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®OCPOJIIITHUN CKJAJ MITOXOHIPIN KJIITUH
TEDATOHNAHKPEACY PUB 3A JIIi MOHIB Zn** TA Cd*

JlocmimKeHo BILIUB Zn2+(0,5 i2 MF/,Z[Ms) Ta Cd2+(0,005i 0,02 wmr/ ,Z[M3) HA JIMIHAA CKJIaf
MITOXOHIPi# KIiTHH rematomadkpeacy kopoma (Cyprinus carpio L.) ta mykm (Esox lucius L.).
BcTanoBiieHo, 1m0 MiABUINCHI KOHIICHTpAIi HWOHIB METalliB Yy BOMI BHKJIMKAIOTh CTPYKTYpPHO-
(hyHKIIOHAIBHI 3MiHH GOCHOIMIMIIHOTO CKIIAAy MITOXOHIPIH JOCTIKYBAaHUX pUO.

B 0,5 MF/,Z[M3 iionip Zn** y 000X BUIIB pu0 Ta i HU3BKUX KOHIICHTpPAIii cd* y IIyKH
akTuByBaB cuHTe3 DX, M0 MPU3BOIUTH N0 3HIKCHHS MIKPOB'SI3KOCTI MeMOpaHu, 110, HMOBIpHO,

His 000X HocimKyBaHMX KOHIIGHTpAIM KaJMilO Ta BIUIMB 2 MF/,Z[M3 HWOHIB IMHKY BHKJIMKaIa
3poctanHs KinbkocTi ®EA, JI®X i CM Ta 3meHmenns sMicty @X i @I, 3amwkenns smicty X i @I 3
napajgeqbHuM HakonuuyeHHs JIOX Bkazye Ha aKTHBALil Ji30coMaibHOI ¢ocdoinazu A, i
dochominazu C, TOOTO, ACCTPYKIIIO JIMITHOrO Iapy MeMOpaH MITOXOHApiH.  AIaNTHBHOO
BIJIMTOBIJITI0O Ha Taki 3MIiHM MOKHa BBakath HakomwdeHHs CM 1 ®EA, mo crnpuse 30iTbIICHHIO
IIUTPHOCTI JIIMAHOTO Oimapy Ta, BIAMOBITHO, 3HIKCHHIO HOTO TPOHMKHOCTI. He3Baxkaroum Ha
amantuBHy poiib @EA, 3HaYHe H10T0 HAaKOMMUYEHHS 3 OJHOYACHUM Tiapoizom DX crpuse MOXIHBiH
HOoro TMOsBI HAa 30BHINTHBROMY IMapi MeMOpaH MITOXOHJAPIA, BHACIIZOK YOTO CIOCTEPITAETHCS
3pOCTaHHs il IPOHMUKHOCTI, [0 MOYXe OyTH OHi€I0 3 mprunH Hakommderns ionis CA i Zn?* 3a mii ix
BHCOKHX KOHIICHTpAIliil y BOJI.

Kmouoei crosa: wyka, kopon, yunk, Kaomiil, ne4inka, Mimoxouopii, memopanu, gocgoniniou

B opranizmax TigpoOIiOHTIB €BOJIOLIHHO C(HOPMYBaJIUCS MeEXaHi3MHM O10XiMi4HOI amanTamii 10
XIMIYHAX YUHHUKIB Pi3HOTO THITY 1 piBHI. OTHUM 13 TaKMX MEXaHI3MIB aganTallii 40 HaTUIITKOBOTO
HAIXOKEHHs 1OHIB METaliB € CTPyKTypHa mepebymoBa imigHoro Oimrapy memOpan [8]. Ilpore,
HE3B)XAIOYM Ha aKTYalbHICTh, iX BIUIMB HA JIMITHUH OOMIH Yy BOJHHMX OpPTaHi3MiB BHBYCHO
HEIOCTATHBO, OCKIIBbKM, OUIBIIICTH JOCTIMKEHb IPOBEICHO Ha BHIMUX XpebeTHHMX TBapuHax [3].
oo pub, TO y HUX JOCIIIKEHO POJIb JIIiIiB B aanTaii 0 iHIIHX eKOJIOTIYHIX YNHHHKIB [2, 4].
BpaxoByroun Te, 0 WOHW METaJliB MOXKYTh ITPOHHUKATH 3 BOAHW B OpraHi3M pud i 3MiHIOBATH
CIPAMOBAaHICTh 0araTb0X OOMIHHHX IPOIECiB [5], MpeaMeTOM HBOrO MOCHTIMIKEHHS CTaJ0 BUBUECHHS
y4acTi JMIiB MiITOXOHIPiH TeHeTONUTIB KOpora i myku (BiAMOBiIHO, MPEICTABHUKA MUPOITIOOUBHX
pub Ta XWKkaka) B amamTaiiii ix opramiaMy a0 il HOHIB HMHKY i Kaamiro (eCeHIialbHOrO Ta
TOKCHYHOTO METajy) MeXaHi3M HaIXOMKEHHS SKMX B OpraHiaM pu0 € momionmm [12]. Takox 1
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MeTaau o0paHO BHACTIIOK aHali3y MOMepeaHix MociaimkeHb [1], ski mokasaid, 10 BMICT HHHKY Y
MOBEPXHEBUX BoJax pivuok 3aximHoro Ilomimns cepen OiOTEeHHUX METalliB € OJHMM 3 HAHOUTBIIMX,
TOJI SIK KaJMiii — OCHOBHHIA 3a0pyIHIOBaY BOJHHX eKocucTeM cepen metanis [10].

MarepiaJ i MeTOIH T0CTiTKEHD

JocnipkeHHsT poBeieHO Ha nBopiukax kopoma (Cyprinus carpio L.) ta myku (Esox lucius L.),
macoro 400 — 50Q, skux yTpuMyBanu B aksapiymax 06’ emom 200am° 3 BiZICTOSHOK BOIONIPOBIHOKO
BOJIOIO, SIKY 3MIHIOBAJIM IIOJIBOJOOOBO, 3a Takux ymoB: ymict O, — 7,5+0,5 Mr/ame; CO, —
2,50,3mr/ am%, pH — 7,840,1.V koxHOMY akBapiymi yTpuMyBazoch 1o 5 pu6. PuG mix wuac
EKCIIEPUMEHTY HE TOAyBaJIH.

HocnimxyBamu s 0,51 2 mr/am ionis Zn** ta 0,005mr/n i 0,02 mr/am® ionis CdP', mo
CTaHOBWTH, BiANoBiaHO, 0,5Ta 2 prubOrocnoaapchki rpaHUYHOOMYCTHMI KOHIIEHTparlii (BiMOBiIHO,
nepima — JONOporoBa, apyra — cyoOseranbHa). HeoOXiqHy KOHIEHTpALilo HOHIB MeTany y BOJI
cTBOproBask pozunHeHHsM ZNnSQ- 5H0 ta CACh- 2,5H0 keamidikarii “x.4.”.

[lepion akmimamii pu0® cranoBuB 14 nHiB, O € AOCTaTHIM st (opMyBaHHS aJanTHUBHOI
BiJIMIOBI/Ii Ha JIif0 cTpec-(hakTopy.

[licna 3a3HayeHOTO TEpMiHY pUO [AEKAIiTYBald Ta Ha XOJOMAI MPOBOIMIN EKCTHPMALIIO
nepeAHboi 1ol rematonaHkpeacy. JlocmikyBaHy TKaHMHY TOMOTEHI3yBalH B OXOJIOKCHOMY
posumni Takoro ckmagy: 0,22 M caxaposa, 10° M EATA Ta 0,01 M 1pic-HCl (pH 7,2) y
CHIBBiAHOLICHHI HaBaXXKa TKaHUHU:00 €M po3unHy 1:5.[omorenat nenrpudyrysanu npu 2000-2500
00./xB potsirom 20 xB. Ocap siep Bigkunany, a Hagocan nentpudyrysamm 30 xB. npu 12000006/xB.
Ocan ricTonoriyHo igeHTUQIKyBamu sK (Gpakmilo MITOXOHIpiH. BugineHHs CcyOKITITHHHHX
KOMIIOHEHTIB MPOBOIMIHN 1ipu Temmepatypi +4°C.

Jnis ekcrparyBaHHA 3araJbHUX JIMiAIB 10 MITOXOHApiaidbHOI (pakuii romaBaiu xjiopodopm-
METaHOJIOBY cyMimn y BigHomeHHi 2:1 3a meromom domua. Yac ekcrtparyBaHHs crtaHoBuB 12 rog.
HeninigHi TOMIMIKKA 3 €KCTpakTy BUIAmsu micias nofaBaHHaM 1% pozumny KCI. IIpoOy mimimis
po3uussy y 1 M xjgopogopMy Ta MPOBOAWIHN iX PO3AITICHHS HA OKpeMi (pakiiii METOIOM BHUCX1THOT
OJJHOMIpHOT TOHKOIIApoBoi Xpomartorpadii B repMeTHYHMX Kamepax Ha IuiactuHkax “Sorbfil”
(Pocis).

Hocniooicenusn emicmy noaspuux ninidie ma ix oxpemux ¢paxyii. PyxoMmoro ¢a3or s
po3nineHHst ¢pakuiii gocdominiaip Oynaa cymim XJI0podhopM-METaHON-TBOISHA OLTOBA KHCIOTA-
JUCTUIbOBaHa Bojxa y cmiBBigHomeHHi 60:30:7:3. Ins imentudikanii okpemux ¢pakumiid mimigiB
BUKOPUCTOBYBAIM cCHeUU(iuHi peareHTH 1 OuMIIEHI CcTaHAapTH. Bwusaeneno Taki ¢paxuii:
nizopocparuamnxonin  (JIOX), docharumuncepun (PC), docharuauneranonamin  (DEA),
¢docoarnamnxomnin (©X), chinromienia (CM) ta pochatuauninosuron (PDI).

Bwmict ¢ocdominigie Bu3Hauanmm 3a KUIBKICTIO HeopraHigHoro ¢ocdopy 3a METOIOM
BacbkoBcbkoro [32].

BmicT MeTanmiB Bu3HAUanM y CHal€HUX B IMEpPETHAaHId HITpaTHIH KHCIOTI MITOXOHIPISX Y
cmiBigHomenHi (1:5 - maca:00’em) Ha aromHO-anacopOuiiiHOMY crnekrpodoTtomerpi C-115 i
BUpaKaJIK B HI/MT OijKa.

Bci onepxani gani 00po6JIeHO CTaTHCTHYHO 3 BAKOPUCTAHHAM KpuTepito CThIOZCHTA.

Pe3yabTaTi A0CaiIKeHb Ta IX 00roBOpeHHs

Buicm memanie y mimoxouopianvuiti ¢paxyii pub. BUCOKMI piBEHb IHMHKY B MIiTOXOHJpPiabHIiN
(hpaxuii remaronaHkpeacy MOCTiPKYBaHUX PUO, MOXKIIMBO, € HACIIIKOM HOTO Ba)JIMBOI 0i0JIOTi9HOT
poxmi B ix oprani3mi [7]. Kpim Toro, icHye rimore3a mpo BUKOPHCTaHHS HOHIB LMHKY B HEPBOBHX
CHHArcax sK HedpomeniaTopa [16], mo, B CBOIO Yepry, BUMarae miATpUMaHHS HOTO KOHIIGHTpamii y
BY3bKOMY Jiana3oHi.

BcranoBiena Mi>kBUZOBA BiAMIHHICTD BMICTY IIMHKY B MiTOXOHApianbHi# ¢pakuii rigpo0ioHTiB
(puc. 1). Tak, BMICT IBOTO METaly B OpraHi3Mi Kopoma y ACKiIbKa pa3 BHIIMH, HDK y IIyKH, L0
OB’ A3aHO 3i 3JATHICTIO LBOrO BUAY pMO aKyMmyiroBaTH Homu ZN°' y jexineka pasis Gimblie,
HOPIBHSHO 3 iX KiJIBKICTIO Y HAaBKOJIHMIIHBOMY cepenoBumi [10].

Biporiazi 3MiHM BMiCTYy LMHKY B MITOXOHIDIfX Te€NaTONaHKpeacy BCTAHOBJICHO JIMIIE y puO,
aKIiMOBaHUX 10 i 2 Mr/mam° MeTally, IpH I[bOMY HOTO KUIBKICTh 3pocia, BiamoBiaHo, y 1,40pa3a B
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xoporma Ta y 1,71 pasa B myknm. AKyMymOBaHHS HOHiB ZN’', HMOBIpHO, € HACIIZKOM HOro
HaXOKeHHs yepes Ca -xanamu [6].
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Puc. 1. BmicT nuHKY B MiTOXOHApiaNbHii Qpakiii KIITHH renaTonaHkpeacy
JOCIiKyBaHuX BUIiB pubd (M+m, n=5)

IIpumiTka: * - pi3HHI OCTIAHAX MOKA3HUKIB I0I0 KOHTPOJIO CTATUCTUYHO JOCTOBipHA

HakomuueHHss HOHIB KaJMiI0 B MITOXOHAPIAX PUO € [0303aJCKHHM Ta BHIOCIEHUDIYHHM
(puc. 2). Tak, 3a €KCIIO3HIII JOMOPOroBOi KiIBKOCTI KaaMil0 y MITOXOHZIPIAX IIyKH HOTO BMICT
MIPaKTUYIHO HE BiAPI3HAETHCS B KOHTPOJIBHHUX 3HAYCHB, IO MOXE OYTH 0OYMOBIICHO OCOOIHUBOCTIMHU
MEPEPO3NOIiNy IOro MeTany B opradismi pub [14]. HaromicTs, 3a eKcrmo3uiii 000X TOCIITHHX
KOHIICHTpAIliii HOHIB IIMHKY B KOPOIIA Ta 3a BILIUBY CyOJIETAIBHOI KOHIICHTPAIlIH TOKCUKAHTY B IITyKH
BCTAHOBIIEHO HOT0 3pocTaHHs, Biamosiguo, y 1,201 1,60Ta 1,46pa3a (p<0,05).HakonmueHnus merany
B MIiTOXOHJIpIsSIX pHO, OYECBHIHO, € HAcTigKoM HamgxomkeHus Honis Cof' wepes Cal'-xanamu [11] Ta
YTBOPEHHSI HEPO3UNHHMX CITOIYK 3 (hochar-anionom [15].

# KOHTPO/Ib 0,005 mr/am® M 0,02 mr/am?
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Puc. 2. BMict kaaMiio B MITOXOHApiaabHI# Gpakiii KIITHH TernaTonaHKkpeacy

JOCHIKyBaHUX BUAIB pud (Mxm, n=5)

BpaxoByloun 3MiHH BMICTy aKyMyJbOBaHOTO MeETaldy 3HAYHUH i1HTpepec MpeACTaBISIOTH
ajanTaniiiHi mepe0ynoBu GochoIimHOro cKiaay MiTOXOHAPIH.

CniggioHouenHs okpemux @paxyii gocgoninioie y mMimoxoHopiax cenamonankpeacy pub 3a
0ii tloHi¢ yumky. 3 METOI0 BUBYEHHS PO OKpeMHX (pocdonimiaiB y aganrtamii Ao il MigBUILEHUX
KOHLEHTpalii HOHIB LWHKY, NPOBEACHO MAOCHiIKeHHS (ochoMimiaHOro CKIagy MiTOXOHApPii
JOCIIKYBaHUX BUIB puod (puc. 3).

3a nii KomoporoBoi kKoHueHTpawii ZNF* crocTepiraeThcs aKTUBALA aHAOOIIUHIX EPETBOPEHD,
MiATBEP/PKCHHSAM IIOTO € JocToBipHe 3poctanHs y 1,161 1,25 paza Bmicty ®X, BiAmoBigHo, B
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KIITHHAX TMEYiHKA Kopoma Ta wIykd. OmocepeakoBaHWM MiATBEPIKEHHSIM aKTUBALii CHHTE3Y
¢docharununxoniny € 3amwkenas y 1,481 1,73paza Bmicty JIOX.
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Puc. 3.Bumict okpemux dpakiiii hocdoIimiaiB B MITOXOHAPIAX IeHaTOUTIB pub 3a mii
fiouiB 1KY (Mtm, N=5)

Cuntes ®X, #iMOBipHO, 0OYMOBIEHHIH aKTHBaLieK0 HoHamu ZNn* sk Merunrpancdepas [17],
Mpo IO CBIYHUTH JOCTOBIpHE 3HWXEHHSA KimbkocTi @EA, BiamomigHo, v 1,331 1,39 paza, Tax i
30i7bIICHHAM  (DEPMEHTATUBHOI  aKTUBHOCTI  ¢ochoxomiHmuruamnTpanchepasn  [18], 1o
MiATBEPKYETHCS TOCTOBIPHUM 3HIKEHHSIM KinbkocTi JJAT .

3menmenns smicty @C y 1,86pasa B kopona ta y 1,43pa3za B myku, IMOBIpHO, € pe3yIbTaTOM
akTHBalii  Qocharuamicepunaekapbokcmiazn  [19], mo  copuse  BiZHOBICHHIO  IyIy
(dhochaTununeraHonaMiny.

HoctoBipae 3poctanns kinpkocti @I, BinnoigHo, y 1,48pasa B kopona ta y 1,19paza B myku,
Moe Oyt 00yMOBIIEHO 3pOCTaHHSAM (YHKIIOHAJIBHOT akTUBHOCTI Y MX, 60 BiJoMO, 10 JOHOPOTOBi
KOHIIEHTPALii #oHiB ZN’* BUCTYNAKOTh y POJIi aKTUBATOPIB MiTOXOHpiansHuX hepmentis [20].

3a nii cyOneranpHOi KOHLEHTpAalii HOHIB UHKY BCTaHOBJICHO NOCTOBIpHE 3HIKEHHS y 1,48
pas3a B xopomna i y 1,41paza B myku Bmicty @X Ta 36inpmenns Bmicty JIOX, BignosigHo, y 1,42Ta
1,44 paza. Taki 3MiHM BMicTy IMX (pakuiii ¢ocdomninigiB BKa3ylOTh Ha 3POCTaHHS aKTHBHOCTI
¢docdominasz [21].

36inpmenns kinbkocti PEA, Bigmosimuo, y 1,27 ta 1,39 pasza (p<0,05), cnpuuunene
iHriOyBaHHsIM HOHaMu LWHKY MeTmia3 [17], BHacmiZok 4oro mae miclie 3HW)KEHHS IHTEHCHBHOCTI
HOro BUKOPHCTaHHS y CHHTETUYHHX Ipolecax [22].

3minn KingpkocTi @C € BupocnenudiuHUMH, IO OB’ SI3aHO 3 PI3HUM XapaKTEpPOM BILTUBY HOHIB
Zn*" ma axTuBHicTB (ochaTuamicepunaekapboxcuasu. Tak, y MITOXOHIpIAX KOpOHa KilbKiCTh
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¢dochartunnncepuny goctoBipHo 3poctae y 1,19 pasza, Toni sx y remaTonuTax LIyKd BiAMiu€HO
3HWKEeHHs BMicTy docdomininy y 1,50pa3za (p<0,05).

3amkenHs BMicty @I y ckmagi MiTOXOHAPIH KIITHH MEYiHKKM KOpoma i LIyKH, BiAMOBiAHO, Y
1,74 Ta 1,56 paza (p<0,05) Mo’xHa MOSCHUTH 3pPOCTAHHSAM aKTUBHOCTI (ocdoninazu A,, Ans Kol
¢docoaruanninozuTon € HecnienudiuauM cyoctparom [23] Ta docomninazu C [24].

HoctoBipae 3poctanHs BMicTy CM y ckiaai MITOXOHIPiIH TENaTOIMTIB Kopoma i IIyKH,
OUYEBHIIHO, € pE3yNbTaTOM aKTHBalii HoHamu Metamy mneperBopeHHs DX y CM 3a yuwactio
nepamiaxominpocporparchepasn [22]. Taki 3MiHM TNOKIMKaHi 30UIBLIIMTH  MIiKPOB SI3KICTh
MITOXHJpiaTbHOI MEMOpaH! Ta 3HU3UTH ii HPOHUKHICTD I TOKCUKAHTY .

Oniaky OionoriyHux 3MiH (QOCONIMIAHOTO CHEKTPY 3MIHCHWIM HA OCHOBI KOEQili€HTIB
BiJIHOLIICHHS BMICTy (pakuiit mux ochomnimiais (puc. 4).

08 - i iz 05 \\§
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012 1 ‘] * 7 §
; . z .
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i B
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Puc. 4.CniBBinHomeHHs Gppakiii GpocdoiniaiB B MITOXOHIPISX T'€aTOLTUTIB pUO

3a nif HoHiB uHKY (M*m, n=5)

3MiHM [OCTiIKYBaHUX CIIBBiTHOIIEHb (ocGomiminiB € Ao0303ale)kKHUMH. Tak, 3a BIUIUBY
JIOMOPOroBOi KOHIEHTpalii HOHIB IHMHKY BinMidaeTbes 3pocTanHs y 1,391 1,50 paza xoedinienrta
[OX/(DEA+DI+DC)], BIINOBiAHO, y MITOXOHIPISAX KIITHH TeNaTONaHKpeacy KOpoma Ta IIyKH.
OpepxaHi pe3yibTaTH BKa3ylOTh Ha 30UIBLICHHS BMICTY JIMIAIB 30BHIIIHBOTO MIapy MeMOpaH, II0
copusie X YHOPSOKOBAHOCTI Ta 3POCTAaHHIO PEryJjsilii MiTOXOHApialbHOrO MeTabomizmy. 3a
eKCro3uLii cyOneTanbHOi KUIBKOCTI MOHIB IIMHKY CIIOCTEPIra€Thbesi AOCTOBIPHE 3HMWKEHHS IIHOTO
CHIBBiAHOLICHHA y NOCTiIKyBaHUX pUO, BinnosigHo, y 1,63 pasa B kopona Ta y 1,54 paza B miyku.
Taki 3minn koedimienty [DX/(PEA+DI+DC)] cBigyate mpo 3pocTaHHs BMICTYy Qocdoimiaib
BHYTPIIIHBOTO IIapy MEMOpaHH, L0 CIIPUSIE 3pOCTAHHIO MIiKPOB' SI3KOCTI MeMOpaH [25].
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CmisigHomieHust OX/OC ta DPEA/PC € He nuie KOHIECHTpAI[iHHO3AICKHUMH, a U
Bugocnerudivyni. 3a gii 0,5 ['JIK #ioHIB IMHKY AaHI MOKAa3HWKH y KIITHHaX CITeNito 3s0ep
3pOCTaroTh, BiAnosiaHo, y 1,871 1,51pa3a B xopona Ta 'y 1,481 1,52pa3za B myku (p<0,05),m0 Bkazye
Ha iHTeHcuGikaito Xy neperBopeHHs ®C y GEA ta O©X.

3a BIUIMBY CyOJIeTaNbHOI KIJBKOCTI TOKCHKAHTY CIOCTEPIraeThbcsl 3HW)KEHHS aKTHBHOCTI
cunresy pocharnaunxomniny i3 pocharnaniceprny y MiTOXOHAPIAX 000X AOCTiIKyBaHUX BUAIB pHO,
Ha 10 BKasye JOCTOBIpHE 3HWKEHHS mokasHuka OX/DPC, siamorigno, y 1,62 ta 1,34 pasa.
OnnouacHo 3poctants BigHomeHHs PEA/DPC B myku y 2,08 pa3a miaTBepkye akTUBALi0 HOHAMH
Zn** pocharuuncepuHIeKapOOKCHIA3H.

3a mii miABHMIEHWX KOHLEHTpaliid IIMHKY B KOPOIMa BCTAHOBJICHO 3POCTaHHS CITiBBiIHOLICHHS
CM/®X. HaroMicTh y INIyKH II€ CHIBBIIHOIICHHS 30UIBINMIIOCS JIMIIE 32 BIUIMBY CyOJICTalbHOI
KOHIEHTpaii ZN*", mo Bkasye Ha inTencudikauiio nepersopenns GX y CM [29].

CniggioHoutenns okpemux @paxyii gocghoninioie y mimoxouopisax eenamoyumis pub 3a Oii
tlonie kaomiro. 3MiHM BMicTy ¢ocdoimigiB y ckiIaai MITOXOHAPIH KIITHH TenaTomaHKpeacy
JOCHI/PKYBAaHUX TKaHWH puO 3a Jii MiJBUIICHWX KOHIICHTpPAIii WOHIB KaaMil0 HOCATh
pi3HOHanpsiMIIeHH# xapakrtep (puc. 5).
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Puc. 5.BuMict inauBiayansHux (pakxiiii ¢ochosIiniaie B MITOXOHAPIAX FeHaTOHUTIB pruod

3a fii ionis kaamiro (Mim, n=5)

3a ekcro3umii 10moOporoBoi KiAbKOCTI METaly Y MITOXOHIAPISX remnaToNaHKpeacy IIyKH BMiCT
®X noctoBipHo 3pic y 1,18pa3sa, a xinbkicte ®EA 3um3unacsa y 1,42pasa, o, Moke OyTH HACTIIKOM
iHTeHCcH(iKallii CHHTE3y XOJIHBMICHOTO JIiIiIy 3a yyacTio MeTriaTpancdepas [18]. OnocepenkoBanum
MiATBEpUKEHHSM akTuBauii cuHTedy (ocdaruamnxodainy B OumimigHoMy mmIapi MiTOXOHApiH
TenaToUuTIB pub € 3HWKEHHS BMicTY Jizodocharuamnxomniny y 1,59paza (p<0,05) [20].
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3MeHnieHHss BMicty (ocharuamicepuny y 2,36 pasa (p<0,05), iiMoBipHO, CHIpHYHHEHE
akTHBalie  ¢pocharuamicepuHaekapookcmwiazn  [29], 1m0  copus€e  MOMOBHEHHIO Iy
¢docoaruanneranonaminy [13].

3a BIUMBY 000X JOCHIIHUX KOHIICHTpAIid HOHIB Cd”* Yy MITOXOHJPISIX TenaTonaHKpeacy
Kopoma Ta y IIykH, akiimoBanoi mo nuii 0,02 mr/am® Howis MeTally, BiJMI4aeThCs JOCTOBIpHE
3HmKeHHs Bmicty ®@X, BiamomigHo, y 1,23, 1,631 1,51 paza. OnepkaHi pe3yibTaTH, OYEBUIHO,
BUKJIMKaHI 3POCTaHHSIM aKTUBHOCTI (ocdominazu A, [27], miaTBEpKEHHSIM LBOTO € HAKOIMYCHHS
nizodocharnaunxoniny. 3 iHmMOro OOKy 3HIDKEHHS BMICTY ¢ochaTHIUIXONIHy Moxe OyTu
00YMOBJICHO IHTEHCHU(IKAIi€I0 HOr0 BUKOPUCTAHHS y CUHTE31 ciHromieniny [32], BMICT SKOT0 3pic B
kopora y 1,271 1,72pa3a, B uryku —y 1,91pa3a.

3pocranns Bmicty ®EA y renatonankpeaci kopona Ta IIykH, Bignosigao, y 1,15, 1,33ra 1,48
pasa (p<0,05),0ueBuIHO, € HaciakoM iHribyBanms fionamu Cof* nepersopenns ®EA y ®X muisxom
fioro MetuimoBaHHs [9).

3minu BMicTy pochaTuauicepuny € Bunocnenudivaumu. Tak, ocToBipHE 301IbIICHAS BMICTY
nporo Qocdomiminy y 1,66 pasa B remaromankpeaci xopoma urykd 3a aii 0,02 mr/mm® merany,
OUEBUIHO, € pE3yJabTaTOM TanmbMyBaHHA nmeperBopeHHs @PC — @OEA 3a yyacto
docharuauncepunnexapooxcunasu [33]. 3a BBy 0,005mr/am° kagmiro B kopoma Ta 3a aii 0,02
mr/am® B IIYKH, CIOCTepiraeThes 3HKeHHs BMicty @®C, Bimnosimuo, y 1,341 2,51 pasa, mo,
HMOBIPHO, € pe3yabTaToM iHTeHCH]iKalii JeKapOOKCHITIOBaHHS BOTO (ocdomimiy.

HoctoBipae 3umxenHs Pl y mocmiKyBaHHX TKaHWHAX PHO MOXHA IMOSICHUTH 3POCTaHHA
aKTHBHOCTI (ocdominas [27, 28].

Oniaky OionoriyHux 3MiH (QOCONIMIAHOTO CHEKTPY 3MIHCHWIM HA OCHOBI KOEQili€HTIB
BiJIHOLIICHHSI BMICTY (pakiiit gociimkenux gocdomniniais (puc. 6.).

3MiHM [BOTO CHIBBIJHOIIEHHS Y MITOXOHJAPISX TEMaTOUUTIB KOpoma Ta IIYKH HOCATH
KOHILICHTPALIHO 3aJeKHUH 1 Bunocnenudivauii xapakrep. Tak, y KIiTHHaX renaromaHkpeacy MIyKd
3a gii 0,005 mr/mv® iOHIB KagMil0 CHOCTEPIraeThCs IOCTOBIPHE 3POCTAHHS CIIiBBiAHOIICHHS
[OX/(DPEA+DC+DI)] y 1,82 paza. Ile Bkasye Ha 30UIbIICHHS BMICTY JIMIIIB 30BHIIIHBOTO HIAPY
MeMOpaHu, IO cHOpHA€ ii YNOPSAAKOBAHOCTI Ta 3POCTaHHIO PEryisilii  MIiTOXOHIPiaJbHOTO
metabonizmy. [linTBepmkeHHsM akTuBauii cuHTe3y (ocaruauiaxonaiHy 3 HOro MONEPETHHKIB €
3pocranHs criBeigHomenbs OX/DC i DEA/DC, Bianosiano, y 2,91i 1,85pasa.

3a nii 000X JOCTiIKEHNX KOHIEHTPALii KaJMilo Yy KOpoIa Ta y UIyKH, aKIIMOBAaHOI 10 BIUTUBY
cyOneranbHOi  KiJIBKOCTI Cd”*, Bigmiuaethcs momiGHA CHPSMOBAHICTh 3MiH JIOCIIKYBaHUX
noka3HukiB. IIpy mpomy crocrepiraerbcst 3HWKeHHs criBBigHOmEHHS [DX/(PEA+DC+®I)], mo
00yMOBIICHO ~HaKOMWYEHHsIM (ocdodimiIiB BHYTPIIHBOTO Iapy MeMOpaH Ta TigpoJi3oM
tdochotuaunxoniny ¢ocdomninazow A, Bracmigok Takux 3miH ¢ocdorninigHoro npodinto 3pocrae
MIKpPOB’ I3KIiCTh OUTIMITHOTO MIapy MeMOpaMH Ta 3HIKYEThCS ii POHUKHICTB 11 HOHIB Kaamiro [30].

HdocroBipHe 30inblIeHHS MMOKa3HUKIB  cmiBBigHOmeHHs @DEA/OC y  MITOXOHIpIsAX
remnaTonaHkpeacy kopona 3a BBy 0,005mr/am® CdP* ta y myku 3a BBy 0,02Mr/am° TOKCHKAHTY
00yMOBIICHE aKTHBALI€IO MEpeTBOpPeHHs (Qocdaruauicepuny y GochaTuIuIeTaHOIaAMIH, BHACTIIOK
Horo mexkapOOKCHIIIOBAHHS, y TOW ke vac 3pocTaHHs mokasHuka DX/DC BHUKIMKAHE 3HAYHUM
3HKeHHAIM KoHneHtpauii @C. Pazom 3 TuM 3a aii cyOmeranpHOI KOHLEHTpalii MeTalny y Koporma
CIOCTEPITaloThCs JAOCTOBIpHE 3HMKEHHS criBBigHOmIeHHS PX/OC i OEA/DC, mo Bkaszye Ha
inribysanms onamu Cd* pocharummncepungexapbokcuasu [25].

86 ISSN 2078-2357Hayk. 3an. TepHon. Hau. nea. yH-Ty. Cep. bion., 2013 Ne 4 (57)



BIOXIMIA

1,2

x

16 0,6

£

Ll

14 ~

7 R 0,5 *
S
12 %
08 \ 04 -
] % * B koHTpOIb
05 8 § §0,005 mr/am?
0,4 6 - Mo,02 mr/am?
a4 -
0,2
2 -
0 ‘ 0
DX/ (PEA+DC+O]) PX/DC DEA/DC
Kopon
2 16 9 0,0
1,8 12 | * 8 7& 0,8 *
1,6 \ - il -
. R / 0,/
12 S
1,4 X
0 N\ 6 — | 06 =
1 o
S
112 SR ¥ *
K 5 — | 0,5 — B KOHTpO/b
o
1 8 S 5 ¥
\ii il 4 - i’iﬁ L | 04 - §§§§ | E0,005mr/gm}
0,8 \ N\ ’ \
! 6 (1 0 %Q\Q 0,02 mr/om?
5 37 S T aa —
SN L2 N | oz - NN HIF—
04 S N : N
02 B enERs  (IsEEZEE ([
N N a
0 o BRI | o o BEERN 0- NN .
DX/ (BEA+DCLOI) DX[DOC OEA/DC CM/ DX
lyka
Puc. 6. CuissinHomeHHs dhpaknii pocdoimiaiB B remaronurax puo 3a il HOHIB KaaMi0
p p
(M£m, n=5)

3pocranns cmiBBigHomenHs CM/®PX 3a il MiABHINEHHX KOHIEHTPAIlid TOKCHKAHTY Y
MeMOpaHaxX MITOXOHAPIH 000X MOCTIIKyBaHUX TKaHUH pub BKa3ye Ha iHTeHCHUbIKaIlito cuaTe3y CM,
OYEBHIHO, BHACTIIOK meperBoperns X 3a ygactio mepamiaxomnindochorpanchepaszu [39].

BucHoBknu

Bmms 0,5 MF/,Z[M3 itonip Zn** y 000X BUAIB puO Ta Misi HU3LKUX KOHIICHTPAIlId HOHIB cd* y IIyKH
aktuBye cuaTe3 @ X. i 3MiHM CBigYaTh MPO 3HKEHHS MIKPOB'SI3KOCTI MeMOpaHH, 110, HMOBIpPHO,
00yMOBJICHO 30LNbLICHHSIM pojii Gochomimiaie y peryisdmii MPOHUKHOCTI MeMOpaHH JUIs HOHIB
MmeTaniB. Jlis 000X IOCHIKYBaHHX KOHIIGHTpALii KaaMmil0 Ta BIUIUB 2 MF/,Z[M3 HWOHIB ITMHKY
BHKJIMKaa 3poctaHHs KinbkocTi PEA, JIOX i CM Ta 3MeHmieHHs BMicTy OX 1 @I. 3HMKEHHS BMICTY
®X i ®I 3 mapanenpauM HakonudeHHs JIOX Bka3ye Ha aKTHUBALIiO J1i30coMaibHOI hocdostinasu Ay i
dochominazy C, TOOTO, AECTPYKIII JIMIHOrO Iapy MeMOpaH MITOXOHAPIH. AIaNTHBHOO
BIIMTOBIJIII0O Ha Taki 3MiHM MOKHa BBakath HakomudeHHs CM 1 ®EA, mo crnpuse 30iTbIICHHIO
IIUTPHOCTI JIIMAHOTO Oimapy Ta, BIAMOBITHO, 3HIKCHHIO HOTO TpOHMKHOCTI. He3Baxkaroum Ha
amanTuBHy pob ®EA, 3HaYHE HOT0 HAKOMMYCHHS, 3 OTHOYACHHUM Tiapoiizom X, ciprse MOXKIHBIH
Horo TMOsBI HAa 30BHINIHBROMY IMapi MeMOpaH MITOXOHJAPIA, BHACIIZOK YOTO CIIOCTEPITAETHCS
3poCTaHHs il IPOHMUKHOCTI, M0 MOYXe OyTH OHi€r0 3 mprunH Hakommdenns ionis CA i Zn?* 3a mii ix
BHCOKHX KOHIICHTpAIiil.
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OTxe, Ais MIBUIIEHNX KOHIEHTpaLiil HOHIB HUHKY 1 KaaMil0 y BOJI BUKJIHMKA€E CTPYKTYPHO-
¢yHKUioOHaNIBHI TIepeOynoBH GocONIMiAHOTO CKIIaAy MITOXOHAPIM KIIITHH renaTronaHkpeacy Kopomna
Ta mykd. Taki 3MiHM OOyMOBIEHI sk Oe3locepeqHIM BIUIMBOM MeETaliB Ha iX MeTalomi3M, Tak i
MoOimizani€ero myny BiAmoBiAHUX GocdoimiaiB 3 METOI0 CTPYKTYPHUX HepeOynoB MimigHoro Oimapy
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F0.U. Cenux, b.3. JIaspun, U.10O. Haiixo, O.b. Ocmaniok, /{.B. I'auoyk, BA. busik, B.A. Xomenuyx,
B.3. Kypanm

TepHONOJBCHKUN HAIIMOHANBHBIN NeJarornyeckuii yausepcureT uM. Bnagumupa ['HaTioka

YBY3 "BykoBuHcKuit yHuBEpcuTeT"

®OCDOJIUITITHBIN COCTAB MUTOXOH/IPUI KJIETOK TEITATOIIEHKPEACA PhIB TIPU
JIEMCTBUHN MOHOB zZn** U Cd**

Uccnenosano Bmusaue Zn° (0,5 u 2 mr/nv®) u Cd™* (0,005u 0,02 mr/av’) Ha nunumsbii coctas
MHTOXOHIpUI KJIETOK renaromnaHkpeaca kapma (Cyprinus carpio L.) m mykm (Esox lucius L.).
Y CTaHOBJIEHO, YTO JICHCTBHE MOBBIIIEHHBIX KOHIIEHTPALill HOHOB METAJUIOB BBI3BIBAECT CTPYKTYPHO-
(yHKUHMOHANBHBIE U3MEHEHUS (POCOIUITUAHOTO COCTaBa MUTOXOHIPHUN HCCIETYEMBIX PBIO.

Bmusauaue 0,5 Mr/;[M3 WoHoB Zn°* B 060MX BHIOB pBIO ¥ BO3/ICHCTBHE HU3KUX KOHIICHTPAIUN
vonoB Cof* y myxu axtusmposan cuuTe3 ®X, UTO CBHMJCTENBCTBYET O CHHKEHHH IUIOTHOCTH
MeMOpaHbl, 4YTO, BEPOSTHO, OOYCIOBJICHO YBeNWYEeHHEM poaud (ochHOIUNHUI0B B PETYIALUN
NPOHULAEMOCTH MEMOPaHBI AJIsl HOHOB METAJLJIOB.

JeiicTBre KagMusg MOHOB B OOCHX HMCCIEAYEMbIX KOHICHTpAlMid M BIMSHAE MOHOB IIMHKA 2
mr/am® yBenuunBaer komuuectBo MDA, JIOX u CM u ymeHsineBaeT coxepxkanus OX u DI
CHmxenue comepxkanuss ®X nu OU ¢ nmapamnensHeiM HakomueHus JIOX yka3plBaeT Ha aKTHBALHIO
JM30COMANBHBIX (ocdonnmnas, TO ecTb, ACSCTPYKIMIO JUMUIHOTO CIIOSI MeMOpaH MHTOXOHAPHM.
AJanTHBHBIM OTBETOM Ha TaKHE€ HW3MEHEHHs MOYKHO cuMTaTh HakomieHne CM u ®3A, dro
CIOCOOCTBYET YBEIMYECHHIO IUIOTHOCTH JIMIIMAHOTO OWCIOS M, COOTBETCTBEHHO, CHIDKEHHIO €ro
npoHunaeMoctd. HecmoTps ©Ha apmantuBHyo poinbs DDA, 3HaYMTENbHOE HAKOIUIGHHE C
OTHOBPEMEHHBIM TuApoin3oM DX crmocoOCTBYyeT BOZMOKHOMY €TO TMOSIBICHHIO HA BHEIIHEM CJI0€
MeMOpaH MUTOXOHIIPHH, B PE3yJIbTaTe Yero HabII0AAaeTCs POCT €€ IPOHUIAEMOCTH. DTO MOXKET OBITh
OJIHOM 3 MpHuMH HakomIeHHs noHoB CA™ u ZnP* mpy MX BHICOKMX KOHIIEHTPALIMAX.

Kniouegvie crnosa: wyxa, kapn, yunk, KaOMuil, neueHb, MUMOXoHOpUU, Memopansl, pochorunudv
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Yu.l. Senyk, B.Z. Lavrin, 1.Yu. Nayko, O.B. Ostapyuk, D.V. Hayduk, V.Ya Byyak, V.O. Khomenchuk,
V.Z. Kurant

Ternopil V. Hnatiuk National Pedagogical Universitykraine

Bukovina University, Chernivtsi, Ukraine

THE PHOSPHOLIPID MITOCHONDRIA COMPOSITION OF FISHVYER IN ACTION IONS
Zn** AND Cdf

The influence Zf(0.5 mg/dm and 2 mg/drf) and C4*(0.005 mg/dmand 0.02 mg/di on the lipid
composition of the mitochondria of cells hepatopaas of carpQyprinus carpio L.) and pike Esox
lucius L.). Found that the effect of elevated concertregiof metals causes structural and functional
changes in mitochondrial phospholipid compositibthe studied fish.

The effect of 0.5 mg/dirzn* ions in both species and effect of low concerdratiof Cd* ions
in the synthesis of PC of pike activated, such gkann the content of phospholipid show a decrease
micro viscosity of the membrane, which is probatilye to the increasing role of phospholipids in the
regulation of membrane permeability for ions of alet Accumulation of Pl due to the need to
increase the regulation of mitochondrial metaboligich is undergoing a modulating effect of zinc
ions.

The action of the two studied concentrations ofntiach and the effect of 2 mg/dnof zinc
ions caused a growing number of PEA, LPH and SM raaldiction of PC and Pl. Decreasing the
amount of PC and PI with parallel accumulation LHR@icates the activation of lysosomal
phospholipase Aand phospholipase C, the destruction of the lgygr membranes of mitochondria,
adaptive response to these changes can be regasddwe accumulation of SM and PEA, which
increases the density of the lipid bilayer and ttadsice its permeability.

Although the role of adaptive PEA, its significasdvings while hydrolysis PC promotes its
possible appearance on the outer layer of the nmambrof mitochondria, resulting in an increase in
its permeability, which may be one reason for tkeuaulation of ions Cd and ZA* on their
exposure to high concentrations.

Keywords: pike, carp, zinc, cadmium, liver, mitochondria, membranes, phospholipids

Pexomenaye no apyky Hamiiinuia 23.08.2013
B.B. I'py6inko

YK 577.155.1
A.B. IOKAJIO

TepHOMiNbCHKUI HAIlIOHATLHUI TEXHIYHUH yHiBepcuTeT iM. [Bana ITymros
Byil. Pycbka, 56, Tepuomnias, 46001

BUAIJIEHHS I XAPAKTEPUCTUKA ITPOTEIHOBOI'O CKJIAJTY
HATUBHUX KA3EIHOBUX MIIIEJI

HartupHi ka3einoBi mirenn 0yJIo BUIIJICHO B PE3yJIbTaTi IIOBTOPHOTO PO3IIapyBaHHA CHCTEMH «BOJA —
MPOTETHM MOJIOKa — Tojicaxapum». B pesymbraTi xpomaTorpadiyHux 1 eaeKkTpodhOpeTHIHUX
JIOCJTIDKEHb TIOKa3aHo, IO BUAUICHI MINeNd € MOMIOHMMH 10 MIIed i3 3HSKHPEHOTO MOJIOKa 3a
3HAYCHHSIM MOJICKYJIIPHUX Mac 1 ppaKIiHUM CKJIaJ0M MPOTEiHIB.

Kmouogi crosa: xazein, namueni miyeau, xpomamozepagis, enexkmpogopes

IIutanHas OyI0BM HAaTUBHHUX Ka3eTHOBHX MIIIEN JO CHOTOAHIIIHBOTO JHS 3QJIMIIAETHCS BiAKpuTUM. He
BCTAHOBJICHI neTaji iX CTpYKTypH. SIK 1 TpHIIATH POKIB TOMY ICHY€ HOEKiJbKa TOYOK 30py Ha
OpUHIMITN OynoBU KaseiHoBuX wMinen [5]. BigcyrHe uiTke mosicHeHHs 6araTopakiiiiiHoCTi Ka3eiHiB
[3]. Ix Bimomi dyHKUii He MOTPeOYIOTH TAKOTO Pi3HOMAHITTSA NPOTEiHIB KA3eiHOBOTO KOMILIEKCY.
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