biosorisa TBapus, 2019, 1. 21, Ne 1

VYK 597.551.2:632.95/576.32/.36 https://doi.org/10.15407/animbiol21.01.014

BIIJIUB XJIOPIIIPUD®OCY HA AEAKI ®I310J10T'O-BIOXIMIYHI TIOKA3ZHUKH
PUB DANIO RERIO*
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[ncturyT Gionorii TBapun HAAH,
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Y pobomi oocnidoicero oxpemi gizionoeo-oioximiuni noxasnuxu pubd Danio rerio 3a ymoe ix moKCuuHo2o0
VPadICeH s XLOPRIPUGhOCOM — OOHIEIO 3 WUPOKOBIOOMUX POCHOPOPaAHIUHUX CROTYK, KA € OIF0Y0I0 PEHOBUHOIO
bazamvox necmuyuois.

Jlocniooicenns nposedeni na dopocaux pubax Danio rerio 3 cepednvoro macoio 0,6 2 no 10 ocobun y epyni.
s susHauenus noxkasHukie moxkcuunocmi xanopnipughocy (XI1®) excnepumenmanvhi epynu pub nomiwanu 8 akea-
piymu 06’ emom 5 1 Ha 96 200 3 600010, 00 sKoi snocunu XI1D y dianazoni konyenmpayiti 0,375—2 me/n. bioximiuni
00CNIOIAHCEHHS NPOBOOUNU Y NAA3MI KPOBI, K 8i00upanu y pub 3a piznux 003 i mpuganocmi Oii Kcenobiomuxa.

Busnaueno napamempu cocmpoi moxcuunocmi xaopnipugpocy ona pub Danio rerio npu 6HeceHHi tio2o
8 axkgapiymuy 800y. 3a mpueanocmi ekchepumernmy 96 200 maxcumanvHa KOHYeHmpayis xiopnipugocy, npu
saKil He O6yno 3aeubeni pubd Danio rerio, cmanosuna 0,375 me/n, abconiomua cmepmenvHa KOHYeHmMpayisa —
2 me/n, nanienemanvha konyeumpayis (LC 50) — 1,23 me/n.

Iumoxcurxayis pub Danio rerio 3a obpanux 003 ma mpusaiocmi Oii X10pnipughocy cynpogooicyemucs
SHUICEHHAM XONHeCmepasHoi akmueHocmi niazmu Kposi. 3a 0ii’ xnopnipugocy 6 0o03i 1 me/n na 16,5 % (P<0,05)
3pOCMAcE KiNbKiCMb 2eMONI308aHUX epUMPOYUMIB; Ye MOXCe CBIOUUMU NPO BUHUKHEHHS CIMPYKIMYDHUX HOULKO-
0oicerb OITKOBO-NINIOHO020 MAMPUKCY ix MemOpan. Boonouac mpusanicmo 2emonizy epumpoyumis pud 0oCciioHux
2pyn, NOPIBHSIHO 3 KOHMPOLLHUMU, He 3A3HAE GIPO2IOHUX 3MIH.

Ompumani pezyniemamu 008003ms eghekmusHicmv 3acmocysants pub Danio rerio sx 6ionoziunoi mooeni
OJ151 MOKCUKONIO2TYHUX QOCAIONCEHb POCHOPOP2aAHIUHUX CHOTYK, 30KpeMa XIOPRIpUPOCy.
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Physiological and biochemical parameters of Danio rerio fish with toxic injury by chlorpyrifos, one
of the most well-known organophosphorus compounds, an active substance of many pesticides were studied.

The studies were conducted on adult Danio rerio fishes with an average weight of 0.6 g per 10 in-
dividuals per group. To determine the toxicity of chlorpyrifos, the experimental groups of fishes were placed
in 5 | aquariums for 96 hours with water in which chlorpyrifos was added in the range of concentrations of
0.375-2 mg/l. Biochemical studies were carried out in blood plasma, which was taken from fish at different
concentrations and duration of exposure to the xenobiotic.

The parameters of the acute toxicity of chlorpyrifos for Danio rerio were determined. With experiment
duration of 96 hours, the maximum concentration of chlorpyrifos, in which the death of D. rerio fish was not fixed,
was 0.375 mg/l, the absolute lethal concentration was 2 mg/l, half-lethal concentration (LC50) was 1.23 mg/I.

Danio rerio intoxication by selected concentrations and duration of chlorpyrifos was accompanied
by a decrease of cholinesterase activity in blood plasma; at the influence of chlorpyrifos at the concentration
of 1 mg/l, an increase in the number of hemolysed erythrocytes was observed at 16.5 % (P<0.05), which may
indicate a structural damage to the protein-lipid matrix of erythrocytes membranes, while the duration of he-
molysis of erythrocytes of experimental fish compared to control did not undergo significant changes.

* [yGmikarist MICTHTb pe3y/IbTaTH IO0CIiKeHB, TPOBEACHHX 3a rpanToM lIpe3naenta Yipainu 3a KOHKypcHEM mpoektoM Ne ©78/197-2018.
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The obtained results prove the efficiency of the use of Danio rerio fish as a biological model for toxi-
cological studies of organophosphorus compounds, in particular chlorpyrifos.

Keywords: CHLORPYRIPHOS, DANIO RERIO, INTOXICATION, CHOLINESTERASE,
BLOOD

BJIMSAAHUE XJIOPIIUPUD®OCA HA HEKOTOPBIE
OU3NOJOTO-BUOXUMHUYECKUE IMIOKA3ATEJIA PbIb DANIO RERIO
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DovhanyukV@inenbiol.com.ua

WNuctutyTt 6uonorun xuBotHeIXx HAAH,
yi. B. Cryca, 38, r. JIeBoB, 79034, Ykpanna

B pabome uccnedosanvl omoenvHule Quszuonoco-ouoxumuieckue noxkazamenu pvlo Danio rerio 6 ycio-
BUAX UX MOKCUUECKO20 NOPANHCEHUSL XAOPNUPUGDOCOM — OOHUM U3 WUUPOKO U3BECMHBIX (hochopopaHuyecKux
COeOuHeHUll, Komopoe AGNIAemcs 0elucm8yIouUM 8euecmeom MHOSUX NeCULUOO08.

Hccnedosanus svinonnenuvl Ha 83pocivix pvioax Danio rerio co cpedueti maccoti 0,6 2 no 10 ocobeti 6 epyn-
ne. /{na onpedenenus noxazameietl MOKCUYHOCMU XA0pnupughoca pblb OnblmHbIX cPYnn NOMeW AU 8 akeapuymsl
obvemom 5 1 Ha 96 4 ¢ 60001l, 8 KOMOPYIO €20 8HOCUNU 8 duanasone Konyenmpayuil 0,375-2 me/n. buoxumuueckue
uccnedo8anust NPOBOOUNU 8 NIA3ME KPOBU, KOTMOPYIO OMOUPAIU y pblb npu paziuyHblX KOHYEHmMpayusax u oau-
MeNbHOCIU 8030eliCMBUS HA HUX KCeHOOUOMUKA.

Onpedenenvl napamempuvl OCMpoL MOKCUYHOCMU Xaophupugoca onsa pvib Danio rerio npu eHeceHuu
€20 8 akeapuymHyro 600y. llpu npoodonxcumensrocmu sxkcnepumenma 96 4 MaxcumanbHas KOHYEeHMpayus Xuop-
nupughoca, npu Komopoi ne ommeuanu eubenu puvio D. rerio, cocmasuna 0,375 me/n, abconromunas cmepmenvras
Konyenmpayus — 2 me/n, nonyremanvhasn konyenmpayus (LC, ) — 1,23 me/n. Hnmoxcukayus poid Danio rerio
30 UBOPAHHBIX 003 U OTUMETLHOCIU OEUCMBUsL XIOPRUPUGOCA CONPOBOINCOAEM S CHUINCEHUEM XOTUHICMEPAHOLL
aKxmugHocmu 8 niazme Kposu, npu oeticmeuu xaopnupugpoca 6 0ose 1 me/n na 16,5 % (P<0,05) sospacmaem
KOUYECmeo 2eMONU3UPOBAHHBIX IPUMPOYUMOS, UIMO MOXHCEN C8UOEMENbCNE08AMb O B03HUKHOBEHUU CINPYK-
MYPHBIX NOBPedcOeHUll DETKOBO-TUNUOHO20 Mampukca ux memopan. OOHOBPeMEeHHO NPOOOIHCUMETbHOCHb
2eMONU3A IPUMPOYUTNOE PO ONBIMHBIX 2PYAN OOCHOBEPHO He UIMEHAEMCS 8 CPABHEHUU C KOHMPOTIeM.

THonyuennvie pezynsmamol 0oxkazwvlearom s¢hgexmusHocms npumerenus pvib Danio rerio 8 kauecmae
buonoeuyeckol Mooenu 0Jisk MOKCUKOIOSUHECKUX UCCIe008aHUlL (POChHOpopeanutecKux coeOuHeHuUll, 8 YACMHOCU
xnopnupugoca.

Kirouesnie ciioa: XJIOPITMPUDOC, DANIO RERIO, OTPABJIEHUE, XOJIMHOCTEPA3A,
KPOBb

Xnopnipudoc (XI1P) — onuH 13 Haiino- JDKEHHS 010X1IMIYHUX 0COOIMBOCTEN TOKCUYHOT
nyJaspHIIUX GocPopopraHiuHUX MECTULUIIB, ta Helipodizionoriynoi ii ®OC; BcTaHOBIEHHS
SKUI ITUPOKO BUKOPUCTOBYIOTh B arpOIpOMHUC- HallHe0e3MeyHINX 3 HUX Y KOHTEKCTI €KOJIO-
JIOBOMY CEKTOpi OaraTboxX KpaiH, 30KkpeMa YKpa- TYHUX Ta METUKO-010JI0TTYHHX, HABITh BOEHHUX
iam [12, 14]. ¥V 3B’43Ky 3 IIUM ICHYIOTh 3HauHI 3arpo3 (POC MOXyTh OyTH BUKOPUCTAHI SIK
PHU3UKH OTPY€EHBb Ta WIKIIMBUX BIUIMBIB XIID XiMiuHa 30posi); po3pobiaeHHs HOBUX (hi3i0510r0-
Ha 3/10pOB’sl HaceJIeHHs, 0coONMBO niteHt [3, 6]. 010XIMIYHHX Ta MOJIEKYJISIPHO-010JIOTTUHUX Me-
OcHoBHMM MexaHi3MoM Tokcu4HOI Jii XI1D, sk TofiB BUBYeHHS BIUMBY okpemux ®OC Ha opra-
1 iHMX gocdopopraniunux cnoiayk (®OC), e HI3M JIFOZIMHU 1 TBApUH.

HE3BOPOTHE 1Hr1OyBaHHS alleTHIIXOJIIHECTEPa3n Jenani yacrimie B 6ararboX rajgy3sx eKc-
(AXE), 1110 mpU3BOIUTH JI0 MOPYILEHD Y Niepeiadi MEPUMEHTAIILHOT 010710711 K 010J0TTYHY MOJIEINb
HepBOBUX iMIyibciB. [IpoTe, KpimM omucaHo- YCIIIIHO BUKOPUCTOBYIOTh pU0 BULy Danio rerio.
ro, B OpraHi3Mi iCHy€ HU3Ka 1HIIUX Ol0JIOTYHUX BigHOCHO HEBHCOKa, TOPIBHSHO 3 EKCIIEPUMEH-
MILIEHEH, iK1 MOXKYTb 3a3HaBaTu BILIUBY ©OC. TaMH Ha CCaBIISIX, BAPTICTh POOIT, MOXKIUBICTD
Tomy BUHUKa€E BeNMKa MOTpeda MIUOIIOTO AOCITI- (hopMyBaHHSI BETUKOI BUOIPKH TBAPHH JT03BOJISIE
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BUKOPUCTOBYBATH 1X SIK HEIOPOT'Y JIbTEPHATHUBY
TeCT-CUCTeMaM Ha rpusyHax [4, 9, 13, 15].
MeToro pobGoTu Oyno anpoOyBaTH Lel
BUJ] pUO K MOXJIUBY O10MOJIETIh, IPUIATHY ISt
BUBUCHHS TOKCHYHUX €(PEKTIB XJIopiipudocy Ha
okpeMi (i31010r0-010XiMIYHI TApAMETPH.

Marepiaau i meToau

JlocaigkeHHs: BUKOHaHI B 1abopaTopii
00Miny pedoBuH imeni C. Dxuipkoro [HcTuryTy
6iomnorii TBapud HAAH Ha akBapiymHux pudax
D. rerio. Yci MaHIIyIISIIii IPOBOVIIH BiATIOBITHO
1o €Bponeiicbkoi kouBeHii «IIpo 3axucT xpeder-
HHX TBapHH, SIKi BAKOPUCTOBYIOTHCS JUIsl EKCIIEPH-
MEHTaJIbHHX 1 HayKOBHX 1iein» Big 18.03.1986 p.,
Hupextuu €C Ne 609 Bix 24.11.1986 p. i «3a-
raJbHUX €TUYHUX MPUHIIUIIB €KCIICPUMEHTIB Ha
TBapuHax», yxBajeHux [lepiumm Harionansaum
koHrpecoM 3 Oioetuku y Kuesi 2001 p. Hocmia-
HUX pub D. rerio yTpuMyBaii y CKJISTHUX aKBa-
piymax 00’emom 20 11, 00naJHaHUX aBTOMAaTH30-
BaHMMHU CHCTEMaMHM OCBITJICHHS (JIIOMIHECLIEHTHI
JIaMITH, SIKi TIPALFOBAJIN Y aBTOMaTHYHOMY PEKUMI
nepemukanas 14 rox. ceitio / 10 rox. TempsiBa),
aepariii, HarpiBy Ta (piIBTpyBaHHs BOJU.

Jlns ekcrieprMeHTaIbHUX aKBapiyMiB 3a-
CTOCOBYBAJIM BOJIOIPOBIHY BOIY, SIKY 3 METOIO
JIeXJIOPYBaHHS MONEPEIHBO BUTPUMYBAJIH I110-
HalMEHIIIE MPOTITOM JBOX 0. 3 METOI0 3HU-
KEHHSI pIBHSI TBEPJOCTI BOJH, sika 00YMOBIIIO-
€THCS MIEPEBAKHO KUIBKICTIO PO3YMHEHOTO Y Hil
kapbonary xanbuito (CaCO,), a Takox conei
Marsito Ta HU3KHM HIIMX METaNiB, i1 3MilTyBaIn
HABIILI 3 JUCTHIHLOBAHOI BONOK. Di3nKo-XiMid-
Hi MapaMeTpH aKBapiyMHOI BOJM MiATPUMYBAIIN
y TakoMy Jiana3oHi 3Ha4eHb: Temneparypa (1)
+26...428 °C, xucnornicts (pH) — 7. 3HaueH-
Hs PH Bomu mepeBipsuty MIOMHS 1 MATPUMYBAIA
Ha CTabLIbHOMY PiBHi, 32 HEOOXITHOCTI JOAI04X
y Boxy OikapOoHar Harpito. BapTo Haronocuru,
10 Ba)KJIMBICTh KUCIIOTHOCTI BOJHU B €KCIIEPH-
MEHTax 3 BUBYEHHSI TOKCHYHOCTI BHECEHOTO Y Hel
XI1® € KpUTUYHO BAXIIMBOIO 3 ONVIAAY HA TE, 1110
nepion HamniBposnagy ¢pocpopopraHiuHUX Hec-
TUIHIIB Y BOIHUX PO3UYMHAX CYTTEBO 3aJICKHUTH
Biz piBHs PH. 3a mpoBeieHHs yCiX eKCIIepPUMEHTIB
000B’SI3KOBO 3/IHCHIOBAIIN KOHTPOJIb aKBAPiyMHOT
BOJIM HA BMICT y Hild HITpaTiB, KOHIIEHTPALIis TKUX
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He niepeBuiyBasia 20 mr/a. Kpim toro, B Mexax
OZIHOTO EKCIIEPUMEHTY J0Marajucs, mood Mix-
TPYMOBI Pi3HULI Y KOHLEHTpAIlii HITPaTiB HE BiJ-
pi3HsUIMCS MK co00r0 Ounblie, HDK Ha 3 MI/JI.
AHani3 BMICTY HITpaTiB IPOBOAMIH 32 JIOIO-
Mmororo «Hitparomipa naboparopHoro H-401»
(Ykpaina) He pinmie, HXK OIUH pa3 Ha JIBI JOOH.
KoxHni 7-14 ni6 3aiiicHioBanu 3aminy Bifg 15 10
20-25 % 00’eMy BOU B aKBapiyMax.

T'oniBnto pub 3xificHIOBaNM J1Bivi Ha 100y
B OJIMH 1 TOM caMuil yac yHi(pikoBaHMM KOPMOM,
1100 YHUKHYTH MOXKJIMBHX apTe(akTiB y JOCHTi-
JDKYBaHUX (Pi310710r0-010XIMIYHUX MOKa3HUKAX.

Jlis nocnipKeHHs mapaMeTpiB ToCTpoi
TOKCHYHOCTI XJIOpmipr(OCy 3aCTOCOBYBAIH Me-
ton Kepbepa [8]. s miporo 3 pub D. rerio Macoro
0,6 r £ 15 % dopmyBanu 1oCIiaHI 1 KOHTPOJIb-
Hy rpyny, o 10 ocobuH y KoXHii 1 momimanu
ix B akBapiymu 00’emMoM 5 11 Ha 96 Tox1 3 BOJIOIO,
B siky BHOcM XIID y miama3oHi KOHIIEHTpaIii
0,375-2 mr/n. O6uucnenns LC, 3nificHioBann
3 BUKOPUCTAHHIM Oe3MOoCepeHiX pe3ybTaTiB
EKCIIEPUMEHTY 3a (OPMYIIOIO:

LC,, = LC,,,— (S(zxd)y/m),

ne LC, ) — KOHLEHTpalis T0CIiIKyBaHOi pe-
YOBHMHH, SIKa BUKJIMKajIa O4iKyBa-
HUl epexT y Bciel rpynu 0COOMH,

d — iHTepBan MixK KOKHUMH JIBOMA CY-
MDKHUMU KOHIICHTPAIlISIMH,

Z — cepenHe apuMETUUHE 3 YHCIIa 0CO-
OUH, y SIKUX CIIOCTEpIraay O4iKyBaHy
PEAKITIIO Tif] BIUTMBOM KOXKHUX JIBOX
CYMDKHUX KOHIICHTpaIlii,

M — YUCII0 OCOOMH y KOXKHiH rpymi,

S — cyma.

B excnepuMeHTi 3 BUBYEHHS TOCTPOT
TokcmyHOCTI XI1®D 3a fioro KOpOTKOTpUBAIIOT Aii
(3 XB) KCEHOOI0THK BHOCHJIM B aKBapiyMHY BOIY
y KOHIIEHTpAIIii 5 MI/1.

3a0ip kpoBi y pub D. rerio pOBOIMIH, SIK
orucano y F. Babaei et al. [2]. Pub nonepentbo
3HEPYXOMJIIOBAJIH, TIoMimarou ix Ha 10-20 cek
y XOJIOZTHY Boxy Temmeparyporo +2...+5 °C. Tlicms
I[LOTO Y pUO TOCTPHUM JIE30M BiJICIKAIIF XBOCTOBHIA
TUIABHMK, HA PaHy HAHOCHJIM KPAIUTIO TeapuHY,
a pulOy HeraifHo mepeHoCHIN y neppopoBany
MIKpoIpobipKy 06’ emom 0,5 M1, SIKy MTOMIIIAIN
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Puc. 1. Cxematnune 300pakeHHsI OCHOBHHX €TaIliB Bifbopy KpoBi y pub Danio rerio 3a F. Babaei et al. [2]
Fig. 1. Schematic representation of the main stages of blood sampling in Danio rerio fish by F. Babaei et al. [2]

y MiKponpoOipKy 00’emom 1,5 mi1, Ky rorepe-
HbO BHOCHIH 10 MK renapuHy. MikpornpoOipku
HeHTpUyTYBaIM BOPOAOBXK 5 XB mipu 40 g 3a
temmneparypu +11 °C, mo 3a6e3mneuyBago MaK-
CUMaJIbHUM Bi0ip KpoBi puoH. BiniOpany kpoB
oJjpa3y LEeHTpHU(yryBaal BIPOAOBK 15 XB mpu
13700 g 3a Temneparypu +4 °C mist BiaaiaeHHS
(hbopMEHHHUX €JIeMEHTIB Bifl M1a3Mu. OTpuMany
1a3My BUKOPHCTOBYBAIU IS TIONATBIIHX 010Xi-
MIYHUX JOCTIHKEHb. CXEMaTUYHO OIMMCAH] €Taru
B1100py KpOBI MoKa3zaHi Ha puc. 1.

AxtuBHIcTh X0niHecTepa3u (KO 3.1.1.8)
BHU3HAYAJIM 32 METOJIOM [ 7], IKUI TPYHTYETHCS Ha
TOMY, 1110 MMiJ aiero XomiHecrepasu (XE) BinOyBa-
€TBCS TIPOITI3 AIICTHIIXOMIHXJIOPUTY 3 YTBOPESHHSIM
OLITOBOI KUCJIOTH 1 XOJTiHY, IO CYTIPOBOIKYETHCS
YTBOPEHHSIM 3a0apBICHOTO KOMIUIEKCY. OnTHUHY
TYCTHHY BUMIPIOBAJIM Ha CIIEKTPO(OTOMETPI TIpH
JOBKHHI XBIT 540 HM TIPOTH JUCTHIILOBAHOI BOIH.

Pe3ucTeHTHICTh epUTPOLHUTIB KPOBI PHO
Danio rerio 3a aii XI1® 10 KACIOTHOTO TeMOIIzy
BU3HAYAIA METOJIOM MOOYJI0BU KPUBUX TEMOJII3Y
eputporutis [10]. MeTon 6a3yeThcsi Ha BUKOPHC-
TaHHI TPSIMO] 3aJIEKHOCTI MIXK YaCOM TeMOJTi3y
EPUTPOIIMTIB Ta JIIEI0 TEMOTITHKA, III0 BUKOPHC-
TOBYETBCS JUTA iX TeMOJIi3y. AHAJII3 TeMOITUIHUX
€pUTporpaM MpOBOAMIN 32 TAKUMHU IapaMeTpa-
MH: 9aC MaKCUMaJIbHOTO TEMOJI3Y (XB); BIZICOTOK
reMOJII30BaHUX EPUTPOLIUTIB Y MOMEHT MaKCH-
MaJibHOTO reMonizy (% max); TPHBAIICTh TOTAJb-
HOTO TeMOJIi3y (XB). BiqMHTI epuTpOIMTH pO3BO-
i 0,150 My NaCl y cnisignomenHi 1:1000.
OTtpumaHy CycCIieH31t0 PO3BOIMIM AJIsl JOCSATHEH-
HS1 cycrnieH3iero ekcTuHIlii B Mexkax 0,700—750 nipu
noBkuHI XBUI 630 HM. Y KIOBETYy BHOCWIIM 2 MIT
CYCIICH31i EpUTPOIIMTIB 1 T0JIaBAIA aHATOTTYHUI

17

00’em remomizyrouoro po3unny 0,004 H HCI.
3 MOMEHTY JI0ZJaBaHHS TEeMOJIITHKA Yepe3 KOXKH1
30 cek ¢ikcyBa 3MIHM €KCTHHIIT MPH JTOBKUHI1
xBwI 630 HM. MOHITOPHHT IPOBOMIIH /IO MOMEH-
Ty MIOBHOTO MPUMUHEHHS 3MiH 3HAY€Hb €KCTUHIIIL.
YV KOHTpOJIbHY KroBeTy nomimami 2 min H,O 1 no-
naamu 2 vt 0,004 H pozunny HCI, npurorosa-
Horo Ha 0,150 MM NaCl. Po3nonin epurponuTiB
3a PE3UCTEHTHICTIO Y % 300pakyBaiu y BUIIISL
€pUTPOrpaMy — KPUBOI 3aJISKHOCTI MK ITPOLICH-
TOM T€MOJTI30BaHMX EPUTPOIIUTIB 1 4aCOM T€MOJTI3Y.
OtpumaHi pe3ynbTraru CTaTUCTUYHO OMpa-
LILOBYBAJIY 32 JOTIOMOT'OIO KOMIT FOTEPHOTO MaKeTa
nporpam OriginPro 8.5 (Microcal, CIIIA) 3 Bu-
KOpHUCTaHH:M f-KpuTepito CtbrofenTa. BiporigHo
pi3HUMH BBaKau pe3yasratu ipu P<0,05.

Pe3yabTaru it 00roBopeHHs

OTpumaHo Taki pe3yabTaTd BU3HAYCHHS
napameTpiB rocTpoi TokcuaHocTi XI1D mpu BBe-
JIeHHI Horo y Bomy (puc. 2): y mepii 24 roa mpo-
BEJICHHSI TOCIIi Ty 3arubens pud ¢ikcyBanu npu

» 0,375 mr/n (mg/l)
0,5 mr/n (mg/l)

O =N Wb OO N ®© O

0,75 mr/n (mg/l)
« 1 mr/n (mg/l)
» 1,25 mr/n (mg/l)
1,5 mr/n (mg/l)

o - - - - » 2 mr/n (mg/l)
0 12 24 3% 48 60 72 8 9%
vac, rog / time, hours
Puc. 2. BwxuBanus pud Danio rerio 3a BHCCCHHS
y BOIy pi3HHMX KOHIEHTpawlii xjopripudocy (n=10)
Fig. 2. Survival of Danio rerio fish under the various
concentrations of chlorpyrifos in water (n=10)
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BUIINX KOHIICHTPAIIISX TOKCUKaHTa — 1,5-2 M1/,
Tomi SIK HYbK1l KoHueHTpartii (0,375-0,5 mr/m) no-
CITIPKYBAHOTO Jliara3oHy He CIPUYMHSIIN 3aruoe-
i pub. Y HacTymHi 72 rof criocTepiraiu 3aruoeib
YAaCTUHHM JOCHITHUX PO y KoHIeHTparlisx XI1D
Bix 0,75 mo 1,25 mr/n. MakcumarnbHa KOHIICHTpa-
wist XI1D, 3a sixoi He Oyno 3arubemni pud D. rerio,
cranoBuiia 0,375 mr/n. 3a BBEGHHS JIOCIIIKYBa-

50

N ©w ~
> S S

MkMonb/cxn / umol/sx|

o

K1 a1 K2 v

K3 [3
1 wmr/n, 24 rop
1mgll, 24 h

5wmr/n, 3 x8
5mgll, 3 min

1 mr/n, 1o
1mg/l, 1h

Puc. 3. XoninecrepasHa aKTHBHICTb I1a3MH KpoBi D. rerio
3a mil xnopmipudocy y pi3sHHX KOHIEHTPAIAX 5 MI/I
ynponosx 3 xB (K1 J{1); y konmerTparmii 1 mr/m
BrpogoBx 1 rox (K2 /12); y konuenTpaii 1 mr/n
Brpozposx 24 rox (K3 13) (M+m, n=10)

Fig. 3. Cholinesterase activity of blood plasma of D. rerio
under the effect of chlorpyrifos at the concentration 5 mg/I
during 3 min (K1 JT1); at the concentration 1 mg/I
during 1 h (K2 JI2); at the concentration 1 mg/I
during 24 h (K3 13) (M£+m, n=10)

Ipumimka: y IbOMY Ta HAaCTYIHUX rpadikax * —
P<0,05; ** — P<0,01; *** — P<0,001 pi3anms Biporia-
Ha MOPIBHSHO 3 KOHTPOIBHOIO IPYIIOLO.

Note: in this and next figures * — P<0.05; ** —
P<0.01; *** — P<0.001 difference significant compared
to control group.
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Puc. 4. Ycepenneni eputporpamu pud Danio rerio
rxoHTposbHOI (K) Ta mocmignoi (/1) rpymu epes 2 rof
mmicrst i xyopripudocy y kontenTpartii 1 mr/i (M+m, n=10)
Fig. 4. Averaged erythrograms of Danio rerio fish in control
(C) and experimental (D) groups 2 hours after effect of
chlorpyrifos at the concentration of 1 mg/l (M£m, n=10)
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HOTO TecTUluAy y KoHuenrtpaii 0,5 mr/a Gyno
BIIMIYE€HO OMH BUIAJ0K 3aru0eiti JOCIiJHUX
pub 13 10. AGcomoTHa cMepTelIbHA KOHLICHTPALIist
xnopnipucdocy st pud Danio rerio cTaHOBUIIA
2 Mr/1, a HamiBIeTanbHa go3a — 1,23 mr/i.

OCKIJIbKH 3aTallbHONPUUHSATHM 1HIU-
KaTOPHUM MTOKAa3HUKOM CTYTIECHs IHTOKCHUKAIIii
®OC 1, 30kpema XI1D, € xoniHeCTEpa3HA €H3U-
MaTH4YHA aKTUBHICTh, OyJ0 MPOBEICHO BU3HA-
YeHHs 11 aKTUBHOCTI y TUI1a3Mi KpoBi pub 3a pi3-
HuX 103 1 TpuBanocti aii XI1®. BecranosneHo,
o HaicyTreBime (Ha 51,6 %) xomiHecTepazHa
aKTHBHICTh 3HMKYBajlach uepe3 3 XB Micis 3a-
crocyBanHs XI1® y 1031 SMr/i1, HaTOMICTh IPU
3actocyBanHi XII® y 1031 1 Mr/kr enzumaruy-
Ha aktuBHICTh XE 3HMKyBasnack Ha 36,2 % Ta
35,3 % na 1- Ta 24-Ty rog eKCnepUMEHTY Bij-
MOBIHO TIOPIBHSHO 3 KOHTpOJeM (puc. 3).

BapTo 3a3HaunTH, 10 B3aEMOJIIS MIXK
XII® i akruBHuM 1ieHTpoM XE BinOyBaeTbes 3a
TUIIOM KOHKYPEHTHOTO 1HI'OyBaHHS Ta MPU3BO-
JIUTH /10 HE3BOPOTHOI BTPATH AKTUBHOCTI €H3UMY.
Binnosnenns akrusHocTi XE MOXIIMBE ITHILE 3a
CHHTE3Y €H3UMY de novo. Y TOKCHUKOJIOTTYHOMY
acriekTi Juia nposBy aii XI1®D Ha opraism Bax-
JIMBE 3HAUEHHsS MalOTh €K30T€HHI IPYIU aToMa
X70py i€l CIIOMYKH, sIKi 3a0€3MeUy0Th BUCOKY
po3unnHicTh XIID y ninigax ta 3011bIIYIOTH
yac Moro HamiBpo3May B OpraHizMi. 3aBasiku
ocobmuBocTsM XiMiuHoi OynoBu XI1® BrumBae
Ha MOCTYIIOBE Ta TPUBAJIC 3HUKECHHS aKTUBHOCTI
XE mopiBHSHO 3 IHIMMH iHCEKTULIUIaME Pochop-
opraniyHoi npupoau [3].

3Baxkaroun Ha (PyHKIIOHAJIbHE 3HAUCHHS
EpUTPOLIUTIB y CUCTEMI KPOBI, CTaTICTh (Pi3HKO-
XIMIYHUX XapaKTepUCTHK X MeMOpaH, peakiii op-
raHiB 1 TKAHUH 3a Jil EHJOr€HHUX Ta EK30M€HHUX
YUHHHKIB MOXKYTh BUKIUKATH 3MIHU JTUHAMIKA
MeTalOJIYHUX MPOLIECIB Y IUX KIITUHHUX CTPYK-
Typax. Y MexaHizmax pH-iH1yKoBaHOTO reMonizy
NEPUIMMHU 3a3HAIOTh MOUIKO/DKEHb caMe MeMO-
paHu epuTporuTiB. ToMy 4yac, BOPOJOBXK SIKOTO
MeMOpaHa 3abe3redye OmipHICTh 0 CTPECY, MOXKe
OyTH BUKOPHCTAHUH SIK KPUTEPii OLIHKY 1i (hi3UKO-
XIMIYHOTO CTaHy. 3HM)KEHHS! OCMOTUYHOI pe3uc-
TEHTHOCTI €pUTPOLUTIB BiZIOYBAETHCS BHACIIIOK
CTPYKTYPHHX 3MiH €PUTPOIUTIB, 10 PU3BOAATH
710 BAHUKHEHHSI 3aXBOPIOBaHHS, YCKIIaJHEHb
1 CTPYKTypHHX NOpYyIIeHb. Ha pe3uCTeHTHICTh
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€pPUTPOLMTIB BILTMBAIOTH IIPOLIECH (i310JI0TTHHOIO
CTapiHHs, CTpec, CKiIaj KopMiB, PH cepenoBuia,
TeMIIeparypa, TOKCUKaHTH Ta 1HII YMHHUKH [ 1, 5].

OnuuMm 13 akTopiB, KUl 3a0e3neuye
HiATPUMKY TOMEOCTa3y B OpraHi3Mi Ta BU3HaYae
CTIHKICTb €PUTPOLIUTIB JI0 TEMOI3Y, € (PyHKIIIO0-
HaJIbHUH CTaH ixHiX MeMOpaH. Ha ixHto cTiiikicTh
JI0 TEMOJTITHKA BIUTMBAE 30KpeMa 4ac, HeoOXiTHHH
TEMOITITUKY Ha MOJ0JIaHHI MEMOpaHHOTO Oap’epy,
Ta 4ac, BIPOJIOBXK SKOIo 30epiracTbcst MeMOpaHHa
LUTICHICTh B YMOBAX 3pOCTaHHS BHYTPIIIIHBOKIIi-
THHHOTO TUCKY [5]. Y KHCIIOMY CepeIoBHIIIi JIi3HC
€pUTPOLIUTIB OXOIUTIOE TaKi OCHOBHI €TaIlu: Mpo-
HUKHEHHS HOHIB IiIporeHy, IPOTOHYBAaHHS I'eMO-
I001HY Ta pyHHYBaHHS €pUTPOLUTIB 3 TOCTYIO-
BOIO arperafi€ro ix MeMOpaHHHX MPOTeiHiB [5, 11].

AHaJti3 MOKa3HUKIB KUCIOTHOTO reMOJTi-
3y pub Danio rerio (puc. 4) nokasas, 110 y pHo,
ki 3a3HaBanu Aii XI1® y koruenTparirii 1 mr/m,
He OyJI0 BipOTiHMX 3MiH TOKa3HUKA TOTAJIHHOTO
TeMOJIi3y TOPIBHSIHO 3 KOHTpOJIeM. TpUBaiCTh re-
MOJIi3y €pUTPOLUTIB PHO JOCIITHUX TPYII, TOPIB-
HSHO 3 KOHTpPOJIEM, TaKOX He 3MiHIoBaj1acs. Bera-
HOBJIEHO, 1110 32 00panoi 1o3u XI1® Ta TpuBanocti
JOCITKEHb KUTbKICTh T€MOJTI30BaHUX €PUTPOLIU-
TiB 3poctae Ha 16,5 % (P<0,05). Busneni 3Miau
MOXYTh CBIAYHMTH IIPO BUHUKHEHHS PUXOBaHUX
CTPYKTYPHHX TIOIIKODKEHb OLTKOBO-JTIMIHOTO Ma-
TPUKCY MEMOpaH epUTPOLIUTIB.

3a nii XI1® y no3i 1 mr/in Gyno BUsBICHO
MIOCUJICHHSI IPOLIECIB pyHHYBaHHS €PUTPOLIUTIB,
110 MPOSIBISUIOCS 3POCTAHHIM BiICOTKA 3pyHHO-
BaHUX KJIITHH.

Otxe, MO)KHA KOHCTaTyBaTH, 1110 OMUCAaH1
Buie (i31010ro-010XiMiYHI TapaMeTpu MOXYTh
OyTy 1H(POPMATUBHUMHU MPU TOKCUKOJIOTTYHHUX J0-
CITIIDKEHHSIX 3 BUKOPUCTAHHAM pub Danio rerio siK
610JI0T1YHOT MOJIEI.

BucHoBknu

1. BusnaueHo napameTpH rocTpoi TOKCHY-
HocTi xyopripudocy st pud Danio rerio 3a BHe-
CEHHs1 HOTo B akBapiyMHy Boy. BctanoBieHo, 1o
MaKCHMaJIbHa KOHIIEHTparlist xjopripudocy (Tpu-
BAJIICTh EKCIIEPUMEHTY 96 rox), pH sKiil He OyI1o
3arubeni pub Danio rerio, cranoButs 0,375 mr/m,
a0coIOTHA cMepTeNbHa KOHIEHTpALlis — 2 MI/J,
HariBieraitbHa Konuenrparis (LC,)) — 1,23 mr/m.
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2. 3a nii XI1® y xonuentpanii 1 mr/n
KIUTBKICTh T€MOJTII30BaHUX EPUTPOIIUTIB 3POCTAE
Ha 16,5 % (P<0,05), 1110 MOXXe CBITYUTH PO BH-
HUKHEHHSI CTPYKTYPHHX MOIIKOIKEHb O1JTKOBO-
JIMIHOTO MaTpPUKCYy MEMOpaH epUTPOLIUTIB.

3. AkBapiymHi pubu Danio rerio MOXYThb
3aCTOCOBYBAaTHUCH SIK 010JI0T1YHA MOJIEIb JUIS J10-
clipKeHHs (Pi310710r0-010XiMIYHMX MapamMeTpiB
TOKCHYHOTO BIUIMBY Ha OpraHizm ¢ocdopopra-
HIYHUX CIONYK, 30KpemMa xJyopripudocy.

IlepcneKTMBY NOAATBIINX AOCTITKEHb.
VY nopanbimx gociimpKeHHsx Danio rerio sik 010-
JIOTIYHOT MOJIEMI JJIsl BUBYEHHS TOKCUYHOCTI (poc-
(hopopra"ivHUX CIIOMYK Y1 HIIHX KCEHOOIOTHKIB
JOUUIBHO PO3MIMPUTH Jiana30H 010XIMIYHHX
1 Pi3107I0TYHMX TOKA3HHUKIB, SIKI MOYXHA BUKOPHC-
TOBYBATH SIK 1HAMKATOpHI. Takoxk BapTO MpOBECTH
JOCITIKEHHS, BAKOPUCTOBYI0UM pubd Danio rerio
y Pi3HI OHTOI'€HETHYHI MEPiOIH, TOYNHAIOUH Bil
1KpH 1 3aBEPILIYIOYH NIEPIOZIOM 3PLIOCTI OpraHi3My.
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