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Pe3lome

BBeAeHI/Ie. B HacToAllee BpeMA B nnTepatype Wnpoko 06cy>Kna|0Tcn nepcnekTnBbl NCNOMb30BaHMA HaAHOYACTUL NPU CO34aHUN NEeKAaPCTBEHHbIX
npenapartos. KonuuyecTtso perncTpayMoHHbIX yp,OCTOBepEHI/IVI, BblAaHHbIX HaLMOHaIbHbIMWU PErynATopamMmun TOJIbKO 3a 2018 roj Ha NieKapCTBeHHbIE
npenapartbl, B KOTOPbIX HaHOYaCTULbl NCNONb3YKOTCA B TOM WIN MHOM BUAE, COCTaBNAET OKOJIO COpOKa. BONbWMHCTBO M3 HUX COCTaBNAT
NleKapCTBeHHbIE npenapaTtbl Ha OCHOBE NIMNOCOM, NMONIMMEPOB, OKCUAOB »Kenesa, muuenn. ﬂO CUX NOpP He BblAAaHO HM OAHOro perncTpaymMoHHOro
yoocToBepeHnA Ha HaHOYaCTULbl ceneHa. OnHa N3 NPUYNH TaKOro NoJsIoXKeHNA B ,anHOVI 0611aCTVI, C Hallen TOYKK 3pPeHNnA, 3aKNoYaeTcA B TOM, YTO
MeXaHN3Mbl B3aI/IMO,D,€IZCTBI/IF| HaHOoYacTuy C KneTkaMmum nsyveHbl HeJOCTaTOYHO. OTcyTCTBI/Ie ¢yH,D,aMeHTaﬂbeIX I/ICCﬂe,EI,OBaHI/Iﬁ B ,El,aHHOIZ o6nacm
ABNACTCA OQHVUM U3 OCHOBHbIX MPENATCTBUIA NPU pa3paboTke neKapCTBEHHbIX MPenapaToB HOBOMO MOKOMEHNA Ha OCHOBE HAaHOYaCTuIL,.

TeKcrT. ﬂ,aHHbIVI 063op noceALleH aHanmsy Haquon NMTepaTypbl NO nccnefjoBaHuio B3aI/IMO,D,EI7ICTBI/Iﬂ HaHOYacCTUL ceneHa C pasHbIMU BUAAMUN KNETOK.
B cTatbe paccmaTpuBaloTCA 6ronornyeckmne CBONCTBa ceneHa n ero ponb B MeTabonmnsme KneTok. an/IBOAHTCﬂ AaHHble O UNTOTOKCNYECKOM ,qeﬁCTBI/II/I
HaHOYacCTuL cejieHa Ha pa3nv|-|Hb|e KNeTo4Hble KyJ'IbTypr. OnwcaHbl MeToAbl I'IOﬂyLIEHI/IFI HaHO4YaCTuL 1N MeTOoAbl nccreqoBaHnA B3aI/IMO,EI,eI7ICTBI/IFI
HaHOYacCTuL C KNETOYHbIMUN KynbTypamu.

3aknwueHune. AHanus NINTepaTypHbIX AaHHbIX MO3BONAET CAeNaTb BbIBOAbI 06 aKTyaJlbHOCTN I/ICCﬂe,D,OBaHI/II7I B3aVIMOp,eI2CTBI/Iﬂ HaHoYacTunu ceneHa
C KUBbIMU KNeTKamu. OTo HeO6X0,EI,I/IMO Ana onpefeneHna mexaHn3MoB nornoweHnAa HaHo4acTuy ceneHa, nsyyeHma nx UNTOTOKCUYeckoro VI/I/IJ'II/I
LMTOCTaTMYECKOrO AeNCTBISA, pacnpeaeneHunsn B KneTkax. MiccnegoaHna 6Monornyeckoro B3anMoaencTBUA HAaHOUACTML, CeNleHa C ONyXoneBbIMU U
HOpPMaJIbHbIMW KN€TKaMn MNO3BONT oNpenennTb Hanbonee VIH(I)OpMaTI/IBHbIe MeToAbl perncTtpaumnumnn KONNYECTBEHHOM OLEeHKN nx I'IpOTVIBOOI'IyXOJ'IeBOVI
AKTUBHOCTU, YTO aKTyaJibHO Npwu pa3pa60TKe HOBbIX NEKapPCTBEHHbIX CPeaCTB NPOTUB paKa.

KnioueBble cnoBa: cefneH, HaHOYaCTULUbI CefleHa, B3aMOAeNCTBME HAaHOUYACTUL C KNeTKamun, MeToAbl NCCNefOBaHNA HAaHOYACTML, C KneTKkamu,
nonyyeHme HaHo4acTul ceneHa, 6uonornyeckre CBOMCTBa HaHoYacTWL ceneHa, UMTocTaTuyeckoe AencTBre HaHoYacCTUL ceneHa.
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Abstract

Introduction. The prospects of using nanoparticles in the production of medicines are widely discussed in the literature. In 2018 alone, the quantity
of registration certificates issued by national regulators for medicines that use nanoparticles in one form or another is around forty. Most of them are
medicines based on liposomes, polymers, iron oxides, micelles. So far, no registration certificates have been issued for selenium nanoparticles. One of
the reasons for this situation in this area, from our point of view, is that the mechanisms of interaction of nanoparticles with cells are not sufficiently
studied. The lack of basic research in this area is one of the main obstacles to the development of new-generation drugs based on nanoparticles.
Text. This review is devoted to the analysis of scientific data on the interaction of selenium nanoparticles with different types of cells. The article
discusses the biological properties of selenium and its role in cell metabolism. Data on the cytotoxic effect of selenium nanoparticles on various
cell cultures are presented. Methods of preparation of nanoparticles and methods for studying the interaction of nanoparticles with cell cultures
are described.

Conclusion. Analysis of the literature data allows us to draw conclusions about the relevance of research on the interaction of selenium
nanoparticles with living cells. This is necessary to determine the mechanisms of selenium nanoparticles absorption, study their cytotoxic and
/ or cytostatic action, and distribution in cells. Investigation of the biological interaction of selenium nanoparticles with tumor and normal cells
will determine the most informative methods for registering and quantifying their antitumor activity, which is relevant for the development of
new drugs to treat cancer.

Keywords: selenium, selenium nanoparticles, interaction of nanoparticles with cells, research methods for nanoparticles with cells, synthesis of
selenium nanoparticles, biological properties of selenium nanoparticles, cytostatic effect of selenium nanoparticles.
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BBEJEHUE

B nuTtepaType WMPOKO 0OCYXAaloTCA MepCrneKkTrBbI
NCNONb30BaHNA HaHOYACTUL, NPU CO3[aHNMN NEeKapCTBEH-
HblIX npenapatoB. KonuuectBo perncrpauuoHHbIX yAo-
CTOBEpPeHUI, BblJaHHbIX HaLMOHaNbHbIMK perynatopamm
Ha JleKapCTBEHHble Mpenapathbl, B KOTOPbIX HAHOYACTUL bl
(HY) ncnonb3sytotca B TOM UK MHOM BUAE, KpaliHe Marno.
Mo paHHbIM TONbKO 3a 2018 rof nopAaka copoka npena-
paToB OblNM 0f06pPEHbl U paspeLleHbl ASiA NCMNOoNb30Ba-
HUA B KNMHU4Yeckon npaktuke [1]. BonbWWHCTBO 13 HUX
COCTaBNAT IEKapCTBEHHbIE NpenapaTbl HA OCHOBE NNMO-
COM, NOJIMMEPOB, OKCMAOB »Kene3a, muuenn. o cux nop
He BblJaHO HU OAHOrO PEerncTpaLmoHHOro yaocToBepe-
HuA Ha HY ceneHa. OgHa 13 NpUYMH TaKOro MOJIOXKEHMA
B JaHHOI 0651acTn, C Halen TOYKM 3peHus, 3aKodaeT-
CA B TOM, YTO MexaHun3mbl B3anmogenctema HY c knetka-
MM 3y4YeHbl HegocTaTouHo. OTcyTCcTBME GyHOAMEHTaNb-
HbIX UCCefoBaHU B AaHHOW 06nacTu ABNAETCA O4HUM
13 OCHOBHbIX NPENATCTBMI A1 CO34aHNA JIeKapCTBEHHbIX
npenapatoB Ha ocHose HY. B atom 0630pe npeacrasne-
Hbl fAaHHbIE HayYHbIX NCCIefoBaHMiA no ceoncTeam HY ce-
neHa n MexaHvM3mam B3aumopencTama 3Tmx HY ¢ pasHbl-
MW BUAaMM KNeTOK. Tak»e omnucaHbl OCHOBHblE MeTOfbI
nonyyeHua HY ceneHa n meTtoabl nccnenoBaHna B3anMo-
nenctema HY c knetkamu.

B HacToAwee Bpema nsyyeHol HY metannos Ag, Au,
Cu, Pt, Fe, Se, Si n Zn [2-8]. Ocoboe mecTo 3aHMMalOT
HY Se. CeneH ABnAeTcA Ba)KHbIM MUKPO31eMeHTOM. OH
BKJIIOYEH B CefIeHOMPOTENHbl B BUAE CeneHOUMCTENHa,
npeacTaBnAwwWero Hambonee BaXKHY YaCTb aKTUBHOMO
LueHTpa nx GpepmeHTaTUBHON akTUMBHOCTU. MHorume cene-
HOMpOTenHbl 06NafalT OKCUAOPEAYKTa3HOW aKTUBHOC-
TbIO 1, TaKUM 06pa3oMm, PerynpyoT Gpr3nonornyecknii
OKNCINTENIbHO-BOCCTaHOBUTESNbHbIN GanaHc. CeneH nme-
€T Y3KYI0 rpaHnLy mexay TepaneBTn4eckon 0301 N TOK-
CMYHOCTbIO, Toraa Kak HY ceneHa o6nagatoT 3aMeTHO CHU-
»KEHHOWN TOKCMYHOCTBIO.

B pabote Khurana c coaBtopamu [9] 6biio M3yye-
Ho BnMAHWe HY ceneHa Ha pag 3aboneBaHWU, TakMX Kak
apTpuT, paK, avabeT u HedponaTuAa C NOTEHLMasbHbI-
MU TepaneBTUYeCKUMN NpeumylliecTBamu. M3yyeHune Te-
paneBTuyeckoro pgencteua HY ceneHa, no-suammomy,
00ycnoBfeHo ux crneynduyecknmm cBoncTBamu. OHU
MMEIOT BbICOKYH XUMUYECKYI aKTUBHOCTb 3a cyeT 60nb-
WON yAenbHOW MNaoWagn MOBEPXHOCTW, B TOXe Bpems
HY moryT npeofionesatb orpaHmyeHnsa oBbIYHbIX CUCTEM
BbICBOOOXKAEHNA NEKAPCTBEHHbIX CPefCTB 1 MMEIOT BbICO-
KYI0 MPOHMNLIAEMOCTb B KNeTKun. T csorcTea HY ncnonb-

3YIOTCA ONA NoucCKa HOBbIX MOTeHUMallbHO BO3MOXHbIX
JIEKAPCTBEHHDbIX NPenapaToB Ha X OCHOBE, a TakKXe CNC-
Tem Hal'lpaBJ'IEHHOVI [OCTaBKN 6MONOrNYECKN aKTMBHbIX
BeWEeCTB Kak And ANarHoCTUKKN, Tak N AnAa Tepanestnyec-
KOro npmMeHeHwuA.

Llenb ctatbm - n3yvyeHme n CpaBHeHME AaHHbIX, NO-
JIYYEHHbIX B pe3ynbTaTte nccnegoBaHuin 6uoNornYecKknx
CBOWCTB CefieHa 1 ero ponn B MeTabonunsme KieTok, B
YaCTHOCTU, UMTOTOKCUYECKOTO AENCTBMA HAHOYACTUL, ce-
JIeHa. PaCCMOTpeHbI MeToAbl NoNy4YeHnA HaHOYacTuLy ce-
NIeHa N MeToAbl UCCNIefoBaHNA B3aMOAENCTBUA HaHO-
4acTuy C Knetkamm.

buonozuyeckue ceolicmea cesieHa u e20 poJib
8 memab6onu3sme Knemok

CeneH ABNSETCA BaXKHbIM MUKPO3JIEMEHTOM YesloBe-
YeCcKoro OpraHn3ma, OH AeNCTBYeT Kak KopaKTop B He-
KOTOpbIX GEepMEHTHbIX CTPYKTYpax, Ha3blBaemblx cese-
HonpomeuHamu [10]. Ha cerogHAWHWIA AeHb B KNeTkax n
TKaHAX YyenoBeka 0OHapYy»KeHO OKoJMo 25 BMAOB pa3nny-
HbIX cefleHonpoTenHoB. CeneH BKIOYEH B CeIeHOLMUC-
TEUH B Pa3/IMYHbIX aHTUOKCUAAHTHBLIX GepMeHTax, Takux
Kak rnyTaTvoHnepoKcuaasa, TMopedoKCMHpeayKTasa, ce-
neHodocdatcmHTeTaza 1 ceneHonpotenH P. CeneH peicT-
BYET KaK OKNC/TUTENIbHO-BOCCTAHOBUTESbHBIN LIEHTP BCEX
3TUX GEPMEHTOB U NMEET Ba)KHOE 3HAaUYeHne gnsa nx 6mo-
XUMWYECKOW akTBHOCTK [11].

B aHTMOKCMAAHTHOM cucTemMe 3alWTbl OpraHu3mMa
Hanbornee yyBCTBMTENIbHbIM GEPMEHTOM K feduuuTy ce-
neHa ABnAeTCA 21ymamuoHnepokcudasa. Mpw geduunte
ceneHa (MeHee 0,02 Mr/Kr) 6BUOCUHTE3 3TOro pepmMeHTa He
NPOUCXOANT U1, KaK NPaBWUIO, OTCYTCTBYET ero akTMBHasA
dopma, aHTUreHHbI nonunenTng u ero MPHK. Yeennue-
HVe copepXaHunA ceneHa B OpraHnu3mMe cnocobCTByeT ChH-
Tesy ceneHodepMeHTOB O ONTMMAsIbHOro YpPOBHA (Mo
pa3HbIM JaHHbIM, NpuMepHO 0,2 MI/KF Ans rnyTaTuOHMe-
pokcmpaasbl 1 0,1 Mr/Kr ana ceneHonpoTenHos P u W) [12].

CeneHonpoTerHbl NPUHMMAIOT yyacTue B perynsa-
UMM 1M MeTabonimame TUPEOUAHbBIX FTOPMOHOB (TMPOKCK-
Ha) U MOATUPOHUH AeloAnHasax Tpex Tunos. Moatupo-
HUH [enofnHa3a WUrpaeT BaXKHyl0 Pofb B akTUBaUuUW 1
WHaKTMBaLM/ FOPMOHOB LMTOBUAHOM Xene3bl. B ycnosu-
Ax gednunTa cefieHa UMeHHO AenoanHasbl NPUOPUTET-
Ho obecneuuBatoTcs ceneHom [13]. AHanoruuyHo, ceneH
BAMUAET Ha CEKPeLUIo MHCYNIMHA U GYHKLMIO OCTPOBKOB,
KOTOpble JOMUHUPYIOT B FOMEOCTase oKO3bl B KPOBWU.
Mpepnonaraetca, uto AnabeToreHHoe AencTBme, Habnio-
Jaemoe y 3[0pOBbIX JIAEN C BbICOKAM MOTPeb/eHneM



ceneHa, YaCTMYHO OMOCPEefOoBaHO CeNeHoMNPOoTeMHaAMMU.
OpHako cefleHoNPOTENHbI MOTYT NONOXKUTENTIbHO perynu-
poBaTb MeTabosnM3M rMIOKO3bl B OPraH13Me nocpescTBOM
pefoKCc-UyBCTBMTENIbHON Mepepaun curHanos. [Mpenmy-
LecTBa 1 PUCKM ceneHa AnA caxapHoro gmabeTa ABNAOT-
cA guanekTnyeckumun. Boicokoe notpebneHue ceneHa y
340pPOBOro YesioBeKa MMeeT TeHAEHLMIO Bbi3biBaTb AUC-
OYHKUMIO CEKpeuun WMHCYNMHa, Toraa Kak ana guabe-
TUYECKOro naumeHTa BbICOKOe noTpebneHune ceneHa no-
ne3HO ANnAa nogfep)kaHvuAa romeocTasa rKo3bl B KPOBU
6narogapsa GyHKUUMW, UMUTUPYIOLLEN UHCYNWH [14].

CywecTByeT pAg 3aboneBaHuWi, CBA3aHHbIX C Aedu-
uMToM ceneHa. Hanpumep, dopma feTckon sHAemmyec-
Ko MmoKapgmomwuonatuu, 6onesHb KewaHa. 3abonesa-
HVe CyCTaBOB M KOCTel C MHOXeCTBeHHoW fedpopmaLimei,
6one3Hb KalwmHa-beka Takke MoXeT 6bITb CBA3aHa C Je-
durumTom ceneHa. bonesHb KellaHa, Kak M3BECTHO, He fAB-
NAeTCA pe3ynbTaTOM OKUCIIUTENIbHOro cTpecca: 6onesHb
KawwnHa-beka, BepoATHO, MMeeT MHOropakTOpHY 3THO-
noruto, AedpuUNT cenieHa MOXeT BbITb yCKopAioLLen npu-
YnHom nnn pakTopom [15].

Ona npodunaktuku gedununTa ceneHa B opraHnsme
nofen 6bin paspaboTaH npenapat CeneH-AKTMB®, 3ape-
TMCTPUPOBAHHDBIN KaK GUONOrMyeckn akTMBHas fobaBKa
(BAL) K nuwe. OTOT NpenapaT peKoMeHAYEeTCA MPUMEHATb
4NA HopManusauum obmeHa xonectepuHa, gna ynydue-
HMA GYHKLMOHANIBHOIO COCTOAHUA CepAeYHO-COCYANCTOMN
CMCTeMbl M NOBbIWEHUA GYHKUMOHANBHOW aKTUBHOCTN
AHTMOKCUAAHTHOM CUCTEMbI OpraHm3ma [16].

Mo gaHHbIM BcemmpHOW opraHmsaumn 3gpaBooxpa-
HeHus (BO3) HopmMa MmoTpebnieHns cefleHa COCTABIAET:
ANA B3POCbIX XEHWMWH — 55 MKr/cyTKun, Ana B3pOCibixX
MYXUUH — 70 MKr/cyTku [17]. Tlo pa3HbIM UCTOYHUKaM
BEPXHUIN [JONYCTUMBbIA YpOBEHb NOTpPebneHus ceneHa
MOXeT cocTaBnATb oT 300 o 600 mKr/cyTku [18, 19]. Tok-
CUYHOM fo3oMn cuntaeTca 900 MKr/cyTKI. Takum obpa3om,
rpaHvua Mexxgy TepaneBTUYeCKOW 1 TOKCMYeCKOW Ao3a-
MW ABNAETCA OYEHb Y3KOW.

O6wemokcuyeckue ceoiicmea
HaHoyacmuy ceneHa

NccnepoBaHUs oTeYecTBEHHBIX M 3apyOeXHbIX YYé-
HbIX MO W3YYEHU OCTPON TOKCMYHOCTM nNpenapaToB
Ha OCHOBe cefleHa YKa3blBalT Ha 6ofiee HU3KYI TOK-
CMYHOCTb HAHOYaCTUL, CefieHa MO CPaBHEHUIO C CeneHu-
ToM HaTpusA. B nccnegosanmn E. A. Kapnos ¢ coaBTopa-
Mu [20] n3yyann TOKCMYHOCTb KOMMO3UTHOrO npenapa-
Ta (apabuHoranaktaH + HaHoCeNleH) Ha Mblwax. B pgose
9,12 mr Se/kr npenapat HY ceneHa He Bbi3Ban cMepTb HU
OfIHOM MbIwwK; B fo3e 20 Mr Se/Kr — BCe MbILIX OMNbITHON
rpynnbl OCTaNuCh *K1Bbl; 403a 40 Mr Se/Kr TakXe He ABU-
nacb neTanbHON ANA XUBOTHbIX. [TpenapaTom cpaBHeHUA
ABNANCA CENIeHUT HaTpuA, KOTopbi Bbi3Ban 100%-yio ru-
6enb mMbllLen B fose 9,50 mr Se/Kr.

B gpyrom uccnegoBaHum [21] npu BHYTPUOPIOLWIVH-
HOM BBeAeHuUn npenapata ¢ HY ceneHa mbiwam, LD, co-
ctaBndeT 32,9 + 0,3 mr/kr. COOTBETCTBYIOLWMIA NOKa3aTeslb
AnA ceneHuTa HaTpuA coctasun 10 MI/Kr.
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NccnepoBaHmne oCTpOM TOKCUYHOCTM Ha Mbllwax Ans
HY ceneHa cTabnnun3mpoBaHHbIX PasfiMyHbIMK NOAUMe-
paMmy MOATBEPAMNO MEHbLUYIO TOKCMYHOCTb HaHo4ac-
TUL, CefleHa MO CPaBHEHUWIO C ceneHMTOM HaTpusA. lNony-
ueHHble fJlaHHble Nno onpepenexuio LD, (mr Se/kr) u LD,
(mr Se/kr) nokasanu, 4To ANA NOANBUHWANMPPONNLO-
Ha LD50 -329n LD100 - 56,4; pnAa xenatuHa LDSO -234n
LD100 —48,71; pna xuto3aHa LD50 -29,7n LD100 - 53,2. Tok-
CUYHOCTb NpenapaTa CpaBHEHWA — CeNeHnTa HaTpuA Co-
crasuna LD, -8,11;LD,  -10,16 [22].

Nccnepgosatenn m3 Kutaa [3] onpepenann ocTpyto
ToKcMuHocTb HY ceneHa, KoTopblii 6Gbln NonyyeH peak-
uMen ceneHnWTa HaTpuAa C MIYTaTMOHOM, COAEpalum
6blunii  CbIBOPOTOUHBIN anbbymuH (BCA). Wccneposa-
HUA NOKa3anu, 4to LDSO ana HY cenena (BCA) coctaBuna
113,0 mr Se/kr, a LD,  ans ceneHnta Hatpums — 15,7 Mr Se/Kr.
JleTanbHas fo3a opraHuMyeckoro ceneHa B popme metun-
ceneHounctenHa - 27,5 mr Se/kr (Bbi3biBaeT 100%-yi0
rmbenb MbllWwen npu nepopanbHom BBedeHun). Op-
Hako HY ceneHa (BCA) B go3e 36 mMr Se/Kr Bbi3biBaeT
rmbenb Tonbko 10% mbiwein U 70 % Mbliluen B fose
150 mr Se/kr. Takum o6pa3om, ocTpasa TokcuyHocTb HY ce-
NeHa B HECKOJIbKO Pa3 HMXKe CefleHnTa HaTpus.

buonozuyeckue ceolicmea HAHo4YacMuy cesieHd

WccnepoBaHua 6uonornyecknx csoncts HY cene-
Ha, MPoBedeHHbIX pPa3HbiIMK aBTOpamu [4, 24-26], noa-
TBepxAatoT, utTo HY ceneHa no cpaBHEHMIO C pa3fiNyHbI-
Mu popmamu ceneHa (CeneHuT, ceneHoOMeTMOHMH) obna-
[T 3aMETHO CHUXKEHHOW OCTPOM U CyBXpOHMYECKON
TOKCUMYHOCTbO. Bce 3Tu coeguHeHusa ceneHa obnapga-
0T SKBMBANEHTHOWN 3$EKTMBHOCTBIO B OTHOLWEHUN UX
CNoCcobHOCTUN YBENMUYMBaTb aKTUBHOCTb cefieHopepMeH-
ToB [4, 25]. Kpome Toro, HY ceneHa 6onee 3ppeKkTnBHbLI,
YyeM CeJIeHUT HaTPUA 1 CeIEHOMETUOHWH, B MOBbILEHWN
AKTUBHOCTU ryTaTUOH-S-TpaHcdepasbl [25, 26] n ognHa-
KoBO 3pdeKTMBHbI B MHAYKLUMM anonTo3a HEKOTOPbIX TU-
NMoB PAKOBbIX KJIeTOK [27]. B nononHeHne K npodurnakTu-
Ke paka, H4 ceneHa Take nokasblBalOT aHTUMUKPOOGHbIe
cBOWCTBa [28].

HY ceneHa 6b1n11 nccnefoBaHbl NP PasNUHbIX OKUC-
NUTENbHbIX CTpeccax M 3aboneBaHuAX, BKYaa pak,
AnabeT, BocnanuTenbHble 3aboneBaHus, ¢ubpo3 neve-
HN 1N TOKCMYHOCTb, BbI3BaHHYIO NEKAPCTBEHHBIMU Cpef-
ctBamu [29-32]. HY ceneHa nornowatoT cBo60AHbIE pagm-
Kanbl in vitro B 3aBUCMMOCTM OT pa3mepa (5-200 Hm). Bo
Huang n coaBTOpbl NpoBENU NcCnefoBaHUE U BbIABWN,
yto HY ceneHa c pasmepamu 5-15 HM obnagatoT nyuen
CNOCOGHOCTbLIO MOrfoWaTtb CBOGOAHbIE paauKasbl 1 Nnpe-
potBpawatoT okucneHne [IHK. HY ceneHa nokasanu npe-
BOCXOAHble 3bPeKTbl NpY KOHLEeHTpauun meHee 0,5 mM
Mo CpaBHEHWIO C ceneHnTom Hatpus, IC, (KoHueHTpaumn
MOYMaKCMANIbHOFO MHIMOUPOBAHUS) KOTOPOro COCTaB-
naet 6onee 1,5 MM [33]. B gpyrom nccnegosanum HY ce-
neHa 6bINN KOHBIOMMPOBAHbI C CUHTE3UPOBAHHbBIM LINKIIN-
YeckMM MenTUAOM, KOTOpble MOKasanu YNyylueHHYIo
NPOHNLAEMOCTb B KNETOYHOM JIMHUWN afeHOKapLMHOMbI
AnYHMKa SK-OV-3 [34].
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(DapMaKOKUHCMUKa HaHo4Yacmuy cesneHa

B HacToAllee BpemA B HayyHOW nuTepaType ume-
l0TCA efMHUYHble nybnukaumm o dapmakokmHeTke HY
ceneHa. lMNornouleHne, pacnpegeneHve, MeTabosivam u
BblBefieHVe cefieHa 6bino UccnefoBaHo rpynnon nccre-
fJoatenen 13 HauMoHanbHOro NHCTUTYTa NUTAHNA TeX-
Huyeckoro yHnsepcuteta OaHuu [35]. OHn onpegenanu
KOHLEHTpaLUMIo cefieHa B MeyeHu, noykax, Mmoue, Kane,
xKenyake, Nerkux v nnasme Kposum nocne BBefeHUsA H13-
KMX 1 BblCOKMX f03 HY ceneHa pa3mepom o1 10 go 80 Hm
N cenleHuTa HaTpuA KpbicaM. Pe3ynbraTbl NOKasanu, 4to
SNEeMEeHTHbIV CefleH NPUCYTCTBOBAJ B MeYeHu, Novkax u
Kane »>KMBOTHbIX, NOABEPTLINXCA BO3AENCTBNIO HU3KUX U
BblCOKMX 03 HY ceneHa u ceneHuta Hatpus. Oba npe-
napara cefieHa 6bUIM 6UOJOCTYMHBIMY, YTO MPOAEMOHCT-
p1pPOBaHO C NCMoNb3oBaHEM BUOMapKepa KpoBY cese-
HonpoTenHa P, KOTopbl O6bl1 OAMHAKOBO aKTUBEH Y »KW-
BOTHbIX MpPW MCMONb30BaHMM Gonblumx Ao3. HakoHel,
Bble/leHe cefleHa C MOYOM N ero MnoABfieHue B BuUAe
Se-meTtunceneHo-N-aueTnnranaktosammHa n TpUMeTuUI-
CcefleHOHUI-NOHa nokasanu, yto HY ceneHa n ceneHnt
HaTpua MeTabonu3npyTCsa U BbIBOAATCA U3 OpraHn3mMa.
Pe3ynbraTbl uccnefoBaHusA nokasanu, 4to oba npenapa-
Ta ceneHa 6biv B paBHOW CTENEHN NOTAOLLEHbI, pacnpe-
JeneHbl, MeTaboNM3MpPOoBaHbl U BbIBEAEHDI 13 OpraHun3-
Ma Kpbic. bonee geTtanbHbli MexaHnsm Bo3genctana HY
cefleHa M cefleHMTa HaTpuA Ha XenyAoYHO-KULLEYHbIN
TPaKT KpbIC eLé He nsyyex [35].

Lumocmamuuyeckoe delicmeue
HaHoyacmuy ceneHa

CywecTByeT npobnemMa NCNob30BAHNA COeAVHEHMN
ceneHa (Hanpumep, ceneHnTa HaTpuA, CenleHOUNCTENHa,
CENEHOMETMOHMHA) B TepaneBTUYECKOM JleYeHUn paka
13-3a €ro TOKCMYHOCTU 1 BUoJOCTyNHOCTU. B pesynbTtate
6b1n1Y NpoBeAeHbl ccnefoBaHNA HeMoANPULIMPOBAHHbBIX
n mogmourumpoBaHHbix HY ceneHa, KoTopble AEMOHCTPU-
pYIOT MPOTUBOOMYXOJIEBYI0 aKTUBHOCTb NPOTMB HECKOb-
KUX JIMHUI PaKOBbIX KNETOK B 3aBUCMMOCTY OT BPEMEHN 1
zo3bl [5, 36-39]. HY ceneHa cnocobHbl 3HAUUTENBHO CHU-
3UTb TOKCMYHOCTb 3/IEMEHTHOTO CefieHa Npu UCMOoNb30Ba-
HUWN UX BNA XUMUoTepanmu.

MNpotmnBopakosblie ceoncTBa HY ceneHa wWnpoko unc-
cnlefoBaHbl Kak in vitro, Tak u in vivo [5-8, 40]. HY ceneHa
MoKaszanu MHriMbnpoBaHne pocTa pakoBbix Knetok LNCaP
npocTaThl in vitro YaCcTUYHO 4Yepes3 anonTo3, onocpeno-
BaHHbIN Kacna3om [27]. Kpome Toro, HY ceneHa nogasns-
0T TPAHCKPUMUMOHHYK aKTUBHOCTb peLentopa aHApo-
reHa nocpeacTBOM nofasneHua skcnpeccmm ero MPHK n
6enka. Pe3ynbTtaTbl in Vitro BONOIHUTENIbHO NOATBEPXKAA-
I0TCA UCCNIefOBaHUAMU in Vivo, B KOTOPbIX Oblno 06Hapy-
XeHo, uto HY ceneHa, BBOAMMbIE NMEpPOpPanbHO MbIwaM
BALB/c c onyxonamu paka MonoyHom xenesbl 4T1, yMeHb-
WwakT obbeM onyxonu W, ciefoBaTenbHO, NPUBOAAT K
nyywemy nNporHosy (bonee BbICOKOMY KOSOOULIMEHTY Bbl-
XKUBaeMoCTH) Mblwen [41].

M3yuaa noTteHuman HY ceneHa, Bce 6osblie BHU-
MaHuA ygensaeTca moguduumpoBaHHbim HY ceneHa, B
KOTOpbIX KOHblorauma HY ceneHa ¢ ¢yHKLMOHaNbHbI-
MW NIUraHAAMU YCUAUBAET UX CTabunvsaumio, Knetou-
HOe norfoweHne u 6MoakTUBHOCTb. bblNo MokasaHo,
4YTO MONOXUTENbHO 3apAKeHHble HY ceneHa ycunuBa-
0T NMPOTMBOPaKOBYIO 3PPeKTMBHOCTb, U3bMpaTenbHoe
KNeTo4YHOe MorfoLleHne pakoBbIMK KneTkamu. 3To 6bino
npogemMoHcTpupoBaHo Yu v gpyrummu astopamu [5] Ha
MoandunUnpoOBaHHbIX XnTozaHom HY ceneHa. Pa3pabort-
Ka KOHblormpoBaHHbIX HY ceneHa BKno4vaeT pasnmyHble
coeanHeHns: ageHosmHTpudocdat (AT®) [42], nonuca-
xapugbl cnupynuHbl [43], rpubHble nonucaxapuasl [44],
nonucaxapuabl Gracilaria lemaneiformis [45], nonncaxa-
puaHo-6enkoBbIt Komnnekc Polyporus rhinoceros [46],
nonucaxapuabl Undaria pinnatifida [47], cnanoBas Kuc-
nota [48, 64], KypKymunH [49], aMMHOKNCAOTbI — BanuH,
acrnaparvHoBas Kuciota v nusmH [50], pyTeHun-tnon [51,
52], nonunstnnenrnmkonsb [8, 53], 11-mepkanTo-1-yHaeKa-
Hon [30], TpaHcheppuH [31], 6-rMpgpokcn-2,5,7,8-Tetpa-
MeTUNXpomaH-2-kapboHoBaa kucnota (Trolox) [54] u
¢donar [36]. OgHa M3 OCHOBHbIX Lenen KoHbtorauymm HY
ceneHa 3ak/oyaeTca B BO3MOXKHOCTU HamnpasfieHHOW
[OCTaBKU NeKapCTBEHHbIX MpenapaTos.

B nccneposanunm in vivo Huang [31] paccmatpusan ce-
NEKTUBHOE KNETOYHOE MOrMoWeHNe U MHAYKUMIO anomn-
T03a HY ceneHa n nx noteHymanbHOe NCNONb30OBaHNE B
KauyecTBe CUCTEMbl [JOCTaBKW NEKAPCTBEHHbIX CPeAcCTB,
HaueneHHbIX Ha pak. HY ceneHa cnHTe3npoBanu us cene-
HuTa HatpuA (Na,SeO,) n KoHblOrMpPoBany ¢ TpaHcdeppu-
Hom (Tf), xuto3aHom (CS), n 3arpyanv JOKCOpyounLMHOM
(DOX) c ob6pasoBaHuem Tf-CS-DOX-SeNP (cpepuueckas
dopma, pazmep — 130 HM). KneTkn ageHOKapLUHOMbI MO-
noyHom xenesbl MCF-7 nHbeumpoBanu mbiwam. MNocne
TOrO, KaK OMyXo/y YBennuunucb fo obbema 50-75 mm3,
MblllaM BHYTPUBEHHO BBOAMAN 2,5; 5,0 n 7,5 mr/kr Tf-CS-
DOX-SeNP kaxpapble 2 aHA. PesynbraTbl NoKasanu ymeHb-
WeHne obbemMa M Maccbl Onyxonu 6e3 3HauMTesibHO-
rO CHVXEHWA Maccbl Tena Yy Mblllieid, KOTOPbIM BBOAWAN
Tf-CS-DOX-SeNP no cpaBHeEHMIO C MbllWaMK, KOTOPbIM
BBOAWN TONbKO PU3MONOIrMYEeCcKMii pacTBop. ITO CBU-
fetenbctByeT o ToMm, uyto Tf-CS-DOX-SeNP nHrnbmnposa-
nn nponudepaunio Knetok MCF-7 B 3aBUCMMOCTU OT f0-
3bl. XOTA NpefnonaraeTcs, YTo NoAAepKaHMe maccbl Tena
yKa3blBaeT Ha MMHUManbHble nobouHble 3bdekTbl Tf-CS-
DOX-SeNP. OgHako BO3MOXHO 16 AHEWN — 3TO C/IULLIKOM KO-
POTKWI Nepuof BpemMeHW ANA U3yyeHus nobouHbIX 3¢-
¢dekToB HY ceneHa 6e3 aHanmsa gpyrux napameTpoB Ana
onpepeneHna caMouvyBCTBUA Mbiwen. OTMeUeHbl ABa Me-
xaHu3ma goctaBku Tf-CS-DOX-SeNPs, HaleneHHbIX Ha pa-
KoBble kneTku: 1) Tf-nuraHg HaueneH Ha pakoBble KNeTKN
CO CBepXx3Kcnpeccuen peuentopoB Tf, ycunmneaeTcsa Kie-
TouHoe nornoleHne DOX (kak yacTb Tf-CS-DOX-SeNPs)
yepes KNaTPWH-OMOCPEeAOBaHHbIA SHAOLMTO3 U  Ka-
BEOJIMH-OMOCPeIOBaHHbIA 3HZouUTo3; 1 2) Tf-CS-DOX-
SeNPs nHAyuMpyloT BHYTPUKIIETOUHOE 0O6pa3oBaHMe aK-
TUBHbIX $popMm Kucnopoga (ADK), akTuBupys metabonu-
yeckue nyTn p53 u MAPK, cnocobcTByoLine KIIeTOUHOMY
anonTo3y pakoBbIX K/IETOK.



Cui 1 rpynna yuyeHblx nccnefoBana NPOTUBOOMYXO-
nesoe gencrame HY ceneHa, CMHTE3MPOBaAHHbIX C UCMOSb-
30BaHMeM 3KcTpakTa 6osApbiwHKKa [38]. MpoTnBoonyxo-
neBas akTMBHoCTb HY 6bina n3yyeHa c nomolybio cepum
aHaNM30B Ha KNeTouHbIX KynbTypax HepG2 (pak neuveHn
yenoseka) n HLO2 (HopmanbHble KneTku neyenu). B pe-
3ynbTaTe aHanm3 LMTOTOKCUYHOCTU NOKasal, YTo pacTBoOp
HY ceneHa ¢ akcTpakToM H60APBILIHMIKA UMEET 3HAUUTENb-
HYl0 MPOTMBOOMYXOJNIEBYID AKTMBHOCTb MPOTMB KNETOK
HepG2. UccnepgoBaHme npOTMBOOMYXOMNEBbIX MeXaHWU3-
MOB MPOAEMOHCTPMPOBANo, YTO anonTo3, Bbi3BaHHbIN HY
ceneHa C 3KCTPaKToM 6oApbILLHKKA, onocpeayeTca Yepes
MUTOXOHAPVanbHbIN NyTb € akTuBaumen AOK 1 Hapylue-
HVYeM MUTOXOHAPWANIbHOro MeMOpPaHHOro NoTeHUMana.

YueHbiMn 13 KnTas 6bliv npoBefeHbl McCiefoBa-
HMA Ha NPOTMBOOMNYXOJNIEBYIO aKTUBHOCTb MOAUdULMpPO-
BaHHbIX KaTexvHaMu CejleHOBble IMApPOKCManaTUToBble
HY [39]. AHann3 KNeToYHOro NOrnoLeHna NPOBOANIN Ha
KNeTOYHOW NUHUK ocTeocapkombl yenoseka MNNG/HOS.
Ona uccnepoBaHusa 6e3onacHocTM paspaboTaHHbix HY
NX TOKCMYecKnin 3 deKT, onpeaensinin no OTHOLWEHWIO K
ctBonoBbIM Knetkam (hBMSC). AHanm3 KNeTouyHoOW TOK-
CUYHOCTM NOKasan, uYTo MoaudrKauma KaTexnmHoB ynyu-
LWaeT NPoTMBOONYXONEBY akKTMBHOCTb HY ceneH-rua-
pOKCManaTuT, MUHAYUUPYA amnonto3 KAETOYHbIX JINHWNA
0CTeoCapKoMbl YenoBeKa nocpencTsom reHepaummn ADK,
KOTOpble, B CBOK ouepeAb, akTUBMPYIOT NYTb Kacnasbl-3,
He OKa3blBaA 3HAYUTENbHOrO BAUAHMUA Ha POCT YenoBe-
YeCKNX HOPMasbHbIX CTBOMTOBbIX K/IETOK KOCTHOFO MO3ra.

NccnepoBatenn u3 Poccum nonyyanu KoHbloratbl
HY ceneHa c ucnonb3oBaHMem cunMmapuHa (renatonpo-
TEKTOP pacTUTENbHOro npoucxoxaeHns). Luntotokcn-
yeckme MCCNefoBaHMA NPOBOAWAN HA KIETOYHbIX n-
HUsAx SPEV-2 (MMMopTann3oBaHHble KNeTKN NOYKM 3MO-
prvioHa cBuMHbU) U Hep-2 (onyxoneBble KAeTKM renaTo-
LenioNApHON KapuWHOMbI YenoBeka). B pesynbtate no-
NyyYeHHbI KoHblorathl HY ceneHa ¢ cnnmmaprHOM npo-
ABMANN APKO BbIPAXKEHHbIN LUTOTOKCUYECK dddeKT
MO OTHOLUEHUIO K JIMHMM OMNYXOJieBbIX KNeTok Hep-2 ¢
YMEHbLUEHVEM KONMYECTBa >KM3HECNOoCOOHbIX KneToK
npumepHoO B 6,5 pasa No CpaBHEHMIO C KOHTponem (npo-
TUB MPUMEPHO 2,3-KPaTHOro CHUXEHWA 3TOro rnokasaTens
B NUHUMK Knetok SPEV-2) [55].

lMonyyernue HaHoYacmuy ceneHa

Ons nonyyeHus HY ceneHa ncnonb3yioT pasnunuHble
MeToabl: dM3nYecKne, XMMmyeckne n Oronormyeckue.
Hanbonee yacto ncnonbsyembimn ¢pusnyeckummn metoga-
MU cuHTe3a HY ceneHa ABnATCS rmapoTepmanbHas 06-
paboTka, MUKPOBOJIHOBOE 0b6yUYeHne 1 nasepHas abns-
una. CnHtes HY ceneHa meTogoM MMMYNbCHOM Na3epHOMN
abnsAuMM NPOBOAUTCA C MCMOJIb30BaHUEM XUAKOW ¢a-
3bl B JENOHU3MPOBaHHON Bofe. B pe3synbrate nosnyyaet-
CA KOJTOMAHBINA PacTBOP C PasHbIMU pasMepamm YacTu
coepuueckon popmbl [56, 57]. JlazepHas abnauma nmeet
npeumyLLecTBa No CPaBHEHUIO C APYTMMU METOAAMM — OT-
CYTCTBME 3arpA3HEHNA XMMUYECKUMMN peareHTamu, gelle-
BOoe 06opyaoBaHue, nerkmin cnocob nonyyerHus HY u Bbi-
coKasi CTabUNIbHOCTb.
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MeTog cmHTe3a HY ceneHa ¢ MOMOLLbIO MUKPOBOJSH
3aKJIl0YaeTCA B HarpeBe BOAHOroO pacTBopa CONW ceneHa
C NomoLLblo 3Toro n3nydeHus [58]. Bpema peakuymum, Molw-
HOCTb 0BNYyYeHUsI 1 TN NMOBEPXHOCTHO-aKTUBHOIO Be-
LecTBa OKa3blBAOT CyLIECTBEHHOE BAMAHWE Ha Mopdo-
MO0 N pa3Mep HaHOYACTUL MPOAYKTa NPU NPUMEHEHUN
MUKPOBOJIHOBOro MeToAa [59].

Ona xumnuyeckoro cnHtesa HY ceneHa ncnonb3yotca
pa3Hble noaxoabl. OgHaKo Hanbonee pacnpPoOCTPaHEHHbIM
MeTOAOM CMHTEe3a ABMAETCA XMMMYeCcKoe BOCCTaHOBIle-
HVe 1 CTabunn3auuns pasfiMuHbIMM XUMUYECKMMU areHTa-
mMu [60, 61]. Ina cmHTe3a HY ceneHa xnmmyecknm nytem
B KauecTBe MpeKypcopa UCMOMb3yeTcA HeopraHnJYecknm
ceneH. MognomrKauma noBepXHOCTU WX UCMOSIb30BaHMeE
Pa3fINUYHbIX YKYMOPOUHbIX CPEACTB, TAaKMX KaK XMTO3aH
NN KapbOKCMMETUNIXMTO3aH, MOXET NMPUBECTU K YBeNu-
YeHWIo pa3mepa YacTuL, 1 yBenmnyeHmo ctabmnnbHoctm [62,
63]. B cnyyae KMCNOTHO-MHAYLMPOBAHHOIO CUHTE3a B Ka-
YyecTBe VHAYKTOPOB MOTYT OblTb UCMONIb30BaHbI Pa3nuny-
Hble OpraHuyeckue KncaoTbl. Hanpumep, cnanoBas Kuc-
norta [64]; ackopbrHoBas KucsioTa [65]; donveBas Kncnota
[66]; yKcycHasn, LWwaBeneBas, rannoas KAcoTol [67]; 6eH-
30MHaA Kmucnorta [68].

B nocnepHue rogbl 6uocnHTes HY ¢ ncnonb3oBaHnem
pacTUTENbHBIX 3KCTPAKTOB M MUKPOOPraHM3MOB CTas
BO3MO>KHOW anbTepHaTUBON XUMUYECKNM U GU3NYECKUM
metoaam [69]. MuKpoopraH1u3mbl MOTyT NPUMEHATbCA B
KauyecTBe NOTeHUMasbHbIX O6MOpPeakTopoB AnA mnonyve-
HMA HY ceneHa pa3nuuHbix ¢popm 1 pa3mepos. YcnewHo
6b11M cHTe3MpoBaHbl HY ceneHa ¢ NoOMOLLbIO TaKNX MUK-
poopraHn3MoB, Kak Zooglea ramigera (pa3mep uactuy
30-150 HM, yacTuubl chepuryeckorn GopMmbl, UMetoLre
Kpuctannuyeckyto npupogy) [70], Gliocladium roseum
(pasmep wuactuy 20-80 HM, UMEIOT rekcaroHanbHyo
Kpuctannmueckyto npupopgy) [71], Lactobacillus Acido-
philus (4acTnubl pasmepom 15-50 HMm) [72], Bacillus cereus
(pa3mep HaHochep 150-200 HM) [73] v ap.

PacTuTenbHble 3KCTPaKTbl MOFYT MCNOSb30BaTbCA
B KauecTBe BOCCTaHoBMTeNen u ctabunmzatopos. Cui u
Zpyrve coaBTopbl pa3paboTtanu metog cuHTesa HY cene-
Ha C MOMOLLbI0 BOAHOIO 3KCTPaKTa NnofoB 60ApbILIHKKA.
MonyueHHble HY umenn moHogmncnepcHyio chepuyeckyto
Mopdonorno 1 Gbin 4OCTaTOYHO CTabUNbHbI B BOGHOM
pacTtBope co cpegHum amametpom 113 Hm [38]. Jluctba
Terminalia arjuna 661N NCNONb30BaHbI TakXe ANA NPUro-
ToBneHuUs HY ceneHa. IKCTpaKT NNCTbeB paboTan Kak xo-
pollee yKynopoyHoe CpefCcTBO, a Takxe Kak cTabunusu-
pylowmnin areHT [74].

Memoowl uccnedosaHus esaumooelicmaus
HAHo4Yacmuy cesieHa c KJiemKamu

Tpaucmuccuouﬂaﬂ 3/IeKMPOHHAA MUKpocKonusa

TpaHCMUCCMOHHasA 3neKTpPoHHaa Mnkpockonusa (TIM)
NCnonb3yeTca ANA BMU3yanv3aumn NPOCTPaHCTBEHHbIX OT-
HoweHun mexpgy HY n knetkamu. [69, 75]. B yactHoCTn,
Dongdong Sun ¢ coaBTopamu uccnegoBann B3avMo-
penicteua HY ceneHa, moandunLMpOBaHHbIX NOANMNPUAN-
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nom pyTteHuA(ll) pasamepom 100 HM C 3HAOTENMANbHBIMU
KneTkamu nynoyHom BeHbl yenoseka HUVEC u kneTka-
MU renaToueIioNAPHON KapLuMHOMbI MeYeHn YyenoBeKa
HepG2 [51]. B pe3ynbTate 6bisio 06HapyxeHo, uto HY ce-
NeHa MPOHMKaNM B KNeTKU nyTeM SHAOUWTO3a, Obliv
NOKann3oBaHbl MPEeMMYLEeCTBEHHO B LMTOMJa3me U B
NnepriHyKNeapHOM MPOCTPAHCTBE KNETKWU, B3aVIMOAENCT-
ByA C 6eNKaMy 1 Bbi3blBas Nn3MeHeHue Gopmbl Agpa.

Xiaoxiao Song v gp. ¢ nomoubto TIM unsyvann Kne-
TOYHOE MOrnoWeHne N BHYTPUKNETOYHOE pacnpeje-
neHne HY ceneHa, moanduUMPOBAHHBIX XMTO3aHOM B
knetkax HepG2 [76]. HY ceneHa 6binun nokannsoBaHbl BO
BHYTPUKINETOUHbIX CTPYKTYpaX, TakKMX KakK SHOOCOMbl 1
NN30COMBbI.

B pab6ote [39] ¢ nomowbio T3M npoBogmMnn aHanus
KNeTo4yHOro nornoLleHna rugpokcnanaTnTosbix HY cene-
Ha, MOANOULMPOBAHHBIX KaTexnHamu, KieTkamm ocTeo-
capkombl yenoseka MNNG/HOS. bbino o6HapyeHo, uTo
HY npoHuKanu B KNeTkm NoCpeAcTBOM TUMNUYHOrO MpPo-
Lecca sHgoumTo3a. M306paxeHna TOM nnnocTpupyoT:
MHBarnHaUnio KneTouyHor mMembpaHbl, 3a KOTOPON cre-
AyeTt obpa3oBaHMe 3HOOCOM; BHOBb CO3[laHHble 3HAOCO-
Mbl, 3arpyeHHble HY; nepBryHYio NM30COMY B COHETaHNUN
C SHAOCOMOW; Pa3fnoXKeHNEe N BbICBOOOXAEHNE aKTUBHBIX
areHToB; Aerpagauunio HaHOYacTUL, BO BTOPUYHON NN30-
come; HY B HenocpeacTBeHHOM 61130CTLM OT AApa.

Takum o6pazom, TOM no3BonseT BU3Yyanu3npoBaTb
HY, cBA3aHHble C 3N1EKTPOHHBLIMK MAOTHLIMA MEeTKaMu B
Pa3nnUHbIX BE3UKYNAPHbIX CTPYKTypax. C nomoubio TOM,
6rarogaps BbICOKOMY pa3peLueHunto 1 Bu3yanmsaumm HY
BO BHYTPUKIJIETOUYHOWN Cpefe, MOXHO MofyuynTb UHbOp-
Maumio 0 MOPPOSIOrMYeCcKNX U3MEHEHUSAX KNETOUHbIX
MeMOpaH npu KoHTakTe ¢ HY n nornoweHun HY knetka-
MWK, O B3anmogencTemax HY ¢ KneTouHbiMy opraHennamm
N NX BO3MOXHOEe NnoBpexjatoLlee AeNcTBMe Ha HMX. Tak-
e BO3MOXHO MoJslyyeHne MHPOpMaLMM O HaKOMIeHUn
HY Se B KneTkax n ux gerpagauum c nocnenyowmm Bbl-
BeeHNEM U3 KNETOK.

TOM uMeeT TakXe M HepocTaTku. [na noaroTos-
Kn 06pasLioB, KOTopble NCCeyloTcA B YCIIOBUAX CBEPX-
BbICOKOro Bakyyma (YCB), Tpebyetca ux dukcauma, Tak
Kak BblCOKasA dHepreTuyeckasa A03a dNEeKTPOHHOro fy-
Ya HecoBMeCcTMMa C XM3Hbto KneTku. CnegoBaTenbHoO,
N3yyeHne KNeToK B »KMBOM COCTOAHUW W UCCNefoBaHNA
AVHAMUNYECKUX COObITUI HeBO3MOXHbI [77]. Kpome ToO-
ro, Bblbop Npo6onoAroToBKM AOMKeH ObiTb TWaTeNIbHO
CKOPPEKTUPOBAH C YYETOM CTabUIbHOCTM MOAUMEPHbBIX
HY B oTBeT Ha rMapPo¢dOo6HbIE 1 BbICOKOPEAKTUBHbIE XU-
MUYecKne BelecTBa, UCMOoNb3yemble AnA BCTpavBaHWA
N XUMNYECKON dUKCaLMM KNEeTOK. INeKTPOHHAA MUKPO-
cKonuA npepacTaBnseT cobon MeTof, KOTopblii 06bIYHO
He npefHa3HayeH AnA BbICOKOMPOM3BOAUTENbHbIX MCCTe-
JoBaHUN. MNo3ToMy TLATENbHbIA aHann3 CTaTUCTUYECKUX
JAHHbIX, MOJlyYeHHbIX Ha OCHOBe K306pakeHun TOM,
MOXeT MOBbICUTb [OCTOBEPHOCTb MHTEpMpeTauumn BO3-
penctema HY Ha kneTkn. Yncno yactumu, NokannsoBaHHoe
B OpraHennax, MoXeT NoguyepKHyTb Npegnosnaraemble Me-
XaHV3MbI U, TaKUM 00pa3oMm, MOBbICUTb 3HAYMMOCTb MOY-
YeHHbIX AaHHbIX [78, 79]. B KauecTBe npenBapuUTeNibHOro

nccnenoBaHmna B3ammogenctema HY ¢ knetkammn moxet
NCNONb30BaTbCA METOZA TEMHOMONIbHON MUKPOCKOMMWA
(TM) [78]. Ina noaTBEpXKAEHMA pe3ynbTatoB TOM npume-
HAeTCA MeTol KOHPOKanbHOM MUKpockonuwm [51].

KoHdokanenas nasepHasn
CKaHupylowas Mukpockonusi

KoHdokanbHana nasepHas CKaHUpyLWaa MUKPOCKO-
nusa (KJICM) BknovaeT B cebsa KOHbIOTMPOBaHUE pas-
NnYHbIX nyopecueHTHbIX MeToK ¢ 6enkom n HY, uto
MoO3BONAET aHanM3MpoBaTb pacnpefeneHve UBeTa WUn
PEe30HAHCHOTO MepeHoca 3Heprum ¢nyopecueHUUn Mo
BCEMY KNETOYHOMY KOMMapTMeHTY. M3yueHre KneTouHo-
ro nornoweHusa, pacnpegeneHna n nokanmnsaumo HY ce-
neHa c nomolubto KJICM onuncbiBaetca B paboTtax [34, 47,
51,64, 76].

MpeumyLlecTBO Takoro Noaxofa 3aknoyaeTca B TOM,
4YTO OH NO3BONAET BbIABNATb Nnokanusaumo HY cenena B
XMBbIX KneTkax. OrpaHnyeHnem 3Toro meTofa ABNAETCA
TO, YTO MapKepbl SHAOUMTO3a HEJOCTaTOUYHO CENEKTUBHbI
MO OTHOLUEHMIO K creurdrnuecknum nyTam LUPKYnauum n
MOTYT NCNOJb30BaTb Pa3fNyHble MeXaH3Mbl SHAOLUTO-
3a B PasfIMYHbIX TUMAX KNeToK.

OcHoBHbiMM pgocTonHcTBaMmn KJICM aBnAaetca cy-
LleCTBEHHOE YBeNMYeHne KOHTPACTHOCTM U306paxeHus.
JTo JOCTWraeTca 3a cyeT NpUMeHeHUs CPOKYCUPOBaH-
HOW MOACBETKM B 06f1acTV aHanusa u amadpparmmpoBa-
HMA N3NYyYeHUA B NIOCKOCTU HabnogeHnA. Takoe yBenu-
YyeHre KOHTPACTHOCTV NPUBOAUT K BO3MOXKHOCTU pa3pe-
WeHUs 06bEKTOB, MMEKLUX Pa3HULY B MHTEHCMBHOCTU
fo 200:1, a TakXKe obecneumBaeT MOBbIWEHNE pa3peLle-
HMA KaK B MNOCKOCTN 00beKTa, Tak U BAONb ONTUYECKOW
ocu. NyTém cmelleHUss 06beKTa OTHOCUTENBHO GOKasib-
HOW MJIOCKOCTM KOHQOKaNbHbIi MUKPOCKON MO3BOASA-
eT CKaHMpoBaTb NOCNIONHO 06beKT. OueBuAHOE Npenmy-
LeCTBO TakoW CUCTEMbI B TOM, YTO HET HeobxoanmocTu
pa3pe3aTb 00BbEKT Ha cJion 1 PUKCMPOBATb KX, @ 3TO BCer-
[a BeléT K Pa3pyLLeHMIO KNETOK 0ObeKTa U U3MEHEHUIO
nX XxapakTepucTtuk [80].

Jarockyte c coaBTopamy npoBoAWAN WKCCNeAoOBa-
HUA NPU Pa3NUYHBIX METOAAx KyNbTUBMPOBaHWA Khe-
TOK [81]. ABTOpPbI U3yYanu HaKOMEHE KBAaHTOBbIX TOUEK
B KNETOYHOM MoHocnoe n 3D-cheponge (chepongans-
Han TpexmepHasa Mofesib KNeToUYHOM KynbTypbl). 3D-cde-
poupbl NpeacTaBnAlOT Coboi KOMMaKTHble arperatbl
KNeToK C KJIeTOYHO-MaTPUYHbIM U MEXKNETOYHbIM B3a-
nmogencTeuaMM. JuameTpbl KneTouHbix chpepounaos Ba-
pbupoBanucb B gnanasoHe ot 150-200 mkm. HecmoTtps
Ha TO, UTO 6bII0 AOCTUMHYTO Nyylllee paspeLleHne 1 yBe-
NMYeHHOe NPOHMKHOBEHVE CBETa MO OCU Z, Bu3yanusa-
uuA 6bina orpaHnyeHa ao 50-60 MKM, UTO TaKKe ABNAET-
CA XOPOLUMM pe3yNbTaToM.

Tianfeng Chen c coaBTopamu un3yyanu namMeHeHUsA
naa3maTmyecko MeMbpaHbl KIIeTOK MeflaHOMbI Yel0BEKa
A375 HY ceneHa (44-92 HM), MOANPULMPOBAHHBIMU NOSN-
caxapugom Undaria pinnatifida [47]. NMocne nHky6auum ¢
HY ceneHa kneTkm okpawmsanu aHHekcnHom-V-FLUOS/PI.
O6pasupl 6bINM HenocpeACTBEHHO NPOaHaNN3MpPOBaHbl C



nomoLlblo KOHbOKanbHoW Mukpockonuun. OnyopecueHT-
Hble N306pakeHNA NOKa3bIBaAOT TPAHCIOKaUmo dpocdhaTn-
AnncepuviHa B Knetkax A375, nogBeprHyTbix BO3AENCTBUIO
HY ceneHa B TeueHue 24 yacos.

K/ICM uvale Bcero mcnosnb3yio Ana Bulyanmsauum
nornoweHna HY cenena knetkamu. OgHako KJICM B coye-
TaHUK ¢ TOM MOXHO MNCMONb30BaTb N ANA KONMYECTBEH-
HOro onpegeneHnsa KHTepHanm3oBaHHbIx HY B Knet-
kax [79]. Rothen-Rutishauser c coaBTopamn gna nsyyeHus
nHTepHanu3saumm HY 3onota (=13 Hm), NoKpbITbIX NoAn-
mepom [Monu (M306yTnneH-AJIT-manenHoBbIA aHrugpua)
1 MeyeHbIX GpnyopecUeHTHbIM KpacuTenem B anbBeonsp-
HbIX OnyxoneBbix KneTkax A549, No OTHOLLEHWIO K pa3finy-
HbIM MeXaHn3MaM nornoweHus ncnonbzosanu KJICM gnsa
MofyyeHna CTePeoNorMyeckon UHGoOpPMaLMM O KIeTKax.
MN306paxkeHna KJICM noka3sbiBaloT KOIMYECTBO YacTul,
T. €. KoNnyecTBo GNyopecLeHTHbIX NATEH, COOTBETCTBY-
lowmnx Mapkmposke HY, KoTopble, ckopee Bcero, npega-
CTaBNAT COBON 3aMofHEeHHble SHAOCOMbI, BHYTPU Kie-
TOYHOW 060/104KN. OHU NPUMEHUAN MHTMOBUTOPbLI ANA
6MIOKMPOBAHNA Pa3fINYHBIX NyTel MOrfoWeHNA U CpaB-
HUM OaHHble 0 KonuyectBe HY 3050Ta B KneTke, nony-
YeHHble ¢ nomouwblo KJICM, ¢ gaHHbIMK, MONYyYEHHbIMU
Ha ocHoBe u306paxeHnit TOM. PesynbraTbl Mokasanu,
4yToO CpenHui GryopecuUeHTHbIN CUrHan COOTBETCTBYET
Knactepy m3 150 HY. bbin onpepeneH ocHoOBHOW MNyTb
NOrfoWeHNA, 3TO KaBEOJSIMH-ONOCPEe[OBaHHbIA SHAOLM-
T03. OCHOBHbIM HAKTOPOM ABNANOCH TO, YTO =95 % uac-
TUL, IOKaNN30Banocb B Be3nKyNnax B KOHTPOJIe, a TaKkXe B
06paboTaHHbIX MHIMOMTOPOM KneTKax [79].

KonuyecmeeHHoe onpeaeneHue
HaHo4Yacmuy ceJsieHa 8 KyiemkKax

B nccnepoBaHuAx no msyyeHuio pasnnyHbix HY ce-
NeHa LWMPOKO MNPUMEHAETCA MeETOoh ONpefeneHna Ko-
nuuyectBa HY ceneHa B KneTkax c npumeHeHvem ¢nyo-
pPecuUeHTHOro cuMTbhiBaTeNna A8 MUKPOMIAHWETOB Waun
npoTouYHoro untodpnyopumetpa [5, 6, 30, 31, 42, 44, 45, 48,
50, 53, 82]. KneTkn NMHKyOUpYIOT B TeYeHne pasfiMyHoro
BpemeHu B nnaHwerte ¢ HY ceneHa, 3arpy»keHHbiMu dnyo-
pecueHTHbIM KpacuTenem KyMmapuH-6. [locne yero KneTkm
MPOMbIBAIOT TPVXAbl XONOAHbIM HaTpUii-pocdaTHbIM By-
depom (PBS), utobbl ynanuts HY BHe KneTok u nusmpytot
pacTtBopom TpuUToHa C rMAPOKCMAOM HaTpuA. KnetouHoe
MOrnoLleHne BbipaXkaeTCcA B NPOLEHTaX MHTEHCMBHOCTY
dnyopecueHLMN KymapuHa-6 B TeCTUpPYeMbIX JIyHKax Mo
CpaBHeHUo ¢ dnyopecueHuren B TyHKax C MONOXUTENb-
HbIM KOHTPOJIEM.

KoHueHTpauumio ceneHa B KeTKax onpeaensioT ¢ no-
MOLLbIO TaKUX aHANNTUYECKMX METOAOB, KakK MacC-CreKT-
pometpua (ICP-MS) nnn aTOMHO-3MWUCCMOHHAA CMEKTPO-
ckonua (ICP-AES) ¢ MHAYKTMBHO-CBA3aHHOM nniasmon [6,
42, 48].

MpomoyHasa yumogpnyopumempus

MpoTouHas uUTOGNYOPUMETPUA WNPOKO MPUMEHS-
eTcA AnAa uccnefoBaHuA B3aumogencTema HY ceneHa ¢
Knetkamu [34, 47, 83, 84]. C nomoLblo NPOTOYHON LUTO-
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dnyopumeTpun onpepensetca ¢nyopecueHumna HY ce-
neHa, obpaboTaHHbIX GnyopecLeHTHbIM Kpacutenem
M NOFNOLWEeHHbIX KneTkamu. Takum o6pa3om MOXHO Mo-
cuMTaTb NpoLeHTHoe cogepxaHue HY B KneTtkax. O6pa-
60TKa KNeToK cneuueuUHbIMU MHIIM6UTOPaMK NO3BONSAET
onpegenutb TUN nornoweHua. icnonb3osBaHne pnyopec-
LIeHTHbIX KpacuTenen, KoTopble CnocoOHbl CBA3bIBATHCA C
onpefeneHHbIMY KOMMOHEHTaMW KNEeTOK, NO3BONAET U3Y-
YyaTb MexXaHW3M KNeTOYHOWN rmbenu: anonTo3, HEKPO3,
ayTtodarus. 1o coCTOAHMIO KNETOUHON KyNbTYpbl AaHHbIM
MeToAoM onpegenaAtoT Bosgencteme HY Ha nponudepa-
UM U KNEeTOYHbIN UMKN. PaHHMM MapKkepoMm npouecca
anonTo3a B K/leTKax ABMAETCA TPaHCMEMOPAHHBIN NOTEH-
uuan MUTOXOHAPWIA. B gaHHOM criyyae ncnonb3yoTca Ka-
TUOHHbIE KpacUTeNn, KOTOpble MPOHUKAKT Yepe3 Memb-
paHy KneTkm n obpasyloT arperatbl B MUTOXOHAPUAX.
dnyopecueHUMIO TakUX KpacuTenein Takxe onpepenstoTt
MPOTOUYHbBIM LUTODTYOPUMETPOM.

MPOTOUHBIN LUUTOPNYOPUMETP MO3BONSAET AHaANN3U-
poBaTb MHAMBUAYANIbHbIE KNETKX B cycneH3uw. MNpu aTom
CyCneH3ua Knetok obnyyaetca OAHVWM WM HECKONbKU-
MM flazepamy Takum o6pa3oM, UTO MO3BONAET AeTeKTU-
poBaTb CBeTOpaccesHe KaXaoW KneTku, B MpAMOM W”
60KOBOM HanpaBneHusax. Bmecte ¢ curHanom cBeTvo-
pacceAHuA peTekTUpyeTca curHan d¢nyopecueHuumn.
Heckonbko ¢dnyopodopos mMmoryT 6biTb 06Hapy»KeHbl ofi-
HOBPEMEHHO C WCMONb30BaHUEM PasfinyHbIX GUNLTPOB
U KOMOUHaUWI NasepoB. [poTouHbIN UUTObyopumeTp
ob6ecrneyrBaeT U3MepeHNEe 10 HECKObKMX AeCATKOB Tbl-
CAY KJIETOK B CEKYHAY, PV 3TOM AJ1A KaXKOOWN KNeTKW, B 3a-
BMCUMOCTU OT KOHCTPYKLMM Npubopa, MOXeT N3mepATb-
ca o1 5 no 14 n 6onee napameTpos [85].

C nomoLblo MPOTOUYHOW LUTOGIYOPUMETPUM MOXK-
HO m3y4yaTb nornoweHne HY ceneHa knetkamu [86].
Hongyan Li c coaBTopamn nccnegosanu HY cenena, cta-
6unnsnpoBaHHble nonvcaxapuaom 1,6-a-D-rniokaH (pas-
mep 53,7 = 4,0 Hm). POKOBble KNETKN LWEeNKM MaTKK Yeno-
Beka Hela nHkybuposanu ¢ HY ceneHa o6paboTaHHbIMU
dnyopecLeHTHbIM KpacuTesieM KyMapuHOM-6 B Teve-
Hue pa3Horo BpemeHu (1, 2, 4, 8 n 12 v). MNMocne nHKyba-
UUKM KNeTKM npombiBanu Tpuxabl PBS n namepann vH-
TeHCMBHOCTb dnyopecueHunn HY ceneHa Ha NPOTOYHOM
unTodpnyopumetpe.

U3yyenue yumomokcuyeckozo delicmeus
HaHo4Yacmuy cesieHd HA KNemKu

KnetouHble KynbTypbl ABAAITCA OAHUMU K3 CaMbIX
pacnpoCTpaHeHHbIX TeCT-cUcTeM ANA onpegenieHnsa TOK-
CMYHOCTM Pa3fMYHbIX NpPenapaTos, B TOM YMC/e U Ha OC-
HoBe HY ceneHa. Takme 3KcnepumeHTbl NMEIT oYeBua-
Hble npeuMyLlecTBa. KneTouHble KynbTypbl ABAAOTCA
Nerko AOCTYMHbIMK, NPY 3TOM KOIMYECTBO UCNOJIb3yeMo-
ro BeljecTBa Ha NopAfoK Hwxe. MeTtofbl onpefeneHuna
TOKCUYHOCTU HY Ha KNeTouHbIX KynbTypax OCHOBaHbl Ha
onpepeneHnn Xn3HecnocobHocTy Knetok [23]. ina oueH-
K MUTOXOHAPVANbHOW fbIXaTe/lbHOM akTUBHOCTU KNETOK
nocne Bo3genctema HY npumeHaetca MTT-aHanus.
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OnpepgeneHne umtoTokcMyHoctn HY ceneHa c no-
moupbtlo MTT-aHanu3a MOXHO paccMOTpeTb Ha npumepe
paboTbl Haiying Luo [83]. ABTOpbl UcCieaoBany TOKCUY-
HocTb HY ceneHa pazmepom 133 HM Ha KNeTOUHbIX INHU-
AX paKa LWenKkn MaTkm yenoseka Hela n paka monoyHom
xenesbl yenoseka MDA-MB-231. KneTkn nHKy6upytotca
c (4,5-pumeTuntnason-2-nn)-2,5-gndeHunn-2H-tetpas-
onnym 6pommpom (MTT), KOTopbIli BOCCTaHaBMBaeTCA
KNeToyHbiMU pepmeHTamMun 1 06pa3yeT BOAOHEPACTBOPU-
MbIi popma3saH. KonuuectBo popmaszaHa Koppenmpyet ¢
KOJINYECTBOM >KN3HECMOCOOHbIX KNeToK. MHTEeHCMBHOCTb
OKpacku pactBopa ¢opmaszaHa onpegendeTca ¢ NOMO-
Wblo cnekTpodpoToMeTpa Npu AsINHE BOSIHbI 570 HM.

HepocTtaTkom Takoro meTofa ABNAETCA TO, UTO Heflb-
351 ONpPefEenUTb abCoNMIOTHYIO JIeTalbHYI0 KOHLEHTPaLUIO,
NMOCKOJNbKY KakaA-To YacTb MTT-peareHTa BOCCTaHaBIu-
BaeTCA BHEKJ/IETOUHbIMK PpepmeHTamu. Ha npakTmke pbl-
XaTesNIbHYI0 aKTUBHOCTb MeHee 10 % YyCNoBHO NPUHUMAIOT
3aLC_ [23]

100

3AKNNIOYMEHUE

AHanus nuTepaTypHbIX JaHHbIX MO3BOMAET caenatb
BbIBOAbI 00 aKTYasbHOCTU WCC/IEAOBaHUA B3aMMOZENCT-
BUA HAHOYACTUL, CeNIEHA C XKMBbIMU KNeTKamu. ITO Heob-
XOAMMO ANA onpeaeneHna MeXaHU3MOB NOMOWEHUA Ha-
HOUACTUL, CeneHa, U3yUYeHnsa UX LUTOTOKCUYECKOro U/unu
LIMTOCTAaTUYECKOrO AeVCTBIS, pacnpefeneHunn B KneTkax.
WccnepoBaHua 61MON0OrMYecKoro B3arMogencTBna HaHo-
yacTUL cefleHa C OMyXONEeBbIMU U HOPMaNbHbLIMK KIeT-
KamMn MO3BONUT oOMNpeaennTb Hambonee uHbOpPMaTUB-
Hble METOAbI PErNCTPaLMMN N KONNUYECTBEHHOW OLIEHKN KX
MPOTMBOOMNYXONEBON aKTUBHOCTW, UYTO aKTyaslbHO Npwui
pa3paboTke HOBbLIX JIEKAPCTBEHHbIX CPEACTB MPOTHB
paka.

JINTEPATYPA

1. Agarwal V., Bajpai M., Sharma A. Patented and approval scenario
of nanopharmaceuticals with relevancy to biomedical application,
manufacturing procedure and safety aspects. Recent patents on drug
delivery & formulation. 2018; 12(1): 40-52. DOI: 10.2174/1872211312
666180105114644.

2. GehrP, ZellnerR. Biological Responses to Nanoscale Particles. Springer
Nature Switzerland AG. Cham, Switzerland. 2019. DOI: https://doi.
org/10.1007/978-3-030-12461-8.

3. Zhang J,, Wang X., Xu T. Elemental selenium at nano size (Nano-
Se) as a potential chemopreventive agent with reduced risk of
selenium toxicity: comparison with se-methylselenocysteine in
mice. Toxicological sciences. 2008; 101(1): 22-31. DOI: https://doi.
org/10.1093/toxsci/kfm221.

4. Zhangl.S., Gao X.Y., Zhang L. D. et al. Biological effects of a nano
red elemental selenium. Biofactors. 2001; 15(1): 27-38. DOI: 10.1002/
biof.5520150103.

5. YuB., Zhang Y., Zheng W. et al. Positive surface charge enhances
selective cellular uptake and anticancer efficacy of selenium
nanoparticles. Inorganic chemistry. 2012; 51(16): 8956-8963. DOI:
https://doi.org/10.1021/ic301050v.

6. XiaY., YouP, XuF.etal. Novel functionalized selenium nanoparticles
for enhanced anti-hepatocarcinoma activity in vitro. Nanoscale
research letters. 2015; 10(1): 1-14. DOI: https://doi.org/10.1186/
s11671-015-1051-8.

7. Bhattacharjee A., Basu A., Biswas J. et al. Chemoprotective and
chemosensitizing properties of selenium nanoparticle (Nano-Se)
during adjuvant therapy with cyclophosphamide in tumor-bearing
mice. Molecular and cellular biochemistry. 2017; 424(1-2): 13-33.

20.

21.

22.

23.

24,

25.

26.

27.

Mary T. A., Shanthi K., Vimala K. et al. PEG functionalized selenium
nanoparticles as a carrier of crocin to achieve anticancer synergism.
Rsc Advances. 2016; 6(27): 22936-22949.

Khurana A., Tekula S., Saifi M. A. et al. Therapeutic applications of
selenium nanoparticles. Biomedicine & Pharmacotherapy. 2019; 111:
802-812. DOI: https://doi.org/10.1016/j.biopha.2018.12.146.
Beckett G. J., Arthur J. R. Selenium and endocrine systems. Journal
ofendocrinology. 2005; 184(3): 455-465. DOI: https://doi.org/10.1677/
joe.1.05971.

Rotruck J.T., Pope A.L., Ganther H.E. et al. Selenium: biochemical role
as a component of glutathione peroxidase. Science. 1973; 179(4073):
588-590. DOI: 10.1126/science.179.4073.588.

CrenaHos 0. M., benuukun B. B., KocnHckas C. B. CeneH Kak MUKpO-
3M1eMEHT: XapaKTepucTrka 1 3HauyeHne ana yenoseka. CyyacHa
eacmpoeHmepornozis. 2012; 65(3): 91-96.

BupiokoBa E. B. CoBpeMeHHbI B3rNAg Ha ponb ceneHa B ¢pusmono-
T 1 NATONOMN WUTOBUAHOM Xenesbl. I¢pgekmusHas papmako-
mepanus. 2017; 8: 34-41.

Guan B., YanR,, LiR. et al. Selenium as a pleiotropic agent for medical
discovery and drug delivery. International journal of nanomedicine.
2018; 13: 7473. DOI: 10.2147/1JN.5181343.

Jayaprakash V., Marshall J. R. Selenium and other antioxidants for
chemoprevention of gastrointestinal cancers. Best Practice & Research
Clinical Gastroenterology. 2011; 25(4-5): 507-518. DOI: https://doi.
0rg/10.1016/j.bpg.2011.09.006.

Pernctp nekapctBeHHbIX cpeacTs Poccuu. Available at: https:/www.
rlsnet.ru/baa_tn_id_23728.htm (accessed 22.04.2020).

CeneH. [UrneHnyeckre KpUTEpUM COCTOAHNA OKPY»KatoLLel cpeabl. —
»KeHesa: BO3. 1989; 58: 270.

MeTopmnueckne pekomeHgaLmmn <Hopmbl Gusmonornyeckmx notpes-
HOCTel B SHEPrv 1 NMLLEBbIX BeLleCcTBax AJ1A PasfnyHbIX rpynmn Ha-
ceneHunsa Poccuiickon ®epepauun»: MP 2.3.1.2432-08 (yTB. [NaBHbIM
rocyfjapCTBEHHbIM caHUTapHbIM Bpayom PO 18 gekabpa 2008 r.).
TpeTbak J1. H., Tepacumos E. M. Cneunduika BNMAHNA ceneHa Ha op-
raHu3Mm YenoBeKa U >KUBOTHbIX (MPUMEHUTENIbHO K Npobneme cos-
[aHuA ceneHocofepalymx NPoAyKToB NUTaHuA). BecmHuk OpeH-
6yp2cKk020 20cy0apcmeeHHo20 yHugepcumema. 2007: 12.

Kapnosa E. A., lemmnaeHko O. K., inbuHa O.T1. K Bonpocy o Tokcny-
HOCTM NpernapaToB Ha OCHOBE HaHoceneHa. BecmHuk KpacHospckozo
20Cy0dpCcmeeHH020 azpdpHoe20 yHusepcumema. 2014: 4.

Xpamuos A. I, Cepos A. B., TumueHko B. . n ap. HoBbin 610-
NOrnyecKkmn akTUBHbIN NpenapaTt Ha OCHOBE HaHOYaCTuL, ceneHa.
BecmHuk Cesepo-Kaskaszckozo ¢hedepasnbHo20 yHUBepcumema.
2010; 4: 122-125.

MateHT RU 2392944, MNpenapaT Ans neyeHus N npopunakTnkm Ha-
pyweHna obMeHa ceneHa A CeNbCKOXO3ANCTBEHHbIX XUBOTHbIX /
B. A. Opo6eu, A. B. Cepos, B. A. benses, U. B. Kupees, M. B. Mupolu-
HMYeHKo; nateHToobnapatenb MefepanbHoe rocyfapCcTBeHHoe
o6paszoBaTenbHOe yupexeHue Bbiclwero npodeccruoHanbHOro
o6pasoBaHua CTaBpONONbCKUIA FOCY[aPCTBEHHbIN arpapHbIN yHU-
BepcuTeT. - 3asaBn. 18.09.2008; ony6n. 27.06.2010.

Mpunenckuin A. 10., Apo3nos A. C., boraTtbipes B. A., Craposepos C. A.
MeTogabl paboTbl C KNETOUHbIMM Ky/IbTypaMu 1 onpepesieHne Tok-
CMYHOCTW HaHoMaTepmanos. CM6: YHusepcumem UTMO. 2019: 43.
Jia X, LiN., Chen J. A subchronic toxicity study of elemental Nano-
Se in Sprague-Dawley rats. Life sciences. 2005; 76 (17): 1989-2003.
DOI: https:/doi.org/10.1016/j.Ifs.2004.09.026.

Wang H., Zhang J., Yu H. Elemental selenium at nano size possesses
lower toxicity without compromising the fundamental effect on
selenoenzymes: comparison with selenomethionine in mice. Free
Radical Biology and Medicine. 2007; 42(10): 1524-1533. DOI: https://
doi.org/10.1016/j.freeradbiomed.2007.02.013.

Zhang J., Wang H., Peng D. et al. Further insight into the impact of
sodium selenite on selenoenzymes: high-dose selenite enhances
hepatic thioredoxin reductase 1 activity as a consequence of liver
injury. Toxicology letters. 2008; 176(3): 223-229. DOI: https://doi.
org/10.1016/j.toxlet.2007.12.002.

Kong L., Yuan Q., Zhu H. et al. The suppression of prostate LNCaP
cancer cells growth by Selenium nanoparticles through Akt/Mdm2/
AR controlled apoptosis. Biomaterials. 2011; 32(27): 6515-6522. DOI:
https://doi.org/10.1016/j.biomaterials.2011.05.032.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Tran P.A., Webster T. J. Selenium nanoparticles inhibit Staphylococcus
aureus growth. International journal of nanomedicine. 2011; 6: 1553.
DOI: 10.2147/1JN.S21729.

Wang H., Wei W., Zhang S. Y. et al. Melatonin-selenium nanopar-
ticles inhibit oxidative stress and protect against hepatic injury in-
duced by Bacillus Calmette-Guérin/lipopolysaccharide in mice.
Journal of pineal research. 2005; 39(2): 156-163. DOI: https://doi.
org/10.1111/j.1600-079X.2005.00231.x.

Li Y., Li X, Wong Y. S. et al. The reversal of cisplatin-induced
nephrotoxicity by selenium nanoparticles functionalized with
11-mercapto-1-undecanol by inhibition of ROS-mediated apoptosis.
Biomaterials. 2011; 32(34): 9068-9076. DOI: https://doi.org/10.1016/j.
biomaterials.2011.08.001.

Huang Y., He L. Liu W. et al. Selective cellular uptake and
induction of apoptosis of cancer-targeted selenium nanoparticles.
Biomaterials. 2013; 34(29): 7106-7116. DOI: https://doi.org/10.1016/j.
biomaterials.2013.04.067.

Kumar G. S., Kulkarni A., Khurana A. et al. Selenium nanoparticles
involve HSP-70 and SIRT1 in preventing the progression of type 1
diabetic nephropathy. Chemico-biological interactions, 2014; 223:
125-133. DOI: https://doi.org/10.1016/j.cbi.2014.09.017.

Huang B., Zhang J., Hou J. et al. Free radical scavenging efficiency of
Nano-Se in vitro. Free Radical Biology and Medicine. 2003; 35(7): 805-
813. DOI: https://doi.org/10.1016/5S0891-5849(03)00428-3.
Nasrolahi Shirazi A., Tiwari R. K., Oh D. et al. Cyclic peptide-selenium
nanoparticles as drug transporters. Molecular pharmaceutics. 2014;
11(10): 3631-3641. DOI: https://doi.org/10.1021/mp500364a.
Loeschner K., Hadrup N., Hansen M. et al. Absorption, distribution,
metabolism and excretion of selenium following oral administration
of elemental selenium nanoparticles or selenite in rats. Metallomics.
2014; 6(2): 330-337. DOI: https://doi.org/10.1039/C3MT00309D.
PiJ., Jin H., LiuR. et al. Pathway of cytotoxicity induced by folic acid
modified selenium nanoparticles in MCF-7 cells. Applied microbiology
and biotechnology. 2013; 97(3): 1051-1062.

Gao F, Yuan Q., Gao L. et al. Cytotoxicity and therapeutic effect
of irinotecan combined with selenium nanoparticles. Bioma-
terials. 2014; 35(31): 8854-8866. DOI: https://doi.org/10.1016/j.
biomaterials.2014.07.004.

CuiD, Liang, T., Sun, L. et al. Green synthesis of selenium nanoparticles
with extract of hawthorn fruit induced HepG2 cells apoptosis.
Pharmaceutical Biology. 2018; 56(1): 528-534. DOI: https://doi.org/
10.1080/13880209.2018.1510974.

KhanS., Ullah M. W., Siddique R. et al. Catechins-modified selenium-
doped hydroxyapatite nanomaterials for improved osteosarcoma
therapy through generation of reactive oxygen species. Frontiers in
oncology. 2019; 9:499. DOI: https://doi.org/10.3389/fonc.2019.00499.
Wang Y., Wang J., Hao H. et al. In vitro and in vivo mechanism of bone
tumor inhibition by selenium-doped bone mineral nanoparticles.
ACS nano. 2016; 10(11): 9927-9937. DOI: https://doi.org/10.1021/
acsnano.6b03835.

Yazdi M. H., Mahdavi M., Faghfuri E. et al. Th1 immune response
induction by biogenic selenium nanoparticles in mice with breast
cancer: preliminary vaccine model. Iranian journal of biotechnology.
2015; 13(2): 1. DOI: 10.15171/ijb.1056.

ZhangY., Li X., Huang Z. et al. Enhancement of cell permeabilization
apoptosis-inducing activity of selenium nanoparticles by ATP surface
decoration. Nanomedicine: Nanotechnology, Biology and Medicine.
2013; 9(1): 74-84. DOI: https://doi.org/10.1016/j.nan0.2012.04.002.
Trickler W. J., Lantz S. M., Schrand A. M. et al. Effects of copper
nanoparticles on rat cerebral microvessel endothelial cells.
Nanomedicine. 2012; 7(6); 835-846. DOI: 10.2217/nnm.11.154.

Wu H., Li X., Liu W. et al. Surface decoration of selenium nanoparticles
by mushroom polysaccharides—protein complexes to achieve
enhanced cellular uptake and antiproliferative activity. Journal
of Materials Chemistry. 2012; 22(19): 9602-9610. DOI: https://doi.
org/10.1039/C2JM16828F.

Jiang W., Fu Y., Yang F. et al. Gracilaria lemaneiformis polysaccharide
as integrin-targeting surface decorator of selenium nanoparticles
to achieve enhanced anticancer efficacy. ACS applied materials &
interfaces. 2014; 6(16): 13738-13748. DOI: https://doi.org/10.1021/
am5031962.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Mouck u pazpabomka HO8bIX JleKApCMeeHHbIX cpedcme
Research and development of new drug products

WuH., ZhuH,, Li X. et al. Induction of apoptosis and cell cycle arrest in
A549 human lung adenocarcinoma cells by surface-capping selenium
nanoparticles: an effect enhanced by polysaccharide-protein
complexes from Polyporus rhinocerus. Journal of agricultural and
food chemistry. 2013; 61(41): 9859-9866. DOI: https://doi.org/10.1021/
jf403564s.

Chen T.,, Wong Y. S., Zheng W. et al. Selenium nanoparticles
fabricated in Undaria pinnatifida polysaccharide solutions induce
mitochondria-mediated apoptosis in A375 human melanoma cells.
Colloids and surfaces B: Biointerfaces. 2008; 67(1): 26-31. DOI: https://
doi.org/10.1016/j.colsurfb.2008.07.010.

ZhengJ.S., ZhengS. Y., Zhang Y. B. et al. Sialic acid surface decoration
enhances cellular uptake and apoptosis-inducing activity of selenium
nanoparticles. Colloids and Surfaces B: Biointerfaces. 2011; 83(1): 183—
187. DOI: https://doi.org/10.1016/j.colsurfb.2010.11.023.

Kumari M., Ray L., Purohit M. P. et al. Curcumin loading potentiates
the chemotherapeutic efficacy of selenium nanoparticles in HCT116
cellsand Ehrlich’s ascites carcinoma bearing mice. European Journal of
Pharmaceutics and Biopharmaceutics. 2017; 117: 346-362. DOI: https:/
doi.org/10.1016/j.ejpb.2017.05.003.

Feng Y., SuJ., Zhao Z. et al. Differential effects of amino acid surface
decoration on the anticancer efficacy of selenium nanoparticles.
Dalton Transactions. 2014; 43(4): 1854-1861. DOI: https://doi.
0rg/10.1039/C3DT52468).

Sun D, Liu Y., Yu Q. et al. The effects of luminescent ruthenium (Il)
polypyridyl functionalized selenium nanoparticles on bFGF-induced
angiogenesis and AKT/ERK signaling. Biomaterials. 2013; 34(1): 171-
180. DOI: https://doi.org/10.1016/j.biomaterials.2012.09.031.
SunD., LiuY., Yu Q. et al. Inhibition of tumor growth and vasculature
and fluorescence imaging using functionalized ruthenium-thiol
protected selenium nanoparticles. Biomaterials. 2014; 35(5): 1572~
1583. DOI: https://doi.org/10.1016/j.biomaterials.2013.11.007.
Zheng S., Li X., Zhang Y. et al. PEG-nanolized ultrasmall selenium
nanoparticles overcome drug resistance in hepatocellular carcinoma
HepG2 cells through induction of mitochondria dysfunction.
International journal of nanomedicine. 2012; 7: 3939. DOI: 10.2147/
1JN.S30940.

Li Y., Li X., Zheng W. et al. Functionalized selenium nanoparticles
with nephroprotective activity, the important roles of ROS-mediated
signaling pathways. Journal of Materials Chemistry B.2013; 1(46): 6365—
6372. DOI: https://doi.org/10.1039/C3TB21168A.

Craposepos C. A., ibikmaH J1. A., MexeHHbili 1. B. n gp. NonyyeHune
HaHOYaCTWL CefieHa C NCMOJb30BaHNEM CUIMMApUHa ¥ U3yuyeHve
MX LNTOTOKCMYHOCTY MO OTHOLLEHWIO K OMYXOneBbiM KneTkam. Ceste-
ckoxo3saticmeeHHas buonoaus. 2017; 52(6): 1206-1213. DOI: 10.15389/
agrobiology.2017.6.1206rus.

Quintana M., Haro-Poniatowski E., Morales J. et al. Synthesis of
selenium nanoparticles by pulsed laser ablation. Applied surface
science. 2002; 195(1-4): 175-186. DOI: https://doi.org/10.1016/
S0169-4332(02)00549-4.

Guisbiers G., Wang Q., Khachatryan E. et al. Anti-bacterial selenium
nanoparticles produced by UV/VIS/NIR pulsed nanosecond laser
ablation in liquids. Laser Physics Letters. 2014; 12(1): 016003. DOI:
10.1088/1612-2011/12/1/016003.

Hou J.Y., AiS.Y., ShiW. J. Preparation and characterization of nano-
Se/silk fibroin colloids. Chemical Research in Chinese Universities. 2011;
27(1): 158-160.

Panahi-Kalamuei M., Salavati-Niasari M., Hosseinpour-Mashkani S. M.
Facile microwave synthesis, characterization, and solar cell application
of selenium nanoparticles. Journal of alloys and compounds. 2014; 617:
627-632. DOI: https://doi.org/10.1016/j.jallcom.2014.07.174.

Petros R. A., DeSimone J. M. Strategies in the design of nanoparticles
for therapeutic applications. Nature reviews Drug discovery. 2010; 9(8):
615-627. DOI: https://doi.org/10.1038/nrd2591.

Dhand C., Dwivedi N., Loh X. J. et al. Methods and strategies for
the synthesis of diverse nanoparticles and their applications: a
comprehensive overview. Rsc Advances. 2015; 5(127): 105003-105037.
DOI: https://doi.org/10.1039/C5RA19388E.

Chen W., Li Y., Yang S. et al. Synthesis and antioxidant properties
of chitosan and carboxymethyl chitosan-stabilized selenium
nanoparticles. Carbohydrate polymers. 2015; 132: 574-581. DOI: https:/
doi.org/10.1016/j.carbpol.2015.06.064.

41



42

Mouck u paspa6omka HOBbIX JleKapcmeeHHbIX cpedcme
Research and development of new drug products

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Zhang C., Zhai X., Zhao G. et al. Synthesis, characterization, and
controlled release of selenium nanoparticles stabilized by chitosan
of different molecular weights. Carbohydrate polymers. 2015; 134:
158-166. DOI: https://doi.org/10.1016/j.carbpol.2015.07.065.

Yin T., Yang L., Liu Y. et al. Sialic acid (SA)-modified selenium
nanoparticles coated with a high blood-brain barrier permeability
peptide-B6 peptide for potential use in Alzheimer’s disease. Acta
biomaterialia. 2015; 25: 172-183. DOI: https://doi.org/10.1016/j.
actbio.2015.06.035.

Barttinék V., Junkova J., Suman J. et al. Preparation of amorphous
antimicrobial selenium nanoparticles stabilized by odor suppressing
surfactant polysorbate 20. Materials Letters. 2015; 152: 207-209. DOI:
https://doi.org/10.1016/j.matlet.2015.03.092

Liu T., Zeng L., Jiang W. et al. Rational design of cancer-targeted
selenium nanoparticles to antagonize multidrug resistance in cancer
cells. Nanomedicine: Nanotechnology, Biology and Medicine. 2015; 11(4):
947-958. DOI: https://doi.org/10.1016/j.nan0.2015.01.009.

Dwivedi C., Shah C.P, Singh K. et al. An organic acid-induced
synthesis and characterization of selenium nanoparticles. Journal
of Nanotechnology. 2011. DOI: https://doi.org/10.1155/2011/651971.
Kumar S., Tomar M.S., Acharya A. Carboxylic group-induced synthesis
and characterization of selenium nanoparticles and its anti-tumor
potential on Dalton’s lymphoma cells. Colloids and Surfaces B:
Biointerfaces. 2015; 126: 546-552. DOI: https://doi.org/10.1016/].
colsurfb.2015.01.009.

Questera K., Avalos-Borjab M., Castro-Longoria E. Biosynthesis and
microscopic study of metallic nanoparticles. Micron. 2013; 54: 1-27.
DOI: https://doi.org/10.1016/j.micron.2013.07.003.

Srivastava N., Mukhopadhyay M. Biosynthesis and structural
characterization of selenium nanoparticles mediated by Zooglea
ramigera. Powder technology. 2013; 244: 26-29. DOI: https://doi.
org/10.1016/j.powtec.2013.03.050.

Srivastava N., Mukhopadhyay M. Biosynthesis and structural
characterization of selenium nanoparticles using Gliocladium
roseum. Journal of Cluster Science. 2015; 26(5): 1473-1482.DOI: 10.1007/
510876-014-0833-y.

Visha P., Nanjappan K., Selvaraj P. et al. Biosynthesis and structural
sharacteristics of selenium nanoparticles using Lactobacillus
Acidophilus bacteria by wet sterilization process. International Journal
of Advanced Veterinary Science and Technology. 2015; 4(1): 178-183.
DOI:10.23953/cloud.ijavst.183.

Dhanjal S., Cameotra S. S. Aerobic biogenesis of selenium nano-
spheres by Bacillus cereus isolated from coalmine soil. Microbial cell
factories. 2010; 9: 52. DOI: https://doi.org/10.1186/1475-2859-9-52.
Prasad K.S., Selvaraj K. Biogenic synthesis of selenium nanoparticles
and their effect on As (lll)-induced toxicity on human lymphocytes.
Biological trace element research. 2014; 157(3): 275-283. DOI: https:/
doi.org/10.1007/s12011-014-9891-0.

Reifarth M., Hoeppener S., Schubert U. S. Uptake and intracellular
fate of engineered nanoparticles in mammalian cells: capabilities
and limitations of transmission electron microscopy-polymer-based
nanoparticles. Advanced Materials. 2018; 30(9): 1703704. DOI: https://
doi.org/10.1002/adma.201703704.

Song X, ChenY., Zhao G., Sun H.,Che H., & Leng, X. Effect of molecular
weight of chitosan and its oligosaccharides on antitumor activities of
chitosan-selenium nanoparticles. Carbohydrate Polymers. 2020; 231:
115689. DOI: https://doi.org/10.1016/j.carbpol.2019.115689.

De Jonge N., Peckys D. B. Live cell electron microscopy is probably
impossible. ACS nano. 2016; 10(10): 9061-9063. DOI: https://doi.
org/10.1021/acsnano.6b02809.

Rosman C., Pierrat S., Henkel A. et al. A new approach to assess gold
nanoparticle uptake by mammalian cells: combining optical dark-
field and transmission electron microscopy. Small. 2012; 8(23): 3683-
3690. DOI: https://doi.org/10.1002/smll.201200853.
Rothen-Rutishauser B., Kuhn D. A., Ali Z. et al. Quantification of gold
nanoparticle cell uptake under controlled biological conditions and
adequate resolution. Nanomedicine. 2014; 9(5): 607-621. DOI: 10.2217/
nnm.13.24.

JlazepHan KoH$oOKanbHaa Mukpockonua. Metognyeckme ykasa-
Hus / CocT. Tumuenko I. E., Tumuerko E. B. Camapa: 130-80 Ca-
MAapCcKo20 20Cy0apcmMBeHH020 a3pOKOCMUYECKo20 yHugepcumema
umeHu akademuka C. [1.Koponesa. 2014: 76.

81.

82.

83.

84.

85.

86.

Jarockyte G., Dapkute D., Karabanovas V. et al. 3D cellular spheroids
as tools for understanding carboxylated quantum dot behavior in
tumors. Biochimica et Biophysica Acta (BBA)-General Subjects. 2018;
1862(4): 914-923. DOI: https://doi.org/10.1016/j.bbagen.2017.12.014.
Luesakul U., Puthong S., Neamati N., Muangsin N. pH-responsive
selenium nanoparticles stabilized by folate-chitosan delivering
doxorubicin for overcoming drug-resistant cancer cells. Carbohydrate
polymers. 2018; 181: 841-850. DOI: https://doi.org/10.1016/j.
carbpol.2017.11.068.

Luo H., Wang F,, Bai Y., Chen T., Zheng W. Selenium nanoparticles
inhibit the growth of HeLa and MDA-MB-231 cells through induction
of S phase arrest. Colloids and Surfaces B: Biointerfaces. 2012; 94: 304—
308. DOI: https://doi.org/10.1016/j.colsurfb.2012.02.006.

Wang X., SunK., TanY,, Wu'S., Zhang J. Efficacy and safety of selenium
nanoparticles administered intraperitoneally for the prevention
of growth of cancer cells in the peritoneal cavity. Free Radical
Biology and Medicine. 2014; 72: 1-10. DOI: https://doi.org/10.1016/].
freeradbiomed.2014.04.003.

MpoTouHaa untodpnyopmumeTpua. YuebHo-meToaNYECKOE NOCO-
6ue / CocT. bananaesa W. B. HuxHuin Hoeropog: M3a-s8o Huxe-
ropoAcKoro rocyHusepcuteta um. H. N. Jlobauesckoro. 2014: 75.
Li H., Liu D., Li S, Xue C. Synthesis and cytotoxicity of selenium
nanoparticles stabilized by a-D-glucan from Castanea mollissima
Blume. International journal of biological macromolecules. 2019; 129:
818-826. DOI: https://doi.org/10.1016/j.jjbiomac.2019.02.085.

REFERENCE

1.

Agarwal V., Bajpai M., Sharma A. Patented and approval scenario
of nanopharmaceuticals with relevancy to biomedical application,
manufacturing procedure and safety aspects. Recent patents on drug
delivery & formulation. 2018; 12(1): 40-52. DOI: 10.2174/1872211312
666180105114644.

GehrP, Zellner R. Biological Responses to Nanoscale Particles. Springer
Nature Switzerland AG. Cham, Switzerland. 2019. DOI: https://doi.
org/10.1007/978-3-030-12461-8.

Zhang J., Wang X., Xu T. Elemental selenium at nano size (Nano-
Se) as a potential chemopreventive agent with reduced risk of
selenium toxicity: comparison with se-methylselenocysteine in
mice. Toxicological sciences. 2008; 101(1): 22-31. DOI: https://doi.
org/10.1093/toxsci/kfm221.

Zhang J. S., Gao X. Y., Zhang L. D. et al. Biological effects of a nano
red elemental selenium. Biofactors. 2001; 15(1): 27-38. DOI: 10.1002/
biof.5520150103.

Yu B., Zhang Y., Zheng W. et al. Positive surface charge enhances
selective cellular uptake and anticancer efficacy of selenium
nanoparticles. Inorganic chemistry. 2012; 51(16): 8956-8963. DOI:
https://doi.org/10.1021/ic301050v.

XiaY., You P, XuF. et al. Novel functionalized selenium nanoparticles
for enhanced anti-hepatocarcinoma activity in vitro. Nanoscale
research letters. 2015; 10(1): 1-14. DOI: https://doi.org/10.1186/
s11671-015-1051-8.

Bhattacharjee A., Basu A., Biswas J. et al. Chemoprotective and
chemosensitizing properties of selenium nanoparticle (Nano-Se)
during adjuvant therapy with cyclophosphamide in tumor-bearing
mice. Molecular and cellular biochemistry. 2017; 424(1-2): 13-33.
Mary T. A., Shanthi K., Vimala K. et al. PEG functionalized selenium
nanoparticles as a carrier of crocin to achieve anticancer synergism.
Rsc Advances. 2016; 6(27): 22936-22949.

Khurana A., Tekula S., Saifi M. A. et al. Therapeutic applications of
selenium nanoparticles. Biomedicine & Pharmacotherapy. 2019; 111:
802-812. DOI: https://doi.org/10.1016/j.biopha.2018.12.146.
Beckett G. J., Arthur J. R. Selenium and endocrine systems. Journal
ofendocrinology. 2005; 184(3): 455-465. DOI: https://doi.org/10.1677/
joe.1.05971.

Rotruck J.T., Pope A. L., Ganther H.E. et al. Selenium: biochemical role
as a component of glutathione peroxidase. Science. 1973; 179(4073):
588-590. DOI: 10.1126/science.179.4073.588.

Stepanov Yu. M., Belitskiy V. V., Kosinskaya S. V. Selenium as a trace
element: characteristics and importance for a human. Modern
gastroenterology. 2012; 65(3): 91-96. (in Ukraine).



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3.

Biryukova Ye.V. A Contemporary View on a Role Played by Selenium
in Physiology and Pathology of the Thyroid Gland. Effective
Pharmacotherapy. 2017; 8: 34-41. (in Russ.).

GuanB., YanR,, LiR. et al. Selenium as a pleiotropic agent for medical
discovery and drug delivery. International journal of nanomedicine.
2018; 13: 7473. DOI: 10.2147/1JN.S181343.

Jayaprakash V., Marshall J. R. Selenium and other antioxidants for
chemoprevention of gastrointestinal cancers. Best Practice & Research
Clinical Gastroenterology. 2011; 25(4-5): 507-518. DOI: https://doi.
0rg/10.1016/j.bpg.2011.09.006.

Register of medicines of Russia. Available at: https://www.rlsnet.ru/
baa_tn_id_23728.htm (accessed 22.04.2020). (in Russ.).

Selenium. Hygienic criteria for the state of the environment. - Geneva:
WHO. 1989; 58: 270. (in Russ.).

Methodological recommendations «Norms of physiological needs
in energy and food substances for various groups of the population
of the Russian Federation»: MP 2.3.1.2432-08 (utv. Glavnym
gosudarstvennym sanitarnym vrachom RF 18 dekabrja 2008 g.).
(in Russ.).

Tretyak L. N., Gerasimov E. M. Specificity of the effect of selenium on
the human body and animals (in relation to the problem of creating
selenium-containing foods). Bulletin of the Orenburg State University.
2007:12. (in Russ.).

KarpovaE. A., Demidenko O.K., llina O. P. The question of the toxicity
of drugs on the basis of nanoselenium. The Bulletin of KrasGAU.
2014: 4. (in Russ.).

Hramcov A. G., Serov A. V., Timchenko V. P. et al. New biologically
active preparation on the basis of selenium nanoparticles. Newsletter
of North-Caucasus federal university. 2010; 4: 122-125. (in Russ.).
Patent RU 2392944. Preparation for the treatment and prevention
of selenium metabolism disorders for farm animals / V. A. Orobec,
A. V. Serov, V. A. Beljaey, I. V. Kireev, M. V. Miroshnichenko; Patent
holder Federal State Educational Institution of Higher Professional
Education Stavropol State Agrarian University. - Appl. 18.09.2008;
publ. 27.06.2010. (in Russ.).

Prilepskij A. Ju., Drozdov A. S., Bogatyrev V. A., Staroverov S. A.
Methods of working with cell cultures and determining the toxicity
of nanomaterials. St.-Petersburg: [TMO University. 2019: 43. (in Russ.).
Jia X, Li N., Chen J. A subchronic toxicity study of elemental Nano-
Se in Sprague-Dawley rats. Life sciences. 2005; 76 (17): 1989-2003.
DOI: https://doi.org/10.1016/j.Ifs.2004.09.026.

Wang H., Zhang J., Yu H. Elemental selenium at nano size possesses
lower toxicity without compromising the fundamental effect on
selenoenzymes: comparison with selenomethionine in mice. Free
Radical Biology and Medicine. 2007; 42(10): 1524-1533. DOI: https:/
doi.org/10.1016/j.freeradbiomed.2007.02.013.

Zhang J., Wang H., Peng D. et al. Further insight into the impact of
sodium selenite on selenoenzymes: high-dose selenite enhances
hepatic thioredoxin reductase 1 activity as a consequence of liver
injury. Toxicology letters. 2008; 176(3): 223-229. DOI: https://doi.
org/10.1016/j.toxlet.2007.12.002.

Kong L., Yuan Q., Zhu H. et al. The suppression of prostate LNCaP
cancer cells growth by Selenium nanoparticles through Akt/Mdm2/
AR controlled apoptosis. Biomaterials. 2011; 32(27): 6515-6522. DOI:
https://doi.org/10.1016/j.biomaterials.2011.05.032.

Tran P.A., Webster T.J. Selenium nanoparticles inhibit Staphylococcus
aureus growth. International journal of nanomedicine. 2011; 6: 1553.
DOI: 10.2147/1JN.S21729.

Wang H., Wei W., Zhang S. Y. et al. Melatonin-selenium nanopar-
ticles inhibit oxidative stress and protect against hepatic injury in-
duced by Bacillus Calmette-Guérin/lipopolysaccharide in mice.
Journal of pineal research. 2005; 39(2): 156-163. DOI: https://doi.
org/10.1111/j.1600-079X.2005.00231.x.

Li Y., Li X, Wong Y. S. et al. The reversal of cisplatin-induced
nephrotoxicity by selenium nanoparticles functionalized with
11-mercapto-1-undecanol by inhibition of ROS-mediated apoptosis.
Biomaterials. 2011; 32(34): 9068-9076. DOI: https://doi.org/10.1016/j.
biomaterials.2011.08.001.

Huang Y., He L., Liu W. et al. Selective cellular uptake and
induction of apoptosis of cancer-targeted selenium nanoparticles.
Biomaterials. 2013; 34(29): 7106-7116. DOI: https://doi.org/10.1016/j.
biomaterials.2013.04.067.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Mouck u pazpabomka HoO8bIX IeKapcmeeHHbIX cpedcme
Research and development of new drug products

Kumar G. S., Kulkarni A., Khurana A. et al. Selenium nanoparticles
involve HSP-70 and SIRT1 in preventing the progression of type 1
diabetic nephropathy. Chemico-biological interactions, 2014; 223:
125-133. DOI: https://doi.org/10.1016/j.cbi.2014.09.017.

Huang B., Zhang J., Hou J. et al. Free radical scavenging efficiency of
Nano-Se in vitro. Free Radical Biology and Medicine. 2003; 35(7): 805-
813. DOI: https://doi.org/10.1016/50891-5849(03)00428-3.
Nasrolahi Shirazi A., Tiwari R. K., Oh D. et al. Cyclic peptide-selenium
nanoparticles as drug transporters. Molecular pharmaceutics. 2014;
11(10): 3631-3641. DOI: https://doi.org/10.1021/mp500364a.
Loeschner K., Hadrup N., Hansen M. et al. Absorption, distribution,
metabolism and excretion of selenium following oral administration
of elemental selenium nanoparticles or selenite in rats. Metallomics.
2014; 6(2): 330-337. DOI: https://doi.org/10.1039/C3MT00309D.
PiJ., Jin H., Liu R. et al. Pathway of cytotoxicity induced by folic acid
modified selenium nanoparticles in MCF-7 cells. Applied microbiology
and biotechnology. 2013; 97(3): 1051-1062.

Gao F, Yuan Q., Gao L. et al. Cytotoxicity and therapeutic effect
of irinotecan combined with selenium nanoparticles. Bioma-
terials. 2014; 35(31): 8854-8866. DOI: https://doi.org/10.1016/].
biomaterials.2014.07.004.

CuiD, Liang, T., Sun, L. et al. Green synthesis of selenium nanoparticles
with extract of hawthorn fruit induced HepG2 cells apoptosis.
Pharmaceutical Biology. 2018; 56(1): 528-534. DOI: https://doi.org/
10.1080/13880209.2018.1510974.

KhanS., Ullah M. W., Siddique R. et al. Catechins-modified selenium-
doped hydroxyapatite nanomaterials for improved osteosarcoma
therapy through generation of reactive oxygen species. Frontiers in
oncology. 2019; 9:499. DOI: https://doi.org/10.3389/fonc.2019.00499.
Wang Y., Wang J., Hao H. et al. In vitro and in vivo mechanism of bone
tumor inhibition by selenium-doped bone mineral nanoparticles.
ACS nano. 2016; 10(11): 9927-9937. DOI: https://doi.org/10.1021/
acsnano.6b03835.

Yazdi M. H., Mahdavi M., Faghfuri E. et al. Th1 immune response
induction by biogenic selenium nanoparticles in mice with breast
cancer: preliminary vaccine model. Iranian journal of biotechnology.
2015; 13(2): 1. DOI: 10.15171/ijb.1056.

Zhang Y., Li X.,Huang Z. et al. Enhancement of cell permeabilization
apoptosis-inducing activity of selenium nanoparticles by ATP surface
decoration. Nanomedicine: Nanotechnology, Biology and Medicine.
2013; 9(1): 74-84. DOI: https://doi.org/10.1016/j.nan0.2012.04.002.
Trickler W. J., Lantz S. M., Schrand A. M. et al. Effects of copper
nanoparticles on rat cerebral microvessel endothelial cells.
Nanomedicine. 2012; 7(6); 835-846. DOI: 10.2217/nnm.11.154.

Wu H., LiX., LiuW. et al. Surface decoration of selenium nanoparticles
by mushroom polysaccharides—protein complexes to achieve
enhanced cellular uptake and antiproliferative activity. Journal
of Materials Chemistry. 2012; 22(19): 9602-9610. DOI: https://doi.
0rg/10.1039/C2JM16828F.

Jiang W, FuY,, YangF. et al. Gracilaria lemaneiformis polysaccharide
as integrin-targeting surface decorator of selenium nanoparticles
to achieve enhanced anticancer efficacy. ACS applied materials &
interfaces. 2014; 6(16): 13738-13748. DOI: https://doi.org/10.1021/
am5031962.

WuH., ZhuH., Li X. et al. Induction of apoptosis and cell cycle arrest in
A549 human lung adenocarcinoma cells by surface-capping selenium
nanoparticles: an effect enhanced by polysaccharide-protein
complexes from Polyporus rhinocerus. Journal of agricultural and
food chemistry. 2013; 61(41): 9859-9866. DOI: https://doi.org/10.1021/
jf403564s.

Chen T.,, Wong Y. S., Zheng W. et al. Selenium nanoparticles
fabricated in Undaria pinnatifida polysaccharide solutions induce
mitochondria-mediated apoptosis in A375 human melanoma cells.
Colloids and surfaces B: Biointerfaces. 2008; 67(1): 26-31. DOI: https://
doi.org/10.1016/j.colsurfb.2008.07.010.

ZhengJ.S., ZhengS.Y., Zhang Y.B. et al. Sialic acid surface decoration
enhances cellular uptake and apoptosis-inducing activity of selenium
nanoparticles. Colloids and Surfaces B: Biointerfaces. 2011; 83(1): 183-
187. DOI: https://doi.org/10.1016/j.colsurfb.2010.11.023.

Kumari M., Ray L., Purohit M. P. et al. Curcumin loading potentiates
the chemotherapeutic efficacy of selenium nanoparticlesin HCT116
cellsand Ehrlich’s ascites carcinoma bearing mice. European Journal of
Pharmaceutics and Biopharmaceutics. 2017; 117: 346-362. DOI: https://
doi.org/10.1016/j.ejpb.2017.05.003.

43



44

Mouck u pazpabomka HO8bIX IeKAPCMBeHHbIX cpedcme
Research and development of new drug products

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Feng ., SuJ., Zhao Z. et al. Differential effects of amino acid surface
decoration on the anticancer efficacy of selenium nanoparticles.
Dalton Transactions. 2014; 43(4): 1854-1861. DOI: https://doi.
org/10.1039/C3DT52468).

Sun D, Liu Y., Yu Q. et al. The effects of luminescent ruthenium (Il)
polypyridyl functionalized selenium nanoparticles on bFGF-induced
angiogenesis and AKT/ERK signaling. Biomaterials. 2013; 34(1): 171-
180. DOI: https://doi.org/10.1016/j.biomaterials.2012.09.031.
SunD., LiuY., Yu Q. et al. Inhibition of tumor growth and vasculature
and fluorescence imaging using functionalized ruthenium-thiol
protected selenium nanoparticles. Biomaterials. 2014; 35(5): 1572-
1583. DOI: https://doi.org/10.1016/j.biomaterials.2013.11.007.
Zheng S., Li X., Zhang Y. et al. PEG-nanolized ultrasmall selenium
nanoparticles overcome drug resistance in hepatocellular carcinoma
HepG2 cells through induction of mitochondria dysfunction.
International journal of nanomedicine. 2012; 7: 3939. DOI: 10.2147/
1JN.S30940.

Li Y., Li X., Zheng W. et al. Functionalized selenium nanoparticles
with nephroprotective activity, the important roles of ROS-mediated
signaling pathways. Journal of Materials Chemistry B. 2013; 1(46): 6365—
6372. DOI: https://doi.org/10.1039/C3TB21168A.

Staroverov S. A., Dykman L. A., Mezhennyi P. V. et al. Preparation
of selenium nanoparticles by using silymarin and study of their
cytotoxicity to tumor cells. Agricultural Biology. 2017; 52(6): 1206—
1213. DOI: 10.15389/agrobiology.2017.6.1206rus (in Russ.).
Quintana M., Haro-Poniatowski E., Morales J. et al. Synthesis of
selenium nanoparticles by pulsed laser ablation. Applied surface
science. 2002; 195(1-4): 175-186. DOI: https://doi.org/10.1016/
S0169-4332(02)00549-4.

Guisbiers G., Wang Q., Khachatryan E. et al. Anti-bacterial selenium
nanoparticles produced by UV/VIS/NIR pulsed nanosecond laser
ablation in liquids. Laser Physics Letters. 2014; 12(1): 016003. DOI:
10.1088/1612-2011/12/1/016003.

Hou J.Y., AiS.Y., ShiW. J. Preparation and characterization of nano-
Se/silk fibroin colloids. Chemical Research in Chinese Universities. 2011;
27(1): 158-160.

Panahi-Kalamuei M., Salavati-Niasari M., Hosseinpour-Mashkani S. M.
Facile microwave synthesis, characterization, and solar cell application
of selenium nanoparticles. Journal of alloys and compounds. 2014; 617
627-632. DOI: https://doi.org/10.1016/j.jallcom.2014.07.174.

Petros R. A., DeSimone J. M. Strategies in the design of nanoparticles
for therapeutic applications. Nature reviews Drug discovery. 2010; 9(8):
615-627. DOI: https://doi.org/10.1038/nrd2591.

Dhand C., Dwivedi N., Loh X. J. et al. Methods and strategies for
the synthesis of diverse nanoparticles and their applications: a
comprehensive overview. Rsc Advances. 2015; 5(127): 105003-105037.
DOI: https://doi.org/10.1039/C5RA19388E.

Chen W., Li Y., Yang S. et al. Synthesis and antioxidant properties
of chitosan and carboxymethyl chitosan-stabilized selenium
nanoparticles. Carbohydrate polymers. 2015; 132: 574-581. DOI: https://
doi.org/10.1016/j.carbpol.2015.06.064.

Zhang C., Zhai X., Zhao G. et al. Synthesis, characterization, and
controlled release of selenium nanoparticles stabilized by chitosan
of different molecular weights. Carbohydrate polymers. 2015; 134:
158-166. DOI: https://doi.org/10.1016/j.carbpol.2015.07.065.

Yin T., Yang L., Liu Y. et al. Sialic acid (SA)-modified selenium
nanoparticles coated with a high blood-brain barrier permeability
peptide-B6 peptide for potential use in Alzheimer’s disease. Acta
biomaterialia. 2015; 25: 172-183. DOI: https://doi.org/10.1016/j.
actbio.2015.06.035.

BartGin&k V., Junkové J., Suman J. et al. Preparation of amorphous
antimicrobial selenium nanoparticles stabilized by odor suppressing
surfactant polysorbate 20. Materials Letters. 2015; 152: 207-209. DOI:
https://doi.org/10.1016/j.matlet.2015.03.092

Liu T,, Zeng L., Jiang W. et al. Rational design of cancer-targeted
selenium nanoparticles to antagonize multidrug resistance in cancer
cells. Nanomedicine: Nanotechnology, Biology and Medicine. 2015; 11(4):
947-958. DOI: https://doi.org/10.1016/j.nano.2015.01.009.

Dwivedi C., Shah C.P, Singh K. et al. An organic acid-induced
synthesis and characterization of selenium nanoparticles. Journal
of Nanotechnology. 2011. DOI: https://doi.org/10.1155/2011/651971.
KumarS., Tomar M.S., Acharya A. Carboxylic group-induced synthesis
and characterization of selenium nanoparticles and its anti-tumor

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

potential on Dalton’s lymphoma cells. Colloids and Surfaces B:
Biointerfaces. 2015; 126: 546-552. DOI: https://doi.org/10.1016/].
colsurfb.2015.01.009.

Questera K., Avalos-Borjab M., Castro-Longoria E. Biosynthesis and
microscopic study of metallic nanoparticles. Micron. 2013; 54: 1-27.
DOI: https://doi.org/10.1016/j.micron.2013.07.003.

Srivastava N., Mukhopadhyay M. Biosynthesis and structural
characterization of selenium nanoparticles mediated by Zooglea
ramigera. Powder technology. 2013; 244: 26-29. DOI: https:/doi.
org/10.1016/j.powtec.2013.03.050.

Srivastava N., Mukhopadhyay M. Biosynthesis and structural
characterization of selenium nanoparticles using Gliocladium
roseum. Journal of Cluster Science. 2015; 26(5): 1473-1482.DOI: 10.1007/
5s10876-014-0833-y.

Visha P., Nanjappan K., Selvaraj P. et al. Biosynthesis and structural
sharacteristics of selenium nanoparticles using Lactobacillus
Acidophilus bacteria by wet sterilization process. International Journal
of Advanced Veterinary Science and Technology. 2015; 4(1): 178-183.
DOI:10.23953/cloud.ijavst.183.

Dhanjal S., Cameotra S. S. Aerobic biogenesis of selenium nano-
spheres by Bacillus cereus isolated from coalmine soil. Microbial cell
factories. 2010; 9: 52. DOI: https://doi.org/10.1186/1475-2859-9-52.
Prasad K.S., Selvaraj K. Biogenic synthesis of selenium nanoparticles
and their effect on As (lll)-induced toxicity on human lymphocytes.
Biological trace element research. 2014; 157(3): 275-283. DOI: https://
doi.org/10.1007/s12011-014-9891-0.

Reifarth M., Hoeppener S., Schubert U. S. Uptake and intracellular
fate of engineered nanoparticles in mammalian cells: capabilities
and limitations of transmission electron microscopy-polymer-based
nanoparticles. Advanced Materials. 2018; 30(9): 1703704. DOI: https://
doi.org/10.1002/adma.201703704.

Song X, ChenY., Zhao G., Sun H.,Che H., &Leng, X. Effect of molecular
weight of chitosan and its oligosaccharides on antitumor activities of
chitosan-selenium nanoparticles. Carbohydrate Polymers. 2020; 231:
115689. DOI: https://doi.org/10.1016/j.carbpol.2019.115689.

De Jonge N., Peckys D. B. Live cell electron microscopy is probably
impossible. ACS nano. 2016; 10(10): 9061-9063. DOI: https://doi.
org/10.1021/acsnano.6b02809.

Rosman C,, Pierrat S., Henkel A. et al. A new approach to assess gold
nanoparticle uptake by mammalian cells: combining optical dark-
field and transmission electron microscopy. Small. 2012; 8(23): 3683-
3690. DOI: https://doi.org/10.1002/smll.201200853.
Rothen-Rutishauser B., Kuhn D. A., Ali Z. et al. Quantification of gold
nanoparticle cell uptake under controlled biological conditions and
adequate resolution. Nanomedicine. 2014; 9(5): 607-621. DOI: 10.2217/
nnm.13.24.

Laser confocal microscopy. Guidelines / Comp. Timchenko P. E.,
Timchenko E. V. Samara: Publishing House Mar State Aerospace
University named after academician S. P. Korolev. 2014: 76. (in Russ.).
Jarockyte G., Dapkute D., Karabanovas V. et al. 3D cellular spheroids
as tools for understanding carboxylated quantum dot behavior in
tumors. Biochimica et Biophysica Acta (BBA)-General Subjects. 2018;
1862(4): 914-923. DOI: https://doi.org/10.1016/j.bbagen.2017.12.014.
Luesakul U., Puthong S., Neamati N., Muangsin N. pH-responsive
selenium nanoparticles stabilized by folate-chitosan delivering
doxorubicin for overcoming drug-resistant cancer cells. Carbohydrate
polymers. 2018; 181: 841-850. DOI: https://doi.org/10.1016/j.
carbpol.2017.11.068.

Luo H., Wang F,, Bai Y., Chen T., Zheng W. Selenium nanoparticles
inhibit the growth of HeLa and MDA-MB-231 cells through induction
of S phase arrest. Colloids and Surfaces B: Biointerfaces. 2012; 94: 304—
308. DOI: https://doi.org/10.1016/j.colsurfb.2012.02.006.

Wang X., SunK, TanY., Wu S., Zhang J. Efficacy and safety of selenium
nanoparticles administered intraperitoneally for the prevention
of growth of cancer cells in the peritoneal cavity. Free Radical
Biology and Medicine. 2014; 72: 1-10. DOI: https://doi.org/10.1016/].
freeradbiomed.2014.04.003.

Flow cytofluorimetry. Educational and methodological guide / Comp.
Balalaeva 1. V. Nizhny Novgorod: Publishing House of the Nizhny
Novgorod State University. N. I. Lobachevsky 2014: 75. (in Russ.).

Li H., Liu D., Li S., Xue C. Synthesis and cytotoxicity of selenium
nanoparticles stabilized by a-D-glucan from Castanea mollissima
Blume. International journal of biological macromolecules. 2019; 129:
818-826. DOI: https://doi.org/10.1016/j.jjbiomac.2019.02.085.



