (NC) mpusiady fOCTa TaXKEbe ITOCTIEIBIIX HEKOIVKO TOfIVHA, TOCeOHO
Kasiaje yIMTamy 6MOMeUIIHCKA IIPYMjeHa. Y TOM CMUCITY Cy Off 3Ha4aja IbeHa IIpUMjeHa
Y BUJIy aHTUOAKTEPMjCKOT CPEACTBA, IIOTOM Y 00/1acTIMa TKVIBHOT MHXVbEPYHTa, 3a-
pacTama paHa, JOCTaBe IMjeKoBa 1 Tepanuje Tymopa. Mehytum, uMmyHOMORyIanmjcka
cojctBa NC, a moce6HO ce To ofHOCHK Ha LienynosHe HaHOKpucTane (CNC), cy o caga
HemoBoj/pbHO ucnmraHa. OHo mrTo CNC m3aBaja y ofHOCY Ha fpyre O6uomarepujaie,
ykpydyjyhn n gpyre tunose NC, cy BeoMa noxe/bHa (U3NIKO-XeMMjCKa CBOjCTBa,
JOCTYIIHOCT M3BOpa U jepTNH IpoIiec IpousBome. LnmbeBu ncTpaxmBama cy dum
ma ce: ucrmra nuToToKcmyHOCT CNC Ha Mopeny XyMaHMX MOHOHYK/IeapHMX hemuja
nepudepre kpsu (PBMNC); oxpemu no3HO 3aBUCHU edeKaT HELMTOTOKCUIHMX
koHueHTpanuja CNC Ha ¢yHkimoHanHa cBojctBa PBMNC; ananmsmpa edekat
HeIUTOTOKCMYHMX KoHIeHTpanuja CNC Ha nudepeHTOBame MOHOLMTA IepudepHe
KpBu y pengpurcke hemmje (moDC) m muxoBo caspujeBame; mucnuta edekart
HeMTOTOKCMYHMX KoHIeHTpanuja CNC Ha ¢ynkimonanHa csojctBa moDC. Ha mo-
neny PBMNC je anamusupana nurorokcnanoctr CNC 1 Mopynanuja nponudepanuje
U TpOAYyKIMje LIUTOKMHA MHAYKOBAaHMX IOMMKIOHCKMM CTUMY/IATOpoM. VIHTepHa-
m3anyja CNC je mpoy4yaBaHa Ha MCTOM Mofeny GryopeclieHTHOM MUKPOCKOIIVjOM
HAaKOH IIpUIpeMe IVUTOCIHMH npemnapara. VIMyHomopymanujckn edpextn CNC Ha
anTureH npesentyjyhe henuje (APC) cy ucnmruBanu Ha Mozeny moDC u anorennx
T numdonnra. Penoruncke kapakrepucrnke moDC m T hemuja cy oppehusane
nporoyHoM nuroMerpujoM. PyHknujcka kapakrepusanmja moDC m T hennmja je
ozpehnBaHa TeCTOM ajIOTeHe MMjelllaHe JIEYKOLMTHE peaKiiyje M aHa/IM30M LIMTOKIHA.
PesynraTy cy mokasanu a HenurorokcuaHe fode CNC (< 400 pug/ml) mopep cynpecuje
nponudepannje PBMNC, nuxudupajy n npopykuujy TNF-a, IFN-y, IL-2 n IL-1p oz
crpade PBMNC. Ca gpyre cTpaHe 1oKasaHa je CTUMynanyja npopykuuje I1L-6, IL-17
u IL-10 y kynrypama oBux henuja. Ananusa narepakunje CNC u PBMNC je yrBpania
ma nuMdonuty He uHTepHaMM3yjy CNC 3a pasnuky ox Monouurta/makpodara u DC.
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CNC cy cmamnu kanannreT gudepennujanyje moDC c 063upom Ha Behy ekxcripecujy
CD14 n CD209, ogHocHO Mawy ekcnpecujy CD1a o crpane moDC pudepentroBanmx
y npucyctBy CNCy nopehemy ca koutpomaum moDC. CNC cy mogudukoBany ca3pu-
jeBambe moDC y mpucyctBy LPS/IFN-y. Hamme, moDC pgudepeHTOBaHE y IPUCYCTBY
CNC cy mamwe nucnomapane CD83 nakon crumynauuje LPS/IFN-y y mopebemwy ca
xoHTpormHuM moDC. Ca ipyre ctpane, ose henuje cy HLA-DR excipumupane y Behoj
Mjepu y opHocy Ha KoHTpornHe moDC. Exkcipecuja CD86 u CD40 Huje duta 3Hayaj-
Huje MopudukoBaHa y nopehemwy ca kontponaum moDC. Takobe, mokasas je ctumy-
natuBHY edekar CNC Ha Toneporenu noreHmyjan moDC. moDC gudepenToBane y
npucyctBy CNC cy Buie ucnospapaje toneporene mapkepe (PD-L1, ILT-3, IDO-1,
IL-33 n IL-10) y nopebemwy ca kouTponanM moDC. YoueHo je cMamembe KOHLIeTpaIyje
IL-1P, IL-12 u IL-23, a moBehame xonuentpanuje IL-10 u IL-27 y cynepHaraHTuMa
kynrypa moDC pudepenropannx y npucycrsy CNC y ogHOocy Ha koHTpoiHe moDC.
moDC mudepenropane y npucyctsy CNC cy ycmjepasaine Th ogrosop y npasiy Th2
u perynatopaux T hemnja (Treg), a muxubupane Thl u Th17 nonapusanujy T henwuja.
OBu pesynratu jacHo ykasyjy ga CNC Mopynnpajy MMyHCKY OATOBOP IOTEHLMPAkheM
toneporenux ceojcraBa DC. Vimynomopynanujcka ceojctBa CNC 3axBaspyjyhu kojuma
CNC nocjenyjy usyseTaH MMYHOTEpPAIMjCKM IIOTEHIMjal, MOTY OUTY VICKOPUIITEHA
He caMo Ha II0/by TKMBHOT MH)XMIbepyHTa Beh U 3a Iy3ajHuparme HOBUX IUTATGoOpMu
y Tepanuju 601ecTy y Kojuma je HeonxopgHo noctuhm mo6po koHtpommcany u DC-
IIOCpeloBaHy MHAYKIUjY TONEpAHIIe.

K/byune peun: 1ie/y/103HM HAHOKPUCTAMN, feHApuUTcKe henmje, mMyHOMORyanyja,
T hennje
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P, Coli¢ M, Tomi¢ S. Phosphonate-Modified Cellulose Nanocrystals Potentiate the Th1 Polarising Capacity
of Monocyte-Derived Dendritic Cells via GABA-B Receptor. Int ] Nanomedicine. 2022 Jul 23;17:3191-
3216. doi: 10.2147/IJN.S362038. (IF=7.033)

90 The Second Serbian Molecular Medicine Congress, Foca, october 6-8. 2023.



IMMUNOMODULATORY PROPERTIES
OF NATIVE CELLULOSE NANOCRYSTALS

Milos$ Vasiljevi¢!, Marina Beki¢?, Dusica Stojanovi¢®, Vanja Kokol*, Dusan Mihajlovi¢!, Dragana
Vucevi¢'?, Petar Uskokovi¢?, Miodrag Coli¢"*, Sergej Tomi¢'?

'University of East Sarajevo, Medical Faculty Foca, Foca, Republic of Srpska, Bosnia and Herzegovina
2University of Belgrade, Institute for Application of Nuclear Energy, Belgrade, Serbia
*University of Belgrade, Faculty for Technology and Metallurgy, Belgrade, Serbia
“University of Maribor, Faculty of Mechanical Engineering, Maribor, Slovenia
Serbian Academy of Sciences and Arts, Belgrade, Serbia

ABSTRACT

Nanocellulose (NC) has attracted considerable attention in recent years, particularly
in the field of biomedical applications. In that sense, its aplication as an antibacterial
agent, as well as in tissue engineering, wound healing, drug delivery and tumor therapy
is of significant importance. However, the immunomodulatory properties of NC, specit-
ically cellulose nanocrystals (CNC), have not been investigated thoroughly. CNC pos-
sess highly desirable physicochemical properties, source availability and a cost-effective
production process that sets them apart from other biomaterials, including other types
of NC. The research objectives were to: examine the cytotoxicity of CNC on a model of
human peripheral blood mononuclear cells (PBMNC); determine the dose-dependent
effect of non-cytotoxic concentrations of CNC on the functional properties of PBMNC;
analyze the effect of non-cytotoxic concentrations of CNC on the differentiation of pe-
ripheral blood monocytes into dendritic cells (moDC) and their maturation; investigate
the effect of non-cytotoxic concentrations of CNC on the functional properties of moDC.
Cytotoxicity of CNC and modulation of proliferation and cytokine production induced
by polyclonal stimulator were analyzed on the PBMNC model.. The internalization of
CNC was studied on the same model by fluorescent microscopy after preparation of
cytospin preparations. The immunomodulatory effects of CNC on antigen-presenting
cells (APC) were examined on the moDC and allogenic T cells model. The phenotypic
characteristics of moDC and T cells were determined by flow cytometry. The functional
characterization of moDC and T cells was determined by the allogeneic mixed leuko-
cyte reaction assay and cytokines analysis. The results showed that non-cytotoxic doses
of CNC (< 400 pug/ml) not only suppressed PBMNC proliferation but also inhibited the
production of TNF-a, IFN-y, IL-2, and IL-1B by PBMNC. Analysis of the interaction
between CNC and PBMNC revealed that lymphocytes did not internalize CNC, unlike
monocytes/macrophages and DC. CNC reduced the differentiation capacity of moDC,
as evidenced by higher expression of CD14 and CD209 and lower expression of CD1a
by moDC differentiated in the presence of CNC compared to control moDC. CNC also
modulated the maturation of moDC in the presence of LPS/IFN-y. Specifically, moDC
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differentiated in the presence of CNC showed lower CD83 expression after LPS/IFN-y
stimulation compared to control moDC. In contrast, these cells expressed HLA-DR
more than control moDC. The expression of CD86 and CD40 was not significantly
modified compared to control moDC. Additionally, a stimulatory effect of CNC on the
tolerogenic potential of moDC was demonstrated. moDC differentiated in the presence
of CNC expressed higher level of tolerogenic markers (PD-L1, ILT-3, IDO-1, IL-33 and
IL-10) compared to control moDC. A significant decrease in the concentration of IL-1p,
IL-12,1L-23 and an increase in the concentration of IL-10 and IL-27 was detected in the
supernatants of moDC cultures differentiated in the presence of CNC compared to con-
trol moDC. moDC differentiated in the presence of CNC directed the T-cell response
towards Th2 and regulatory T cells (Treg) and inhibited Th1 and Th17 polarization of
T cells. These results clearly indicate that CNC modulates the immune response by en-
hancing the tolerogenic properties of DC. The immunomodulatory properties of CNC,
which contribute to its exceptional immunotherapeutic potential, can be utilized not
only in tissue engineering but also in the design of novel platforms for diseases where
well-controlled and DC-mediated induction of tolerance is necessary.
Key words: cellulose nanocrystals, dendritic cells, immunomodulation, T cells
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Aannjeaa ITerposuh
Aanmjeaa /o. CrojkoBuh
Aanuao Bojsoanh
Aanuua Lyjuh

Aapunka IToroBuh
Aejax Boxomwuh
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Aejan VBaHoB

Aparana ApcennjeBuh
Aparana ITanh
Aparuua ITaBaoBuh
Ayiian AaaoureBuh
Ayman Mapuh

Ayiran Muxajaosuh
Ayiian /o. Tomosrh
Bopbe C. ITerposuh
EBamapue Xej-XoknHc
Eauna Asposuh
Exarapuna Muxajaosuh
3opana Mapuh Ocrosuh
3opka MuaoBaHoBuh
ViBaHn JakoBmeBuh

VBau JoBaHoBuh

ViBana KoBauesnh
MBana A. Papojesuh
Vrop CnypHuh

Vpena JoBanuh

Vpddan Roposuh
Vcupopa CrannucaBmesnh
Jeaena A. Aumutpujesuh
Jeaena Kecuh

Jeaena 3. Muaosanosuh
Jeaena ITanTuh

Jakod KmyH

Joana ITanuh

JoBana @paHiys
Joumxupo XajakaBa
Kemaa hoposuh

Avanja Aaexcuh
AvpupoHa YcenHu
Aopenuo bjaHkaraHa
Aopennio KjapepuHu
Moumana Kosuh
/oyduHka JokcoBuh
Maja b. Bykuh

Maja Pyxuh

Majaa Koaenosuh Cepesanh
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Mapuja Apakya

Mapuja )Kuskosuh
Mapuja Jepemuh

Mapuja Aecjax

Mapuja Mojuh

Mapuja 3. MuaoBanosuh
Mapuja Cakau

MapunHa JoBaHoBuh
Muaan Bpanem

MuaaH JoBaHoBuh
Muaena Jypuiepnh
Muanua Aumutpujesuh CrojanoBuh
Muanuna Meheposuh
Muanna Hepemxosuh
Muaour ApcennjeBuh
Muoapar Jouuh
Mpuoapar Hoanh
Mupjana ’KusojuHos
Mupjana Muanzkosrh
Mupjana IToncaBun
Hataauna CoaoBjoBa
Hacra Taunh

Haraura 3apaBkoBuh
Harama Mepuh-Munaujuh
Harama Muaapunosuh-Tacuh
Hatamra Cumun

Hedojura ApcennjeBuh
Hesena BupojeBnh
Hesena lajoBuh

Hesena Muxanaosuh
Hejaa ApemoBuh

Hemama JKuanosuh
Henap, Jankosuh
Huxoaa Tanuh
Huxoaer Llako baramw
Hukoanna Kactpatosuh
Pysxuwa Aykuh

Canppa C. Jopnunh Muanh
Camwa beanh

Camwa Hoxkuh

Camwa 3opunh

Cama Jeraua

Camwa /o. Maruh

Camwa MujaToBuh

Capa PaxoueBnh
Catopy Jokojama
Cedacrujan BpayH
Cucka Yhe

Caabana ITaBaoBuh
Caodopan Tayypuh
Caodopanka Mutposuh
CHexana ITarmoBuh
CHexxaHa Pajkosuh
Cpbau Byjunosuh
Credano 3axuuu
Cysana JoBaHosuh-IIlaHTa
Tamapa KpajuoBuh
Tamwa B. CoapatoBuh
Tatjana Kamesary
Teopopa Komasen
Teouna Teopopa Boposuh
®aduo Mapuetn
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