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OT PEJAKTOPA
CITEHHUAJIBHOT'O BBIITYCKA

K 120-JIETAIO CO JHS POXIEHMS EBIEHUS MUXAJIOBAYA KPEIICA
(1899—1985)

DOI: 10.31857/S0869813920050076

1 mas 2019 r. ucnonnunock 120 et co nHs poxneHusi Esrenuss Muxaiinosuya Kpern-
ca, aKaleMUKa, BbIIAIOIIETOCS] U SIPKOTO YUEHOT0, OTHOTO N3 OCHOBOIIOJIOXKHUKOB CpaB-
HUTEJIbHOW U 3BOJIIOLIMOHHON (PU3MONIOTUM U OMOXWMUM, MOABOAHON (DU3UOJOTUU U
MenulvHbl, yueHuka MBana [Metposuua [TaBnoBa u Gyiukaiiiero copaTHUKa U ydeHUKa
Jleona A6raposuua Op6Genu. C 1960 no 1975 romger E.M. Kperic 661 nupekropom MH-
CTUTYyTa 3BOJIIONUOHHON usnonorun u omoxumuu mm. U.M. CeuenoBa AH CCCP, ¢
1967 no 1975 roawr Bosrmasmst OtaeneHue dusnonornn Akamemun Hayk CCCP, Ha
MpOTSLKeHUU MHoOruX JieT 661 wieHoM [Ipesunuyma AH CCCP. Ero Hay4HBIi aBTOpU-
TeT ObLI OTPOMEH, a 3aCJIyT'M B Pa3BUTHUM COBETCKOM HAayKW ObLIIM OTMEUYEHBI IPUCYXKIIe-
HueM eMy Boiciux Harpag CCCP — 3Banus ['epost ColmaancTUIecKoro Tpyaa, TpeX op-
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Puc. 1. Esrennit Muxaitnosuu Kpernc y namsatauka JI.A. Op6enu nepen 3nanveM MHcTUTYTa 9BOMIOLIMOHHON

dusnonoruu u omoxumuu um. U.M. Ceuenosa, Jlennnrpam, 1985 .
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neHoB JleHuHa, opaeHa TpynoBoro KpacHoro 3HameHu. OH OB yIOCTOEH IPEMUU
JI.A. OpGenu, 3omotoit Menanu uMm. M.I1. [1aBnoBa, 'ocynapcrBenHoi npemuu CCCP 3a
Hay4Hble ucciienoBanus. [To naunmaruse E.M. Kperica ¢ 1965 r. cran Beixoauth “XKyp-
HaJl 3BOJIIOIIMOHHON OMOXUMUU U (DU3UOJIOTUU”, KOTOPBIA 10 CUX MOP SIBJSIETCS OHUM
BEAYLIMX HAyYHBIX MEPUOIUYECKUX U3MAHWI B 00JIACTH CPABHUTEIILHON M 3BOTIOIIMOH -
Holt pusuosioruu. E.M. Kperic Bxoauni B cocTaB peaKOJIIeTUii ABYX MEXIyHapOIHbBIX Ha-
yuHBbIX XypHasioB — “Journal of Neurochemistry” u “Comparative Biochemistry and
Physiology”.

TTpouwio MHOTO JIET € MOMEHTA yXOJa U3 XKU3HU 3TOT0 3aMeYaTesIbHOTO YeJI0BeKa, HO 10
CHUX TIOp HE TOTePsUIM aKTyaJlbHOCTb PE3YJIbTaThl €r0 UCCIENOBAHUI, a €T0 SipKast XXW3Hb,
KOTOpasi TIpolia B 3MOXY ApaMaTUUECKUX COObITHIT UCTOpUM Haleil ctpaHbsl 20 Beka, 10
CUX MOPp TIPUBJIEKAET BHUMaHWE MHOTOUYMCIeHHBIX OrorpacdoB. C ero HayyHoi1 cynb0oit
Hepa3pbIBHO CBS3aHbl OCHOBHBIC BEXW UCTOPUU OTEUYECTBEHHOI (hM3MOJIOrMU — 3IoXa
W.I1. TlaBnoBa, BoeHHo-MenuuuHcKas akagemusi, MypMmaHckass Mopckasi Guosoruye-
CKasl CTaHIIUS, KCIIETUIINS IOABOIHBIX paboT ocoboro HazHaueHust (DITPOH), MucTu-
TYT SKCIEepUMEHTAIbHOM MemunuHbl, MHctuTyT (pusmomornu um. W.I1. Ilasiona,
XV ®dusnonornyeckuii Kourpecc, O6benIMHEHHAs! cecCUsl IBYX AKaJeMUii, TOHeHUs Ha
JI.A. Op6enu u ero Koy, ITOCAeAyIoIas peadbunnTanus 1 npeodpa3oBaHue JlabopaTo-
pUY 3BOJIIOLMOHHOI (pu3nonoruu, pykosoaumoii JI.A.Op6enu, B MHCTUTYT 3BOJIIOLIM-
oHHOM ¢usnonorun uM. U.M. CedyeHoBa. Bcio cBolo HEOOBIKHOBEHHYIO SHEPTHIO, IITH-
POTY MHTEPECOB, HAYYHYIO UHTYUIIUIO, CUJTy XapaKTepa, CTPACTHOCTb HAaTypbl, COUYETal0-
LIYyIOCSl C TIpeKpacHBIMU 4YesioBeuecknMmu kadectBamu EBrenuii MuxaiinoBuu Kpenc
BJIOXKWJI B pa3BUTHE 3TOro MHCTUTYTa, KOTOpOE MPpoXoausio yxe 6e3 Yuutesns. Ha mocty
nupexTopa EBrenuio MuxaitnoBuuy 3a 15 jeT ynajoch co3naTh NEpBOKJIACCHOE HAyYHOE
yUpexIeHne, OCHAIIEHHOE COBPEMEHHON TEXHUKON M 000pYyAOBaHUEM, MPUBJIEYD JIyU-
11IMe Hay4YHbI€ CUJIbI CTPAHBI, 3HAYUTEILHO YBEJIWYUTD IITAT HAYYHBIX paOOTHUKOB, CO-
37aTh B KOJUIEKTMBE HEOOBIKHOBEHHO TBOPYECKYIO U JOOpOXeNaTeibHyl0 atMocdepy,
IJIOAbI KOTOPOM OLIYIIIAIOTCS 110 CEU AEHb.

O EBrennu MuxaitioBuue HarmcaHO MHOTO — pabOThbl B CTPOTO HAyYHOM CTUJIE, Ta-
KMe Kak Oosbioi ouorpacduyeckuii ouepk FO.B. HatouuHa, npenapsionimii usnaHue
n36panHbix TpynoB E.M. Kperica [1], crarbst }FO.B. Harounna u E.B. Po3enrapra, mocBsi-
meHHast 100-netuio co mHst poxxaenust E.M. Kperica [2], ctatbst H.®. ABpoBoii B KHUTE,
nocBsieHHoM 60-1eTrio MHCTUTYTa 3BOTIOLIMOHHOM dusnonoruu u 6moxumuu [3]. B 60-
Jee cBobogHOM kaHpe — ctaThbs A.H. OcTpoBckoro B xxypHane “IIpupona” [4]. Omyonu-
KOBaHBbI OYeHb TeIlIble I UHTepeCHbIe BocrmoMuHaHus B.B. Menmyrkuna u JI.H. A6pa-
moBoit 0 E.M. Kpernce [5, 6]. B 2019 r. B UHCcTUTYTE 3BOJIOLMOHHON (PU3MONIOTUN U
ouoxumun uM. .M. CeueHoBa Hayajl pabOTy OTKPBIThIII Hay4YHBIII CEMUHApP, MOCBSI-
weHHbli E.M. Kperncy. B mae 2019 r. nponuio 3acenaHve ceMuHapa, MpuypoueHHOe K
120-netuio co ous poxnenust E.M. Kpernica, Ha kotopom P.I'. ITapHOBOI1 OBLT ITpeacTaBiieH
nokian “Mpl ¢ TOOOI OMHOI KPOBH...”, MOCBSIIEHHBI OpaThsiM Kpercam — EBrenuro u
I'epmany (I'epman Kperic 661 M3BeCTHBIM re000TAHUKOM, STHOTpadOM 1 300JI0TOM, OCHO-
BaTesieM JlaraHaCKOro 3aroBeIH1Ka), a TAKXKe CO CBOMMU BOCIIOMUHaHMSIMU “Ypoku Kpernica”
BeicTynian B.W. ToBapmoBckuii. 3ammcu 3TMX IOOKJIAAOB MOXHO Haiith Ha caiite UODb
(https://www.iephb.ru/populyarno-o-nashey-nauke/otkryityiy-seminar-posvyashhennyiy-
pamyati-akademika-e-m-krepsa/). [lnanupyercst k onyonukoBanuto kaura E. T. 3axapo-
BOM, coTpynHUlbl MHCTUTYTA 3KCTIEpUMEHTAbHOM MEAUIIMHBI, B KOTOPO BIIEpBHIC OYy-
IyT TIpeacTaBiaeHbl Matepuaibl u3 apxuoB @CB, nocesiieHHbIe apecty E.M. Kperica B
1937 r. 1o OOBUHEHMIO B Y4aCTUU B TPOLIKMCTKO-3MHOBBEBCKOI OpraHuU3allliu, a Takxke
oOHapykeHHBIe B ero aeje micbma JI.A. Opoenu bepun, BeimmHckomy, MoJioToBy B 3a-
umty E.M. Kpenca, B pe3yibTaTe KOTOpPBIX OH ObIJT 0cBOOOXeH B 1940 1. 13 narepst Ha
KomnbeiMe 1 yepe3 Kakoe-TO BpeMsI CMOT BepHYThCs K padote. [la u cam EBrenuii Muxaiino-
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BMY yCIIeJI HalMCaTh MOAPOOHbIE BOCIOMUHAHUS O CBOEM >KU3HU B KHUTE “O MPOKUTOM U
nepexutomM” [7], mepenaTb CBOM BIeUYaTJIEHHWSI O MHOTOYMCIEHHBIX MOPCKMX ITyTellle-
CTBUSIX HA HAYYHO-UCCIIEA0BaTeIbCKOM cynHe “Butsasp” [8, 9].

IMocnennue 25 net xu3Hu EBrenuii MuxaiiioBuy MOCBATUII UCCAEAOBAHUSIM JIUIIU -
IIOB MO3ra, pe3yJbTaTOM KOTOPbIX siBUJach udnaHHas B 1981 r. moHorpadus “Jlununb
KJIETOYHBIX MeMOpaH” ¢ T1013ar0JIOBKOM “DBOJIIOLUS JIUIIMAOB MO3Ta. AganTalliOHHAas
dyukuust mumuaoB” [10]. CoiictBeHHBIN EBreHnio MuxaiiioBuuy map HayqdHOTO IIpe-
BUIEHUS B BBICILIEH CTETIEHU YCIIeITHO MpeAoTpeneni Bbioop HayuHoro nytu. [1o mpo-
IIECTBUM MHOTUX JIET CTajl0 COBEPUIEHHO OYEBUAHO, YTO JUMUIHBINA cOCTaB MeMOpaH
UTpaeT KPUTUYHYIO POJIb B peaiM3aliui JIFOObIX MeMOpPaHHO-CBSI3aHHBIX KJIETOUHBIX
MIPOLIECCOB, a pa3HOOOpa3ue JUMUAOB U UX KUPHBIX KUCJIOT CBI3aHO ¢ TOHKUMU MeXa-
HU3MaMM Y4YacTUsl JIMIIUAOB B OFPOMHOM MHOTOOOpa3uu peryasiTOPHbIX MPOLIECCOB,
obecreynBaroNuX Xn3Hb KiIeTku. B Bosrimasnsemoitr E.M. Kpericom nmaboparopuu cpaB-
HUTEJIbHOW HEHPOXUMUU MTPOBOJUIMCH UCCIIEIOBAHMSI COCTaBa JUMUIOB B HEPBHOM CU-
CcTeMe XKUBOTHBIX PA3JIMYHOTO YPOBHS OPraHM3ali — OT MPUMUTUBHBIX OECITO3BOHOY-
HBIX J10 YyenoBeka. KccnenoBaauch OCHOBHBIE JIUTIUIBI HEPBHOW TKaHU — ocdonuru-
IbI, IepeOPO3UIbl, TAHTJIMO3UIBI, CYJILMATHUIBI U COCTaB X XUPHBIX KUCJIOT, U3y4aJIUCh
pa3Hble OTHEbl MO3Ta, CyOKJIeTOUHbIe (DpaKLMU, pa3IddHble 3Talbl 3SMOPUOHATBHOTO
Pa3sBUTUS. Brio YCTAaHOBJICHO YAUBUTCIIBHOC CXOACTBO KaK B KAYECTBEHHOM, TaK U B KO-
JIMYECTBEHHOM COOTHOILLIEHUHU cocTaBa (HocdOoNUNUAOB y peIcTaBUTENEe Ype3BbIUaiHO
aJIEKMX TAKCOHOB 1 BBISIBJICHBI JIMTIUAbI, TAKWE KaK FAHTIMO3U/Ibl, COUHTOMUEIIUH, Lie-
pedpo3usbl, cofepKaHe KOTOPhIX B MO3TY pe3KO BO3pacTaeT B 9BOJIOLMU T10 Mepe Aud-
(hepeHIIMPOBKYU 1 YCIIOXHEHWSI OpraHM3allui LIEHTPAJIbHOW HepBHOU cucteMbl. CoTpyn-
HUKaMU JJabopaTopuu ObLT COOpaH U NMTPOaHAIM3UPOBAH OTPOMHBII MaTepra 1o COCTaBY
JIMTTUIOB U UX XKUPHBIX KUCJIOT y mpeacTaBuTesieit 6onee yem 130 BUgoB phib, obuTao-
IIUX MpU pa3UYHBbIX TeMIlepaTypax M JaBJI€HWU, YTO IO3BOJUIO ChOpPMYIMpPOBaTh
npeacTaBJICHUA 00 aagarTUBHBIX ¢)y1—u<u1/1ﬂx JIMIMMUIOB U UX POJIM B MEXaHU3MaX IMPUCITO-
co0JIeHUSI OPraHU3MOB K YCJIOBUSIM BHEIIIHE! cpefpl.

3a mocnegnue 30—40 neT HayKa JUITUMAOIOTHS Mpollia 6ecnpeleAeHTHBIN ITyTh CBOE-
ro pa3BuTus. [lepBoHauyaabHbIe MPEICTABICHUS O JMIMUAAX KaK MaCCUBHBIX CTPYKTYP-
HBIX KOMITOHEHTaxX OMOJIOTUYECKMX MeMOpaH pehOpMHUPOBAINCh B OTPOMHYIO HayKy O
PeTyISATOPHOM poiv (hOoCcHONMUTTNIOB, XUPHBIX KUCIOT U UX MHOTOYMCICHHBIX MPOM3-
BOJHBIX B 00€CITEUeHNU BaXKHEHIIMX (DU3MOJIOTMIECKUX MPOIIECCOB, CUTHAIBHOM POJIK
bocHOMHO3UTUIOB, SHIOKAHHAOWHOWAOB, C(PUHTO3MH-COASPXKAIIUX JIUTTUIOB B OITO-
CpelOBaHUM ACUCTBUSI TOPMOHOB M APYIUX OMOJOTMYECKM aKTUBHBIX BEIIECTB, CYIE-
CTBOBAHUU JIMTTUA-PETYJIMPYEMBIX pelienTOpoB. OTPOMHBIN 00beM HAKOTUJIEHHBIX JTaH-
HBIX CBUAETEJILCTBYET O TOM, YTO MPAKTUUYECKHU JIIOO0M MaTOJOTMYECKUil mpoliecc, mpo-
TeKaUIMi B KJIETKE WM B 1IEJIOM OpraHuM3Me, CBsSI3aH ¢ M3MEHEHHWEeM MeTaboiu3ma
OTIEJIbHBIX KJIACCOB JIMMUAOB. B COOTBETCTBUM C 3TUM CTPEMUTEIILHBIMU TEMITAMU pa3-
BUBAaeTCsl HayKa O CBSI3M COCTaBa MOTPEOISIEMBIX TUTTUIOB CO 3I0POBbEM YeTOBEKaA.

K 120-netuto co nus poxaenus EBrenust MuxaiinoBuuya Kperica, omHOTro 13 OCHOBOIIO-
JIOXXHUKOB 3BOJIIOLIMOHHOI M CPaBHUTEILHOI HeHpoxuMuM, pemakimeit Poccmiickoro
dusnonormdeckoro XxypHajaa uM. 1.M. CedeHoBa ObLIO IPUHSTO PEIICHUE O CIICIINAIIb-
HOM BBIIYCKE XXypHaJsia, TIOCBSIIIIEHHOM Pa3JIMUHbIM pa3iejiaM COBPEMEHHOM JIUTTUIONIOTUH.
B 3TOT BbINMyCcK BOLIUIM OO30pPHBIE U 3KCIIEPUMEHTAJIbHBIE CTaThbU, aBTOPAMU KOTOPBIX
saBJIsitoTCsT Kak yyeHuku E.M. Kpenca (H.®. ABposa, H.H. Hanuaesa, P.T. [TapHoBa),
TaK U COTPYAHUKU PA3TUUYHBIX POCCUMCKUX HAYUYHBIX KOJUIEKTUBOB, 3aHUMAIOIIIMECs HC-
CJIeNOBAaHUSMHU JIMTIUAO0B.

P. I'. Ilapnosa
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Brain lipids play an important role not only as ubiquitous structural membrane compo-
nents providing the scaffolding and compartmentalisation outside and within the cells
but also participating in various signalling processes either by facilitating them or by act-
ing as signal molecules. Membrane lipids form highly specialised domains, called lipid
rafts, which are more ordered structures than the rest of the membrane and are enriched
in cholesterol and sphingolipids. These domains provide a platform for specific and tar-
geted protein-lipid and protein-protein interactions and as such facilitate binding and/or
enzymatic processes on the surface and within the membranes. These lipid-protein in-
teractions are important for various signalling events and proper cell functioning. When
normal structure and functions of lipid rafts is disturbed due to the changes in lipid me-
tabolism, caused by various internal and environmental factors, it results in a cascade of
pathological events. Among proteins whose metabolic pathways depend on the lipid raft
structure and integrity is amyloid precursor protein (APP) — the protein highly implicated
in the pathogenesis of Alzheimer’s disease (AD). Proteolytic processing of APP by a
aspartic proteinase called B-secretase (BACE1) and a multiprotein complex called
v-secretase results in production of the amyloid B peptide (AB) - one of the key mole-
cules leading to development of AD. These events take place in the lipid rafts. Some
lipid components of the rafts, including ganglioside GM, facilitate AP aggregation and
formation of its toxic oligomers. Understanding the mechanisms regulating lipid-protein
interactions in the rafts might result in new therapeutic strategies and treatments. In this
review we discuss the implications of lipids in APP processing and A metabolism and
possible therapeutic avenues derived from studying lipid raft structure and functions in
normal and AD brain.

Keywords : Alzheimer’s disease, amyloid 3 peptide (AP), amyloid precursor protein (APP),
APP intracellular domain (AICD), BACEI, cholesterol, gangliosides, sphingolipids

DOI: 10.31857/S0869813920050052

The amyloid cascade hypothesis of Alzheimer’s disease (AD) [1] has, since its formula-
tion, shaped the course of research into the molecular mechanisms of the disease during
almost three decades accumulating a substantial amount of data which, unfortunately, has
failed to result in the design of any effective treatment. Although the hypothesis has proven
itself correct based on the genetic early-onset forms of the disease [2], the late-onset forms
of AD appears to be multifaceted and more difficult to tackle [3].

From the clinical point of view, the disease is characterised by global cognitive decline,
associated with brain pathology involving accumulation of extracellular amyloid aggregates
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(also known as senile plaques) of amyloid 3 peptide (AB) and intracellular neurofibrillary
tangles of hyper-phosphorylated tau protein (for review see [4]). According to the amyloid
cascade hypothesis, it is the AP which is principally responsible for many of the pathological
features of the disease [1, 5] with AP oligomers representing the most toxic species [6, 7].
Accumulation of amyloid plaques is accompanied by astrogliosis and microgliosis [8, 9]
and the most affected brain areas are the neocortex and hippocampus [10]. Although there
are strong genetic links, including amyloid precursor protein (APP) and presenilin muta-
tions in familiar early-onset form on AD [11], the majority of AD cases are sporadic, late-
onset forms [12]. From this point of view the predominance of AD research based on the
mechanisms of early-onset disease versus the broader spectrum of the factors leading to
the sporadic form might be one of the reasons for the failure of the majority of therapeutic
trials and lack of any preventive measures 20 years since the amyloid hypothesis has been
proposed.

One of the important cellular events underlying production of the AP peptide is proteolyt-
ic processing of APP initiated by its cleavage by B-secretase (BACET1) (for the most recent re-
view see [13]) with the subsequent cleavage of the formed membrane-bound C-terminal APP
fragment by a protein complex called y-secretase [14]. This process, called the amyloidogenic
APP pathwayj, is believed to take place in a specific membrane compartment — the lipid rafts
[15, 16]. Only about 10% of all APP is cleaved by this pathway and the major part of APP
molecules is processed in the non-raft compartments of cellular membranes starting with
APP cleavage by a proteinase from the ADAM family called a-secretase [17]. To under-
stand how APP is targeted to the lipid rafts for its amyloidogenic processing and how lipid
composition of the rafts can affect A production is very important for understanding not
only the physiological significance of the whole cellular machinery of amyloidogenic APP
processing in neuronal cells but also how and why it leads to pathogenic events underlying
development of AD.

This review is mainly focused on the links between lipid rafts and AD pathology not on-
ly because AD-related amyloid precursor protein and production of AP peptide depends
on the lipid rafts but also because AP signalling itself involves interactions of proteins resi-
dent to lipid rafts. Since we published an extensive review on this topic in 2012 [18] there
have been important developments in this area of research which we shall cover in this pa-
per. One of the aspects of the studies is related to modulation of lipid rafts with the aim to
halt amyloidogenic processing of APP and AP production which still failed to translate into
any successful drug [19]. While statin treatment is still considered beneficial [20]. there are
some meta-analysis studies raising concerns on their effectiveness [21]. In assessing the lit-
erature data it is important to bear in mind that the pathology and aetiology of AD is com-
plex and the involvement of lipids in its pathogenesis has to be analysed in a more generic
way, taking into account various aspects of lipid metabolism and its changes with ageing
and under pathological conditions predisposing to AD.

LIPID RAFT COMPOSITION AND PROPERTIES

With more than 20 years since the concept of the proteolytic shedding of integral mem-
brane proteins such as APP [22] and the establishment of the “lipid raft” concept by Si-
mons and Ikonen [23], research of these membrane-clustering compartments has attracted
significant amount of efforts as extensively reviewed in [18, 24—26]. Despite the initial
controversy regarding lipid raft size and precise protein and lipid composition due to the
methodologies used for their isolation and analysis, it is now clear that cholesterol, sphin-
golipids and glycolipids represent the central components defining the structural and func-
tional properties of the lipid rafts [25]. The lipid raft model postulates that lipids and pro-
teins in the cellular membranes are segregated in different phases: liquid ordered (Lo) and
disordered (Ld) phases. While cholesterol and sphingolipids are promoting Lo, non-satu-
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rated phospholipids maintain the Ld phases. This allows certain proteins to cluster together
in the Lo phase to fulfil their functions [27].

Caveolae were the first described type of organised cholesterol-enriched microdomains
which contained oligomerized caveolin protein whose composition was determined in the
early 1990’s [28]. However, apart from cholesterol being the major determinant of the cav-
eolae integrity, the role of other lipids in these domains is still unknown. While the concept
of lipids rafts has been developed from lipid-enriched microdomains [29] and detergent-
resistant membranes (DRMs) [30] to the currently established cholesterol-sphingomyelin
rafts with the Lo phase and the Ld non-raft regions of cellular membranes, a third type of
microdomains termed ceramide-rich platforms (CRPs) with a gel-like structure has also
been identified [31]. It is also important to mention other cholesterol and ganglioside en-
riched membrane domains, which share some similarity but are physically and functionally
distinct from the lipid rafts, the tetraspanin-enriched microdomains (TEMs). They repre-
sent functional platforms for the regulation of key cellular processes such as release of sur-
face protein ectodomains (“shedding”) or regulated intramembrane proteolysis (“RIP-
ping”) [32] and are involved in a whole range of cellular processes, from cell division and
motility to gene regulation and signalling pathways [33], as well as dendritic spine matura-
tion [34].

In relation to AD, another intracellular lipid raft-like structure involved in cholesterol and
phospholipid lipid metabolism, calcium homeostasis and mitochondrial function, so-called
mitochondria-associated ER membranes (MAM), are of particular significance [35]. They
contain PS1 and PS2 with y-secretase activity and process APP generating AB [36]. MAM
and their communication with the mitochondria are important for phospholipid metabolism
and transport which are altered in AD [37].

One of the important roles of lipid rafts is synaptic vesicle release [38] although more re-
cently they have been shown to participate in intracellular lipid and protein trafficking
from the endoplasmic reticulum, Golgi bodies and endosomes to the plasma membrane
and production of extracellular vesicles (EVs) [39]. These nanovesicles (30—150 nm) con-
tain proteins, RNAs and lipids, and their internalization by neighbouring cells can change
their normal functions [40]. Lipid rafts may also represent the platforms for inclusion/ex-
clusion of membrane lipids and proteins into microvesicles (MVs) which could originate
from distinct domains during physiological processes and disease evolution [41].

Among the best characterised raft proteins are lipid-modified proteins, such as GPI-an-
chored proteins [42, 43], doubly acylated proteins, such as Src family kinases and the o sub-
units of heterotrimeric G proteins [44]. The 31 kDa integral membrane protein stomatin
and GPI-anchored proteins were shown to be linked through lipid rafts and undergo the
same cell-sorting events [45]. Another lipid raft marker, flotillin, can function as a molecular
link between lipid rafts and a multimeric signaling complex at the actin cytoskeleton [46].
The flotillins are palmitoylated and myristoylated proteins, anchored to the plasma mem-
brane [47]. They belong to a larger class of integral membrane proteins that have an evolu-
tionarily conserved domain called the prohibitin homology domain (PHB) which deter-
mines the affinity of proteins to the lipid rafts [48].

Many other physiologically important proteins have been investigated for their possible
raft localisations, including key proteins involved in AD pathogenesis, such as APP [49]
and its processing enzymes: 3-site APP cleaving enzyme (BACE1) [15, 50], the y-secretase
complex [51, 52] and ADAMI10 — a disentegrin and metalloprotease possessing O-secre-
tase activity [53]. Another member of the ADAMSs family — the tumor necrosis factor-al-
pha (TNF) converting enzyme (TACE, ADAM17) responsible for the cleavage of several
biologically active transmembrane proteins, including o-secretase cleavage of APP, was al-
so shown to be targeted to lipid rafts [54]. The prion protein (PrP€) conversion to its infec-

tious form (PrPS°) takes place in the lipid rafts [55].
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Lipid rafts serve as a signaling platform for nicotinic acetylcholine receptors [56] and
functioning of o7 nicotinic acetylcholine receptor depends on the lipid composition of the
plasma membrane [57]. Moreover, it was shown that soluble form of AP peptide potenti-
ates the activity of the presynaptic a7 nicotinic acetylcholine receptor and this event de-
pends on the lipid raft integrity [58]. It has also been demonstrated that acetylcholinester-
ase (AChE) is targeted to lipid rafts [59] and in neurones this involved the proline rich
membrane anchor (PRiMA) [60].

Lipid rafts play a critical role in viral infections facilitating virus entry, replication, as-
sembly and budding [61]. Raft components are involved in cholera toxin entry via GM1
ganglioside [62]. The human immunodeficiency virus type 1 (HIV-1) entry into the cells
also requires GM1 and gp120 protein localised in the lipid rafts [63]. The entry of severe
acute respiratory syndrome coronavirus (SARS-CoV) to the cells via its receptor angioten-
sin-converting enzyme-2 (ACE?2) also depends on the integrity of lipid rafts in the infected
cell membrane and is disrupted by methyl-p-cyclodextrin [64]. It is likely that the newly
described coronavirus (SARS-CoV-2) causing the serious epidemic COVID-19, which al-
so uses ACE2 as its receptor, also requires lipid rafts for cell entry [65].

The mature form of the major AB-degrading enzyme, neprilysin (NEP) was also found
to be localised in lipid rafts [66, 67]. Although the list of lipid raft-associated proteins is fast
growing, it is still far from being completed, and future research will undoubtedly reveal
new members of this family.

In general, lipid rafts represent signalling platforms that bring together various compo-
nents of the biological membranes determining cell specificity and functions. They include
receptors, channels, recognition molecules, coupling factors and enzymes, facilitating
their interaction and supporting cell signalling. Lipid rafts have been implicated in a variety
of physiological and pathological processes. Among the beneficial processes in the nervous
system it is important to name axonal growth and branching [68], which underlie neuronal
plasticity. As demonstrated in cell models, raft disruption impedes axonogenesis [69]. Lip-
id rafts are also involved in the stabilisation and normal functioning of synapses [70]. Dis-
ruption of these important processes are observed in AD pathogenesis and normalization
of brain lipid homeostasis with formation of functional lipid raft domains might represent a
therapeutic avenue in AD prevention.

AMYLOID PRECURSOR PROTEIN PROCESSING

APP is a type I integral membrane protein which exists in three isoforms (APPggs,
APP+5; and APP;,), generated from differential splicing of exons 7 and 8 of the APP gene
(for review see [71]). Exon 7 is homologous to the Kunitz type protease inhibitors (KPI do-
main) [72], while exon 8 is related to the thymocyte MRC OX-2 antigen [73]. APPgq5 lacks
both KPI and OX-2 domains, while APP;5; only lacks the OX-2 domain. In terms of distri-
bution, APP mRNA is expressed in almost every tissue, where only the isoform ratio dif-
fers. The ratio of different APP isoform mRNAs in human cortex is approx
APP770/APP751/APP695 = 1 : 10 : 20, although there are regional differences [74] which
alter in the AD brains [75, 76]. In the neurones the APPgq5 isoform predominates [77].

The amyloidogenic APP processing (Fig. 1) which results in production of AP} peptides
of different length involves sequential cleavage of APP by - and y-secretases (for review
see [78]). APP cleavage by B-secretase at two alternative sites (at Aspl or at Glull of the
AP sequence) leads to formation of either a 99 amino acid C-terminal fragment (CTF,
C99) or a 89 amino acid CTF (C89) which can further be processed by y-secretase. It also
releases a large soluble ectodomain, sAPPPB, which possesses important physiological
properties [79]. The predominant, non-amyloidogenic, pathway regulated by o-secretase
cleavage within the AR domain of the APP molecule prevents formation of Ap but produc-
es the large, soluble ectodomain sAPPa possessing neuroprotective properties [79, 80] and



LIPID RAFTS AND AMYLOID METABOLISM 543

Carrier
proteins

AB NEP, TTR

clearance or other target gene \J J
< products -~ - -

Fig. 1. Schematic representation of APP processing in the cell membrane and lipid rafts.

The proteolytic processing of APP occurs in two distinct membrane domains. The non-amyloidogenic pathway
initiated by at-secretase within the AP sequence of APP takes place in the phospholipid domain (light blue) while
the amyloidogenic pathway (the AP region in APP is shown in maroon) takes place in lipid rafts which are en-
riched in glycosphingolipids, sphingomyelin (red) and cholesterol (black). The lipid raft is shown as part of the
plasma membrane. While o.-secretase is not raft-associated, the B- and y- secretases predominate in rafts. The
cell surface is shown for clarity, although B-cleavage predominantly occurs in endosomes. In the amyloidogenic
pathway cleavage of APP by B-secretase releases a soluble neuroprotective ectodomain (sAPPp) and the C-termi-
nal fragment CTF99. This, in turn, is cleaved by the y-secretase complex, generating the transcriptional regulator
APP intracellular domain (AICD), and the AP peptide. In the non-amyloidogenic pathway o.-secretase cleavage
produces a soluble ectodomain sAPPa and the C-terminal fragment CTF83. Proteolytic cleavage of CTF83 by
v-secretase releases AICD and the p3 fragment whose functions are still unknown. The AICD fragment produced
in the amyloidogenic pathway can act as a transcription factor regulating expression of a variety of genes, includ-
ing the AB-degrading enzyme neprilysin (NEP) and a transport protein, transthyretin (TTR), which are involved
in AP clearance and are neuroprotective. AICD produced in the non-amyloidogenic pathways is likely to be enzy-
matically cleared in the cytoplasm.

a 83 amino acid CTF (C83) which in turn undergoes proteolytic cleavage within the plas-
ma membrane by the y-secretase complex. Cleavage of CTFs by y-secretase releases the
APP C-terminal domain, AICD, and either AP (in the amyloidogenic pathway) or a short-
er 3 kDa p3 fragment (in the non-amyloidogenic pathway). These p3 peptides are non-
amyloidogenic but were found within diffuse plaques in AD brains [81]. Whether p3 has
any functional role is still unclear. However, it was demonstrated that y-secretase produces
AP at a higher ratio than p3 peptides suggesting that B-CTFs and a-CTFs are differentially
processed by y-secretase [82]. APP can also undergo e-cleavage producing a large N-ter-
minal fragment which behaves as a type I protein and undergoes o-, B- and y-secretase
cleavages and forms the APP intracellular domain C50 [83]. This €-cleavage resembles the
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S3 Notch cleavage generating Notch intracellular domain NICD which has important gene
regulatory functions [84]. Lipid raft composition plays an important role in regulating APP
processing by all secretases, including the €-cleavage [85].

APP LOCALISATION IN THE RAFTS

The data suggesting that APP processing is linked to the lipid rafts have been available
for many years and were previously reviewed [86, 87]. Although APP itself is not generally
a raft protein, a small proportion can be detected in lipid rafts [49]. Regulation of APP raft
localisation has been suggested to involve an interaction between the C-terminus of APP
and flotillin-1 [88] and flotillin-2 [47] although APP can also directly bind cholesterol in
the rafts [89]. It has even been proposed that one of the physiological functions of APP and
AP is to control cholesterol transport [90]. There are data suggesting that the adaptor pro-
tein Disabled1l (Dabl) regulates APP processing together with the glycoprotein reelin
which promotes interaction of APP and Dabl in lipid rafts and that this process involves
phosphorylation by Fyn kinase [91]. On the contrary, binding of the F-box and leucine
rich repeat protein2 (FBL2) — a component of the E3 ubiquitin ligase complex which reg-
ulates APP metabolism through APP ubiquitination, specifically to the C-terminal frag-
ment of APP, decreased APP protein localization in lipid rafts [92].

APP trafficking to the lipid rafts can also be regulated by the low-density lipoprotein re-
ceptor-related protein (LRP) which promotes the BACE1-APP interaction [93]. Another
member of the low-density lipoprotein receptor family (LDL-R), namely ApoR2, stimulates
AP production by shifting the proportion of APP from the non-rafts to the raft membrane do-
mains, promoting its amyloidogenic processing [94]. It was also reported that 8—10% of APP
can be palmitoylated at Cys186 and Cys187 in the E1-ectodomain which increases its pref-
erence for B-cleavage in lipid rafts [19]. Moreover, APP palmitoylation promotes its di-
merization resulting in elevated BACE1-mediated cleavage [95].

Several cytoskeletal components and their binding partners together with the enzymes
that regulate the cytoskeleton are localized to the lipid rafts promoting lateral diffusion of
membrane lipids and proteins, including APP, in response to various extracellular signals
(receptor activation, electrical conductance, oxygen and nutrient deprivation etc.) (for re-
view see [96]).

LOCALISATION OF APP SECRETASES IN THE LIPID RAFTS

Taking into account the existence of two different pathways of APP processing (amyloi-
dogenic and non-amyloidogenic) it was logical to suggest that APP can have two distinct
pools in plasma membranes and that amyloidogenic processing might take place in the lip-
id rafts [15, 89]. Indeed, it was shown that the integrity and composition of lipid rafts, es-
pecially the presence of gangliosides, are crucial for AP production, aggregation and oligo-
merization [97—99]. Furthermore, the precise protein/lipid composition of the rafts was
shown to influence the AB40/ AB42 ratio [100].

With regard to the enzymes processing APP via the amyloidogenic pathway it was shown
that BACEI can be palmitoylated at four C-terminal cysteine residues, which facilitates its
raft localisation [101, 102]. On the contrary, treatment of cells with the BACEI inhibitor
KMI-574 resulted in relocation of BACE1 from lipid rafts to the non-raft membrane area.
Moreover, proteolytically inactive mutants of BACE1 defective in glycosylation were also
shifted from the lipid rafts to the non-raft areas, while a double mutant (D93A/D289A) lo-
calized exclusively in the non-raft membranes [103]. When BACE]1 was specifically targeted
to lipid rafts via GPI-anchoring the production of AP was increased which testified to en-
hanced amyloidogenic APP processing [16]. Later it was confirmed that wild type BACE1
cleaves APP at two sites (f and B' sites) producing full length and N-terminally truncated AP
whereas GPI-anchorage of the enzyme increases production of the full length AP [104].
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It is important to mention that one of the lipid-raft associated proteins, namely the
GPI-anchored prion protein (PrP¢) plays an important role in APP processing via inhibit-
ing BACEI activity [105]. Interaction of the N-terminal region of PrPC with glycosamino-
glycans in the rafts results in decreased BACEI1 presence at the cell surface and in endo-
somes where it preferentially cleaves wild type APP but increased in the Golgi where it
preferentially cleaves APP with the Swedish mutation (APPg,.) responsible for the early-

onset AD [105]. Because there was no effect of PrP¢ deficit on processing of APPg,,, it was

suggested that PrP° may be a key protective player against sporadic AD [106].

Apart from B-secretase, lipid rafts also harbour the main subunits of the y-secretase
complex, namely PS1-derived fragments, mature nicastrin, APH-1 and PEN-2 [51, 107].
S-palmitoylation of nicastrin and APH-1 plays an important role in localization and stabil-
ity of the y-secretase complex within the rafts although not modulating its activity [108].
On the contrary, caveolin-1 was shown to be an important regulator of y-secretase distribu-
tion and activity [109]. However, y-secretase activity and AP generation in the membranes
to a great extent depends on the cholesterol levels in rafts since treating cells with AY9944,
which blocks the last step of cholesterol biosynthesis, reduced y-secretase activity and AR
generation [110]. Interestingly, PS1 was shown to induce lipid raft formation since brain
membranes from mice expressing human wild-type PS1 were less fluid and contained
higher cholesterol and sphingomyelin levels [111]. Genome-wide functional analysis has
identified a novel modulator of y-secretase, named OCIAD?2 (ovarian cancer immunore-
active antigen domain containing 2), that stimulates AP production via facilitating the for-
mation of an active y-secretase complex and enhancing its localization to lipid rafts [112].
Although the functional role of such regulatory molecules in APP homeostasis is as yet unknown,
it clearly demonstrates that cells might possess a variety of mechanisms affecting y-secretase ac-
tivity in relation to lipid rafts.

Unlike 8- and y-secretases which are clearly linked to lipid rafts, the enzymes possessing
o-secretase activity, mainly ADAM10 and ADAMI17, are believed to be located in non-raft
membrane compartments where they participate in shedding of various membrane pro-
teins [17]. However, targeting ADAM 10 to lipid rafts by expressing its GPI-anchored vari-
ant was found to reduce APP processing by B-secretases clearly indicating that the two op-
posing enzymes might compete for the APP molecules within the rafts [53]. On the other
hand, ADAMI0 is regulated by tetraspanins. In particular, TSPAN12 is associated with
ADAM 10 but not with ADAM 17 and overexpression of TSPAN12 in SH-SYSY cells was
shown to enhance non-amyloidogenic processing of APP [113]. More recently it was con-
firmed that ADAM 10 interacts directly with all members of the TspanC8 subgroup of tetra-
spanins which all regulate ADAM10 exit from the endoplasmic reticulum, but differentially
regulate its subsequent trafficking and activity [114]. However, tetraspanins also regulate
Y-secretase activity [115] and as such the fate of APP metabolism might depend on a very in-
tricate balance in the localisation of the enzymes and substrate in the cellular membranes.

APP processing in the lipid rafts not only facilitates interactions between APP and
BACE]1 but also promotes APP endocytosis. This process is APP isoform-dependent and
the neuronal APPyys isoform is mostly processed via the B-secretase pathway while APP;s,
and APP;;, mainly undergo a-secretase cleavage [116]. There is an alternative trafficking
route by which APP can bypass endosomes and be transported directly to the lysosomes.
This, though, does not occur with either APPg,,. or APP ,,40n Variants suggesting that these
mutations increase the chance of the molecules being processed in the lipid rafts [117]. Reg-
ulation of APP intracellular trafficking also depends on its interaction with sortilin both at
the N- and C-terminal regions. In sortilin knockout mice APP has decreased lysosomal
distribution and is increased in lipid rafts [118]. Interestingly, defects in phosphatidylinosi-
tol-3-phosphate (PI3P) synthesis due to disruption of its synthesizing enzyme PI 3-kinase
Vps34 impairs not only autophagy, lysosomal degradation and lipid metabolism but also
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results in secretion of unique exosomes enriched with APP-CTFs, specific sphingolipids
and phospholipid bis(monoacylglycero)phosphate, which normally reside in endolyso-
somes [119]. Moreover, it was shown that in AD-mice purified exosomes were enriched in
APP-CTFs as compared to control brains. Furthermore, y-secretase inhibition resulted in
APP-CTF oligomerization by preventing C99 proteolysis and led to accumulation of exo-
somes containing oligomeric APP-CTFs [120]. Future studies should evaluate whether
these disease-associated APP-CTFs- or AB-enriched exosomes can be related to the pro-
gression and spreading of AD pathology [121].

LIPID RAFTS AND THE AMYLOID PRECURSOR
PROTEIN INTRACELLULAR DOMAIN (AICD)

In recent years studies of the physiological role of the C-terminal fragments of APP have re-
ceived significant attention due to the fact that the peptide released from APP by y-secretase,
namely called AICD, can act as a transcription factor (for review see [122]). The initial
controversy in AICD studies, which was due to the utilisation of different cell types ex-
pressing different APP isoforms and to the very short half-life of the peptide, have been
overcome when several groups have demonstrated that AICD can upregulate expression of
the amyloid-degrading enzyme neprilysin (NEP) [123, 124]. This process is APP isoform-
and neuronal cell-specific and depends on the integrity of lipid rafts. Moreover, transcrip-
tionally active AICD is formed only in the amyloidogenic APP processing pathway which
suggests an intrinsic feed-back mechanism for AP removal [116]. It was later shown that
AICD regulates transcription of several target genes [125, 126] including a transport pro-
tein transthyretin [127]. Moreover, there are data that AICD can also regulate APP and
BACE 1 [128] and lipid metabolism [129]. In particular, AICD regulates expression of ser-
ine-palmitoyl transferase and sphingolipid synthesis and, in turn, controls lipid raft com-
position and APP processing [130]. AICD suppresses the expression of the major lipopro-
tein receptor LRP1 gene and as such affects apoE/cholesterol metabolism [131].

Importantly, NEP can also be associated with lipid rafts, e.g. in ectopeptidase-rich
membrane microdomains in human synoviocytes [66]. Sato and colleagues have suggested
that cholesterol and other lipids regulate translocation of NEP to the rafts where its substrate
AR accumulates. However, this does not modulate the protease activity of NEP itself [67].
However, only the mature, fully glycosylated form of NEP preferentially in dimerised form
and in association with phosphatidylserine was observed in the lipid rafts [132]. Studying
subcellular distribution and amyloid-degrading activity of NEP these authors also suggest-
ed that localisation of the enzyme in different intracellular compartments may provide
overall neuronal clearance of AB. Another AB-degrading enzyme, namely insulin-degrad-
ing enzyme (IDE), although primarily a cytosolic protein, can also be associated with lipid
rafts increasing the capacity of the cells to catabolize AP [133].

LIPIDS RAFTS IN THE AD BRAIN

Apart from AP production and clearance, lipid rafts underlie many cellular processes
which can be disrupted due to impaired lipid metabolism. Lipid composition and proper-
ties are changing in response to various factors including environmental conditions (tem-
perature, air pressure, oxygen content), nutritional changes, infections, gut microbiota,
etc. In this regard it is important to commemorate works of the late academician Eugene
M. Kreps (1899—1985) who was the pioneer and one of the founders of lipid research in
Russia and who, using an evolutionary and comparative approach, has significantly en-
riched our knowledge of brain lipids and their functions especially the changes they under-
go under pathological conditions (for review see [134]).

The data on the role of lipid rafts in AD pathogenesis accumulated over more than two
decades provide strong indication that changes in lipid metabolism have an underlying role
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in the disease pathogenesis. A recent mathematical modelling study has shown a correla-
tion between the changes in lipid composition and physicochemical properties of raft-like
membranes. The authors have indicated that the size of the rafts and lipid mobility in the
non-raft membrane increases during age and these are accelerated in the transgenic mouse
model of AD [135]. These changes in lipid composition can lead to aberrant protein aggre-
gation resulting in accumulation of toxic peptide species, including A, and neurodegener-
ation (for review see [136]). Recent studies have demonstrated that perturbations in sphin-
golipid metabolism are consistently associated with preclinical and prodromal forms of AD
and that sphingolipids might serve as biomarkers for early AD [137]. Below we discuss how
the changes in the major lipid raft components can result in AD pathogenesis.

Sphingomyelin

Sphingomyelin (SM) is one the major components of lipid rafts with SM-SM hydrogen
bonds contributing to the formation of ordered membrane regions, which stabilize the
temporal clusters of signalling proteins and their signalling pathways [138]. SM with its
metabolites themselves act as important second messengers in various signal transduction
events during cell differentiation, development, the immune response and adaptation of
the organism [139—141]. SM is important for the activity of various types of receptors, e.g.
o7 nicotinic receptor, NM DA receptors, neurotrophic tyrosine kinase receptor type 2, se-
rotonin; , receptor, the urokinase receptor (uPAR) (for review see [18]). Moreover, Ap and
PrP have a common SM-recognition site which supports an important role of lipid rafts in
the pathogenesis of AD, HIV-1 and prion disease [142].

There are well documented studies that lipid metabolism, and in particular that of
sphingolipids, undergoes significant changes both in the normally ageing brain and espe-
cially in AD pathology, By comparing levels of over 800 lipid species in AD brains by shot-
gun lipidomics it was demonstrated that levels of SM were decreased, and ceramide levels
increased, in the affected brains which might be explained by the AD-related activation of
SMase which results in increased SM hydrolysis and ceramide production [143]. Activa-
tion of SMase was shown to depend on accumulation of AP, and especially of its most toxic
form, APy, [144], or its fibrils [145]. Because SMase-related changes in SM metabolism
takes please early in AD it can lead to disruption of protein-lipid interaction and down-
stream signalling pathways [146]. In particular, changes in the balance of the activity of the
major enzymes of SM synthesis and degradation can result in perturbation of the levels of
ceramide, which is involved in the processes of cell proliferation and apoptosis and as such
lead to the compromised homeostasis in the brain which is observed in AD [147]. Elevated
levels of SM synthase 1 and SM in AD brains have been reported to increase BACE]1 activ-
ity while inhibition or knockdown of this enzyme resulted in lysosomal degradation of
BACE] attenuating AD-like pathology in mice [148]. Another enzyme of SM metabolism,
namely neutral sphingomyelinase smpd3, which has mostly neuronal expression in the
brain but still not with clear function, was shown to play an important role in lipid bilayer
remodelling. Its deficiency results in accumulation of the neurotoxic Ap and phosphory-
lated tau with accompanying neuropathology and cognitive deficit characteristic to the AD
pathology [149].

The contents of ceramide, SM and sulfatide were found to correlate with age in the hip-
pocampus of males, while sphingosine and sphingosine-1-phosphate correlated inversely
with age in females. This supports the existence of gender-specific differences in sphingo-
lipid metabolism in the ageing human brain and explains the increased risk of AD develop-
ment in women since S1P levels contribute significantly to neurodegeneration in the age-
ing brain [150].
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Gangliosides

The role of gangliosides, sialic acid containing glycosphingolipids, in lipid rafts and
brain functions have been recently extensively reviewed in [26]. Knockout of various class-
es of gangliosides was shown to lead to accelerated neurodegeneration and AD-like patholo-
gy [151]. With ageing, and especially in AD, the content of ganglioside decreases significantly
in different brain structures, and particularly in the areas of AD pathology [152, 153]. With
regard to the ganglioside composition, the aged brain had lower levels of gangliosides of
the ganglio-series (GT1b, GD1b, GD1la, GM1) with the statistically significant decrease
mainly in the frontal cortex, temporal cortex and white matter [154]. However, in the aged
frontal and parietal cortex elevated levels of simple gangliosides (GM2, GM3, GM4, GD3)
have been reported [154]. In the AD brain the decreased content of gangliosides of the
ganglio-series correlated with degeneration of cortical neurons while elevation of simple
gangliosides in the frontal and parietal cortex might be related to accelerated degradation
of gangliosides during neuronal death [154]. More recent analysis of lipid rafts from the
frontal cortex (representing early stages) and the temporal cortex (representing later stages
of AD pathology) has revealed that AD brains contained a significantly higher level of
GMI1 and GM2 in lipid rafts than matching age controls [155]. Gangliosides were also
shown to accumulate in the senile plaques in AD brains [156]. Lipidomic analysis by chro-
matography-mass spectrometry has revealed elevated levels of diacylglycerol and sphingo-
lipids in the prefrontal cortex of AD patients. Moreover, in the AD entorhinal cortex there
were increased levels of lysobisphosphatidic acid, sphingomyelin, GM3 and cholesterol es-
ters [157]. Recently, fluorescent probes allowing analysis of the dynamic behaviour of gan-
gliosides in living cells have been developed and their use has revealed that GPI-anchored
receptors and gangliosides interact in a cholesterol-dependent manner [158]. This ap-
proach will allow researchers to extend the analysis of ganglioside dynamics in AD-affect-
ed membranes.

The link of gangliosides with AD pathology has been mostly related to their role in
GM 1-induced aggregation of AP peptide (for review see [159]). AP shows high affinity for
GM1 and its N-terminal region interacts with GM1 membrane clusters through hydrogen
bonds and electrostatic interactions [160]. It was also suggested that cholesterol may facili-
tate GM1 clustering in the membranes [161] although depletion of cholesterol by MBCD
did not have an effect on AP oligomerisation [110]. Analysis of the role of lipid raft proteins
in AP aggregation has confirmed that they do not play a significant role in this process
since treatment with proteinase K or SDS did not affect the capacity of lipid rafts to facili-
tate aggregation of AP [110]. However, lipid rafts from ganglioside-rich cells were able to
induce A aggregation more potently than ganglioside-poor cells [110] (Fig. 2).

GM 1 also affects APP processing in cell cultures by inhibiting ci-secretase cleavage [162].
Moreover, AP, _4 oligomers were shown to activate APP amyloidogenic processing by com-
plexing with GM 1 ganglioside and stimulating their own production [163]. Age-and AD-de-
pendent increase in GM1 in the lipid rafts was shown to be more pronounced in the brain of
transgenic mice overexpressing ApoE4 [164].

The mechanisms linking gangliosides with AD was shown to involve inhibition of GD3-
synthase (GD3S, the key-enzyme converting a-series to major brain b-series gangliosides)
by AB and down-regulation of GD3S expression by AICD [165]. The authors suggested
that changes in the properties of lipid rafts containing different amounts of GM3 or GD3
gangliosides might modulate activity of the amyloidogenic B- and y-secretases leading to
increased production of AP.

Because different species of gangliosides have different impact on the integrity and
properties of neuronal membranes, designing any strategy to prevent AD by altering their
metabolism needs to be treated with a certain degree of caution. Despite the established
role in A toxicity, treatment of AD patients with GM1 was shown to halt progression of
cognitive decline and improve motor performance [166]. Various studies have demonstrat-
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Fig. 2. Role of ganglioside GM 1 and lipid rafts in AB oligomer formation.

Due to its very high ability for aggregation, AP forms dimers, trimers and oligomers of higher levels which are tox-
ic to cells and cause neuronal death leading to AD pathology. Formation of amyloid plaques from AP aggregates
in complex with other proteins is a hallmark of AD. Formation of toxic amyloid oligomers is initiated in the plas-
ma membrane and depends on the ratio of AB/GMI.

ed a potential of GM1 administration in reducing AP load in AD patients [153] either by
activation of its clearance by autophagy [167] or by promoting AP elimination by microglia
via intracerebrally administered exosomes carrying surface gangliosides [168]. Peripheral
administration of GM1 for prevention of AP aggregation in the brain via reducing periph-
eral/brain dynamics of A} was also shown to be effective [169]. However, such strategies
need to take into account the antigenic properties of gangliosides which might provoke
some side-effects of GM1 administration [170]. Although clinical application of ganglio-
sides, and especially of GM1, in AD (for review see [171]) is still far from being well sub-
stantiated further studies in the field might find some appropriate therapeutic venues for
these multifunctional natural compounds.

Cholesterol

The role of cholesterol and its metabolism in lipid rafts and AD has been extensively
studied and reviewed in [136, 172]. The levels of cholesterol and its precursors were found
to be elevated in AD patients although other groups reported lower levels of cholesterol in
AD brains [173]. Familial AD-associated PS1 AE9 mutation was shown to upregulate total
cholesterol levels and increase localization of APP in lipid rafts [ 174]. However, quantifica-
tion of global cholesterol levels in the brain does not necessarily correlate with the amount
and distribution of lipid rafts in neuronal cells [175].
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High cholesterol levels were found to increase lipid raft abundance and A} formation [15]
while low cholesterol levels resulted in up-regulation of the o-secretase activity [176]. Be-
cause cholesterol is integral for lipid raft formation, its depletion subsequently leads to raft
disruption and reduction in AP production [16, 110]. Cholesterol has been shown to bind
the C99 fragment of APP promoting AP production [89] and increased levels of AP, in
turn, can change cholesterol homeostasis in the Golgi and plasma membrane [177]. And,
as already discussed above, AP aggregation was shown to be cholesterol dependent [161].
From the biophysical point of view, increased cholesterol content in the membrane facili-
tates insertion of AP into the plasma membrane distorting membrane integrity [178].
AP can, as a component of lipoprotein complexes, affect cholesterol transport [179]. It was
also shown to inhibit the key enzyme of cholesterol biosynthesis, hydroxymethylglutaryl-
CoA reductase [146]. Following this, the APP intracellular domain AICD was found to
regulate cholesterol levels via LRP1 [180].

Despite a significant amount of data on the links between cholesterol levels and AD
pathogenesis they are still rather inconclusive for using cholesterol as a marker of cognitive
decline in AD [181].

LIPID-RAFT RELATED THERAPEUTIC APPROACHES IN AD

The most developed drugs based on cholesterol metabolism are statins which inhibit
HMG CoA reductase, a key enzyme of cholesterol biosynthesis. The current state of the field
and problems have been recently discussed and the role of statins has been reviewed [21]. The
authors point out that despite high scientific quality of the studies the overall results did not
reveal significant efficacy between statins and placebo treatment for AD. This might be be-
cause physiological effects of statins are not solely related to inhibition of cholesterol biosyn-
thesis but include perturbation of other mevalonate-dependent pathways such as protein pre-
nylation which plays a certain role in AD pathogenesis [182]. On the other hand, cholesterol
metabolic pathways in the brain are autonomous from the systemic ones and the blood-brain
barrier penetration of different statins might vary [183]. Unlike cholesterol, oxidized choles-
terol metabolites, namely oxysterols, can cross the blood brain barrier from the circulation.
These oxysterols and their metabolising enzymes are altered in AD brains which opens new
avenues for designing disease modifying therapeutic approaches [20].

Nevertheless, a significant number of in vitro and in vivo studies have shown positive ef-
fects of statins on AD pathogenetic mechanisms. Thus, treatment of brain capillary endo-
thelial cells with simvastatin markedly reduced AP uptake and cell-associated AP oligomers
[184]. Fluvastatin was shown to increase lysosomal degradation of APP C-terminal frag-
ments and facilitate AP clearance [185], while lovastatin increased o-secretase cleavage of
APP [176]. In AD transgenic mice bryostatin-1 was shown to significantly increase levels
of sSAPPo. and reduce A peptide levels resulting in improved cognitive behaviour [186, 187].
Another statin, rosuvastatin, was found to alter gene expression of the y-secretase complex
without affecting its enzyme activity [188]. These experimental data clearly demonstrate a
potential therapeutic value of statins in preventing AD pathogenesis, but further studies are
required to ratify their efficacy in humans.

With regard to designing therapeutic strategies based on utilisation of sphingolipid com-
pounds, the application of nanoparticles based on GM1-rHDL, which have high binding
affinity to AP, was shown to facilitate Ap degradation by microglia with subsequent in-
creased AP efflux across the blood-brain barrier [189].

Taking into account that lipid rafts are an integral part of the plasma membrane consist-
ing of a phospholipid moiety, it is important to bear in mind that this class of lipids have
significant variability of molecular species allowing them to maintain membrane fluidity
due to the changeable fatty acid composition [190]. Manipulating lipid membrane compo-
nents with diet, including unsaturated fatty acids, is one of the approaches to prevent AD
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pathology [191]. There is convincing evidence that supplementation of docosahexaenoic
acid could prevent disturbances in membrane structure with ageing and prevent cognitive
decline [192]. An alternative approach for maintaining healthy cholesterol levels and re-
ducing AP generation might be physical exercise as shown in treadmill experiments in AD
transgenic mice [193].

Concluding remarks

Future progress in lipid research especially with development of clinical lipidomic ap-
proaches and technologies [143] will bring new extension to lipid raft research by charac-
terizing lipid profiles, pathways and networks in isolated cells, tissue biopsy or body fluids
of patients [194]. Combined with clinical proteomic and genomic data this will reveal fur-
ther the role of lipid metabolism in AD pathogenesis in relation to amyloid-induced mem-
brane damage [195]. The discovery of the role of lipid rafts in production of the functional-
ly active transcriptional regulator AICD, which regulates expression of a variety of neuro-
nal genes [124, 127, 165], suggests that any new therapeutic approaches aimed at
modification of lipid raft components should be treated with caution. The multifunctional
role of lipids, their structural variability and adaptive potential are of great importance for
normal functions of cells and organisms and any advance in their research will be benefi-
cial not only for clinical application but mostly for general science. The view on the funda-
mental role of lipids in cellular membranes and brain functions advocated by academician
Eugene M. Kreps in the second half of the last century has reached new horizons and
opened new perspectives in our current research.
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B 0630pe oxapakTepn3oBaHbl Ha MPUMEPE TaHIIMO3UI0B HEKOTOPbIE aCIeKThl UCCIe-
JIOBaHU JIMITUIOB MO3ra MO3BOHOYHBIX, TPOBOIMBIIIMXCS MO PYKOBOJICTBOM aKajie-
muka E.M. Kperica u npoao/KeHHBIX ero coTpynHukaMmu. [lokazaHo, 4To 1isl raHIJIM-
03uI0B (KakK 1 (ochOoIUIUI0B) MO3Ta XOJOTHOBOIHBIX CTEHOTEPMHBIX BUIOB KOCTH-
CTBIX PBIO XapaKTepHO 0oJiee BLICOKOE COMEpKaHMEe MOHO- M MOJMEHOBBIX KHUPHBIX
KHCJIOT, YeM U1 aHAJIOTMYHBIX JIMMUAOB MO3ra TEIJIOBOAHBIX CTEHOTEPMHBIX BUIOB
KOCTHUCTBIX pbI0. MI3MeHeHust cocTaBa XUPHBIX KUCJIOT JIMITUIOB MO3ra pblO IMpU aaarn-
TalluM K XXU3HM B XOJOMHOI Bojae (MJIM Ha OOJIBIINX TITyOMHAX) HaIlpaBIeHbI Ha TTOM-
JepXXaHue ONTUMAJIBHOM CTEMeHH XXUIKOCTHOCTH M MUKPOTeTepeOreHHOCTH MeMOpaH
KJIETOK Mo3ra. Pe3yabTaThl KJIaCTEpPHOTO aHaIM3a JaHHBIX O COCTAaBe U CTPOSHUU yIJjie-
BOIHOIO KOMITOHEHTA raHIJIMO3UAOB MO3Tra MPEACTaBUTENCH pa3InYHbIX KJIACCOB K-
TOTEPMHBIX TTO3BOHOYHBIX OBLUIM MCITOJIb30BAHBI [IJIsI [IOCTPOCHUST IEHAPOTPaMMBI. DTa
JIEHIporpaMMa, KaK 0Ka3ajioCh, SIBJISIETCSI CXOAHOM C DBOJIOLIMOHHBIM IPEBOM, COOT-
BETCTBYIOIIMM KJIACCUYECKOI TAKCOHOMUU MO3BOHOYHBIX. BBIABUHYTO Tpeanoioxe-
HUE, YTO UBMEHEHUsI MOJIEKYJISIDHOIM OpraHU3alMy rAaHTJIMO3UA0B B MPOLIECCE IBOJTIO-
IIMU TIO3BOHOYHBIX BHOCSIT BKJIAZ B Mpolecchl MMM dOEepeHIIMPOBKY MO3ra U YCIOXHEe-
HUsI ero (pYHKIMIA B X0e UX (PUJIOreHeTUYeCKOro pa3BuTust. OCHOBHbBIEC TAHTIMO3UIbI
mosra muekonuraomux (GM1, GDla, GD1b u GT1b) 3amuinaloT HEHPOHBI M KJIIETKA
PCI12 ot aeiicTBrSI BO30YXKIAIOIINX AMUHOKHUCIIOT, IIEPEKUCH BOIOPOIa, aMUJIOUIHOTO
OeTa-TienTUAA, TPUYEM MX 3aIIUTHBINA 3(PDEKT 3aBUCUT OT aKTUBAIIUU TUPO3UHKUHA-
3bI Trk-pelienTopoB 1 MPOTEeMHKMUHA3, aKTUBUPYIOIIUXCS TOC/IE 3TOM MPOTEMHKMHA3BI
(Akt, ERK1/2, nporeunkunasbl C). [Ipyroii MexaHU3M 3allUThl UCTIOIb3YEeTCSI TaH-
mmosuaamMu GM1 u GDla npoTuB TOKCHMYECKOTO IEeiCTBUS 6aKTepUaIbHOIO JIMIIO-
nosimcaxapuna (JITIC). OH, oyeBUOHO, CBA3aH C M3MEHEHMEM COCTaBa JIMITMIHBIX
padTOB MIa3MaTUYeCKUX MeMOpaH HEPBHBIX KJIETOK OJ1arofapst BKJIIOYEHHUIO 9K30TeH-
HBIX TAHIJIMO3UIOB, YTO MPUBOAUT K MPEIOTBPAIICHUIO TPAHCIOKALIMU PELIeNTOPOB
JITIC TLR4 B ux cocraB. Mcriob3yst BogHbIN TecT Moppuca, mokazaHa CIIoCOOHOCTh
TaHIJIMO3WIOB, BBEACHHBIX KpbIcaM C TUabeToM 2-ro THIla, MpeaoTBpaliaTh Hapylie-
HUSI MIPOCTPAHCTBEHHOM MaMsiTh. MIHTpaHa3aibHOe BBeIEeHUE TaHTIIMO3UIOB MPHUMe-
HEHO BIEpBbIE, MOKa3aHa ero BbiIcoKasi 3(pHeKTUBHOCTD.

Kntoueswie croea: TaHTIIMO3WIIBI, aAATITOTEHBI, TIOJIM- 1 MOHOEHOBBIE KUPHBIE KMCIIOTHI,
HEMPOIPOTEKTOPHOE AEHCTBUE, CUTHAJBHBIE IMyTH, MUKPOreTePOreHHOCTh MEeMOpaH
(padThI)

DOI: 10.31857/S0869813920050027
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C Havajna 60-x romoB MPOILJIOro BeKa B JJaGOpaTOpUM CPaBHUTEILHON HEUPOXMMUM
(Bowreneii B 2014 r. B coctaB 1ab0paTOpUM MOJIEKYJISIPHO 3HIOKPUHOJIOTUY U HEMPO-
XMMUM) OOJIbIIIOE BHUMaHWE YACISJIOCh U3yYEeHUIO JIUTTUIOB HEPBHOM TKaHU. B BeiOOpe
9TOM TeMBl MCCJIEIOBAHUS CKa3aJCcs Jap HayIHOTO TpeABUACHUsI, CBOMCTBeHHBIN EBre-
Huto Muxaiinosudy Kpericy, cozaaBiiemy J1abopaTopuio U AOJTHUE TOIbI BO3TJIABISBIIEMY
ee. B 60-e roanl TMIuabl KJIETOUHBIX MEMOpPaH MTPUBJIEKAIM MaJIo BHUMAaHUS UCCIeNoBa-
TeJield, Torna Kak nmo3gHee CTajlo SICHO, UTO UX U3ydYeHHEe HEeOoOXOIMMO IJIs TIOHUMaHUS
OMOXMMUUYECKHUX MEXaHU3MOB peayiM3alluM JIeCTBUSI TOPMOHOB, MEIMATOPOB U JIPYTUX
GU3UONOTMYECKU aKTUBHBIX BEILECTB, MPOLECCOB aNaNTallMU XUBOTHBIX K U3MEHSIIO-
IIMMCSI YCTTOBMSIM OKpYXKalolllel cpenbl, TaToreHe3a MHOTUX 3abojieBaHuil. [Tpu aTom
KJIMHWYECKWE MCITBITAHUS MHOTHUX JIMITUIOB MOTYT TPUBECTU K pa3paboTKe HOBBIX Jie-
KapCTBEHHBIX MpernapaToB.

B xone npoBoAMMBIX MCCIeIOBaHWI JIMITUIO0B MO3ra MO3BOHOYHBIX U 0€CITO3BOHOY-
HBIX B JJaOOpaTOPUM CPaBHUTEIbHON HEHPOXMMUM U3YyYEeHUEM ObLIM OXBaueHbl OCHOB-
Hble JIUMUIbI HEPBHON TKaHU — dochonmunuubl (UX TUalWIbHAsT W TUla3MaJoreHHast
GOpPMBI), XOJIECTepUH, €0 3(UPHI, LIepeOPO3UIbI, CYIbGaTUIBI U TAHTIUO3UAEI [ 1—4].

TaHrMo3uabl MpeacTaBisiioT coboii HanboJiee CIOXHBIE TTMKOIUMUILI KUBOTHBIX.
B cocTtaB ocHOBHBIX YeThipex raHmo3unos Mo3ra (GM 1, GDla, GD1b u GT1b) Bxoasar
C(OUHTO3MHOBBIE OCHOBAHUSI, XXUPHBIE KUCIOTHI (00Opa3yiollive 1epaMua) 1 yrjaeBoaHast
LIeTb U3 YeThIPEX YIJIEBOMHBIX OCTATKOB (TJTIOKO3a—TajgakTo3a—N -aleTUIralaKTO3aMUH—
rajlakTo3a), IMpeICcTaBIsIoNnast cCo00i Mo CTPYKTYpe TaHTJIMOTETPAO3WIIBLHYIO 1IeTh, K ra-
JIAKTO3HBIM OCTAaTKaM KOTOPOi#l MpHCOeTnHEeHBI OT 1 10 3 OCTaTKOB CHAJIOBBIX KHUCIIOT.
TaHTIMO3U bl TTOSIBUJIMCH HA OTHOCUTEIBLHO MO3AHUX dTarax 3BOJIOIMM XUBOTHBIX KaK
KOMIIOHEHTBI MeMOpPaH KJIETOK Y BTOPUMYHOPOThIX, MPEACTABICHHBIX TUTIAMU UTJIOKOXUX
M XOPIOBBIX. B mpoliecce 3BOMIOIIMOHHOTO Pa3BUTHUSI BETBU TTO3BOHOYHBIX CO/IEPXKAHUE
TaHTJIMO3UIIOB B MO3Te YBEIMIMBACTCS TTO0 Mepe YCIOXKHEHUsI €r0 OpraHU3aIuy W yBeIu-
YyeHUs cTereHn TuddepeHIMPOBaHHOCTH [4—6], IPU 3TOM OCHOBHBIM MECTOM JIOKAJIH-
3allMY TAHTJIMO3WIOB Y TIO3BOHOYHBIX SIBJISTIOTCSI MEMOpPaHbl HEPBHBIX KJIETOK, OCOOEHHO
cuHantuyeckue [7, 8].

Llenp HacTosIIero 063opa 3akJjroyaeTcsl B TOM, YTOObI OXapaKTepru30BaTh Ha MMpUMEpPE
U3YyYEeHUsI TAHTJIMO3UI0B HEKOTOPbIE aCMIEKThl MCCJIEIOBAHMS JIMITUA0B MO3Ta MO3BOHOY-
HBIX, TTPOBOIUBILMXCS MO pyKOBOJICTBOM akageMrka EBrenust Muxaiinosuua Kperica
MPOJOJIKEHHBIX €T0 YIeHUKaMU U COTPYIHUKAMU B TTOCJICTYIOIINE TOIbI.

KOMITEHCATOPHBIE USMEHEHHNA COCTABA XKMUPHBIX KUCJIOT
TAHTITIMO3NA0B MO3TA ITPU ITPUPOAHDBIX AJAIITAOUAX PbIb
K TEMITIEPATYPE BOObI U IPYTUM U3MEHAIOIIMMCA YCIOBUAM
OKPYXAIOIIEN CPEADBI

CpaBHUTEbHO-0MOXUMUYECKOE M3YyYeHUE JIMTTUI0B OMOJIOrMYeCKUX MEMOpaH SIBJISI-
eTCsl TUIOAOTBOPHBIM TTOAXOIOM K TOHMMAHUIO MX MPUCITIOCOOUTENBHBIX (DYHKIIMHI, POJIA
B OMOXMMUYECKMX MEXaHMU3Max aJanTallii 9KTOTEPMHBIX OPTaHU3MOB K TTIOCTOSTHHO Me-
HSIIOLIMMCS YCJIOBUSIM cpelibl U PyHKIMOHaNbHOM akTUuBHOCTH [1—4, 9, 10]. CocTaB raH-
IJIMO3UOOB U IPYIUX JIUIIMAOB Mo3ra Obul M3ydyeH Iona pykoBoiacTtBoM E.M. Kpemnca y
MpeacTaBUTelIeil BCeX KJIaCCOB MO3BOHOYHBIX XKMBOTHBIX, B TOM YHMCJIE Y AECITKOB BUI0B
KOCTUCTBIX pbiO. Cpenn HUX HaMU ObUIM OTOOpaHbl 7 XOJOTHOBOIHBIX CTEHOTEPMHBIX
BUIOB KOCTUCTBIX pbiO, oouTaromux npu temreparype 0—10°C (Bathylagus antarcticus,
Lampanictus australis, Antimora rostrata, Coelorhyncus sp., Comeporus baicalensis, Comepo-
rus dybowski, Cottocomeporus inermis), 1 7 TEIUIOBOOTHBIX CTEHOTEPMHBIX BUIOB KOCTH-
CTBIX PBIO, oObuTatomuX mpu Temreparype 23—25°C (Cheilopogon exsilience, Lepophidium
profundorum, Calamus sp., Coryphaena hippurus, Lethrinus chrisostomus, Rhomboplites au-
rorubens, Sphyraena picudilla). Tlpu cpaBHEHUU cOCTaBa XXUPHBIX KMCJIOT TAaHTJIMO3UIOB
MO3Ta y 3THUX ABYX TPYMIT PbIO MEeX1y HUMU ObLIY BBISIBJICHBI OY€Hb SIPKUE Pa3Inyusi, 00-
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Jlafaolle BBICOKOI cTeneHblo focToBepHOCTH [9]. Tak, Ter1oBoaAHbIE BUALI COAEPKaIN
B COCTaBe TAaHTINO3UIOB Mo3ra 83.4 + 1.5% HacBIIIEHHBIX XXKUPHBIX KUCIOT OT UX OOIIIEeTo
colepXKaHusl, a XOJOMHOBOAHBIE BUABI — Jaullb 50.9 + 4.9% s1tux kuciaor (puc. 1), pasnu-
yust noctoBepHBI (p < 0.01). ¥V TenmnmoBOAHBIX BUIOB H0JISI MOHOSHOBBIX U TTOJTUEHOBBIX
JKMPHBIX KHUCJIOT B COCTaBe TAaHMIMO3MIOB MO3ra cocrasisiia juiib 16.1 £ 1.6% u MeHee
1% ot 00LLEro Nx CoAep>KaHusI COOTBETCTBEHHO, a Y XOJIOAHOBOIHBIX BUIOB — 35.3 £ 3.6% un
13.8 = 4.0% ot ob111ero comepkaHusl SKUPHBIX KMCJIOT COOTBETCTBEHHO (Pa3IMIMsI 1OCTO-
BepHbI, p < 0.01). Haubosnee BricoKoe coaepkaHe MOHOECHOBBIX U MOJMEHOBBIX XUP-
HBIX KMCJIOT B COCTaBe TaHIIMO3UIOB MO3Ta 0Ka3aJoCh XapaKTePHBIM IIJIsT phIO, 0OMTat0-
IIMX MPY HU3KUX TEMIIEpATypax BOAbI U HA OOJIBIIMX TIYOMHAaX. AHAJIOTUYHBIE PA3TNIus
B COCTaBe KUPHBIX KMCJIOT 0Ka3aJIUCh XapaKTepHbIMU (puc. 1) ¥ g oTAeIbHBIX hocho-
munuaoB (pocharuamixoinHa, GocharuamidTaHolaMUHa U cuHromueanHa). Ilpu
ajanTaiym K TeMrepaType OKpyxXarollieit cpefbl Hanbosiee BbIpakeHHbIE U3BMEHEHUS ObLITU
OOHapyXXeHBI B COEepKaHUM XKUPHBIX Kuciot 18:0, 22:1, 24:1 and 22:6 ®3 B cocraBe ¢oc-
GOMUNUIOB M TAHTJIMO3UIOB MO3Ta PbIO, 3TM KUCJIOTHI MOKHO Ha3BaTh “MHCTPYMEHTa-
mu anantauuun’ [4, 9]. UHTepecHO OTMETUTh, YTO U3MEHEHUS COCTaBa XUPHBIX KUCIIOT
TaHIJIMO3UIIOB MPU MPUPOAHBIX alaNTalMsIX KOCTUCTBIX PhIO K TeMrepaType oOuTaHus
OKa3aJnch GoJjiee BBIPAXXEHHBIMU, YeM aHAJIOTUYHBIE M3MEHEHUSI B COCTaBe KUPHBIX
KUCIOT (oChHOIUIIMIOB MO3Ta y TeX XKe BUIOB pbIO (puc. 1). Bo3aMoXHO, 3TO cBsSI3aHO C
T€M, YTO OCHOBHBIM MECTOM JIOKAJIM3AlIUU TAaHTJIMO3UIOB B MO3TY MTO3BOHOUHBIX SIBJISI-
JOTCST Hapy>KHbIe MeMOpaHbl HEPBHBIX KJIETOK, B TOM UKCJIe CMHANTUYECKUE, COXpaHe-
HUe (yHKIMOHAJIBHOM aKTUBHOCTU KOTOPBIX Ha ONTUMAaJIbHOM YPOBHE OCOOEHHO BaXKHO
1T opraHusma [6—S8].

Y XpAIIeBBIX M TAHOUIHBIX PHIO TaKKe HAOTIOAAIOTCS aJalTUBHBIE U3MEHEHMS B CO-
CcTaBe TFaHMIMO3UIOB MO3ra, oOyc/laBIMBaOIIME PA3IUUUsl B COCTaBE XUPHbBIX KUCIOT
STHUX JIMITUIOB Y TETJIOBOAHBIX M XOJIOAHOBOIHBIX BUIOB. HO y 3TUX pbIO OHM TTPOUCXO-
NISIT, TJIABHBIM 00pa3oM, 3a CUeT U3MEHEHUSI 1O HACBIILIEHHBIX 1 MOHOSHOBBIX KUPHBIX
KHCIIOT. BBICOKOE coneprkaHKe MOJMEHOBBIX XXKUPHBIX KUCIOT B COCTaBe TaHTJIMO3UIOB
MO3ra 0Ka3ajoCh XapaKTEPHBIM TIPEXIe BCEro IS XOJOMHOBOMAHBIX U TJTYOOKOBOIHBIX
BUIOB KOCTUCTBIX PbIO, Y KOTOPBIX COAEPXKaHWE OTIEJIbHBIX TTOJMEHOBBIX XXUPHBIX KUC-
JIOT, HAIIpUMeEp, JOKO03areKCaeHOBOM KUCOTHI (22:6, n-3), nocturaet 20—30% oT CyMMbI
SKMPHBIX KUCTOT [4, 9]. UHTepecHO, YTO MpPU 3TOM y MJIEKOTIUTAIOIIMX COCTaB XXUPHBIX
KHCJIOT TAaHTJIMO3UIOB 00JIalaeT OYeHb BBICOKOI CTENEHBIO HACBIIIIEHHOCTH U OMHOPO/I -
HocTu. Tak, Ha JI0JII0 CTeapUHOBOM KUCJIOThI B TAaHTJIMO3MIaX MO3Ta pa3HbIX BUAOB 3TUX
XUBOTHBIX TIpuxonutcst 80—90% OT CyMMBI XKUPHBIX KUCIOT [5].

I1pu cpaBHEHUM JAHHBIX MO COCTaBY KUPHBIX KUCJIOT FAHTJIUO3UI0B MO3ra y 37 BUIOB
PBIO (KOCTUCTBIX, TAHOMAHBIX U XPSIIEBbIX) TAaKXKe MMOKa3aHa 3aBUCUMOCTb UX COCTaBa OT
TeMmIiepaTypbl 00UTaHUsI Buna. Tak, BbISIBJIEHA TIpsiMasi KOPPEJISILIMOHHASI 3aBUCUMOCTD
CTETNEeHU HACBILLIEHHOCTU XXUPHBIX KUCJIOT TAaHIJIMO3MI0B MO3ra 3TUX PbIO OT TemMrnepaTy-
PBHl OKpyXamIlel cpeapl U OTpULIATEIbHAS KOPPESIUSI COASPKAHUSI MOHOEHOBBIX U
JUTMHHOLIETIOYEUYHBIX XKMPHBIX KUCJIOT TAaHTJIMO3MI0B MO3ra pbIO 1 TeMIepaTypbl oOUTa-
Hug Buga [11].

Crnenyer OTMETUTb, YTO BBEIEHME NaXXe OMHON M TeM 0OoJjiee HECKOJBKUX ABOMHBIX
CBSI3eli B MOJIEKYJTY JKUPHOM KMCJIOTHl HAMHOTO YMEHBIIIAeT TEMIIEpaTypy ee TUIaBIeHUS,
BILJIOTB 10 HECKOJILKUX AECITKOB IpamycoB. [1o-BUIMMOMY, OTMEUEHHBIE pa3TMIusl B CO-
cTaBe XXUPHBIX KUCJIOT TAaHTJIMO3UIIOB MO3Ta Pa3HbIX BUIOB PHIO ONPENEISIIOTCS UIANO-
ajanTalMsIMM 3TUX XXMBOTHBIX K TeMIIEpaType UX OOMTaHUsI, HallpaBJIEHHBIMU Ha coXpa-
HEHHE XUIKOKPUCTAUTTNYESCKOTO COCTOSTHUST KJIETOYHBIX MeMOpaH, Ha Toiep:kaHue Ha
ONTUMAJILHOM YPOBHE MX MUKPOBSI3KOCTH, MUKPOTETEPOTEHHOCTU 1 COCTaBa aHHYJISIP-
HBIX JIMTTUIOB, OKPYXKAIOIINX MOJIEKYJIbl MeMOpaHHBIX (hepMeHTOB [4, 9].
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Puc. 1. CocTaB XMPHBIX KMUCJIOT XOJIOZHOBOAHBIX U TETIJIOBOIHBIX CTEHOTEPMHBIX BUIOB KOCTUCTBIX PbIO.
TIpuBeneHbI CpeHNE TaHHBIE TTO COCTABY XUPHBIX KMUCJIOT FAHIIMO3UAOB U (hochHOIUITUIOB 7 XOJOIHOBOIHBIX
CTEHOTEPMHBIX BUIOB KOCTUCTBIX PbIO, obuTatomux rnpu temmneparype 0—10°C (Bathylagus antarcticus, Lam-
panictus australis, Antimora rostrata, Coelorhyncus sp., Comeporus baicalensis, Comeporus dybowski, Cottocomepo-
rus inermis), M 7 TETJIOBOAHBIX CTEHOTEPMHBIX BUJIOB KOCTUCTBIX PbIO, OOUTAIOIIKX TIpU TeMIieparype 23—25°C
(Cheilopogon exsilience, Lepophidium profundorum, Calamus sp., Coryphaena hippurus, Lethrinus chrisostomus,
Rhomboplites aurorubens, Sphyraena picudilla).

Fig. 1. Fatty acid composition of lipids from brain of warm-water and cold-water stenothermal species of teleost
fishes.

The data are presented showing the average fatty acid composition of gangliosides and phospholipids from brain
of 7 cold-water stenothermal teleost species living at water temperature of 0—10°C (Bathylagus antarcticus, Lam-
panictus australis, Antimora rostrata, Coelorhyncus sp., Comeporus baicalensis, Comeporus dybowski, Cottocomepo-
rus inermis) and of 7 warm-water stenothermal teleost species living at temperature of 23—25°C (Cheilopogon
exsilience, Lepophidium profundorum, Calamus sp., Coryphaena hippurus, Lethrinus chrisostomus, Rhomboplites
aurorubens, Sphyraena picudilla).
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PA3JIMYNA B COCTABE M CTPOEHHMH YITIEBOOIHOI'O KOMITOHEHTA
MOJIEKYJIbI TAHTJIMO3NJOB Y INTPEACTABUTEIEN
PA3HBIX KJTACCOB ITO3BOHOYHBIX

B oTiiMune oT JaHHBIX MO XUPHBIM KUCI0TaM HaAaMU HE BBISIBJIEHO 3aBUCUMOCTHU CO-
CTaBa U CTPOEHMUS YIJIEBOJHOTO KOMIIOHEHTAa MOJIEKYJIbl TAaHIJIMO3MIO0B MO3ra pbrid OT
TeMITepaTyphbl OKPYXKalollei Cpeabl WM TIyOUHBI oouTanust Bumos [4, 6, 11, 12]. s
OOBEKTUBHOI MHTEPIIpeTallui OOJIBIIOrO M0 00bEMY 3KCIIEPUMEHTAbHOTO MaTepuaa
OLIEHKU OTHOCUTEJILHOTO CXOJICTBA U Pa3jINyMsl BUIOB HA OCHOBAaHUY TTPU3HAKOB MOJIe-
KYJIIPDHOW OpraHu3alluy BEeIIeCTB, KOTOPbie MOXHO OLEHUTh KOJIMYECTBEHHO, MOXET
OBITh MPUMEHEH OIWH M3 MOJUTETUUECKMX METOIOB KJIaCTepHOro aHanu3a. Takoro poaa
WUCCIeJOBAaHUIA B OTHOLLIEHWY JIMMTUIOB B JIMTEpaType Mbl He BcTpeTwin. Hamu nposene-
HO MOCTPOEHUE NEHIPOrpaMMbl, OTpaxkalolleil MpU3HaKU OpraHU3aluu COCTaBa U CTPOE-
HUS YIJIEBOJHOTO KOMITOHEHTAa TaHTJIMO3uA0B Mo3ra. Ero mpoBoaviav, MCIOb3ysl “He-
B3BEIICHHBIN’ MapHO-rpyHIioBoii Metox [11]. “HeB3BemmeHHbI” 03HAYAET, YTO KAKIOMY
M3 IPU3HAKOB IIPUIABAJIOCh paBHOE 3HaUYeHMe WM “Bec”. B kauecTBe 8 mpru3HAKOB MOJIe-
KyJISPHOW OpraHu3aliu, KOTOPble MOXHO OLIEHUTb KOJIMYECTBEHHO, UCIOIb30BaIM CO-
nepxXaHue MHIMBUAyalbHbIX TaHrno3unoB (GP, GQ, GT1b, GD1b, GDla, GD3, GM1)
M CyMMapHOE COoIepKaHMWe NBYX MX MUHOPHBIX ¢dpakiuit (GM2 + GM3) B Mo3ry usy-
YEHHbIX HAMHM 10 3TUM T10Ka3aTessIM 24 BUIIOB SKTOTEPMHBIX MO3BOHOYHBIX. CoiepkaHue
OT/IEJIbHBIX TAHTJIMO3UI0B OLIEHUBAJIOCh B YCJIOBHBIX eqUHULAX. Tak, colepkaHue OTAeIb-
HBIX TAaHTJIMO3UA0B 0003HAYATIOCh BETMYMHON 1, €CJIM OHO COCTaBJISIO B MO3TY JaHHOTO
Buga 1—10%, BenuuuHoii 2 — npu ero cogepxanuu 11—-20%, 3 — nipu ero cogepkaHuu
21—-40%, 4 — ripu ero comepkaHuu, npeBbimamieM 40% OoT CyMMBI TaHTJIMO3UIOB. Be-
nmyrHa 0 mpucBavBajiach BUIY MO JAaHHOMY IOKa3aTello, eCIi MHAMBUAYAJbHBIM raH-
IJIMO3KI B MO3TY TaHHOTO BUIa HaXOmWJICS B KojndyecTBax MeHee 0.5% OT CyMMBbI TaH-
mIMo3ua0B. TakuM 00pa3zoM, KaKIblil U3 U3yUeHHBIX BUIOB 9KTOTEPMHBIX TTO3BOHOYHBIX
OBbLTT OXapakTepu30BaH IO § pa3HBIM MPU3HAKAM, OTPaXKaloIIUM COAEpXaHUE Pa3HBbIX
TAaHTJIMO3UI0B B MO3TY TaHHOTO BUAA. [leHaporpaMMbl 3aTeéM TeHEPUPOBAIIU C TTOMOILBIO
nporpammbl PAUP Bepcuu 4.0b8 nia kommbioTepa MakuHTOIL, MCHIOJIb3YsI HEB3BEIIIEH -
HBI TTApHO-TPYIIIOBOM METOJ CPEAHUX OLIEHOK, ONITUMU3UPOBAHHBIN COTJIACHO TMPUH-
LUy MaKCUMaJIbHOI 3KoHOMUM [11].

Krnagorpamma, MocTpoeHHasi Ha OCHOBaHUM KJIaCTEPHOTO aHaJIM3a JaHHBIX O COCTaBe
YIJIEBOJIHOTO KOMITOHEHTA TAHTJIMO3MI0B MO3Tra IMTO3BOHOYHBIX (pUC. 2), B 3HAUUTETbHOM
MEpe COOTBETCTBYET KapTUHE KJIACCUYECKON TAKCOHOMMU MO3BOHOUHBIX. XPSIIIEBbIC U
TaHOUIHBIE PHIOBI 0OPA3YIOT OTAEIbHBIE KIACTEPhI U SIBISIOTCS CECTPUHCKUMM BETBSIMU
NPYT JJIS1 Apyra, BUIbl 3TUX PbIO HE OOpa3yloT CECTPUHCKMUE TPYIIbl C KAaKUMU-TUOO
MIPEACTaBUTEISIMU KOCTUCTBIX PhIO, aM(UOUii MM NpecMbIKarolmxcsi. Bce kocTucteie
PBIOBI HAXONSITCS B MpeesiaXx OAHOM U TOM XKe OTAEJIbHOI BETBU Ha Kiiagorpamme. M3y-
YeHHbIE PEeNTWIMKU O0pa3yloT Ha JeHIpOrpaMMe OTIeJIbHYI BeTBb. Ho B omiimuue or
KJIaCCUYECKOM CMCTEeMaTUKU TTO3BOHOUYHBIX JBa U3YYEHHBIX BUIa 3eMHOBOIHBIX (13 OT-
psiga 6eCXBOCTBIX) HE 00pa3yioT OTAEJIbHOUN BETBY, a4 PACTIONIOXEHBI CPEeIU TIPEICTaBUTE-
Jieif KOCTUCTBIX PbIO, YTO, MO-BUAMMOMY, CBSI3aHO C COXPAaHEHHEM YepT OpraHu3aluu,
MPUCYIIUX OOIIMM ITPEeaKaM.

Ha npuBeneHHOI KilagorpaMMe BbICIINE TTO3BOHOUYHBIE MPEICTABICHBI JIUIIb PENTUIN -
SIMM, HO JIJTSI TITULL M MJIEKOTTMTAIOIIMX TaK K€, KaK W IS peNTUINIA, XapaKTepHO HU3KOe
coJiep>KaHue TTOJTUCUAIOTaHTJIMO3UAO0B € 4 U 5 OcTaTKaMUu CUAJIOBBIX KMCJIOT B MOJIEKYJIe
U yBEJIUUEHUE TOJIM MOHOCHUAJIOTAHTJIMO3U/IOB IO CPaBHEHUIO C HU3IIMMMU MO3BOHOYHBI-
MU, Y KOTOPBIX BEJIMKO COJEpKaHUE MOJMCUATOTaHTIM0o31na0B. Kak n3BecTHO, mpu BbI-
X0/l TTO3BOHOYHBIX Ha CYIIy MTPOMCXOAUIN KapAUHaJIbHbIE U3MEHEHUS] B OpraHU3aluu
>KMBOTHBIX U MX OTHEIbHBIX OPraHOB, KOTOPBIC SIBJISIIOTCSI TUIUYHBIM TTIPUMEPOM apo-
mopdo3a [13]. YrieBomHbIi# KOMIOHEHT MOJIEKYJIbI TJIMKOJUITMIOB U TJIMKOIIPOTEUHOB
WUTPaeT CyLIECTBEHHYIO POJIb B Tipolieccax MuddepeHIIMPOBKU KJIETOK U MEXKIIETOYHOTO
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UPGMA
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Puc. 2. [IennporpaMma, MoKa3bIBawoILas OTHOCUTEIBHOE CXOJICTBO PA3JIMYHBIX BUAOB SKTOTEPMHBIX MO3BO-
HOYHBIX B OTHOILIEHUY MOJIEKYJISIPHOM OpraHU3alUK YrjieBOMHOTO KOMIIOHEHTA FAaHTJIMO3UI0B MO3ra.

Fig. 2. The dendrogram of relative similarity of different vertebrate species according to the parameters of the mo-
lecular organization of the carbohydrate component of brain gangliosides.

B3aHMOL[CI7[CTBHﬂ, B TOM YHUCJIC, KJICTOYHOr0O y3HaBaHUAd U aAre3nu, 0COOEHHO IIp1 pas-
BUTUMN OPraHOB U TKaHEM. HpI/I 3TOM TaHIJIMO3UJbl C Ppa3HBIM CTPOCHUEM yFJIeBOI[HOﬁ
IECTIN MOTYT pa3jindaTrbCd 110 CBOUM beHKL[I/IHM. HOJ'Iy‘IeHHI)IC JaHHBIC ITO3BOJIAIOT IMPEI-
IIOJIOKUTDL, YTO UBSMECHCHUA COCTaBa U CTPOCHUA TaHITIMO3NA0B MO3ra, CBA3aHHBIC C I10-
ABJICHUEM BbLICIIMX ITO3BOHOYHLIX, HApAAY CO MHOTUMHU JPYTUMHN OMOXUMUYECKUMU U3-
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MEHEHUSIMU BHECJIM BKJIaJ B MOJIEKYJISIpHbIE OCHOBBI apoMopd03a IpU Mepexo/ie Mo3BO-
HOYHBIX K CYXOITyTHOMY 00pa3y >XW3HU W aMHUOTUUYECKOMY Pa3BUTHUIO 3apOJbIIIEH,
comnpoBoxXaaBiieMycs nuddepeHInpoBKOit 1 yciiokHeHUeM MYHKIUI MO3ra.

B Hamiem uccienoBaHWM TaHOUIHBIE PHIOBI OOPa3yOT €NWHBINA KIacTep, MpyU 3TOM
OHU BXO[SIT B CECTPUHCKYIO TPYIITY C BBICOKOOPTAaHM30BAaHHBIMU XPSIIIIEBBIMU PHIOAMU.
Barisiabl 300710roB Ha CUCTEMATUYECKOE TTOJIOXKEHNE TAHOUIHBIX PhIO MPOTUBOPEYUBHI.
Mx paccMaTpuBalOT KakK OOUH M3 HAJOTPSAOB Kilacca KOCTHBIX pbi6. Ho psin 300710108,
HaMpoTHUB, MOAYEPKHUBAET OOIITHOCTb MTPOUCXOKACHUS XPSIIIIEBBIX TAHOMIOB U XPSIIIIEBbIX
pbIO [cM., HanpuMep, 14]. Hamm pesynbTaThl COTJIACYIOTCSI C JAHHBIMM 3TUX YYEHBIX.
UccnenoBanus rubpuausanuu JJHK [15, 16] u usyyeHUe cocTraBa pa3HbBIX JUMUIOB
(dbochomummaoB, TaHTJIMO3UIOB, LIEPEOPO3UIOB U CYIb(hATUIOB) Y pa3HBIX BUIOB PHIO
BBISIBUIM CYLIECTBEHHOE OTJIMYME TAaHOUIHBIX PhIO KaK OT KOCTUCTBIX, TaK M OT Xpslie-
BbIX pbIO [4]. COBOKYITHOCTb JaHHBIX, ITOJYYEHHBIX IPU U3yYEHUU MOJIEKYJISIDHOM opra-
Huszanuu kak JIHK, Tak u cocrtaBa M CTpYKTYpbl pa3HbIX JIMITUIOB MO3Ta y OTIAEIbHBIX
BUIOB PHIO MO3BOJISIET MpPEAIojaraTh 11eJIeCO00Pa3HOCTh BhIIEJICHUSI TAHOUIHBIX PHIO B
TaKCOH 00Jjiee BBICOKOTO MOPsIIKA, YeM HATOTPSIT Kjiacca KOCTHBIX pbIO, BO3MOXHO, B OT-
NeJIbHBIN MOAKIacC WM Jaxe Kiacc [4, 15, 16].

BALLIMTHBIN D®PEKT OCHOBHBIX TAHTJIMO3UI0B MO3TA
MIIEKOITMTAIOIINX (GM1, GDIA, GD1B U GT1B) HATIEPBUYHBIE
KVJIbTYPbl HEPBHBIX KJIIETOK Y KIETKHW HEMPOHAJIbHOUW KJTIETOYHOU
JIMHUU PCI12, MOAYIIALUNA AKTUBHOCTHU CUTHAJIBHBIX ITYTEU

Tanrnmmo3uasl Mo3ra obanaioT GyHKIIMSIMHA aganTOreHoB U y MiekonuTaommux. On-
HaKO 3TO HE MPOSIBJISIETCS B CKOJIbKO-HUOYAb CYIIECTBEHHBIX U3MEHEHUSIX UX KUPHO-
KUCJIOTHOTO COCTaBa IMPU COACPXKAaHUM KPBIC TIPU HU3KOM TeMIlepaType OKpyXKaloliei
cpensl [17], a IposIBASIETCSI B MOBBILIEHUUW TAaHTJIMO3UIAMU XU3HECITOCOOHOCTU HEUPO-
HOB MO3ra M B YJY4YIIEeHWU (DYHKIIMOHAJIBLHOTO COCTOSIHME OpraHu3Ma Mpu BBEIECHUU
9TUX JIMTIUAOB KUBOTHBIM C Pa3JIMYHBIMU MTOPaKeHUSIMU Mo3ra. OCHOBHBIE TAHTJIMO3U -
IIbl MO3ra 00J1aIaI0T 3alUTHBIM J1€iICTBMEM Ha HEPBHbIE KJIETKU B KYJIbTYpE, Yallle BCEro
B OIIBITaX MCIIOJb3yeTcsl Haubosiee cTabuiabHbIi raHrmuo3un GMI1. HaiineHo, yTo 3a-
UTHBIN 3pdekT GM 1 MPOTUB TOKCUYECKOTO NeMCTBUS TJyTaMaTa Wi 6eCChbIBOPOTOY-
HOIi cpe/ibl Ha TIEPBUYHBIE KYJIbTYPbl HEPBHBIX KJIETOK U KJIETKU HEMPOHAIBHBIX JUHUI
3aBUCHUT OT aKTUBAIIUU 3TUM TaHTIIMO3UIOM TUPO3NMHKKUHA3Kl Trk-penentopos [18—20].
Hamu BniepBbie mokazaHo, 4yTo raHmimo3ua GM 1 moBblIIaeT KU3HECTTOCOOHOCTh HEPB-
HBIX KJIETOK U MPU IPYrUX TOKCUMUYECKUX BO3ACUCTBUSX, TAKUX KaK IeICTBME aMUJIOUI-
Horo Oera-nentuaa [21], 4To OBLIO MOATBEPKIASHO 3aTeM IPYTrMMU aBTopamu [22, 23],
JIM6O MpU ASUCTBUU MepeKUCU Bogopoaa [24], mpuueM B 3TUX CJIydasiX 3alllUTHOE JIeii-
ctBue GM 1 TakKe OCHOBaHO Ha aKTUBAlIMM UM TUPO3WHKHWHA3EI Trk-pelenTopos.

NzyueHue 3amuTHOro a(pdekra raHrIMo3uIoB Ha HEPBHBIE KJIETKU B KYJIbTYpe, Kak
MpPaBWIO, BEIETCS, UCIIOJIB3YsI UX B MUKPOMOJISIPHBIX KoHIIeHTpauusax (10—50 mxM). Ho
B CIMHHOMO3roBoi Xuakoct (CM2K) 1 MeXKIETOYHOM IIPOCTPAHCTBE MO3Ta JIIOASH 1
SKMBOTHBIX TIPUCYTCTBYIOT HAHOMOJISIPHbIE KOHLIEHTPALIMU TaHMIMO3UI0B. Tak, no gaH-
HbIM Blennow u coasrt. [25] y Jioneit cyMmMapHoe coaepxKaHue YeThIpeX OCHOBHBIX TaH-
rmo3unoB Mo3ra B CM2K cocrasiisieT B cpenHeM 92 HM. ITo-Buaumomy, (pr3noIorude-
CKUMU KOHIIEHTPALMSIMU TaHTJIUO3UIIOB in Vivo, B KOTOPbIX OHU JCHCTBYIOT U3BHE Ha
HEPBHBIE KJIETKU MO3Ta, SIBJISIIOTCS UMEHHO HaHOMOJISIpDHbIE KOHIIEHTpalIUU.

Hawm ynanock BnepBEIe ITOKa3aTh, 9YTO 3aIIUTHBIN 3ddekT ranrmmo3nnoB GM1, GDla,
GD1b u GT1b npoTHB TOKCUIECKOTO OESHCTBUS TJlyTaMaTa Ha HeiipOHBI MO3KeuKa (KJIeT-
KM-3€pHA), UMEIOIIME IKCIPECCUPOBAHHbIE TJIyTAMAaTHbIE PELIETITOPhI, XOPOILIO BbIPaXKEH
HE TOJIbKO B MUKPO, HO I B HAHOMOJISIpHOM KOHUeHTpauuu [20, 26]. Tak, 100 MKkM riryta-
MaTa yBEeJTMYMBAJIO YUCIO MOrubInmx HeiipoHoB ¢ 12 + 3% no 47 £ 4% (n = 8). Ho nipu
nperHky6anuu kietok ¢ 10 HM unu 10 MM GM1 (puc. 34 u B) no neiticTBus rioyramara
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YUCJI0 TOTUOIINX HEMPOHOB YMEHBIIAIOCH 10 24 * 4% w 10 20 £ 5% cooTBeTCTBEHHO [24],
0 YeM CyIWIU, ONpeaessisi TuoeIb HEHPOHOB IO MPOLEHTY KJIETOK C MMKHOTUYECKUMU
sapamu (p < 0.01 Bo Bcex ciydasix). [locTOBEpHOE M CXOIHOE TTOBBIIICHUE XKM3HECTTOCO0-
HOCTHU KJIETOK-3€PEH OTMEUaJIOCh TaKXKe MOJ BIMSHUE MUKPO- 1 HAHOMOJISIPHBIX KOH-
neHTpaunii ranrmmo3naoB GD1a, GT1b u GD1b (puc. 34), a Tak:ke CyMMapHBIX TaHTJIH -
03MI0B MO3ra. 3aTeM 3TU JaHHbIe ObLIM MOATBepKAeHBI HaMmu [20], UCITONb3yst OUOXU-
MMYECKUI JIAaKTaTACTUAPOTreHa3HbIil METO ONpeaesIeHUSI JKU3HECITOCOOHOCTH HEPOHOB
Mo3zxeuka. [Ipu 3ToM OBLIO TTOKa3aHO, YTO 3alUTHBIN 3(P(eKT 3aBUCUT OT aKTUBALIUU
ranruo3ugaoM GM1 tupo3nHkuHa3bl Trk-pelenTopoB M UcYe3aeT B MPUCYTCTBUU UH-
ruduropa atoro ¢pepmenrta K-252a (puc. 3B). 'anrmmo3uasr GM1 u GD1a noBeimamm u
KM3HECIIOCOOHOCTh KJIETOK HelpoHanpHOU mmHnr PC12, mogBeprHyTHIX IeHACTBUIO Me-
pexucu Bogopona (puc. 3C), B aToM ciaydae B npucyrcTBumn K-252a 3amutHelii 3¢ hexT
GM1 takxe He niposiBisiics [24]. Ho nipu 3amute kiaetok PC12 oT TOKCHUYECKOro neii-
crBUs nepekucu Bogopoaa (puc. 3C) 3amuTHbIi 3¢GeKT HAHOMOJISIPHOTO TaHTJIMO3UIa
GMI1 6611 foCcTOBEpHO HUXKE, YeM 3 dekT MmukpomossipHoro GM1 [24]. OTu pesynbTa-
Thl CBUJIETEJILCTBYIOT O TOM, YTO TaHIJIMO3UIBI B HAHOMOJISIDHBIX KOHIICHTPAIIMSIX, Xa-
PaKTEPHBIX JIJIsI CTUHHOMO3TOBOM XXUAIKOCTH, Hanbosee 3pHEeKTUBHO 3alMIIAI0T HEPB-
HbIE KJIETKU OT 9KCAUTOTOKCUYHOCTH.

AkTtuBanusi raHriavo3unaoM GM1 NpoTeMHKUHA3bl, PEryJIMpyeMoil BHEKJIETOYHBIMU
curHasiamu (ERK1/2), n nporennknHasbl B (Akt) mporcXoauT 1ocie akTUBalMu TUPO-
3uHKUHa3bl Trk-penentopos. Tak, B kierkax PC12 B mpUCYTCTBUM MHTUOUTOpPA TUPO-
3uHKuHa3bl Trk-penentopos K-252a akTuBauuu sTuX NpOTEMHKUHA3 MO/ BJIUSHUEM Tie-
PEKKCH BOOOPOaa U MpeuHKyObalum ¢ raHrano3unom GM 1 nmpakTudecku He IpOUCXOar-
J0 [24]. AktuBHocth ERK1/2 mocie ux anmivkauvu B MIPUCYTCTBUM 3TOrO0 MHTMOUTOpA
ocTraBajiach KpaiiHe HU3KOi, a aKTUBHOCTb AKt MpoOa0JIKajia HAaXOAUThCS Ha YPOBHE KOH-
TPOJBHBIX 3HauUeHuit [24]. PaHee ObUIO MOKa3aHO, YTO B Cpe3axX KOPbl MO3ra aKTHUBALUS
ERK1/2 1 Akt mporcXoauT TIOciie aKTUBALMKU TUPO3MHKMHA3BI Trk-penienitopos [27].

Heo6xonumo 6bL10 OLIeHUTD, BaxkHa v aktuBauus ERK1/2 u Akt raHrvosumamMu st
OCYILECTBJICHMSI UMU 3allIuTHOTO 3(heKTa Ha HepBHbIC KiIeTKU. Hamu rokazaHo [24], yto
B nipucyrcTBuu uHruouropa ERK1/2, wiu Akt, unu niporeuHkrnHasbl C 3alIUTHBINA 3¢~
dexkt GM1 npoTUB TOKCUYECKOTO NeiCTBUS MepeKucu Bomopoaa Ha kiuetku PCI12 no-

Puc. 3. Bmusinue ranrnmosnnos GM1u GDla u tuposumnknHassl Trk-peuentopo K252a Ha )u3Hecnoco6-
HOCTb KJIETOK-3€peH MO3XeuKa M KJIeTOK HeiipoHayibHOU aruHuM PCI12, moaBeprHyThIX AEMCTBUIO TOKCUHOB.
JlanHble mpencTaBiIeHbl Kak cpeaHee = SEM u3 Tpex napajuleJIbHbIX OIpeieSIeHU B THITMYHOM OIThITE U3 4—
S mocTaBieHHBIX OMBITOB. HelipoHbl Mo3keuka (Ki1eTkn-3epHa) 1 kieTku PC12 mHKyOMpoBaau ¢ MHTMOUTO-
pom K-252a (unm 6e3 Hero) 30 MuH, 3atem ¢ ranmmosuaamu GM1 wiu GDla unu GD1b u GT1b B TeueHue
1 4, mocye yero nonseprainu aeiicteuio 100 MKM riryramara B TedeHue 0.5 9 (4 u B), a kitetku PC12 — neiicTBrio
1 MM niepekucu Bonopona B teueHue 2 4 (C). ZKu3HecnocoGHOCTh KIIETOK onpenessuiv o Beixony JIAT, %. Pas-
JINYKS JOCTOBEPHBI 110 CPABHEHUIO: * — ¢ KOHTposieM, p < 0.01, X — M0 CpPaBHEHUIO C AEHCTBUEM OJHOTO TOKCHU-
Ha (rJIyTamaTa WiM nepekucu soropona), p < 0.01, # — o cpaBHEHMIO C aHAJIOTMYHBIMU MPOOaMU, HE colep-
KamyMu nHru6uTop K-252a (B) win 1o cpaBHEHUIO C JEHCTBUEM TOTO XK€ TaHTJIMO3UIa B MUKPOMOJISIPHOM
KOHLIEHTPALIUH.

Fig. 3. The effect of GM1 and GD1a gangliosides and of Trk receptor tyrosine kinase inhibitor K252a on the via-
bility of cerebellar granule cells and PC12 cells exposed to toxins.

The data represent the mean = SEM of 3 parallel determinations in a typical experiment from 4—35 experiments
made. Cerebellar neurons (granule cells) and PC12 cells were preincubated with the inhibitor K-252a (or without
it) for 0.5 h, then with gangliosides GM1, GD1a, GD1b and GT1b for 1 h. Afterwards cerebella neurons were ex-
posed to 100 uM glutamate for 0.5 h (4 and B) and PC12 cells to ImM hydrogen peroxide for 2 h (C). The differ-
ences are significant as compared to: * — controls, p < 0.01, x — to the effect of toxin only (glutamate or hydrogen
peroxide), p < 0.01, # — to the similar samples not containing K-252a (B) or to the effect of the same ganglioside
in micromolar concentration (C).



571

TAHTJIMO3UABI MO3TA 1 UX ®YHKUINWN

Cerebellar neurons (granule cells)

Cerebellar neurons (granule cells)

0

1
Vel
(o] N

L
=
o

1
=3
v

10

1
(=] j = S
< o N

9% ‘osealal HA'T

nO + [ND T 05 + Bz

o + eeeTl

oD + [AD W 001

D + TAD T 05

(D) arwweinio

0D + ¥TSTA

(uoD) [onuo)

C
PC12 cells

oD + 911D +91dD WU 01

no +q1 1O + 91 a0 Wi o1

o + [AD Wwuof

no + [JAND T 01 e

(D) e

[onuo)

[} ) ]
N — —

9 “osealar HA'T

dH +eldD WU 0l

dH + Bl D WM 01

dH + [IAND WU 0L

dH + TIND IWXIN 0T

(dH) oprxorod uaSoIpAH

0D + Bl 4D N 01

0D + TIND N 01

(wuoD) jonuod



572 ABPOBA

Ta6auua 1. BiusiHre MHTMOGUTOPOB Pa3IMYHbBIX MPOTEMHKUHA3 Ha A0J110 KJ1eToK PC12, rubenb Ko-
TOPBIX NIPU AeCTBUM MEPEKUCU BOIOpoA Obla MpeaoTBpalleHa npenHkyoauueit ¢ 10 MkM raH-
ro3uaa GM1 (moJist BBKMBILIMX KJIETOK, %)

Table 1. Effect of various protein kinase inhibitors on the percent of the PC12 cells, whose death was
prevented by preincubation with 10 uM GM1 prior to cell exposure to hydrogen peroxide (rescue
rates, %)

Rescue ITpoGa Rescue I1po6a
rates, % Sample rates, % Sample

705+ 3.8 IIpeunky6auus Toabko ¢ GM1 56.7 + 4.6 TTpeunky6arus ¢ LY294002 u GM 1
T Preincubation only with GM 1 T Preincubation with LY294002 & GM1

INMpennky6auus Tonbko ¢ GM1 IMpeunkybaumst ¢ SL327 u GM1
762132 | preincubation only with GM1 | 937 * 28" | preincubation with SL327 & GM1

ITpennky6anus c GF108293X u GM1)
Preincubation with SL327 & GM 1

[Mpeunky6arus Toasko ¢ GM1 IMpeunkybauus ¢ SL327, LY294002,
Preincubation only with GM1 20.8 + 7.4%% GF108293X u GM1

I Preincubation with SL327,
1Y294002 & GM1&

TMpeunky6anms ¢ K252au GM1
Preincubation with K252a &GM 1

63.1+4.1 IMpeunky6anus Toabko c GM1

Preincubation only with GM 1 48.243.4%

57.5+£5

612 +37 IMpennky6anus Tonbko c GM1

Preincubation only with GM 1 124476

JlanHble rpeAcTaBisioT coboii cpenHee + SEM u3 6 onbitoB. Kinetku PCI12 BoipamuBanu B cpeae DMEM, co-
nepxaieit 10% chIBOPOTKH TJI00B KOPOBBI U 5% CBIBOPOTKU Jioliaau, 50 MKr/mMil neHuuuuimHa u 50 en./Miu
crpenrromutiiHa. OmbITH TpoBoauiv B cpene DMEM, kitetku PC12 3a 24 4 1o mpoBeieHYsI OITBITOB IOMeIIaIn

B 24-yHOUYHBIE TIJIAHILETHI IO 2 X 10° KIIETOK B JyHKy. Knetku npennkyouposaiu 0.5 4 ¢ 10 MkM LY294002
wuinu ¢ 10 MxM SL327 unu ¢ 1 MkM GF108293X unu ¢ Tpemst aTumMu nHruoropamu wiu ¢ IMkM K-252a. 3atem
KJIeTKY noaBepraiu aeiicteuio 10 MkM ranriuosuaa GM1 B teueHue 1 4, rocie yero Bo3aeiictBoBasiv 1 MM mie-
pEeKUCH BOAOPOAA B TeueHUe 2 4. * 1 ** — pa3nyuust JOCTOBEPHBI 10 CPABHEHUIO € JaHHBIMU (rescue rates), 1o-
JIyYeHHBIMU MIPU OTCYTCTBUU B MPOOax MHTUOUTOpOB, * — p < 0.05, ** — p < 0.01.

The data are presented as mean = SEM from 6 experiments. PC12 cells (ATCC) were cultivated in DMEM con-
taining 10% fetal calf serum, 5% horse serum, 50 ug/ml of penicillin and 50 U/ml of streptomycin Assessment of
PCI12 cell viability was performed measuring lactate dehydrogenase (LDH) release. The experiments were per-

formed in DMEM, they started 24 h after the transfer of the cells to the 24-well plates (2 X 10° cells for a well).
PC12 cells were preincubated with 10 uM SL327 or with 10 uM LY294002 or with 1 uM GF108293X or with these
three inhibitors or with 1 uM K-252a (or without them) for 0.5h, then with 10 uM of GM 1 ganglioside (or without
it) for 1 h. Then PC12 cells were exposed to 1 mM hydrogen peroxide for 2 h. * and ** — the differences are signif-
icant as compared to the data (rescue rates) obtained in the absence of the inhibitors in the samples, * — p < 0.05,
**—p<0.01.

CTOBepHO cHipkaeTcs (tabis. 1). Ho auiis B mpuCyTCTBMM MHTMOUTOPOB BCEX TPEX ITUX
MPOTEeMHKMHA3 YMEHbIIICHNE 3alIUTHOTO 3(deKTa raHIrIMo3uaa CTAaHOBUTCSI COMOCTaBU-
MbIM ¢ 3(pdeKTOM MHTMOUTOPa TUPO3UHKMHA3BI Trk-penienropoB (Tab:. 1). [TomyyeHHbIE
HaMM pe3y/IbTaThl COTJIACYIOTCS C TaHHBIMU O ToM, yTo akTuBauusi ERK1/2 ranrnvosunom
GM1 yBennuuBaeT XM3HECITOCOOHOCTh HEMPOHOB CETYATKU TOCe aKCOTOMUU OTTHYe-
cKoro HepBa [28].

MeTtonoM UMMYHOOJOTTUHTA MTOKa3aHO, YTO raHriano3ua GM 1 akTuBUpyeT He TOJTBKO
TUpO3MHKUHAa3y Trk-peuentopoB, HO u npotenHkuHaszy B (Akt) u ERK1/2 B kierkax
PC12 [24]. Hamu naHHBIE COMIACYIOTCS ¢ JAHHBIMU APYTUX aBTOPOB, CBUACTEILCTBYIO-
IIIUMH O TOM, YTO 3aIIUTHbBIN 3DDEKT MUKPOMOJISIpHOTO TaHTIMo3uaa GM1 Ha HepBHbIE
KJIETKU Y KJIETKU HEeMPOHATBHBIX JIMHUM B KYJIbType peanu3yeTcs Ojarogapsi aKTHBALIMU
Tupo3uHkuHasbl Trk-penenropos [18, 19, 27, 28]. [1pu monynsauuu aktuBHoct ERK1/2
0oJiee BBIpaXKEHHBIM B HAILIMX ONbITaX oka3ayucs 3¢ ekt Mukpomoisipaoro GM1. Iepe-
KUCh Bogopona cama akruBupoBaia ERK1/2 u Akt. T1pu atom npennky6auus ¢ 10 MM
(puc. 44 u 4B) u B MeHblieil Mepe co 100 HM GMI1 eliie 6osbliie yBeIUUYMBaia aKTUB-
HocTb ERK1/2 B kiierkax PC12.

I1pm peiictBum Ha kietku PC12 ranrmuosnma GM 1 mporcxoouT Takske akTuBaims Akt,

0 YeM CYIWIIH TI0 YBeInueHMIo (hocdopuminpoBaHHoil hopMel pepMenTa — pAkt (Ser*’?) B
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A
Without GM1 Preincubation with 100 uM GM 1
Time, min 0 10 20 30 45 60 80 100 120 0 10 20 30 45 60 80 100 120
o~ e — :
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Puc. 4. Yennuenue akruBHoct ERK1/2 (ypoBHsi pERK1/2) B kitetkax PC12 roa BAUsSIHUEM MEPEKUCH BOIO-
polia v MpenHKybauuu ¢ ranrmosuaoM GM1.

Knerku PCI12 unky6upoBanu ¢ 10 MKM ranramosunga GM1 B TeueHue 1 4, mocie yero rnoaBepraiym AeicTBUIO
1 MM niepekucu Bogopoaa B Te4eHUE 2 U. A — NMPEACTaBIEH Pe3yJabTaT OJHOTO TUITMYHOTO OMbITa U3 5—6 Mo-
CTaBJIEHHBIX (MMMYHOOJIOTBI). B — JMaHHbIe MpeacTaBieHbl Kak cpeaHee = SEM u3 5—6 onbitoB. Ha kietku
PCI12 neiicTBoBaM OMHOM MEPEKKUCHIO BOIOPOaa (JIMHUS C TPEYTrOJIbHUKAMU), JIMOO TMepeKMChI0 BOIOPO/IA TTO-
cie npeuHky6Gauuu ¢ 10 MkM GM1 (iunust ¢ pom6amu). YpoBeHb pERK1/2 Bbipaxkaiu B YCIOBHBIX €IUHM-
uax, npuHumas 3a 1.0 yposeHb pERK B KOHTPOJIBHBIX KJIETKAaX B OTCYTCTBHME B Cpelie NMEPEKUCH Boropoaa 1
ranrano3uaoB. Ero onpenensumm uepes 0, 10, 20, 30, 45, 60, 80, 100 1 120 MUH TTOCIIe aNTUIMKALIMU TTEPEKUCH
Bozopoza. Pazianuust 1OCTOBEpHBI MO CPaBHEHUIO ¢: * — KOHTposieM, p < 0.05, x — ¢ achdekToM ogHOIt nepeku-
CH1 BOAOPO/A 110 ¢ KpuTeputo CThIOIEHTA METOIOM TMOIMApHBIX cpaBHEHUH, p < 0.05.

Fig. 4. The increase of ERK1/2 activity (pERK1/2 level) in PC12 cells by cell exposure to hydrogen peroxide and
preincubation with GM1 ganglioside.

PCI12 cells were preincubated with 10 uM GMI1 for 1 h. Then the cells were exposed to 1 mM hydrogen peroxide
for 2 h. A The results of one typical experiment from 5—6 experiments carried out is presented (immunoblots).
B The data are presented as the mean = SEM from 5—6 experiments. PC12 cells were exposed to hydrogen perox-
ide only (line with triangulars) or to hydrogen peroxide after preincubation with 10 uM GMI1 (line with rhombs).
The results are expressed in arbitrary units, taking for 1.0 the pERK1/2 level in control cells in the absence of hy-
drogen peroxide or gangliosides in the incubation medium. The pERK1/2 levels were determined 10, 20, 30, 45,
60, 80, 100 and 120 min after the onset of the exposure of PC12 cells to hydrogen peroxide. The difference is sig-
nificant by paired Student’s 7 test as compared: * — to control value, p < 0.01, x — to the effect of hydrogen perox-
ide alone, p < 0.01.
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Puc. 5. T'anrnmosun GM1 yBenuunBaeT 6a3anbHyl0 akTUBHOCTb Akt (ypoBeHb pAkt) B kietkax PC12.

A — TIpenCTaBlieH Pe3yJIbTaT OXHOTO TUITUYHOTO ONbITa U3 4 MOCTaBIeHHBIX (MMMYHOOJIOTHI). MHKyGaus co
100 HM u 10 MxM GM lyBennuuBaet ypoBeHb pAkt B kietkax PCI12 nmo cpaBHeHUIo ¢ KoHTpoJieM (0 Touka).
BDkcrpeccust Akt (061l ypoBeHb AKt) HE MEHSICTCS IO/ BIMSIHUEM MHKYOALIMU KJIETOK ¢ raHmmo3uaom GM1.
B — nannble mpexncrabieHbl Kak cpenHee = SEM u3 4 onwitoB. Ha xietku PCI12 neiictBoBamu 100 HM
GM 1 (nmunus ¢ kBanpatamu) u 10 MkM GM1 (muHUs ¢ pombGamu) B TeueHue | 4. YpoBeHb pAkt HOpMaIM30Ba-
JIM TIO €T0 YPOBHIO B KOHTPOJIBHBIX KJieTKax (B oTcyrctBue GM 1), KoTophblit mpuHuMaiu 3a 1.0. YposeHnb pAkt
(B YCJIOBHBIX eMHMIIAX) U3Mepsiin yepes 1, 5, 10, 15, 20, 30, 45 u 60 muH nocie anrummkanuu GM 1. * — pasznu-
YUsl JOCTOBEPHBI MO ¢ KpuTepuio CThIONEHTa METOIOM IMOMAapHbIX CPAaBHEHUI MO CPAaBHEHUIO C Ga3aJibHbIM
ypoBHeM pAkt B orcyrcTBue GM1 (0 Touka), p < 005.

Fig. 5. GM1 ganglioside increases the basal pAkt level in PC12 cells. Incubation with 100 nM and 10 uM GM1
increases the level of pAkt in PC12 cells as compared with control (0 min). Akt expression (total Akt level) was not
changed as a result of incubation with ganglioside GM 1.

A The results of one typical experiment from four experiments carried out (immunoblots) is presented.). B The
data represent the mean + SEM from four experiments. PC12 cells were exposed tol00 nM GMI1 (line with
squares) or to 10 uM GM1 (line with rhombs) for 1 h. The pAkt levels are normalized to the level in control cells
in the absence of GM1 (set as 1.0). The pAkt levels (arbitrary units) in the PC12 cells were measured 1, 5, 10, 15,
20, 30, 45 and 60 min after the exposure to GM 1. * — the difference is significant by paired Students 7 test as com-
pared to the basal pAkt level in the absence of GM1 (0 min), p < 0.05.

KOHTPOJBHBIX KiIeTKax PC12 (puc. 54 u 5B). YBennuenue yposHs pAkt (Ser*’?) 6bu10 10-
ctoBepHBIM Yepe3 30 u 45 muH mmocie amummkanuy Kak 100 HM, tak u 10 MM GM 1, no-
CTOBEPHBIX pas3nMiuii MexXay 3¢p(heKTOM pa3HbIX KOHIeHTpauuii GM1 B 3ToM ciiydae He
BBISIBJICHO.
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FAHTTIMO3MA GM1 HOPMAJIM3YET CKOPOCTH AbIXAHUA KJIIETOK PC12
N MUTOXOHAPHUU, N3OJTTMPOBAHHBIX M3 MO3I'A KPbICHI,
CHMXKEHHBIE B PE3VJIbTATE IEUCTBUA ITPOOKCHUIAHTA,
BO3MOXHbBIN MEXAHU3M 3AILLIUTHOI'O JEMCTBUA TAHITIMO3 OB

Kak m3BecTHO U3 HaHHBIX JUTEpaTypbl, akTUBalMs AKt B KjeTKax, B TOM YMCJie B
HEPBHBIX, MOXET IPUBOAUTH K akTuBalnu pakropa rpaHckpunuu CREB, x ycunenuio
9KCIIPECCUU aHTUATIONITOTUUECKUX O6eKoB MuToxoHapuii Bel-2 u Bel-xL u k ymeHbIe-
HUIO OTHOILLIEHUS MTPO- K aHTUAMONTOTUYeCKUM Oeskam [29, 30].

Hapsiny ¢ atum aktuBaiuss ERK1/2 u Akt MoxXeT MpyUBOAUTb K MHAKTUBALIMU MTPOAari-
ONTOTUYECKOIo Oejika MUTOXOHIApuii Bad, KoTophiii B aKTUBHOI (hopMe criocoOeH pea-
TUpoBaTh ¢ aHTHaronTorTndeckumu denkamu Bel-2 u Bel-xL [31] v BBI3BIBATH MX MHAK-
TUBALMIO. AHTU- U MPOATIONTOTUYECKUE OEIKM MUTOXOHIPUI SIBJISIIOTCS BaXKHBIMU pe-
TYJITOpaMM TIpoliecca aronTo3a. Eciu OTHOILIEHWE MUTOXOHIAPUAIBHBIX IMpPO- K
aHTUATIONTOTUYCCKUM OeJIKaM SIBJISIETCS BBICOKMM, MUTOXOHJIPUU UHULIMUPYIOT 3aI1pO-
rpaMMHUPOBAHHYIO KJIETOYHYIO CMEPTh, BicBOOOXast AIF, nutoxpom ¢ u npyrue mpoar-
onToTuyeckue MakTopbl. OTU JaHHBIE CBUIETEILCTBYIOT O TOM, UTO aKTUBAIIUS TIPOTE-
nnkuHa3 ERK1/2 u Akt non Biusauem GM1 [24] 1 apyrux raHIJIMO3UI0B MO3ra MOXKET
MPUBOIUTH K CTAOMIM3aMM MUTOXOHIpUii. Hamuy rokazaHo yMeHbIIeHe OTHOIIEHUSI
Bax/Bcl-2 B KoHTpoibHbIX KieTKax PC12 noa BausitHueM ranrivosuaa GM1.

COBMECTHO C COTpyAHMKaMu apyrux jgadopatopuit MDD PAH naiineHno [32], uro
nperHky6anus kierok PC12 ¢ ranmmo3suagom GM1 nipenorBpaiuaer (Ml B 3HAUUTEb-
HOIi Mepe yMEHbIIIaeT) CHUXXEHNE CKOPOCTU 0a3ajIbHOTO U Pa300IIEHHOTO IbIXaHUsI, BbI-
3BaHHbIE BO3MIEIICTBEM MEPEKUCH BOAOPOIA Ha 3TU KJIETKU. BbLT BBISBIEH TaKXXKe HOP-
Manuayomuii 3¢dekt ranrmmo3unoB GM1 nu GDla Ha npixaHWe M30JMPOBAHHBIX U3
MO3Ta KpbIC MUTOXOHApUit [33], CHUXXEHHOE TTpU ASCTBUY TaKOTO MPOOKCUAAHTa, KaK
mpem-oyTuiruaporepokcun (TbI'Tl). MaTepecHo, 4TO 3alIUTHBIN 3D(EKT STUX TaHTIU -
03U/I0B Ha U30JIUPOBAHHBIE MUTOXOHIPUU HE TIPOSIBIISUICS, €CJIA B CPeJie ITPUCYTCTBOBAI
MHTUOUTOP TUPO3UHKKMHAa3bl Trk-penentopoB K-252a. B n3oaMpoBaHHBIX U3 MO3Ta MU-
TOXOHAPUSIX TTPUCYTCTBYIOT pa3Hble MPOTEMHKMHA3BI, B TOM YHUCJie TUpO3MHKUHAa3a Trk-
peuernrropoB A u B [34, 35]. IToirydeHHBIe HAMM Pe3yJILTAThl COIVIACYIOTCS C TaHHBIMU
JINTepaTyphbl, MTOKA3bIBAIOIIUMU, YTO 3ALIUTHBIN 3hdEKT hakTopa pocTa HEPBOB Ha U30-
JIMPOBaHHBIE U3 MO3ra MUTOXOHIPUU TaKKe HE MPOSIBIISIETCS, €CJIA B CPelie IPUCYTCTBYET
unruoutop K-252a [35]. DTu maHHBIe MO3BOJISIIOT MpearojaaraTb, 4To 3alllUTHBIN 3(]-
(GEeKT raHrIMO3ua0B (Kak 1 (pakTopa pocTa HEPBOB) MOXKET OBITh B 3HAUUTECIBHON Mepe
00YCJIOBJICH UX JICMCTBMEM Ha CUTHAJIbHBIE CUCTEMbI MUTOXOHIPUIA.

TAHITIMO3W bl GM1 N GDIA TTIPEHTOTBPAIIAIOT TOKCHMYECKOE
JEVNCTBUE BAKTEPUAJIBHOT'O JIMITOITOJIMCAXAPUIA HA HEPBHBIE
KIIETKU, HAPYIIIAA ITPOLECC TPAHCIIOKALIMA ET'O PELIEITTOPA TLR4
BJIUNITMIHBIE PA®THI ITNTASMATUYECKMX MEMBPAH HEPBHBIX KJIETOK

WHTtepecHble HaHHBIC ITOJIYYEHBI MPU M3YyYEeHUM MeXaHM3Ma 3alllMTHOTO IeHCTBUS
raHrano3uaoB [36, 37] MpOTUB TOKCUYECKOIO ACMCTBUSI GAKTEPUAILHOIO JIUIOIIOJIKICA-
xapuaa (JITIC), saBasionierocsi OCHOBHBIM TOKCMHOM, MHULMUPYIOIIMM MEHUHIO3HIIe-
danutel y yegoBeka. Y3HaBaHue JIIIC kinerkamMu ¥ BHYTPMKJIETOYHAsI CUTHAIW3aLIMs,
MPUBOISAIIAS K pealu3alii ero TOKCUUecKoro addekra, MHUIIMUPYIOTCS CBS3bIBAHUEM
JITIC ¢ peuentopamu TLR4 KiteTku X03s11MHa, 4YTO TpeOYeT co3maHne KOMILIEKCa, COCTO-
smero u3 JIIIC, JIIIC-cBa3pBaomero 6enka, CB14 (ko-peuenropa JIIIC), TLR4 n
amarnropHoro 6enka — MD-2. AkruBupoBanHblii TLR4 BoBiekaeT B peanmsanuio 3¢-
dexroB JITIC psim ananTOpHBIX OEJIKOB, KOTOPBIE CBI3bIBAIOT €r0 C CEPUH/TPEOHUHOBbBI-
MU KMHa3zaMM. DTU (EepMeHThbI, B CBOIO OYepellb, OMOCPEOyIOT aKTHUBalMIo (aKTopa
tpaHckpunuuu NFKB , 4To npuBOAUT K TpaHCKPUIILMK T€HOB, KOAUPYIOLINX MOJIEKY-
JIBI, CBSI3aHHEIE C BOCHAJICHUEM U IIUTOKUHEI [38—40].
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it yHuLIManuu BHYyTpUKieTouHoro curHaiauHra JIIIC TpeOyeTcst TpaHcaoKalus
TLR4 B nmunuaHbie padThl M1a3MaTUIECKO MeMOpaHbI KJIETOK, KOTOpasi OOBIYHO IIPO-
ncxomut nipu aevictsuu JITIC Ha kmetku [41, 42]. PadThl nipencTaBisior co0oii crienu-
aJIbHbIe MUKPOJIOMEHBI, PACIIOJIOKEHHbIE B IJIa3MaTUYECKOl MeMOpaHe, JIJisi KOTOPbIX
XapaKTEpHO BBICOKOE CoOjepXKaHUe XojecTepyuHa W chuHrommnuaoB. [aHTIMO3WIbI
(mpencrassione codboii CI0XHBIE INMTMKOCGHUTOIUIIUABI), HAPSILY C XOJeCTEPUHOM, UT-
paloT KIIIOYEBYIO POJIb B 00pa30BaHUM U CTAOMIM3ALIMM JIUOUIHBIX padTOB, BHOCAT Cy-
IIECTBEHHBIN BKJIAA B PETY/ISIIMIO IIPOIIECCOB aAre3nu U BocnajaeHus [43—45].

B ompitax Hamu ucnonb3oBanca JIIIC u3 E. coli ceporuna 0111:B4. HaitneHo, 4rto
JITIC o4eHb CMJIBHO CHMKAET KM3HECIIOCOOHOCTh KJIETOK HelipoHaabHOM TuHum PC12.
Taxk, npu ero conepxxanuu B cpene 0.25 Mr/mMi CHUKEHUE XXU3HECTTOCOOHOCTU KJIETOK
MPOMCXOIUT 0 KpaiiHe HU3KUX BeJIMYMH uin gaxe 10 0 [36, 37]. B To xe Bpemst MpenuH-
KyOanus ¢ ranrmo3unamMu GM1 u GD1a BeI3biBaeT 3HaUMTEbHOE YBEIUYEHUE KU3HE -
CITOCOOHOCTM 3THX KJIETOK, MoaBeprHyThIX meiictBuio 0.25 mym 0.125 mr JITIC Ha Mn
(puc. 64 u 6B). HaiineHo, uro 3amutHbiii 3ddekt GM1 u GD1a nporus neiicreus JITIC Ha
kietku PCI12 He nposiisieTcs B HAHOMOJISIPHOM KOHLIGHTpAllMK U HE 3aBUCUT OT MOIYJIsI-
UMY STUMU FAHDIMO3UIAMU aKTUBHOCTH TUPO3MHKMHA3bl Trk-penienropos (puc. 6C). Kak
YKa3bIBaJIOCh, oOpa3oBaHue perentopHoro komiuiekca JITIC ¢ ero peuentopamu TLR4
MPOUCXOAUT B IUTNUAHBIX padTax. [Ipy 53TOM raHrIMO3uAbI, Kak U XOJECTepUH, B Hau-
OoJIbIIIeiT Mepe ONpPEeNeIISIIOT CTPYKTYPY U (PYHKILIMH JTUIMUAHBIX padToB [38—45]. Huko-
naeBoii u [TapHoBoii [37] GBLIO MOKA3aHO, UYTO ITpenHKyOaust KiieTok PC12 ¢ 3K30reHHbBIM
ranrmo3uaoM GM1 yBenuM4uMBaeT ero BKJIIOUEHUE B COCTaB IJIa3MaTUYECKUX MeMOpaH
KJIETOK M MpPaKTUYECKM IpeaoTBpalaeT TpaHciaokamuio peuentopa TLR4 B nmunmmHbie
padTel 37X MeMOpaH mon BaussHueM JITIC. A takast TpaHciokamus penentopoB TLR4
Heobxomuma st ocymiectBiaeHus JITIC ero Tokcudeckoro apdekra Ha KieTku. [1o-Bu-
IUMOMY, TIPY MHKYOAIINU KJIETOK B IIPUCYTCTBUM IK30T€HHBIX TAHTJIMO3UIOB U UX BKITIO-
YEeHUU B COCTAB HAPY>KHBIX MEMOpPaH KJIETOK IMPOUCXOIUT U3MEHEHE COCTaBa U CBOICTB
JIMMMTUAHBIX padTOB, YBEJIUUYEHUE 10U TAHIJIMO3UI0B B HUX, YTO MPEAOTBpAILIaeT TPAHC-
nokanuio peuernropa TLR4 mon Baustnuem JITIC B coctaB padTOB M 3aMETHO CHIKAET
nposiBieHue Tokcudeckoro nevicteust JITIC Ha kimetku. Takoil MexaHU3M 3allIMTHOTO
NefCTBUS raHTJIMO3UA0B MPOTUB Tokcudeckoro aeiictBust JITIC siBaseTcss OTIMYHBIM OT
MeXaHU3Ma UX 3alIUTHOTrO AEWCTBUS NMPOTUB IJIUTEIbHON MHKYOAlMU KJIETOK B Oecchl-
BOPOTOYHOI cpefle, NeUCTBUSI IIyTaMmaTa, aMUJIOUIHOTO OeTa-MernTuaa Win MepeKucu
BOJIOPOJIa Ha HEPBHBIE KJIETKW WJIM KJIETKU HeUPOHAIbHBIX JIMHUI, B OCHOBE KOTOPOTO
JIEXKUT aKTUBALMSI TUPO3UHKUHA3KI Trk-perenTopos.

Puc. 6. 3amutHblii a3ddexT ranrmmosnnoB GD1a u GM 1 nporus Tokcuueckoro neiictsust JITIC ceporumna 0111:B4
Ha kiieTku PC12 (3KM3HEeCrocoGHOCTb, % OT KOHTPOJIS).

Knerku PC12 npennkydupoBanu ¢ 1 MkM uHruouropa K-252a (wim 6e3 Hero) B teuenue 0.5 4, 3aTeM X UH-
KyoupoBanu B TeueHue | 4 ¢ ranmmosunamu GM1 unu GDla, nocne yero nmoasepranu Bosaetictauio JITIC
(0.125 nmm 0.25 mr/mut). [lanHble nipencraBieHbl Kak cpenHee + SEM u3 4 onpeneneHUit B OAHOM TUITUYHOM
onbiTe U3 4—5 TOCTaBIEHHBIX OMBITOB. 2KM3HECTTOCOOHOCTDH KJIETOK OIpeAesisuiu, ucroiabdyss MTT-meromn.
Paznuuust noctoBepHBI: * 1 ** — Mo cpaBHEHUIO C KOHTpoJieM, * — p < 0.05, ** — p < (.01, x U Xx— 1O cpaBHe-
Huto ¢ addekrom onHoro JITIC, x — p < 0.05, xx — p < 0.01, # — 1o cpaBHeHuIo ¢ 3hdekrom GM 1 u JITIC.

Fig. 6. Protective effect of GD1a and GM 1 gangliosides against the toxic action of lipopolysaccharide of 0111:B4
serotype (LPS) on PCI2 cells (viability, % from control).

PCI12 cells were preincubated with the inhibitor K-252a (or without it) for 0.5 h, then with GD1a or GM1 gangli-
osides for 1 h, afterwards the cells were exposed to LPS (0.125 and 0.25 mg/ml). The data are presented as the
mean = SEM of 4 determinations in a typical experiment from 4—5 expeiments made. The viability of PC12 cells
was determined by MTT method and expressed as a per cent of control cell viability taken as 100%. The differenc-
es are significant as compared to: * and ** — control, * — p < 0.05, ** — p < 0.01, x and xx — the effect of LPS, x —
p<0.05, xx — p <0.01, # — the effect of GM1 and LPS.
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VAYUIIEHUE MPOCTPAHCTBEHHOU NMAMSATU YV KPbIC
C HEOHATAJIbHBIM CAXAPHBIM JTUABETOM 2-I'O TUITTA
TP UHTPAHA3AJIbHOM BBEAEHWUU UM T'AHTTIMO3MJ0OB MO3T'A

Hamu uzyyeHa cnocoOHOCTb TaHIJIMO3MI0B MO3Ta, BBOIUMbBIX UHTPAHA3aJIbHO, yJIy4-
1IaTh TIPOCTPAHCTBEHHYIO MaMsITh Y KPbIC C HEOHATAJIbHOM MOJIEIbIO caxapHOro nuadeTa
2-ro Tuna (CII2), B onbITax UCIMOJIb30BAJIM PACIIMPEHHYIO BEPCUIO BOJIHOTO Tecta Mop-
puca [46]. UHTepecHO OTMETUTh, UTO MHTpaHA3aIbHOE BBEACHUE TAHIVIMO3UIOB ObLIO
MPUMEHEHO HaMU BIIEPBbIE U MTOKA3aJI0 CBOIO BBICOKYIO 3(h(EeKTUBHOCTbD.

B oTHOMIEHUM MHCY/IMHA B MOCJIEIHUE TOAbI MOJTYYEHbI TaHHbIE, TOKa3bIBatoLIue 3¢h-
(eKTUBHOCTb €r0 MHTpPaHa3aJIbHOTO BBEACHUS JIJIsl HOpMaIu3alu KOTHUTUBHBIX (hyHK-
LMY MO3ra TpU TMATOJOTMU LIEHTPaJIbHOI HEPBHOM CHUCTEMbI YeJIOBEKa W XMBOTHBIX, B
TOoM uncie npu auabere 1-ro (CA1) u 2-ro tuna (CJ12) [46—48]. dua C2 xapakrepHa
TUTIEPUHCYJIMHEMUS B KPOBU M BBElIEHWE UHCYJIMHA B KPOBb He pekoMeHayeTcsi. Ho mpu
WHTpPaHAa3aJIbHOM BBEJIEHUM WHCYJIMH MOTIaaeT HEMOCPEICTBEHHO B MO3T [49], a B Mo3re
(B TOM 4ucCJie B TUIIIIOKaMIIe U TUIIOTajlaMyce, BaXKHEeHIIX MullieHs1X nHcyaruHa B [ITHC)
CcoJiep>KaHWe 3TOr0 TOPMOHA M aKTMBHOCTh WHCYJIMHOBOM CUTHAJIbHON CUCTEMBI TMPU
CJI12 3ameTHO cHUKeHBI [50]. [ToaTOMy, OYeBMIHO, MHTPaHA3aJIbHOE BBEIEHNE MHCYIN-
Ha, HEMOCPEACTBEHHO TMOCTYIAIOIIETO B MO3T, KOMIIEHCUPYET ero 1e(ULIUT B MO3Te Mpu
CJ12. 3aberas Briepen, MOXHO yKa3aTbh, UYTO WHTPaHa3aJIbHOE BBEJEHNE TaHTJINO3UI0B,
BIIEpBbIE MTPMMEHEHHOE HAMU B TOM MCCJIEIOBAaHUU, O KOTOPOM TIOMJET peub B 3TOM pa3-
nene [46] mokasano cBoio 3¢hdeKTUBHOCTD. IToCcTyIieHre COeAMHEHNIT HEMOCPEACTBEHHO
B MO3T, MUHYSI TeMaTo3HI1Iedannueckuii 6apwep [49], mpuyeM myTeM, KOTOPBIid He SIBJISI-
eTCsl TPAaBMaTUYHBIM, UMEET OOJIbIIIME MPEUMYIIIECTBA, €CJIN 1LIeJIbI0 UCTIBITAHUA SIBJISIET-
cd TIpeIoTBpallleHe HapylIeHU i KOTHUTUBHBIX (DYHKIIMIA.

AHann3 NaHHBIX JIMTEPATyPbl IOKA3bIBAET, YTO BBEIEHUE TAHTJIMO3UIOB YIy4llIaeT 00-
MEHHBIE TIpollecChl 1 QYHKIIMOHAIBLHOE COCTOSIHME MO3ra y XXMBOTHBIX C HellpojereHe-
PaTUBHBIMU, UILIEMUYECKVMMHU U IPYTUMHU MTOPAKEHUSIMU MO3ra [cM., HarpuMep, 51—54].
[Tpu 3TOM yalle Bcero BBOAST MOHOocuanoaHrano3ua GM 1. OnHako UMEITCs CBeACHMS,
yTo apyrue ocHoBHbIe raHruo3uasl GD1a, GD1b u GT1b u cyMMapHbIe TaHTJIMO3UIbI
Mo3ra 00J1aJal0T He MEHee BhIpasK€HHBIM HEMPOIIPOTEKTOPHBIM 3 dekTom [26, 51—54].
Ectb npumepsl 6iaronpusTHoro 3¢ deKTa raHIMO3MI0B MO3Tra Ha KOTHUTUBHBIE (DYyHK-
UM YeJIOBeKa B yCIOBUSIX KIMHUKM [55]. [IuiieBble 1o6aBKU B BUAE KOMIUIEKCHBIX JIM -
MUI0B MOJIOKA, BKJIIOYAIOLIMX FTAHTJIMO3UAbI U (ocONUNUAbI, HA pAHHUX CTAAUSIX pa3-
BUTHSI YJIYUIIAIOT MPOLIECCHl OOYYEHUS U TTaMSITH Y XKUBOTHBIX U KOG GULIMEHT UHTEJ-
JIEKTYaJIbHOrO pa3Butus y aeteit [56, 57]. Ho cnocoGHOCTh TraHMIMO3UIOB YIy4llaTh
KOTHUTUBHBbIE DYHKUMU MpU auabeTe Moka He uccienoBaHa. [IpencraBisiio MHTEpeC
W3YYUTh BIUSTHUE TAHTJIMO3UI0B Ha TIPOCTPAHCTBEHHYIO MaMsITh, HAPYIIEHHYIO Y KPbIC C
HeoHaTtajnbHbIM CJI2.

HeonatanbHblii C/12 BbI3bIBaIM OJHOKPATHBIM BBEACHUEM S5-THEBHBIM KpbICSTAM-
camiiaM TuHUM Buctap crpentozotounHa (Sigma, CILIA) B 1o3e 80 Mr Ha KT Macchl Tena.
Yepes 4 Mec., Koraa y KpbIc pa3BuBaiuchk npusHaky CJ12, HaUMHaIM UX JIeYeHUe MHTpa-
Ha3aJIbHO BBOOVMBIMY TaHIJIMO3UIAaMU (6 MT/KT), KOTOpOE TTPOBOAMIIN B TeUEeHUE Helle-
JI 10 OTBITOB U BO BPEMSsI TECTUPOBAHMS B BOOHOM TecTe Moppuca B TeueHUE ABYyX He-
nenb. Kpbica, m1aBasi B 6acceiiHe, OThICKMBaIa CKPBITYIO I1aTdopmy. ONBITH COCTOSUIU
13 o0ydeHus (5 qHeli) 1 nepeodydeHus (5 mHeit), exxeMIHEeBHO Kax1asli Kpbica coBeplaia
1o 4 nonbITkU. [ToBeaeHNE XKMBOTHBIX B BOITHOM TecTe Moppuca perucTpupoBaiu C To-
MOIIbIO BeO-KaMepbl. J1J1s1 Kaxka0ii cepum OTbITOB PACCUUTHIBAIU CPEeIHEE BpeMsI HAX0X-
NIEHUST XUBOTHBIMU U3 Pa3HbIX TPy TUIATOOPMbI U BEJIMYMHY TUIOIIAAW TIOJA KPUBOM
“BpeMsI monCKa—IIpomonKuTesbHOCTh 00ydeHus:” (AUC — area under curve). JlanHbie
TecTUpOBaHUIl oOpabdaThiBaauCh B Iporpamme ANYmaze.

[aHTJIMO3UAbI BBIACISIM U3 CEPOTo BellecTBa MO3ra OblKa U IOABEPTaJud MHOTOCTY-
MEHYATO OYMCTKE, KaK 3TO OIMMCAHO HaMU paHee [26], rociie quanu3a Ipo0kl yrapuBa-
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JI yTeM JIMouabHOH cylku. C MOMOIIbI0 TOHKOCIOMHON XpoMaTorpacuu BLICOKOTO
paspelieHus: ObUIO TTOKAa3aHO OTCYTCTBUE B MperapaTe TaHMIMO3UIOB MO3ra TpuMeceit
dochounuaoB 1 APYrux IIMKOJIUTNIOB, a TAKXe OEJIKOB.

Pazsutue C/12 y KpbIC OLIEHUBAJIM B INIIOKO30TOJIEPAHTHOM TECTE, JIJIsSl YETO UM BBOJU -
JIM PacTBOP TJIIOKO3bI (BHYTPUOPIOIIMHHO, 2 T TJI0KO3bl/KT) 1 B TeueHue 120 MuH nsme-
PSIT KOHLIEHTPALIMIO TJIIOKO3bI B 1IEJIbHOW KPOBU, MOJYYEHHOM M3 XBOCTOBOI BEHHI, C
nomoipio TecT-moocok One Touch Ultra (CIIIA) u rmokomerpa dupmbel Life Scan
Johnson & Johnson (Jdanwust). I1pu nmpoBeaeHuu 3toro tecta y Kpbic ¢ CI12 ypoBeHb IJto-
KO3bI B KPOBU ObIJT TOCTOBEPHO BHIIIE, YEM Y KOHTPOJIbHBIX XMBOTHBIX, Yyepe3 30, 60 u
120 MuH nocne BBeneHus roko3bl (p < 0.02), 4To CBUIETEBCTBYET O HApYILLIEHUHN TOJIe-
PAHTHOCTH K TJIIOKO3€ U SIBJISIETCSl XapakTepHbIM npru3HakoM CJ12. aHTIMo3uasl cyiie-
CTBEHHO HE BJIMSJIU Ha TOJIEPAHTHOCTh AMa0ETUUECKUX KPBIC K TITI0KO3€.

YV nmmnabetnyeckux KpbIC MOKa3aHO HapylleHue (OpMUPOBAHUS TPOCTPAHCTBEHHOI
namsaTu. HalineHo, 4To Ha pa3HBIX CpoKax OOydyeHUsI U TepeoOydyeHus] BpeMsl MOUCKa
CcKphITOM matdopMsl y Kpbic ¢ C2 (rpymma 1) 66110 10CTOBEPHO OOJIBIIMM, YEM Y KOH-
TpobHBIX KpbIC (rpynna K). Paznuuus Mexxmy 3TUMU rpyrnnaMu HabIrogaau v 1o 3Have-
Husim AUC.

HMHTpaHa3aabHOE BBeIeHUE TUAOETUYECKUM KpbICaM TaHIJIMO3MIOB B 103€ 6 MTI/KT
IIOCTOBEPHO CHMXXaJIO BpeMsl MorcKa riaTdopMbl XXKUBOTHBIMU (rpyrnna [J1) Ha pa3HbIX
IHSIX 00y4eHMs1 (CO BTOPOIO IO IISITHINA) M MepeoOydeHUs (C CeAbMOrO I10 OECSThIN) I10
cpaBHeHUIO ¢ Kpbicamu ¢ CJ12, He moiay4YaBIIMMHU 3TOT Iperapat (puc. 7). JloctoBepHO
Hke obutn 1 3HadeHus1 AUC y rpynnsl I'l mo cpaBHeHUIo ¢ rpynnoii [ mpu aHaau3e
JMaHHBIX OMBITOB KaK M0 OOYYeHMIO, TaK U MO0 IepeodydeHnIo KpbIc (puc. 7).

Crob BBIpaXXeHHBIH 3¢ (eKT TaHITIMO3MI0B Ha IIPOCTPAHCTBEHHYIO IIaMSITh OOYCIIOBIICH,
MO-BUIAMMOMY, UX CHOCOOHOCTBIO MOAYJIMPOBATh CUTHAJIbHbIE MYTU MO3ra, MOBBILIAS
JKM3HECIIOCOOHOCTh HEPBHBIX KJIETOK, OJlaromapsi aKTUBalluM TUPO3WHKMHAa3bl Trk-pe-
nenropoB, nporeuHkrHasbl Akt, ERK1/2 u nporennkuHassl C [24].

Heo6xonuMo momguyepKHYTh, YTO CIIOCOOHOCTh TFaHIJIMO3UAOB, BBOIAMMBIX MHTpaHa-
3aJIbHO, OKa3bIBaTh 3((MEKT B CPAaBHUTEIBHO HU3KOI 103¢e (6 MT/KT) TIPOAEeMOHCTPUPO-
BaHa HaMmu BriepBbie. [1py BHYTpUOPIOIIMHHOM WJIA MOAKOXHOM BBEIESHUM IIJIsI BbIsSIBIIC-
HUS 3alIUTHOTO 3P deKTa 00BIYHO MUCIONB3YIOT 25—100 Mr raHIIMoO3ua0B Mo3Ta (WIn
ranmo3uga GM1) B pacyere Ha Kr macchl Teqa [51, 54]. Mbl Hageemcsl, YTO UHTpaHa-
3aJIbHOE BBEICHUE TaHIJIMO3MIOB, KOTOPbIE YJIy4lllalOT O0llee COCTOSIHUE OpraHu3Ma,
BO3JIEMCTBYSI UMEHHO Ha MO3T, HalIeT B JaJIbHEIIIEM CBOE TTPAKTUYECKOE IPUMEHEHUE.
[lepcnieKTUBHBIM IS JIEUEHUSI KOTHUTUBHBIX HapyieHuit npu CJ2, o4eBUIHO, MOXET
OBbITh MCMOJIB30BAHUE TAHTIMO3UAOB MPU UX MHTPaAHA3ILHOM BBEIEHUU COBMECTHO C
MeT(hOPMUHOM U APYTUMM TIpernapataMy, CHUKAIOIIUMU PE3UCTEHTHOCTb K MHCYJIUHY.

NCTOYHUK ®NTHAHCHUPOBAHMUA

Pa6ota BrimotHeHa 1o ['oc3amannio MuHUCTEpCTBa HAyKU U BhICIIero oopasoBanust Poccum —
AAAA-A18-118012290427-7.
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Brain Gangliosides and Their Function as Natural Adaptogens

N. F. Avrova*

Sechenov Institute of Evolutionary Physiology and Biochemistry
of the Russian Academy of Sciences, Saint- Petersburg, Russia

*e-mail: avrova@iephb.ru

In this review some aspects of investigation of vertebrate brain lipids made under the
guidance of academician E.M.Kreps and then by his collaborators are characterized us-
ing as an example the studies of brain gangliosides. In brain gangliosides and individual
phospholipids of cold-water stenothermal teleost fishes higher content of polyenoic and
monoenoic fatty acids was revealed than in the brain gangliosides and individual phos-
pholipids of warm-water stenothermal teleosts. The changes in fatty acid composition of
lipids during adaptation of fishes to living in cold water and at great water depth are di-
rected to the maintenance of the optimal degree of brain cell membrane fluidity and mi-
croheterogeneity. The results of cluster analysis of the data on composition and structure
of carbohydrate component of brain gangliosides of various ectothermic vertebrates were
used to create a dendrogram. This dendrogram was found to correspond appreciably to
the tree of classical taxonomy of vertebrates. The changes in molecular organization of
brain gangliosides in the course of evolution of vertebrates are suggested to contribute to
differentiation of brain and complication of its functions in phylogenesis. The main
mammalian brain gangliosides (GM1, GD1a, GD1b u GT1b) protect nerve cells against
the action of excitatory amino acids, hydrogen peroxide, amyloid B-peptide and other
toxins, their protective effect depending on activation of Trk receptor tyrosine kinase and
downstream protein kinases (Akt, ERK1/2, protein kinase C). Another mechanism of
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protection is used by GM1 and GD1a gangiosides against bacterial lipopolysaccharide
(LPS)-induced toxicity. It appears to be due to changes of lipid composition of plasma
membrane rafts of nerve cells due to exogenous ganglioside incorporation, which pre-
vents LPS receptors TLR4 translocation to them. Using Morris water test intranasal ad-
ministration of gangliosides was shown to prevent the impairment of spatial memory in
rats with 2-nd type diabetes mellitus. Intranasal administration of gangliosides was used
for the first time, its high efficiency was shown.

Keywords: gangliosides, adaptogens, neuroprotection, signal transduction pathways, cell
membrane microheterogeiniety (rafts)
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OHnoreHHbIMU JIuraHaaMu GPR40/FFA1-petentopoB, npuHamiexamux K tuiry G-6e-
JIOK-CBSI3aHHBIX PELENTOPOB, SIBJISIIOTCSI HACBIIIIEHHbBIE U HEHACHIIIICHHBIE CBOOOTHBIE
XupHble Kucaotel cpenHeit (C6—C12) u nnunnHoi (C > 12) ctpykTypbl. CaMblii BBICO-
KHii YPOBEHb OKCIIPECCUM ITHUX PELIENITOPOB OOHAPYXKEH B B-KJIeTKAX MOIKETyI0UHOM
kese3bl U HelipoHax pasnuuHbix otaenoB LHHC. C momeHnTa “neopdanusanuu” pe-
nenTopoB B 2003 T. HAKOIUIEH OTPOMHBIN 00bEM 3KCIIEPMMEHTAIbHBIX JaHHBIX, Kaca-
foImiicss (pyHKIIMOHAIBHOM POJIM 3TUX PELIENTOPOB B LIEHTPAJIBHOM 1 TieprdeprIecKoi
PperyJIsiiiuy MeTabOJIMYECKOTO CTaTyca opranu3Ma. B Hactosiiiem 0630pe 0600IIeHbI CO-
BpeMeHHbIe NpeacTaBieHust o MexaHuaMax peryiasiun GPR40/FFAl-peuentopa aHa0-
TEHHBIMM U CUHTETUYECKUMM JIMTAaHIAMM, O CUCTeMaX BHYTPUKJIETOUHON CUTHAJTbHOM
TPaHCAYKLIMM, aKTUBUPYEMBIX NP ASHCTBUM CBOOOIHBIX XXUPHBIX KUCIIOT. PaccMaTpuBa-
torcst MexaHu3mbl GPR40/FFA1-onocpenoBaHHbIX 3(h(hEeKTOB CBOGOIHBIX KUPHBIX KHC-
JIOT Ha DIIIOKO30-CTUMYJIMPOBAHHYIO CEKPELIMIO UHCYJIMHA [B-KIETKaMK TOIXKETyI0YHON
3KeJIe3bl, MPOAYKIIMIO UHKPETMHOB SHTEPO3HIOKPUHHBIMU KJIETKaMU, O0ecrie4YeHue Hei-
poreHe3a u HeliponrddepeHIMPoBKU. OOCYKIAIOTCSI TOCTVDKEHUSI U TIEPCIIEKTUBBI MC-
nojb3oBaHus cuHTeTndeckux JurannoB GPR40/FFAl-pelienTopoB B JIedueHUM MeTabo-
JINYECKUX HApYIIeHUM.

Karoueswie crosa: ceobonnbie xupHblie kuciaoTel, GPR40/FFA1-peuentopsl, cekpenust
WHCYJIMHA, UHKPETUHBI, HEMPOHBI, HEMpOreHe3, aJlIoCTepruIecKasi peryJIsiiust
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ITouru 40 et Ha3am BbIIUIA KHUTA “JIMIIMABI KIIETOYHBIX MeMOpaH”, aBTOPOM KOTO-
poii 6611 EBrenumit Muxaitnosuu Kperic, akaneMuK, onuH 13 HauboJiee TITyOOKNX 1 aBTO-
PUTETHBIX CCIIenoBaTeliel pa3HooOpa3us MPUPOAHBIX IMTTUIOB. M ceronHs, mo mpoiie-
CTBMHU MHOTHUX JIET 3TOT (DyHAAMEHTAIBHBIN TPy, OecripelieNeHTHBI 10 00beMY TaHHBIX
1 MHOTOO0OPAa3UI0 UCCIENOBAHHBIX BUIOB, COXPAHSIET CBOIO LIEHHOCTb /151 TUMUA0JOT U
W CPaBHUTEIbHON HeHpoxuMuu. 3HAUYUTEbHAs 4acTb WMCCIAEHOBAaHUI, MPOBEICHHBIX
E.M. Kpericom u ero corpynHUKamMu, Oblj1a TTOCBSIIEHA 3CTEPUDUIIMPOBAHHBIM XKUP-
HBIM KHUCJIOTaM, BXOISIIUM B cocTaB (DOChHOIUMUAOB, 1IepeOPO3UIOB U TaHTIIMO3UIOB.
DKCIIepUMEHTAIBHBIN MaTepuajl, MoJydeHHbI Ha 6ojiee yeM 130 Bumax peiO, obmTaio-
LIMX TIPY Pa3IUIHOM TeMmIlepatype, JaBJIeHUH, TTO3BOJIMII pacCMaTpuBaTh Bapualiuy Ha-
0opa KUPHBIX KUCJIOT, BXOASIIUX B COCTAaB MEMOpPaHHBIX JIMITMAOB, KaK Ba>KHEUMIIIWIA
dakTop ToaAepXkKaHUS CTAOMIBHOCTH (DU3UKO-XMMHYECKOTO COCTOSIHUSI MEMOpaHbl,
onpenesIIoni TPaHUIbl BO3MOXHOCTU CYIIIECTBOBAHUSI OpraHU3Ma B 9KCTpeMabHbIX
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ycaoBusx [1]. K 80-M rogamM mpoluioro Beka yxe ObLIM OTKPBITHI 9MKO3aHOUIbI, TPOU3-
BOAHbBIE MOJMHEHACHIIIIEHHBIX XXUPHBIX KUCJIOT, U ObLIO MOHSTHO, YTO OUOJornyeckast
GYHKIUS KUPHBIX KUCIOT HE MCUEPIBIBAETCS UX CTPYKTYPHOM POJIbIO B OpraHu3aiuu
OMOJIOTUYECKMX MEMOpaH MM UX 3HAUEHUEM KaK dHepreTuieckux cyocrparoB. OnqHako
0 PeTYJISTOPHBIX 3 deKkTax CBOOOTHBIX XKUPHBIX KUCIIOT B 3TO BpeMsl ObLJIO HUUETO HEU3-
BECTHO, /1a U caMa HayKa O peLeNTopax HaxX0qWJIaCh Ha 3ape CBOETro Pa3BUTHUSI.

Mexny TeM, OTKpbIBIIKECS B KOHIIE XX BeKa BO3MOXHOCTU T€HETUKU, MOJIEKYJISIp-
HOM Ouojsornv U 6MoMHMOPMATUKU OOECIIEUMUIIN KOJOCCATbHBINA MTPOPHIB B UCCIEA0BA-
HUM MEXaHU3MOB perysiuuu dusnosiornyeckux GyHKuuii. TpaauiiMoHHO MccienoBa-
HUE aJITOPUTMa CUTHAJIbHOTO AEHCTBUSI TOTO UJIM MHOTO PETYJISITOPA IIJIO B HAITPaBIEHU U
OT U3BECTHOTO JIMTaH/1a K TIOUCKY ero perentopa. OTKPhIBIINECS BO3MOXHOCTH aHAIM3a
TEHOMOB MO3BOJIMJIM U3MEHUTh BEKTOP MCCJIENOBAaHMUI B OOpaTHOM HampaBlIeHUU — 11O
CTPYKTYPHOMY CXOJICTBY C YK€ MIEHTU(UIUPOBAHHBIMU PELENTOPAMU ObUIO BBISIBJICHO
OrPOMHOE KOJIMYECTBO TIOC/IEN0BATEIbHOCTEM, KOAUPYIOIIMX PELENTOPbI, JUTaHa KOTO-
PbIX ObUT HeM3BecTeH. Takue pelienTopbl ObUTM Ha3BaHbl OphaHOBBIMU (OT aHTJI. orphan —
cupota). OHU NPUHAIJIEXKAIU K IBYyM OCHOBHBIM KJIacCaM — SIIEPHBIM PELIeTITOpaM U pe-
nenropaM, (PyHKIIMOHAJIBHO COMPSKEHHBIM ¢ rerepoTpuMepHbiMu G-6eakamu (G-pro-
tein coupled receptor, GPCR). 13 obmmupHoro cynepcemeiictBa GPCR B pesynbraTe
pacuiM@poBKU TeHOMA YeJioBeKa ObLIO MAEHTU(GULMPOBAHO 0KO0JI0 720 reHOB, KOAUPY-
IOIIMX 3TU PELENTOPbI [2], 11l 3HAYUTEIBLHOM UX YaCTH JIMTaH ObLT Hen3BecTeH. Opda-
HOBEIE pelienTOpEI Takoro tuna moirydanu HazBanue GPR (G-Protein Receptor), koTo-
PbIM TIPUCBAUBAJICS COOTBETCTBYIOIIUI HOMED.

B pesynbprare macimtabHbIX nccaeqoBaHuii 1o “neopdanuszannu’ GPCR-pelenrtopoB
0Ka3aJioCh, YTO JIMTAHAAMU YEThIPEX U3 HUX SIBJISIIOTCSI CBOOOIHBIE XKMPHBIE KUCIOTHI —
HACBIIIEHHBbIE U HEHACHILLIEHHbIE C Pa3HOM MUIMHOM yrjieBoaopoaHoii uenu. CorjiacHO
kaccudukauuu MexayHapoqHoro coto3a hapMakosoron, rnocie neopdaHuzaiuu 3T1

perenrTops! mosyannn Hasanue FFA1—4 [3]!. Penenropsr GPR40 (FFA1) u GPR120
(FFA4) akTuBHpPYIOTCSI HACBHIIIEHHBIMU M HEHACHIIIEHHBIMA CBOOOTHBIMHU XUPHBIMU
kuciaotamu co cpeaHumu (C6—C12) u mmruHHbIMU (C > 12) XXUPHOKUCIOTHBIMU LISTISIMU.
Aronucramu perenropoB GPR41 (FFA2) u GPR43 (FFA3) saBisitoTcst oueHb KOPOTKUE
kupHble KucaoThl (C2—C4), obpasytolyecs B mpoliecce pepMeHTaluy MUIIEeBbIX BOJO-
KOH TOJl IeMCTBUEM KHUILIEYHOM MUKPOOMOTHI. JlanbHellne ucciaeaoBaHusl mokas3aiu,
yto HOBBIM TuN akTuBaTopoB GPCR BOBJEYEH B peryisiiiiio MHOXECTBA BaXKHEMIIIMX
dusnosornYecKnx npoieccoB. B HacTosIeM 0630pe HET BO3MOXHOCTHU Jaxe KpaTKo
pPaccMOTpeTh BCEe MOCTVKEHUSI B 3TO# 00J1aCTH, TTO3TOMY BHUMaHMe OYIET COCpenoToue-
HO Ha caMbIX BaXKHBIX U MHTEPECHBIX Pe3yJibTaTax, Kacalollnuxcs OMHOTO U3 Haubosee
M3YYEHHBIX PELIENITOPOB CBOOOIHBIX XKMPHBIX KUCJIOT, a iMeHHO GPR40.

“TEOPOAHU3ALIMA” PELHEIITOPOB GPR40

BriepBble HYKJICOTUIHAS M1 aMUHOKWCIIOTHAS TTOCIIETOBATEIBHOCTH 3TOTO OeJiKa, 03~
BoJIsiolMe oTHeCcTH ero K cemeirictBy GPCR, 6buta onpenenexa B 1997 r. [4]. C nomo-
msio [P yyactku renomHoii JIHK genoBeka, nmeronieii XpOMOCOMHYIO JTOKaIM3aIIUIO
19q13.1, 6puUIM aMIIMPUIIMPOBAHBI C UCIOJb30BAHWEM MpaiiMepoB, CHEeLU(PUUYHBIX K
KOHCEPBATUBHBIM y4yaCcTKaM pPELCIITOpPa HCﬁpOBHL{OKpI/lHHOFO nenrTuaa raJlJaHuHa 4ejao-
BeKa U KPBICHI, B pe3yJIbTaTe Yero ObUIM MACHTU(ULIMPOBAHBI 4 TeHa, KOIUPYIOIIUE HeU3-
BectHble GPCR (GPR40, GPR41, GPR42 u GPR4) [4]. GPR40 saBnsiercss MeMOpaHHBIM
6enkoM, conepxkaimnM 300 aMUHOKUCIIOTHBIX OCTATKOB M UMEIOIIIUM MOJICKYJISIPHYIO Mac-
cy 31.45 kDa. IlpoBeneHHoe 4yepe3 HECKOJBKO JIET CPAaBHUTEIbHOE MCCIIEIOBAHUE aMU-

'p COBPEMEHHOI JIMTEpaType IIMPOKO UCIIONIb3YETCsI HECKOJIBKO BApUAHTOB HAa3BaHMUs STOTO TUIIA PELIENTOpa —
GPR40, FFA1 unu GPR40/FFAL.
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HOKHWCJIOTHOM MOCJIeA0BAaTEILHOCTA 3TOTO PELENTOopa y YeJoBeKa U HECKOJIBKUX BUIOB
MJIEKOIUTAIOLINX MOKAa3aJl0 OYEHb BBICOKYIO CTETIEHb €r0 KOHCEPBATUBHOCTH [5].

Tpu He3aBUCHMBIE UCCIEA0BATEILCKUE TPYIINBI HPAKTUUYECKM OTHOBPEMEHHO “IIeop-
danunzupoBanin” GPR40 [5—7]. Ucnoab3ys kinetku CHO, B KOTOpBIX ObLIM 3KCITPECCU-
poBanbl GPR40, u ctannapTHbie mpuemsbl “neopdaHu3aluu” pelenTopoB, OCHOBaAaHHbIC
Ha OlLIEHKE YPOBHSI BHYTPUKIIETOUHOTO KaJlbLIysl, [ton ¢ coaBTOpaMu mpoaHaIn3upoBain 60-
nee 1000 mpenmonaraembix MranaoB [5]. Ilpakrnaeckn omHOBpeMeHHO MomoOHast paboTa
OblIa IIpoBemeHa ApyrumMu aBTopamu Ha peuenntopax GPR40, skcnpeccupoBaHHBIX B
kinerkax HEK293 [6], 1 Ha kiioHax JuHUM KiieToK Hela ¢ moMoIibio BbICOKO3(DGhEKTUB-
HOII TEXHOJIOTMM BBEIEHUSI peropTepHoro reHa [7]. Pe3yabraThl coBnaiu — CeJIeKTUB-
HBIMU JIMTAHAAMU 3THUX PELENTOPOB 0Ka3alruCh CBOOOAHBIE XKUPHbIE KUCIOTHI CO CPell-
HUMU U JUTMHHBIMU YTJIEBOJAOPOIHBIMU LIETISIMU, IEMUCTBYIOIIME B IUAaNa30He MUKPOMO-
nsipHbIX KoHueHTpanuit (ECsy ot 1 o 8 MkM no ganubM [5], nimm ECsy ot 4 no 6 MkM
1o TaHHBIM [6]). AGGUHHOCTH K pelienTopy He U3MEHSIach NIPU YINTMHEHUN TETTA VITA
MpU YBEJIMYEHUU CTETIEHU HEHACBIIIIEHHOCTU MOJIEKYJIbI. JleficTBrue XXUPHBIX KUCIIOT Ha
usmenenue [Ca’"]i 6bUT0 10303aBUCUMBIM, ortocpenoBanoch I TM-cpsa3bIBAIOLINM G-
KoM GOy ; ¥ KPUTUYHO 3aBHCENIO OT NPUCYTCTBUSI CBOOOAHON KapOOKCUIIBHOM TPYIIIIBI
Ha KOHIIE MOJIEKYJIbI, TOCKOJIbKY METUJIOBbIC 3(UPHI XUPHBIX KUCJIOT ObUTH Heahdhek-
TUBHHI [5—7].

POJIb GPR40 PELIETITOPOB B I'JTIOKO30-CTUMYJIMPOBAHHOM
[MPOAYKIMU NHCYIINHA

Ve B nepBbIX padorax no “meopdanusaumn’ GPR40 ObIM MoiaydyeHbl HEOXMIAH-
HbI€ pe3yabTaThl Npu u3dydyeHuu skcnpeccud MPHK atoro 6enka B pa3HbIx TKaHsIX. B rc-
cJieloBaHUsIX Ha KpbIicax ObLIO MokazaHo, uto MPHK GPR40 o6HapyxuBaeTcs rjiaBHbIM
o0pa3oM B ocTpoBKax JlaHTepraHca MoIKeTyI0YHOM Xee3bl, a ruopunusalus in situ u
MMMYHOTHCTOXVMMUSI ITO3BOJIMJIN ONpeaeINTh TOUHYIo Jokanmu3annio GPR40 — maHkpe-
aTnyecKue B-KIeTKH, MPOAyHUPYIOIIe MHCYIINH [5, 6, 8].

Ha nunnu MING6 TpaHchopMUPOBaHHBIX ITAHKPEATUUECKUX KJIETOK MbIIIEi, 00J1aga-
TOIINX BCEMU CBOMCTBAMHU P-KIIETOK, ObIIa YOSAUTEIBHO MMOKa3aHa CIOCOGHOCTh ITHX
aroHUCTOB CTUMYJIUPOBATDH MPOAYKIIUIO MHCYJIMHA B IPUCYTCTBUM BHICOKMX KOHLIEHTPa-
LU TJIIOKO3BI [5], 4TO MO3BOJIMIO OTHECTH 3TOT MEXaHU3M K IJII0KO30-CTUMYJIMPOBaH-
Hol cekpelym nHcynanHa. TopmoxkeHue skcnpeccun GPR40 ¢ momomkio siRNA i aH-
TUCMBICJIOBBIX OJIMTOHYKJIEOTHUAOB B KileTkax MING6 pe3ko cHMXano 3(PdeKT KUPHBIX
KUCJIOT Ha MPOAYKLMIO UHCYIuHA [5, 9, 10]. 3HaunTenbHOE CHUXKEHNE MOTEHILIMPYIOIIETO
NEeHCTBUS XKUPHBIX KUCIOT Ha TJIIOKO30-CTUMYJIMPOBAHHYIO CEKpPEeUUI0 WHCYJIMHA Ha-
Omronanoch y Meleii-HokayToB 1o GPR40 [11], Torma xak rumnepakcipeccust GPR40 y
MbILIEH, HAXOASIIUXCS Ha BbICOKOXUPOBOU AueTe, MpenoTBpallaio pa3BUTUE TUIIEPT-
JIMKEMUM U YJIydlIaIo ceKpeluio uHeyarHa [12]. JlaHHble Ha XKMBOTHBIX MOAEJSIX ObLIN
MTOATBEPXKICHBI Pe3yJIibTaTaMK aHaIM3a SKCIPECCUU PelienTopa B B-KiIeTKax MOMIKery-
IOYHOII 3KeJIe3hl YeI0BeKa, IIpu 3ToM ypoBeHb aKkcrpeccut MPHK GPR40 xopoio kop-
pPETUPOBAIT ¢ MHCYIMHEMUYECKIM MHIEKCOM — IToKasatejieM (QyHKIUH B-KireTok [8].

OTU MaHHBbIE 3aCTaBWJIM TO-HOBOMY paccMaTpuBaTh JEHCTBUE XXUPHBIX KHMCJIOT Ha
MPONYKLMIO MHCYJIMHA. JloJroe BpemMsi CUUTaNIOCh, YTO B OCHOBE CTUMYJIUPYIONIETo -
¢exTa XUPHBIX KUCIOT Ha TPOAYKIINIO UHCYIMHA JIEXKUT UCKIIOYUTEIbHO UX BHYTPHU-
KJIETOYHBIN OKMCIIUTEJIbHBIN KaTaOoaU3M, MPUBOAIIINNA K YBEJIUYEHUIO COOTHOIIECHUS
AT®O/AJI®, 3akpertiio AT®-ympasmsiembix K-xaHarnos, gemossipusaiiiy mia3sMaTide-
CKOit MeMOpaHbl, OTKpbITUIO L-THUIa KalblMEBBIX KAHAJIOB, YTO MPUBOAUT K TOBBILIE-
HUIO YPOBHSI BHYTPUKJIETOUHOIO KaJIbLIUSI, MEPECTPOMKE LIUTOCKEIETa, TPAaHCIOKALIMU
CEKPETOPHBIX TPaHYJ K IUIa3MaTUYECKOM MeMOpaHe UM CEeKpEeLIMU HaXONSIIEeTrocsl B HUX
MHCYJIMHA B KPOBOTOK (cM. 0630p [13]). “Heopdanmnzamus” GPR40 mmokasaia, 4To CBO-
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60£lelC KHUPHBIC KUCJIOTHI YHAaCTBYIOT B PETYJIALINN CEKPECLIMU MHCYJIMHA HE TOJIBKO KaK
9HEpPreTUYeCKrue cyocTpaThl, HO SIBJSIIOTCSI TAKXKE CUTHAJTBHBIMU MOJIEKYJIaMU, KOTOPbIE
MMEIOT Ha MOBEPXHOCTHU KJIETOK COOCTBEHHBIE perlenTopbl. CuuTaercsi, YTo oba mMexa-
HU3Ma JeHCTBUST KUPHBIX KUCIOT (KaK JIMTaHAbI U KaK MeTaboJM4YecKue CcyoCcTpaThl)
(YHKIIMOHUPYIOT HE3aBUCHMMO M BHOCAT TIPUMEPHO PaBHBIM BKJIAA B ITOTEHIIUAIIAIO
ITI0KO30-CTUMYJIUPOBAHHOM CeKpellnyu MHCYIWHA [14]. DTO ciaemyeT u3 TOro, 4To y MbI-
ieit HokayTHbeIX Mo GPR40 cekpeninst MHCYIMHA Obljla CHUXKEHA ToJIbKo Ha 50% [15].

MEXAHU3M CUTHAJIBHOT'O JEMCTBUSI CBOBOAHbBIX )KUPHBIX KUCJIOT
B PEI'YJIALIMU I'TIOKO30-CTUMVYIIMPOBAHHOUM CEKPELIMHW MHCYJIMHA,
OINOCPEOJOBAHHBIN AKTUBALWEW GPR40

GPR40-onocpenoBaHHOe BHYTPUKIIETOYHOE NEMCTBUE CBOOOMHBIX XXMPHBIX KHUCIIOT
Ha TIIIOKO030-CTUMYJTUPOBAHHYIO CEKPEIINIO MHCYTMHA B-KIeTKaMK TIOIKETYIOTHOM JKe-
Jie3bl CBSI3aHO C MOBBIIIEHUEM KOHLEHTPAIlUM BHYTPUKIIETOUHOTO KaJbLM$ 32 CUET €ro
MOOUIN3aUU U3 SHAOIJIA3MATUYECKOTO PETUKYJIyMa U YCUJIEHUS BXO/a B KJIETKY yepe3
MOTEHLIMAJI-3aBUCUMBIE KaJbLMeBblE KaHaabl L-tumna [16—18]. Takum oGpa3oM, KOHEY-
Hble MUIIeHU 3 deKTa XKUPHBIX KUCIIOT, NeHCTBYIOIINX KAaK CUTHAJIbHBIC MOJICKYJIbI UJIU
KaK BHepreTUYecKue CyOCTpaThl, OKa3bIBAlOTCSI OOIIMMU M CBSI3aHBI C TTOBBIIIEHUEM
BHYTPUKJIETOYHOW KOHIEHTPALMM MOHOB KaJIbIIUSI, BbI3BIBAEMOM PAa3IMYHBIMUA MeXa-
HU3MaMU.

[TI0K030-CTUMYIUPOBAHHAS CEKPEIsT WHCYJIMHA B [-KJIeTKax sIBIsteTCs AByx(das-
HBIM IIPOIIECCOM — OBICTpast M KOPOTKasI ha3a OTBETa CBsI3aHa C BLIOPOCOM I'OTOBBIX I'pa-
HYJI, HaXOOSIIMXCS B HEMOCPEACTBEHHON OJIM30CTU OT IJIa3MaTU4YeCKOil MeMOpaHbl,
BTOpasi OoJjiee uTeabHas da3a — MOOMIU3aLMs TPAHYJ UHCYJIMHA, KOTOPbIE HAXOASTCS
BIJIM OT TJIa3MaTUYECKO MeMOpaHbl, U MX TlepeMelleHUe B cyOaruKaabHyO 00JIacTb
TpeOyeT peopraHusauuu uutockenera [19, 20]. Cuuraercsi, YTO CBOOOJIHBIE KUPHBIC
KHMCJIOTHI CTUMYJIUPYIOT UMEeHHO BTOpYyIO (ha3y [14]. [Ipu GPR40-onocpenoBanHOM Oeii-
CTBHMHU CBOOOIHBIX XXMPHBIX KHCJIOT Oy /-CyObenuHuLa G /i -0esKa akTuBUpyet pocdou-
HOBUTHI-CIIeIMbUIHYI0 hochomumnazy CB, 4To IPUBOIANT K THAPOIU3Y (hochaTHAMINHO-
3uT-4,5-mudocdara ¢ obpasoBaHueM nHosuTon-1,4,5-Tpudocdara (IP;) n nuammnrnune-
puHa [6, 9]. IP; ycrimBaeT BbIXOI KAIBIIMS U3 DHIOIUIA3MAaTUYECKOTO PETUKYIIyMa [3-KIIETOK
[21]. BBeneHue nmpoHuKarolMx aHanoroB kak IP;, Tak u muaumnrauuepuHa (ojaeoui-
alWI-TJUIEPUH), B KJIeTKM MING6 MOTeHIIMPYET TIII0KO30-CTUMYJIMPOBAHHYIO CEKPEIIIO
nHcynuHa [ 18]. Uuruburopsr hocdommmassr CP, hop6om-4yBCTBUTETBHBIX N30(OPM ITPO-
TeuHKrHa3bl C 3HAYUTEILHO CHIDKAIU IeHCTBYE 9K30T€HHOM XXUPHOI KUCIOThI Ha CeKpe-
uio uHeyavHa [16]. Bbuto ycTaHOBIEHO TaKKe, YTO MPU ACHCTBUM OJIEMHOBOM KHCIOTHI
Ha GPR40 nuanmirauieprH-3aBUCUMbIM MEXaHU3MOM OCYIIECTBIIsIETCS (pochoprimpo-
BaHMeE MIPOTeMHKNHA3bl D, 4T0, KaK moka3aiu aBTOphl [22], He0OXOOMMO ISl aKTUBALIHA
nenonuMmepusanun F-akTnHa — mepecTpoiike MTOCKeNeTa, o0eceunBaolleil TpaHCIo-
Kaluio TpaHyJ MHCYJIMHA K IIa3MaTudecKoil MemMOpaHe. MHrnbupoBaHWe aKTMBHOCTU
WIN 3KCIIpecCUM IpoTeuHKrHa3bl D 3HauutTenbHo cHmkaio GPR40-omocpenoBaHHOe
NECTBUE KMPHOU KMCJIOTBI Ha TIIOKO30-CTUMYJIMPOBAHHYIO CEKpeLMio MHCYIMHa [22].
[TpyHIIMIIMATBEHAS CXeMa BHYTPUKJIETOYHBIX CUTHAJIbHBIX TTyTei aKTUBALIMU CEKPELIMU WH-
cymuHa 1ipyu GPR40-omocpenoBaHHOM OeMCTBUY CBOOOMHBIX XXUPHBIX KHCJIOT, a TaKXKe
cuHTeTH4YecKoro aronucTa dpacuriukama (TAG-875), mpencraBieHa Ha puc. 1.

B yBesmyeHUM KOHUEHTPALMM BHYTPUKJIETOYHOTO KaJjibIIUsSl TIPU EMCTBUM CBOOOI-
HBIX XXMPHBIX KUCJIOT 3ajJeiicTBoBaHa akTuMBauMs peuentopa [P; Ha MemOpaHe 3HIO-
TUTa3MaTH4ecKoro petnkyiayma. HokmayH petientopa B Kietkax MIN6, uiu npuMeHe-
HMe kcectocnoHrnHa C, nHruburopa IP; peuenropa, B onbiTax Ha cpe3ax OCTPOBKOB
JlaHrepraHca NMpUBOIWIIN K PE3KOMY CHIDKEHMIO 3 deKTa KUPHBIX KMCJIOT Ha TII0KO030-
CTUMYJIMPOBAHHYIO CeKpelnio MHCyrHa [23]. OnHako oKa3ajaoch TakXe, YTO B MOTEH-



588 ITAPHOBA

Fasiglifam
(TAK-875)
Glucose

GLUT2 . ~O FFAR1/GPR40

O

oo
Karp \ / &4
/\ AL AT@@

N

Membrane
depolarization

Ca?" oscillation
Ca?t

L-type VDCC

-]
® o Insulin secretion
0°°° o

Puc. 1. Yuactie GPR40 penienTopoB B peryisiliui CeKpeLny MHCYJIMHA B-KJIeTKAMU MOIKENTYJOUHOMN Kee3bl
MpU 1eUCTBUU CBOOOIHBIX KUPHBIX KUCIOT U TAG-875 (bacurmmdama). Obosuauenus: GLUT2 — mpancnopmep
earoko3vl, VTCC — nomenyuan-3agucumsie kKarvyuesvle kanarvt L-muna, PKD — ¢ocgoaunaza D, PLC — ghocgho-
aunasa C, PKC — npomeunxunasa C, DAG — duayunenuyepun, 1Pz — unosumon-1,4,5-mpugpocpam. Lnt. mo [18]
C pa3peleHus u3aaTeis.

Fig. 1. The participation of GPR40 receptor in the regulation of insulin secretion by pancreatic -cells under the
action of free fatty acids and TAG-875 (fasiglifam). Abbreviations: GLUTZ2 — glucose transporter, VITCC — voltage-
dependent calcium channel L-type, PKD — phospholipase D, PLC — phospholipase C, PKC — protein kinase C, DAG —
diacylglycerol, IP3 — inositol-1,4,5-trisphosphate. From [18] with publisher permission.

LIMPYIOIIeM MEUCTBUM XKUPHBIX KUCIOT Ha CEKpEelMIo MHCYJIWMHA 3aJeiiCTBOBAH JEIo-

yIpaBisieMblil Bxon KanbLust (store-operated Ca2* entry, SOCE), KOTOpPbIil MHULIANDY-
€TCsl UCTOLIEHUEM pe3epBa KasbliUsl B CTPYKTYpax SHIOIIA3MaTUYECKOTO PETUKYIyMa.
Perynsropom SOCE siBisiercst 6etok stromal interaction molecule 1 (STIM1), mokanu-
30BaHHBI B MeMOpaHe HIOIIa3MaTUYEeCKOTO PETUKYIyMa U SIBJSIIOIIMIACS CEHCOPOM
KOHILICHTPAllMM KaJbliMsl BHYTPU PETUKYJIyMa Ojaromapsi HUIMYUIO CIendUIecKoro
Ca’"-cpaspiBatomiero gomena. Ca’*-3aBucumas tpanciokauust STIM1 B masmaTuue-
CKYyI0 MeMOpaHy aKTUBHPYeT HaxOIsIIrecs B Hell KalblimeBble KaHaibl Orail, yTo obec-
MeuyrBaeT BXOJ HapyKHoro Kaiblus [24]. Okcrnpeccust STIM1 obHapyxXeHa B KJIETKax
MING6 ¥ B maHKpeaTHUECKUX [-KJIeTKaX MBIIIEi, a er0 TPAHCIOKAIUS B 3TUX KJIETKAX
aKTUBUpYETCs MII0K030i min nAM® [25, 26]. Okasanock, uro HokmayH STIMI1 wim
Orail B kitetkax MING6 pUBOAUT K pe3KOMYy CHUXKeHMIO addekra aronncta GPR40 Ha
JIFOKO30-CTUMYJIMPOBaHHYIO cekpelio nHeynuHa [23]. Kputnynast poiab STIM1—Orail
MeXaHN3Ma B CUTHAJIbHOM nyTH, aktTuBupyeMbiM GPR40, 6b11a mpogeMoHCTprpOBaHa 1
Ha HOKAYTHBIX MBbIIIIaX, Y KOTOPbIX creinduyHo B B-KieTkax Oblia BBIKIIOUEHA IKC-
npeccust STIM1 [23].
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AJJNIOCTEPUYECKHME MOIOVYJIATOPEI GPR40 1 UX TTOTEHLINAJI
BJIEHEHWUW JUABETA 2-T'O TUIIA

“Jleopdpanmszauuss” GPR40 TpeMs1 He3aBUCUMBIMU TpyHIIaMH 1 OOHapYyXXEeHHBII 2 -
(eKT XKUPHBIX KACJIOT Ha TJIOKO30-CTUMYJIUPOBAHHYIO CEKPELIMIO UHCYJIMHA He3aMe]l -
JIUTENBHO TTocie myonukanuu B 2003 r. aKcneprMeHTaJIbHbBIX JaHHBIX OKa3aJI1ch B po-
Kyce MHTepeca (apmalieBTUUYeCcKO uMHAycTpuM. HaubGoablinux ycrexoB B IOUCKE U
pa3paboTke dapmakoaornyeckux akruBatropos GPR40 B jeueHun caxapHoro nuabera
2-ro THUIA JOCTUIJIA SITTOHCKasl (papMalieBTUYecKas komranus Takeda, mpenapar KoTo-
poit (TAK-875/dacurnucdam) goiien 10 TpeTbeit ha3bl KIMHUYECKUX UCTIbITaHuit [27].
B otinune oT MHOTHX IPYyTUX MperapaToB, UCTIOIb3YEMbIX MPU quabdeTe 2-ro Tvna, da-
curndam 1 ero aHaJoru CTUMYJIMPYIOT MPOAYKIIMIO MHCYJIUHA TOJbKO MPU MOBBILLIEH-
HOM YPOBHE TJIIOKO3bl, YTO MUHUMMU3UPYIOT PUCK Pa3BUTUS runorinkeMuu. OgHako B
2013 r. nporpamma TAK-875 ObL1a ocTaHOB/IEHA U3-3a BBISIBJIEHHON Ha 0oJiee HIMPOKOM
TOTTYJISILIMM TTAlIMEHTOB TeNaTOTOKCUYHOCTH [28], MpUUMHBI KOTOPO# 10 CUX MOP HE sic-
HBbI, Tak Kak B nneueHu GPR40 He skcnpeccupyrorcs [5, 6]. HecMoTpst Ha 3Ty Heynauy B
HacTosIIIee BpeMs 00JIbIIoe YKNCI0 cuHTeTnYecKux aronuctoB GPR40 peuenrropos mpo-
n3BoIATCS pasdnumuHbIiMu (papmaneBTndeckumu kKomitanusamu (Eli Lilly, Connexios Life
Sciences, Japan Tobacco, Piramal u ap.) 1 MHOTMe U3 HUX HaXOISTCS HA CTaaUU TOKJIM-
HUYECKMX UCTIBITAHWI Ha XKMBOTHBIX MOJIEJISIX CaxapHOro AuabeTa 2-ro TUMa.

HarnpasieHue norucka onTUMajJbHOM CTPYKTYPHI TSI TAKUX CUHTETUYECKUX JIMTaHI0B
BO MHOTI'OM ObLIO O0YCJIOBJIEHO OOHApYXKE€HUEM aJIJIOCTEPUIYECKON MOAYISILIMN aKTUBHO-
ctu GPR40, 4TO CBOICTBEHHO OrpOMHOMY OOJIBIIMHCTBY IIpPEACTaBUTEIIel ceMelicTBa
GPCR [29]. IlepBoHaYaIbHO CUUTAIOCH, YTO XXUPHBIE KUCJIOTHl U CUHTETUYECKUE JIU-
ranael GPR40 B3auMomeiicTBYIOT ¢ €MMHCTBEHHBIM JIMTAHI-CBS3BIBAIOIINM YYaCTKOM
peuenTopa, COCTOSIIIMM U3 KjacTtepa TUIApOGUWIbHBIX aMWHOKHCJIOTHBIX OCTaTKOB
(Argl83, Asn244 u Arg258) cOOTBETCTBEHHO B 5, 6 1 7 TMAPODOOHBIX TPAHCMEMOPAHHBIX
y4acTKax, ¢ KOTOPbIMU U CBSI3bIBAETCSI KapOOKCUJIbHAS TPYMIia XUPHOW KUCIIOTHI WU
cuHTeTnueckoro suradaa [30]. OnHako B 3KCIepuMeHTaX ¢ pau0aKTUBHO-MEUEHHBIMU
JIMTAHJIaMU ObUIO YCTAHOBJIEHO HAJIMYME HECKOJIbKUX Pa3IUYHBIX a/UIOCTEPUUECKUX
caiitoB peryisiun GPR40, ¢ KOTOpbIMH CITOCOOHBI CBSI3BIBATHCSI CUHTETUIECKIUE JIMTaH-
1wl [31]. Hekoropseie nuranabl, Haripumep TAK-875, SBAsIIOTCI OMTHOBPEMEHHO U OPTO-
CTepUYECKUM U ajutocTepudeckum peryiasitopom GPR40, yto, mo-BuauMmomy, onpenensi-
€T ero BBICOKYI0 ah(PMHHOCTH K pentenitopy, B 400 pa3 nmpeBocxoasinyio adhGUHHOCTD SH-
JIOTEHHOTO JIMTaHIA — OJICMHOBOU KUCIOTH [27]. Bblla ycTaHOBICHA KpUCTA/UTMYECKAsT
crpykrypa komruiekca perenrropa GPR40 u TAK-875 [32]. Kak u oxumanoch, KapOOKCHITb-
Hagl TpyMnra JIuraHaa 1eCTBUTENTbHO B3aMMOJICUCTBYET C OCTaTKaMU apr’MHUHA B 5-O0M U 7-0M
TpaHCcMeMOpaHHbIX ydyacTkax. OgHaKo Apyrasi 4yacTb JIMTaHJa JIOKAJIU3YeTCs BIOJb JIU-
MUIHOTO GUCJIOS U TPOHUKAET BHYTPb MEXIY 3-UM U 5-bIM TPaHCMEMOpPaHHBIMU Yy4acT-
kamu. Takum o6pa3zom, TAK-875 B3anMoneiicTByeT ¢ HEKAHOHUYECKUM CANTOM CBSI3BI-
BaHWUS Yyepe3 JIUIMUIHBIN OMCIIOol, a He CO CTOPOHBI BomHOIT (a3bl [32]. Cuuraercs, 4To
MMEHHO C BBICOKOI ymmoduiabHOCThI0O TAK-875 cBsI3aHa ero rematoTOKCUYHOCTD, I10
MPUYUHE KOTOPOU Oblila OCTAHOBJIEHA TPeThsl (ha3a KIIMHUYECKUX UCITBITAaHUI TIpenapa-
Ta. B COOTBETCTBUU C 3TUM, OIHO M3 HAIPABJIEHUI MOMCKA HOBBIX MHCYJIMHOTPOITHBIX
murangoB GPR40 cBg3aHo ¢ pa3paboTKoil coeqMHEHM, 00JaJalouX CYIIeCTBEHHO
Oosbleit monsipHocThio, yeM TAK-875, mpu coxpaHeHUU BBICOKOTO CPOJICTBA K pelieT-
Topy [33].

BonbimmHeTBO cuHTeTHYecKMX TUraHnoB GPR40 sBisitoTcs ajytoctepuyecKuMU MO-
NyNSITOpaMu, MPUMEHEHUE KOTOPbIX OCHOBAHO Ha MHOXECTBEHHOCTH JIMTaH/I-CBSI3bIBA -
IOLIMUX YYACTKOB U UX (PYHKIIMOHAJTBHON CEJIEKTUBHOCTU. AJITOCTEPUYECKUE MOAYISITO-
bl IEMOHCTPUPYIOT BBICOKYIO CTeNeHb CUrHalibHOM tuiactuuHoctu GPR40 u o6ianaror
MPEeUMYIIECTBAMU MO0 CPABHEHMIO C OPTOCTEPUYECKMMU arOHUCTaMU, TaK KaK MOTYT CITe-
1MGUIHO MEHSITh WM CTaOWJIM3UPOBaTh KOH(MOPMALIMOHHBIE U3MEHEHUST pelierTopa, B
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TOM YMCJIe BbI3BAHHbIE OPTOCTEPUUYECKUM arOHUCTOM, OOECTIeUNBaTh COMPSIKEHUE C pa3-
JmyHbIMU G-6eKaMu WM Jaxke akTUBUpoBaTh G-0eJI0OK-HE3aBUCUMBI CUTHAJIUHT Ye-
pe3 COTIPSIKEHYE C PETYIATOPHBIMU GelIKaMu [3-appecTHHaMM, YTO MOXKET UMETh KPUTH -
YecKoe 3HaYeHUe TS TIEPEKITIOYeHUST HalTpaBIeHUST CUTHAJIMHTA WJIM ero ycwieHus [ 14].
DTOT (heHOMEH MOJIyUYnI Ha3BaHUe “JIMTraHA-HallpaBJIeHHbINA curHaauHr”. Tak, nHcynu-
HoTporHbIi adpdexr TAK-875 onocpenyercst kak yepes G 1;-0€JIKH, Tak U Yepe3 pekpy-
tupoBanue -appectuHoB 1 u 2 TumoB. HokmayH B-appectina 2 ¢ momorisio siRNA B kireT-
Kax MHCYIMHOMBI Kpbickl INS832 ocnabmsim mHCYyIMHOTpOIHBINM 3 dekT aroHucrta [34].
CunresupoBaHbl aroHUCTEI GPR40 (AM-1638 1 AM-5262), KOTOpbIe B OMHUX U TEX XK€
KJIeTKax akTUBUPYIOT U G- M G/11-0€NIKH, BbI3bIBAsI COOTBETCTBEHHO yBeMYeHne TAM®D
u IP3, 1 oKa3pIBasi KOONEPATUBHBIA MHCYJIMHOTPONHbINA 3G@EKT, XOTSI XKUPHbIE KUCIIOTHI,
sHnoreHHble turanasl GPR40, neiictyior Tosbko Yepes G, -6enku [35]. KoHerpynpo-

BaHUE aJUTOCTEPUUYECKHX arOHUCTOB TMO3BOJISIET BO3MIECUCTBOBATh CIELIM(PUIHO HA TE CUT-
HaJIbHBIE MyTH, KOTOPbIe HEOOXOMMMBI JIJIsI TeparieBTuYecKoro addekra, n n3dexkarh akTH-
BallMU T€X, KOTOPbIEe MOTYT MPUBOIUTH K HEXelaTeJIbHbIM MOOOYHBIM BO3ACHCTBUSIM.
OCo0EeHHO YCIEeUIHbIM B 9KCIIEPUMEHTAX in Vivo Ha MOMAEJISIX TMa0eTUYECKUX KPbIC OKa-
3aJ10Ch MCMOJIb30BaHUE KOMOMHALIMI aJJIOCTEPUYECKUX arOHUCTOB, UMEIOLIIMX pa3HbIe
CaliThl CBSI3bIBAHUS C PELIETITOPOM, HO OKAa3bIBAIOIIIMX KOOIIEPATUBHbBIM UHCYJTUHOTPOII-
HbIii 3 dexT [31]. Ipyroiit MHOrooOeaoIInil TOAX0A — KOHCTPYUPOBaHUE “OUTONMYEe-
CKMX” nUTaHAoB [36]. DTH coenMHEeHUsI UMEIOT IBa (hapMakodopa, COeTMHEHHBIX MEXIY
co00i1 — OIMH M3 HUX CBI3bIBAETCS C OPTOCTEPUUECKUM JIMTaH I-CBA3BIBAIOIINM KapMa-
HoM GPR40, npyroit omHOBpeMEHHO B3aIMOIEHCTBYET C AJUIOCTEPUISCKIMHU caiiTaMu B
Mouiekyse pelenropa. MHTepecHO, 4TO KOONepaTuBHOCTh OOHAPYXKMBAETCS HE TOJBKO
MpPU MCIOJb30BAaHUMU KOMOMHALIMU CUHTETUUYECKUX JTUTaHAoB. MHCyIMHOTpONHbBIN 3~
dext TAK-875 Ha Moaenu quabeTHYEeCKMX KPbIC CHUZKAJICS B MPUCYTCTBMM MHTMOUTOpA
JIUTIONN3a, YTO MPUBOAMIIO K CHUKEHUIO YPOBHS KUPHBIX KUCJIOT B ruiasme [37]. Do cBu-
JETEILCTBYET B IIOJIb3Y TOIO, YTO CUHTETUYECKIE arOHUCTEHI, 10 KpaiiHeit Mmepe TAK-875,
HE BBITECHSIIOT KUPHbIE KUCJIOTHI C PeLenTOpa, a AeHCTBYIOT KOOIEPAaTUBHO C DHIAOTEH-
HBIMU JIMTAHJIAMU.

POJIb GPR40 B CEKPELIMU MHKPETUHOB

[Mpsimoe nmeiicTBUE XUPHBIX KUCJIOT Ha KJIETKM MOJIKEJIyTOYHOI Xele3bl, Kak oKa3a-
JIOCh, HE €IMHCTBEHHBII MEXaHW3M WX YIaCTHS B TJIIOKO30-CTUMYJIMPOBAHHOM CEKPELINU
nHcynmmHa. GPR40 penenrtopsl akcnpeccupytorces B L, K n I k1eTkax kummeyHnka, cex-
PETUPYIONINUX TJIIOKAarOHOTIOMOOHBIM TMeNTUA-1, TIII0K030-3aBUCUMBIN WHCYJTUHOTPOIT-
HBIil IENTU U XOJIEIIMCTOKWHWH, YUYaCTBYIOIIME B PETYJISILIMU CEKPeLMu MHCyInHa [38,
39]. Tak kaK MOCTYIJICHUE TMUILU B KeJIYAOYHO-KUIIEUYHBIM TPAKT SIBJISIETCSI MOLIHBIM
CTUMYJIOM CEKPELIMU WHCYJIMHA, SHTEPOIHIOKPUHHbBIC KJIETKU 3KCIPECCUPYIOT LIEJbIit
CMEKTP PELeNTOPOB, aKTUBUPYEMBIX TTPOAYKTaAMU JIUTOINU3a TpULnieprunoB. [Tomumo
GPR40, B 3HTepOSHIOKPWHHEIX KJIETKaX 3KCIIPECCUPYIOTCS pPelelTOphl CBOOOTHBIX
xupHbIX Kuciior GPR120, GPR41, GPR43, a takxke GPR119, sHOIOreHHBIM JIUTAaHIOM
KoToporo sBisgercs: MmoHoamwiarauiepuH [40]. Ponrs GPR40 B cekpeniuy MHKPETUHOB
3HAYMTEBHO MEHEe MOHSITHA, YeM B OTHOLIEHUM [3-KJIETOK MOMKETYIOYHON XKese3bl,
TaK KakK pa3Hble TUITHI PELIETITOPOB paboTaloT KoorepaTuBHO [40]. OmHako mokaszaHo,
yto y HoKayTHbIX Mo GPR40 mblieit HaGmoaaeTcsi CHUXKEHHBIM YPOBEHb MHKPETUHOB
[38, 39, 41]. He Bce cunTetnueckue aroHuctel GPR40, koropbie yBeanunBaioT cekpe-
LINI0 MHCYIMHA B B-KieTkax, Harpumep TAK-875 1 AM G837, crtocoGHBI BIMSITh Ha CEK-
peunio nHKpeTHHOB [42]. [Toxoxe, uTo 3ThM 3(hheKTOM 00J1a1al0T TOIBKO ITOJTHBIE arOHM-
ctbl. [Ipennosiaraercsi, 4YTO C OAHOM CTOPOHBI 3TO MOXKET OBITh CBSI3aHO CO 3HAYMTEIBLHO
0oJiee HU3KMM YPOBHEM IKCITPECCUU pELIeNITOpa B SBHTEPO3IHIOKPUHHBIX KJIETKAX, C IPYroi
CTOPOHBI — C aKTUBaIMeil pa3IMUHbIX CUTHAJIBHBIX KACKaI0B, CTUMYJUPYEMBIX ITOJHbI-
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MU aronuctamu [43]. Tak, a3ppeKTUBHBIE B OTHOLIEHUM CEKPELIMM MHKPETUHOB arOHM-
ctbl (AM1638 1 AMS5262) aktuBupytor Kak Gl j- 1 GO,-0MOCpeI0BaHHbIE CUTHANIb-

HbIE MYTH, TOTa KaK HedhdeKTUBHBIE — TONBKO GOy 1) -OMOCPEIOBaHHBIE.

OKCITPECCHUA GPR40 U ETO ®YHKIIMOHAJIBHAS POJIb
B CTPYKTYPAX TOJIOBHOI'O MO3TA

B Hayke o numumax roaoBHOII MO3r 3aHMMaeT 0co00e MecTo. Y BCeX IMO3BOHOYHBIX
>KMBOTHBIX OH OTJIMYAETCS OT APYTMX TKAHE OUYeHb BHICOKUM COACPKaHWEM JIMIUIOB,
ycTynasi B 3TOM TOJIbKO XXMPOBOI TKaHU, U BXOJSIIUX B UX CTPYKTYPY JUTMHHOLIETIOYEY -
HBIX TIOJIMEHOBBIX JKUPHBIX KUCJIOT — JI0OKO3areKCaeHOBOM U apaxuIOHOBOI, CyMMa KOTO-
PBIX B MO3Ty YeJIOBEKa COCTAaBJISIET OKOJIO TIOJIOBUHBI BCEX XKUPHBIX KUCIOT. [ToCKOIbKY
MO3T 00J1ajlaeT OYeHb OTPAaHWUYEHHON CIMOCOOHOCTBHIO K CUHTE3y TOJMHEHACHIIIEHHBIX
SKMPHBIX KMCJIOT, UX BBICOKUI YPOBEHb B 3TOUM TKAHU JOCTUTAETCS MOCTOSTHHBIM ITOCTYTI-
JIEHUEM W3 TU1a3Mbl KPOBU. B CBSI3U € 3TUM He BbI3bIBAE€T YAUBJIEHUS TOT (HaKT, YTO IS
MoO3ra XapakTepeH 4Ype3BblYaiilHO BBICOKMII ypOoBeHb 3KcIpeccuu perentopoB GPR40.
V:ke B caMbIX epBbIX paboTax 1o “aeopdaHu3alnu’ perentopa 010 YCTAHOBJIEHO, YTO
M3 BCEX MCCJIEAO0BAaHHBIX OpraHoB Mo ypoBHIO 3Kcripeccuu GPR40 pe3ko BbAEHSIOTCS
IBa — TIOIKETyOYHast kene3a u Mo3r [6]. [Tocienytomne paGoThl BRISIBUIN JIOKAJTA3a-
muio GPR40 B HeiipoHax pa3IMYHBIX CTPYKTYP MO3Tra — THIOTaJIaMyce, TUITITOKaMIIe, TH-
noduse, Kope, XBOCTATOM SIIpe, YepHOM CyOCTaHIIMU, MPOIOJITOBATOM MO3Ty U Ip. [6,
44, 45]. IlpumeHsisa 1Ba OCHOBHBIX 3KCIIEPUMEHTAIbHBIX MOAX0Ia Ha MOIEIISIX in Vivo —
WCITOIb30BaHME CEJIEKTUBHBIX arOHWCTOB/aHTAarOHUCTOB PELIENITOPOB Y HOKAYTHBIX 1O
GPRA40 mbliIeid, yaaaock yoeauTbCsl B TOM, UTO 3TU PELIENTOPLl 00eceuynBaloT MHOIME
BakHeiime 3dbekTsl KUpHBIX KUCIOT B cTpyktypax LHHC. B omianuume ot B-kiieTok
MOJIKEJIyTOYHOI XeJe3bl AeHCTBUE CBOOOMHBIX XKUPHBIX KUCIoT Ha GPR40 pelientopsl B
HEWPOHAJIBHBIX KJIETKAaX CBS3aHO C UBMEHEHUEM IKCIPECCUU TeHOB, OMOCPENyeMOil ak-
tuBanueit Akt-knHasbl, ERK1/2 kunHa3 u pochoprnmpoBanueM ntAMP-aKTUBUPYEMO-
ro TpaHckpumuuoHHoro ¢akropa CREB [46—48].

HeitpoHbl KOHTPOJMPYIOT SHEPTETUUECKUI OaJlaHC OpraHU3Ma, OCYIIECTBIISISI MOHU-
TOPUHT KOHLEHTPALIMU B TJIa3Me KPOBU XXKUPHBIX KUCIO0T. ONUH U3 BaXXHEUIINX Mexa-
HU3MOB ITepepaboTKU MHGOPMALIMKU O METa0OJIMYECKOM CTaTyCe CBSI3aH C IpolieccaMu
BHYTPUKJIETOYHOTO MeTaboJIM3Ma XKUPHBIX KUCIOT B HEMPOHATBHOM KIIeTKe, [3-oKuce-
HueMm, npoaykuneit AT® u akruBauueit AT®-perympyeMbIX KaaueBbiX KaHaIoB. Bbi-
3bIBacMoe (hapMaKOJIOTMYECKUMM areHTaMU M3MEHEHVEe MeTa0oIM3Ma XXUPHBIX KUCIOT
B apKyaTHOM $i[ipe TuroTajaMmyca (MHTMOMpPOBaHUE TPAHCIOPTEPOB XKUPHBIX KUCIOT,
KapHUTHUH-TIaIbMUATOMI-TpaHCcdepassl 1, aumia- KoA-crHTa3bl) IPUBOOUT K U3MESHEHUIO
MUILEBOTO TOBEICHUSI, MacChl Tejla, Metabosnunima, cekpemu nHeyauna [49, 50]. Tpu
1IEpeOPOBEHTPUKYISIPHOM BBEIEHUU OJIEMHOBOM KUCJIOTBI, HO HE KOPOTKOLIETTOYEYHBIX
SKMPHBIX KHUCJIOT, HabJ101aeTCs YMEHbIIEHME OTPEeOJIeHUSI MUY U TPOAYKLIMU TITI0KO-
3blI TieyeHbto [51]. BaxkHeiiias pojib B MOHUTOPUHIE YPOBHSI CBOOOMHBIX XXUPHBIX KUC-
JIOT B TIJIa3Me KPOBU MPUHAIJICKUT HEMPOHAM apKyaTHOTO sipa TUIToTajlamyca, Mpoay-
HupylomuM Heitporientua Y v npo-onuomesnaHokoptuH (POMK) [52]. UmeHHO B 3THX
HelipoHax oOHapy:KeH caMBblii BRICOKMI ypoBeHb aKcnpeccnn GPR40 perierrropoB u yoe-
NIUTEIbHO MOKa3aHOo, 4TO 3((hEKTHI SKUPHBIX KUCIOT HA aKTUBHOCTb HEMPOHOB U peTyJIsi-
1IMI0 DHEPTEeTUYECKOTO CTaTyca OIMOCPEIYIOTCS HE TOJbKO MPOAYKTAMHU MX BHYTPUKIIE-
TOYHOTO MeTaboaIM3Ma, HO M MOBEPXHOCTHBIMU pelienitopamu [53, 54]. B runoranamyce
BbisiBieHa U akcrnpeccusi perentopoB GPR120, cxonueix ¢ GPR40 mo xumuyeckoit
CTpyKType auraHmoB, onHako GPR120 nokann3oBaHbl, IIaBHLIM 00pa3oM, B KJIETKAX
mukporiuu [54]. Cneuunduueckast JoKaau3alys AByX TUIIOB PELENTOPOB KUPHBIX KUC-
JIOT B TUTIOTaJIaMyCe MOATBEPKAeHA U Ha KJIETOUYHBIX KYJbTypaX — B KJICTOYHOU JTUHUU
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HeiipoHoB runotaiamyca CLU189 skcnpeccupyercst GPR40, Ho He GPR120, a B BV2,
KyJIbTYpe MUKPOTJIMATBbHBIX KJIeTOK — Toibko GPR120 [54].

C pazmmumsamu B mokanu3aunu GPR40 u GPR120 B kreTkax ruIioTajamMyca cBsi3aHa,
MO0 BCell BEpOSITHOCTU, U UX crelimdudeckas QyHKIMOHaIbHAasA pojb. MI3BECTHO, UTO BbI-
COKO->XMpPOBasl TMeTa, CIIOCOOCTBYSI OXKMPEHUIO U AUabeTy 2-ro TuIla, akTUBUpPYET BOCHa-
JIUTEJIbHBIE TTPOLIECCHI BO MHOTUX TKAHSIX OpraH1M3Ma, B TOM YMCJIie B TUTIoTaiamyce [55] u
rurmokamrie [56]. OcoGeHHO OCTPO peaKIMK BOCTIAJICHHST Pa3BUBAETCSI B OTBET HA W3-
OBITOYHOE MOTPEOJICHNE HACBHIIIIEHHBIX XKUPHBIX KUCIIOT [57], TaKMX KaK MaJTbMUTUHOBASI
16 : 0, creapunoBas 18 : 0 u apaxunHosas 20 : 0. B runmorasamyce akTMBaLKsI IIPOBOCITAIM -
TeJIbHbIX TEHOB HaOJIIOAeTCs yXKe CMYCTSl HECKOJIBbKO YacoB IocJie MOTpebeHUsT BbICO-
KOXXKMPOBOI Uiy [58], a 6osiee MpoaoKUTEIbHAsT BLICOKOXMPOBAs 11MeTa MPUBOIUT K
CTpecCy DHAOIIa3MAaTUYECKOro peTUKyJyma [59], moBpexXaeHU0 MUTOXOHAPUI U amno-
NTO3y HEMPOHAIBHBIX KJIeTOK [60]. Kak ObL10 MOKa3aHO, BOCHIATUTEIbHbIE 3(DMEKTHI Ha-
CBIIIEHHBIX XUPHBIX KUCJIOT CBsI3aHbl ¢ akTuBalnueid TLR4-omocpenoBaHHBIX CUTHAb-
HBIX TIyTei, B KOTOPBIX 3aJ€ICTBOBAHbBI “KJaccuyeckue” MPOBOCIAIMTEIbHbIE KWHA3BI U
TPaHCKPUIILIMOHHBIC (hakTOophl [61, 62]. B oT/iMumMe OT HACHILLIEHHBIX, TOJIMHEHACHIIIICH-
HbI€ KUPHBIE KUCJIOThI 00JIaJIlal0T MOIIIHBIM HEHPOMPOTEeKTUBHBIM JEMCTBUEM, KOTOPOE
OBLIO TTPOJIEMOHCTPUPOBAHO B MHOTOUYMCIIEHHBIX paboTax in vivo U in vitro. [lobaBneHue
B IUETY MBIIIEH ¢ OXKUPEHUEM TTOJIMHEHACHIIIIEHHBIX XKUPHBIX KUCJIOT WJIM UX HETTOCPel-
CTBEHHOE BBEICHUE B TUTIOTAIAMYC YMEHbBIIIAET TeUEHUE BOCITAIMTEIbHBIX MTPOLIECCOB U
yiIy4dinaeT Metabondeckue nokasarenu [63]. Cuntaercs, 4To 06a TUIIa PELIENITOPOB CBO-
oonHbIx >kupHbIX KuciioT (GPR40 u GPR120) 3aneiicTBOBaHBI B IIPOTUBOBOCTIAINTEIIb-
HbIX 3¢deKTax B rUMoTajsaMyce, OIHAKO ToJbKO aroHUCT GPR4( BhI3bIBa) yBeJIMYCHUE
9KCIIPECCUU TTPO-OITMOMEJIAHOKOPTUHA, CHUXXKEHUE MAcCChl Tejla U MOTpeOIeHUs KaJlo-
puii [54]. DTO CBUIETENLCTBYET O TOM, YTO MOHUTOPUHT YPOBHSI CBOOOIHBIX XUPHBIX
KUCJIOT B IJIa3M€e KPOBU M PETYJISILIVS SHEPTETUUECKOro cTaTyca, ocyuiectsisgembie NPY- u
POMK-epruueckumMu HelipoHaMu, oOecIieunBaeTCs, 110 KpaifHeil Mepe, YaCTUIHO, pe-
nentopamu GPR40.

Mertabosmuyeckre HapylIeHUsI HAaXOASTCSI B TECHOM 3TUOJOTMYECKOUN CBA3U C KOTHU-
TUBHBIMU PACCTPOMCTBAMU U IICUXUUYECKUMU 3a00IeBaHUSIMU. MHOTOUYNCIIEHHAS CTaTU-
CTUKa CBUIETEJIbCTBYET O TOM, YTO OXMPEHUE U META0OIMYECKUIl CUHAPOM, OOYCI0B-
JICHHBIE B TOM YMCJI€ pacIIpOCTpaHEHMEM “3allagHOl MUeThl”, comepKalleil B O0JIbIIOM
KOJIMYECTBE HACBILLIEHHbIE XUPbl U OeNHON 3 XUPHBIMU KHUCJIOTAMU, CITOCOOCTBYIOT
YXYOLIEHWIO KOTHUTUBHBIX (DYHKLIMIA ¥ pa3BUTHIO AeMeHLMU [64, 65]. XOTSI MEXaHU3MBI
9TOI B3aUMOCBSI3M 10 cux TMop He BbisicHeHbl, GPR40-onocpenyemblii CUTHAJIUHT MPU-
BJICKaeT OOJIbIIIOe BHUMaHME HelipodapMaKoiioros, a peuernropbl GPR40 paccmaTpuba-
IOTCS KaK MUIIIEHU JIJISI Teparuy KOTHUTUBHBIX PACCTPOMCTB.

Tak, Ha MBIIIMHBIX MOJENSIX nuabera 2-ro TUIA (BBICOKOXMPOBas NUeTa U JIMHMUS
db/db) nokazaHO, YTO y 3TUX XXUBOTHBIX [0 CPABHEHUIO CO 3[I0POBBIMU YMEHbBIIIEHA 3KC-
npeccus petentopoB GPR40 B runmokamie 1 CHI>KeHBI KOTHUTUBHBIE CIIOCOOHOCTH [48].
BaxxHBIM CBSI3YIOIIMM 3BEHOM 3THX IMATOJIOTUUYECKUX MPOLIECCOB OKa3ajcs HEMPOTpobu-
gyeckuii pakTop Mmo3sra (brain-derived neurotrophic factor, BDNF), koropsrii moMmumo
TOTO, YTO SIBJSIETCSI OJHUM M3 BaxKHeHIuX pocTtoBbIX dakTopoB B IIHC u ywyacTtByer
CREB-3aBucuMbIM MEXaHU3MOM B (POPMUPOBAHUU NAMSITU, IPUHUMAET Y4acTHe B KOH-
TpoJie SHEPreTUYecKoro danaHca [66, 67]. Y nuabetnueckux Mblieii akcrpeccusi BDNF
3HauYuTebHO cHMXeHa [48]. [Toka3zaHo, UTO HeraTUBHOE ACHCTBUE BHICOKOKAJIOPUIMHOI
NUETHl Ha MPOCTPAHCTBEHHOE OOyYeHNE MBIl BbI3bIBAETCSI CHUXEHNEM 2KCIIPEeCCUu
BDNF B runmokamre [68]. Topmokenue skcnpeccun BDNF B runoranamyce BbI3bIBAeT
runep¢aruio U OXXKMpeHue y MblIIeii, CBUaeTeabCcTBYS 0 ToM, 4To BDNF Taxcke neiictByer
KakK aHOpPEKCUTeHHasl CUTHaJIbHast MoJiekyna [69]. Ha mepBUYHOI KyIbType KOPTUKAIb-
HBIX HEMPOHOB C MOMOIIBIO PA3IUYHBIX TOAXOAOB ITOKAa3aHO, YTO J0KO3areKcacHoBast
kuciota ycusmBaeT aKcrpeccuto BDNF uepes perientopst GPR40, aktuBupyst ERK1/2-
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1 MAPK-omnocpenyeMbie curHajibHble KacKaabl. JlodaBjieHUe B pallMOH I1Ma0eTUUYECKUX
MBIIIEN qoKo3arekcaeHoBoit kKuciaoThl i GW9508, cunreTnueckoro aronucta GPR40,
MPUBOIUIO K HOpMau3aluu ypoBHs akcnipeccurn BDNF u yiydiiieHn0 KOTHUTUBHBIX
(GYHKIIMI, TOraa KaK MHTpaLepeOpOBEHTPUKYISIPHOE BBEACHNE TMa0eTUIECKUM MEIIIIaM
anraronucra GPR40, GW1100, ocnabisio 1one3Hbie 3¢G@PEKThl KMPHOUM KUCIOTH Ha
yiaydlieHre KOrHUTUBHBIX yHK1MI 1 aKcrnipeccuto BDNF B runmnokammne [48]. Ha Mbi-
IMHBIX MOAENIX 00JIe3HM AbLreiMepa BHyTpuMo3sroBoe BBeaeHne GW9508, aronucra
GPRA40, yayuiiaso naMsiTh 1 CITOCOOHOCTb XKMBOTHBIX K OOY4YeHU10. AKTUBALIMSI pelier -
TOPOB TIpuBOaMIIA K (hochopunrupoBaHuto TpaHcKpunuuoHHoro ¢pakropa CREB, 3Ha-
YUTEIbHOMY YBEJIMUCHUIO IIPOAYKIINH Pa3IMYHBIX HeiipoTpoduueckux (pakKTOpOB B Heil-
pOHaxX TUMNIIOKaMIIa ¥ CTUMYJIMpOBajia HeliporeHes [47].

[TosimHEeHACHIIIIEHHBIE XXUPHbIE KUCJIOThI, MPEXIEe BCEro M3 psiia, UrpaloT BaskKHEH-
IIyI0 pojib B obOecleueHNU HeliporeHe3a M (PYHKIMOHUPOBAHUS HEPBHBIX KJICTOK Ha
BCEX CTAIMsIX OHTOTeHe3a, B mpolieccax (POpMUPOBAHUS MTaAMSITU, OOyUeHUsI, TICUXIIEC-
CKOro noBefeHus. JeunT MOCTYIUIEHUS TTOJIMHEHACHIIIIEHHBIX XKUPHBIX KMCJIOT B Opra-
HU3M IIPUBOIUT K CEpbe3HBIM HapyleHUusIM padoThl LIHC, KkoTophle SBISIOTCS MpUYrHa-
MM HelipoaereHepaluuy U CUXudeckux HapyeHui [70—72]. XoTs MexaHu3M 3TOro ocra-
eTCsl He IO KOH1IAa BBISICHEHHBIM, UMeEIOTCs aHHbIe 0 BoBiaedyeHMn GPR40 B perynsiiuio
IIPOKOI0 Kpyra MCUXNIECKHX IIPOoIlleccoB. Tak, caMKM MBIIIEH, BeIpalllecHHbIC Ha cOa-
JIJaHCMPOBaHHOM XXMpPOBOi aueTe, HO HoKayTHbIe Mo GPR40, memoHCcTpupyIoT Hapylie-
HUS SMOLMOHAJILHOTO CTaTyca, COLMAIbHOTO MOBEAEHUS, JOKOMOTOPHON aKTUBHOCTH,
yXaXKMBaHUS 3a TOTOMCTBOM |[73].

ITokazano, uto GPR40-3aBrucuMBEbIii CUTHAJIBHBIN ITyTh, aKTUBUPYEMbBII JOKO3areKca-
€HOBOI1 KMCJIOTOM, UTpaeT BaXXHYIO POJIb B IIpolieccax HeliporeHe3a 1 HelipoauddepeHim-
POBKM B HEUPOTeHHBIX HMIIAX, MOMIECPXKUBAasI pereHepaTUBHbINA MOTEHIIMAI T'OJIOBHOTO
Mo3ra [44]. B KyabType HelipajdbHBIX CTBOJIOBBIX KJIETOK KPBICHI JOKO3areKcaeHoBast
KMcIoTa, AeicTBys yepe3 akTuBalnio GPR40, ctumynuposana auddepeHIIMPOBKY Heli-
POHOB M POCT aKCOHOB. D(PHEKT KUPHOM KUCIOTEI B TOM THUIIE KJIETOK OITOCPEIOBaICS
KJIACCUYECKUM IJIsI JAaHHOTO TUIIA PeleNTOPOB MEXaHM3MOM — aKTHBalueit ¢pocdomnm-
masbl CP 1 MoGMIIM3aIIeit BHYTPUKIIETOYHOTO KaJIbIvs [74].

HNmerotcs nanHbie o ToM, 4To GPR40-petienTopsl UTpaioT BaxKHYIO poJib B ITpolieccax
MOOYJISLM Honulennu. Jloko3arekcaeHoBast KMciIoTa, a Takxke GW9508, cuHreTrue-
ckuit aronuct GPR40, ob6mamaioTr aHTHHOIMIENTUBHBIM 3((EKTOM: OHI TOPMO3SIT ITIe-
penady GOJEBBIX CTUMYJIOB, YBEJIMUNBAsT NMPOLYKIINIO B-3HIOpMUHA B apKyaTHOM Siipe
ruroTajaMmyca U akTUBUpPYS onuatHylo cuctemy [45]. Ha mbimax HokayTHbIX 1o GPR40
OBLJIO MOKAa3aHO, YTO AUCHYHKIIUS 3TOM PELEITOPHONM CUCTEMbI MPUBOIUT K Pa3BUTHIO
XpoHUUYecKoi 6ou [75].

POJIb GPR40 PELIEIITOPOB B JIMITOTOKCUYHOCTHA

MHOro4YMciIeHHbIEe pe3yJibTaThl YETKO YKA3bIBAIOT HA TO, YTO ITOBBLIIIEHHBIE YPOBHU
CBOOGOMHBIX JKUPHBIX KUCJIOT, BEI3BAHHBIC U30BITOUHBIM KOJIMUYECTBOM KMPOBOM TKAHU —
€CJIM He TIepBasi, TO, 110 KpaiiHei Mepe, OfHAa U3 TJIABHbIX NPUYMH BOZHUKHOBEHUS UHCY-
JIMHOBOM PE3MCTEHTHOCTU. BOJIBIIMHCTBO NAlMEHTOB, CTPAIAOIINX OKUPEHUEM, METa-
00JIMYECKUM CUHAPOMOM U I1MabeTOM 2-TO TUIIa, UMEIOT MOBBIIIIEHHbIC YPOBHU CBOOOI-
HBIX XKUPHBIX KMCJIOT, UTO TTPUBOAUT K MHCYJIMHOBOU PE3UCTEHTHOCTU MHOTUX TKaHEM.
JuTennbHast MHKyOaust B-KIeTOK TTOMKEMYIOUHOM KeJle3bl CO CBOOOIHBIMY KMUPHBIMU
KUCJIOTaMU TIPUBOIMUT K TTOTEPE KM3HECTTOCOOHOCTH B-KITETOK 1 CHIKEHMIO TTFOKO30-CTH-
MYJIMPOBAaHHOM MPOAYKLIMHU MHCY/IMHA [76, 77]. DTOT Xe 3¢ deKT HaGaoaaeTCs in vivo Ipu
UIMTEILHOM TOAAEPKaHUM BBICOKOTO YPOBHS >KMPHBIX KMCJIOT B IUIa3Me KpoBHU [78, 79].
HabGirogaemMoe mpu 3TOM CHUKEHUE TII0KO30-CTUMYJIMPOBAHHOM MPOAYKIIMY MHCYIMHA
KJIETKaMU TTOJIKEJTyTOYHO JKeJie3bl CBSI3bIBAIOT C BHYTPUKJIETOUHBIMM 3(hdeKkTamMmu XXup-
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HBIX KHCJIOT, HalpuMep ¢ aucbanaHcoM Lukiaa Paxmra [76], mpoayKuueil akKTUBHBIX
dopm kucnopoaa [80], cTpeccoM 3HIOIIA3MAaTUYECKOTO peTuKyayma [81].

XoTst TokcuuecKuii 3(pheKT XpOHNMIECKOTO NeMCTBUSI BRICOKMX KOHIIEHTPAILIMIA KUpP-
HBIX KUCJIOT YOeIUTEIbHO MPOJEMOHCTPHUPOBaH, Borpoc o BoBiaeueHuu GPR40 B Hapy-
LIeHUsI MeTaboJIM3Ma, BbI3BAHHBIE BBICOKHUM COJIEP>KAHUEM XXUPHBIX KUCJOT B IUIa3Me
KPOBHM, JajieK OT OKOHYATEeJIbHOTO PEelIeHNs, a SKCIIepUMEHTaJIbHbIE TaHHbIE TIPOTUBO-
peuuBbl. CorjlacHO OMHUM JaHHBIM, perenTopbl GPR40 ommocpemyioT TMIOTOKCUYEeCKIE
a(pdeKkTsl KUPHBIX KUCITOT. Tak, B-KIeTKM, BbIIEJICHHBIE M3 MBIIIEH HOKAyTHBIX TI0
GPR40, He monBepKeHbI HETATUBHOMY JIEHCTBUIO XKMPHBIX KUCIOT IIPU MX JTOJTOBPEMEH-
HOM BO3[IECTBUM, a TOBBILLIEHHAsI 9KCITPECCUS] PELIENTOPA B 3TUX KJIETKAaX MPUBOAUT K UX
MOBPEXIEHUIO Y CHIDKEHUIO BbIpAOOTKU MHCYIMHA [82]. JInTenbHast MHKYOalust KJIETOK
suan MIN6f ¢ maibMUTHHOBOI KUCIOTOM BBI3BIBAET CTPECC SHIOIUIA3MATHIECKOTO pe-
TUKYJIyMa M aIlonTo3, OJHaKo, dapmakojiorndeckas mHaktuBanuss GPR40-penentopos
3aIlUINACT KJIIETKM OT HeraTUBHOTO 3 eKTa XXKNPHOM KUCIOTHI [81].

OnHaKo Mo APYruM JaHHBIM TOKcHuuYeckue 3¢hGheKThl CBOOOIHBIX XXUPHBIX KUCIOT HE
onocpenytotcst perierniropamu GPR40. BricokoxrpoBasi Aueta BbI3bIBajia TMIOBPEXICHUE
B-KJTETOK MOKETYIOTHOM KeJIe3bI ¥ TOPMO3HIIA TITFOKO30-CTUMYJTMPOBAHHYIO TIPOIYKIIAIO
WHCYJIMHA B OOWHAKOBOI CTENEHM Y MBIIIed TUKOro Tuiia 1 HokayTHBIX 1m0 GPR40 [83].
KpoMme Toro, cepbe3Hble OTINYMS B TOKCUYECKHUX 3(heKTax XXKMPHBIX KUCIOT pa3HOM
CTPYKTYpPHI IIPOTUBOpEYaT UX CXOOHBIM BeJudnHaM adpduHHOCTU K penienitopy [80].

BaxHo, 4TO TOKCMYECKOe NeCTBUE XapaKTEPHO TOJIbKO JIs HACBIIIEHHBIX XXUPHBIX
kuciotT ¢ puHoi uenu C > 14. HeHacoblllleHHbIe, HE3aBUCUMO OT JJIMHBI LIENU U KOJIU-
YyecTBa IBOMHBIX CBSI3€i, HE TOJIbKO HE TOKCUYHBI TSI KJIETOK, HO U 3allMIIAI0T UX OT MO~
BpeXXIaloliero AeMCTBUS HaChIEHHBIX XUPHBIX KUCJIOT [80, 84]. TeM He MeHee, TOKCHUYe-
ckumu 3ddeKTaMu MOryT 0bJiagaTh HEKOTOPhIE UX MPOM3BOIHBIE. BbicokoadhdrHHBIMU
surannamu GPR40 saBnsiorcst )KupHbIe KUCIOTHI B mparHc-KOHMUTYpaluu, oKa3biBaro-
11I1e MoBpeXaallee N1eicTBUue Ha KJIETKY, a TaAKXKe KOHBIOTMPOBaHHAasI JIMHOJIEBasl KUC-
nora [77, 85, 86]. Kakasi-To yacTb mparc-u30MepoOB MOXET MTOCTYIATh B OPTAHU3M C T -
11eit, OAHAKO, OHU MOTYT (hOPMUPOBATHCS IHIIOTEHHO, HAMIPUMED, TIPU JEUCTBUU aKTUB-
HBIX paIMKaJIOB a30Ta, 00pa3yIoIIMXCs P MHOTUX NaTojorusx. Ha MbIIIMHBIX MOJEISIX
WIIEMUM TTOKa3aHo, YTO MpaHC-apaxuIOHOBasl KMUCJIOTa BbI3bIBACT JereHEepallMio MUKPO-
COCY/IOB TOJIOBHOTO M03Ta, 3TOT 3ddekT onocpenyercss GPR40 u orcyrcTByeT y Mbliieit
HOKAayTHBIX 10 JaHHOMY peLientopy [86].

3AKJIIOYEHHME

K HacrosiieMy BpeMeHU WACHTUGMUWIIMPOBAHO OOJBIIOE pa3HOOOpasue JIMITHIHBIX
MeInaTopoB, MEUCTBYIOIIMX IO ayTo/MapaKpUHHBIM MeXaHW3MaM uepe3 aKTHBAIWIo
GPCR. K HUM OTHOCSTCSI OTKPBITbIE 3HAYMTEILHO paHbIIE APYTMX MHOTOYMCIEHHBIS
MPOU3BOAHBIC APAXUIOHOBOI U HEKOTOPBIX APYTUX MOJMHEHACHIILIEHHBIX XKUPHBIX KHC-
JIOT — TIpOCTarjaHAuHbI, TPOMOOKCaHBbI, JieiikoTprueHbl. AroHucTaMu GPCR saBistorcst
MPOnyKThl MeTabou3Ma GhochoJUNUI0B — IHIOKAHHAOMHOUIbI, HECKOJBKO TUIIOB JIM-
30(0CcHOIUITMIOB, MIa3MaJIOreHbl, MOHOALIMJINIUIIEpUH, cpruHTO3UH-1-pocdar. Obpa-
30BaHMe KaXIOro MeIraTopa 3aBUCUT OT MOCIEA0BATEILHOCTHA WJIM CETH TOHKO PETyiu-
PYEeMBIX METaOOIMUECKUX PeaKIINii, MpOTeKaHUe KOTOPBIX, a, CIEA0BATEbHO, U KOJIMYe-
CTBO MeauMaTopa, 3aBUCUT OT aKTUBHOCTHM WJIM YPOBHSI 3KCIIPECCUM KOMITOHEHTOB
COOTBETCTBYIOIINX (DePMEHTHBIX CUCTEM.

CBOGOIHBIE XKUPHBIE KMCIOTHI KaK CUTHAJIbHBIE MOJIEKYJIbI UMEIOT TPUHIMITHATBHBIE
0COOEHHOCTH, OTJNYAIOIIMe X OT JAPYTUX JMITUIHBIX MeauatopoB. K HUM oTHOcSTCS
CTaOMJIbHO BBICOKAsI KOHLIEHTpALMSI HEACTePpU(PUIIMPOBAHHBIX XXUPHBIX KUCJIOT B TLIa3-
M€ KPOBU M MHTEPCTULIMAIBHOMN XUIKOCTU. MIX MOCTyIuieHUe B IJIa3My KPOBU, IlIe€ OHU
HEMEIJICHHO CBSI3BIBAIOTCSI C aJIb,OyMUHAMM, 00eCIIeUMBaeTCSI OTHOCUTEIbHO MPOCTHIMU
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peakuUsIMu — JIUIOJU30M TPUTIULIEPUIOB, MPOUCXOASIIUMU U3 XKUPOB MUIIA WU COO-
CTBEHHBIX XKMPOBBIX pe3epBoB. OIHAKO 3a BHEUIHEN MPOCTOTOI MPOCTYNAIOT BOIPOCHI,
KOTOpBIE MOKa ellle JaJIeKW OT pa3pelieHUs U CBUIETEIILCTBYIOT O TOM, YTO IMpobiiemMa
0OoJiee CcoXHa, YeM TPEeACTaBIsIeTCsl Ha MEPBbIi B3MIsiA. B MpuBbIYHOM NpeACTaBIeHUH,
MPOLIECCY aKTUBALIMU PELIETITOPAa aTOHMCTOM MPEAIIECTBYET MOSBJIEHNE 3TOr0 arOHUCTa
WJIM TMOBBILLIEHUE €r0 KOHUeHTpauuu. 3HaueHus1 ECs, 111 aroHUCTOB peLenToOpoOB CBO-
OOAHBIX XKUPHBIX KUCJIOT HAXOASTCS B MUKPOMOJISIDHOM Maria3oHe KOHIeHTpauuii. Kak
MOXET PeryJnpoBaThbCsl aKTUBHOCTh PELENTOPOB M OCYIIECTBIISAThCS Tepenada CUrHaia
MPU CTAOUJIBHO BHICOKOI KOHIIEHTPALIMU arOHUCTA, KOTOPasi B HOPMaJIbHBIX YCIIOBUSIX MO-
3KET COCTaBJISITh HECKOJIBKO MKM? ABTOpbI ONHOII M3 IEPBLIX paboT mo “meopdaHu3a-
n” GPR40 royiaranu, 4To peLenTop akTUBUPYETCS SKUPHBIMUA KUCJIOTaMU, HE CBSI3aH-
HBIMU € aJTbOyMHHaMU, Tak Kak B mipucyTcTBur BCA B kKoHueHTpauvu 0,01% w BbIle
SKMPHBIE KMCJIOTHI TTIOJTHOCTBIO TE€PSIJIA CIIOCOOHOCTh aKTUBUPOBATH PELIETITOP U CTUMY-
JIMPOBaTh MPOAYKLUIO UHCYIMHA [5]. OmHaKo KOHIUEHTpALUs B Tia3Me KPOBU KUPHBIX
KHCJIOT, HE CBSI3aHHBIX aJlbOyMMHAMU, HaXOAUTCS B HAHOMOJISIPHOM nuarna3oHe [87] u
CJIMIIIKOM HH3Ka IJISI BO3MOXHOCTU aKTUBUPOBATH PELIEIITOP, KPOME TOIrO, BIOCJEI-
CTBUM B 3KCIIEPMMEHTAX in Vitro ObLIO TIOKa3aHO, YTO PEeLEeNTOP aKTUBUPYETCSI KOMITJIEK-
COM XMPHBIX KUCJIOT C albOyMUHOM. HeJb3st I mpeamnoaoXuTh, 4TO B mape “JIUraHi—
peuenTop” COCTOSTHME CaMOTO PEeLIENTopa U €ro JOCTYITHOCTh/4YyBCTBUTEIbHOCTD K aro-
HUCTY MOXKET TOJBEPTaThCsl peryInupoBaHUIO?

OnHako, HECMOTpPsI Ha HepellIeHHbIE BOMPOCHI, yOenIUTeIbHbIE NaHHbIE CBUIETEb-
CTBYIOT O TOM, YTO CBOOOJIHBIE XHUPHBIE KUCJIOTHI TMPEICTABISIOT COOON OTHENbHbII
KJlacc JIMMTUAHBIX Meauatopos, neiictByomnx Ha GPCR, akTuBupylolux pasiavyHbie
CHUCTEMBI CUTHAJIbHOM TPpaHCAYKIHUN N UMCIOLIUNX LLll/lDOKl/lf/i Juaria3soH pPEryjasdaTOPHBbIX
acddexkToB. GPR40 u npyrue perientopbl CBOOOIHBIX SKUPHBIX KUCJIOT OKa3aJuCh 3aeii-
CTBOBAaHHBIMM B TIaTOTE€He3e HauboJiee paclpOCTPAHEHHBIX HApYIIEHUI 310pPOBbsI CO-
BPEMEHHOTO YeJloBeKa — MEeTaboIMYeCKOTO CUHAPOMA, OXUPEHUSsI, CaxapHOro auadera
2-ro TWUIA, HEWPOJETeHEPATUBHBIX IMATOJOTUIN, KOTHUTUBHBIX M TICUXMYECKMX pac-
CTPOICTB. DTOT (haKT 0OecreunBaeT yCTOMYMBBIM MHTEPEC K UCCIECAOBAHUSIM PELIEIITO-
POB XUPHBIX KUCJIOT KaK CO CTOPOHBI (pyHIaMEHTILHOI HayKU, TaK U (dapMaKoJioTuye-
CKOU UHAYCTPUU.

NCTOYHUKU OPMHAHCHUPOBAHUWA

PaGora BbINONMHEHA B paMKax TOCYAapCTBEHHOTO 3afaHusi MUHKUCTEPCTBA HAYKU U BBICLIETO
o6pazoBanusi PO (tema Ne AAAA-A18-118012290371-3).
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The endogenous ligands of GPR40/FFA1 receptor, a member of G protein-coupled re-
ceptor family, are saturated and unsaturated free fatty acids of medium (C6—C12) and
long (C >12) chain. The highest level of GPR40/FFAI expression was found in pancre-
atic B-cells and in neurons in different brain parts. Since its “deorphanization” in 2003,
a large amount of experimental data has been accumulated regarding the functional role
of GPR40/FFAL1 in the central and peripheral regulation of the metabolic status of the
organism. The present review provides a comprehensive overview of the mechanisms
of GPR40 activation by endogenous and synthetic ligands, and of the intracellular sig-
naling pathways coupled to GPR40/FFAl. The review specifically focuses on
GPR40/FFAl-mediated activation of glucose-stimulated insulin secretion in pancreatic
B-cells, production of incretins by enteroendocrine cells, and also on stimulation of neu-
rogenesis and neurodifferentiation in CNS. New prospects for the treatment of metabolic
disorders, such as obesity and type 2 diabetes, with synthetic GPR40/FFA1 agonists are
considered.
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JInMMHHOLIETIOUeUHbIe TTOoJMHEeHachIeHHble XupHble KucaoTel (ITH2KK) cemeiictBa
oMera-3 (3 win n-3), a MeHHo 3iiko3aneHTaeHoBast (DI1K, 20:5n-3) n noko3arekca-
enoBas (JAI'K, 22:6n-3), mpr3HaHBI BEeNeCTBAMK BHICOKOW (DU3MOIOTHUECKOI 1IEHHO-
CTH JIJISI XKUBOTHBIX Pa3HbIX TAKCOHOMUYECKMX TPYIII, BKIoUast yejaoBeka. n-3 [TH2KK
obecrneyrBaloT HOpMaJibHOE (DYHKLIIMOHMPOBAHUE CEPIEYHO-COCYIUCTOM U HEPBHOM
cHUCTeM, UMMYHUTETa U MeTaboIM3Ma B LIEJIOM, a UX IPUMEHEHUE HOCUT NMpoduiIakTu-
yecKuii xapakrtep. JIekapcTBeHHbIE CBOMCTBA 3TUX BEILIECTB HEOJHO3HAYHbBI 1 aKTUBHO
obcyxnatorcs B iutepatype. OcHoBHbIM McTouyHuKoM DITK u ITK m1st yenoseka siB-
ssietcst poioa. Conepxanue n-3 I[THXKK B peide 3aBucur ot 6osbiioro uucia (akro-
POB U, KaK CJIeAICTBUE, BApbUPYET B IIMPOKUX Tpenenax. [lorpeOGHOCTU caMux pbiO B
[TH>KK HeonnuakoBbl. Hekoropsie Buabl addektuBHo cuHTe3upytoT DMK u AT'K u3
MpeAlIeCTBEHHUKOB, Apyrue xe nosuydyaior oty 2KK tonbko ¢ nuieii. [Tpu 3ToOM B Me-
Tabonm3me Bcex pbid n-3 [THXKK urpaior BaxxHyio posb. BbUIOB 1UKOI PhIOBI JOCTUT
CBOMX IPEAEJIOB, HO TIPU 3TOM OH He YIOBJIETBOPSIET MOTPEOHOCTH YeJIoBeYeCTBa B n-3
TTHXKK. Onsa carmxenust nedpunura DITK+ATK B mutaHuM yeaoBeka CyliecTByeT He-
CKOJIbKO MyTeli, 8 UMEHHO, aKBaKyJbTypa, OMOTEXHOJIOTUSI MUKPOOPTAaHU3MOB U TeH-
Hast MHXXEHepUsl.

Karoueswie crosa: s1iKo3zarieHTaeHOBasI KHMCJIOTaA, 10KO3arekcacHoBas KUCJI0Ta, BOAHas
3KOCUCTEMA, KOPM JIsd aKBAKYJIBTYpPbI, 1UE€TA YEJIOBEKA, l'[pO(bI/IJ'[aKTI/IKa 3a00JIeBaHU
YECJI0BEKa

DOI: 10.31857/S0869813920050040

3HAYEHMUE MHXK AJI PU3NOJTOTNMYECKOI'O COCTOAHNMS PbIb.
COAEPXAHWE N-3 1 N-6 I[THKK B ITMIIEBBIX OBBbEKTAX PbIb
KAK BAXKHAA XAPAKTEPUCTUKA UX KAYECTBA

TpanulIMOHHO B UXTUOJIOTUHU IJIs1 OBICTPOI U MPUOIU3UTEIBLHON OLIEHKHU COCTOSIHUS
PbIO UCTIOIB3YIOTCS (PU3UOJOTUYECKUE TapaMeTpbl (MHAEKCHI), 6a3upyrolecs: Ha COoT-
HOIIICHUSX JIMHEMHBIX pa3MepoOB 1M MaccCHl Tejia pei6 [1, 2]. JIasa Gonee TOUHOM OLICHKU
COCTOSTHUSI 3I0POBBST PHIO U MPOTHO3a MPOAYKTUBHOCTH TTOITYJISIIIMI COBMECTHO C Tpaau-
LIMOHHBIMU UHIEKCAMU HCTIONB3YIOT OMOXMMUYECKHUE TTOKa3aTeu, HalIpuMep, COCTaB 1
coJiep>KaHUe JIMTTUAO0B, BKJIIOUYAs XXMPHBIE KUCJIOThI U CTEPUHBI, aMUHOKHUCJIOThI, MAKPO-
1 MUKpO3JIeMeHTHI [3]. VI3 BceXx aTuX BaKHBIX TTApaMETPOB Mbl PACCMOTPUM TOJIBKO XKUP-
HbIE KUCJIOTHI.
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Cpenu XUPHBIX KUCIOT (PU3UOJOTMYECKU HEHHBIMU JJIsI pbIO MPU3HAHBI JJIUHHOLIE-
noueunbie [TH2XKK cemeiictBa n-3, a uMeHHO, 3iiKo3arneHTacHOBasi KucjgoTa (20:5n-3,
OI1K) u moko3arekcaeHoBas kuciora (22:6n-3, IIK), u cemeiicTBa n-6, a UMEHHO, apa-
xugoHoBas kuciora (20:4n-6, APK) [4, 5]. Kak u Bce ocTajbHbIE XKUPHBIE KHUCIOTHI
TTH2KK MoryT cily>kUTh UCTOYHUKOM SHEPIrUu B KJIETKaX, €CJIU MOTpedsieMoe Koauye-
CTBO 3TUX KMUCJIOT MPEBOCXOIUT HEOOXOAMMOE U JOCTaTOoyHOoe [6]. OQHAKO eCTh U UC-
KJItoueHue u3 atoro mnpasuia: JAI'K, riiaBHBIM 00pa3oM, aKKyMYJMPYETCSI M HE pacXoy-
eTcsl Ha sHepretudeckue ueau [7]. boapuiasg yacte [THXKK B coctaBe pochoaunugon
HUCIIONB3YETCSl ISl TIOCTPOEHUST KJIETOUHbIX MeMOpaH, (hopMHUpYsT OCHOBY JIMITMIHOTO
oucnos. AI'K kak pa3 sIBJIsIeTCSI TIPUOPUTETHOM KUCJIOTOM, BBITIOJHSIOLIEN CTPOUTEIb-
Hy10 (PYHKIIMIO BO BceX MeMOpaHax, HO B OCOO€HHOCTH B MeMOpaHax KJIeTOK HEPBHbIX
TKaHei [8, 9]. YuukanbHol dyHkuueir odmamaotr ase ITHXKK, a mmenHo 20:4n-6 u
20:5n-3. U3 APK u OI1K nyreMm hepMEHTAaTUBHOTO OKUCIEHUSI IPOU3BOISITCSI TOPMOHO-
NnogoOHbIe OMOJIOTMYECKU aKTUMBHBIE BelllecTBa — 3iko3aHouabl [10—12]. Ditko3aHOMIbI
MPOU3BOIATCS MPAKTUYECKU BCEMU TKAHSIMU U CIIYXKAT JUISl PETYJISIIUM pabOThl CepAeUHO-
COCYIMCTOI CUCTEMBI, IPOLIECCOB CBEPTHIBAHUSI KPOBU, UMMYHHOTI'O OTBETA, BOCIIATUTEIb-
HBIX IIPOLIECCOB, PaOOTHI PEMPOAYKTUBHEIX OPraHOB, YYacTBYIOT B MeTamopdo3se prid [12].
OrcyrctBue APK, OI1K u JIT'K B nuiie peI6 B TeUeHUE JIUTEIbHOIO BPEMEHU MPUBOIUT K
MOSIBJICHUIO Pa3IMYHbIX TATOJIOTHI: MMOKAPINUTA, OXUPEHUs MIEUeHU U KUIIIeUHUKA, 3PO-
3UH TJIABHUKOB, KaOepHOT0 KPOBOTEUEHUST, ICKPUBJICHUS TIO3BOHOUYHUKA, CHVKEHUSI pe-
MPOAYKTUBHOIO MOTeHIIMana 1 T.4. [7, 13]. Ha ypoBHe HOIyJISILIMM OTMeYaeTCsI CHIDKEHUE
CKOPOCTH pOoCTa 1 yBeandeHue cMepTHocTu pheiO [13]. IIpenynpexneHue pa3BUTHUSI Hepe-
YUCJIEHHBIX IMaTOJIOTUil MyTeM BBeISHUS B palMoH pa3inyHbiXx KK mo3BossieT oOHapy-
*kuTh KK, KOTOphI€ SIBISIIOTCSI HE3aMEeHUMBIMU (3CCEHIIUMAIBLHBIMU) 111 KOHKPETHBIX BU-
noB pbi0. Castel B 70-x rogax IpoIIUIOro Beka 0OHapYKUJI U JeTaJlbHO OMYCal CUMIITOMbI
nedurura ITHXKK y ppiO, 1 mpousBesl KOJIMYECTBEHHYIO OLIEHKY MX ITOTpeOHOCTell B
TTH2KK [5]. C Tex mop pa3HbIMM aBTOpaMy OITyOJIMKOBAaHO MHOTO pabOT C OLIEHKOI MO-
TpedHocreit [THXKK y pa3HbIx BUIOB MOPCKUX M IPECHOBOIHKLIX PHIO [5]. bbuta npemioxke-
Ha unes asyx-noporosoro Jumuta ITHXKK y pe16. IlepBblit mopor — MUHUMAaIbHOE KOJIM -
yectBo ITH2KK, Heobxonumoe mist mpodIakKTUKK pa3BUTUS HaTosoruii. Bropoit mopor —
ontumaiabHoe koardecTBo ITHXKK, TpeOyemoe mis yiaydieHrs: pOCTOBBIX XapaKTePUCTUK
poI0. Jlageko He Bce MccieaoBaTe/Iv MPU3HAIOT HaJIM4Kue IBYX IOporos [5].

IMTorpedHoCcTH pbIO B Tex win UHbIX KK cuiibHO BapbupyloT. sl TIpeCHOBOAHBIX U
NUAIPOMHBIX (IMIPOXOMHBIX) PBIO, CIOCOOHBIX CHUHTE3UPOBATh ITMHHOLETOYEUHbIC
IMHXKK u3 C18 ITHXK, sccenumanpabiMu KK cuurtarotcst 18:2n-6 u 18:3n-3, mocra-
TOYHOE CONIep>KaHUe KOTOPBIX B IUILE 00eCIeuMBaeT OoNTUMalbHOEe pa3BuTue puid. Jlo-
CTaTOYHBIM cumTaeTcst comepxkanne ~1% (0.4—2.0%) sccennmanbpabix [THXKK ot cyxoit
maccol iy [S]. ITo morpedHocTaM B atux [TH2KK nmpecHOBOaHBIX phIO pa3nensiioT Ha
3 rpyIImbl: XOJIO0MHOBOIHBIE BUMIbI, BKITIOUAIOIIIME JIOCOCEBBIX, KOTOPbIE TPeOOoBaTEIbHbBI K
Hanuuuio B nuie 18:3n-3; TenoBogHbIE BUIBI, HATTPUMED, TUISTIVS, KOTOPBIM HEO0X0-
nrmMa 18:2n-6; u aBpUTepMHBIE PHIOBI, HaTIpuMep, Ictalurus punctatus v Cyprinus carpio, B
palroHe KOTOPhIX N0JKHBI mpucyTcTBoBaTh 00e [TH2KK [5]. JlonmoaHuTenbHOE BKITIOYE-
Hue mmuHHolernoyeuyHbiX n-3 [TH2XKK B paiimoH rnpecHoBOAHBIX PBHIO yaydlllaeT rmokasa-
Tesm ux pocta [14]. Yang c coaBT. B 3KCIIEpUMEHTAJIBHBIX YCJIOBUSIX IMOKa3aJIu, YTO MTPec-
HOBOIHBIE PBIOHI (Salvelinus alpinus v Oncorhynchus mykiss), ionydaiomue 18:2n-6 u
18:3n-3 ¢ muiueit, addexkTuBHo cuHTe3upyloT APK u JIT'K. Tem He MeHee, 06a Buaa npu
notpebyienun nuinu, oborameHHoil APK u JAI'K, pocnu nydiie, yeM Mpu OTCYTCTBUU
otux KK B numie [15]. OgHako nji1 HEKOTOPBIX PBIO 3aMeHa PhIObEro XXUpa Ha pacTv-
TeJibHbIe MacJia, boraTteie 18:3n-3, He MPUBOAUT K YXYIIIEHUIO POCTOBBIX XapaKTepH-
CTHK, HO cyIecTBeHHO cHIxXaeT cofepxanue DITK u JITK B nx 6uomacce [16]. Ahlgren
C coaBT. 0OHapyxwiu cBsi3b noTpedHocTr B [THXKK ¢ TMmoMm nmuranus mpecHOBOAHBIX
pbi6. Hauboisiee TpebGoBaTeabHBl K BbIcCOKOMY conepxxaHuio n-3 TTHXKK okazamuce
XUIIHUKU-O0eHTO(MAaru, MMEIIIe cCaMble BEICOKKME 3HAY€HUST COOTHOIIEHU n-3/n-6 u
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JAT'K/APK. XuHuKn-pbIOOSIAbI OKa3aauch MeHee TpeOOBaTEIbHBI K COEPXKAHUIO JaH-
HbiX 2KK B muine, a TpaBOsSIAHO-BCESIAHbIE PHIOBI pacCMaTPUBAIUCh KaK caMble HETpebo-
BareabHbIe [17]. IIpu 3TOM ObLIa OOHApyxXXeHa BbICOKas BapuadeabHOCTh cocTaBa KK
TPaBOSIIHO-BCESIIHBIX PbIO BHYTpM onHoro Buna (Oreochromis niloticus), yKa3biBarollas
Ha UX CIOCOOHOCTD aIalITUPOBATHCS K UBMEHEHUIO KayecTBa nuiyd. HanpoTus, XUIHU-
Ku, nipeactaButeau ogHoro Buaa (Clarias gariepinus), oOUTaOIIMe B pa3HbIX 03epax, Je-
MOHCTPUPOBAIN CTAOUIBHOCTb XKUPHOKUCIOTHOTO COCTaBa, YTO, BO3MOXHO, YKa3bIBaeT
Ha OOJIBIIYIO 3HAYMMOCTD KaueCTBa MUIIY ST XUITHBIX pbIO [17]. Ipyrue aBTOpbI OTMeE-
yaiot 6osee Boicokoe coaepxkanue DK u AI'K y XuInmHukoB-peIO0SII0B, YeM Yy OEHTO-
¢aroB ¥ 1m1aHKTO(MhAroB Ipyu CpaBHEHUHU B Mpeaenax omHoro orpsiaa [18]. Paznuily B mo-
TpebHOoCTsIX pa3sHbiX BUIoB peid B I[THKK HeoOxommMo ydnTeIBaTh IpU pa3paboTKe KOp-
MOB ISl akBaKyJIbTypbl. M30b1TOK n-3 [TH2KK B nuiiie mpecHOBOIHBIX pbIO, BEPOSITHO,
CTOCO0EH MPUBOIUTH K HETATUBHBIM MOCJEICTBUSAM, BIUIOTH 10 pa3BUTHUS naToJioruii [19].
Takoit mnddepeHIMPOBAHHBII ITOAX0A K pa3paboTKe KOPMOB IO3BOIUT Oojiee ahdek-
TUBHO PacXolloBaTh PECYPChl IPUPOIHBIX 9KOCUCTEM, YUYUTHIBAsI, YTO UICTOYHUKOM Nn-3
TTH2KK 1 akBaKyIbTyphI CIIY:KaT MOPCKIE SKOCHUCTEMEL.

B oTimume ot mpecHOBOIHBIX PHIO BCE MOPCKUE PHIOBI TpeOOBATEIbHBI K COAEPKAHUIO
C20 n C22 IMTHXKK B numie. B nx pamyoHe OOIKHEI IIPUCYTCTBOBATh JJIMHHOIICITIOUCY -
Hbele OIIK u ITK, KoTopble 1 cUUTAIOTCS 3CCEHLMAIBHBIMU JJII MOPCKUX pbIO [3—5].
IMorpednoct mopckux pui6 B DITK u AI'K Bapbupyrot. Jyisi Takux BUIOB, Kak Psetta
maxima, Pagrus major, Dicentrarchus labrax, Sciaenops ocellatus v Sebastes schlegeli nocra-
TouHO okoJio 1% DIIK + JAT'K ot cyxoit Maccel KopMa, B TO BpeMsI KakK JJis1 BUI0B Rhab-
dosargus sarba, Pseudocaranx dentex w Pleuronectes ferrugineus TpedyeTcsl MOBBILLIEHHOE
conepxanue DIIK + JIT'K, cocrasasroniee 10 2.5% oT cyxoit Macchl Kopma [5]. Komuue-
CTBEHHBbIE JaHHBIE 10 MOTPEOHOCTSIM MOPCKUX U TPECHOBOAHBIX pbi0 B APK HeMHoro-
gucyieHHs [5, 20]. KonmnduectBo accenmanbHbIX [THXKK, HeoO6XoAUMBIX IS ONTUMAaTb-
HOro pocTa pbI0, MOXET BapbUpPOBaTh B 3aBUCUMOCTU OT COOTHOILEHMS OTIEIbHBIX
ITH>KK. Hanpumep, npu cootHoweHuu JAT'K/DI1K B nuiie = 1.0 moTpebHOCTh B 3TUX
XK cocrasisina 0.9%, a npu cootHomeHuu = 0.5 norpe6HocTh B JITK 1 DITK Bo3pacra-
na 1o 1.9% [5]. To ectb, morpedbHocTr B ITHXKK cHIKAIOTCS P yBETMYEHUN COOTHOIIIE-
Husg JT'K/SIIK B nuie. BTy pe3ynbTaThl CBUACTEILCTBYIOT O OoJiblieit neHHoctn JTK
IS cClienoBaHHBIX phI0, yeM DIIK, uro moarBepxkmaeTcss MHOIMMU aBTopamu [21—25].

B teuenue xu3zHu pui6 norpedHocty B [THKK mMensiorcs [7]. Ha nuunHoYHOI cTa-
mun iorpedHoctu B DI1K u JIT'K Brilre, yem Ha 6oJiee MO3OHUX CTAIUSIX Pa3BUTUS PBIO,
XOTSI TAKMX CPAaBHUTEIbHBIX Pa0bOT OBLIO MTPOBeAeHO HeMHOTO [5, 26]. Kpome Toro, y u-
YMHOK MOpcKux prid morpedHocTH B JII'K ropasno Beimire, yem B DI1K, 4TO CBI3BIBAIOT C
aKTUBHBIM POCTOM U pa3BUTUEM OPTaHOB 3peHUs U HepBHOM cucTeMbl [7]. ConepxaHue
APK B nuiiie TMYMHOK PbIO MOPCKOTo OKYyHs (Sparus aurata), cocrapnsoniee 1—1.5% or
CyXOii Macchl KOpMa, 3HAUUTEJIbHO YBEJIUUUIO CKOPOCTh POCTA JIMYMHOK U UX CTPECCO-
ycroitunBocTh [27]. Hammpotus, no6aineHue APK B kopM xkenToxBocToit Kambasl (Pleu-
ronectes ferrugineus) IpuBeEJO K CHUKEHUIO CKOPOCTH POCTa, YBEJIMYEHUIO CMEPTHOCTU U
yxyauieHuto nurmeHTauuu [28]. CHukeHue conepxxanus n-3 ITHXKK u ysennuenne APK
B pallMOHe KaMOaI000pa3HbIX HA TMYMHOYHOM CTAINK Pa3BUTHS MPUBEIO K HApYIIEHUSM
meTtaMmopdo3a, a UMEHHO, HeMPaBUJIbHON MUTMEHTALMU U 3aMeUIeHNIO MUTpalliy Tjia3a
[29—31]. Lund ¢ coaBT. TakXe CBsI3ajlid HapylIeHUE MUTMEHTALNN Y JIMYMHOK KamMOasbl
Solea solea ¢ moBbIIIeHHBIM conepxkaHneM APK B panroHe 3Tux pbi6. ABTOPBI HPEAIo-
noxwi, 9to Takoe BiussHue APK Ha metamopdo3 kaM0aia000pa3HBIX BEI3BAHO HE ca-
moii KK, a o6pazoBanHbiMU U3 APK nipocrarnanaunnamu PGE2 [32]. OnHako B3pOoCibiM
pri6aMm kambamoo6pa3Heix APK HeoOxogmnma, Tak Kak 3MKO3aHOUIEI, 00pa30BaHHEIC U3
APK, obGecrieunBator cuHxpoHusalmio ux Hepecrta [33]. Hakomnenue APK B oTneabHbIX
opraHax, HalpuMep, B XKabpax M TTovKax y MmajaTyca ¥ B MOJIOKaX Y MOPCKOTO OKYHSI, Be-
POSITHO, 0OBsICHsIETCS crielinduyecKoit huznonorndyeckoit poabto atoit [THXKK [34, 35].
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Henocrarox ITHXKK B nuiiie psid BbI3bIBaeT u3MeHeHre B cuHTe3e KK, 4To nMpuBOAUT K
nosiBjieHn1o cniendudeckrx KK B TKaHSIX pbIO, KOTOPBIE MOTYT CIYXXUTb MapKepaMu
neduumra [THXKK [5]. OnHoit n3 Takux kuciot ssisgercs 20:3n-9. [1pu orcyrcTBUM B
nuiie 18:2n-6 u 18:3n-3, a takke APK, BIIK u JIT'K cy6erparom mis A6 mecaTypasbl
craHoButcsl 18:1n-9. CunHrte3upoBaHHas 18:2n-9 monsepraercs neiicTBUIO (HEpMEHTOB
aJIoHTa3, 1 3ateM u3 20:2n-9 nox neiictBueM AS necatypasnl o6pasyercs 20:3n-9 [5]. Oxn-
HAKoO, TaK KakK B pbeI0e maxe Ipu acdunure scceHunaabHbix [THXKK B HeOombImx Kom-
YeCcTBaX OHM BCE PABHO MPUCYTCTBYIOT, TO ObUIO MPEMIOXKEHO MapkepoMm aeduiimta
IMTH2>KK ncrnons3oBath cootHomeHue 20:3n-9/AT'K [36, 37]. Harmpumep, Tpy 3HAYSHUSIX
cootHoureHust = 0.4 B ochonununax pamxyxHoit hopenu, ppiba UCIBIThIBAMA 1eDULIUT
B n-3 ITH2XKK [5]. B nununax neyexnu nosnsipHoit peiosl Coregonus lavaretus maraena npu
crwbHOM HenmoctaTtke ITH2KK B kopMe cootHomeHue 20:3n-9/IT'K nocturano 2.6 [5].
DTOT MapKep MPUMEHSIETCS TOJIbKO B OTHOIIIEHUE MPECHOBOIHBIX PHIO, Y KOTOPBIX aK-
TUBHBI A5 1 A6 fnecarypassl [5]. B Mopckux pei6ax cunte3 20:3n-9 HEeBO3MOXEH, HO He-
KOTOpBIE aBTOPbI OOHAPYKUBAIOT MOBBIIIEHHOE coaepxkaHue 18:2n-9 u 20:2n-9 nipu ne-
dunure I[THXKK B mume [5, 21, 38].

SHAYEHME ITHXK JJIA 340POBbA YEJIOBEKA
1 OCHOBHBIE UICTOYHUKH 5TUX BEIIECTB.
OYHKIHWU KMUPHBIX KNCIIOT B OPTAHM3ME YEJIOBEKA

Bce xxupHbIe KMCOTHI, MTPUCYTCTBYIOIIUE B MUTAHUYN YeJIOBEKA MOXHO pa3IeuTh Ha
yeTbipe OcHOBHbIE Tpymniibl: HackiieHHbIe (H2XKK), MmonoHneHachieHHbie (MH2KK), no-
JMHeHachIeHHbIe XkupHble KUCIoThl (ITHXKK) n Tpanc-xkupHbie Kuciotel. KonnmaecTBo
TPaHC-XXUPHBIX KUCJIOT B TUTAHWUM YeJIOBeKa ObUIO HE3HAUUTEIbHBIM, U OCHOBHBIM MCTOY-
HUKOM 3TuX KK ObUIM MPOIYKTHI U3 XXBAaUHBIX XKMBOTHBIX (M$ICO, MOJIOKO, Xup) [39]. [To-
cJie BBEICHUS B MUILEBYIO MTPOMBIIIJIEHHOCTh TMAPOTEHUPOBAHUS PACTUTEILHBIX Maces,
JOJISI TPAHC->KUPHBIX KUCJIOT B NMUTAHUU 4YeJIOBeKa CUJIBHO Bbipocia. ITomumo pocrta
TpaHC-KMPHBIX KUCIOT B AME€Te COBPEMEHHOTO YeJIOBEKa YBEJIMUYUIOCHh U MOTpebieHne
H2KK, n-6 ITTHXK wu sxupa B tieiom [40]. OcHoBHBIe n-6 ITTH2KK parmoHa 4eioBeka — 3TO
APK, rinaBHbIM UCTOYHUKOM KOTOPOW CIYXXUT MSICO XMUBOTHBIX U JIMHOJIEBasi KUCJIOTa
(18:2n-6, JIK), mocTymnaroiiast K HaM U3 PaCTUTEILHBIX Macell, ceMsaH u opexoB. Cpeau
TTH2KK cemeiicTBa n-3 B paioHe yejoBeka nomuHupyloT DI1K, AI'K u anbda-nuHose-
HoBas kuciota (18:3n-3, AJIK). OcxHoBHbiM nctounnkoMm DIIK mn AT'K mis gemoBeka
CIIYKHT pbIOa 1 MopenponyKThl [41]. AJIK mocTynaer K 4eJIoBeKy M3 pacTUTEIbLHBIX Ma-
CeJl, CEMSH, OPEXOB U 3€JICHbIX YaCTE€ paCTEHUIA.

KK B opranusMe yejoBeKa BBITTOJHSIIOT HECKOJBKO (DYHKIIMIA, OMHA M3 KOTOPBIX
CTPYKTYpPHO-(YHKIIMOHAJIbHAsl. MeMOpaHa KJIETOK IMpencTaBiisieT coboit oucioii ¢oc-
GonmunUIoB ¢ 6eTKOBBIMU BKITIOUEHUSIMU. POCHOMUIUIBI COCTOST M3 MOJAPHOI YacTh
(“rooBKK”) M OBYX HEMOJSIPHBIX MoieKysl KK, KoTophle mpucoeanHsIoTcsa K pocdo-
Jqunuay B nojoxeHue sn-1 u sn-2. Kak npaBuio, B nonoxeHuu su-1 Haxonsarcs HXKK
i MHXK, Hanpumep, cteapuHoBas uin ojenHoBas (18:0, 18:1n-9), a B monoxeHNU
sn-2 Haxonsrest [THXKK. CocraB ZKK MmeMOpaH KJ1€TOK pa3HbIX OPTaHOB M TKaHE CUIIb-
HO BappupyeT. B cetuaTke r71a3za yenoBeka 90% Bcex KK cocraBisior Bcero 5 Kucior:
ATI'K (20—25%), 16:0 (18—22%), 18:0 (15—20%), 18:1n-9 (16—19%) u APK (9—12%) [42,
43]. B kmeTkax ceporo BellecTBa KOPbI TOJIOBHOIO MO3ra 3040POBOI0 YeJIOBeKa JOMUHM -
pytot 18:1n-9 (19%), 18:0 (19%), 16:0 (17%), ATK (13.5%) u APK (9%) [44]. B docdo-
JIMIUAAX cepaua 4yeioeka npeotmagaior APK (22—24%), JIK (18—20%), 16:0 (15%),
18:0 (14%), B TO Bpems Kak conepxanue II'K mocturaer nuib 5% [45]. B neuenu oc-
HoBHyI0 noiio coctasistioT HXK (16:0 u 18:0), a uz ITHXKK npeo6aanatot JIK (17%),
APK (8%) u JAT'K (3%) [46]. 2KupoBasi TKaHb 4eJOBeKa COCTOWT, B OCHOBHOM, U3
MHXK u HXKK: 18:1n-9 (44%), 16:0 (22%), JIK (14%), 16:1n-7 (7%) [47].
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Puc. 1. Conepxanvie JAT'K (% ot o6umx )KK) B pasHbIX opraHax v TKaHsIX 4eJIOBEKa: B CEPOM BEIIIECTBE MO3Ta,
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CKEJIETHBIX MBIILILIAX, CEP/LE, PEKTAIbHOM SIUTEIMU U XUPOBOI TKaHU (110 [56, 59]).

Fig. 1. The content of DHA (% of the total FAs) in different organs and tissues of human (by [56, 59]).

MeTtaboiM3M 11e710r0 OpraHru3Ma BO MHOTOM OITPENEJISIETCS TPOLIECCaMU U CKOPOCTBIO
9TUX MPOLECCOB, aCCOLMUPOBAaHHBIMU ¢ MemMOpaHamu [48]. CBolicTBa MeMOpaH BO MHO-
rom onpenensitorcsi coctaBoM KK [49]. Mem6pansl, conepxatiue [THXKK, 6onee nponu-
maems! st noros Nat, KT, HY, uto npuBomuT k Gonee GpICTpoMy 06MeHY BemiecTs [48].
OnHako MemMOpaHbI ¢ BeIcCOKUM conepxkanneM [TH2KK B OoJibitieit creneHn moaBeps>KeHbI
NeCTBUIO OKMCIUTEIbHBIX al€HTOB, BbI3bIBasi OKMCIUTEIbHOE MOBPEXIEHUE OpraHesll
1 KJIeTKU B 1ejoMm [50—53]. Mexanu3zmoB mwist 3amuThl oT okuciaeHust ITH2XKK B opra-
HHU3MeE XMBOTHBIX U YeJioBeKa BecbMa MHoro. Buramun E siBasieTcst akiienTopom paau-
KaJIOB 1 JIEMCTBYET KaK OrpaHUYMTEIb MEPEKUCHOTO OKUCIICHUS JIMTIUIIOB; MEPOKCUCOM-
Has kaTtanasa npegorspaiiaet camookuciaenue [THXKK; rmoratnonnepokcuaasa — ceneH-
cofepxKaiuii pepMeHT, pa3pylarolnii TepeKuch BOAOPOIA U JEUCTBYIOIINIA 1aXe TTpu
HU3KMX KOHUEHTpALIUSIX TePEeKUCH; CYNTEPOKCUI-IUCMYyTa3a yaalsieT CBOOOIHbIE paau-
Kajbl [54]. TkaHu 4JesioBeKa, B KOTOPBIX CKOPOCTh Nepenadyy CUTHAJIOB M aKTUBHOCTH
MeMOpaH MMEIOT BaXKHOE 3HAUCHUE OTJIUYAIOTCS OT JPYIMX TKaHEH BBICOKMM CoaepKa-
aueM JAI'K (puc. 1). Takumu TKaHSIMHU, B TIEPBYIO O4epeb, SIBIISIIOTCS HEPBHBIEC, HATIPH -
Mep, Kopa roJIOBHOTO MO3ra U ceTyarka ria3a, (hoTopelenTopbl KOTOPO XapaKTepusy-
IOTCSI BEICOKOM CKOPOCTBIO Mepeaayn CurHaios [48, 55, 56].

B mombITKax HaiiTy nipemmyinecTBa MojieKyabl JII'K B ¢yHKIIMOHMpOoBaHUM MeMOpaH
MO CPABHEHUIO C OYEHBb OJIM3KUMMU I10 CTPOSHMIO MOJIeKy1aMu 22:5n-6 1 22:5n-3, a Takke
BI1K u AJIK 0bUH TIpOBeIeHBI SKCIIepUMEHTAIbHEIE padoTh [57]. I1penrionoxurensHo,
0OoJiee KOMITAKTHOE MPOCTPAHCTBEHHOE CTPOEHME JIMMUIOB 3TepudunmpoBanHbix AT'K
crioco0cTByeT 6osiee 3 PeKTUBHOMY JTUMUA-0EIKOBOMY B3aUMOIEUCTBUIO BHYTPU MEM-
OpaHbl, YTO 0OecneYrBaeT BLICOKYI0 3(h(hEKTUBHOCTh BOCIIPUSITUSI CBETOBOTO CUTHAJIA U
MpOBEeACHUSI HEPBHOIO UMITyJIbca [57, 58].
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Hanpotus, mjis peryiassuuu paboThl MEMOpPaH HEKOTOPBIX APYTUX TKaHei HeoOxoaruma
BIIK, a ve ATK. Hanpumep, B aHgoteauu cocynoB, DI1K cradbuimsupyer MemMOpaHbl
MpU BO3pACTAHUU TeMMEPaTypbl U YBEIWUYEHUU KOJUYECTBA XOJECTEPUHA TEM CaAMBIM
CHMXas BOCMAJIMTEIbHBIN Mpoliecc U yiayduias padboty saHnorenus [49]. B To xxe Bpemst
JI'K yMeHbIIaeT TOIMHY MeMOpaH, yBEJIMUMBAET UX TEKYYeCTh U YyCUJIMBAET arpera-
1110 X0JIeCTeprHA B MeMOpaHax 3HA0TeNUs cocynoB [49].

Eie onna dyHkuums, BeimoHseMast KK B opraHu3Me yenoBeKa, 3To dHepreThyecKas.
B xadyecTBe MCTOUYHMKOB 3Hepruu B ocHOBHOM ucrionb3yorcess HXKK 1 MH2KK, korto-
pble B COCTaBe TPUALMJITIUIIEPUHOB aKKYMYJIUPYIOTCS B O€J10i XKMPOBOI TKaHU YeJIOBe-
ka [60]. TTomuMo GeJioit XKUPOBOII TKAHU B OpPraHM3Me 4YeJ0BeKa MPUCYTCTBYET Oypast
JKMpOBasl TKaHb. B oTyinuve ot 6eoii KUpOBOi TKaHU, B KJIETKaX KOTOPO HaXOMUTCS
oj1Ha 6oJTbIIast JKUPOBast Karuist 1 HeOOJbIIIOe KOJTMYECTBO MUTOXOHIPUiA, KIIETKU OYpOro
XHMpa 60raThl MUTOXOHIPUSAMU, @ MHOTOUYMCIICHHBIE XKUPOBbIE KaIlJIi aCCOLIMUPOBAHBI C
Humu [61—63]. Y HOBOpPOXKAEHHBIX AETEH comepKaHue OYyporo Kupa ropasio BhIIIE, YeM
y B3pocJioro yeiaoBeka [61]. MecTormonoxeHne 6yporo Xupa BO MHOTOM OIPEIEISIeTCsI
ero (yHKIMSAMU: ObICTPOE CXXUTAHUE TJIIOKO3bI 1 JIMITUIOB JUISI TIPOU3BOJICTBA Terlla 00ec-
MEeYUBAET 3aLMUTY XKU3HEHHO BaXKHBIX OpraHoB miazneHua [60, 64]. OgHako npearosaraer-
csl, 9YTO 3TO He eOWHCTBeHHas (pyHKIMsST Oyporo Xupa. B 6ypoM kupe aKKyMyaupyercs
6oupiioe KonmvectBo JIT'K, koTopoe, BeposITHO, UCTIONIBb3YeTCsl KaK ITyJI IUTsl OGecTiedeHUsT
pOCTa ¥ pa3BUTHS MO3Ta B T€UEHUE TIEPBbIX MeCS1IEeB XU3HU MIIaJicHIIeB [65].

OcobeHHas pojib B opraHu3mMe 4ejaoBeka npuHamiexkuT nsym [TH2KK, a umenno APK
n DI1K. Bt [THXKK sBisioTest mpeaiecTBeHHUKaMU B CMHTe3¢ 3kiKo3aHouaos |10, 11,
58, 66]. CunTes sitko3aHona0B HaunHaeTcs ¢ oTieruieHuss APK unu OI1K ot dpocdonm-
MUA0B MeEMOpaH ¢ MOMOIIbI0 hepMmeHTa ochonumasel A2 [67]. DToT pepMeHT He cIie-
unduueH K onpeaeneHHomy cemeirictBy [THXKK. IMosromy ta THXKK, APK wiu BI1K,
KOTOpast HAXOIUTCS B U30bITKE B MeMOpaHax, B OOJIbIIIEl CTETIeHU OyIeT UCIOIb30BaThCs B
cuHre3e diiko3aHonnoB. M3 APK n DI1K cuHTe3upyloTcst Tpy TUIIA 3MKO3aHOUIOB — IIPO-
cTarjaHAvMHbI, TPOMOOKCAHbI U JIEUKOTPUEHHI [66, 68]. IIpocTariaHnauHBI U TPOMOOKCA-
HBI CHHTE3UPYIOTCS T101 AeiicTBueM (hpepMeHTa lmkiookcureHasbl (COX), a IeiKOTpUeHbI —
nop neiictBueM depmeHTa gunokcureHassl (LOX). Diiko3aHouIbl, CUHTE3MPOBAHHbIE
n3 APK u OI1K orinuaroTes mo cBoei crpykType u cBoiictBam. 13 APK cuHTe3upyrorcs
MpoCTarIaHAUHBI U TPOMOOKCAHbI BTOPOI CEPUM, a TaKXKe JIEMKOTPUEHBI YETBEPTOM ce-
puu. [IpocrariiaHaUHBI BTOPOil cepUU CITOCOOCTBYIOT Pa3BUTHIO BOCTIAJIMTETLHOTO MPO-
1ecca U MHAYUUPYIOT 00JIb; TPOMOOKCAHBI BTOPOI CEPUM BBHI3BIBAIOT CyXXEHUE KpOBe-
HOCHBIX COCYJIOB, YCUJIMBAIOT arperaluio TPOMOOIIUTOB, YTO B KOHEYHOM CU€Te MPUBOAUT
K TOBBILLIEHUIO apTepUaAIbHOTO JaBJIeHUs, 00pa30BaHUIO TPOMOOB U 3aKYIOPKE COCYIOB;
JICIKOTPUEHBI YETBEPTOM CEpPUU BBHI3BIBAIOT CMa3Mbl OPOHXOB M YCUJIMBAIOT CEKPELIUIO
ciusu [46, 66, 68]. M3 DITK cuHTE3UpyIOTCS MpocTariaHIUHbI U TPOMOOKCAHBI TPETheit
Cepuu U JICMKOTPUEHBI TISITOM ceprM, 00JIafalolie MpOTUBOMOIOXHBIMUA CBOMCTBAMU,
TaKMMU KaK, paclliupeHue KPOBEHOCHBIX COCYIOB M OPOHXOB, CHUXKEHUE KPOBEHOCHOTO
nNaBJieHUsl, TToAaBJIeHUE BOCIalMTeabHOTO mpoiecca [10, 12, 58, 68]. JlomoaHUTEIbHO,
u3 OIIK u JIT'K nox neiictBueM pepmeHTa LOX CUHTE3UPYIOTCS IIPOTUBOBOCTIAIUTEIIb-
HbIE MEIMATOPBI, 8 UMEHHO, PE30JIBUHBI M HEMPOIIPOTEKTUHBI [69]. DT MeAUaTOPhI BbI-
MOJHSIIOT BaxkHble (pyHKMU. Hanpumep, HeliponporekTuH D1 mHrubupyer Bocnanu-
TeJIbHbIE MPOLIECCHI U TTPEIOTBpAllaeT pa3pyllieHue KJIETOK MUTMEHTHOTO SIUTEJIUS CEeT-
gatku ria3a [70]. Kpome toro, DI1K u JIT'K 3amemisaioT cuaTe3 3iiko3aHonnoB n3 APK n
B 1IEJIOM CHIKAIOT CMHTE3 311Ko3aHOuIOoB [71].

IMHXKK B MEAUITMHCKUX U SITUIEMUOJTOTIMYECKUX UCCITEJOBAHUAX

N3 Bcex 2KK MoxHo Boeinenuthb aBe [THXKK, a mmenno DI1K u JITK, kotoprie oba-
NTAI0T BBICOKOI (hU3MOJIOTMYECKOUN 1IEHHOCThIO M MTPAlOT KJIIOUEBYIO POJib B obecreye-
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HUM 3M0POBbs yesioBeKa. MHOTrouuclIeHHbIE MEIUIIMHCKUE UCCIeTOBaHUS T€MOHCTPHU-
pytot BaxxHoe 3HaueHune DITK u AT'K mis npoduinakTuku u JiedeHust pa3HOOOpa3HbIX 60-
JIe3Hel 4enoBeka. Psan MemuIMHCKMX M 3MUAEMUOJIOTUYECKUX MCCISIOBAaHUI TTOKa3all
BBICOKYIO 3 (DEKTUBHOCTD MPOMUIAKTUKHN U JIEYEHUS CePAEIYHO-COCYAMCTHIX 3a00yIeBa-
Huii npenapatamu, conepxamumu n-3 [THXKK (B3I1K + AT'K) [72]. AMepuKkaHCKUE 1C-
clienoBaHus, TpoBeaeHHbIe Ha O0osee yeM 22000 mioneii, BBISIBUIN, YTO €XEHedeIbHOe
norpebiaeHue n-3 TTHXKK cHuXaeT pucK BHE3AITHOM OCTAaHOBKM cepaua Ha 52% [73].
[TosnoxurenbHast cBsi3b MexXay npuemoM n-3 [MTH2KK u cHukeHuem pa3Butust cepaed-
HO-COCYIUCTBIX 3a00JieBaHUl ObTa OOHApyXXeHa B MCCIEeNOBAaHUM, OXBATUBIIEM OKOJIO
85000 sxenmuH [74]. B mocienHue Toabl MOSBUINCH padOTHI, IEMOHCTPUPYIOIINAE OTCYT-
CTBUE TI0JIOXUTENbHOTO 3(hdekTa oT mpuema n-3 [THXKK mpu cepaeaHo-cocynmcToix 3a-
oosieBaHusx [75—77]. O0bsICHSIETCS 3TO, TJIABHBIM 00pa3oM, IMIPMMEHEHUEM B TTOC/IEAHIE
roJibl BEICOKO3((MEKTUBHBIX IIperapaToB, Ha (poHe KOTopbiX 3¢ dekT oT n-3 I[THXKK cra-
HOBUTCS He3aMETHEIM [72].

K Hacrosmmemy BpeMeHHN poBeaeHO MHOTO McclienoBaHmuii o BiaustHuIo n-3 [TH2KK
Ha KOTHUTUMBHbIE CITOCOOHOCTH JIIO/ieii pa3HbIX BO3pacToB. Pe3ynbTaThl 3TUX MccienoBa-
HUIA BecbMa npoTuBopeuuBsl [78]. I[lonoxurensHoe BausiHUe npueMa n-3 ITHXKK xeH-
IIIMHAMU B TeYeHUe OEPEMEHHOCTH Ha YIy4IlIeHUe BHUMATEILHOCTH JIETEi, CTOCOOHOCTD
penaTth 3a1a4M 1 YIydllleHne 3peHUsT ObUIo OOHApY:KeHO OMHUMM aBTOopamu [79—82], HO
onpoBeprayrto apyrumu [83—85]. [lomoOHEBIE TPOTUBOPEUYMBEIC PE3YIbTAThl OBLIN ITOJIY -
YeHbl M Ha OPYTUX BO3paCTHHIX Ipymirax meteil [78]. Hambomee ycToitunBhIe MOJTOXM-
TeJIbHbIE PE3YyJIbTaThl 3aPETUCTPUPOBAHBI HA MOXWJIBIX JIIOJSIX B TEPUOJ CHUXEHUS KO-
THUTUBHBIX CITOCOOHOCTE My feMeHumu [78]. HanmpuMep, B KIMHUYECKOM HCCJIEIOBa-
HUM, poBeeHHOM B 90-X romax IMpolLIoro Beka, 6bU10 OOHAPYKEHO MOJIOXKUTEIbHOE
BiusiHue exenHeBHoro notpedsieHust 380 mr DITK + 'K Ha KOrHUTUBHBIE CITOCOOHO-
CTH TTOXWIBIX JTIofieit B Bo3pacte 70—89 jeT [86]. DnmaemMuoaorniyeckre U KIMHUYECKUe
HWCCIIeOBaHMS TOATBepXAatoT, uTo notpedienue n-3 [THXKK mpernsitcTByeT CHIZKEHHUIO
KOTHUTUBHBIX CITOCOOHOCTE M Yy MOXUIbIX Ttoaeit [§7—89]. OnHako npu yxKe UMEeIoLInXcs
CEpbEe3HBIX HelpoaereHepaTUuBHbBIX 3a00JIeBaHUSIX, HanpuMmep, 00je3HU Anblreiimepa,
npuem n-3 [THXKK He oka3biBaeT CyIieCTBEHHOTO MOJOXUTEIbHOTO BO3aeicTBus [78].

ITonoxurensHoe Bo3aeticTBue n-3 ITH2KK 3aperncrprupoBaHo IIpu JIedeHUM TEIPECCUin
[48, 86, 90], BocrmanuTenbHbIX npolieccoB [91—93], B ToM uncie aprputa [94], caxapHoro
nuaberta [48, 95], a TakKe 3710KaYeCTBEHHBIX OIyXOJIEBBIX HOBOOGpa3oBaHmii [96—98]. Ha-
npumep, DK u JIT'K MHruGupyoT pocT U BbI3bIBAIOT allONTO3 KJIETOK OMYXOJIEBbIX HOBO-
00pa30BaH11 MOJIOYHOI KeJie3bl [99] 1 yiIydllIaloT COCTOSTHUE 30POBbsI JIFONEH, CTpanao-
mwux ot paka jgerkux [100]. DIIK, II'K u 22:5n-3 npenstcTByIoT nponudepaii 1 BbI3bI-
BAlOT arnornTO3 KJIETOK KOJOPEKTAIbHON KapIIMHOMBI, TIPU 3TOM CaMO€ CUJIbHOE BJIMSIHUE
okasbiBaeT 22:5n-3 [101]. Bricokoe conepzkanue n-3 I[THXKK (>3 r/cyTku) B nuiie JIoaei,
CTpaialolIUX OXUPEHUEM, TTPEMNSITCTBYET Pa3BUTHIO MEYEHOYHOIO cTearo3a (HaKoIIeHue
KUpa B TeMaTolUTax) U MHCYJIMHOBOM PE3UCTEHTHOCTHM, KOTOpPAsl YacTO pa3BUBAECTCsl Ha
¢done oxupenus [71, 102]. Kpome Toro, y nameHToB, npuHumMatoimnx n-3 IMHXKK, Ha-
Ontofayiv yCWJIeHUEe TPAHCKPUIIIIMU TeHOB, YJaCcTBYIOIIMX B B-OKWCIEHUU JIMTTUIOB, YTO
MPUBOIWIO K OCIA0JICHUIO CUHTE3a JIMIINIOB 1 YCIWICHMIO X okuciieHus [102, 103].

YupexaeHus: 3IpaBOOXpaHEHUST Pa3IMYHBIX CTpaH MUpa pa3paboTaayd HOPMBI IO-
tpebaeHust DIK + ATK nist npoduaakTMKy pa3BUTHS CEPACYHO-COCYIUCTBIX U ITPOUUX
3abo0seBaHMii, KoTopble BapbupyloT B nipenesax 200—1000 mr BTIK + JIT'K B cytku [104].
HawuGosee yacTo mjisi AMETOIOTMYECKUX U IPYTUX PACYETOB MCIOJIB3YIOT HOPMY, PEKO-
MeHIOoBaHHYI0 BceMupHo#T opranmzanmeii 3npaBooxpaHenusi, cocrapirstorieii 500—1000 mr
BIIK + AT'K B cytku [86]. Xots o oruetam KoMutera Benko6puTaHUM 110 TUTAaHUIO U
Komutera Benukob6putanuu rno TokcuuHocTH (Scientific Advisory Committee On Nutri-
tion u Committee On Toxicity) 1e4eOHbIi 3(hdheKT pu 3a60eBaHUSIX CEPACUHO-COCYTU-
CTOI CUCTEeMBbI, a UMEHHO, CHIKeHUe KoHlleHTpauuu TAI B iasMe KpoBU, CHUXKEHUE



608 MAXYTOBA, I'TAABILIEB

apTepuabHOIO JaBICHUS U TPOMOOOOpa30BaHMS OKa3bIBaeT exXeHEBHOE MOTpebdieHe
1500—2000 mr mmmHHOLenToyeyHbix n-3 [THXKK [104].

OmnHako B OOJIBIIMHCTBE MHIYCTPUATBHO PA3BUTBHIX CTPAH OCHOBY MUTAHUS COCTABIISIET
MSICHAsI MPOAYKIIMSI, BbIpallleHHas1 Ha MCKYCCTBEHHBIX KopMax, 6oraTeix n-6 TTHXKK [11,
46]. B pauvoHe HaceJieHHsI MHOTHX eBporeickux crpaH uctoynukom ITH2KK (60—80%)
CJIy>KaT pacTUTEbHbIE U XWBOTHbBIE XUPbI, MSICHAsI TIPOAYKIIMSI U 3JIaKOBbIe, a obl1lee
notpedieHne HachieHHbIX 2KK TpeBBIllIaeT HOpMY, PeKOMEHIOBaHHYI0 BcemupHoOt
opranuzaiueit 3npaBooxpaHeHus [105]. B to xe Bpems norpednenue DIIK + JII'K Bo
MHOTMX CTpaHaX 3HAYMTETbHO HIKEe PEKOMEHIOBAaHHOI HOpMHI [86].

HaumoHanbHBIMU MEIUIIMHCKUMM OPTraHU3allUsIMM TaKKe ITOTYECPKUBACTCS BaxK-
HoCTb cobmoneHust HopM notpednenus [THXKK cemeiictBa n-6. CooTHolieHue n-6/n-3
B IMUILIE YeJ0BeKa He MOJKHO MpeBbiath 3 : 1 [106]. OgHako cooTHoLIeHue n-6/n-3 B
pauMoHe JI0Aei, HacelsIolIMX WHAYCTPUAIbHO Pa3BUTbIE CTPaHbl, B HECKOJbKO pa3
MpeBBILIAeT pEeKOMEHI0OBaHHOE 1 gocturaeT 15 : 1-25: 1 [11, 66, 94, 107]. TeHmeHUMS K
YBEJIWYEHUIO COOTHOIIEHUST N-6/n-3 B pallMoHe YejoBeKa MPOIOJIKAETCS OO0 CHUX TIOp.
Hanpumep, B EBporne norpebiienue 18:2n-6 3a mociaegHue ABaALATh JIET BO3POCIO Ha
50% [94]. TIpu 3TOM CMEPTHOCTH OT CEPACUYHO-COCYIUCTHIX 3aboeBanuii B EBporie 3a-
Humaet nepBoe Mecto. [lo anuaemMuonornyeckuM gaHHbIM 2015 1. B 1IeI0M CpemHsIs
CMEPTHOCTD OT CEPAEYHO-COCYAMCTHIX 3a001eBaHMii B EBpornie cocraBuiia 45% ot oblieit
cMmeptHocTu HacesdaeHwust [108]. B Poccun o nanHbiM Ha 2016 T. CMEPTHOCTD OT Cepaey-
HO-COCYIUCTHIX 3a00eBaHmii cocrasisuia 47.8% [109]. MHorue vccienoBaTean yKasbl-
BaIOT Ha MPSAMYIO CBsI3b MexXny rmotpeodneHreM n-3 [THXKK n cHikeHreM CMepTHOCTH OT
CepaeuHO-COCYOUCThIX 3abosaeBanuii [11, 46, 71]. Hanpumep, o gaHHbIM Simopoulos y
HaceneHust EBporer m CHIA comepxkanune DI1K B pochommmnumax TpoMO0o1nToB B 3 pa3a
HIKE, 4eM y xuTeeit SImonuun u B 16 pa3 HiXe, 4eM y xxurteseit [ peHiaHanm, B TO BpeMst
KaK CMEPTHOCTh OT CEPAEYHO-COCYAMCTHIX 3a001eBaHUi B 4 1 6 pa3 BhILIE, YeEM Y KUTE-
neit Sinonuun n I'peHaHaAUKU cCOOTBETCTBEHHO. HaceieHue eBporeiickux cTpaH pa3jinya-
eTcsI TI0 TTOTPeOJICHUIO PBIOBI, a TAKXKE MO MoKa3aTessM CMEPTHOCTH OT CEpaeYHO-COCY-
IUCTHIX 3a00jieBaHmii (Taba. 1). B cTpaHax ¢ BBICOKMM NOTpeOJieHeM PEIOBI CMEPTHOCTh
OT CepIeYHO-COCYIMCTHIX 3a00JIeBaHN B cpelHEM B 3 pa3a HIKe, YeM B CTpaHax C ee
HU3KUM IOTpebaeHueM (Tadi. 1).

OCHOBHBbLIE UCTOYHHMKMU n-3 [THXK B IMTAHNUUN YEJIOBEKA

OCHOBHBIM MUILEBBIM MCTOYHUKOM HIMHHOLenoYeuyHbix n-3 [THXKK n1sa yenoBeka
SIBJISIIOTCSI BOTHbBIE 9KOCHUCTEMEI, M, B IIEPBYIO o4depenb, pbida [41, 111]. AGcomoTHOe comep-
xkanne DK u 'K cuiabHO BappUpyeT B 3aBUCMOCTHU OT BUIA PBIO U e¢ (PU3NOJIOTTIECKOTO
cocrossHus. PazmmaHble BUOEL phIO MOTYT pa3indathes 1o conepxanuio DI1K + IT'K B cot-
Hu pa3 [112]. Ha ocHoBanuu adcomorHoro coaepxanus DI1K u 'K B oTneapHBIX BU-
ax pbI0 MOXHO paccyuTaTh MOPLIMIO PHIObI, B KOTOPOI CONEPXUTCS CyTOYHAasi HopMa
OIIK u AI'K nnsa yenoseka (tadia. 2). [IpuBeneHHbIE MOPLUMU PHIO OPUEHTUPOBOYHLIE,
MOCKOJIBKY YeJIOBEK, KaK MpaBUJIO, He TIMTAETCs ChIpoii phIOOii, a KyJMHapHas oopadboT-
Ka MOXeT oKa3aThb BiaussHue Ha comepxkanue DI1K + JII'K B roroBoM mponykre. K Ham-
OoJiee LIeHHBIM BuaaM peIO B oTHomreHuu n-3 ITH2KK MoxxHO oTHecTH caiipy, capauHHI,
CKYMOPHIO, CEMTIY U CEJIbIb, KOTOPBIX HY>KHO ITOTPeOsiTh MeHee 100 r B IeHb IS TI0JIy -
yeHust cytouHoit HopMmbl DIIK + AI'K (ta6a. 2). OnHaKo MHOTME MPOMBICIOBBIE BUIBI
pBIO, HAaMpUMeD, Jielll, OKyHb, cynak, HeooraTsl n-3 ITH2KK, 1 moTpebJisis ux npaktuye-
CKHM HEBO3MOXHO YJIOBJIETBOPUTH CYTOYHYIO TTOTPEOHOCTD YeioBeKa B 3TUX (DU3UOJIOTH-
YeCKU LIEHHBIX BEIECTBaX.

PocTt yncneHHocTH HaceseHrs1 3eMJIM TPOUCXOAUT C BICOKOI CKOPOCTBIO U COCTABJISIET
1.4% B ron. ITo manueiM OOH u FAO B 2012 T. YMCIEHHOCTh YeJIoBEYeCTBA COCTaBMIIA
7 mutiapnoB, a K 2050 1. MoxXeT TpeBhIicuTh 9 MuuinapaoB [134]. BosnukaeT Bompoc,
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Ta6auna 1. CMepTHOCTB OT CepaeYHO-COCYAUCThIX 3abosieBanmii (Thic. Ha 100000 yeoBeK) U IO~
TpebJieHue prIObI (KT/4eI0BeK/Tom) B pa3HbIx cTpaHax EBporist o [108, 110]

Table 1. Human mortality from cardiovascular diseases (thousand per 100000 people) and fish con-
sumption (kg/person/year) in different countries of Europe by [108, 110]

CrpaHbl CMepTHOCTD “OTD::’%:HMC Crpanbl CMepTHOCTh Hom:%:nne
Countries Mortality Fish cgnsumption Countries Mortality Fish cg nsumption

Kyrgyzstan 2531 2-5 Switzerland 598 10—-20
Tajikistan 2252 <2 Estonia 1492 10—-20
Turkmenistan 3048 2-5 Cpennee [Mean] 1415 £ 234
Uzbekistan 2717 <2
Cpennee [Mean] 2637 + 167 The United Kingdom 574 20-30

Belgium 610 20-30
Bulgaria 2302 5—-10 Denmark 567 20-30
Hungary 1567 5—10 Israel 468 20-30
Kazakhstan 1218 5—-10 Ireland 783 20-30
Poland 1262 5—-10 Italy 684 20—-30
Romania 2047 5—-10 Latvia 1874 20-30
Slovakia 1806 5—-10 Netherlands 565 20—-30
Turkey 1040 5—10 Russia 2338 20—-30
The Czech Republic 1285 5—-10 Cpennee [Mean] 940 + 226
Cpennee [Mean] 1566 + 158

Spain 513 30—60
Austria 849 10-20 Iceland 738 >60
Belarus 2175 10-20 Lithuania 1803 30—60
Germany 839 10—-20 Norway 570 30—60
Greece 876 10—-20 Portugal 607 30—60
Moldova 2452 10—-20 Finland 775 30—60
Slovenia 923 10—-20 France 449 30—60
Ukraine 2609 10-20 Sweden 706 30—60
Croatia 1342 10—-20 Cpennee [Mean] 770 = 153

CTIOCOOHBI JTM BOIIHBIE 9KOCUCTEMBI OOECIIeUnBaTh HACEJIEHUE 3eMJIH, a TAKXKE BCEX KUBOT-
HBIX CyLlIU, HeoOxoauMbIM KonudecTBoM n-3 TTH2XKK? Ve ceiiuac mpoMbICIOBBIi BbLJIOB
PBIO U MOPEMPOLYKTOB JOCTHUT CBOMX MpeaesioB — okoito 100 X 106 TonH B rox [135], u3 xo-
TOPBIX 6oJice 85% MPUXOIUTCS HA MPOAYKTHI MOPCKHX 9KOCUCTEM U OKOJIO 15% — Ha 11po-
JYKThl KOHTUHEHTAJIbHBIX BOI0eMOB M BOOTOKOB [ 110]. ITpu aToMm no nanubiM FAO cpen-
Hee notpebiieHre phIObl 1 MOPETTPOIYKTOB, BKJIIOUAsl aKBaKyJIbTYpy, Ha JyIly HaceJIeHUs!
coctanisieT 20.1 kr B rox (manHbie Ha 2014 r.) [110]. Cpennee conepkanue DIIK + JII'K B
onomacce pbrid 1 0€CITO3BOHOYHBIX COCTAaBJISIET 2 MTI/T ChIpoii Macchl Beca [41]. CnemoBa-
TeJbHO, YesioBeK B cpenHeM notpeossier 0.11 r DIIK + AT'K B cytku, yto B 5—10 pa3 MeHb-
11I€ CYIIECTBYIOIIEl peKOMEHIOBaHHOI HOpMBI. OUeBUIHO, YTO YXKe ceiyac 4YeJI0BeYeCTBO
WCIIBITBIBACT OCTPBIiA IE(UIIUT B 3TUX (PU3MOJTOTUUECKHU 1IEHHBIX BEILIECTBAX.

Hnst chvekenust necuimta DITK + ATK B nutaHuu YenoBeKa CylecTBYeT HECKOIBKO ITy-
Teil, a UMEHHO, aKBaKYyJIbTypa, GMOTEXHOJIOTMSI MUKPOOPTaHM3MOB U TeHHAsI UHXXEHEPUSI.

AKBaKyJIbTYpa Npou3BoauT 44% (73.8 x 10® TonH B rox, naHHble Ha 2014 T.) Bcex phI6-
HBIX TpoayKToB Ha pbiHKe [110, 111]. Hanmpumep, nmpakTuyecKu BCsl UMeIoNIasicsl B Ipo-
naxe cemra (Salmo salar) BoipamieHa B akBakyJbrype [111]. TTocnenHre HECKOIBKO JIeT
0k0J10 20% OT MPOMBICJIOBOTO YJI0Ba PHIO MCITOIL3YETCS IS IPOU3BOICTBA KOPMOB LTSI
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Ta6auna 2. TTopliyst OCHOBHBIX ITPOMBICIIOBBIX PhIO (I ChIpOii Macchl), comepkariias 1 r DI1K + JIT'K
(pacuet nopiuii poBeseH Ha ocHoBaHUM abcomoTHoro coaepxkanus DI1K u ATK B pridax)

Table 2. Portions of the main commercial fishes (g, wet weight) containing 1 g of EPA + DHA (The
calculation of the portions was carried out on the basis of the absolute content of EPA and DHA in fish)

Hopuna. s oo
Caiipa (Cololabis saira) 28 [113]
IManus 6oranunckas (Salvelinus boganidae) 31 [114]
Capnuna (Sardinops sagax) 39 [115]
CkyMGpust (Scomber scombrus) 53 [116]
Cewmra (Salmo salar) 83 [117]
Cenbab (Clupea harengus) 84 [115, 116, 118]
Kerta (Oncorhynchus keta) 100 [119]
Kwxya (Oncorhynchus kisutch) 120 [120, 121]
MoiiBa (Mallotus villosus) 122 [115]
CraBpuna (Trachurus trachurus) 133 [122]
Yassbrua (Oncorhynchus tshawytscha) 144 [120, 121]
TopOyiua (Oncorhynchus gorbuscha) 155 [115, 119, 123]
Hepka (Oncorhynchus nerka) 166 [119, 120, 124]
Tyryn (Coregonus tugun) 173 [114]
Muxkwuxa (Oncorhynchus mykiss) 177 [120, 121, 125]
Kymxa (Salmo trutta) 227 [125]
Yup (Coregonus nasus) 236 [114]
Toneu apktuueckuii (Salvelinus alpines) 244 [125]
Kopromika (Osmerus mordax) 289 [120]
Tyneu (Thunnus tonggol) 290 [126]
Cur (Coregonus albula) 291 [114]
Panymika (Coregonus sardinella) 297 [114]
Eneu (Leuciscus leuciscus baikalensis) 301 [112]
Xexk (Merluccius productus) 318 [115, 120]
Jlenox (Brachymystax lenok) 330 [114]
Hanuwm (Lota lota) 339 [127—129]
Xapuyc eBporneiickuii (Thymallus thymallus) 344 [127]
Munraii (Theragra chalcogramma) 347 [115, 120]
Xapuyc cubupckuii (Thymallus arcticus) 384 [130, 131]
Cur (Coregonus lavaretus) 388 [114]
Vkueiika (Alburnus alburnus) 405 [128]
Tpecka atnantuueckas (Gadus morhua) 413 [116]
yxka (Esox lucius) 422 [112, 121, 127, 128]
Kamb6aia mopckasi (Pleuronectes platessa) 426 [116]
IMnotrea (Rutilus rutilus) 431 [112, 127, 128]
Tpecka TuxookeaHckas (Gadus macrocephalus) 510 [120]
Tatimens (Hucho taimen) 515 [114]
Mantyc (Paralichthys californicus) 610 [120]
OkyHb peuHoii (Perca fluviatilis) 694 [112, 116, 127, 128]




HE3AMEHUMBIE IMTOJIMHEHACBIINEHHBIE 2KWPHBIE KNCJIOTbI 611

Ta6auna 2. OKoHYaHUE

Bua Species Ponions Reforence
Kapacs (Carassius carassius) 704 [127, 128]
IMuxma (Melanogrammus aeglefinus) 724 [120]
Kawmb6ana kpacHas (Glyptocephalus cynoglossus) 725 [120]
Cynaxk (Sander lucioperca) 735 [116, 127, 132]
T'ycrepa (Blicca bjoerkna) 800 [116, 127, 133]
OkyHb MopcKoit (Mycteroperca microlepis) 833 [120]
[MbrxbsiH (Coregonus pidschian) 885 [112]
Jleur (Abramis brama) 1000 [112, 116, 127]

aKBaKyJIbTYphI U pbiObero xkupa [ 110]. OcHoBHAas O0JIs phIOLETo XUpa, a UMEHHO, 75% pac-
XOJyeTcs Ha KOPM pbI0aM B aKBaKyJIbType U JUIb 22% Ha nuTaHue deiaoBeka [110, 136].
YBenunueHne o0beMa aKBaKyJIbTYPbl MOTJIO MTOBJIEYb 32 COOOM U yBETMUYEHUE TOJIU PACXO-
JIOB IPOMBICJIOBOTO YJI0Ba Ha MOIAePKaHUE aKBAKYJIBTYPbl U COOTBETCTBEHHO CHUXKEHUE
JIOJIN YJIOBa, KOTOPYIO OyneT MmoTpebsaTh yesioBek. OgHako pa3paboTka HOBBIX cOajlaH-
CUPOBAHHBIX KOPMOB, CIELMAIN3UPOBAHHBIX 1O, MOTPEOHOCTU pPa3HBIX BUAOB PhHIO,
cnocoOHa CHU3UTh PacXod MOPENPOAYKTOB Ha akBakyJbTypy [136]. 3a mocienHue He-
ckoibko JieT (¢ 2009 1.) 06beMbI TPOMYKIIMN aKBaKYIbTYPhI BeIpocian Ha 40%, Tipu 3TOM
noTpebiieHre MOPEIIPOAYKTOB aKBaKyJIbTypOil OCTaJloCh Ha IpexxHeM ypoBHe [110, 136].
Xopo110o U3BECTHO, YTO 3aMeIleHNEe PbIObETO KMpa Ha pacTUTEIbHbIE Macjia B KOpMax
IUIST pbIO MpUBOIAT K cHYKeHMIo coaepxkanus DI1K + JII'K B 6umomacce pri6 [137]. Kpo-
Me Toro, aeunut n-3 [TH2KK y ppI® BEI3BIBAET pa3BUTHE Pa3IUIHBIX 3a00JI€BaHUIA, YTO
IOIIOJTHUTEIFHO OCJIOXHSICT cofepxKaHue akKBaKyabTypHl [138]. HoBble onTuMm3upoBaH-
HbIE KOpMa CO cOajJTaHCUPOBAaHHBIM COCTaBOM, COJEpKalllie MUHUMAaJIbHOE, HO JOCTa-
TOYHOE JISI HOPMaJIbHOTO pocTa 1 pa3Butus peid KommdectBo DI1K u JIT'K, mo3Bosstror
MoJIy4aTh BBICOKOKAYECTBEHHYIO PhIOHYIO TipoayKiuio [139—141]. Hanpumep, abcomroT-
Hoe conepxkanue DITK+]IT'K B 1ococeBbIX pbibax, BhIPAILICHHBIX B aKBAKYJIbTYpE, 3HAYM-
TEJIbHO MPEBOCXOIUT TAKOBOE B JUKOM pride [119, 136]. HecMoTpst Ha cOBpeMEHHEBIE pa3-
pabOTKM B TAaHHOM 00JIACTH, OCTAETCsI HEPEIIEHHBIM BOIIPOC O 3arpsSI3HEHUU TTPUPOAHBIX
BOJIHBIX 9KOCHCTEM aKBaKyJIbTypoii. Pazmenasice Ha 6a3e Mopeii, o3ep, peK U BOIOXpaHU-
JIVLL, TIPEANPUSITUS aKBaKyJbTypbl OKa3bIBalOT HETaTUBHOE BJIMSHUE Ha IUKYIO DPbIOY,
OCTAIOIILYIOCS IO CUX MTOP OCHOBHLIM McTOUHMKOM n-3 TTHXKK miisg yenoseka [142, 143].
ITpoMblliUIEeHHOE KYJIbTUBMPOBAaHME MUKPOOPraHMW3MOB, BKJIIOYasi TEHETUUYECKU MO-
nuduurpoBaHHbIe mITaMMbI, cuHTe3upytoire n-3 IMH2KK, MoxeT oka3aTbcsi 3KOHO-
MUYECKHU BBITOJHBIM M O0ecreyrnBaTh YacThb HaceJleHUs1 3eMJiu (hU3UOJTOTUYECKU 1IeH-
HBIMU BemlecTBaMu [144]. OgHako majieko He BCe MUKPOOPTaHM3MbI, CUHTE3UPYIOIIIE
n-3 ITH2KK, mogxomsT s IIpOMBIIIEHHOTO MCIOJIb30BaHUSA. bakrepmu, BEeposITHO,
SIBJISIFOTCS] HEMOAXOASIIIIMM OOBbEKTOM, MOCKOJIBbKY OHU HE HAKarUIMBaIOT TPUALIUJITJIULIC-
puHbI [145]. MHoOrHe aBTOpHI YBEPEHBI, YTO UCIOJIb30BaTh (POTOABTOTPOGHBIE MUKPOOP-
TaHW3MBbI, SBsTIONecs OCHOBHBIMU nponyieHTamMu DI1K u JITK B mpupone, mis npo-
MBIIIIEHHOTO TTPOMU3BOACTBA 3TUX BEIIECTB SKOHOMUYECKU HEBBITOOHO [145—148]. s
noaaepKaHusl ONMTUMATBHONH CKOPOCTU POCTa TIOTHOCTb KYJIBTYPhl TAKMX MUKpPOOpra-
HU3MOB JOJIXKHA OBITh JOCTATOYHO HU3KOM, UTO BEAET K HU3KOMY TMPOU3BOACTBY OMO-
Macchl PU BBICOKMX 3aTparax Ha KyJIbTUBUpOBaHUE. B HEOOblIMX 00beMax KyJIbTUBU-
poBaHre MUKPOBOIOPOC/IE BCTpeyaeTcsl B akBaKy/abType. Hanpumep, MUKpoBOgopOCIv
Isochrysis, Chaetoceros, Nannochloropsis, Phaeodactylum w Pavlova KynbTUBUDYIOT UIsI
o6orameHus n-3 IMTH>KK 3o00rmiaHKToHA U TUYUHOK puIO [ 146, 149]. KyneTuBUpoBaHue
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rerepoTpoHBIX MUKPOBOJIOPOC/EH B OTJIMYME OT aBTOTPO(MHBIX MO3BOJSET MPOU3BO-
muth n-3 [THXKK 6onee 3¢dpdekTnBHO M BhICOKOKadecTBeHHO [145, 148]. Hampumep,
npousBoacTBO AT'K ¢ momolipio o6IuraTHbBIX reTepoTpoMHBIX MOPCKUX TUHOMUTOBBIX
Bonopocieit (Crypthecodinium cohnii) moxet nocturatb 1—1.5 r/n B cytkum [146]. ATK,
npousBeleHHass AUHO(pUTaAMU, B OCHOBHOM HCTOJb3YyeTCs s OOOTallleHUsI MCKYC-
CTBEHHBIX MOJIOYHBIX CMeCe U151 MJIaJIeHIIEB U TTPOU3BOJICTBA MUILIEBBIX JOOABOK — Ke-
JIATUHOBBIX Karicyi [145, 146]. CaMbIMU MIPOAYKTUBHBIMU MUKPOOPTaHU3MaMM B OTHO-
mweHun JAT'K sBAsitoTcsl TpayCTOXUTpUAbI pona Schizochytrium, KOTOpbIE MPOU3BOIST
okouto 10 r/n B cytku atoit 2KK [146]. JIT'K, npon3BeneHHast TpayCTOXUTPUIAMU, TIPUME-
HsieTcs 1) B MUIEBBIX JOOABKaX JJIsl YeJ0BeKa; 2) B KOpMax JJIsl CeJIbCKOX03IHCTBEHHBIX
JKMBOTHBIX, B OCHOBHOM KYp, [IJIsI OOOTallleHUsI Msica U ULl TULL (PU3MOJIOTUYECKHU 1IEH-
voit IT'K; 3) B akBakyabType, ajs yBenuueHus cogepkanus 'K B konoBpaTkax u pa-
KOOOpa3HbIX, UCITOJb3yeMbIX B MUTAaHUU JUYMHOK pbIO [150]. [dpyras dusnosornyecku
nenHast [THXKK — BDI1K, He mpou3BoaUTCS MUKPOOPTAHU3MaMM B MPOMBIILICHHBIX
maciuradax, ocKoJbKy 3¢ GhEeKTUBHOCThL €€ MPOM3BOACTBAa HU3Kas. Hanpumep, cambie
MPONYKTUBHbBIE AMAaTOMOBbIe Bonopociu Nitzschia laevis ipu retepoTpodHOM criocode
MUTAHUST CITIOCOOHBI TTpou3BOAUTS Julb 0.175 r/1 B cytku atoit ITHXKK [146]. OgHako B
nocJjeaHee BpeMsi MUKPOBOIOPOCIN CTalM OOBEKTOM TeHEeTUYeCKUX MoauduKauuii me-
tonoM CRISPR-Cas9 [151]. ¥xe nosiyueHbl reHHOMOAMGMULIMPOBAHHBIE MUKPOBOAO-
pociu — Chlamydomonas reinhardtii n Nannochloropsis gaditana — ¢ BBICOKUM coJliepKa-
Huewm jununos [152, 153], a B Nannochloropsis oceanica ynanoch 3HaYUTEILHO YBEJIUUUTD
comepxanne BDIIK [154]. B HacTrosimee BpeMsI IIPOMBIIIJICHHOE IIPOMU3BOIACTBO N-3
TTH2KK MukpoopraHu3MamMy BHOCHUT HEOOJBIION BKJIad B OOIee IIPOU3BOIACTBO ITHX
TTH2XKK [145, 155].

Ha cerognsiiinuii 1eHb caMbIM MEPCHEKTUBHBIM ITyTeM cHukKeHus nedunurta DI1K u
JITK B palivoHe 4yejoBeKa MOXHO CUMTATh MPOU3BOACTBO T'€HHO-MOAUMUIIMPOBAHHBIX
MacJIeHUYHBIX PAcTeHUIi, CUHTE3UPYIOUIMX JauHHoLenoyeuyHble n-3 TTHXKK. TMepBbim
00BEKTOM TeHHOW Momudukanuu OblIU pacTeHus poaa Arabidopsis. Tlocne ymadyHbIX
9KCIIEPMMEHTOB OblJIa BbIOpaHa MaciuvHas KyabTypa pbiKuk, Camelina sativa, koropas
JIETKO TMOJIAETCSl TPAHCTEHHBIM MaHUITYJISILIUSM METOIOM MHGMWIbTPALMU C TTOMOIIIBIO
Gakrepuii Agrobacterium [156, 157]. Kpome toro, C. sativa 6orata AJIK (okoio 45% ot
ob6umx XKK B uemom pacreHun u okosio 30% B ceMmenax) [158, 159], u3 Kotopoit cuHTe-
supyroress DI1K u 3atem JAT'K. ITyrem nmogbopa onTMMaabHOrO codyeTaHUs1 (PEepMEHTOB
(mecatypas ¥ 3JI0HIa3) ObUIM MTOJIydeHbI PACTEHUSI, CEMEeHA KOTOPhIX comepxanu 20—30%
nnuHHouemnoyeyHbix n-3 I[MTH2XKK, B ocHoBHOM DIIK, oT 0611eit cymmer 2KK [156, 160].
B 2014 r. 601 IpOM3BEneH IEePBBIil IKCIIEPUMEHTAIBHBIN MOJEBOM MOCEB TPAaHCTEHHBIX
ceMstH C. sativa, ¢ reHaMu, HeooxonuMbIiMu It cuHTe3a DI1K u AT'K npubausureasHo B
paBHbIX Tiponiopuusix [ 159]. B co6panHbix ceMeHax coaepxkanue DITK + JITK B cpeagHem
cocTtaBwio okoyio 15% [159]. IlepBrlil MONEBOI TTOCEB MOKa3ajl CTaAOMILHOCTD KUPHO-
KMCJIOTHOTO COCTaBa TOJIydyaeMbIX CEMSIH U CTAaHIAPTHBIE POCTOBbIE XapaKTEPUCTUKU
TPaHCTEHHBIX PACTEHUIl B MoJie, TPOAEMOHCTPUPOBAB BO3MOXKXHOCTD TOJy4yaTh B MPO-
mbinuieHHOM MaciiTade DI1K n 'K u3 TpancreHHBIX pacTeHnii. Macna cemsiH C. sativa
yXe ObLIM alipoOMpOBaHbI B aKBaKyJIbType Ha S. salar. PocToBbIE XapaKTepUCTUKU PHIO U
UX THIIEBast LIEHHOCTD JIJIsl YeJ0BeKa ObUIM COMOCTABUMBIMU ITPU MCITOJIb30BAHUN KOP-
MOBBIX CMeceif Ha OCHOBe pbhIObero XXupa u Macjia TpancreHHou C. sativa, comepxKalei
20% DI1K u 0% ATI'K ot o61eit cymmbr 2KK [158]. Hecmotpst Ha otcytetBue IT'K B kop-
Mme, copepxanue JIT'K B MbllieuHo# Macce phI6 cocTaBiisio 8%, 4To GbUIO B 2 pa3a HUXKE,
4yeM y pbIO, BeIpallinBaeMbix Ha peiobeM xupe [158]. TloBeiieHHOE conepxkaHue 22:5n-3
u AI'K B rieyeHu 1 KUIIEYHUKE PbIO CBUAETEIBCTBOBAJIO O HAJTMUMY aKTUBHOTO CUHTE3a
JTK B pbi6ax [161]. DKcriepuMeHTbI, TPOBEACHHBIE IPYrOil IPYMITOi YYEHBIX ¢ UCITOb-
30BaHMEM KOPMOBBIX CMeCeil Ha OCHOBE pbiObero xkxupa u macia C. sativa, coaepxKallero
BIIK u JAI'K B paBHBIX MpOIOPIMX, TTOKa3aJu, YTO MUIEeBasi IEHHOCTb PLIO S. salar,
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BbIpAlllEeHHBIX HA pAaCTUTEILHOM MacJjie, Oblia BhIlle, YeM Y pbIO, BhIpallliBa€MbIX Ha Pbl-
obeM xupe [162]. TIpouentHoe conepxxanue DITK u JITK, a Takke cooTHolreHue n-3/n-6
OBbUTO MPAKTUYECKU OMWHAKOBBIM B MBIIIIIIAX PHIO MPU 00enX IreTax, OMHAKO O0Iee Co-
Jep>kaHue JTUMUIOB ObUTO BBINIE B PhIOaX, MOTPEOISTIONINX KOPM Ha OCHOBE PaCTUTEThb-
Horo Macna [162]. Hapsiny ¢ MacaIuM4HOM KyJbTYpOil phiKMKA MOJA0OHBIE MCCIIeI0OBAaHUS
MPOBOISTCS U B OTHOLIEHUY parica Brassica napus [163].

SAKIIIOYEHUE

Hmuanouenoyeynble n-3 [THXKK, a umMenno DI1K u 'K, urparot BaxkHYIO pOJIb IJIst
310pOBbsI YeaoBeKa. YeaoBeK, KaK U OOJBIIMHCTBO MO3BOHOUYHBIX, HE CIIOCOOEH CUHTEe-
3upoBath 3T [TH2KK B mocTaTtouHbIX KOJMYECTBAX M MO3TOMY JOJIKHBI IMOJIy4aTh UX U3
nuiy. KimouesiM ucrounukom DITK u JIT'K 115 )KMBOTHBIX CTy>KaT BOJHBIE 9KOCUCTE-
Mbl. OcHoBHYI0 noito 3tux [TH2KK gyenoBek momydyaeT, moTpeoIisis ppiOy 1 Apyrre Mope-
MpOnyKThl. PbIObI /11 HOPMaJIbHOTO pOCTa M Pa3BUTHS TaKXKe HYXAAIOTCS B 1OCTaTOY-
HoM kosuuecTBe n-3 [THXKK. DTh KMCIOTHI M UX MPOM3BOIHBIE UTPAIOT BaXKHYIO POJIb
BO MHOTHX TIpolieccax y pbi0, BKiItoyasi (hOpMUpPOBaHUE CTAMHOTO TTOBEACHUS, TTIPOXOX-
neHue Metamopdo3a U APYTUX CTaAWil KM3HEHHOIo MUKJIA. DPOEKTUBHOCTh COOCTBEH-
Horo cuHTe3a naHHbIX [THXKK y ppi6 cribHO BapbupyeT. B 11e10M OCHOBHBIM MCTOYHM -
koM DIIK, AT'K u APK mjs ppi6 Takske sIBsieTCs NUIAa. BBIIOB MTUKOM pHIOBI JOCTUT
CBOMX MpPEIEeJIOB U HE MOXET ObITh YBeIMUEH 0e3 KaTacTpoduiyecKux rnociaeactsuii. [1pu
3TOM UYeJIOBEYECTBO UCIIBIThIBACT NE(DULIUT 3TUX (PU3UOJTOTMYECKU LIEHHBIX BEIIECTB, IO~
srydast vinb 10-20% ot motpe6HOocTeit B n-3 [THXKK. B HacTostiee BpeMst BemyTcst paboThI
O TTOMCKY anbTepHaTUBHBIX McTOYHUKOB DIIK 1 JIT'K, a TakKe 110 pa3paboTKe KOPMOB
IUIST aKBaKYJIbTYPBI C ONTUMAIBHEIM conepzkaHueM n-3 [TH2KK st cHrkeHusT Harpy3ku
Ha MPUPOIHBIE BOAHBIE 3KOCUCTeMBI. B 0030pe 000OIIEeHBI ITpeACcTaBIeHMs, BKIIOYas
camble coBpeMeHHbIe, o poiau [TH2KK B ¢usnonorun u meraboausme pold 1 YeaoBeKa.
Kpome Toro, o60o3HauyeHbl KaO4YeBbIe MPOOJEMBI, CBSI3aHHBIE C IS(PULIMTOM BTUX Be-
11IECTB B TMTAHUU YeJIOBEKA U BOBMOXKHBIE TTYTH UX PELICHUSI.

NCTOYHUKUN ONMHAHCHUPOBAHUA

Pa6ora nonnepxana rpantoM POD®U Ne 20-04-00594; lNocynapcTBEeHHBIM 3alaHUEM B paMKax
nporpaMmbl yHAaMeHTaIbHbIX uccienoBanuii P@, tema Ne 51.1.1; 'ocynapcTBeHHBIM 3agaHUEM
MuHucTepcTBa HayKU U BhIciiero oopaszoBanust Poccuiickoit @eneparn CubupckomMy enepaib-
HoMmy yHUuBepcuTeTy Ha 2020 r. (Tema rpoeKTa « brojsornuecky ak TMBHbIE BELIECTBA B TPODUUECKUX
ceTsX BOAHBIX 9KOCUCTEM KaK He3aMeHHMMbIe KOMITOHEHTbI TTUTAHUsSI YeJIOBeKa M MapKephl st
OXpaHbI PEIOHBIX PECYPCOB» ).
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Essential PUFA in Physiology and Metabolism of Fish and Human:
Functions, Needs, Sources
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The long chain polyunsaturated fatty acids (PUFAs) of the omega-3 family (®3 or n-3),
namely eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3),
are recognized as molecules of high physiological values for animals of different taxo-
nomic groups, including humans. N-3 PUFAs provide the normal functioning of the
cardiovascular and nervous systems, immunity and metabolism in general, and their use
is preventive. The medicinal properties of these PUFAs are ambiguous and are being
actively discussed in the literature. The main source of EPA and DHA for human is fish.
The content of n-3 PUFAs in fish depends on a number of factors and, as a result, varies
widely. The needs of the different fish species in the PUFAs are not the same. Some spe-
cies efficiently synthesize EPA and DHA from their precursors, while others obtain
these FAs only with food. Moreover, n-3 PUFAs play important roles in the metabolism
of all fishes. The catch of wild fish has reached its limit, but it does not satisfy the needs
of mankind in n-3 PUFAs. To reduce the deficiency of EPA + DHA in human nutrition,
there are several ways: aquaculture, biotechnology of microorganisms (single cell oils) and
genetic engineering.

Keywords: eicosapentaenoic acid, docosahexaenoic acid, aquatic ecosystem, aquaculture
food, human diet, human disease prevention
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Ha BeIpammmBaeMoii B yCJIIOBUSIX PHIOOBOIHOTO 3aBOIa MOJIOOH (ABYXJIETOK 1+) aTiiaH-
THYECKOTOo Jiococs Salmo salar L. ¢ aBrycta no oktsiopb MPOBEACH IKCIIEPUMEHT IO
BJTUSTHUIO IBYX CBETOBBIX peXXUMOB: 16/8 (16 4 — cBeT u 8 4 — TemHoTa) 1 24/0 (24 4 —
CBET) Ha JIMMUAHBIN COCTaB OpraHM3Ma B Ipoliecce pocta U pa3BuTus. [IpoaHannsu-
poBaH ypoBeHb 001X TUNUI0B (OJI), CTPyKTYPHBIX JIMTTUIOB — (I)ocq)onmnymwl (dJD)
u ux kjaaccoB (OX, DOA, ®C, ®U, COM, JIDX), xonectepuna (XC), 3armacHbIX JIU-
muaoB — TpuanmirniepuHoB (TAD), a takke nuanmnrmuuepuHoB (JAID), cBobon-
HbIX XXUPHBIX KKcJIoT (CXKK), apupos xonecreprna (DXC). [TokazaHo, 4TO B mpoliec-
ce pocTa ABYXJIETOK JIOCOCs (C aBrycra o OKTSIOpb) MHAEKC OTHOIIEHUSI CTPYKTYPHBIX
sunuaoB K 3amacHbiM PJI + XC/TAT + DXC nosbiiaercs B 60JIble CTENIEHU Y 0CO-
Oeil, pa3BUTHE KOTOPBIX MPOXOAWJIO MO BO3NEUCTBUEM DKCIIEPUMEHTATbHBIX CBETO-
BBIX PEXHMOB, YeM B KOHTPOJIbHBIX BapuaHTax. [lojlydeHHbIe JaHHbIe YKa3bIBAlOT Ha
npeoGagaHie CTPYKTYPHOTO POCTa OPraHOB M TKaHel Haj KMPOHAKOILJICHEM B GOJTb-
LIl CTeNneHU Y PbIO MPY JOMOJTHUTEILHOM OCBEILICHUY B TaHHBIN Mepuoa. DTU U3MeHe-
HUS COMPOBOXIAINCH TTOBBIIIEHHBIM TEMIIOM POCTa MOJIOAM JIOCOCSI B CEHTSIOPE U OK-
TAOpe MPU ABYX CBETOBBIX PEKMMAaX M0 CPABHEHUIO C KOHTPOJIEM U TAKOBLIMU B aBIyCTe.

Knrouesvie cnosa: nunuapl, GoTONEpUO, aTIaHTUYECKU J0coCh Salmo salar L., uckyc-
CTBEHHOE BhIpallliBaHUE

DOI: 10.31857/S0869813920050064

M3BecTHO, 4TO y MOJABISIIONIEr0 OOJBIIMHCTBA BUIOB PbIO, KAK M Y APYTUX XKUBBIX
OpraHM3MOB, PUTMBI TUTAHUS U PU3UOJIOTUUECKOI aKTUBHOCTH OMPEACISIOTCS IMKJIOM
OCBEIICHUS, UM TIPUCYIIN CYTOUHBIE KOJIeOaHUsl (LIMPKaIHble PUTMBI), aKTUBHOCTb KO-
TOPBIX PETyJINPYyeTCs SHIOKPUHHOM cucTeMoii [ 1, 2]. Panee 66110 06HapyXeHO, YTO pas3-
HbIe BO3pACTHBIE TPYIIIBI ATJIAHTUYECKOTO JIOCOCS, JIy4Ille ITUTAIOTCS M PACTYT Mpu Oosee
MpOOOKUTEIbHOM ocBellieHUuU [3, 4]. CBeT sBisIeTCS OOHUM U3 BaXXHBIX (paKTOPOB
BHEIIIHEH Cpelibl, KOTOPBI OKa3bIBaeT BIAMSIHIE Ha (DU3MOJI0r0-0MOXUMUUECKOE COCTOSI-
HHE OPTaHU3MOB, B TOM YHCJIe, Ha MeTabOJIM3M JIUTTUIOB (JIUTIOTeHEe3, JIMTIONU3, YTUIM -
3anuio aunuaoB). [TokazaHo, 4TO TTPOMOIKUTEILHOCTh CBETOBOTO JHS W TeMIiepaTypa

Cokpamenusi: OJI — o6iue aunuast; PJI — bocdoaunuasr; PU — dbochatunununosut; PC — docdartu-
nuncepu; OX — docharunmnxonun; DDA — docdarununsranonamuu; COM — chunromuenus; JIOX —
mzodocharunuixoiut; TAI — tpuamminrmuuepunsl; JAI — puammnrmunepunsl; C2KK — ¢cBOOOIHBI SKUP-
Hbie kucyaoThl; XC — xonectepuH; DXC — acdupsl xoiaecTepuHa.
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SIBJISIIOTCSI OCHOBHBIMM MOJIUMDUIIMPYIOIIMMU (aKTOpaMU, BIUSIONIMMU Ha Mpoliecc
cMoiTudukanuu jococs [5]. HekoTopble aBTOpHI MojaraloT, YTO MOA00OPOM TEMIIepaTy-
pbl 1 hOTONEPUOIA MOXKHO JOOUTHCS JTYUIIEro pocTa pbld U MOBIUSATH HA BO3PACT CMOJI-
Tudukaunu Mojaonu [6]. Beulo mokasaHo, 4To cpeau KiaaccoB pocdhOIUNUIOB IUIUNHOK
¥ MOJIOIY MOPCKUX U MPOXOIHBIX PhIO Hanbosee BaxXHBIMU siBsitoTcss PX 1 PU, Hanm-
yKre KOTOPBIX B KOpMe obecrieunBaeT 0oJjiee 3¢ (HEKTUBHBIN POCT U XOopoliee (pU3N0JIOTH -
yeckoe cocTosiHue pbi0 [7—9]. B HacTosiiei paboTe u3ydyuau BIUsSTHUE pa3HbIX PEXKMMOB
OCBellleHUs Ha cofepxkaHue oo1ux aununoB (OJ) U ux oTaeabHbIX KJIaCCOB, a TAKXKe Ha
COOTHOIIIEHUE CYyMMbI CTPYKTYPHBIX JUNUI0B K 3anacHbiM (DJI + XC/TATl + BXC) y
HMCKYCCTBEHHO BBIpAIIMBAEMOM MOJIOIN JIOCOCS (IBYXJIETOK 1+) B yCIIOBUSIX PHIOOBOIHO-
ro 3aBona (Pecniyonmka Kapenust, moc. CocHoBen, be1omopckuit paiioH).

METO/1bl UCCITENOBAHUN

DKCHEepUMEHT 10 BIUSTHUIO IBYX PeXXUMOB (otorieprona (16/8 u 24/0) Ha TUTTAIHBIA
cratyc AByxjeTok (1+) aTJaHTUYeCKOTO JIOCOCS MPOBOAMIIN B YCIOBUSIX PHIOOBOIHOTO
3aBolia. bbUIM MCMOJIb30BaHbI 9KCIEPUMEHTAbHBIE OacceifHbl pa3MepoMm 2 X 2 M, Ha
Kbl U3 UCCIIeNOBAaHHBIX (DOTOPEXXMMOB TTPUXOAUIIOCH 1O Ba OacceitHa, TaK 4To pbl-
OBI 3a0MpPaIMCh U3 HUX COTJIACHO CBETOBOMY BO3IEMCTBUIO 1 (OPMUPOBAIU TPU TPYIIIIHI.
HccnenoBaHbl TpU rpyniibl pei6: rpyrina Ne 1 — KOHTPOIb, pEXXUM OCBEILIEHUST, KOTOPbIi
WCITOJIB3YETCS Ha 3aBOJie MPY BbIpalllMBaHUU MOJIOAM pbIO; rpymnma Ne 2 — pexkuM ocBe-
meHus 16/8 (16 4 cBeTa 1 8 4 — TeMHOTHI); Tpymma Ne 3 — pesXXrM OCBEIEHUsI TTOCTOSTH -
HbIii 24/0 (24 4). Bce octanbHbIE YCIIOBUS COAEpXKaHUS BO Bcex bacceitHax ObLIM OAvHA-
KOBBIMU: TUIOTHOCTb MOCAIKH, PEKUM KOPMJIEHUS (COTJIACHO MOTPEOHOCTSIM BO3PACTHOM
rpymasl 1+), mpoduiakTudeckre Mephl U yXou 3a 6acceitHamMmm. B koHTposibHOM Oacceiine
COIEPXKAIMCH IBYXJIETKU JIOCOCS B YCJIIOBUSIX €CTECTBEHHOTO OCBEILIEHUS B BHIDOCTHBIX LI~
xax 3aBoja. Mcronb3oBaiu komMepueckuit kopm Mapku BioMar A/C (danust): Inicio+917
(cTaptoBbiit KopMm Ne 2 st nByxjieToK 1+). DkcrnepuMeHTaabHbIe 0acceitHbl ObLTU 000pPY-
JIOBaHBI IBYMSI CBETOAMOAHBIMU cBeTUIbHUKaMU (Aquel leddy smart led sunny, 6W, 6500K)
Y HaKPBITHl YEPHOM, HEe MPOIYCKAOIIEH CBET TIeHKOM. [lepexkioueHre pexxuMoB TIporc-
XOIWJIO aBTOMATHMYECKM C MOMOIIbI0 po3eTok-TaiimepoB (Ferron TM-50). KomuuectBo
ocobeit nByxsieTok (1+), HaXOAMBIIMXCS TIPU KaxKIOM U3 MCCIEI0BaHHBIX PEXKMMOB OCBE-
LIEHUsT cocTaBiisio 1246 wmr. TemmepaTypHbIii peXXuM ObUT ecTecTBeHHBIM. KoseGaHus
TeMIIepaTyphl 3a IIepUOo UCCIIeToBaHus cocTaBuIn: B utoe (14.8—19.9°C), asrycre (18.2—
13.8°C), cenrs6pe (13.8—9.8°C), okts16pe (9.8—2.4°C). CpenHsisi Macca OTOOpaHHBIX LIS
3KCIIEpUMEHTa MaJIbKOB B UioJie Obuta B ripeaenax 10.16—10.25 (£0.05) r.

Hnst uccnenoBaHusl ObLIM OTOOpaHbl (31 MIONS) ABYXJIETKU JIOCOCS B KOJIMYECTBE
160 ocobeii/GacceitH, KOTOpbIe ObLIN MOMeYEHBI ¢ moMolibio unmos (FelixcanSL, Mcna-
HUS), UTsl YeTO OHU ObUIY YCHITIIEHBI TP TTOMOIIY rBo3auYHOro Macia. [Tociie nsmepe-
HUS MaccChl U UIMHBI PbIOE BBOAWIM YMIT C UHIVMBUIYaJTbHBIM HOMepoM. CpemnHsisi Macca
OTOOpaHHBIX JUIS1 MICCIIEIOBaHMsI phIO B KaxkaoM OacceiiHe coctapwia: 10.20 + 0.13r (Ne 1 —
KOHTpOJb), 10.25 + 0.04 r (Ne 2 — pexxum ocBenieHust 16/8), 10.16 + 0.15 r (Ne 3 — pe-
KuM ocBellieHus 24/0). I[IpoGbl Ha TUITUMAHBIN aHAJIU3 OTOMpPaIU OJUH pa3 B KOHLIE Me-
csia (aBrycT, CEHTSIOpb, OKTSIOph). 3aMepbl YMMHUPOBaHHBIX pbI0 (30—40 1ITYK) MpoBO-
MWK Kaxaelit mecsu. UccaenoBaHue MIMIOCh A0 KOHLIA OKTSIOPSI.

OTto6paHHBIE 00PA3IILI MOJIOIY JIOCOCS TOMOTEHU3NPOBAIY B HEOOJBIIIOM KOJIMYECTBE
cMmecu xnopodopm—MeTaHoi (2 : 1) u xpaHwin 10 aHanu3a Ha xojoze (4°C). JIunuabl
3KCTparupoBaiu U ouuianu mo meromy Pomua [10] u Keiitca [11]. 3aTremM X KOHLIEH-
TPUPOBAJIM C MOMOIIBIO POTOPHO-BAaKYMHO# YCTAHOBKU. BhIeIeHHBIE CyMMapHbIE JIM-
MUABI U 00E3KUPEHHBIN 0CTaTOK (BKJIIOYAIOIINI OCIKHU, YIIAEBOAbI, HYKJIEUHOBBIC KUC-
JIOThI, aAMMHOKUCJIOTHI I MUKPOJIEMEHTBI) CYLIWIY 10 MOCTOSTHHOM MaccChl.
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KauecTBeHHOE 1 KOJIMUYECTBEHHOE OIpeae/ieHUe OTACTbHBIX JUITMIHBIX KJIACCOB OCY-
ILIECTBJISUTM MPY MOMOIIM METola BbICOKOI(D(EKTUBHON TOHKOCJIOWHON XpoMaTorpa-
¢uu (BOTCX). dpakioHUpOBaHUE OOIIMX JIMITUAOB IIPOBOIWIM HA IUIACTUHKAX Ha
crexyisiHHO# ocHoBe — HPTLC Silicagel 60 F254 Premium Purity (Merck, T'epmanus).
Hanecenue skcTpakTa JMIUAOB OCYLIECTBIISIJIOCH MPU TTOMOIIU MOJYyaBTOMaTUYeCKOTO
anmiukaropa Linomat 5 (CAMAG, IlBeiiiapust) MmukpoiirpuiioM Ha 100 MKJI IITPUXO-
BBIM METOMIOM, IIMPUHON 6 MM, Ha PaCCTOSTHUM 8§ MM OT Kpas IJIacCTUHKU. B KauyecTBe
9JII0EHTa, a TakXe pacTBopa Uil HachllleHUsI xpomartorpaduueckoit kamepbsl ADC?2
(CAMAG, lllIBeiiapusi), UCIOAb30BaJIaCh CUCTEMa PACTBOPUTEIICH TeKCaH—IUATUIIO-
BB apup—yKcycHasa kucioTa (32 : 8 : 0.8 mo o6bemy) [12]. Hackimenue xpomartorpadu-
YecKoi Kamepbl MPOBOAMIU B TeueHUe 20 MUH C OMHOBPEMEHHBIM KOHTPOJIEM BJIAXXHO-
ctu (10 MuH), mocJie Yero MpoBOAWIOCH HachlllieHHe T1acTUHbI (20 MuH). JluctaHius
noaBuxHOi# ¢a3bl coctaBisuia 80 Mm (Rf koHeuHass = 80 MM), cyllika IUIaCTUHBI OCY-
1LIECTBJIsIIach B TedyeHre 5 MuH. [IposiBieHne JUMMUIHBIX TSATEH MPOBOAUIN B pacTBOpe
MenHoro kynopoca (CuSO,) ¢ oprodocdopHoii kucnoroit (H;PO,) n HarpeBanuem mia-
ctunbl 10 160°C B Teuenue 15 muH [13]. KauecTBEHHOE M KOJIMYECTBEHHOE OMpeaeIeHUE
JIMITUIHBIX KOMIIOHEHTOB ObLIO BBIMIOJIHEHO B Kamepe aeHcutomerpa TLC Scanner 4
(CAMAG, IlIBeitmapusi) Ha OeTEepueBO JaMIle IIPU IJIWMHE BOJHBI 350 HM B pexkuMme
amcopouum [13]. MUneHTudukaums TUIMUAHBIX KJIACCOB IIPOBOAMIACH IO pedepeHTHHIM
CTaHAapTaM COOTBETCTBYIOIIMX KOMITOHeHTOB (Sigma-Aldrich, CIIIA) ¢ ydeToM cooT-
BEeTCTBUSI 3HaUeHU Rf.

CocraB MHAMBUAYAIbHBIX (pochoaunuaos — pocharummixonuna (OX), pocharuam-
nmertaHonaMuHa (PDA), dochatummicepuna (DC), docharummnmHosutona (OU),
chunromuenrHa (COM), muzodocharuamnxonrta (JIOX) aHanM3npoBaaId METOIOM BbI-
CoK02(h(HEeKTUBHOM XKUAKOCTHOI XpoMmaTorpaduu Ha crajbHOM KojioHke Nucleosil 100-7
(Bacuko, MockBa), UCIOJIb3Ysl AJIOEHT alleTOHUTPUI—TeKcaH—MeTaHOoI—opTodochop-
Hasg kuciota (918 : 30 : 30 : 17.5). JleTekTpoBaHME TPOBOIMIIN ITO CTEIIEHU TTOTJIOIICHUS
csera rpu 206 uM [14]. CooTHOIIIEHNE MEXIY KOMIIOHEHTAMU OLIEHUBAJIU 110 BEJINYM-
HaM TUIolIaei MMKOB Ha XpoMaTorpaMmMax.

Hannble B Tab. 1 1 2 npeacrtapieHsbl B Bune M + SEM (ommbka cpenHeapudmeTnye-
ckoro). O6paboTKa pe3yJbTaToB MPOBOIMIACH MPU TTOMOIIU HeMapaMeTpUIeCKOro Me-
TOJla TECTa PAHTOBBIX CyMM BuikokcoHa—MaHHa—YUTHU B OTKPBITOI cpelie Tporpam-
mupoBanud R [15]. Pazmuums cuurarorest noctoBepHbIMU nipu p < 0.05.

HMccnenoBaHust BBITIOJHEHBI Ha 0a3e j1ab0paToOpur IKOJOTUYECKON OMOXUMMU C UC-
MoJIb30BaHWEM 00opynoBaHus LleHTpa KOJIJIeKTUBHOTO Moib3oBaHust MenepaaibHOrO MC-
clIemoBaTeIbCKOTO eHTpa “Kapenbckuii HaydHbIi 1IeHTp Poccuiickoii akageMuy HayK”.

PE3VJIBTATHBI UCCIIEAOBAHUA

Pesynbrarel uccnenoBanuii penctasiaeHBl B Tad. 1 u 2. Y manbkoB (1+) ococs u3
6acceifHOB C pa3HbIM pexXUMOM ¢oTornepruoaa (KOHTPOJib, cBeT 16/8 1 24/0 1) 3a nepuon
aBryCT—CeHTSI0pb comepxkaHue obuumx aunuaosB (OJI) 6suto B npenenax 26.24—30.16%
cyxoit Macchel. B aTrot nepuon y Hux B coctaBe OJI nomuHupoBanu 3anacHeie TAT (B ripe-
nenax 14.94—17.19% cyxoit Maccel). Y MajIbKOB B aBI'yCTe IPU CBETOBOM pexxume 16/8 oT-
MEYEHO HE3HAUUTEIbHOE, HO JOCTOBEPHOE TOBBIIICHUE (OTHOCUTEIBHO KOHTPOJISI) CO-
nepxanust OJI (3a cuer DU, OC, DDA, OX), a takxke JAT, XC, CXKK, nnaexkca ®JI +
+ XC/TAT + BXC npu cHrmxkenuu uHaekca XC/DJI. B onbITHON MapTUX MaJIbKOB IpH
pexume 24/0 (OTHOCUTENIBHO KOHTpOJIS U pexkuma 16/8 npousoriuio nossiieHne OJ1 (3a
cueT OX, JIDX u COM), a takxke JIAT, XC u unaekca OJI + XC/TAT + DXC nipu cHuKe-
Huu uHaekca XC/DJI. B aBrycre BausHue pexxuMa (ortonepuona 16/8 u 24/0 orpuiia-
TEJIbHO OTPa3UIOCh Ha Macce MaJIbKOB 3KCIepUMEHTATbHBIX ITpyrit (1o 16.61 r u 19.08 r
COOTBETCTBEHHO MTPOTHUB 21.62 T). CHMXXEeHME MacChl pbIO U3 OMBITHBIX OacCeifHOB COBMA-
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Taoamua 1. CoxepxkaHue OOLIMX JIMITUAOB U JIMITUAHBIX K1accoB ((ochoaunuabl, TPUALIMITIULIE-
PVIHBI, TUALWJITIMLIEPUHBI, 3(DUPBI XOJIECTEpUHA, XOJIECTEPUH, CBOOOMHBIE XXUPHbBIC KUCIIOTHI)
(% cyxoit Maccel) y MoJIonu ATiaaHTHUYecKoro jococst (Salmo salar 1.) Bo3pacta 1+, BeIpallleHHOM
Ha pbIO3aBo/Ie TIPU Pa3HOM CBETOBOM PEXMME

Table 1. The content of total lipids and lipid classes (phospholipids, triacylglycerols, diacylglycerols,
cholesterol esters, cholesterol, free fatty acids) (% dry weight) in juvenile Atlantic salmon (Salmo salar L.)
1+ age reared in a fish farm under different light regimes

Mecsinn ABrycr CeHTs10pb OkTs6pb
Month August September October
g g g
2 2 €
= =] B
5 G 28
Il Il [
[pynmst s B l i
Groups LSS L >
2 =] [ =] a = [ 2 == [~ =]
5= 25 i 5~ 25 ) 5 25 25
2 o= o= 2 o= o . 20 o= o=
RS Il | = Il [ = Il I
So~ T Te co~ Te LN S3~ e LA
MO | ¥ed | 3L | O | esd | J¥C | ¥OZ | eed | 3T
n 15 15 15 15 15 15 14 15 14
Macca, r 2162+ | 1661+ | 1908+ | 2671+ | 2667+ | 2532+ | 2814+ | 2749+ | 2957+
Weight, g +0.79 +0.80" | £0512 | +1.768 | +1.38 +1.018 | £229 +1.568 + 1.488
JlniHa, cM 11.86+ | 1095+ | 1L.13+ | 1299+ | 1301+ | 1275+ | 1348+ 13.40 + 13.81 +
Length, cm +0.13 +0.18! +0.09' | +0318 | £0218 | +0.19% | +0338 | +0.26% | +0.22BC
of 2669+ | 2952+ | 2999+ | 2624+ | 2855+ | 3016+ | 18.56+ 17.93 + 15.9
TL +1.01 +0.76' | +0.66' +0.83 +085" | +0.82" | £1.118C | +1.26BC [ +0.985C!
@I 3.49 + 4.62 + 529+ 4.40 + 557+ 532+ 314+ 337+ 2.98
PL +0.14 +0.13" | £0152 | 0158 | 0208 | +0.7 +0.23¢ | +£0.28BC | +0.198C
JIAT 1.41 + 1.59 + 1.76 £ 1.65 + 1.88 + 1.73 + 1.10 0.94 + 0.73 +
DAG +007 | +004' | £0052 | 014 | £009% | £0.08 | £0.75C | +£0.085C | £0.045¢!
XcC 2.69 + 341+ 3.80 + 2.85+ 3.3+ 351+ 2.86 + 275+ 251
CHOL +0.10 +0.09' | +£0.082 | +0.08 +0.09' | £0.0782 | +o0.16 +0.218 | +0.178C
CXKK 110+ 131+ 1.27 + 0.89 + 0.92 + 1.20 + 0.43 + 0.75 + 0.60 +
FFA £0.06 | £0.06" | £008 | £0.05% | £0.04% | +£0.052 | 0.035C | £0.055C! |+ 0.045C1
TAT 1678+ | 1719+ | 1642+ | 1494+ | 1573+ | 1642+ | 1018+ 942+ 8.36
TAG +0.68 +0.49 +044 | +0.548 +0.52 +0.52 | £0.72BC | +0.66%C | +0.53BC
DXC 127 £ 1.39 + 145+ 1.64 + 120 + 1.98 + 102+ 0.70 + 0.73 +
Chol ester +0.05 +0.04 +0.06 +0.07% | +0.05%" | £0.0882 | +0.088C | +0.07BC" | +0.06BC!
XC/®N 0.77 + 0.74 + 0.72 0.65 + 0.58 + 0.66 + 0.93 + 0.82 + 0.85+
CHOL/PL +0.01 +0.01' +0.02" | £0.01% | +£0.018" | £0.0282 | £0.038C | +£0.028C" | +0.02B¢!
@JI +XC/ 0.34 0.43 + 0.51 + 0.44 + 0.52+ 0.48 + 0.55+ 0.61 + 0.61 +
TAT + DXC +0.03 +0.03 +0.05 +0.05 +0.05 +0.03 +£0.12 +0.10 +0.05
PL + CHOL/
TAG + Chol
esters

YcnoBHbIe 0603HaYeHMsT: JlaHHbIe B Tabiulie npeactasieHbl B Buae M = SEM (ommbka cpenHero apudmeTu-
yeckoro). OJI — obmue aunuasl, PJI — dochoaunuasl, TAI' — Tpuanmiarauiepunsl, JAI — nnanuirivinepu-
Hbl, DXC — aupsl xonecreprHa, XC — xonecreprH, CKK — cBoGOIHbIE XKUPHBIE KMCIOTBI; 1 — KOJTUYECTBO
npoo. B_ ormmuns noctoBepHBI (p < 0.05) OT TaKOBBIX B aBrycTe Y pbIO, COAEPKALIUXCS MIPU OAHOTUITHOM pe-
JKVME CBETOBOTO OCBELLIEHUSI; C_ oTIMYMsI TOcTOBepHHBI (p < 0.05) OT TAKOBBIX B CEHTSIOPE Y PHIO, COMEePKAIIIMX -
Cs1 IPY OAHOTUITHOM PEXMME OCBEILECHMUST; 1_ omuust 1ocToBepHBI (p < 0.05) OT TAKOBBIX Y PHIO, COCTABIISIIO-
mux rpymiy Ne 1; 2_ omuust 1ocToBepHBI ( p < 0.05) OT TAKOBBIX Y PHIO, COCTABJISIIOLIUX rpyrTy Ne 2.

The data in the table are presented as M = SEM (standard error of mean). TL — total lipids, PL — phospholipids,
TAG — triacylglycerols, DAG — diacylglycerols, Chol esters — cholesterol esters, CHOL — cholesterol, FFA — free
fatty acids; n — the number of samples. B — significant differences (p < 0.05) from those in August, fish exposed

same light regime; C — significant differences (p < 0.05) from those in September, fish exposed same light regime;
1 —significant differences (p < 0.05) from those in fish from group 1; 2 — significant differences (p < 0.05) from

those in fish from the group 2.
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Tab6auna 2. ConmepkaHue OTAETbHBIX KJIACCOB (hochoanumuaon (% cyxoit Macchl) y MoJioau ATIaH-
TU4eckoro jiococs (Salmo salar L.) Bo3pacta 1+, BbIpallleHHO#T Ha ppI03aBoie TTPU Pa3HOM CBETO-
BOM pexXume

Table 2. The content of phospholipid classes (% dry weight) in juvenile Atlantic salmon (Salmo salar L.)
1+ age reared in a fish farm under different light regimes

Mecsii ABrycr CeHTsI0pb %’gggg’
Month August September
<
=
=}
g 4 =
s 3 3
[ | |
I'pynnst = o= o=
Groups S 282 | . 255 | .z
A o< o= A o Lo o= a o L= o<
= @ .eh @ eh = @ = e A o) = @ = o0 [ .eh
O—O' o= o= 0'5 Qo= Q.= 0'5 o o= o=
=] I Il == [ [ &5 I I
I =] = T = r': o=} I = :r‘;: oo
SS8Z | 228 | 332 | 282 [2ied | 332 | €82 |eseq | m3e
n 15 15 15 15 15 15 15 15 15
@I 349 + 4.62+ 529+ 4.40 £ 557+ 532+ 314+ 337+ 2.98 +
PL +0.14 +0.13" | £0152 | +0.15% | £0.208" | +0.17' +0.23 +0.288C€ | +0.198¢
dU 0.15+ 0.19 + 0.19 0.16 + 0.22+ 0.16 + 0.07 + 0.12+ 0.08 +
PI +0.01 +0.01' +0.01' +0.01 | +£0.01B" | £0.01B" | £0.018C | +0.01BC" | +0.01B¢2
®C 0.07 + 0.10 £ 0.09 + 0.09 + 0.08 + 0.08 + 0.06 0.05 + 0.06 +
PS +0.01 +0.01' +0.01' +0.01 | 0018 | +0.01> | +0.01€ | £0.018¢ | +0.018€
DDA 0.43 + 0.57 + 0.51 + 0.57 + 0.55+ 0.78 + 0.48 + 0.48 + 0.48 +
PEA +0.03 +0.03' | +0.03! +0.06 +0.04 | 0048 | +0.05 +0.05 | +0.03
X 2,61+ 3.50 + 374+ 328+ 434+ 3.90 + 234+ 249 + 222+
PC +0.13 +0.13! +0.11' +0.118 | +£018% | +£0.16” | £0.21C | £0.228C | +£0.148€
JIdX 0.14 + 0.15+ 0.22+ 0.19 + 0.24 + 0.26 + 0.05 + 0.08 + 0.03 +
LPC +0.01 +0.03 | £0.042 | £0.01% | £0.028" | +0.02" | £0.018C¢ | +0.018C" | +0.01B2
COM 0.01 + 0.01 + 0.02 + 0.02 + 0.02 + 0.02 + 0.01 + 0.01+ | 0.005+
SFM +0.00 +0.00 | £0.0042 | £0.002% | +£0.004 | +£0.002' | +0.00¢ | £0.008C | +0.00B¢!
Henspecthbie | 0.16 = 0.29 + 0.35+ 0.10 + 012+ 0.12 + 0.12 + 0.14 + 0.10 +
Unknown +0.03 +0.02! +0.05! +0.018 | +0.018 | +0.028 +0.02 +0.028 | +0.01B

YcnoBHele 0603HaueHus1: JlaHHbIe B Tabnuiie npeacrasieHsl B Buae M = SEM (ommbka cpeaHero apudmeTu-
yeckoro).®U — dpocharuannunaszuron, PC — docharunuincepur, DDA — docdaruamisranonamuu, OX —

dochartuaunxonaut, JIOX — muzodochatuamnxonnt, COM — cHUHTOMUETUH; 1 — KOJIUYECTBO np06.B— oT-
Jimaust 1octoBepHbI (p < 0.05) OT TaKOBBIX B aBrycTe y pblO, colepXaluxcsi IpU OXHOTUITHOM PEXHUME CBETOBOTO

OCBELIEHUS; c_ oTnumst 1octoBepHBI (p <0.05) OT TAKOBBIX B CEHTSIOPE Y PbIO, COAmepKAIIMXCS TPU OAHOTUITHOM
1
peXuMe CBETOBOTO OCBELIEHHUsI; — OTJIMYMsI 1O0CTOBEPHHI (p < 0.05) OT TAKOBBIX Y PbIO, COCTABIISIIOIINX IPYTIITY

Ne 1; 2_ omaust 1ocToBepHBI (p < 0.05) OT TAKOBBIX Y PBIO, COCTABIISTIONINX IpyTiTy No 2.

The data in the table are presented as M = SEM (standard error of mean). PI — phosphatidylinositol, PS — phos-
phatidylserine, PEA — phosphatidylethanolamine, PC — phosphatidylcholine, LPC — lysophosphatidylcholine,
SPM — sphingomyelin; » — the number of samples. B — significant differences (p < 0.05) from those in August, fish
exposed same light regime; C — significant differences (p < 0.05) from those in September, fish exposed same light
regime; 1 — significant differences (p < 0.05) from those in fish from group 1; 2 — significant differences (p < 0.05)
from those in fish from group 2.

J0 ¢ nosbiieHueM uHiaekca MJI + XC/TAT + BXC, npuyeM B aBrycre nHaekc POJI +
+ XC/TAT + B3XC 6bu1 B 6obliIeit cTeneHu BhIle y pbid npu pexume 24/0 mo cpaBHe-
HUIO C KOHTPOJIbHBIM BapUaHTOM U pexxuMoM 16/8. B ceHTs16pe, Kak U B aBrycTe, Mpu
IIBYX pexxrumax (oTorneproaa oTMe4eHO HE3HAUYMTEILHOE, HO TOCTOBEPHOE MOBHIIIIEHUE
(oTHOCUTENBHO KOHTPOJIs1) coaepxkanus OJI 3a cuet DJI (B ToM uncie @Y — npu pexxu-
me 16/8, DDA — nipu 24/0, ®Xu JIOX — npu 16/8 u 24/0 u cauxenue ®C — npu 16/8),
a taxxe nosbitenue AT (ipu 16/8), XC (mipu 16/8 u 24/0), CXKK(tipu 24/0), Bapua-
mun DXC u unmekca XC/DJI. IMpuuem nnaeke PJI + XC/TAT + DXC (oTHoIIeHHE
CYMMBI CTPYKTYPHBIX JUMUIOB K 3aIllaCHbIM) B ITEPUOI aBTYCT—CEHTSIOPh ObLI BBIIIE Y
MaJIbKOB IMPU UCKYCCTBEHHOM OCBELIEHUU 10 CPABHEHUIO C KOHTPOJIEM (B aBrycte — 60-
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Jiee BBICOKUIA ITpu pexxuMe 24/0, B ceHTsIOpe — npu pexxume 16/8). Y MabKOB B CEHTSIOpe
O CPAaBHEHMUIO C TAKOBBIM B aBI'yCTE TEMIT POCTA B OIBITHBIX OacceifHax ObLI BhIIIE, YeM
B KoHTposie (B 1.6, B 1.33 u B 1.23 pa3a, cooTBeTCTBeHHO, npu cBeTe 16/8, 24/0 1 KOHTPO-
ne). B cenTsa6pe Temn pocta MarbKoB (1+) B ONBITHBEIX BapruaHTaX ObLI BEIIIE (0COOEHHO
npu pexxume 16/8), o Macce M JUTMHE OHM TIOYTH CPABHSUTUCH C KOHTPOJIBHOM TPYTITION.
OTMeYeHHBbI TEMIT POCTa Y 9KCIEPUMEHTAIbHBIX pbIO (0COGEHHO TTpH pexkume 16/8) mo-
JIOKUTEJbHO KOppeJnpoBall ¢ 6ojiee moBbilieHHbIM nHAeKkcoM DJT + XC/TAT + BXC,
YTO YKa3bIBaecT Ha MpeobagaHue CTPYKTYPHOTO POCTa OPraHOB M TKaHEeM Hal KMpOoHa-
KoruieHueM. B okTs6pe (1o cpaBHEHMIO € TIEPUOJIOM aBIyCT—CeHTSIOpb) conepxkanue OJ1
JIOCTOBEPHO CHU3WJIOCH Y MaJIbKOB (1+) M3 Bcex MccaenoBaHHBIX BApUAHTOB, HO B GOJIb-
mreit creneHu — npu pexxume 24/0 (mo 15.90% cyxoit Mmaccer). [1pn 3TOM CHIDKEHUE JOJIN
®DJI (B ocHoBHOM DDA, OX, TIDOX, COM, OC u ®N), a takke XC u TAT npousonuio
KaK B KOHTPOJILHOM, TaK U B OTBITHBIX BApMAHTaX M MPAKTUYECKU HE 3aBUCEJIO OT peXXruma
dotonepuona. B okrsabpe npu pexxume 16/8 u 24/0 y MaTbKOB JIOCOCST OTMEYEHO CHIKE-
Hue (otHocuteabHO KoHTpossi) DXC, AT, uHaekcoB XC/DJI (nosbiiieHne DJI +
+ XC/TAT + BXC) npu pocte CXKK. CHuxenue nonu AT u DXC noaoxuresbHO KOp-
penupoBaiio ¢ nosbieHneM C2KK, ypoBeHb KOTOPBIX OTHOCUTEJIBHO KOHTPOJIST TIOBBI-
masncs (B 1.7 u 1.4 paza nipu pexxnme 16/8 u 24/0 coorBeTcTBeHHO). TeMIT pocTa MaJbKOB B
OKT$I0pe, KaK M B CEHTsIOpe (110 CpaBHEHUIO C TAKOBBIMU B aBrycTe) ObLI BBIIIIE IPU CBE-
TOBBIX pexumax 16/8 u 24/0, yem B KoHTposie (B 1.65, 1.55 u 1.3 pa3a COOTBETCTBEHHO).
[Tpu atom unnekc OJI + XC/TAT + BXC y mononu, BeIpalliliBaeMoOii Py CBETOBBIX pe-
xumax 16/8 u 24/0, ocTaBajcs TOCTOBEpHO MOBBIIIEHHBIM U paBHBIM (0.61) 1o cpaBHe-
HUI0 ¢ KoHTposaeM (0.55).

OBCYXIEHMUME PE3VJIBTATOB

HomunupoBaHue TAI (3anacHbix 1unuaoB) B coctaBe OJI y IByXJIETOK JIOCOCS IO Me-
pe UX pocTa OOBSICHSIETCSI TEM, UTO MaJIbKU JOJKHBI HAKOIMUTh dHEPreTUYecKue pe3ep-
BbI, HECOOXOIUMBbIE KaK JIJIs1 YCIIEITHOM aganTaluuy MOJIOAW MPU U3MEHEHUU OCMOJISIPHO-
CTU Cpe/ibl OOUTaHUS TIPU BBHIMTYCKE €€ U3 MPECHOM BOJIbI B MOPCKYIO, TaK W ISl TTOCTIeny-
IOIIe ee MUIpallMMd K MecTaM Haryja B Mope. BIMSHMS pa3siudHBIX PEXUMOB
doTtorneprona Ha rnpoiecc HakorieHuss TAI' B opraHu3Me IByXJIETOK JIOCOCSI B UCCIIEy -
eMblii iepuo (C aBrycra o oxkTsi0pb) He BbIsIBJIeHO. JlocToOBEpHasi pa3HUIIa MEXIy KOH-
TPOJBLHBIMU U OMBITHBIMU (peXXUM ocBeleHus 16/8 u 24/0) rpynmaMu MOJOIN JIOCOCS
ObUTa OOHaApykeHa B comepkaHuu cyMMapHbiX DJI 1 OTAETbHBIX UX KJIACCOB — MUHOP-
Hbix DU, ODA, JIOX, COM, a takxke XC. DT U3MEHEHUSI MOTYT OBbITh CBSI3aHBI C TEM,
yro ®JI moMUMO CTPYKTYpHOM (DYHKIIMU BBICTYITAIOT MMOCPETHUKAMHM BO MHOTUX CHUT-
HaJIbHBIX ME€XaHU3MaX poCTa U Pa3BUTUS, PETYIUPYIOT AKTUBHOCTh MEMOPaHHOCBSI3aH-
HbIX (pepMeHTOB, obecrnieurBas MoaAepKaHUe Ha ONTUMAJIbHOM YPOBHE HEOOXOIUMBIX
dusnonornyeckux GyHKIMHA opraHUu3Ma Mpu afganTalnyd K U3MEHEHUIO BHEITHUX (hak-
TOpPOB, B TOM YHMCJIe CBETOBOIO pexXrMa U TeMiteparypsl [ 16, 17]. HabmogaeMsiit pocT co-
nepxkaHus TpyaHookucasieMblx iununoB @X u XC (rpu pexxumax dortorepuona 16/8 u
24/0), a Takke CPOM (1ipu pexume 24/0) criocoO6CTBYyeT CTAOMIN3ALUU JIUITUAOB MEM-
OpaH M TeM caMbIM MPEMSATCTBYET aKTUBALIMU CBOOOAHOPAAMKAIBHOIO OKMCJIEHUS
(CPO) 6osiee HeHACHIIIIEHHBIX MEMOPAHHBIX JIMITIUIOB, OCOOEHHO B 3aBOJCKUX YCIOBUSIX
npu aedunnte aHTUOKCUAaHTOB. [ToBbiieHue noji XC npu IBYX CBETOBBIX PEXXHUMAaXx B
aBIyCTe U CEHTSIOpE MOXET OBITh CBSI3aHO C U3BMEHEHNEM TOPMOHAIBLHOTO (hOHa y MOJIO-
I, 0COOEHHO MPU JIMTETLHOM CBETOBOM niepuoje. M3BecTHO, UTO B pEryisiiiuu JIUTTU/I -
Horo oOmeHa (akTMBAalMM WM TIOAABJIIEHUM aKTUBHOCTH (DEepPMEHTOB JIUIIOTEHE3A)
YYaCTBYIOT JUIIOJUTUYECKE TOPMOHBI (TOPMOH pOCTa, TUPOKCHUH U T.A.), OMOCHMHTE3 U
CEeKpeLMsi KOTOPBIX CTUMYIMPYETCS B TOM UMCJIe TAKUMU (DaKTOpaMu Cpelibl KaK CBET U
temnepatypa [1, 18]. TUPOKCUH TOBBIIIAET COMEPKAHUE JUMUIOB, B yacTHOCTU, XC y
pbI6 [19], a Takke ycunusaet cuHTe3 CDOM, uTo cornacyeTcsi C JaHHbBIMU HaIllUX UCCIIe-
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JIOBAHU MO BJAWUSIHUIO TOTOJTHUTEIBHOTO OCBEIEHMSI Ha POCT U pa3BUTHE MOJIOAU JIOCO-
cs1 Bo3pacTta 1+ B BBIPOCTHBIX OacceiiHax U CBUIETEJILCTBYET O TTOBBIIICHUM COAEPXKaHU S
C®DM, XC B aBrycTe 1 B CEHTIOPE Y OIBITHBIX TPYIII PLIO MPU UCKYCCTBEHHOM (hOTOIIE-
puone, ocobeHHo Tipu pexume (24/0 4). CHUXEeHUEe y MaJIbKOB JIOCOCSI COOTHOIICHUSI
XC/DJI, orpaxkalomero BI3KOCTb U TEKy4eCTh OMOMeMOpaH, B aBrycre — mpu 16/8 u
24/0 cBETOBBIX peXMMaXx, a B CEHTIOpe — rpu (pororeprone 16/8 KkomneHcupyeT pocT 60-
Jiee HachlllIeHHbIX MeMOpaHHbIX TunuaoB — X u COM (B aBrycre) u ®X (B ceHTSIOpe),
KOTOpBbIE, KaK M3BECTHO, MIOBBIIIAIOT BI3KOCTh MeMOpaH [20, 21]. M3BecTHO, uTo XC 06pa-
3yeT B MeMOpaHax KOMIUIEKChI ¢ XojuHcoaepxammuMu OJI — @X 1 COM u perynupyer ux
MeTaboausMm [22, 23]. U3aMeHeHre ypOBHS 3THUX JIUMUIOB B OpraHU3Me PHIO B3aMOCBSI3a-
HO, YTO ¥ OBIJIO OTMEUEHO B HAILIUX UCCJIEIOBAHUSIX 10 BJIUSIHUIO IBYX CBETOBBIX PEKUMOB
Ha POCT MOJIOIM JIOCOCS. Y MaJIbKOB B CEHTSIOpE U OKTS0pe Mpu pexume 16/8 yctaHOBIEHO
MOBBILLIEHUE OTHOCUTEJIBHO KOHTPOJISI MUHOpHOTO (poconnmnuma — @U (B 1.4 u 1.7 paza

COOTBETCTBEHHO), MHAYyLMpYyloliero aktuBHocTh Na®, KT-AT®asbl — kioueBoro ep-
MEHTa OCMOPETYJISILIMK, Ha KOTOPYIO, B CBOIO OYepeb, BIUSIOT YCIOBUS cpenbl [24, 25].

B ceHTsI0pe TeMIT pocTa MajIbKOB B ONBITHBIX BapuaHTax (ocobeHHo npu 16/8) ObL1
BBbIIIIE IO CPAaBHEHUIO C KOHTPOJbHOI rpynmnoii. C MOHWXKEeHUEM TeMIepaTypbl BOIbI B
CEHTSIOpe U OKTSOpE TeMIT pocTa pbI0 HE CHUXKAJICS U ObUI HECKOJIBKO BBIIIE MPU Aeii-
CTBUU CBETOBBIX PEXXMMOB, YeM B KOHTPOJIe (B OOMbIIEH CTEITeH! TTpU pexxumMe 16/8).

3AKJIIOYEHHME

Taxkum o6pa3oM, TEMIT pOCTa MOJIOAM JIOCOCEH BCeX MCCAENOBaHHBIX TPYII B TIEPUO, C
MIOJISI TIO OKTSIOph OTpakajl eCTeCTBEHHbIC CE30HHbBIC U3BMEHEHUSI PETMOHAJIBHOIO KJIMMaTa,
KOTOpbI€ BKJTIOYAIOT BapUallM TeMIIepaTyphbl BOAbI U TIPOTSKEHHOCTh CBeTOBOTO NHSs. [1pu
5TOM y MaJIbKOB U3 GacceitHOB ¢ pexkuMoM ¢otorieprona 16/8 u 24,/0 1o cpaBHEHHIO ¢ KOH-
TponbHbIM BapuaHToM uHAckc PJI + XC/TAI + DXC, oTpaxkarolyii COOTHOIICHUE
CTPYKTYPHBIX JWIUIOB K 3amacHbIM, OBLI OOCTOBepHO BhilIe (aBryct — 0.34 KoH-
Tpoiib/0.43—0.51 omnbiT; ceHTsA6pL — 0.44/0.48—0.52; okTs16ph — 0.55/0.61). DTU U3MeHe-
HUSI COMPOBOXAAINCH MOBBIIIEHHBIM TEMIIOM POCTa MOJIOAM B CEHTSIOpE U OKTSIOpe Mpu
JIBYX CBETOBBIX pexKMMax IO CPaBHEHUIO ¢ KOHTPOJIEM U TToKazaTeJissMU B aBrycte. Tak, B
CEHTSIOpE TT0 CPAaBHEHUIO C aBI'yCTOM (1 COOTBETCTBYIOIIIMMU PEXKMMAaMM) Y PbIO B KOHTPOJIE
Macca Tena yBeaudwiachk B 1.23 pasa; npu pexkxume cBeta 16/8 — B 1.6 pas, Iipu pexume
24/0 — B 1.33 pasa; B OKTSIOpE 110 CPAaBHEHMIO C aBIYCTOM (M COOTBETCTBYIOIIMMU PEXMMA-
MM) B KOHTPOJIE ¥ phIO Macca yBeJnurBaiach B 1.3 pasa, npu pexume 16/8 macca yBerndm-
nachk B 1.65 paza, ripu pexume 24/0 — B 1.55 paza. Poct conepxXaHust TPYIHOOKUCIISIEMbBIX
surnoB — OX u XC, a takke COM, NpensiTCTBYIOIINX aKTUBALIMKY CBOOOTHOPAINKAIb-
HOTO OKHMCJIeHUs 6oJiee HEHACHIIIIEHHBIX MeMOPaHHBIX JIUTTUAOB U yBeimdeHrne U, Mmox-
HO paccMaTpuBaTh B KAUeCTBE OGMOXMMUUYECKUX MHANKATOPOB alalTUBHBIX U3MEHECHUI JTV-
MUIHOTO COCTaBa y ABYXJIETOK (1+) aTJIaHTUYECKOTO JIOCOCS, BRIPAIIIBAEMOIO B 3aBOACKUX
YCJIOBUSIX TIPU PA3IMYHBIX PEKMMAaX OCBEIIeHHUsI B MICKYCCTBEHHBIX YCIOBUSIX, B MPOLIECCE
MOATOTOBKY MOJIOIN K CMOJTU(MDUKAILIMY U CMEHE Cpeibl OOUTaHUSI C MPECHOM Ha MOPCKYIO.
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Effect of the Photoperiod on Lipid Spectrum of Young Atlantic Salmon Salmo salar L.

N. N. Nemova® *, Z. A. Nefedova?, S. N. Pekkoeva?, V. P. Voronin“,
T. R. Ruokolainen’, and S. A. Murzina“

4 Institute of Biology of the Karelian Research Centre of the Russian Academy of Sciences,
Petrozavodsk, Russia

*E-mail: nnnemova@gmail.com

Effect of two light regimes 16/8 (16 hours — light and 8 hours — darkness) and 24/0
(24 hours — light) on the lipid content of juvenile Atlantic salmon (at the 1+ age) in the
process of growth and development from August to October was carried out in a fish
farm. The content of total lipids, structural lipids — phospholipids (PL), their classes
(phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidyli-
nositol, sphingomielin, and lysophosphatidylcholine) and cholesterol (CHOL), reserve
triacylglicerols (TAG), diacylglycerols (DAG), free fatty acids (FFA), cholesterol esters
(ECHOL) were analysed. It was shown that index of ratio structural and reserve lipids
(PL + CHOL/TAG + ECHOL) is increasing during growth and development of young’s
Atlantic salmon (1+) principally than in control options. The data obtained indicate the
predominance of the structural growth of organs and tissues over fat accumulation to a
greater extent in fish with additional illumination in this period. These changes were ac-
companied by an increased growth rate of juvenile salmon in September and October
under two light conditions compared with the control and those in August.

Keywords: photoperiod, lipids, Atlantic salmon, aquaculture
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TTpoBeneHoO cpaBHUTEIBHOE UCCIIEIOBAaHUE CBOMCTB SIIEPHBIX U 0€3bsIIEPHBIX SPUTPO-
LIMTOB B YCJOBUSIX DKCMEPUMEHTATbHOM rUnokcuu. Onpenensiv GochoaunmuaHbii u
JXUPHOKUCJIOTHBII COCTaB MHAMBUIYAJIbHBIX (POCGHOIMUIIMIOB, CoAepKaHUE CBOOOI-
HBIX XXUPHBIX KMCJIOT B COCTaBe OE3bsIICPHBIX U SIEPHBIX SPUTPOLIUTOB MPU MTOMOLIU
TOHCKOCJIOIHOI XpoMmaTorpacduu. MeTtoaom ja3epHoit MHTepdepeHIIMOHHOI MUKPO-
CKOMUU M3YYaIin MOp(OMeTpUYeCKre XapaKTepPUCTUKU SIIEPHBIX U Oe3bsIepHBIX
SPUTPOLIUTOB U pacrpeesieHue reMorioonHa. MeToaoM CIeKTPOCKONMUU KOMOMHA-
LIMOHHOTO paccessHusl u3ydaaud KOH(pOpMalMOHHbIE W3MEHEHUsI reMornopdupuHa
SIIEPHBIX U GE3bsIIEPHBIX SPUTPOLIMTOB B YCJIOBUSIX TUNoKcuu. [TokasaHo, 4To B yciio-
BUSIX TUIIOKCUM B MEMOpaHaX Kak siIEPHbIX, TaK U 0€3bsIIEPHBIX SPUTPOLIMTOB ITPOUC-
XOHSIT U3MeHeHUsI B (hochOJIMITUIHOM U KMPHOKUCIOTHOM COCTaBe, BEAylIUe K Ha-
KoIuteHUuto Ju30¢hopM (ochONUITUIOB, AUAIMITIMIIEPOSa U CBOOOMHBIX KUPHBIX
KHCJIOT, @ TaKXe K MOBBILIEHUIO CTEITeHN HACHIILIEHHOCTU XXUPHBIX KUCJIOT B COCTaBe
dbocdhomununos. [laHHbIe U3MEHEHUsI CBUACTEJIbCTBYIOT O CTPYKTYPHBIX MEepPeCTpOii-
Kax B MeMOpaHe Ge3bsiIePHbIX U SIEPHBIX IPUTPOLIMTOB U, BCIAEACTBUE ITOrO O (DYHK-
LIMOHAJIbHBIX U3MEHEHMSIX KaK CO CTOPOHbI SPUTPOLIUTA B LIEJIOM, TaK U OCHOBHOIO
KHCJIOPOATPAHCIIOPTHOTO GejIKa SPUTPOLIMTOB — I'eMOIJIOOUHA.

Karouegnle cnoea: spuTpoldThl, MeMOpaHa, (oCHOIUITNIBI, SKUPHBIE KUCIOTHI, TeMO-
JIOOUH

DOI: 10.31857/S0869813920050106

B pesynbraTe MHOTOYMCIEHHBIX MCCAEA0OBAaHUI NeTaabHO JOKa3aHa poJib U3MEHEHUA
CEpAEYHO-COCYANCTON 1 NbIXaTeJIbHOW CUCTEM B Pa3BUTUU KHUCIOPOJHOU HEAOCTATOY-
HOCTHU TKaHeM, Toraa Kak 3HaueHUe KMCJIOPOATPAHCIIOPTHOM (hbyHKIIMM KPOBY B BO3HUK-
HOBEHUHN TUIOKCUU, PA3BUTUU U TIPOTPECCUPOBAHUU TUIMOKCUYECKU OOYCIIOBJIEHHBIX
COCTOSIHUI M3yueHa HeloCTaTouHO. B HacTosiee BpeMsi cuuTaeTcsi, YTO OJHUM U3 OC-
HOBHBIX MEXaHM3MOB BO3HUKHOBEHMSI CEPAEYHO-COCYAMCTBIX 3a00JI€BaHUI SIBJISIETCS
HapylIeHUe CTPYKTYPbl U GYHKIIUY SHIOTENMS COCynoB [1, 2].

I1pu aTOM TIepBUYHBIE 3BEHbS MTATOTEHE3a SHAOTEINAIBHON TMCHYHKIIUM, B YaCTHO-
CTHU, BO3MOXHas poJjib TeMUYECKO U TKAHEBOU I'MIIOKCUU B €€ PA3BUTHUM OCTAIOTCS He-
JIOCTaTOYHO MCCJIENOBAaHHBIMU. Tak, He YAeJIeHO Cepbe3HOI0 BHUMAaHMSI OTHOMY U3 BaXK-
HEUIINX 3BEHbEB CUCTEMbI TPAHCIIOPTa KUCIOPOJa — TeMOTJIO0MHY 3pUTPOLUTOB. B TO
K€ BpeMsl U3BECTHO, UTO U3MeHeHUue MOPGOIOrMYecKUX U (PyHKIIMOHAIBbHBIX XapaKTe-



632 PEBUH wu np.

PUCTHUK 3PUTPOLIMTOB CYILIECTBEHHO BMsieT Ha 3(heKTUBHOCTh MepeHOca KUCI0poaa B
opraHusMe, oTpeesisisi pa3BUTHE MHOTHUX MATOJOTMYECKUX COCTOSTHUMI [3—5].

Takke BaXkHOU TIPUYMHON HapyUIEeHWI KUCIOPOATPAHCIOPTHOM CHUCTEMBI MOXKET
OBITh U3MEHEHUE CBOWCTB TeMOTJIOOMHA, OMPENESIONINX €ro CPOICTBO K KUCIOPOLIY,
CBSI3aHHOE C HapylleHneM KoHdopMaLuu reMoropeuprHa [6—8].

BaxXHBIMU COCTABISIONIMMU B PETYISIINMN (DYHKIIMOHATBHBIX XapaKTEPUCTUK SPUTPO-
LIMTOB M HAXOJSIIEroCsl B HEM TeMOIJIOOMHA SIBJISTIOTCS COCTOSIHUE M TMHAMUKA JIMTTUI -
Horo oucyiost MeMOpaH. B 3pejioM apuTpounTe yeaoBeKa HEeT siapa, Ipu AeCTBUU IPOTe-
a3 M Jmmnas paspyuiamTcs prbocombl u mMutoxoHapuu [9]. Kak msBecTHO, OCHOBHast
(KucopoaTpaHCIIOpTHAsI) (DYHKIINSI SPUTPOLIMTOB HE SIBJISIETCSI SHepro3aBucumoii [10].
Tem He MeHee, IS TToIIepKaHusl CTAOMJIBHOCTH MEMOpaH 3pUTPOLIMTOB BaskKHOE 3HAYE-
HHE UMeeT CIIOCOOHOCTD KJIETOK K cuHTe3y AT® [11—13].

YTpara siapa 1 MUTOXOHAPUIA, TAKUM 0OpPa30M, MOXET UTPaTh OINpPeAeIEHHYIO POJb B
nepepacnpenejeHud reMorjaoorMHa B KJIETKE U TeM CaMbIM BJIMSITh Ha €ro KUCIOPO[-
TPaHCIIOPTHBIE CIIOCOOHOCTH, a JIEKAPCTBEHHBIC CPEACTBA, YCUJIMBAIOIIME METabOIMYEC-
CKYI0 aKTUBHOCTb 3PUTPOIIMTA, MOTYT CITOCOOCTBOBATh YCWJICHUIO KUCIOPOATPAHCIIOPT-
HBIX CBOMCTB, YTO MOXHO YCTAaHOBHUTH B CPAaBHUTEJIBHOM 3KCIIEpMMEHTE Ha SIICPHBIX U
6e3bSIICPHBIX IPUTPOIIUTAX.

METOABI UCCIEJOBAHUA

Ilocmanosxa IKcnepumenma

OOBEKTOM HCCIEOOBAHUS CIYXKWJIN SPUTPOLIMTHI ITepudeprndecKoii KpoBU YeIOBeKa,
MOJTlydYeHHbIE U3 1IeJIbHON KPOBU TOHOPOB Ha PecrmyOanKaHCKOM CTaHIIMK MepeuBaHuUs
KpoBHU. JloHOpaMu SIBJISUIMCH MPAKTUYECKU 3A0POBbIe Joau (n = 39) My>KCKOro mnoJja B
Bo3pacTte oT 25 Jiet 1o 39 net (cpemHuii Bo3pact 32.1 r.). VIX cpenHue reMaTooruyeckue
nokaszarenu: RBC (10'2/1) — 4.68 + 0.09; T6 — 134.6 + 4.56 r/1. ViccnenoBanue mpoBe-
JIEHO C pa3pelleHus] JOKAJIbHOTO 3THYECKOTO KOMUTEeTa MpH MOpPIOBCKOM Tocynap-
CTBEHHOM YHUBepcuTeTe B cooTBeTcTBUU ¢ nmpuHImuiaMu Good Clinical Practice (ripo-
TokoJ Ne 12 ot 17 cents6ps 2014 r.). UndpopMupoBaHHOE corjiacie JOHOPOB Ha ydacThe
B MCCJIEIOBAHWM MOJIyYEHO.

KpoBb 3a0upanu yrpoM HaTollaK U3 JOKTEBOUM BEHbI B BAKyyMHbIE TPOOUPKHU, TTOCHE
Yero U3 BEHO3HOM KPOBU MOJIydaid SpUTPOLIUTAPHYIO B3BECH.

Takke B KauecTBe 00BbEKTa MCCIIENOBAHUS UCTIOIb30BAJIM SPUTPOLIUTHI KPOBU MOJIO-
Boapebix rosryoeit (Columba livia, 29 ntun) B Bo3pacte 4—8 et maccoit 300 r. [1pu pabo-
T€ C MTULIAMU TIOJIHOCTBHIO COOJTIONAN MEXITyHApOTHbIE MPUHIIUIIBI XeJIbCUHKCKOM J1e-
KJIapally O TYMAaHHOM OTHOIIEHUHU K XKUBOTHBIM.

Tlonyuenue cycnensuu s3pumpoyumos

B kauecTBe aHTUKOAryasiHTa mpuMeHsiacs 3Na-1uTpaT, KoHeUHasi KOHLEHTpalus co-
craBisuia 13 MM, pH = 7.35. ®opMeHHBIE 371eMEHTBI KPOBU OCaXKIaau LIEHTPUMYrupo-
BanueMm 10 muH nipu 1000 g. [1na3my u JiefiKOLIMTapHBIN CI0I OTOpachiBaid, OCaa0K pe-
CYCTIEHINPOBAIM B JECATUKPATHOM OOBbeMe Cpelbl IIPOMBIBAHUSI M MHKYOAIIUU 3PUTPO-
LIUTOB, KOTOpas conepxana (MM): 10 KH,PO,, 3.5 KCl, 1.5 MgCl,, 145 NaCl, 6 moko3sI,
pH = 7.4 [14]. Ocaxnanu sputpoiuthl LeHTpudyrupoBanueM rnpu 1000 g 15 MuH (Temrie-
patypa 4°C). Ilpouenypy NpOMbIBAaHUSI TTOBTOPSIIN TpexKpaTHO. IToydeHHBI ocaaoK
SPUTPOLIMTOB Pa3BOIWIN Cpeaoii mpoMbIiBaHU B cooTHomIeHnu 1 : 5 (V : V). Cycniensuio
SPUTPOLIMTOB XPaHWJIU B XOJIOAWIBHNKE pu TeMriteparype 4°C He Gostee 6 4. B TeueHmne a10-
r'0 BpeMEHU 3PUTPOLIMThI UCITOIB30BAJIH ISl IPOBEACHUS TaTbHEHIIINX SKCIIEPUMEHTOB.

[Mpoueaypa MmojaydeHus SpUTPOLIUTOB royosi HE OTJIMYaIach OT IPOLIEAYPHI MOJIyde-
HUS SPUTPOLIUTOB YEJIOBEKA.
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Hukybayus spumpoyumoe

DpUTPOLIUTAPHYIO MACCy XOPOIIO pa3MellMBaid U otoupanu 10 My B MHKyOallMOH-
Hylo KaMepy. BpeMst mHkyb6amnum coctapisuio 60 MuH. B mHKyGallMoHHO# Kamepe Mo-
nepxXuBanach crabuiabHag Temiieparypa 37°C (B ciydae C 1IepHBIMU 3PUTPOLIMTAMU TO-
ny6st — 40°C).

st co3maHust 3KCIEPUMEHTANIbHON TMIIOKCHUM Mbl MCIIOJBb30BAJIM IIPOITyCKaHUE
(6ap6oTax) a3oTa 4Yepe3 MHKYOAIIMOHHYIO cpeny ¢ apurpouuTtamu [15]. 3a ocHOBY OBI-
J1a B3sgTa MonuduLpoBaHHas MeToarka Wood ¢ coaBrT. [16] u Ramser ¢ coasr. [16, 17].
Wcnonp3oBaHa ycTaHOBKa, pa3dpaboTaHHas MHXKeHepaMu Hamreil kadenpel. MHKyOa-
1IYsI 3PUTPOLIMTOB MPOBOAMIIACH B IPOOUPKAX, FTEPMETUYHO 3aKPBITHIX CUTUKOHOBBIMU
npobkamu. ['azoBylo cmech, conepxainyio N, u 0.04% CO, (OOO ToproBasi Kommna-
s “ITPOMKOMIIJIEKT-C”) oCTOpOXHO IPOIyCKaJIn Yepe3 CYyCIIEH3NI0 3PUTPOIIH -
TOB Yepe3 BXOJHbIE OTBEPCTUSI, TPOCBEPJIEHHBIE B CJIIMKOHE (OT KOTOPBIX B CYCTIEH3UIO
ONMYCKAJIMCh TOHKWE KaNujisipbl). I3 MpoOUpPOK ra3 yaajsics yepe3 BhIXOAHBIE OTBEP-
crust. CKOpOCTh MOJAYM Ta30BOM CMeCH cocTaBisiia 5 cm>/mMuH. [Iporenypa MpomLyBKH
raza npoBoawiach npu temrmeparype 37°C (B citydyae apurpouutoB roiyost 40°C) ¢ uc-
MOJIb30BaHWEM BOJISTHOUN OaHM.

Tlocne nHKyGauuu 3pUTPOLIMTHI OcaXaalucCh LieHTpudyruposanuem ripu 1000 g B Te-
yeHue 10 MUH, ITOC/Ie Yero HeOOoJIbIIYIO0 YaCTh OCaaKa pPeCyCIIEeHIMPOBaIU B Cpeae IIpo-
MBIBaHUsI, MIPUTOTABIUBAIM MpernapaThl i MUKPOCKOITMU, pyrasi 4acTh MCIOJIb30Ba-
JIach JUIS TIOJTydYeHUs MeMOpaH.

Boidenenue membpan u3z apumpoyumos uenoeexa

OcaoK 3pUTPOLIMTOB MOABEPrajcs JU3UCY B OXJIaxAeHHOM pacTtBope 5 MM NaH,PO,
(pH = 8.0; T=4°C). CooTHOILIIEHHUE OCAIKa SPUTPOLIUTOB K JIU3UPYIOIIEMY PACTBOPY CO-
crapisio 1:20 (V:V).

CwMmecnb octaBisiim Ha 10 muH nipu 4°C. Tocie atoro nentpudyruposaiu rmpu 20000 g
B TeueHue 50 muH (Temneparypa 0°C). HagocamouHyio XXUAKOCTh OTOpachiBaan, OCagoK
pecycrneHaupoBaiu B in3upymolieMm pactBope. Llentpudyruposanu npu 20000 g B Teue-
Hue 50 muH (temnieparypa 0°C). IIpouenypy moBTOpsuIM TpexkpaTHo [18].

Buidenenue membpan u3 spumpoyumoe 201y6s

BoiagesneHre MmeMOpaH M3 3pUTPOLIUTOB roJiyOsi TPOBOIMIIM MO METOY, OITMCAHHOMY B
ctatbe [19]. DpUTPOLUTHI rOy0sI MTOABEPTraIMCh JIM3UCY B OXJIAXKIEHHOM pacTBope S MM
NaH,PO, (pH = 8,0; T'= 4°C). Cnycrt4 15 muH uentpudyruposanu npu 3100 g B TeueHue
10 MuH, cynepHaTaHT oTOpachiBajiu. B mpoOupku ¢ ocagkoM HO0aBsSJIM pacTBOP
Na,HPO,, pecycniennupoBaiu u cHoBa LieHTpudyrupoBaiu npu 3100 g B TeyeHue
30 muH. Luka nmoBTopsiics He MmeHee 7 pa3. OcagoK IMPOMBIBAJIM JIM3UPYIOIIMM OydhepoM
JI0 MOJTydeH1s MeMOpaH OesIoro 1BeTa.

Drempaxuyus u xpomamoepaguueckoe pazdeneHue AUNUO08 MeMOPAH IPUMPOUUIMOE

DKCTpaKIUMIO JUITMIOB U3 3pUTPOLIUTAPHBIX MEMOpPaH IPOBOAWIN O MeTony biaiis—
Jaitepa [20].

XpomaTorpaduyeckoe pasnesieHrue TPOBOAIIM B TOHKOM CJIO€ CYUTMKAaresisi, HaHeCeH-
HOro Ha CTEKJSIHHYIO IUTacTMHKY [21—23]. Kcrmonb3oBaiu CTaHOAPTHBIE ILIACTMHKU
HPTLCSilicagel 60 F254 (Merck I'epmanust). O0paslLibl, IpeqHa3HaYeHHbIC 1)1 pas3zic-
JIEHMSI, HAHOCWIM C TIOMOIIBIO aBToMaTryeckoro ammumkaTopa AutomaticlCL-Sanipler 4
(Gamag, IIseituapust) Ha pacctosstHur 0.7—1 cM OT KpaeB IiacTUHbI 1o 20 MKJI B BUIIE
MoJiockl (OMHOMEPHOE pa3lie/IeHUE).
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[1s1 oOHapyXeHUs JIMMUIOB HaMU1 ObLT MCIOJIb30BaH METOM, OCHOBAaHHBIM Ha OKpa-
IIMBaHUU X MapaMu iiona, ynoOHbIi G1arogapsi CBOe YHUBEPCAILHOCTU U OTCYTCTBUIO
pa3pymianero 1eiMcTBUsl Ha JUMUAbI [24].

Oo6HapyxeHre pochoaunmmaoB IIpoBoaId MeTonoM BackkoBckoro [25]. OtaenbHEBIC
dpakunn GochOINITMAOB UICHTU(MUIINPOBATIN C UCIIOIb30oBaHeM 3HaueHmnil Rf crierim-
(UUecKMX OKpaIINBaIOIINX areHTOB U CBUIETEICA.

XonuHconepxaime (GochoJUnUabpl 0OHApYKUBaJIU C IMMOMOIIbIO peareHTa JlpareH-
nopda. Inst ooHapyxXeHus1 aMuHocoaepxainx ¢ochomunuaos (PDA, OC) ucronab3o-
BaJIi HUHTUAPUHOBBIN peakTus [26].

O6HapyxeHue cBOOOAHBIX XUPHBIX KUciaoT (CXKK) nmpoBoawim ¢ moMolibio 6pom-
KPE30JIOBOTO 3eJIeHOrO [24].

KonuuectBeHHOE ompeneneHne HochOTUMUAOB OCYIECTBIISIM C TTOMOIIBIO TEHCH-
TOoMeTpruueckoro aBromarusnupoBaHHoro komiuiekca CAMAG TLC Scanner 4 (IlBeii-
mapus) [22, 23]. derektupoBaHue ocyluecTBisum ¢ moMoiipio TCL Scanner 4 u mpo-
rpamMHoro obecrieueHust winCATS B pexxume rioroieHus pu 360 HM ¢ aeiiTeprueBoit
namroit. Conepxanue (pocdoaunuaoB BbipaXkalu OTHOIIEHUEM HeopraHn4eckoro ¢oc-
¢dopa nHaUBMAYaTbHBIX (hochoaUNMUIHbIX pakKIUil K CyMMapHOMY HEOPraHUYECKOMY
docdopy Bcex pochomMnUIHbIX PpaKIIid.

OnpedeneHue JHCUPHOKUCAOMHO20 COCMABA UHOUBUODYANbHBIX (OCPOoUnUI08

Metunosie 3¢upbl XKupHbIX KuciaoT (2KK) namuBumyanbHbIX aunmaoB 1 C2KK ana-
JIM3UPOBAIM METOOOM Ta30Boit xpoMmaTorpaduu (I'X). Metunuposanue KK mpoBonnmm
no merony Moppucona u Cmura [27]. Paznenenue metmioBeix 3¢upoB KK mpoBoanan
Ha razoBoM xpoMaTtorpacde SHIMADZU GC-2010Plus AF (SImonust). AHanu3 u obpa-
0OOTKY pPEe3yJIbTaTOB XpoMaTorpacdU4YeCcKMX MCCIEeIOBaHUI TMPOBOAUIN METOJOM BHYT-
pPEHHEro cTaHaapra.

Jlazepnas unmeppepenyuonnas MUKpoCcKonusi

CTpyKTypHblE UBMEHEHUSI B 9PUTPOLIUTAX, TIepepaclipeiesieHe TeMorioonHa u duia-
MEHTOB, O0ECITeUNBAIOIINX B3aUMOIEMCTBIE TEMOTJIOOMHA C BHYTPEHHE CTOPOHOI Tj1a3-
MaTU4eCKON MeMOpaHbI, U3yd4ali METOIOM Ja3epHO MHTEPdEPeHIIMOHHON MUKPOCKO-
muu (JIMM) Ha aBTOMaTU3MpPOBAaHHOM HHTepdepeHIMOHHOM Mukpockone MHWUN-4M
(Poccus) [28, 29].

B xone nccaenoBaHust 6MoIornyecKkrue 0ObEKTHI pa3MelllalMCh HA 36pPKAJIbHOM MO -
JIOXKeE, OT KOTOPOI OTpaxkaeTcsl MpoXoAsInii yepe3 KIeTKy cBeT. B pesynbrate duk-
cupyeTcsl IBOMHOM caBUT (ha3bl JTydya KOT€PEHTHOTO MCTOYHUKA CBETA B KaXK/10i TOUKe
00BbEKTa, a C TOMOIIBIO TOTIOJIHUTEJIbHOM BOJIHBI OT TOTO K€ UCTOUHUKA (DOPMUDPYETCS
nHTepdepeHIIMOHHOe n300paxkeHne KJIeTKu. i1 nccaeqoBaHus MOaydaid U300paxe-
Hus 10 y4acTKOB C MOHOCJIOMHBIM PacrojioKeHMeM KJIETOK B MHTepdEepeHIIMOHHOM Ka-
HaJle 1 OTpaXeHHOM cBeTe B Kaxkaoi nmpooe. [lojiydeHHbIE N300paxkeHUsT SPUTPOLIMTOB
obpabarsiBasiuv ¢ iomolbio iporpammbl FIJI [30].

CocTosiHMEe 3PpUTPOILIMTOB 4YeJIOBEKa OLIEHWBAJIW, PETUCTPUPYS CPEAHIOI BEJTUUYUHY
ontudeckoii paszHoctu xona (OPX) m miomanbk Ga3zoBoro m3o0bpaxkeHUsT SPUTPOLIUTA.
JIna moJrydeHusT TOCTOBEPHOTO pe3yJibTaTa IoKa3aTeIM pacCUMTBIBAIM, WCTIONB3YsS He
meHee 100 KI1eToK OT KaxXKImoro oopasia.

JIOTIOTHUTENIFHO pacCUMTHIBAIM (ha30BBIi 00BEM 1 (PUBUYECKYIO BBICOTY DPUTPOLIM -
TOB, a TaKXE€ INNIOTHOCTH YIIaKOBKU reMorjiooHa B OJHOM SPUTPOLUTE ITO 3HAYCHUAM
OMNTUYECKOUN PAa3HOCTU XO/a, NIOTHOCTU FeMOIJIOOMHA, TTOKa3aTelsiIM NPEJIOMIICHUSI Te-
MOTJIOOMHA, SPUTPOLIMTOB U CPEIbl BHIIEJICHUSI.
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Memod CcneKkmpockonuu KOMéuHaMMOHHOZO paccesrnus

WccnenoBaHue KkoHGOPMAIIMKU U CBOMCTB reMOTJIOOMHA TTPOBOAMIIN C UCTIOJIb30BaHUEM
paMaHOBCKOM CIIEKTPOCKOIMM KoMOnHanmoHHoro paccessHus (KP) na mpubope InVia-
Renishaw (Beauko6puTtaHus) ¢ KOpOTKO(OKYCHBIM BBHICOKOCBETOCHIBHBIM MOHOXpOMa-
TOopoM (oKycHoe paccTtosiHue He 6osiee 250 mm) [31—34]. s Bo30OyKIeHUs paMaHOB-
CKHX CHEKTPOB UCTOJIb30BAJICS Jia3ep (IJMHA BOJHBI 532 HM, MaKCUMaJbHasi MOIITHOCTh
nznyuyeHust 100 MBt, oobekTuB 100%). Perucrparop nanHsix — CCD-nerekrop (1024 %
X 256 muKceneii ¢ meabThe-oxiaxaeHueM 1o — 70°C) ¢ pemetkoit 1800 mrp/mMm. Orud-
poBaHHBIE CIIEKTpEI 06padoTaHkl B rIporpamMmme WIRE 3.3. IIpou3sBeneHbl KoppeKIus 6a-
30BOM JIMHUU, CIVIAXKUBAHUE CIIEKTPOB.

Ipu nsyyenum koHdopmauu ['6 cycneH3us: 3puTPOLIMTOB MoMelllajach B 3arasiH-
Hble KanuJUIsipbl, IMaMeTpoM | MM, KOTOpbI€ YCTAHABJIMBAJIMUCH B JepKaTesib CIIEKTPO-
MeTpa. BeIMChIBaIMCh ITOI0CH CIEKTPa TeMOTIIO0MHA TP BO30YKICHNH JIa3epoM 532 HM 1
COOTHECEHME IMOJIOC ¢ KoJebaHUusIMU CBsi3eil mopdupuHa. 1 Kaxaoi npoObl u3mepe-
HUSI TPOBOIWJIM TPOCSKPATHO, MOJYYSCHHbIC 3HAYCHUS YCPETHSIIIU.

s ananm3a KkoHpopMauuy reMatornopdupruHa reMoriodMHa UCIOIb30BaJIM OTpe-
NieJIeHHbIE XapaKTepHble nojockl cnekTtpa KP, koTopeie 1o3BoJisiIOT uccienoBaTh KOH-
dopmalio rematonopdrpuHa B ae3okcureMoniodbute (n-16) u cnocodbHocts A-1'0 cBsI-
3bIBaTh JIUTAH/bI, a TaKKe KOH(MOpMaIUio reMaTonopduprHa B okcuremorioonHe (o-1'6)
MU cTOCOOHOCTh 0-1'0 cOpachIBaTh KUCIOPO/.

B pa6ore pist aHanu3a KoHpopmauuu u O,-CBA3bIBaIOLIMX CBOKMCTB I'® Mcnosb3oBa-
HEBI CJIeIyIONINe TOJIoCh crieKTpoB KP KpoBu (yKa3aHbI IMOI0XKEHUS MAKCUMYyMOB): 1355,
1375, 1550, 1580 cm~ .

Ucnonb3zoBanue otHoueHnit KP-MKoB, a He MX aGCOIOTHBIX 3HAYEHUIT 00yCI0OBIIE-
HO TeM, YTO aOCOIOTHOE 3HAaUeHUE MHTEHCUBHOCTH CIIEKTpa 3aBUCUT OT KOJIMYECTBA Te-
MOTJIOOWHA U, CJIEIOBATEIbHO, 3PUTPOLIUTOB B TIpoOe 1 B 06acTh (hOKyCUPOBKU Jiazepa.
BHyTpeHHs11 HOpMUPOBKa MMKOB (HAa MHTEHCUBHOCTH APYTUX IOJIOC) 00eCIIeurBaeT To,
YTO aHaJU3UPYyEeMbIe MapaMeTpbl B pa3HbIX MPO0ax He 3aBUCST OT KOJUYECTBA FeMOIJIO-
OMHa, a OMpPEAC/ISIIOTCS TOJBKO ero KoHdopMalueil 1 OTHOCUTEIbHBIM COoAepKaHUeM
€To pasIMIHbIX HOPM.

XapakTep CHEKTPOB KOMOMHAIIMOHHOIO pacCesiHUsI reMolopdrpuHa reMorjioouHa
[35] mo3BoJIsIET onpenesiTh CTENEHb OKUCIEHUS BXOISIIETo B HEro aToma xejiesa, ero
CIIMHOBOE COCTOSTHUE M HAJIMYME JIUTaHI0B, OTpaXkaeT U3MEHEHUSI B CTPYKTYpe TJIOOMHa,
npuBodIIMe K AehopMaliny reMornopdupuHa U BIUSIONIME Ha KUCIIOPOICBSI3bIBAIOIINE
CBOIicTBa reMorioouHa [36].

MHTeHCUBHOCTH Mos10c criekTpa 1355 u 1375 cMm~ 'o6ycioBIeHb CUMMETPUUYHBIMU KO-
JiebaHUSIMU TIMPPOJIBHBIX KOJIEL B MOJIEKYyJlax JNEe30KCUIeMOrJIo0MHa U reMOIJIOOMHa,
cBsi3aHHoro ¢ juradgamu [37]. Tlockonbky konuuectBo O, B KpoBM Ha 3—4 nopsiaka
MpPEeBOCXOAUT coAepKaHue npyrux jguraHaoB (Hanpumep, NO mwiu CO), To UHTEHCUB-
HOCTB Tos1ockl 1375 cM™! ompenensieTcss B OCHOBHOM COIEpXXaHMEM OKCUTEMOITIOGHHA.
TakuM oOpa3oM, OTHOILIEHUE MHTeHCUBHOCTEH 1,375/(11355 + 1;375) MpomopimoHanbHO
OTHOCHUTEJIbHOMY KOJIMYECTBY OKCUTEMOTJIOOMHA B KPOBHU.

UuTeHcuBHOCTH mosoc 1550 1 1580 cM ™! xapakTepH3yloT CIIMHOBOE COCTOSTHHE KeJie3a
B JI€30KCH- U OKCU-(OPME COOTBETCTBEHHO UM, TAKUM 00pa3oM, SIBJISIIOTCS MapKepamy,
OLICHMBAIOLINMM CTPYKTYPHBIE XapaKTEPUCTUKM Xejle3a B MPOCTETUYECKO Trpymre. DTo
TO3BOJISIET, UCTIOJIb3YsI OTHOLUEHUSI UHTEHCUBHOCTEM 1010C 11355/ 550 ¥ 11375/1 550, OLIEHU-
BaThb CITOCOOHOCTb MOJIEKYJI TEMOITIOOMHA B 3PUTPOLIATAX CBSA3BIBATD U OTAABaTh MOJIEKYJIbI
KHMCJIOPO/ia C YYETOM BHYTPEHHETO COCTOSTHMSI MOJIEKYJT reMoryioonHa. Pasnenus oqHo oT-
HowueHue Ha apyroe (Iy3ss/1550)/(11375/11580), MOXKHO MOMYYUTH XapaKTEPUCTUKY, OTpaKa-
IOLLYIO CPOJCTBO MOJIEKYJI TeMOTJIOOMHA K KMCJIOPOAY B HATUBHBIX 3PUTPOLIATAX.
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Taxcke metogomM KP-CreKTpOCKONMUU OCYILIECTBISIM KOHTPOJb 32 CO3JaHUEM THUIIO-
KCUYECKMX YCIIOBHIA B cpelie MHKyOaLu 3puTponuToB [38].

Cmamucmuueckas obpabomika pe3yibmamos

[Tpu mpoBeaeHNU CTATUCTUYECKO 00pabOTKM pe3yIbTaTOB SKCIIEPUMEHTA MepBOHA-
YaJIbHO OLIEHUBAJIM HOPMaJIbHOCTb pacrpeie/ieHUs 3HaYSHU JIJT1 KaXII0oro U3 o0pas3IioB
¢ iomoubio Kputepusi ['mpu [39]. Tlocyie aToro olieHMBaIM OMHOPOAHOCTh AUCTIEPCUH,
3areM TpoBoamin ANOVA u ANOVA w1 noBTOpHBIX n3MepeHmnii. B ciydyae cratuctu-
YeCKM 3HAYUMBIX Pa3IMYMil MEXAY CPEIHUMU 3HAUEHUSIMU MBI UCTIOJIb30BaIv MOCTdak-
TYM METOJI aHaJIn3a cpaBHeHUs cpeaHux Thioku [40].

Pesynbrarel uccienoBaHUil MpEeACTaBIeHbl B BUIE CPeAHEro apudMeTu4yeckoro u
cra"HmapTHoro otkiaoHeHus (Mean = SD).

PE3VJIBTATbBI MCCJIIEJOBAHUA

Hzyuenue gpocghoaunudnoeo u ¥HCUPHOKUCAOMHO20 COCMABA UHOUBUAYANbHBIX (hocchoaunudos,
€00epHCAnUs C000OHBIX HCUPHBIX KUCAOM U OUAUUAAUYEPUHA 8 YCA0BUSAX HOPMbL U SUNOKCUUL.
Hccnedosanue cmenenu oxucaeHHocmu AUnUA08

B namreit pabote MbI ucciaenoBain ¢GocOIUIIMAHBIN cOCTaB MeMOpaH 3PUTPOIINTOB,
a TaKKe CTEeTNEHb UX OKUCJIEHHOCTU B YCJIOBUSIX HOPMbI U TUTIOKCUU.

M3 MmeMOpaH 3pUTPOLIMTOB ObUTH BblaeaeHbI 7 dpakiiunii hochonunuaoB — dochaTu-
nunxoiauH (PX), docharunmnataHonamut (DPDA), docharuauincepur (PC), chuHro-
muenuH, Juzodocharnaunxonun (JIOX), nausodocharuaunstaHonramuH (JIGDA),
docharuaununosuton (OU). Kpome 3Toro, 6bUIM BhIAEICHBI TaAKME METaOOIUTHI (hoc-
dommnunos, kKak muanwiaraunepos (JAID), sBisiomuiicss BTOpUYHBIM ITOCPEIHUKOM
GoCchHONHO3UTUIHOIO UKIA U obpasyloiuiics u3 docharuaminHo3uTon-4,5-mudoc-
data nmox aeiicrBrueM dpocdosmmnasel C, u CXKK [41].

B xome skcneprMmeHTa ObIJIO YCTAHOBJIEHO, YTO B 3pUTPOLUTAX (KaK Oe3bsNepHBIX,
TaK U SIIEPHBIX) B YCJIOBUSIX HEIOCTATOUHOIO COAEPXKaHUS KUCIOpoAa B cpelie MHKyOa-
LMY [TPOMCXOMSIT UBMEHEHUS B KOJIMYECTBEHHOM cocTaBe (pochoaunumoB u ux Metabo-
auToB (Tab. 1).

Bo3MOXHO, 4YTO B yCIOBUSIX TUTIOKCUM MPOUCXOIUT akTUBalus dhocdonunas B 3put-
polmMTax, 4To, B CBOIO o4epeb, MPpUBOAMT K paciieruieHno PDA, X u OdC. Dto takke
MOATBEPKIaeTcsl HakoruieHueM B yciioBusix runokcun HAT m CXKK (ux xoaudecTBo
yBeuIuBanoch Ha 47.8 1 34.2% COOTBETCTBEHHO MO CPABHEHUIO C KOHTPOJIEM).

Ipu uccrenoBaHUM SIAEPHBIX IPUTPOLIMTOB TOJyOsT OBLTU BBIIEICHBI T€ Xe (hpakiium
®DJI, yto 1 U3 MeMOpaH 3PUTPOLIUTOB UeJIOBeKa. B Xxome aKcriepuMeHTa MpoCieXXBaIucCh
Te XK€ 3aKOHOMEPHOCTH, UTO U TIPU UCCAESIOBAaHUN SPUTPOLIMTOB UyeaoBeka (Tabiu. 1).

B yciioBusix HemocTaTKa KMCJIOpoda HabIoaanoch cHukeHue cogepxkanust ®OA, OX,
®dC u ®U no cpaBHeHMIO ¢ KOHTpoJsieM Ha 45.1, 36.5, 38.5 u 58.4% coOTBETCTBEHHO.
MunumanbHOe cCHIDKeHre Habmonanoch i CM (ta6a. 1). Takke B ssaepHBIX 3pUTPO-
LIMTaX IIPOMCXOAMNJIO HAKOIUIEHME MTPOAYKTOB npeBpalleHust pochonununos — JIDDA u
JIDX, onHaKo, B CpaBHEHUU C 3PUTPOLIMTAMHU YeJIOBEKa B OOJIbIIIEH CTeTIeHU, TpaKTU4e-
CKM B 2 paza 1o CpaBHEHMIO ¢ KOHTpoJieM, yBeandyuiaochk KoindectBo JIOX. Kpome atoro,
Ha6monanock yeenndeHue konndectsa JAI u C2KK Ha 53.3 u 32.4% cOOTBETCTBEHHO.

OueBUIIHO, YTO BBISIBJICHHBbIC U3BMEHEHHUSI B COCTaBE JIMMUIOB LIUTOIIa3MaTUYeCKO
MeMOpaHbl 3PUTPOLIUTOB — CHIDKeHMe coaepxkaHus MDA, ®X, ®C, ®U, CM u yBenau-
yeHue coaepxkaHus 1130¢hochoIUITUIO0B, a TAKXKE META0OJIUTOB JIUTTUIOB MOTYT BIUSITh
Ha CTPYKTYpHBIe 1 (PYHKIIMOHAIbLHEIEC CBOMCTBA MeMOpaHbI KiieTKu [30].

Juist nydiiero MOHUMAaHUS XapakKTepa U CTEMEHU y4acTusl OTaeIbHbIX (PochonnunuaoB
B (DYHKIIMSIX KaK OOIIUX [IJISI BCEX KJIETOK, TaK 1 CrielM(UIECKUX ST SPUTPOLIUTOB, He-
obxomrMo 6oJiee TIyOoKOoe M3ydeHMe MOJIEKYISIPHOIO CTPOSHUSI OTIeIbHBIX dhocdomm-
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Ta6auna 1. VisMeHeHUe JIUITMIHOIO COCTaBa MEeMOpPaH 3PUTPOLIMTOB YEJI0BEeKa 1 royiyosi B yCIIOBU-
SIX HOPMbI U HEOCTaTKa KUCJI0poaa
Table 1. Changes in the lipid composition of human and pigeon erythrocyte membranes under nor-
mal and lack of oxygen conditions
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YcnoBus
9KCIEepUMEHTA beswsanepHbie aputpounTtsl (n = 39)| fnepHble 3puTpoUUTHI (1 = 29)
Experimental Nuclear-free erythrocytes Nuclear erythrocytes
conditions
®DJI 1 MeTaboOIUTHI,
MKF/MF JIUITUI0B KOHTPOJIb TUITOKCUS KOHTPOJIb TUIIOKCUSI
PL and metabolites, control hypoxia control hypoxia
1g/mg lipids
g’]gf 190.3 + 8.1 68.3+28% | 186.5+88 166.8 + 3.6*
X 230.8 +9.3 118.2 + 3.6* 23314104 | 148.4+ 5.4%
e 8409, 243, 1+ 10. 4+5.
oC 36.6+ 1.3 204+ 16" | 57.84+56 35.1 + 1.6%
bs 6+1. 441 84+5. 141
g’I“ 82.5+3.8 77.6 + 6.2%* 77.4 +2.1 32.4 4 2.4%
CM 158.4 + 6.3 146.2 + 9.5* 1653+ 7.6 155.6 + 11.6*
S 4+6. 2409, 347 6+ 11,
ng?é‘ 173404 23.7 4 1.7%* 18.6 + 0.6 36.4 + 1.8%*
e 19.8+0.7 37.8 + 2.4 19.840.8 292 + 2.5
HDQFG 175405 25.5 + L1** 155407 23.4+0.8*
cak 384+ 13 51.6 + 2.0 377+ 14 49.1 + 1.3%*

*p < 0.05 1OCTOBEPHO 1O OTHOIIEHUIO K KOHTPOJIO;
*p < 0.05 reliably in relation to control;
**p < 0.01 1OCTOBEPHO 10 OTHOLIECHUIO K KOHTPOJTIO.
**p <0.01 reliably in relation to control.

MUIOB Y, MpPEXAe BCEero, MX XXMPHBIX KUCJIOT KaK caMOro NMepeMeHHOro KOMITOHEHTa
dochomumoos [42].

IMpu nzyyenunu coctaa KK dochonunumnoB MemMOpaH 3pUTPOLIUTOB YeI0BeKa ObLIO
BBISIBJIEHO, YTO OHM BKItoyanu mMupuctuHoByio (C14:0), mupucroneuroryto (Cl4:1),
naasMutrHOBYIO (C16:0), manemuTonenHoByio (C16:1), creapunonyio (C18:0), onenno-
Byio (C18:1), mmaoneByio (C18:2), mronenoyio (C18:3), apaxunosyro (C20:0), ronmo-
nHoByto (C20:1), siiko3ommenoByo (C20:2), oererHoByio (C22:0), spykoByio (C22:1),
nurHoruepuHoByio (C24:0) kucaoTsl (Tabil. 2).

Hns xaxnoit ¢pakuum (GochonunumoB CymecTBYeT CBOM XUPHOKUCIOTHBIN MPO-
¢bunb. Tem He MeHee, O0IIUM IS Bcex (ppakiivii pochoannumaoB siBISIETCS BBICOKOE CO-
Jiep>XKaHue CTeapuHOBOI U OJIEMHOBOI KUCJIOT. K MUHOPHBIM OTHOCUTCS JIMHOJICHOBASsI
He3aMeHUMasl XKUPpHasi KUCJIOTa ¢ MaKCUMaJIbHBIM cofiepxkKaHueM Bo dpakiinu docdaTu-
UIXOJVHA.

AHan3 XUPHOKUCJIOTHOTO COCTaBa JIMIIUAOB 3PUTPOLUTOB ITOKa3aJl, YTO B KOH-
TpoJILHOM oOpasie Bo (¢pakuny ®X ObUIM OOHApPY:KEHbI BCE INEPEYMCIICHHBIC BBIIIE
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Taoauua 2. 2KMpHOKUCIOTHBIN cocTaB dpakuuit pochonununoB u CXKK 6e3bsiaepHbIX 3pUTPO-
uuToB (% ot ob1ero kosmuectBa)M = SD (n = 39)

Table 2. Fatty acid composition of fractions of phospholipids and FFA of nuclear-free erythrocytes
(% of total) M = SD (n = 39)

KK
FA
=2
|= k=1
I O
5g
=)
§§ C14:00 | C14:01 [ C16:00| C16:01 [C18:00 | C18:01 |C18:02| C18:03 | C20:00 | C20:01 | C20:02 | C22:00 | C22:01 | C24:00 ]]()““C
go sat
Sz 2%
=5| 2%
55| 2E
28| 25
< = 2
S| 5%
S| >»d
gi 14.04 + 0 2656+ 095+ [20.01+| 063+ [2.83+| 1.78+ | 3.83+ | 1.38%+ | 16.50 £ | 12.59 + 0 631+ 0.81
E-E +0.16 +0.11 | £0.05 [ £1.09 | £0.03 | £0.09 | £0.05 [ £0.04 | £0.09 [ £0.32 | £0.48 +0.09
I O
cle}
ser%
E.; 1579+ 0 2897+ 075+ [2236+] 056+ | 1.90+ | 1.77+ | 406+ | 141+ | 1423+ 13.58+ 0 789+ 0.86
2 g +0.16* +0.38%| £0.06% | £0.17* | £0.03 |£0.06*[ £0.04 [ £0.02* | £0.04 [ £0.07*| £0.24* +0.08**
EF
gT; 11.54+ | 0.02+ | 1782+ 288+ |13.06+| 13.6+ [942+ 0 1365+ 299+ | 151+ | 530+ [ 756+ 0 0.63
F—"‘E +039 | £0.001 | £027 | £0.17 [ £1.96 | £0.22 | £0.08 +0.11 | £0.08 | £0.09 [ £0.16 | £0.07
I O
SO
8el%
g.; 1844+ 0.62+ | 19.68+t| 0.03+ [ 844+ | 107+ |6.82+% 0 1323+ | 288+ | 396+ | 6.6+ 0 0 0.84
28 +0.88% | £0.03* | +0.33* |+ 0.001** £ 0.18* | £0.16* [ £ 0.11* +0.08* [ £0.06* | £ 0.07* | £ 0.09*
SE
§B 1586+ | 118+ 0 031+ | 1737+ | 024+ [ 201+ | 092+ 0 1.09% | 1.13+ | 19.82£(35.60 0 0.61
[E-E +027 | £0.01 +0.02 | £1.55 | £0.02 [ £0.07 | £0.02 +£0.08 [ £0.22 [ £ 111 [ £2.67
T O
e
C E; 1715+ | 297+ | 538+ | 032+ [2581+| 181+ | 488+ 156+ | 425+ | .76+ | 2.31 £ | 2615+ 0 574+ 0.87
ég_ +0.68 | £0.07**| £0.19* | £0.01 [£0.92**|+0.02**|+ 0.29* £ 0.09* [ £ 0.03* | £0.09* [ £ 0.06* | + 1.78* +0.05%
EF
gT; 674+ | 091+ | 819+ | 11.83£ [19.30+] 022+ | 260+ | 126+ [ 1237+ | 1.54+ | 3.39+ | 1970+ | 453+ | 856+ | 0.77
F—"‘E +0.18 | £0.06 | £042 [ £034 | £0.35 £0.01 [ £0.09| £0.07 | £0.31 | £0.06 | £0.12 | £0.25 | £0.02 | +0.11
I O
s | 2°
=¥
& g; 10.08 £ | 1.60+ |1047+| 516+ | 1529+ 030+ [098+ | 1.27+ 2531+ | LI6+ | 3.61+ | 1.76 £ 0 1394+ | 0.89
% g +0.18* | £0.06* | £0.33* [ £0.15* | £ 1.14* [ £0.01* [£0.08*| +£0.07 |+ 0.48**| +£0.04*| +0.19 | £0.18* +0.69*
EZ
§B 1126+ 022+ (2225 473+ 2143+ 036+ | 577+ 145+ | 1236+ | 032+ | 3.01£ | 1872+ | 040+ | 233+ | 0.86
[E-E +0.02 | £0.02 | £0.61 | £0.12 [ £0.54 | £0.02 [ £0.12| £0.09 | £0.36 | £0.01 | £0.16 | £0.15 | £0.01 +0.22
T O
e L
ok E; 844+ | 1.56%+ [29.06+| 1.60+ |18.61 | 0.33+ [3.03+ 0 20.77+ ] 044+ | 9.02+ | 1463+ | 0.61 = 0 0.88
28 +0.18* [+ 0.08** [£ 0.59** £0.09** | £ 0.92* | £0.01* | £ 0.09* +0.29**| £0.02* [+ 0.28**| £0.11* | £ 0.03*
EF

*p £0.05 10CTOBEPHO MO OTHOLIECHUIO K KOHTPOJIIO;
*p <0.05 reliably in relation to control;
**p < 0.01 1OCTOBEPHO 1O OTHOLIEHUIO K KOHTPOJIIO;
**p <0.01 reliably in relation to control.

KMPHBIE KUCTIOTBI, KPOME MUPUCTOJIEMHOBOI 1 3pyKoBoit. OCHOBHOI BKJIaI B UX KOJM-
yecTBO BHOCAT C16:0, C18:0, C20:2. Koadpduunent HacoimeHHocTy DX coctapuin 0.81.

Bo ¢pakuuu @C oTcyTCTBOBAIM JIMHOJIEHOBAS U JIMTHOIIMLIEPUHOBAst KUCIOTHL. Ko-
a¢ppuumeHt HacoimeHHOCTH DPC cocraBua 0.63. Bo dpakunu PDA cpean Bcex KK
HanOoJbIINiA polieHT cocTaBmwia C22:1 — spykoBas kuciaora. OrcyrcrBoBaau C12:0,
C16:0, C20:0, C24:0. KoaddpuuneHT HachILieHHOCTU cocTaBui 0.61.

KauecTBennsrii coctaB KK ¢pochonHo3nTUIOB ObLT TAKUM K€, KaK B HAa3BAHHBIX BbI-
me ¢dpakuusx. M3 HachILIEHHBIX KUCIOT HauboJbllee KonnyecTBo coctaBmwiu C18:0
(cteapuHoBasi), C22:0 (6ereHoBast). I3 HeHACBIIIIEHHBIX B HAMOOJIBIIIEM KOJTUUECTBE ObI-
na ooHapyxeHa C16:1 — nmansMutonenHoast. Koadpuient HacoimenHocty U co-
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craBuia 0.77. Haceienusle CXKK 6b11u nipeacTaBieHbl B ocHoBHOM C16:0 u C18:0. U3
HeHachIeHHbIX oOHapyxeHbl C16:1, C18:2 u C20:2. KoaddpuiueHT HaChIILIEHHOCTH
CXKK cocraBu 0.86.

Bo dpakunu @X npu MHKYOALMU PUTPOLIUTOB B YCJOBUSIX TUTTOKCHUM KAYECTBEHHBIX
unsmeHeHuit B coctaBe 2KK He rpounzonuio. YBeanunaioch KOIMYECTBO MPAKTUUYECKU BCEX
HachlleHHbIX KuchoT. Kak cineactue, KoaGuiureHT HACBIIIIEHHOCTH YBETUYUIICS 10
0.86. B cocrase xupHokuciotTHoi dpakiuu PC He 66U 0OHAPYXKEHBI JIMHOJEHOBAS 1
9PYKOBasl KUCJIOThI, @ TaKXKe HaCbIlLIEHHAs JIMTHOLleprHOBasi kuciota. [losgsunach Mu-
pucroosienHoBast KuciaoTa. KoianmyecTBO HACBIIIEHHBIX KUCJIOT C JJIMHHBIMM LEMSIMU
YMEHBIIIUJIOCh, TUOO OCTaJIOCh MOYTH HA KOHTPOJILHOM ypOBHE. 3HAYUTEJIbHO CHU3U-
JIOCh cofiepKaHWe CTeapUHOBOM KMCIOTHI. M3 HEHACKIIIIEHHBIX KUCJIOT MOYTH 10 HYJIS
YMEHBIIIMJIOCh COIepXXKaHUe MaTbMUTOJIEUHOBOI, HE OOHAPYXXEHO 3PYKOBOI, HO OoJjee
YyeM B TPU pa3a YBEIWYMIIOCH KOJIUYECTBO IMKO3amTMeHOBOM KuUCIOTH. KoaddumueHT
HacbimeHHocTu PC cocraBui 0.84. Bo dpakunu @DA 1ipu MHKYOALUU B YCJIOBUSIX T1-
MOKCUU U3MEHUJICS KauyeCTBEeHHbIN cocTaB HachillieHHbIX 2KK. TTosiBuIvMCh majibMUTH-
HOBasl, apaxMHOBAasl, JIMTHOLIEPUHOBAsI KUCJIOThI, CPEIV HEHACBIIIIEHHBIX He Oblj1a OOHa-
pyXeHa 3pyKoBasi KMCJIOTa. YBeIU4IMiIoch conepxkaHue HacblmeHHBIXx KK — CI18:0 n
C22:0. Koaddunuent HacbimeHHOCTH DDA cocraBui 0.87. B coctaBe pochonHo3UTH-
IIOB TIPU UHKYOALIMY B YCJIOBUSIX TUTTOKCUU TTO CPAaBHEHUIO C KOHTPOJIbHOU (hpakiiueit B
cocTtaBe HachleHHbIX 2KK KauecTBeHHbIX M3BMeHeHUi He ObL1o oOHapyxXeHo. He oOHa-
pyXXeHa HeHachIILIeHHasl 3pyKoBasli KUCoTa. B Ko1MuyecTBeHHOM COCTaBe OTMEUYEHBI Clie-
NYIOIIMe M3MEHEHMS: YBEJIWYWIOCh KOJMYECTBO apaxMHOBOUM KMCJIOTHI, 3HAYUTEIHLHO
YMEHBIIIUJIOCh COJEpKaHUE CTeapuHOBOII M OereHoBoii. M3 HeHACBIIEHHBIX KUCJOT
3HAYUTEJIbHO YMEHBIIWJIOCH CONEePKaHUE TAJIbMUTOJIEMHOBOM M HEPBOHOBOW KUCIIOT.
Koadduuument HacoieHHocTu yBeanuuics Ao 0.89. B coctape C2XKK nocie nHKy6auuu
B YCJIOBUSIX TUIIOKCHUM HE ObLIO OOHAPYKEHO JIMHOJIEHOBOW U JIMTHOLEPUHOBOI KUCIIOT.
OTMeUeHO 3HAYUTEIbHOE CHIXXEHUE KOJIMYeCcTBa CTeaprMHOBOI, MUPUCTUHOBOI, Oere-
HOBOI KUCJOT. B oT/imure oT KOHTPOJIsT BO (hpaKiluM HEHACHIIIIEHHBIX KUCIIOT OOHapy-
>KMBaJIaCh MUPUCTOJIEMHOBAsI KUCJIOTa. B Tpu paza yMEeHbIIWIOCH cofepKaHWe TTaIbMU-
TOJIEMHOBOI KMCJIOTHI U TTOBBICMJIOCH KOJIMYECTBO 3i1K03aAneHOBOit KucyioTsl. Koadhu-
HUEHT HachlmeHHOCTH cocTtaBui 0.88 (Tadi. 2).

AHanM3 XUPHOKHWCIOTHOTO COCTaBa JIMIMUIOB 3PUTPOLIMTOB TONyOsl MOKaszas, 4To B
KOHTpPOJILHOM 006pa3iie Bo ¢pakiunu DX 6buin 0OHApYKEHBI BCE MEPEYMCICHHBIC BhIIIE
KK 3a uckimoyeHneM MUPUCTOJIEMHOBOM U 3pyKoBoii. OCHOBHOIi BKJad B KOJIUYECTBO
XK BHocsT C16:0, C18:0, C20:0, C20:2 (Tabn. 3).

Koaddunuent HacbimeHHocTr DX coctaBui 0.82. Bo ¢ppakumnu ®C ob1iuit XupHo-
KMCJIOTHBIII cOCTaB ObUI aHAJOTMYEH BbIIICONTMCAHHOMY, ogHako cpenu KK He Obuin
oOHapy:KeHBbI JIMHOJIEHOBasl U TurHoriniepuHoBasi. Koaddunment HacoimmenHoctn @C
coctaBuia 0.61. Bo dpakunu DA B oOLIMIA KMPHOKUCIOTHBINA COCTaB HAUOOJBIINI
BKJIaJI BHOCUT 3pyKOBasi KMCJIOTa. B 3HaUMTENIbHOM KOJIMYECTBE ObLIM MpPENCTaBIeHbI
C12:0, C16:0, C20:2, C21:0 kucaotel. KoaduumeHt HachieHHocTr 0.91. KauecTBeH-
Hblii cocTtaB KK (dhocchonHO3UTHIOB HE OTIMYaCs OT TaKOBOTO paHee OIMMCAHHBIX
dpakuuii. B Kon1M4ecTBEHHOM COCTaBe M3 HACBIIIEHHBIX KMUCJIOT JIMIAEPaMU SIBJISLTUCH
C16:0, C18:0 u C22:0, u3 HeHachIeHHbIX — C16:1. KoadduumeHTt HachimeHHocTn OU
coctaBui 0.73. Haceiennusie C2KK 6but1 nipeacTapiieHbl B ocHoBHOM C16:0 u C18:0. 13
HEHACHIILIEHHBIX B HAaNOOJbIlIeM KolndyecTBe Oblin o6HapyxkeHbl C16:1, C18:2 u C20:2.
Koadpdunment HacoimenHoctu C2XKK cocraBui 0.85.

TTocne MHKyOAIUU 3PUTPOLIMTOB B YCIOBUSIX TUTIOKCUU BO dpakimy DX KauecTBeH-
HBIX M3MeHeHuit B cocTaBe 2KK He mmpoun3onuio. YBeInumiochk KOJIMYECTBO MPAKTUIECKU
BCEX HACBIIIEHHBIX KUCJIOT KpoMe cTeapruHOBOil M OereHoBoii. KoadduimeHT Hachi-
meHHocTH Bbipoc 10 0.85. INpu uccinenoBanuu dpakuuu @C B yCJIOBUSIX TUTTOKCUU B
coctaBe KK He ObUtM 0OHapy>KeHbI JIMHOJEHOBASI, SPYKOBasl, a TAKXKE JUTHOLIEPUHOBASI
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Taoanua 3. )KupHOKMCIOTHBINM cocTaB dpakiuuit pochoaunuaoB u C2KK saepHbIX 3pUTPOLIMTOB
(% ot obmero konmuuectsa) M £+ SD (n = 29)

Table 3. Fatty acid composition of fractions of phospholipids and FFA of nuclear erythrocytes (% of
total) M + SD (n =29)
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*p <0.05 10CcTOBEPHO O OTHOUIEHWIO K KOHTPOJIO;
*p <0.05 reliably in relation to control;
**p < 0.01 TOCTOBEPHO IO OTHOIIEHUIO K KOHTPOJIIO;
**p <0.01 reliably in relation to control.

kuciotel. OGHapykeHa MUPUCTOJIENHOBasl KuciaoTa. KoinmuyecTBeHHbIE U3BMEHEHUST Xa-
PaKTEepU30BATIMCH YBEJIMUYCHNEM 4YMCiia HACBHIIIEHHBIX KUCIOT ¢ Gojiee KOPOTKO yriie-
pOmHOI 1Ienbio. M3 IIMHHOIIETTOYEYHBIX KUCIOT YBEINIMIIOCH COEePXKaHNe apaxXMHOBOM
KMCIOTHI. I3 HEHACHIIIIEHHBIX KMCIOT MPaKTUYECKHU J0 HYJISI yMEHBIIWIOCH COlepXKaHUe
NaJIbMUTOJIEMHOBOM KUCJIOTHI, HE OBLJIO OOHAPYKEHO 3PYKOBOI U JUHOJEHOBOM KUCJIOT.
Koaddunment HacoieHHOcTH DPC coctaui 0.82. Bo dpakiuu @DA nipu nHKyOGauu
B YCJIOBUSIX TUITIOKCHUU B cocTaBe HachllieHHbIX 2KK MosiBUIMCh 1aypuHOBast, MaJIbMUTH-
HOBasl, apaxruHoOBas KUCJI0Tbl. Cpear HEHACHILLIEHHBIX OTCYTCTBOBaJIa 9PYKOBasi KMCJIOTa
(C22:1), xoTopasi B YCJIOBUSIX HOPMOKCHUM sIBJsieTcs: ocHoBHOM KK maHHOM ¢pakiiiu
dochomunmuooB. YBeanuuiaoch conepxkanne HachimeHHbIX KK — C18:0 u C22:0, BHOBB
OoOHapyXMBajgach JUTHOLEPUHOBas Kuciotra. Cpeny HEHACBIINIEHHBIX 3HAYUTEJbHO
YMEHBIIUIIOCH COAepKaHWe OJISMHOBOM, MaJbMUTOJEMHOBONW M 3MKO3aIMeHOBOM KUC-
JIOT, YBEJIUYUIIOCH KOJMYECTBO JIMHOJEBOUM KUCIOTHL. KoaddUIIMEeHT HAaCHIIIEHHOCTH
coctaBui 0.84. Bo dpakumu ¢pocchorMHO3UTHUIOB IMPU TUTTIOKCHUU B COCTaBE HACHIIIIEHHBIX
KK He 6bu1a 0OOHapyXeHa 3pyKoBasl KucioTta. Habmoaganuce cienyionye KoJnyecTBeH-
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Hble U3MeHeHUs coctaBa KK: yBeIMumiIoch conepkaHue apaXMHOBOM KHUCIOThI, 3HAUM -
TEJIbHO YMEHBIIWIICSI yPOBEHb CTEAPUHOBOI 1 GETEHOBOIA.

Cpenu HeHaChIIIEHHBIX KUCJIOT YMEHBIIUIOCH COepXKaHUe NaIbMUTOJIEMHOBOI KUC-
sotel. KoadduumeHT HachIeHHOCTH yBeanuuiics 1o 0.86.

B cocrase ¢ppakiuu CKK nociie mHKy6aluu B YCJIIOBUSIX TUIIOKCUM He ObLIM OOHApY-
xkeHbl C18:3 u C24:0. OTMEYeHO 3HAYUTEIBHOE CHIKEHME KOJMYECTBA CTEapUHOBOIA,
MUPHUCTUHOBOI, 1 6€TeHOBOI KUCIOT. B oTiMume ot KOHTpost BO (hpakKMu HEHAChl-
LIEHHBIX KUCJIOT OOHAPYXUBAJIUCh MUPUCTOJIEMHOBAsT KUCIOTA. YMEHBIINIOCH CONEp-
JKaHVe MaJIbMUTOJIEMHOBOM KUCIOTH. KoadduimmeHT HaChIIIEHHOCTH B JaHHBIX YCJIO-
BUsx coctaBui 0.86.

BaxxHbBIM MOMEHTOM Halleit paboThl OBITIO M3yUYeHNEe KOJIMYECTBA U COCTaBa TUAITUIIT-
suuepona (JIATD'), urparoiiiero riaBHyI poJjib B PeryasiivMyd aKTUBHOCTU (hocdosiniasbl
A,, nporenHkuHa3bl C 1 TpaHCIopTa Ca?'. IAT npunaior BaxHOe 3HaYCHHE KaK aKTh-
BaTOpy NMpoTeMHKMWHa3bl C, yJyacTBYIOIIEH B YCUJICHUW CUTHAJIa OT BO3OYXXIEHHOIO pe-
LIeTnITopa KJIETOYHOM MTOBEPXHOCTH K OGeJIkaM-UCTTOTHUTENISIM 1 dochonumasze A,, U Kak
WCTOYHMKY apaxumoHoBoit kuciotel. JAI manuunpyet cuate3 JJHK u nponudepanmio
KJIETOK, JIEHCTBYSl KaK MUTOTEH, a TaKKe CIYXXUT TipeaiecTBeHHUKoM st ®X, DA u
TPUALTWITIIMIIEPUHOB.

B xxupHokuciorHoM coctaBe ATl apUTpouIUTOB UesloBeKa HaMU ObUTU OOHAPYXKEHbI
n uneHTudunmrponaHbl 17 XKK: nekanosas (C10:0), reannekanonas (C11:0), maypumHoBast
(C12:0), mupucturonas (C14:0), mupucronentoBas (C14:1), nentagekaHoBas (C15:0),
naabmutrHOBas (C16:0), manbmuTtonennonast (C16:1), creapunonas (C18:0), onenHoBas
(C18:1), nunonenas (C18:2), nunoneHonas (C18:3), apaxuHosas (C20:0), aiikozonueHo-
Bas (C20:2), apaxunoHoBas (C20:4), siiko3oneHracHoBast (C20:5), 6ereHoBas (C22:0).
CoctaB JIAI' B HOpMe ompenensieTcsi B OCHOBHOM cteaprHoBoi (17.2%), apaxuHOBOI
(21.4%), 6erenonoii (8.1%) HackieHabiMu 2KK. Cpeayt HeHaCHIIIEHHBIX HanOOIbIIi
VIETbHBIN BeC MPUHAIJIEKUT JIMHOJIEHOBOM (4.4%), siiko3onvreHoBoii (7.1%) u apaxuno-
HoBoI1 (14.3%) xucinoram. KoaduimeHt HacweieHHOCTH paBeH 1.60 (Tadu. 4).

I1pu unky6anuuy B ycinoBusx runokcun coaepxkanue JAI' yBeamamuBaioch. DTo CBU-
NIETEJIbCTBYET O TOM, YTO B MeMOpaHe 3pHUTPOLIMTA IPH YBEJIUUYCHUM KOHIIEHTpallMu
KaJIbLIMST TIPOMCXOAUT aKTUBAIIMSI CUCTEM, KOTOPbIe OTBETCTBEHHBI 3a THAposin3 ocda-
TUIWJIMHO3UTOI0MpOocdaTa, MpoaykToM KoToporo u BeicTymaet JAI. 1o moayyeHHBIM
JMaHHBIM MOXHO CyaUTh 00 akTuBaumnu ochoaumnassl C.

B sputpouuTax royiyos B XUPHOKUCIOTHOM cocTaBe JAI HamMu ObUIM BBIAEIECHBI 1
uaeHtudunmponanbl 15 2KK: nekanosas (C10:0), rennekanoBas (C11:0), maypuHoBast
(C12:0), mupuctunonas (C14:0), mentamekanoBas (C15:0), maaemutuHoBas (C16:0),
naaemuroienHoBas (C16:1), creapunosast (C18:0), oneumnonast (C18:1), nuHoeBas
(C8:2), muuoneHonas (C18:3), apaxunonas (C20:0), sitkozogueHoBas (C20:2), apaxumo-
HoBas (C20:4), 6ereHoBas (C22:0). CocrtaB JAI 3puTpoITOB IOJIy0osI B HOpME OIIpee-
JIsieTCsT B OCHOBHOM TNaJbMHUTUHOBO# (35.8%), creapuHoBoii (14.4%) MUPHCTUHOBOI
(5.2%) nHacelieHHbIMU KucioTamu. Cpenu HeHachleHHbIX 2KK HanGOMbIINA yaeab-
HbBI BeC MPUHAIIEXKUT oenHOoBOI (9.8%), apaxunoHoBoii (8.7%) u nuHoneBoii (7.8%)
kucioraM. KoadduiimeHT HackilieHHOCTH paBeH 1.95. [1pu nHKyGalmu B yCJIOBUSIX TH-
MOKCUM HabIIomancs ToT Xe 3 @dEKT, YTO U ST SPUTPOLIUTOB UeioBeKa (Tadir. 4).

B spurponuTax roiayost B (KMpHOKHMCIOTHOM cocTaBe JJAI HamMu ObUIM BbIIEJIEHBI U
naeHTuduumponaHbl 15 2KK: nexkanosas (C10:0), renmekanoBas (C11:0), maypuHoBast
(C12:0), mupuctunoBast (C14:0), nentagekanoBast (C15:0), maaemutuHoBas (C16:0),
naabmuroieuHoBas (C16:1), creapunoBast (C18:0), oneumnosast (C18:1), nuHoeBas
(C18:2), nunoneHoBas (C18:3), apaxunoBas (C20:0), siikozogueHonas (C20:2), apaxuno-
HoBas (C20:4), 6ereHoBas (C22:0). CocraB JAI’ 3pUTpOLIMTOB TOIy0sI B HOPME OTpenesi-
€TCSI B OCHOBHOM MaJIbMUTUHOBOM (35.8%), cteapunHoBoii (14.4%) mupuctuHoBoit (5.2%)
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Taomuna 4. XKupHokucyioTHbI cocTaB AT 6e3bsaIepHbIX U SIICPHBIX 3pUTPOLIMTOB (% OT 06111ero

konuuectBa) M = SD

Table 4. Fatty acid composition of DAG of nuclear-free erythrocytes and nuclear erythrocytes (% of

total) M = SD

BesbsanepHbie a3putpouuTsl (1 = 39) S nepubie apuTpouuTsl (1 = 29)
KUpHBIE KUCTOTHI Nuclear-free erythrocytes Nuclear erythrocytes

Fatty acids KOHTpOJIb TMIIOKCHUS KOHTPOJIb TUIIOKCUSI
control hypoxia control hypoxia
C10:00 3.95+0.08 5.22+0.17* 4.83 £0.04 7.43 £ 0.64*
C11:00 2.63+£0.09 5.68 = 0.08** 3.83+0.09 6.37 £ 0.74*
C12:00 2.95+0.05 2.71 £ 0.08* 4.89 £0.12 6.35 £ 0.33*
C14:00 3.83+0.04 599+ 0.11* 5.20 £0.32 11.48 + 0.89**
C14:01 6.72 £ 0.04 4.50 + 0.08* 0 0
C15:00 6.56 = 0.41 8.36 £ 0.56* 4.12+0.22 7.35£0.77*
C16:00 5.56 £0.09 8.75 £ 0.68* 35.83+0.99 37.23 + 1.04*
C16:01 2.95+0.10 2.48 £ 0.09* 3.85+0.18 3.45+0.36
C18:00 17.23 £ 1.09 25.01 £ 0.44* 14.44 £ 0.39 21.60 + 0.93*
C18:01 2.83+0.09 2.29 £0.12* 9.83 £0.62 6.21 £ 0.87*
C18:02 1.78 £ 0.05 1.24 £ 0.04* 7.81 £0.29 5.23 £0.58*
C18:03 4.38£0.26 3.79 £0.16* 6.19 £ 0.11 5.12 + 0.46*
C20:00 21.41 +£0.92 26.60 + 2.43* 493 £0.12 7.88 £ 0.69*
C20:02 7.12 £ 0.08 5.53 £ 0.06** 6.39 £ 0.16 5.45+0.35%
C20:04 14.32 £ 0.46 13.11 £ 0.51* 8.74 £0.58 7.25 £ 0.68*
C20:05 2.65%0.12 2.88 = 0.08* 0 0
C22:00 8.11 £0.21 11.14 + 1.29* 418 £0.13 7.69 £ 0.45%*
Kiac 1.60 1.85 1.95 2.1
sat

*p <0.05 10CTOBEPHO O OTHOUIEHNIO K KOHTPOJIO;
*p <0.05 reliably in relation to control;
**p <0.01 TOCTOBEPHO 1O OTHOIIEHUIO K KOHTPOJIIO;

**p <0.01 reliably in rela

tion to control.

HachleHHbIMU KuciiotamMu. Cpenu HeHachiieHHBIX KK HaubGonblinii ynenbHbIN Bec
MPUHAJIEXXUT oJienHOBOH (9.8%), apaxumonoBoii (8.7%) v nuHoneBoit (7.8%) kucmoram.
Koaddunment HacwiiieHHOCTH paBeH 1.95. Ilpu nHKybauu B yCJIOBUSIX TUTTOKCUU Ha-
Gntonasicst TOT ke 3¢dheKT, UTO U JJIs1 3pUTPOLIMTOB YesioBeKa (Taot. 4).

Takum 06pa3oM, B YCIIOBUSIX TUTIOKCUU B MeMOpaHaXx Kak SIIePHbBIX, TaK 1 Oe3bsiiep-
HBIX 9PUTPOLIMTOB IIPOUCXOIIT U3MEeHEeHUS B (HOCHOIUITMIAHOM U XUPHOKUCIOTHOM CO-
craBe, Beayiuue K HakoruieHuio au3zodopm DJI, JAT u CXKK, a Takke K MOBBILIEHUIO
crenieHn HacoieHHOCTU KK B cocraBe DJI. JlaHHBIe U3BMEHEHUSI CBUIETEILCTBYIOT O
CTPYKTYPHBIX TIepecTpoiikax B MeMOpaHe Oe3bsSAepHBbIX U SIIEPHBIX 3PUTPOLIMTOB U
BCJICICTBYE 3TOrO O (PYHKIIMOHATBHBIX U3MEHEHUSIX KaK CO CTOPOHBI 3PUTPOLIUTA B 1ie-
JIOM, TaK U OCHOBHOTO KMCJIOPOJITPAHCIOPTHOrO OejiKa 3pUTPOLUTOB — TeMOIJIOOMHA
[43, 44].
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Puc. 1. 3D-Moaesb 3puTpoIMTa YeJIOBEKa B YCIOBUSIX HOPMOKCHU.
Fig. 1. 3D model of human erythrocyte under normoxia.

H3yuenue mopghomempuueckux xapaKmepucmux CmpyKmypot 3pumpouumos
8 YCA08USX HOPMbL U 2UNOKCUU

J71s1 OLIEHKM CTPYKTYPHBIX M3MEHEHUI SPUTPOLIMTOB OBUTM U3yYeHBI METOIOM JIa3ePHOM
MHTEePDEPEHIIMOHHON MHUKPOCKOIUHM MOPMOMETPUIECKUE XapaKTEPUCTUKU KPaCHBIX
KJIETOK KPOBH. YCTaHOBJICHO, YTO B YCJIIOBUSIX HOPMBI 9PUTPOIIUT YeJIOBEKA XapaKTepu-
3yeTcsl HOpMaJbHOU AMCKOMIHOI (hopMoOii, YETKO MpocMaTpuBamplieiica Ha (pa3oBoM
nzobpaxeHuu (puc. 1).

Takas dopma cBsg3aHa ¢ paBHOMEPHBIM paclpeneeHueM IreMorjiooruHa U, cieaoBa-
TeJbHO, OTHOCUTEILHO OJIMHAKOBBIM IMOKAa3aTeaeM MPEJTOMIICHUS.

B yc0oBUSIX TMITOKCHUM TUIOIAb 3PUTPOLIUTOB OTHOCUTEJIBHO KOHTPOJIST YBEJIMUMIACh
Ha 16.5%. OPX 1 00beM 3PUTPOLUTOB YMEHBIIWIKCH Ha 6.6 u 12.8% OTHOCHUTEIBHO
KOHTpPOJIs1. BhIcOTa KJIETOK U MJIOTHOCTh YITaKOBKHU 'eéMOIIOOUHA YBEJIUUWINCH Ha 13.5 1
41.4% cooTBeTCTBEHHO (TabII. 5).

IMocne uHKybaMu SIAEPHBIX SPUTPOLIMTOB B YCIOBUSIX TUITIOKCUU TUTOIIAAL (Da30BOro
M300paXkeHUs TaKKe yBeJImumiiach Ha 28.1% 1o cpaBHEHUIO C KOHTPOJIbHBIM 3HAUCHHEM.
OPX yMmenbumiach Ha 32.6%, TakKe HabII0IaIoCh yMeHbIeHHE (ha3oBOTO oObeMa
spuTponuta Ha 13.2% OTHOCHUTEJIbHO KOHTPOJIS (TabI. 6).

B omnume ot 6e3bsiIepHBIX PUTPOIMTOB IMTOKA3aHO CHIDKEHME TTOKa3aTelIeii TeOMEeTpU-
YeCKOM BBICOTHI M INIOTHOCTH YHAaKOBKY 3puTpounToB Ha 10.3 u 13.3% cOOTBETCTBEHHO.

W3MeHeHNe yCIoBUil MHKYOAIMKU (TUTTOKCHST) TIPUBOIMIIO K MOSIBJICHUIO HApYyIIISHWI
B Mopdosiorun 3puTpoiuToB. Pa3zoBoe n300pakeHne HEKOTOPBIX 3PUTPOLIMTOB UMEJIO
He MNIAAKYI0 TOPOUAHYIO (hopMy, a “IIIepOoXoBaTyl0”, ¢ BBIPOCTAMU U BHIMYKJIOCTSIMU, YTO
CBSI3aHO C U3MEHEHUSIMU B CTPYKTYpE IIUTOCKEEeTa U MepepacipenesieHueM reMorjaioom-
Ha B LUTOIUIa3Me. DTU U3MEHEHUSI MOTYT ObITh BbI3BaHbl MATOJIOTMYECKHUMU Mpoliecca-
MU B 3PUTPOIUTAX, KOTOPbIe OOYCIOBIEHBI COCTOSIHMEM TUITOKCHU. TpaHchopMarus
MHUCKOIIUTA B SXMHOIUT (06paTuMast nedopmMalinst SpuTpoITa) HAYMHAETCS C HapyIle-
HUsI KOHTYpa JTBOSIKOBOTHYTOM CTPYKTYPHI 3PHUTPOILIMTA C TOCAEAYIOINM TOSIBICHUEM
IpyOBIX BHIPOCTOB CHavaja 1o OKPYXXKHOCTU THCKa, a 3aTeM IO BCeil MOBEPXHOCTH KJIET-
KU, TIOCJIE Yero 3pUTPOILIUT MIPUHUMAET B OCHOBHOM cepuyeckyto ¢opmy. ObpazoBa-
Hue chepolrTa MpeacTapisieT coboil mpuMep HeoOpaTUMoil necopMaliii SpUTPOLIUTA
(puc. 2).
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Ta6auua 5. MopdomeTpruyeckue noka3aTeJ M SpUTPOLIMTOB YeI0BEKa B YCJIOBUSIX HOPMO- U TMITO-
Table 5. Morphometric characteristics of human erythrocytes in conditions normo- and hypoxia (M £ SD)

keum (M = SD)
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SUONIPUOD [BIUAWLIAAXD
BLHOWMAOLIOME BULOLDA

IMoxkazaTenn
Indicators

39

Hypoxia, n = 39

KoHTtponbHas
npoba, n =39
Control, n =39
Iunokcus, n

Taoanua 6. MopdomeTpruueckue MoKa3aTead 3PUTPOLIUTOB TOay0s B YCIOBUSIX HOPMO- U TMITO-
Table 6. Morphometric parameters pigeon erythrocytes in conditions normo and hypoxia (M *+ SD)

*p <0.05 TOCTOBEpPHO MO OTHOIIEHUIO K KOHTPOJTIO;
keuu (M = SD)

*p <0.05 reliably in relation to control.

SUONIPUOD [BIUIWILIAAXD
BLHOWUAILIONE BULOILDA

IMokazaTenu
Indicators

106.38 £ 3.9
92.17 £ 4.69*

3.19+0.04
2.86 = 0.05*

257.08£10.87*

184.44 £ 9.24 | 296.80 + 9.04

124.44 £5.23*

121.90 = 7.45
155.16 £ 6.24*

KoHTtponbHas
npoba, n =29

*p <0.05 10CTOBEPHO O OTHOILIEHUIO K KOHTPOJTIO;
*p <0.05 reliably in relation to control.

Tunokcus, n =29
Hypoxia, n =29

Control, n =29
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Puc. 2. 3D-monens (A) u npodwtb (B) 3pUTPOLIMTA YeIOBEKA B YCIOBUSIX TUITIOKCUY (Chepo1nT).
Fig. 2. 3D model (4) and profile (B) of human erythrocyte during incubation under hypoxia (spherocyte).

Taxxe B xome pabOTEI HaMM OBLIM MOJy4eHHBI (pa3oBbie 3D-1300pakeHNUST SpUTPOIIH-
TOB U IIOIIEPEYHBIN CPE3 IPUTPOLIMTA TOIYOsI. DPUTPOLIMTHL KOHTPOJIBHOTO 00pa3iia uMe-
JIM OBAJIbHYIO (hOpMY, BHYTPUKIIETOUHBIE CTPYKTYPHI ObIJIM paBHOMEPHO pacrpeneaeHbl
(puc. 3).

MembpaHa 3pUTPOLIMTOB UMeJIa POBHYIO, IAIKYIO TOBEPXHOCTh. B 11IeHTpe 3putpo-
uTa HaxommTcs siapo. [lormepeyHoe cedeHrWe IPUTPOIIUTA TOIyOsT MMeeT NBa Iuieda u
OIMH MaKCUMYM.

Y 5pUTpOLMTOB, UHKYOUPOBAHHBIX B YCJIOBUSIX TMIIOKCHUM, B MOMEPEYHOM CEYCHUU
Mbl HaOII01aI1 TOJIBKO OJUH MaKCUMYM, 3PUTPOLIMTHI U3MEHSIJIU CBOIO (DOpPMY, CTaHO-
BUJIUCH OoJiee apoBUAHBIMU (puUC. 4).

HekoTopble 3pUTPOLIMTHI TTOCTIe MHKYOAIIMU B YCIOBUSIX TUTTOKCUM MMEJIM HEPOBHBIE
Kpas U IIepOXOBaTyIO MOBEPXHOCTbD.

BhIsiBJIeHHBIE B pe3yJibTaTe Hallleil paboThl HAPYIIEHUS Pa3IMYHBIX MOppOMeTpUYIe-
CKUX TIoKa3aTejieil 3pUTPOLUTOB OYAYyT OTpaXaThCsd U HAa (PYHKIIMOHAIBHOM CITOCOOHO-
CTH TEeMOTJIO0MHA, O YeM CBUIETEILCTBYET U3MEHEHUE TTIOTHOCTH YITAKOBKY FeMOTJIO0M -
Ha Kak B 6e3bsIepHBIX, TaK U SIAEPHBIX 3PUTPOLIUTAX.

Hccnedosarnue KOHGOPMAYUOHHBIX CBOUICME 2eMAMONOPPHUPUHA 2eMO2N00UHA
u onpedeneHue AUandCcesA3bl6arouieli ChOCoOOHOCMU 2eM02A100UHa
8 YCA08USX HOPMbL U 2UNOKCUU

TToka3aTenu KMCIOPOACBI3bIBAIOIIECH CITIOCOOHOCTU reMOTIJIOOMHA Mbl OLIEHUBAJIN Me-
TOJIOM CHEKTPOCKONMN KOMOMHAIIMOHHOTO pacCessHUS 10 KOH(POPMALIMOHHBIM M3MeHe-
HUSIM TeMoItopdupuHa.
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Puc. 3. 3D-monens (A) u mpodwits (B) apuTpoinTa rofiyost B yCJIOBUSIX HOPMOKCUU.
Fig. 3. 3D model (4) and profile (B) of pigeon erythrocyte in normoxia.

AHanu3 creKTpoB KOMOMHALIMOHHOTO PAcCesIHUSI 3PUTPOLIUTOB YeIoBeKa, MHKYOU-
POBaHHBIX B YCJIOBUSIX TMIIOKCUM, MOKa3aJl, YTO B APUTPOLIMTAX YMEHBIIAETCS OTHOCHU-
TeJIbHOe Konn4ecTBO 0-I'6 ({1375/(11355 + 11375)) Ha 12.9% 1 criocOGHOCTb TeMOII00UHA

copacwiBaTh IMraHasl (11375/11550) (puc. 5a).

TTpu 3TOM He3HauuTeNbHO (Ha 8.2%) yBenuuuiaach COCOOHOCTDb TeMOTJI00MHAa copa-
chIBaTh JuraHabl. bojee 3HaunTebHO (Ha 31.6%) MOBBICUIOCH CPOICTBO reMOIOOMHA K
JIMTaHAaM, TIPEK/Ie BCEro K KUCIOPOy.

IMokazarenu KUCIOpOACBsI3bIBAIOLIEH CTOCOOHOCTU TeMOIIO0MHA SIACPHBIX SPUTPOLIY-
TOB OTJIMYAJIUCh OT TAKOBBIX B CiIydae 6e3bsiaepHbIX. KpoMe 3Toro, Mt SsiepHbIX 3pUTPO-
LIUTOB MBI OOHAPYXXWJIM HECKOIBKO MHBIE U3MEHEHWSI KOH(OPMAITMOHHOTO COCTOSTHUSI Te-
MoIopduprHa TeMOIJIOOMHA W COOTBETCTBEHHO TOoKaszaTesieil KHCIOPOICBI3bIBAIONIEH
CITIOCOOHOCTU TeMOIJIo0rHA 3pUTpoluToB (puc. SB). Tak, B yCJIOBUSIX 3KCHEpUMEHTaTb-
HOI I'MMOKCUY OTHOcUTeNbHast N0t 0-10 (£1375/(11355 T 11375)) B 9pUTpoLMTaX roiyost no-
CTOBEPHO He n3MeHMach. CIToCOOHOCTb reMOTJIOOMHA CBA3bIBATD JIUTAHIBI IIPY TUTIOKCUM
camsmiach Ha 10.1%, a cmtocoGHOCTh BBIIEATD JIuraHabl — Ha 32.8% (puc. 5B). [1pu aTom
yBenmuumiioch Ha 33.9% cpozactBo remorioouHa K iuraniaam ((13ss/1ss0)/(11375/11580))-

OBCYXIAEHUE PE3VJIBTATOB

npe6BIBaHI/Ie AOCPHBIX N 663’1)9[[[epHI)IX SPUTPOLNTOB B YCIIOBUAX TUITOKCUN CIoco0-
CTBOBaJIO BOBHUKHOBCHUWIO PAa3JIMYHBIX U3MEHEHUI KaK CO CTOPOHBI MOp(I)OJ'[OI‘I/II/I SpUT-
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Puc. 4. 3D-monens (A) n npodus (B) aputpornta royost B yCIOBUSIX TUTTOKCUU.

Fig. 4. 3D model (4) and profile (B) of pigeon erythrocyte in hypoxia.

pOLIMTa, COCTOSIHUSI €T0 MeMOpaH (B YaCTHOCTU, JUMUIHOIO KOMITOHEHTA), TaK U KOH-
dopmalmu KMCIopoarnepeHocsero 6ejka — reMorJioonHa.

TMokazaHHbIe HaMU U3MeHeHMsT B conepxkaHnu U u onHOBpeMeHHOe HaKOTIJIEHUE
JAT omHO3HAYHO CBMIAETENLCTBYIOT 00 akTuBauuu ®U-umkna, u, cienoBaTebHO, 00
YCUJIEHUH MPOILIECCOB 00pa30BaHUSI BTOPUYHbBIX MECCEHIKEPOB, TTPUBOISIIINX K aKTUBA-
ouu IIpoTenHKHa3bl C, ocyliecTBIsoeil pochopmimpoBaHre U aKTUBALIAIO OOIBIIO-
TO YUCJia BHYTPUKIIETOYHBIX OCEJIKOB.

Kak n3BecTHO, j1s1 aKTUBALMM U (PYHKIIMOHUPOBaHUS (OCHOUMHOZUTUIHOIO IIMKIIA
Heo6xonuMbl HoHbI Ca?t. VX TocTyIIeHNe B YCIOBUSIX TUTTIOKCUH TTOKA3aHO B psiae pa-
oot [45—47].

VBenmyeHne KoHeHTpauuy Ca’t mpusonnT K aktuBannu Ca*-3aBucumoit hocdo-
Jmassel A,, pe3ybTaTOM JeHCTBUSI KOTOPOU SIBJISIETCS HAKOTUTEHNE B MeMOpaHaXx JIN30-
dpakuuit pochomunumo u CXKK [48—50].

CaeneHus 00 yBeJIMYEHNN aKTUBHOCTH (DochOIUIa3 B YCIOBUSIX TUTIOKCUY BCTpeya-
I0TCS1 ¥ B IPYTUMX MCTOYHMKAX JIUTepatypsl [51—-53].

B nonb3y naHHOTO (hbaKTa CBUIACTEIBCTBYIOT M HAIlIK PE3YyJIbTaThl, CBUACTEILCTBYIOIINE
O CHUXKEHUM COJEPXKAaHUSI OMHOTO U3 KOJMUYECTBEHHO Tpeobiamaommx Gochonumaon
MeMOpaHBI 3pUTPOIUTOB — hochaTnamxoirHa. Ha ero moso mo pa3HbIM TaHHBIM MOXKET
puxoauThest oT 37 no 46% u BhIe OT ob1Iero KomnyecTBa DJI [54].

M3BECTHO TaKKe, YTO OH B OOJIBIIIEM KOJUUECTBE HAXOAUTCS] BO BHEIIIHEI YaCTH JIUTTUI -
HOro 6uciost MeMOpaHsl [48, 55—57].
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1 11375/(I1355+11375) — OTHOCUTENBHOE KOJTMYECTBO OKCUTEMOITIOOMHA B KPOBU;

2 1355/1 1550 — OTHOCUTEIBHASI CITOCOOHOCTb FEMOITIOOMHA CBSI3bIBATH JIUTAHIbL
(B TOM 4ucClie KUCIOPON);
3 I1375/1 1550 — CMIOCOGHOCTBL reMOIIOOMHA COpaChIBaTh TUTAH/IbI;

4 (I1355/11550)/(11375/11580) — CPOACTBO reMOITIOOMHA K JINTAHIAM, TIPEXIE BCETO
K KUCJIOpOZY.

1 I1375/(I11355F1375) — the relative amount of HbO, in the blood;

2 1355/1 550 — the ability of the total Hb in the sample to bind ligands;

3 11375/1 ;550 — the ability of Hb to isolate ligands;

4 (I1355/11550)/(11375/11580) — the affinity of Hb to ligands, primarily to O,.

Puc. 5. OTHOLIEHUE aMITIUTY/ B CIIEKTPE KOMOUHALIMOHHOTO PAacCesiHUsSI SPUTPOLIMTOB YesioBeKa (A) U dpuT-
poLUTOB royos (B) mpy MHKYOAIIMY B HOPMAJIbHBIX YCIOBUSIX 1 yCIoBUsIX runokcuu (*p < 0.05 goctoBepHo no
OTHOLIEHUIO K KOHTPOJIIO).

Fig. 5. The ratio of amplitudes in the Raman spectrum of human (4) and pigeon (B) erythrocytes during incuba-
tion under normal and hypoxic conditions (*p < 0.05 significantly with respect to the control).

TTocKOJIbKY B 3pUTPOIIMTApPHBIX MEMOpPaHax YyTh JIX He MOJOBUHA (DOCHOTUTTUIOB MpU-
xomutcs Ha DX 1 Tpy TUTTOKCUY IIPOMCXOIUT pe3Koe M3MEeHEeHE MOP(hOIOTMIECKUX XapaK-
TEPUCTUK CAMOI KJIETOUHOM MeMOPaHbI, MOXXHO OJJTHO3HAYHO YTBEPKIATh, YTO TOCTYITHOCTD
docharnmmixorHa mig ataku docdoauna3 Bo3pacTaeT. YCUIeHHe OMOCUHTETUYECKUX
MPOLIECCOB U, Kak ciencreue 3roro, HakoruieHne CXKK, B TOM yucie U B YCIOBUSIX TUIIO-
KCUH, B 3pUTPOLIUTAX HEBO3MOKHO.

YyutsiBast 3TU TaHHbIE U U3JIOXKEHHbIE COOOpakeHUs, Mbl IoJlaraeM, YTO OJHOU U3
BEPOSITHBIX IPUYMH BBISIBJICHHBIX U3MEHEHUI B cocTaBe hochomunmmoos, a Takke JAL u
CXK, aBnsiercst aktuBanus ¢pocdonmmas C u A2.

Haxkonenue nuzodopm dochonununos (JIOX u JIGDA) u CXKK B yclIoBUSIX THUITO-
KCHUHM MOXET CIIOCOOCTBOBATh “pa3phbIXJICHUIO” OTIEJbHBIX YJYaCTKOB OMCJIOS JTUIIUIOB
MeMOpaHbI 3pUTPOLIUTOB [58].

VYBeanueHue CTereHU HAChIILEHHOCTH (HOCHOTUNTNUIOB SPUTPOLIMTOB, COMPOBOXKIAE-
MO€ YMEHBIIIEHUEM cojliep>XaHUs HeHachlleHHbIX 2KK, mMprBOAUT K yBETUUYEHUIO MUK~
POBSI3KOCTH MeMOpaH M BO3PaCTaHUIO UX KJIACTEPHOCTHU.



CPABHUTEJIbHAA XAPAKTEPUCTUKA JIMTIMAHOI'O COCTABA 649

Bce 310 Takxke MOXET OKa3blBaTh BJIMSIHUE HAa U3MEHEHUE KHCJIOPOACBA3bIBAIOIILX
CBOICTBA reMOTJI00MHA BPUTPOLIMTOB Yepe3 U3MeHeHUe KOHdopMaiuu remaronopdu-
puHa [59—61].

MHorouucieHHbIE MPOLIECCHI, TPOUCXOASIINE B JUMUIHOM OUCI0€ MEMOpPaHbI, PU-
BOISIT K UBMEHEHUSIM MOP(MOMETPUYECKUX XapPAKTEPUCTUK IPUTPOLIMTOB B YCIOBUSIX
9KCIEPUMEHTAILHOM TUTIOKCUU (TTOSIBJICHUE 3XUHOLIMTOB U C(hepOILIMTOB C mepapacripe-
JIeJdeHUeM U KOHAeHcalreil reMoriioonHa B oobeMe KieTkn). M3ameHeHnss mopdooruu
9PUTPOLIMTA U, KaK CJIEICTBUE, PACTIPENCIICHUS B HEM TeMOTJIO0MHA CYIIIECTBEHHO BIIUSI-
10T Ha 3(pPexTuBHOCTD nepeHoca O, B OpraHU3Me U SIBJISIIOTCS MPU3HAKOM MHOTHMX Na-
TOJIOTHUIA, CBSI3aHHBIX C Pa3BUTUEM runokcuu [36].

BrisiBIeHHOE HapyllieHre KoHhopMaluy reMaTonopdupruHa reMorioouHa B 3pUTPO-
1IMTaX B YCJIOBUSIX KCMEPUMEHTATBHON T'MIIOKCUY MPUBOAUT K YCTAHOBJIEHHOMY CHU-
JKEHUIO KHMCJIOPOJNCBSI3BbIBAIOIIEH CIMTOCOOHOCTU TeMOTrjo0uHa (HanmpuMep, CHUXXEHUIO
OTHOCHUTEJIbHOI CITOCOOHOCTU TeMOTJIOOMHA CBSI3bIBATh JIUTAH/BI, CITTIOCOOHOCTU TeMO-
r1o0uHa cOpachIBaTh JUTAHIbI, YBEIUYEHUIO CPOJICTBA TeMOIJIO0MHA K JIMTAaHAaM).

B ne3okcu-dopme METUHOBBIE CBSI3M reMONopdUpPUHA PACTSIHYTHI U nedopMUpoBa-
HbI, a JUTAHIbl Xy>Xe CBI3bIBAIOTCS U ynepxkuBawoTcs ['0, B okcureHupoBaHHOI dhopme
IaHHbIE CBSI3M, KaK 1 caMa MOJIeKyJa reMoIiopdupurHa, MeHee neopMUpoOBaHbI 1 0ojee
KOMITaKTHBI. KpoMme Toro, u3MeHsIeTCsl TeOMEeTpHUsI MUPPOJIOB reMoroppupurHa. B ne3ok-
cureMoniobuHe atoM Fe BBIXOIUT U3 MJIOCKOCTU MOP(OUPUHOBOIO KOJIbIIA U3-3a CTEPH-
YEeCKOro OTTaJKMBaHUSI TMCTUAMHA U aTOMOB a30Ta MophupruHOBOro uukia. C-KOHIIbI
MI0OWHA NBaXIIbl COEAMHEHBI COJIEBBIMU CBSI3SIMU, TUPO3UHBI 3a(pUKCUPOBAHBI B MOJIO-
CTSIX MEXY CIIMPAISIMU BaH-[I€P-BaalbCOBBIMU U BOJOPOAHBIMU CBSA3SIMU, BCSI CTPYKTY-
pa crabunusupoBaHa 2.3-B®T ¢ oTpuLaTeIbHBIM 3apSIIOM.

IIpuHuMas Bo BHUMaHUE TOT (haKkT, YTO BOBHUKHOBEHUE TUITOKCUU SIBJISIETCS] JOCTa-
TOUYHO PACIPOCTPAHEHHBIM (4aCThIM) SIBJIEHMEM, BO3HUKAIOIIMM U NIpU (PU3UIECKUX Ha-
Trpy3Kax, ¥ Py pa3HbIX (popMax MaToJ0ruii, MOKHO MoJiaraTh, YTo OOHAPYyKEHHbIE HAMU
U3MEHEHUS B COCTaBe JUMUIOB U MOPGHOJOrnYecKoil KApTUHE SPUTPOLIMTAPHBIX KIETOK
SIBJISIFOTCS] OHUM U3 KOMITIEHCATOPHbBIX MEXaHU3MOB, COXPAHSIIOLIMX CIIOCOOHOCTh reMO-
mI0O0MHA K TPAaHCIOPTY KUCJIOpoa.

NCTOYHUK ®MMHAHCHUPOBAHUA

HccnenoBaHue BbINoJHEHO npu nonaepxke Poccuiickoro HayuyHoro ¢onna (rmpoekt Ne 15-
15-10025).

COBJIIOAEHHUE 5TUYECKHUX CTAHIAPTOB

UccnenoBaHue NMpoBeleHO C pa3pelleHUs] JOKAIBHOIO 3TUYECKOro KoMuTteTa npu Mopaos-
CKOM ToCyIapCTBEHHOM yHUBepcutere B cooTBeTcTBUM ¢ npuHuunamu Good Clinical Practice
(rpotokos Ne 12 ot 17 centsiopst 2014 rona). [1pu pabote ¢ NTULIAMY TTOJTHOCTBIO COOTIONATN MEX-
IlyHapOJHbIe MPUHLMIBI XeJIbCUHKCKOM AeKIapallui O T'yMaHHOM OTHOILEHUU K KUBOTHBIM.
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Comparative Characteristics of the Lipid Composition and Morphofunctional Indicators
of Nuclear and Non-Nuclear Erythrocytes under Conditions of Hypoxia
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T. P. Kuzmenko?, T. O. Oshkina“, and S. S. Bochkareva®
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A comparative study of the properties of nuclear and non-nuclear erythrocytes in
experimental hypoxia. The phospholipid and fatty acid composition of individual
phospholipids, the content of free fatty acids in the composition of nuclear-free and
nuclear red blood cells were determined by thin-layer chromatography. The method of
laser interference microscopy was used to study the morphometric characteristics of
nuclear and nuclear-free red blood cells and the distribution of hemoglobin. Confor-
mational changes in the hemoporphyrin of nuclear and nuclear-free red blood cells
under hypoxia were studied by Raman spectroscopy. It has been shown that under
conditions of hypoxia, changes in the phospholipid and fatty acid composition occur
in the membranes of both nuclear and non-nuclear erythrocytes, leading to the accu-
mulation of lysoforms of phospholipids, diacylglycerol and free fatty acids, as well as to
an increase in the degree of saturation of fatty acids in phospholipids. These changes
indicate structural changes in the membrane of nuclear-free and nuclear red blood
cells and, as a result of this, functional changes both on the part of the red blood cell in
general and the main oxygen-transporting protein of red blood cells — hemoglobin.

Keywords: red blood cells, membrane, phospholipids, fatty acids, hemoglobin
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Llenb uccnenoBaHUsi — BBISIBUTH PA3IUUMS B IBUTATEJIBHOW aKTUBHOCTU KPBIC TUHUU
SHR u WKY u ouenuts ypoBeHb 3kcrnpeccun MPHK 6enkoB NAP-22 u GAP-43 B
HeilpoHaX TEMEHHOM KOpbl U TMIIoKaMmna. JIBUratesibHyl0 akTMUBHOCTb KPbIC JTUHUI
SHR 1 WKY (4 XxuBOTHBIX B Kax/10#i rpyrnie) GUKCUPOBaJIU TEIEeMETPUUECKUM METO-
oM B TedeHue 3 cyTok. YpoBHH aKkcrpeccun MPHK 6enkoB NAP-22 u GAP-43 B Heii-
pOHAaxX TEMEHHOM KOPbl U TUMIIOKAMIIA Y APYTUX TPYMI KPbIC 3TUX JIMHUM (110 10 Xu-
BOTHBIX KaX/10¥1 JIMHKUK) onpenensuiuch MeronoM [1LIP B peanbHoM BpemeHu. PaGora
BBIIIOJIHEHA C MCITOJb30BaHUEM XUBOTHBIX 13 brnokomiekiun U® PAH. HaiineHo,
YTO JABMUTaTe/IbHAsI aKTUBHOCTD KpbIC TMHUM SHR Gbu1a Beile, yeM Kpbic TuHUM WKY,
HO CTaTUCTUYECKU ITU Pa3JIN4usl ObUIM JOCTOBEPHBI TOJILKO BO BpeMsl TEMHOBOI (ha-
3bl. YpoBeHb akcnpeccun MPHK 6enkoB NAP-22 u GAP-43 y kpbic imHun SHR 6601
HuKe, yeM y Kpbic 1uHnu WKY kak B TeMeHHOI1 Kope, TaK 1 B TUIITOKaMITe. 3aKioJya-
eTcs, 4To O0JIbIIast MOABMXHOCTH KpbIc TuHUM SHR oTpakaet xapakTepHyIo IJisi KpbIC
9TOM JMHUYU TUNEPAKTUBHOCTD, YTO AeJIaeT UX YAOOHOU MOIE/IbIO CUHApPOMA neduiin-
Ta BHUMaHMUSI C TUNIEPAKTUBHOCTBIO. MI3MeHeHus1 B ypoBHe akcnpeccu MPHK 6enkoB
NAP-22 u GAP-43 MoryT ObITh CBSI3aHBI C TTOBEAEHYECKUMU HAPYLLIEHUSIMU.

Karoueswie crosa: kpuichl tunuu SHR, kpoick! tTnHun WKY, cyTouHast puTMUKa, IBUTA-
TeJIbHasi aKTUBHOCTbL, 6eJ1oK NAP-22, 6etok GAP-43

DOI: 10.31857/S0869813920050015

B nocneaHee BpeMsi KpbICHI CO CIMOHTaHHOM ruriepreH3ueii (tuHuu SHR) mmpoko
HCITOJTB3YIOTCSA B Ka4eCTBE OKCIEPUMEHTATbHON MOMEIN CUHApOMa IedUuiMTa BHUMA-
Hus ¢ runepaktuBHocThio ¥ meteil (CIBI). Ilpu cpaBHennu kpwic mmauii SHR ¢ ux
HOPMOTEH3UBHBIM KOHTpoJieM, tuHueit WKY, HabronaroTcst BeIpaXkeHHbIE MEKITMHE I -
Hbele ommnums [1—3]. Kpbicel iunuu SHR umeroT 6ojiee BHICOKUIA YPOBEHDb ABUTATE)Ib-
HOI1 aKTUBHOCTH B LCJIOM, a TaKXKE OTJIMYAIOTCA ITO pacnpeacjicHU0 akKTUBHOCTU B TCM -
HOE M CBETJIOE BpeMsl CYTOK (CBETOBYIO M TeMHOBYIO (asy) ot kpwic tuHun WKY [4, 5].
OnHako MeXaHW3Mbl BOBHUKHOBEHUSI TaKUX OTJIMYMI M BO3MOXKHBIE MOJICKYJISIDHbIE U
KJICTOUHBIE MPOIIECCHI, BIUSIOMINE HAa YPOBEHb aKTUBHOCTU, OCTAIOTCSI HEIOCTATOUHO
uccienoBanubiMu. CJIBIT — 3TO MIMPOKO pacrpocTpaHeHHOE, XpPOHUIECKOe, HEBPOJIO-
TMYECKO-TIOBEIEHIECKOE PACCTPOMCTBO Pa3BUTHSI, KOTOPOE MPOSIBIISIETCS] C PAHHETO NIET-
CKOro Bo3pacTa 1 BbIpaXKacTCsd B HApYILICHUAX KOHIUCHTPpalU BHUMAaHUA U TUIIEPAKTHUB-
HOCTH (BCTpedaeTcst MpUMepHO y 5% HeTCKOro HaceJaeHus [6]), Y B3pOCTbIX MOXET Tepe-
pacTy B CHMXXEHUE MHTEJJIEKTa U TPYAHOCTU C BOCIIpUsiTUeM MHMopMaumu. st Kpbic
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auHuu SHR xapakTepHbl FTeHETUYECKU JeTePMUHUPOBAHHBIE HAPYIIEHUsI OOMeHa KaJlb-
1IYs B KJIETKE, MPOSIBJISIIOIINECS B UBMEHEHUU CTPYKTYPbl M (DYHKIIMOHUPOBAHMS KaJlb-
LIMEeBbIX KaHAJIOB Pa3HbIX TUMOB [7], YTO MPUBOIUT K Meperpy3Ke UTO30J1s1 KJIETOK He-
cBs13aHHBIMU MoHamu Ca’". TakKe y STHX XUBOTHBIX MMEIOTCS CEPhe3HBIC OTIUUMS B
oOMeHe KaTexoJaMUHOB [8].

CTpyKTYphI, OCYIIECTBIISIIOIINE PeaTU3allUIo U PETYJISILIAI0 CYTOUHBIX PUTMOB, BKJTIO-
YaroT pa3HOOOpPa3HbIe OCHUJUISITOPBI, BAXKHEHIIIMM M3 KOTOPBIX SIBJISIETCSI Cylipaxua3Ma-
TUYECKOE s1po Turotaiamyca [9], pyHKIIMOHMPOBaAaHUE KOTOPOTO UTPAET BEMYILYIO POJIb
B MOJAJIEP>KaHUM dHEPreTUUECKOTo OajaHca, CHa, TEPMOPETYJISILIUU, MMUILIEBOrO MoBeae-
HUS U IBUTaTebHOM akTuBHOCTH [10].

Panee 6bpu10 mokazaHo, 9To KpbIickl IMHNM SHR meMOHCTpHUPYIOT OTINYMS B yPOBHE
NIBUTATEJIbHOUW aKTUBHOCTH IO CpaBHEHUIO ¢ Kpbicamu JuHUuM WKY, u MakcumalbHbIe
MEXJIMHENHBIE pa3Inynsl OTMEYAIOTCs B Bo3pacTte oT 4 10 16 Henens. B 3ToM Bo3pacte B
TeCTe OTKPBITOE T0JIe Y KpbIC IMHUM SHR ObLi1a cylliecCTBeHHO BbIllIe TOPU30OHTaIbHAS U
BepTHKaJIbHasI aKTUBHOCTh, O0IIIasl MI3MepeHHasl IJIMHa Ipobera [5].

Hpyrum ciieacTBueM HapylleHust oOMeHa Kajablivsl B KJieTKe y Kpbic iuHuu SHR siBiisi-
I0TCSI U3MEeHeHUs B ypoBHe 3Kcrpeccun MPHK Takmnx MaXkopHBIX cyOCTpaTOB IMPOTEUHKU-
Hazbl C (ITIKC), kak 6enku GAP-43 1 NAP-22. Cpenu mmpoKoro cruekrpa (pyHKIINI 3THX
OEJTKOB B MO3Te — PETyJIsIls KOHLIEHTPAUU KaTbMOAYJIMHA, YCKOPEHUE POCTa aKCOHOB,
YCUJIEHUE BETBJIEHUS HEPBHBIX OKOHYAHUM, PEryJsiivs BbICBOOOXIEHUSI HEMpOTpaHC-
muttepa [11]. Uccnenyemble 6e1KM y4yacTBYIOT B KaJbLIMEBOM ITyTH Tepeaayud BHYTpHU-
KJIETOYHOTO CUTHAJIa, HeMOCPEACTBEHHO B3aMMOIEMCTBYSI ¢ MpoTenHKMHAa30i C 1 Kajib-
MoIyJuHOM. B Tipeabiayimx ucciaenoBaHUsSIX Mbl OOHApPYXXWJIM, YTO B paHHEM ITOCTHA-
TaJIbLHOM OHTOTEHE3€ COJEpXKaHME BTUX OEJIKOB B Pa3IMYHBIX CTPYKTypax TOJIOBHOTO
MO3ra, B YaCTHOCTU B TEMEHHOU Kope W TUIokamrie, y Kpbic TuHuu SHR goctoBepHO
BhbIlIe, 4yeM y Kpbic TuHuu WKY [12]. D10 yKa3pIBaeT Ha MU3MEHEHUE KaJIbIIUii-3aBUCUMbBIX
KacKaJloB Tepelauyv BHYTPUKJIETOYHOTO curHaya. MI3BEeCTHO Takke, 4TO COAECpKaHUE
MOHOB KaJIbIIUSI B HEMPOHAX CyNpaxua3MaTUYeCcKOTO sipa, pPeryJIMpYIOIIero CyTouHble
PUTMBI, CaMO ITOJTYMHSIETCS 3TUM puTMam [ 13].

Kpowme Toro, 1mokasaHo, YTO CTPYKTYpPbI TUTIIIOKAMIIA HETTOCPEACTBEHHO BIUSIIOT HA
CYTOYHYIO PUTMUKY IBUTATEJIbHOW aKTUBHOCTU. Pa3pyllieHre 3TOi CTPYKTYPHI BEAeT K
HapylIeHUIO TUHAMUKU JTBUTATEIbHON aKTMBHOCTU, XapaKTePHOM s 3TUX KUBOT-
HBIX [ 14]. TakKe, B peaan3anny pUTMa JOKOMOTOPHOI aKTUBHOCTHU Y KPBIC, KPOME Cy-
npaxyua3MaTU4YeCcKoro sifipa, y4acTBYIOT CTPYKTYPbI H1OPCAJIbHOIO OTeJa CTpUuatyMa u
TeMeHHOI Kophl [15].

Takum o6pa3om, 11eJI1 HACTOSILETO UCCIENOBaHUSI — aHaJIM3 CYTOYHOTO pacrpenesie-
HUSI ABUTATEJIbHOM aKTMBHOCTM KPBIC CO CIIOHTaHHOU ruriepteH3ueid (muHuum SHR) u
Kpbic TUHUM WKY (HOpMOTEH3MBHBII KOHTPOJIb), a TAKXKE OlLIEHKa BIWUSTHUSI Hapylle-
HUiT oOOMeHa KaJibIIUsl B HEMPOHAX Y 3TUX XMBOTHBIX HA U3BMEHEHUE YPOBHS 9KCIIPECCUU
MPHK 6enkoB NAP-22 1 GAP-43, 3aneiicTBOBaHHBIX B KaJblIMii-3aBUCUMbBIX KacKagax
nepeaayy BHYTPUKIIETOUHOTO CUTHaIa B TEMEHHOM KOpe M TMIIIOKAMIIE, UTO CBSI3aHO C
HEIMOCPEACTBEHHBIM yyacTueM UX B (DOPMUPOBAHMU CYTOYHOU PUTMUKU ABUTATEIbHOMN
aKTUBHOCTHU.

METOAbI NCCIEJOBAHUA

B omnbitax ncnons3oBanu 4 B3pocibix camua quaun SHR maccoit 180—250 1, AL BhIIe
170 MM pr. cT., 1 4 B3pocibix camira TnHu WKY Takoii ske macchr, Al Hike 125 MM pT. CT.
(B KauecTBe KOHTPOJIs1) B Bo3pacte 12—14-tu Henenb. Peructpanusa AJl y BceX JKMBOTHBIX
MPOU3BOAMIACh MAHXETOYHBIM METOAOM TIepell U TO0C/ie DKCIepUMeHTa (C MOMOIIbIO
OKKJTIO3MOHHOI MaHXeTKHU U 3jiekTpoMaHoMmeTpa “ELEMA”). PaccuutbiBasioch cpeaHee
3HauYeHue cucteMHoro AJl mo pe3yjabraraM Tpex IMOoCJeNHUX U3MepeHuit. s oleHKu
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YPOBHSI IBUTraTeJIbHOM aKTUBHOCTMU ObLI pa3paboTaH clelMalbHbI OuoTeleMeTpuye-
CKUI1 KOMIUIEKC, B KaMepaX KOTOPOTO B Mpoliecce OIbITa MoIepXX1Bajiach TeMIiepaTypa
20°C, mmTelIbHOCTh CBeTOBOTO MHs cocTaBisuia 12 4 (¢ 10:00 mo 22:00). Bece kimeTku ObI-
JIM CKOHCTPYUPOBAHBI COTJIACHO CAHUTAPHBIM MPaBUjIaM IO YyCTPOHCTBY, 000PYIOBaAHUIO
U colepXkaHWIo BUBapueB oT 6 ampesist 1973 1. co cBOOOIHBIM TOCTYIIOM K €ie¢ M BOJE.
Kprbichl monyyanu cyxoii Kopm rpousBoactBa 3A0 “I'aTuMHCKUIT KOMOMKOPMOBBIN 3a-
Bon” (peuent Ne ITK-120 cx 1492 njist 1aGopaTOPHBIX SKMBOTHBIX) Y OOBIYHYIO MTUTHEBYIO
Boay. Pabora BhINTOJTHEHA C UCITOJIb30BaHUEM XUBOTHBIX U3 buokomnekunn MP PAH,
MpY MPOBEASCHUU IKCIIEPUMEHTOB COOJTIONAIMCH BCE TPeOOBAHUSI KOMUCCUU IO KOHTPO-
JIIO TIO CONIEP>KAHMIO 1 MCIIOJIb30BAHMIO JIa00PATOPHBIX XKUBOTHBIX pu MHCcTUTYTE M-
s3uonorun um M.I1. I1aBnoBa PAH. D10 mnccienoBaHne mpoBOaIMIOCh B COOTBETCTBUU C
npuHuunaMmu bazenbckoit Aekinapaiuu, MexXayHapoAHbIMUA CTaHIAapTaMu Mo paboTe C
J1abopaTOPHBIMU XKUBOTHBIMU, U C pa3pellieHus: Komuccuu 1o 6uostuke ®T'BYH “HH-
crutyt pusnonorun umenu M.I1. [TaBnosa” PAH (nmpotokon Ne 01/08 ot 01.08.19 1.).

Peeucmpauuﬂ deuzamenbHol aKmMueHOCMuU

JBUraTebHy10 aKTUBHOCTb KPBIC PETMCTPUPOBAJIM B TeYEHME TPEX CYTOK METOAOM Te-
JIEMETPUU C UCITOJIb30BAaHMEM YCTAHOBJICHHBIX ITO0 00OKaM KJIETOK ONTUYECKUX TaTYMKOB
OapbepHOro THUITa, KOTOpbie (DMKCUPOBAIN NPepbIBaHME JIyda ITPU IIepeMEIIEHUU KPBIChI
W3 OJHOM YaCTH KJIETKU B IPYryio. BricoTa pacroyioKeHNsI ¥ YyBCTBUTEIbHOCTD JaTYM-
KOB OBbUIM pacCYMUTAHbI TAKUM 00pPa30M, YTOOKI, 110 BO3MOXKHOCTU, UCKJIIOUUTH JIOKHBIE
cpabareBaHusi. CUTHAJIBI OT BCeX JAaTYMKOB COOMPAIMCH aIlllapaTHO M 00pabaTHIBAINCh
Ha KOMIIbIOTEpE, CYMMMPYIOIIEM YMCJIO MepeceYyeHnil 10 5-MUHYTHBIM MHTEpBajiaM, a
3aTeM 3THU JaHHbIC ObIJIM YCPEIHEHHI IS CBETOBOM M TEeMHOBOI (ha3 Tpex AHel Habmone-
HMUS 3a KaX1I0i 0COObIO.

Hccaedosanue yposrs sxcnpeccuu mPHK beakos — maxcopruix cyocmpamos I1KC

B aTom onbiTe ncnonp3oBanu apyrue rpymisl camios JuHur SHR maccoit 180—250 ¢
u camuoB JuHUM WKY Toi1 ke Macchl U Bo3pacTa, coiepxKalluecs B TaKUX XKe YCIOBUSIX.
Jlns onipenenieHust ypoBHs akcrpeccur MPHK aTux 6e1KoB B 0Opa3liax HepBHOI TKaHU
(TeMeHHasi Kopa M TUIIOKaMIT) XUBOTHbIC ObLIY JIEKAITMTUPOBAHBI IO JIETKUM 3up-
HBIM HapKO30M C TOoceayriuM 3abopom 1pob. M3 oOpas3iioB HepBHOII TKaHU KpPbIC
obeux nmuHMiA Obuta BhimeneHa cymmapHas MPHK ¢ momomibio Habopa Quick-RNA™
MiniPrepKit (ZymoResearch, CIIIA) corinacHo IpoToKojy ucciaeaoBaHus. Jlaaee ocy-
LIECTBJISUIM cUHTe3 KoMmruieMeHTapHoit JIHK oGparHoii TpaHCcKpuIueii. YpoBHU 3KC-
npeccun NAP-22 u GAP-43 onpenensiau merogoMm IILIP B peasbHOM BpeMeHU C YC-
MoJib30BaHUEM crielinduueckux rnpaiimepoB Ha amruindukatope AHK-32 (MAIT PAH,
Poccust). B xadecTBe pedepeHca IIsI HOPMUPOBKM PE3YJILTATOB aMILIM(PUKALIUN KC-
MOJIb30BaN TeH P-akrtHa. B TaGm. 1 mpuBemZeHBI MOCIEIOBATEIBHOCTH TTPAMEPOB 1
30HIOB JUIST AETEKIIMU TPaHCKPUIITOB TeHOB NAP-22, GAP-43 u B-akrtuHa. YcioBus
nposenenus TTLP: 1. 95°C 300 ¢ — 1 umkir; 2. 60°C 40 ¢, 95°C 15 ¢ — 50 nukinos. Konuue-
CTBEHHOE BbIpaXXEHUE pe3yIbTaTOB MPOBOAMIOCH C TOMOIIBIO pacueTa pa3HUIIbI IKCIIPeC-

CUU UCCJIEAYeMOIo FeHa OTHOCUTEILHO HOPMUPOBOYHOIO I'eHa 110 (hopMysie 2-AACT 16,
Bcero B 3TOM OITbITE MCITOJIL30BaHO 1Mo 10 caMIIOB KaXKI0M JIMHUM.

Cmamucmuueckas obpabomxa pe3yabmamos

st ctaTUcTUYeCcKOl 0oOpabOTKM pe3yJbTaToB (CpaBHEHUS JMHUI) MCHOJIb30BaIN
Kkputepuit MaHHa—YUTHU, 17151 rpaddMyecKoro NnpeacTaBieHUs JaHHbIX 110 JBUTaTesb-
HOIf aKTUBHOCTHM — MEIMAaHbI U KBapTUJIU. Bce cTaTucTUUeCKre BRIYMCISHUSI ObUIU TIPO-
BelleHbI ¢ TTomolbio mporpaMmmbl SYSTAT 10.2.
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Taoauua 1. TpaiiMepbl U 30HIBI IJIST IETEKLIMM TPAHCKPUIITOB reHoB 0eikoB NAP-22, GAP-43 u

E‘;?)]l(g Iilf{ai’rimers and probes for the detection of the NAP-22, GAP-43 and B-actin genes transcripts
I'en 6enkoB| [paiimMepbl ¥ 30HABI [MocnenoBarenbHOCTD (5'—3")
Gene Primers and probes Sequence (5'-3")

rNAP22-F2 AACTCCAAGATGGGAGGCAAG

NAP-22 rNAP22-R2 CAGCCTTCTTGTCTTTGTCCTT
rNAP-22 probe ROX | (ROX)CTACAATGTGAACGACGAGAAGGCCA(BHQ-2)
GAP43-up GAAGAGAGGAGGAAAGGAGAG

GAP-43 GAP43-low TCAACCTGTTTGGTTCTTCTCATA
rGAP43 probe ROX | (ROX)CAGCATGGTGGTATGTTCCCCTGCC(BHQ-2)
Rat_ACTB_u AGCCATGTACGTAGCCATCCA

B-aktun Rat_ACTB_I TCTCCGGAGTCCATCACAATG
Rat_ ACTB_Pr_up2 | (FAM)TGTCCCTGTATGCCTCTGGTCGTACCAC(RTQ1)

PE3VJIBTATbBI MCCJIIEJOBAHUA

JlaHHbIE O cpeaHel ABUTATEeIbHOM aKTUBHOCTH KaXXI0 0COOU KaxkKa0U U3 IBYX TUHUMN
BO BpeMsI CBETOBOI U TEMHOBOI (ha3 ornbiTa npeactaBieHbl Ha puc. 1. Ha aTom pucynke
XOPOIIIO BUIHBI M MEXJIMHEHbIE pa3nuuus (IBurateabHas akTuBHOCTh SHR Bhilie, yem
WKY) u pazauuust Mexmny ocodsiMu ogHoM TuHUK. [1pr 3ToM MeXXIIMHeHbIe pa3andus B
)lBl/lFaTCJ'leOﬁ AKTUBHOCTU CTATUCTUYECCKHN JOCTOBCPHLI ITO KPUTCPUIO ManHa—YutHu B
TemHy10 (p < 0.05), HO He B cBeTiIyIO (p > 0.05) ha3bl CyTOUYHOTO LIMKIIA.
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Puc. 1. [IBurarenbHast akTuBHOCTB KpbIc JIMHUIA SHR 1 WKY. Kaxnplit CHKMBOJI COOTBETCTBYET OJTHON OCOOU.
[MpuBeneHBI MeIMAHBI M KBAPTUJIW IBUTATEIbHON aKTUBHOCTH 3a Yac TPEXIHEBHBIX HAOTIOACHM JIJIST CBETOBOM

¥ TEMHOBOI1 (ha3 cyTouHOro 1ukia (n = 36).
Fig. 1. Locomotor activity of SHR and WKY strain rats. Each symbol corresponds to one individual. Medians and
quartiles of hourly locomotor activity for the light and dark phases of the 3 days of observations are shown (# = 36).
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Puc. 2. Yposuu skcnpeccunt MPHK 6enkoB NAP-22 u GAP-43 B HeiipoHax TeMeHHOI KOpbI (4) ¥ TUIIITOKaM-
na (B) kpeic muHMt SHR 1 WKY. Kaxkiplii CMiMBOJT COOTBETCTBYET OHOM OCOOU.

Fig. 2. The expression levels of mRNA of NAP-22 and GAP-43 proteins in the neurons of the parietal cortex (A4)
and hippocampus (B) of SHR and WKY strain rats. Each symbol corresponds to one individual.

W3 puc. 2 BugHo, uto ypoBHU 3Kcnpeccun MPHK 6enkoB NAP-22 u GAP-43 B Heii-
pOHax TeMEeHHOI1 Kopbl U runnokamiia Kpbic JuHuu SHR Hike, yem y kpbic auHun WKY.
JIOCTOBEPHOCTh 3TUX MEXIMHEMHBIX pa3IMIMii MO KpUTepruio MaHHa—YUTHU 1OCTaTOYHO
Boicoka (p < 0.01) u mj1s1 060uX 6€JIKOB 1 [IJ11 00EUX CTPYKTYP FOJIOBHOTO MO3Ta.

OBCYXIAEHUE PE3VJIBTATOB

Hanuune vHaIMBUIYaTbHBIX BHYTPWJIMHEHHBIX Pa3IMuMil Y KPbIC CO CIIOHTAHHOM TH-
MEePTEH3UEil MOXKHO OOBSICHUTh TEM, UTO TEHETUUECKU AETePMUHUPOBAHHBIC HAPYILICHUSI
OoOMeHa KaJIbIIUS Y 3TUX KMUBOTHBIX MOTYT IPOSIBJISITHCSI B Pa3HOM CTENEHU B 3aBUCUMOCTH
OT BBIPAXXEHHOCTHM HapylleHUi (DYHKIIMOHUPOBAHWSI MOJIEKYJIIPHBIX MEXaHM3MOB, 00ec-
TMEeYMBAIOIINX MOAAePKaHE TTOCTOSSHHON KOHIIEHTPALIMM WOHOB KaJIBLIMSI B IIUTOIIIa3Me.
Hammm wccnenoBanus 1mmokasanu, 4to u y Kpbic TUHUM WKY (HOpMOTEH3UBHBIN KOH-
TPOJIb) MOTYT YaCTUYHO TIPOSBISTHCS TEHETUYECKU IETEPMUPOBAaHHBIE HAPYIIIEHUST 00-
MEHa KaJbL1sl B KJIETKE, YTO MOXKET IPOSIBISITbCS B OOHAPYKEHHBIX PA3IMYUSIX MEXKIY
OTHEABHBIMU 0CO0sAMU. CreayeT OTMETUTh, YTO Y HEKOTOPBIX KUBOTHBIX MOTYT BKJIIO-
yaThCs KOMIIEHCATOPHbIE MEXaHU3MbI (HanpuMmep, CBA3aHHbIE C U3MEHEHUEM YpPOBHS
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MOCTYIJICHUSI K30T€HHOTO KabLIMsl), 1 MOXKET MEHSIThCSI CTeNIeHb BOBJICYCHUSI BHYTPU -
KJIETOYHBIX MEXaHM3MOB, YYacCTBYIOIIMX B OOMEHe Kaibliusl (Hampumep, aKTUBHOCTD
KanbueBeix ATda3).

N3menenus ypoBHs akcnpeccun MPHK 6enkoB, ocHoBHBIX cyocTpaTtoB ITKC B Helipo-
HaxX TEMEHHOM KOpbI ¥ TUIIIIOKAaMIIa, MOTYT KOCBEHHO OTpaXkaTh U3MEHEHUST (DYHKIIMOHU-
POBaHMSI COOTBETCTBYIOIIETO KAJIbIIUI-3aBUCUMOTO KacKaa repeaayu BHyTPUKICTOYHOTO
cUTHaJIa B HeipoHax 3Tux cTpyKTyp. Hanuuue y kpbic tuHuu SHR Takux usmeHeHuit nmom-
TBEPXKIAET, YTO TEHETUYECKU AETEPMUHMPOBAHHbBIE HAPYIIIEHNST OOMEHA KaJIbIIMS B KJIET-
KaX 3TUX XKMBOTHHBIX |7, 17] MOryT 3aTparuBaTh He TOJbKO (DYHKIIMOHUPOBAHUE CTPYKTYP
CEeplIeYHO-COCYIUCTON CUCTEMBI (B TOM YMCJIE TJIAAKOMBILIEYHBIX KJIETOK COCYAMCTOM
CTEHKU U KapAMOMHOIUTOB), HO 1 cTpykTyp LTHC. Takxe y KpbIC CO CHOHTaHHOI rurnep-
TeH3UEel, U3-32 HU3KOTO YPOBHSI COIEP>KaHWSI MOHOB KaJIbIIMsI BO BHEKJIETOUHOI cpene,
HayMHAaeTCsl BbIpabOTKa B MapalllMTOBUIHBIX XKejie3aX 0CO00ro napaTupeouIHOTO TUrep-
TeH3uBHoro akropa (INI'D, npexacrasisoniero codboil CBsI3aHHBIN ¢ (HocHOIUNUIOM
OJIUTOIIEIITUT), KOTOPHIii UccienoBajcs B nepBoii aAekane 21 Beka. [IT® crienudpuyecku
BO3JIEMCTBYET HA CUCTEMY apEHOPELIENITOPOB, SIBJISIETCS] TPOJIOHTMPOBAHHBIM Ba3oIpec-
COPOM, MNOBLIIIACT YYBCTBUTCIIbHOCTb K 9K30I€HHbBIM KaT€xoJlaMMUHaM, 1, BO3BMOXHO, 3a-
MemseT ux karadonusm [18]. BosneiictBue TI'®D ocyiiecTBisiercs: Ha (oHe CyleCTBEH-
HBIX Pa3JIMYMii B aKTUBHOCTY TUIIOTAJIaMO-TUTNIOMU3APHOI aApeHaTIoBO OCU TI0 CpaBHEe-
Huto ¢ Kpeicamu auHu WKY [8]. MoxkHO monaraTh, 4To HabmomaeMble HaMU 3G (EKThI
SIBJISIIOTCSI TaKXK€ CJIEACTBUEM BBILIEONUCAHHBIX M3MEHEHUI (DYHKIIMOHUPOBAHUS anpe-
HEPruYecKoil cucTeMbl B TEMEHHOI KOpe W TUINOKaMIle, U MOJy4eHHble HaMU JaHHbIE
MOTYT UCITIOJIB30BATHCA IJId KOJINYECTBEHHOI OLICHKU BOBﬂCﬁCTBMﬂ TEX UJIIN UHBIX ¢)apMa—
KOJIOTUYECKMX areHTOB (B YaCTHOCTH, aIpEHOCTUMYJISITOPOB U apeHO0JI0KATOPOB).

OcobeHHocTu ooMeHa O6enka NAP-22 y KpbIC CO CIIOHTaHHOI TUIlepTeH3Meil MOTyT
OBITH IMTOJIE3HBI U1l TIOHUMAHUWA 3HAYCHUA 9TOIro 6em<a, KOTOpPOE€, YUYUThIBasE €ro MHOIo-
obpasHylo peryjsitopHyto ¢yHKIuio [11], mpencraBiasieT cob0ifi MHTEPECHBIN MpeaMeT
WUCCeN0BaHUA. DTU NaHHbBIE TIOJIE3HBI JJISI TOHUMaHUsI 0COOeHHOCTel (hyHKIIMOHUPO-
BaHUSI KaJIbI[MI1-3aBUCUMBbIX KAaCKaJIO0B Mepeaayr BHYTPUKIIETOYHOTO CUTHAJIA B YCJIOBU-
SIX TEHETUYECKM AETEPMUHUPOBAHHBIX HApYILIEeHU oOMEHa KalbliMs B KieTke. benku
NAP-22 u GAP-43 B mnipoiiecce oHTOreHe3a aKTUBHO Y4YacTBYIOT B 00Opa30oBaHMU HEM-
POHHBIX CETEi, a y B3pOCJIBIX JKUBOTHBIX B 00€CIIEUeHHUU TTPOLIECCOB HEMPOIJIACTUYHO-
CTU, M HapylICHUs WJIX U3MEHEHUs UX OOMeHa B HElipOHAX MOTYT CBUIETEIbCTBOBATh O
HapyIIeHUSIX 3TUX IpolieccoB [19], 4To, B cBOIO o4Yepesb, MOXKET OKa3aThCs OMHUM M3 Me-
XaHU3MOB peanu3annu xapakrepHbix 111 CABIC moBeneHyeckmx Hapyenuii [20]. Mccie-
noBaHUE 0eJIKOB — OCHOBHBIX cyocTpaTtoB [1KC oTKpBIBaeT BO3MOXKHOCTH IJIsI paHHEH d1-
arHOCTUKM (B TOM YHMCJIe MpeHaTaJIbHON M paHHEl IMOCTHATAJILHOI) 3TOTO 3a00JIeBaHUSI
Y MTOMCKa HOBBIX MPUEMOB IJIsI HOpMaIU3alluM TaKux OTKIoHeHu#. B otnnune ot GAP-
43 6enok NAP-22 He siBisieTCSI MCKITIOYMTEbHO HelipocTieIu(UYHBIM, TTO3TOMY MCCIIe-
JoBaHUe ero ooMeHa obJ1agaet 6osiee BHICOKOU TMAarHOCTUYECKOM LIEHHOCTHIO.

SAKJIIOYEHUE

JIBuraTenbHass akTUBHOCTD KpbIC TMHNUA SHR BhIIe, yem y kpoic tuanu WKY. Ypos-
Hu 3kcnpeccun MPHK 6enkoB NAP-22 u GAP-43 B HelipoHax TeMEHHOII KOPBI 1 TUII-
nokammna kpbic TuHuM SHR Hixe, yem y kpbic iuHun WKY.

WccnenoBanue 6e1koB — 0ocHOBHBIX cyocTpaToB [1KC mo3BosIOT BHISIBUTH CBSA3b Ha-
GII0IaeMBIX MOJIEKYJISIPHBIX 3aKOHOMEPHOCTE MMEHHO C TeHepaJIM30BaHHOM MaToJIO-
TUeii, 4YTO ¥ UMeeT MeCTO Y KpbIc TMHMM SHR — reHeTnyecku neTrepMUHUPOBaHHBIC Ha-
pyliieHus oOMeHa KaJlbliusl B KJIeTKax, 00llee MOBBIIIeHUE apTepUalbHOTIO NaBlIeHUs, a
Takke Takue cumnTombl CIABIT, Kak runepakTMBHOCTb, UMITYJIbCUBHOCTb, CJIOXHOCTH C
obyueHueM. [TonyyeHHbIe HAMM JaHHbBIE JOIOJHSIIOT XapaKTepUCTUKY KpbIc TuHUM SHR
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B KauecTtBe Moneau CIBI mo nuHamMuke pacrpeneaeHus IBUTaTeJIbHOM aKTUBHOCTH, a
TaKKe B KAYE€CTBE KMUBOTHBIX C TEHETUYECKHU JETEPMUHUPOBAHHBIMU HAPYIIEHUSIMU Me-
TaboJIM3MAa KaTeXOJIAMUHOB U KaJIblIUs B KJIETKaX.
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Locomotor Activity and Expression Levels of mRNA of NAP-22 and GAP-43 Proteins
in Rats With Spontaneous Hypertension

A. S. Aldekeeva?, S. Ya. Reznik?, Yu. S. Kraynova?, and N. Z. Klyueva®*

4 Paviov Institute of Physiology, Russian Academy of Sciences, Saint-Petersburg, Russia
bZoological Institute, Russian Academy of Sciences, Saint- Petersburg, Russia

*e-mail: KluevaNZ@infran.ru

The aim of the study. To reveal the differences in locomotor activity between the rats of
SHR and WKY strains and to estimate expression levels of mRNA of NAP-22 and GAP-43
proteins in the neurons of the parietal cortex and hippocampus. Materials and methods.
Locomotor activity of the rats of SHR and WKY strains (4 individuals per strain) was re-
corded by telemetry during 3 days. Expression levels of mRNA of NAP-22 and GAP-43
proteins in the neurons of the parietal cortex and hippocampus were estimated by real-
time PCR in other rats of the strains (10 individuals per strain). The study was conducted
on animals from the Biological collection of I.P. Pavlov Institute of Physiology Russian
Academy of Sciences. Results. Locomotor activity of SHR rats was high than that of
WKY rats although this difference was statistically significant only during the dark phase.
Expression levels of mRNA of NAP-22 and GAP-43 proteins in SHR rats was lower
than that of WKY rats both in parietal cortex and in hippocampus. Conclusions. High
locomotor activity of SHR rats results from hyperactivity of this strain. Thus, these rats
can be a good model for the investigations on attention-deficit hyperactivity disorder.
Changes in expression levels of mRNA of NAP-22 and GAP-43 can be connected with
behavioral disorders.

Keywords: rats of SHR and WKY strains, daily rhythm, locomotor activity, protein
NAP-22, protein GAP-43
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