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HanotexnoJioriuni moaudikaunii

Cucremn HanowactnHok (HY, NPs) posmis-
JIAIOTh SK aJbTePHATHUBY IEPOPATLHOMY HAJIXO-
JOKEHHIO JIKIB 1 IperapariB Ta KOPMOBUX JI00aBOK
[13, 83]. EdpexTrBHICTH 3acTOCYBaHHS 010JIOTTUHO
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Tpanuuiiini 100aBKH celeHy 3a3BU4ail € BHCOKOTOKCHYHUMHM Ta Ma-
I0Th HU3BKUI piBeHb abcopOLii, TOMy PO3pOOJIEHHS CHUCTEM, IO BUKO-
PHCTOBYIOTH CIIOJYKH CEJEHY SIK IEpEHOCHUKH JUIsl ITiABHIIEHHS 01010~
CTYIHOCTI €JIEMEHTa Ta KOHTPOJIIOIOTh HOT0 BUBLILHEHHS B OpraHi3Mi, €
akTyajspbHUM. HaHopa3mipHuii ceneH LikaBHii Ik KOpMOBa JJOOaBKa, 0CO-
0MBO 3a celleHOAC(IIUTHUX CTaHIB, & TAKOXK K TEPANCBTUYHUN 3aciO
6e3 3HauHOi T0619HOi f1ii. Bka3zaHO Mpo HAHOTEXHOJIOT1YHI 3aCTOCYBaHHS,
BUBYEHHS e()EeKTHBHOTO CIIOCOOY BBEICHHS Ta y3arajbHEHHs 3HaHb I1PO
HAHOYACTHHKH CEJIeHY, X OlONOTiYHWIA BIUIMB Ta TEpeBard, MEXaHi3MH
abcopOrii.

Po3rnsHyTO HaHOTEXHIYHI MOIU(IKaIil HAHOYACTHHOK, 3aCTOCYBaH-
Hs1 SeNPs sk KopMOBOi 100aBKH, e(heKTH, SKi BOHH 31IHCHIOIOTH Ha Op-
raHi3M, a TakoX pi3Hi Metoau cunTe3y SeNPs. V nocnmimkeHH] 3aKieH-
TOBaHO yBary Ha mpo0ieMax TpaauuiiHux (opM KOPMOBOTO CEJIEHY Ta
nepeBarax SeNPs. BucBitieHo MexaHi3MU TPOXOXKEHHSI HAHOYACTHHOK
4yepe3 CJIM30BY OOOJIOHKY KHIIEYHHUKY Ta OCOOJIHMBOCTI IX MEpOpaibHOTO
3actocyBaHHs. HaBeneHi marepiaau J0BOISTH, 10 BaXHUBICTIO CeleHy €
PEryJIsIiist y CKJIa/i CeIEHONPOTETHIB OaraTbox (hi3ioNOTIYHUX HPOIECIB,
BIUIMB HAa MPOIYKTUBHI Ta PEeNpoayKTHBHI BiacTuBocTi. Kopekuis ioro
BMICTY y pamioHi 3amo0irae ceneHoaepinuTHIM 3aXBOPIOBAHHAM, a Ce-
JIeH y HaHO(GOPMI € HAHTOMUTBHIIINM IJIs 3aCTOCYBAaHHS 4epe3 BHCOKY
010IOCTYTHICTE Ta HU3bKY TOKCHYHICTB, IO € OCOOIMBO aKTyaTbHUM IS
KyHHUX TBapuH. [lomanpnri qOKIiHIYHI Ta KIIHIYHI JOCIHKSHHS in Vitro
Ta in vivo JaayTh 3MOTY PO3POOUTH HOBI CHCTEMH HaHONpPENapaTiB Juis
TPAHCIIOPTY B OpPTaHi3Mi CEJICHY, 3MIHIOBAaTH (i3UKO-XIMi4HI BIACTHBO-
cti SeNPs, 30inbpiryBat iX cTaOLIBHICTE Y XapUOTPaBHOMY TPAaKTi AJIS
KOHTPOJIbOBAaHOTO BUBUILHEHHS €IEMEHTa JUIsl 3a0€3MeYCHHS JIETHYHOTO
Ta TEPareBTHYHOTO MOTEHIIAITY.

KiaroyoBi cjioBa: HaHOYACTHHKH, ‘3eaeHHl”
OKHCHIOBAJIbHUH CTpeC, 3aCTOCYBaHHS HAHOYACTHHOK.

cunrte3, CeleH,

AKTUBHHX J00aBOK (omera-3 Ta oMera-6 >KUpHHUX
KHCJIOT, IPO- Ta NMpebioTHKIB, BiTaMiHIB Ta MiHe-
paJiiB) y mpenaparax HaHOYACTHHOK PO3IVISAaIIM B
YUCIICHHUX IyOmikarisx [28, 45, 55], neski Hapa-
31 KJIIHIYHO BUKOPUCTOBYIOTHCS [71], iHII Jume
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TTOYMHAIOTL po3BuBaruca [67, 68]. Crumynom
IUUIS BUKOPUCTAHHS HAHOTEXHOJIOTIH y JKUBIICHHI
Ta Xap4yyBaHHI € TaKi IepeBaru K CMakK i 3arax,
BBEJICHHS 1 PO3YMHHICTD, 3aXUCT BiJ OKUCHEHHS
Ta (QEpMEHTATHBHOI Herpamamii, MOAOBKEHHS
gacy mepeOyBaHHS Ta ¢(DEKTUBHE MPOXOMKEHHS
Yepes MUTYHKOBO-KUIKOBUH TPAKT, IO i IBUIILYE
010IOCTYIMHICTh PEYOBHH, IO AOAAIOTHCSA. Bilb-
IITiCTh TIEPOPATTEHUX J00aBOK MAalOTh HEIIOJIKH:
HEIOCTaTHIN dac mepeOyBaHHSA, HEBHCOKA IIPO-
HHUKHICTb 1 PO3YMHHICTE, HECTAOUTBHICTE ITiJT 9ac
BHPOOHUIITBA (TeMIleparypa, MPUCYTHICTh KHC-
HIO, CBITJIO) YM B CEPEIAOBUII IUTYHKOBO-KHIII-
KoBOTO TpakTy (pH, dhepMeHTH, HAIBHICTH THIITHX
TTOXKUBHUX PEUOBHUH), K 3HIKYIOTH aKTHBHICTD
Ta TOTEHIIIHHY KOPHCTHh BiJ] X BUKOPHCTAHHSI.
OTxe, po3poOIeHHS HOBUX ITpenapariB Ta METO-
JIB 1X CTBOPEHHS € JIOPEYHUMH JUIS JOCATHEHHS
(hi310JIOTIIHOTO Ta TEpaneBTUIHOTO eekTy [48].
BukopucraHHs HaHOYaCTHHOK Ma€ HHU3KY
riepesar [45], 30kpeMa pi3Hi CIoco0H X aaMiHi-
CTpYBaHHS, HIDKYY TOKCUIHICTH TIOPIBHSIHO 3 iH-
IITUMU CITOJTYKaMH, BHIIY CTaOUTBHICTh TAKUX HY-
TPIEHTIB B YMOBaX IITYHKOBO-KHIITKOBOTO TPAKTy
Ta TIIBUINEHY 3IaTHICTH JO TPaHCIOPTYBAaHHS.
Hanouactnakm € OuIbIT O10MOCTYITHUMH, JIETIIIE
MIPOHUKAIOTh Yepe3 KITHHHI CTiHKH, MOPIBHIOIO-
9H 13 MIKpoIperaparaMu, € KOHTPOJIbOBAaHUMHE Ta
TPUBATIIIE BUKOPHCTOBYIOTHCS IUTHOBUMHE CalTa-
Mu. Di3UKO-XIMIYHIMH BITaCTHBOCTSIMU HAHOYAC-
THHOK MOXXHA MAaHIITyJIFOBATH ISl JOCATHEHHS
ONITUMAJILHOT CIIPSIMOBAHOCTI TIpemapaTiB Ta IJIs
HaJlaHHS 3JaTHOCTI IPOTUCTOSTH Ail 3ryOoHOi pH,
00OpOOJICHHIO Ta HABKOJIMITHBOMY CEPEIOBHUIITY.
HanowacTwHKM Tako)X JOBIIE 30epiraroThes 3a
CTBOPEHHS MiJ 4ac iX CHHTE3y CIM30BHUX 3aXHUC-
HUX TTOKPHUTTIB.
SeNPs six kopmMoBa 100aBKa
Hanompenaparu ceneHy € OibIT 61040CTyII-
HUMH Ta MEHII TOKCHYHUMH TMOPIBHSIHO 3 HOTO
HEOPTaHIYHUMH Ta OpraHigHUMH hopMmamu [55],
a HEOPTaHIvHI CIOIYKH CEJICHY € TOKCHUHIITMH
3a oprafiuHi. bioJoriuHi BIACTUBOCTI HAaHOYAC-
THHOK cesieHy (SeNPs) 3amexars Bin iX po3Mipy:
IPiOHIMII € OIIBIT aKTUBHUMH Ta i1 Vitro TIOTJIH-
HAOThCS MBHUAMIE (YacTHHKA po3MipoM 0,1 MrM
B 2,5 Ta 6 paziB OiIBIIIE TTOPIBHSHO 3 YACTHHKAMH
po3Mmipom 1 ta 10 MKM BiamoBimgHO). Baxmeu-
MH € PO3Mip i MOPQOJIOTisi JaCTHHOK, Ta MaTepia
s iHKancy i [3]. BukopucTaHHS KOPMOBHX
no0aBok, iHKarcynroBanux y HUY, € morenmiitHo
3HAYUMUM T TOJIIIIEHHS 1X O10J0CTYITHOCTI
3 MOXJIMBICTIO 3MiHHU iX BJIaCTHBOCTEH, 30KpeMa
CTIMKOCTI 0 HECTIPUATIMBUX 3HaueHb pH, mepe-
TpaBlieHHS Ta (JEPMEHTATHBHOTO PO3IICTIIICHHS.
[TepeBaroro Hanoceneny (Nano-Se) € Mox-
JUBICTh BUKOPUCTAHHS €JIEMCHTA B HYJIHOBOMY

cTyneHi okucHeHHs (Se’), M0 TPOSIBILE HU3BKY
TOKCHYIHICTH Ta BUCOKY O10JJOCTYITHICTh TIOPIBHS-
HO i3 Se** Ta Se™[64]. Se’ e myxe HecTabiIIBEHIM i
JIETKO TIEPETBOPIOETHCS Y HEAaKTUBHY (OpMY, CTa-
Oimizarii Horo MOXKHA TOCATTH 1HKAIICYIIAIIEI0 Y
HaHOTPAHCIIOPTHI 3aCO0H, HAIIPHUKJIAT XiTO3aH.

Nano-Se mmMpoko BHKOPHUCTOBYIOTH 3 OioMe-
IIYHOIO0 MeTOl0. BimoMuMmu € Horo BIUIMB Ha 3HH-
JKEHHSI OKHCHIOBAIBHOTO CTpecy [63], aHTHOKCH-
JAHTHI BJIACTUBOCTI TOPOXHHCTUX CHepruIHux
SeNPs [51], m0 3HIKYIOTH PU3HK TOKCHIHOCTI
eleMeHTa, XiMionpodilakTHIHa 31aTHICTh. Omnuca-
HO BUKOpHUCTaHHS Nano-Se sk MpoTHPaKoBOTO TIpe-
mapary [71], HOCisI MPOTUPAKOBOI JTOCTABKH JIKIB,
aaTuMikpoOHoTO [50, 56], mpoTurprdKoBoro [37],
IMyHOCTHUMYITIOBaJILHOTO 3aco0y [55], mpemapa-
Ty IJIA JIIKYBaHHS METAJeBOTO OTPYEHHS [5, 6]
Ta 3aco0y Kopekii (diziomoriuanx (yHKIin [13,
77]. Omnmcano aHTHNPOTO30iHUI edexT Nano-
Se, a 6iorenni SeNPs B mocmimKeHHsIX in Vitro Ta
in vivo TIPOSIBIISTA TEPANEeBTUIHHNA e(eKT 3a Ji-
KyBaHHS JIOKaJTi30BaHUX YPaKeHb, CIIPHINHEHIX
Leishmaniamajor ta Leishmaniababyum [58].

OcHoBHI edektn SeNPs posmmsamanun B 0a-
rateox nmociimkeHasx [28]. o Takux edekTiB
HaJIe)KaTh AHTHOKCHTAHTHA 3/IaTHICTh [69], 3MeH-
[IeHHS PU3WKIB BiJl HAUIMITKOBOTO HAJXOKEH-
HS 3ajTi3a Ta XpOMY, Y4acTh B IMyYHOMOIYJIAIT Ta
MIPOTUMIKPOOHOMY, TPOTHITAPAZUTAPHOMY 3aXH-
cti. HaHocenmeH mpairroe sK TPOTHOHKOTHYHUN
arcHT, CTHMYIIOE CTPECOCTIUKICTh, IO3UTHBHO
BIUIMBA€E HA YTBOPECHHS MUTYHKOBUX (PEPMEHTIB Ta
TepeTpaBiIeHHs, 301TBIIYE BMICT CEICHY y M'SCi,
TIPUCKOPIOE MBHIKICTH POCTY, POCTY IIEPCTi Ta
BOJIOCCS, Oepe yJacTh Y PEHpOAYKIIil, TOITIITy€
I1aM’ITh, 3aXHINAE BiJl )KUPOBOTO TIEPEPOMKEHHS
TICYIHKH.

Cunrte3 SeNPs

SeNPs MOXyTb OyTH CHHTE30BaHiI XIMIUHO
[43], 3 BukopucTaHHAM (DI3UIHUX TPOIEAYP, TH
010JIOTIYHHM CITOCOOOM — 3 BHKOPHUCTAHHSIM Mi-
KpOOPTraHi3MiB UM POCIMHHUX EKCTPaKTiB, TaK
3BaHOTO ““3eeHoro0 cuHTe3y” [13, 60, 68 ].

Ximiununii cuHTe3

SeNPs 3a3Buuaii OTpUMYIOTH BiTHOBICHHSIM
pO3YMHY CEJICHUCTOI KHCIIOTH acKOpOiHOBOIO
KHCJIOTOIO 32 TIPHCYTHOCTI TOjdicaxapuiB (TITro-
KOMaHaHU, KaMmeni, KapOOKCHMETHIIIIETION03a)
[43], onmTMaNBEHAUX IS TIEPOPATHLHOTO BBEICHHS
3 0IOMEIMYHOI0 Ta KOPMOBOIO METOIO uepes3 Oi-
OCYMICHICTh, HEIMYHOTCHHICTh, HETOKCHYHICTb,
qyTIUBICTh 10 pH, 6i0po3KiIamaHicTh, TOTCHITIAI
B pO3pOOJIEHH]I CHCTEM IOCTaBIICHHS JTiKiB. [Tomi-
caxapHIf MICTATh peaKIiifHo 37aTHI aMiHO-, Ti1-
POKCHIIBHI UM KapOOKCHIIbHI TPYITH, IO CYTTEBO
BIUIMBAIOTh HA YTBOPCHHsI, cTabuIi3aIlifo Ta picT
SeNPs [43]. OTpumani MoHOIHCTIEPCHI CheprUIHi
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YaCTUHKH CEJICHY Iy)Ke CTaOUIhHI B PO3YHMHI Ta
MOXKYTh OyTH BHKOPHCTaHI SIK JIETHYHI TOOABKH
[61], a 3a imkarncymsmii y noicaxapunu [ 1] cenen
e(heKTUBHO TTOCTAYAETHCS B KIIITHHH, YTPUMYETh-
Csl B HUX, 3HIKYIOUM pu3MK nomkomxeHHs JTHK
Ta MOJIETITYIOYH EKCTIPECito CeICHONPOTEIHIB.

SeNPs oTpuMyIOTh TaKOXK 1HIYKOBAaHUM HOH-
HOIO PITWHOIO CHHTE30M 13 CeJIeHOCYIh(haToM
HaTPIfO SIK MOTIEPETHUKOM CelleHy 3a IPHUCYTHO-
CTi TOJIIBiHIJIOBOTO CHUPTY sIK cTaOimi3zaropa. Y
IIbOMY pa3i yTBOproioThes chepuani SeNPs pos-
MipoMm 76—150 um [29].

DizuyHuii cUHTE3

Omucano cuaTe3 SeNPs 3a momoMororo im-
MyIBCHOI Ja3epHoi aomsmii (PLA) un ocamkeHHs
[24]. ®i3wuHI MeTomM MarOTh IepeBaru Haa Xi-
MIYHHMH, OCKUIBKH OCTaHHI 9acTO TOTPEOYIOTH
3aBepIIAIIGHOTO TPOKAIIOBAHHS, M0 POOHTH iX
HEMPHUIATHUMH JUIS TIEBHUX 3aCTOCYBaHb, a 3a
HaITWTIOBAHHS Ta Ja3epHOI abysIii 30epiraeTses
CTeXioMeTpisl MaTepiany, Ta po3Mip HaAHOKJIACTE-
piB MOJK€ KOHTPOIIOBATHUCS TTapaMeTpaMHu Jia3epa
Ta YMOBaMHU HaBKOJMIITHBOTO Ta3y [41].

Biosioriunmii cunTe3

Bucoka Bapricte BupoOHHIITBa SeNPs xi-
MIYHIMH METONAaMH Ta HasSBHICTh TOKCHYHHX
MOOIYHUX TIPOAYKTIB 3yMOBHJIH PO3POOICHHS
HOBHX MeToAiB cuHTe3y NPs [27]. PocmuHn,
rpubmM Ta OakTepii 37aTHI IEPETBOPIOBATH HOHU
TOKCHYHHX METAJIIB y MEHII TOKCHYHI (GopMu

MeTaJIeBUX ocapkyBadiB uu NPs [36], 3aBmsaku
qoMy C(hOPMYBABCS E€KOJOTIYHO YHUCTHUH ITiAXiJT
cuHTe3y [34, 54]. SeNPs Oynu cuHTE30BaHi 3 BU-
KOPHUCTAaHHSIM BUIIHOTO eKCTpaKTy Alliumsativum
[21], ekctpakTiB wato [80], €KCTpakTiB JHCTS
Clausenadentata [65], po3umHy THoOJicaxapH-
ny Undariapinnatifida [23] Ta €KCTpaKkTy JIACTS
Terminaliaarjuna. biocwHTe3 HaHOMAaTEpiaiB
3 BUKOPHCTaHHSIM DPOCIMHHUX EKCTPAKTIB Mae
HHU3KY TIepeBar MOPiBHAHO 3 iHIMUMHU Oi0JIOTid-
HHMH METOJaMH depe3 HeBUCOKY BapTiCTh 1 Bif-
CYyTHICTH OCOONHMBHX yMOB TipoBeacHHS [60], a
Oakrtepianbauil cmHTe3 NPs edexTuBHImMI 3a
XIMIYHUH 3aBISKH BUCOKIH YHCTOTI CEICHOBHX
chep (oo peryIsspHUX 1 OMHOPITHUX, PO3MIp
3aJIKUTH Bl OaKTepiii), TEMICBIIIOMY 1 IITBUIIIO-
MY TIPOIIeCY BUPOOHHMIITBA Ta 30ATHOCTI KOHTPO-
JIIoBaTH napametrpu [38].

MikpoopraHi3MHu 31aTHI CHHTE3yBaTH MeETa-
nesi HY [60, 71], BigHoBIIOBatH Se™ (cemeHir)
Ta/un Se*® (cemeHar) M0 MeEHII TOKCHYHOTO Se’ 3
yrBopeHHsM SeNP. biorenni SeNPs marors 3Ha-
YHUH MTOTEHITIA 3aCTOCYBAaHHS B TATy31 MEIHITH-
HH, 610CEHCOPIB Ta BiTHOBJICHHS HaBKOJIUIITHHOTO
cepenoBuma (puc. 1) [66, 68].

3okpema, mramu Bacillus megaterium (BSB6
n BSB12) i3 cepenoBuia 3acoIeHUX MaHTPOBHX
JTiciB 0e3 3a0pyIHEHHsI CEJICHOM 37aTHI MepeTBO-
proBaru Se™ Ha Se’ HaBiThH 3a IPHUCYTHOCTI BHUCO-
KUX KOHIIeHTpaIii coii [38].

Puc. 1. BioreHnui “3ejieHNii” CHHTE3 HAHOYACTUHOK Ta IX BUKOPHUCTAaHH [66, 68].
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Cunre3 SeNPs Makpo- Ta MiKpoopraHi3MamMu
yepe3 PI3HOMAHITHICTh BiIHOBIIOBATLHUX Gep-
MEHTIB niependadae Mopdooriuai Ta 3MiHu (Hop-
MH 4acTHHOK [70], 3SMiHIOIOYH PEIOKC-CTATYC, Bij-
HOBJIFOIOYHM (JEPMEHTH, IO TEePETBOPIOIOTh HOHH
metaiiB (Se?) y SeNP 6e3 3apsany (Se°), a 6iono-
rigaa akTuBHICTh SeNPs Mae iX 3axucHy (yHKITiT0
npotu okucHeHHs JIHK [60]. [esxi anaepoOHi
OaxTepii AMXarTh TOKCHIHUMHU OKCHaHIOHAMH Ce-
JIEHY 1 CIIPUYUHSIFOTh MTO3aKTITHHHE HAKOTIMYCHHS
enemenTapuoro ceneny Se’. CrekrpanbHi Biia-
cTrBOCTI amop(dHoro Se’, yTBOPEHOTO XiMiuHHUM
OKHMCHEHHAM ceneHiny rinporeny (H,Se), 3maqno
BIZIPI3HAIOTECS BiJl YOPHOTO, CKJIOBHAHOTO Se’,
YTBOPEHOTO XIMIYHO 3a BiZHOBJICHHS CEJICHITY
ackopbaroM. MikpoOiansHUN CHHTE3 HaHOChEp
Se® 3ymMoBIItO€  yHIKaJdbHE, CKJIaaHe, KOMITAKTHE
HaHOCTPYKTYpHE PO3TAlyBaHHS aTOMIB CEIICHY,
10 BigoOpaskae pi3HOMaHITTS (DepMEHTIB, sKi Oe-
PYTh y9acTh y TUCHMITAIIAHOMY BiJTHOBJICHHI,
BIIMIHHHX y pi3HHX OakTepiid. L{i ymoBH He HOCsI-
TaloTHCS METOJaMH XIMIYHOTO CHHTE3Y [54].

Jns  OiocuaTesy SeNPs BukopucTOBYBa-
TU pi3HI BUaM OakTepiil: Bumm Proteobacteria
(Escherichia coli ATCC 35218 [35], pekomOiHaHT
E. Coli [32], Ralstonia eutropha, Enterobacter
cloacae 70206 [62], Pseudomonas aeruginosa
ATCC 27853 [33], Klebsiella pneumoniae,
Pantoea agglomerans [3], Zooglea ramigera,
mraM Rhodopseudomonas palustris N, Shewanella
sp. HN-41, Azoarcus sp. CIB [22], Burkholderia
fungorum  [30]), Firmicutes (Lactobacillus
casei [38], Lactobacillus acidophilus LA-5
[38], Lactobacillus helveticus LH-B02 [38],
Enterococcus  faecalis  [60], Streptococcus
thermophilus[38],  Staphylococcus  carnosus
[20], Bacillus subtilis [34], Bacillus mycoides
SelTEO1 [50], Bacillus licheniformis JS2 [64]),
Actinobacteria (Streptomyces sp. ES2-5 [66],
Bifidobacterium BB-1272), Ta Cyanobacteria
(Arthrospira (Spirulina) platensis [81].

Hnsa in vivo cuaTely Nano-Se BUKOPHCTO-
ByBAIM OXHOKJIITHHHI €YKapiOTHYHI OpraHi3-
mu Tetrahymenather mophila SB210, npixmxi
Saccharomyces cerevisiae, TeHETHIHO MOTH(DIKO-
BaHi Pichiapastoris [ 18] Ta HaBiTh OaraTOKJIITHHHI
opranismu Ascomycota (Aspergillus terreus [79]).

IIpo6semMu TpaauuiiiHOTO CcejleHy y CKJIami
KOpPMiB Ta nmepeBaru HaHoceJeny (SeNPs)

biogocTymHicTh pi3HUX (QOpPM celleHy pi3-
HUThCS. CTyIiHb MOMTHHAHHS CENEHY XYHHUMH
TBapUHAMH 3HAYHO HWXKYUH, HIXK Y MOHOTACTpUY-
HuX (34 % y oBenp mpotu 85 % y cBuHeil) [16].
V KyHHUX MIKpOOHE TpaBJIeHHS y pyOIli Ta CITIi
mepenye Horo aCUMUIAIT y YepeBHIN MOPOKHHHI
Ta MIKpOOHOMY TPaBJICHHIO Y TOHKOMY KHIICUHH-
Ky [47]. MikpoopraHizmMu pyOIls 4acTKOBO Iiepe-

TBOPIOIOTH JT0OABKHU CEJICHY B HEPOIUMHHI (GOPMH,
30KpeMa HEJOCTYIHI AJIsl TBapWH eJeMEeHTapHUN
CEJIeH Ta CeJIeHiI, 0 3MEHIITy€ 3aCBOEHHS Celle-
Hy [16]. A9 YHUKHEHHS 3HI)KEHOTO TIOTTMHAHHS
CeJICHY Y )KyWHHX Ta TOJINIICHHS HOTO TOCTYITHO-
cTi Oy710 3ampPOTIOHOBAHO MOIMEpHi cucTemMu NPs
Eudragit RL ta Eudragit RS 3 motenmianom in vivo
[14]. L1i 6ionepo3kianaHi momiMepHi NPs crodar-
Ky BUKOPHCTOBYBAJIM JJISl 1HKAICYIIATIT JTIMOD1Th-
HOTO IUKJIIYHOTO YHAEKANeNnTHAa MUKIOCITOPUHY
A (CyA) mns nmikyBaHHS ayTOIMYHHHX 3aXBOPIO-
BaHb. 3a iHKancymaii CyA HaHOIPEIHITITAIIE0
y BKazaHux NPs momiMepax BimHOCHa 0i0q0CTyII-
HicTh CyA cranoBmna Big 20 mo 35 %. Hanompe-
[UTIITOBaHI HAHOYACTUHKH OynH CHepruIHUMHU Ta
CIWJIBHO MIHJIMBHMH Tomo posmipy [14], a HY,
OTpUMaHi METOIOM EMYJIBCIITHOTO BUTIapOBYBaHHS
— cthepuuHi, HeperyIsIpHi 32 (HOPMOI0, OTHOPIAHI
3a po3mipom y Mexkax Big 30 mo 200 aHm.

binpmuit po3Mip 9acTOYOK, A3€Ta-TIOTCHITIaN
Ta 1HAEKC TOJIANCIEPCHOCTI BUSABICHO IS Ya-
CTOYOK, OTPUMaHHUX METOIOM HAHOIPEITUIIITAITii 3
BHKOPHUCTAHHSM €TaHOJY K PO3UMHHHKA TTOTiMe-
piB. BuBinpHeHHS ceneHy i3 NPs KoHTporoBamn
in vitro 3a pi3HUX 3HaYeHHSIX pH, BoHO OyI1o BHIIIE
Yy CHJIBHO KHcioMy cepemoButi (pH menmie 4),
o0 € 00OB’SI3KOBOI0 YMOBOIO ISl 3a0€3IeUeHHS
Kpamoi JOCTYITHOCTI elleMeHTa y cudy3i. 3a pH
HIK4e 4 3aCBOEHHS CelleHy 3pocTae 10 62 % [14]
ropiBHsAHO 3 pH 6. pH y py0O1i KonuBaeThCs B Me-
kax Bix 5,5 mo 6,5. Orxe, pyOerrs BiBIli HE MTOTIIH-
Hae ceneH [47]. Tumaacom pH y cuay3i merme 4,
TaKa YMOBA CIIPHUS€ HAHOUTBIIOMY BUXOIY CEICHY
i3 gactouok. NPs 30UIbmIy0oTh 010J0CTYITHICTH
eJIeMeHTa, OCKUTEKH 3a pH 6 BUBUTEHAETHCS JIHIIIE
HEBeIIMKa HOro YacTuHa (MiKpoopraHizMaMu pyo-
1151), a OUTBINA YaCTHHA BHILIAETHCS Y KUCITIIIIOMY
CEPeNOBHII IIKT, M0 TapaHTYy€ BHILY IOCTYI-
HicTh [14]. SeNPs nemMoHCTpPYyIOTH, OKpiM Kpa-
101 TOCTYIHOCTI CelieHy, Habararo MEHIIy HOTro
TOKCHUYHICTH [63].

Mexani3m npoxomxenHss NPs uepe3 ciauzo-
BY 000JIOHKY KUIIIEYHUKY

[Tepopansue BBeaeHHsS NPs — HaltOIbI eKo-
HOMIYHO e(eKTHBHHIA METOJ MpUiioMy MT00aBOK,
omHak abcopoOtiss NPs moxe Oytu yrpymHeHa ab-
copOritanMu 6ap’epaMu XapdOTPaBHOTO TPAKTY
(cnu3 Ta cnr30Ba 000JIOHKA KUIIEIHUKY ), OCHOB-
Ha (yHKINS SIKAX TIOJSATAE Yy 3aXUCTI CIIM30BOL
00OJIOHKH BiJ MOTEHITIHHUX IMATOTEHHUX MIKPO-
OpraHi3MiB YW XIMIYHHX PEUOBHH Ta MiATPHMAaH-
Hi pi3HOTO piBHA pH MiXX TIPOCBITOM i CIIM30BOIO
000JIOHKOIO KUIIEYHUKY [42].

NPs MOXyTb TPOXOAUTH 4Yepe3 KUILIKOBUM
eTiTeNiil TBOMA MUIAXaMU: MapakJIiTHHHAM (MiX
CYCITHIMH KIIITHHAMH) YA TPAHCKIITHHHUM (de-
pe3 kmituau). Y (i3i070TiYHIX YMOBaX IMEPITHi
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IUIAX OOMEXEHUH BY3BKHM Jialma30HOM MIXKKJIi-
TUHHUX MIPOCTOPIB Ta HIUTBHICTIO CHIOTYYeHb MIXK
ermiTeTiaTbHUMHU KIITHHAMA (IiaMeTp Top CTa-
HOBHUTH 0,3—1 BM) [57]. TpaHCKIITHHHUI TpaH-
criopt NPs BinOyBaeThcs uepe3 TPaHCIUTO3, IO
MMOYNHAETRLCS 3 CHIOIMTO3Y B alliKaIbHIN MeMOpa-
Hi xritaH. Hagam NPs TpancmoptyioTees depes
KIITHHY 1 BUBLIBHSIOThCS Ha Oa3ojarepaibHOMY
noioci [49].

EniTenmianpHi KIMITHHW KHUINEYHUKY 3/4aTHI
nepeHocutn NPs 3 MiHEpaJIbHUMHU €JeMEHTaMH,
Xoua iX €MHICTh oOMexeHa. TpaHCKIITHHHHUN
TPAHCIIOPT TIOYMHAETHCS 13 C€HIOIMMUTO3Y (ITiHO-
IITO3 Y MAaKPOITIHOIINTO3), aKTUBHOTO TIPOIIECY,
mo motpebye eneprii mis iHTepHamizamii NPs.
MakpoImiHOIIMTO3 3aJeKUTh BiJl aKTHHY, OTHAK
HE BiJ pElenTopiB, IO MPU3BOAUTH 10 iHTEpPHA-
Ji3amii BeMUKOi KUTBKOCTI PiIMHU 3 YaCTUHKAMH
po3mipom meHIre 5 MM [4]. Ha mormunanas NPs
BIUTMBAIOTh €JICKTPUYHHUN 3apsil, TiApodoOHICTh
MoBepXHI Ta po3Mmip. EmiTenianpHa KIIITHHHA
MeMOpaHa Xap4oTPaBHOTO TPAKTY CKJIAJAETHCA 13
Jinigie, Tomy rigpodooni NPs Oinbin abcopOiriii-
HO e(eKTHBHI, aHDK TiapodinbHi yacTuHku. [lo-
rmHaHHSA NPs po3mipom 100 aM y ikt y 15-250
pasiB Bulle, HIX y KpynHImuX NPs.

3actocyBanns SeNPs uepe3 mnepopaabHe
BBe/J€HHA

Nano-Se Mae kpanry aHTHOKCHIAHTHY 37aT-
HICTb, aHDK 1HII (OPMHU CelieHy, 30KpeMa celle-
HoMeTioHIH (SeMet), 3a MeHIIOI TOKCHYHOCTI.
Nano-Se cHpUYMHUB 3HAYHO BUILY AaKTHBHICTH
rryTarionnepokcugazn (GPx) B mewinmi mopo-
CAT-CUCYHIB 3a KoHIIeHTpalii 1,0 mr Se/kr y pami-
oui, Hix Na,SeO, [2].

OKHCHIOBaJIbHHUM CTPEC BIUTMBAE Ha (PEepTHIIb-
HICTh CIIEPMAaTO30ifiB TEPEKNCHUM OKHCHEHHSIM
JIIIIB, [0 MOKE IIPU3BECTH 10 TUCHYHKIIT criep-
Maro3oimiB [12]. ledinuT ceaeHy npu3BOAUTH 10
BHHHUKHEHHS aHOMaJIFHUX MITOXOHJPIH y criepma-
TO3011iB, 1 JoxaBaHHSI Nano-Se 301IbIITy€e KOHIICH-
TpaIlito celieHy B TECTiKyJaX Ta akTUBHICTh GPx
TECTIKYJIB 1 CIIEpMHU, 3IIHCHIOE 3aXUCHUN BIUIUB
Ha [UTICHICTh MEeMOpaHH 1 MIiTbHE YTBOPEHHS Ce-
PEenHbOI YaCTHHH MITOXOHIPIi [26].

BcraHoBneHO BaXIIMBICTH MaTE€PUHCHKOTO
BBeleHHS Nano-Se I TMOIMIICHHS PO3BUTKY
BOJIOCSTHOTO (DOJTIKYy Ta CTUMYIIOBAaHHA POCTY
wiony [55], mo Oyno moB’si3aHO 13 BIUIMBOM Ha
AHTHUOKCUAAHTHUH CTaTyC IIKIpH IUIoay (301J1b-
IIEHHA aHTHOKCHIAHTHOTO 3aXMCTY Ta 3MEHIIIEH-
HS TeHepallii akTUBHUX (OpM OKCHTeHy). Y Ka-
meMipoBux Ki3 SeNPs MO3WUTHBHO BIUIMBaIM Ha
KUTBKICTh IIEPCTi, MiABUITYBaJH akTUBHICTh GPX,
cynepokcuanucmyTtasu (SOD), BMicT ceneHy y
IIKipi Ta CHpOBATIIi KPOBI Ta €KCHpeciio T'eHiB,
10 KOHTPOJIOIOTH cTaH mKipu [74]. Kpim Toro,
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CIIOCTEpIraay 3HWKCHHS MPOAYKINI MaJIOHOBOTO
mianpaerimy (MDA) B mkipi Ta CHpOBATIIi, IO
BIUTMBAJIO HA AHTHOKCHIAHTHHU CTaTyC IIKipH
IIOIB Ta 3HAYHO 301IBITYBaI0 KUTBKICTH iX BTO-
PUHHUX BOJOCSHUX (homikyniB. Hu3bkuii piBeHb
A®DK noctoBipHo, aktuBye IGF-1 ta IGF-1R, o
CIIPHSIE PO3BUTKY BOJIOCSHHUX (DOIIKYITIB Y TUIOAY
Ta MiIBHIIY€E Bary IUIOMY 1 IIANEeHTH [55].

SeNPs BitoMi CBOEIO aHTUMIKPOOHOIO aKTHB-
Hictio [81]. CeneH — BaXJIMBHH MIKpOCIEMEHT,
[0 PETYIIOETHCS KIIITHHHUM OKHCHO-BiTHOBHHM
roMeocTa3oM [8] i € KOMITOHEHTOM CEJIEHOIIPOTE-
{HIB, IO KOHTPOTIOIOTH eniMiHaIiio ADK Ta cre-
nudigay depmentHy moxymimdito [40], nedimut
CeJICHY IPU3BOIUTE IO CIPUHHSITIUBOCTI IO Bipy-
cHUX iH(eKIid. 3a iHpiKyBaHHS MUIICH BipycoM
rpurry HIN1 cmepTHIicTE y TpyTi 3 nedimuToM ce-
neHy Oyia B 3 pa3u BHINA, HXK Y MHIIEH, 10 OTPH-
mysanu Na SeO, B 1031 0,5 mr Se/kr, a y Muren
3 HU3bKUMH KOHIIEHTPAI[ISIMHU CETIEHY Y CHpPOBATII
KpOBI BiAMIYaJId MIOMITHE 3HMKEHHS Bard Tijia Ta
HIDKY1 piBHI IMyHOTIIOOYiHIB [75].

Cunre3oBani SeNPs, moBepxaeBo-Monudiko-
BaHi ocensraMiBipom (OTV) [39] 3 aHTHBIpYyCHE-
MH BJIACTHBOCTSMH Ta OOMEKECHHSM JIKapChKOi
critikocti. OTV-momudikoBani SeNPs mocTosip-
HO iHTiIOyBanmu BipyneHTHICTE Tpumy HINI Ta
Manu MeHmry TokcudHicTe. OTV- SeNPs mepe-
IKopkaiy mpoHukHeHAr0 H1N1 B kimiTHHA Xa3si-
HAa, IHT10YI0YM aKTUBHICTH ITIOKOTIPOTEINIB BipyCy
TPUITYy — TeMarTIOTHHIHY Ta HekpaMiHimga3zu. Mo-
mudikoBani NP Oynum 3maTHi monepempKyBaTy 3a-
paxenas HIN1 kimitnHaMu HIPOK co0ak i GJIoKy-
BaTH KOHCHCAIIII0O XPOMAaTHHY Ta (pparMeHTAaIli0
JHK, iaridyBamm renepartito ADK Ta akTusaiiito
(dhochopuTyBaHHS KITITHHHOTO ITyXJIWHHOTO aHTH-
reda p53 ta Akt, mo cBiTUUTE PO eEKTUBHUIMA
MIPOTHUBIPYCHUH BIUIMB MIOJO PECIiPaTOPHUX 3a-
XBOpIOBaHb [39; 75].

SeNPs nposBiIsai0Ts aHTHOAKTEPiaTbHY aKTHB-
HicTb. SeNPs, cuaTe30BaHi R. eutropha, inridyBa-
1w picT P. aeruginosa, S. aureus, E. coli Ta Strepto-
coccus pyogenes, a 'y koHrenTpamii 500 MKr/m
SeNPs iHTiOyIOTH pICT TATOTEHHUX TpHOIB
Aspergillus clavatus, BogHOYaC aHTHUMIKpOOHA
edexTuBHICTE SeNP Moxe OyTH criiBcTaBHA 3 aH-
THOlOTUKOM aMimiiuiiHoM. SeNPs, cuHTe3oBaHl
E. faecalis, MOXyTh BUKOPHUCTOBYBAaTHCS K aH-
THCTA(PUTOKOKOBAN €JIeMEHT IS TPOQiTaKTHKH
Ta jikyBaHHA iHGbekmiit S. Aureus [81]. SeNPs
i3 3aCTOCYBaHHSAM KapKaciB Oi0aKTHBHOTO CKJIa
(45S5Bioglass) Ta mom (MOJOYHA-CO-TIIKOJIE-
Ba kuciora) (PLGA) (45S5Bioglass/SeNPs Ta
45S5Bioglass/PLGA/SeNPs) rmokazaB 3HAYHY
aHTHUOAKTEPiaIbHy aKTHBHICTH IIOAO TPaM-TI03H-
THBHUX Oaktepiit, S. aureus ta Staphylococcus
epidermidis. Y nmocmipkeHHi [76] HaBeneHO aH-
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THOaKTepianbHy nifo HaHodacTHHOK Qe/CdSe/
ZnS (kBepueTHH/ceneHin KaaMiro/ cyabdim muH-
Ky) (QCZNP) Ha nikapchKy pe3uCTECHTHICTh KHIII-
KOBOI manmuuku Ta B. subtilis in vitro. QCZNPs
moKaszann e(eKTUBHINTY aHTHOAKTepialbHYy aK-
THBHICTB, aHDK Qe unm CdSeNPs. JlocmimkeHHs
in vitro [56] moBeno, MO CEICHOBI MOKPUTTS Ha
MTOJTIKApOOHATHUX MEAWYHUX TPHUCTPOSX 3HATHO
iHTi0yBanm pict S. Aureus — 10 27 % TOPIBHSIHO 3
HETIOKPHUTOIO TIOBEPXHEIO.

AHTHMIKpOOHA aKTHBHICTH SeNP 3amexuts
Bix crocoOy ix cuHTedy. Y mpami [50] ormineHO
aHTUMIKpPOOHY €(eKTHUBHICTh chepudHux Oi-
OTCHHUX CEJICHOBUX HAHOCTPYKTYp, BOYyJIOBa-
HUAX y OPTraHiYHAHA Marepiai, Mo BUPOOISIETHCS
B. mycoides SelTEQ1, mopiBHSHO 3 pi3HUMH KJ1aca-
MU XiMigHEX SeNP, oTpuMaHuX 3 BUKOPHUCTAHHIM
L-mmcreiny um ackopOiHOBii KucioT. biorenHi
SeNP mokazamu omHakoBO €(QEeKTHBHY aHTHOiO-
TUTIBKOBY aKTHUBHICTH IMIOA0 MTaMiB P. Aeruginosa
Ta S. aureus. XiMiuHO cuHTe30BaHi SeNPs y Haii-
BHIIIN MPOTECTOBaHIW KOHIIEHTparii (2,5 Mr/mi)
MTOKa3alld JIUIIEe TIOMipHY aHTHUMIKpOOHY aKTHB-
HicTh. [loBiOMIIEHO TPO 3HAYHO CHIIHHIIIHIMA
aHTUMIKpoOHMI edekr SeNP, cuHTe30BaHUX
rpamHeraTuBHUMU S. Maltophilia Ta Tpammo3u-
TUBHUMH B. Mycoides, TOPiBHSIHO i3 CHHTETUIHO
npuroroBannMu. OO0maBa OioreHHMX THIU NPs
Oyu aKTHBHI 3a HU3BKHX MiHIMQJIBHHX iHTiOY-
BaJIbHUX KOHIICHTPAIH IIOAO0 HHU3KH KIIIHIYHUX
i3omsITiB P. Aeruginosa. Ilicns BIUIIMBY Ha JEH-
IpUTHI KIiTHHA Ta GiOpoOIacCTH TIOOUHA TPHOX
SeNP He crmocTepirany BTpaTH KHTTE3IaTHOCTI
KIITHH, nigBuineHoro BuBlIbHeHHST ADK Tta
3HAYHOTO 30UTBIICHHS CEKpeIlii Mpo3anaJlbHuX Ta
IMyHOCTHUMYITIOBATFHUX IHUTOKIHIB, IO CBIIYUTH
po HamiHHICTh 3acTocyBaHHSI SeNPs y memumm-
Hi, CAaMOCTIHHO 91 y KOMOiHaIIi1 13 TpaauIliHHUMH
aHTHUOIOTHKAMH IS 1HTIOYBaHHS POCTY KIIiHIY-
HUX 13014TiB P. aeruginosa.

SeNPs MarTh MPOTHUITYXJTUHHY aKTHBHICTH i
BHCOKHI TIOTEHITIaN y XiMmioTeparii paky [76] Ta
SIK HOCI{B Jikapchkux 3aco0iB [15]. IIpoTumyx-
nuaHl epextrn SeNP omocepenkoBaHi iX 3maTHi-
CTIO 1HTI0YBaTH PiCT PaKOBUX KIIITHH Yepe3 iHAYK-
ITif0 3yIIMHKY KIIITHHHOTO MUKITY B S-asi [1; 63].
[HAyKITisS 3yMUHKY KIIITHHHOTO IUKITY Ha S-dasi
OTIOCPEIKOBAHA IEPETYIIAIEI0 OUIKOBOTO KOMII-
nekcy elF3. KiitnaHa mMemOpaHa Mae BaKIIMBE
3HaYeHHS y crupuuuHeHilt SeNP TokcwdHOCTI y
pakoBux KiiTHHaX. JlikyBanus SeNPs 3miHto€e 6io-
MEXaHIYHI BIIACTUBOCTI PAaKOBUX KIIITHH, 30KpeMa
3HIKYE CHITy anresii Ta momynb FOura. JloBene-
HO, 0 SeNPs 3a0e3meuyroTh Kpamnry CelIeKTHB-
HICTh MK HOpPMaJbHUMH Ta PaKOBUMHU KIIITHHA-
MU, HDK Se™ 3a aHaJoTriyHuX KOHIeHTparii [23].
SeNPs MOXyTh CEIEeKTHBHO IiHTEpHAIi3yBaTHCS

PaKOBUMH KIIITHHAMH €HIIOITUTO30M Ta iHIYKyBa-
TH aIoNTo3 KIIITHH 3aITyCKOM IIUISXIB alfONTHIHOL
TpaHcaykii curHay [31, 44]. Nano-Se Ma€e BUTITY
MIPOTUPAKOBY €(hEKTUBHICTH MOPIBHIHO 3 1HIIAMHU
criorykamu cenery [40], KIF040BUM MEXaHi3MOM
SKO1 € 1HAYKIIiA TIyTaTioH-S-tpancdepasu (GST)
ceneHoM. AxtmBHICTE GST y pa3i BBemeHHS
Nano-Se 36impmmmTacy HabaraTto paHiime i MoMiT-
Hile, HiXK y pa3i SeMet Ta ceneHiry.

Hogi cenenzamimieni rimpoxcuamatutHi NPs
(SeHAN) MOXyTh CTaTH TPOTHPAKOBUM 3aCO-
OoM, 10 3a0e3ledye TepeBary BIDKUBAHHS Ta
HWKYY TOKCHYHICTH IUII MOXENI Temarolelto-
JIApHOI KapIMHOMH y TOJNHMX MHIIeH. 30araveHi
SeNP Lactobacillus brevis 3na4HO 301IBITYIOTH
[IATOTOKCUIHOCTh TPHUPOTHUX KIITHH-KIJIEPiB,
BIUTMBAIOTh Ha PEaKIlii TimepaIyTINBOCTI YITOBIIh-
HEHOTO THITYy, 30UIBIIYIOTh TPUBAJIICTh JKUTTS Ta
3MEHIITYIOTh METACTa3yBaHHs IMyXIuHH [28].

OkpiM TpSIMHX TIPOTHPAKOBUX e€(DEKTiB,
SeNPs Oynm mpu3HadeHi SK TMOTEHIIHHI HOCIT
MIPOTHUPAKOBOI TOCTaBKH JdikiB [1, 63]. OcHOBHUM
YUHHUKOM, ITI0 CITPHUSIE ITUTOTOKCHYHOCTI JIKIB Ha
OCHOBI HaHOMaTepiaiiB, € KIIITHHHE TOTTHHAHHS.
Hanopo3wmip nux MarepiaiiB ga€ 3Mory e(heKTHB-
HO TIOTJIMHATH KJIITHHH Pi3HUX THITIB Ta BUOIpKO-
BO HAKOMWYYBATH JIIKM B MICIIIX TPU3HAYCHHS.
Sk 1 iHOT XiMiOTepaneBTUYHI 3ac00H, e(heKTHUBHA
[IUTOTOKCHYIHICTh, HAaHOMAaTepiaay Ha OCHOBI Ji-
KapChKHX 3ac00iB MOTpeOye BUCOKOTO PiBHS HAKO-
MMHYEHHS BCepennHi pakoBux KiituH [19]. Haxo-
MaTepiaii MaloTh TCHICHITII0O HAaKOIMIYyBaTHUCS Y
pPaKOBHUX KJIITHHAX B MPOIIECi TAaCHBHOTO HAITLIIO-
BaHHS 1 9aCTO € «HAHOHOCISIMID TS XiMioTepalrii
[52]. BukopucTanHs pi3HUX JEKOPaTopiB MOBEPX-
Hi TaKOX 30UTBIITy€E KIIITHHHE TTOTJIMHAHHS Ta TIPO-
THpakoBY e(eKTUBHICTh HaHOMaTepiaiB [31]

BB Nano-Se Ha mapamMeTpy OKHCHIOBAITb-
HOTO CTpecCy MOPIBHIOBAIN 3 €(heKTOM OpTaHigHO
3B’S3aHOTO celieHy. BussieHo, mo Nano-Se mae
MIOPiBHAHHY ¢(PEeKTUBHICTH y 301IBITICHHI aKTHB-
vocti GPx y mmasmi mumedt, sk SeMet, omHak
JIEMOHCTPY€E 3HAYHO HIDKYY TOKCHYHICTB. Pe3yib-
TaTv JOCJIIKEHHS CBigYarh, 110 Nano-Se MokHa
BBOJIUTH SIK aHTHOKCHAAHT 31 3HIKEHUM PU3UKOM
TOKCUYHOCTI ceeHy [63]. IlimBuiieHa perymsiis
ceneHopepMeHTIB eleMeHTHUM Nano-Se TaKoX
ropiBHsAHHA 3 epexToM ceneHiTy Ta Se-Met SeCys
31 3HAYHUM 3HIKEHHSM TOCTPOI TOKCHYHOCTI.

Hocmimkeno BrumB SeNP Ha ekcripeciro O1UIKiB
termtoBoro moky (HSP) Ta rera HSP90 six nomar-
KOBHX TMapaMeTpiB OKHCHIOBaJbHOTO crpecy. Ilo-
CWJICHHS KICHEBOTO OOMIHY CIIPHYHHSIE YTBOPCHHS
A®K [7]. InTeHcuBHE TpeHYBaHHS PHCAKIB MOXE
MIPHU3BECTH JI0 OKHCHIOBAILHOTO CTPECY, YTBOPEH-
H1 ADK Ta yHACTIIOK 10 TOIIKOMKCHHS JIITiIIB,
oinkiB i JIHK [72]. OxpiM aganTUBHUX 3MiH y 3a-
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xucHux ¢epmentax (SOD, karamaza (CAT) [72],
GPx [53]), OoKkuCHIOBaNBHHU CTpeCc y KIITHHAX
CIIpuuuHsIE 301IBIICHHS BUPOOHHUIITBA CTPECY UH
HSP [72]. Excnipecis HSP € agantuBHUM MexaHi3-
MOM IPOTH TIOPYIIEHHS KIITHHHOTO TOMEOCTa3y
[7] Ta mimicHocTi [17] mix 9ac ¢i3uIHUX BIPaB.

SeNPs € mepcnekTHBHEM 3ac000M IIepeBip-
KM XPOHIYHOI TOKCHIHOCTI, 3yMOBJICHOI BILJTBOM
BaXKHX MeTamiB. SeNPs, cHHTe30BaH1 3 BUKOPHC-
TaHHSM €KCTpaKTy Jucts 1. Arjuna [35], BUsSBIIH
3axucHul edekT SeNPs m1st TiMGbOIUTIB JIFONMHH,
06pobenux apceriTom (As™), mo Hamam MOXe
BHKOPHCTOBYBATHCh JUISI MiHIMIi3ammii CrIpUYmHe-
HOTO apceHiToM cuHTesy ADK, moB’s3anum i3
TOKCUIHOIO HEeOE3MEeKOI0 B paiioHax i3 3a0pymHe-
HUMH apCEHITOM IPYHTOBUMH BOJAMHU.

Buseneno 3axucHy 3matHicTe SeNPs momo
CIIPUYMHEHOI MIECTUBAIEHTHUM XPOMOM THPEO-
TokcnaHOCTI [28]. TokcuuHM edeKT y pe3ybTa-
Ti OKHCHIOBaJHFHOTO TOIIKOKEHHS, CIIPUYHHE-
HOTO BHYTPINTHBROYEPEBHUM BBEICHHSIM IIypam
omHOKparHoi jno3u auxpomary kamiro (K,Cr,O.,
60 MKT/KT), TIPOSIBISIBCSA 3HAYHUM 3HIDKCHHSIM
BinbHOTO T, (TpHAOATHPOHIHY) Ta piBHIB T, (TH-
POKCHHY) Ta TIIyTaTiOHY, a TAKOXK 3HAYHUM ITiIBH-
meHHsM piBHIB aktuBHOCTI CAT, SOD Ta BMicTY
MDA. Bsenenns SeNPs mpusBeno 10 KOPeKIii
TOPMOHATBHUX PIBHIB Ta OioMapKepiB OKHUCHIO-
BaJILHOTO CTpECYy.

CeneH TpOSBIISE 3aXWCHY Mi0 IMOAO CIpPHU-
YUHEHO1 KaaMieM HedpoTokcnyHOCTi [5, 69, 82].
HeormwkHese nepopanbie BBeneHHs Na,SeO, na
1 BBemeHHsa Cd y cyOnmeTanpHIN 031 3HIKYE
MIePEKUCHE OKWUCHEHHS JIMiAIB Ta BiTHOBIIOE aK-
tuBHICTF GPXx Ta SOD y Hupkax. Jlo6aBku cee-
HYy CIPHSUIH HaKomu4ueHHI0 HUpkoBoro Cd y BH-
mssai NPs CdSe ta/am cynsdiny xaamiro (CdS)
(po3MipoM TIpUOTU3HO 62 HM), MO CBIAYUTE PO
3matHicTh Cd iHmyKyBatn OiOCHHTE3 YEPBOHHUX
¢dyopecienTHrnx NPsCdSe ta CdS y nHmpkax.
3amwkenns Cd-iHIyKoBaHOI HUPKOBOI TOKCHYHO-
CTi BBEACHHSIM CeJieHy IIOB’S3aHO 3 HOTO 37aT-
HicTiO 3B’s3yBati Cd y HAaHOPO3MIpHUX HEPO3-
YUHHUX Ta (QIyOpEeCHEeHTHHX KOMIUIEKCaX, IO
CBITYUTH PO 3HIKEHHS CIPUYHHEHOTO KaJIMieM
OKHCHIOBAJIBHOTO CTPECY KOMITJIEKCOYTBOPEHHIM
Cd 3 Se uu S Ha HAaHOpa3MIPHOMY PiBHI.

XpOHIYHHIA OKHCHIOBAILHUN CTpPEC 3HUKYE
peakmiro HeHTpo(diTiB Ha pecmipaTopHUil BHOYX
[10]. Nano-Se, mo Mae iMyHOCTHMYITIOBAIHHUI
nmoTeHmian [28], CHIbHIMUN Ta e)EKTHBHIIINHN Y
MiATPUMaHHI CHCTEMH aHTHOKCHIAHTHOTO 3aXH-
cry, nopisasHo i3 Na,SeO,, mo IpyHTy€eTbCS Ha
301IbIIIEH Il XeMOTaKCHYHIi aKTHBHOCTI Ta aKTHUB-
HOCTI HEUTpOo(DITiB TUXaTEHOTO BHOYXY [55].

Hanopa3MmipHuii CeleH TO3UTHBHO BIUIH-
Bac Ha (pepMeHTAIlif0 PyOIlsT Ta 30UIBITyE KOH-
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Bepcito MOXUBHUX peuoBuH [61]. CuHTE30BaHi
Lactobacillus spp. (Lactobacillus plantarum ta
Lactobacillus johnsonii) SeNPs 3HIKYIOTb JKHT-
te3natHicTs C. albicans, Mo MOXe OYyTH BUKOPH-
CTaHO y IPOo0iOTHYHUX mpemnaparax [37].

HanocTpykTypoBaHi JiMmiIHI HOCIi 3 TIOKPUT-
M 13 ceneny (SeNLC) miaBHITYOTh TepopaIbHy
O10OCTYITHICTh Ta TOCIIIIOIOTH TIMOTIIIKEMICHY
nito OepOepuHy Ta aHTHAIabeTHYHY ito QiTorpe-
mapariB. Hano-Se eexTuBHUi y JTiKyBaHHI OXH-
piras neuinku (FLD), mo € o3Hakor0 MeTadoid-
HOTO TOPYIICHHSI MOJIOYHUX KOPIB OIpa3y IiCIIs
oreny [30] i mpuU3BOAUTH O CMEPTHOCTI Oe3 Ha-
JISKHOTO JIKyBaHHA y 25 % BUNIA/KIB.

[Torpu nmemanmi OULTHITY 3aIiKaBICHICTH Y
SeNP ta mmpokwii CieKTp MO3UTUBHUX S(PEKTIB,
ICHYIOTh CYMHIBH IITOMIO iX TOKCHIHOCTI Ta BHKO-
pUCTaHHSA y KJIiHiIi. BBemeHHs ceneny Moxe To-
MEPETUTH PaK Ta 3HU3UTH HOTO 3aXBOPIOBAHICTD
camocTiitHo [42] Ta y KoMOiHaIii 3 XiMioTeparre-
BTHYHHMH 1 TOPMOHAJTLHUMHU TIpernaparamu [73],
HAaHOTEXHOJIOTil TONIMNIIYIOTh TPOodias po3mo-
JIITy TPOTHPAKOBHUX IIpEapariB y TKAaHWHAX 1
KIITHHAX, 3MEHIYIOTh M00iuHI edektu [78] Ta
MTOCHITIOIOTH arnonTo3 pakoBux kKiituH [73]. Ce-
JIEH TPOSBIISIE BY3bKY MEXY MK KOPUCHHMH Ta
TOKCHYHHUMH eekTamu, epekTrBHA HOTO 11032 STK
MIPOTHUPAKOBOTO 3ac00y HAOIMKAETHCS IO MEXi
TOKCHYHOCTi. OTHAK BIUTMB CEJICHY Ha 37I0POB’S
3aJISKUTh HE JIWIIE BiJl HOTO KOHIICHTpAIil, a i
Big #oro ximiunoi dopmu [30]. EnementapHwmii
Nano-Se € MEHIIT TOKCHYHUM TIOPIBHSIHO 3 SeMet
Tta Se-MetSeCys [63] 3i cmiBcTaBHOIO ePeKTHB-
HICTIO y peryJilii piBHIB celleHO(PEepMEeHTIB Ta
CeJICHY Y TKAaHHHaX.

SeNPs edexruBHiNIe 3a Opra”iyHi Ta HEOp-
TaHIYHI CEJICHOCTIONYKH BUAAJSIOTH BITBHI paju-
Kallk in vitro, a iX TOKCUYHICTb in vivo y 4—6 pa-
3iB HIk4e, HIX ¥ SeMet Ta Se-MetSeCys. Bumia
TOKCHYHICTH ceneHiTy, SeCys, Ta SeO, oB’s3ana
3 X 3MATHICTIO IHII[IIOBATH OKHUCHEHHS TOJIOBHX
rpyn OinkiB [11], mo Moke MPU3BECTH A0 3Mi-
HHA aKTHBHOCTI ()EPMEHTIB 13 CYIb(TiIPHIHHOIO
rpymoro y ckiani [59]. CeneHiT iHTCHCHBHIIIIE 32
Nano-Se 3amKye piBens GPX y nediniii, 3011b11ye
BupoOieHHss MDA, 3umxye aktuBHiCTE SOD Ta
CAT B meuinmi. Nano-Se xoperye rocTpi BaxKki
YpaXXeHHsI MEYiHKH, MPOSBISIOYA MEHITY BIACHY
TokCcHIHICTE [63]. Kpim Toro, Mikpochepu SeNP
€ e(DEeKTHBHIMMMH Ta OC3MEUHIIIMME TOPIBHIHO
3 iHmuMu Gopmamu [8], sk 1 6imeTanesi (Ag-Se)
NP. Nano-Se Takok € MEHII TOKCHYHUM, aHIK
OLTOK 3 BHCOKHM BMICTOM cCelleHy. BimmoBimgHo,
SeNPs MaroTh mmpIIHi qiana3oH Mi>k KOPUCHUMH
Ta TOKCHYHUMU e(peKTaMHu 1 MOXXYTh OyTH ITOTEH-
MIHHAM XIMiOTIPO(UTAKTHYIHUM 3aCcO00M 31 3HH-
KEHUM PHU3UKOM TOKCHYHOCTI.
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VY nmochimkeHHI Ha MOIEISIX CCaBIliB [25]
OUTPIII BHPAXCHOIO TOKCHYHICTH Oyia 3a BH-
KOpUCTaHHs Heopraniunoro ceneny (Na,SeO,,
NaHSeO,), Hix miciist miArocTporo 3acToCyBaHHs
Sel-Plex (mpupomHOTO KEepesa OpraHidHOTO Ce-
JIEHY, IO CKJIATAETHCS MTEPEBAKHO 13 AMIHOKHCIIOT
(SeCys, SeMet), mo BUPOOIAETRCS S. cerevisiae),
Nano-Se (cuHTEe3yeThcs ImMTamMamMu Horypra L.
acidophilus, S. Thermophilus ta L. casei) 4m
Lacto MicroSe (30aradeHuii celeHOM MOPOIIOK
vorypry L. acidophilus, S. Thermophilus ta L.
casei). TOKCHIHICTD BUIB CEICHY 3HIKYBAIACh B
TIOPSIIKY: CeJICHaT> CeJIeHIT> HaHo-Se>Sel-Plex>
makTo-MicroSe.

VY nmocmimKeHHAX MOM0 TOKcHIHOCTI Nano-Se
JUTSI BOIHUX OpTaHi3MiB HaBEIEHO CYIePEwINBi
nmaHi [9], mo moB’a3aHo i3 OaraTocTOPOHHIM (JTi€-
TAYHUM Ta BOTHUM ) BITTHBOM. OTHAK Y TOCITiKEH-
HAX [9] BUKOPHCTOBYBAJIM XIMIYHO IPUTOTOBAHI
NPs, 6iorennmit HaHO-Se [46] € MEHIIT TOKCHYHUM,
sk 1 SeNP, BuizieHi HOBUM CITOCOOOM 13 TpaM-TIo-
3UTUBHUX Oaktepit B. licheniformis JS2.

BucnoBku. CeneH € BaXJIMBUM E€IEMEHTOM,
0 Y CKJIAJli CEJICHOIIPOTEIHIB PETYII0€ YUCIICHHI
(hizioNoTivHi MPOIECH, BILIMBAE HA MPOXYKTHUBHI
Ta penpOAyKTHBHI BIacTUBOCTI. Koperyroun foro
BMICT y paIlioHi, MOJKHa IIOTIEPEIUTH XBOPOOH
Bl HECTadi €JIeMeHTa, BOIHOYAC CEJICH y HaHO-
dhopMi € HaWTOMUTEHIIIAM y 3aCTOCYBaHHI depe3
BHCOKY Oi100CTYIHICTh Ta HU3bKY TOKCHYHICTD,
0co0IMBO y JKyHHUX TBapuH. IlepcrekTHBHUM
Ta HEOOXITHHUM € TPOBEACHHSA IOJANBIINX J0-
KIIIHIYHUAX JOCTIIKeHb HAa TBAPHUHHUX MOIECTIIX,
PO3pO0IICHHS HOBHX CHCTEM HAHOMPEapariB IS
TPAHCIIOPTY B OpraHi3Mi CeleHy 3 MOKIUBICTIO
3MiHHM (PI3MKO-XIMIYHUX BJIIACTHBOCTEH YaCTOYOK,
OLTBIITIOI0 CTAOUTBHICTIO Y XapuOTPaBHOMY TPaKTi
JUTSI. KOHTPOJILOBAHOTO BHBIUTRHEHHS CENEHY IS
3a0e3IedeHHs JIETHYHOTO Ta TePareBTHIHOTO 0~
TEHITIaITy.

CIIUCOK JIITEPATYPH

1. AgieroL., Zaldivar-SilvaD., Pefia L., Dias M.
L. Alginate microparticles as oral colon drug delivery
device: A review. Carbohydrate polymers. 2017. 168. P.
32-43. DOI:10.1016/j.carbpol.2017.03.033

2. AllaD. Selenium-enriched bacterial protein as
a source of organic selenium in broiler chickens. 2018.
URL:http://psasir.upm.edu.my/id/eprint/76179/1/FP%
202018%2078%20IR.pdf

3. Anik U, Timur S., Dursun Z. Recent pros
and cons of nanomaterials in drug delivery systems.
International Journal of Polymeric Materials and
Polymeric Biomaterials. 2019. P. 1-11. DOI:10.1080
/00914037.2019.1655753

4. Measurement of aortic cell fluid-phase
pinocytosis in vivo by flow cytometry/J. J. Anzinger et
al. Journal of vascular research. 2017. 54(4). P. 195-
199. DOI:10.1159/000475934

5.  Athmouni K., Mkadmini Hammi K., El Feki
A., Ayadi H. Development of catechin—phospholipid
complex to enhance the bioavailability and modulato-
ry potential against cadmium-induced oxidative stress
in rats liver. Archives of Physiology and Biochemis-
try. 2020. 126(1). P. 82-88. DOI:10.1080/13813455.
2018.1493608

6. Atteia H. H., Arafa M. H., Prabahar K. Sele-
nium nanoparticles prevents lead acetate-induced hy-
pothyroidism and oxidative damage of thyroid tissues
in male rats through modulation of selenoenzymes
and suppression of miR-224. Biomedicine & Pharma-
cotherap. 2018. 99. P. 486-491. DOI:10.1016/j.bio-
pha.2018.01.083

7. Avenatti R. C., McKeever K. H., Horohov D.
W., Malinowski K. Effects of age and exercise on in-
flammatory cytokines, HSP70 and HSP90 gene expres-
sion and protein content in Standardbred horses. Com-
parative Exercise Physiology. 2018. 14(1). P. 27-46.
DOI:10.3920/CEP170020

8. Preparation and antioxidant properties of se-
lenium nanoparticles-loaded chitosan microspheres/K.
Bai et al. International journal of nanomedicine. 2017.
12. 4527 p. DOI:10.2147/1JN.S129958

9. Bao P, Li G. X,, He Y. Q., Ren H. Y. Sele-
nium nanovirus and its cytotoxicity in selenite-ex-
posed higher living organisms. Biochemistry and
biophysics reports. 2020. 21. 100733. DOI:10.1016/j.
bbrep.2020.100733

10. The role of immune system in thalassemia
major: a narrative review/A. Bazi et al. Journal of
Pediatrics Review. 2017. URL:http://eprints.skums.
ac.ir/6230/

11. Belyaeva E. A. Toxic Effects of Zn2+ and
Selenite on Rat Ascites Hepatoma AS-30D Cells and
Isolated Liver Mitochondria: Molecular Mechanism (s)
of the Metal/Metalloid Action. 2019. URL:https://avid-
science.com/wp-content/uploads/ 2017/10/

12. Bisht S., Faiq M., Tolahunase M., Dada R.
Oxidative stress and male infertility. Nature Reviews
Urology. 2017. 14(8). 470 p. URL:https://www.nature.
com/articles/nrurol.2017.69

13. Effects of Different Dietary Selenium Sources
Including Probiotics Mixture on Growth Performance,
Feed Utilization and Serum Biochemical Profile of
Quails/V. Bityutskyy et al. In Modern Development
Paths of Agricultural Production. Springer, Cham. 2019.
P. 623-632. DOI:10.1007/978-3-030-14918-5 61

14. Bribiesca J. E. R., Casas R. L., Monterrosa
R. G. C, Pérez A. R. Supplementing selenium and
zinc nanoparticles in ruminants for improving their
bioavailability meat. In Nutrient Delivery. Academic
Press. 2017. P. 713-747. DOI:10.1016/B978-0-12-
804304-2.00019-6

15. Cancer-targeted selenium nanoparticles sensi-
tize Cancer cells to continuous y radiation to achieve
synergetic chemo-radiotherapy/L. Chan et al. Chem-
istry—An Asian Journal. 2017. 12(23). P. 3053-3060.
DOI:10.1002/asia.201701227

16. Effects of different levels of dietary hy-
droxy-analogue of selenomethionine on growth perfor-
mance, selenium deposition and antioxidant status of

105



Texnonoeis upobruymea i nepepodxu npodykyii meapunnuymea, 2022, No 1

tvppt.btsau.edu.ua

weaned piglets/Y. Chao et al. Archives of animal nu-
trition. 2019. 73(5). P. 374-383. DOI:10.1080/174503
9X.2019.1641368

17. Vitamin C and E supplementation does not
affect heat shock proteins or endogenous antioxidants
in trained skeletal muscles during 12 weeks of strength
training/K.T. Cumming et al. BMC Nutrition. 2017.
3(1). 70 p. DOI:10.1186/s40795 -017-0185-8

18. Elahian F., Reiisi S., Shahidi A., Mirzaei S. A.
High-throughput bioaccumulation, biotransformation,
and production of silver and selenium nanoparticles us-
ing genetically engineered Pichia pastoris. Nanomed-
icine: Nanotechnology, Biology and Medicine. 2017.
13(3). P. 853-861. DOI:10.1016/j.nano0.2016.10.009

19. Effect simultaneous delivery with P-glycopro-
tein inhibitor and nanoparticle administration of doxo-
rubicin on cellular uptake and in vitro anticancer activ-
ity/O. Esim et al. Saudi Pharmaceutical Journal. 2020.
DOI:10.1016/j.jsps.2020.02.008

20. Natural selenium particles from Staphylo-
coccus carnosus: Hazards or particles with particu-
lar promise?/E. C. Estevam et al. Journal of hazard-
ous materials. 2017. 324. P. 22-30. DOI:10.1016/j.
jhazmat.2016.02.001

21. Selenium nanoparticles synthesized in aque-
ous extract of Allium sativum perturbs the structural
integrity of Calf thymus DNA through intercalation
and groove binding/ P.B. Ezhuthupurakkal et al. Mate-
rials Science and Engineering: C, 2017. 74. P. 597-608.
DOI:10.1016/j.msec.2017.02.003

22. Biosynthesis of selenium nanoparticles by
Azoarcus sp/ H. Fernandez-Llamosas et al. CIB. Mi-
crobial cell factories. 2016. 15(1). 109 p. URL:https://
microbialcellfactories.Biomed central.com/arti-
cles/10.1186/s12934-016-0510-y

23. Preparation, physicochemical characteriza-
tion, and anti-proliferation of selenium nanoparticles
stabilized by Polyporus umbellatus polysaccharide/X.
Gao et al. International Journal of Biological Macro-
molecules. 2020. 152. P. 605-615. DOI:10.1016/j.
ijbiomac.2020.02.199

24. Inhibition of Candida albicans biofilm by pure
selenium nanoparticles synthesized by pulsed laser
ablation in liquids/G. Guisbiers et al. Nanomedicine:
Nanotechnology, Biology and Medicine. 2017. 13(3).
P. 1095-1103. DOI:10.1016/j.nano.2016.10.011

25. Subacute oral toxicity investigation of seleni-
um nanoparticles and selenite in rats/N. Hadrup et al.
Drug and chemical toxicology. 2019. 42(1). P. 76-83.
DOI:10.1080/01480545. 2018.1491589

26. Hosseini S., Mamouei M. Assessment of Glu-
tathione peroxidase activity in blood plasma and semen
Following Nutrition by Nano-selenium supplementa-
tion in Khuzestan Arabian rams. 2019. DOI:10.22055/
1vj.2019.75044.1869

27. Joselin J. M., Kumar V. G., Suganya K.
S., Govindaraju K. Biological Synthesis of Gold
Nanospheres and Nanotriangles. Micro and Nano-
systems. 2018. 10(1). P. 35-39. DOI:10.2174/
1876402910666180430142436

28. Effects of sodium selenite, L-selenomethi-
onine, and selenium nanoparticles during late preg-

106

nancy on selenium, zinc, copper, and iron concentra-
tions in Khalkhali Goats and their kids/R. Kachuee et
al. Biological trace element research. 2019. 191(2). P.
389-402. DOI:10.1007/s12011-018-1618-1

29. Thermally Stable Ionic Liquid-Based Micro-
emulsions for High-Temperature Stabilization of Ly-
sozyme at Nanointerfaces/M. Kaur et al. Langmuir,
2019. 35(11). P. 4085-4093. DOI:10.1021/acs.lang-
muir.9b00106

30. Insights into selenite reduction and biogene-
sis of elemental selenium nanoparticles by two envi-
ronmental isolates of Burkholderia fungorum/N. S.
Khoei et al. New biotechnology. 2017. 34. P. 1-11.
DOI:10.1016/j.nbt.2016.10.002

31. Therapeutic applications of selenium nanopar-
ticles/A. Khurana et al. Biomedicine & Pharmacother-
apy. 2019. 111. P. 802-812. DOI:10.1016/j.biopha.
2018.12.146

32. Seo J. M., Kim G. W,, Lee S. Y., Park T. J.
In vivo synthesis of europium selenide nanoparticles
and related cytotoxicity evaluation of human cells/E.
B. Kim et al. Enzyme and microbial technology. 2016.
95.P.201-208. DOI:10.1016/j.enz mictec.2016.08.012

33. Kora A. J., Rastogi L. Biomimetic synthesis
of selenium nanoparticles by Pseudomonas aeruginosa
ATCC 27853: an approach for conversion of selenite.
Journal of environmental management. 2016. 181. P.
231-236. DOI:10.1016/j.jenv man.2016.06.029

34. Kora A. J. Gram+ ve bacterium Staphylococ-
cus aureus: a potential source for the green biosynthe-
sis of monodispersed, smaller selenium nanoparticles.
Micro & Nano Letters. 2018. 13(8). P. 1155-1158.
DOI:10.1049/mnl.2017.0822

35. KoraA. ], Rastogi L. Bacteriogenic synthesis
of selenium nanoparticles by Escherichia coli ATCC
35218 and its structural characterisation. IET nanobio-
technology. 2016. 11(2). P. 179-184. DOI:10.1049/iet-
nbt.2016.0011

36. Kumar K. V. Green Chemistry Approach
of Metal Nanoparticles Synthesis. 2018. URL:http://
www.ijrti.org/papers/IJRTI1805006.pdf

37. Synergistic antifungal effect of chitosan-sta-
bilized selenium nanoparticles synthesized by pulsed
laser ablation in liquids against Candida albicans bio-
films/H. H. Lara et al. International journal of nano-
medicine. 2018. 13. 2697 p. DOI:10.2147/IJN.S151285

38. Lee M. R,, Fleming H. R., Hodgson C., Da-
vies D. Selenium enrichment of laboratory scale silos
using lactic acid bacteria inoculum. 2020. URL:https://
uknowledge.uky.edu/igc/23/2-1-2/14/

39. Inhibitory activity of selenium nanoparticles
functionalized with oseltamivir on HIN1 influenza vi-
rus/ Y. Li et al. International journal of nanomedicine.
2017. 12. P. 5733-5743. DOI:10.2147/1JN.S140939

40. Multifunctional selenium nanoparticles as
carriers of HSP70 siRNA to induce apoptosis of HepG2
cells/Y. Li et al. International journal of nanomedicine.
2016. 11. 3065 p. DOI:10.2147/ IIN.S109822

41. Laser-ablative synthesis of aggregation-in-
duced enhanced emission luminophore dyes in aqueous
solutions/C. K. Lim et al. In Synthesis and Photonics
of Nanoscale Materials XVI (Vol. 10907, p. 109070U).



tvppt.btsau.edu.ua

Texnonoeis supobnuymea i nepepobru npodykyii meapunnuymea, 2022, Ne 1

International Society for Optics and Photonics. 2019.
DOI:10.1117/ 12.2513821

42. Delivery of sesamol using polyethylene-gly-
col-functionalized selenium nanoparticles in human
liver cells in culture/F. Liu et al. Journal of agricul-
tural and food chemistry. 2019. 67(10). P. 2991-2998.
URL:https://pubs.acs.org/doi/abs/10.1021/acs.
jafc.8b06924

43. Synthesis and antidiabetic activity of seleni-
um nanoparticles in the presence of polysaccharides
from Catathelasma ventricosum/Y. Liu et al. Interna-
tional journal of biological macromolecules. 2018. 114.
P. 632-639. DOI:10.1016/j.ijbiomac.2018.03.161

44. Luesakul U., Puthong S., Neamati N., Muang-
sin N. pH-responsive selenium nanoparticles stabi-
lized by folate-chitosan delivering doxorubicin for
overcoming drug-resistant cancer cells. Carbohydrate
polymers. 2018. 181. P. 841-850. DOI:10.1016/j.carb-
pol.2017.11.068

45. Maiyo, F., Singh, M. Selenium nanoparticles:
potential in cancer gene and drug delivery. Nanomed-
icine. 2017. 12(9). P. 1075-1089. DOI:10.2217/nnm-
2017-0024

46. A comparison of fate and toxicity of selenite,
biogenically, and chemically synthesized selenium
nanoparticles to zebrafish (Danio rerio) embryogene-
sis/ J. Mal et al. Nanotoxicology. 2017. 11(1). P. 87-97.
DOI:10.1080/17435390.2016.1275866

47. Mulliniks J. T., Adams D. C. Evaluation of
Level of Milk Potential on Nutrient Balance in 2-and
4-Year-Old May-Calving Range Cows Grazing Sand-
hills Upland Range. 2020. URL:https://digitalcom-
mons.unl.edu/animalscinbcr/1063/

48. Food-grade nanoemulsions and their fabrica-
tion methods to increase shelf life/M. Nasiri et al. Food
and Health. 2019. 2(2). P. 37-45. URL:http://th.srbi-
au.ac.ir/article_ 15200 f3ddcla 73391a80be 6f4blb-
6b535165e.pdf

49. Peyer’s Patch: Targeted Drug Delivery for
Therapeutics Benefits/R. P. Patel et al. In Novel Drug
Delivery Technologies Springer, Singapore. 2019. P.
121-149. DOI:10.1007/978-981-13-3642-3 5

50. Antimicrobial activity of biogenically pro-
duced spherical Se-nanomaterials embedded in organic
material against Pseudomonas aeruginosa and Staphy-
lococcus aureus strains on hydroxyapatite-coated sur-
faces/E. Piacenza et al. Microbial biotechnology. 2017.
10(4). P. 804-818. DOI:10.1111/1751-7915.12700

51. Rajeshkumar S., Ganesh L., Santhoshkumar
J. Selenium Nanoparticles as Therapeutic Agents in
Neurodegenerative Diseases. In Nanobiotechnology in
Neurodegenerative Diseases Springer, Cham. 2019. P.
209-224. DOI:10.1007/978-3-030-30930-5 8

52. Rajpoot K., Jain S. K. Oral delivery of pH-re-
sponsive alginate microbeads incorporating folic ac-
id-grafted solid lipid nanoparticles exhibits enhanced
targeting effect against colorectal cancer: A dual-target-
ed approach. International Journal of Biological Mac-
romolecules. 2020. 151. P. 830-844. DOI:10.1016/j.
ijbiomac.2020.02.132

53. Ramos D. L., Rech V. C. The interaction be-
tween physical exercise and nanoscience: a systematic

review. Disciplinarum Scientia] Naturais e Tecnoldgi-
cas. 2020. 20(3). P. 313-323. URL:https://periodi-
cos.ufn.edu.br/index.php/discip linarumNT/article/
view/2978

54. Ramya S., Shanmugasundaram T., Balagu-
runathan R. Actinobacterial enzyme mediated syn-
thesis of selenium nanoparticles for antibacterial,
mosquito larvicidal and anthelminthic applications.
Particulate Science and Technology. 2020. 38(1). P.
63-72. DOI:10.1080/ 02726351.2018.1508098

55. Saadi A., Dalir-Naghadeh B., Asri-Rezaei S.,
Anassori E. Platelet Selenium Indices as Useful Diag-
nostic Surrogate for Assessment of Selenium Status in
Lambs: an Experimental Comparative Study on the Ef-
ficacy of Sodium Selenite vs. Selenium Nanoparticles.
Biological Trace Element Research. 2020. 194(2). P.
401-409. DOI:10.1007/s12011-019-01784-6

56. Saranya K., Kalaiyarasan M., Rajendran
N. Selenium conversion coating on AZ31 Mg al-
loy: A solution for improved corrosion rate and
enhanced Dbio-adaptability. Surface and Coatings
Technology. 2019. 378. 124902. DOI:10.1016/j.surf-
c0at.2019.124902

57. Modulation of intestinal transport and absorp-
tion of topotecan, a BCRP substrate, by various phar-
maceutical excipients and their inhibitory mechanisms
of BCRP transporter/K. Sawangrat et al. Journal of
pharmaceutical sciences. 2019. 108(3). P. 1315-1325.
DOI:10.1016/ j.xphs.2018.10.043

58. Biosynthesis and Physicochemical Char-
acterization, and Cytotoxic Evaluation of Selenium
Nanoparticles Produced by Streptomyces Lavendulae
FSHJ9 Against MCF-7 Cell Line/M. Shakibaie et al.
Journal of Rafsanjan University of Medical Sciences.
2018. 17(7). P. 625-638. URL:http://journal.rums.ac.ir/
article-1-4075-en.html

59. Assessment of toxicity of selenium and cadmi-
um selenium quantum dots: A review/V. K. Sharma et
al. Chemosphere. 2017. 188. P. 403—413. DOI:10.1016/
j.chemosphere.2017.08.130

60. Shoeibi S., Mashreghi M. Biosynthesis of se-
lenium nanoparticles using Enterococcus faecalis and
evaluation of their antibacterial activities. Journal of
Trace Elements in Medicine and Biology. 2017. 39. P.
135-139. DOI:10.1016/j.jtemb.2016.09.003

61. Singh V. K., Chaudhary S. S., Manat T. D.,
Singh R. R. Effect of supplementation of different
yeast forms on rumen fermentation characteristics and
microbial profile in postpartum Surti buffaloes. IJCS,
2019. 7(5). P. 189-193. Corpus ID:207820971

62. Aerobic biogenesis of selenium nanoparticles
by Enterobacter cloacae Z0206 as a consequence of fu-
marate reductase mediated selenite reduction/D. Song
etal. Scientific reports. 2017. 7(1). P. 1-10. URL:https://
www.nature.com/articles/s41598-017-03558-3

63. Sonkusre P. Specificity of Biogenic Selenium
Nanoparticles for Prostate Cancer Therapy With Re-
duced Risk of Toxicity: An in vitro and in vivo Study.
Frontiers in Oncology. 2020. 9. 1541 p. DOI:10.3389/
fonc.2019.01541

64. Sonkusre P., Cameotra S. S. Biogenic seleni-
um nanoparticles induce ROS-mediated necroptosis in

107



Texnonoeis upobruymea i nepepodxu npodykyii meapunnuymea, 2022, No 1

tvppt.btsau.edu.ua

PC-3 cancer cells through TNF activation. Journal of
nanobiotechnology. 2017. 15(1). 43 p. DOI:10.1186/
s12951-017-0276-3

65. Sowndarya P., Ramkumar G., Shivakumar M.
S. Green synthesis of selenium nanoparticles conju-
gated Clausena dentata plant leaf extract and their in-
secticidal potential against mosquito vectors. Artificial
cells, nanomedicine, and biotechnology. 2017. 45(8). P.
1490-1495. DOI:10.1080/21691401.2016.1252383

66. Reduction of selenite to Se (0) nanoparticles
by filamentous bacterium Streptomyces sp. ES2-5
isolated from a selenium mining soil/Y. Tan et al. Mi-
crobial cell factories. 2016. 15(1). 157. DOI:10.1186/
§12934-016-0554-z

67. Perspectives of cerium nanoparticles use in
agriculture/O.S. Tsekhmistrenko et al. The Animal Bi-
ology. Lviv, 2017. Vol. 19. no. 3. P. 9-18.

68. Bacterial synthesis of nanoparticles: A green
approach/S. I. Tsekhmistrenko et al. Biosystems Diver-
sity. 2020. 28(1). P. 9-17. URL:https://ecology.dp.ua/
index.php/ECO/article/ view/1017

69. Enzyme-like activity of nanomaterials/S. 1.
Tsekhmistrenko et al. Regulatory Mechanisms in Bio-
systems. 2018.9(3). P.469-476. DOI:10.15421/021870

70. Evaluation of effects of selenium nanoparti-
cles on Bacillus subtilis/N. O. Tymoshok et al. Reg-
ulatory Mechanisms in Biosystems. 2019. 10(4). P.
544-552. DOI:10.154 21/021980

71. Fabrication and characterization of carboxymeth-
yl chitosan and tea polyphenols coating on zein nanopar-
ticles to encapsulate B-carotene by anti-solvent precipita-
tion method/M. Wang et al. Food hydrocolloids. 2018. 77.
P. 577-587. DOI:10.1016/j.foodhyd.2017.10.036

72. White S. H., Warren L. K. Submaximal exer-
cise training, more than dietary selenium supplementa-
tion, improves antioxidant status and ameliorates ex-
ercise-induced oxidative damage to skeletal muscle in
young equine athletes. Journal of animal science. 2017.
95(2). P. 657-670. DOI:10.2527/jas.2016.1130

73. Woo J., Lim W. Anticancer effect of seleni-
um. The Ewha Medical Journal. 2017. 40(1). P. 17-21.
DOI:10.12771/em;j.2017.40.1.17

74. Melatonin promotes secondary hair follicle
development of early postnatal cashmere goat and
improves cashmere quantity and quality by enhanc-
ing antioxidant capacity and suppressing apoptosis/C.
H. Yang et al. Journal of pineal research. 2019. 67(1).
¢12569. DOI:10.1111/jpi.12569

75. Poly-y-glutamic acid/chitosan nanogel great-
ly enhances the efficacy and heterosubtypic cross-re-
activity of HIN1 pandemic influenza vaccine/J. Yang
et al. Scientific reports. 2017. 7. 44839. DOI:10.1038/
srep44839

76. Quercetin loading CdSe/ZnS nanoparticles as
efficient antibacterial and anticancer materials/ X. Yang
et al. Journal of inorganic biochemistry. 2017. 167. P.
36-48. DOI:10.1016/ j.jinorgbio.2016.11.023

77. YinJ.,HouY., Yin Y., Song X. Selenium-coat-
ed nanostructured lipid carriers used for oral delivery
of berberine to accomplish a synergic hypoglycemic
effect. International journal of nanomedicine. 2017. 12.
8671 p. DOI:10.2147/IIN.S144615

108

78. Zakharia Y., Bhattacharya A., Rustum Y. M.
Selenium targets resistance biomarkers enhancing effi-
cacy while reducing toxicity of anti-cancer drugs: Pre-
clinical and clinical development. Oncotarget. 2018.
9(12). DOI:10.18632/oncotarget.24297

79. Biosynthesis of selenium nanoparticles me-
diated by fungus Mariannaea sp. HJ and their char-
acterization/H. Zhang et al. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. 2019. 571.
P. 9-16. DOI:10.1016/j.colsurfa.2019.02.070

80. Synthesis and antioxidant properties of Ly-
cium barbarum polysaccharides capped selenium
nanoparticles using tea extract/W. Zhang et al. Arti-
ficial cells, nanomedicine, and biotechnology. 2018.
46(7). P. 1463-1470. DOI:10.1080/21691401.2017.13
73657.

81. Selenium uptake and assessment of the bio-
chemical changes in Arthrospira (Spirulina) platensis
biomass during the synthesis of selenium nanoparti-
cles/I. Zinicovscaia et al. Canadian journal of microbi-
ology. 2017. 63(1). P. 27-34. URL:https://www.nrcre-
searchpress.com/doi/full/ 10.1139/cjm-2016-0339

82. BukopucraHHs HaHOYACTHHOK MeETaliB Ta
HemeraniB 'y nraxiBHUNTBI/O.C. LlexmicTpeHko Ta
in. TexHomorist BUpOOHHUIITBA 1 TIEpepOOKH MPOAYKITiT
tBapunHuITea. 2019. (2). C. 113—130. URL:http://rep.
btsau.edu.ua’handle/BNAU/3838

83. bioMiMeTn4Ha Ta aHTHOKCH/IAHTHA aKTUBHICTh
HaHocTonyK giokcuay uepio/O.C. LlexmicTpeHko Ta
iH. CBiT Mmeauiuan Ta Oiomorii. 2018. 1 (63). C. 196—
201. URL:http://rep.btsau. edu.ua’/handle/BNAU/1240

REFERENCES

1. Agiiero, L., Zaldivar-Silva, D., Pefia, L., Dias,
M. L. (2017). Alginate microparticles as oral colon drug
delivery device: A review. Carbohydrate polymers.
168, pp. 32-43. DOI:10.1016/j.carbpol.2017.03.033

2. Alla, D. (2018). Selenium-enriched bacte-
rial protein as a source of organic selenium in broil-
er chickens. Available at:http://psasir.upm.edu.my/id/
eprint/76179/1/FP%202018%2078% 20IR.pdf

3. Anik, U., Timur, S., Dursun, Z. (2019). Recent
pros and cons of nanomaterials in drug delivery sys-
tems. International Journal of Polymeric Materials and
Polymeric Biomaterials. pp. 1-11. DOI:10.1080/00914
037.2019.1655753

4. Anzinger, J. J., Jin, X., Palmer, C. S., Dagur,
P., Barthwal, M. K., Kruth, H. S. (2017). Measurement
of aortic cell fluid-phase pinocytosis in vivo by flow
cytometry. Journal of vascular research. 54(4), pp.
195-199. DOI:10.1159/00047 5934

5. Athmouni, K., Mkadmini Hammi, K., El Feki,
A., Ayadi, H. (2020). Development of catechin—phos-
pholipid complex to enhance the bioavailability and
modulatory potential against cadmium-induced oxi-
dative stress in rats liver. Archives of Physiology and
Biochemistry. 126(1), pp. 82—88. DOI:10.1080/13813
455.2018.1493608

6. Atteia, H. H., Arafa, M. H., Prabahar, K.
(2018). Selenium nanoparticles prevents lead ace-
tate-induced hypothyroidism and oxidative damage of
thyroid tissues in male rats through modulation of selen-



tvppt.btsau.edu.ua

Texnonoeis supobnuymea i nepepobru npodykyii meapunnuymea, 2022, Ne 1

oenzymes and suppression of miR-224. Biomedicine &
Pharmacotherapy. 99, pp. 486-491. DOI:10.1016/j.bio-
pha.2018.01.083

7. Avenatti, R. C., McKeever, K. H., Horohov,
D. W., Malinowski, K. (2018). Effects of age and ex-
ercise on inflammatory cytokines, HSP70 and HSP90
gene expression and protein content in Standardbred
horses. Comparative Exercise Physiology. 14(1), pp.
27-46. DOI:10.3920/CEP1 70020

8. Bai, K., Hong, B., He, J., Hong, Z., Tan, R.
(2017). Preparation and antioxidant properties of se-
lenium nanoparticles-loaded chitosan microspheres.
International journal of nanomedicine. 12, 4527 p.
DOI:10.2147/1IN.S129958

9. Bao, P, Li, G. X,, He, Y. Q., Ren, H. Y.
(2020). Selenium nanovirus and its cytotoxicity in sel-
enite-exposed higher living organisms. Biochemistry
and biophysics reports. 21, 100733. DOI:10.1016/j.
bbrep.2020.100733

10. Bazi, A., Shahramian, I., Yaghoobi, H., Nade-
ri, M., Azizi, H. (2017). The role of immune system
in thalassemia major: a narrative review. Journal of
Pediatrics Review. Available at:http://eprints.skums.
ac.ir/6230/

11. Belyaeva, E. A. (2019). Toxic Effects of Zn2+
and Selenite on Rat Ascites Hepatoma AS-30D Cells
and Isolated Liver Mitochondria: Molecular Mechanism
(s) of the Metal/Metalloid Action. Available at:https://
avidscience.com/wp-content/uploads/2017/10/

12. Bisht, S., Faiq, M., Tolahunase, M., Dada, R.
(2017). Oxidative stress and male infertility. Nature
Reviews Urology. 14(8), 470 p. Available at:https://
www.nature.com/ articles/nrurol.2017.69

13. Bityutskyy, V., Tsekhmistrenko, S., Tsekhmis-
trenko, O., Melnychenko, O., Kharchyshyn, V. (2019).
Effects of Different Dietary Selenium Sources Includ-
ing Probiotics Mixture on Growth Performance, Feed
Utilization and Serum Biochemical Profile of Quails.
In Modern Development Paths of Agricultural Produc-
tion. Springer, Cham. pp. 623—-632. DOI:10.1007/978-
3-030-14918-5 61

14. Bribiesca, J. E. R., Casas, R. L., Monterrosa,
R. G. C,, Pérez, A. R. (2017). Supplementing selenium
and zinc nanoparticles in ruminants for improving their
bioavailability meat. In Nutrient Delivery. Academic
Press. pp. 713-747 DOI:10.1016/B978-0-12-804304-
2.00019-6

15. Chan, L., He, L., Zhou, B., Guan, S., Bo, M.,
Yang, Y., Chen, T. (2017). Cancer-targeted selenium
nanoparticles sensitize Cancer cells to continuous y
radiation to achieve synergetic chemo-radiotherapy.
Chemistry—An Asian Journal. 12(23), pp. 3053-3060.
DOI:10.1002/asia. 201701227

16. Chao, Y., Yu, B., He, J., Huang, Z., Mao, X.,
Luo, J., Chen, D. (2019). Effects of different levels
of dietary hydroxy-analogue of selenomethionine on
growth performance, selenium deposition and anti-
oxidant status of weaned piglets. Archives of animal
nutrition. 73(5), pp. 374-383. DOI:10.1080/174503
9X.2019.1641368

17. Cumming, K. T., Raastad, T., Serstrem, A.,
Paronetto, M. P., Mercatelli, N., Ugelstad, I., Paulsen,

G. (2017). Vitamin C and E supplementation does not
affect heat shock proteins or endogenous antioxidants
in trained skeletal muscles during 12 weeks of strength
training. BMC Nutrition. 3(1), 70 p. DOI:10.1186/
$40795-017-0185-8

18. Elahian, F., Reiisi, S., Shahidi, A., Mirzaeli,
S. A. (2017). High-throughput bioaccumulation, bio-
transformation, and production of silver and seleni-
um nanoparticles using genetically engineered Pichia
pastoris. Nanomedicine: Nanotechnology, Biology
and Medicine. 13(3), pp. 853-861. DOI:10.1016/.
nano.2016.10.009

19. Esim, O., Sarper, M., Ozkan, C. K., Oren, S.,
Baykal, B., Savaser, A., Ozkan, Y. (2020). Effect si-
multaneous delivery with P-glycoprotein inhibitor and
nanoparticle administration of doxorubicin on cellular
uptake and in vitro anticancer activity. Saudi Pharma-
ceutical Journal. DOI:10.1016/j.jsps.2020.02.008

20. Estevam, E. C., Griffin, S., Nasim, M. J.,
Denezhkin, P., Schneider, R., Lilischkis, R., Schifer,
K. H. (2017). Natural selenium particles from Staph-
ylococcus carnosus: Hazards or particles with particu-
lar promise?. Journal of hazardous materials. 324, pp.
22-30. DOI:10.1016/j.jhazmat.2016.02.001

21. Ezhuthupurakkal, P. B, Polaki, L. R., Suyava-
ran, A., Subastri, A., Sujatha, V., Thirunavukkarasu, C.
(2017). Selenium nanoparticles synthesized in aqueous
extract of Allium sativum perturbs the structural in-
tegrity of Calf thymus DNA through intercalation and
groove binding. Materials Science and Engineering: C,
74, pp. 597-608. DOI:10.1016/j.msec.2017.02.003

22. Fernandez-Llamosas, H., Castro, L., Blazquez,
M. L., Diaz, E., Carmona, M. (2016). Biosynthesis of
selenium nanoparticles by Azoarcus sp. CIB. Microbial
cell factories. 15(1), 109 p. Available at:https://micro-
bialcellfactories.biomedcentral. com/articles/10.1186/
$12934-016-0510-y

23. Gao, X., Li, X., Mu, J., Ho, C. T, Su, J,,
Zhang, Y., Xie, Y. (2020). Preparation, physicochem-
ical characterization, and anti-proliferation of seleni-
um nanoparticles stabilized by Polyporus umbellatus
polysaccharide. International Journal of Biological
Macromolecules. 152, pp. 605-615. DOI:10.1016/j.
ijbiomac.2020.02.199

24. Guisbiers, G., Lara, H. H., Mendoza-Cruz,
R., Naranjo, G., Vincent, B. A., Peralta, X. G., Nash,
K. L. (2017). Inhibition of Candida albicans biofilm
by pure selenium nanoparticles synthesized by pulsed
laser ablation in liquids. Nanomedicine: Nanotech-
nology, Biology and Medicine. 13(3), pp. 1095-1103.
DOI:10.1016/j.nan0.2016.10.011

25. Hadrup, N., Loeschner, K., Mandrup, K.,
Ravn-Haren, G., Frandsen, H. L., Larsen, E. H.,
Mortensen, A. (2019). Subacute oral toxicity investiga-
tion of selenium nanoparticles and selenite in rats. Drug
and chemical toxicology. 42(1), pp. 76—83. DOI:10.108
0/01480545.2018.1491589

26. Hosseini, S., Mamouei, M. (2019). Assess-
ment of Glutathione peroxidase activity in blood
plasma and semen Following Nutrition by Nano-se-
lenium supplementation in Khuzestan Arabian rams.
DOI:10.22055/1vj.2019.75044.1869

109



Texnonoeis upobruymea i nepepodxu npodykyii meapunnuymea, 2022, No 1

tvppt.btsau.edu.ua

27. Joselin, J. M., Kumar, V. G., Suganya, K. S.,
Govindaraju, K. (2018). Biological Synthesis of Gold
Nanospheres and Nanotriangles. Micro and Nanosys-
tems. 10(1), pp. 35-39. DOI:10.2174/1876402910666
180430142436

28. Kachuee, R., Abdi-Benemar, H., Mansoori,
Y., Sanchez-Aparicio, P., Seifdavati, J., Elghandour,
M. M., Salem, A. Z. (2019). Effects of sodium sele-
nite, L-selenomethionine, and selenium nanoparticles
during late pregnancy on selenium, zinc, copper, and
iron concentrations in Khalkhali Goats and their kids.
Biological trace element research. 191(2), pp. 389-402.
DOI:10.1007/s12011-018-1618-1

29. Kaur, M., Singh, G., Kaur, A., Sharma, P.
K., Kang, T. S. (2019). Thermally Stable Ionic Lig-
uid-Based Microemulsions for High-Temperature
Stabilization of Lysozyme at Nanointerfaces. Lang-
muir, 35(11), pp. 4085-4093. DOI:10.1021/acs.lang-
muir.9b00106

30. Khoei, N. S., Lampis, S., Zonaro, E., Yrjila,
K., Bernardi, P., Vallini, G. (2017). Insights into sel-
enite reduction and biogenesis of elemental selenium
nanoparticles by two environmental isolates of Burk-
holderia fungorum. New biotechnology. 34, pp. 1-11.
DOI:10.1016/j.nbt.2016. 10.002

31. Khurana, A., Tekula, S., Saifi, M. A., Ven-
katesh, P., Godugu, C. (2019). Therapeutic appli-
cations of selenium nanoparticles. Biomedicine &
Pharmacotherapy. 111, pp. 802-812. DOI:10.1016/j.
biopha.2018.12.146

32. Kim, E.B., Seo, J. M., Kim, G. W,, Lee, S. Y.,
Park, T. J. (2016). In vivo synthesis of europium sele-
nide nanoparticles and related cytotoxicity evaluation
of human cells. Enzyme and microbial technology. 95,
pp- 201-208. DOI:10.1016/j.enzmictec.2016.08.012

33. Kora, A. J., Rastogi, L. (2016). Biomimetic
synthesis of selenium nanoparticles by Pseudomonas
aeruginosa ATCC 27853: an approach for conversion
of selenite. Journal of environmental management. 181,
pp. 231-236. DOI:10.1016/j.jenvman.2016.06.029

34. Kora, A. J. (2018). Gram+ ve bacterium
Staphylococcus aureus: a potential source for the
green biosynthesis of monodispersed, smaller selenium
nanoparticles. Micro & Nano Letters. 13(8), pp. 1155—
1158. DOI:10.1049/mnl.2017.0822

35. Kora, A. J., Rastogi, L. (2016). Bacteriogenic
synthesis of selenium nanoparticles by Escherichia coli
ATCC 35218 and its structural characterisation. IET
nanobiotechnology. 11(2), pp. 179-184. DOI:10.1049/
iet-nbt.2016.0011

36. Kumar, K. V. (2018). Green Chemistry Ap-
proach of Metal Nanoparticles Synthesis. Available
at:http://www.ijrti.org/papers/IJRTI1805006.pdf

37. Lara, H. H., Guisbiers, G., Mendoza, J., Mi-
mun, L. C., Vincent, B. A., Lopez-Ribot, J. L., Nash, K.
L. (2018). Synergistic antifungal effect of chitosan-sta-
bilized selenium nanoparticles synthesized by pulsed
laser ablation in liquids against Candida albicans bio-
films. International journal of nanomedicine. 13, 2697
p- DOI:10.2147/1JN.S151285

38. Lee, M. R., Fleming, H. R., Hodgson, C.,
Davies, D. (2020). Selenium enrichment of laboratory

110

scale silos using lactic acid bacteria inoculum. Avail-
able at:https://uknow ledge.uky.edu/igc/23/2-1-2/14/

39. Li, Y., Lin, Z., Guo, M., Xia, Y., Zhao, M.,
Wang, C., Zhu, B. (2017). Inhibitory activity of sele-
nium nanoparticles functionalized with oseltamivir on
HINI influenza virus. International journal of nanomed-
icine. 12, pp. 5733-5743. DOI1:10.2147/1JN.S140939

40. Li,Y.,Lin,Z., Zhao, M., Xu, T., Wang, C., Xia,
H., Zhu, B. (2016). Multifunctional selenium nanopar-
ticles as carriers of HSP70 siRNA to induce apoptosis
of HepG2 cells. International journal of nanomedicine.
11, 3065 p. DOI:10.2147/1JN.S109822

41. Lim, C. K., Popov, A. A., Tselikov, G., Heo,
J., Pliss, A., Kim, S., Prasad, P. N. (2019). Laser-abla-
tive synthesis of aggregation-induced enhanced emis-
sion luminophore dyes in aqueous solutions. In Syn-
thesis and Photonics of Nanoscale Materials XVI (Vol.
10907, p. 109070U). International Society for Optics
and Photonics. DOI:10.1117/12.2513821

42. Liu, F., Liu, H., Liu, R., Xiao, C., Duan, X.,
McClements, D. J., Liu, X. (2019). Delivery of sesa-
mol using polyethylene-glycol-functionalized sele-
nium nanoparticles in human liver cells in culture.
Journal of agricultural and food chemistry. 67(10),
pp- 2991-2998. Available at:https:// pubs.acs.org/doi/
abs/10.1021/acs. jafc.8b06924

43. Liu, Y., Zeng, S., Liu, Y., Wu, W., Shen, Y.,
Zhang, L., Hu, B. (2018). Synthesis and antidiabetic
activity of selenium nanoparticles in the presence of
polysaccharides from Catathelasma ventricosum. In-
ternational journal of biological macromolecules. 114,
pp- 632-639. DOI:10.1016/].ijbiomac.2018.03.161

44. Luesakul, U., Puthong, S., Neamati, N.,
Muangsin, N. (2018). pH-responsive selenium nanopar-
ticles stabilized by folate-chitosan delivering doxorubi-
cin for overcoming drug-resistant cancer cells. Carbo-
hydrate polymers. 181, pp. 841-850. DOI:10.1016/j.
carbpol.2017.11.068

45. Maiyo, F., Singh, M. (2017). Selenium
nanoparticles: potential in cancer gene and drug
delivery. Nanomedicine. 12(9), pp. 1075-1089.
DOI:10.2217/nnm-2017-0024

46. Mal, J., Veneman, W. J., Nancharaiah, Y. V.,
van Hullebusch, E. D., Peijnenburg, W. J., Vijver, M.
G., Lens, P. N. (2017). A comparison of fate and toxici-
ty of selenite, biogenically, and chemically synthesized
selenium nanoparticles to zebrafish (Danio rerio) em-
bryogenesis. Nanotoxicology. 11(1), pp. 87-97. DOI:1
0.1080/17435390.2016.1275866

47. Mulliniks, J. T., Adams, D. C. (2020). Evalu-
ation of Level of Milk Potential on Nutrient Balance in
2-and 4-Year-Old May-Calving Range Cows Grazing
Sandhills Upland Range. Available at:https://digital-
commons.unl.edu/animalscinbcr/1063/

48. Nasiri, M., Sharifan, A., Ahari, H., Anvar, A.
A., Kakoolaki, S. (2019). Food-grade nanoemulsions
and their fabrication methods to increase shelf life.
Food and Health, 2(2), 37-45. Available at:http://fh.sr-
biau.ac.ir/article 15200 f3ddc1a73391a80be6f4bl1b-
6b535165¢e.pdf

49. Patel, R. P., Shah, P., Barve, K., Patel, N.,
Gandhi, J. (2019). Peyer’s Patch: Targeted Drug De-



tvppt.btsau.edu.ua

Texnonoeis supobnuymea i nepepobru npodykyii meapunnuymea, 2022, Ne 1

livery for Therapeutics Benefits. In Novel Drug Deliv-
ery Technologies Springer, Singapore. pp. 121-149.
DOI:10.1007/978-981-13-3642-3 5

50. Piacenza, E., Presentato, A., Zonaro, E.,
Lemire, J. A., Demeter, M., Vallini, G., Lampis, S.
(2017). Antimicrobial activity of biogenically pro-
duced spherical Se-nanomaterials embedded in organic
material against Pseudomonas aeruginosa and Staphy-
lococcus aureus strains on hydroxyapatite-coated sur-
faces. Microbial biotechnology. 10(4), pp. 804-818.
DOI:10.1111/1751-7915.12700

51. Rajeshkumar, S., Ganesh, L., Santhoshku-
mar, J. (2019). Selenium Nanoparticles as Therapeutic
Agents in Neurodegenerative Diseases. In Nanobio-
technology in Neurodegenerative Diseases. Springer,
Cham. pp. 209-224. DOI:10.1007/978-3-030-30930-
58

52. Rajpoot, K., Jain, S. K. (2020). Oral delivery
of pH-responsive alginate microbeads incorporating
folic acid-grafted solid lipid nanoparticles exhibits en-
hanced targeting effect against colorectal cancer: A du-
al-targeted approach. International Journal of Biologi-
cal Macromolecules. 151, pp. 830-844. DOI:10.1016/j.
ijbiomac.2020.02.132

53. Ramos, D. L., Rech, V. C. (2020). The inter-
action between physical exercise and nanoscience: a
systematic review. Disciplinarum Scientia] Naturais e
Tecnologicas. 20(3), pp. 313-323. Available at:https://
periodicos.ufn.edu.br/index.php/disciplinarumNT/arti-
cle/view/2978

54. Ramya, S., Shanmugasundaram, T., Balagu-
runathan, R. (2020). Actinobacterial enzyme mediated
synthesis of selenium nanoparticles for antibacterial,
mosquito larvicidal and anthelminthic applications.
Particulate Science and Technology. 38(1), pp. 63-72.
DOI:10.1080/ 02726351.2018.1508098

55. Saadi, A., Dalir-Naghadeh, B., Asri-Rezaei,
S., Anassori, E. (2020). Platelet Selenium Indices as
Useful Diagnostic Surrogate for Assessment of Sele-
nium Status in Lambs: an Experimental Comparative
Study on the Efficacy of Sodium Selenite vs. Seleni-
um Nanoparticles. Biological Trace Element Research.
194(2), pp. 401-409. DOI:10.1007/s12011-019-01784-
6

56. Saranya, K., Kalaiyarasan, M., Rajendran,
N. (2019). Selenium conversion coating on AZ31 Mg
alloy: A solution for improved corrosion rate and en-
hanced bio-adaptability. Surface and Coatings Technol-
ogy. 378,124902. DOI:10.1016/j.surfcoat.2019.124902

57. Sawangrat, K., Yamashita, S., Tanaka, A.,
Morishita, M., Kusamori, K., Katsumi, H., Yamamo-
to, A. (2019). Modulation of intestinal transport and
absorption of topotecan, a BCRP substrate, by various
pharmaceutical excipients and their inhibitory mecha-
nisms of BCRP transporter. Journal of pharmaceutical
sciences. 108(3), pp. 1315-1325. DOI:10.1016/j.xphs.
2018.10.043

58. Shakibaie, M., Jafari, M., Ameri, A., Rahimi,
H. R., Forootanfar, H. (2018). Biosynthesis and Physi-
cochemical Characterization, and Cytotoxic Evaluation
of Selenium Nanoparticles Produced by Streptomyces
Lavendulae FSHJ9 Against MCF-7 Cell Line. Journal

of Rafsanjan University of Medical Sciences. 17(7),
pp. 625-638. Available at:http://journal.rums.ac.ir/arti-
cle-1-4075-en.html

59. Sharma, V. K., McDonald, T. J., Sohn, M., An-
quandah, G. A., Pettine, M., Zboril, R. (2017). Assess-
ment of toxicity of selenium and cadmium selenium
quantum dots: A review. Chemosphere. 188, pp. 403-
413. DOI:10.1016/j.chemosphere.2017.08.130

60. Shoeibi, S., Mashreghi, M. (2017). Biosyn-
thesis of selenium nanoparticles using Enterococcus
faecalis and evaluation of their antibacterial activities.
Journal of Trace Elements in Medicine and Biology.
39, pp. 135-139. DOI:10.1016/j.jtemb.2016.09.003

61. Singh, V. K., Chaudhary, S. S., Manat, T. D.,
Singh, R. R. (2019). Effect of supplementation of dif-
ferent yeast forms on rumen fermentation characteris-
tics and microbial profile in postpartum Surti buffaloes.
1JCS, 7(5), pp. 189-193. Corpus ID:207820971

62. Song, D., Li, X., Cheng, Y., Xiao, X., Lu, Z.,
Wang, Y., Wang, F. (2017). Aerobic biogenesis of se-
lenium nanoparticles by Enterobacter cloacae Z0206
as a consequence of fumarate reductase mediated sele-
nite reduction. Scientific reports. 7(1), pp. 1-10. Avail-
able at:https://www. nature.com/articles/s41598-017-
03558-3

63. Sonkusre, P. (2020). Specificity of Biogenic
Selenium Nanoparticles for Prostate Cancer Therapy
With Reduced Risk of Toxicity: An in vitro and in vivo
Study. Frontiers in Oncology. 9, 1541 p. DOI:10.3389/
fonc.2019.01541

64. Sonkusre, P., Cameotra, S. S. (2017). Bio-
genic selenium nanoparticles induce ROS-mediated
necroptosis in PC-3 cancer cells through TNF acti-
vation. Journal of nanobiotechnology. 15(1), 43 p.
DOI:10.1186/s12951-017-0276-3

65. Sowndarya, P., Ramkumar, G., Shivakumar,
M. S. (2017). Green synthesis of selenium nanopar-
ticles conjugated Clausena dentata plant leaf extract
and their insecticidal potential against mosquito vec-
tors. Artificial cells, nanomedicine, and biotechnology.
45(8), pp. 1490-1495. DOI:10.1080/21691401.2016.1
252383

66. Tan, Y., Yao, R., Wang, R., Wang, D., Wang,
G., Zheng, S. (2016). Reduction of selenite to Se (0)
nanoparticles by filamentous bacterium Streptomyces
sp. ES2-5 isolated from a selenium mining soil. Micro-
bial cell factories. 15(1), 157 p. DOI:10.1186/s12934-
016-0554-z

67. Tsekhmistrenko O.S., BityutskyV.S., Spy-
vacM.Y., TsekhmistrenkoS.I., Shadura U.M. Perspec-
tives of cerium nanoparticles use in agriculture. — The
Animal Biology. Lviv, 2017, Vol. 19, no. 3, pp. 9—18.

68. Tsekhmistrenko, S. 1., Bityutskyy, V. S,
Tsekhmistrenko, O. S., Horalskyi, L. P., Tymoshok,
N. O.,Spivak, M. Y. (2020). Bacterial synthesis of
nanoparticles: A green approach. Biosystems Diversi-
ty. 28(1), pp. 9-17. Available at:https://ecology.dp.ua/
index.php/ ECO/article/view/1017

69. Tsekhmistrenko, S. 1., Bityutskyy, V. S.,
Tsekhmistrenko, O. S., Polishchuk, V. M., Polish-
chuk, S. A., Ponomarenko, N. V., Spivak, M. Y.
(2018). Enzyme-like activity of nanomaterials. Regu-

111



Texnonoeis upobruymea i nepepodxu npodykyii meapunnuymea, 2022, No 1

tvppt.btsau.edu.ua

latory Mechanisms in Biosystems. 9(3), pp. 469-476.
DOI:10.15421/021870

70. Tymoshok, N. O., Kharchuk, M. S., Kaplunen-
ko, V. G., Bityutskyy, V. S., Tsekhmistrenko, S. L.,
Tsekhmistrenko, O. S., Spivak, M. Y., MelnichenkoO.
M. (2019a). Evaluation of effects of selenium nanopar-
ticles on Bacillus subtilis. Regulatory Mechanisms in
Biosystems. 10(4), pp. 544-552.DOI:10.15421/021980

71. Wang, M., Fu, Y., Chen, G., Shi, Y., Li, X,
Zhang, H., Shen, Y. (2018). Fabrication and charac-
terization of carboxymethyl chitosan and tea poly-
phenols coating on zein nanoparticles to encapsulate
B-carotene by anti-solvent precipitation method. Food
hydrocolloids. 77, pp. 577-587. DOI:10.1016/j.food-
hyd.2017.10.036

72. White, S. H., Warren, L. K. (2017). Submax-
imal exercise training, more than dietary selenium
supplementation, improves antioxidant status and ame-
liorates exercise-induced oxidative damage to skeletal
muscle in young equine athletes. Journal of animal sci-
ence. 95(2), pp. 657-670. DOI:10.2527/jas.2016.1130

73. Woo, J., Lim, W. (2017). Anticancer effect of
selenium. The Ewha Medical Journal. 40(1), pp. 17-21.
DOI:10.12771/em;j.2017.40.1.17

74. Yang, C. H., Xu, J. H., Ren, Q. C., Duan, T.,
Mo, F., Zhang, W. (2019). Melatonin promotes second-
ary hair follicle development of early postnatal cash-
mere goat and improves cashmere quantity and qual-
ity by enhancing antioxidant capacity and suppressing
apoptosis. Journal of pineal research. 67(1), e12569.
DOI:10.1111/jpi. 12569

75. Yang, J., Shim, S. M., Nguyen, T. Q., Kim,
E. H, Kim, K., Lim, Y. T., Poo, H. (2017). Poly-y-glu-
tamic acid/chitosan nanogel greatly enhances the effi-
cacy and heterosubtypic cross-reactivity of HIN1 pan-
demic influenza vaccine. Scientific reports. 7, 44839.
DOI:10.1038/ srep44839

76. Yang, X., Zhang, W., Zhao, Z., Li, N., Mou,
Z., Sun, D, Lin, Y. (2017). Quercetin loading CdSe/
ZnS nanoparticles as efficient antibacterial and antican-
cer materials. Journal of inorganic biochemistry. 167,
pp. 36-48. DOI:10.1016/j.jinorgbio.2016.11.023

77. Yin, J., Hou, Y., Yin, Y., Song, X. (2017). Se-
lenium-coated nanostructured lipid carriers used for
oral delivery of berberine to accomplish a synergic hy-
poglycemic effect. International journal of nanomedi-
cine. 12, 8671 p. DOI:10.2147/1JN.S144615

78. Zakharia, Y., Bhattacharya, A., Rustum, Y.
M. (2018). Selenium targets resistance biomarkers en-
hancing efficacy while reducing toxicity of anti-cancer
drugs: Preclinical and clinical development. Oncotar-
get, 9(12), 10765. DOI:10.18632/oncotarget.24297

79. Zhang, H., Zhou, H., Bai, J., Li, Y., Yang,
J., Ma, Q., Qu, Y. (2019). Biosynthesis of selenium
nanoparticles mediated by fungus Mariannaea sp. HJ
and their characterization. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. 571, pp.
9-16. DOI:10.1016/j. colsurfa.2019.02.070

112

80. Zhang, W., Zhang, J., Ding, D., Zhang, L.,
Muehlmann, L. A., Deng, S. E., Zhang, W. (2018). Syn-
thesis and antioxidant properties of Lycium barbarum
polysaccharides capped selenium nanoparticles using
tea extract. Artificial cells, nanomedicine, and biotech-
nology. 46(7), pp. 1463—-1470. DOI:10.1080/21691401
.2017.1373657.

81. Zinicovscaia, 1., Chiriac, T., Cepoi, L., Rudi,
L., Culicov, O., Frontasyeva, M., Rudic, V. (2017).
Selenium uptake and assessment of the biochemical
changes in Arthrospira (Spirulina) platensis biomass
during the synthesis of selenium nanoparticles. Canadi-
an journal of microbiology. 63(1), pp. 27-34. Available
at: https://www.nrcresearchpress.com/doi/full/10.1139/
¢jm-2016-0339

82. Tsekhmistrenko, O.S., Bityutskyy, V.S.,
Tsekhmistrenko, S.I., Melnichenko, O.M., Tymoshok,
N.O., Spyvak, M.Ya. (2019). Vikoristannya nanochast-
inok metaliv ta nemetaliv u ptahivnitstvi [The use of
nanoparticles of metals and nonmetals in poultry]. Teh-
nologiya virobnitstva i pererobki produktsiyi tvarinnit-
stva [Technology of production and processing of live-
stock products]. (2), pp. 113—130. Available at:http://
rep.btsau.edu.ua/handle/BNAU/3838

83. Tsekhmistrenko, O.S., Tsekmistrenko, S.I.,
Bityutskyy, V.S., Melnichenko, O.M., Oleshko, O.A.
(2018). Biomimetichna ta antioksidantna aktivnist
nanospoluk dioksidu tseriyu [Biomimetic and antiox-
idant activity of cerium dioxide nanocompounds]. Svit
meditsini ta biologiyi [The world of medicine and biol-
ogy]. 1 (63), pp. 196-201. Available at:http://rep.btsau.
edu.ua/handle/BNAU/1240

Synthesis of selenium nanoparticles with the use
of "green" technologies

Tsekhmistrenko O., Bityutskyy V., Tsekhmist-
renko S., Spivak M., Tymoshok N., Demchenko O.

Traditional selenium supplements are usually
highly toxic and have low levels of absorption, so de-
veloping systems that are using selenium compounds
as a carrier to increase the bioavailability of the ele-
ment and control its release in the body is extremely
important. Nano-sized selenium is of great interest as
a dietary supplement, especially in selenium-deficient
states, as well as as a therapeutic agent without signif-
icant adverse effects. Emphasis is placed on the incor-
poration of nanotechnological applications, the study
of an effective route of administration, and general-
ized knowledge about selenium nanoparticles, their
biological effects and advantages, and mechanisms of
absorption.

Nanotechnical modifications of nanoparticles,
the use of SeNPs as a nutritional supplement, and the
effects they exert on the body are considered. Vari-
ous methods for the synthesis of SeNPs are consid-
ered. The study focuses on the problems of traditional
forms of dietary selenium and the benefits of SeNPs.
The mechanisms of nanoparticles passage through
the intestinal mucosa and the features of their oral ad-
ministration are elucidated. The presented materials
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prove that the importance of Selenium lays on regu-
lation in the composition of selenoproteins of many
physiological processes, influence on the productive
and reproductive properties. Correction of selenium
content in the diet prevents a number of selenium de-
ficiency diseases, and selenium in nano form is most
appropriate for use because of its high bioavailabili-
ty and low toxicity, which is especially relevant for
ruminants. Further preclinical and clinical studies
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in vitro and in vivo will enable the development of
novel nanopreparative systems for transport in sele-
nium, alter the physicochemical properties of SeNPs,
increase their stability in the gastrointestinal tract for
controlled release of the element to provide dietary
and therapeutic benefits.
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