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PE3IOME

AkTyanbHicTb. BuKopucTtaHHsa MOAMMDIKOBAHNX BUMNPOMIHIOBAHHAM HaHOYACTUHOK
MOXe NpuBecT A0 BinbLl BUCOKOrO YTBOPEHHS akTUBHUX popM kucHio (APK), o 3ro-
OOM npusBee A0 OinbLUoi LMTOTOKCUYHOCTI Ta TeHOTOKCUYHOCTI MO BiAHOLLEHHIO 10 MyX-
NWH. TaknuMm YMHOM, NPK 3aCTOCYBaHHI HAHOMAaTepiarniB CyMiCHO 3 ONMPOMIHEHHSIM MOXHa
crocTepirat CUHepriaM BNNBY YMHHUKIB.

MeTta po60TH — NpoBeAEHHSI NMOPIBHANBHOI XapakTePUCTUKM BMNNBY HAHOYACTUHOK Op-
ToBaHagaTy ragoniHiv iTpito, akTMBOBaHOroO eBponieM, B kKoHUeHTpauisix 100 Ta 200 mkr/
kr, 6e3 onpoMiHeHHs Ta Npu nonepegHboMy Y®-onpoMmiHeHHi, Npu nepopanbHOMy BBe-
[AEHHI X PO34MHIB, Ha reHepaLito akTBHUX POPM KUCHIO Y NnerkounTax nepudgepuyHoi
KpOBI LLypiB.

MaTtepianu Ta meTtoaun. EkcnepumeHT nposogunu Ha 30 cTaTeBO3pinuX Wypax-cam-
usax nonynauii WAG, skvx BUNaakoBMM YMHOM po3noginunu Ha 5 rpyn (no 6 TBapuH
y KOXHiR). MNepLua rpyna — KOHTPOMbHa (LWypu OTpMMyBanu nNUTHy Boay), 2-ra 1a 3-1a
rpynu TBapwviH, sikum npotsaroM 14 gi6 BBoAMNM BOOHI pO34MHM opTOoBaHazaTy rago-
NiHIR-ITPit0 aKTMBOBAHOrO €BPOMiEM (GdYVO4:Eu3*), BianosigHo B A03i 100 MKr/kr
macwu Tina TBapuHu (2-ra rpyna, Gd-100) i 200 mkr/kr (3-15 rpyna, Gd-200); TBapuHu
4-i i 5-i rpyn TBapuH, oTpumyBanu npotaroMm 14 gi6 aHanoriyHy 03y BOAHUX pO3-
YMHIB HaHoO4YacTUHOK, To6T0 100 mKkr/kr (4-Ta rpyna, Gd(UV)-100) i 200 mkr/kr (5-Ta
rpyna, Gd(UV)-200), wo 6ynu nonepeaHbo onpoMiHeHi Y®-ceitnom. Boay Ta BogHi
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AAS UUTYBAHHS:

PO34YMHM HAHOYACTUHOK BBOAUNU LLypaM nepoparnbHO 3a JONOMOroK 4030BO1 NiNeTKn
3 HaKOHEYHUKOM.

Pe3ynbTrati Ta ix o06roBopeHHsi. lNokasaHo, L0 30aTHICTb HAHOYACTUHOK GdYVOA:Eu3*
reHepyBatn A®K y nenkounTtax 36inblUyeTbCs Nicns nonepegHboi ix akTmeauii YO cBiT-
oM Ta € A0303anexHot0. Mpu BBeAEHHI TBapUHaM po34nHY HaHo4acTUHok GdYVO,:Eu’*
nonepegHbLo YP-onpomiHeHoi 403n 200 MKI/Kr Macu Tina TBapuHKW, 3HAYEHHSI MOKa3HWKIB
yTBOpeHHa APK y nenkounTax LypiB 30inbLLYETLCS BIGHOCHO KOHTPOMbHOI rpynu npak-
TUYHO Ha 15%.

BucHoBku. Takum 4nHOM, HaHodacTuHkm GdYVO,:Eu®* matoTb nepcnekTysy BUKOpU-
CTaHHS B IKOCTi AOMNOMIDKHOIO 3acoby Ans niaBULLEHHS edpeKTUBHOCTI NPOMEHeBOI Tepa-
nii B NikyBaHHiI OHKONAaTOMOrii, OCKINbKX cenekTnBHa reHepauis APK y kniTuHax nyxnuH
aKTUBYE LUNSAXM KNITUHHOI CMepTi. BinbLll Toro, cnvparyncb Ha NpPoBeAeHi HamMu eKc-
nepuMeHTanbHi JOCHIMKEHHS, MOXHA CMOAiIBaTUCA, WO BUKOPUCTAHHA HaHOYaCTUMHOK
GdYVO,:Eu*, wo nonepedHLo nigaasanucb Aii YO onpoMiHeHHs, 3Ha4YHO MiaCcUnnThb
reHepauito AOK nig Aieto BUCOKOEHepreTMYHOro ONpoMiHEHHS (MPOMeHeBa Tepanisi).

HakoHeuHa O.A., BaunHcbkui P.O., M’'acoegos B.B., BekwuH B.O., BoHgapeHko M.A., BuwHuupbka LA, Knoukos B.K.
leHepaUis akTUBHMX POPM KUCHIO B NekouMTax LLypiB 3a YMOB BMNAMBY Pi3HWX KOHLEHTpaLii opToBaHadaTy rago-
NiHIN-iTpito NpM NepopanbHOMy BBEAEHHI. BicHUK XapKiecbK020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa.
Cepis Meduyura. 2025. T. 33. Ne 2 (53). C. 194-210. DOI: https://doi.org/10.26565/2313-6693-2025-53-03

Keywords:

europium-activated  gadolinium-yttrium
orthovanadate solutions, nanoparticles,
reactive oxygen species, leukocytes.

For correspondence:

Nakonechna Oksana Anatoliivna

Kharkiv National Medical University
Ministry of Health of Ukraine;

4 Nauky Ave., Kharkiv, 61022, Ukraine;
e-mail: oa.nakonechna@knmu.edu.ua

© Nakonechna O.A.,

Bachynskyi R.O., Miasoiedov V.V.,
Vekshyn V.O., Bondarenko M.A.,
Viyshnytska I.A., Klochkov V.K., 2025

For citation:

ABSTRACT

Background. The use of radiation-modified nanoparticles can lead to higher formation
of reactive oxygen species (ROS), which will subsequently lead to greater cytotoxicity
and genotoxicity towards tumors. Thus, when using nanomaterials in combination with
irradiation, synergism of the effects of factors can be observed.

Purpose —The aim of this research was to elucidate the effect of Europium-activated
hydrogenated gadolinium yttrium nanoparticles at concentrations of 100 and 200 pg/kg,
without irradiation and with preliminary UV irradiation, on the generation of reactive
oxygen species (ROS) in peripheral blood leukocytes of rats.

Materials and Methods. The experiment was performed on 30 sexually mature male rats
of the WAG population, which were randomly divided into 5 groups (6 animals in each).
The first group was the control group (rats received drinking water), groups 2 and 3 of
animals were administered aqueous solutions of europium-activated gadolinium yttrium
orthovanadate (GdYVO,:Eu®") for 14 days, respectively, at a dose of 100 ug/kg of animal
body weight (group 2, Gd-100) and 200 pg/kg (group 3, Gd-200); animals of groups
4 and 5 of animals received a similar dose of aqueous solutions of nanoparticles for
14 days, i.e. 100 pg/kg (group 4, Gd(UV)-100) and 200 pg/kg (group 5, Gd(UV)-200),
which were previously irradiated with UV light. Water and aqueous solutions of
nanoparticles were administered to rats orally using a dosing pipette with a tip.
Results. It has been shown that the ability of GdYVO,:Eu* nanoparticles to generate
ROS in leukocytes increases after their prior activation by UV light and is dose-
dependent. When animals are administered a solution of GdYVO,:Eu®* nanoparticles
previously UV-irradiated at a dose of 200 pg/kg of animal body weight, the value of
ROS formation indicators in rat leukocytes increases by almost 15% compared to the
control group.

Conclusions. Thus, GdYVO,:Eu® nanoparticles have a prospect for use as an auxiliary
agent for increasing the effectiveness of radiotherapy in the treatment of oncopathology,
since the selective generation of ROS in tumor cells activates cell death pathways.
Moreover, based on our experimental studies, we can hope that the use of GdYVO,:Eu®
nanoparticles, previously subjected to UV irradiation, will significantly enhance the
generation of ROS under the influence of high-energy irradiation (radiation therapy).

Nakonechna OA, Bachynskyi RO, Miasoiedov VV, Vekshyn VO, Bondarenko MA, Vyshnytska IA, Klochkov VK.
Reactive oxygen species generation in leucocytes of rats under the influence of different concentrations of yttrium
gadolinium orthovanadate during oral administration. The Journal of V.N. Karazin Kharkiv National University. Series
Medicine. 2025; 33(2(53)):194-210. DOI: https://doi.org/10.26565/2313-6693-2025-53-03

BCTYN

Cy4acHuIn pPO3BUTOK HAHOTEXHOMOri [aB MOXIU-
BICTb MaHinynoBaT CTPyKTypamum Ha aTOMHOMY piBHi,
O, B CBOK 4epry, [O3BONWUMO CTBOPIOBATU CTPYKTYpU

INTRODUCTION

Current development of nanotechnology has made
it possible to manipulate structures at the atomic level,
which, in turn, has made it possible to create the particles
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poamipom Big 1 go 100 wum [1, 2]. HaHouyacTuHkn (HY)
MatoTb YHiKanbHi ONTWUYHI, ENeKTPUYHI, MarHiTHi Ta biono-
riYHi BMAcTMBOCTI, ki 3abe3neyyoTbCs CMiBBIAHOLLEHHAM
nnoLui noBepxHi o 06’emy. OTxe, BnactueocTi HY GinbLu
NiaNopsiAKOBYOTHCS 3aKOHAaM KBaHTOBO| MexaHiku [3, 4].
HaHomeguumHa BigHOCUTBLCS OO0 Tiel ranysi Hayku, aka
NMOEAHYE HaHOTEXHOMOTIi i3 3aCTOCYBaHHAM MiKapCbKMX
npenaparie Ta giarHOCTUYHUX METOAIB AS1s1 NOKpaLleHHs
3[4aTHOCTI BNNMBATK Ha NEBHi KNiTMHM abo TKaHWHW. Ha-
HOMeaMuMHa nepenbavae Bidyanisauito, OiarHOCTUKY Ta
agpecHy OOCTaBKy MiKiB 4O OpraHiB-MilleHewn, WO Moxe
HagaTy JOMOMOrY Y MiKyBaHHI Pi3HNX 3aXBOPIOBaHb.
OcTaHHIMK pokamMu CrnocTepiraeTbCa NiABULLIEHNIA Hay-
KOBUI iHTEpEC A0 HeopraHiYHNMX HaHOMaTepianis Ha OCHO-
Bi piakicHo3emenbHMX MeTaniB [5]. 3aaTHICTb iX KonoigHNX
PO34YMHIB 4O NFOMIHECLIEHLIiT 4O3BONSE 3HAYHO PO3LLNPUTH
MOXXIMBOCTiI MOHITOPUHTY BiOXiMiYHMX NPOLECIB, Lo Biaby-
BalOTbCHA B OpraHiami. 3aBaskv HE3HaYHI TOKCUYHOCTI Ta
YHIKanbHUM ONTUYHUM BNACTMBOCTSAM BOHW BCe 4acTille
3Haxo4ATb 3aCTOCYBaHHs B (hapmakonorii Ta MeauLmHi [6].
HanbinbLu nowmpeHnM € JOCHIMKEHHS LWOA0 3acToCy-
BaHHS KOMOIAHUX PO34YMHIB, sIKi MICTATb IOHM NaHTaHOIAIB.
CucTeMM Ha OCHOBI NTAHTaHOIAIB, 4O AKUX HanexaTb erne-
MEHTM BiJ LIepito A0 MIOTELi0, BBXKAOTbCSl HEIHBA3UBHNM
iHCTPYMEHTOM, TOMY BOHV OCOBMMBO NONYNsApPHi 'y Gioximiy-
HUX JOCTiAXeHHsX [7]. MoxHa Big3HaunTh iX BUKOPUCTaHHS
B MeOMUMHI SIK NpW NiKyBaHHI OHKONOTYHMX 3aXBOPHOBaHb,
TakK i Ik KOHTPACTHI peareHT! B KOMITIOTEPHI ToMorpadii.
3acTocyBaHHSA UUX PO34YMHIB LO3BOMSE NPOBOAUTY MHOMI-
HECLEHTHUI aHani3 KNiTWH 3a paxyHOK aBTOMOMIHECLEHLiT
GionoriuHoro matepiany. OcobnMBo epeKTUBHUMU MOMi-
HOhopaMu BBaXakTbCsl OPTOBaHaZaT MeTarniB, siki Oynu
aKTMBOBaHI PiAKICHO3EMENbHUMWN efleMEHTaMW. IHTEHCUB-
He CBITIHHSA TaKMX PEYOBUH Yy MeXax BUAMMOrO AianasoHy
BUKITMKAETBCS MEPEHECEHHSM eHepril BiA ioHa BaHagaTty
0o aktmearopa [8]. Hanbinbluni iHTepec Ansi CTBOPEHHS
MNIOMIHECUEHTHMX MITOK NPEeACTaBNATb IOHN EBPONItO, SAKi
MatoTb 3anoBHEHWI piBEHb eHeprii 4f. JllomiHecLeHuis co-
nen TakMx NaHTaHoigiB € criabkolo Yepe3 HU3bKUA Koedi-
LEHT EKCTUHKLI; ane BOHa 3HA4YHO 3pOCTA€E MNPV CTYMeHi
OKWUCHEHHs1 MeTany Me*, ToMy B NpakTUYHMX OOCHigKEH-
H$IX 3a3BMYal BUKOPUCTOBYIOTLCS XENaTHi KOMMMEKCH NnaH-
TaHOIAIB 3 Pi3HNMM OpraHivYHUMK niraHgamu [9].
Bigomo, o naHTaHoign 34aTHI edpekTUBHO perynioBa-
T GioXiMiYHi MpouecK y KNiTUHaX, 3aBOAKM YOMY iX BUKO-
pucToBytoTb Y MegumumHi [10]. Yepes Te, Wo ioHHWI pagiyc
naHTaHy BNM3bKUiA 4O TaKoro y KarbLito, BiH MOXe 3aMilla-
T KanbLiv i 6esnocepenHbO BNMBATU HA KanbLii-3anex-
Hi npouecu B kniTMHax. Cam naHTaH MOXe KOHKypyBaTu
He TiNbKM 3 ioHaMU KanbLito, a 1 TaKoX MarHito Ta iHLIMX
MeTarniB 3MiHHOI BaneHTHOCTI, TakuX SK MapraHeupb, Midb,
LUMHK | KoBanbT 3a Micus 3B’A3yBaHHA B Mosiekynax Giono-
nimepiB. Lle cyTTeBO 3miHIOE KOHOpMaLio Giononimepis,
30Kkpema OinkiB-hepMeHTiB, Ta BMNIIMBAE Ha iXHIO aKTMB-
HicTb. OcobnuBuii iHTepec BMKNMKae npoec Baemogii HY
3 Ginkamu Ta conamu nnasmu kposi [10]. Mpu HagxomkeH-
Hi y kpoBoTik HY 3gaTHi agcopbysaTu Ginku nnasmmu kpo-
Bi. Taki B3aemogii BHOCSITb iCTOTHI 3MiHN Y (pi3MKO-XiMiYHi
BractueocTi HY, wo BnnmBae Ha ix yHKUioHanbHIiCTb [11].
Takum 4YMHOM, Ha OCHOBI HaBedeHWX BULUe NiTepa-
TYPHUX OaHUX, MOXHa 3pobWUTM BUCHOBOK, LUO MaHTa-
HOIAM MOXYTb BUKMMKATK SK MO3UTWBHI, TaK i HEraTuBHI
edekTn B opraHiami. lNpoTe, Tokcn4HicTb HY Ha ocHoBi

ranging in size from 1 to 100 nm [1, 2]. Nanoparticles
(NPs) have unique optical, electrical, magnetic, and
biological properties that are provided by the surface
area-to-volume ratio. Consequently, the properties of NPs
are more subject to the laws of quantum mechanics [3, 4].

Nanomedicine is the branch of science that combines
nanotechnology with the use of drugs and diagnostic
techniques to improve the ability to affect certain cells
or tissues. Nanomedicine involves imaging, diagnosing,
and targeted delivery of drugs to target organs, which can
assist in the treatment of various diseases.

Recently, there has been an increased scientific
interest in inorganic nanomaterials based on rare-earth
metals [5]. The ability of their colloidal solutions to
luminescence can significantly expand the possibilities of
monitoring biochemical processes occurring in the body.
Due to their low toxicity and unique optical properties,
they are increasingly being used in pharmacology
and medicine [6].

The most common research is on the use of colloidal
solutions containing lanthanide ions. Lanthanide-based
systems, which include elements from Cerium to Lutetium,
are considered a non-invasive tool, which is why they are
particularly popular in biochemical research [7]. Theirusein
medicine both in the treatment of oncological diseases and
as contrast reagents in computed tomography is notable.
The use of these solutions makes it possible to carry out
luminescent analysis of cells due to the autoluminescence
of biological material. Particularly effective phosphors are
orthodates of metals that have been activated by rare-
earth elements. The intense glow of such substances
within the visible range is caused by the transfer of energy
from the vanadate ion to the activator [8]. Europium ions,
which have afilled energy level of 4f are of greatest
interest for creating luminescent labels. The luminescence
of such lanthanides’ salts is weak due to the low extinction
coefficient; however, it increases significantly with the
metal’s oxidation number Me®*. Therefore the chelated
complexes of lanthanides with various organic ligands are
usually used in practical studies [9].

It is known that lanthanides are able to effectively
regulate biochemical processes in cells. That is why,
they are used in medicine [10]. Because the ionic radius
of Lanthanum is close to that of Calcium, it can replace
Calcium and directly affect calcium-dependent processes
in cells. Lanthanum itself can compete not only with
Calcium ions, but also with Magnesium and other metals
of variable valence, such as Manganese, Copper, Zinc
and Cobalt, for binding sites in biopolymer molecules. This
significantly changes the conformation of biopolymers,
including enzyme-proteins, and affects their activity. The
process of interaction of NPs with plasma proteins and
salts is of particular interest [10]. NPs are able to adsorb
plasma proteins when entering the bloodstream. Such
interactions change significantly the physicochemical
properties of NPs, that affects their functionality [11].

Thus, based on the aforementioned references, it can
be concluded that lanthanides can cause both positive
and negative effects in the body. However, the toxicity of
lanthanide-based NPs has not been sufficiently studied
[12]. The danger of pathological conditions caused by the
use of nanomaterials is not yet sufficiently understood,
but undoubtedly quite real. Therefore, the elucidation
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naHTaHoIAiB BMBYEHa He focTaTtHbo [12]. Hebesneka na-
TOMOTiYHMX CTaHIB, BUKIIMKAHMX 3aCTOCYBaHHSIM HaHOMa-
Tepianis, LLie He OCTaTHLO 3po3yMina, ane, 6e3cymMHIBHO,
LinkoMm pearnbHa, TOMY 3'siCyBaHHS MPUYMH TOKCUYHOI Al
HY cTtaHOBNSATb OQUH 3 eKCnepyMEeHTarnbHUX HanpsMKiB
Cy4acHOi MeanUmHu.

Mpn noTpannsHHi B opraHiam noguHn HY mMoxyTb
nepemMilLlyBaTuCb No KPOBOHOCHUX CyAMHax Ta Hakonuuy-
BaTMCS B Pi3HMX opraHax, 30Kpema B neviHui, cepui, HUp-
Kax, cenesiHui, KicCTKOBOMY MO3KY Ta iH., A€ BOHU MOXYTb
BMKIMKATK nNaTtonoriyni amiHm [13]. eski HaHoMmaTepianum,
AKi BAMXAKTbCA, MOXYTb NoTpannatu Ao 6poHxis, a no-
TiM BUBOAMTUCS 3 opraHismy, ane HY, posmipom Big 5 o
50 HM, 3 6inblO MMOBIPHICTIO HaKOMWYyBaTUMYTbCS
B anbBeonax nereHb. Konu ixHS KinbKiCTb NOYHe nepe-
BULLYBaTK dparounTapHy 34aTHICTb, MOXe BiabyTucs ne-
pemiweHHa HY kpisb anbBeonsipHo-kaninsgpHui 6ap’ep,
a ue MOXe CNpUYUHUTU HECMIPUATIIMBUIA BNIMB Ha cepue,
nedviHKy Ta MO30K. Bigomo, Lo Takmi BNMMB MOXE BUKMU-
KaTu cepueBO-CyAVHHI 3aXBOPIOBAHHSA, a TakoX naTtonorii
LleHTpanbHOoi HePBOBOI cnuctemm [14].

[MoTeHUiViHI pu3nKkn ons 340pOoB’s, siKi MOXYTb BUHUKATK
i3 3aCTOCYBaHHAM HaHoOMaTepianis, MOPsAA 3 iX HaKOMMYeH-
HSIM B OpraHi3aMi, TakoX MoB’A3aHi 3i 30aTHICTIO NPOXoANUTU
Yyepes rematoeHuedaniyHmn 6ap’ep. Came 3 Uil NpUYMHU
HY posrnaganucsa K HOCIT NikiB 4NS NikyBaHHS 3aXBOPHO-
BaHb LIeHTParnbHOi HEpPBOBOI cUCTEMM. IXHA edeKTUBHICTL
Oyna npoaeMOHCTPOBaHa Ha MoZensix, NoB’si3aHnX 3 HeW-
poLereHepaTMBHNMM 3aXBOPHOBAHHAMM, HerpopereHepa-
uieto Ta nyxnmHamy ronosHoro Mosky [15]. Tak, aeski HY
Oynun po3rnsHyTi K 34aTHI NPOHMKATW Yepes reMaToTecTu-
KynsipHWin 6ap’ep i BNnuBaTy Ha cnepmatoreHes [16]. Takox
HY 3patHi gonati remaTtonnaueHTapHuiA Gap’ep Ta Npu3Bo-
OUTY 0O KaniuTe nrogy cepeq notoMcTea Muwen [17].

Huabki koHueHTpauii GdYVO,:Eu® (Hmkue 40 mkr/
MIT MPOTArOM 24 roguvH) He BUSABASIOTb LIMTOTOKCUYHMX
BnactmBocTen wopno gibpobnactiB in vitro, Toai gk ix
BULLLi KOHLEHTpALii, ToYMHaKun 3 KoHUeHTpauii 80 mkr/mn
i BMLLE, BNNNBaOTb Ha MeTaborniyHy akTUBHICTb | OYHKLi-
OHarbHi BlacTMBOCTI KNiTUH [18].

Astopu [19, 20] npoBoavnu [OCHIMKEHHS, METO
Akux B6yno 3’AcyBaHHA NpoepunToTu4HMX edpekTis HY
GdVO,:Eu* Ta LavVO,:Eu*, i BUSIBNIEHHA OCHOBHUX Mexa-
Hi3MIB iHOYKUiT epunTo3y i3 BU3HAYeHHsIM iXHbOro dpapma-
KOMNoriyHoro noTeHuiany npu 3axBOPHBaHHSAX, NoB’s3a-
HUX 3 epunTo3oM. [Jocnian nokasanu, Wwo HasegeHi HY
B KOHUeHTpauii 80 mr/n cnpusioTb epuntosy nicns 24-ro-
OWHHOTO BNMBY.

Y HaykoBin nitepaTypi € AaHi Wwoao suBYeHHs Aii HY
Jiokeuay uepito Ha MOHOUMTU KpOoBi MoAnHKU. AHani3 no-
KasaB, L0 MOHOUMUTU NepudepnyHoi KpoBi NOgMHK NpuU
06po6ui HY CeO, 3 KoHUeHTpaLuieto 10 MKr/MIT NpoTArom
40 rog, npusBoannu o 36inbleHHs abo HabyxaHHs Mi-
TOXOHAPIN, iHAYKUiT anonTody i ayTodarii, LWo cynpoBoa-
XKYETbCA HaKonuueHHaM arperosaHoro CeO, y uutonnas-
Mi [21]. HabyxaHHs MITOXOHApIW, 3MOPLLYBaHHS si4ep,
KOHAEeHcaLjis XxpomMaTuHY | eBakyaLis naMenspHuX Tineub
TakoX Oynu BUSABMNEHI y MHEBMOUMTAX MULUEN Mpu mMo-
rMWHAHHI HAHOPO3MIPHOrO Aiokcuay TuTaHy (HaHo-TiO,)
3 NPOsABNEHHSIM MOPAONOriYHUX O3HAK anonTosy [22].

Bpaxosytoun, wo snnue geskux HY Ha KniTMHM moxe
NpU3BOANTY 4O BUHUKHEHHS! @rnONTO3Y, BYEHI HAMararTbCs
po3rnsigath uer edpekT 3 No3MTUBHOI CTOPOHU. OCcTaHHIMK

of the causes of the toxic effect of NPs is one of the
experimental areas of a medicine recently.

When ingested, NPs can move through blood vessels
and accumulate in various organs, including the liver,
heart, kidneys, spleen, bone marrow, etc., where they
can cause pathological changes [13]. Some inhaled
nanomaterials can enter the bronchi and then be excreted
from the body, but NPs ranging in size from 5 to 50 nm are
more likely to accumulate in the alveoli of the lungs. When
their number begins to exceed the phagocytic capacity, it
can cause the NPs to move across the alveolar-capillary
barrier, which can cause adverse effects on the heart,
liver, and brain. It is known that such exposure can cause
cardiovascular diseases, as well as pathologies of the
central nervous system [14].

The potential health risks that may arise from the
use of nanomaterials, along with their accumulation in
the body, are also related to the ability to pass through
the blood-brain barrier. It is for this reason that NPs
were considered as carriers of drugs for the treatment
of disorders of the central nervous system. Their
efficacy has been demonstrated in models related to
neurodegenerative diseases, neuroregeneration, and
brain tumors [15]. Similarly, a number of NPs have
been considered to be able to cross the blood-testicular
barrier and affect spermatogenesis [16]. Also, NPs are
able to cross the blood-placental barrier and lead to fetal
deformities among the offspring of mice [17].

Low concentrations of GdYVO4:Eu®* (below 40 pg/ml
for 24h) show no cytotoxic properties towards fibroblasts
in vitro, while their higher concentrations starting from the
concentration of 80 pg/ml and above affect the metabolic
activity and functional properties of cells. [18].

The authors [19, 20] conducted studies aimed
at elucidating pro-eryptosis effects of GdVO,:Eu**
and LaVO,:Eu** NPs, and identification of the main
mechanisms of eryptosis induction with determination of
their pharmacological potential in diseases associated
with eryptosis. Experiments have shown that the
eryptosis is promoted after 24 hours of exposure to NPs
at a concentration of 80 mg/I.

In the scientific literature, there is data of Cerium
dioxide NP effect on human blood monocytes. The
analysis showed that human peripheral blood monocytes,
when treated with the NP of CeO, at a concentration of
10 pg/ml for 40 hours, led to an increase or swelling of
mitochondria, induction of apoptosis and autophagy,
accompanied by the accumulation of aggregated CeO,
in the cytoplasm [21]. Swelling of mitochondria, wrinkling
of nuclei, condensation of chromatin and evacuation of
lamellar bodies were also detected in mouse pneumocytes,
with the absorption of nano-sized titanium dioxide (nano-
TiO,), with the manifestation of morphological signs
of apoptosis [22].

Given that the effects of some NPs on cells can
lead to apoptosis, scientists are trying to treat this effect
on the positive side. In recent years, the number of
cancer patients has increased significantly. Alimost every
chemotherapy treated for cancer patients has its side
effects, and the effects of the treatment are very low.
However, nanoparticles, modified or loaded with signal
molecules, can selectively affect cancer cells and induce
cellular apoptosis in them [23]. This is especially true
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poKamu y CBITi 3HAYHO 36inbLUYETHCS KiNbKICTb OHKOMOriY-
HMX xBopux. Maiixe koxHa ximioTepanisi, sika 6yna npose-
[eHa XBOPMM Ha pak, Mae cBOi NobiuHi edbekTu, a ecpekT
Bifl NMiKyBaHHS Oy>Xe H13bknin. OHak, HaHOYaCTUHKK, KoMK
BOHM MoaMcpikoBaHi abo HaBaHTaXeHi CUrHanbHUMK More-
Kyrnamu, MOXyTb BUOIPKOBO BNAMBATW Ha PaKOBIi KNIiTUHM Ta
iHOYKYBaTU B HUX KMiTMHHWMIA anonTo3 [23]. Ocobnueo ue
aKTyarnbHO AN TakMX OpraHiB, sik MO30K Ta sievka. Takum
YMHOM, pe3ymnbTaTh Cy4acHWX AOCNigKEeHb CBigYaTb Npo
NepCneKkTUBHICTb BUKOpUCTaHHA HY y koMnnekcHin Tepa-
nii OHKOMNOrYHNX 3aXBOPHOBaHb.

[aHi cyyacHux ekcnepuMmeHTanbHUX OOCHiMKEHb 3 BU-
BYEHHS BionoriYHOT akTMBHOCTI HaHOMaTepianis 36inbLuKn-
nn 06i3HaHicTb haxiBuiB WOAO TOKCMYHUX edbekTiB HY,
arne MexaHiaM X TOKCUYHOCTI AOCi He 30BCiM 3pO3YMInui.
Ockinbkn anonto3 6yno 3apeecTpoBaHO Y KNiTUHAX Pi3HUX
TKaHWH 3 HakonuyeHHaM HY pisHoi mpypoawn, BUBYEHHS
uiei npobnemun nepebyBae y novaTKoBiN CTagil, Wo BKkasye
Ha aKTyanbHICTb NPOBEeAEHHS AOCNiAXKeHb. Y Ll CTaTTi Ha-
BOOATbCS AaHi BnnvBy HY opTtoBaHagaTy ragoniHin-itpito,
aktmBoBaHoro esponiem (GdYVO,:Eu®*), Ha reHepadito
aKkTMBHMX dopm kncHio (ADK) y nerkounTtax nepudepuy-
HOT KPOBI €KCepUMeHTarnbHUX TBApUH i BUBYEHHS nodarnb-
LLIOro iX BNMAMBY Ha iHTEHCMiKaLilo anonTUYHUX npoLie-
ciB. Y Hawin nonepedHi poboTi [24] Gyno nokasaHo, Lo
onpomiHeHHs HY GdYVO,:Eu** ynsrpadionetom nepen
BBEAEHHSM Yy CYCMEH3il0 NENKOLUMWTIB LLypiB, MiACKIIOE re-
Hepauito AOK y uux knitnHax. Tob6to Y®-onpomiHeHHi HY
€ OiNbLL TOKCUYHUMW ANS KNITWH, WO MoXe OyTu no3nTume-
HVUM edheKTOM Y BUNagKy Tepanii 3noskiCHUX NyXnuH, Ae Ui
HY noTeHuiiHO MOXyYTb nigcunioBaT edbekTn pagiorepa-
nii. Tomy B AaHii poboTi 6yno NpofoBXeHO AOCNIAKEHHS
edekTy nonepegHboro Y®-onpomiHeHHst HY Ha reHepaLito
A®K y nerkoumTax LypiB B €KCNepUMeEHTax in vivo.

Meta pob6oTu — npoBedeHHs MOPIBHAMNBHOI Xapak-
TEPUCTUKN BMIMBY HAHOYACTUHOK OpTOBaHaaaTy ragoni-
HIN-ITpito, aKTMBOBAHOro €BpoMieM, B KOHLeHTpauiax 100
Ta 200 mkr/kr, 6e3 ONpPOMIHEHHSI Ta NpY MNONEPELHBOMY
Y®-onpomMiHeHHi, npu nepopansHOMY BBEAEHHI X po3yn-
HIiB Ha reHepauilo aKkTUBHUX (POPM KUCHIO Y NenkoumtTax
nepndepn4Hoi KPOBi LLypIB.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Boawni konoigHi posinHn GdYVO,:Eu® 6ynu cuHTeso-
BaHi 3a MeToauKow, onucaHow B [25]. CuHTesoBaHi HY
Oynn oxapakTepu3oBaHi MeTogamMn TPAHCMICIAHOI enek-
TpoHHOI  Mmikpockonii (TEM), peHTreHiBcbkoro aHanisy
(XRD), AHaMi4HOro CBITNIOPO3CitOBaHHSA Ta CNEKTPOCKO-
nii. TEM npoBogunu 3a OOMOMOrOK €NeKTPOHHOIo Mi-
kpockona TEM-125K (Selmi, Ykpaixa). [13eTta-noteHuianu
BUMIpOBanM METOAOM AUHAMIYHOrO pO3CitoBaHHSA CBiTna
(DLS) 3 BukopuctaHHam aHanizatopa ZetaPALS/BI-MAS
(Brookhaven Instruments Corp., CLUA), sk npautoBas
y pexunMi pa3oBoro aHanidy po3citoBaHHS CBIiTNa.

EkcnepvMeHTaneHa 4actuHa [OCNiOKEHHS] BMKOHY-
Banacb BiAMOBIAHO [0 3aranbHUX E€TUYHUX MPUHLUMMIB,
yxBaneHux lNepwmm HauioHanbHUM KOHrpecom YkpaiHu
3 6ioetnkmn (Kunis, 2001), nonoxeHb €BPONENCLKOI KOH-
BEHLUji Npo 3axucT xpebeTHnx tBapuH (Ctpacbypr, 1986)
Ta Oupektuem Pagn €sponu 86/609/EEC (1986), 3akoHy
Ykpainm Ne 3447-1V Big 21.02.2006 «[1po 3axucT TBapuH
BiL XKOPCTOKOro MOBOMXKEHHsI». KomnnekcHy nporpamy

for organs such as the brain and the testicles. Thus, the
results of modern research indicate the prospects for the
use of NPs in the complex therapy of oncological diseases.

The evidence from current experimental studies of
nanomaterials’ biological activity has raised awareness of
experts about the toxic effects of NPs, but the mechanism
of their toxicity is still not entirely clear. Since apoptosis
has been registered in cells of various tissues with
accumulation of NPs of different nature, the study of this
problem is in the initial stage, indicating the relevance of
the research. This work reports the data on the effect of
NPs on orthovanadate of yttrium gadolinium activated by
Europium (GdYVO,:Eu*), on the generation of reactive
oxygen species (ROS) in peripheral blood leukocytes
of experimental animals and the study of their further
impact on the intensification of apoptotic processes. In
our previous paper [24] it was shown that irradiation of
NPs GdYVO,:Eu* by ultraviolet before administration into
suspension of leukocytes of rats enhances the generation
of ROS in these cells. That is, UV exposure to NPs is
more toxic to cells, which can be a positive effect in the
case of cancer therapy, where these NPs can potentially
enhance the effects of radiotherapy. Therefore, in this
current paper, the study of the effect of preliminary UV
radiation of NPs on the generation of ROS in rat leukocytes
in in vivo experiments was continued.

Objective — comparative characterization of the effect
of Europium-activated hydrogenated gadolinium yttrium
nanoparticles at concentrations of 100 and 200 pg/kg,
without irradiation and with preliminary UV irradiation, on
the generation of reactive oxygen species in peripheral
blood leukocytes of rats during an oral administration of
their solutions.

MATERIALS AND METHODS OF RESEARCH

The aqueous colloidal solutions of GdYVO,:Eu*
were synthesized following the method reported in [25].
Synthesized NPs were characterized by Transmission
Electron Microscopy (TEM), X-ray Diffraction analysis
(XRD), and Dynamic Light Scattering and spectroscopic
methods. TEM was performed using a TEM-125K electron
microscope (Selmi, Ukraine). Zeta potentials were measured
by dynamic light scattering (DLS) using a ZetaPALS/BI-MAS
analyzer (Brookhaven Instruments Corp., USA) operated in
phase analysis light scattering mode.

The experimental part of the study was carried out in
accordance with the general ethical principles adopted by
the First National Congress of Bioethics of Ukraine (Kyiv,
2001), the provisions of the European Convention for
the Protection of Vertebrate Animals (Strasbourg, 1986)
and the Council of Europe Directive 86/609/EEC (1986),
the Law of Ukraine No. 3447-1V of 02/21/2006 «On the
Protection of Animals from Cruelty». The comprehensive
research program was reviewed and approved by the
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OOCTiAXXEHHA PO3rMAHYTO Ta MOrOMKEHO KOMICIE 3 nu-
TaHb GioeTnkn XapKiBCbKOro HauioHanbHOro Meau4yHoro
yHiBepcuTeTy MiHicTepcTBa OXOpPOHU 300pOB’A YKpaiHu
(BuTsr 3 Mpotokony Ne 3 Big 12 6epesHsa 2025 p.).

EkcnepumeHT npoBogunm Ha 30 cTateBo3pinux
wypax-camusx nonynauii WAG, skux BUNagkoBMM YMHOM
po3noginanv Ha 5 rpyn (Mo 6 TBapuH y KoxHin). MepLia
rpyna— KOHTpOribHa (LLypy OTpUMyBanu nuTHy Boay), 2-ra
Ta 3-TA rpynu TBapwiH, sikum npoTtarom 14 fni6 BBoannmM
BOAHI PO34MHKM OpTOBaHagaTy ragoniHin-iTpito, BignosigHo
B A03i 100 mkr/kr macu Tina TBapunu (2-ra rpyna, Gd-100)
i 200 wmkr/kr (3-ta rpyna, Gd-200); TtBapuHu 4-i i5-i
rpyn TBapwvH, otpumysanu npotarom 14 Ai6 aHanoriyHy
[03y BOOHWX PO34MHIB HAHOYACTMHOK, TO6TO 100 MKr/KT
(4-ta rpyna, Gd(UV)-100) i200 wmkr/kr (5-ta rpyna,
Gd(UV)-200), wo 6ynun nonepenHe0 onpoMiHeHi YO-cBiT-
NOM Y KBapLEeBMX KloBeTax, gkepeno YP-BnnpomiHoBaH-
Hs «KBapu-125» (A = 200+400 Hm) npoTsrom 20 xB. Ha
BigctaHi | = 20 cm. Bogy Ta BogHi po3umHun HY BBOAMK-
N1 Wwypam nepoparbHO 3a JOMOMOro [030BOi MiNeTku
3 HAKOHEYHUKOM.

[ekanitTauito NpoBOAMAM  LIMASXOM  LMpPBIKanNbHOI
aucriokauii. KpoB Bigbupanu B ctepunbHi Npobipku, Lo
mictuin K, EDTA Vacutainer (BD Vacutainer).

CycneHsii nenkouutis 6ynn oTpMMaHi 3 KpoBi TBa-
pyH WwnaxoMm 20-xBUMNMHHOI iHKybauii 3 1x BD FACS™
(100 MK KpoBi Ha 2 MIT PO34UHY).

Hani B koxxHy npobipky aogasanu no 2,0 mn 1% ni-
3YH04Oro po3ynHy, Lo mictme Ao 200 MKN CyMili LinbHOI
KPOBi Ta MOHOKIMOHAamNbHUX aHTUTIN, CTpyLlyBanu, iHKy-
OyBanu npu KiMHaTHI TemnepaTypi B 3axuLLeHOMY Bif
cBiTna Micui npotarom 15 XBUMWH, LeHTpudyrysanv npu
200 g npotarom 5 xBunuH. MoTim obepexHo acnipysa-
nn HapgocagdoBy piouHy, gogasanuv 2,0 mn 1% PBS, wo
MicTUTb 1% iHaKTMBOBaHOI HarpiBaHHAM deTanbHoi 6u-
Yyayoi cmposatku Ta 0,1% asugy Hatpito (PBS-FBS). IMic-
ns uboro ueHTpudpyrysanu npu 200 g npotarom 5 xBu-
nWH, acnipyBanu HagocagoBy piavHy. [MoTiM cycneHsito
BioMmnBanu PBS 2 pasn. [Jo cycneHsii BigMUTUX KNiTUHK
B KinbkocTi ~ 0,3 + 1 x 10° npogasanu 100 mkn Annexin-
binding buffer, 5 mkn AnnexinV-FITC i 5 mkn Pl. MNicns
iHkyGauii Bnpogosx 15 xB pogasanu 400 mkn Annexin-
binding buffer Ta BumiptoBanu 3a gonomorow NpoToY-
HoI umMTomeTpii Ha untomeTpi BD FACSCanto Il (Becton
Dickinson, CLA) npu FITC kaHan (488 Hm Ta emission
detection npu 525 Hm).

leHepauito AOK y nevikoumTax BU3Ha4anm 3a peakuieto
3 poboymmn posunHom 2’,7’-auxnopaurigpodnyopecueiny
piauetaty (H2DCFDA, Invitrogen TM, CLLUA) 3 kiHLeBO0
KoHueHTpauieto ADK (akTUBHI pOpMK  KUCHIO)-4yTNMBO-
ro 6apBHuka, wo gopisHoe 10 mkM. H2DCFDA wupoko
BMKOPVCTOBYETLCS  BU3HAYEHHS  BHYTPILLUHBLOKMITUHHOIO
BmicTy A®K. MNpu nonaganHi B knitnHy H2DCFDA peaue-
TUMNIETBCA ecTepasamu i npu B3aemogii 3 AOK nepetso-
proetbca Ha amxnopdnyopecueiH (DCF), iHTEHCUBHICTL
dryopecueHuii akoro nponopuivHa BmicTy AOK y KniTuHI.

3pasku aHanisyBanu Ha npoToyHoMmy umtomeTpi BD
FACSCanto Il npn 488 nm & emission detection at 525 nm
3 peecTpauieto cepeHbOl iIHTEHCUBHOCTI dhriyopecLeHLii
DCF. [Ins NnopiBHAHHSA YMCNOBUX 3HAY€Hb MOKa3HWKIB ce-
penHboi iHTeHcuBHOCTI donyopecueHuil (MFI) DCF Hesa-
NEeXHUX rpyn 3acTocoByBanu kputepi Kpyckana—Yonni-
ca 3 noganbLuMM po3paxyHKoM kpuTepito [aHHa.

Commission on KhNMU of the Ministry of Health of Ukraine
(excerpt from Protocol No. 3 dated March 12, 2025).

The experiment was conducted on 30 sexually mature
male rats of the WAG population, which were randomly
divided into 5 groups (6 animals each). The group #1 was
the control group (rats were getting a drinking water);
the groups #2 and #3, which were injected with aqueous
solutions of ortovanadate gadolinium yttrium for 14 days,
respectively, at a dose of 100 pg/kg animal body weight
(group #2, Gd-100) and 200 pg/kg (group #3, Gd-200);
animals of the groups #4 and #5 had been receiving
a similar dose of aqueous solutions of nanoparticles
for 14 days, i.e. 100 pg/kg (group #4, Gd(UV)-100) and
200 pg/kg (groups #5, Gd(UV)-200), that were previously
irradiated with UV lights in quartz cuvettes, the UV
source was «Quartz-125» (A=200+400 nm) for 20 min. at
a distance / = 20 cm. Water and aqueous solutions of the
NPs were administered to rats orally, using a dose pipette
with a tip.

Decapitation was carried out by circual dislocation.
Blood was collected in sterile tubes containing K, EDTA
Vacutainer (BD Vacutainer).

Leukocyte suspensions were obtained from animal
blood by 20-minute incubation with 1x BD FACS™ (100 pL
of blood per 2 mL of solution).

Next, 2.0 mL of a 1xlysing solution containing up
to 200 yL of a mixture of whole blood and monoclonal
antibodies was added to each tube, shaken, incubated
at room temperature in adark place for 15 minutes,
centrifuged at 200 g for 5 minutes. The supernatant fluid
was then gently aspirated, 2.0 mL of 1x PBS containing
1% heat-inactivated fetal bovine serum and 0.1% sodium
azide (PBS-FBS) was added. This was centrifuged at
200 gfor 5 minutes, and the supernatant fluid was
aspirated. The suspension was then laundered with
PBS 2 times. 100 yl of Annexin-binding buffer, 5 pl of
AnnexinV-FITC and 5 pl of Pl were added to the
suspension of washed cells in the amount of ~ 0,3+1x10°.
After incubation, 400 pL of Online-binding buffer was
added for 15 minutes and measured using flow cytometry
on the BD FACSCanto Il cytometer (Becton Dickinson,
USA) at the FITC channel (488 nm and emission
detection at 525 nm).

The generation of ROS in leukocytes was determined
by reaction with a working solution of 2’,7’-dichlorodih
ydrofluorescein diacetate (H2DCFDA, Invitrogen TM,
USA) with a final concentration of ROS (reactive oxygen
species)-sensitive dye of 10 yM. H2DCFDA is widely used
for the recognition of intracellular ROS content. When it
enters the cell, H2DCFDA is deacetylated by esterases
and, when interacting with ROS, is converted into DCF,
the fluorescence intensity of which is proportional to the
ROS content in the cell.

The samples were analyzed on the BD FACSCanto
Il flow cytometer under 488 nm & emission detection at
525 nm with the registration of the mean fluorescence
intensity of dichlorofluorescein (DCF). To compare the
numerical values of the Mean Fluorescence Intensity (MFI)
of the DCF of the independent groups, the Kruskal-Wallis
test was used, followed by the calculation of the Dunn test.

Statistical processing of cytometry data was carried
out using descriptive statistics. To check the normality of
the distribution, the Kolmogorov—Smirnov quantitative test
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CraTucTnyHy 06pobKy AaHWX LMTOMETPII MPOBOAMIU
3a JONOMOrOK ONUCOBOT CTAaTUCTUKK. [1ns nepeBipkn HOp-
MarnbHOCTI PO3MOAiNY BUKOPUCTOBYBAmM KiflbKiCHUA TeCT
KonmoropoBa—CmupHoBa. LlinicHicTb Ta ogHopigHiCTb
BMOIpKM BU3HaA4anu 3a CTaHAAPTHOK MOMUIIKOK cepen-
Hboro. CTaHAapTHE BiAXUNEHHS Ta CTaHAAPTHY NMOMUSIKY
CepefHbOro po3paxoByBany i3 3aCTOCYBaHHSIM €reKTpo-
HHMX Tabnuub Microsoft Exel. CTaTUCTUYHY 3HAYMMICTb
po3spaxoByBanu 3a W-kpuTtepieM NopiBHAHHSA MefiaH ABOX
BUOipok MaHHa—YimHi. Bu3HaueHHs1 BUKOHyBanu 3a Ao-
MOMOrOK CTaTUCTUYHOro naketa Statgraphics Centurion
XVI wnaxom noegHaHHA OBOX BMOGIPOK, COPTYBaHHSA Aa-
HWUX Big HAVMEHLLOro 40 HanbINbLIOro Ta NOPIBHAHHS ce-
penHix paHriB ABOX BUOIpOK y 06’egHaHUX AaHUX.

PE3YABTATU TA iX OBrOBOPEHHS

HaHouactnHkn GdYVO,:Eu** otpumysann y eurms-
Ai Npo30pMX BOAHUX KOMOIAHWX po34uHiB (pH = 7,4-7,8)
3 KOHUeHTpauieto TBepgoi dasm 1 r/n. PosumHn Gynu
cTabinbHi Ginble 6 MicAUiB y HOpManbHUX ymoBax 6e3
arnomepadii HY i amiHn ix BnactnocTen. [MoBepxHs CUH-
TesoBaHux HY mae HeratuBHWIA 3apsg 3a paxyHOK Kap-
BGokcmnaTHUX rpyn LMUTPaT-ioHIB, SIKi BUKOPWCTOBYIOTHCS
ans crabinisauii HY. ¢-noteHuian ana HY GdYVO,:Eu®*
ctaHoBuTb —20,94 + 1,27 MB, Wo nigTBEPAXYE X BUCOKY
cTabinbHicTb. TEM-306paxkeHHa HY GdYVO,:Eu*" noka-
3aHo Ha puc. 1ai nokasye, wo HY GdYVO4:Eu3* € YaCTUuH-
KaMun ccpepuyHOi hopmK i3 cepeaHiM giameTpom ~2 HM.

was used. The integrity and homogeneity of the sample
were determined by the standard error of the mean. The
standard deviation and standard error of the mean were
calculated using Microsoft Excel spreadsheets. Statistical
significance was calculated using the W-test comparing
the medians of two Mann-Whitney samples of data.
Determinations were performed using the Statgraphics
Centurion XVI statistical package by combining two
samples, sorting the data from smallest to largest, and
comparing the average ranks of the two samples in the
combined data.

RESULTS AND DISCUSSION

GdYVO,:Eu** NPs were obtained in the form of
transparent aqueous colloidal solutions (pH = 7.4-7.8) with
the concentration of the solid phase of 1 g/L. The solutions
were stable for more than 6 months in normal conditions
without NPs agglomeration and changing their properties.
The surface of synthesized NPs possesses a negative
charge due to carboxylate groups of citrate ions used for
NPs stabilization. The (-potential for GdYVO,.Eu* NPs
is —20.94 + 1.27 mV that confirms their high stability. The
TEM image of the GdYVO,:Eu** NPs is shown in Fig.1a
and reveals that GdYVO,:Eu®* NPs are spherically shaped
particles with an average diameter ~2 nm.
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Puc. 1. TEM-306paxeHHs (a) Ta peHTreHorpama cuHtesoBaHnx H4 GdYVO,:Eu3*
Fig. 1. TEM image (a) and XRD pattern of synthesized GdYVO,:Eu** NPs

KpuctaniyHa CTPYyKTYypa CUHTE30BaHUX HY
GdYVO,Eu* 6yna nigtBepmkeHa XRD-kapTuHOIO
(puc. 1b), aka nobpe 3biraeTbea 3i CTaH4APTHUMU AHUMU
Andpakuii gna macosoro GdVO4 (JCPDS, Ne 72-0277),
i )KOQHMX CRigiB iHWKMX AOMILLOK HE cnocTepiranocs.

HentpodpinbHi nenkounTn € HaWbiNbLIOK NonynsLi-
€10 LIMPKYMIOYNX Y KPOBI NENKOUMTIB, AKi € KNOYOBUMMN
yyacHVKaMu BPOMXEHOI iMyHHOI Bignosiai. Hentpodinb-
Hi nerKkouMTW XapakTepusylTbCA Hanbinbliol 3aar-
HicTio o npoaykuii AD®K, OCHOBHMM [Xepernom siKux
e HA®H-okcugasn. Takox BigoOMO, WO Yy HEUTPOdinb-
HUX nenKoumTax icHytoTb iHWi mxepena APK. Mpoaykuis

Crystal structure of synthesized GdYVO,:Eu** NPs
was confirmed by the XRD pattern (Figure 1b), which
matches well to the standard diffraction data for bulk
GdVO, (JCPDS, No. 72-0277), and no traces of other
impurities were observed.

Neutrophils are the largest population of circulating
leukocytes in the blood, which are the key participants
in the innate immune response. Neutrophils are
characterized by the greatest ability to produce ROS.
The main source of which is NADPH oxidases. It is
also known that there are other sources of ROS in
neutrophils. The production of ROS by neutrophils
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APK HenTpodinbHUMK NenkoumTaMmm Moxe matu isio-
noriyHe Ta naTorforiyHe 3Ha4YeHHs SK AN BCbOro opra-
Hi3My, TaK i 6e3nocepeHbO ANst cammnx NenkouuTis [26].

Pesynbratv BnnmBy poO34uMHIB OpTOBaHagaTy ragoni-
Hiin-iTpito Ha yTBopeHHa ADK y nevkoumTax KpoBi LLypiB
y po3dax 100 ta 200 mkr/kr macu Tina, 6e3 onpoMiHeHHsi
i Npn nonepeaHLoMy YP-0npoMiHEHHI, Ta IX NOPIBHAMbHA
XapakTepucTuka HaBegeHi B Tabn. 1.

can have physiological and pathological significance
both for the whole body and directly for the leukocytes
themselves [26].

The results of the effect of yttrium gadolinium
orthovanadate solutions on the formation of ROS in rat
leukocytes at doses of 100 and 200 pg/kg body weight,
without radiation and with pre-UV irradiation, and their
comparative characteristics are presented in Table 1.

Ta6nuusa 1. leHepauis akTBHUX (DOPM KUCHIO Y NENKOLMTaX KPOBI LLypiB KOHTPOMNbHOT
(1-wa rpyna) Ta ekcnepumeHTanbHuX rpyn (2-ra—5-ta rpynu) (MegiaHa [25; 75])
Table 1. Reactive Oxygen Species generation in leukocytes of rats’ blood of a control
group #1 and experimental groups’ #2-5 (Mediana, 25-75%)

FeHepauis A®K B nerkouuTax
Mpyna ROS Generation in the leukocytes
Groups MepgiaHa 25% npoueHTinb; 75% NpoLeHTINb
Mediana 25% percentile; 75% percentile

KoHTponsb (1-wa rpyna) / Control (group #1) 5325,76 [4889,29; 6254,45]
Gd-100 (2-ra rpyna) / Gd-100 (group #2) 5183,25%3 [4854,67; 5582,51]
Gd-200 (3-ta rpyna) / Gd-200 (group #3) 4217,26" [3678,33; 4690,46]
Gd(UV)-100 (4-ta rpyna) / Gd(UV)-100 (group #4) 3946,84" [3196,67; 4345,75]
Gd(UV)-200 (5-ta rpyna) / Gd(UV)-200 (group #5) 6102,344 [6180,76; 6547,48]

Mpumitkn: '— 3Hauuma (p < 0,05) BigMIHHICTE NOPIBHAHO 3 MOKA3HUKOM FPYNU KOHTPOMK; 2 — 3Ha4uma (p < 0,05) BigMiHHICTE MixX
nokasHvkamu 2-i i 4-i rpyn; 2— 3Hauuma (p < 0,05) BiAMIHHICTb MiX nokasHukamu 2-i i 3-i rpyn; *— 3Haunma (p<0,05) BiAMIHHICTb Mix
nokasHukamu 4-i i 5-i rpyn.

Note: '— statistically significant (p <0.05) difference compared to the control group data; 2 — statistically significant (p < 0,05) difference
compared between #2 and #4 groups’ data; - statistically significant (p < 0,05) difference compared between #2 and #3 groups’ data;

4— statistically significant (p < 0,05) difference compared between #4 and #5 groups’ data.

OTpvMaHi pesynsTat ekcrnepumeHTanbHOro AOocCri-
[PKEHHS BKa3yoTb Ha Te, wWwo B o3i 100 mkr/kr Mmacu Tina
6e3 YO-onpomiHeHHs1 (2-ra rpyna, Gd-100) gia posuun-
HiB HY opoTtoBaHapaTty rafoniHiin-itpito He Npu3BOAUTL
00 CTaTUCTUYHO 3HAYMMOro BNNUBY Ha reHepauito AGK
y nevkoumuTax LUypiB BiAHOCHO KOHTPOSbHOI rpynu, Togi
SIK Npy nonepeaHboMy Y®-onpoMiHeHHi ais po3ynHis HY
opoTOBaHagaTy rafdoniHin-iTpito B TiM camin fosi (4-ta
rpyna, Gd(UV)-100) npu3BoanTb OO0 3HAYMMOrO 3MEH-
WweHHsA reHepauii AOK y nenkouutax LypiB y NOPIBHAH-
Hi 3 rpynoto koHTponto, (p<0,05). Taka nmapagokcanbHa
[ist MOXe Bignosigatn curHanbHin poni A®K, wo 3gaTtHa
aKTUBI3yBaTW €HOOreHHi 3aXUCHi CUCTEMUM KNITKH, Ta 3a
MEXaHi3MOM 3BOPOTHOIO 3B’A3KYy MPUrHiYyBaTW NMPOOKCU-
[OaHTHI npouecu.

MopiBHAHHA JaHWX NOKa3HUKIB MK rpynamv TBapwH,
SKi OTpUMyBanu [03y OpToBaHagaTy ragoniHin-iTpito
100 mkr/kr macu Tina 6e3 nonepegHboro Y® onpomi-
HeHHs1 (2-ra rpyna), Ta npu nonepegHboMy Y® onpomi-
HeHHi (4-Ta rpyna), BiAMiYaeTbCA 3Ha4YMMe 3MEHLLEHHS
nokasHukiB yTBopeHHs A®PK y nevikoumTax LypiB y rpy-
ni 4, B NOpiBHAHHI 3 TBapuHamn 2-i rpynu (p < 0,05),
(Tabn. 1). PesynbraTtu reHepauii AOK wypis, Lo oTpuma-
N1 32 JOMOMOrOK NPOTOYHOI LIMTOMETPIl, NpeacTaBneHi
Ha puc. 2—4.

OTpumaHi Hamu pesyrnbTaTu  eKCnepUMeHTarbHUX
OOCTiIXKeHb Y3ro4XyTbCa 3 AaHMMMU HAYyKOBOI niTepa-
TYpu WOAO BUBYEHHA BMnvMBY HY Ha aHTMOKCUOAQHTHY
cuctemy knitnHu. byno susiBneHo, wo HY GdYVO (d =
2 HM) edeKTVBHO MOMMUHATL MAPOKCUIbHI paavkanu,

The obtained results of the experimental study
indicate that the action of solutions of orovanadadate
gadolinium yttrium NPs at a dose of 100 pg/kg of body
weight without UV irradiation (group #2, Gd-100) does not
lead to a statistically significant effect on the generation
of ROS in rat leukocytes relative to the control group.
While with previous UV lights, the action of solutions of
orovanadate gadolinium yttrium NPs in the same dose
(group #4, Gd(UV)-100) leads to a significant decrease
in ROS generation in rat leukocytes compared to the
control group (p < 0.05). Such a paradoxical action may
correspond to the signaling role of ROS, which is able to
activate the endogenous protective systems of cells, and
inhibit prooxidant processes by the feedback mechanism.

The comparison of these parameters between
groups of animals that received a dose of ortovanadate
gadolinium yttrium 100 pg/kg body weight without
previous UV lights (group #2) and with previous UV
lights (group #4), there was a significant decrease in
the indicators of ROS formation in the leukocytes of
rats in group #4, compared to animals of group #2
(p < 0.05), (Table 1).

The results of ROS generation of rats obtained by flow
cytometry are presented in the figure 2—4.

The results of our experimental studies are consistent
with the data of the scientific literature on the study of the
effect of NPs on the antioxidant system of the cell.

It was revealed that GdYVO NPs (d = 2nm) effectively
scavenge hydroxyl radicals, superoxide anions, hydrogen
peroxide, peroxyl radicals, and remarkably reduce
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Puc. 2. PenpesatueHa uutorpama (A) Ta rictorpama SSC/FL1 (2°,7’-guxnopaurinpodnyopecueiy giauertary)
(B) nevikouuTis wypa Ne 3 3 rpynu 1. CepefHe 3HavyeHHs 5471,23
Fig. 2. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 3 from group #1. The average value is 5471.23
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Puc. 3. PenpesaTtuBHa uutorpama (A) i rictorpama SSC/FL1 (2',7’-guxnopaurigpodnyopecueiny Aiauerarty)
(B) nevikouuTie wypa Ne 1 3 rpynu 2. CepefHe 3HaveHHsa 5213,37
Fig. 3. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #2. The average value is 5213.37
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Puc. 4. PenpesatusHa uutorpama (A) i rictorpama SSC/FL1 (2°,7’-auxnopaurigpodnyopecueiHy giauetary)
(B) nevikouumTis wypa Ne 1 3 rpynu 4. CepefHe 3HaveHHs 4035,44
Fig. 4. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #4. The average value is 4035.44
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CynepoKcua-aHioHW, NepeKkNCc BOOHIO, NEPOKCUIbHI paau-
Kanu Ta 3Ha4yHO 3MEHLLYIOTb iHAYKOBaHe ninononicaxapu-
nom ytBopeHHs ADK y nerkoumutax wypis [27].

CTOCOBHO rpyn TBapWH, Ski mignaranu gii posymHis HY
opoTOBaHaAaTy raponiHiv-itpito B Ao3i 200 MKr/kr mMacu
Tina, 6e3 nonepegHbOro Y®d-onpomiHeHHs (3-TA rpyna,
Gd-200) cnocTepiraeTbCa 3HauMMe 3MEHLLUEHHST reHepaLlii
A®K y nenkoumtax BigHOCHO rpynun KoHTponto, (p < 0,05).
Mpv BBedEeHHI TBapyHaM PO34KMHY HAHOYACTMHOK OpPOTOBa-
HapaTy rafgoniHin-itpito, nonepeaHLo YP-onpomiHeHoI [o3n
200 mkr/kr macy Tina (5-ta rpyna, Gd(UV)-200), 3Ha4eHHs no-
KasHuka yTBopeHHs APK y nevikoumTtax LypiB 36inbLIyeTbCA
NpaKkTU4HO Ha 15% BIAHOCHO KOHTPONBHOI rpynK (Tabn. 1).

MosicHeHHs cnocTepexeHux edekTis byae obrosope-
HO HUXYeE.

Mpw NopiBHSAHHI rpyn TBapWH, ki 3a3HaBanu aji po34n-
Hy HaHOYaCTMHOK OpOTOBaHajaTy rafomniHin-iTpito B A03i
100 wmkr/kr macu Tina (2-ra rpyna, Gd-100) i 200 mkr/kr
(3-ta rpyna, Gd-200), 6e3 nonepeaHbOro ONPOMIHEHHST Ha
nokasHuku reHepadii APK y nerikouutax LypiB, ykasyloTb
Ha 3Ha4YVMe 3MEHLLEHHSI LIbOro NMoKasHuKa y TBapuH 3-i rpy-
Mnu, B MOPIBHSAHHI 3 TBApuHamu 2-i rpynu (p < 0,05) (tabn. 1).
MopiBHANBbHa XapakTepucTvka nokasHukiB reHepauii AGK
y nenkoumTax LWypiB Mk 4-10 i5-10 rpynamm TBapwH, SKi
3a3HaBanun Aji pO34MHIB HaHOYacCTMHOK Yy A03i 100 MKr/kr
i 200 mKr/kr npu nonepegHLoMy Y® onpoMiHEHHI, yKkasyoTb
Ha 3HauMMe 30iNMbLUEHHS X NMOKa3HWKIB Y NenkoumuTax Liy-
piB 5-1 rpynu, BigHOCHO TBapwH 4-i rpynu (p < 0,05) (Tabn. 1).
Pesyneratn reHepadii A®K wypis, o otpymManu 3a gono-
MOTOI0 NPOTOMHOI LIMTOMETPIT, NPeAcTaBneHi Ha puc. 5 i 6.

OTpuMaHi AaHi NigTBEPAXYTb MOXNMBICTL ABOMas-
HOI BI4NOBIAI KNiTUH OpraHiamy, WO 3any4ae perynsuito
piBHsa APK. Yyactb A®K y Bignosigi Ha BNNnB pegokcak-
TMBHUX HAHOYACTMHOK MOXe OyTu SK CUrHanbHOW, Lo
Cnpuvsie po3BUTKY apanTauifiHMX MpoueciB, Tak i pynHiB-
Hoto (Npu 36inbLUeHHi koHueHTpauii HY Ta gogatkoBomy
nigcunenHi ix sagatHocTi reHepysBatn A®K).

MocnigoBHiCTb 3axucTy opraHiamy Big APK, siki reHe-
PYIOTBCA MITOXOHAPISAMW, MOXHA YSBUTU TakMM MeXaHis-
MoM: ADK, Lo yTBOPUIUCS Y MITOXOHAPISX, BiAKPUBAKOTb
PTP (permeability transition pore) giametpom 6nisko
3 HM, i 9K Hacnigok — CNpUYMHAKTL BUXIO Y LUTO30Mb

Dot Plot (13)

the lipopolysaccharide-induced ROS generation in rat
leukocytes [27].

With regard to the groups of animals exposed to
solutions of NPs of orovanadate gadolinium yttrium at
a dose of 200 pg/kg of body weight, without preceding
UV irradiation (group #3, Gd-200), there was a significant
decrease in the generation of ROS in leukocytes relative
to the control group (p < 0.05). When a solution of yttrium
gadoline orovanadate nanoparticles was administered to
animals, with a pre-UV irradiated dose of 200 ug/kg of
body weight (group #5, Gd(UV)-200), the value of ROS
formation in rat leukocytes increased by almost 15%
compared to the control group (Table 1). And for the
groups of animals exposed to solutions of orovanadate
yttrium gadolinium at a dose of 200 pg/kg of body weight,
without preceding UV irradiation (group #3, Gd-200),
there was a significant decrease in the generation of
ROS in leukocytes relative to the control group, (p<0.05).
When a solution of orovanadate yttrium gadolinium
nanoparticles was administered to animals, with a pre-UV
irradiated dose of 200 ug/kg of body weight (group #5,
Gd(UV)-200), the value of the ROS formation index in
rat leukocytes increased by almost 15% relative to the
control group (Table 1).

An explanation of the observed effects will be
discussed below.

When comparing groups of animals exposed to
a solution of orovanadate gadolinium yttrium nanoparticles
at a dose of 100 pg/kg (group #2, Gd-100) and 200 ug/kg
of body weight, without prior exposure (group #3,
Gd-200), the indicators of ROS generation inratleukocytes
indicate a significant decrease in this parameters in the
animals of group #3, compared to the animals of group #2
(p < 0.05), (Table 1). Comparative characteristics of the
indicators of ROS generation in rat leukocytes between
groups #4 and #5 of animals exposed to nanoparticle
solutions at adose of 100 pg/kg and 200 pg/kg
at previous UV irradiation, indicate a significant increase
in these indexes in leukocytes of group #5 rats, relative
to animals of group #4 (p < 0.05) (Table 1). The results
of ROS generation of rats obtained by flow cytometry are
presented in Figures 5 and 6.
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Statistics (15) \

Events | % of Vis | Mean GeoMean | Median | CV
Allevents | 10 000 [ 100,00 [4178,16 196,17 | 265,34

B)

Puc. 5. PenpesatnsHa uutorpama (A) i rictorpama SSC/FL1 (2°,7’-auxnopaurigpodnyopecueidy giauetary)
(B) nevikouumTis wypa Ne 1 3 rpynu 3. CepefHe 3Ha4yeHHs 4178,16
Fig. 5. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #3. The average value is 4178.16
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Puc. 6. PenpesaTtuBHa uutorpama (A) i rictorpama SSC/FL1 (2',7’-auxnopaurigpodnyopecueiny Aiauerarty)
(B) nevikouuTis wypa Ne 1 3 rpynu 5. CepeaHe 3Ha4eHHs 8803,91
Fig. 6. Represative cytogram (A) and histogram of SSC/FL1 (2’,7’-dichlorodihydrofluorescein diacetate)
(B) of leukocytes of a rat No. 1 from group #5. The average value is 8803.91

LMTOXPOMY C, LLIO HEralHO BKIOYAE [OAATKOBI aHTUOKCK-
OaHTHI MexaHi3aMn, a noTiM MITONTOo3. HAKWO y MITONTO3
yBiiLLNa nule HeBenvKka YacTuHa Mnonynsuii MiTOXOH-
Opif, TO KOHUEHTpaLid LUMTOXPOMY C Ta iHLINX MITOXOH-
apianbHMX NpoanonTo3HuX BinkiB B LMTO30ni He gocsrae
3HayeHb, siki HeOOXiaHI, LWO6 akTMBYBaTV anonTo3. AKLLO
KINbKICTb MITOXOHAPIN, WO npoaykytTe ADK, 36inbLyeTs-
Cs1, PO3MOYMHAETLCA anonTo3 KNiTuHu [28].

3aBasKu iCHYBaHHIO MEBHOro piBHA reHepadii APK
i NEBHOI aKTMBHOCTI aHTMOKCMAAHTHUX CUCTEM B KIiTW-
Hi CTBOPIOETLCSA MEBHWUIN pepokc-b6anaHc, To6To KniTh-
Ha HabyBae neBHOro pegokc-ctatycy. Pepokc-ctatyc
KNiTUHN BM3HAYa€eTbCA 3@ BiOHOLIEHHAM BMICTY aKTUB-
HUX Ta IHAKTMBOBAHMX pagukanie, iXHiIX MNOXigHMX Ta
OKMCHEHMX i BiHOBNEHMX OpM iHWNX MOMeKyn, SKi
€ YyTNMBMMM OO0 Aii akTMBHUX popM KUCHK. Big uboro
BiHOLLEHHS, Y CBOK Yepry, 3anexuTb perynsauis pisHo-
MaHITHUX CUrHanbHUX LUASXIB, WO NOB’A3aHO i3 BNIIMBOM
penoKc-CTaTyCy KMiTUHWM Ha aKTUBHICTb HWU3KM hepmeH-
TiB, 30KpeMa kiHa3 i doocharas, i Ha yHKLUii chakTopiB
TPaHCKpUNLii.

FAKLLO X pefoKc-CcTaTyC KNiTMHU NOpYLLEHNI (nocune-
Ha reHepauig A®K), uMToxpom ¢ nepexoauTb B OKUCHUN
CTaH 3 noganbwuMm po3BuTKOM anontody. Lle e ogHum
i3 MOSICHEHb TOrO, SK PEOOKC-CTaTyC KMiTUHWU MOXe pe-
ryrnoBaT¥ akTMBaLilo Kacnas HaBiTb Nicns 3BiNlbHEHHS
LUTOXPOMY C.

MpoBigHa ponb npouecis anonTo3y B NatoreHesi Bif-
NOBIQHMX 3aXBOPKOBaHb A€ MOXIMBICTb 3aCTOCOBYBaTU
neBHi Oro eTanu Ta BIQNOBIgHI NPOANONTO3HI dakTopu
SK MOTEHUiHI MiLLeHi 4N AiarHOCTMKKN Ta TepaneBTUYHMX
BMMMBIB MPWU LUUX NATOMONYHNX CTaHaX.

B3aarani, OinbLicTb TepaneBTUYHMX areHTiB, WO BU-
KOPUCTOBYIOTLCA Y KMiHiLi K aHTUNYXNWHHI Npenaparu,
€ TOKCUYHUMUW ONS NYXIMHHUX KNiTUH abo 34aTHI NpurHi-
yyBaTu nponidepadito. binblWwicTb aHTUPaKOBUX areHTiB
LitloTb, IHOYKYOUYM anonTo3 y KNiTUHaxX NyXmAvHU 3a Pi3HK-
MU LWAsIXaMu, SiKi NOB’A3aHi 3 ywkomkeHHsam OHK, aktu-
BaLlieto BiAMNOBIAI HA KMITUHHUIA CTPeC Ta LUNAXIiB TpaHC-
OyKUiT anonTo3HOro curHany.

Y 3anexHocTi Big Tuny iHAykKuii (ywkomkeHHs OHK,
reHepauis A®K) anonTto3 y BignoBigb Ha aHTUPaKOBI

The obtained data confirm the possibility of a biphasic
response of the body’s cells, which involves the regulation
of the level of ROS. The participation of ROS in the
response to the effects of redoxactive nanoparticles can
be both signaling, which contributes to the development
of adaptive processes, and destructive (under an increase
in the concentration of NPs and additional enhancement
of their ability to generate ROS). The body’s defense
against ROS, which are generated by mitochondria, can
be represented by the following mechanism: ROS formed
in the mitochondria open a PTP (permeability transition
pore) with a diameter of about 3 nm., and as a result,
cause the release of cytochrome c into the cytosol, which
immediately turns on additional antioxidant mechanisms,
followed by mitoptosis. If only asmall part of the
mitochondrial population has entered mitoptosis, then the
concentration of cytochrome ¢ and other mitochondrial
proapoptotic proteins in the cytosol does not reach the
values that are necessary to activate apoptosis. If the
number of ROS-producing mitochondria increases, the
cell apoptosis begins [28].

Due to the existence of a certain level of ROS generation
and a certain activity of antioxidant systems, a certain redox
balance s created in the cell, that s, the cell acquires a certain
redox status. The redox status of a cell is determined by
the ratio of active and inactivated radicals, their derivatives
and oxidized/reduced forms of other molecules that are
sensitive to the action of reactive oxygen species. This
relationship, in turn, determines the regulation of various
signaling pathways, which is associated with the influence
of the redox status of the cell on the activity of a number of
enzymes, in particular kinases and phosphatases, and on
the functions of transcription factors.

If the redox status of the cell is disturbed (increased
generation of ROS), the cytochrome ¢ enters an oxidative
state with the subsequent development of apoptosis. This
is one explanation for how the redox status of the cell can
regulate the activation of caspases even after the release
of cytochrome c.

The leading role of apoptosis processes in the
pathogenesis of the relevant diseases makes it possible
to use certain of its stages and relevant pro-apoptotic
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3axo4un Moxe 3afiaTu peuenTopHun abo MiToxoHAapianb-
HWU CUrHanNbHI LUNAXMN.

3patHicte  GdYVO,:Eu** i GdVO,:Eu** nornuHatm
ADK BrByanacs Ta o6roeoptoBanacs B H1M3Lji AOCNiAKEHb
SK in vitro, Tak i in vivo [29].

Tak, y nitepatypi € gaHi Npo aHTUpagukanbHi i aHTu-
OKMCHIOBaIbHi BNAcTUBOCTI CNONyk BaHagito. byno gocni-
[PKEHO BMNMB HAHOYACTMHOK OpTOBaHajaTy rafoniHito,
aktusoBaHoro esporiem (HY GdVO,Eu* (8x25 Hm)),
Ha MPOOKCUAAHTHO-aHTUOKCUAAHTHUIA BanaHc y neviHui
Ta KpoBi wWypiB. MNoka3aHo, WO Yy LypiB, SKi OTpUMyBa-
N HaHOYaCTUHKW, PiBEHb TiAponepekucis ninigie y cu-
poBaTui KpoBi 3HWMXyBaBcA. O4eBMOHO, LIbOMY CNpUANo
30inNblUEHHsT Nig BMANUMBOM HAHOYACTMHOK aKTUBHOCTI
rnyTaTioHNepoKcUaasHo! aHTUOKCUMOAHTHOI CUCTeMM Ta
rnyTaTioHpeaAykTasHoi akTMBHOCTI [30].

TakoX, B €KCNepuUMEeHTanbHOMY [OOCIiIXKEHHI Ha
nabopaTtopHMX TBapuvHax — CTaTEBO3PINUX Kponsax Oo-
BeOEHO eMEKTUBHICTb BUKOPUCTAHHS HAHOYACTUHOK
opToBaHaaaTiB ragoniHito 3epHonoaibHoT dopmu, po3mi-
pom 8x25 HM, y BUrNSAI rigpo3onto Ans Kopekuii penpo-
OYKTUBHOI 34aTHOCTI Ha TNi OKCMAaTMBHOTO cTpecy. Pe-
3ynbTatn OOCMiAKEHHSA MoKasany 3HauyuMe 3MEHLUEHHSs!
OKCMAATVBHOIO HaBaHTaXEHHs!, 36iNbLUEeHHS aHTMOKCU-
[aHTHOro noTeHuiany y cupoBaTLi KpoBi kporis (0cobnu-
BO MNYTaTiOHOBOI NMaHKu — rnyTaTioHnepokcuaasHa i rmy-
TaTioHpeayKTa3Ha akTMBHOCTI 3pocnun Ha 56,8% i 32,6%
BignosigHo, p < 0,001, a BMICT BiAHOBEHOrO rMyTaTiOHy
OyB BULLIMM Ha 66,7%, p < 0,001) [31].

Ha wmikpockoniyHomy piBHi 3aaTHicTb GdYVO,:Eu’*
nornmHatn ADQK nosCHIOETLCS IXHBOK AeEKTHOIO CTPYK-
TYPOIO 3 BENUKOK KiNbKICTIO KUCHEBUX BakaHCin, cTabini-
30BaHMX iOHAMV BaHagito B HKYMX CTYNEHAX OKUCHEHHSI
(V4 abo V) [29]. EnekTpoH, Lo 36epiraeTbest Ha V4 abo
V¥, Moxe 6paTu yyacTb Yy peakuii nornvHaHHs APK 3a
Jonomorot pepmeHTonoaibHoro mexatiamy [29].

BogHovac nobpe Bigomo, wo BnnuB Y®-ceitna Ha
HanienposigHukosi HY, sokpema GdYVO,:Eu*, suknu-
Kae reHepauito 4ipok (h+) y BaneHTHIl 30Hi Ta eNnekTpoHiB
(e—) y npoBigHi 30Hi HY. ®oToiHAYyKOBaHI eneKkTpoHM Ta
JipKy pearyloTb 3 MOMeKyflaMn MOSIEKYISPHOTO KUCHIO Ta
BOAW, agcopboBaHMmMu Ha nosBepxHi HY, yTBOptotoumM cy-
nepokcua-anionn (O,”), rigpokcunbHi pagukanm ('OH) ta
iHWi Yyepe3 peakLii OKMCHEHHS Ta BigHoBneHHs [32, 33].
Kpim TOro, B H4, WO xapakTepusyoTbCs BEMUKOK Kifb-
KICTIO CTPYKTYPHUX AedeKTiB, Hanpvknaz, KMCHeBMX Ba-
KaHcin B okemaHunx HY, Taki gedpektn cnyrytoTe nactkamu
Ans poToiHAYKOBaHWNX HOCITB 3apsay (ENeKTPOoHIB i 4ipokK)
i BignoBsigaTb 3a BUpobneHHs APK HaBiTb 6e3 YP-onpo-
MiHEHHS (TaKk Ha3nBaETbCHA e(PekTOM TEMHOBOI reHepauil
ADK) [34, 35]. 3patHictb HY GdYVO,:Eu*" npoaykysatu
ADK sk nig npsMuMm YO/peHTreHiBCbKUM OMPOMIHEHHSIM,
TaK i B TEMHMX ymoBax, Oyna npoaeMOHCTpoBaHa paHi-
we [36, 37]. EdexT reHepauii TemHux AOK nodcHoeTbCA
3axOMneHHAM Aeaknx OOTOIHAYKOBAHUX ENEKTPOHIB i Ai-
POK, YTBOPEHMX Mi 4Yac nonepenHbObOro ONMpPOMIHEHHS
Y®-cBiTnom, Ha gedekTax, Lo 3aTPUMYE iX NepeHeceHHs
Ha noepxHto HY [36, 37]. 3 yacom Taki 3axonneHi Hocii
3apsgy MOXyTb pyxatncs Ao nosepxHi HY i B3aemogiatu
3 MOJIeKynamm K1CHIo Ta Boaw, yteoptotodmn O, 1a * OH
BignosiaHo. Kpim Toro, 6yno nokasaHo, Lo nonepeaHe on-
pomiHeHHa HY GdYVO,:Eu*" Y®-csiTnom npnssoamts 4o
BigHOBMeHHs Eu®* no Eu?*. EnekTpoHu, Wwo 36epiraoTbes

factors as potential targets for diagnosis and therapeutic
effects in these pathological conditions.

In general, most of the therapeutic agents used in
the clinic as anticancer drugs are toxic to tumor cells
or capable of inhibiting proliferation. Most anticancer
agents act by inducing apoptosis in tumor cells through
various pathways that are associated with DNA damage,
activation of the cellular stress response, and apoptosis
signal transduction pathways.

Depending on the type of induction (DNA damage,
ROS generation), an apoptosis may involve receptor
or mitochondrial signaling pathways in response to
anticancer measures.

ROS-scavenging ability of GdYVO,.Eu* and
GdVO,:Eu* was studied and discussed in anumber
of research works both in vitro and in vivo [29]. Thus,
the references contain data on the antiradical and anti-
oxidative properties of Vanadium compounds. The effect
of europium-activated orthovanadadate gadolinium
nanoparticles (NPs of GdVO,:Eu®*" (8 x 25 nm)) on the
prooxidant-antioxidant balance in the liver and blood of
rats was investigated. It was shown that in rats treated
with nanoparticles, the level of lipid peroxides in the
blood serum decreased. Obviously, this was facilitated by
an increase in the activity of the glutathione peroxidase
antioxidant system and glutathione reductase activity
under the influence of nanoparticles [30].

Also, in an experimental study on laboratory animals —
the sexually mature rabbits, the effectiveness of gadolinium
orthovanadates nanoparticles using for the correction of
reproductive ability against the background of oxidative
stress was proven. The NPs in this study were the grain-
like shape, 8 x 25 nm in size, in form of a hydrosol. The
results of the study revealed a significant decrease in the
oxidative load, an increase in the antioxidant potential
in the blood serum of rabbits (especially of the glutathione
system — glutathione peroxidase and glutathione reductase
activities increased by 56.8% and 32.6%, respectively,
p < 0.001, and the content of reduced glutathione was
higher by 66.7%, p < 0.001) [31].

On a microscopic level, ROS-scavenging ability of
GdYVO,:Eu* is explained by their defect structure with
high amount oxygen vacancies stabilized by vanadium
ions in lover oxidation states (V** or V*) [29]. Electron
stored on V* or V3** can participate in ROS scavenging
reaction via enzyme-like mechanism [29].

At the same time, it is well-known that the exposure of
semiconducting NPs including of GdYVO,:Eu*, to UV light
causes the generation of holes (h*) in the valence band
and electrons (e7) in the conducting band of NPs. Photo-
induced electrons and holes react with molecular oxygen
and water molecules adsorbed at the surface of NPs leading
the production of superoxide anions (O,~), hydroxyl radicals
(" OH) and others through oxidation and reduction reactions
[32, 33]. Moreover, in NPs characterized by a high amount
of structural defects, e.g., oxygen vacancies in oxide NPs,
such defects serve as traps for photo-induced charge
carriers (electrons and holes) and are responsible for ROS
production even without UV irradiation (so-called ROS dark
generation effect) [34, 35]. The ability of GdYVO,:Eu** NPs
to produce ROS both under direct UV-light/X-ray irradiation
and in dark conditions was demonstrated earlier [36, 37]. The
effect of dark ROS generation is explained by trapping some
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B Eu?*, Takox GepyTb y4acTb y peakLisix nepeHocy enek-
TPOHiIB 3 yTBOpeHHaAM O, Ta iHwmx APK [38].

Basytouncbk Ha HaBegeHUX BULLE apryMeHTax, nocu-
neHe yTBopeHHsA A®K nerkoumMtamm LwypiB, SKMX JikyBa-
nn HY GdYVO,:Eu* (200 mkr/kr) nonepeaHbo obpobne-
HUMK YP-CBITNOM, MOXHa BigHECTV A0 eEKTY TEMHOBOI
reHepauii ADPK yepes peakuii 3axonneHnx oToiHAyKO-
BaHWX ENEeKTPOHIB i AipOK 3 MOMeKynamMmn KUCHIO Ta Boau
BignoBiaHO.

BUCHOBKH

[MokasaHo, Wo npu BBEAEHHI TBApUHAM PO3YMHY Ha-
HOYACTUHOK OpTOBaHagaTy rafdoniHin-iTpilo, akTuBoBa-
HOro eBponiem nonepeaHbo Y®-onpomiHeHoi fo3n 200
MKI/KI Macu Tina, 3Ha4eHHs MoKasHMKiB yTBopeHHsT ADK
y nenkoumuTax LypiB 306inbLIyeTbCA BIAHOCHO KOHTPOMb-
HOI rpynu npaktuyHo Ha 15%. OuveBMAHO, B LbOMY BU-
nagky y nonepeaHbo Y®-onpomiHeHnx HY GdYVO,:Eu®
CNOCTEpPIraeTbCA BHECOK «TEMHOBOI reHepauiin APK 3a
paxyHOK 3axOmnneHux Ha nactkax poToiHAyKOBaHUX Mpu
nonepeaHboMy Y®P-onpoMiHEHHI €NeKTPOHIB i AipokK, sKi
y NoganbLIOMy BUMBINIbHAKTLCA Ta MOTPArIAlTb Ha Mo-
BepxHto HY, B3aemogitoTb 3 agcopboBaHMMU HA NOBEPXHI
HY monekynamu kucHio Ta Bogn 3 reHepauieto AGK (cy-
nepokcug aHioHa Ta rigpokcun pagukanis).

OTprMaHi HaMKn pe3ynbTaT eKCnepuMeHTanbHUX 4o-
CnigXkeHb BKa3yrTb Ha AOLINBHICTb NOAANbLLOTO BUBYEH-
Hs1 BNNUBY pi3HMX Jo3 HY opToBaHagaty ragoniHin-itpito,
30KpemMa Tux, Wo Oynu nonepeaHbO akTMBOBaHi YP on-
POMIHEHHSAM, Ta BCTAHOBINEHHSA eDEKTUBHNX JO3 3 METOIO
OLHUTWN MNOTeHUuian BUKopUcTaHHA HY gns nigBuLeHHs
edeKTUBHOCTI MiCLLeBOro fiKyBaHHS OHKO3aXBOPIOBaHb.
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photo-induced electrons and holes formed during UV-light
pre-treatment on defects that delay their transfer to the surface
of NPs [36, 37]. In time, such trapped charge carriers can
move to the NPs surface and interact with oxygen and water
molecules producing O,~ and * OH, respectively. In addition,
it was shown that pre-treatment of GdYVO,:Eu** NPs with
UV-light leads to Eu®** reduction to Eu?". The electrons stored
in Eu?* also participate further in electron transfer reactions
with the production of O, and other ROS [38].

Based on the arguments mentioned above, observed
enhanced ROS generation in the rats’ leukocytes, which
were treated with the UV-light pre-treated GdYVO,:Eu** NPs
(200 pg/kg) could be ascribed to the effect of the dark ROS
generation via reactions of trapped photo-induced electrons
and holes with oxygen and water molecules, respectively.

CONCLUSIONS

It is shown that when a solution of europium-activated
orthovanadadate yttrium gadolinium nanoparticles, pre-
treated with UV-light at a dose of 200 pg/kg of body
weight was administered to animals, the value of ROS
generation in rat leukocytes increased by almost 15%
relative to the control group. It's obvious, in this case,
the contribution of ROS «dark generation» is observed in
the pre-treated with UV-light NPs of GdYVO,:Eu®**due to
electrons and holes captured on the traps photo-induced
during previous UV irradiation, which are subsequently
released and fall on the surface of the NPs, interact
with oxygen and water molecules adsorbed on the NPs’
surface with the generation of ROS (such as superoxide
anions and hydroxyl radicals).

Our experimental results indicate the expediency
of further studying the effect of different doses of
ortovanadate yttrium gadolinium, in particular those that
were pre-activated by UV irradiation, and establishing
effective doses in order to evaluate the potential of
using NPs to improve the effectiveness of local cancer
treatment.
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Prospects for further research

Prospects for further scientific research include the
identification of types of programmed cellular death of
leukocytes, preventing apoptosis and necrosis.
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