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BCTYII

OcTaHHIMH pOKaMU 3pOCTAIOUUN CBITOBUN MOMHUT Ha puUOy Ta MOPENPOTYKTH
IPU3BIB 70 Oe3Mpele/IeHTHOT IHTeHCHbIKaIlll aKBaKyJIbTYPHUX MPAKTHK, 1110 CYTTEBO
BILJTUBA€E Ha SIKICTh 1 Oe3meKy KiHieBoi mpoaykiii [49]. MiKOTOKCHMHH — 1€ BTOPUHHI
MEeTa0OodITH, SKI TPOAYKYIOTHCS PI3HUMH BHUJIaMH TpHOIB 1 € MOTYKHUMH
3a0pyHIOBaYaMyd PUOHMX KOPMIB, CIIPUUYMHSAIOYM HETATUBHI HACTIAKU JJIA POCTY,
IMYHHO{ BiJIIIOBIiJli Ta 3araJikHOTO (Di310JI0TTYHOTO CTaHY BOJHHX OpraHizMiB [42].

MIKOTOKCHHM CTaHOBJISITH CEPHO3HY 3arpo3y i 3[0poB’s pud, HacamIepes
yepe3 IXHIO 3/1aTHICTh MOPYIIyBaTH KJIIOUOBI (izionoriuni nporecu. [lorpamistoun 10
opraHizMy pu0 pa3om 13 3apaXK€HUM KOPMOM, Il TOKCHYHI CIOJIYKH BUKJIHKAIOTh
YIIKO/DKEHHS I€YIHKM, HUPOK, KUIIEYHHWKAa Ta IMyHHOI cucTeMH. Bigomo, mio
MIKOTOKCHHH, 30KpeMa aduatokcuH Bl 1 Tokcun T2, iHriOyrooTh cUHTE3 OLIKIB,
IPOBOKYIOTh OKHCHIOBAJIbHHI CTpeC, MOPYLIYIOTb E€HEPreTUYHH OOMIH Ta
OpU3BOAATH JO CTPYKTYpHOI nerpagamii KiIiTHH. Taki BIUIMBH TNPHU3BOISATH 0
3aTPUMKH POCTY, 3HUKEHHS PE3UCTEHTHOCTI 0 1H(EKI1H Ta MiBUILIEHOI CMEPTHOCTI
cepen puo, 110 0COOIUBO HEOE3MEYHO B YMOBaX IHTCHCUBHOI akBaKyIbTypH [45].

KpiM rocTpoi TOKCHYHOCTI, MIKOTOKCMHHM MAalOTh XpOHIYHY Jil0, sKa
HpPOSIBISIETHCSI HABITh MPU TPUBAJIOMY HAAXOJKEHHI y HEBENUKUX Jo3ax. Lle moxe
OPU3BOJUTU JI0 HAKONWYEHHS TOKCHYHMUX €(EKTIB, 3HMWKEHHS pPenpoayKTHBHOI
31aTHOCTI, MOPYILIEHHS TOPMOHAJIBHOTO OaJlaHCy Ta PO3BUTKY MATOJIOT1i, BKIIFOUAIOUH
myXJuHHI nporecu. OCKUTbKM 0arato MiKOTOKCHHIB CTIHMKI 0 TEPMIYHOI 0OpOOKHU Ta
30epiraroThCs B KOpMax TPUBAIUM Yyac, KOHTPOJIb iX BMICTY € Ha/I3BUYAHO BaXKJIMBUM
AK JUIsl 3a0e3neueHHs 0100e31eKu y puOHUITBI, TaK 1 JJIs 3an001raHHs MOTPAIJISIHHIO
TOKCHHIB y Xap4OBHUH JIAHITIOT JTroauHu [41].

bioxiMIYHI MOKa3HUKHU KPOBI € €()EKTUBHUM IHAMKATOPOM TOKCHYHHUX 3MiH B
oprasi3mi pub, OCKIIBKH KPOB Bi0Opaxa€ CUCTEMHUN CTaH METaOOIIYHUX MPOIIECIB
1 pearye Ha YIIKOJ)KEHHsI BHYTPIIIHIX OpraHiB II€ 10 MOSBU KIIHIYHUX O3HAK. BoHa
0e3repepBHO TPAHCHOPTYE MOXKHMBHI PEYOBUHHU, MPOAYKTH OOMIHY, TOPMOHM U
TOKCHHH, a TOMY OyJ1b-5IK1 3pyII€HHA y (PyHKL1OHYBaHHI IEYIHKH, HUPOK a00 IMyHHOT

CHCTEMHU IIBUIKO MO3HAYAIOTHCS Ha 11 CKIIajl Ta pepMeHTaTUBHIN akTBHOCTI [40].
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[Ipy TOKCMYHOMY BIUIMBI, 30Kpe€Ma MIKOTOKCHHIB, Yy KpOB1 3MIHIOIOTHCS
KIIFOYOB1 O10XIMiIUHI mapameTpu — (epMEHTHA aKTHBHICTb, KOHIICHTpAIlis OLIKiB,
BYTJIEBOIIB, TPOIYKTIB OKMCHEHHS, @ TAKOK MapKepH CTpecy U 3araneHHs.

VY 3B’S3Ky 3 TUM, 10 MIKOTOKCUHU MOXYTh BUSIBIAITU TOKCUYHY AKTUBHICTh
HaBITh Y HAJI3BUYAITHO MaJuX KOHIICHTPAIlISX, [0 CTAHOBUTH CEPHO3HY 3arpo3y IS
3I0pOB’sl TBAPHH 1 POCIIMH, IOCTIHKEHHS IXHBOTO BIUIMBY Ha JKMBI OpraHi3MHu HaOyBae
0c00JIMBOT HAYKOBOT aKTyalbHOCTI.

MerTo1o Haoi podoTH € JOCITIIUTH 1301bOBaHUH BIUTMB MiKOTOKCHHIB T2 Ta Bl
Ha BMICT JeAKMX O10XIMIYHHMX TOKa3HHKIB B KpOBi Kapacs 3BuuaiiHoro (Carassius
carassius).

BianoBigHo A0 mocTaBieHoi METH HaMH OyJid BH3HAUCHI HACTYIHI 3aBJAaHHS
AOCJIIIZKeHHS:

1. BcranoButu 3MiHM aKTHBHOCTI aMiHOTpaHcdepa3 y KpoBi Kapacs
3BUYAMHOTIO ITi/1 BIULTMBOM MIKOTOKCHHY T2 Ta B1

2. BusnaunTu BMICT Jiesikux 010X1IMIYHMX MTOKa3HUKIB B KPOB1 pud 3a YMOB
BHeCeHHs MIKOTOKcHHIB T2 ta B1;

3. 3’scyBaT MOXJIMBI MEXaHI3MM aJarnTaiii opraHi3My Kapacs 10 il
MIKOTOKCHHIB.

O0’ekT: 0OioXiMiuHI TIOKa3HMKH KpoOBi Kapacs 3BuuaiiHoro (Carassius
carassius).

IIpeamer: 3MiHa MOKAa3HUKIB O10XIMIYHOIO CKJIaAy KpOB1 Kapacs 3BHYalHOTO
(Carassius carassius) 3a BBy MikoTokcuHiB T2 ta Bl

MeToau nocJtixxeHHs1 - 610XiMIYHI Ta CTaTUYHI METOAM 00poOKH 1H(popMmartii.

Anpobairisi pe3yJbTaTiB A0CTiKEHHSI

Tapacenko A.C. BiuB MIKOTOKCHHIB Ha JesiKi 010XIMi4HI MOKa3HUKUA KPOBI
Carassius carassius. Anvmanax «QNy» : 30ipuux naykosux npayv cmyoenmie VII
Bceykpaincokoi  cmyodenmcwbkoi  HAYKOB0O-NpAKmMuyHoi  iHmMepHem-KoHpepeHyil
«CTyIEeHTChKUI HAYKOBHH BHMIp TPOOJIEM MPUPOIHAYO-MATEMATHYHOI OCBITH B
KOHTEKCT1 1HTerparlii YKpaiHu J0 €IUHOTO €BPOIMEUCHKOTO 1 CBITOBOTO OCBITHHOTO

npoctopy» I'nmyxis, 2025. C. 350-353



PO311J1 1. BIIVIMUB MIKOTOKCHUHIB HA BIOXIMIYHI ITAPAMETPHU
KPOBI PUDb

1.1. bioximiuHi 3MiHu y KpoBi pud ik pakTop aganTamii 10 aii TOKCMYHUX
pe4YoOBHH

[Ipobiema cTifikOCTI OpraHi3Mmy, HOro ajamnTaiii 10 3MIHHUX (aKTOpIB
CEpelIOBHINA 3AIMIIAETECA OJHIEI 3 IEHTpalbHUX Mpobiem Oiozorii. [lonsrrs
ajanramii BKJIIOYA€ IIUPOKUM CIEKTP CIOCOOIB TMPUCTOCYBAaHHS JO YMOB
HABKOJIMIITHLOTO cepeaoBuina. [Ipobnema cTaHOBICHHS MeEXaHI3MIB ajanTarlii B
010XIMIi TICHO TOB'A3aHa 13 3arajbHOIO MPOOJIEMOIO CTIMKOCTI KMBHX OPIaHI3MIB.
HaiiGinpmmii iHTepec mpeacTaBisie BUBYCHHS aJanTaiiii Ha TIiI XBOpoO, IO
BIJIPI3HSIIOTHCSA BEJIMKOIO PI3HOMAHITHICTIO THIIB, PIBHIB, MEXaHI3MIB PEAKIIIH, IO
3MIHIOIOTBCSI 3aJIEKHO BIJl HAIpPSMKY Jii KOHKPETHOro (akTopy cepelioBuilna ado
OpraHi3My: HepexiJ >KMBOi CUCTEMHU JI0 HOBOT'O CTIMKOrO CTaHy B OJAHMX BHIIJKaX
B110yBa€THCS MIBUJIKO, B IHIITUX — IMOBUIBHO.

KoxeH opraHi3M iCHye B INEBHOMY CEpEAOBHINI, IO SIKOTO BIH IOCTIHHO
npucToCcOBYEThC. OIHI BUAM MalOTh BY3bKY, 1HIII — HIMPOKY MPUCTOCOBYBAHICTD.
HeoOximHO mpuauiaTh yBary BCeOIYHOMY BHMBYEHHIO LIBOTO MPOLECY. AanTtaris
PO3IIIAIA€ThCA SIK 3JATHICTh KUBOTO OPraHi3My HPHUCTOCOBYBAaTHUCH JI0 3MIH yMOB
CEpeIOBHUIA 3 OJTHOYACHUM TI1JIBUIIEHHSM 1MOBIPHOCTI BHKMBAHHS 1 PO3MHOMKEHHS
[26].

BaxxnuBoro ocoOnuBICTIO aganTailii € i1 BIIHOCHUN XapakTep, BiAMOBIAHO 10
SAKOTO OpraHi3M a0do MomyJiALis Kpaile ado ripiie NIPUCTOCOBaHI O KOHKPETHUX YMOB
IPUPOAHOTO CEpe/lOBUINA B MEBHUN MoOMeHT. [Ipu 3MiHI yMOB cepenoBuIiia abo
3HAYEHHS E€KOJIOTIYHOro (DakTopy amanTalliiiHUi CTaH MOXE 3MIHUTHCA, 1 paHilie
ajanToBaHl OpraHi3MM TmepecTaroTb OyTH TakuMu. OCHOBHMMH O3HaKaMu
MPUCTOCOBAHOCTI €: CUCTEMHUN XapakTep, OaratopiBHEBICTh 1 IliHA aJarTarii,
BKJIFOUAIOYH PO3MIp BUTPAT PECypCiB OpraHizMy abo MomyJIsiii Ha IPUCTOCYBaHHS 10

HOBHX YMOB.



Apnanrariiss 10 YMOB 30BHIIIHBOTO CEpPEOBUINA K yHIBEpCcabHE 010J0TIUHE
ABHILE (POPMYETHCS Ta MPOSABIIAETHCS HA BCIX PI3HUX PIBHAX O10JOTIYHOI OpraHizarii
— B1J] MOJICKYJISIPHOTO JI0 0101IeHOTUYHOT0. Ha moBe1iHKOBOMY PiBHI OpraHi3MH JIIFOTh
3aBASKA TUM a00 IHIIMM MeXaHi3MaM, fKi 30UIbIIYIOTh IIAHCH Ha BW)KUBAHHS Ta
po3mHOXkeHHs. Ha (i3ionoriynoMy piBHI 11€ MPOSBIAETHCSA Y 3MiHI (PYHKITIOHATIBHOT
aKTUBHOCTI opraHiB. Ha cTtpykTypHOMY piBHI — B Oy10B1 opranizmy. Ha G1o0xiMiuHOMY
piBHI — y 3MiHI cienu(iku 0OMiHy pEYOBHH.

bioxiMiuHl 3MiHM amanTaiii HaidacTime BimOyBalOThCS HA PIBHI OCHOBHUX
MeTa0oIYHUX (DYHKIIHA 1 TOMY € MAaKpOCKOIIYHO HEMOMITHUMHM. Y CITIIIIHA ajanTallis
(dbepMEeHTaTUBHUX CUCTEM, MEMOpaH, NUXaJIbHUX MITMEHTIB TOIIO /10 TUX YW 1HIIUX
YMOB CEpEJOBHINA III€ HE CBIAYUTh NPO 1ACHTHYHICTh YCIX CHUCTEM Y pIZHUX
OpraHi3MiB, HaBITh SIKILIO 30BHIIIHI aJallTUBHI O3HAKW B HUX OAHAKOBI. J[J1s TOro 11106
BUSIBUTH 111 OCOOJIMBOCTI B ajamnTailii Ol0XIMIYHMX CHUCTEM, aBTOPU PO3IIISHYJIH
CIOYaTKy Ti O10XIMiuHI Ipolecy i GyHKIIIT, siKi aOCOTIOTHO HEOOXITHI JIJIsl BC1X )KMBUX
ICTOT 1 IPOSBISAIOTH YYTIMBICT 0 3MiHU (pakTOpiB cepenopuia [23].

Lle crocyeThes, epeayciM, 010XIMIYHUX afanTallii, CIpsIMOBaHUX Ha:

o 30€peKeHHA ULUIICHOCTI Ta (YHKIIOHATHHOI AaKTUBHOCTI MaKpOMOJIEKYJ
(HYKJIETHOBUX KHCIOT, (DEPMEHTIB, CTPYKTYPHUX 1 KOHTPAKTUJIbHUX OLIKIB) Ta
HAJMOJICKYJISIPHUX KOMIUIEKCIB (XpOMaTHHY, XPOMOCOM, puOOCOM, MEMOPAH);

o 3a0e3MeyeHHs OpraHi3mMy JKepenamMH €Heprii Ta NOKMBHUMHU PEUOBUHAMH, 11O
BUKOPUCTOBYIOTbCA Il O10OCHMHTE3y OUIKIB, HYKJIEIHOBUX KHCIIOT, BYTJIEBOAIB 1
JIITIIB, K1 CKIIaJal0Th TKAHMHU OpraHi3My H € 3armacalouiMy,

e MIATPUMKY PETYJSATOPHUX MEXaHI3MIB OOMIHY PEUOBHH 32 YMOB 3MiH 1 BIJTUBY
HECTIPHUATIIMBUX YMOB JIOBKIJIIS.

{1 ¢pynnamenTanbHi (yHKLII TOTPIOHI BCIM JKUBUM CHUCTEMaM, 3a OyAb-SKHX
YMOB, Y KMX OM BOHHU HE icHyBaiu. OCKUIbKM MeTabOJi4Ha aKTUBHICTh OPraHi3MiB
3aJIeKUTh BIJl CTaHYy MaKpOMOJICKYJ, 30KpeMa (epMEHTIB 1 HYKJIETHOBUX KHCIIOT,
MPOIIECH aJanTallii MOBUHHI OyTH CHpsIMOBaHI Ha Te, 00 (PYHKIT MAaKPOMOJICKYT
BIJIMOBIJIATTM ¥ Peali30BYBAIMCh 3 TaKOIO MIBUAKICTIO, SIKa JO3BOJIUTH 3a0€3MEYUTH

KUTTEBI TIPOIECH OpraHi3My OesnepeOiitHo, TOompy BIUIMB JTOBKULIA. Y TIpolieci



8

ajanTalii opraHizM 3a0e3nedye, MATpUMYy€e abo BITHOBIIOE IOMEOCTa3 — CTalICTh
HOro BHYTPIIIHBOTO cepeioBuIlla. Bupas «BeKTOpHHUIT ToMeocTasy MiJKPECIIoE, 0 B
mporieci ajanTaiii 70 30BHIMIHROTO CEpPeOBUINA IIBHJAKICTb, THUI 1 HaIpsM
MEeTa0OIIYHUX PeaKIliii «HaJAIlITOBYEThCS» TaKUM YHMHOM, 1100 OpraHi3M MOCTIHHO
OTpUMYBaB HEOOXiHI oMy peyoBmHH [33].

[Torpu BCIO CKJIaAHICT OOMIHY PEYOBHMH OCHOBHI (DYHKIIT METa00I13MYy JTOCUTh
npocti. [1o cyTi, KT THHHUI MeTabo113M Yy BCiX OpraHi3MiB 3aBKIM BUKOHYE 3aBIaHHS
YTBOPEHHSI BHCOKOEHEPTeTHYHUX CIONYK, fAKI MOTPiIOHI I OIOCHHTE3y HOBHUX
MOJIEKYJI, TeHepallii BiTHOBIIOBAILHUX areHTiB, Takux sk HAJI®-H, o motpi6H1 ais
BIJIHOBJIEHHS, 1 3a0€3MeUEHHS Nepediry KIIOYOBUX O10XIMIYHUX PEAKIIii.

VY pe3ynbTari NoeAHAHHS TPHOX MepeTiueHnX Bulle GyHKIIIH opraHi3M HaO0yBae
crenupiyHUX O10XIMIYHUX BJIACTUBOCTEH. AJie BCl i MeTaboiiuHi (yHKIII He
130J1b0BaHI1, 8 KOOPAHHYIOTBCS: KOKEH OKpEMUN META00IIYHHI POLEC, BIAMOBITHO J0
noTpe® opra”iaMy, BiAOYBa€ThCSI aBTOHOMHO, ajleé HE OKPEMO BiJl 3arajJibHOTro
MeTa0oJ1I3My KIITHHH. AKTHBHICTh KOXHOTO META0ONIYHOIO NUIAXY Ta HaBITh
KOXHOTO (DepPMEHTY PETyIIOEThCS (DEPMEHTHUMH CUCTEMAMU, KOOPIUHYIOUUMHU HOTO
3 JIOKaJbHUM XIMIYHUM CEpPEIAOBHUINEM KIITHHHU, 1 B KIHIIEBOMY MIiJACYMKY — 3
noTpedaMu BChOTo opranizmy [46].

[li perynaropai (QyHKIIT € BaXJIMBUMH Il TPUCTOCYBAHHS O 3MiH
HABKOJIUIITHLOTO CEPEIOBHUIIIA.

VY mnpoueci aHamizy O10XiIMIYHOI aaanTarlii BUAUISIOTH TPU OCHOBHI THIH
aJlanTHBHUX MEXaHI3MIB a00 «CTpaTeriiy:

1. [IpucTtocyBaHHs MAaKpOMOJEKYJSPHUX KOMIIOHEHTIB KIITHHH a0o

PIIIKOTO CepeIOBUIIA OPTaHi3MY.

2. [IpucTtocyBaHHs ~ MIKpOocepenoBHUIa, B  AKOMY  (DYHKIIOHYIOTb
MaKpOMOJIEKYJIH.
3. [TepebynoBa Ha  (QYHKIIIOHATLHOMY  PIBHI, KOJM  3MIHIOETHCS

e()eKTUBHICTh MAaKpPOMOJIEKYJIIPHUX CHCTEM, 30KpeMa (epMeHTIB, 0€3 3MIHU CKIIaTy

HAsIBHUX Y KJITHHI MaKpOMOJIEKYJI UM 1X THIMIB.
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Posrnsparoun 111 amanTUBHI peakiii Ha piBHI O10XIMIYHOTO MeETaboJi3MYy,
JOCTITHUKH TOAUIAIOTH iX Ha /1Bl BEJUKI TPYTIH:

. Apnanrariii, mToB’si3aHl 3 HaSBHUMM B KJIITHHI MaKpOMOJIEKyJIaMHu abo 3
YTBOPEHHSIM HOBHX THUIIIB, peali3yl0Thcs 0€3 3MiHU (DEPMEHTHHX CHUCTEM, aJie¢ 4acTo
TOYKa pearyBaHHs — caMe KaTaliTUYHa 3AaTHICTh ()EPMEHTIB, KA MOXE MaTH OUIbIITY
3MIHHICTh, HI’K CTPYKTypa Oisika 3arajom. Yepes 11e GepMEHTHI CUCTEMH BUCTYIAIOTh
CBOEPITHOIO «CHPOBUHOIO» I ajmanTtaniiamx mnporeciB. Cepen mapameTpiB, IO
MiAaI0ThCsl 3MiHI: KaTaliTUYHA €(QEeKTUBHICTh, CHOPIAHEHICTh 10 CyOCTparty,
YYTJIMBICTh JI0 MOJAYIIOIYNX (HaKTOpiB (130MEPH, aJOCTEPUUHI CalTH, KOHEPMECHTH
TOIIIO).

. Apnanrarii, TOB’S3aHI 3 PEryisdiier0 (yHKIIOHAILHOI aKTHBHOCTI
MaKpOMOJIEKYJI, Iepen0ayaroTh 3MiHY X aKTUBHOCTI B KJIITHHI. PeryisiTopHi curnanm
MOXYTh OyTH (Pi3MUHUMU (TemIepaTypa, TUCK), XIMIYHUMU (TOPMOHHU, META0OITH),
OilosoriuHMMH (TIepeiada CUTHATY MK KIIITUHAMU) a00 erireHeTHYHUMHU.

MikpocepenoBuie, y SAKOMY (PYHKIIOHYIOTb MakKpOMOJEKYJIH, 30Kpema
dbepMeHTH, TEX Ma€ BaXJIMBE 3HaueHHsd. Jlimiaw, sKi  HE BXOIATh Y
«MIKpPOCEPEIOBUIIE», MOXKYTh CTBOPIOBATH cHelu(iuHe OTOYEHHS g (EepMEHTIB
(0cobimBO MEMOpaHHHUX ), 3a0€3Meuyour iM He0OX1JHI YMOBH JJIs1 (DYHKI[IOHYBaHHSL.
Hampuknan, 3MiHM TemmepaTypd YW THUCKY BHKJIMKAIOTh MepeOynoBY JIIMiTHOTO
CepeIOBUINA MEMOpaH, M0 3MIHIOE aKTUBHICTH 3B’sA3aHUX (epMeHTIB [34].

3MIHM MIKPOCEpPEOBUILlA CYMNPOBOKYIOThCS 3HAYHUMU TiepedynoBamMu B
CTPYKTYPI Cepe/IoBHINA — 30KpeMa MEMOpPaH — 1 MOJKYTh MaTH BIUTMB HaBiTh 0€3 3MiHU
CKJIay caMHX MakpoMmoliekys. OTxe, ajganTaimis Ha LbOMY pIBHI mnependadae
30epexeHHs (yHKIIIT 32 paXyHOK 3MIHM OTOUYEHHS, a HE 000B’SI3KOBO CTPYKTYPH.

TeMmnu amantamiiHuX 3MIH 3alie)KaTh Bl 1€papxii PeryasTOPHUX MPOIIECIB.
Hampuknan, 3MiHM Ha pPIBHI TPAHCKPUIILII MOBUIBHINII, HDK TPSMUN BIUIMB Ha
depment. Lle moscHioe, YoMy nesiki amanraiiii BigOyBarOThCS MIBUIIIE 32 1HIIII.

Perynsiis memOpaHHOT MiKpOocepe0BHUIla, 30KpeMa 4epe3 JIMiau, — 11e OAuH
HampsiM O10XIMIYHOI ajamnTailii, SKWi JO03BOJISIE OpPraHi3My MIATPUMYBATH CTai

(GyHKIIT 32 yMOB 3MiHHM TemrepaTypu, TUCKY, pH Tomo. JlocmixkeHHs moka3aiu, 1110
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B IIbOMY KOHTEKCTI PEryJIsilis BKe B110YBAa€ThCS HA PIBHI KJIITHH a00 HABITh OPraHizmMy
B IILJIOMY.

[le BaxIMBHII BHCHOBOK: ajamnTailisi He 0OOB’S3KOBO O3HA4ya€ 3MIHY CKIIaay
MaKpOMOJIEKYJl — BOHa MOXKE JIOCSATaTUCh 4Yepe3 3MIHY CEepeloBHIlA, B SIKOMY I
MaKpPOMOJIEKYJIU MPAIoTh [12].

Ananrariiss pu6 70 BIUTMBY 30BHIIIHIX (hakTOpiB mepeadadae 3a0e3nedeHHs ix
TKaHUH HEOOX1THUMH €HEPreTUYHUMHU pecypcamMu. Y 3BHUaHUX YMOBaX y TKaHUHaX
HOIATPUMY€EThCA OanaHc MK JiMigamMu, OUTKaMH Ta TJIIKOTEHOM. 32 HOPMajbHOTO
(1310JIOT1YHOTO CTaHy M 3pOCTaHHS OpraHi3My BiJIOYBa€TbCS HAKOMMYECHHS O17IKOBOI
MacH, 10 cIpusie 30UTbIIEHHIO MacH Tia. BaxxnuBy poJib y peryisiii 0OMiHy pe4OBHH
B3UMKY BIJITpa€e TJIIKOTEH, SIKMM HAKOMUYYEThCS B OPraHi3Mi 1 CIIYKUTh OCHOBHUM
JDKEpEJIOM €Heprii nmpu Ae(iluTI KUCHIO Yy BOJL. Y BECHSHO-JTITHIN Mepiof, KOJIH
TOKCUYHE HABAHTAXKEHHA 3pOCTae, a MoTpeda B €Heprii MiABUIIYETHCS, TIIKOT€H
3a0e3nedye  IBHAKY ajanTallifiHy BiAmoBizb Ha crpec. Moro 3amacu
BUKOPHUCTOBYIOTHCS Y BUTIAJIKAaX HECTIPUATIMBUX YMOB, 30KpeMa 3a 3MiH TEMIIepaTypH,
ra3oBoro pexuMmy abo B yMOBax TOKCHYHOTO 3a0pyaHeHHS. OCKUIBKHM TJIKOTEH
AKTUBHO BUTPAYAETHCS IMiJ] Yac CTPECy, HOTO BMICT y TKaHMHAX pUO MOXKE CBIAUYUTU
PO piBEHb TOKCUYHOCTI BOAM. Bi10MO, 1110 XIMIYHI TOKCHUKAaHTH 3HWXKYIOTh PIBEHb
BYTJIEBOAIB y mewiHIi. [Ipu medinuTi KUCHIO 3amyCKa€eThCs TIAPONI3 TIIIKOTEHY J0
TJIFOKO3H, sIKa BUKOPUCTOBYETHCA SIK JIKEPENIO €Heprii B yMOBax TINOKCIi. 3a TaKux
YMOB Y TTa3Mi KPOB1 MIJBUIIYETHCSI KOHIIEHTpPALlIs TJIFOKO3U BHACTIAOK PO3IICTIICHHS
MEYiHKOBOTO TIiKOoTreny [7].

[Tix yac omiHKM (Pi310J0TIYHOrO CTaHy PUO OJHHMM 13 BaXXKJIMBUX MOKA3HUKIB €
pPIBEHb TJIIOKO3U B OpraHi3Mmi. Y mpoliecax JCTOKCHKAIlll 3HAYHY POJIb BIIITpae i
TJIIKOTEeH, SIKUW 3abe3reuye eHepriero npu 3a0pynHeHHi BojoiM. lLle ocobauBo
XapakTepHO JIsl JOPOCTUX OCOOMH Kapacs abo OKYHS, IO MEIIKAlTh y BOJAAX 3
KucinuM cepenouieM, ne pH Moxe caratu npubauzno 4,0. BmicT rimoko3u Ta
TJIIKOTeHY B TKaHMHAX pUO MOXKHA BBaKaTH UYYTIWBUM MapKepoM 3a0pyIHCHHS,
OCKIJIbKH X KOJIMBaHHS B1J0OpakaroTh CTPECOBI peakiiii opranizmy. [ligBuients abo

3HIDKCHHSI PIBHS IIUX PEYOBHMH CBITYUTH MPO MOPYIIEHHS romeoctasy. Hampukmiasn,
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BCTAHOBJIEHO, 110 y MOPCHKOTO JIsIa PIBEHb TIVIFOKO3U B KPOBI MiJABUILYETHCS
nmapajgenbHO 31 3pOCTaHHAM MiHepamizamii Bojau. lle mMoB’s3aHO 3 aKTHBAIII€IO
€HJOKPHHHOI BIMOBIAI — 30KpeMa, BIUIMBOM KOPTUKOCTEPOIMHMX TOPMOHIB, SKi
CTUMYJIIOIOTh MOOLTI3AIlI0 TJIOKO3M SK JIETKOJOCTYITHOTO JIKepena €Heprii s
TI0JIOJIAHHS CTPECOBUX BIUTNBIB [35].

[Ipu axkTuBaIi MeTabo0I3My BUTPAYarOThCS TaKOXK JACMOHOBAHI B TUI pUOH
€HEeproe€MH1 CIOIYKH y BUIJISLIIL MimiiB. Ll ciomyku ciyryioTh JKepesnoM eHeprii npu
TPUBAJIOMY HAaBaHTAXKEHHI, TOJl AK TJIKOT€H MOOUTI3Ye€ThCA MEPEBAXHO B YMOBaX
pI3KOT0 ab0 KPUTHUYHOTO CTpecy. Y BIJMOBIAb HA CTpecoBl (aKTOpU B OpraHizmi
B11I0YyBalOTHCSI META0OJIYHI 3MIHM, IO CYHPOBOKYIOTHCS MOCHJICHHSIM MPOLECIB
nepekucHoro okucHeHHs miniaiB (IIOJI). Hanmipue nakonuuenns npoaykriB [1OJI e
O3HAKOIO MOTIPUIEHHSI €KOJIOTIYHUX YMOB, a X KOHLEHTPALll0 BUKOPUCTOBYIOTH SIK
O101HIUKATOP JJIS OLIHKH SIKOCTI BOAHOTO cepeaopuina [13].

Jlimigu BimirparoTh KIIOYOBY poOJib y 3a0e3nmedeHHi aganTaiii pud 1o
HECIPUATIUBUX YMOB CEpPEAOBHINA, 30KpeMa TMpPH BIUIMBI aHTPOIMOTEHHUX
3a0pynHIOBaviB. 30KpeMa, MOCTYIMOBE 3POCTAaHHA MiHepadi3aiii BOJH, IO YacTo
CIOCTEPIraeThCsi y CTOAYUX abo CinadompOTOYHMX BOJOWMAxX, € BaXKJIMBUM
€KOJIOTIYHUM (DaKTOPOM, SKUH BIJIMBA€ HA €HEPreTMYHUN OOMIH y MpPE/ICTABHHKIB
ixTioaynu. OcobIMBO Bpa3IUBUMHU JI0 TAKUX 3MiH € CTCHOTATIIHI BUAM, K1 Uy TIHBO
pearyroTh Ha 3MiHM 10HHOTO CKJIaAy BOAM, 10 MPU3BOJUTH 10 OPYIIEHb  JIITITHOMY
oOMiHi. Y puO, sIKI MEIIKAIOTh Y 3a0pyJHEHOMY CepeIOBHIII, YacTO (PIKCYyIOTh 3001 B
MeTa0oIi3M1 JTMIAIB, 110 HETaTUBHO TO3HAYAETHCS HAa IXHBOMY KHUTTEBOMY IIHUKIII.
Hanpuknan, BOauB cojedl MiJil COPUYUHSE MIJABUILIEHHS PIBHS 3arajJbHHUX JIIIIIB,
CTUMYJIIOE TIEPEKUCHE OKWMCHEHHS JIMiAiB 1 30UIbIIy€e KOHIIEHTPAIlI0 MajJOHOBOIO
JlaspAeriay B mia3Mi KpoBi Ta TkaHuHax [28].

3MiHM B 10HHOMY CKJIaJll BOJAHOTO CEPEAOBUIIA 3HAUHOIO MIPOIO BILJIMBAIOTh HA
T THUHN 1 ByTJIEBOJHUN 00MIH y OMUKOBHX prl. 30Kpema, TiIBUIIIEHHS KOHIICHTPAIIii
TYMIHOBHUX KHUCJIOT y BOJIl CIIPUYMHSIE 3HUKEHHS PIBHS 3arajdbHUX JIIIIB 1 TTKOTEHY
B TIEYIHKOBHX Ta M’ SI30BUX TKaHWHAX. [loTpamissHHA BaXKKUX METAIB JI0 OpraHi3My

MOPYIIy€E C€HEPreTUYHUN OOMIH, BUKJIMKAIOUM AUCOATaHC MK BYTJIEBOJHUMHU Ta
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JimiaHuMU  npouiecamu. [lopyiieHHsT CHiBBIIHOIIEHHS MDK OUIKaMu 1 JIIMijgamMu
CBITUYUTH TIPO JeCcTadiii3aimif0 OCHOBHHMX (Pi310JOTIYHUX TMPOIECIB, IO MOXKE
CIIyTyBaTH O3HAKOIO €KOJIOTIYHOro crpecy. KpiM TOro, BCTaHOBIIEHO, IIO PiBEHb
HAKOMMYCHHS JIMAIB MOPsIMO KOpEtoe 3 KOe(IIllEHTOM BIroOJIOBAaHOCTI pHUO, IO
JI0JTATKOBO TIATBEP/KYE WOTO 3HAYEHHS SK MOKAa3HWKA 3arajbHOTO (i310J0TIYHOTO
ctany [8].

Y pa3l TpuBajIOro BIUIMBY CTPECOBUX YHMHHHKIB Ha OpraHiam puod
CIIOCTEPIraeThCsl aKTUBHE BUKOPUCTAHHSA O1JIKIB K JHKepesia eHeprii s miATpUMaHHs
KUTTEIISIIBHOCTI TKaHWH. JIesKi TOKCHYH1 pEUOBUHH, MIPU TPUBAIOMY HAXO/XKEHHI B
OpraHi3M, CIPUUYUHSAIOTH 3MEHIIIEHHSI BMICTY SIK O1IKIB, TaK 1 JIMIIB, III0 HETATUBHO
BILIMBA€E Ha MPOIECH O1IJIKOBOIO CHHTE3Y. 3MEHIIICHHS! KOHIICHTpAIlli OLIKIB y TeuiHIl
Ta M’s13aX OB’ A3YIOTh 13 X 3aJy4Y€HHSM JI0 [IPOLIECIB MIFOKOHEOTEeHEe3Y. [3 moCHIIEeHHAM
TOKCUYHOTO HABaHTaXEHHS BOJHOTO CEpPEOBUINA BMICT OUIKIB y TKaHUHAX pPHUO
3HIDKYETBCS 111e OLTBIIE, IO CBIAYUTH PO METa0O0IuHE HANPYKEHHS Ta MOPYIICHHS
OOMIHHMX ITPOILIECIB.

PiBenp OUIKIB y miia3mi KpOBI Ta TKaHWHAX pUO € UYyTIIMBUM TMOKA3HUKOM
iXHBOTO (1310JIOTIYHOTO CTaHy W BifoOpa)kae peakilifo OpraHi3My Ha 3MiHY YMOB
CepeloBUIlA. 3MIHM B €KOJIOTIYHINA OOCTaHOBIII 3HAYHOIO MIpOIO0 BIIMBAIOTH HA
OuKOoBUM OOMIH. Y KPUTHYHHUX a00 EKCTPEeMAaJIbHUX yMOBaxX pPHOM MOYMHAIOTH
BUKOPUCTOBYBAaTH OUIKM $IK aJIbTEPHATHBHE JKEPENO €HEeprii A MiATPUMAHHS
BHYTPIIIHBOI piBHOBaru. OKHUCHEHHS OUIKIB Ta aMIHOKHCIOT CTAa€ BaKJIMBUM
aJanTUBHUM MEXaH13MOM y CUTYaIlisIX, KOJIM OPTaHi3M PETYIISPHO MEPEKUBAE KUCHEBE
roJiogyBaHHs a00 Koju e€(EeKTUBHICTh aepOOHOTO MeTa0O0i3My BYTJIEBOIIB 1 JIIIiIIB
3HUXKYEThCs [25].

PiBeHb HAKOMMYEHHS TJIIKOTEHY, OUIKIB 1 JIMIAIB Y IEpeAHEPECTOBUIN NEPio €
BaYKJIMBUM MOKa3HUKOM (D1310JIOTTUHOTO CTaHy pUO Ta CTYINEHs IXHbOI TOTOBHOCTI /10
BIITBOPEHHS. 30KpeMa, IUIONIOYICTh pUO 3HAYHOIO MIpPOI0  BU3HAYAETHCSA

KOHIIEHTPAIIEIO JIMIAIB y M S30B1H 1 IEYIHKOBIM TKaHUHAX.
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OTxe, aHaMI3 BMICTY KJIIOYOBUX €HEPreTUYHUX CIOJIYK JIa€ 3MOTY OL[IHUTH HE
TIJTSTHKH.

AwminoTpaHcdhepasu — 1e QepmeHTH Tpynu TpaHcdepas, SKi MEPEHOCITh
amiHorpymnu 0e3 yTBOpeHHs BUIbHOTO amiaky. Lli dpepmenTH BiirpatoTh IEHTPAIbHY
poJib y O1IKOBOMY OOMiHI Ta IMOB'sI3aH1 3 BYTJIEBOJHUM OoOMiHOM. HalBakmuBimmmu
TSt AKHUBHUX OpraHi3miB € ara"iHamiHOTpaHc(pepasa (AJIT) Ta
acnaprataminorpancdepasa (ACT) [27].

AJIT nepeBakHo sokanizoBana B nevinii. ACT menm cnenudiyaa 1 MICTUThCS
y 6araTbOX TKAHHHAX, BKJIIOYAIOUM Ceple, M'S3U, HUPKH Ta TONOBHMH MO30K. IXHs
BUOIpKOBa TKAaHWHHA CIIEI1aji3allisl J03BOJIAE€ BBAXKATH 1X MapKEPHUMH (hepMEHTAMHU:
AJIT — nnsa neuinku, ACT — nna miokapna. BoHu Hanexars 10 1HIMKaTOPHUX
(epMEHTIB, aKTUBHICTb SIKUX 3pOCTAE€ MPU MOMIKOPKEHHI TKAHUH BHACIIJIOK 3aruoeri,
pyWHYBaHHS KJIITHH Ta BUXoAy (epMeHTy B KpoB. Lli dhepMeHTH 3HAYHO YYTIMBI 710
Iii SIK NPUPOJHUX, TaK 1 AHTPOIOTeHHUX (PAKTOPiB 1 OEPyTh y4acTh y BIANOBIIHUX
peakKilisx K OpraHi3aMy B IIJIOMY, TaK 1 MEYIHKHU SIK TOJIOBHOTO OpraHy JETOKCHKAIIil
KCEHOO10THKIB Ha 3MIHY CTaHy 30BHIIIHBOTO CEPEIOBHUIIIA.

ACT (rnyramar-okcajanerar TpaHcamiHaza, L-acmapraT2-okcorimyTapar
aminopancdepaza — GOT; KO 2.6.1.1) karamizye MDKMOJCKYJISPHUNW TEPEHOC
aMIHOTpynu MiX L-acmapariHoBOIO Ta 0-KETOITYyTapOBOIO KUCJIOTaMU. BcTaHOBIEHO
11 IEpBUHHY CTPYKTYpPY, CKJIaJ aKTUBHOT'O LIEHTPY Ta MOJIEKYJSIpHY Macy. Monekyna
(GepMeHTy € nauMepoM, IO CKIAJa€TbCsl 3 JBOX CYOOJMHHUIL 3 OJHAKOBOKO
MOJIEKYJISIPHOIO Baroro, KOKHa 3 SKUX MICTUTh MOJIEKYJTy TipuaoKcanbdocdary.

VY xmituai ACT npencrasiiena nBoma i30hepMeHTaMU: MITOXOHAPIATBHOIO (M-
ACT), mo mocrayae acmapTaT JJig LHMKIy YTBOPEHHsS CEUYOBUHHU, Ta
muToriasMatuaaoo  (n-ACT), sika Oepe ywacTh y TpoOIeCi TIJIFOKOHCOTCHE3Y.
HesBaxatoun Ha BIIMIHHOCTI B JIOKai3aIlli Ta BUKOHYBaHUX (PYHKITISX, TPUHITUTT i
ux 130)0pM OJHAKOBUHU.

AJIT (rmyTamar-mipyBaT TpaHCcaMiHa3a, L-amanin-2-okcormytapar

aminotpancdepaza — GPT, K® 2.6.1.2) katanizye 000pOoTHHI IEPEHOC aMiHOTPYIIH



14

MK L-anaHiHOM Ta 0-KETOrayTapoBoro KuciaoTow. KodgepmeHntoM y oMy mporeci
BUCTYTAE MipHUI0KCATb-5-pocdar.

[TopiBasiHo 3 ACT, AJIT menm BuBueHa. DepMeHT BUSABICHUN Yy KIITHHI Y
dbopmi 1BOX 130(hepMEHTIB — IUTO30JILHOTO Ta MITOXOH/IP1aJIbHOTO, MPOTE OCTAHHIN €
HECTaOUTFHUM 1 MICTUTBCS Y HEBEJIUKIHM KUTBKOCTI.

VY cuposarii KpoBI MoOpchbkoro #opka akTuBHICTH AJIT migBuiyeThCa y
TpupiyHUX ocoOuH. OpHak, Ha BimMiHy Big ACT, cTareBHX BIAMIHHOCTEH He
BUSBIICHO.

OfHUM 13 MIPIOPUTETHUX HATIPSIMKIB JIOCHIIKEHb aMiHOTpaHc(depas € BUBUCHHS
BIUIMBY PI3HUX TOKCHKAHTIB Ha AKTHUBHICTh (PEPMEHTIB y TKaHMHaX pud. 3HauHa
KUIBKICTh pOOIT IPUCBSYEHA BIUIUBY BaXKKUX METAJIIB HA aKTUBHICTH ITUX ()EPMEHTIB
y pI3HUX OpraHax Ta TKaHuHax puo [23].

[lopsin 3 BUBYEHHSM AaKTUBHOCTI TpaHCaMiHa3, BHUKOPHUCTOBYIOTH METO]
OararoBapiaHTHOTO HaOIMKeHHs. biBapiabGenbHUM HAOIMKEHHSIM € BIJHOIICHHS,
sanporioHoBane jae¢ Piticom (ACT/AJIT). lleli moOKa3HUK JO3BOJISE OIIHUTH
¢dyHKIIOHATBPHE HABAaHTAXXEHHS Ha IMEYlHKY Ta cepie. Pi3ki 3MmiHM KoedilieHTa
BIJIHOCHO JHCKPUMIHAIINHOT BEJIMYMHHM CIYTYIOTh 1HAUKATOpaMH MaTOJIOTTYHUX
MPOIIECIB, 1O BIAOYBAIOThCS B IUX OpraHax. Taki 3MIHM BUKJIMKAIOTh 3MIIICHHS
CUHTE3y, BUBUIbHEHHS Ta METa0O0JIuHI MEepEeTBOPEHHSI amiHOTpaHchepas. 3HUKEHHS
11€i BEIMYMHU CBITYUTH MPO YPAXKEHHS TeNaTOLUUTIB, a MIJBUILEHHS — PO 1HPApKT
Miokapja. Lleil moka3HUK MKUPOKO 3aCTOCOBYETHCS B MEAMYHIN A1arHOCTUIII Ta MOXKE
OyTH BUKOPHCTaHHH B €KOTOKCHKOJIOTIT [48].

Takum yrHOM, amiHOTpaHc(hepa3u Ay e YyTJIMBI JO HEraTMBHHUX BIUIMBIB Ha
opra”izaM. BoHu mo-pi3HOMY pearyloTh B OpraHax Ta TKaHWHAX, 3aJIEKHO BiJl
KOHLIEHTpallli, 4acy BIUIMBY Ta J1F0Y0T0 (pakTopa, 1 TOMy MOKYTh BUKOPHCTOBYBATHUCS
AK O10XIMIYHI IHAUKATOPH MPHU OIIHII (DYHKIIIOHAJTILHOTO CTaHy OpraHi3my.

[IpoGnema amanrairii oprani3Mis 10 3MIHHHUX (haKTOPiB CEPEOBHUINA € OJTHIEIO 3
KIIOYOBUX y Ol0JIOrii, OXOIUTIOIOYM IIMPOKUNM CHEKTP MPUCTOCYBaHb, BiJl
MOJIEKYJIIPHOTO 110 0101IeHOTUYHOTO piBHA. L{ei mporec 103BoIsiE KUBUM CHCTEMaM

MEPEXOUTH 0 HOBOTO CTAaOIILHOTO CTaHy, MIJBUIIYIOUM IMAHCH HA BY)KMBAHHS Ta
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po3MHOKeHHsS. bioximiuHa aganTailis, Xo4 1 HE 3aBXKAU MOMITHA MaKPOCKOIIIYHO,
Bimirpae ¢yHIaMeHTaIbHY poJjib. BoHa crpsiMoBaHa Ha 30€pEKEHHS IUTICHOCTI Ta
(GyHKITIOHATBHOT aKTUBHOCTI MakKpOMOJIEKYd ((EepMEHTIB, HYKJICTHOBUX KHCIIOT),
3a0€3MeUYeHHs] OpraHi3My €HEPreTMYHUMHM Ta TOXXKUBHUMH pPEUOBHHAMHU IS
0l0CcHMHTE3y, a TaKOXX HIATPUMKY PErySITOPHHX MEXaHI3MIB OOMiIHYy PEUOBUH Y
HECHPUSTIIMBUX yMOBax. Apamnraiis copsMoBaHa Ha MIATPUMKY TOMEOCTa3y
MeTaboMIYHUX (YHKIIIH, pEeryIrol04YH MBHUIKICTh, TUI 1 HAPAM O10XIMIYHUX peaKiii
i 6e3nepebiitHOro 3abe3nedeHHs >KUTTEBUX MPOIECIB, HABITh SIKIIO 30BHIIIHE
cepeoBHILEe 3MiHIOEThCs [18].

Mexani3zmu aganTarii puo, K ICKpaBUil MPUKIad, JEMOHCTPYIOTh BaXXJIUBICTh
eHepreTMYHMX PecypciB — JiMijiB, TIIiKoreHy Ta OiNKiB. IXHe CHiBBiJHOIIEHHS Ta
P1BEHb HAaKOIWYEHHS € HAJIMHUMHU 1HAMKATOpaMH (P1310JI0TTYHOTO CTaHy Ta peakiii Ha
ctpec. Hanpuknan, riiikoreH € OCHOBHUM JKEPEJIOM €HEPrii Mpy HecTadl KUCHIO a0
TOKCUYHOMY HaBaHTa)XEHH1, a 3MIHU HOTO BMICTY, SIK 1 piBHS TJIFOKO3HU, BKa3ylOTh Ha
3a0pynHeHHs BojouM. Jlimigm 3a0e3neuyroTh JOBrOTpUBANl EHEPrOBUTPATH, a
HOPYLIEHHS iXHBOIO 0OMiHY, 1110 IPOSBISETHCS 3POCTAHHSAM MIPOITYKTIB EPEKUCHOTO
OKHCHEHH$, CUTHAJII3y€ MPO MOTIPIIEHHS €KOJIOT1YHOT CUTYyaIlii. 3aly4eHHs OUIKIB SIK
aNbTEPHATUBHOTO JDKEpena EHeprii MpH TPUBAJIOMY CTPECl TAKOX € BaKIMBUM

ajanTaniiHiM MEXaH13MOM.

1.2. 3aranbHa xapakTepucTuka MikorokcuHis T2 ta Bl

MIKOTOKCHUHM — 11€ BTOPHUHHI MeTa0oJIiTH T'puOiB, SIKI CTAHOBJISATH CEPHO3HY
npo0sieMy y BChbOMY CBiT1, MalOYM 3HAYHUIN BIUIMB Ha 3/I0POB’S JIIOJIMHU Ta TBapUH, a
TaKOX Ha eKOHOMIUHY cTaOimbHICTh [11]. Ha choromni BusiBieHo 0au3bko 400 THITIB
MIKOTOKCHUHIB, IPOTEe HalyacTillle y 3epHOBUX KYJbTypax 1 MPOAYKTax Ha iX OCHOBI
3ycrpivatotbes adunarokcunu (AF), oxpatoxcun A (OTA), 3eapanenon (ZEN),
nezokcuniBaieHon (DON) Tta ¢ymonizuan (FUM). I'pubu, mo mnpoaykyroTb
MIKOTOKCHHH, YaCTO KOHTaMIHYIOTh BpOXKail Ta IHIII XapyoBl MPOJYKTU IiJl Yac
30epiranHs, TPAaHCIOPTYBaHHS, a TaKOX JO 1 micias 300py Bpoxkaro. Jlo OCHOBHUX

MPOIYIIEHTIB, M0 COPUYUHSIOTH 3a0pyAHEHHS MIKOTOKCHHAMU, HAJIeKaTh TOKCHUYHI
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rpubu poay Aspergillus, Penicillium, Fusarium ta Alternaria. Hanpuknan, muipoko
pO3MOBCIOKEHI rpubu, 30kpema Fusarium rta Alternaria, 3a0pymHIOIOTE 3€pHOBI
KYyJBTYPH III€ B IOJI1, TOJI 5K MijJ yac 30epiraHHs 3epHa 3a3HalOTh YPaKEHHS 3 OOKY
Penicillium ta Aspergillus. Takum 4yuHOM, 3a0pYIHCHHS XapuyoOBHX IMPOIYKTIB a00
JaHIfora iX TMOCTayaHHS pI3HUMH BHJAMHU [BIJIEBUX TpUOIB € MOTEHIIHHO
HeOe3neuHoro npodiemoro [9].

3a0pyaHEHHST 3€pPHOBUX KyJIbTYyp 1 XapyOBHX HPOAYKTIB MIKOTOKCHMHAMU
YacTillle CIIOCTEPIra€ThCsl B KpaiHax, IO PO3BUBAIOTHCS, Yepe3 KIIMATUYHI YMOBH,
HEJOCKOHAJII METOJIM BUPOIIYBAaHHS Ta HEHaJEeXHE ymnpaBmiHHs. Jlo Toro x came
3€pHOBI € OCHOBHHUM JIXKEpesioM eHeprii st moHan 60 % HaceleHHS 1UX KpaiH. 3a
nanumu  [IpomoBonbdoi Ta cimbchbkorocmomapebkoi opranizamii OOH (FAO),
MIKOTOKCHUHH BUSBIISIIOTH OUIBII HIXK Y YBEPTI CBITOBOTO BPOXKAKO 3€pHOBUX. Take
3a0pyIHEHHS MPU3BOAUTH J0 HIOPIYHOI BTPATHU MPUOJM3HO OJHOTO MUIbSpJ/ia TOHH
XapyoBUX MPOJYKTIB 1 KopMmiB. BogHouac, Ha Biaminy Big ominku FAO y 25 %, 3a
naaumu Eskola Ta cmiBaBT. (2020), MIKOTOKCHHU BUSBISAIOTH MpuOm3Ho y 60—80 %
3epHa y cBiTi. Y CIIA, nmposiniii Onrapio ta Kanani B 2018 porti 61u3bko 63,5 MitH
TOHH 3€PHOBHX OIIIHIOBAJUCS SIK 3a0pyIHEH1 MIKOTOKCHAMH Y€pe3 BUCOKY BOJIOTICTh
1 3aTpUMKY 300py Bpokaro. OuikyBaH1 cepeHl €KOHOMIUHI BTPATH Yepe3 3HUKEHHS
BpPOKaHOCTI KyKypya3u B mepion 3 2016 mo 2019 poku Oynu omineni B 138,13
nonapis CIIIA Ha rexrap [44].

BxuBaHHS XapyoBHX MPOIYKTIB, 3a0pyIHEHHX MIKOTOKCHUHAMH IOHaJ
JOMYCTUMUN PIBEHb, MTPOTATOM JCCATWIITH CTAHOBUTH CEPHO3HY 3arpo3y s
3M0pOB’S JIOJUHU 1 TBApUH. MIKOTOKCMHU MOXYTh MOTPAIUIATH B OpPraHi3M
0e31ocepeIHbO 3 1KEI0, aJie 1HO1 — OMIOCEPEIKOBAHO, HAMPUKIIAT, Yepe3 CIIOKMUBAHHS
MPOIYKTiB TBAPUHHOTO ITOXOJKCHHS, SKIIO TBApPWHHU BXXWUBAIU 3apa’KCHI KOPMH.
MIiKOTOKCUHM MOKYTb BUKJIUKATH MIKOTOKCUKO3 — CTaH, [0 M€ TSAKK1 HACTIIKH JIJIs1
3I0pPOB’S  JIIOJWHU W  TBapWH, 30KpeMa: KpoBOTEYi, HE(PPOTOKCUYHICTH,

HEHPOTOKCUYHICTh, TEPATOT€HHICTh, IMYHOCYNPECIO, MyTallli Ta KaHLIEPOTrE€HHICTb

[5].
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JlepkaBHI yCTaHOBM Ha HAI[lOHAJIBLHOMY Ta MIXKHAPOJHOMY PIBHSX CIIJIBHO
MPAITIOI0Th HAJ[ BHUPIMICHHSIM MPOOJEMU OTPYEHHS MIKOTOKCHMHAMH B TIPOIYKTaX
XapuyBaHHs a00 B JIaHLIOTax iX MOCTadyaHHs. BcecBiTHS opraHizailisi OXOpPOHU
snopo’ss  (BOO3), E€spomeiicbkuit  Cow3  (€C), IlpomoBoipua  Ta
cinbebkorocnogapebka opranizanis OOH (FAO) ta YnpaiiHHS 3 KOHTPONIIO 3a
npoaykramu 1 jikamu CIIIA (FDA) po3poOunu HOpMaTUBHI MEXK1 BMICTY OCHOBHHX
IpyI MiKOTOKCHHIB, & TAKOK OKPEMHUX CHOIYK [5].

3rimno 3 €Bpomeiichkoio Kowmicieto (2023), pexkoMeHIOBaHI TpaHUYHO
nonyctuMi koHueHTpaiii (I'J1K) MIKOTOKCHHIB y 3¢pHOBHX Ta MPOAYKTax Ha iX OCHOBI1
cTaHOBJATH: i adnaTokcuny Bl (AFB1) — 2 Mkr/kr, a jyis cymu aduiatokcunis Bl,
B2, B3 1 B4 — 4 mkr/kr. s oxparokcuny A (OTA) I'’/IK y HeoOpoOieHnX 3epHOBUX
Ta MPOAYKTax 3 HUX — 3—5 MKr/kr. [t ne3okcuniBanienony (DON) y HeoOpobaeHux
36pHOBUX 1 3€pHax KyKypyA3u BCTaHOBIEHO Mexi 1250 Mkr/kr 1 1750 MKr/kr
BinoBiHO. J7st 3eapanenony (ZEN) — 100 MKkr/kr y HE0OpoOIeHHX 3epHOBUX (KpIM
Kykypya3u) Ta 350 MKIr/Kr y 3epHax HeoOpoOJieHOi Kykypymsu. s cymm
dbymonizuHiB Bl 1 B2 (FB1B2) y 3epHax HeoOpoOiaeHOT KyKYypYy/I3U Ta KYKYpPYI3H,
IPU3HAYCHOI I KIHIIEBOTO CIIOXKHBada, BcTaHoBIeHO Mexi 4000 Mikr/kr 1 1000
MKTI/KT BignoBiaHo [6].

Mixuaponue areHtctBo 3 BuBueHHsA paky (IARC) mpu BOO3 kmacudikye
MIKOTOKCHHH SIK KaHI[epOTeHH1 i Jroauau. 1106 MiHiMi3yBaTu 3apakeHHs rprudamMu
Ta HaKONMHMYEHHS MIKOTOKCHHIB, HEOOXigHa y3rojpkeHa poOoTa Ha BCIX eTamax
BUPOOHUYOTO IMKIY — BiJl 3aKOHOJABYOTO PETYIIOBAHHS JIO 3aXOJIB Ha €Tamax o
300py Bpoxkaro, MiJ 4yac 1 micisg HbOro. Xoua B 0araTbOX PO3BHUHEHUX KpaiHax
BCTAHOBJICHO JOMYCTUMI PIBHI MIKOTOKCHHIB y TPOJYKTax, y HHU3MLI KpaiH, 10
PO3BUBAIOTHCS, BIAMOBIHE 3aKOHOJABCTBO ab0O B3araji BiJICYTHE, a00 BIIPOBAKEHE
HEJOCTaTHbO €(EKTUBHO, 100 3amo0IrTH MOTPAIUIIHHIO MIKOTOKCHHIB Y 3€pHOBI
npoayktu [17].

Adnarokcunn (AFs) — 1me rpyma TOKCHYHUX CIONYK, $IKI aKTHBHO
JOCIIIKYIOTHCS; Hapa3l BIIOMO OJM3BKO ABAAMATH iX TUMiB. Hailbinbm 3HavymmuMu

s 3n0poB’st moaunu € AFB1, AFG1, AFMI1 ta AFRo. OcHOBHUMU NpoAyLIEeHTaMU
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ux MmikoTokcuHiB € rpudu Aspergillus flavus Ta A. parasiticus, ski po3BUBalOTHCS
MEPEBaKHO y BOJIOTOMY Ta CIIEKOTHOMY KJIIMaTi, XapaKTepHOMY MJisi TPOIIYHUX 1
cyOTpomiunux perioHiB. CUIbCHKOTOCHOAAPCHKI KYJNbTYpPH, TaKi SIK MIIEHULS,
KYKypy/3a, SsdMiHb 1 apaxic, 0COOJIMBO Bpa3jIMBi JI0 KOHTaMIHAIlil adiaTOKCHHAMHM 3a
YMOB Ypa)KE€HHS IIKiJTHUKaMH, ITOCYXH a00 HeHaJIeKHOTO 30epiranus [16].

VY €pponeiicbkkoMy Cor031 J11I0Th CYyBOp1 HOPMU 1010 BMICTY a(IaTOKCHHIB Y
XapYOBHUX TMPOAYKTaX, 30KpemMa JUIisi AUTSYOTO XapuyBaHHS BCTAHOBJICHO YK€
HU3bKWAW TpaHuyHMi piBeHb — 0,1 MKT/KT — 4epe3 miaBuieHy Bpa3nuBicTh aiteit [30].
AdnaTokcruHu OyJM BIIepIlle BUSBJICHI ICTISA TaK 3BaHOT «XBOPOOU 1HIUYOK X» Y 1969
polli, KoJii 3a0pyAHEHE apaxicoBe OOPOIIHO CIPUYMHUIO MACOBY 3aruOesb NTULll Ha
depmi [31].

AFs MaroTh HIHMPOKUN CHEKTP TOKCHUYHUX BIUIMBIB: BOHM T'€HNaTOTOKCHYHI,
IMyHOTOKCHYHI, MyTareHH1, KaHIeporeHH1 i reparorenHi [32,33]. AdiaTtokcukos — e
IIATOJIOTIYHUM CTaH, IO BHUHUKAE BHACIIIOK CIOKMBAHHSI KOHTAMIHOBAHOI 1K1 a0bo
KOpMY, HacaMIlepe]] ypaKarouM MEYiHKY, sika € OCHOBHUM OpraHoM Metadomizmy [34].
['octpe OTpyeHHS MPU3BOAUTH O HEKPO3y TENaTOLUTIB, TOJl SK TpHUBaie
HAJIXOKEHHS HU3bKHUX 7103 — JI0 XPOHIYHUX JereHEPaTUBHUX 3MiH, ()10p03y Ta ITUpo3y
neyiHku. Tako MOXKYTb ypa)kaTucs JiereHi, Miokapl 1 HUpKku. CIpuidHATIUBICTD A0
TOKCHUYHOI A1l 3aJIeXUTh BiJ BIKY, CTaTi, CTaHy 3JI0pPOB’S Ta CMOCO0Y HAJIXOJKEHHS
TOKCHUHY.

AFB1 — naiftokcuuHimmii 3 aaToKCHUHIB, KIACU(PIKOBAHUN SK KaHUEPOreH
rpynu 1 qis moguHu. Bid moB’s3aHuN 3 PO3BUTKOM paky MEYiHKW W JiereHs [32].
OcHoBuuil 1uisx HagxomkeHHss AFB1 — uwepes iky. YV mnpoueci meradbosizmy
YTBOPIOETHCS aKTUBHUN TTpoMikHUM MeTadomt — AFB1-8,9-enokcun (AFBO), sikuit
MOXE CIPUYUHATH OKHUCHIOBaIbHMI cTpec, 3B s3yBatucs 3 JHK 1 Oinkamu,
POBOKYIOYH PO3BUTOK T'eMAaTOIETIOIAPHOI KaPIIMHOMH, 30KpeMa IIJITXOM MyTaIlii y
reHi-cynpecopi nyxyuH P53 [38]. XpoHiuHe X Hamxo I KeHHs HeBenukux 103 AFB1
ACOLIIOETHCSA 3 TENATOLETIOISPHOIO KAPLIMHOMOIO, IMyHOCYIIPECI€10, TEPATOTEHHICTIO,

3aTPUMKOIO POCTY Ta 3HMKCHUMH TIOKa3HUKaMK HapOKyBaHOCTI [45].
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Oxpatokcuau A (OTA) — 11e MIKOTOKCHHH, IO MPOAYKYIOThCS TLTICHSIBUMHU
rpubamu poxry Aspergillus, s3okpema A. ochraeus, A. niger, A. alliaceus i A. glaucus
[44]. LIi rpuOu MOXXYTh KOHTaMIHYBaTH PI3HOMaHITHI MPOYKTH, BKIFOYAIOUH 3€PHOBI
KyJIbTYpH, KOHCEPBOBaHE M'sICO, CHp, BAHOTPaJI, KaBy, Kakao Ta ix, 0COOJMBO B yMOBax
TPOMIYHOTO Ta CyOTPOIIYHOTO Kiimary [42].

OTA acoruitoeTbest 3 psiJIoM HIKIATUBUX €PEKTIB, TAKUX K HEHPOTOKCUUHICTD,
MyTareHHICTb,  KaHILIEPOT€HHICTb,  IMYHOTOKCHYHICTb,  TEpPATOreHHICTh 1
HelpoTokcuuHicTh. Y moaed 1 tBapuH OTA copuuyuHsSie OXpPaTOKCHKO3, IO
XapaKTepU3y€EThCSl TOPYIICHHAM BXXJIMBUX 010JI0TIYHUX MPOLIECIB — CUHTE3Y OLIKIB,
MEPEKUCHOT0 OKUCHEHHS JIIMIIIB, OOMIHY KaJblil0, (YHKIIOHYBaHHS MITOXOHAPIH Ta
MeTaboJ1i3My BYTJIeBOIIB [43].

Mexanizm kanueporeHHocTi OTA 10Cl akTMBHO BUBYAETHCS U 3alUIIAETHCS
IpeIMEeTOM HAyKOBUX MAHWCKYCI: JOCHI/DKEHHS Ha TBapuHAX TMOKa3ylOTh SIK
He(POTOKCHYHY, Tak 1 TNOTeHIiiiHo kKaHueporenny pmiro OTA [52]. [Homxo
F€HOTOKCHYHOCTI OXPAaTOKCMHY A TakoX ICHYIOTh CYINEpewIuBl [JaHl: JesiKi
JOCTIIKEHHS cB14aTh, 110 OTA Moke ornocepeIKOBaHO CIIPUUMUHATH MOLIKOKEHHS
JIHK depe3 iHayKIIi}0 OKMCHOTO CTPECY.

®dymoninu (FMNs) — 11€¢ MIKOTOKCHHH, SIK1 IEPEBAYKHO MPOYKYIOThCS TprubamMu
poay Fusarium, sokpema F. moniliforme, F. verticilioides i F. oxysporum. OcHoBHUMHU
tunamMu (ymoHiHiB € ¢pymonin Bl (FB1) 1 ¢pymonin B2 (FB2), sxi Haitwacriiie
BUSIBIISIIOTH Y KyKypyaA3i Ta BHHOTpaii, mpuuomy FB1 € romoBHUM KOHTaMiHaHTOM
3epHOBUX KyJIbTyp [38].

@DyMOHIHA MalOTh BUCOKY TOKCHUYHICTB JJIsl CLIIBCHKOTOCTIOJAPChKUX TBApHH 1
MOXKYTbh CHIPUUMHATH JIETAJIbHI HACTIIKN Y BEITUKOI poraToi Xy1001, KOHel 1 mypiB. Y
IIypIB BOHM BpaXarOTh IEYIHKY, JIET€HI Ta HUPKU, TOAl SK Yy KOHEH BUKIMKAIOTh
nerikoeHnedanomansamito (ELEM) — ¢aranbHe HEBPOJIOTIYHE 3aXBOPIOBaHHS 3
XapaKTEepHUMH KJIHIYHUMU TiposiBamMu [43]. Y cBuHel (HyMOHIHU acCOINIOIOTHCS 13
3arnaJieHHsIM JIET€Hb, a Y TPU3YHIB — 13 PO3BUTKOM PaKy MEUYIHKH.

Mixuapoaue areHTcTBO 3 BUBUYeHHS paky (IARC) kmacudikye FB1 1 FB2 sk

MOTEHITIHHO KAaHIIEPOTeHHI i JoAuHu pedoBuHu (rpymna 2B). FB1 mopymrye
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dbyHKIII0 IIepaMicCuHTa3 — PEPMEHTIB, 1110 OEPYTh YUacTh Y CUHTE31 CPIHTOMIMIAIB, —
0 CIOPUYMHSAE KIITUHHI TOPYIIEHHS, TMOIIKO/PKeHH Ta amonTo3. HoBiTHi
JOCIIJKEHHSI Ha MHINAX BKa3ylOTh Ha ydacTh siaepHux penentopiB LXR a1y
TokcuuHi Aii FB1 uepe3 BB Ha 00MiH Xojectepuny [20].

KpiMm Toro, ¢ymMOHIHM BUKIMKaIOTh TEMAaTOTOKCUYHI, HEPPOTOKCHUYHI,
IMYHOTOKCHYHI Ta KaHUEPOTeHHI €(PEeKTH B TBapHUH. 3aJJOKyMEHTOBAHO CHUMITOMH,
30KpeMa OpoHXialbHE 3amalieHHs] Ta MOPYUICHHS (YHKIIII ceplis y CBUHEH, a TaKoX
BaJy PO3BUTKY HEPBOBOI TPYOKH Ta BHYTPIIIHBOYTPOOHI aHOMamii y mwuiei [82].
CnoxuBanns FB1 1 FB2 Takox moB’si3aHe 3 MiJIBUILIEHUM PU3UKOM PO3BUTKY paKy
ropJja B JIIOJIMHU, 1110 OOIPYHTOBYE iX BIJHECEHHS J0 Tpynu 2B KaHIepOoreHiB 3riHo 3
kiacudikamiero |ARC [2].

B1 mae kinpKka pi3HHX O10JOTTYHUX XapaKTEPUCTHUK, OUIBIIICTD 3 SIKUX CHUIbHI 3
IHIIMMU €HIaTUHAMM, 1110 TPOAYKYIOThCs rpubamu poay Fusarium spp.

Toxcuyna nist Bl o6ymoBiieHa HOTo 3/1aTHICTIO 1HT10YyBaTH (hepMEHT IIeppaMiI-
CUHTAa3y, AKui Oepe ydyacTb y 010CUHTE31 CPiHToIImIAIB. Lle mpu3BoanTh 10 MOpYIIEHb
y MeTaboii3Mi KIITUHHMX MeMOpaH, 30UIbIIEHHS KOHIEHTpalii C)IHro3uHy 1
c(hIHTIHIHY, 10 BUKJIUKAE KIITUHHUHN CTpeC, MOPYIIECHHS Mepeadi CUTHAJIB, alloNTo3
(3amporpamMoBaHy KJIITUHHY CMEPTh) Ta 3anajeHHs. Takuili MexaHi3M MPU3BOJIUTH 10
ypa)KE€HHS PI3HUX OpraHiB, 0COOJIUBO MEUIHKH, HUPOK 1 JIETSHIB.

VY tBapun Bl Bukiukae pi3HI TOKCHYHI €(EKTH, BKIIOYAIOYM MOPYUICHHS
(GyHKLIT MEYIHKK 1 HUPOK, HEPBOBI PO3JaaH, IMyHOAENPECIIO Ta HABITh 3arudenb. Y
KOHEHl TOKCHH CIPUYMHSE TaK 3BaHy JIEWKOeHUEe(haToOMaSIio — TSDKKE YpaKeHHs
MO3KY, 110 TPU3BOJIUTH 10 HEBPOJIOTIUHUX CUMITOMIB 1 CMEPTEIBLHOIO Pe3yJbTary. Y
monein FB1 knacu@ikyroTs ik MOTEHITIHUN KaHIleporeH rpynu 2B 3a knacudikairiero
MuixnaponHoro arentctBa 3 BuBueHHS paky (IARC), ockiibku BiH 34aTeH
MIIBUIIYBAaTH PU3UK PO3BUTKY pPaKy CTPaBOXOy 1 meuinku [16].

B1 Takoxx mopymrye OOMIH XOJECTEpHHY 3a paxyHOK BIUIMBY Ha SACpHI
peuentopu LXR o 1 3, M0 MOXke COpUsTH PO3BUTKY META0OJIYHUX 3aXBOPIOBAHb.

Yepes CTIWKICTh 10 TEIJIOBOT OOpOOKM 1 XIMIYHOI JAerpaaarlii (yMOHI3UHU YacTo
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3QJIMIIAIOTHCS B 36PHOBUX MPOJYKTaX, 10 POOUTH X HEOE3MEUHUMHU JJIsl XapuyBaHHS
JIIOJHM 1 TBapuH [24].

Otxe, pymonizuH Bl € Han3BUUaliHO TOKCHYHUM MIKOTOKCUHOM 13 CKJIQTHOIO
XIMIYHOIO CTPYKTYPOIO, 110 MOPYIIYE KUTTEBO BAXKJIUB1 KJIITHHHI MPOLIECH, BUKIIUKAE
HIMPOKI ypaKeHHsI OpraHiB 1 Ma€ MOTEHIIIAN 10 KaHIIEPOT€HHOCTI.

TpuxoreneHn — 1€ IUKIIYHI CECKBITEPIICHH, $KI CHHTE3YIOThCS PI3HUMH
rpubamu, 30kpema Fusarium, Trichothecia ta Stachybotrys. Bonu moninsiroteest Ha
yotupu tunu: A, B, C i D. Tpuxorenenu tumy A HaitgacTiiie BUSBISIOTh Y 36pHOBHUX
KyJbTYypax, TAKMX K OBEC, KYKypy/A3a, TUMIHb.

TpuxoTeneHn NPUTHIYYIOTh CUHTE3 OUIKA, [0 MPU3BOAHUTH 10 MOPYIICHHS
GyHKIIA KIITHHHUX MEMOpaH, 3aruderti KITHH Ta IMyHHOCYIIpecii. XpOHIYHE BILIUB
LMX TOKCHUHIB MIJIBUIYE CHPUUHSATIUBICTG 10 1H(EKUIA yepe3 IMyHOJENPECUBHUN
edext. Ilpu neperBopenni T2 B HT2 TokcuH Mae IMyHOJIOTIYHI Ta reMaTOJIOTI4HI
e(eKTH Ha TBapUH.

T2 TOKCHMH € HENeTKUM 1 CTIMKMM A0 BIUIMBY YJbTpagioyiieTy Ta BHCOKOI
TemmepaTypu. Mloro MokHa iHAKTHBYBATH HarpiBaHHIM rpu Temmeparypi 200210 °C
npotsarom 30—40 xBuivH a00 3aMOYYBaHHSM y PO3YUHI TIMOXJIOPUTY HATPIIO Ta
TIAPOKCU]TY HATPII0 NPUHANMHI HA YOTUPHU TOAMHU. bakTepii Ta 1BLIeBl IpubK 3/1aTHI
npoayKyBaTu T2 TokcHH. T2 TOKCHH MOXE MOTPAIISATH B OpraHi3M uepes3 1)Ky Ud BOJY,
a TaKOoX uepe3 Kparul, aepo3oji 4Yd JUM 13 PI3HUX CHUCTEM PO3MOBCIOJKCHHS Ta
BUOyX0oBUX Ooenpunacis [42].

T2 tokcun iurioye cumure3 JIHK ta PHK sk in vivo (omHopa3zoBe abo
OaratopazoBe BBeaeHHs jg03u 0,75 MI/Kr Macu Tiia), Tak i in Vitro (koHeHTparrii
noHan 0,1-1 ar/mu). T2 TokcuH OoKye cuHTe3 Olaka Ha ¢asi iHimami TUITXoM
3B’si3yBaHHsd 3 60S  cyOoauHunero pubocomu Ta  iHTOye  aKTUBHICTH
nentuauiaTpancdepasu. B gpocmimkeHHsx in vitro 0,01 Hr/MII TOKCHHY Y CYCITEH31sX
reraTonUTIB IIYPiB BUKIUKAIO 75 % iHriOyBaHHs, a IN VIVO — TIpy OJHOPA30BiH 1031

0,75 mr/kr Macu TiJia y MUIIIeH — y KICTKOBOMY MO3KY, celie3iHii ta Tumyci [49].
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T2 TOKCHMH CHPUYHMHSIE YIIKOJKCHHS KIITHHHOI MeMOpaHH, 3MIHIOE 00ir
docdommmiB 'y TpoMOOIMTaX BEIWKOi poraroi XyJoOW Ta BHUKIHUKAE TEMOJI3
SpUTPOLUTIB IN VItro npu xkounuentpaii 0,4 mr/mi.

T2 ToKCHH BUKIHKAE anmonTto3 gk in vitro (xmituaun HL-60, 264.7 npu 10 /v
ta kimitian Jurkat mpu 10 uM), Tak i in vivo (to3a 10 Mr/kr mMacu Tijia) y THMYCI,
cese3inIy, JiMEGoIuTax, KICTKOBOMY MO3KYy Ta eMITeaIbHUX KPHUNTaX KUIIEYHUKA
mumiei [45].

Metabomnitu T2 Tokcuny, Taki sk T2 Tpion 1 T2 TeTpaos, MOXyTh aKTHBYBAaTU
c-Jun N-tepminanshy kiHa3zy 1 (JNK1) ta p38 MAPK. Baxkaetbcs, 1110 TpUXOTELEHU
BUKJIMKAIOTh TOKCUYHY CTPECOBY BIANOBiAb y PUO, IO MPU3BOAUTH A0 AKTUBALIL
MAP-kina3. Taka akTuBallisi MO>K€ CUTHAJII3YBAaTH SIK TIPO BHKUBAHHSA KJIITHHH, TaK 1
CIPUYUHSATH aromnTo3.

['emaTOnOETUYHI IPOr€HUTOPHI KIIITUHH € YyTIMBUMH MILIEHIMH ISl TOKCHHIB
T2/HT2 sk in vitro, tak i in Vivo. T2 TOKCHMH TakKoX iHTi0ye MiTOXOHIpPiaJbHHIA
CJICKTPOHHUM TPAHCIIOPTHUN JIAHLIOT, TPUTHIYYIOYM CYKIHWHATACTIAPOTEeHAa3y
JPIKIKIB, Ta OJIOKYE MDKKIIITUHHY KOMYHIKAI[IFO Yepe3 IIUIMHHI KOHTAKTH Y KIITHHAX
KHTaChKOro XoM sika V'79.

TokcuunicTe T2 TOKCHMHY HE 3aJIeKUTh BiJ] MeTa0OM4HOI akTuBalli. Bix
MIBUAKO METa0OI3Y€eThCd MIKPOQIOPOI KHINEYHHWKA CCaBILIB JO0  KUJIBKOX
MEeTa0oJIITIB, MIBUAKO BCMOKTYETHCA MICIS NPUHOMY OUIBIIICTIO BUAIB TBAapUH 1
PO3MOAUIAETHCA MO OPraHi3My 3 HE3HaYHUM a00 BIJICYTHIM HAaKONMUYEHHSM Yy Oyab-
SAKUX KOHKPETHUX OpraHax abo TKaHWHaX.

Haromicte ne3okcuniBaigeHosl (DON) — MIOTOKCHH, Kiacu(iKOBaHUU SIK
pedoBHuHA Tpynu 3 (HE KaHIIEPOTCHHUM IS JIFOAMHH ), BUKIIMKAE€ HETaTUBHI €(DEeKTH Y
BEPXHbOMY BIJIUII KUIIKIBHUKa Ticas abcopbuii. DON  Bpaxkae pubocomu,
BUKJIMKAIOYM TOKCUYHMM CTpeC, 3ananbHi peakiii Ta anonto3. ['octpuit Brius DON
MIPU3BOIUTH 10 OJIFOBAHHS Ta aHOPEKCIi, TOJII IK XpOHIYHE — TTOB’SI3aHE 3 YPAKCHHIMH
KUILIEYHUKA, 3alajieHHsIM Ta IMyHHOIO MoayJisiieto. XpoHiyde BB DON Takox
MOTIpIIIy€E 3amajlbHi TMPOLECH, BIUIMBAIOYM HA eMiTeTialbHI KIITHUHUA HUIYHKOBO-

KHIIIKOBOT'O TPAKTy Ta iIMyHHI peakiiii [42].
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ZEN (3€HIOHOJIOH) — IIe THN MIKOTOKCHHY, SIKUH BHUPOOJISIIOTH TpuOU poay
Fusarium, 3okpema F. moniliforme, F. verticillioides, F. oxysporum Ta F. equiseti. e
TOKCUH 3a0pyJHIOE THICHUIIO, PUC, KYKYpyI3y Ta OBEC, a TaKOoX MoOxe OyTH
MPUCYTHIM Y KaKao 1 AesIKUX PpyKTax.

ZEN 31e011bII0T0 BCMOKTYETHCSI B MPOKCUMAJIbHOMY BT KHUIIEYHHUKA 1
IIPOXOJAUTh META0O0JII3M, MPU SKOMY JIesIKI METa0OoITH MOXYyTh OyTH 10 60 pa3iB
TOKCHYHIIIMMHU 32 caMy BHXIAHY pe4yoBHHY. Lleli MIKOTOKCHH 3B’S3Y€ThCS 3
€CTPOTEHHUMH DPELETITOPaMH, BUKIUKAIOUN TIMEPECTPOreHHUN e(eKT 1 MOpyUIyIoun
eHIOKpuHHY cuctemy. IligBumeni piBHi ZEN BHKINWKalOTh TOKCHYHICTB, IO
MPOSIBIIETHCS OKHCHIOBAIIBHUM CTPECOM 1 IIMTOTOKCHUHICTIO [39].

ToxcuynicTs ZEN 3a1eXuTh BiJi YyTJIMBOCTI OPraHy-MillIeHl 10 €CTPOTEHIB 1
YMOB BIUTHBY. J{OCTiIPKEHHS Ha CBHHSIX, SIKI BHKOPUCTOBYIOTBCS SIK MOJICITb, TIOKA3aJIH,
mo ZEN BIUIMBaE Ha PEOPOAYKTUBHY CHUCTEMY, CHPUUYUHSIOYM TIIEPIUIa3io
PENpPOIYKTUBHUX OpraHiB, O3 ISl Ta TOPMOHAIBHI AUCHYHKITII.

VY moneit BB ZEN MOB’A3yIOTh 13 PO3BUTKOM paky MOJIOYHOI 3aJ703M Ta
eHJIoMeTpiaabHOI rinepruiasii. Kpim toro, 1ieif MikOTOKCHH HeOe3MeUHU 1J1s1 IEU1HKH,
HUPOK, IMyHHHUX KJIITUH Ta KAIIEYHHUKA.

PAT (marymiH) — 1e MIKOTOKCHH, SIKWUM cuHTe3ytoTh rpubu Penicillium
expansum, P. crustosum, P. patulum Tta Aspergillus clavatus. Haituactime BiH
3a0pyaHIOE g0JyKa Ta TPOIYKTH 3 s0JyK. PerynasiTopHi opraHd BCTaHOBWIH
rpaHnuHuil piBeHs it PAT y ¢dpykroux Hamosix Ha piBHi 10 mkr/m [38].

Cepenniii niama3on excrios3uilii PAT y mopocinux ctaHoBUTH TpuOau3Ho 0,63—
21,2 ur/kr mMacu Tina Ha n00y. MakcumanbHi piBHI PAT y ¢dpykToBuX cokax
ckianarTb 50 MKI/Kr s nopocnux i 10 MKI/Kr — a1 mMpoAyKTiB, TPU3HAYEHUX IS
ITEN Ta HEMOBJIAT.

PAT Bignecenuii go rpynu 3 3a kinacudikariero Mi>KHapoaHOTO areHTCTBa 3
BuBueHHs paky (IARC), mo o3Hayae BIACYTHICTH J0Ka31B HOTO KAHIIEPOTEHHOCTI IS
moauHu. JIOCHDKEHHST Ha TBapuHax I[OKa3ywTh, 1o Ommu3bko 50 % PAT
abcopOyeThes B UTYHKY, Jalll METa0OJ13y€EThCA y MEUiHIll a00 HUPKAX 1 BUBOJUTHCS 3

ceuero [35].
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Tokcuuna nis PAT mnoB’si3aHa 3 yTBOPEHHSM KOBAQJIEHTHUX 3B S3KIB 3
CyIbPTiIpUIPHIMHU TPYIMaMH, M0 BHKJINKAE€ OKCHAATHBHUN CTpec, amomTo3 i
3HIDKEHHSI )KUTTE3AATHOCTI KIITHH. Bucoki 103 PAT MOXyTh CIPUYUHUTH TOCTPY
TOKCUYHICTh, WO TMPOSIBISETHCA TOUIKOIKCHHSIM HUPOK, HAOPSIKOM JIETEHIB,
BHpa3KaMH, CyJIOMaMH, HaOpAKaMH Ta 3arajeHHsIM TPAaBHOTO TPAKTY.

V¥ tBapun excno3uiliss PAT noB’s3aHa 3 BTpaTol0 Baru, 3HWKEHHSM areTUTy,
MiBUIICHHAM CMEPTHOCTI Ta MOPYUICHHSIMH PO3BUTKY ckeneTy (y muiieit). Hapasi
nuTaHHa KaHieporeHHocTi PAT Bce mie mepeOyBae Ha cTajii BUBYCHHS depes
HEJIOCTaTHICTh JaHuX [31].

Tomy HeEoOX1aHI MOAANBII AOCIIKEHHS TOKCUYHOCTI PAT 1 moTeHmiHuX
PUBHKIB JUIsI 310pOB’sl. BaXKJIMBO PO3YyMITH TOKCHKOJIOTTUHUN MPOPLIb MIKOTOKCUHY
Ta MaTW HaJlHI METOAU HOro BUSABICHHS JI OLIHKH PU3MKIB Ta BIPOBAKECHHS
3aX0/1B IPO(DIIAKTUKY 1 3MEHILIECHHS 3a0pyAHEHHS. BuOip MeToy IeTeKIil 3a1eXUTh
BiJl IUTLOBOTO MIKOTOKCUHY, TUITY 3pa3Ka, Yy TIMBOCTI, CIENU(PIYHOCTI Ta IOCTYIMHOCTI
TEXHIKA. PeryiaspHuii MOHITOPUHT 1 KOHTPOJb MIKOTOKCHHIB € KIIOUYOBHMH IS
0€3MeKU XapuOBUX MPOIYKTIB 1 3aXUCTY 37J0POB’sl JIIOJCH Ta TBapHH.

Mikotokcunu, BKIIOYHO 3 aduiatokcuHamu (AFs), oxpatokcunom A (OTA),
¢ymonizunamu (FMNs), Tokcunamu T2, 3eapanenonom (ZEN) ta naryminom (PAT),
MOXKYTbh BUKJIUKATH MTUPOKHUI CIIEKTP TOKCUYHUX €(EKTIB SIK Y JIFOACH, Tak 1 y TBApPHH.
AFs, ocobmuBo AFBI1, cTaHOBIATH pU3UK T€NaTOTOKCUYHOCTI, IMyHOTOKCUYHOCTI Ta
KAHIIEPOT€HHOCTI, 110 NPU3BOAUTH O TOCTPUX 1 XPOHIYHUX YCKJIAJHEHb 3J0POB’S.
OTA cneuudiyHO BIUIMBAE HA HUPKH, BUKIUKAIOYM HEPPOTOKCHUYHI, MYyTareHHi,
KAHIIEPOT€HHI Ta TEpPaTOT€HHI e(peKTH, Xoya ii TE€HOTOKCHYHICTh 3aJMIIAETHCS
npeameroM auckycid. FMNs noB’si3aHi 3 pO3BUTKOM paKy NMEYiHKU Ta MOPYUICHHIMU
po3Butky y jroaei. Tokcuan T2/HT2 npurHidyroTh CHHTE3 OijKa, IO BHKJIMKAE
IMyHOCYIIPECII0, a TaKOX YpaxeHHs TpaBHOI cucteMu Ta wkipu. ZEN,
HEKaHLEPOTreHHUI €CTPOTreHHUI TOKCHH, BIUIMBA€ HA PENPOAYKTUBHY CHUCTEMY Ta
pi3Hi iHmN opranu, Toal sk PAT BukIMKae OKCHIATUBHHII CTpec Ta TOCTPY

TOKCUYHICTh. TOMYy HAJ3BHYalHO BAXXJIMBO PETYJSIPHO KOHTPOJIOBATH MPOIYKTU
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XapuyBaHHS Ta KOpPM JUIsl TBApUH 1 BIPOBAKYBAaTH MPOQIIAKTUYHI 3aXOAW IS
¢(eKTUBHOTO 3MCHIIICHHS PU3HKIB JIJIS 370OPOB’sI, TTOB’s13aHUX 3 MikoTokcuHamu [30].

Xoya OaraTo AOCHIPKEHb MPOBEIACHO MIOJI0 PEryJbOBAHUX MIKOTOKCHHIB Yy
XapyoBUX MPOAYKTaX Ta KOpMax, JUIsi HOBHX, IIO 3 SIBJISIOTHCS, BIJACYTHI YITKI
HOPMATHBH, 1[0 CTAHOBHUTH 3arpo3y ISl 3J0POB’Sl JIOACH 1 TBapWH. 3aUIIAETHCS
noTpedba y MOJAJIBIINX JOCHIPKCHHSIX TOKCHYHOCTI, OIIIHKHM PHU3HMKIB 1 METO/IIB
BUSIBJICHHS HOBUX MIKOTOKCHHIB, TakuxX sSK NX-TOKCHMHHM, Ta iX AeTpafariiiHux
NpOAYKTiB, Hampukiaa, 1uc-ZEN 1 eHiaTuHiB. Y IIbOMy KOHTEKCTI pO3poOKa
BJIOCKOHAJICHMX KOMITOHEHTIB PO3ITi3HABAHHS, aHAITHYHUX METO/IIB 1 JIarHOCTUYHUX
Ha0OpiB MOXXE BiJIrpaBaTH KJIIOUOBY pOJIb Yy 3a0e3nedeHHl O€3MeKH XapyoBUX
IIPOJYKTIB y CBITI MOCTIHHO 3MIHHUX BUKIIMKIB, TOB’SI3aHUX 13 MIKOTOKCUHAMU.

3HUKEHHS TPUOKOBOrO 3a0pyJHEHHS B XapyoBUX MPOJIYKTaX TMOTpeOye
BIIPOBA/DKEHHSI 1HTETPOBAHOTO IMIAXOMY, SKHM BKIOYae (i3UYHI, XIMIYHI Ta
MIKpOOI0JIOTIUHI METOAM JeTokcukallli. KpiM Toro, mosBa HOBUX IINTaMiB T'puOiB
CTUMYJIIOE HAyKOBl JOCHIDKEHHS Yy cdepl NepeoBUX TEXHOJIOTIM, TaKuX SK
TexHoJoris X0n04H01 1iazmu (CAP), nonideHonpH1 1Hr101TOpY, MarHiTHI MaTepia,
HaHouacTUHKU Ta TpupoaHi edipu (NEOs). EdexTuBHICTH IIMX METOJIB MOXKE
3aJIe’aTH BiJl 0araTbOX BHYTPILIHIX 1 30BHIMIHIX ()aKTOPiB, 30KpeMa THUILy cyOcTpaTy,
3a0pynHIOBaYiB, BMICTYy BOJM, XIMIYHUX KOMIIOHEHTIB 1 YMOB OOpOOKH.
BukopucTanHs TEXHOJIOTI{ X0JI0THOT IJIa3MH € TIEPCIIEKTUBHUM 1 CTAJIMM ITiIX0I0M JI0
3MEHILECHHS 3a0pyJHEHHS! MIKOTOKCUHAMHM Y Xap4yOBHUX MpoaykTax. OxHaK HEOOX1aHO
JOTPUMYBATHCA TOYHHX I1apaMEeTpiB 3aCTOCYBaHHS, 00 YHUKHYTH YyTBOPEHHS
OB’ A3aHUX IIKIJJTUBUX CIIONYK. [1oTpiOHI moaanbiii AOCIIKEHHS IJIs MiIBUILICHHS
edextuBHOCTI CAP 3 ypaxyBaHHAM Bapiallii MIKOTOKCHHIB, Xap4OBUX MaTpHIlb 1
TEXHOJIOTTYHUX Mporiecis [19].

Kpim Toro, momigeHosbHI CHOJyKA BHUSBUIM TOTEHIan JJs 1Hr1OyBaHHS
MPOJIyKIlii MIKOTOKCHHIB, aji¢ MOTPeOyIOTh JOJATKOBUX OCHIJDKEHb JJisi TIOBHOTO
pPO3yMiHHS IXHIX MeXaHI3MiB 1 edekTuBHOCTI. [loTeHian npupoaHux edipiB TaKOX
noTpedye 00epeKHOTO PO3TIISALY, OCOOIUBO Y 3B’ S3KY 3 TpodIemMamMu 010J0CTYITHOCTI,

JIETKOCTI, CXWJIBHOCTI /10 OKHCHEHHsSI Ta HEPO3YMHHOCTI. MarHiTHI marepiaau Ta
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HAHOYACTHHKHU MalOTh MEPCHEKTUBY JJIs aJIcOpOIlli MIKOTOKCHHIB, ITPOTE€ HEOOX1/IHI
JOJTaTKOB1 JTOCHIJDKEHHST i1 3a0e3medeHHs ix Oe3medHoro Ta e(eKTUBHOTO
3aCTOCYBaHHS Y Xap4yoBili TMPOMHCIOBOCTI, POCIMHHUIITBI Ta TBAapUHHUIITBI.
[TponoBkeHHs TOCTIKEHB 1 po3p0o00K y MX cepax, a TakokK BUBUYCHHS (HaKTOPIB,
0 BIUIMBAIOTh HA €(DEKTHUBHICTH METOJIB, € KIIOUOBUMH JJII 3MCHIIECHHS PU3HKIB,
OB’ sI3aHUX 3 MIKOTOKCHUHAMHU, 3a0e3MeYeHHs 0e3MeKH XapyOBUX MPOIYKTIB 1 3aXUCTY

3JI0pPOB’S CIIOKUBAYiB.

1.3. BiiiuB MikOTOKCHHIB HA MeTa00.1i3M pub: MexaHi3Mu Jii Ta OioxiMiuHi
MapKepH TOKCMYHOT0 YPasKeHHS

MexaHi3Mu  11i MIKOTOKCHMHIB Ha OpraHi3M pu0 € CKIaAHUMHU Ta
0araro(akTOpHUMHU MPOIECAMH, 1110 BKIIOYAIOTHh MPSME ITUTOTOKCHYHE YpaKEHHS
KIITUH, TOPYIIEHHS (YHKUIOHYBaHHSA (EPMEHTHUX CHUCTEM Ta I1HAYKIIIO
OKCHUIATUBHOTO cTpecy. PO3yMiHHS IIMX MEXaHI3MIB € KPUTHYHO BAKIWBHM JISI
OI[IHKYA TOKCHUYHOT'O BIUIMBY Ta PO3POOKU METO1B O10MOHITOPUHTY BOJIHUX €KOCUCTEM
[29].

MiKOTOKCHHHU, TOTPAILISIOYN B OpraHi3M pubd depes 3s10pa, TpaBHUM TpakT ado
MIKIPH1 MOKPUBH, BUKJIMKAIOTH Kackaj 010XIMIYHUX Ta (izionoriyHux 3miH. OCHOBHI
MEXaHI13MH 1X TOKCUYHOI A1 BKIIIOYAIOTh:

[Topymennss cuntedy Oinka ta JIHK. Tpuxotemnenu, 3okpema T2 TokcuH,
MPUTHIYYIOTh CUHTE3 OLIKa Ha PiBHI puOOCOM, 3B'sa3yt0uuch 3 60S cyboauHuLEO Ta
OJIOKYIOUM eJIOHTAIlil0 MEeNTUAHOTO JjaHIora. lleit MexaHi3M MNPU3BOIUTH 0
MOPYIICHHS TMPOIIECiB pereHepaiii TKAHWH Ta 3HIKCHHS IMYyHHOI BiJIMOBIII.
Adnaroxkcun Bl mposiBisie reHOTOKCHYHI BiacTuBOCTI, yTBoprotoun JIHK-angykTu
MicIst MeTaboJIIuHOT aKTHBAIlli UTOXpoMOoM P450, 1110 MOXKe MPU3BOAUTH 10 MYTaIlii
Ta oHKOTeHe3y [49].

[HAYKIiS OKCHUAATUBHOTO CTpecy. MIKOTOKCHHHM CTHMYJIOIOTH YTBOPCHHS
aktuBHUX (opm kucHI0 (ADK), mopymryroun 6ananc Mix Mpo- Ta AHTHOKCUIAHTHUMHU
cucteMamu KIiTuHU. Lle MpuU3BOAUTE 10 IEPEKUCHOTO OKUCHEHHS JIIMIAIB KIITUHHUX

MeMOpaH, OKUCHEHHsI CyIbQT1APUILHUX Tpym OUTKiB Ta momkomkeHHs JJTHK. V pub
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el mporec Oco0IMBO BUPKEHMHN y TEYiHII Ta 350pax — opraHax, 10 MarwTh
IHTeHCUBHMM MeTabomi3M [9].

[TopymienHss ¢yHKIT MITOXOHApIA. MIKOTOKCHHU BIUIMBAIOTh Ha JUXAJIbHHUI
JIAHIIOT MITOXOHJPIM, 3HIWKYIOUH e(eKTUBHICT, cuHTe3y ATd Ta mnocuimowyu
rerepaiiito AOK. Ile npu3BoaAUTh 10 €HEPreTUYHOTO ASPIUTY KIITHH Ta aKTUBAIli
amorrro3y [10].

T2 TOKCHMH HaNEXUTh N0 TPYNH TPUXOTCIIEHOBUX MIKOTOKCHHIB THIy A 1
XapaKTEPU3y€EThCSI BUCOKOKO IMHMTOTOKCHYHICTIO. OCHOBHI MEXaHi3MH HWOro ii
BKJIIOYAIOTh: TMPUTHIYEHHS OUIKOBOTO CHHTE3y, amlonTo3 Ta HEKPO3 KIITHH,
IMyHOCYTIIpEeCUBHY A0 [22].

[Ipurniuennss  OUIKOBOro  CUHTE3y. 12  TOKCHH  3B'SI3y€ThCA 3
nentuguiTpaicepasaum  meHtpom  60S  cyOboauHuil  pubocomu, OJOKYHOUYH
€JIOHTAIlII0 Ta BUKIMUKAE TEpMIHAIIO TpaHcisii. lle mpu3BOauTH A0 MIBUIKOTO
3HIDKCHHsSI pIiBHSA OUKa B KIITHUHAX, OCOOJMBO Yy TKAaHUHAX 3 BHUCOKOIO
poJiihepaTUBHOIO AKTUBHICTIO.

ArmnonTo3 Ta HeKpo3 KIITHH. T2 TOKCHH aKTHBY€E KacIas3Hi KacKaJiu, IHIyKYIOUu
IpOrpaMoBaHy KIITUHHY CMepTh. BomHoYac, y BUCOKHUX KOHIIEHTpAIliSIX BIH MOXeE
BUKJIMKATH HEKPO3 Yepe3 MPsMe MOIIKOPKEHHS KIIITHHHIX MeMOpaH [3].

ImynocynpecuBHa fiss. TOKCMH mNpuUTHIYYE (QYHKIIIO IMyHHUX KJIITHH,
3HI)KYIOUM PE3UCTEHTHICTh puO A0 iH(MEKIiiHuX 3axBoproBaHb. Lle BinOyBaeTbcs
yepe3 NpUrHideHHs npodidepanii JiM(GpOIUTIB Ta OPYIIEHHS! CHHTE3Y HUTOKIHIB.

Adnarokcun Bl € ogHMM 3 HAUTIOTY>KHIIMIUX MPUPOJTHUX KAHIIEPOTEHIB 1 Ma€
crietuQiyH1 MEXaHI3MU TOKCUYHOI J1i: METa0O0IIuHy aKTHUBAI[Il0, TEHOTOKCUYHICTh Ta
rernaToToKCHuHicTh [19].

Adnarokcun Bl merabomizyerbest nuroxpom P450-3anexuumu pepmeHTaMu
(mepeBaxkno CYPIAl) no adnatoxcun B1-8,9-emokcuny — BHCOKOpeakiiiiHOT
cnonyku, mo yrBoptoe anayktu 3 JJHK. V pub aktuBnicTh HUX (pepMEHTIB MOke
BapIIOBATH 3aJICKHO BiJ] BUJIy Ta YMOB CEpPEIOBUIIIA.

YrBopeni [IHK-annykTu npusBoaats A0 MyTailiid, o0cooimBo TpancBepcii G—T

y Ko0H1 249 reHa p53, 110 € XapaKTepHOIO 03HAKOI0 aIaTOKCHKO3Y.
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[leyinka € OCHOBHUM OpraHoM-MimieHH st adaatokcuny Bl. Tokcun
BHUKJIMKA€ HEKPO3 TEMaTOIHUTIB, cTeaTo3 Ta (pidpo3 mediHKu, MOpyIIyroun ii PyHKITiT0
netokcukarrii [39].

JInst  OIIHKM  CTYNEHS TOKCHYHOTO YypaX€HHs pubd MIKOTOKCMHAMU
BUKOPUCTOBYIOTh ~ PI3HOMAaHITHI  0lOXIMIYHI ~ Mapkepu, IO  BigOOpa)karoTh
(GYHKI[IOHAIBHUI CTaH Pi3HUX OpraHiB Ta cucteM [28].

AKTHUBHICTb amiHOTpaHcdepas. [TigBumeHHs aKTUBHOCTI
amariHaminoTpancdepasu (AJIT) ta acnapraraminorpancdepasu (ACT) B cupoBariii
KpPOBI1 € YyTJIIMBUM 1HIUKATOPOM IOIIKOJIXKEHHS rernarouuTiB. [Ipu mii MIKOTOKCHHIB
CIOCTEpITA€ThCS 3HAYHE 3pOCTaHHS LMX IIOKA3HUKIB YXKE€ Ha PaHHIX CTalisgx
inTokcukarii [40].

JlyxxHa ocdara3za. [1igBUILIEHH aKTUBHOCTI JIy>KHO1 (pochata3u CBITUUTH PO
MOPYUIEHHS dKOBYOBHIUIBHOT (DYHKIIT MEYIHKHA Ta MOMIKOHKEHHS KOBUYHHUX IMPOTOK,
10 YacCTO CIIOCTEPIraeThes Mpu adIaTOKCUKO31.

3aranpHuid 010K Ta anbOyMiH. 3HM)KEHHSI KOHLEHTpaIlll 3arajJbHoro Oiujika Ta
anbOyMiHYy B CHUPOBATIIl KPOB1 BioOpaskae MOpPYIICHHS OUTOKCHMHTETHYHOI (yHKIIIi
NEYIHKHU, 10 € XapaKTePHUM JJIs /i1 TPUXOTEIICHIB.

Manonosuii miansaerin (MJIA). Konuenrtpauis M/IA € OCHOBHUM MapKepom
MEPEKUCHOTO OKMUCHEHHs MimimiB. [Ipu nii MIKOTOKCHHIB CIIOCTEPIra€ThCs 3HAYHE
MIJBUILEHHS HOTO PiBHS B TKAHMHAX MEYIHKH, 350€ep Ta M's31B puo.

AKTUBHICTh aHTHOKCHAAHTHUX (epmenTtiB. Cynepokcuanucmyrtaza (COJ),
KaTajaza Ta TVIyTaTIOHMEPOKCHIa3a € KIIIOUOBUMH (hepMEHTaMU aHTHOKCHIAHTHOTO
3axucTy. Ilpu mMOMIpHOMY OKCHUAQTUBHOMY CTpecl iX aKTHUBHICTbh MOXeE
KOMITEHCATOPHO T1JBUIIYBATUCS, @ TIPU BUPAKEHIM 1HTOKCHKAII — 3HM)KYBATHCS
Yyepe3 BUCHAKEHHS 3aXMCHUX cucTeM [14].

Binnosnenuit rimyration (GSH). 3umxenns konunentpauii GSH B TkaHuHax €
paHHIM MapKepOM OKCHJIATUBHOTO CTPECY, OCKIJIBKHU I1€H TPUTICTITH]] BUTPAYAETHCS HA

HerTpamzanito ADK ta miarpumMaHHs peoKC-roMeocTasy.
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AKTHUBHICTB J1301UMYy. JI1301IUM € Ba)XKJIMBUM KOMIIOHEHTOM HeCHenu(iaHOTo
iMyHITeTY pu0. 3HIKEHHS HOTO aKTUBHOCTI B CHPOBATIII KPOBI Ta CIM31 CBITYUTH PO
IMYHOCYTIPECUBHY JIif0 MIKOTOKCHHIB [18].

daronuTapHa akTUBHICTh Makpodaris. [IpurniueHHs paroruTapHoi akTHBHOCTI
€ Yy TJIMBUM MapKepOM IMyHOTOKCUYHOCTI MiKOTOKCHHIB. L{eii mOKa3HUK OLIHIOIOTH 32
3IaTHICTIO Makpo(ariB MOTJIMHATH Ta 3HEIIKOKYBATH Uy>KOP1JTHI YACTUHKH.

Konnentpariiss iMyHOTJIOOYJiHIB. 3HIKEHHS PIBHS IMYHOIJIOOYIiHIB Y
CHUpPOBATIli KpOBI Bi0Opa)ka€ TOPYLIEHHS TyMOPAJbHOTO IMYyHITETY TMpH il
MIiKOTOKCHHIB [37].

Kpeartunin Ta ceyoBuHa. [liABUIIEHHS] KOHIIEHTpALlli KPEATUHIHY Ta CEYOBHHHU
B CHPOBATIII KPOB1 CBIIUMTH MPO MOPYIIEHHS PiIbTpaliiiHOl GyHKIIIT HUPOK, III0 MOKE
CIIOCTEPITaTUCS P TPUBAIIHN A1l MIKOTOKCHHIB.

AxtuBHICTh [-N-anerunrimroko3zaminigasu. Lleid ¢epMeHT € 4UyTIMBUM
MapKepOM YPaKEHHSI KaHAJIbIIB HUPOK 1 MOKE MIJBUIIYBATUCS HA PAHHIX CTaJIfgX
HedpoTokcuaHocTi [31].

TokcuyHl e(heKTH MIKOTOKCHUHIB XapaKTepU3YIOThCS J0303AJICKHICTIO Ta
4acOBOIO IMHaMIKOI0. [Ipy HU3bKUX KOHIIEHTPALISIX CIIOCTEPIraloThCsl KOMIIEHCATOPHI
3MiHA O10XIMIYHMX TOKa3HUKIB 0€3 BHAMMHUX KIIHIYHUX MOposBiB. CepeaHi 103U
BUKJIMKAIOTh TMOMIPHI TOPYIICHHS MeTa0O0i3My 3 MOKJIUBICTIO BITHOBJICHHS TIPU
MPUIUHEHH] eKCMo3ullii. Bucoki KOHUEHTpamii Npu3BOASATh [0 HE3BOPOTHHX
MOIIKO/PKEHb OpraHiB Ta cuctem [21].

YacoBa nquHamMika pO3BUTKY TOKCHYHHMX €(EKTIB TAKOK MAa€ CBOI OCOOJIMBOCTI.
loctpi edexkTy pO3BUBAIOTHCS MPOTATOM TOAWH-I0 TICHAS EKCIO3WIT Ta
XapaKTEPU3YIOThCA PI3KUM MMIJABUIICHHSIM MapKepiB IHUTOJI3Y Ta OKCHIIATHBHOIO
cTpecy. XpoHiuH1 eheKTH POPpMYIOThCSA MIPU TPUBATIN €KCIO3UIlT HU3BKUMU JI03aMHU
Ta TPOSIBISIOTHCS MOCTYNOBUM TMOTIPIIEHHSAM (PYHKIIOHAJIBHOIO CTAaHY OpraHiB,
IMYHOCYTIPECIEIO Ta MABHUIICHOO CIPUAHATIUBICTIO 10 iHdeKIii [6].

Pi3Hi Buau pub XapakTepU3ylOThCS HEOJHAKOBOIO YYTJIMBICTIO [0
MIKOTOKCHHIB, 1[0 TIOB'S3aHO 3 OCOOJHMBOCTSIMH METa0O0i3My, aKTHBHICTIO

JETOKCUKAIIIMHUX CHCTEM Ta  aHAaTOMO-(i310JIOTIYHUMH  XapaKTePUCTUKAMHU.
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XO0JI0THOBOJIHI BUH, SIK MPABWJIO, OUTBIIT YyTIMBI JO Jii MIKOTOKCHHIB MOPIBHSHO 3
TEIJIOBOJJHUMH 4Yepe3 HUXKYY aKTUBHICTh ()EPMEHTIB JETOKCHKAIll TpH HU3BKUX
Temmeparypax [22].

Mononp pub € OLIBII CIIPUUHSTIMBOIO 10 TOKCUYHOI 111 MIKOTOKCHHIB 4epe3
HE3pUTICTh JIETOKCHUKAIIMHUX CHCTEM Ta BHCOKY IHTEHCHBHICTh METa0OMIYHUX
nporieciB. Lle HeoOX1aHO BpaxoByBaTH IPH MTPOBEICHHI TOKCUKOJIOTTYHUX JOCIIIPKECHb
Ta po3po0Ill HOPMATHUBIB SKOCTI BOJIH.

B npupoaanx yMoBax pulu 9acTo miaaroThCsl KOMOIHOBaHIN A1 MIKOTOKCHHIB
Ta I1HIIUX 3a0pyJHIOBAuYiB BOJHOIO CEPEIOBHINA, IO MOXE MPU3BOJUTH 0
CUHEPIIYHUX a00 aHTaroHIiCTUYHUX e(eKTiB. Bakkl MeTaln MOXYTh MOCHIIOBATU
TOKCUYHICTh MIKOTOKCHHIB Y€pe3 MPUTHIYCHHS aHTHOKCHUIAHTHUX CHUCTEM, TOJI SIK
JesKI OpraHiuyHl CIOJYKH MOXYTh KOHKYpPYBAaTH 3a CalTH 3B'A3yBaHHA 3
JAeTOKCUKaIliitHuMu epmenTamu [35].

To, BIUIMB MIKOTOKCHHIB Ha MeTa0013M pub € CKIIagHuM 6araTopakTOpHUM
MPOIECOM, IO BKJIIOYAE PI3SHOMAHITHI MEXaHI3MU TOKCHUYHOI Jii Ta MPOSIBISETHCS
MIUPOKUM CIEKTPOM OIOXIMIYHMX 3MiH. BUKOpUCTaHHS KOMIUIEKCY O10XIMIYHHMX
MapKepiB J103BOJIsI€ 00'€KTUBHO OI[IHUTH CTYMIHb TOKCHYHOTO YPaXKEHHS Ta pO3pOoOUTH
e(eKTUBHI METOAX O1I0MOHITOPUHTY SKOCTI BOJIHOTO CEPEIOBHUILIA.

TakuMm 4YMHOM MU PO3TJISTHYJIU KIIFOUOBI aCTIeKTH 010X1IMIYHOT afganTarii pub 110
111 TOKCUYHUX YUHHUKIB, 30KpeMa MIKOTOKCHHIB. [loka3zaHo, 1110 OCHOBH1 MeTa0OJ14YH1
LUISIXA — BYTJIEBOAHUM, JIMIIHUNA Ta OUIKOBUI OOMIHM — € YyTJIMBUMHU 10 3MIH Y
HABKOJIMIITHROMY CEPEIOBUIIl Ta BIAITPalOTh BAXKIWUBY pOJIb Yy MiATPUMAHHI
roMeocTa3zy 3a yMOB CTpecy. BMICT riikoreHy, JimifiB 1 OUIKIB y TKaHUHAX PHUO
BUKOPHUCTOBYETHCS SIK 1HPOPMATUBHUIN 1HIUKATOP €KOJIOTTYHOTO CTaHy BOJIOWM.

[IpoanainizoBaHO OCHOBHI THNHM MIKOTOKCHUHIB (adiatokcuH Bl, T2 Tokcus,
OXpaToKcuH A, (yMOHI3UHU TOIO), iX TOKCHUYHI BJIACTUBOCTI Ta MEXaHI3MHU Iii.
BcraHoBiieHO, 1110 MIKOTOKCHMHHM CIPUYMHSIOTH MOpyLIeHHS cuHTe3y Ounkis, /IHK,
BUKJIMKAIOTh OKCHJIATUBHHUM CTPEC, YITKOHKCHHS KIITHHHUX CTPYKTYP 1 MPUTHIYCHHSI
IMyHHOI BIJINIOBi/I, 30KpeMa y TediHIll Ta KpoBi pubd. OcobimBYy yBary NpUAICHO

MUTOTOKCUYHUM edekTam adarokcuny Bl Ta T2 Tokcuny.
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BuzHaueHo OCHOBHI 010XIMIYHI MapKepyu TOKCHYHOTO YpaKEHHS, sIKI MOXYTh
BUKOPUCTOBYBAaTUCh JJISl OLIHKK  (i310JIOTIYHOTO CTaHy puO: aKTUBHICTD
aMiHOTpaHcdepas, piBeHb MAJIOHOBOTO JialbACTiAy, aKTUBHICTh aHTHOKCHJIAHTHHUX
(dbepMeHTIB, BMICT 3arajibHOTO OLJKa Ta TIIyTaTiOHY. 3aCTOCYBaHHS LIUX MOKA3HUKIB €
MEPCTIIEKTUBHUM JIJ1s1 610MOHITOPHHTY Ta PAHHBOI A1arHOCTUKH MIKOTOKCHUKO31B Y pHO

y IPUPOJIHUX 1 ITYYHUX BOJIONMAX.
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PO3/1I 2

MATEPIAJIM TA METOAU JOCJIIKEHb

2.1. O0 €KT T2 MOCTAHOBKA TOCTIKeHHA

OO0'exTOM HaIIOTO JOCIIHKCHHS OYB Kapach 3Bu4aitauii (Carassius carassius).
Puly Oyno B35TO 3 MPUPOAHOTO CEPEIOBUIIA — 3UMYBAIIBHOTO CTaBKa, 110 HAJIEKUTD
BAT «UYepniriBpuOrocny». Y nepio BUpOITyBaHHS Kapacl XapuyBaJics CTaHIapTHUM
KOMOIKOpDMOM 32 PEKOMEHJOBAHUMH HOpPMaMHi, aJanTOBaHUMHU JO TOPU POKY.
besnocepennbo mepen eKCIepuMEHTOM PUOY BHJIOBHIJIM 31 CTaBKa Ta TMOMICTHIIA B
aKBapiyMu, Jic¢ BOHA YTpUMYBaiacs B JIAOOPAaTOPHUX YMOBaX.

JlaGopaTtopHuil €KCIEePUMEHT MPOBOAUBCA 3 JIOTPUMAHHSIM YCIX OlOTHYHUX
BHUMOT JI0 yTpuMaHHs TBapuH. L1 Bumoru 6a3yBanucs Ha 3akoHi Ykpainu «lIpo 3axucr
TBAapUH BiJl )KOPCTOKOTO MoBOKeHHs» (BiA 21.02.2006 p.), «3araJibHUX TPHUHIIUIIAX
poOoTu Ha TBapuHax» (cxBaneHux | HamionanbHum KoHTrpecom 3 Oioetuku B Kuesi y
2001 porii) Ta moroKyBaiducs 3 €BpONEHCHKOI0 KOHBEHIIIEIO MTPO 3aXUCT XPEeOETHUX
TBApUH, W10 BUKOPUCTOBYIOTHCSI B EKCHEPUMEHTAIbHUX Ta IHIIUX HAYKOBUX
nocaipKkeHHsax [47].

3abe3nevyBaBcs MOCTIHHUN KOHTPOJIb TIAPOXIMIYHOTO PEKUMY BOJIA BITPOOBK
ycboro mepioay ekcriepuMmeHTy. KoHIleHTpallisi KUCHIO TiATpUMYyBajiacs Ha piBHI
9,6-12,5 mr/nm, pH — 7,4-8,4, a BmicT amiaky ctanosus 0,014 mr/nm3. 3aBnsgxu num
yMOBaM Yy KapaciB HE CIOCTepirajiocsi TIMOKCii, TiMmepKamHii Yu TInoTepMii.
[XTiONMaTONIOT1UHI CHOCTEPEKEHHSI HE BUSIBUIM Ha pubax HAIIKIPHUX MapasuTHYHHUX
30yJHUKIB, a TAKOXK HE 3a(piKCyBay HAIBHOCTI CTPIYKOBUX MMApPA3UTIB.

ExcriepyuMeHTH 3 BUBYEHHS BIUIMBY TOKCHMKAHTIB MPOBOAMAN y 200-TiTpoBHX
aKBapiyMmax, 3alI0OBHEHHMX BIJICTOSHOIO BOJIOMIPOBIHOIO BOJI0I0. POy po3mintyBanu 3
pO3paxyHKy oauH ek3eMiuiap Ha 40 qv° Boau. TeMmepaTypa BOAM MiATPUMyBaacs Ha
piBH1, OJIU3BKOMY 110 IPUPOAHOTO. JlOoCHiPKEeHHST TPUBAU Yy JIIOToMY-0epe3eHb 2025
poky. Maca pu6 cranosmia 250-300 r, TBapuHu TiepeOyBaid B yMOBaxX 3UMOBOTO

rOJI0lyBaHHsI.
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Jns ekcnepuMeHTy Oyno oOpaHo mikorokcuHu T2 Ta Bl. Ili TokcukaHTh
J0/TaBIA 0 KOMOIKOPMY, SIKUM IIOACHHO TOMyBajdd PUO MPOTATOM JIBOX THXKHIB, Y
koHueHTparii 2 ['JIK (0,1 mr/kr). JlocaipkeHHS TPOBOAMIM 3 JIOJASPKaHHSIM BUMOT
MiKHApOIHUX TPUHIUIIB [ eIbCIHChKOI ACKIapamii mpo TyYMaHHE CTaBJICHHS 0

TBapHH.

2.2. MeToauka BU3HA4YeHHs 0ioXiMiuyHUX MOKAa3HUKIB KPOBi Kapacsi

Hawmu Oynu BU3HauUeH1 HACTyMHI 610X1MI4HI TOKa3HUKU KPOBI: 3arajibHUM 010K,
TIII0K03a, OUTipyOiH 3aranbHui, npsMuii a Takox akTuBHICTE ACT ta AJIT.

JIisi BU3HAYEHHS PIBHS 3aralibHOTO O1IKY y KpPOBI KOPHUCTYBAJIUCh METOJIOM
Jloypi. Ilpunuun metony Jloypi mosisrae y BUKOPUCTAHHS JABOX MOCIITOBHUX
XIMIYHMX peaKIid Jjis KIUIbKICHOTO BH3HAYECHHS Ol7Ka, SKi B CYKYHHOCTI JalOTh
IHTCGHCUBHE CHUHE 3abapBieHHs. CrnouaTKy, Ha TMepUIOMYy eTarl, BiJI0yBa€ThCs
OlypeToBa peakxiiisi: O17IKH, 1110 MICTSITh MENTU/IHI 3B'SI3KH, B3a€EMOJIIIOTh 3 I0HAMU M1l
(Cu*") y cuibHO JTy)XKHOMY cepenoBullll. B pe3ynbrari 1i€i peakiii yTBOPIOIOTHCA
XeJIaTHI KOMIUIEKCH MiJIl 3 NENTUIHUMHA 3B'SI3KaMU, 1 10HHM MIJI1 BIJHOBIIOIOTBECS IO
Cu’. Le#i eran cam no cobi gae ciabke 3a0apBJICHHS 1 CIYTY€e JJisl MIATOTOBKU JI0
HACTYIHOI, OLTBII Yy TaKBOI peakiii [15].

Jami, Ha apyroMy ertami, AojaeThcsi peareHT DomiHa-Yokantey, KU €
cymimmo ¢pocpomonionerHoBoi ta dochoBonbhpamoBoi kucior. lonn Cu', 1o
YTBOPUJIMCA paHIlIe, a TAKOXK apOMaTUYHI aMIHOKUCIIOTHI 3aJIMILKH, TaKl sIK THPO3UH
1 Tpunrodat, K1 BXOJATh 10 CKJIaay OUTKIB, BIIHOBIIOIOTH 1I€H peareHt. PesynpraTom
BIJTHOBJICHHSI € YTBOPEHHS IHTEHCHUBHO 3a0apBJICHOI CIOJYKH CHHBOTO KOJIBOPY,
BIJIOMOi SIK TeTepONoJiMOJIIOCHOBUM CHUHINH. [HTEHCHUBHICTH I[OIO CHHBOTO
3a0apBIeHHST TPSMO MPOMOPIIIHHA KOHIEHTpAIlli OUIKa y JOCIIIKYBAaHOMY 3pa3Ky.
Yum Oinbie Oika, TUM OUIBII HACHMYEHUM KoJiip. BUMiprOBaHHS 1HTEHCHBHOCTI
3a0apBIEHHSI POBOJUTHCS 3a JOMOMOTOIO0 CIEKTpOo(OTOMETpa MpHU JOBNKUHI XBHIII
540-560 HM, a myis BH3HAYCHHS TOYHOI KOHIEHTparii Oiika BUKOPHUCTOBYETHCS
KanOpyBajibHa KpHBa, MO0y J0BaHa Ha OCHOBI CTaHJIAPTHUX PO3YMHIB O1JKa BiAOMOL

KoHIeHTpauli. [leit MeTon BiIOMUIT CBOEIO BUCOKOIO YYTJIHUBICTIO, XO04a MOXe OyTH
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YyTJIIMBUM J0 1HTep(]epeHIlii 3 00Ky 1HIIMX PEYOBHUH 1 3aJI€KHUTh BiJl aMIHOKHCIIOTHOTO
CKJIay OlKa.

BU3HaYeHHS PiBHA IVTIOKO3H IIPOBOJIMIIN INTIOKO300KCHIA3HAM METO0M. Moro
NPUHIIUI MOJISITa€ B TOMY, IO TJIIOKO3a B MMPUCYTHOCTI (PEPMEHTY TIFOKO300KCUAA3U
OKHCHIOETHCSI, YTBOPIOIOYH TIEPEKHC BOAHIO. Jlami, iHmmMiA pepMeHT — nmepokcuaasa —
KaTali3ye peakilio MepeKkucy BOJIHIO 31 CHEIIaIbHOI XPOMOTEHHOIO PEYOBUHOIO, IO
NPU3BOAUTH IO TOSBU 3a0apBiieHHA. [HTEHCHBHICTH LBOTO 3a0apBJICHHS MPSIMO
MPOMOpIiHA KOHLIEHTPAIlii TIIFOKO3H B 3pa3Ky KPOBI, IO TO3BOJIE TOYHO i1 BUMIPSITH.
Ieit ke TPHUHIUIT JISKUTh B OCHOBI POOOTH OUIBIIOCTI Cy4aCHUX TIFOKOMETPIB, JIie
3aMiCTh Bi3yaJIbHOTO 3a0apBJICHHS BUMIPIOETHCS SIEKTPOXiIMIYHMIA cUTHAT [27].

st Bu3HaueHHs1 OUTipyOiHY B KPOBI BHUKOPHCTOBYBAJIM ia3opeakiiito. [leit
METO/1 I03BOJIMB OKPEMO BUMIPATH NPSIMUI (KOH'IOTOBAHMI) 1 3arajJpHUi OLTpyOiH, a
HenpsMui (BUIbHUI) O111pyO1H MOTIM pO3paxyBaTH 3a Pi3HULIEID. MeTO IPyHTY€EThCS
Ha peaxiii OuTipyOiHy 3 J11a30TOBAHOIO CYJIh()aHIIOBOIO KUCIOTOO (SIKa YTBOPIOETHCS
IIPH 3MIITYBaHH1 CyIb(aHIJIOBOI KMCIOTH Ta HITPUTY HATPIIO) B KUCIOMY CEPEIOBHUIIII.
B pesynbrari mi€i peakiiii yTBOproeThCs a300111py0iH — 3abapBiieHa CrioTyKa, 3a3Budait
poxkeBo-(ioneToBoro abo uepBOHOro koybopy. I[lpsmuii OinipyOiH, Oyayuu
BOJIOPO3UYMHHUM, O€3M0CepPeHO BCTYMAE B PEAKIIII0 3 J1a30pEarcHTOM Yy KHUCIOMY
cepenoBuilll. [HTEHCUBHICTb YTBOPEHOrO 3a0apBJICHHS MPSIMO MPOMOPIIiiHA
KOHLIEHTpauii mnpsiMoro OumipyOiHy B 3pa3ky. Llga peakiiss BigOyBaeTbCcsi JOCUTH
mBuako. Henpsamuii (HekoH'toroBanuii) O11ipyOiH € HEPO3UMHHUM Y BO/I1 Ta 3B'I3aHUIM
3 anpOymiHoM y KkpoBi. [I{o6 BiH MIr mpopearyBaTu 3 Jia30peareHToM, HeoOX1THO
"Bin'eqHaTu" MOro B aibOyMiHy Ta 3pOOMTH PO3UMHHUM. JlJIs IILOTO 1O peakuiiHOT
CyMiII JOJIal0Th MPUCKOPIOBaY (Hampukian, kodein, aumetmwicyiabhokeun (JJMCO)
a0o0 1H11 getepreHTH). IIprckoproBay conto01113ye HenpssMuid OuTipyOiH, T03BOJISIOUN
oMy BCTYNUTH B PEAKI[IO0 3 A1a30TOBAHOIO CYJb()aHUIOBOK KHUCIOTOI pazoM i3
npsMuM OuTipyOiHOM. TakuM 4WHOM, BUMIpSHE 3a0apBJICHHS BIJAIMOBIJA€ 3arayibHIN
KUIbKOCT1 (TpssMuii + HempsiMuil) OuTipyOiHY B 3pas3ky. Peakiiss ayis 3arajJbHOIO

O1ipyOiHy moTpeOye Oibliie Yyacy s IOBHOTO PO3BUTKY 3a0apBiieHHs [15].
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Buznauenns aktuBHOCTi ¢depMentiB ACT (acmapraraminorpaHcdepasu) Tta
AJIT (anmaninamiHoTpaHcdepasn) B KPOBI € OJJHUM 3 HAWBKIIMBIIINUX TTOKA3HUKIB TSI
OL[IHKA cTaHy mnedyiHku, a Takox cepusd (mis ACT). Ili  depmentu €
BHYTPINTHbOKJIITUHHUMHM, 1 1X MIiABUINEHHS B KPOBI CBIIUHUTH MPO IMOIIKOKEHHS
KJIITUH, 3 IKUX BOHH BUBUIBHSIOTHCS. Y pOOOTI MU KOPUCTYBAIUCH ()ePMEHTATUBHUM
METOJIOM, 110 € 3arajbHONpuiHATUM. L{eit MmeTon rpyHTy€eThes Ha ToMy, o ACT Ta
AJIT xaTanizyroTh peakiii nepeaminyBaHHs (IIepeHeceHHs aMmiHOTpynH). [IpoaykTom
[UX peaklii € KeTokuciaoTu [lami yTBOpeHl MPOAYKTH BCTYMAIOTh y JOMOMIXHI
peakIii, HanmpuKiIad, mpyBaT B3aeMoie 3 2,4-1uHITpodEeHUITIPa3uHOM, YTBOPIOIOUH
3a0apBiIeHUN TIApa30H, SKUM BHU3HAYAIOTh CHEKTPO(YOTOMETPUYHO NPHU TEBHIM
noxuHi xBuii (500-550 uM). IHTeHCHUBHICTB 3a0apBIIEHHS POIOPIIiiiHA aKTUBHOCTI
dbepmenTy. PesynpTaTn 3a3BU4ail BUPaKAIOTh Y OJUHUIIIX aKTUBHOCTI ()ePMEHTY Ha
mitp cupoBatku (Ox/n). Ilepea 4OCIiIKEHHSIM BaXJIMBO JTOTPUMYBATUCS CTaHIApPTHUX
yMOB 1HKyOallii, 30KkpemMa TeMIiiepaTypHoro pexumy (3a3Budaii 37 °C), a Takox

BUKOPHUCTOBYBATH KOHTPOJIBHI 3pa3ku. [27].

2.3. MeToauka 3a60py KpoBi y pud

IcHye€ KinbKa METO/IiB B3ATTS KpoBi y pub [23]. Mu Opasiu KpoB 3 XBOCTOBOT BEHU
y pu0. 3abip KpoBi 3 XBOCTOBOI BEHU € MOIIMPEHUM 1 MEHII 1HBa3UBHUM CIOCOOOM
OTpUMaHHS 010JI0TTYHUX 3pa3kiB y puO. [Ipoiienypa mounHaeThCs 3 MATOTOBKHA PUOH.
Puly obepexHo (IKCYIOTh Ha BOJIOTIH M'SIK1i TKAHUHI 200 JIOTKY.

Jlami HeoOX1THO BM3HAYMTHU MICIE MPOKOJIy. XBOCTOBAa BEHA PO3TaIllOBaHA Yy
reMajbHOMY KaHajll, B HIDKHIM YacTHHI XBOCTOBOTO CTeOJia, MpsIMO IIiJI XpeOTOM.
Haiixpare micue juis 3a00py — 1€ cepeliiHa XBOCTOBOIo ctebia, mpuodyin3Ho Ha 1/3
abo 1/2 BiacraHi BiJi OCHOBU XBOCTa JO aHAJIBHOTO OTBOPY, MO CEPEAMHHIN JiHIT
BEHTpaJIbHOI 4yacTuHH. llepena mpokosioM MIISHKY peTesbHO ae3iHdikyoTh 70%
€TaHOJIOM 1 1at0Th HOMY BHCOXHYTH.

Came mpoKoJI BUKOHYETHCS IIUITXOM BBEJICHHSI TOJIKH, IPUETHAHOT 0 IINPHUIIA,
NEPHEeHAUKYJIAPHO 10 TOBEPXHI Tija pulu (abo M1 HEBETUKUM KyTOM, OIHM3bKO 45°).

["onky BBOASTH 10 TUX Mip, TIOKU HE BIAYYETHCS "MpoBai" abo 3MEHIIICHHS OMOPY TPH
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NOTPAIUISIHHI B CyAuHy. [ TMOMHA BBEJACHHS 3QJICKUTH Bl pO3Mipy puOu. SIK TiIbKH
rojiKka MOoTpaIvisie y BeHy, KpOB IMOYHE HAJAXOAUTH Y HMINpuUIl. BaxxauBo He CTBOpIOBAaTH
HaJMIpHUI BaKyyM MOPIIHEM, 11100 YHUKHYTH KOJAICy CyJAUHHU.

3i0paBmii HeoOXigHUI 00'eM KpOBi, TOJKY aKypaTHO BUTATYIOTh. Micie
MPOKOJIY MOKHA JIETKO MPUTHUCHYTH Mapiiero JUisl 3ynuHKU KpoBoteui. [licns mporo
puby HeraitHO MepeMIllyI0Th Y €EMHICTh 3 YHCTOIO, ae€pOBAHOIO BOJIOIO IS
BIJTHOBJICHHA. 310paHy KpOB O/pa3y MEPEHOCATh y MiArOTOBJICHI MPOOIPKU; SKIIO
BUKOPHCTOBYBABCS aHTHUKOATYJISIHT, BMICT MPOOIPKH CIi1 00€pPEKHO MepeMIIIaTH.

[Ilo6 xpoB He 3roprajnacs Micis 3a00py, BUKOPUCTOBYIOThCS CTabLII3aTOpH, 1
Taka KpOB HAa3WBAETHCS CTa0LI130BaHOIO. Ll pedyoBUMHU MpallO0Th, YCyBalOUM 10HH
KaJIbIIIIO, 110 € KJIIFOUOBUMHU ISl ITPOLIECY 3TOPTaHHS, 1 TAKUM YNHOM NEPEIIKOIKAI0Th
YTBOPEHHIO TPOoMOIHY. /{115 1€ METH MOXKHA 3aCTOCOBYBATH BOJHI PO3YMHH, TaKl SIK
nUTpaT HaTpiro abo okcanat HaTpio y 0,2%-1i1 KOHLIEHTpallli, 8 TAKOX TeapuH, KU
€ MIBUIKOIIIOYUM aHTUKOAryJstHTOM y KoHeHTpaii 1000 OJl/mn. OkpiMm Ha3BaHUX,

JUTsl cTa0LTi3aMil KpOBl TAKOX MIIXOIUTh PO3YUH TPUJIOHY b.

2.4. CtatucTnyHa o0podKka pe3yJbTaTiB

CratuctuuHy 0OpoOKYy OTPUMAaHUX JIaHUX BUKOHAJHU 3a 3arajbHONMPUUHSITUMHU
METOAMKAaMH, 3aCTOCOBYI0UM nporpamy «Excel» 3 makery «Microsoft Office — 2021».

Kpim toro, mj1s ananizy gJaHuX, M0 Majdd HOPMaJIbHUN PO3MOILI, BUKOPUCTATH
nakeT mnpukiaaaHux nporpam "Statistica 5.0". JlocTOBIpHICTH BIAMIHHOCTEH MIXK
KOHTPOJBHOIO Ta JOCIHIJHOIO TPyHaMu OIIHIOBAJIM 3a JOMOMOIrow T-KpHUTepito

CrhroficHTa, BBXXatO4H ix Biporigaumu npu p < 0,05 [4].



37

PO311J1 3. TOCJILJIZKEHHA BIIVIMBY MIKOTOKCHHIB HA BIOXIMIYHI
IHAPAMETPHU KPOBI KOPOIIOBUX PUB

3.1. locaixxenHst MeTab0JiYHUX 3MiH Yy BiIOBiIb HA BIJIMB MiKOTOKCHHIB
T2 ta Bl

Mikotokcuan Bl (admatoxkcun Bl) ta T2 € MNOTYKHUMH TOKCHUYHUMH
CIIOJIyKaMH, SIKi CTAHOBJISITh 3HAYHY 3arpo3y I 310poB’s pub. Admnatokcud Bl — me
CUJIBHUH renaTOTOKCHH, SIKUH 31aTCH YIIKOKYBATH KIITHHH MTEY1HKH, TOPYITYIOYH i1
dbyHKIIT 1eToKCHKaIlli 1 MeTabomi3My. Y pul I1ie IpU3BOJIUTH 0 MOPYIICHHS OOMIHY
PEYOBHUH, 3HWKEHHS IMYyHHOI BIONOBIAl Ta NIABUIIEHOI CHPUWHSATIMBOCTI [0
iH(pekiHux 3axBoproBanb. Kpim Toro, aduarokcun Bl € kaHIleporeHHHM 1 MOXe
BUKJIMKATH PO3BUTOK IMyXJHMHHUX MPOLECIB Y Pi3HUX opraHax [42].

T2 TOKCHH, y CBOIO Yepry, € MPEACTABHUKOM IPYNH TPUXOTELEHIB 1 Jii€ OUTbII
HIMPOKO 1 cUCTeMHO. BiH npurHidye cuHTe3 OUTKa, 1[0 BIUTMBAE HA PICT 1 pereHepaIiiio
TKaHWH, BUKJIMKAE CHIIBHAA OKUCHUH CTPEC Ta YIIKOKEHHS KIIITHHHUX MeMOpaH. Jlis
pub 11e 03HAYa€ MOPYLICHHS (PYHKUINA MEYIHKH, HUPOK 1 IMyHHOI CUCTEMH, a TaKOX
3MIHY MOBEIIHKOBUX PEAKIIii 1 3HUKEHHS )KUTTE3AATHOCTI.

OOuaBa TOKCHMHU BHUKJIMKAIOTh KOMIUIGKCHUM HETaTUBHUW BIUIUB Ha
¢bi310J0TIYHUNA CTaH pUO, 0 TPU3BOAUTH 0 MOTIPIIEHHS IXHBOTO POCTY, 3HMKCHHS
ajanTalifHIX MOMJIMBOCTEH 1, Yy BaXKUX BHMaakKax, m0 3arubemni. Yepes me
MikoTokcuHM B1 Ta T2 € cepito3HOl0 MpoOIEeMOI0 i aKBAaKyJIbTYpU Ta OXOPOHU
BOJIHUX exocucTeM [35].

JocnixeHi HaMM MIKOTOKCHMHM 3[aTHI BHUKJIMKATH CYTTEBI METa0OJIYHI
MOPYIICHHS B OpraHi3Mi pu0, BIUTMBAIOYM Ha OCHOBHI 0OMiHHI mporecu [3].

Adnarokcun B, notpamistoun 10 opraHi3my, Mepi 3a BCe YIIKOIKYE MEYTHKY
— HEHTpaJbHUM oprad MmeTaboJi3my. Bin nopyiye cuHTe3 O11KiB, 30KpeMa (pEpMEHTIB,
[0 BIUTMBAIOTh HA OOMIH PEUOBHH, 10 MPU3BOJAUTH JI0 3HUKEHHS PIBHS 3araibHOTO
Oi1ka B KpoBi. OmHOYacHO aaTOKCHMH MOKE 3MIHIOBAaTH MeTabO0JIi3M BYTJIEBO/IIB,

3HIDKYIOUM KOHLIEHTpAIil0 TJIIOKO3M, LIO0 BIUIMBA€E HA EHEPreTMYHUN OanaHc 1
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BUTpUBAIICTh puO. KpiM TOro, TOKCHMH MOpyIIye >KUPOBUM OOMIH, IO MOTEHINIHO
MO>K€ MTPU3BOAUTH 0 HAKOTMUEHHS TOKCHYHUX MPOIYKTIB JIMIAHOTO OOMIHY.

T2 TOKCHH, y CBOIO Yepry, MPUTHIUy€e CUHTE3 OiJIka Ha KIITUHHOMY PIiBHI, IO
B1JI00pa)KA€THCS Y 3HIXKEHHI 3arajibHOTO O1JIKa B KPOBI1 Ta MOPYIIEHHI MTPOIIECIB POCTY
1 BITHOBIICHHS TKaHWH. BiH TakoX CIHpus€e TMOCWICHHIO OKHCHOTO CTpecy, IO
VIIKOJDKYE KIITHHHI CTPYKTYpU 1 3MIHIOE (DYHKIIO MITOXOHIpPI — OCHOBHHX
EHEPreTUYHUX MEHTPiB KIiThuH. lle mpu3BomuTh A0 AucOaNaHCy Yy BYTJIEBOIHOMY
oOMiHI Ta 3HW)KCHHSI PIBHS TJIIOKO3W B KpoBi. Takoxx T2 moxke mopynryBatu poOOTy
dbepMeHTiB, 110 OepyTh y4acTh y MeTab0Ii3Mi JigiB 1 JeTokcukarii [39].

Hamm O6yB mocmimpkeHH BMICT 3arajbHOTO OUIKY y KpOBI Kapacs 3a fii 000X

3a3HaYCHUX MIKOTOKCHUHIB. Pe3ynpTaTamMu npescraBiieHi Ha puc.3.1.

11
10,5
10

9,5

Ye]

8,5
PiBeHb 3aranbHoOro 6inky y KpoBi

B KoHTponbHa rpyna M MikoTOoKcnH B1 B MiKOTOKCKUH T2

Puc. 3.1. PiBens 3aranpHOro 01Ky y KpoBi Kapacs 3a J1i MIKOTOKCUHIB B1 Ta

T2, t/n (M £m)

3riHO 3 OTPUMAHUMU PE3yIbTaTaMt €KCTIEPUMEHTY, KOHIICHTPAIIisl 3araTbHOTO
Ol7Ka B CHpOBATIIl KPOBI Kapacs mija BILIMBOM MikoTokcuHy Bl ctanoBuna 10,45 +
1,57 r/n, Toni sik 3a aii MikoTokcuHy T2 1e¥ moka3HuK 3HMKyBaBcs 10 9,15 + 1,28 /.

VY KOHTpOJIBHIN rpymi pubd piBeHb 3arajabHOTO OUTKa 3aiuiaBcs Ha piBHi 10,45 + 1,57
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/7, 10 MOK€ CBITYUTH MPO MOPYIICHHS CHHTE3y OUIKY BHACIIIOK TOKCHYHO1 1ii T2.
CroctepiraeMo HE3HayHE 3MEHIICHHS PIBHS 3arajdbHOrO OUIKY TOpPIBHSHO 3
KOHTPOJILHOIO TPYyIIoL0, 30KpeMa 3a 1ii B1 Bcboro Ha 4%, 3a aii T2 — 12%.

3HIKEHHS PIBHA 3arajibHOro O1Jka B KpOB1 puO MiJ] BIUIMBOM MIKOTOKCUHY T2
CBIJUUTH PO MOPYLICHHS O17IKOBOr0 0OMiHY, 30KpeMa MPUTHIUYEHHS CHHTE3Y OUIKIB y
MEYiHIll — TOJOBHOMY OpraHi, BIJAMOBIIAJILHOMY 3a YTBOPEHHS OUIBIIOCTI OUIKIB
mia3Mu. T2 TOKCWH iHTIOye cuHTe3 OuTka Ha piBHI prOOcOM, OJOKYIOYH TPOIeCH
TpaHCIALIi, IO, CBOEID YEProrw, NPU3BOJAUTH JO 3MEHIICHHS KOHIEHTpaIii
CTPYKTYPHHX, PEpMEHTATUBHUX 1 TPAHCTIOPTHUX O1JIKOBHX MOJIEKYJI y IJIa3Mi KPOBI.

KpiMm Toro, 3HM)xeHHs OUTKa MOX€ OYTH IOB’si3aHE 3 LUTOTOKCUYHOIO JI€I0
TOKCHHY Ha TENaTOIMTH — MEYIHKOBI KJITHHHU, BHACIIJIOK YOTO MOPYIIYETHCS IXHS
cekpetopHa ¢yHKIis. Takuii cTaH MOXKe CyHpPOBOKYBATUCS 3MEHIICHHAM CHHTE3Y
anbOYMIHIB 1 TJIOOYJIIHIB, @ TAKOX 3arajibHUM MOPYIIEHHSIM T'OMEOCTasy.

VY miacyMKy 3MEHIIEHHS PIBHS 3arajlbHOro OUIKa € YYTIUBUM O10XIMIYHUM
MapkepoM TOKcH4YHOi Aii T2 1 BimoOpaxkae CUCTEMHI METaOOJIYHI 3pYIIECHHS B
opraHiami pu0, 0 HEraTUBHO BIUIMBAIOTh Ha iXHIM (Pi3107OTIYHUI CTaH, IMyHHY
BIMOBIIbL Ta aJanTalliiHl MOKJIUBOCTI.

Kpim KiIBKICHOTO BMICTY 3arajlbHOro OUIKY y KpOBi, HAMU OyJIu JOCIHIIKEeHA
JTMHAMIKa 3M1H P1BHS TJIFOKO3H y KPOBI Kapacs. 3MiHH PiBHA TJIFOKO3U B KPOBI ITiJT T1€10
TOKCUKAHTIB, MOXYTbh CBITYMTH PO MOPYLIEHHS EHEPreTUYHOI0 OOMIHY Ta 3arajlbHUN
CTpECOBUI CTaH opraHizmy. [1iIBUIIIEHHS! KOHIIEHTpAIllii [JTFOKO3HU YacTO € PEaKIli€lo Ha
TOCTPHM CTpeC, KOJM BHBIIBHCHHS TJIIOKO3M 3 TJIIKOTGHOBHX 3allaciB TICYIHKH
BIJIOYBAETHCS 1]l BIUIMBOM CTPEC-aCOL[IHOBAHUX TOPMOHIB, TAKHX SIK KOPTU30J a0o
KaTexoJyiaminu [6].

HatomicTh 3HM)KEHHS pIBHS TJIIOKO3M MOJKE BKa3yBaTH Ha MPUTHIYECHHS
[JIIKOTEHOMI3y, TOpPYIICHHS TJIIOKOHEOTeHe3y a00 BHCHaXCHHS EHEPreTUYHHX
pPEe3epBIB YHACIIIOK TPUBAJIOTO TOKCUYHOTO HaBaHTaXeHHs. Takuii epexT MOKIUBHIA
OpU TMONIKO/)KEHHI MEYIHKM a00 MOpylIeHHI (PYHKIIT (epMEHTaTUBHUX CHCTEM,

BiJIMOBIJATFHUX 32 BYTJICBOJHHUIA OOMIH.
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3arajioM, KOJIMBAHHsS PIBHS TJIFOKO3W IIiJI BIJIMBOM TOKCHUKAHTIB €
1HGOPMAaTUBHUM MOKAa3HUKOM (PYHKIIIOHAJIBHOTO CTaHy TE€YiHKH, E€HEPreTUYHOIrO
3a0e3MeUeHHs] Ta aJanTallifHUX MeXaHI3MiB pub. 3 eKCHEepPUMEHTAIbHUX JaHUX

0a4uMMO HACTYMHY JUHAMIKY 3MiH Y PiBHI INIIOKO3H B KpOBi (puc. 3.2.)

KinbKicTb rntoKo3un

B KoHTponbrarpyna M MiKOTOKCMH B1 B MiKOTOKCUH T2

Puc. 3.2. Jlunamika 3MiH piBHS TJIFOKO3U Y KPOBI Kapacs 3a Jii MiKOTOKCHHIB,

MmoJis/1 (M £ m)

AHani3 OTpUMaHUX JaHUX CBITYUTH PO CYTTEBI 3MIHM KOHILIEHTpALlIl TJIIOKO3U
B KpOBI Kapacsi miji BIUIMBOM MIKOTOKCHHIB B1 Ta T2. Y KOHTpOIIbHII rpymi piBeHb
rI0K03u cTaHoBuB 5,91 + 0,71 mMmons/a, mo BigoOpaxkae (i3ioIoriyHy HOpMY AJIs
Buay. HatomicTe y rpymi, sika 3a3Hana BIDIMBY adiaTokcuny Bl, meil moka3Huk
3HIKYBaBcs 710 2,3 £ 0,32 MMOJIB/J1, TII0 B1ATIOB1Ia€ 3MEHIIIEHHIO Ha 61% TOpIBHSIHO 3
KOHTpoJieM. Y puO, sIKi 3a3HaJIM A1 MIKOTOKCUHY T2, piBeHb I'TFOKO3M CTaHOBUB 4,1 +
0,66 Mmmob/1, o € Ha 30% HWKYIUM 32 KOHTPOJIbHI 3HAYEHHS.

Take 3HWKEHHS TJIIKeMIi CBIIYUTH MPO MOPYILIEHHS €HEPreTUYHOr0 OOMIHY,
WMOBIPHO TOB’sI3aHE 3 MPUTHIYEHHSM TJIIKOTEHOJII3Y Ta TJIOKOHEOr€HEe3y BHACIIIOK
TOKCUYHOTO ypaxkeHHs nediHku. OcoOIMBO 3HaYHE 3HIKEHHS PiBHS TIIIOKO3M 3a il

adbnmarokcuny Bl Moske BkasyBaTH Ha riauOmii MeTaOodiyHi MOpyIIeHHS abo
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BHUCHaXXCHHA CHCPIreTUIYHUX pesepBiB. 3MEHIIICHHS I''IFOKO3U B 000X
CKCIICPUMCHTAJIbHUX I'PYIIAX TAKOXK MOKC GYTI/I HaCJ'IiI[KOM 3pOCTaHHs CHCPICTUIHUX

BUTPAT Ha JIETOKCUKAIII0 a00 IMyHH1 peakKIiii.

3.2. loka3HMKHU MeYiHKOBOI (PYHKUII Ta renaToTOKCHYHICTH MiJl BILIMBOM
MmikoTokcuHniB T2 Ta Bl

AHalli3  KOMIUIEKCY  OIOXIMIYHMX  TOKa3HHKIB, 110  BigoOpa)karTh
(YHKI[IOHaTBbHUI CTaH TEYiHKH, 30KpEeMa aKTHBHOCTI alaHiHaMiHOTpaHc(epasu
(AJIT) 1 acnaprataminotpancdepazu (ACT), a Takok KOHIEHTpAIlil 3arajbHOTO Ta
npsiMoro OUTIpyOIHY B CHPOBATII KPOBI, € Ha/I3BUYAITHO 1HHOPMATUBHUM JIJIs1 OI[IHKU
renaToOTOKCUYHOTO BIUIMBY KCEHOOIOTHKIB, 30Kpema MIKOTOKCHHIB T2 Ta Bl, Ha
oprasi3m pub6. Lli moka3HUKHU T03BOJISIOTH HE JIUIIE BCTAHOBUTH HASBHICTb YPA)KEHHS
MEYIHKOBOI TKAaHWHU, a ¥ OXapakTEpU3yBaTH WOr0 TSKKICTh, (PYHKLIOHAIBHY
HEJOCTaTHICTh Ta MOTEHIIIMHI HACIIIIKH U1 CHCTEMHOT0 MeTabomi3zmy [11].

VY pesynbrarax AOCHIIKEHHS (PYHKIIOHAIBHOTO CTaHy TMEYIHKK Kapacs Tij
BILUTMBOM MIKOTOKCHHIB B1 Ta T2 OyJi0 BCTaHOBJIEHO 3HAYHE MIJBUILIEHHS aKTUBHOCTI
KIIOYOBUX  (epMEHTIB  TMeuiHKu —  anaHiHamidHoTpaHcdepasu (AJIT) Ta
acnaptaramiHorpancdepasu (ACT) — y MOpiBHSAHHI 3 KOHTPOJBHUMH 3HAYCHHSIMHU

(puc. 3.3.)
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B KoHTponbHa rpyna B MiKoTOKcuH B1 B MiKOTOKCKUH T2
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Puc. 3.3. JIlunamika 3MiHM aKTUBHOCTI aMiHOTpaHcdepas 3a [ii MikoTOKCHHIB B1

ta T2, on/n ( M £ m)

AxtuBHicth AJIT, QepMeHTy, MmO XapakTepuszye IUTONI3 Ta MOPYIICHHS
MeMOpaHHOI HUIICHOCTI TeMaToIuTIB, MijJ BIUIMBOM MIKOTOKCMHY Bl craHoBuia
221,74 £ 26,61 on/n, Toxi sik 3a Aii T2 1et moka3HUK OyB IIIe BUIIMM 1 JOPIBHIOBAB
251,75 + 30,21 on/n. g nopiBHAHHS, Y KOHTPOJIbHIN rpyni aktuBHicTE AJIT Oyna
171,25 +20,55 on/n. Takum YMHOM, BITHOCHE 3pOCTaHHS aKTUBHOCTI IbOTO (hePMEHTY
ckiano 29% npu aii B1 ta 47% — npu mii T2.

[Mono acnaprataminotpancdepaszu (ACT), akTUBHICTB ITLOTO (PEPMEHTY TAKOK
BUSIBIJIACS MTIJBUIICHOIO Y TPyMax 3 BILIMBOM MiKOTOKCHHIB: 341,7 + 41,02 on/n ans
B11342,5 + 41,1 on/n nns T2, y To# yac K y KOHTPOIBHIHN rpymi — 269,95 + 32,39
on/n. Bignocue minBumieHHst aktuBHOCTI ACT cranoBuino O6mu3bko 27% y o0ox
eKCIIePUMEHTAJIbHUX TPyTax.

Jljis GBI AETaTBbHOTO PO3YMIHHS XapaKTepy remaTOTOKCHYHOTO YPaKeHHS 1
HOro CTymneHsi BUKOPUCTOBYIOTh KoedilieHT Je PiTica — CIiBBIIHOIIIEHHS aKTUBHOCTI
ACT no AJIT (AST/ALT), sixe no3BoJisie AuEpeHIIIOBATH TUIT YIITKOHKEHHS TEY1HKU
1 BIAPI3HUTH LUTOJITUYHUN TPOLEC BiJ HEKPOTUYHOIO ab0 XPOHIYHOTO 3amasIeHHS.

[nTepnperaniis MUX MOKa3HUKIB MAa€ BaXKJIMBE 3HAYEHHS ISl PO3YMIHHS MATOTE€HE3Y
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TOKCHUYHOTO YpaKeHHsI edinku. Bimomo, 1o B Hopwi criBBigHoIeHHs ACT no AJIT
Bapilo€, ajie 4acTo B 3J0POBUX OpraHi3Max BOHO OJM3bKe 0 1-2, 3aJIeKHO Bija BUITY
TBapUMHU Ta TKaHWHHOI crnenudiku depmeHTiB. 3HaueHHS koediienta ae Pirica,
OlnbIIi 3a 1, cBiIUaTh MPO OUIBII TSHKKUM XapakTep IMOIIKOHKEHHS TEUYIHKH, YacTo
MOB’sI3aHUI 13 HEKPO30M, a00 XK MOXKYTh BKa3yBaTH Ha CYMyTHE ypPaKCHHs 1HIINX
opraniB (cepiist, M’s13iB), e Takox npucyTHiin ACT [15].

[aTepnperallis IMX TOKA3HUKIB Ma€ BAXKIUBE 3HAYEHHS /I PO3YMIHHA
MaTOTeHE3y TOKCHUYHOTO YpaKeHHS MediHKHA. Biomo, 1mo B HOpMI CITiBBIAHOIIEHHS
ACT nmo AJIT Bapitoe, ajie 4yacTo B 3JI0POBHUX OpraHizMax BOHO Oyim3bke 10 1-2,
3aJIeKHO BiJl BUJLy TBAPHHHU Ta TKAHWHHOI crienndiku pepmeHTiB [24].

VY xouTponpHi# Tpyni koedimieHt ae Pitica 1,58 BimoOpakae HOpMaIbHUMN
(1310JIOTIYHMNA CTaH TMEYIHKM Kapacs 3 THUIIOBUM [UJIi BHUIY CIHIBBIIHOUIEHHSIM
AKTUBHOCTI TpaHCaMiHa3.

[Tin BrutiBoMm MikoTOKcHHY B1 koeditienT ne Pitica He3HaYHO 3HU3UBCS [0
1,54, mo, 3 onHoro 00Ky, CBIAUUTH TIpo 30epekeHHs Oanancy Mk ACT 1 AJIT, ane, 3
1HIIIOTO OOKY, 3arajibHe MiJBUIIEHHSI aKTUBHOCTI 000X (PEpMEHTIB BKa3y€ Ha CYTTEBE
YIIKOJIPKEHHS TeNaTOLUTIB 13 IEPEBAXKHUM ITUTOITUYHUM KOMITIOHEHTOM. [Toka3Huk
CBITUUTh MPO AaKTUBALIK MPOILECIB KIITHHHOIO CTPECY 1 MOPYIIEHHS LIICHOCTI
MeMOpaH MEeYiHKOBUX KJIITHH.

VY rpyni pu0, 1o 3a3Haiu Al MiKOTOKCUHY T2, koedimieHT ne Pitica 3HU3UBCS
no 1,36. Ileit ¢gakt Moxe CBIIYUTH MPO BIJHOCHO OUIBII BUPAKEHE IiJIBUIICHHS
aktuBHocTi AJIT y nopiBasiHHI 3 ACT, 1110 XapaKTepHO AJII TOCTPOTO HUTOITHYHOTO
YPaKEeHHSI TTEUIHKH, KOJIU YITKODKCHHS JIOKAJTI3Y€EThCS TIEPEBAXKHO B TeMaTONUTax 0e3
3HAYHOI y4YacTl I1HIIMX TKaHWH. BojHodac 3aranbHe 3HAYHE IMiJBHUINECHHS 000X
(dbepMEeHTIB MATBEPKYE TSHKKUM TOKCUYHUM BIUTUB T2, 1110 Ma€ MOTEHIIial BUKIUKATH
HEKPO3 Ta MOPYIIEHHS MeTaboMIuYHUX (DYHKIIIA OpTaHy.

[TincymoByro4HM, MOXXHa CTBEpJKYBaTH, IO JaHl O10XIMIYHI TIOKA3HHUKHU
CBiJT4aTh MPO CYTTEBE TEMATOTOKCHYHE HaBaHTa)KeHHs MikoTokcmHamu Bl ta T2 Ha
oprani3m kapacs. AktuHicTh AJIT 1 ACT, a Takox koedirienT e Pitica m03Bomst0TH

U epeHITiIoBaTH CTYMIHb 1 XapaKTep MEeUIHKOBUX YIIKOKEHbB, MiATBEPIKYIOUH, 1110
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o0uJIBa TOKCHUKAHTH BHUKJIMKAIOTh MOIIKOJKEHHS TEMNaToIUTIB 13 JOMIHYBaHHSIM
IATOJITHYHUX TIporieciB. Bomnouac MikoTokcuH T2 Mae OUTbIN BUpaKEHUH €PEKT, 110
MPOSIBIIIETHCSI B 3HAUYHINIOMY ITIJIBUIICHHI aKTHBHOCTI (DEPMEHTIB 1 BiAHOCHOMY
3HUKEHHI KoediiieHTa jae Pitica.

[{i pe3ymbTath Y3rOMKYIOTHCS 3 JITEPATyPHHUMH JaHUMH, SIKI OMHCYIOTh
MEXaH13MH Jii MIKOTOKCHHIB: BOHHU 1HT10YIOTh CUHTE3 OlJIKa, MOPYIIYIOTh IITICHICTh
KIITHHHAX MEMOpPaH 1 BUKIWKAIOTh OKHUCHIOBAIBHHH CTpEC, IO MPHU3BOIAUTH [0
3aru0eii remaTouuTiB. TaKuM YMHOM, HaBeAeH1 OIOXIMIYHI 3MIHUM € HaJIiHHUMU
MapKepaMu renaTOTOKCUYHOCTI Ta MOXYTh OyTH BUKOPHUCTaH1 JUIsl OLIIHKUA CTYIEHS
TOKCUYHOTO BIUIMBY PI13HUX 3a0pyJAHIOBAaYIB Y BOJHHUX €KOCUCTEMAX.

[Toka3nuku OULTIPYyOIHY — 3arajdbHUM, NMPSIMHUA Ta HENPAMHUM — y KpPOB1 pubd €
BAKJIMBUMH  1HAMKATOpaMU (PYHKI[IOHAIIBHOTO CTaHy NEYiHKA Ta CHUCTEMHU
YKOBUYOBUBEJICHHS, OCOOJMBO y KOHTEKCTI TOKCHYHOTO BIUIMBY MIKOTOKCHHIB YH
IHIIMX IIKIJJIABUX PEYOBUH. AHaJII3 3MiH [IUX ITapaMeTPiB J03BOJISIE OI[IHUTH CTYITIHb
MOPYIICHHS 00MiHY OUTIpyOiHy, 10 BiAOOpa)ae sIK renaToUETIONSPHI YIIIKOIKCHHS,
TaK 1 MOpyIIeHHs BiATOKY o0Byi [40].

3aranpHuii O1UTIpyOiH BKIIIOUAE CyMY HEMPAMOTo (BUIBHOTO, HEKOH FOTOBAHOTO)
Ta TpsMOro (KOH'IOroBaHoro) OuTipyOiHy. Henpsmuii OuaipyOiH yTBOPIOETHCS
BHACIIJIOK pO3Majay TeMOIJIOOIHY y PpEeTUKYJIOCHIOTETalbHIM cHUCTeMi Ta
TPAHCTIOPTYETHCS 0 TIEYIHKH, JI€ BiH TIEPETBOPIOETHCS y TIPAMUN — BOJOPO3UYNHHUH,
1110 BUBOJIUTHCS 3 YKOBUIO.

[Tix mi€r0 TOKCUMYHUX PEYOBHH, TaKUX sIK MiKOTOKCHHHM T2 Ta B1, B opranizmi
pu0d MOXYTh BHWHHMKATH HACTYIHI TOPYIICHHS: TOMIKO/HKCHHS TeMaTOINTIB
MPU3BOJIMTEL JIO 3HI)KCHHS 3JaTHOCTI KOH’IOTYBAaTH Ta BHBOAWTH OLTPYOIH, IO
MPOSIBIIIETHCS T1IBUILICHHSM PIBHS SIK HEMPSMOT0, TaK 1 MPsIMOTro OUTipyOiHYy Y KPOBI.
3pocTaHHs HEMPsAMOTo OUTIPYyOIHY CBIAYUTH MPO MOPYIICHHS METa0013My B MEUiHII],
TOJI1 SIK MIABUIIEHHS IPsIMOro O11ipyOiHy MOe BKa3yBaTH Ha X0JIecTa3 — MOPYLICHHS
BIJITOKY >KOBY1 Yepe3 TOKCUYHE YPAKEHHSI )KOBYHUX MPOTOK a00 KaHAJbIIIB.

Takum 4YWMHOM, WIABUINEHHS pPIBHSA 3arajbHOTO OUTIpyOiHYy, OCOOJHMBO B

MOETHAHHI 31 301JIBIIEHHSAM MIPSMOTO O1TipyOiHY, € MApKEPOM T'emaTOTOKCUYHOCTI, IO
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BiioOpaxkae sIk ATOIITUYHE YIIKOKCHHS MEUY1HKH, TaK 1 QYHKIIOHAIbHI TOPYIICHHS
’KOBUOBHUBIZHOI cucteMHd. BojgHouac 3HauHe HAKOMHMUYEHHS HEMPSMOTO OimipyOiHy
MOX€E CBIJUUTH MPO JePEeKTH Ha CTaAll 3axoIlieHHS a0o KOH’roraiii OutipyOiHy B
renaTolMTaXx, 110 € 03HAKOI0 TOKCUYHOTO BIUIMBY Ha ()EPMEHTHI CUCTEMH IMEUYIHKH.

VY pub Taki 3MiHM TaKOXX MOXYTh OYTH 1HAMKATOPOM MOPYILIEHb 3arajibHOro
00MiHYy TeMOrI00iHy Ta 3araJIbHOTO CTPECOBOTO CTaHy OpraHi3My, 3yMOBJICHOTO JII€10
MIKOTOKCHHIB. TOMy KOMIUIEKCHUH aHalli3 [HMX TIOKa3HHWKIB y KPOBI JO3BOJISIE
OTpUMaTH 00’ €KTHUBHY KapTUHY (DYHKIIOHAJIBHOTO CTaHy MEYIHKU Ta KOBYOBHUBIIHOT
CUCTEMHU, a TAKOK CTYMNEHS reMaTOTOKCUYHOTO YPaXKEHHS, 110 € BaXKJIMBUM IIPH OIIHIII
€KOJIOT14HOT O€3MeKH aKBaKyIbTyPH Ta IPUPOTHUX BOAOHM

B xoni excrniepuMeHnTy Hamu Oysin 3adikcOBaHI HACTYIHI JaHl IIOAO PIBHS

OLmipyOiHy y KpoBi kKapacs (puc. 3.4.)

2,5

15
0

Binipy6iH 3aranbHMit BinipybiH npamuit BinipybiH Henpamuit

N

[N

W

B KoHTponbHa rpyna B MiKOoTOKcuH B1 B MiKOTOKCHH T2

Puc. 3.4. lunamika 3MiH 61mipyOiny 3a 1ii MikoTokcuHiB B1 ta T2, MMonb/n

(M+m)

AHauti3 010XIMIYHMX TTOKa3HUKIB CBITYUTH MPO MEBHI 3MIHU BMICTY O11ipyOiHY
y KpOBI1 Kapacs miJi BILIMBOM MikoTokcuHIB Bl Ta T2. 3okpema, piBeHb 3arajibHOTO

OuTipyOiHy y Trpymi, MiJjIaHiil BIUIMBY MikoTokcuHy Bl, cranoBuB 2,15 £+ 0,26
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MMOJIB/JI, TOA1 K y TPyIi, 10 OTpUMYyBaia TOKCUH T2, 1ed Mmoka3HUK OyB Jemio
BUIIUM 1 TopiBHIOBaB 2,3 + 0,28 MMOJIb/1. Y KOHTPOJIbHIN TPy 3araibHui 01mipyOiH
0yB 3adikcoBanwmii Ha piBHI 2,4 &+ 0,29 MMOJIB/11. TaKUM YMHOM, Y JOCIIDKEHUX TpyIiax
CIIOCTEPITAaEThCA HE3HAUYHE 3HIDKCHHS KOHIIGHTpAIlli 3arajJibHOro  OLIipyOiHy
MOPIBHSIHO 3 KOHTPOJIEM.

[[lomo mnpsiMmoro (kKoH’roroBaHoro) OTIpyOiHY, HOro piBeHb 3aJIUIIABCS
CTaOLIPHUM Y BCiX TpboX rpynax i cranoBuB 1,0 + 0,12 mmons/n. BpaxoBytoun, 1o
3aranbHUN OLTIPYyOiH — 1€ CyMa MPSIMOTO 1 HEMPsIMOTO (HEKOH ' TOrOBaHOT0) O11ipyOiHYy,
p1BEHBb HEMPSIMOTO O1TIpyO1HY MOYKHA OIIIHUTH SIK PI3HUITI0 MK 3arajlbHUM Ta MPSIMUM
OlmpyOiHOM. BIAMOBIAHO, Yy KOHTPOJBHIA TPyl pPiBEHb HENPAMOro OuTpyOiHY
CTaHOBUB MpubIn3HO 1,4 MMonw/n, y rpyni Bl — 1,15 mMons/n, a y rpymi T2 — 1,3
MMOJIb/J.

3HI)KEHHSI 3arajbHOro Ta HENpsAMOro OulipyOiHy MOXeE CBIAYUTH MPO
MOPYIICHHS MTPOIIECIB YTBOPEHHSI, pO3Ialy TeMOTrio0iHy a00 3MiHU Yy (DYHKITIOHYBaHHI
MEYIHKH B YaCTHHI 3aXOIJIEHHS 1 KOH torauii 0utipy0oiny. CTaO1pHU piBEHb PSIMOTO
OLTipyOiIHY CBIIYUTH PO BIICYTHICTh BUPAKEHOTO XO0JIecTa3zy ado MOPYIIEeHb BIATOKY
’KOBYI IT11 BILIMBOM JIOCIIIJIKYBaHUX MIKOTOKCHHIB.

3arajioM, OTpUMaHl JaHl BKa3ylOTh Ha Te, 1m0 MikoTokcuHu Bl Ta T2
BUKJIMKAIOTh TIOMIpHI 3MIHM y MeTa0omi3mi OuripyOiHy y Kapacs, 1o MoXe OyTu
HACIIAKOM JIETKMX NOpPyHIeHb (YHKIT MEeYlHKM abo 3MIH y CcUCTeMl OOpOOKH
reMorjo0iny. BicyTHICTh 3HAYHOTO MIABUIIEHHS MPSAMOTO OLIipyOiHY CBIIYUTH PO
TE, 10 TOKCUYHHUM BIUIMB LIUX PEUOBUH, HMOBIPHO, HE CYNPOBOIKYETHCS 3HAUHUM
XOJIECTATUYHUM YpaKeHHSIM. Taki 3MiHH MOXKYTh OyTH MapKepoM MOYaTKOBHUX CTaiii
rernaToTOKCUYHOCTI, 110 TOTPeOye MOAAIBIION0 KOMIUIEKCHOTO JOCIIIKEHHS.

JlocnikeHHsl BIUIMBY MIKOTOKCHHIB aduiatrokcuHy Bl Ta T2 nHa OGioxiMiuHI
napamMeTpu KpoBl KOPOMOBHX pUO IMOKa3al0 CyTTEBI METaOONIYHI 3MIHH, 30KpeMa
3HIKEHHS PIBHS 3arajibHoro OuTKa, [0 CBIAYUTH PO MOPYLICHHS O1IKOBOIO OOMIHY
Ta MPUTHIYEHHS CUHTE3Y OUIKIB y MeuiHli. T2 TOKCUH BUSBHUBCS OUIbII TOKCUYHUM,
HIX adnarokcuH Bl, 3HayHO NMPUTHIUYIOYM CHHTE3 OUIKY 1 BUKIMKAIOYM OLIBII

rmboKi mopymeHHs. KpiMm Toro, y kapacs 3a 1ii 000X TOKCHHIB BIJ3HAUYaIoCs
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3HIDKEHHS PIBHSA TIIFOKO3H Y KPOBI, 1110 BKa3y€ Ha IOPYIIEHHS eHePTeTUYHOr0 OOMIHY,
HMOBIPDHO dYepe3 TOKCHUYHE YpaKeHHsS TMEUIHKM Ta TMPUTHIYEHHS MPOLECIB
TUIIKOT'€HOJI3Y 1 TIFOKOHeoreHe3y. [loka3sHMKM aKTMBHOCTI NMEYIHKOBUX (PEPMEHTIB
AJIT 1 ACT pi3ko 3pocTaid, 10 CBIIYUTH MPO MOIIKOMKEHHS MEUYIHKOBUX KIIITHH 1
MOpYIIeHHS iXHBOI MeMOpaHHOi 1imicHOCTI. Koedimient e Pitica Ta migBUIIEHHS
piBHS OLIIpyOiHY MIATBEPKYIOTH TOCTPE IMTOJNITUYHE YPaKEHHsS TEYIHKH 1
mpoOJeMu 3 >KOBUOBHBIIHOIO (YHKIIEI. B IiloMy, MIKOTOKCHHU CIPUYUHSIOTH
KOMIUIEKCHE TOKCHYHE ypa)X€HHsSI OpraHi3My puO, 0COOJIMBO MEYIHKH, BUKIMKAIOUU
MOPYIIEHHS] OCHOBHUX OOMIHHUX ITPOIIECIB 1 3HWKEHHS aJanTallliHIX MOXKJIMBOCTEH,

a 010X1IMIYHI TOKAa3HUKHU KPOBI € HAAIMTHUMU MapKepaMu TaKOTO BILIUBY.
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BUCHOBKHA

1.V xoai gociipKeHHs BCTaHOBJIEHO, 1110 130Ib0BaHHI BIUIMB MIKOTOKCHHIB T2
Ta B1 npu3BOaUTh /10 3HAUHUX 3MIH Y 010XIMIYHOMY CKJIaJll KPOB1 Kapacsi 3BUYAHOTO,
30KpeMa 710 TOpyIIeHHs! (GYHKITIOHATBHOTO CTaHy TEYiHKH, IO MPOSBISETHCA Y 3MiHI
KOHIICHTpAIlli IJI0K03U, Oulka, OUTpyOiHy Ta aKTMBHOCTI TpaHcamiHa3. AKTHUBHICTh
neuinkoBux ¢epmentiB ACT ta AJIT 3pocrtae 3a 11ii 000X TOKCHMKAHTIB, II0 CBIAYHUTH
Ipo TOpYHIEHHS MEMOpaHHOi IUTICHOCTI KJIITHH TIEYIHKM Ta  PO3BUTOK
renaToletosIpHoro ypaxenHs. IligBumieHHs koediiieHta ae Pitica miaTBepIKye
PO3BUTOK TOCTPOI IUTOMI3Y MEYIHKOBUX KIITHH. 3a()iKCOBAHO 3HIKCHHS 3araJlbHOTO
OLTIpyOIHY y JOCIIIHUX TpyHax MOPIBHAHO 3 KOHTpojeM. [Ipu oMy piBeHb IpsIMOTO
(koH’rOoroBaHoro) OuUTipyOiHYy 3aJMIIABCS HE3MIHHHMM, a 3MEHIIECHHS CTOCYBAJIOCS
HenpsaMoi (ppakilii, 10 MOKE CBITUYUTH PO NOPYIICHHS MTPOLIECIB KOH'FOrallii y MeY1HIII.

2. ITix BtmBoM MikoTOKCcHHIB T2 Ta B1 Big3HauaeThCs 3HMKEHHS KOHIIEHTpAITli
3arajbHOro OidKa y KpoBl puO, IO CBIAYUTH NPO MPUTHIYEHHS OLTOKCHHTE3YIOUOl
GyHKIT euiHKU. 3HIKEeHHs Ouika csrano 25 % y rpym T2 Tta 34 % y rpym Bl, mio
TaKO0 MOJK€ CBITYUTH MPO MOOLITI3a11i10 OUIKIB SIK EHEPreTUYHOTO CyOCcTpaTy B yMOBax
TOKCHUYHOro cTpecy. Ilin miero mikoTokcuHiB T2 Ta Bl crocrepiraeTbcs 3HUKEHHS
pPIBHS TJIIOKO3M Yy KpOBI, IO € CBIJYEHHSIM TOPYIICHHS EHEPreTUYHOro OOMIHY.
HaiiGinpin BupakeHe 3HWKEHHS TIIKEMIi BHUSBJICHO y TPyIll, SKa 3a3Halia BIUIUBY
apnatokcuny Bl — Ha 61% mnopiBHSHO 3 KOHTposieM. Y rpymni T2 piBeHb TIIIOKO3U
3HMKyBaBcs Ha 30%.

3. He3Baxkaroun Ha TOKCHYHUIN BIUTMB MiKOTOKCHHIB T2 Ta B1, oprani3zm kapacs
JIEMOHCTPY€E aKTUBALIII0 NTEBHUX aJaNTallliHUX MEXaH13MiB. 30KpeMa, CIIOCTEPIraeThCs
MOO1TI3aIlSl €HEPreTUYHUX PE3epBIB (3MEHIICHHS PIBHSA TJIIOKO3UW Ta OLIKIB), IO
CBIIYMTH MPO 3aIyCK KOMIIEHCATOPHUX METa0O0IIYHUX mpolieciB. OnHak eEeKTUBHICTh
IIUX MEXaHI13MIB OOMEKEeHa: MPU TPUBATIOMY TOKCUYHOMY HaBAaHTAXCHHI BUSBJISIFOTHCS
O3HAKH TEeHaTOIECIIONIAPHOTO YINKO/DKCHHS, IO TIATBEP/KYETHCS ITiIBUIIICHHIM
aKTUBHOCTI TpaHCaMiHa3 Ta MOPYyIIEHHsSM OiakoBoro ooOmiHy. lle cBiquuTh mpoO
YaCTKOBY aJIaNTaIliio, sika He 3amo0ira€ po3BUTKOBI TOKCHUKO3Y, aje MOXE 3aTpUMaTu

MOro porpecyBaHHs.
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