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Y pobomi npedcmasneno pezynomamu 00CHiOHMCEHHA YUMOMOKCUYHOCHE KOMNIEKCI8 MIKpOeleMeHmi8
(Fe, Zn, Cu, Mn) y cknadi nanononimepy-mpancnopmepy Ha 0CHO8i NCe800AMIHOKUCIOM (NONIOKCUEMUTEHOGUX
NOXIOHUX 2TYMAMIHO80T KUCIOMU,).

s 8u20moeientss HAaHONoIMepy BUKOPUCIMOBYBAIU NOTIOKCUeMUIeH08i N-NOXIOHI 2IH0mamiHO80i Kuciomu
3 MONEKYNAPHOIO MACOI0 nonioKcuemuieHoozo ghpazmenmy 400, 600 ma 1500 Ha. Ix 3 ’conysanu 3 600numu posuunamu
coneti mikpoenemenmie (CuSO, « SH,0, MnSO, * H,O, ZnCl,, Fe(NH ) (SO,), * 6H ,0). Ooun gpam xomnnexcy nonimepy
3 mikpoenemenmamu micmug: @epymy — 0,03—0,05 mmonw, Ljunky — 0,0319 mmons, Maneany — 0,0359 mmons, Ky-
npymy — 0,0222 mmons. [{ns 0yiHi08aHHA YUMOMOKCUYHOCTI KOMNILEKCI8 MIKPOeTleMeHMI8 y CKAAOI NOAiMepig-
Mpancnopmepie Ha OCHOBI NCe8O0AMIHOKUCIOM GUKOPUCTOBY AU MeCcm-00 ckm — cnepmy Oyeais. Cnepmy,
PO3PIOdCEHY TIAKMO30-HCOBMKOBO-NIYEPUHOBUM PO3PIONCYBAUEM, OUIUIU HA YOMUPU YACUNU: OOHY KOHMPOTIbHY —
be3 000asarHs ma mpu 00CIiOHI — 3 000ABAHHAM MIKPOEIeMeHMI8 Y CKAA0L NoNMepy-mpancnopmepad 8 KLibKoCmi
0,01, 0,05 i 0,1 mn po3uury Komniexcy. Y KOHmponbHUX | OOCIOHUX 3PA3KAX PO3PIOHCEHOT CNEPMU BUSHAUWIU BUNCU-
BAHHSL CNEPMILB, CRONCUBAHHS HUMU KUCHIO, BIOHOBHY 30amHuicmb i akmueHicmy cykyunamoeziopozenasu (C/I).

Bcemanosneno, wo komnnexcu mixpoenemenmis (Fe, Zn, Cu, Mn) y cknaoi nonimepis-mpancnopmepis Ha
ocHo8I ncesdoaminoxkuciom y 003i 0,01 mn He niusaromos Ha IHMEHCUBHICMb OKUCHIOBAILHUX NPOYECI8 KIIMUH
(cnepmiis), a 6 0ozax 0,05 i 0,1 man— 3nudicyroms ii. Bionogiono, ouxaibHa akmusHicms i 6iOHO8HA 30AMHICMb
cnepmu maxodic He aminoemuvcs 3a 0ii 0,01 mn emicniy npenapamy, npome 3p0cmants 003U CHPULUHAE He2amug-
HUll 6naue Ha yi noxkasHuxku. Hausuwuil pigens Hecamueroi kopenayii (n = —0,769) miowc emicmom nonimepy-
Mpancnopmepa Ha OCHOGI NCeBOONONIAMIHOKUCIOM | AKIMUBHICHIIO eH3UMY OUXATIbHO20 TAHYI02A MIMOXOHOPI
CUI suasniaemoscs 3a 30invuennss 003 Cu-noniokcuemunernogoi N-noxionoi enymaminosoi kuciomu 0o 0,1 mi.
Bucoxi 0osu (0,05 i 0,1 mn) komniekcie Mikpoeiemermie HaHONOLIMePY-MPAHCROpMePY 8 KYAbmypi KAimuH
XapaxkmepusyromsCsa YumomoKCU4HUM GNIUBOM HA (Di3ion02iuni napamempu KIimuH (8UXCUBAHHS CNepMiig),
a nuzoki (0,01 mn) ne maromo yumomoxkcuuHor Oii.

Kurouosi ciosa: HAHOIIOJIIMEPU-TPAHCIIOPTEPU, MIKPOEJIEMEHTU (Fe, Zn, Cu,
Mn), IICEBAOAMIHOKHNCIJIOTU, HUTOTOKCHUYHICTDH
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This article presents the studing of cytotoxicity of complexes of elements (Fe, Zn, Cu, Mn) and nanopolymer-
transporter derived from pseudopolyamino acids (polyoxyethylene derivatives of glutamic acid).
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Polyoxyethylene N-derivatives of glutamic acid with molecular weight of polyoxyethylene fragment 400,
600 and 1500 Dalton were used for nanopolymer synthesis. Nanopolymer were combined with aqueous solutions
of microelements salts (CuSO, * 5H,0, MnSO, * H,0, ZnCl,, Fe(NH ),(SO ), * 6H,0). One gram of complexes
of nanopolymer and microelements contains: Fe — 0.03—0.05 mmol, Zn — 0.0319 mmol, Mg — 0.0359 mmol
and Cu — 0.0222 mmol. We used bovine sperm for cells for studying the cytoxicity of nanopolymer complexes.
Sperm was diluted by lactose-yolk-glycerine diluent and divided into four groups: intact control group and three
experimental groups with addition of researched nanopolymer in complexes with microelements in doses of 0.01,
0.05 and 0.1 ml. We determined sperm cells survival time, respiratory activity, red/ox activity and activity of
succinate dehydrogenase (SDG) in control and experimental groups.

We found that nanopolymer in complexes with microelements (Fe, Zn, Cu, Mn) in dose 0.01 ml had no ef-
fect on red/ox activity of sperm cells, but doses of 0.05 and 0.1 ml reduced it. Results show unchanged respiratory
and red/ox activity of sperm cells after addition of nanopolymer in complexes with microelements in dose 0.01 ml,
but increased doses of complexes lead to negative impact on sperm cells respiratory and red/ox activity. The highest
negative correlation (n = —0.769) between doses of nanopolymer-transporter derived from pseudo amino acids and
mitochondrial SDG activity was detected at addition of Cu-N-polyoxyethylene derivative of glutamic acid in dose of
0.1 ml. Addition of nanopolymer in complexes with microelements in high doses (0.05 and 0.1 ml) to cell culture was
characterized by cytotoxic effect on cell physiological parameters (time of sperm cells survival) and addition
of nanopolymer in complexes with microelements in low dose (0.01 ml) was non-toxic for cells.

Keywords: TRANSPORTER NANOPOLMERS, MICROELEMENTS (FE, ZN, CU, MN),
PSEUDOPOLYAMINO ACIDS, CYTOTOXICITY
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B pabome npedcmasnensi pe3ynvmamsi uccie0o8aHus YUMOMoOKCUYHOCHU KOMIILEKCO8 MUKDOIEMEHNO08
(Fe, Zn, Cu, Mn) 6 cocmase HaHONOMUMEPA-MPAHCROPMEPA HA OCHO8E NCEBOOAMUHOKUCTION (NOTUOKCUIMUTIEHOBbIX
NPOU3BOOHBIX 2LYMAMUHOBOU KUCIOMDbL).

Jlna uzeomosnenus HaHONOIUMeEPa UCNONBL30BALU NOTUOKCUIMULEH N-NPOU3B00HbLE 2IYMAMUHOBOU KUC-
JIOMbL ¢ MONEKYIAPHOU MACCOU NOTUOKCUdIMuienoso2o gpaemenma 400, 600 u 1500 [la. Hx coedunsinu ¢ 600HbIMU
pacmeopamu conei mukpoonemenmos (CuSO, * SH,0, MnSO, « H,0, ZnCl,, Fe (NH ) (SO4), * 6H,0). B 1 2pam-
Me KoMIieKca noaumepa ¢ Mukpoaiemenmamu cooepacanocs. @epyma 0,03—0,05 mmons, Lunka 0,0319 mmons,
Mamneana 0,0359 mmons, Kynpyma 0,0222 mmons. [{ns oyenku yumomoKCUtHOCHU KOMNJLEKCO8 MUKPOIIEMEHINOB
8 cocmase NOIUMEPOB-MPAHCROPMEPO8 HA OCHOBE NCEBOOAMUHOKUCTOM UCNONB308ANU MECM-00beKm — CHEPMY
Ovikos. Cnepmy, pazdasileHHYI0 AKMO30-)CENMKO80-TUYEPUHOBbIM pa3dasumenem, pasoeisiiu Ha Yembvlpe 4acmis:
00HY KOHMPOILHYI0 — De3 000a6IeHUsL U MPU ONbINHBLIX — C 000aA8IeHUeM MUKDOITEMEHMOB 8 COCMABe NOTUMEDA-
mpancnopmepa 6 konuwecmse 0,01, 0,05 u 0,1 mn pacmeopa Komniexca. B konmponvhvix u onvimmusix odpasyax
PpazbasieHHOU chepmbl ONpeoeisiU 8bIHCUBAEMOCTb CHEPMAMO30U008, HOmpebileHue UMY KUCIOpOoOd, 80CCA-
HOBUMENLHYIO CHOCOOHOCHb U AKMUBHOCMb CYyKyunamoezuopozenasvl (CHI).

Yemanoeneno, umo komnnexcol mukposnemenmos (Fe, Zn, Cu, Mn) 6 cocmage nonumepos-mpancnopmepos
Ha ocHose ncegdoamunokuciom 6 0oze 0,01 mn He 61UAIOM HA UHMEHCUBHOCHb OKUCTUMENbHBIX NPOYECCO8
Kemox (cnepmamo3oudos), a 8 0ozax 0,05 u 0,1 ma ee cuusicarom. CoomeemcmeeHHo, ObIXAMeNbHAS AKMUG-
HOCMb U 60CCIMAHOBUMENbHAS CNOCOOHOCMb CREPMbL MaKdice He MeHsaemcs 3a Oeticmsus 0,01 mn cooepacanus
npenapama, 0OHAKO yenuyeHue 003bl 8bl3blédem HecamugHoe erusHue Ha oanuslie nokasamenu. Camvlil 6bi-
coxutl ypogenv ompuyamenvHotl kKoppenayuu (1 = —0,769) mexncdy 00301 nanonoaumepa-mpancnopmepa Ha
OCHOB€E NCe800AMUHOKUCIOM U AKMUBHOCHbIO IH3UMA ObixamenbHou yenu mumoxonoputi C/[I eviaenen npu
yeenuuenuu 003 Cu-nonuokcusmuieroso N-npouze00not erymamunosoil kuciomol 00 0,1 mn. Bvicokue 0o3vl
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(0,05 u 0,1 mn) xomniexcog MUKpO31eMeHmo8 HaHONOAUMEPA-MPAHCNOPMeEPA 8 KYIbmype KIemoK Xapaxme-
PUBVIOMCSL YUMOMOKCUYECKUM GUSHUEM HA PU3UOTO2UYECKIUe NAPAMEmPYl KIeMOK (8bloCUBAHUE CREPMATNO-
30u008), a nuzkue (0,01 mn) e umerom YumomoxkCU¥ecko2o Oeucmausl.

Karouessie ciioBa: HAHOIIOJIMMEPBI-TPAHCIIOPTEPBI, MUKPOOSJIEMEHTHI (Fe, Zn,
Cu, Mn), ICEBAOAMWHOKHNCJIOTBI, IUTOTOKCUYHOCTD

Cepen pedoBHH, 1110 BiIrparoTh BAKIUBY
POJIb Y KUBJICHHI TBApUH, 3HAYHE MicCIle 3aliMa-
I0Thb MiKpoeJieMeHTH. BoHM BIUTHBarOTh HA (yHK-
11ii KPOBOTBOPEHHSI, €HIIOKPUHHHUX 3aJ103, 3aXHCHI
peaxtii opraniamy, MiKpo(JIopy TPaBHOTO TPAKTY,
PETYIIIOIOTH OOMIH PEYOBUH, OEPYyTh y4acTh y 0io-
cuHTe31 OlIKa, IMPOHUKHOCTI KITITHHHUX MeMOpaH
tomo [3, 6, 11]. TBapuHU OTPUMYIOTH MiKPO-
esleMeHTH 3 KopMamu. OTHaK MiHEepaJIbHUNA CKIIAJT
OCTaHHIX 3aJIC)KUTh BiJl THITY TPYHTIB, KJIIMaTH4-
HUX YMOB, BUJly POCIIHH, (a3u Bereraii, arpo-
XIMIYHHX 3aXOJIIB, TEXHOJIOT11 30MpaHHsl, 30epiraHHs
1 TIITOTOBKH JT0 3ro/IoBYBaHHs. YacTo BkazaHi (hak-
TOPH MOPYIIYIOTHCS, IO TPU3BOIHUTH IO 3HKEH-
HsI BMICTY MiHEpaJIbHHUX PEYOBHH y KopMmax. Kpim
IIBOTO, 32 IHTEHCUBHOTO POCTY i PO3BUTKY, BUCO-
KOI IPOTyKTUBHOCTI Ta 6araTorntiJHOCTI HoTpeda
TBApUH y MIKPOEJIEMEHTAX 3pOCTaE. Y 3B’ 3Ky 3 LM,
CTIOCTEPITaeThCSA iX HeCTaya B OpraHi3mi, 10 CIIpH-
YHHSIE TTOTIPIICHHS €(PEKTHBHOCTI BUKOPUCTAHHS
KOPMY, 3HIDKEHHSI IPOITYKTHBHOCTI, SIKOCTI ITPOITYK-
1ii, MOPYIICHHS BiXTBOPEHHS Ta OOMIHY PEYOBHH,
PO3BHUTOK 3aXBOpIOBaHb [6, 7].

J1st 3a0e3neduenHs norpedu y Mikpoere-
MEHTaX BUKOPUCTOBYIOTH Pi3Hi CIIOIYKH, IPOTE
ixHs GlomoriyHa IOCTYMHICTH HeonHakoBa. Tex-
HOJIOTIYHI BJIACTUBOCTI COJICH MiHEpaIbHHUX Pe-
YOBUH CYTTEBO BIUIMBAIOTH Ha SIKICTh MPEMIKCIB,
KOPMOBHX JT0OABOK 1 KOPMIB. Y TBapUHHUIITBI 5K
MiHEpaJTbHI JJOOABKH BUKOPHCTOBYIOTh ITEPEBAKHO
HEOpraHivyHi coJli Makpo- Ta MikpoeneMmeHTiB. Ha
CBOTO/IHI JIOBEZICHO, III0 BOHM MAIOTh HU3KY HEZ0-
JIKIB TIPH BUKOPUCTAaHI Ta 30epiraHHi, a TakoX BO-
JIOIFOTH 3HAYHOIO TOKCHYHICTIO. [IpoGrema cTBo-
PEHHS HOBHX CIIOYK Makpo- Ta MiKpOEIEMEHTIB
Moyke OyTH BHpIIIICHA JIUIIIE 32 YMOB INTMOOKOTO Ta
PI3HOOIYHOTO BUBYEHHS IXHIHM XIMIUHUX 1 (Qi3my-
HUX BJIACTHBOCTEH, 3IaTHOCTI BCTYIIATH B PEAKIIii
3 IpPOTEiHAMH, aMiHOKHCIOTAMH Ta TIENTH/IaMHU,
10 MICTATHCS B OlOJIOTTYHMX PIAMHAX OpraHi3My
TBapuH [12].

BzaeMonisg 10HIB METAIIB 3 aMIHOKHCIIO-
TaMH MOJIATA€ Y KOOPAMHAIT 4epe3 aMiHO- Ta

KapOOKCHITbHY TpyIty. ChOTOHI TePCIEeKTUBHIM
€ BUKOPUCTAHHS IITYYHO CHHTE30BAaHUX TCEBJIO-
aAMIHOKHCJIOT JUIsl JOCTaBKH Ta BUBLIBHEHHS Ji-
KapchKux 3aco0iB B opranizmi [ 1, 10]. ITpu Tomy,
OJTHUM 31 cIT0CO0iB MPOTHO3YBAHHS Ta OIIHIO-
BaHHJ [Ii1 PEYOBHH Pi3HOTO MOXO/PKEHHS HA Op-
rafi3M, 30KpeMa i HOBOCTBOPEHHUX KOMILJIEKCIB
MIKpOEJIEMEHTIB 3 IOJIMEPaMH, € BCTAHOBIICHHS
X BIUIMBY Ha META0O0JII3M KIIITUH in vitro. J1o Kiti-
THH, SIKi 31[aTHI XapaKTepu3yBaTy 3MiHH OOMiHHHX
TMIPOIIECIB 32 TOAAHUX (PapMaKOJOTTYHHX ¥ THIITNX
YUHHWKIB, HAJIGKATh criepmii [6].

MeToro Hammx AOCIiHKEHb OyIi0 BUBYH-
TH IUTOTOKCUYHICTh KOMITIEKCIB MIKPOCJIEMEHTIB
(Fe, Zn, Cu, Mn) y ckiazi nonimepiB-TpaHCIiop-
TEepiB Ha OCHOBI IICEBI0AMIHOKHUCIIOT (TIOJIIOKCH-
STHJICHOBUX TOXIJHUX ITyTaMiHOBOI KHUCIIOTH)
3a BUKOPHCTaHHS TeCT-00’ €KTY (CriepMiiB).

Marepiau i MmeToaun

Jis oTpuMaHHS KOMIUIEKCIB MiKpoele-
MEHTIB y CKJIaJl IOJIMEPYy-TpaHCTIOpTEPA Ha
OCHOBI T1CE€BI0aMIHOKHICIIOT BUKOPUCTOBYBAJIH I10-
JOKCHUETHIIEHOBI N-TTOXi/THI TTyTaMiHOBOI KHCIIO-
TH 3 MOJIEKYJIIPHOIO MacorO MOTIOKCHETUIIEHOBIO
¢parmenty 400, 600 Ta 1500 [da 1 BogH1 po3uu-
nu coneit (CuSO, « SH,O, MnSO, « H,0, ZnCl,,
Fe(NH,),(SO,), « 6H,0). [lo 1-2 % po3zuuny co-
Jiel 1oaBaId PO3YMH T1IPOKCUITY HATPIIO Y CITIB-
Biggomrenni 1:1,05 3a exsiBasentoM. Ocaz Bimmi-
JISUTH HeHTPU(QYTYBaHHSM, IEKAaHTYBAJIN PO3YHH
1 MPOMUBAJIM JUCTUIHOBAHOIO BOJIOKO. 3MIIITYBAJIU
15-25 % pozuun niranay (N-3amiIeHoro moJi-
OKCHETHJIEHOBOTO IOX1HOTO TITyTaMIHOBOI KHC-
JIOTH) B AUMETWII(HOpMaMIiJIi 3 OCAIOM T1APOKCHITY
MeTally Ipy MOJILHOMY CHiBBIAHOIIEHH! Bz 0,5 10
1,5 mirangy Ha 1 mMomb Tiapookcuay Meraiy. [lepe-
MIILIYBaJIM OTPUMaHy CyMIlUI MpoTAroM 1 rox 3a
KIMHATHOI TeMIepaTypH, M YOr0 POZYMHHUK
BUJIAJISUTH BAKYyYMHOIO BIATOHKOFO. Komrieke morti-
Mepy B 1 T MICTUB TaKy KUIbKICTh MIKpOEIEMEH-
TiB enemeHTiB: Pepymy (Fe) — 0,03-0,05 Mmmorb,
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Hunky (Zn) — 0,0319 mmonb, Manrany (Mn) —
0,0359 mmons, Kyripymy (Cu) — 0,0222 mmorib.

JL1st OLiHIOBAHHS [IATOTOKCHYHOCTI KOMII-
JEKCiB MIKPOEJIEMEHTIB y CKJIa/l MoJiMepiB-
TPAHCHOPTEPIB HA OCHOBI MCEBI0AMIHOKUCIIOT
BUKOPUCTOBYBAJIM TECT-00’€KT — criepMii OyraiB.
Cnepmy OyraiB orpumyBaiu y JIbBiBCbKOMY
HAyKOBO-BUPOOHUYOMY HEHTPI «3axiamieMpe-
cypew». st ocniiKeHHs BiIOUpaiu esKyssiT
00’eMOM 2—6 M1, KOHIIEHTpaLi€ero criepmiiB 0,6—
1,5x10° xaiTis/mit Ta aktuBHicTIO 7,5—8,0 Oaa.
CriepMy, pO3piPKEHY J1aKTO30-KOBTKOBO-TIILIEPH-
HOBHM PO3P1/DKYBa4eM, JUTAIIN Ha YaCTUHU: OIHY
KOHTPOJTbHY — 0O€3 I0[1aBaHHs Ta TPH JTOCTiIHI —
3 JIOIABAHHSIM MIKPOEJIEMEHTIB y CKJIa/Ii IOMIIMepY-
TpaHcnoprepa B kinbkocti 0,01, 0,051 0,1 mn
PO3YUHY KOMILIEKCY.

Y KOHTPOJIBHUX 1 IOCHIHUX 3pa3Kax po3-
PUDKEHOI CriepMY BU3HAYAIIM BIKUBAHHS CIIEPMIiB
(ron.) 3a remneparypu 2—4 °C 10 IPUITMHEHHS NIPs-
MOJTIHIHOTO MOCTYNAIBHOTO PYXY, CIIO)KUBaHHS
KUCHIO — nossiporpagivHo (Hr-arom O/xB x 0,1 mit
cnepmu; C) 3a remneparypu 38,5 °C 1 BiTHOBHY
3[aTHICTh — HoTeHIioMeTpryHo (mV/xB x 0,1 mit
C) 3 BUKOPHCTaHHSIM CUCTEMH BIIKPUTHX MIKPO-
€JIeKTPOiB [9], aKTUBHICTh CYyKLIMHATAETIAPOTe-
Hazu (CHI, KO 1.3.5.1) Bu3Hayanu, ik ONMCcaHo
B MeToauIl, 1 Bupaxamu B ox/ron x 0,1 mi C [2].
JlocmimpKeHHST IHTEHCUBHOCTI JMXaHHS Ta BiJIHOB-
HY 3JIaTHICTh CIIEPMHU MPOBOAMIN Y (hocaTHO-
conboBomMy Oydepi (PCh; NaCl— 0,8 , KCl —
0,02 r, Na,HPO, — 0,11 1, KH,PO, — 0,02 1,
MgCl, — 0,01 1, H,O mo 100 mi). Craructuy-
HUM aHaii3 OTPUMAHUX PE3yNbTaTiB MPOBEACHO
3a H. A. [Inoxuncekum [8].

PesyabTaTu it 00roBopeHHs

[TpoBeneHi AOCIIKEHHS BUSBUIIH, 110
NUXalbHA AKTUBHICTH CIEPMHU 32 TOJIaBAHHS
MIKPOEJIEMEHTIB y CKJIa/Ii MOJIIMEPIB-TPAHCTIOP-
TEpiB HAa OCHOBI MICEBI0AMIHOKHUCIIOT 3ajIeKaa
BiJl 103U BHECEHOTO KoMmIutekcey (tabm. 1). Tak,
3a Bmicty 0,01 Mi Zn-noniokcueTuiaeHoBoi N-
MOX1HOI TJIyTaMiHOBOT KHCJIIOTH B MII CTIEP-
MM BEJIMYMHA 3HAYCHHS, MOPIBHSIHO 3 KOH-
TpoJieM, He 3MiHIoBanacs i1 cranoBmia 1,00+
+0,23 ur-atom O/xB % 0,1 ma C, 3a qomaBaHHs
0,05 mur/mut 3HmKyBanacst Ha 42,4 %, 3a BHECCH-

s 0,1 M1 Zn-noaiokcueTrmineHoBol N-moxigHol
[IyTaMiHOBOi KMCIOTH — Ha 46 %.

Jonasanns komruiekey Cu-momioKCHeTHIIe-
HOBOT'0 N-TI0Xi/JTHOTO [Ty TAMiHOBOT KMCJIOTH IIPO-
SIBJISLJIO MOAIOHUI BIUIMB HA CIIOXKUBAHHS KUCHIO
cnepmoro. Y pasi BHecenns 0,01 M1 koMIuiekey
B MJI CTIEpMH BEJTMYMHA TOKA3HUKA 3HIKYBAJIacs Ha
22,9 %, 3a 30utbmenss g0 0,05 Mr/min ciepmu iu-
XaJIbHa aKTUBHICTH MeHIa Ha 51,0 % (P<0,05) 13a
MakcumanbHoi 1o3u (0,1 M Cu-noiokcueruie-
HOBOT0O N-IIOX1THOTO [ITyTaMiHOBOI KMCIIOTH) 3Ha-
YeHHs HIDK41 Ha 54,9 % MOopiBHAHO 3 KOHTPOJIEM
(tabm. 1). O1xe, HE3BAXKAIOUM HA TIOHW)KEHY JH-
XallbHY aKTHBHICTH 32 JI0/IaBAaHHS HAPOCTAIOUNX
103 Zn- 1 Cu-nomoxcueTwieHoBUX N-IOX1THUX
DJIyTaMiHOBOI KUCJIOTH B MJI CLIEPMH, BKa3aHi CIO-
JYKH MaJjio BIUTUBAIA HA BUKOPUCTAHHS KUCHIO
SK CTaTeBUMU KJIITHHAMH, TaK 1 IPOLIECH, SIKi 3y-
MOBJTIOIOTh OKUCHEHHS CyOCTpaTiB esSKYJISATIB.

3a Buecenns 0,01 i1 Mn- ta Fe-nomiokcu-
eTHICHOBUX N-TIOXiTHUX [Ty TaMiHOBOi KUCIIOTH
B MJI CLIEPMU CIIO’KUBAHHSI KHCHIO 3HIKYBAJIOCS,
BignosigHo, Ha 20,3 1 19,1 %, 3a 0,05 M1 — Ha
47,2 1 48,6 % (P<0,05), 3a 0,1 m1 — Ha 58,7 %
(P<0,05)125,8 % mopiBHSHO 3 KOHTpOIeM (Tadm. 1).
TaxuM ynHOM, nomaBaHHsa Mn- uu Fe-nomioxcu-
eTHICHOBUX N-TIOXiTHIX [Ty TaMiHOBOi KUCIIOTH
B MJI CIIEPMU TaIbMyBa0 BUKOPUCTAHHS KHCHIO
SIK CTaTeBUMH KIIITUHAMH, TaK 1 OKUCHEHHS Cy0-
CTpATiB ESKYJIATIB.

BinHOBHA 31aTHICTH CIIEPMU 3a JI0J]aBaH-
s 0,01 M1 Zn-mtoniokcueTmiieHoBoro N-moxia-
HOTO [TyTaMiHOBOT KUCJIOTH B MJI CIIEPMU 3HU-
xyBanacs Ha 52,3 %, 3a BHecerss 0,05 mu/mi
He 3MmiHtoBanacs (0,08+0,03 mV/xe x 0,1 mu C),
a 3a BHeceHHd 0,1 MJ1 BKa3aHOTo KOMILIEKCY Oyrna
HHUXK4O0I0 Ha 75,0 % MOpPiBHSAHO 3 KOHTPOJIEM
(tabm. 1). IIpu mboMy 3HIKYBAJIOCS YHCIIO 3pa3-
KiB, Y SIKUX BCTAHOBJICHO MiJBUILICHHS BITHOBHOI
3aTHOCTI (IIOTOKY MPOTOHIB Y CEpeOBUILE 1H-
KyOyBaHH:) HOPIBHSHO 3 KoHTposeM. [lomaiOHuit
pe3yabTaT BCTAHOBJICHO 34 JIOIaBaHHS HAPOCTAO-
qpx 103 Mn-I1omioKkcHeTHIIeHOBOro N-IoX1igHOTro
IJIyTaMiHOBOT KMCJIOTH. BinHOBHA 31aTHICTH
(TIOTIK MPOTOHIB Y CEPEIOBHUIIE) 3HUKYBATACST
Ha 61,6 % (P<0,01) 3a Baecenns 0,01 1 0,05 mn
KOMIUIEKCY B MJI criepmu Ta Ha 84,7 % (P<0,001)
3a BHeceHHs 0,1 M Mn-1o1i0KCUETUIICHOBOIO
N-10XiJHOTO [IyTaMiHOBOi KucioTu. OgHouac-
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HO, 32 JIOZIABaHHs BKa3aHOTO KOMIUIEKCY 3pOcCTa-
J1a KUIbKICTh 3pa3KiB, Y SKMX I1/IBUIIYBaBCS I10-
TEHI[ia] CepeIOBUIIIA.

Honasauns 0,01 Ta 0,05 mn Fe-nomiokcu-
€THJICHOBOI N-TIOX1/THOT [Ty TAMiHOBOI KUCJIOTH B MJT
criepmu Ha 75,0 % (P<0,01) 3HmKyBaIo BiTHOBHY
3[aTHICTh (HArpOMa/KEHHS MPOTOHIB), a 0,1 M
KOMIUIEKCY — HaBIIaKH, IiIBUIyBaJio Ha 77,8 %
(P<0,001) mopiBusiHO 3 KOHTpONeM (Tabm. 1). [Tpu
IIbOMY 32 JIOJIaBaHHs HapocTarounx 103 Fe-moi-
OKCHETHUJICHOBOTO N-ITOX1JHOTO IIIyTaMiHOBOi

KUCJIOTU 3HIKYBAJIACs KUTBKICTh 3pa3KiB, y SKUX
HArPOMaJ[KYIOTHCS TPOTOHHU Y CEPEIOBUIIIL.
Ha BinMmiHy Biz TOCHIIKEHIX KOMILIEKCIB,
nogaBanust Cu-moIiOKCUETUIIEHOBOTO N-TT0X1/1-
HOTO TTyTaMiHOBOi KHUCJIOTH B MJI CLIEPMH TIPU-
3BOJIUJIO JIO 3POCTAaHHS MOTEHIiaTy CePeI0OBH-
ma (HarpoMaJKeHHs MPOTOHIB) Y 3pa3Kax Io-
piBHsIHO 3 KOHTposieM. KpiM 11boro, BenuunHa
3HAUYCHHS BIJHOBHOI 3IaTHOCTI HE 3alic)Kaja
BiJI 103U JOJAHOTO KOMIUIEKCY i OyJia B MexKax
0,01-0,02 mV/xB % 0,1 ma C (Tabm. 1).

Tabnuys 1

BioximMiuHi XapaKTepuCTHKH TecT-00’€KTY (CrepMiiB) 32 BILIMBY KOMILJICKCIB MiKpOeJIeMEeHTIB
y CKJIaai moJiMepiB-Tpancnoprepis, M+m

Bovine sperm biochemical analysis under the influence of nanopolymer
in complexes with microelements, M+m

BinnoBHa 3gaTHICTE ciepmiiB y cepemoBumii, mV/xB x 0,1mn C
Jo3u nomimepy, JluxaybHa akTHBHICTH CIIEPMIiB, Red/ox activity of sperm in the medium, mV/min x 0,1ml
MII ar-atoM O/xB % 0,1 mu1 C «» «t»
Polymer doses, n Respiratory activity of sperm, TIONTMHAHHS [IPOTOHIB HarpoMaKeHHs IIPOTOHIB
ml ng-atom O min % 0,1ml C n «“» n «t»
Protons intake proton accumulation
Zn2+
IéOHTp"”" 10 1,1120,21 7 0,16+0,08 3 0,0200,003
ontrol
0,01 10 1,00+0,23 9 0,07+0,03 1 0,001+0,00
0,05 10 0,64+0,21 9 0,08+0,03 1 0,004+0,00
0,1 10 0,62+0,17 8 0,04+0,02 2 0,010+0,001
n - 0,098 - 0,122 - 0,731
Cu2+
Konrpous 10 2,06:0,43 9 0,1620,03 = -
Control
0,01 10 1,594+0,31 — — 9 0,010+0,002
0,05 10 1,01£0,16* — — 9 0,020-£0,004*
0,1 10 0,93+0,44 — — 9 0,02+0,002**
n — 0,145 — 0,210 — 0,131
Mn2+
Konrrpor 10 1,38+0,34 10 0,130,02 - -
Control
0,01 10 1,10+0,23 9 0,05+0,01%%* 1 0,01£0,00
0,05 10 0,73+0,15 6 0,05+0,01** 4 0,003+0,001*
0,1 10 0,57+0,09* 6 0,02:£0,004%%%* 3 0,010,002
n — 0,226 — 0,471 — 0,478
Fe2+/3+
Korrposms 6 1,05+0,14 6 0,080,02 - -
Control
0,01 6 0,85+0,09 3 0,02+0,01* 3 0,01£0,001
0,05 6 0,54+0,10* 3 0,02+0,01* 3 0,01£0,002
0,1 6 0,78+0,33 4 0,3620,22 2 0,0040,001**
n — 0,129 — 0,272 — 0,058

Ipumimia: y 1iid 1 HACTYNHIN TaOIMIX PI3HULS CTATUCTUYHO BipOTifHA HOPIBHSIHO 3 KOHTponeM: * — P<0,05;

#% __P<(,01; *** _ P<0,001.

Note: in this and next tables statistically significant difference compared with control: * — P<0.05; ** — P<0.01;

*#k _— P<0.001.
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AHami3 KOpenaliil MK 3pOCTalouuM
BMICTOM KOMIIJICKCIB MIKPOEJIEMEHTIB Yy CKJai
MOJIIOKCUETUIIEHOBUX N-TOX1HUX Ty TaMiHOBOI
KHUCJIOTH Ta JOCII/PKEH1 010XIMIYHI OKAa3HUKU
CBITUUTH MPO HU3bKHIA BIUTMB MiHIMAIBHHX JI03
(0,01 mu/mn 3pa3ka) KOMILIEKCIB Ha JUXaJbHY
AKTHUBHICTb 1 MOTIK MPOTOHIB Yy MO3aKIITUHHE
cepenoBuIIie (3a BUHATKOM KoMIuiekciB Cu-1iodi-
OKCHETHJICHOBUX N-TIOX1JHHUX TJIyTaMiHOBOT
KHUCJIOTH).

JlomaBaHHs y 3pa3Ku ciepMH MiKpoeJe-
MEHTIB Y CKJIaJli TIOJIOKCUETIIIEHOBUX N-TIOX1THHAX
DIyTaMiHOBOI KUCJIOTH MO-Pi3HOMY BIUIMBAJIO Ha
AKTUBHICTh CyKIIMHATACT1IPOTEHA3U CTATEBUX
kiiTuH. Tak, y pa3i Baecenns 0,01 ma Zn-nosi-
OKCHETUJICHOBOTO N-MOXiAHOTO IyTaMiHOBOT
KHCIIOTH B MJI CIIEPMH aKTUBHICTb €H3UMY HE

3MiHIOBanacs, 3a goxasans 0,05 mi 3pocrana Ha
11,6 %, a 3a nomaBanus 0,1 M1 KOMILIEKCY — Ha
14,9 % nopiBHsiHO 3 KoHTpoJeM (Tabm. 2). ITomi-
OH1 3MiHH BUSIBJICHI 32 BUKOPUCTAHHS KOMILJIEKCIB
Fe-nomiokcuernneHoBro N-MOXiJHOTO TITyTaMiHO-
BOI KHCJIOTH — BEJIMYMHA 3HAYEHHS aKTUBHOCTI
JOCTIIKYBaHOTO €H3UMY KOJIMBAIAcs B MexKax
45,0-55,0 on/ron x 0,1 mn C, pizHHILIS CTaHOBHIIA
13,5-18,2 %.

Buecenns 0,01 ma Mn-noinokcueTuie-
HOBOro N-TI0X1IHOTO ITyTaMiHOBOi KUCJIOTH B MJI
criepmu miaBuUIyBato aktuBHicTs CII Ha 27,3 %,
0,05 MJ1 KOMIIJIEKCY — HE 3MIHIOBAJIO BEJIUYMHY
1poro nokasuuka (40,0+8,66 on/ron x 0,1 M C),
tofi sik BHeceHHs 0,1 mu komrekcy Ha 28,0 %
3HIDKYBAJIO AKTUBHICTb €H3UMY MOPIBHSHO 3 KOH-
TposieM (Tabdi. 2).

Tabnuys 2

BnuuB koMimiekciB MikpoeJsieMeHTIB 3 OJTiMepaMU-TPAHCIIOPTEepaMu
HA aKTHBHICTbh CYKIMHATAETIAPOreHasy i BUKMBaHHA cnepMiiB, M+m

Succinate dehydrogenase activity and sperm cells survival time
under the influence of nanopolymer in complexes with microelements M+m

Jo3u noniMepy, Mt AxrtuBaicte CAT, on/rox % 0,1 M BwkuBaHHS ciepMiiB, Tox
Polymer volume, ml n SDH activity, U/h x 0,1 ml n Sperm cells survival time, h
Zn2+
Kowrpors 5 46,00:6,07 13 142,10+12,79
Control
0,01 5 50,00+4,00 13 134,30£11,57
0,05 5 52,00+7,69 13 120,00+14,70
0,1 5 54,00+9,21 13 96,00+£16,97*
n — 0,034 — 0,122
Cu2+
Konrpors 4 40,00+6,12 8 144,00+11,22
Control
0,01 4 23,80+4,80 8 129,00+20,32
0,05 4 4,254+]1,85%** 8 108,00+21,63
0,1 4 4,2541,85%** 8 66,00+21,53%*
n — 0,769 — 0,227
Mn2+
Sommpon: 4 40,00+6,12 12 136,00610,39
ontrol
0,01 4 55,00+8,29 12 126,00+11,60
0,05 4 40,00+8,66 12 112,00+8,36
0,1 4 28,80+6,22 12 78,00+9,32%**
n — 0,283 — 0,323
Fe2+/3+
Kourpor, 4 45,007,50 8 111,00+5,91
Control
0,01 4 55,00+7,50 8 108,00+10,39
0,05 4 45,00+7,50 8 78,00+15,15
0,1 4 52,50+11,92 8 45,00£11,57%%*
n — 0,060 — 0,413
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JonaBanus Hapocrtatounx 103 Cu-nosi-
OKCHETUJIEHOBOTO N-TIOXiJTHOTO ITyTaMiHOBOI KHC-
JIOTH B MJI CIIEPMH TIPU3BOJMIIO JI0 3HUKCHHS aK-
tuBHOCTI C/II": Ha 40,5 % 3a BHecenns 0,01 mu
Oyna Hux4oro, a 3a 0,05 ta 0,1 M1 Ha OJTHAKOBY
Benuuuny — 89,4 % (P<0,001).

OuinroBanusg 3anexuocti C/I" Bijg Ha-
pocTarouux 103 y po3pimkyBadi Zn-, Fe-, Mn-
MOJIIOKCUETUIIEHOBUX N-MOX1HUX TITyTaMiHOBOI
KUCJIOTH CBIUUJIO MPO KOPEJIALIO C1abKoi CHIN
(m=10,034-0,283) Mixk MMH TBOMA TIOKa3HUKAMH,
a B pa3i Bukopuctanus Cu-1oJ1ioKCUETUIICHOBOTO
N-1OXi1HOTO TIIyTaMiHOBOI KUCIIOTH — CHJIbHY
HeraruBHy (1) =—0,769). [ariOyBaHHs aKTHBHOCTI
CAI" Cu-nomiokcueTHIeHoBo0 N-TTOX1HOO [Ty~
TaMIHOBOI KUCJIOTH 3yMOBJIIOETHCS HAJTUIIIKOM
MIKpOEJIEMEHTA, IKUH Y BUCOKUX J103aX YUHHUTH
UTOTOKCUYHUHN BIIJIUB HAa MeTa00JI13M cTaTe-
BUX KJIITHH.

BwxkuBaHHs criepMiiB 3a TolaBaHHS Ha-
POCTaIOYMUX /103 B PO3PIAXKYBadl KOMIJIEKCIB
MIKPOEJIEMEHTIB Y CKJIa/i MOJIIOKCUETUIIEHOBUX
N-1OXiIHUX DTy TaMiHOBOI KUCJIOTH 3HMKYBaJIO-
cs (ta6m. 2). Tak, 3a BBenenns 0,01 M Zn-moti-
OKCHETUJICHOBOTO N-MOXiAHOTO IyTaMiHOBOT
KHCJIOTH B MJI CIIEpMU BIDKHBAHHS CIIEPMIiB HE
sminroBasiocs (134,3+11,57 rom), Toxi Sk 3a gona-
BanHs 0,05 M1 fero 3HmxkyBanocss — Ha 15,6 %,
a3a 0,1 mmn—mna 32,5 % (P<0,05) nopiBHSHO 3 KOH-
tposeM. [Toni6GHi 3MiHN BeMYUHH (i310710TTHHOTO
MOKa3HHMKA BCTAHOBJICHI 3a BUKOpucTanHusa Cu-,
Mn-, Fe-nomiokcueruneHoBux N-MOXiTHUX TITyTa-
MIHOBOI KHCJIOTH B MJI CIIEpMHU. 3a HU3bKOI 103U
(0,01 mn y M ciepMu) KOMIUIEKCIB BUYKMBaHHS
CTEepMIiB KOJIMBAJIOCS B MEXKaX KOHTPOIIIO, a Mij-
BunieHHs 10 0,05 M MIKpOEJIEMEHTIB y CKJIai
MOJIIOKCUETUIIEHOBUX N-TOX1HUX TITyTaMiHOBOi
KUCJIOTH B MJI CIIEPMH CHPHUMHSIIO HE3HAYHE 3HU-
xkeHHs, a 3a 0,1 mn — Biporigne Ha 42,7-59,5 %
(P<0,01-0,001).

AHaJi3 3a1eXHOCTI BUKUBAHHSA CIIEPMIiB
BiJl KOMILJIEKCY MIKpPOEJIEMEHTIB Y CKJIa/li MoJi-
MepIB-TPaHCIIOPTEPIB 3 IICEBJOAMIHOKUCIIOT BUS-
BUB CITa0Ky HETaTUBHY KOPEJISALIIO 3 BMICTOM y Zn-
ta Cu- IOoMOKCHEeTUIICHOBUX N-MOXiHUX TIyTa-
MiHOBOI KucioTd B M1 cepmu (1 = 0,122-0,227)
1 cepenHio 3a Mn-, Fe-nomiokcuernneHoBux N-
MOX1THUX IITyTaMiHOBOT KUCJIOTH B MJI CIIEPMHU

(M =0,323-0,413).

OTxe, nisg Hu3bkux 103 (0,01 mi) xKomri-
JIEKCY MIKPOEIIEMEHTIB Y CKJIa]li OJTIOKCUETHIIE-
HOBUX N-TIOX1THUX IIIyTaMiHOBOT KHCJIOTH B MIJI
CIIEPMH XapaKTEPH3YEThCS CIAOKOI0 IIUTOTOKCHY-
HicTrO, a Bum 034 (0,05 1 0,1 mi1) raneMyOTh
MeTa0o1i3M 1 3HHXKYIOTh (Pi310JI0T1UHI XapaKTe-
PUCTUKHU KIIITHH.

BucHoBkn

1. JlonaBaHHSA MIKpPOEJIEMEHTIB y CKIaJi
TMOJTIMEPIB-TPAHCIIOPTEPIB HA OCHOBI TICEBI0AMIHO-
kucnot y 1031 0,01 Mi1 10 ciepmu He BIIMBA€E Ha
IHTEHCHUBHICTh OKHCHIOBAJILHHUX MPOIIECIB KIITHH
(ciepmiiB), a B go3ax 0,051 0,1 M cipuunnse
11 3HUKCHHS.

2. JluxanpHa aKTUBHICTB 1 BiJIHOBHA 3/1aT-
HICTb CrIepMu He 3MiHIO€eThCs 3a 1111 0,01 M1 BMiCTY
MIKpOEJIEMEHTIB Y CKJIaJi TOJIOKCHETUIIEHOBUX
N-1oXiTHUX TITyTaMiHOBOI KUCIIOTH, 3pOCTaHHS
71031 KOMIUIEKCY CIIPHYHMHSE HETaTUBHUI BILIUB
Ha 111 TOKAa3HHUKH.

3. HaiiBuinia 3a CuJI00 HEraTHBHA KOPEs-
1ist (1 =-0,769) akTUBHOCTI €H3UMY JHXAJTHHOTO
naHIrora MitoxoHapii C/II" BUsBIsieThCS 32 3011b-
meHHs 103 Cu-MooOKCUETUIEHOBOr0 N-IIOX1-
HOTO ITyTaMiHOBOT KUCIOTH 110 0,1 M.

4. BHCOKI /1031 MIKPOEJIEMEHTIB y CKJIa i
MOJIIOKCHUETHIICHOBUX N-MOX1HUX TIIyTaMiHO-
BOi Kuciotu B KynbTypi kiitud (0,05 1 0,1 M)
XapaKTePU3yIOThCSI IUTOTOKCUYHUM BIUTHBOM
Ha (i310JI0T14HI XapaKTEPUCTUKH KIIITUH (BH-
KMBAHHS CIIEpPMIiB), a HU3bKI HE MAlOTh I[UTO-
TOKCHUYHOI [ii.

IlepcneKTHBY NOAATBIINX AOCTITKEHD.
Y nmonanbeioMy JOCIHIKEHHS OyIyTh MIPUCBSI-
YeHi BUBYCHHIO BIUTUBY KOMIUIEKCIB MiKpoee-
MEHTIB 3 MOJiMepaMU-HAaHOHOCISIMU Ha Opra-
Hi3M J1abopatopaux TBapuH. [lepm 3a Bce, Oyne
JOCTIKEHO TOKCUYHHIA BIUIMB, @ TAKOX 3aCBO-
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