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Enexmpomaenimnui eunpomintosanns (EMB) eniusaioms Ha opeanism, Hacamnepeo HA PiGHI KIIMUH.
YV 36’a3xy 3 yum, docnioacennsn enausy EMB na npoyecu ninonepoxcudayii ma cucmemy anmuoKCuOanm-
HO2O 3aXucmy € akmyaibHum O PO3YMIHHA MexaHizmig uozo Oii. Memoiw pobomu 6y10 6ugueHHA 6NU-
8y MIKPOXBUTLOBO2O BUNPOMIHIOBAHHS HA NPO-/AHMUOKCUOAHMHUL 20Me0Cma3 3apooKie 6 toHa (Misgurnus
fossilis L.) 3a pannvoeo emobpiocenesy. [Hocaioxcysanu emicm npooOyKmié NepoKCUOH020 OKUCTeHHS
ainidie — 2ioponepokcudie niniois, THK-axmugnux npooykmis, — ma aKmusHiCmb CYNepPoKCUOOUCMYmMasu,
2AYMAMIOHNEPOKCUOA3U | KAmanau 8 3apooKie 6 10Ha 3a 6NIUSY MIKPOXEUIb08020 eunpomintosanns (GSM-
900 MIy, SAR = 1,1 Bm/xe) npomsieom 1; 5; 10 ma 20 x6 énpodosaic pannbo2o embpiocenesy. Bcmanosneno,
wo emicm nPoOYKmie NepoKCUOHO20 OKUCIeHHS AInidi8 V 3apo0KO8UX KIIMUHAX 34 6NAUB)Y MIKDOXGUTLOBO2O
BUNPOMIHIOBAHHS 3a3HAE icmomHuuXx 3min. Kpim moeo, 3a iio2o 0ii (1; 5; 10 x8) nioguwyyemovcs akmugHicmo
CYNepoKcUOOUCMymasu, OOHAK 3a 20-XBUNUHHO20 ONPOMIHEeHHs Uyell NOKASHUK 3HUNCYEMbCA 00 pi6HS
KOHMpPOAbHUX 3HayeHb. lloxkazano, wo MIKpOX8UIbO8E GUNPOMIHIOBAHHA HA HACMOMAX MODOLIbHO2O
36’A3KY 3HUNCYE AKMUBHICMb KOMNOHEHMI8 CUCMeMU AHMUOKCUOAHMHO20 3aXUCMY, 30KpeMma Kamaja-
3u 1 enymamionnepokcuoasu. Buwamxom € 3pocmanns akmusnocmi kamanazu na cmaoii 10-eo0 nodiny
onacmomepis (P < 0,05). Pezynomamu 080(axmoprnoco Oucnepcilihoco anaiizy ceiouams npo me, wo 3HA4Hy
YACMKY 8CIX CHOCMEPEIHCYBAHUX 3MIH CHPUHUHIOE (DAKMOP MIKPOX8ULLOBO2O BUNPOMIHIOBAHHS.

Knwouoei cioea: mikpoxeunbose UnpoMiHio8aHHs, 3apOOKU 8 I0HA, NePOKCUOHe OKUCIeHHs Ninidie, cy-

NEePOKCUOOUCMYMA3A, KAMALA3A, 2TYMAMIOHNEPOKCUOA3A.

WBYCHHS MEXaHi3MiB BIUJIUBY €JIEKTPO-

Mar"HiTHOr0  BHUIIPOMIHIOBaHHS  pajio-

yactotHoro (EMB PY) niama3ony Ha *KuBi
OpraHi3Mu sIK OJHOTO 13 IJII00aJIbHUX €KOJIOTTYHUX
(dakrTopiB, € akTyanbHUM nUTaHHAM. Lle, mo-nepie,
MOB’S13aHO 31 IMIBHJKHM 3pPOCTAaHHSIM aHTPOIIO-
T€HHOTO eJIEKTPOMAarHiTHOro (GoHy i HeOe3rmeKoro
«EJIEKTPOMAarHiTHOr0 3a0pyJHEHHS» CEpeIOBHUINA,
a, MO-Apyre, NOTENep 3alMIIA€ThCSI HEBUBUYCHOIO
Oionoriuna s enexkrpoMmarsitHoro nons (EMIT)
3 XapaKTepUCTHKAMU, IO OJNU3bKI J0 MPUPOTHUX
eJIeKTpOMarHiTHUX BUnpoMinioBanbk (EMB) [1]. 3a-
JIe)KHO BiJl IHTEHCUBHOCTI, YaCTOTH, TPUBAJIOCTI Jii
JOCIHIIKYBaHOTO (paKTOpa pe3yiIbTaT BILIUBY MOXKE
OyTH pi3HUM.

Binomo, 1110 MikpoXBUIILOBE BUTTPOMiHIOBAHHSI
HH3BKOI 1HTEHCHBHOCTI CIPUYMHIOE DPI3HOMaHITHI
(hyHKIIOHATBHI 3MIHH B CHCTEMaxX OpraHiamy [2,
3]. Jlo moka3HUWKIB BILUIMBY HH3bKOIHTEHCHBHOTO
EMB HanexaTb: 30iMbLICHHS NPORYKLil aKTHB-
HuX ¢opm okcureny (ADO), excrpeciss mpoTeiHiB
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TEIIOBOro IoKy, ymkomkeHHs JHK, ingyxuis
arnorito3y [4]. Bigomo, mo EMII 3MiHt0€ moTeHIian
M1a3MaTHYHOT MEMOpaHH, a I1e MOXKEe BIUTHBATH Ha
BUTBHOPAIMKAIBHI TIPOIECH B KJIITHHI Ta HAa CHCTE-
MYy aHTHOKCHIAHTHOTO 3aXUCTy OpraHi3my [5].

[okasano, 10 y BiANOBIb HA MiKPOXBUIILOBE
BUIIPOMIHIOBAaHHS ~ PO3BHUBAETHCS  OKCHIATHB-
HUU crpec, 30imblnyeTbesi KinpKicTh ADO Ta
3HUKY€ETHCS AKTHUBHICTh AHTHUOKCUJIAHTHUX
eH3uMiB [5—7]. BcraHoBiieHO, MO MiKPOXBHIIBOBE
BUIIPOMIHIOBAaHHS BIUIMBa€ Ha eMOpioHATBHUI
pO3BUTOK TBapuH [5, 8, 9]. Takoxxk EMII neratusno
BIUTMBAE HAa PENPONYKTHBHY (DyHKIIifO YOJIOBIKiB Ta
KIHOK, 30UIbIIy€e KUJIBKICTh MATOJNOTiIH y HOBOHA-
pomxkenux miteit [10].

Pesynpratn  gocmimkens BmmBy EMB Ha
OiosoriuHi 00’€KTH crpusuid (GOPMYBaHHIO HU3KU
HE3aJICKHUX TIM0TEe3, SKi MOSICHIOITH OKpeMi edek-
tn BBy EMB PU nianazony Ha >KHBi opraniamMu
[2, 11]. OnHak 3a1MIIA€THCS HE3 ICOBAHUM MEXaHI13M
BIUIMBY  MIKPOXBHJIbOBOI'O  BUIIPOMIHIOBAHHS
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Ha emOpioHanbHI 00’ckTH. ToMy MeTOw po0o-
TH OyJO AOCIHIJKCHHS BIUIMBY MiKPOXBHJIHOBOT'O
BUIIPOMIHIOBaHHSI Ha TPOOKCHAaHTHO—aHTHOKCH-
JAHTHUW TroMeocTa3 3apojikiB B'roHa (Misgurnus
fossilis L.) B mepio; paHHLOTO eMOpPiOTreHe3Yy.

Marepiajm i meToau

ExcniepuMeHTanbHy 4acTHHY poOOTH TIPOBO-
JIUJTU Ha 3apOJKaX MPICHOBOAHOI puOM B’lOHA ue-
pe3 60; 150; 210; 270 i 330 xB micis 3aruIiTHCHHS
SIMIIEKIJIITUH. BUKOpUCTOBYBalM  3aponKH, SKi
BiJIMIOBIJAIOTH NIEPIIOMY APOOIEHHIO 3UuroTH (2 Oia-
cTtomepH), ueTBepTomy (16 GracToMepiB), MIOCTOMY
(64 6nacromepn), BocbMoMY (256 6mactomepiB) i ae-
csatomy (1024 6mactomepn). Ikpy onepxyBaiu uepes
36 roj1 miCJIsl CTUMYJISIT CAMOK B'FOHA XOPIOHIYHUM
roHagorpomiaoM — 500 on. (MOCKOBCBKUH €HJIO-
KpUHHUH 3aBOA) 1 3aIUIiJHIOBAIM B yamkax [leTpi
cycnensiero cnepmiiB [12]. CiM’sTHUKH ofepKyBaJn
LUISIXOM JIeKamiTalii Ta pO3THHY YePEeBHOI TTOPOXK-
HuHH camiliB. Yepe3 5—10 XB miciist 3arutiHEHHS
BIIMUTI 3WUTOTH 1HKYOyBanu Yy i3iojoriqHOMY
po3uuni Tomerdperepa (2022 °C). Opnepxani
3UTOTH IiJIJIaBaJId OMPOMIHEHHIO Ha 4YacTOTax
MOOLITBHOTO 3B’13KY. SIK JKEPEeIo MiKpOXBUIHOBOT'O
BUIIPOMIHIOBaHHSI HHM3BKOI 1HTEHCHBHOCTI BHKO-
PUCTOBYBaJii MOOUIbHUU Tene(oH, M0 mepedy-
BaB y PSKHUMI PO3MOBHU 1 MICTHUBCS Haj YallKamu
[leTpi Ha BiacTani 3 cM (€KpaHOM BHH3 Tak, 100
anTeHa Oyna mocepeaunni yamkwu [letpi). Yactora
BUINPOMiHIOBaHHS cTaHoBUIa 900 M T, 111 o1iiHku
piBHSL BHUIPOMIHIOBaHHS HM3bKOI 1HTEHCHBHOCTI
BUKOPUCTOBYBAJIM TOTYKHICTh TMOTJIMHYTOI JIO3H
ormpominenHs (Specific Absorption Rate — SAR),
0 € TOKa3HWKOM MIKianuBoro BminBy EMB
MOOLITEHUX TeJIeOHIB. 3T1THO 3 MacopTOM Tennedo-
Hy 3HaueHHs SAR cranoButs 1,1 Br/kr. Onepxani
3UTOTH OMPOMIHIOBAJIM OHOPA30BO BiJipasy MicCis
3arutiHeHHs npoTsarom 1; 5; 10 ta 20 xB.

3apoAKyu B’IOHA Ha PI3HHUX CTaJisfX PO3BUTKY
TOMOTEHI3yBalld 3a JONOMOIOI0 TOMOTeHi3aTopa
[MorTepa-EnbBenreiima B po3umni [onbrdperepa.
ITo 1 My roMoreHaTy KOXHOi POOU 3aMOpOKYBa-
U B Mopo3uiibHii kamepi nipu —20 °C 1 B mogans-
IOMY BHKOPHCTOBYBAIU ISl JOCHIKEHHS. BmicT
MpOTEiHy B KOXKHIH MpoOi BU3HAYAIHU 32 METOAOM
Jloypi [13].

BMicT rigponepokcuaiB JimiAiB y roMoreHari
3apO/IKiB B’IOHA BCTAHOBIIOBAJIM METOJOM, IPHH-
LIUII SIKOT'O TOJISATAE B OCAKEHH1 TPOTETHY TPUXJIIOP-
OLITOBOIO KHCJIOTOIO 3 HACTYITHHM BHECCHHSIM Y

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, \Vol. 86, N 5

cepeoBHUIle TioliaHaTy amoHiio [14]. AGcopOIiro
BuMiptoBanu npu A 480 HM. BmicT rizponepokcuiis
JOiAiB BUpakadyd B YMOBHUX OAMHMLAX Ha | mr
npoTeiny (YM. Of./mr).

Y romoreHatax 3apoJKiB B’IOHA BU3HAYAIU
BMicT TBK-akTMBHMX TNpOAYKTiB SK OMHCAaHO Y
poboTi [15]. AGcopOiiito BUMIpIOBaIM y BEPXHBO-
My OyrtanosioBoMy mapi, A 532 M. Bwmict TBK-
AKTHBHUX IPONYKTIB Y 3pa3Ky BUPaXKaid B MKMOJIb
MJIA na 1 mr npoTeiny.

vy BiJIIOpaHUX 3pa3kax BU3HAYAIHU
AKTHUBHICTh CH3MMIB aHTHOKCHJIAHTHOTO 3aXH-
cry: cynepokcuaaucmytasu (COJ), karamazu Ta
rinyTarionnepokcuaasu. AxtuBHicTb COJl Bu3Ha-
yanu 3a metonoMm [16], karamasu (KT) — sik omuca-
HO B poOori [17], rmyrationnepokcunazu (I'T1) — 3a
IIBUJIKICTIO OKHCJICHHSI BiJTHOBJICHOTO TJIyTaTIOHY
(BI) i Bupaskanu B MKkMoiIb BI/xB Ha 1 Mr ipoTeiny
[18].

VY nociiKeHHSIX BUKOPHCTOBYBAld BiJIHOB-
nennid ryrtatioH (Acros Organics, benbris),
rigponepokcua TpeTuHHOro Oytmiy, N,N,N’N'-
terpamerunerunenaiamin (Fluka, Himeuunna). Bei
iHOI peakTUBU OyJW BITYM3HSHOI'O BUPOOHMLITBA
(Cdepa Cim, Cunbiac) kBamidikamii x4 Ta yja.

Crartuctuyny 00poOKy pe3ynabTaTiB
JNOCHTI/DKeHb ~ MPOBOAWIU NI BCTAHOBJICHHS
BIPOTiHOCTI PI3HUII MK cepeqHiMu apudme-
TUYHUMH JBOX CYKYIHOCTEH AaHuX. BiamiHHICTBH
JIOCITIJPKYBAaHUX TIOKa3HUKIB BBa)Kajlacsi CTaTH-
CTUYHO BiporigHow 3a P < 0,05.

ExcriepuMeHTanbHUN  MaTepiall OmpanboBY-
BaJli METOJIOM JIBO(AKTOPHOI'O JHUCIEPCIHHOTO
aHamizy. Bu3Hauanu BIZHOCHI YacTKW BIUIMBY
gacy po3BUTKY 3apojkis (60;150; 210; 270; 330 xB)
Ta MIKpOXBUJILOBOrO BumpomiHtoBauHs (1; 5; 10;
20 XB) Ha MOKa3HUKH IHTCHCUBHOCTI MPOIIECIB TEep-
okcuHoro okucieHHs minifis ([10JI) i akTuBHOCTI
eH3uMiB anTnokcuganTHOI cuctemu (AOC) Ha ¢oHi
BILJIMBY HEBPAXOBAaHUX B CKCIICPUMEHTI YMHHUKIB,
a TAaKOX OLIIHIOBAJIM CTATHUCTUYHY 3HAYUMICTD ITHX
BILJIUBIB.

Pe3yabraTt T2 00roBOpeHH

Binomo, o TTOJI € ¢izionoriunumM mporecoMm
METa0O0Ii3My, BaXKIMUBHM JUISl JKUTTEISIIBHOCTI
oprasizmy Ta Horo aganTaiiiHux peakiiu [2, 3, 7].
AOC posrisaaeTbes SIK JlaHKa MeTaboli3My, sika
XapaKTEPU3YEThCS  YHIBEPCAIbHUM MEXaHi3MOM
BIJIMTOBI 11 Ha Oy/Ib-SIKUH BILIUB SIK €HJIO-, TAK 1 €K30-
TEHHOTO TOXOJKeHHs [4, 5]. 3a aii pi3HOMaHITHUX
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YUHHHUKIB B OpraHiaMi BigOyBarOTbCS 3MiHH, SKi
CYNpOBOIDKYIOTBCS ~ aKTHBAII€l0 €H3UMIB  abo
npurHidveHHssM aktuBHocTi AOC, MmO TOB’$13aHO
31 30UMBIIEHHSIM  KOHLEHTpAalii  TOKCHYHUX
MeTabomiTiB. HakomuueHHS IUX CHONYK TpH-
3BOAMUTH JI0 PO3BUTKY OKCHIATHBHOTO CTPECY
BHACIIIJIOK MOPYLIEHHsI 0anaHcy MiX MpO-/aHTHOK-
CHJIaHTHOIO cucTeMamu [3-5].

BcranoBimeno, 10  BMICT  JOCHIKEHHX
npoayktis [1OJI — rigponepokcuais miminis i TBK-
AKTHBHUX NPOAYKTIB — 3MIHIOBAaBCS B 3apOIKiB
B’IOHA IIPOTATOM PaHHLOTO eMOpioreHe3y (puc. 1-2).
[Tix BIIMBOM MiKPOXBHIJIBOBOI'O BUIIPOMiHIOBAHHS
npoTsAroM 1 XB 3pocTaB BMICT — T1APOIEPOKCHIIB
ta TBK-akTHBHHX MpOJYKTiB Ha CTadisIX PO3BUT-
Ky 2; 16; 64; 256 Gnacromepis. [Ipore, Ha cranii
10-ro moxiny GnacToMepiB 3apoJKiB B’tOHA, BILIUB
MIKPOXBUJIBOBOTO BUIPOMIHIOBAHHS MPOTSITOM
1 XB CcHOpPUYWHSB BIPOTiHE 3HMKEHHS BMICTY
rigpornepokcuaiB miniais Ta MJIA.

3a nii MIKpPOXBHJIBOBOTO BHIIPOMIHIOBaHHS
TPUBAJIICTIO 5 XB Ha CTaJIii ABOX 0JIACTOMEPIB BMICT
rigponepokcuaiB aimiaie Ta MJIA BiporigHo 3HU-
3MBCS, TIOPIBHSHO 3 KOHTPOJIEM, TOJI SIK Ha CTaiil
PO3BHUTKY 16 OmacToMepiB BiAMIYEHO IXHE BipOTiHE
3pocTaHHs. Pa3oM 3 11uM BiACy THS BipOTiIHA PI3HULSA
y BMicTi TBK-akTHBHUX IPOIYKTiB HA LILOMY €Tarti
po3BuTky. Ha crasmisx 64; 256 ta 1024 6nactomepin
3apoakiB B’roHa BB EMB TpuBaiictio 5 XB npu-
3BOJUTH JIO BIPOT1IHOTO 3pOCTaHHS KIJIBKOCTI Tep-
BUHHUX Ta BTOPUHHUX MPOAYKTiB mpouecis [TOJI.

[HTEeHCUBHICTH TIPOIECIB JIMONEPOKCHAALIT Y
3apOJIKiB B’FOHA, Ha BCiX JIOCHIJKYBaHHX CTaHisfix
PO3BHTKY 3a 1ii MiKPOX BUITLOBOT'O BUTIPOMiHIOBAHHSI
TpuBamicTio 10 XB, BIpOTiTHO 3pOCTa€ MOPIBHIHO 3
KOHTpoJieM. MakcuMabHOTO piBHS KinbKicTh THK-
AKTHBHUX MIPOAYKTIB IOCATAE HA CTAAisIX BOCBMOT'O
Ta JIECSITOTO MOA1IiB O1acTOMEpiB.

3a BIUIMBY MIKPOXBUJILOBOTO  BHIIPO-
MmiHIOBaHHs (20 XB) BiAMIYEHO BIpOTiJHE 3pO-
cTaHHs rigponepokcuaiB ta MJIA Ha cranmisx
po3BuTKY 2; 16; 64 1 256 Gmactomepis. Ilpote, Ha
crazaii 10-ro moxiny GiacToMepiB 3apoKiB B’IOHa,
CIIOCTEPIraeThesl BIPOTiJHE 3HMIKCHHS SIK BMICTY
rigponepokcuaiB mimigaiB, Tak i TBK-akTuBHHX
IPOAYKTIB.

OckinpKy Tpomec iHimiamii Ta po3raiysKeH-
Hs JaHioropux peaknin [1OJI mocuth mBHI-
KW, YTBOPEHHS NPONYKTIB JIIMOMEPOKCHAAL]
MOXKJIMBE BiApasy micis nii MIKpOXBHIJIBOBOTO
BUITPOMiHIOBAHHSI SIK CTPECOBOTO YMHHHKA, IO ITPH-
3BOJUTH JIO0 IHTeHCU(IKAIIT BIIHOPAAMKAIBHUX
MPOLIECIB 3apOJKOBHX KJIITUH B'oHA. Hamu He
3adikcoBaHO MPSIMOT 3aJIeKHOCTI 3MiH BMicTy TBK-
AKTHBHUX MPOAYKTIB Ta TiJpONEPOKCUIIB IiMiiB
BiJ] TPUBAJIOCTI OIPOMiHEHHSI eMOPIOHIB.

3arajibHOBIZIOMO, 110 METa0OJIIYHI Mpolie-
CH, SIKI TPOXOJATH BiJ MOMEHTY 3aIUliHCHHS
SWLEKIITHH, BIUIMBAIOTh HA PO3BUTOK 3apOJIKiB Ta
JMYHMHOK, 1 OyAb-sKa X 3MiHA MOYKE TIPU3BECTHU 10
3aru6em. Ciijg 3a3HAYUTH, IO JIMAH € OTHUMH 3
OCHOBHHUX MillleHe! OKCHJATHBHOT'O TOIIKOKEHH I
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Puc. 1. Buicm 2ioponepoxcudis niniois y 3apookKie 6 1ona 3a 6naugy MikpoxXeuib08020 SUNPOMIHIOBAHHS NPO-
msieom 1; 5; 10 ma 20 xs nio wac pannvozo emopiocenesy. Tym i na puc. 2—5 (M £+ m, n = 10), * P < 0,05;

¥ P <0,01; ¥* P < 0,001 gionocno konmpoato
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Puc. 2. Buicm THK-axmusnux npooykmis y 3apooKié 6 10Ha 3a 6NIuU8Y MIKPOXGUTbOBO2O0 GUNPOMIHIOBAHMHS
npomsizom 1; 5; 10 ma 20 xe nio uac panuvboeo embpiocenesy

ADO, ockiJIbKM BUHHUKA€E JUCOAIaHC MiX YTBOPEH-
HSIM Ta 3HEIIKOJKCHHSM BUIBHOPAINKAJIBHUX CIIO-
ayk [7]. Otxe, MOCHIEHHS BiJIbHOPAIMKAIBLHOTO
OKHUCIJIGHHS JIITiIiB 32 BIUIMBY MiKPOXBHIIBOBOTO
BUIIPOMiHIOBAaHHS, HMOBIpHO, PU3BOJUTH 10 IIO-
PYLICHHSI OKHCHO-BiITHOBHOT'O OajlaHCy MNPOTITOM
CUHXPOHHUX TMOJiIiB OJIaCTOMEPIB.

VY HaykoBif JiTepaTypi € AOCTaTHBO JaHHUX
010 JOCTiKeHHs (hyHKIioHampHOTO cTany AOC
TBapuH [3, 5], mpoTe 30BCiM BiJICYTHI BiJOMOCTI, sIKi
0 xapakTepusyBaJH ii cTaH B eMOpioHiB 3a Aii EMB
PY-niamazony. MikpOXBUJILOBE BUIIPOMIHIOBaHHS
MOXE «3aIyCKaTH» KacKaJ MaTOJIOTTYHUX IPOLECiB
[2-7], Tomy ouikyBaHUM OYyJIO Te, IO B eMOpIOHIB
OanaHc MiX HPOOKCHIAHTAMU Ta KOMIIOHEHTaMHU
AOC 3axucty (COH, KT, I'TT) rakox Oyne 3a3HaBa-
TH ICTOTHUX 3MiH. SIK BiZJOMO, PO3BUTOK Oy 1b-SIKOTO
MATOJIOTTYHOT O MPOLECY NOPYIIYE LieH OanaHc 3a pa-
XYHOK IIOCHJICHOTO YTBOPEHHSI BUIBHOPAIUKaJIbHUX
CIOJIYK 200 LUISIXOM 3HUIKCHHSI PiBHSI JOCTYITHHX
AHTHOKCH/JIAHTIB, a00 X 3a paXyHOK SIK TOTO, TaK 1
iHImoro [3-5].

Sk BUAHO, 3@ BIUNIUBY MIiKPOXBHIBOBOTO
BUNpOMiHIOBaHHS (mpotsrom 1; 5 1 10 xB)
migBumyerbes  aktuBHICTE  COJl, mo Moxke
OyTH ajganTaliiHUM MEXaHi3MOM Yy BiJIIIOBi/Ib
Ha iHTeHCcH(]iKaIif0  OKCHAATHBHOTO  CTpecy
(puc. 3). BcranoBieHo, MO 3a MiKPOXBHIIBOBOTO
BUIIPOMIHIOBaHHS BIIPoIoBXK 5 1 10 XB Ha cTajii ABOX
OnacromepiB, aktuBHicTb CO/| 3pocTtae y 2 pasu
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MTOPIBHSTHO 3 KOHTPOJIeM; Ha cTaii 16 GiactomepiB —
Ha 20-50%; Ha cranii 64 OmactomepiB — Ha 80—
90%, a Ha cranuii 8-ro moxniny — Ha 30-50%. [Ipore,
MaJla TPUBANICTh onpoMiHeHHS (1 XB) CpUYHHIOE
HE3HAYHe IIJABMIIEHHSA €H3MMHOI aKTHBHOCTI Ha
cramisx 16; 64; 256 i 1024 6nactomepi. IlonioHa
TEHJICHI[isl crocTepiramack Ha crtagii  10-ro
MOJTiTy OJIACTOMEPIB 32 BILTMBY MiKPOXBHIHOBOTO
BUIIPOMIHIOBAaHHS Pi3HOI TpuBanocTi. BcraHoB-
aeno 1,5-2-paszoBe 3poctanHs akTuBHOCTI COJ
MOPIBHSIHO 3  BIAMOBIAHUMHU TOKa3HUKaMH B
KOHTPOTI.

31 301JIbLIEHHSIM TPUBAJIOCTI MIKPOXBHIJIBOBOT'O
punipomiHtoBanHs (1; 5; 10 xB) y 3apojkiB B’loHa
aktuBHIicTE COJl 3pocrama (P < 0,05), a micus
20 XB BHUIIPOMIHIOBaHHS Ha cTamiax 2; 16; 64 i
256 OnacToMepiB 3HHIKYBaJach [0 KOHTPOIb-
Horo piBHA. OpHak ©Ha craxii 10-ro momimy
aktuBHICTE COJl 3pocrama. lle MoxHa TOsSCHU-
T THUM, IO Ha i CTajail pO3BUTKY BiI0yBaETHCS
JECHHXPOHI3aIliT TOAUTY 3apOJIKOBUX KIIITHH,
0 TMPU3BOAUTH O aBTOHOMI3allii MeTaboIigyHUX
npotieciB y audepeHuiioBanux kiituHax [19]. Ha
crazii 10-ro moxiny GacromepiB (6-Ta roguHa po3-
BHUTKY) 3apOJIKiB B’TOHA TaJa€ MITOTUYHUHN 1HJIEKC
i 3poctae MoporeHeTUYHa aKTUBHICTBH SJIEP, IO
MOXJIMBO BIUJIMBa€ Ha I1HTEHCHBHICTH TIPOIECIB
T1OJI Ta HA aKTUBHICTH AHTHOKCUIAHTHUX €H3UMIB.

Bimomo, mo CO/] oOpuBae nmaHIIOr KHCHE3a-
JISKHUX BiTBHOPAJIUKATBFHUX PEaKiliii B KIITHHAX
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Puc. 3. Axmugnicmo cynepoxcudoucmymasu 8 3apooKis 8 10Ha 3a GNIUBY MIKPOXBULILOBO20 GUNPOMIHIOBAHHS
npomsieom 1; 5; 10 ma 20 x6 nio yac pannboco emopiocenesy

opranismiB [20]. Tomy 3pocTaHHSI aKTHMBHOCTI €H-
3UMY, UMOBIPHO, TIOB’sI3aHE 31 30LJIBIIICHHSIM BMICTY
npoayktis [1OJI y kiTHHAX 3apoJKiB B’IOHA.

InTencuBHe 3poctanHs aktuBHOCTI COJJ
BEJIE JI0 yTBOPEHHA BeNMKOI KinbkocTi H,O,, axuit
MOXE 3HEMIKOJKyBaTHcs abo KaTamas3or, abo
riryrationnepokcunasow. Ha Bigminy Bim CO/,
AKTHUBHICTh KaTaja3d y TOMOreHaTax 3apolKiB
B’IOHA, HAaBIAKH, 3HIKyBajach Ha cranisx 2; 16;
64 1256 G1acToMepiB 3a BIUIMBY MiKPOXBHJIBOBOT'O
BUIIPOMiHIOBaHHS Pi3HOI TPUBAIOCTI MOPIBHSHO i3
BiJIMOBITHUMH TOKa3HUKaMU KOHTPOJBHOI TPyNH
(puc. 4). 3HMKeHHSI aKTHBHOCTI KaTaJla3u MOXKe Oy TH
HUX TizpomnepokculiB. Bunstkom € cragis 10-ro
noAiny 61acToMepiB, Ha AKil BiAMIYEHO 3pOCTaHHS
AKTHUBHOCTI KaTaja3W 3a TPUBAJIOCTI OMPOMiHEHHS
1; 5; 10 1 20 xB. MakcumabHa CTUMYJISISE (BIIB1Yi)
AKTHBHOCTI C€H3MMY CIOCTepiranacs 3a TPUBaJIOCTI
ornpomiHeHHs 51 10 xB.

Tako’)k  BCTaHOBJIIEHO, 1[I0  AKTHBHICTH
[IyTaTIOHNEPOKCUAA3H  3HUXKYETHCS Ha  BCIX
JOCTIPKYBAaHUX CTaJisIX PO3BUTKY 3apOJKIB 3a
pi3HOi TpUBalOCTI BUIPOMiHIOBaHHS (puc. 5).
HaftuyTnuBimolo 10 0pOro BIUIMBY BHUSBHIIACS
crazais 64 OmacToMepiB, Ha SIKili CIIOCTEPIragoch
3HMDKGHHSI aKTUBHOCTI eH3uMmy Ha 60-75%
MOPIBHSHO 3 KOHTpOJIeM. 3arajioM, aKTHBHICTb
Iy TaTioHNepoKcHaAa3u Ha ctaii 10-ro moxiny 3HU-
KyBaJach 3HaYHO MEHILE, HIK Ha 1HIIUX CTaAisxX
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PO3BUTKY 3apOJIKiB, & TEHJCHIIS 3MiH aKTHUBHOCTI
eH3uMY, nopiBHSIHO 3 akTuBHicTIO COJl 1 karana3u
OyJia MPOTHIICKHOIO 33 HATIPSIMKOM.

OTxe, aKTUBHICTh KJIIOUOBUX eH3uMiB AOC
(kaTana3uw 1 TIyTaTiOHMEPOKCHAA3W) B 3apOAKiB
B’IOHA Ha JIOCII/DKYBAaHUX CTaisX ICTOTHO 3HU-
JKyBaach 3a MiKPOXBHJIBOBOTO BHIIPOMiHIOBAHHS
(P < 0,05). 3umKeHHsI aKTUBHOCTI IUX EH3UMIB
CBITYUTH TMPO WMOBIPHE TMOIIKOMKEHHS I1XHBOI
CTPYKTYPH MiKPOXBHJILOBUM BHUIIPOMiHIOBAHHSIM.
BuHATKOM € 3pocTaHHS aKTHUBHOCTI KaTanas3u
Ha crafii 10-ro noxiny (P < 0,05). To6To mix yac
MIKPOXBUJIBOBOTO BUIPOMiHIOBaHHS, WMOBIpHO,
PO3BHBAETHCSI OKCHIATUBHUH CTPEC, B OCHOBI SIKOTO
nexuTh iHTeHcudikanis nponecis [10JI Ta mopy-
menHsa QynkuionyBanus AOC. Lli gani y3romky-
I0TBCSL 3 pe3yJbraTaMH AOCIHIJKCHb IOAO BILIH-
By MIKpPOXBHJIBOBOTO BHUIIPOMIHIOBaHHSI Ha >KWBI
00’extH [2-7].

J11s1 OLiHKM BILIMBY Yacy PO3BHTKY (LEpIIUNA
JOCHTIPKYBAaHUH UYHWHHUK) Ta MIKPOXBUIBOBOTO
BUIIPOMIHIOBAaHHS (OPYTHH AOCHIIKYBaHUH YHH-
HUK) Ha TOKa3HWKH I1HTCHCHUBHOCTI MIPOILECiB
TIOJI 1 axkrtuBHOCTI en3umiB AOC mig uyac
eMOpioreHe3y 3apoJIKiB B’lOHA TPOBEACHO JIBO(aK-
TOpHUI aucnepciiinuii aHamiz (puc. 6). Anani3
BIIUBY (akTOpiB dYacy Ta MIKPOXBHIBOBOTO
BUIIPOMiHIOBaHHS Ha BMICT TiJpPONEPOKCHIIIB
JOiAiB TOKa3aB, IO YacTKa BILUIMBY 4Yacy PO3BHUT-
Ky 3apoikiB cTaHoBuTh 38% (P < 0,01), a yacTka
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Puc. 5. Axkmuenicmo enymamionnepoxcuoasu 6 3apooKie 6 10HA 3a BNAUEY MIKPOXEUTLOBO2O GUNPOMIHIOBAHHS
npomseom 1; 5; 10 ma 20 x6 nio uac pannvoco emopiocenesy

BIIJIUBY MiKPOXBHJIBOBOTO BUITPOMiHIOBaHHS — 32%
(P<0,05). Binus akTopa TpUBAIOCTi OTPOMiIHEHHS
Ha BMicT TBK-akTHBHUX NpOMyKTIB BiporigHUIt
(P < 0,05), a gacTka BIJUBY CTaHOBUTH 36%.
Bracninok mpoBeAeHOTO IUCTIEPCIHHOTO aHamizy
HaMH BCTAHOBJICHO, L0 3HAYHY YacTKy BIJIUBY Ha
akTuBHICTE COJl, TTyTaTiOHNEPOKCHIa3u Ta KaTa-
J1a31 Ma€ MiKpOXBHJIbOBE BUIIPOMIHIOBaHHS Ha 4a-
CTOTaX MOOITBHOTO 3B’S3KY.

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, \Vol. 86, N 5

TakuM YHHOM, pE3yJbTaTH MPOBEICHUX
JIOCITIKeHB CBIIYATh MPO TE, IO MiIKPOXBHIHLOBE
BHUITPOMiHIOBAHHS BILTMBAE HA BMICT IIPOYKTiB IIep-
OKCHJHOTO OKHCJICHHS JIIMiJiB 1 CTaH TOKa3HUKIB
AHTUOKCHJIAHTHOI CHCTEMH y 3apOJKOBUX KIIITHHAX
B’IoHa. BHacmigok mbOro 3a3Hae iCTOTHUX 3MiH
OajmaHC MDK IPOOKCHIAHTAMH Ta KOMIIOHCHTA-
MU CHCTEMH AaHTHOKCHJAHTHOTO 3aXHCTy came 3a
IHTeHCH]IKaIii TEPOKCHIHOTO OKHUCICHHS JIITiAiB
BITPOJIOBK PAHHBOTO EMOpIOTeHE3Y.
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8’1oHa

AKTUBHOCTb MPOOKCHUJAHTHO-
AHTHOKCUJIAHTHOM CUCTEMBI
Y 3APOJIBIIIEN BBIOHA IO/,
BJIUSITHUEM MUKPOBOJIHOBOI'O
H3JIYYEHUA

M. M. HApemuyk, M. B. /lvixa,
. U. Canaeypcruii

JIbBOBCKMI HAallMOHAIBHBIN YHUBEPCUTET
nMmenu MBana ®@panko, YkpaunHa;
e-mail: m.yaremchuk@ji.ua

OnexTpoMarHuTHbIe u3nydenus (OMU) Bnusg-
I0OT Ha OMOJIOTHYECKHE OPTaHU3MBI, MPEXKIE BCETO
Ha ypOBHE KJETOK. B cBA3M ¢ 3TUM ucclieoBaHne
BiwsiHuST OMU Ha TPOIIECCh TUTONIEPOKCH AN U
CHUCTeMY aHTHOKCHIAHTHOW 3aIlIHUTHI ABISETCS aK-
TyaJbHBIM JJISI IOHWMaHUsI MEXaHU3MOB €ro Jei-
cTBus. Llenpio paboThl OBUTIO M3yYEHHUE BIHSHUS
OMMU Ha mpo-/aHTHOKCHJAHTHBIA TOMEOcTa3 3a-
ponsiineli BetoHa (Misgurnus fossilis L.) Ha panHeM
stame sMmOpHorenesa. lcciaemoBaHo coaepkaHue
MPOJYKTOB TIEPOKCHUAHOTO OKHUCIIEHUS JUIMUIOB —
TUAPOINEPOKCUAOB JIMNIKUAOB, TBK-mponykToB, u
AKTHUBHOCTb AaHTHOKCHUIAHTHBIX SH3UMOB — CYyIIEp-
OKCHJIJTUCMYTa3bl, TIyTaTHOHIIEPOKCHUIA3bl U Ka-
Tajla3bl B 3apoAbIIIaX BbIOHA TPH BO3JACHCTBUU
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MUKpPOBOIIHOBOTO m3nyuerus (GSM-900 MI,
SAR = 1,1 Br/kr) nponomxkurensHocThio 1; 5; 10
1 20 MUH Ha IPOTSHKEHUU paHHETro dYMOpUOreHesa.
YCTaHOBIIEHO, YTO COAEp)KAHHWE TPOMYKTOB TIEp-
OKCHJIHOTO OKHCIJICHUS JIUIHIOB B 3apOABIIIEBBIX
KJIEeTKax MpU BO3JAEHCTBUM HU3KOMHTEHCHBHOIO
OMM ncnpITHIBAaET CyllleCTBEHHbIE U3MeHeHus.. [1o-
Ka3aHo, YTO JAEWCTBHE MUKPOBOIHOBOTO U3y YECHHS
(1, 5, 10 MUH) TPUBOAUT K MOBBIMIEHUIO AKTHBHOCTH
CYTNEePOKCHIIUCMYTa3bl, OTHAKO MpH 20-MHHY THOM
00JIy4eHHH 3TOT NOKa3aTeidb CHIYKACTCS IO YPOBHS
KOHTPOJIBHBIX 3HAUYCHHH. YCTaHOBJIEHO, 4To OMMU
Ha YacTOTax MOOWIIBHOM CBSI3M CHIDKAET aKTHB-
HOCTh KOMIIOHEHTOB CHCTEMBl aHTHOKCHJIaHTHON
3alllUTHl, B YaCTHOCTH, KaTajla3bl U [IyTaTHOHIIEP-
okcunassl. MckiatoueHnem sBIgeTCS pPOCT aKTHUB-
HOCTH Karayia3pl Ha cragnu 10-ro mgenenus Osa-
ctomepos (P < 0,05). Pesynbrarsl 1ByX(haKkTOPHOTO
JMCIIEPCUOHHOrO aHaJIN3a CBUJIETEIBCTBYIOT O TOM,
YTO 3HAYUTENBHYIO JIOJNI0 BCEX HAOIIOJaeMbIX H3-
MEHEHUH BbI3bIBAET (PAKTOP MUKPOBOJHOBOTO H3-
JTy9eHUs.

KnwdyeBbie CJ0Ba: MUKPOBOIHOBOC M3-
JTY4YEHHUE, 3apOJIbIIIN BbIOHA, TIEPOKCUTHOEC OKHUCIIC-
HHUE JIMIHIOB, CYNEPOKCHUAIUCMYyTa3a, KaTalasa,
[y TaATHOHIIEPOKCHIa3a.
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THE ACTIVITY OF PROOXIDANT-
ANTIOXIDANT SYSTEM IN LOACH
EMBRYOS UNDER THE ACTION OF
MICROWAVE RADIATION

M. M. Yaremchuk, M. V. Dyka,
D. I Sanagursky

Ivan Franko National University of Lviv,Ukraine;
e-mail: m.yaremchuk@i.ua

Electromagnetic radiation (EMR) affects bio-
logical organisms, primarily on the cellular level.
However, the effects of EMR at low-intensity expo-
sure on animals and state of metabolic systems are
not fully defined yet. Thus, research of microwave
radiation influence on the processes of lipid per-
oxidation and antioxidant protection system is im-
portant for understanding the mechanisms of EMR
action on the cell, in particular, and organism devel-
opment on the whole. The content of lipid peroxida-
tion products — lipid hydroperoxides, thiobarbituric
acid reactive substances and the activity of antioxi-
dant enzymes — superoxide dismutase, glutathione
peroxidase and catalase in loach embryos under
the action of microwave radiation (GSM-900 MHz,
SAR = 1.1 Vt/kg) lasting 1; 5; 10 and 20 min dur-
ing early embryogenesis were studied. It has been
found that content of lipid peroxidation products in
germ cells undergoes significant changes under the
action of low-intensity EMR. The effect of micro-
wave radiation (1, 5, 10 min) leads to the increase of
superoxide dismutase activity, nevertheless, 20 min
exposure decreased this index to the level of control
values as it is shown. It has been established that
EMR at frequencies used for mobile communica-
tions reduce the activity of antioxidant protection
system components, especially catalase and glu-
tathione peroxidase. The growth of catalase activity
at the 10-cell stage of blastomere division (P < 0.05)
is an exception. The results of two-way analysis of
variance attest that microwave radiation factor caus-
es the large part of all observable modifications.

Key words: microwave radiation, loach
embryos, lipid peroxidation, superoxide dismutase,
catalase, glutathione peroxidase.
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