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Hp1oyanH Asiekcanap. BiusiHne MEHKPOBOJIHOBOIO M3JIyYeHHs] HA COCTOSIHHE AHTHOKCHIAHTHOMW CHCTEMBI
nepeneJuHbIX SMOPUOHOB M CYTOYHOI0 MOJIOAHSIKA. J[JIMTEIbHOE BO3ICHCTBHE HA YEIOBEKA HU3KOMHTCHCHBHOTO
PamTMoYacTOTHOTO 3JICKTPOMArHUTHOTO WM3JIyYCHHs MMPUBOIAMWT K IOCTOBEPHOMY YBEIMUYCHHIO PHCKA BO3HHKHOBECHHS
PaKOBBIX OMyxojiei. MexaHu3Mbl Takux 3(M(HEKTOB HE SCHBI, HO BO MHOTHX pabOTax yKas3bIBacTCsS Ha NPU3HAKU
OKHCJIMUTEIBLHOTO CTPEeCcCca B JKUBBIX KJIETKAX IMOJ BO3IEHCTBHEM PagHOYACTOTHOTO JJCKTPOMATHHTHOTO H3IYYCHHUS.
Ilenapio HaIEro WCCIEIOBaHHUS OBUIO HM3YYCHHE BIIMSHHS MHUKPOBOJIHOBOIO H3JIYUYECHHS HAa COCTOSIHHME AHTHOKCH-
JIAHTHOW CHUCTEMBI B TKAHSAX MEPEMETMHBIX dMOPHOHOB M CYTOYHOI'O MOJIOJHSKA. DMOPHUOHBI Teperena SmOHCKOTO
II0JBEPrajuch iN OVO HU3KOMHTEHCHBHOMY MUKPOBOJIHOBOMY 061ydernto GSM 900MI'y (14 mxBt/cm®) B Teuenue
158-456u4 (48 ¢ — ON, 12¢c — OFF)10 1 Ha HaYaJbHEIX JTAllaX Pa3BUTHA. BHLIO IPOJEMOHCTPHUPOBAHO AOCTOBEPHOE
OKHCJIMTEIbHOE BO3JACHCTBHE MHKPOBOJHOBOTO H3JIyUYEHHS HA MOJCIH MEPENeIuHBIX dMOpHOHOB. DbheKT mposs-
JISICTCS B TOBBIIICHHOM YPOBHE MEPEKMCHOTO OKHCJICHHWS JMIKIAOB M CHHXXKCHHC AKTHBHOCTH KJIFOUEBBIX (DEPMEHTOB
AHTHOKCHIAHTHON CHCTEMBI.

KiiroueBble ¢JI0BAa: MHKPOBOJIHOBOC H3JIy4CeHHE, MOOMIBHBIN Teae(OoH, IMOPHOTEHE3, OKMCIMTEIbHBIA CTpeCC,
AHTHOKCHIAHTHI.

Tsybulin Olexandr. Influence of Microwave Radiation on AntioXdant System in the Tissues of Embryos
and Daily Quail. Long-term exposure of humans to low intensity ofrdiquency electromagnetic radiation (RF-EMR)
leads to a statistically significant increase imtu incidence. Mechanisms of such the effects aodear, but features
of oxidative stress in living cells under RF-EMRpesure were previously reported. The aim of oudtwas to
investigate the effect of microwave radiation oa tate of the antioxidant system in the tissuesnafryo and daily
quail. Embryos of Japanese quails were exposedvinto extremely low intensity RF-EMR of GSM 900 MHz
(14 pW/cni) during 158-456 h discontinuously (48 ¢ — ON, 12 ©FF) before and in the initial stages of dewelept.
Significant oxidative effect of microwave radiation the model of quail embryos was demonstrated. &ffect was
manifested in increased level of lipid peroxidataond decreased activity of key enzymes of antioxidgstem.

Key words: microwave radiation, mobile phone, embryogenesiglative stress, antioxidants.
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Jocmimkends (1Bi cepii) mpoBegeHO Ha caMKax OiIHMX J1abopaTOpHUX MHMIIEH BOCbMHU THxkHIB (16—18r). Buko-
pucToByBaHi HanoyacTuHkH cpidiaa (AgNPs, 30um, koHteHTpalis — 8 Mr/mit 3a MeTaioM, popMa — chepuyHa).

Vrepie 0TpUMaHO JaHi Mpo Te, W0 oOAHOKpaTHe it i’ sTukpatHe BBeaeHHsT AQNPS (2vr/kr, 4 Mr/kr) He BUKJIMKA€E
3arajeHHs, He BIUIMBAE HA OOILUTH, 3MiHIOE€ (YHKITIOHATLHUHN cTaH (GONKYJISIPHUX KIITHH 1 CKOPOTIUBICTh MATKH.

10«patne BBenenns AGQNPS (2mr/kr, 4 Mr/kr) OpHBOIMTE 0 PO3BHTKY 3alaibHOI Peakilii i MPUrHiYye OBapiabHy
byukuiro (hopMyBaHHS MOJSIPHOTO TiMBLSA OOLMTIB, 301bIIYE KUIBKICTh AMONTOTHYHHX 1 HEKPOTHYHUX KITITHH Y
GboNiKyIIpHOMY OTOYCHHI OOLMTA), 3MiHIOE ()YHKI[IOHAIBHUI CTaH MATKU (3POCTAa€ CKOPOTIHBICTH OBApialbHOTO U
LEPBIKAILHOTO BiJJIiJIiB MaTKK), IPOTE HE BIUIMBAE HA PO3BUTOK IIPe- i MOCTIMILIAHTAIIIHHUX eMOPiOHiB.

KaiouoBi ciioBa: oonnTH, MaTKa, eMOpiOHY, HAHOYACTHHKH CpibIa.

IocTaHoBKa HAYKOBOI MP0o0JieMH Ta ii 3HAYeHHS. B oCTaHHE ACCATIIIITTSA 3HAYHO 301IBIITHIOCS BH-
KOpHUCTaHHsI HaHOYacTHHOK cpidia (AgNPS),a iioro 3aranbHe BUpOOHHUTBO Y CBIiTi oLiHIO€ThCs Y S00TOHH
Ha pik [6]. AQNPSMaroTh MeTalieBiii €JIeMEHTHHIN CKIIaJ, HE MICTSATh KHCEHb, MPOTE MOBEPXHS METAICBUX
AgNPS oKHICITIOETCS 32 OUTBIIIOCTI YMOB HABKOJIMIITHEOTO CEPEIOBUINA i HETATHBHO 3apsKEHI T1IPOKCO-
Ta OKCOTPYIH BUKJIMKAIOTh HETaTUBHUI MOBepXHeBUH 3apsiy yacTHHKU. AGNPSIEBHOI0 Mipor0 pO3UHHSIOTHCS
y BOIHOMY cepemoBui [3].

€ mani Tokcuunocti AQNPSHa GaxTepii, BOIHI OpraHi3Mu i KITHHK eykapiot in Vitro [2]. Came 3naumi
BiamiHHOCTI TokcuaHOCTI AQNPS: 275¢paThe m1st kiniTuH ccaBiiB i 500kpatHe 11 OakTepiid y gociigax in
Vitro ii 30ubIeHHs1 00csriB BupoOHUITBa HY CTaBIsITH 3aBAaHHS OLIIHKU SKOJIOTIYHUX PU3HUKIB Ta 3arpo3u
3I0POB’ FO JIFOIMHNA HAHOTEXHOJIOT1H.

Bronue AQNPS Ha kniTHHM W TKaHMHH cCaBLiB MOTpeOye aeTanbHOro 3'sicyBaHHs. laHi mpo BIUIMB
BHYTpitHbOBeHHOro BBeieHHSI AGNPSHa (yHKIIIOHAIBHMI cTaH OpraHiB jKiHOYOi PENPOAYKTUBHOI CHCTEMH Y
CCAaBIIiB HAa CHOT'OJTHI BIJICYTHI.

Meta po06oTH —3a YMOB OJTHO-, Il SITU- Ta ACCATHKPATHOTO BHYTPIIIHLOBEHHOTO BBEICHHS HAHOYACTH-
HOK cpibna (2 mr/kr ta 4 mr/kr) nocniautu MopdodyHKIIOHATBEHI 0COOIMBOCTI OpraHiB PeNpOAyKTUBHOT
CHCTEMH B CaMOK MHUIIIEH, a caMe OL[IHUTH MEHOTHYHE IO3PIBaHHS OOIUTIB, KUTTE€3MATHICTh KIITHH (HOJTi-
KYJIIPHOTO OTOYEHHS OOLMTA, CIIOHTAHHY CKOPOTJIMBY aKTUBHICTh MIOMETpIiI0 OBapiaJIbHOTO Ta IEPBIKAIBLHOTO
BIJUTUTIB MaTKH, a TaKOX 332 YMOB JECSATUKPATHOTO BHYTPIIIHROBEHHOT'O BBEJCHHS HAHOYACTHHOK cpibiia
(2 mr/xr Ta 4 Mr/kr) —mpe- # MOCTIMIUTAHTAIIIHY CMEPTHICT eMOPiOHIB Y MHUIIIEH.

Marepiasim Ta Meroau aociaimzkeHHsi. JlocmimkenHs (mBi cepii) mpoBeacHO Ha caMKax OimuX
JabopaTopHUX MuIIel BocbMHU TIKHIB (16—18r) i3 noTprMaHHIM yCiX BUMOT LIOAO POOOTH 3 JIa0OpaTOPHUMU
TBapuHamu (MDKHApOZHA €BpOIeicbka KOHBEHINS MPO 3axWCT XpeberHmx TBapuH, CrpacOypr, 1986).
[Ticnsa 3aBepiieHHS €KCIIEPUMEHTIB TBAPHUH HAPKOTHU3YBaIM HEMOYTaJlOM W YMEPTBIISUIM METOJOM IIHCIIO-
KaIlii MuiHAX XpeOITiB.

Xapaxkmepucmuka nanodactuakd AGNPS — 30uM (konmentparis — 8 mr/mir 3a MertamoM, ¢hopma —
cthepuyHa, KOMp KOPUYHEBHIl, peareHTH BUKOPUCTaHI Ul cuHTe3y — Hitpar cpiona (AgNG;), (BioXtra, >99 %
(titration, Sigma-Aldrich)Kap6onat kamiro (K.COs) (99,995 % trace metals basis, Sigma-AldricFagin
(ACS reagent, Sigma-AldrichjuaTesoBani B Incturyti 6iokomoimuoi ximii im. ®. J[. OBuapenka HAH
VKpalHu 32 OpUTiHATBHUM IPOTOKOJIOM (METOIOM XiMIYHOI KOHACHCAIIIT).

Cepia nepuia. AQNPS —possoaunu y Boi ais in ekmiid. JlocmimkyBanu aBi 1o3u 2 Mr/kr i 4 mr/kr.
Croci6 yBemeHHsT — BHYTpilHEOBeHHHM. KpaTHicTs yBemenus mas koxkHoi qosu — 1, 5ta 10 pasis (n=8
TBapWH y KOXHii Tpymi). [HTepBan yBeneHHs — oauH pa3 Ha 100y. KOHTponbHUM TBapuHaM yBOAWIH (i-
310JIOTIYHMI po3unH. Matepian Ui JOCHTiKEeHHs (I€YHHKH, MaTKy) 3a0Mpand Ha HACTYIHHH IE€Hb ITiCIIA
octaraboro BBeAcHHS AGNPS.

Kynomueysannsa ooyumis. 13 sse4HUKiB MuIIeii HepepMEeHTaTHBHO (MeXaHIuHO) BUALTLIH oouuTH (O3
KYMYJIIOCHUX KIITHH i B CKJIadi KyMYyIIOCHO-OOLUTAPHUX KIITHHHMX KOMIUIEKCiB). OOIMTH Bif MuIIEi
OJIHIET TPyIIH 30HMpalid Ta PO3MOAUILIN B okpeMi kamepu 1m0 10—20001MTiB y KOXHii. YCi KOHTPOJIBHI Ta
CKCIIEPUMEHTAJIbHI OOLUTH KYyJIbTUBYBAJIM B OJHAKOBMX yMOBax (cTepmibHUil Ookc, kamepu mo 0,4 mi
KynbTypaisHoro cepenosuma DME 3 15MM HEPES konmentparis Ca® — 1,71MM, temmeparypa — 37 T,
tpuBajgicte — 20 rox). Mopdomoriudi TOCITiIKEHHS OOIMTIB MPoBOIMIK mmix Mikpockomom MBC-10.
BusHavanm craH 3apOIKOBOTO MyXHPIs, MEPUBITENIHOBOTO MPOCTOPY Ta LUTOILUIA3MH, a caMme LIIBHICTS,
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CTYIIHb I'PaHyJbOBAHOCTI, O3HaKH (GparMeHTamii ¥ mereneparrii. Ilicis 2 roa KyJIbTHBYBaHHS IIiAPaxoBy-
Banu ooruTH (% 10 3arambHOI KiTBKOCTI), IO BiIHOBIIOBAIN MeoTH4HE qo3piBanHs (BM) ta mepebysanu
Ha cranii Meradasu | (po3unHeHHs 3apoakoBoro myxupis), a micias 20 rog — Ha cranii metadasu 11 (3a-
BEPIIYBAJIM MEPLINH TOMLT Meio3y # opmysanu nepiie nonsspre Tiabie (I1T)), a TakoX OOILMTH 3 aTHUIIO-
BOIO MopoJroriero (HEPiBHOMIPHO IPaHyIOBAHOKO MATOINIA3MOIO Ta O3HAKaMHM (hparMeHTallii OCTaHHBOT).

Memoo npusicummesozo noogiilinozo 3adapeients ghayopecuyenmnumu oapenukamu. OUIHKY arionTo-
TUYHOI M HEKPOTHYHOI 3aru0eii (QOMKYIIPHUX KINTHH 3IIHCHIOBAIN 32 MOPGOJIONTYHUMH O3HAKaMH 3a JOII0-
MOTOI0 METOJy IPIKUTTEBOTO IOABIHHOTO 3a0apBiICHHS (DIIyOpeCIeHTHUMH OapBHUKAMH HYKJICTHOBHX
kucinoT Xexct 33342ta npomigiym dogun. Mopdonoriuni TociIKeHHs IPOBOJMIN 33 JOIIOMOTOI0 JIIOMi-
HECIIEHTHOT0 Mikpockorna Jlromam M-1 3 BogHo-iMepcilinum 00’ ekTuBoM X85. BUkoprcTOBYBaIN Bigeocuc-
TeMy Tiepenadi 300paKeHHs 3 MIKpOCKOIa Ha KOMII I0Tep. BU3Hawamy BiACOTOK JKMBHX, allONTOTHYHHX i
HEKPOTHYHMX KIIITHH NPHU MiApaxyHKy He MeHme Hix 200kmiTuH.

Memoo (azozpagiunozo ananizy 6 00caioxyceHHi CKOPOMIUBOT AKMUBHOCHI MIOMemPil0 MAMKU.
JIimst MOCTiDKEHHST CKOPOTIINBOI akTUBHOCTI oBapiagsHoro (OB) Ta meprikansroro (IIB) Bimmiaie miomer-
pito MaTKu 3aCTOCOBYBaiM MeTo (a3Ho-rpadiunoro aHamizy. s KiIbKiCHOT XapaKTEPUCTUKH CIIOHTAaHHUX
(ha3HMX CKOpOYECHBL Y3ATO TaKi IMapaMeTpH CKOPOTIWBOI aKTHUBHOCTI: FMAaX —ImiK aMIutiTyan CKOPOUYEHHS
BITHOCHO 0azajbHOro ToHycy, MH; CVMax— MO3UTHBHUIA MK TEPHIOi TOXITHOI CKOPOYeHHS (MaKC. IIBUIKICTH
ckopoueHHs1), MH/c; Rvmax —HeraTtMBHUIA MiK MEpIIOi MOXiTHOI CKOpoYeHHsS (Makc. MIBUAKICTH PO3CIIad-
nennst), mHlc; T — dac, Mk MakcuMaabHOK akTuBariero (CVmax)i nesaktusariero (RVmax)ckopouenns (c);
iHnexc ckoporBocTi (IC —iHaEeKC CKOPOTIMBOCTI, PO3paxoByBalH 5K 100yTok Fmaxuaa CVmax/RVmaxmH).

CMyXKH MIOMETpil0 MaTKH BiANpenapoBYBalX BiJ CHONYYHOI TKaHWHH miJ Mikpockormom MBC-10 i
nepenocuin B po3unH Kpedcea (4°C). Ins peectpaii cuiu isomeTpuunux ckopouenb OB i IIB miomerpiro
MAaTKH, sIKi BHPi3aJH 3 €HAOMETPIEM y3[0BXK poriB MaTku mija Mikpockoriom MBC-10 (noBxwuHot0 10 10 MM
i mupuHOI He Oinbmie 1 MM, 10 4 3 OJHOTO POry) NMEPEHOCHIH B Kamepy, (QiKCyBadu W 3’ €IHyBalH 3
KOHCOJICI0 MEXaHOEJIEKTPUIHOTO MIEPETBOPIOBAaYa CHIIM B eJIEKTpUUHMI curHai. Kamepy nepdy3yBaTumMyTh
posuuroM Kpebcea (37°C, pH 7,29).Cuny i30METpHYHHUX CKOPOUYCHB PEECTPYBAIH 32 JOMOMOTOI0 HIBHIKO-
nirogoro camonucis H3021-3. PisHoMipHicTh niepdysii mpenapary, OMHBAIOUMMH PO3YMHAMH 3a0e3MedyBaIn
epucTaNbTHIHUM HacocoM HIT-1M.

Cepia opyza. ocnimxysanu BB AgGNPS Ha mpe- Ta mocTiMIUIaHTaUiiHYy CMEPTHICTH eMOpiOHiB.
I'pynu tBapuH: 1 — KoHTpONb, yBomuwau ¢i3. pozunn (N=10), 2 — AgNPs (2wr/kr, n=10), 3 — AgNPs (4
mr/kr, N=10).VBeneHHs pe4OBHH 30iICHIOBAIM II0AeHHO MPOoTAroM 10 IHIB y KOXKHIH TPyIIi TBapHH.

Ouinka noxkasnukie emopionanvhoi cmepmuocmi 6 munieni. CaMullb KOHTPOJIBHUX 1 AOCIIAHUX TPYI
MapyBajik 3 IHTAKTHUMHU caMisMHU. CriaproBaHHS Ta MOJAIBII MaHIMyIsLii 3 eMOpioHaMK TPOBOIIUIM 3TiTHO 3
metoaukoro [1]. Cramii po3BUTKY Ipe- ¥ MOCTIMIUIAHTAIIIMHUX €MOpPiOHIB BH3HAUYAIM 3a METOIUKO0 [1].
[TinpaxoByBamu: A — KiJIbKiCTh )KHBUX eMOpioHiB, b —umcio micip pe3opouii (drcino 3arudimx eMOpioHiB),
B — uncno xoBTHX Tin BaritHOCTi. [loka3HMKHM mpe- ¥ TOCTIMIUIaHTaliiHOI 3arubeni oOYUCTIOBAIN 32
tdopmynamu: ((B-A+b)/B)*100% i (b/(A+5))* 100 %.

Cmamucmuuna o6pooka pezyarvmamie. Pe3ylbTaTd €KCIEPUMEHTIB CTAaTUCTUYHO OOpOOIISLTHCS 3a
nporpamoro GraphPad Prism 5.0 (GraphPad Software, San Di¢§8). [lepeBipky 1aHUX Ha HOPMAJBHICTH
po3noniay BUKOHYBanu 3a TecTtoM Koimoroposa-CmMupHOBa Ta TOpPIBHIOBAaJNHM cepelHi 3a t-kpuTepiem
Creronenta. P<0,05 yBaxkamocs craticTudHo BiporigawmM. JlaHi mpencrasieHo sk Mim (cepemsetcranmapTHa
noxu6Oka, 10>n>4).

Buxkisiax ocHOBHOro MaTtepiajly Ta OOIPYHTYBAaHHSI OTPHMAHMX Pe3yJbTATIB J0CHiIzKeHHs. Bnaue
AgNPS na anonmomuuny ii nekpomuuny 3acubenv onikynapuux kiimun. Hamu BCTaHOBJICHO, IO
BBesieHH: AQNPS (2mr/kr ta 4 mr/kr) BHKIHMKae BipOTiJHE 3MEHIICHHS KiJIBKOCTI JKUBHX KIITHH (OIi-
KyJISIPHOTO OTOYCHHS oouuTiB. OTXKe, 32 YMOB OJHO-Ta I’ iTukpaTHOro BBeneHHs AGNPS (2mr/kr i 4 mr/kr)
30UTBITY€THCS KUTBKICTh allONTOTHYHUX KIIITHH, & TPU ICCATHKPATHOMY — AMONTOTHYHUX 1 HEKPOTHIHHX
KITHH QOTIKYISIPHOTO OTOYEHHS OOLUTIB.
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Tabnuys 1

KinbkicTs kiiTHHE (OJTIKYJISIPHOTO 0TOYEHHS 00INUTIB (»KHMBHX, i3 MOP(}OIOTiTHNMH 03HAKAMH
AMONTOTHYHOI ii HeKpoTHYHOI 3arubeJi) 3a ymoB yBegeHuss AGNPS (2ma 4 mz/ke) (M+m)

Jo3a I'pyna TBapus Kusi, % Amnonro3, % Hexkpo3, %
2 mrfxr Kontpois 84,0 + 3,37 15,29 + 3,45 0,71+0,76
1-kpatHe 70,57 + 2,37* 28,0 £3,11* 1,43+0,79
5-kpatHe 66,20 + 1,64* 32,4 +1,14* 1,40 £ 1,14
10«partHe 62,80 +1,64** 33,40 + 0,89** 3,80 + 0,84*
4 mr/xr KoHTpoIb 79,33+1,22 19,0 + 0,89 1,67 +0,82
1-kpatHe 70,0 + 1,0* 28,20 + 1,48* 1,80 £ 0,84
5-kpaTHe 69,80 + 1,64* 28,00 + 2,35* 2,20+ 1,30
10«partHe 60,40 + 1,14* 34,80 + 1,48* 4,80 + 0,84*

Mpumitku. * — p<0,05; ** — p<0,01 —sipozcionicms siomiHHOCMEL CepeOHix epyn OaHUuX IOHOCHO MAKUX 6ETUYUH
y koumponwhiti 2pyni meapun (N=8).

Bnaue AQNP na meiiomuune oo3pisannsn ooyumis. OnHo- Ta i’ atukpate BBegeHHss AQNPS (2vr/kr
i 4 Mr/Kr) He BIUIMBAJIO Ha BigHOBIEHHS Meiio3y (Metadasa I) Ta popMyBaHHS MEPIIOrO MOAAPHOTO TiTBIISL
(MeTtadaza II) ooruramu. Jlecstukparue BBefenus AGNPS (2mr/kr i 4 Mr/kr) Ipu3BOIUIO 10 3MEHIIECHHS
KUTBKOCTI OOIIWTIB, 34aTHUX 0 (PopMyBaHHS Iepimoro moisipaoro Tiaeus (Meradasa II), BiamoBigHO, 10
36,78+2,83upu 56,93+3,84 %y xonrpom (p<0,01, n=8)i mo 28,02+3,05mpu 56,63+4,24 %y xoHTpOIIi
(p<0,01, n=8).0mxe, necsaruxparre BBeaeHHs AGNPS (2mr/kr ta 4 Mr/kr) MpHU3BOAUTE IO IPUTHIYEHHS
MEHOTHUYHOTO T03PiBaHHS OOLMUTIB y MHIICH.

Bnaue AgQNPSHa ckopomausicmo osapianvhozo it yepsikanvrnozo 6i0odinie mamxku ¢ muwien. OnaHO-
kpatHe BBeaeHHS AGQNPS (2Mr/kr) He BUKJIMKAJIO CTATUCTUYHO BIPOTIMHUX BiAMIHHOCTEW BEIUYUH JOCIII-
xyBanux napametpiB (ammiitymu, IC, T, CVmax, RVmaxi UC) ckopornuBocti y OB Ta 1B martkn.
IT stukpatne BBenennss AQNPS (2mr/kr) Buximkano 1) 8 OB Biporigne 3poctanss Takux BennuuH: IC 10
3,124+0,58mH mpu 1,97+0,52mH y koutpodi (p<0,05), T mo 6,13+0,62¢ mpm 11,5+1,05¢ y xonTposi
(p<0,05),Benmuunan ammrityau Ta YC CTATUCTHYHO HE BiApi3HANAcA Bia JaHuxX y Koutpoii; 2)y IIB mixsu-
menns Benmuunan IC go 3,98+1,0ImH mpu 2,53+0,39MH y xoutpoi (p<0,05),3MiHN BeTHYHH aMILIITYIH,
T ta YC He 6ynu cratucTraHO Biporigaumu. Jlecstukparre Beaenus AGNPS (2ur/kr) pukmukano 1) 8 OB
3MiHY BEJIMYMH TaKUX MMapaMeTpiB: miapuiieHHs ammtityau 10 2,43+0,59H npu 1,25+0,33vH y kouTpoi
(p<0,05)ta IC nmo 3,48+0,82vH npu 1,97+0,52vH y xonTpomni (p<0,05),3menmenns T no 7,75+0,81c npu
11,5+1,05¢ y konrponi (p<0,05); 2)y LIB 3poctanHs Takux BeqWuWH: ammutityau o 3,22+0,82vH npu
1,58+0,24mH y xouTpodi (p<0,05),IC no 5,22+0,47mH npu 2,53+0,39MH y xoutpoi (p<0,01),Benuuuntu
T ta YC cTaTHCTHYHO HE BiAPI3HIMCS B AaHUX Y KOHTpoii. OTxke, yBeaeHHs AGQNPS (2mr/kr) BUKIHKae
BIPOTiIHY 3MiHYy MapaMeTpiB CKOPOTIMBOCTI MaTKW: NpH I ATUKpaTHOMY BBeldeHHI — 3pocTanHs IC ta T,
TIPU IECSITUKPATHOMY — 3pocTaHHs amrutitya i IC, smenmenns T.

JlaHi ipo OmHOKpaTHe, I’ ATH- i necstukpaTHe BBeneHus AGQNPS (4Mr/kr) npeacrasieHo Ha puc. 1.

Otmxe, 3a yMOB I’ sTH- Ta AecsrtupaTHoro BeeaeHus AGNPS (4mr/kr) BimOyBaeThCs BiporigHa 3MiHa
napameTpiB CKOPOTIMBOCTI MaTKH: 3pocTanHs amrntityau i IC.

Bnaue AQNPSHa nokaznuku emopionanvrol cmepmuocmi. Jlai mpo OKA3HUKH Tpe- H MOCTIMITTaHTaIiHHOT
CMEPTHOCTI IIPEJACTABICHO B Ta0J. 2.

3a ymoB gecsruparsoro BeereHHs AGNPS (2mr/kr i 4 Mr/kr) HaMu He BCTAHOBIICHO BIPOTiIHHX BiIMiH-
HOCTEH BEJIMYMH MMOKAa3HUKIB eMOPiOHAIBHOI CMEPTHOCTI KOHTPOJILHOT Ta TOCIIKYBaHUX TPYII
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Puc. 1. Bnaue yseoenns AGNPS (duelke) na cxopomausicms osapianvhoz2o il yepsixaivio2o 6idoinie mamku (N=8)

Hpumitka. I pynu meapun: 1 —xoumpoaw; 2 —oonoxkpamue AQNPS (duelke); 3 —n' smuxpamne AGQNPS (duelke);
4 — oecamuxpammne AGNPS (duelke). *— p<0,05; ** — p<0,01 — ipozionicme eiominnocmel cepeduix pyn OaHux
BIOHOCHO MAKUX BEUUUH Y KOHMPOIbHIU 2pYNi MEapuH

Tabnuys 2
IIpe- it nocTiMnuianTanilina eMOpioHAJbHA CMEPTHICTH Y MULIEH
3a ymoB yBeaenuss AQNPs(2 ta 4 mr/kr) (M+m)
IMoxa3HuK cMepPTHOCTI Kontpoas AlecATHKpaTHE AlecATHKpaTHE
2 mr/kr 4 mr/xr
IpeiMiutanTamiina 2,7610,74 3,25+1,36 4,34+2,22
ITocriMIutadTaiiaa 1,38+0,37 1,51+0,68 2,17+1,12

062060penna pezynvmamie. € naui, 1o MeBHI 9acTUHKH cpibdma (41,6  9,1am AgNPSy konmenTparii 0,21M)
MOXXYTbh IPOHHKATH B XOPIOH 3a JONOMOTroro nudys3ii yepes kaHamu xopioHa [4], a, MpOHUKHYBILHU B XOPIiOH,
MIBUIKICTH PO3YMHEHHS MOKe OyTH HabaraTo BHIIOIO, TIOPIBHAHO 3 Takow y Boai [4]. IIpoTe Hamu oTpu-
MaHO JaHi, II0 MOKAa3HUKH eMOPiOHAJIbHOI CMEPTHOCTI HE 3MIHIOBAINCS 332 YMOB ICCATHKPATHOI'O BBEICHHS
AgNPS (2vr/kr Ta 4 Mr/Kr) i y3ro[uKyIOTECS 3 JaHUMHU [5], MATBEPIKYIOUN MOI0KEHHS, 110 eMOPIOHN MOXKYTh
MaTH TOTEHITAJT Il pO3ropTaHHS KOMIICHCATOPHUX MEXaHi3MiB 3a YMOB mii AQ y 033X HIDKYE THX, IO
BUKIIUKAIOTh SIBHY TOKCUYHICTb.

Te, o0 HaMU HE BUABICHO BiAMIHHOCTEH y MOKa3HWKAX CMEPTHOCTI €MOpIOHIB MK TpyIlamu, Mif-
TBEP/KYE, MO IOCTiAN NpoBeaeHO 3 KoHneHTpariMu AGNPS Himkdue THX, 10 BUKJIMKAIOTh SBHY TOKCHY-
HICTB. A TakoX y3rojukyerhbes 3 [5], mo Tokcuunocti AQNPSi Ag BeTMKHX po3MipiB Ha eMOPIOHU MOXYTh
OyTH TOB’s3aHI 3 TOKCHYHICTIO BiTbHOTOo AQ+, a TakoX Iie Ie OJWH J0Ka3 Ha KOPHCTh TIMOTE3H, IO
tokcnuHicTh AGNPSTiepeBaxkHO 1oB’ s13aHa 3 GiogoctynHicTIo AQ+. BaxJIMBO Big3HAYMTH, 10 HAIli JaHi
CBiTUaTh, IO ¥ OOIUTH Yy CCAaBIIB MAlOTh MOTCHIAI IS PO3rOPTAaHHS KOMIICHCATOPHHX MEXaHI3MIB 3a
yMOB fii AQ y 033X, HIXKYHX 32 Ti, [0 BUKIUKAIOTh SIBHY TOKCHYHICTb.
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ImoBipHO, mudepeHIiitHa TOKCHIHICT, HAaHOCPiOIa MoKe OyTH TOB’ s13aHa 3 PI3HUMH IMOKPUTTAMH, SKi
9acTo 3aCTOCOBYIOThCs Ha moBepxHi AGQNPS, 11100 ix crabimizyBatu [2]. Kpim Toro, ms xapakrepuctuku HY
13 HEOOXIHICTIO BPaxOBYIOTh PO3Mip, GOpMy, KPUCTATIIYHY CTPYKTYpY, arperaiito, XiMidHHA CKJIaj, I0-
BEPXHEBI BJIIACTHBOCTI (IIOBEPXHEBUH 3apsijl, TUIOMIA TOBEPXHi), PO3UNHHICTE 1 TOPHCTICTH.

Jlnist BUSICHEHHSI MEXaHi3MiB, 110 Jie’kaTh B OCHOBI BIuInBY AQNPSHa repmMiHaTUBHI Ta COMaTHYHI KITi-
THUHH, TOTPiOHI mojankin xociimkeHHs 3 BukopuctanHaM AGNPS pisHux po3mipiB i 3 pi3HUMHU MOKPUT-
TSMH.

BucHoBKH i mepcneKTHBH MOAAJbLIINX A0CHiIKeHb. OMHOKpaTHE ¥ I sTUKpaTHE BBeaeHHS AGNPS
(2 mr/kr, 4 mr/kr) He BUKJIMKAE 3amajeHHs, HE BIUTMBAE HA OOLMTH, 3MiHIOE (DYHKIIIOHYBaHHS (POIKYIAPHHX
KJITHH 1 QyHKIIIOHATEHAN CTaH MAaTKH.

10-tu xpatue BBemenass AGNPS (2mr/kr, 4 Mr/xr) nmpu3BOAMTE A0 PO3BUTKY 3amajibHOI peaxiii i mpu-
THiYy€e oBapiaibHy QyHKLiIO ((OpMYyBaHHS MOJSIPHOTO TLIBI OOLUTIB, 301IBIIYE KUTBKICTh aTONTOTUYHHX
1 HEKPOTUYHUX KIIITHH Y (OIIKYIIPHOMY OTOYCHHI OOIMTA), 3MiHIOE (DYHKIIOHAJIBHUIA CTaH MaTKH (3pOCTae
CKOPOTJIMBICTH OBapiaJbHOTO Ta LEPBIKAIBLHOTO BiUILIiB MAaTKM), IPOTE HE BIUIMBAE HA PO3BHMTOK IIpe- i
MOCTIMILIAaHTALITHUX eMOPiOoHiB.

Bucnosnioemo noosxky cniepobimuuxy 6i00iny Koaoionoi mexnonozii npupoonux cucmem Incmumymy
bioxonoionoi ximii im. @. /]. Osuapenxa HAH Ykpainu, kano. 6ion. nayk JI. C. Pe3nivenxo 3a nadany cyocmanyiro
HAHOYACMUHOK cpibaa, cunmesoeary 6 Incmumymi 6ioxonoionoi ximii im. @. /. Osuapenka HAH Yxpainu.
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JlurBuHenko AymHa, Ctymuyk Mapus, baamkus Opecr, Bo3necencbka Tarbsina. MopdodyHKunoHaibHoe
COCTOSIHHE KEHCKOIH PenpoAyKTHBHOH CHCTeMbI B YCJOBHMSIX IPUMEHEHHs HAHOYACTHIl cepedpa. B ycnoBusx
OJTHO-, MISITH- M IECATUKPATHOTO BBEJCHUSI HaHOUACTHI] cepebpa (2 Mr/kr u 4 Mr/Kr) OleHUBAIN MEHOTHYECKOE CO3pe-
BaHKE OOIMTOB, & TAKIKE B YCIOBHUSIX JECITUKPATHOTO BBeAeHust (2 Mr/Kr u 4 Mr/Kr ) — ipe- U MOCTUMILIAHTAIMOHHYIO
CMEPTHOCTH SMOPUOHOB y MBIIIIEH.

Uccnenosanus (nBe cepuu) MpOBEICHBI Ha CaMKax OesbIX J1abOpaTOpHBIX Mbiield BochMu Hexenb (16—18r).
Hcnons3yemble Hanodactuibl cepebpa (AgNPs, 30uM, koHumeHTpamuss — 8 mr/mi 3a MeramwioMm, ¢Gopma — cde-
puyeckas).

Y CTaHOBIIEHO, YTO OJHOKpaTHOE U nsaTuKpaTHe BBeaeHre AGNPS (2vr/kr, 4 Mr/kr) He BBI3BIBAET BOCIAJIEHHS, HE
BJIMSIET HA OOLMTHI, U3MEHSET (PYHKIMOHAIILHOE COCTOSIHUE (OJUTUKYIISIPHBIX KIETOK U COKPATUTEIbHOCTh MATKH.

10-tu kpatHoe BBegenne AGNPS (2mr/kr, 4 Mr/Kr) BBI3BIBAET Pa3BUTHE BOCHAIMTEILHON PEAKIIMH M yrHETAET
(hopMUpOBaHHUE MOJSIPHOTO TEJIbIA OOLMTAMHU, YBEIUUMUBACTCS KOJIMYECTBO AMONTOTHISCKUX U HEKPOTHYECKUX KIETOK
B (DOJUTUKYJISIPHOM OKPYXXEHUH OOIMTA, U3MEHSETCS (YHKIHOHAIBHOE COCTOSHUE MATKU (BO3pacTtaeT COKPaTUMOCTh
OBapPHUAIBHOTO U IEPBUKAIBLHOTO OTIEJIOB MATKH), OJHAKO HE BIMSET HA Pa3BUTHE MpPe- U MOCTHMILUIAHTAI[HOHHBIX
SMOPHOHOB.

Jlyist BBIICHEHUsI MEXaHU3MOB, JIeKanx B ocHOBe BimsiHus AQNPSHa repMHHATHBHBIE U COMATHUECKHE KIIETKH,
HEOOXOAUMBI TAJIbHEUIIINE UCCIe0BaHMS ¢ UCTob30BaHeM AGNPSpasHbIX pa3sMepoB U ¢ pa3HBIMH TOKPBITHSIMH.

KaioueBbie c10Ba: OOIUTHI, MaTKa, IMOPUOHBI, HAHOYACTHIIBI Cepedpa.

Lytvynenko Alina, Stupchuk Mariya, Blashkiv Orest, Voznesenskaja Tetyana. Functional Status of Reprodtive
System Under Treatment of Silver Nanoparticles in Emale Mice.The effect of AQNPs on mammalian cells and
tissues requires further study. The effect of AgMisthe functional status of the female reprodecsystem of
mammals has not been examined yet.
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The aim isunder condition of the intravenous treatment afesinanoparticles (AgNPs) to estimate the funciiona
status of the reproductive system in female miaeely to assess meiotic maturation of oocytes,ilit\abf follicular
cells surrounding the oocyte, spontaneous coreaadtivity of the myometrium and pre-and postimpdgion mortality of
embryos.

Research (two series) has been done on white lalppré weeks (16—18 g) mice female in compliancth il
requirements for work with laboratory animals (higtional European Convention for the ProtectiorVeftebrate
Animals, Strasbourg, 1986).

First series.AgNPs are spherical nanoparticles of 30 nm (8 mdbmimetal) diluted in water for injection.
Method of treatment: intravenous. It has been ingated two doses of 2 mg/kg and 4 mg/kg. Frequerickeatment:
one time per day of each dose of 1, 5 and 10 times8 animals in each group). Control animalsdtgd with saline.
Material for the study (ovaries, uterus) were tattenday after the last AGQNPs injection.

Oocytes cultivationThe oocytes have been isolated mechanically from thaies of mice in a non-enzymatic
way (without cumulus cells and in cumulus-oocyt#-cemplexes). The mice oocytes from one group vesiéected
and distributed into separate chambers, 10-20 es®dch. All control and experimental oocytes vegitured under
the same conditions (a sterile box, cameras withn).culture medium DME and 15 mM HEPES, Ca2+ cotregion
of 1,71 mM, temperature 37° C, duration 20 holexphological study of oocytes was performed urdericroscope MBS-
10 after 2 hours of cultivation (% of total): theaytes which restored the meiotic maturation (BMyl avere at
metaphase | stage (germinal vesicle break-dow) after 20 hours were at metaphase |l stage (cdetpley the first
division of meiosis and formed the first polar bd@B)) and oocytes with atypical morphology (undyegranulated
cytoplasm and fragmentation characteristics ofatter) have been counted.

Method color fluorescent dyeS he estimation of apoptotic and necrotic deathodlifcular cells was performed
by morphological characteristics using the methbioh wivo dual-color fluorescent dye nucleic acideechst 33 342
and propidium iodide. Morphological studies werggened using a fluorescent microscope with watenersion ak85.
There has been used a video system sending thes ifrmg the microscope to the computer. The pergentd the
living, apoptotic and necrotic cells has been deteed by counting at least 200 cells.

The method of phase-graphical analysis in the stunfythe contractile activity of the uterine myomatm. To
investigate the contractile activity of the ovar{@D) and cervical (CD) uterine myometrium depantiisehe method
of phase-graphic analysis has been used (GullaBlahks A., Thornton S., Shmygol A. 2009). To cltaesize the
spontaneous emission by quantity of the followirayameters contractile activity were taken into dderstion:
amplitude of reduction (mN), frequency of reduct{iommber per second), duration of contraction ahaxation (sec),
speed reduction and relaxation (mN/second); indecoatractility («IC» index of contractility, wasatculated as the
product of Fmax on CVmax/RVmax, mN).

Strips of uterine myometrium have been separatau the connective tissue under the microscope MB&rid
transferred to Krebs solution®@). To register isometric force of reduction ageartss CD myometrium of the uterus,
which was being cut off with the endometrium alding uterine horns (up to 10 mm and a width of tkas 1 mm to 4
from one horn), transferred into the camera aretlfi¥he Krebs solution (37, pH 7,29) was used as perfusion solution in a
camera. The force of isometric contractions wasnaed using the high-speed recorder. Uniformitypadparation
perfusion with washing solutions was provided by pleristaltic pumiIi-1M.

Second seriesThere has been investigated the effect of AgNPprenand post-implantation embryo mortality.
Groups of animals: 1 — control (n = 10), 2 — AgNP#sng/kg, n = 10), 3 — AgNPs (4 mg/kg, n = 10).

Fetal mortality in mice.Female control and experimental groups crossed intifict males. Counted: A - number
of live embryos; B — number of seats of resorptionomber of dead embryos); B — number of corporaaubf
pregnancy. Indicators of pre-and post-implantatieath was calculated using the formula: ((B-A +/H) « 100 %
and (B / (A + B)) » 100 %.

Statistical analysisFor the statistical analysis of the results thévearfe package Origin 8Pro (OriginLab Corp.,
North., MA, USA) and spreadsheets «Microsoft®Ex06I2» have been used. The reliability of the diffeeof mean
values determined by Student’s t-test, considetinge reliable the values of p <0,05. The stat$tamalysis of the
results of research conducted by using analysi@onénce ANOVA followed by comparison of mean valletween
groups by Newman-Coles test using the statistignam-6.

Results. Established that single input and five-time AgNPsatment (2 mg/kg, 4 mg/kg) does not cause
inflammation and does not affect oocytes but charghicular cells functional state and alters ftiocal state of the
uterus. Ten-time AgNPs treatment (2 mg/kg, 4 mg/kdpibits the formation of ocyte first polar bodg vitro,
increases the number of apoptotic and necrotis @elfollicular environment of oocyte), changes thactional state
of the uterus (increasing contractility of ovaramd cervical uterus departments), but does nottafifie development
of pre- and postimplantatsiynyh embryos but dogsaffect the development of pre- and postimplaotagmbryos.

Using AgNPs different sizes and with different éog$ further studies are needed for the elucidatbn
mechanisms underlying exposure AgNPs in germ andhso cells.

Key words: oocytes, uterus, embryos, AgNPs.

CratTs Hagiinia 1o peakosnerii 21.09.2016.
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