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KATABOJIIBMY EHAOTI'EHHUX AJIBAEI'TAIB Y CEPLI
ITPU OKCUJATUBHOMY CTPECI

[Isens B.M.

3anopizvkuii 0eparcasnuii MeOUyHUl YHigepcumem
61600, Vxpaina, 3anopidcorcs, ni. Maskoscvkoeo, 264

talazap@i.ua

B ormsni HaBelneHO JaHI PO MOMKIWBI NUISXM YTBOPEHHS Ta YTWIi3allii CHIOTCHHUX AJIbIETiTiB y
KIJIITHHI, @ TAKOXK MPO MEXaHi3MHU MPOsBY iX Tokcu4HOi faii. [Toka3aHo, 1m0 mpoIec BiIbHOPAAUKAIBHOTO
OKHCHCHHS TMOJIIHCHACHYCHUX JKUPHHUX KHCIOT € OCHOBHHM JDKCPEJIOM CHIOTCHHHUX allbJCTiiB.
Haii6inpia yacTka anbJerijiiB, 10 CHHTE3YIOThCS B KIIITHHI, IPUNAgae Ha 4 -TiqpoKcu-2,3-HOHEHAb, 1110
YTBOPIOETBCST 3 JIIHOJNEBOi KHCIOTH. AJBACTINK 3JaTHI B3a€MOMISATH 3 OiMKaMH Ta HYKICTHOBHMH
KHCIIOTAMH, 3MIHIOIOYH NPU IBOMY iX (YHKIIOHANBbHI BIAcTUBOCTI. B yTmmizamii amprerimiB OepyTh
y4acTh: albJ030peayKTa3a, aibJAerifferiqporenasa, aibAeriape/yKTa3a W TriIyTaTioH-S-TpaHcdepasa.
CraH nporieciB yTHiIi3amii albaeriliB Mae MOIYIIOIOUII BINTUB Ha XapakTep peai3allii MOmKomKyd0l
Ji1 BUTBHUX PAJIMKAIiB HA KIITHHU. 32 YMOB MOCUJICHHS PAIUKAIOyTBOPEHHS, a/[CKBATHA CTUMYJISIS IUX
mpormeciB Moke OyTH TPHYWHOIO MiJBHUIICHHS PE3UCTEHTHOCTI KIITHH [0 MOINKOKYYol mil
OKCHUJIATHBHOTO CTPECY.
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B o0030pe npuBOAATCS [aHHbIE O BO3MOXHBIX NYTAX OOpa3oBaHUS W YTWIM3AIMM SHAOTEHHBIX
QJIBJIETUOB B KIIETKE, a TaK)KE O MEXaHHU3Max INPOSBIEHHUS MX TOKCHYECKOro jaeictBus. [lokasaHo, 4yto
mporecc CBOOOHOPAIUKATIHHOTO OKUCIICHHUS MOJIMHEHACHIIIEHHBIX )KUPHBIX KUCIIOT SIBJISETCS OCHOBHBIM
HCTOYHMKOM 3HJOTCHHBIX aibAeru7oB. Hauboubinas 4acTh albJerdjioB, OOpa3yrolIUXcs B KIETKE,
MPUXOIUTCS Ha 4-THIPOKCH-2,3-HOHEHANb, KOTOPBIH 00pa3yercs W3 JHMHOJIEBOM KHCIOTBI. AJbICTUIBI
CHOCOOHBI B3aUMOJICHICTBOBATh C Oe€lKaMH ¥ HYKJICHHOBBIMHU KHCIOTAMH, W3MEHSSI MPH 3TOM UX
GbyHKIMOHANBHBIE 0COOEHHOCTH. B yTHIM3alMK ajbJEru0B MPUHUMAIOT y4acThe: ajlbJ030pelyKTa3a,
aNbJCTUAIETHPOTEHA3a, aNbJeTUAPEAyKTa3a W TIyTaTHOH-S-TpaHcdepaza. CoCTOsSHHE MPOIECCOB
YTUIM3AlMM  allbJCTHI0B OKa3blBaeT MOJYJIHMpYIOLee BO3JCHCTBHE HAa XapakTep pealn3aluu
MOBPEXKIAIOIIEr0  JeHcTBUS  CBOOOJHBIX  pajMKalOB Ha KISTKH. B yCIOBUSAX  yCHIICHUS
paaukanooOpa3oBaHus, aJEKBaTHas CTHUMYJISLHUS JaHHBIX IIPOLIECCOB MOXET OBbITh NPUYHHOI
MOBBIIIEHUS] PE3UCTEHTHOCTH KIIETOK K MOBPEXKIAIOIIEMY JIEHCTBHIO OKCUAaTHBHOTO CTpecca.
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The review provides data of possible endogenous aldehydes ways of formation and utilization, and
mechanisms of their cytotoxic effect. It is shown that the major source of endogenous aldehydes is the
free radical oxidation of polyunsaturated fatty acids. The biggest part of aldehydes, which are generated
in the cell, falls on 4-hydroxy-2,3-nonenal synthesized from linoleic acid. Malonic dialdehyde is a one
more widely spread aldehyde. It generates in the cells in the process of lipid peroxidation and plays an
important role in the alteration of cells under oxidative stress. Arachidonic acid is its precursor. Acid can
also form 2-hydroxypentanal, glyoxal and 2-hydroxy-4-decenal. The aldehydes are capable to react with
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proteins and nucleic acids, thus altering their functional properties. The basis of the free radical
metabolism products damaging effect is the property to cause a covalent modification of macromolecules
and the ability to change the structure of biological membranes. Cytotoxic and genotoxic effect of
aldehydes, formed during their metabolism, can greatly enhance this effect. Endogenous aldehydes are
subjected to different redox transformations and due to this the correlation between the speed of their
generation and utilization can determine the efficiency of intracellular signaling pathway and the degree
of the oxidative stress damaging effects manifestation. Aldose reductase, aldehyde dehydrogenase,
aldehyde reductase and glutathione-S-transferase participate in aldehydes utilization.

The way, associated with the glutathione transferase reaction, takes the especial place in the catabolism
of aldehydes. The nucleophilic attack of glutathione with various electrophilic molecules (including
aldehydes) occurs with the participation of glutathione transferase. Glutathione transferase have an
unequal facility with aldehydes. They catalyze the conversion of hydroxyalkenali the fastest.

Myocardial glutathione transferase have a specific intracellular distribution. They are present in
sarcoplasm in large quantity, however some of them are localized in the mitochondria. They exhibit high
catalyc activity at neutral and acidic reaction of the medium (pH= 6,9 ). Glutathione conjugates of
aldehydes appear as their competitive inhibitor.

Myocardial glutathione transferase is inclined to induction. Aldehydes and certain xenobiotics act as it
inductors. It was shown that the induction of isoenzyme GST- Al in the heart is influenced by 4-
hydroxynonenal that stimulates the expression of its genes.

The most part of generated glutathione conjugates extracts from the myocardial cells. However, a certain
number of them are subjected to additional enzymatic recovery under aldose reductase. Not only the
presence of glutathione conjugates of aliphatic aldehydes in myocardium, but also their restored
derivatives, including a 1,4-dihydroxynonen can be the conformation of that. The recovery of glutathione
conjugate improves the efficiency of endogenous aldehydes utilization. It is due to the prevention of
spontaneous intracellular conjugate decay and the release of cytotoxic carbonyl products. The glutathione
transferase reaction is the main route of aldehydes catabolism in the heart. The data of experimental
studies on the transformation of 4-hydroxynonenal in the heart is the evidence of that. For this reason,
glutathione transferase plays a special role (among the other enzymes of aldehyde utilization) in
myocardial protection from the free radical damage.

Another way of aldehydes catabolism, that plays a great role in the heart, is their recovery in the
aldehyde reductase reaction. The corresponding alcohol appears as a product of their recovery. The
significance of this metabolic pathway is greatly increased in terms of endogenous aldehydes utilization
inhibition in the glutathione transferase reaction.

Aldose reductase and aldehyde reductase are widely spread among the enzymes that catalyze the
aldehyde recovery in cells.

Aldose reductase have a monomer structure of molecule. A hydrophobic area is a part of its active center.
It provides the substrate binding. One of the active center functional groups is the cysteine remnant.
Its oxidation contribute to the activation of the enzyme. ROS (hydrogen peroxide) and AFA
(peroxynitrite) can be used as the biological oxidants. Recovered pyridine coenzymes (NADP and NAD)
are the coenzymes of aldose reductase. However, the enzyme shows greater affinity for NADPH.

Aldose reductase shows broad specificity for hydrophobic and hydrophilic aldehydes as substrates. In
addition, they have the ability to restore glutathione conjugates of aldehydes. Moreover, the affinity of
the myocardial enzyme for the glutathione conjugates is higher than to the free aldehydes. The presence
of the specific domain, enriched with tryptophan and serine remnants in the N-terminus of the
polypeptide chain, is the reason of that. The presence of this domain allows an efficient binding of an
aldose reductase active center with a cysteine remnant of aldehyde glutathione conjugate.

Aldehyde reductase differ from aldose reductase in structure and properties. There are two types of this
enzymes:

— aldehyde reductase type I, which uses a restored NADP as a coenzyme;

— aldehyde reductase type Il, which uses a recovered NADP and NAD as a coenzyme. However, it
shows higher affinity to NADPH.

Both types of enzymes catalyze the reaction of aliphatic aldehydes restoration, showing greater affinity
for their unsaturated representatives.

Another way of endogenous aldehyde utilization in the heart is the way, associated with their oxidation to
the corresponding carboxylic acids in the aldehyde dehydrogenase reaction. Subsequently, the reaction
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products are able to be involved in the process of beta-oxidation in mitochondria and to be used as ab
oxidation substrate.

Today we know about three classes of aldehyde dehydrogenase, which differ in intracellular localization,
as well as substrate and coenzyme specificity. Depending on coenzyme specificity they are divided into
NAD+ - and NADP+ - dependent enzymes.

Aldehyde dehydrogenase are widely spread in cells compartments, in mitochondria. In addition, they are
associated with microsomes. Certain classes of aldehyde gene expression is controlled by the HIF-1
factor. This leads to increasing of the oxidative catabolism of aldehydes value under the tissue hypoxia
condition.

As glutathione transferase, aldehyde reductase and aldehyde dehydrogenase ensure the utilization of
cytotoxic carbonic products of metabolism, they acts as a cell protective factors against and oxidative
stress. According to experimental studies, in conditions, accompanied by an increase of free radical
processes in the heart intensity (heart failure, ischemia and reperfusion ), the number of 4-hydroxynal and
malonic dialdehyde, adducts of 4-hydroxynonenal with proteins, and 1,4-dihydroxynonen as the product
of its recovery, rises.

Arrised developments are accompanied by the restriction of mitochondrial aldehyde dehydrogenase
isoenzyme activity. Moreover, its aimed activation reduces the hearts ischemic lesion area.
Figuring out the value of endogenous aldehydes recycling enzymes in cells protection from free radical
damage allowed to form an idea of the promising approaches, associated with the directed activation and
induction of their synthesis, in treatment and prevention of a variety of external diseases, which
pathogenesis is associated with the occurrence of oxidative stress.
Key words: aldehydes, heart, oxidative stress, glutathione transferase, aldose reductase, aldehyde reductase,
aldehyde dehydrogenase.

OcobnuBe Micie cepe KapOOHUTPHUX CIONYK, IIIO YTBOPIOIOTHCS B MPOIEC BUTbHOPAIUKAIBHOTO
OKHCHEHHsI JMiiB, 3aiiMatoTh aniaruyni anpaeriau [1]. i metabomiTi BiAirparoTs 3Ha4HY pOJIb Y
perymsiii oOMiHy pedoBuH [2] 1 MOAYIIALIT BHYTPIIIHOKIITHHHOTO CUTHAJILHOTO IIIJISIXY.

VY mpoliecax MIKpOCOMaJbHOTO OKHCHEHHS, TKAHWHHOTO JUXaHHS, a TakoX Yy (hepMEHTaTUBHHX
peakiisix, IO KaTami3yloThCs (IAaBIHOBUMH JeTiaporeHazamMu [3], MOCTIHHO YTBOPIOIOTHCS
BUJIBHOPAUKAIbHI MPOJYKTH MeTaboni3My (akTuBHI (opMH KHUCHIO). Bonu OepyTh ywacts y
perymsiii GyHKIIIOHATBHOTO CTaHy KJITHH [4] Ta 0OMiHy pedoBuH. Pa3om 3 THM, BOHM BIAIrparoTh
3Ha4YHYy poJib Y peaizanii MOUIKO/HKYI0UOro eheKTy OKCHAATUBHOTO CTpeCy Ha KINTHHY [5].

MeTo10 1IbOro OISy € aHalli3 JaHUX PO MOKJIMBI IIJISXH YTBOPEHHS Ta yTHIII3Allll €HIOT€HHUX
aJIBJIETIAIB Y KJIITHHI, a TAKOX MPO MEXaH13MHU MPOSIBY X TOKCUYHOI Jii.

Pi3H1 MeTa0oumiuHl HUISXU 3A1HCHIOIOTh HEOJHAKOBUI BHECOK y (OpPMYyBaHHS IyJdy €HJIOT€HHUX
anpjerigiB. HallmoTyxHIUM KepeoM eHJIOTeHHHUX alibAETiiB B OpraHi3Mi JIIOJUHH € TpoLec
MEPEeKUCHOr0 OKUCHEHHs MeMOpaHHuX JimifiB. Llei mpouec mpotikae 6e3 yyacTi QepMeHTIB 1
MIOB’13aHUH 13 IEPETBOPEHHAM BIJIbHUX PAJMKaJIiB JiMigiB. BiH MoCTiiiHO Bii0OyBa€eThCs Y KIITUHAX.
OpHak mpu MEBHUX (I310JIOTIYHUX YMOBaX, a TaKOX JEIKMX MaTOJOTIYHMX Hpolecax Horo
MIBUJIKICT 3HAyHO 30inbiryerbess. [Ipu 1poMmy 301bIIyeThCsi W YTBOPEHHS KapOOHUTBHHX
npoayktis [1OJI, cepen sitkux ocoOnMBe 3HAUYEHHS MAIOTh €HAOTEHHI aJIbJCTi/IH.

HaiiGinpma wacTka anpAeTifiB, IO CHHTE3YIOThCS B KIITHHI, TOpumnagae Ha 4-Tigpokcu-2,3-
HOHCHAJTb, 1[0 YTBOPIOETHCS 3 JTIHOJEBOT KHUCIIOTH.

SIK 1€ OIMH PO3MOBCIO/DKEHUH ajbJeriJl, 0 YTBOPIOEThCs y KiaiTuHax y mporeci [1OJI 1 Bigirpae
BAYJIMBY pPOJIb B ajibTepallii KJIITHH MIPU OKCUAATUBHOMY CTPECi, BUCTYIAa€ MAJIOHOBHH JialbJIEri.
Moro mnomepesHMKOM € apaxiZOHOBa KHCIOTa, 3 5KOI TaKOXK MOXYTh yTBODIOBaTHCS 2-
T1APOKCHUTENTaHalb, TJIIOKCAIb Ta 2-T1IPOKCU-4-nereHansb [6].

OCHOBOIO TOIIKO/KYIOUOi [ii BUIBHOPAJAMKAJIBHUX TPOAYKTIB MeTaboNi3My € BIIACTHBICTb
BUKJIMKATH KOBAJIEHTHY MOJM(IKALII0 MaKpOMOJIEKYJ 1 MOXIIUBICTh 3MIHIOBATU CTPYKTYpPY
Oionoriuanx MeMOpaH [7]. LIuToTOKCHUHUY 1 TEHOTOKCUYHHIA BIUIUB QJIJIETI/IIB, 1[0 YTBOPIOIOTHCS
B Iporieci iX MeTabomi3My [8], MOKYTh 3HAUHO MiACHIIOBATH e e(EeKT.
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EnporenHi anpleriiy magaroThCs Pi3HUM OKHCHO-BITHOBHHM TIEPETBOPEHHSM 1 y 3B S3KYy 3 UM
CHIBBIJHOIICHHS] MK IIBUAKOCTSMHU iX yTBOPEHHS W YTHIIi3alii MOKe BHU3HAYaTH €()EKTUBHICTH
peaizalii BHyTpIIIHbOKJIITHHHOTO CUTHAJIBHOTO HIISAXY, a TAKOXK CTYIIHb MPOSIBY MOLIKOKYIOUHX
e(eKTIB OKCUJIATUBHOTO CTPECY.

SIKIIO CTUMYJISIIST MPOLECY PAAUKAIOYTBOPEHHS B KIITHHAX HE KOMIICHCYETHCS 301IbIICHHSIM
MIBUJIKOCTI YTHJIi3aIii adbJeriiiB, 0 TaM yYTBOPIOIOTHCS, TO BUHUKAIOTH YMOBH IS ITiICHJICHHS
MPOSIBY TOMIKO/DKYIOUOT il BUIBPHUX pajuKaiiB Ha KIITHMHHI MeMOpanu. Lle mMoxe mpusBectu 10
iHimiamii anonro3sy [9] Ta anprepanii kritud [10].

3rifHO 3 ICHYIOUMM CBOTOJHI YABJIEHHSIM, 10 (EpMEHTIB KaTaboli3My €HIOTCHHHUX ajbJeriliB
BITHOCATHCS MPEICTaBHUKH POJIMHH aJbJICT1I0IET1IPOTeHa3 [Kd 1.2.1.3; 1.2.1.4],
anpaerigopeaykras [K® 1.1.1.1] Ta rmyrationorpancdepas [KD 2.5.1.18] [11-22] (puc. 1).

Oco0rBe MOJI0KEHHS B KaTa0O0J113M1 aJIbJICTIIB 3aiiMa€e MIIAX, MOB'I3aHUN 3 1X TIEPETBOPEHHSM B
riyraTionTpancdepasniii peakuii [23, 24]. 3a ydacti miyrarioHTpancdepasu BinOyBaeTbCs
HyKJIeo(iIbHa aTaka rIyTaTiOHY PI3HOMAHITHUMU €JIeKTPO(ITFHUMHU MOJIEKYJIaMH, 10 YUCIa SKUX
BiZIHOCATBCS 1 anpjerign [25-28]. [myrartionTpancdepasn MarOTh HEOJHAKOBY CIIOPIAHEHICTBH JI0
anpaeriais [29]. HalmBu/ie BOHH KaTali3ylOTh IEPETBOPEHHS Iiapokcuankenatii [19, 22, 30].

I'myratioHTpancdepasn MiokapJa MalOTh XapaKTepHE BHYTPIIIHBOKIITHHHE PO3IOMITICHHS.
V 3HaYHUX KiUJIBKOCTSIX BOHH NPHCYTHI B capkoruiazMi. OJHaK MeBHA iX YacTHHA JIOKANIi3ye€ThCS B
miToxoHpisix [16, 19, 31].

'nyrarionTpancdepasu Miokapaa SBIAIOTH co000 jauMepu. BOHM TpOSBISIIOTE  BHCOKY
KaTaJIITHYHY aKTHBHICTh MPU HEUTpaNbHIM 1 ciaabokuciiii peakii cepenosuma (PH = 6,9 ). Sk
iXHIH KOHKYPEHTHIIIWH 1HTIOITOp BHUCTYHNAIOTh MPOAYKTH pEaKIii — TJIyTaTiOHOBI KOH'IOraTH
aJIbJET1IiB.

4-rigpokcu -2,3-HOHEHAJIb

AP AnJIT

1,4-murinpokcu-2-HOHEH -T1JJPOKCH-2-HOHCHOBAs KHCIIOTA
I'T
rJIyTaTioH-4-TiAPOKCHHOHEHAIb
AnP
I'nyrarion-1,4-1uriipokcuHOHEH

Puc.1 OcHOBHI HUIIXU KaTaboi3My 4-T1IpOKCHHOHEHAIS B KIITHHAX

[pumitka. AP — anpnerigpenykrasu (anpgo3openaykrasa), An/ll’ — ampaerimgeriaporenasa, ['T — riryraTioHTpaHC-
¢epasu, AnP — anxpno3openykrasa.

['myraTioHOBI KOH'IOTaTH TicNsl iX yTBOpeHHS ab0 HETalHO EKCKPETYIOThCS 3 MiOKapaiadbHOI
KITHHY, a00 MiJAal0ThCs B Hill 10JaTKOBUM (pepMEHTATUBHUM IEPETBOPEHHSM, IO 1 3aXHIae
riyrationTpancdepazu Bin iHriOyBaHHs. BriacTuBOCTSMH iX HEKOHKYpEHTHOro 1HribiTopa
BOJIOJIIFOTH aJIBJETIAN, SIK CyOcTpaTu eH3umy [32].

I'myraTionTpancdepaza miokapaa cxuiabHa A0 IHAYKIL. SK ii IHIYKTOpU BHCTYNAIOTHh albICT1AN
[33, 34] 1 nmeski kcenoOiotuku [35-37]. Byno mokasaHo, 30kpema, IIO IHAYKIS 130(pepMeHTy
GST — Al B cepui BiIOYBa€eThCs IiJl BIDTMBOM 4-TiAPOKCHHOHEHANS, SIKUH CTUMYJIIOE EKCIPECito
roro rena [34].

Sk 3a3HauangoCs paHiiie, rIyTaTIOHOBI KOH'IOTaTH, IO YTBOPHWINCS, TMEPEBAKHO EKCKPETYIOTHCS 3
MioKapaianbHuX KIiTHH. OIHAK MeBHA iX KUIBKICTh MiJIA€ThCS OJATKOBOMY (PEPMEHTATUBHOMY
BIIHOBJICHHIO TiJ €0 ampao3openykras [26, 38]. IlixTBepKeHHSM IMOTO MOXKE CIIYKHUTH
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IPUCYTHICTh B MIOKapJi HE TIJIbKU TNIyTaTIOHOBUX KOH'IOTaTiB ali)aTHUYHUX albAeTidiB, ane i ix
BIIHOBJICHUX TOXIJTHUX 1, B TOMY umcli 1,4-murigpokcuHonena [39, 40].

BifHOBIEHHS TJIYyTaTiOHOBOrO KOH'IOTaTy TMiABUIIYE €(QEKTUBHICTh YTWII3allli EHJIOTCHHHUX
anpaerigiB. [IpUYMHOIO TOTO, MONMEPEKCHHS CIIOHTAHHOTO BHYTPIIIHBOKIITHHHOIO PO3Haay
KOH'IOTary i, BiINIOBIHO, 3BUIbHEHHSI ITOTOKCHYHOT'O KapOOHLJIBHOTO NPOAYyKTY [27, 41].

I'myraTionTpancdepasHa peakinis € IepeBaXHUM MIITXOM KaTabomi3My aidbIeTiliB y CepIli, Ipo Mo
CBiIYaTh J]aHi €KCIEPUMEHTAIBHHUX JTOCIIKEHb PO MEPETBOPEHHS B HHOMY 4-T1IpOKCHHOHEHAJIS
[23]. 3 wi€ei npuunHU TIIyTaTioHTpaHcdepasi BIABOAUTHLCS 0COOIMBA POJIb Cepell IHIUX (PepMEHTIB
YTUJI3aIi] ajbAeTi/IiB y 3aXUCTI MiOKap/a BiJl BUIbHOPAAUKAIBLHOTO YIIKOKEeHHS [23].

[HmmM nusIXoM  KaTaboJii3My  aibAeTiNiB, IO BIJIrpa€ BaXJIWBE 3HAYCHHS B CEpIli, € iX
BITHOBJICHHS B aJbJCTiApeAyKTa3Hild peakuii. SIK MPOAYKT BiAHOBJIECHHS B HbOMY yTBOPIOIOTHCS
BIIMOBIIHI CIHUPTH. 3HAYEHHS I[OTO META0OJIYHOr0 MUIAXY 3HAYHO 3pPOCTAaE B YMOBax
rajJbMyBaHHS YTHJII3allli eHIOTEHHHUX aibJACTi/IiB y rIyTaTioHTpanchepasHiil peaxmii [23]

Cepen depMeHTIB, SKi KaTali3ylOTh BITHOBJICHHS allbJETiIIB y KIITHHAX, IIUPOKO PO3MOBCIOIKEH1
aNbI030pEIYKTa3! 1 anpaeriapeaykrasu [42, 43].

ANBJI030peIyKTa3n MalOTh MOHOMIPHY CTPYKTYpY Mousiekynu [44]. Jlo ckiaay iX akTHBHOTO LIEHTPY
BXOJHTH TiApooOHa AiNsHKA, sSiKa 3a0e3nedye 3B's3yBaHHs cyOcTpary. OmHa 3 (DyHKIIOHAJIBHUX
TPyIl aKTMBHOTO IIEHTPY MPEICTABIEHA 3aIHIIKOM IUCTeiHy. Moro OKHCIIEHHs CHpHse aKTHBALi
eH3uMy. Sk  (i3ioNoriuHi OKUCIIOBaui MpH IbOMY MOXYTh BuKopucroByBatucs ADK (mepekwuc
BoaHi0) [12] i ADA (nepokcunitpur) [45].

KodepmenTn anbao30peayKTa3u SBISIFOTH COOOK0 BigHOBIICHI MipuanHOBI Kopepmentu (NADP i
NAD) [46]. Pazom 3 Tum, pepmeHT nposiBiisie Oubiry criopigHeHicts 10 NADPH [47].

AJBI030pENYKTa3H MPOSBISIOTH MIHPOKY CHenu(idHicTs A0 TiApopoOHHX 1 TiapodiabHUX
anpJeriniB, sk cyocTpartiB [48]. Kpim 11b0ro, BOHUM MalOTh BIACTHBICTh BiAHOBIIOBATU IIYTaTiOHOBI
KOH'foraTu anpjerifais. Ilpuuomy, cHopigHEeHICTb (QEepMEeHTy MioKapJa /[0 IJIyTaTiOHOBUX
KOH'IOTaTiB BHSBISETHCS BHINOI, HIX 10 BUIbHUX ambiaerimiB [38, 49]. IlpuuuHOoO 1BOTO €
HasBHICTh Ha N-KIHIIl TOJIMENTHIHOTO JIAHIIOTa OCOOJIMBOTO JOMEHY, 30aradyeHoro 3ajullIKaMu
Tpunrtodany i cepuny. IIpucyTHICTb 1IbOTO JOMeHY 3a0e3neuye eheKTUBHE 3B'sI3yBaHHS aKTUBHOTO
LEHTPY aJIbJJ030PEAYKTa3H 3 IMCTETHOBUM 3aJIMILIKOM TTTyTaTIOHOBOTO KOH'forary anpaeriny [50].

AnpAerigpenykTa3u BIAPI3HSAIOTHCS 3a OyIOBOIO 1 BIACTHBOCTSAMHU BiJ ambao3openykras [51].
Binomi aBa Tumm 1iux eH3uMiB [S2]:

- anpJeriapenykrasa I tuny, sika BAKOPUCTOBYE sIKk KopepMeHT BiHOBIeHnH NADP [44] ;

- anpaeriapenykrasa Il Tuny, sika BukopucroBye sik kopepmeHT BigHoBIeHI NADP 1 NAD. Onnak
OLTBIIY CIIOpIAHEHICTH MposiBisie ctocoBHO NADPH [53].

O6unBa TuUnU (EpPMEHTIB KaTali3ylOTh pEakKIil0 BIJHOBIEHHS amiQaTUYHUX aJbJAETIIIB,
NPOSIBIISIIOYM OLTBITY CIIOPITHEHICTh JI0 IX HEHACHYEHUX MPEICTaBHUKIB [24].

3apa3 iCHYIOTh TEPEKOHJIHMBI JaHI Ha KOPUCTh TOTO, IO aJIbJETiANM BUCTYMAIOTh SK BAKIWBUH
CHJIOTeHHMI (haKTOp peryssilii eKCrpecii reHIB albAeriipeyKTas i anpo3openykras [54, 55].

[lle omHMM TUIIXOM YTWII3aIil €HIOTCHHHMX albJEriAiB y ceplli € NUIIX, TMOB'SI3aHUi 3 iX
OKHCJICHHSM Yy BIANOBiJAHI KapOOHOBI KHCIOTH B albJerijjieriiporeHasHii peaxuii. IIpoaykru
peakiii Hajgamxl 3/1aTHI 3aTy4daTHCS B Tpollec OeTa-OKHCICHHS B MITOXOHJIPIAX 1, TAKUM YHUHOM,
BUKOPUCTOBYBATHUCS B HUX SIK CyOCTpaT OKUCIeHHs [56, 57].

Ha cporomni ommcaHo Tpu KJIacu  aiubACTIANETIApOreHa3, sKi  BIAPI3HAIOTHCA  3a
BHYTPIIIHBOKJIITUHHOIO JIOKANI3alli€l0, a TaKOXX CyOCTPaTHOIO 1 KO(EpPMEHTHOK CHenu(IYHICTIO.
3aie’)kHO B KO(DEpMEHTHOI crleruiyHOCTI BOHU MOIUISIOTHCS Ha NAD'- i NADP'-zanexui
ensumu [58-62].
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AnpAerigaerigporeHasy MMpoKo MOMUPEHi B KOMIAPTMEHTaX KIITHH. Y 3HAYHUX KiUTBKOCTSX BOHH
MPUCYTHI B MITOXOHpIsAX. KpiM 11p0T0, anmbaerijjierigporeHas 3HaXOIAThCA B acOIIMOBaHIN 3
Mikpocomamu ¢opwmi [58, 63, 64].

Exkcnpecist reHiB IEBHUX KJIACIB allbJIETiAIeTIAporeHas KOHTpomoeTbes gakropom HIF-1 [65]. 1le
3YMOBJIIOE T1IBULIICHHS 3HAYCHHS OKUCHOTO IUIAXY B KaTa0OJi3Mi ajbJIeTi/liB B yMOBaX TKAHUHHOI
rinokcii.

UYepes Te, mo miyTarioHTpancdepasu, albIeriipeyKTa3u 1 aibIeriiIeriiporeHa3u 3a0e3neuyoTh
YTHITI3aLlI0 IMTOTOKCHYHUX KapOOHUIBHUX MPOAYKTIB OOMIHY, III0 YTBOPIOIOTHCS MPU CTUMYJISIIIT
BUIbHOPAJUKAIBHUX TPOLECIiB, BOHM BHUCTYNAIOTh B PO (PaKTOPIB 3aXHCTy KIITHH BiJ
okcuaaTuBHOro crpecy [23, 33, 34, 37, 48, 55, 66-75 ]. 3rigHo 3 AaHUMH €KCIIEPUMEHTAIbLHUX
IOCHIUKeHb,  TpU  CTaHaX, IO  CYNPOBOJUKYIOTHCS  MIiABHINCHHAM  IHTEHCHBHOCTI
BIIbHOPAIUKAIBHUX MIPOIIECIB B cepili (cepiieBa HEAOCTATHICTb, imeMis i pernepdysis ), B Miokapi i
KpOBI 3pOCTa€ BMICT 4-TiAPOKCHHOHEHANS 1 MajJoHOBOrO nuanbiaeriay [39, 40, 47, 76-78], axykriB
4-rigpoKcUHOHEHaNs 3 OiTKkaMu, a TakoxX 1,4-TUT1APOOKCUHOHEHA, SIK MTPOIYKTY HOTO BiTHOBJICHHS
[39, 40]. Bunukarodi 3pyIIeHHSI CYITPOBOIKYIOTHCS OOMEKEHHSIM aKTUBHOCTI MITOXOH/PIaJIbHOTO
i30(epMeHTy anpjaerigaeriaporenasu. [IpuuomMy, Horo crpssMoBaHa aKTUBAILsl CHIPUSE 3MEHIIICHHIO
TUIONII BOTHUIIA IMIEMIYHOTO YpaKeHHs y cepIli [66].

3rigno 3 manumu Li Y. et al. (2005 ), 00poOka KyJabTypH KapAiOMiOIMTIB 4-TiIpOKCHHOHEHAIEM
MPU3BOJUTH 1O PI3KOTO 3HWKEHHS iX JKUTTe3MaTHOCTI. [Ipu mboMy B HUX Pi3KO 3pOCTa€ BMICT
aAIyKTiB OUIKIB 3 4-TiAPOKCHHOHEHAeM. Y TOH ke 4Yac, iIHAYKIIis TiyTatioHTpanchepasu, MUIIXOM
BHECCHHS B Cepeay KyJIbTUBYBAaHHS KIITHH 1,2-TUTion-3-TiOHY, 3MEHIIY€E MPOSB IIKIIUIMBOI il
albJIerily Ha KapaioMioUuTH. | HaBMaku, BHECEHHS B CEPEIOBUIIEC KyIbTUBYBAaHHS MiOKapialbHUX
KITHH cynb(do3aasziny sK iHri0iTopa TiayTaTioHTpaHC(epasd NPHU3BOAUTH 10 TOCHICHHS IX
MOUIKOIKeHHS [23].

VY nitepaTypi iICHYIOTh TaKOX BIJOMOCTI IIPO BaXJIMBY POJIb allbJETIIPEyKTa3! B 3aXUCTI MiOKap/a
Bl MOro MOLIKO/KEHHS IpU OKCHUAATUBHOMY CTpECi, IO CYIMPOBOJKYIOTh PO3BUTOK DSIy
BHYTPIIIHIX 3aXBOproBaHb [29, 55, 74].

3'scyBaHHs 3Ha4YeHHA (EpMEHTIB YTHIi3alli €HJOTeHHMX aJbJAEriliB Yy 3aXUCTI KIITUH BIX
BUTbHOPAMKAIBHOTO YINKO/PKEHHS JO3BOJWIO CHOPMYBATH YSBJICHHS MPO IMEPCICKTUBHICTh
MiIXOAY, TOB'SI3aHOTO 31 CIPSMOBAHOK AKTHBAINEK 1 IHAYKIEI 1X CHHTE3Y B JIKyBaHHI 1
podiIaKTUIIl IIJIOTO PsY BHYTPIIIHIX 3aXBOPIOBaHb, MATOTEHE3 SIKUX IMOB'SA3aHUN 3 BUHUKHEHHSIM
OKCHIaTHBHOTO cTpecy [37, 55, 66, 79-86].

Pe3tomyroun BUILEBUKIIAJICHE, MOXHA JIHTH BUCHOBKY, III0 MITOXOHJpIi BIJIIPalOTh BEJIUKY POJb B
YTBOPEHHI aKTUBHUX ()OpM KHUCHIO Ta a30Ty, OyJIydd HpU LOMY iX OCHOBHHMMH JDKEpeIaMH B
kiaituHl. i mpoayktu meta0oii3My BHUSBISAIOTH BaxJMBe (Di310JI0TIYHE 3HAYEHHS, BUCTYHAIOUH
peryastTopaMu OOMIHY PpEYOBHH 1 CBOEPITHUMHM MECEHXKJEpaMH  BHYTPIIIHBOKIITHHHUX
CUTHaJbHUX LUISIXIB. 3 YTBOPEHHSM BUIBHOPAIUKAJIBHUX MPOAYKTIB OOMIHY B MITOXOHAPIAX
MOB'sI3aHa 1HIIIAIlisl JTAHIIOTOBUX BITbHOPAJAUKAIBHUX MPOIECIB, AKi 32 IEBHUX YMOB 3YMOBIIIOIOTh
(dbopMyBaHHS OKCHJIATHBHOTO CTpecy. Y Kap/iOMIOIUTaX ICHYIOTh TOTYXKHI 3aXHUCHI CHUCTEMHU,
HasBHICTb SIKUX J03BOJIsIE OOMEXHUTH MPOSIBM Ha HUX IIKIJUIMBOI Jii OKcHAaTuBHOrO cTpecy. o ix
yyclla BIJHOCUTHCA AaHTUOKCHJAHTHA CHUCTEMa, a TaKOX cHcTeMa (epMEeHTIB, SKi KaTalli3ylTb
peakiii yruii3anii IMTOTOKCUYHUX KapOOHITBHUX MPOIYKTIB BUTBHOPAIMKAIbHOTO OKHUCIICHHS.

[Tin BruMBOM pi3HUX (aKTOpiB y MIOKapJlabHUX KJIITHHAX MoXe ¢GopMyBaTHCS CTaH
MITOXOHJpIANbHOT TUC(YHKIII, HACIIIKOM $KOrO CTa€ 3MiHa PpIBHSI iX EHEpPreTHYHOro
3a0e3neyeHHs. Y pe3yibTaTi IbOrO0 MOMAYIIOETHCS CKOpOYyBaJbHA 3AAaTHICTh 1 €JNeKTPUYHA
aKTUBHICTh Miokapaa. IlomiOH1 3pylIeHHs MOXXYThb BUHUKATH IpH (i310JI0TIYHUX cTaHax (cTpec,
CTapiHHS, TOIO) 1 MAaTOJIOTIYHUX Ipoliecax (ileMiuHa XBopooa cepliis, KapAioMiomnarii, MiOKapIuTH
Ta iH) [87-91].
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3HIKEHHSI aKTUBHOCTI €H3UMIB i 3MEHIIICHHS X BMICTY B KapJiOMIOIMTaX BUCTYIAE K ONMH 13
(dakTopiB anbTepaliii Miokapaa MpHU MHUX 3aXBOpIOBaHHAX. Pa3oMm 3 TUM, 3a yMOB THMYacOBOi
“M’sKO1” imemii, y ceplli BHHUKAIOTh 3CYBU aJIallTUBHOI CIIPSIMOBAHOCTI, OB’ A3aHi 31 30UIbIICHHSIM
piBHS iX eKkcmpecii ¥ 30UIbIIEHHSIM aKTHBHOCTI, SIKI B YMOBaxX IOJAJBIIOT BHpPaXXEHOI imemil

3a0e3neuyroTh e()eKTUBHHUM 3aXHCT MiOKapaa.

[IutaHHs BHYTPINTHBOKIITHHHOTO KaTaOOoMi3My €HJOTCHHUX albJETiMIB y CepIli € aKTyaJbHHUM,
ajpKe ozepkaHa iH(popMarllis T03BOJUTH OUTBII JETanbHO chopMyBaTh YSBICHHS MpPO MAaTOTCHE3
0araThOX 3aXBOPIOBaHb, L0 CYMPOBOIKYIOTHCS TKAHMHHOIO TiIOKCi€I0, Ta 3alpOIOHYBAaTH
e(eKTHBHI METOIM KOPEKIIii CTIHKOCTI OpraHi3My 0 BIIbHOPAIUKAIBHOTO OKUCHEHHS.
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