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E-mail: lukashivs@gmail.com obesity of the animals with further injection of streptozotocin in the amount of 65 mg/kg and nicotinamide at the dose of
230 mg/kg. The rats were intragastrically injected with 1 ml of 1% starch solution, which contained selenium-chrome-
lipid complex extracted from the Chlorella containing 0.6 g of selenium, 1.05 pg of chrome and 0.5 mg of lipids for
prophylactic, therapeutic and prophylactic-therapeutic purposes; the other group of rats for therapeutic purposes was
injected with starch solution with the same composition of microelements in inorganic form — sodium selenite (1) and
chromium chloride (I11). This paper presents the results of our study of the impact of organic and inorganic compounds
of chrome and selenium on the energetic metabolism of rats exposed to experimental diabetes mellitus. The analysis
determined that in the rats’ organism, the selenium-chrome-lipid complex from the Chlorella improved the indicators of
the energetic metabolism — in the group of rats which received it for therapeutic purposes, we observed an up to 7.5 fold
increase in the activity of succinate dehydrogenase compared to the rats which did not receive therapeutic treatment.
The increase in the activity of succinate dehydrogenase corresponded to the increase in the activity of cytochrome c
oxidase to 17.2% — in the group of rats injected with the substance for therapeutic purposes. Also, the selenium-chrome-
lipid complex activated NADPH-glutamatedehydrogenase in groups of rats which received it for prophylactic and
therapeutic-prophylactic purposes. A decrease in NADPH-GDH was observed in all groups of rats which were injected
with the Chlorella complex, and its activation was observed only in the group of rats injected with inorganic forms of
selenium and chrome. In rats injected with the Chlorella complex, we observed change in the ratio of NAD and
NADPH-GDH towards increase. This indicates the intensification of the energy metabolism in the animals’ liver by
using aminoacids as energetic substances. In the conditions of injecting inorganic forms of selenium and chrome, the
ratio of NAD/NADPH decreased. Therefore, the results allow us to consider the algal complex obtained from Chlorella
to be effective for regulating the energetic metabolism of subjects suffering from diabetis mellitus compared to the use
of inorganic forms of chrome and selenium.
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Buius cesrenxpomutimianoi cyocranmii i3 Chlorella vulgaris na eneprermuanuii
MeTa00JIi3M y HIYPiB 32 eKCIIEPUMEHTAJIBHOI0 I[YKPOBOIo0 JiadeTy

O. 4. Jlykamis, B. B. I'py0iako
Teproninbcokuii HayionanbHuil nedazo2ivnuil yrigepcumem imeni Bonooumupa I'namioka, Tepnonine, Ykpaina

VHacrizok iHkyOanii omHokimuHHOT Bogopocti Chlorella vulgaris Biej. B yMoBax akBakysbTypu 3 Hatpiii cenenitom i xpom (III) xiopumom
OTPUMAHO Ta BHILICHO CTAOUIBHY CEIeHXPOMIIIMIIHY CyOCTAHIIIO, BUBYECHO ii BIUIMB HA IIypPiB 3 eKCIEPUMEHTAIBHIM IyKpoBUM JTiabeToM II iy
Ha I okupiHHs. [liabeT BUKIMKaIM B JBa €TAllM: CIIOYATKY MOJCITIOBAIM alliMEHTAPHE OXHPIHHS 3a JIOITOMOIOK BHCOKOKAJIOPIHHOI JTi€TH Ta
HATPi0 IIyTaMaTy yIpOAOBXK YOTHPHOX TIDKHIB, HACTYIIHHM €TaIloM BiTBOPEHO MOJENb IyKPOBOIO Iia0eTy IULIXOM BHYTPINIHBOOYEPEBHHHOTO
YBEIICHHSI CTPETO30ToIMHY (65 MI/KT) i3 momepeHiM yBeaeH M HikotnHaminy (230 mr/kr). Il{ypam 3 eKcrieprMeHTABHIM 1iabeTOM YBOIAIH
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BHYTPIIIHBOIITYHKOBO OUHIICHY CENCHXPOMIIMITHY CyOCTaHI0 i3 xyopeny, mo Mictina 0,6 Mkr ceneHy, 1,05 Mxr xpomy Ta 0,5 Mr niminis, y
cxmazi 1% BOOHO-KpOXMAIBHOI CycHeH3il B KiTbkocTi 1 MII 13 mpoh)inak THYHOIO, JTIKYBaJIbHOIO Ta JIKyBaJIGHO-IPO(UIAKTHYHO METO0. IHmiit
TPYIIi IIypiB 13 JIIKYBATEHOI METOI BBOJIMJIM BHYTPIIIHBONLTYHKOBO HeopraHiuHi ¢popmu xpomy (III) Ta ceneny (IV) y Burisiai Xpom Xopuay Ta
HAIpiil ceneHITy B ineHTWYHIiM KiTbkocTi. HaBemeHO pe3ynpTaTét NOCTDKEGHHS BIUIMBY OPTAHIYHMX (CEIEHXPOMIIIIIHOrO KOMIUIEKCY) Ta
HEOpraHIYHMX CIIOIYK XpPOMY Ta CeJIeHy Ha €HepreTHYHUH MeTaOoli3M HIypiB 3a eKCHEepHMEHTAIBHOIO IyKpoBoro aiadety. [lin yac BKMBaHHS
CEJICHXPOMIIIITIAHOr0 KOMILIEKCY i3 XJIOpeid B OpraHisMi HIypiB OUIBIIOI MIPO0 HOJIIMIIYBAIKCS MOKA3HUKH €HEPreTUYHOr0 OOMiHY, 30KpeMa
AKTUBHICTb LIATOXPOMOKCH/IA31, CYKIIMHATICTIIPOreHas3y Ta Iy TaMaTIeriaporeHasu. Pe3ybTati JO3BOMISIOTH BBAXKATH OTPUMAHHI BOJOPOCTEBHI
KOMIUIEKC 13 XJI0peiy e()eKTUBHIIIMM MOPIBHSHO 3 HEOPraHMHUMHU (POPMaMU XpOMY Ta CEJeHY.

Kmouosi c106a: MIKpOBOZIOPOCTI; OOMIH PEUOBHH; MIKPOEIIEMEHTH; CTPENTO30TOIMH; HIKOTHHAMIT

Beryn

IporoHoBaHe JOCTHKEHHST — MATOBUBYCHE B HAYKOBIi JiiTepa-
TYpi, @ TOMY CTaTD MPETCHIYE HAa OPUTIHATIBHICTD. Y TIPOJIOBXK OCTaH-
HIX POKIB HE OITyOJIKOBAHO YKOIHOT IPYHTOBHOI Tpalli, IO CTOCYETHCS
el npoOnemarnky. BirumsHsHi Ta 3apyObkHi BUeHi 37eOUIBIIOrO
aHATI3YBAIM BIVB HeopranigHoro xpomy (Cr'") Ha oGMiHHi npoueck
3a IKPOBOTO JiabeTy, a TAKOX BUBYAIN [IEPCIICKTHBH BUKOPHUCTAHHSI
mikposoopocti Chlorella vulgaris Biej. y 1iypiB 3 exkcriepuMeHTab-
HHM JiabeToM.

EninemiuHuii Xapakrep HOLIMPEHHS 3aXBOPIOBAHOCTI HA IIyK-
posuii giaber II tumy (LI 2), 1110 CyHpOBOIKYETHCS 0KUPIHHIM, —
Ba)XITMBA MpooJieMa menunuan. bimseko 80% xBopux Ha [/ 2 ma-
I0Th HaaMipHY Macy Tina (Aguirre et al., 2011), 1o Toro x y mozneit
i3 HOMIPHIM CTyIIEHeM OXKHpIHHS 9acToTa JiabeTy 3pocTae yder-
BEpO, a 3 pi3ko BUpakeHMM — y 30 pasiB. JIoCTHiKeHHsT OCTaHHIX
POKIB BKa3yIOTh Ha 3HAYHE IOLIMPEHHS OXHUPIHHS, SIKE BUCTYIAE
OCHOBHHM (haKTOPOM PH3HKY HE TUIBKH IyKpoBoro nriadery II Tu-
1y, a i aTepOCKIIepo3y, CEPLIEBO-CY AMHHKX 3aXBOPIOBAHb 1 JEAKUX
immmx marosoriit (Vlasenko et al.,, 2011; Laakso and Kuusisto,
2014; Reaven, 2011). Oxwupinas Bu3HaHe BcecBiTHBOIO Opraniza-
LI€I0 OXOPOHH 3710POB’st sik HOBa HeiHdekuiiina emigemis XXI cro-
JTTA. Y 3B’S3KY 3 HU3BKUM piBHeM (pBUUHOI aKTHBHOCTI, 301Ib-
LICHHSIM Y PallioHi BUCOKOKAIOPIHHUX NPOMYKTIB, a TAKOXK HEKOH-
TPOJIBOBAHUM BXKHBAHHAM XapyOBHMX 100aBOK, HATPHUKIIA, IIyTa-
MaTy Harpifo, IOHAJ TOJIOBHHY JOPOCIOTO HaceJeHHs YKpaiHH
Mae HaaMipHy Macy Tina. OCTaHHIMHM POKaMM BiMIYaroTh TIOCTil-
He 30UIBIIEHHS KUIBKOCTI OCI0 i3 HA/UIMIIKOBOIO MAcol0 Tila Ta
ykpoBuM miaderom Il Tumy, ocobnmBO cepen Mpane3aaTHOro Ha-
cenennst, Tomy LJ] 2 Ta 0)KupiHHS — aKTyasbHi IPOOIeMI MEIHIH-
uu (Vlasenko et al., 2011; Kharroubi and Darwish, 2015). {o Toro
K, JiabeT 1 OKHUPIHHA CyNpPOBODKYIOTHCS PO3BUTKOM CKIIATHUX
CyIyTHIX 3aXBOPIOBAHb i PAHHBOIO IHBAJIIHICTIO, @ TAKOX BHCO-
xoro cmepraictio (Islam and Loots, 2009).

CydacHi MOTJBIN Ha €TIOJIOTII0, MEXaHI3M PO3BUTKY Ta JIKY-
BaHHS IyKpoBoro aiadery II Ty B OCHOBHOMY CKOHLICHTPOBaHi
Ha JOCNDKEHHI pOJi IHCYJIHOPE3WCTEHTHOCTI Ta IOPYIICHHS
GyHKIIT B-KITITHH MAMUTY HKOBOT 3a1031. OHAK HEOCTATHS yBara
NPUIUIETHCS HIIUM acIieKTaM [1aToreHe3y, 30KpemMa 0coOJIMBOC-
TSIM €HEPTeTUIHOTO OOMiHy, IO 3yMOBJIIOIOTH BECh CIIEKTP KIIiHI4-
HUHX MPOSIBIB LIBOTO 3aXBOPIOBAHHSI.

EexrrBHICTS (hyHKITIOHYBaHHS €HEPIeTUIHNX CHUCTEM B OpraHi3-
Mi — ofuH 13 KpurepiiB ycmimHocti Jikysanus 1J] (Stancic et al.,
2017). BuBYCHHSI CHEPTETUIHOTO 3a0€3MCUCHHST MOXKE SIK TIOCITY )KHTH
OCHOBOIO UL BU3HA4YEHHs Horo poii B marorenesi LI/ 2, Tak i Oytu
MIICTAaBOIO /7Bl PO3POOJICHHST HOBUX METOAIB JIKYBaHHS Ta Mpodiiak-
THKH 1IbOTO 3aXBOPIOBAHHSA 33 JIOIOMOTOK KOPEKLi BHSBICHHX
niopymess (Tatsumi et al., 1998; Inzucchi et al,, 2012). 3a miabery Ha
VI aKTUBALi] OKCHIATHBHOTO CTPECy B OpraHi3Mi BilOYBatOThCS 3Ha4-
Hi 3MiHH MOJICKYJIIPHOI CTPYKTypH MeMOpaH MITOXOHIPIH, IO 3yMOB-
JIFOE TIOPYIICHHS! (DYHKIIOHYBAHHS (PDePMEHTHHUX KOMIUICKCIB JIHXaJTh-
Horo nanirora (Mokryy et al., 2016) i, sik HacJiOK, GIOCHEPTETHYHIX
TPOLIECIB Y KITHHAX, OCKUIBKH BYIVICBOJM HE MOXYTh BUKOPHCTOBY-
BATUCS JUIS CHEPreTUYHUX MOTPeO MEYiHKOO, CKENETHUMHU M’ s3aMu,
ceplieM, HUpKami (Zanozyna et al., 2010; Stancic et al., 2017).

HesBakarouu Ha JOCHTb IIMPOKHiT apCeHAN Cy4aCHHX aHTHlia-
OermuHX 3aco0iB, MpobiiemMa peanbHOI KOMIIEHCALl Iy KPOBOTO
JiabeTy 3aIMIIaEThCsT HEBHPIMICHOIO, MO0 OOIPYHTOBYE TIOMIYK i
CTBOpEHHSI HOBHX €(DEKTHBHHUX i, BOJHOYAC, MAJIOTOKCHYHUX aHTH-

niabeTruHuX 3aco0iB. OnuH 1B HAMIEPCHIEKTUBHIIIMX CIIOCOOIB MPO-
(UIAKTHKY TOPYIIEHs OOMIHY PEYOBHH — BUKOPHCTaHHS OI0JIOTIHHO
axtuBHUX 1100aBOoK (BAJI), B siKMX MiHEepabHi PEYOBUHH MPUPOI-
HOTO TOXOJDKEHHs TIepe0yBatoTh y 3B’ s13aHii GopMi y IpUpoHOMY
KOMITIEKC] 3 OUIKaMH, BYTICBOJIAMH Ta JIITIaMU. 3HAYHHI iHTEepecC
CTaHOBJLITH KOMIUICKCH CEIeHy Ta 1 OiOJIOriHO aKTHBHUX METAIiB
(Lukashiv etal., 2016).

Cenen 1 xpom (III) — BaxkiuBI MikpoenleMeHTH U1 OOMiHY pe-
gosuH (Vincent, 2012a, 2012b, 2013), 6o GepyThb y4acTs y KIiTHH-
HOMY 3aX¥HCTi Bil BUIbHOPaAHKAIBHIX PEaKIii 1 TOMy KOPUCHI [T
3ano0iraHHs 3HaYHOI KUTbKOCTI XBOpoO i ix sikyBammst (Vincent,
2012b; Selenium, 2003). Xpom (III) Gepe yuacts y moJiMIIeHHi
MeTaboJIBMY B JKMBHX OpPraHi3Max, aJKe BiH PETyJIOE BYTJICBOJI-
HH, TpoTeiHOBHi Ta nimiguuii oominu (Brownley et al., 2015;
Ganguly, 2016). Yucnenni nocnimxenns (Jain and Kannan, 2001;
Cefalu and Hu, 2004; Cheng et al., 2004; Jainet al., 2007; Huaet al.,
2012) mokasaym, M0 XpOM KOPHUCHH Uil JIKYBAHHS IHCYJIHO-
PE3UCTEHTHOCTI Ta IyKPOBOTO IiabeTy y Jmoxeil. Y pasi HemocraT-
uboro Hamxomkenus Cr (III) B opranidmi BUHHKaIOTh MeTaboIiuHI
MOPYLICHHS, CHMIITOMH SIKMX CXOXKi Ha Ti, II0 BUHHUKAIOTH 3a Jlia-
Gery Ta cepueBo-cynuHHuHX 3axBoproBanusix (Cefalu and Hu,
2004). Cr (IIl) Bigirpac BaxJMBY poOJb y MiATPUMAHHI HOp-
MaJIBHOTO PiBHS INIFOKO3H B KpoBi (Sundaram et al., 2012), 3HmkeH-
Hi pIBHS X0JIECTEPOJTy Ta TPHALMITIIIEPOIIB Y IIIa3Mi, IPUrHIYEH-
Hi cekpelii 3anaJibHUX IUTOKIHIB, 2 B KOMIUICKCI i3 CEJICHOM —
IHTIOy € PO3BUTOK OKcHpaTHBHOTO crpecy (Jain et al., 2007; Gangu-
ly et al., 2017). Xpom migrpumye HOpMalbHY (QYHKIO iHCYITiHY,
CIIpYsi€ TPAHCIIOPTY IJIFOKO3M 3 KPOBI B KJIITHHH TMEYiHKH, M'31B 1
JKUPOBOI TKAHVHU.

[lon0 Xpom- i CeleHyMICHUX MpernapaTiB, CIOKUBAHHS CEJICH-
YMICHHX TIPOJYKTiB HE MOXKE IIOBHICTIO 3aJOBOJIGHUTH TOTPEOH
JIFOZIMHU B CEJICH], 5K 1 B 0araThoX IHIIUX MIKpOECIEMEHTaX, 0COOJIH-
BO B X komIuiekci. bararo cydacHux 106aBOK, O/THAK, € CHHTETHY HH-
MM aHAJIOTAMU BITaMiHIB i MiHEpaJIEHIX PEYOBUH, BOHH HE 3B’sI3aHI y
0i0JIOr M HI KOMIUISKCH Ta MOYKYTh MaTH HIITY CTPYKTYpY, HDK HATy-
paIbHI HyTPIiEHTH, 8 TAKOK BOHU YacTO HU3bKOS(EKTUBHI Ta MOXKYTh
BUSIBIATA TIOOTYHI €PEKTH.

OcTaHHIM 4acoM sIK JDKEPEIIo CelieHy Ta iHIIHX MIKpOeJIeMEHTIB
BHKOPHCTOBYIOTH OJJHOKJIITHHHI (D)OTOCHHTE3yBaJIbHI BOOpOCTi (Z0-
lotor’ova et al., 2008) sik JoKepesio Gi0JOTMHO-aKTHBHUX PEYOBHH,
YTBOPEHHUX 32 PaXyHOK BHYTPILIHBOKJIITHHHOTO GIOCHHTE3Y, L0 MO-
KYTb MOIIMHATH Ta HAKONMYYBaTH CK30ICHHI MIKpOEIEMEHTH,
BKJTIOYAIOYH X JI0 CKJIady, HacaMIlepe, MrMeHTiB, OUIKIB Ta JiMiniB
(Minyuk, 2000). Jocurb 100pe 3apekoMeHIyBatn cebe, HAIPHKIIAL,
TIperapaTy 3 XJIOpeNH, He TUIBKH sIK JpKepelta OI0JIoTMHO JOCTYIIHO-
ro xjopodily, HU3KH BiTaMiHiB, aMiHOKHCIIOT, @ # )KUPHUX KHCIIOT,
o MaroTh anTutokcnaHuid (Kim et al., 2009; Lee and Kim, 2009) ui
arTuckiepornunmii edexrn (Lee et al.,, 2008). Y nonepennix nocin-
KEHHAX YCTaHOBJICHO ONTHMAJIbHI YMOBH HAKOIIMYEHHS CEJleHy Ta
MIKpOEJIEMEHTIB KJIITHHAMH XJIOpenu B akBakyJbTypi (Vinjarska
etal,, 2014).

BioxiMiuHO BHWIpaBraHe OTPUMAHHS JIiMiI-CEJICHOBHX CyO-
CTaHMIH 13 XJIOpEIN NpOTAroM 7 Ii0 BHPOLIyBAaHHS BOIOPOCTI y
cepenoumii 3 10,0 mr Se**/nM®, a onTUMANBbHE 71 OCTDKE D i
MIEPCTIEKTHUB  BUIUICHHS XPOM-JIMTHOI CyOCTaHIi 3 XJopein
BUKOPHCTaHHs KOHIEHTpartii xpomy 5,0 mr/am® (Vinjarska et al,
2014). Y 310poBrX LIypiB CEICHXPOMIIIMIIHA CyOCTaHIIis 301UTbLIY -
BaJla CyKLHMHAT/CTIIPOTeHa3Hy Ta LIUTOXPOMOKCHIA3HY aKTHBHO-
CTi, TIIyTaMaTAeTiIPOreHa3HUi LUBIX YTBOPEHHS IJIyTamaTy, IO
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CIIPISUIO YTBOPSHHIO Ta aKTUBHOMY (yHKIIOHYBaHHIO KOMIIOHEH-
TiB anTHOKcHaaHTHOI cuctemu (Lukashiv et al., 2016).

Buxoaguu i3 1BOro, MeTa HalIoOro AOCIIHKEHHS — OLIHUTH
CTaH GHEPTCTUYHUX TIPOIIECIB Y HIypiB i3 IyKPOBHM Jia0eTOM 3a
BIUTUBY CeJICHXpOMJIiminHOro Komiuiekey i3 Ch. vulgaris, a takox
MOPIBHATH BIUIMB HEOPraHIMHUX 1 OPraHIYHHX CIOJYK XpOMY Ta
CeJIcHy Ha eHepTeTUIHIH MeTaboJIi3M y IIypiB 3a IIi€] HaToJIorii.

Marepiai i MeToaU K0C/ITKEHD

BiosioriuHO aKkTHBHY CyOCTaHIII0 OTPHMAJHU IUBIXOM KYJIBTH-
BYBaHHS MIKpOTIOIY Ll ajbroJioriyso unctoi Kyasrypu Chlorel-
la vulgaris Beij. CCAP-211/118 B yMOBax HaKOIMYECHHS Y Cepero-
Butii Ditpkepansaa B Moxudikarii Llennepa ta Topxema Ne 11
3a temmeparypu +22...+25 °C ta ocBitienns 2500 nk 16/8 rox
(Topachevskyy, 1975). Jlo KyJasTypH BOOPOCTE J0/aBATH BOJI-
Hui posuns Na,SeOj; y pospaxynky Ha S¢* — 10,0 Mr/av®, Ta Boz-
il po3unH CrCly * 6H,0 3 ymictom c - 50 M/, Biomacy
JKMBHX KJIITHH BinOupamu Ha cboMy 100y KyssTHByBaHHS. KoH-
TPOJIb — KYJIBTYPA, SIKy BUPOLIYBAJIH y CEpEIOBHILI Oe3 celleHiTy Ta
IOHIB XpoMy.

Jliminm 3 BKIIOYCHHMH B HHX aTOMaMH{ CEJICHY Ta XpoMy Y
nporieci MeTabodti3My in Vivo 3 Giomac BOIOpOCTE# eKCTparyBaim
xJ10po(hOpM-METAHOJIOBOIO CyMIIIIIIIO Y BiTHOIIEHH 2 | 1 Metonom
®omya (Hokin and Hexum, 1992): mo ommiei MacoBoi yacTku
BoJioroi 6iomacu nofgaBaiu 20 MacOBUX YacTOK €KCTParyBallbHOT
CyMIIlIi Ta 3ayMIIany Ha 12 rof., a HeliIiaHi JOMILIKH 3 eKCTPaKTy
B BinMuBaHHEAM 1% posumHoM KCl. 3aranmbHy KUTBKICTH
JMIAIB BU3HAYAJIMA BaroBHM METOZOM IIiCISI BIATOHKU EKCTpary-
BasibHOT cyminti (Keyts, 1975). BmicT cesnieHy B JtilliqHOMY eKCTpak-
Ti TiCIs Woro 030JIeHHs HiTpaTHOO Kuciotoro (HNOs) B repme-
TnuHEX Orokcax 3a 120 °C ymponmoBk [BOX TOAMH BH3HAYaIN
CIIeKTpOHOTOMETPHYHO 3 0 -(hEeHIUICHIIAMIHOM 33 TOBXKHHU XBUJIi
335 mm (Dedkov and Musatov, 2002), a XxpoMy — HiCJIs1 0307I€HHS
JimigHOro eKcrpakty cymimmio HirparHoi (HNOs) Ta cynbgarHoi
(H2SO4) xucnoT y repMeTHYHIX OIOKCAaX BU3HAYAIH CIIEKTPO(HOTO-
METPHUYIHO 3a JIOTIOMOIO XpOMa3ypoJIy S 3a JIOBKUHHU XBUII 556 HM
(Yatskiv et al., 2009).

Tocmanoska excnepumenmy. O’ €KT TOCIimKeHb — 011 6e3mo-
poaHi urypu-camii (125 TBapuH) movarkoBor Macoro 160-180r.
V mporieci eKCriepUMEHTy IOTPUMYBAIHMCh HALIOHAIBHUX «3arajb-
HHX CTHYHUX NPHHIWIIB EKCIIEPUMEHTIB Ha TBapuHax» (YKpaiHa,
2001). YTprMaHHS TBapHH Ta MaHIMyJISILIi 3 HAIMHU POBOAWIH Bill-
TOBITHO [0 TOJIOKCHD «3arajlbHUX €THYHHX HPHHLMIIB EKCIIepH-
MCHTIB Ha TBapHMHAX», YXBaICHHX [leplMM HAIliOHAIBHHUM KOH-
rpecom 3 Gioernku (Kuis, 2001), a Takoxk KepyBaMCs HOJOXKEH-
HSAMH «EBPOTEHCHKOT KOHBEHLIiI PO 3aXKCT XPEOCTHHX TBAPHH, SIKi
BHUKOPHCTOBYIOTBCS JUIl €KCTIEPMMEHTAIBHUX Ta IHIIMX HAyKOBHX
uineit» (CrpacOypr, 1985). TeapuH yTpuMyBaiM y 3BHUYaitHAX yMO-
Bax BiBapito. ll{ypn amarrroBani 10 xid y mocrminHiif KiMHaTi, oBa-
JKeHi Ta MOJIUIeHi Ha CiM IPyIL:

I - xoHTpONEHA rpyma — 3m0poBi rypH (K);

[I-VI| - tBapysm 3 ekcrieprMeHTaIBHIM IyKpoBrM Jiaberom (ELUT):

Il — Bapunm 3 ELLJ], BuBerieHi 3 excniepumventy Ha 21-mmy 106y (LT 1);

11 — tapuny 3 ELJ], BuBeneHi 3 excriepuMerty Ha 35-mmy 106y (L1 2);

IV — tBapuru 3 ELI + npodinaktiine yBeASHHS CeIeHX POMITIITIHO-
ro xomruiekcy (LI + IT);

V — tBapunnm 3 EL/] + yBeneHHs CeNIeHXpOMITIITITHOTO KOMITICKCY 3
Ky BasbHORO Metoro (LT + JI 1);

VI — TBaprmm 3 ELJI + JikyBajgbHO-PO(LUIAKTIMHE YBEICHHS Ce-
neHxpomtiminHoro komiwtekey (IJ1 + IT+ JI 1);

VIl — tBapunu 3 ELJI + yBenenns xpom xnopuny CrCly ® 6H,0 Ta
Harpiii cenenity Nay,SeOj 3 stikyBanbHO0 Metoro (L1 + JI 2).
Taka KUTbKICTh eKCIEPUMEHTATIBHUX TPYII LIypiB OLIbHA, OC-

KUTBKM []a€ 3MOTY HE JMIIE JOCIIIUTH JIKyBaIbHI BIACTHUBOCTI

cesleHXpoMITiITiHOTO KoMIuiekey i3 Ch. vulgaris 3a iykposoro miabe-

1y II THny, a i BUBUMTH #oro npodiakTHyHy Aif0 mpH (akTopax

PM3UKY JiabeTy, HOPIBHATY JIKYBaIbHUI BIUTHB HpeTapary i3 XJope-

T 3 JTIEF0 HEOPTaHIYHHX CITOTYK Cr** 1Se* 3a nporo 3aXBOPIOBAHHSL.

Huni BimomMo mMoHan AeciITh EKCIEPUMEHTAJIbHHMX MOl
LyKPOBOTO [1iabeTy, siKi 3aCTOCOBYIOTHCS B HAYKOBO-MEAWYHii
npakruui. HainonysiphimmM Metogom MoxemoBansst 1] B exc-
[EPUMEHTAJIbHIX TBApUH ILIIXOM YBEICHHS iM IEBHUX XIMIYHHX
PEUOBHH BH3HAHO BHKOpHCTaHHS crpemnro3oronuny (CT3) (Gryt-
siuk et al., 2014). ITix yac BHOOpPY EKCIEPHMEHTAIBLHOT MO
CTPENTO30TOLIMHOBOIO IyKPOBOTO Jia0eTy Opaii 3a B3ipelb peKo-
Menpaiii Spasov et al. (2011) Ta Husku iHmmX gocninHukis (Islam
and Wilson, 2012), siki mokasaiiy, 0 y pa3i MPEeBEHTHBHOTO BBe-
neHns HikoruHaMiny (HA) minBuimyetsest CTifKICTh B-KIITHH OCT-
piBuiB Jlanrepranca 4O MOIIKODKYBAIbHOI Iii CTPENTO30TOLMHY.
LIst Moziestb 1a€ 3MOTY 3MOJICIIIOBATH CTaH, MAKCUMAIIBHO OJIM3bKHI
o mykpoBoro nmiadery II Tumy, O NpOSBISIETHCS PO3BHTKOM
rifnepriiikeMii, [IOKO3ypii 6€3 SBHII alKI03y.

Buxostuu 3 aHanizy JirepatypHux mkepen (Nolan and Feerch,
2012), My BHpIIIKIIN 3MO/ICIIFOBATH lyKPOBHIA [iabeT y JiBa eTaru,
TOOTO 3MOJIENIOBaTH ia0eT HA TJIi OKUPIHHS B SKCIIEPHMEHTANIb-
HMX TBapyH. [lepiunii KpOK — MOJIIOBAHHS aliMEHTapHOTO OXKH-
PiHHSI, @ HACTYTTHUIA — BIITTBOPEHHS CTPENTO30 TOLMH-HIKOTHHAMI-
iHmyKoBaHoi Mozemi LI/ 2.

OXUpIHHSA MOJISITFOBAIIM LIUIIXOM 4-THXKHEBOTO MPU3HAYCHHS
BHCOKOKAJIOPIHOT [i€TH, 0 CKJIaLy SKOi BXOAWIM CTaHIapTHA Dka
(47%), conoike KOHIICHTPOBaHE MOJIOKO (44%), KyKypy/I3siHa OJIist
(8%), pocnunnmit kpoxmans (1%) 3 1ofaBaHHAM TTyTamary Hat-
pito y cmiBBigsomenui 0,6 : 100,0 (mieta #C 11024, Research
Dietes, New Brunswick, NJ) (Marushchak and Krynyts’ka, 2012).
s mozxesnb [03BOJSIE BHKJIMKATH alIMEHTapHE OXXHDIHHS, MPU
LIFOMY 3MCHILY€ETHCS PU3HK 3aru0eiti TBapHuH ITij1 4ac eKCIepUMEH-
1y (He et al., 2008; Luz et al., 2010). TBapuHH KOHTPOJIBHOT TPy X
YHPOJZIOBIK YCHOTO NEPiojly eKCIIEPUMEHTY OTPUMYBAJM CTaHIapT-
Hy DKy Ta Mal BUIBHHI J0CTYI 10 BoAM. IIporec BinTBOpEHHS
TIMEHTAPHOTO OXKUPIHHS KOHTPOJIOBAIM IIIIXOM 3BRKYBaHHS
TBapHH, BUMIPIOBaHHS HA3aJIbHO-aHAJIBHOT JIOBXUHM Ta PO3paxyH-
Ky igmexcy Macu tima (IMT) — mineHmst macu Tina B rpamax Ha
JOBXUHY B cCaHTUMeTpax y kBazpari (Jeyakumar et al., 2006). bes-
TIOCEPeTHEO 33 MEPENHIMH KIiHIIBKAMU TBapHHH BUMIPIOBAIN OK-
py>xHicTb rpyaHoi kiniTku (OI'), nepex 3aqHIMU KiHI[IBKAMU BH3HA-
yanu okpyxHicTh xkuBoTa (OXK). BimiproBaHHS MPOBOIUIN CAHTH-
METPOBOIO CTPIYKOIO 3 TOUHICTIO 10 1 MM.

[pyruii eran — ogHOpa30Be yBeICHHs 1iabeTOreHHOTO Mpera-
pary crpenro3otoimHy ¢ipmu «Sigmay (CILA) BHyTpinHEOOUE-
PEBHHHO ITiCIIS HOTIEPEHBOTO 24-TOMHHHOTO X TOJOAYBaHHS 3a
BUIBHOTO JIOCTYITy O IHTHOI BOAM 3 PO3PaxyHKy 65 MI/KT (TIpHIo-
TOBJICHOTO Ha ITparHOMy Oydepi) 3 monepenHivM (3a 15 xB) iHTpa-
TIEPUTOHEATHHIM YBEJCHESIM HIKOTHHaMIny y 1031 230 Mr/kr Ha ¢i3-
po3uuHi. KOHTpOIIbHIM I1lypaM yBOAWIH TUTBKH LIUTPATHUIA Oy dep.

Teapunam IV rpymnu, nouusarouu 3 NEpUIOrO JHS BBEICHHS
LUTOTOKCHHY LIOAHS YNPomoBK 21 100U BHYTPIIHBOLLTY HKOBO
BBOAWIN 1 M1 1% BOJIHOTO KPOXMAaJIbHOTO PO3YMHY, SIKHH MICTUB
y co0i BHIIIEHUH i3 XJIOPEH Ta OUMINEHHUH BIIMHBAHHAM XJIOPO-
¢dopm-meTaHoOBOIO cymimmmo (2 : 1) Ta 1% po3unHOM Kaiiio
XJIOpHY JIITHUIN eKCTpakT, mo MictuB 0,6 MKT ceneHy, 1,05 Mxr
xpomy y 0,5 Mr JimiziB, Mo CIBBITHOCHUTECS 13 MOASHHUMH (i3io-
JIOTIMHUMH HOPMaMH CTIOXKHMBaHHs 1UX MikpoenemenTis (Forcevil-
le et al., 1998; Iskra and Vlizlo, 2013).

Tapunam V 1pynu BBEISHHS CENCHXPOMIIIMITHOTO KOMILIEK-
cy nounHamy 3 21-1 1001 3 MOMEHTY BBEJICHHS LINTOTOKCHHY IpO-
TsIroM 14 1i6.

lypam VI rpymnu cycrieH3ito npu3Havaiy 3 MepLIoro THs BBe-
nennst CT3 ynponosxk 35 mi6.

Trapunam VII rpymm 3 21-i o 35-ty 100y BBOAMIM KPOXMAJIb-
HHIl PO3UMH HATPIiil CENEHITY Ta XpOM XJIOpHUIY, SIKHil y mepepa-
xynky Ha jorn Se** i Cr** micTuB inenTHuHy 106OBY 103y IUX Mik-
POCIIEMEHTIB.

g uncrotu excniepumenty TBapuHam I Ta Il rpyn ynponosxk
21 no6w BBOIWIM PEr 0S ¢i3iosorianmii po3unH, TBaprHaM Il rpyrm —
Brpoaosk 35 ni6. Estanasito miypis I, Il ta IVrpyn 3aificHioBanu Ha
21-my o0y eKCHepUMEHTy IIif TIONEHTAJOBUM HapKO30M, €BTa-
Hazito 111, V, VI ta VII rpyn BukoHyBanu aHasyoriqao Ha 35-ty 1o0y.

Regul. Mech. Biosyst., 8(3) 371



Jlnst nociimkeHp Opajin MediHKy Ta CHpOBAaTKy KPOBi TBapuH.
euinky (500 Mr) BUKOPHCTOBYBaJIM U OTPUMAHHS TOMOTCHATY
MeTozioM JudepeHIiifHoT roMoreHizauii, SKy MPOBOAMIM ITiCIIs
nioniepentHpoi mepdysii 3 5,0 mu ¢izionorigaoro posunny. Kpos
3abmpany i3 cepry TBapuH, IeHTpudyryBamm 3a 3000 00./xB
npotsiroM 30 XB A7 OTPUMAaHHS CUPOBATKU.

PosBuTok 1ykpoBoro miabety II Trry koHTpoIIOBaNIM 33 BMiC-
TOM TJIFOKO3U Y KPOBi (MMOJIB/J), SIKy BHU3HAYalH TIIFOKOMETPOM
«Accu-Chek Active» dipmu «Roche Diagnostics GmbH» (Himeu-
uynHa), piBHEM (pykro3aminy (Johnson et al., 1982) y cupoarmi
KPOBI, HasBHICTIO Iok03M («ImokoTecT», %) Ta KETOHOBHX Til y
cedi («ALETOHTECT», MMOIIB/IT), SIKi BH3HAYAIM 3a JOTIOMOTOIO
inuKaTopHIX cMy)oK «I1BIT «Hopmay.

I'moxozoTonepanTHUi TeCT MpoBo AWM Ha 14-Ty 100y po3BHT-
xy L/1. KpoB 111 mocmimkeHb BitOUpalti i3 XBOCTOBOI BEHH IIypiB.

VY meviHui BU3HAYAIM AKTHBHICTh CH3UMIB CHEPIETHIHOIO
Mmerabonidmy: cykiuHataeriaporeHasu (CAT, K@ 1.3.99.1) — 3a
OKHCHEHHSIM CYKIMHATY N0 (hymMapaTy (epHIliaHiioM Kaiio, 0
peecTpyBalii CEKTPOGOTOMETPUYHO 3a AOBXUHU XBwi 420 HM
(Prohorova, 1982); muroxpomokcunasu (11O, K® 1.9.3.1) — 3a xon-
JeHcaliero a-HadToiy Ta n-(heHUICHIIaMIHTiIPOXIOpUTY 3 YTBO-
perssiv ¢eHotty (540 um) (Straus, 1954); riyramaraerinporenasu
(TAT, K& 1.4.1.2) — za mBunkictio okucHeHuss HAJIH a6o
HAJI®H, sike dikcysamu 3a 340 um (Sof in et al., 1984).

Kinbkicrs OinkiB BusHauamm 3a Lowry et al. (1951).

OrtpumaHi JaHi 00pOOIBLIIN METOIAMH BapialifHOT CTaTUCTHKH
Ha ocHOBi 8—13 noBropiB. CrarucTuyHy 00pOOKY JAaHHMX 3iHCHIO-
BaJIM 3a JIOTIOMOTO0 MporpamHoro makera Statistica 6.0 (StatSoft,
CIIIA). O6urcmroBaiu cepente apudmernasne (M) Ta craHgapTHY
HOXUOKY cepeqHporo apudmernyroro (m). JIoCTOBIpHICTh pi3HHIL
TIOKA3HUKIB OIIHIOBAIM 3a JONOMOTOI0 t-kpuTepito CThIOIeHTa
MICIIS MATBEPDKSHHS HOPMAJIBHOCTI pO3Moiy BHOipKH. Biporin-
HOIO BBKAJTH Pi3HHMIIIO MK BUGipkamu 3a P < 0,05.

PesynbTaTn

XpomatorpagiuHuii Ta Mac-CIIeKTPOMETPHYHIH aHAII3 CelIeH-
ymicuux simigie Ch. vulgaris (Perales et al., 2006), BupoieHux 3a
BHCOKHX KoHIeHTpamiil Se (IV), nokasas, mo celeH NPUCYTHIH y
BCIX (hpaKIiisIx JiMiliB, MEXaHi3M BKITIOUCHHS eJIEMEeHTa JI0 iX CKJa-
Jy TIOKHU 10 He 3po3yMinuii. OqHaKk BKIIFOYEHI B JIIIM CeneH i
METaJH 3B’SI3yI0THCS 3 HUMH MIITHO, OCKLUIBKH B pe3yJIbTaTi Mpole-
JIypy BHIUICHHS B X CKJIaJi BHSIBISIETHCS 3HAYHA KUTBKICTH IMX
MiKpoeJieMeHTIB. MO>KIIIBO, Iie — pe3yJIbTaT X BKJIFOYECHHS 10 CKIATY
MOJIEKYJT JIHIINIB 32 MICHEM NOIBIHHOTO 3B’S3Ky y HEHAaCHIEHHX
JKMPHUX KHUCJIOTax 200 3a paxyHOK MDKMOJICKYJBIPHOI B3a€MOIl
koopmvHamiiHO (Selenium, 2003), oo THM caMUM JTO3BOJISIE BBaXKa-
TH 1l KOMIUTEKCH (pi3i0JI0TYHO aIleKBATHUMH Ta 30aIaHCOBAaHIMH.

V nonepennix excriepumentax (Lukashiv et al., 2016a, 2016b),
SIKi 3MIMCHIOBAIICh HA 3[0OPOBUX MIypax-CaMIIX i3 Macor Tila
160180 r micist BBEISHHST KPOXMAJIBHOTO PO3YHHY CEICHXPOMITi-
MTHOTO KOMIUIEKCyY, 1 M sikoro mictuB 1,85 Mkr ceneny, 1,1 Mkr
xpomy, 0,5 Mr mimimiB oxuH pa3 Ha 100y ympomoBx 14 mib, B
Oprasi3Mi IypiB He BUSBJICHO iHTOKCHKALil, 00 BMICT CepeHbOMO-
nexysipanx nientunise (MCM) 3umxyBascsi: MCM; — B 1,6 pasa,
MCM; — B 1,4 paza. Y nediHIi Ta CHPOBATLi KPOBi TBAPUH 3HIKY -
BAJIMCS BMICT MaJIOHOBOTO JiaJIbJCTify Ta Ji€HOBHX KOH IOTariB, a
TAaKOXX IIJBHIYBABCS CHEPreTHYHUN CTaTyc (30UIbIIyBanacs ax-
THBHICTb CYKIMHATACTIIPOTCHA3! Ta LIMTOXPOMOKCH/Ia3H), aKTUBY -
BaBCS [JIyTaMar/[eriIporeHa3sHWi LUBIX YTBOPCHHS IUIyTaMmary,
3p0ocJia aKTUBHICTh KaTaJla3! Ta BMICT BiTHOBJIEHOTO TIIYTaTiOHY.

[MpotsiroM mepiofy MOETIOBAHHS AIMEHTAPHOTO OXKHPIHHS
BiIMIYasiocs 30UIBIICHHS MacH Tila TBapWH. 30KpeMa, aHaji3 oc-
HOBHHX aHaTOMO-(DI3i0JIOTMHMX MOKa3HUKIB Ha 28-111y 100y eKcrie-
PHMEHTY BKa3ye Ha JOCTOBIpHE MiABHIICHHS MacH Tila LIypiB J0-
ciigHo1 rpynu Ha 46,6% Ta inxexcy Macu Tina — Ha 33,3%, mopsn
31 3pOCTaHHAM OKPYXHOCTEH JKHBOTA Ta IPYAHOT KITKH, MOPIBHS-
HO 3 KOHTPOJBHOK Ipynoro (Tadi.). Takum 9YHHOM, JOCTOBIipHE
3pOCTaHHs OIOMETPUYHUX IOKa3HHKIB IIypiB JOCIITHOI TpyIH

CBIUUTH MPO PO3BUTOK OXKUPIHHS. BH3HAYEHHS BMICTY TIIFOKO3U
Ta (pyKTo3aMiHy B KpOBi, @ TaKOX NPOBEACHHS TTIOKO30TOJIE-
PaHTHOTO TecTy — OJHi 3 BH3HAYAIBHHX MapKepiB IyKpOBOTO
niabery. [IpoBeneHi HAMH JIOCITIIKEHHS TIOKA3aJIH, 10 Ha TPETIO
00y y TBapUH 3 EKCIIEPUMEHTAIIBHAM I[yKPOBHM J1ia0ETOM PIiBEHb
riikemii 3pic y 3,8 pa3a MopiBHSHO 3 KOHTPOJIBHUMH TBapUHAMHU
(15,9 £ 0,33 mmounw/n). I3 14-1 106U piBeHb INIFOKO3U Y KPOBi 3HH-
3uBcst 710 8,9 + 0,23 MMOUIB/JT 1 10 KiHII CHIOCTEPEKEHHS Maibke He
3MmiHIoBaBcsi. Takox y TBapuH i3 aiaberom Ha 21-ury no0y iHTyKuil
II/1 cnocrepirany icTOTHE MiTBHUINECHHS KOHIEHTpanil (pyKro3ami-
Hy y cuposartii kposi (B 1,9 pasa, rpyna [{/[1), mio cBiguuTh mpo
aKTUBAILIO MPOIECIB HEEH3UMHOTO TITIKO3IIIOBAHHS, & TAKOXK PO
MOCWIECHHA MeTa0oi3amil ITFOKO3H TeKCO3aMIHOBHUM IIIIXOM
(To6TO 3 YTBOPEHHSIM (DPYKTO3H) B iHCYJIIHOHEUY TIMBHX TKaHUHAX
(Reznikov, 2003).

Tabmmus
biomerpuuHi mapamerpu tBapun (M = m)
I'pymu nrypis

Hokastmict KOHTpoib, N=16  oxkupinms N =109
Maca tina, 1921+13 281,7+20*
JIoBxuHa Tina, cM 20,02 +0,96 20,98 +0,44
IHIEKC MacH Tina, r/em? 0,48 £0,02 0,64 +£0,01*
OKpYKXHICTb TPy IHOT KIIITKH, CM 11,18+0,53 15,21 +051
OKpYXHICTb KUBOTA, CM 12,76+ 041 183+0,55
Oxpyaaticrs xsora/ 1,14+0,04 120003
OKPY)KHICTP TPy /IHOI KJIITKH

Tpumimxa: * — pi3HULS TOCTOBIpHA MOPIBHSHO 3 KOHTPOJIBHIMU TBAPHHA-
mu 3a P <0,05.

Y 310poBHX TBapWH PIBEHb MOKO3U Y cedi ckianaB 0%, micis
BBEJICHHS [IATOTOKCUHY Ha 3-7-My 10Oy 3pic 110 0,5%, asi NoKa3HUK
cranoBuB 0,1%. I3 7-i no6u micns BBenenHs CT3 KeToHOBUX Til y
ceul He 3HalneHo. OTpuMaHi Pe3yNIBTaTH BKA3ylOTh HAa BIACYTHICTh
KETOALUI03Y, XapaKTEepHOTO I LyKpoBoro Jiadery I turmy.

TIpoBeeHHil TIIFOKO30TONIEPAHTHUIT TECT M0KAa3aB, IO y TBAPHH
3 eKcriepuMeHTaIsHIM L] piBeHb TitikeMil 4epe3 JBi TOAMHHM 3 MO-
MEHTY BBEJICHHS IVIFOKO3U cTaHOBHB 13,4 + 0,52 MMOIIB/JI, Y TBapHH
KOHTpOJIBHOI rpyr — 5,6 + 0,62 Mmons/n. Pe3ynerarn cBimuars npo
TMOPYILLICHHs TOJIEPAHTHOCTI 10 IFoK03H Y 1typis 3 ELI.

OcHOBHi 0i0XIMI4HI MPOLIECH, 10 MAIOTh BiXHOILICHHS 10 CHe-
preTUaHOT0 OOMIHY Ta BiOYBAIOTECS B MITOXOHJPISIX, — LUK TPH-
kapboHoBHX KUCIOT (1mki Kpebca), B-OKUCHEHHST KUPHUX KHCIIOT,
KapHITHHOBUI LIUKJI, TPQHCIIOPT CJICKTPOHIB Y IUXaJIbHUIl JAHLFOT
1 okucre QochopumoBanns. KoxkeH 3 HUX Moxke OyTH NPHIHHOIO
MmitoxoHapianeHOT aucdyHkiii (Morino et al., 2006; Grattagliano
etal., 2012). BpaxoByro4u BeIUKYy KUIbKICTh €H3MMIB, 11O OepyTh
y4acTb y TeHepyBaHHI €Heprii B KIiTHHI, y HAIIOMY IOCITHKSHHI
BHM3HAYEHO aKTHBHICTh KJIFOYOBOIO CH3UMY LMKy TPHKApOOHOBUX
KHCJIOT (CYKLMHATICTIPOreHa3H ) Ta eJICKTPOHOTPAHCIIOPTHOIO JIaH-
1ora (LIMTOXPOMOKCHIIA3H), & TAKOXK TIyTaMaTICripOreHasHy aKkTHB-
HICTb, 5IKA TT0B’ SI3y€ eHEPTeTHYHI Ta OI0CHHTETHYHI IPOLECH B KIIITHHL.

AnieKBaTHe BiOOpaXKEHHsI BUP&KEHOCTI AMCMETabOJIMHHX Mpo-
LIECIB 1 CTaHy €HEePreTHYHOro 0OMiHy — aKTUBHICTh CYKIMHATICTIIPO-
rerasu (CA). CAI' HanexuTh 10 CYKIMHATOKCHIA3HOT cucTeMu dep-
MEHTIB, 00’ €IHaHUX y JaHIior y MitoxoHapisix. CJII" — neprumii eH3im
i€l cHCTEMH, ITUTOXPOMOKCHIIA3a — OCTAHHIi. IX akTHBHICTE BinoGpa-
’Ka€ eHEepPreTHIHHI TOTEHIA KITHHY, (QYHKIIOHAIBHMI CTaH 1 KiTb-
KiCTh akTHBHUX MiToXoHpiit. Jlesiki aBropu (Readon et al., 1992) 3a-
3Ha"aroTh, Mo [/] Mae nepre Micne cepel eHIOKPHHOIIATIH, BISIBIIE-
HUX 32 MITOXOH/PIAJIBHOI MATOJIOTil. 3/IIHCHIOIOUHM OKHCHEHHS B Opra-
uimi, C/II" Gepe ydacTb y 3HENIKOHKESHHI TOKCHHIB 1 HETOOKUCHEHHX
TPOJYKTIB, IO 3’SIBISTIOTECS y XBopux Ha I/l AKTHBHICTH I[HOTO
€H3UMY — MIOKa3HHK OKHCHOTO MeTaboIIi3My y KIIITHHAX [1ia0eTHKIB
(Ferreica et al., 2003).

V tBapuH Ha 21-my 100y po3surky LI akriBrOcTi 11O Ta CAI'y
neyiHi 3amswcs BinnosinHo Ha 20,0% i 10,5%, nOpiBHSHO 3 KOH-
TposibHOIO rpyrioro (puc. 1). TIpu IJT 2 3 0XUpiHHAM BHYTPILIHBO-
wiruHANH piBers HAJIOH, sk npaBmio, MiIBUIIYIOTECS, IO BH-
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KIIMKa€e 30UTHIICHHS POIYKLII CyIepOKCHI-PAJUKAIIB, HOCHIICHHS
OKCHJIATHBHOIO CTPECY Ta MOSIBY JECTPYKTHBHHX IPOLIECIB y TKaHH-
Hax (Gupte et al., 2009). YV Haumix AOCTDKEHHSX Y IIypiB 13 miabe-

tom aktuBHicTs HAJIOH-TAT (prc. 2) 3pocna y4eTBepo HOPIBHSIHO
3 xontposieM, HAJIH-I'IT" 3umsunacs ymme Ha 2,3%, a CriBBin-
noteHust HAJTH-TIT/HA A®H-T'IT 3mentunocs B 4,1 paza.
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M + m; n = 8-13): pi3Huust nokasuukiB gocrosipua (P < 0,05)
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Puc. 2. AxruBaicts HAJIH- Ta HAJI®H-rimyramaTaeringporeHas i ix CHiBBiIHOIICHHS Y NEYiHI LTy pPiB ITiCIIst 32CTOCYBaHHS
CeIeHXPOMITIITIHON0 KOMIUIEKCY Ta BBeAeHHs Heopraniunix gopm Cr* ta Se** (M= m; n = 8-13): pi3umins nokasHukis
nocrosipHa (P < 0,05) BinHOCHO: * — koHTpONBHOI rpymH (K), | — BiqHOCcHO rpymu LI/I1, # — BinHOCHO Tpymu L1J1 2

BrsiBrieHi 3MiHH BIATIOBINAOTH KITHIYHIA KapTHHI, IO CYTPOBOI-
JKy€ PO3BUTOK [TiabeTy Ta Y3ro/DKYEThCs 3 MeTabOIuHIMH HOPYIICH-
HMH y XBOPHUX Ha iHCy iHHe3aexHui LI/1. 3a BBEIEHHS CeIeHXPOM-
JHITTHOTO KOMIUIEKCY BiqMIYaeThes TinBuiieHHs aktuBHOCTI CHIT
(puc. 1), 30kpema, y rpymi LT + JI 1 ii akTHBHICTS 30UTBLIIIIACS Y
7,5 paza nopiBrstHO 3 Tpynioro LT 2, y rpymi LT+ JI 2 30UmbieHns
BinOynocst marne Ha 3%, a'y rpymi LT + 1+ J1 1—-y 5,2 paza.

[TinBUILICHHS CYKIMHATACTIPOreHa3HOT aKTHBHOCTI Y3I0/DKY€Th-
Cs1 3 TIABHIIICHHSIM aKTHBHOCTI IIUTOXpoMoKcuas: y rpymi LT +JI 1
BinMiuaeTsest noinmieHnst akruHocTi 11O Ha 17,2%, y rpymi LT +
J12—-Ha49,1% tana 7,0% y rpyni L[+ IT+JI 1 (puc. 1). AkTuBHiCTH
CAI" 1 IO y miypiB, SKMM YBOMIIH CENEHXPOMIIITTHIN KOMIUIEKC i3
1po(UIAKTHIHOIO METOI0, HE3HAYHO 3HH3UIIACS.

HA/TH-ryTamaterinporeHasHa akTHBHICTb 3a Jil CEJICHXPOM-
JHITITHOTO KOMIUTEKCY 13 XJIOPEIH IOCTOBIpHO 3pocia Ha 80,6% y rpyri
11 + IT nopiBwstzo 3 rpymnoto LT 1, y rpymi LA+ JT 1 ta I+ JT 2
(3a BBezerms meopramiummx popm Cr't ta Se*) axrusmicrs HAJH-

I'IT" 3rvswmacs Ha 43,0% 139,8%, Binnoinso, ay rpym LT+ 11+ J11
3pocia Ha 90,3% o0 noka3Huka TBapuH rpym L2 (puc. 2).

Axrusnicte HAJIOH-TII" 3a BBeeHHs IIypaM CeJIeHXPOMITi-
IITHOTO KOMIUICKCY i3 XJIOPEJM TaKOX CyTTEBO 3MECHILyBAIAcs y
rpymi LT + IT (8 2,1 pasa BigHocHo rpynu L1J] 1), a 3a crioxxuBanHst
IIypaMH CEICHXPOMIIITITHOTO KoMIuiekey rpyn LT + JI 1 ta LI/ +
IT+JI 1 nocroBipHo 3HM3mMIac B 2,3 Ta 1,9 pasa, e 3a BBeeH-
ps1 Heopraniunux opm Cr-* Ta Se** nokasuk 3pic B 1,9 pasa wio-
10 OKa3HUKa y TBapuH rpymu LI 2 (puc. 2).

B excriepuMeHTi criocTepiraii 3poCTaHHs! MOKa3HUKa CITIBBIIHO-
wensst HAJTH-TAT/HAA®-T'AT (puc. 2) B ycix rpynax TBapHH, SIKUM
YBOZIIM CENEHXPOMIIITTHII KOMIUICKC, OUTBIIOI0 MIpOI0 y TIpyTi
L1+ IT- B 3,7 pa3a (oo rpyrm L/I1) tay rpymi L]+ T+ JI1-8
3,5 paza BigHOcHO rpymm 1JI2. 3pocranns criBeinHOmenHs HAJTH-
TCAT/HAJAD-TAT cBimurTh PO aKTUBBALNEO KATATITHYHOT JIAHKH HIT-
poreHoBoro Meraboi3sMy B opraHismi TBapuH. CyTTeBE 3HIDKSHHS TI0-
ka3nuka criBBimHomennss HAJIH-TAT/HAA®-TAT sinmivanocs y
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Iy wtypi., sikiM yBoaw Heoprariusi popmu Cr* a S¢** Binnoc-
Ho rpymm [J1 2, a y rpymi I/T + JI 1 moxasHuk 3pic B 1,2 paza.

OtpumaHi pe3yJbTaTd CBiT4aTh MPO aKTHBI3aLiI0 eHepreTHd-
HOTO MeTabo0JIi3My 32 BBEACHHS CEJIEHXPOMJIITITHIX KOMIUIEKCIB i3
xyopern Ha ¢oHi L[J] 2 sx Ha piBHI muxiy KpeGca, Tak B TepMi-
HaJIbHIN (ha3i qUXaJbHOTO JIAHIOTA, a TAKOXK MPO BUKOPHUCTAHHS
AMIHOKHCIIOT SIK CHEPTETHYHOTO CyOCTpaTy.

O0roBopenHs

ExcriepumeHTanbHO BinTBOpeHuid 1ykpoBuii miader II tumy Bin-
3HAYAETHCSA TOPYHICHHSAM MeTaboii3My B OpraHi3MI IIypiB, IO M-
TBEPKYETHCS PE3yIIBTaTaMH KOMIDICKCHUX OIOXIMIMHUX TOCIIKEHb.
I'muGoKi po3naiy eHepreTHIHOro 0OMiHy BUHUKAIOTh 32 Jia0eTy, KOIu
3HAYHO 3MCHIIYETHCS BUPOOJICHHST MAKPOCPTIUHIX CTIONYK Y 3B’S3KY 3
HOPYLUICHHSIM IMXQIBHOTO JIAHIYOTa, 3yMOBJICHHM OOMEXEHHIM 0~
Ty>uocTi iukity Kpeocea (Ferreica et al., 2003).

AnexBarHe BiIOOpaXKEHHsI BHUPaKEHOCTI JAMCMETabOJIMHNX IIpO-
LIECIB 1 CTaHy SHEPreTHYHOro OOMIHY — 3MEHIIICHHSI aKTHBHOCTI LITO-
XpOMOKcHIa3H, cyKumHaterinporenasu, HAJIH-rimyramarnerinpore-
Hasy, aktuBBamiss misubHocTi HAJIOH-T/IT, a Takok 3HIDKEHHS
criesinomerrst HAJIH-TAT/HA®-T/T.

CrpsIMOBaHICTh  INyTaMAaTAETiIPOTEHA3HOI pPeaKIlii, HampsiM
SIKOT BU3HAYAEThCsI HasiBHICTIO Kodepmenty (HA/-3anmexHa — mpsi-
ma, HAJI®-3anexHa — 3B0pOTHA), 3yMOBIIIOE HAMPSIM METa00Ii3MY
(Metzler, 2003; Dudina, 2005). ¥V npsimiit peakuii BinOyBaeTbes
Jie3aMiHyBaHHs TJlyTamary 3 yTBOPEHHSM 2-OKCOIJIyTapary 3 Io-
JanbIIMM Horo BEKOpHCTaHHAM y Imki KpeGca abo iHmmx mera-
OOJNIYHUX CHCTEMaxX, BUKOHYIOUH CHEPTeTHUHY (PyHKIi0. Y 3BO-
pOTHIl peakiii GpepMeHT crpsiIMOBYe MeTaboJIi3M y Oik GiocuHTE3y
aMiHOKHCIIOT (CHHTETa3HMH MUBIX). 3aKOHOMIPHOCTI aKTHBHOCTI
ryramatzerigporenasu 3 HAJ[' ta HAZI®" cBimuars npo mepesa-
JKaHHS YTBOPEHHs IUyTamaTry Haj ioro Je3amMiHyBaHHAM, TOOTO
aKTUBI3AIIIFO 3B’I3yBaHHS aMiaKy SIK OJIMH 13 J{IEBHX JICTOKCHKAIIiH-
HHX MEXaHi3MIB, SIKHil pO3BUBAETHCS I1i]] 4aC BUKOPHCTAHHS aMiHO-
KHCJIOT SIK €HePTeTUYHIX CyOCTpaTiB y CTPECOBHX 1 ITATOJIOTTIHNX
cranax (Grubinko and Arsan, 1998).

Pesynbrat TOCITIDKEHD CITIBBITHOCATBCS 3 JQHUMHU OKPEMHX
aBropis (Shibata et al., 2003; Jeong et al., 2009) mpo Te, 1o XyOpena
MoyKe OyTH KOPUCHOIO IS IPOQUTAKTHKY AiabeTy Ta PO3BUTKY ia-
OCTHYHHUX YCKIIAIHEHb, @ TAKOXK BOJIOAIE TiMOrTIKEMIYHIM e()eKTOM.
3aBnsiku BriactuBocTsiM Ch. vulgaris akymysmoatu i3 cepenoBuiia
KyJIbTUBYBaHHs i0HM HEMETANIB i METaliB, a TAKOXK HAKONMYYyBaTH
€K30TeHHI MIKPOEJIEMEHTH, BKJIOYAIOUH IX Y 3HAYHil KUIBKOCTI 10
CKJIaJTy JIMiNIB, aHTHIiaOCTHYHA JIi XJIOPEIH TOCIIOEThCs. [lep-
OpaJIbHE BBEICHHS B OpraHi3M J1A00PaTOPHUX IIypiB 3 EKCTICPHMEH-
TaJIbHUM [iabeToM celieHxpomiininHoro komruiekey 3 Ch. vulgaris
MOKPAILHJIO CHEPTreTUIHHH CTaTyC Iy pPiB.

3 ompiny Ha AaHi, BitoOpaxkeHi B pucyHkax 1 Ta 2, MOXHA y3-
roquty X 13 TBepmkentsimu, Haenermmu Cefalu et al. (2004) mpo
Te, WO BiINOBiNs opranidvy Ha mio Cr'* ta Se** samexurs Bin
(opmu Horo BeeneHHs. JI00aBKM XpOMY BUKOPHCTOBYIOTb y BUTTISII
HEOPraHiMHUX (B OCHOBHOMY ILi¢ XJIOPHJ XPOMY) Ta OpTaHIdHHX
(HIKOTHHAT XpOMY, HIKOJIIHAT XPOMY, LIATPAT XPOMY, alleTaT XpoMy)
CIOIYK, a TAKOXX Y BUIVBIAI XPOMYMICHHX IpbKIDKB. Ha mymxy
JESIKUX JIOCITITHIKIB, HEOPTaHivHi CIIOJIyKH XPOMY MArOTh HIKIHI
piBeHb 3aCBOEHHS IBOTO €JEMEHTa B OpraHi3Mi MOPIBHSHO 3
OpTraHIMHUMH CIOJIyKaMH, He 3B’s13aHi y 0i0JIOTTYHI KOMIDIEKCH Ta
MOXKyTh MaTH IHILY CTPYKTYpYy, HDK HaTypajbHi HyTPi€HTH; BOHH
YacTo MPOSIBIIIOTE HU3BKY €(EeKTUBHICT 1 MOXKYTh BHSIBIIITH IIO-
6iuni edexrtr. 3rinHo 3 qanumu Vincent (2012), 6io3acBoeHHs Xpo-
My 3 HEOPTaHIYHUX CHOJYK HeBHCOKe (10 1%), oHaK BOHO 3poc-
Tae 10 25% 3a HAIXOKEHHSI XPOMY Y BHTJII/Ii OPraHITHUX CIIOJyK
(mikonmiHATH, HIKOTHHATH, LMTpaTH). TaKHMM YHHOM, pe3yJbTaTH
JOCITIKEHD JI03BOJBIIOTH 3pO0UTH OOIPYyHTOBAaHHMI BHCHOBOK IPO
Te, 10 BUKOPHUCTAHHS CEJICHXPOMIIITIIHOTO KOMIUIEKCY, BUILICHOTO
3 XJIopeny, 1ae Habarato OUIBLINIA TeparneBTHYHNH edeKT mpu 3Mo-
nenmsoBaHoMy 111, 1 € edpeKTHBHIIMM, TOPIBHSHO 3 HEOPTaHITHUMHU
CIIOJTyKaMH, 3aCBOEHHS SIKUX B OPTaHi3Mi HA0araro HIDKUe.

BucHoBku

JlocTimpKeHHs. JO3BOJIMIIO BIEPIIE IPYHTOBHO BUBYMTH BIUIMB
nimixis Ch. vulgaris 3a cmimsuoi gii Cr** ta Se* ma emeprerwanmit
MeTaboJIi3M IypiB 3a 3mozenbsoBaHoro L[J] 2. CenenxpoMutinmigauit
KOMIUICKC TPOSIBJIE BIUIMB Ha OOMIHHI IpOLIECH B OpraHi3Mi
TBApHH 32 CKCIIEPUMEHTAJILHOTO 1y KPOBOTO Jiabery.

OtpumaHi pe3yssTaTH — 3pOCTaHHs piBHs (pyKTo3amiHy, Iiti-
KeMii, TIIOKO3ypil, BiICYTHICTh KETOHYPii, a TAKOX OL[HKA JHHA-
MIKH TJTKeMii i 9ac MpoBeeHHS OPAJIEHOTO TECTY TOJIEPaHTHOCTL
10 TJIFOKO3H Y IIypiB, 32 SIKOTO piBeHb IIIiKeMil uepe3 2 TOIuHH Bil
MOMEHTY BBEJICHHS IIFOKO3H 3QJIMIIABCS BHIIMM 32 13 MMOIB/I,
cBimamH npo po3suTok L] 2 y mypis.

I3 Ch. vulgaris B yMoBax akBakyJIbTypH BHALUICHO CTaGiIbHUI
CeJICHXPOMUIIITITHHUI KOMIIIEKC, 38 BBEACHHS SKOTO IIypaM 3 eKC-
MEPUMEHTAIPHUM LYKPOBUM AiabeToM y no3i 3 0,6 MKr ceney,
1,05 mxr xpomy B 0,5 Mr JtiniziB Ha 1 Mi1 1% BOIHO-KpOXMaIbHOT
CycHeH3il y TediHIi BinOyBajocs IiIBUINEHHS aKTHBHOCTEH CyK-
LIMHATJIETiAPOTeHA3H Ta LIMTOXPOMOKCHIA3H. BHHATOK CTaHOBIATH
JIMINE Ti TPYTH TBApPHH, SIKUM YBOAWIHM CEICHXPOMIIIIIHUN KOM-
IUICKC 13 IPO(UIAKTHIHOI METOI0, Y HUX aKTHBHICTB JOCITIHKEHHIX
€H3MMIB HE3HAYHO 3HU3HUJIACA.

Cenenxpomiiniganii koMmiuieke akruByBaB HAJIH-rimytamar-
JerigporeHasy y rpymnax LiypiB, SKAM HOTO BBOIIJIM 3 MpPOdinax-
THYHOIO Ta JIKyBaJIbHO-NPOQLUIaKTUIHOIO MeTor0. BinOyocs 3uu-
weHnst HAJJOH-T'IT y Beix rpymax IIypiB, SIKAM yYBOAWIIH KOM-
wiekc i3 Ch. vulgaris, fforo akruBaiiifo BiqMiyamy Juiie y rpyri
IypiB, SKAM YBOJWIM HEOPTAaHIMHI (OPMH CENeHy Ta XpOMY.
3a BBEAICHHS CEJICHXPOMIIIMIHOTO KOMIUIEKCY 3 MIKPOBOJOPOCTI
BinGyaca 3miHa criBBinHomenns axtusHocTi HAJT' Ta HAID'-
AT y 6ix spocranns (no 3,7 pasay rpymi LU + IT), mo ceimaute
PO MPUCKOPEHHS Y MEiHIl eKCIIepUMEHTAbHUX TBAPUH eHepre-
THYHOTO METaboi3My 3 BUKOPHCTAHHSM SIK CHEPreTHYHHX CyO-
CTpaTiB aMiHOKHCIIOT. 3a BBEICHHS HEOPTaHIYHUX (opM cesleHy Ta
xpomy criBBinromennst HAJTH/HA JI®H 3umKyersest.

Pe3ynbraty mokazan TO3WTHBHUH BIUIMB CEJICHXPOMIIITITHOTO
kommiekey 3 Ch. vulgaris Ha enepreTiuHmit 0OMIH LIypIB 3 eKcriepy-
menTatbHuM /] 2 Han HeopraHiuHAMU (OpMaMH XpOMy Ta CEJIeHY.
e no3BoIste BBAXKATY JAHMI KOMIDICKC i3 XJIOPENH MEpPCIEKTHBHAM
PEryJISITOpOM SHEPTeTHYHOrO METadoIT3MY 32 LyKPOBOTO [iiabeTy.
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