DOI:10.15360,/1813-9779-2014-6-65-78

O63opm

POJIb CYKIIMHATOB
INPU KPUTUYECKUX COCTOAHUAX
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B 0630pe amTepaTypbl OTpakeH COBPEMEHHBII B35/ Ha MAaTO(U3NOIOTNYECKHE MEXaHU3MbI PA3BUTHSI MUTOXOHAPHAILHON
IUCOYHKIMU NPU TUIMIOKCUM KPUTHYECKUX cocTosiHuii. OTMedeHa poJib CYKIMHATOB B Pa3BHUTHUM MHTOXOHJPHUAJBHOI JHC-
byHKIMY, TOCTEAYIOMHUX OPTaHHbIX PACCTPOICTB M MOJMOPTaHHONW HETOCTATOYHOCTH NPH PA3JIMYHON MATOJOTHU B MEPUOT
CPOYHOM a/IANTAIMU K THIOKCHH, KOTOPAsl OCYIIECTBISIETCS 32 CYET MOOMIN3ALMH SHEPrOPECYPCOB: X LEHTPAT3ALMH, HH-
teHcudUKanuu KaTaG0IN3Ma YIJIEBO/OB, )KUPOB 1 GEJIKOB, a TAKKe NO/ABJIEHUs AHAG0INYECKUX IIPOLECCOB B TKaHsx. Me-
XaHHM3M CPOYHOI a/JaNTalliH K THIIOKCHHU IIPU KPUTHYECKHUX COCTOSHUAX Pa3BUBAETCS C XapaKTePHBIM yMEHbIIEHHEM KOJInye-
crBa cykuuHarta (cyGcrpara auisi ¢pepmeHTta), 4TO NMO3BOJSAET NPOBOAUTH KOPPEKUMIO ero Aeduuura ¢ nepcrnekTUBOR
yBeJIMYeHHsl NOTPeGIIeHNs KHCI0PO/a, aKTHBALMH IIPOLECCOB a9POGHOr0 OKHCIEHHs] U BOCCTAHOBJIEHHUS IIPOLLECCOB BHYTPH-
KJIETOYHOTO a3po0HOro Merabomama. Kitoueguie c106a: KpUTHIECKHE COCTOSIHUSI, MUTOXOH/IPUAIbHAS TUCOYHKIUS, TUIIO-
KCHsI, CyKIIMHAT.

The literature review reflects the present view of pathological mechanisms for mitochondrial dysfunction in hypoxia
during critical conditions. It notes the role of succinates in the development of mitochondrial dysfunction, further organ
disorders, and multiple organ dysfunctions in different diseases during emergency hypoxia adaptation only due to the
mobilization of energy resources: their centralization, intensified carbohydrate, fat, and protein catabolism, as well as
to suppressed anabolic processes in tissues. The mechanism of emergency adaptation to hypoxia during critical condi-
tions develops with a characteristic decrease in the amount of succinate (as a substrate for the enzyme), which enables
the correction of its deficiency with the promising increase of oxygen consumption, the activation of aerobic oxygena-
tion processes, and the reduction of intracellular aerobic metabolic processes. Key words: critical conditions, mito-
chondrial dysfunction, hypoxia, succinate.
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B Teyenue mocseHUX ECATUIETUI B MEAUIINHE WH-
TEHCUBHO Pa3BUBACTCSI TAK HA3BIBAEMOE «MeTab0IMIECKOes
HalpaBJIeHNe, CTaBsIiee CBOEH IIEbI0 TEOPETUYeCKUH 1
NPUKJIAIHON aHaIM3 POJIu OOMEHHBIX TIPOIECCOB B Pa3BU-
TUM MHOTMX KPUTHUYECKMX COCTOSIHUI, BO3HMKAIOMINX Ha
(one runokcun. Kak nsBecTHo, 1pu HOpMaJIbHOM obectiede-
HUU KUCJIOPOJIOM BCE TIUTATEIbHBIE BEIIECTBA TTO/[BEPTaiOT-
¢ psity MeTabOJIMIeCKUX TIPEBPAIeHui, B X0/1e KOTOPhIX
obpasyercst aHeprus, Heobxoaumast 1Jist paboThl Beex (DyHK-
[MOHAJBHBIX CUCTEM OpraHusMa. M3 riokossl o6pasyercs
MIPOBUHOTPA/IHAS KHCJIOTA, BBICBOOOKIAIOTCS OKUCJIHU-
tespHble aKBUBaeHTH (HA/IH), xoTopbie nepenocsites B
MaTPUKC MUTOXOH/IPUI U Jlajiee BKIIOYAIOTCS B IIUKJ TPHU-
KapOOHOBBIX KucioT miu 1k Kpebea [1]. MuTtoxouapuu

During the last decades, the so-called «metabolic»
field is intensively developing in medicine. Its objective is
theoretical and practical analysis of the role of metabolic
processes in the development and maintaining of numer-
ous critical conditions associated with hypoxia. In case of
normal oxygen supply, all nutrients are subjected to sever-
al metabolic transformations resulted in energy production
(ATP) required for the functioning of body systems.
Pyruvic acid is formed from glucose, the oxidative equiva-
lents (NADH) are released, which are transferred to the
mitochondrial matrix and included in the tricarboxylic
acid (Krebs) cycle. Mitochondria represent the «power
plants» of cells. Energy production depends on three inter-
related pathways: glycolysis in the cytoplasm, the Krebs
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— <AJIEKTPOCTAHINI» KJIETOK. BhIpaboTKa SHEpPruu 3aBUCHT
OT TPeX B3aMMOCBSI3AHHBIX MyTell: TIIMKOJIN3a B IUTOTLIA3-
Me, 1KTa Kpebca v 1ieri Tpanciiopra aJieKTpOHOB B MUTO-
XOHIpUsiX. TakuM 00Pa3oM, OCHOBHBIE PEAKINKH OUOTpaHC-
popmanum
obpasyercst aHeprus, 3aMbIKaioTcs Ha Tukiae Kpebca miru

MUTATETHHBIX  BEIMIECTB, TPU  KOTOPHIX
A9POOHOM TIIMKOJIM3€, KOTOPBI TECHO CBSI3aH € OKUCJIU-
TebHBIM (DochHOPUIHPOBAHIEM — CaMbiM (P (HEKTUBHBIM
criocobom cunTesa ATD, B pesyJibrare KOTOPOTrO KOMIIOHEH-
TBI JBIXaTETBHON TEMN OCYIIECTBISIIOT TTEPEHOC HIEKTPO-
HOB. ITO MOCTOSIHHO JieficTBYOIMii 1 Haubosee apdhexTus-
HbIIT Iy Th 9HEProoOPa3OBaHKs B KJIETKAX BCEX THUIIOB.

CyxrmHat HaTpust (STHTapHAS KUCI0Ta) B OPTaHu3Me
TECHO CBSI3aH C <TIPOM3BOICTBOM> HHEPTHN, HEOOXOAMMON
11T 06ecTiedeH st JKUSHEEATETbHOCTH, TaK KaK OHA SIBJIsI-
eTCsl MPOLYKTOM IATON U cyOGCTPaTOM IIECTOi peakiny B
nukse KpeGea. B dpynnamentanbhoii pabore H. A. Kpebea
«O630p npeobpaszoBaHysd JHEPTUN B KUBOI MaTEPUN» OT-
MEYEHO, YTO OKUCJEHUE CYKIMHATA SBJSETCS] HeOOXOMH-
MbIM YCJIOBUEM KaTaJIUTHUYECKOTO JeiicTBUst JM000H apy-
roil u3 KapGoOHOBBIX Kucsaor [1]. MomtHocTs cucTeMbl
HHEPTOTPOYKITH, 3AMBIKATOTIEHCST Ha STHTAPHON KUCJIOTE,
B COTHU Pa3 MPEBOCXOMT BCE JAPYIUe CUCTEMbI 9HEProod-
pasoBaHus opranuama [1].

Pa6Goramu Kpebca B 50-€ roibl 1pouwioro Bexa ObLio
JTOKA3aHOo, YTO KOHETHOM TOUKON MPUTOKEHIST MOJEKYJIBI
KHCJIOPO/IA SIBJISIETCS. MUTOXOH/[PUAJIBHAS TIETTb [IEPEHOCA
9JIEKTPOHOB, T7ie Oy BLICTYIAET B POJIN CyOCTpaTa TEPMI-
HaJIBHOTO (pepMEHTa — IUTOXPOMOKCHAa3bl. Takum obpa-
30M, MUTOXOHApUH, Kak ATO-mpoayupyomas KieTou-
Hast OpraHesijia, sIBJASIOTCS OCHOBHBIM MECTOM DPa3BUTHS
TUIOKCHYECKOTO Kackaga OUOXUMHYECKUX IMPOIECCOB,
NPUBOAAIINX K Tubesn Kiaetku [2].

Opnaxo, B 50-x roiax GbLI0 OOHAPYIKEHO sIBJICHME,
Ha3BAHHOE «THITOKCUYECKUM TapasokcoM». CyTh ero 3a-
KJIFOYAETCsI B TOM, YTO HaPYIIEHUS] SHEPIeTUYECKOro 0OMe-
Ha HAYMHAIOTCST TOPA3JI0 PaHbINe, YeM Ha YPOBHE TKaHen
JOCTUTAETCS] KPUTHYECKAST KOHIIEHTPAIMS KHCJIOPOJIA,
NPUBOAAIIAS K CHUKEHUIO ero MoTpebJIeHus], TO eCTh 3a-
JIOJITO IO YMEHBIEHUsT aKTUBHOCTH TTUTOXPOMOKCH/IA3BI
[3, 4]. DToT bakT a7 OCHOBAHME NPE/ITOTIOKUTD, YTO €CTh
WHbIE, HE)KETN TIMTOXPOMOKCH/IA3a, JUMUTHPYIOMINE yda-
CTKU a9poOHOTo 0OpazoBaHus 9HEPrUu 1pu Tunokcuu. Ho
B CHJTY TPAIUIIMOHHBIX TTPEICTABICHUI O ee BeAyIIel poin
B PETYJISINUN aHHOTO TPOTIECCa, «TUTMTOKCUIECKUH Tapa-
JIOKC» He MOT ObITh OObSICHEH B TO BPEMSL.

B nasbHeiitem GbLJIO BBISICHEHO, YTO GHOXMMUYEC-
KM 9KBUBAJIEHTOM TUITOKCUU SIBJISICTCST M3MEHEHNE KOH-
HeHTpaluu CyOGCTPaTOB B OCHOBHBIX METaOOJIMYECKUX I1y-
TSX KJIETOK,
SIBJISIETCST CJICZICTBUEM HapyrmeHust (hochopraInpyonmx
MTPOTIECCOB ¥ XMMUYECKOTO CHHTE3a dHEPTHH [5]. ITO KITio-

a CHMJKECHHC OSHEPTOIPOAYKIIMN B HUX

yeBas OMOXMMUUECKAs «II0JIOMKa», KOTOpPasi IPUBOAUT K
3aMe/JICHUIO HEe TOJIbKO MHUTOXOHJPHUAJIBHOTO CHHTE3a
AT®, Ho 1 K paccTPOICTBY BCero 0OMeHa BEIeCTB B Opra-
HeJIJIe B 11€JIOM, YTO ¥ BKJIOYAET B celsl MOHSITHE <MHUTO-
xoHapuanbHas anchyukiusas. ATD cosmaercss B MUTO-
XOHJIPUU € mpoiecce

ITOMOIIBIO TJINKOJIn3a B

cycle, and mitochondrial electron transport chain. Thus,
the basic nutrient biotransformation reactions, which
result in energy production, converge in the Krebs cycle or
aerobic glycolysis which is closely associated with oxida-
tive phosphorylation, i.e. the most effective way for ATP
synthesis, as a result of which the respiratory chain com-
ponents catalyze the electron transfer. This is the perma-
nently acting and the most effective pathway for energy
production in the cells of all types.

In the body, sodium succinate (succinic acid) is
closely associated with the <«production» of energy
required for the vital activity, since it is the product of the
fifth reaction and the substrate of the sixth reaction in the
Krebs cycle. In the fundamental work «Review of Energy
Transformation in the Living Matter», it is noted that suc-
cinate oxidation is a necessary condition for the catalytic
effect of any other carboxylic acid. The power of the suc-
cinic acid-based energy production system is hundreds of
times higher than the power of all other energy production
systems [1].

In the 50s of the last century, Krebs's works proved
that the mitochondrial electron transfer chain was the final
point for utilization of the oxygen molecule; in this chain,
O, plays the role of the substrate for the terminal enzyme,
cytochrome oxidase. Thus, the mitochondria, as the ATP-
producing cellular organelle, are the basic area for the
development of the hypoxic cascade of biochemical
processes resulting in the cell death [2].

However, in the 1950s, a phenomenon called
<hypoxic paradox» was discovered. Its essence consists in
the fact that energy metabolism disturbances start much
earlier than the critical oxygen concentration is reached at
the tissue level, which results in lowered oxygen consump-
tion prior to shock development and decreasing the
cytochrome oxidase activity [3, 4]. This fact suggested that
there were limiting elements in aerobic energy production
in hypoxia, other than cytochrome oxidase. However, the
<hypoxic paradox» could not be explained at that time
because of traditional concepts of its leading role in the
regulation of this process.

Later, it was found that the change in the substrate
concentration in the basic cellular metabolic paths was
the biochemical equivalent of hypoxia, and the lowered
energy production in cells was associated with disturbed
phosphorylation processes and chemical energy syntheses
[5]. This is the key biochemical «breakage» which results
in slowing down not only the mitochondrial ATP synthe-
sis, but also in disturbance of the organelle metabolism
that corresponds to the concept of «mitochondrial dys-
function». ATP is produced in the mitochondrion via gly-
colysis in the process of oxidative phosphorylation and
due to electron transfer from the Krebs cycle along the
electron transport chain through NADH and FADH,. The
chain (Fig. 1) consists of four enzyme complexes (com-
plexes I—IV) and two transporters (ubiquinone and
cytochrome C). While electrons move down along the
chain, protons are pumped over on the internal mitochon-
drial membrane thereby generating the electric potential.
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Fig. 1. Sources of ATP production.

Adapted from: Singer M. The role of mitochondrial dysfunction in sepsis-induced multi-organ failure. Virulence. 2014; 5 (1):

66—72. doi: 10.4161 /viru.26907. Epub 2013 Nov 1.

Note (npumeuanue): glucose — rmokosa; pyruvate — nupysar; lactate — akrar; acetyl CoA — anerun KOA,; electron transport chain —
9JIEKTPOH-TPAHCIIOPTHASI Ttemb; mitochondrion — mutoxonapus; cytoplasm — rmroriasma; free fatty — cBoGomaHble KUPHbBIE KHCIOTHI;
Krebs cycle — muka Kpebea; ATP synthase — AT®-cunrasza; ADP (adenosine diphosphate) — AI® (anenosun gudocdar); ATP (adeno-

sine trephosphate) — AT® (azenosun Tpucocdar).

OKUCTUTETBHOTO (hoCHOPUINPOBAHIS M OCYIIECTBISETCS
3a CYer mepeHoca JIEKTPOHOB U3 nukia Kpebcea mo nemnu
tpancnopra asnekrpoHos yepes NADH u FADH,. Ilens
(puc. 1) cocrout u3 4yerbipex (GepMEHTHBIX KOMILIEKCOB
(xomriekesl I—IV) u aByx Tpancrnoprepos (yOUXUHOH U
IIUTOXPOM €). B TO BpeMst Kak aJIeKTPOHBI TIePEMEIAI0TCS
«BHU3» TI0 TIEMIOYKE, TIPOTOHBI MEPEKAYMBAIOTCS 110 BHYT-
PEHHell MUTOXOHAPHATIbHON MeMOpaHe, co3aBast 9JIeKT-
PUYECKHUI MOTEHIHAN. DTOT «XEMHUOCMOTHYECKAsT TPaJi-
eHT» Tpenocrasisier sHepruio st AT@D-cuntasel B
komiieke V. AT®D ne cuntesupyercs BHe 1ukia Kpebea.
AT® He cuntesupyercst 6e3 kucaopoga. Kuciopon He yc-
BarBaercs €3 YHEPreTUYecKOro dKBUBAJICHTA. DTO €u-
HBIN JKU3HEHHBIN K [1].

Takum 06pasoM, cyOGeTpar s nepegadll aJeKTpo-
HOB ¥ nocaeaytoeil Boipabotkn ATD cuHTesupyercs B
OCHOBHOM U3 TJIIOKO3bI (Yepe3 TIMKOJN3) WIN S-OKUCIIe-
HUS KUPOB uepes 1k Kpebca u pu yyactuu cyKiuHaTa
HATPUs B 3JIEKTPOH-TPAHCIIOPTHOI 1temnu [1].

O/HaKO HEMOJHOEe BOCCTAHOBJIEHHE KUCJI0poa (Mu-
TOXOHZIPUY HCIOJB3YIOT Tpubiusuresbio 98% obiero
00bemMa noTpebIIsIEMOro KUCI0POo/ia) CrocoOCTBYET YBEIU-
YEHUIO TTPOU3BOJICTBA CYTIEPOKCUIHOTO PajinKasa (B OCHOB-
HoMm KoMmiuiekcoM III, Ho Takke komruiekcom I). VI yem
GoJIbIIIE 33/I0JI7KEHHOCTD KUCIOPO/A ISl KJIETKH, TeM 6OJIb-

This «chemiosmotic gradient> provides energy for ATP-
synthase in complex V. ATP is not synthesized outside the
Krebs cycle and is not synthesized without oxygen.
Oxygen will not be consumed without the energy equiva-
lent. This is a single life cycle [1].

Thus, the substrate for the electron transfer and sub-
sequent ATP production is derived, mainly, from glucose
(via glycolysis) or as a result of f-oxidation of fats via the
Krebs cycle and with involvement of sodium succinate in
the electron transport chain [1].

However, incomplete reduction of oxygen (mito-
chondria use approximately 98% of the total volume of
consumed oxygen) favors increased superoxide radical
production (mainly, by complex I11, but also by complex T).
Besides, the higher the need of the cell in oxygen, the high-
er the production of active oxygen by mitochondria and
the higher the involvement of antioxidants (e.g., superox-
ide dismutase, glutathione) required to protect mitochon-
dria from damages caused by reactive oxygen species [6].
This results in the development of antioxidant insufficien-
cy of own mitochondrial enzymes.

As of today, it has been found that emergency adap-
tation (which lasts from several hours to several days) to
hypoxia takes place only due to energy resource mobiliza-
tion: their centralization, carbohydrate, fat and protein
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1€ aKTUBHBIX (DOPM KUCIOPOIA TTPOAYITMPYIOT MUTOXOH/I-
pun, uTo TpeOyeT ydacTus aHTUOKCHUAAHTOB (HAIIPUMED,
CYTIEPOKCUTMCMYTa3bl, TIyTATHOHA) IS 3aIUTBI OT TI0-
BPEKICHNIT, BHI3BAHHBIX aKTHBHBIMU (hOPMAMU KHCTIOPO/A
(ADK) [6]. Tak dpopmupyercst aHTHOKCHIAHTHAST HEZOCTA-
TOYHOCTb COOCTBEHHBIX MUTOXOHIPUAILHBIX (DePMEHTOB.

Ha ceropmsamnnii 1edph yCTaHOBJIEHO, YTO peain3a-
IUST CPOYHON afanTaiuu (KOTopast AJINTCS OT HECKOJBKUX
YaCcOB /10 HECKOJIBKUX CYTOK) K THIIOKCUU OCYIIECTBIISIOT-
Cs1 TOJIBKO 3a CYeT MOOUIIU3AIIUN SHEPrOPECYPCOB: X IEH-
TpasU3alny, WHTeHCH(UKAIUU KaTabou3Ma yIJIeBOI0B,
SKMPOB M OEJKOB, a TakKe IMOJABJEHUS aHA0OJNYECKUX
IIPOIeCCOB B TKaHsX [7]. OHAKO, TIPU TSIKEJIOM TIOKE ATH
MTPOTIECCHI HE MOTYT B TIOJTHON Mepe KOMITEHCUPOBATH CHI-
sKeHKe 00Iell 9HEePronpOAYKIUU U TEILIONPOLYKIIUHI, YTO
BJIeYeT 3a COOON PasBUTHE TUIIOTEPMUM KAK «IIOCJIEIHEr0
3alUTHOTO MexaHu3Ma» [8]. Pambiie canrast, 4To aspob-
HBIH CUHTE3 SHEPTUN SIBJISIETCS MUIMIEHBIO TSI THITOKCUN
3a CYET KUHETUYECKUX OCOOEHHOCTEH IIUTOXPOMOKCHUIA3HI
(ITXO), T.e. mpuunHa sHeprojeUIUTa KPOETCS B TEPMHU-
HAJIbHOM 3BeHe JibIxaTebHoil 1enu [4]. Ho ceromus ysxe
JIOKA3aHo, 9TO <..MPUYNHON CHIKEHWSI CUHTE3a DHEPTUN
IPU TUTIOKCUU SIBJISTIOTCST U3MEHEHUST aKTHUBHOCTH MUTO-
XOH/IpUaJIbHbIX (hepMeHTOB Ha cybcrparHoM (II) yuactke
JIBIXaTeJbHOM 11eTH, T7e Beayryio posb urpaet HIF-1 (tn-
MOKCHUST — MHAYIUPOBAHHBIH (DAKTOP), CUHTE3 KOTOPOTO
HAYMHAETCST 10 CUTHAIY OT CYKIIMHAT-3aBUCUMOTO periert-
topa GPR91» [8—10]. ITo muenuto JI. [I. JIykbsiHOBO¥
«KJIIOYEBBIM MOMEHTOM B Pa3BUTHH THTIOKCUH BCET/A SIB-
JISIETCS HapyllleHre CyOCTPaTHOrO 3BEHA B IbIXATEJbHON
TIeN MUTOXOHIPHIL, & UMEHHO JeUTUT CyKimHaTas [7].

B konmne XX cromerns paGoramn E N. Gellerich
(1999) GbLIO TIOATBEPIKACHO MHEHHKE O TOM, UTO B CEIITHYE-
CKUX OpraHax GUOSHEpPreTHYeCKuii IPOBaJl BbI3BaH HE W3-
3a HEJIOCTATOUHOTO CHAGKEHUsT KUCIOPOJIOM, a HApY LIEHMU -
AMU  (QYHKIIUHA MUTOXOHAPUH, B KOTOPBIX KHUCIOPOJ
UCIIOJIB3YETCsT st CuHTe3a dHepruu. YToObl OTBETUTh Ha
BOIIPOC Kakue ke (hepMEHTbI SHEPreTUUECKOro 0OMeHa SIB-
JISTIOTCST KJTIOYEBBIMU 1 UMEIOT TTPEUMYTIECTBO B PA3BUTUN
MUTOXOHIPUATLHON MUCHYHKITMN MHOKApAa Y IKCIepH-
MEHTAITHHBIX JKUBOTHBIX B YCJIOBUSIX CETICUCA, aBTOPHI UC-
[OJIb30BAJIM MOJIEJIb cericrca y 6abyuHOB, KOTOPBIM T10/L
00UMM HApKO30M BHYTPUOPIOUIMHHO BBOJWJIU B3BEChH
Escherichia coli. TTocsie pasButust cenTuyeckoro moka uc-
CJIeTOBAJT HAPYIIIEHNE TIyTaMaT- U CYyKIINHAT-3aBUCUMBIX
MUTOXOHIPUATBHBIX IBIXaTETBHBIX KOHTPOJIBHBIX COOTHO-
menuii (RCR) B neuenu [11]. B 6osee nosanux paborax
oTMeueHo, uTo BbipaboTka ATM Oblia HapylleHa TOJbKO
[PU CYKIMHAT-3aBUCKMOM JIBIXaHUU, TO €CTh Ha cyOcTpar-
HoMm (IT) yuacTke mpixartesnbHoi 1ienn [12]. Anamornusoe
MHEHHUEe U TIePCIEKTUBDI NCTIONB30BAHUST CYKIIMHATA OTPa-
skeHbl B pabote J. L. Vincent et al. (2000) [13] B my6umka-
uuu T. M. Zhang (1997), riae oTMedeHo, 4To IpuMeHeHue
pacTBopa SIHTAPHOI KHUCJOTbI, BO3MOXKHO, IMPEJACTABJISET
co0OI HOBBI MOAXOJL B JICYEHUU IHOTOKCEMHUU U OPTaH-
HOIi HesocTatouHoCcTH [14].

B akcniepumenTanbHbix padorax A. Rudiger, M. Singer,
(2004, 2007, 2013) oTMe4€eHO, UTO Y KUBOTHBIX C TSDKEJIBIM

catabolism intensification, and anabolic process inhibition
in tissues [7]. For example, in severe shock, these process-
es cannot compensate in full the decrease in the total ener-
gy production and thermogenesis that leads to the devel-
opment of hypothermia as a last protective mechanism
[8]. It was believed that aerobic energy synthesis was a
target for hypoxia due to kinetic features of cytochrome
oxidase (CChO), i.e. the cause for energy deficit lies in the
terminal link of the respiratory chain [4]. However, as of
today, it has been already proven that «...the cause for the
lowered energy synthesis in hypoxia consists in the
changed activity of mitochondrial enzymes in the sub-
strate (II) segment of the respiratory chain where the
leading role is played by HIF-1 (hypoxia-induced factor),
the synthesis of which is induced by succinate-dependent
receptor GPR91» [8—10]. According to L.D. Lukyanova,
an authoritative researcher in the field of hypoxia, «the
key point in the development of hypoxia always consists
in disturbed substrate stage in the mitochondrial respira-
tory chain, namely in succinate deficit» [7] that supports
the function of the respiratory chain I segment.

At the end of the XX century, the studies performed
by E N. Gellerich (1999) confirmed the opinion that bioen-
ergy collapse in septic organs was caused not by insufficient
oxygen supply, but by disturbed function of mitochondria
where oxygen was consumed for energy synthesis.
Therefore, the objective of the above study was to identify
the key enzymes of the energy metabolism in the develop-
ment of mitochondrial dysfunction in the myocardium of
experimental animals with sepsis. To answer this question,
the authors used a model of sepsis in baboons, which
received an intraperitoneal injection of Escherichia coli
suspension under general anesthesia. Disturbances in gluta-
mate- and succinate-dependent mitochondrial respiratory
control ratios (RCR) in the liver were studied after the
development of septic shock [11]. In the later reports the
authors also note that the maximum ATP production was
disturbed only in the succinate-dependent respiration, i.e.
in the substrate (II) respiratory chain segment [12]. Similar
opinions and perspectives for use of succinate were present-
ed in the report of J. L. Vincent et al. (2000) [13] and in the
article by T. M. Zhang (1997) demonstrated that succinic
acid solution could be a new therapeutic method for the
treatment of endotoxemia and organ failure [ 14].

The experimental studies performed by A. Rudiger
and M. Singer (2004, 2007, 2013) showed that mitochon-
drial oxygen consumption in the muscular tissue was
anomalously low in the presence of glutamate in combina-
tion with malate in the animals with severe sepsis in com-
parison with the group with mild sepsis and the control
group (p<0.01). However, the addition of succinate result-
ed in increased mitochondrial respiration in all animal
groups, especially in the group with severe sepsis [15—17].
However, in this case, such situation was typical not only
for sepsis. According to W. L. Sivitz (2011), the combina-
tion of melatonin and succinate in the therapeutic program
for experimental diabetes mellitus in rats reduced mito-
chondrial dysfunction in hepatic cells [18].
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CETICUCOM B TIPUCYTCTBUY TJIyTAMATa B COYCTAHUN C MAJIATOM
MUTOXOH/IPUAJIbHOE MOTpeOJIEHUE KUCIOPOAa B MBIIIEYHOIT
TKaHU ObIJI0 AHOMAIBHO HU3KUM, B OTJIYME OT TPYIIIIbI C He-
BBIPQKEHHBIM CENICUCOM M OT Tpymiel KouTposst (p<0,01).
JlobasiieHune CyKIMHATA TPUBOAUIIO K IOBBIIIEHUIO AKTHBHO-
CTU MUTOXOH/IPUAJIBHOTO JIBIXaHUSI BO BCEX TPYIIIAX KUBOT-
HbIX, 0COOEHHO B TPYIIIIE ¢ TsKeabiM cericricoM [15—17]. Ho
B JIAHHOM CJIy4ae 9Ta CUTYyallsi XapaKTepHast He TOJIbKO HC-
KJIIOYATENbHO Ui cencuca. Tak, mo manaeiM W. 1. Sivitz
(2011), couetanHOE IPUMEHEHNE MEJIATOHMHA M CYKIINHATA B
IIPOrpaMMe TEPATTUHN MTPU HKCIIEPUMEHTATIBHOM CaXapHOM JIU-
abeTe y KPbIC TAK/KE YMEHBIIAET BbIPAKEHHOCTh MUTOXOH/I-
pHATIbHOI incyHKINN B KiteTKax rnedenu [18].

[To mannbiM Protti A., Carré J., Frost M. T, Taylor V.
(2007)Taxke cienyer, 4TO CYKIIMHAT YBETMYUBAET MUTO-
XOHIpUAIbHOE TOTPebJeHre KUCA0POLa B CKEJETHBIX
MBIIIIAX CEMTUYECKUX KUBOTHBIX, KOMIIEHCUDYsI HapyIIie-
HUS, TPoUCXosAmre B I KoMIiekce prxaTebHOM Ternu. B
3TOM paboTe aBTOPBI OL[EHUBAJIU JIEHiCTBUE IJIyTaMaTa U Ma-
sara (kak akTusatopos I komiuiekca) u cykiunara (cyoer-
pata Il xommIekca) Ha aKTUBHOCTh MUTOXOH/IPUATBHOTO
JIBIXaHUs Yepe3 48 4acoB y KUBOTHBIX C KAJIOBBIM TIEPUTO-
HUTOM. B nipucyTcTBUM TIyTaMaTa U Majiata, MUTOXOH/IPHU-
aJIbHOE NOTPEOJIEHNE KUCIOPO/A B MbIIIEYHON TKAHU ObLIO
AHAJIOTMYHO aHOMAJIbHO HU3KKUM I10 CPAaBHEHUIO ¢ KOHTPO-
siem (p<0,01). Ho 1ipu 1o110/1HEHUY K JIEUeHUIO CYKI[MHATA
MUTOXOH/IPUAJIBHOE JIbIXaHKEe YBEJINYMIJIOCh BO BCEX IPYII-
1ax, U BHOBb, 0COOEHHO CUJIBHO Y CENTUYECKHN JKUBOTHBIX
(39%) 1o cpasuenuio ¢ Koutposem (11%, p<0,01) [19].

ITo muenuto A. P. Lin et al. (2011) npu runokcuu zibi-
XareJibHast 1ellb MUTOXOHAPUH He MOKET TIPUHSATh Ha ceOst
BOJIOPOJL OT KAKOTO-JINO0 HHOTO CyOCTpaTa, KpoMe KakK OT MO-
JIEKYJIbl STHTAPHOM KNCJI0ThI. /lesio B TOM, UTO 1pU OKHUCJIe-
HUU SIHTAPHOII KUCJOTBI BOAOPO/ MOCTYNAeT Ha Hanbosiee
GJIM3KUIT K KUCJIOPO/LY YYACTOK JibiXaTesibHOM 1eru [20].

B nenashem uccaenosanuu S. P. Whelan (2014) or-
MEUEHO, U4TO IPU Celcuce MeTaboMuecKie paccTpoucTBa
U TOBbILIEHHE aHAPPOOHOTO JIBIXAHUS IPOMCXOIUIIO €llle
JI0 3HAYMMBIX C/IBUTOB T'eMOJMHAMUKU. ABTOPBI JIEJAiOT
BBIBOJI, UTO MeTabOJIMUECKUE PeakiuK B KJIeTKaX 1 Opra-
HAaX B I1€JIOM MOTYT ObITb Ba)KHBIMU a/[alI TUBHBIMU MEPAMU
MIPEIOTBPAIIEHUST PA3BUTHS OJUOPTAHHON HEI0CTaTOu-
HOCTH U cMepTH [21]. DTO 10Ka3BIBAET TO, UTO IIEPUOT PaH-
Hell ajianTtaliyy K TUIIOKCUU TIPEIIIEeCTBYET reMOMHaMuU-
YECKUM PACCTPONCTBAM U YCTPAHSTH MUTOXOH/IPUAJIbHYIO
nuchyYHKIIO (KaK CJe/ICTBUE TUIIOKCUN U 9HEPreTHYECKO-
ro neduIuTa) Hy’KHO /10 TeMOJIMHAMIYECKON KaTacTpodbl
WJIM B PaHHUE CPOKHM T0CJ]e TakoBO (puc. 2) [22].

Kak m3BecTHO, Ype3MepHbBINl CHUCTEMHBIN BOCIAJIN-
TEJIbHBIN OTBET TIPH TSKEJIOM OCTPOM [TAHKPEATHTE TTPUBO-
JIUT K OPraHHbIM JIUCHYHKIMAM, UYTO SBJSETCS OCHOBHOMN
TIPUUNHON cMepTH. B X071 n3ydeHns1 aKCIepiuMeHTaTIbHOTO
OCTPOrO MAaHKpeaTuTa ObLJIO OTMEUEHO, UTO TAKUE KU3HEH-
HO Ba’KHbIE OPTaHbl, KaK MOYKH, JIETKHE U MeYeHb M0/[Bep-
JKEHbI HAPYIIEHUSIM MUTOXOH/[PUATTBHOTO SHEPTETHYECKOTO
oOMeHa yske B TeueHue 1epBbix 48 yacos [23], uro urpaer
BKHYIO POJIb B JIAJIbHENIIIEM Pa3BUTHU TTAHKPEOHEKPO3a.
HenaBrue mccse10BaHus MOKa3aJIi, 4T0 HarboJsIee pacipo-

According to Protti A. and collaborators (2007),
succinate increases mitochondrial oxygen consumption in
the skeletal muscles of animals with sepsis leaving aside
the predominant inhibition which takes place in respirato-
ry chain complex I. This study assessed the effect of gluta-
mate and malate (as activators of complex I) and succinate
(substrate for complex II) on the mitochondrial respira-
tion intensity in 48 hours in the animals with fecal peri-
tonitis. The mitochondrial oxygen consumption in the
muscular tissue was anomalously low in presence of gluta-
mate and malate in comparison with the control group
(p<0.01). However, addition of succinate to the treatment
resulted in more intensive mitochondrial respiration in all
groups, especially in septic animals (39% vs. 11%, p<0,05,
in sepsis animals and controls,correspondingly [19].

According to A. P. Lin et al. (2011), in case of hypox-
ia the mitochondrial respiratory chain cannot accept
hydrogen from any substrate other than succinic acid. The
point is that hydrogen enters the respiratory chain seg-
ment, which is significantly closer to oxygen, during oxi-
dation of succinic acid [20]. This is convenient and eco-
nomical for the organism in terms of energy metabolism.

The recent study performed by S. P. Whelan (2014)
shows that metabolic disorders and increased anaerobic
respiration are observed in sepsis prior to significant hemo-
dynamic changes. The authors conclude that metabolic
reactions in cells and organs on the whole might represent
the adaptive responses preventing polyorgan failure and
death [21]. This conclusion has been proven by the discov-
ery that the period of early adaptation to hypoxia precedes
hemodynamic disorders, and mitochondrial dysfunction
(as a result of hypoxia and energy deficit) should be elimi-
nated before hemodynamic catastrophe or early after its
development (Fig. 2) [22].

As it is known, the excessive systemic inflammatory
response in severe acute pancreatitis results in several
organ dysfunctions that is the main cause of death. This
may be also associated with mitochondrial disorders. In
inducing experimental acute pancreatitis, it was observed
that such vitally important organs as kidneys, lungs and
liver were subject to disturbances in the mitochondrial
energy metabolism already within the first 48 hours [23]
and played an important role in the further development
and progression of acute pancreatitis with outcome in the
form of pancreonecrosis. Recent studies showed that
depleted ATP synthesis most frequently associated withof
mitochondrial damage and bioenergetics crisis in acute
pancreatitis [24].

Recently succinatewas identified as the main signal-
ing metabolite of the innate immune system which intensi-
fied interleukin-18 production during inflammation [8].
Tannahill et al. (2013) demonstrated that macrophages
accumulated succinate (intermediate metabolite in the tri-
carboxylic acid cycle) and thereby stabilized transcription
of the HIF-1A factor which, in its turn, led to activation of
pro-inflammatory cytokines such as IL-14 [8].

Studying the mechanisms of the neuroprotective
effect caused by ischemic postconditioning is now consid-
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Puc. 2. IlepcnexTiBa NOTEHIMAIBHBIX TEPANIEBTHYECKHX BMEIIATETbCTB

Fig. 2. Perspective of potential therapeutic interventions (adapted from A. Protti, M. Singer. Potential strategies to protect or reverse
mitochondrial dysfunction in sepsis-induced organ failure. Crit.Care. 2006; 10 (5): 228.)

Note (npumeuanue): MOP — mitochondrial oxidative phosphorylation; acute illness — octpoe 3abosieBanue; recovery — BoccTaHOBIIE-
Hue; insult (e.g. sepsis, trauma) — uncyasr (cencuc, TpaBma); endocrine downreguletion — cHuKeHME SHIOKPUHHON PEryJIsAIIy; Mito-
chondrial protein downexpression — cuuzKernue BbIpaGOTKH MUTOXOHIPUAILHBIX GeikoB; systemic inflammation — cucremnoe Bocrase-
nue; early hypoxia — pammsist runokcnst; mitochondrial dysfunction — muroxonapuanbras muchynkms; bioenergetic «failure» —
GuosHepreTuueckuii «mapaamnd»; metabolic shutdown — meraGonmueckas usosnsuus; biochemical /functional abnormalities characteris-
tic of MOP — Guoxumudeckue/GpyHKIMOHATbHbIE HAPYIIEHUS MUTOXOHAPUAIBHOIO OKUCIUTENbHOTO (hocoprmnposanus ); mitochon-
drial recovery/repair (biogenesis) — muroxonpuasbioe Bocctanopsierue (6uorenes); restoration of energy supply &metabolism — Boc-
CTaHOBJICHUE DHEPreTUYECKOTO TInTaHus /Metabosmama; resolution of organ failure — BoccTanoBIEHNE TOBPEKIEHHOTO OpraHa; putative
mitochondrial-targetted strategies — Bo3MOKHBIE [Ty TH BJIMSHNA Ha MUTOXOHAPUAIbHbIE KIeTKU-MuUleHu; oxygen delivery Antioxidants
glycemia control — okuc/muTENBHOE BHICBOOOKICHIE AHTHOKCHAAHTOB [JIMKEMUYECKOTO KOHTPOJIst; substrates (succinate) — cybcerpar
(cykmunar); hypothermia — runorepmus; hydrogen sulphide — cyabdua Bogopona; nitric oxide (low dose) — oxenz azora (Masbie 10-

3b1); anabolic hormones — anaGonmyeckue TOpMOHBDI; resuscitation promoters — KJIETOYHAS TPOTEKIIIS ).

CTpPaHEHHBIM (DAaKTOPOM TTOBPEIKICHNS MUTOXOH/IPUI C T10-
CJIEIYIONIMM KPH3UCOM OMOSHEPTETHKU TIPU OCTPOM TIaH-
KpeaTHTe sBisieTcs ucromenne cuaresa AT kak B aKc-
KPETOPHBIX, TaK ¥ B UHKPETOPHBIX KJIETKAX, YTO BBI3BIBACT
MaHudecTanuio BocraizeHus [24].

B xxypnane «Nature» onmcan ¢hakT HHIYITIPOBAHUS
CYKIIMHATOM JIMIOIOJINCAXapyuaa. ABTOPBI HICHTH(DUIIH-
PYIOT CYKIIMHAT B KaueCcTBE OCHOBHOTO CUTHAJIBHOTO MeTa-
6oJITa BPOKICHHON HMMYHHOI CHCTEMBI, KOTOPAsT TIOBBI-
MIPOAYKIINIO mporecce
BOCHAJIEHNST U CYHUTAIOT, YTO MakKpodard HaKaIlINBaIOT

maeT uHTepseiikuna-1f B
CyKIHAT (IIPOMEXKYTOYHBIN METAbOIUT B IIUKJIE TPUKAp-
GOHOBBIX KHCJIOTBI), CTAOUIN3UPYIONHH TPAHCKPHUIIIHIO
(haxropa HIF-1A, xoTopblii, B CBOIO 04Yepe/ib, AKTUBUPYET
[IPOBOCTIATNTEIbHBIE IINTOKUHEI, B T.4. VJI-15 [8].

ered as a perspective field possesing a potentiaql for devel-
oping effective neuroprotectors of a new class. As it is
known, ischemia-reperfusion results in shifts in the cell
energy metabolism that may be manifested in the form of
mitochondrial dysfunction and changed mitochondrial
enzyme activity. The role of succinate dehydrogenase
(SDH) in formation of the cerebral tolerance to reperfusion
damage also remains unclear in using ischemic postcondi-
tioning with different sensitivity to ischemia-reperfusion in
different cerebral regions. N. S. Shcherbak et al. modeled
cerebral ischemia by bilateral occlusion of the common
carotid arteries for 7 minutes. The ischemic postcondition-
ing was presented in the form of 3 episodes of reperfu-
sion/reocclusion for 15s/15 s after ischemia. After 48 hours
of reperfusion, the authors performed the morphometric
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Kak wusBectHo, umiemusi-periepdysusi MPUBOAUT K
CIIBUTaM 9HEPreTHYECKOr0 MeTabosIn3Ma KJIETKH, KOTOPbIE
MOTYT BbIPa’KaThCsl B BUJIE MUTOXOHAPUAIBHON TUCHYHK-
IIUU U U3MEHEHUI aKTUBHOCTH MHUTOXOHIPUATBHBIX (ep-
MenToB. Posib cyknmunataernaporenasst (C/IY) B hopmupo-
BaHUU TOJIEPAHTHOCTH TOJIOBHOTO MO3ra K
periepy3HOHHOMY TIOBPEKIAECHUIO TIPU UIIEMHYECKOM TO-
CTKOH/MI[MOHUPOBAHUN B PA3JIMYHBIX 00JIACTSAX TOJTOBHOTO
MO3Ta € PA3JMYHON YYBCTBUTEIbHOCTBIO K UIIIEMUU-peETiep-
(ysun takke ocraercst HensyueHHOI. B nccnenosannm H.
C. Illepbak ¢ coaBT. MIIEMIIO TOJOBHOIO MO3Ta MOJIEIUPO-
BaJI JIBYCTOPOHHE! OKKJII031el 00LINX COHHBIX apTepuii Ha
7 munyt. Vimemuyeckoe MOCTKOHAUIIMOHUPOBAHUE ObLIO
MIPEICTABJIEHO B BUjie 3 aNU30/10B 110 15-cex/15-cek perep-
(ysun/peokxmosun nocse uiemun. Yepes 48 uacos nociie
periepdysun IPOBOIIN MOP(HOMETPUYECKYIO OIIEHKY | HC-
crenoBanue aktusHocT C/IT kietok rurnmokamma. Pesyib-
TaThl MOKA3JIU, YTO WINEMHUSI MPUBOJMJIA K 3HAUUMOMY
(p<0,05) yMEHbBIIEHUIO MIOTHOCTH JKU3HECIIOCOOHBIX HEM-
POHOB B CPaBHEHHH C TPYIIION JIOKHOOTIEPUPOBAHHBIX JKHU-
BOTHBIX. AktuBHOCTE C/IT 11pn wieMun yBesmvuBaiach
(p<0,05) B COXpaHUBIINX KU3HECIIOCOOHOCTh HEHPOHAX
BCeX ToJieit tunmokamiia. [IpuMeneHue uieMmuyecKkoro mo-
CTKOHAUITHOHNPOBAHIST TIPUBOAIIIO K 3HaunMomy (p<0,05)
YBEJIMUEHUIO TIJIOTHOCTU JKU3HECTIOCOOHBIX HEMPOHOB U K
ymenbirernio (p<0,05) axrusroctu C/IT' B Heiiponax Bcex
TToJIell TUIITIOKAMITa B CpaBHEHNN ¢ rpymioil umiemudn. [Ipu
ATOM CTelleHb TTOHMKEHUS 3aBUCEA OT JIOKAIN3aIK Hell-
POHOB OTHOCHUTEJIBHO TIOJISI THUIIIOKAMIIa. ABTOPBI JIEJIAI0T
BBIBOJI, uTO nHrnOnposanue aktuHoctn C/IT aBasercs of-
HUM U3 BO3MOKHBIX MEXaHU3MOB HEHPONPOTEKTUBHOTO 3h-
(hexra UIIEMITYECKOTO MTOCTKOHANIIMOHUPOBAHKS JIJIsT Heli-
POHOB THUIIIIOKAMIA Y HKCIEPUMEHTAJNbHBIX JKMUBOTHBIX
(MOHTOJILCKHX TIECYAHOK) TIPU UIEMUYECKOM U periepdy-
3MOHHOM TIOBPEKIEHIN TOJOBHOTO Mo3ra [25].

Jlpyrumu cioBaMu, B OTBET Ha FUIIOKCHIO TIPU UIIIe-
MUK cpabaThiBaeT MEXaHU3M CPOYHON ajalTalluu ¢ Xa-
PAaKTePHBIM yMeHbIIEHHEM CyKinHata (Kak cybcrpara
st hepMeHTa), KOHIIEHTPAIMs KOTOPOro, HAaIPOTHUB,
yBesnuuBaercs. [leproibl nieMudeckoro moCTKOHUIIN-
OHUPOBAHUS SBJSIOTCS IO CBOEH CYTH MEXaHU3MOM
«aBapUUHOIO BKJIIOUEHMs» aHadPOOHOTO TIJIMKOJIM3a C
KOMITEHCATOPHBIM CUHTE30M CYKIIMHATA B IIMKJIE TPUKAP-
GOHOBBIX KHCJIOT 1151 obecniedenus gesrepaoct C/AT u
npogpomxenns Gecriepeboiinoro cunreza ATD. T. Kpebe B
1953 romy mucam: «YuukaabHas GYHKIN CYyKITTHATIE-
THJIPOTEHA3bl 3aKJI0YAETCS B TOM, YTO B YCJOBMSIX Ha-
npsoKkeHnust MexannsmoB cuHTesa AT@D (rumokcus, pas-
JUYHBIE CTPECCOpPHBIE BO3/EHCTBUA), KOT/AA APYyTHe
OKHUCJIUTEJIbHBIE Tpollecchl Iukaa Kpebca yrHeTeHbl,
CYKIIMHAT/[ETUIPOreHa3a aKTUBHO IPOIMYCKAeT MOTOK
MIPOTOHOB U AJIEKTPOHOB Ha /IbIXATEJIbHYIO 11€11b, MUHY S
HA/I-3aBucumMoe 3BeHO. DTO UMEET OTPOMHBIHN (hU3n0JI0-
PUYECKUI CMBICJI B IIJIaHE aJ@nTalid K TUIIOKCUM Ha
ypoBHe kjietku» [2]. HyHO TONbKO 0becreduTs 9TOT
(dbepmeHT cybeTpaTom, Beiib YeM ObicTpee u TryGxKe pas-
BUBAETCSI TUIIOKCHsI, TeM ObICTPEE TPATUTCS CYKI[MHAT, a
(bepMeHT Henb3s 0CTaBAATH 6e3 «pabOThI».

assessment of all hippocampus fields where they investigat-
ed the SDH activity. The results showed that ischemia led
to a significant (p<0.05) decrease in the density of viable
neurons in comparison with the group of false-operated
animals. In ischemia, the SDH activity increased (p<0.05)
in the still viable neurons in all hippocampus fields. The use
of ischemic postconditioning resulted in a significant
(p<0.05) increase in the viable neuron density and a
decrease (p<0.05) in the SDH activity in the neurons of all
hippocampus fields in comparison with the ischemia group.
The degree of decrease depended on neuron localization rel-
ative to the hippocampus fields. Thus, the authors conclude
that inhibition of the SDH activity is one of the possible
mechanisms of the neuroprotective effect caused by
ischemic postconditioning for hippocampus neurons in the
experimental animals (Mongolian gerbils) with ischemic
and reperfusion cerebral damage [25].

In other words, the mechanism of emergency adapta-
tion is activated in response to hypoxia caused by ischemia;
it is characterized by decreased quantity of succinate as the
substrate for the enzyme the concentration of which is on
the contrary increased. In their essence, the ischemic post-
conditioning represents the mechanism of emergency acti-
vation of anaerobic glycolysis with the attempt of compen-
satory succinate synthesis within the tricarboxylic acid
cycle to boost the SDH activity and continue the uninter-
rupted ATP synthesis. Back in 1953, the great biochemist
G. Krebs wrote that «the unique function of succinate
dehydrogenase consists in the fact that succinate dehydro-
genase actively lets pass the proton and electron flow to
the respiratory chain leaving aside the NAD-dependent
link, under conditions of stressed ATP synthesis mecha-
nisms (hypoxia, different stress stimulation), when other
oxidative processes in the Krebs cycle are inhibited. This
has the very important physiological meaning in terms of
adaptation to hypoxia at the cellular level» [2]. This
enzyme should be only provided with the substrate
because the more rapidly and deeper hypoxia develops, the
quicker succinate is utilized, and the enzyme may not be
left without the «works.

In experimental study, Leach R. M., Hill H. M,
Snetkov V. A. (2001) confirmed the opinion on the effi-
ciency of the timely use of succinate in hypoxia with the
purpose of adaptation to hypoxia, but succinate should be
used within the first 3-5 days after manifestation of
hypoxia and perhaps even earlier [26]. Surely, the timeli-
ness of administration of succinate as a substrate for the
Krebs cycle and as an antioxidant is beyond any doubt.
However, Helen, F. Galley (2010) and M. Everton
Andrades, A. Morina, S. Spasic¢ (2011) mentioned one fea-
ture with a proper justification. According to the authors,
it is important to take into account the high reactivity of
active oxygen species, their short lifetime, their uninter-
rupted production in immediate proximity to biological
targets, as well as their ability to be transformed into
other, even more active species. Therefore, in order to con-
trol these harmful metabolites, an antioxidant should be
administered early, continuously, in high concentrations,
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Leach R. M., Hill H. M., Snetkov V. A. (2001) B cBo-
€M 9KCIIEPUMEHTAIIbHOM MCCJIEIOBAHUN TAKIKe TTO/TBEPIK-
naroT MHeHUE 0 3(h(HEKTUBHOCTH MPU TUIIOKCUH CBOEBPE-
MEHHOTO MCITOJIb30BAHUS CYKITIHATA C T[EJIBIO a/IAlITAIluN K
runokcun. Memomb3o0BaTh CYKIMHAT HYKHO B TEPBbLIE 3—5
CYTOK TT0CJIe TIPOSIBJISIETCS] TUIIOKCUYECKOTO BO3/IEHCTBUS,
aMozket ObiTh 1 panbiie [26]. ITo muenmio Helen, F. Galley
(2010) u M. Everton Andrades, A. Morina, S. Spasié
(2011) Ba’KHO IPUHUMATH BO BHIMaHIE BEICOKYIO PEaKIIN-
OHHYIO CIIOCOOHOCTh AKTUBHBIX (DOPM KHCIOPOJA, UX KO-
POTKHUIA CPOK CJIyKOBI, UX HEIIPEPBIBHOE 00pa3oBaHue B He-
MOCPECTBEHHON OIM30CTH OT GUOJIOTUYECKUX MUIIEHEH, a
TaKsKe MX CIIOCOOHOCTD MPEBPALIaThCs B Apyrue, GoJee ak-
TuBHBIE (hOpMBL. [109TOMY, /7151 TOrO UTOOBI CIIPABUTHCS C
STUMHU BPEAHBIMU MeTa0ONUTAMU, AHTUOKCU/IAHT CJIELYET
BBO/IUTH B OPTAaHU3M PaHO, HEMPEPBIBHO, B BBICOKMX KOH-
HEHTPAIMX, KOTOPbIE I0JKHBI ObITh HAIIPaBJIEHbI Ha GUO-
JIOTUYECKUH CalT, TIOABEPKEHHBIH OKMCJIUTEIbHOMY TIO-
Bpeskenuio [27, 28].

Heo6xoauMoCcTh aleKBATHOCTH [03bI CYKIIMHATA
orIepKuBaeTcs B HegaBHeM nccienoBannu X.L. Tang et
al. (2013), r1e aBTOPBI OTMEYAIOT, YTO SIHTAPHAS KUCJIOTA B
koHtenTpanum 400 Mr/s1 MoKeT rmyTem aktTuBaiu dhocho-
puIMpoBaHusa 3aMeTHO yBeanmuuBath (mpu p<0,05) axc-
npeccuo 6eIka KapJuOMHOIUTOB U TEM CaMbIM MHTUOKPO-
BaTh HEKPO3 M alloMNTO3, BBI3BAHHBIN TMIIOKCUEH U
peokcurenanueit [29].

D. Hamel et al. (2014) ormeuator GeicTpoe BopacTa-
HUE KOJIMYECTBA CYKIIMHATA B TKAHSX MTPU AKCIIEPUMEHTAJIb-
HOU NIIEMUN U TUTIOKCUY Ha (hOHE YePErTHO-MO3TOBOM TPaB-
peanusyer
6nonormaeckne ahdeKTh Yepes crnennduuecKuii perer-

Mbl.  CyxkmuHar CBOU  IIOJIOXKUTEJIbHBIC
top-cyknuHat/GPRI1. ABTOPBI OCTYINPYIOT, YTO CYKITH-
Hat/GPRI1 ycuimBaer moct-uieMnyeckyio BacKyJIsipusa-
pasMep HH}pApKTa B MOJEIN
4yeperrHo-M03roBoii TpaBmbl [30]. B nanHoM acriekre ciemy-

I "  yMCHbIIACT

€T OTMETHUTb, YTO Ha CETOIHSIIHUIA JIeHb TOUCK B3aMMO/Iei -
CTBUSI MESK/Ly UMMYHUTETOM, BOCITAJIEHUEM 1 MeTabo myec-
KUMU U3MEHEHUSIMU, SIBJISIETCsI HanboJiee pa3BUBAKOIICHCsT
006J1aCThI0 MEIMIIMHCKUX MCCIeA0BaHuil. Vceenosanust B
YKa3aHHOM HAllPaBJIEeHUN CBUJIETEIIbCTBYIOT, UTO TaKK1e Me-
TabosmThl, Kak NAD(+) u cyKiHat (KOTOPbIil peryaupyer
TUTIOKCUST-UHYIIUPYyeMblil (hakTop 1A) — 3TO cUrHasbI, KO-
TOpPbIE BJIUSIOT HA PETYJISINIO BPOKJAECHHOTO UMMYHUTETA
[31]. Apyrue uccaenosaresnu [22] noguepKuBaoT, 4TO OyIy-
IIM€ YCIIeXH B JICYEHUN CETICUCA MOTYT 3aBUCETh UMEHHO OT
MeTaboJMYECKUX BMELIATEIbCTB € MOMOLIBI0 TAKUX Be-
IIECTB KaK IMUPYBAT, CYKIIHAT.

B 4em cyTb pasnnunoii adHeKTUBHOCTH MTPUMEHe-
HUS CYKIIMHATOB B AKCIIepUMeHTe 1 KianHuke? TpyaHo 3a-
IO/IO3PUTh, UTO Y AKCIIEPUMEHTABHBIX KUCJIOPO03aBUCH -
MBIX JKMBOTHBIX CYHIECTBYIOT JIpyTH€ MeXaHU3MbI
TKAHEBOTO JIbIXaHus1 pu rurokcuu [32]. B Gosbueii cre-
MeHN Hey/laul CBSI3aHbI C HECBOEBPEMEHHOCTBIO Ha3Haue-
Hus cykimHatoB. [To manabiM A, A. Qutub (2007) mexa-
HuaMbl gerpaganuu HIF-1 B ycioBuax XpoHmdeckoit
TUIIOKCUY WJIM B YCJIOBUSIX 3aBEPIIEHUS] CPOUHOIL ajiarra-
1Y K TUIIOKCHU — 3TO CHUKEHUE OKUCTUTEIbHON Cr1oco0-

which should target the biological site subjected to oxida-
tive damage [27, 28].

The necessity of adequate succinate dose is empha-
sized in a recent study performed by X. L. Tang et al.
(2013), in which the authors state that succinic acid in a
concentration of 400 mg/l can significantly increase
(p<0.05) protein expression in cardiomyocytes due to acti-
vation of phosphorylation and thereby inhibit necrosis and
apoptosis caused by hypoxia and reoxygenation [29].

In their report D. Hamel et al. (2014) mention a rapid
increase in the succinate quantity in tissues during experi-
mental ischemia and hypoxia on the background of trau-
matic brain injury, which has its positive biological effects
vie the specific receptor-succinate/GPR91. The authors
state that succinate/GPR91 intensifies the post-ischemic
vascularization and reduces the infarction region in a model
of traumatic brain injury [30]. It should be noted in this
aspect that today the search for interaction between the
immunity, inflammation and metabolic changes is the most
rapidly developing field of medical studies. The studies in
this field indicate that such metabolites as NAD (+) and
succinate (which regulates hypoxia-induced factor 1A) are
the signals which influence the regulation of the innate
immunity [31]. Other studies [22] emphasize that advances
of future successes in the treatment of sepsis may be associ-
ated with metabolic interventions with the use of such sub-
stances as pyruvate and succinate.

Why the use of succinates in practical health care is
not effective, while everything seems right in the experi-
ments? It is difficult to suspect that experimental oxygen-
dependent animals have other mechanisms of the tissue res-
piration in hypoxia [32]. To a greater extent, the failures are
associated with untimely administration of succinates.
According to A. A. Qutub (2007), under conditions of
chronic hypoxia or completion of emergency adaptation to
hypoxia, the mechanisms of HIF-1 degradation include low-
ered oxidizing ability, increased production of free radicals,
respiratory chain enzyme mutation, since succinate is not
involved in the formation of the long-term adaptation mech-
anisms [33]. In his recent report, A. C. Ariza (2012) propos-
es mechanisms which favor the influence of hypoxia and aci-
dosis during the completion of emergency adaptation on the
normal functioning of the tricarboxylic acid cycle and the
possibility to reverse a certain part of the cycle [34].

Undoubtedly, all these potentially beneficial con-
cepts require the thorough testing before implementation
in the routine clinical practice. For example, the study per-
formed by Yu. V Zarzhetsky et al. (1994) assessed the role
of succinates in critical conditions (in the early post-resus-
citation period) [35]. The general conclusions made by the
authors were more than positive, because the administra-
tion of 10% sodium succinate at a dose of 20 mg/kg to
experimental animals in the early post-resuscitation period
stopped or completely prevented manifestations of oxida-
tive stress associated with decreased dystrophic changes in
the cerebral cortex and cerebellum. According to the
authors (and it coincides with the above mentioned stud-
ies), obtained results were due to lowered free radical oxi-
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HOCTH (DEPMEHTOB, YBEJMYEHHE MPOAYKIUU CBOOOIHBIX
paauKanos, MyTanuu GepMeHTOB JbIXaTeJIbHON e, T.K.
CYKITMHAT HE y4acTByeT B (hOPMHPOBAHUU JIOJTOCPOUHBIX
MmexanuamoB aganranun [33]. B pabore A. C. Ariza (2012)
YKa3bIBAIOTCS MEXAHU3MbI, KOTOPbIE CIIOCOOCTBYIOT TOMY,
YTO TUMOKCUS M allU/I03 B 3aBEPIICHUN CPOYHON ajlanTa-
MU MOTYT BJIMSTH HAa HOPMajbHOE (DYHKIIMOHMPOBAHUE
[UKJIA TPUKAPOOHOBBIX KUCJIOT U «II0OYAUTh YACTh MK
BpallaThCs B 0OPaTHOM HalpaBJeHun» [34].

[O. B. 3apxernkuit u coast. (1994) onenuBanu ad-
(heKTTHI CYKIIMHATOB B PAHHEM ITOCTPEAHUMAIIMOHHOM TI€pHU-
one [35]. Beemenne 10% cyxmmHaTa HATPHUS SKCIEPUMEH-
TaJIbHBIM JKUBOTHBIM B /103¢ 20 MI/KI KyIHUPOBAJIO WU
TIOJTHOCTBIO TIPEZOTBPAIIAJIO TIPOSIBJICHUE OKUCIUTETBHOTO
cTpecca U XapaKTepU30BaJIOCh MEHBIITIMHU JNCTPOPUUECKU-
MU U3MEHEHUSIMH B KOPE MO3Ta U B MO3KeUKe. ITO ITPOUCXO-
JIAT, TI0 MHEHUIO aBTOPOB (M OHO COBIIAZIAET C BBIIIEIIPUBE-
JICHHBIMU  3apyOEKHBIMU ~ MCCJICIOBAHUSIMKI) 34  CUET
CHUZKEHUST YPOBHSI CBOOOIHO-PAIMKAIBHOTO OKUCJIEHHUST, UTO
CII0CcOOCTBYET MUHUMAJIU3AIUU JAECTPYKIUU KJIETOUHOI
MeMOpaHbl HEUPOHOB U CHIOCOOCTBYET (oJiee MOTHOMY BOC-
CTAHOBJIEHWIO CTPYKTYP U hyHKIHit Mo3ra [35]. OxmHako, He
BCE /103bl BBOJIMMOTO CYKIIMHTA UMEIOT OJIMHAKOBBIN T10JI0-
JKUTENIbHBIH a(hexT. Bo3MOIKHO, 5TO CBSI3aHO € MCIOJIb30BA-
HueM BbicoKuX /103 (100 1 200 Mr/Kr) ¥ KOHIIEHTPUPOBAHHO-
ro (10%) pactBopa. Beemenne uenmoBeky 1,5% cyximmara
natpus B jo3e 100 s 200 mr/kr (uto coorBercTByeT 2—10
JINTPOB P-pa) TIPEBbIIIAET B 2—4 pasa IMOJHbIA CyTOYHBIN
CHMHTE3 9HIOTeHHOTO CYKIMHATa, 4TO BPsi/l Jin OyAeT crocob-
CTBOBATh YCTPAHEHUIO MUTOXOHIPUAJIBHOM TNCHYHKITUN.

U tem He MeHee, «reorpadusiy NCIIOJIB30BAHKS TIPeria-
paTOB HA OCHOBE STHTAPHOI KUCJIOTHI B ME/IMITIHE KPUTHYEC-
KHMX COCTOSIHUI JIOBOJIBHO TITUPOKA, YTO MOAYEPKUBACT BOC-
TPeOOBAHHOCTh CYKIIMHATOB NPU TUIIOKCUU Pa3JIUYHOLL
ATUOJIOTUH, TaK KaK MEXaHU3M YCBOEHHSI KHCJIOPOJA Ha
YPOBHE TKaHeili crpazaer B iobom caydae. b. H. Ilax u co-
aBT. (2014) ormeuaror, uto y 30 TOCTPAIABIIIX, TIEPEHECTITIX
AIM30/1 TSKEJIOH THITOKCUU CMETIIAHHOTO TeHe3a, BKITIOUeHNe
B COCTaB CTaHAAPTHOW MH(MY3NOHHON MTPOTPAMMBI CYKITU-
HAT-COZIEPIKAILEro TIpenapaTa — peaMOeprHa COMPOBOIK/IA-
JIOCh JIOCTOBEPHBIM YBEJIUYEHHEM MUHYTHOTO TOTPebIeHUs
kucaopopa ¢ 281,5+21,2 mur/mun 10 310,4+24,4 Mi/MuH
[36]. Boiienernne CO, 1ipu 9TOM CHUSWIIOCH (B CPEHEM C
223,3£6,5 o 206,5+7,59 mi1/mun). BuyTpusentast nHbysms
800 mur 1,5% pacrBopa peamGeprHa ToBbIIIaIa OyhepHyIO
€MKOCTb apTEPUATIbHOI KPOBH, UTO TIPOSIBJISTIOCH U3MEHEHNU-
em pH, BE u HCO3. ABTOpBI OTMEYasIH TaK3Ke TEHICHITHIO K
CHIDKCHUIO COJIEP;KAHMS JIAKTAaTa B CMENIaHHOH BEHO3HOI
xposu. U, HarpoTuB, mpu BHyTpuBeHHOM BBezieHnn 400 M
10% pacTBOpa TJIIOKO3bI JOCTOBEPHBIX M3MEHEHUN OCHOB-
HbBIX TI0Ka3aTesiell KUCJIOTHO-OCHOBHOTO OOMEHA OTMEUYEHO
He ObL10 [36], 4TO TTOATBEPIKAAET TIPENIOIOKEHUE O PASIIU-
yuu B MeTabOIM3ME 9TUX CyOCTPATOB,

B npyrom kiminmdeckom rcesenoBannn (A. FO. Sxosnes
u coasT., 2011), npoBezienHOM y 326 My>KunH B Bo3pacte oT 36
110 68 JIET € PAKOM JIETKOTO, OTMEYAETCS TTOJIOKUTETbHbII a(h-
(beKT KOPPEKIUK [IEPHOIIEPAIIMOHHBIX METAOOIIYECKUX HAPY-
IIEHUH ¢ TTOMOIIIBIO TIEPUOTIEPAIIMOHHOTO CUTIMHTA ITUTATe b-

dation level favoring the minimum destruction of the neu-
ronal cell membrane and promoting more complete recov-
ery of the cerebral functions and structures [35]. However,
the authors note that not all doses of administered succi-
nate have an equal positive effect. It is possible that the
negative effect is associated with the use of high doses (100
and 200 mg/kg) and a concentrated (10%) solution. This
emphasizes once more the known postulate that «<any drug
is poison and any poison is drug, all depends on the dose».
Of course, the administration of 1.5% sodium succinate in
a dose of 100 or 200 mg/kg (that is equal to 2—10 liters) in
humans will exceed the full daily synthesis of endogenous
succinate 2 or 4 times that will hardly favor the elimina-
tion of mitochondrial dysfunction.

Nevertheless, the «geography» of the use of drugs
based on succinic acid in critical care medicine is quite
wide that emphasizes the relevance of succinates in hypox-
ia of different etiology, since the mechanism of oxygen con-
sumption at the tissue level is affected in any case. The
recently published clinical study performed by B.N. Shakh
et al. (2014) included 30 patients who had a severe hypox-
ia episode of mixed genesis. The standard infusion program
for this group included succinate-containing drug
Reamberin 1.5% in a total daily dose of 800 ml [36]. The
infusion of a 1.5% Reamberin solution was associated with
a significant increase in the minute oxygen consumption,
from 281.5+21.2 ml/min to 310.4+24.4 ml/min. At the
same time, the release of CO, lowered (on average from
223.3+6.5 to 206.5+7.59 ml/min). The intravenous infu-
sion of 800 ml of a 1.5% Reamberin solution increased the
buffer capacity of the arterial blood that was manifested by
the changes in pH, BE and HCOs3. The authors noted an
evident trend in decreasing the lactate level in the mixed
venous blood. On the contrary, any confident changes in
the main parameters of the acid-base metabolism were not
observed after the intravenous infusion of 400 ml of a 10%
glucose solution [36] that confirmed the assumption on the
difference in the metabolism of these substrates.

Another clinical study (A. Yu. Yakovlev et al, 2011),
which included 326 men aged 36 to 68 years with lung can-
cer, shows a positive corrective effect on perioperative
metabolic disorders in the case of use of the perioperative
sip feeding with nutritive mixtures of the «Standard’ class
and postoperative
Cytoflavin (5 days prior to surgery and 12 days after
surgery, respectively) [37].

G. A. Livanov et al. (2013) treated 84 patients with
severe acute intoxications caused by a psychotropic drug

intravenous administration of

mixture and observed that inclusion of Reamberin in the
intensive care was associated with reduced tissue hypoxia,
more rapid recovery of the antioxidant protection system
and lowered lipid peroxidation activity; and the correction
of metabolic disorders, in its turn, resulted in improved
clinical course of acute intoxications caused by a neu-
rotropic poison. This was manifested in a decrease in the
duration of the coma period, a decrease in the length of the
patients' stay at the resuscitation and critical care depart-
ment, and a reduction in mortality [38]. The above authors
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HBIMU cMecsiMi Kitacca «CtanzapT» ¥ MOCTIe0ePaIiiOHHOTO
BHYTPUBEHHOTO BBeIeHUs TinToduiaBuHa (5 IHed 110 oneparmi
n 12 fHeii mocsie oneparmm cOOTBeTCTBEHHO) [37].

I A. JluBanos u coast. (2013) oTmevaroT, 9TO BKJIIO-
YeHne B MHTEHCUBHYIO Tepamuio B Ipoilecce JiedeHns 84
GOJIBHBIX C OCTPBIMU TSIKEIBIMU OTPABJECHUSAMU CMECHIO
NCUXOTPOIHBIX BEIIECTB peaMOepuHa COTPOBOKAACTCS
YMEHBIIEHHEM THIIOKCHU TKaHeil, 6ojiee ObICTPHIM BOCCTA-
HOBJIEHHEM CHCTEMbI aHTUOKCU/IAHTHO 3aIIIUThI N CHUKEHU-
€M aKTHBHOCTHU TIPOIECCOB MEPEKUCHOTO OKHMCJIEHUS JIUTIN-
JI0B, a KOPPEKIUS MeTabOJNIEeCKUX PacCTPOICTB, B CBOIO
o4epe/ib, MPUBOAUT K YJIYUIIEHHIO KIUHUIECKOTO TEYEHUS
OCTPBIX OTPABJICHUI HEHPOTPOITHBIMU SITAMU. ITO TPOSIBJISI-
€TCsl COKpAIEHUEM JITUTEIBHOCTH KOMATO3HOTO TEPHO/IA,
yMeHbIleHneM BpeMeHn npebbiBanus 6osbHbix B OPUT u
CHIDKEHHUEM JIeTaJIbHOCTH [38]. ABTOPBI CUNTAIOT, YTO IIpera-
paTbl, COZEP/KAIIE B CBOEM COCTaBe CYKITIHAT, CIOCOOHBI
KOMIIEHCHPOBATh METabO0JIMUECKUIT all1I03, TAK KaK MX TIPHU-
MEHEHUE COIPOBOKAAETCST YBEJMUCHUEM TIOTPEOJICHNsT KUC-
JIOPOIa U AKTUBAIMEIl TIPOIECCOB adPOOHOrO OKUCJICHUSI.
Mmuorue aBTopsI [36—38] mosraratot, 4To OCHOBY aHTUTHIIOK-
CaHTHBIX KaueCTB CYKIIMHATOB (peaMOeprH U IUTO(DIIABUH)
COCTABJISIET UX CIHOCOOHOCTh BOCCTAHOBJIMBATH IPOLECCHI
BHYTPHUKJIETOUHOIO a9POOHOTO MeTaboama GJraroaapst Kop-
PEKIUK BHYTPUKJIETOYHOTO METabOJMUYECKOrO alugo3a |
yBesueHust GydepHoii eMkocTH KpoBu. B To jke Bpemst, MHO-
rue BOIIPOCHI HAPYIIEHUI MeTOOOIM3MA TIPU KPUTHIECKUX
COCTOSTHUSX TPEOYIOT fasibHeINX uccenosanuii [61—63).

[To Bcelt BUANMOCTH, MEXaHU3M CPOYHON aIanTaIiun
K THUTIOKCUU TIPU KPUTHUYECKUX COCTOSTHUSIX PA3BUBAETCS C
XapaKTEePHBIM YMEHbIIIEHIEM KOJIMYeCTBA CyKIMHATA (KaK
cyberpata st (pepMeHTa, KOJIUYECTBO KOTOPOrO HAIPO-
TUB, YBEJIMYUBAETCS ). ITO MO3BOJISIET TTPOBOAUTH KOPPEK-
1UIO ero JlehuInTa PACTBOPAMU CYKIIMHATOB C TIEPCIIEKTH-
BOW yBeJuueHUs: MOTPeOJCHUST KUCJAOPO/A, aKTHBAIUK
[POIECCOB a9POOGHOTO OKUCIEHHST U BOCCTAHOBJIEHUST TIPO-
[IECCOB  BHYTPHUKJIETOYHOTO adpoOHOTro MeTaboJmM3Ma 3a
cuer obecrieueHust (PepMeHTa CyKIIMHATAETUIPOTEHAZbI He-
00XOIMMBIM KOJMYECTBOM CybcTpaTa.

ITo mMHenwio Gorbinoro Yrcsa aBropos [39—60] mab-
Helilliee n3y4eHre MoJ0KUTETbHBIX a(D(HEeKTOB NpUMeHEHMst
CYKI[HATOB TIPH Pa3JIMYHBIX KDUTHUECKUX COCTOSIHUSIX NMe-
€T XOpollhe KJIMHUYECKHe TepcreKTuBbl. Hy:KHO TOJIBKO
BBOJIUTH CYKIIMHATBI CBOEBPEMEHHO (B 1EPHO/] PaHHEH asari-
TAIUK K TUIIOKCHN ), B COOTBETCTBYIOIINX /[03aX M CO3/1aBATh
UM ycsioBust (YCTPaHEHUE «KPU3KMCa MUKPOIUPKYJISIIMNAY> 1
a/IeKBaTHAsI JIOCTABKA KUCJIOPO/IA HA YPOBHE TKAHEH ) /1J1s1 BbI-
TIOJTHEHUST TIOCTABJIEHHOM 33/Ia4ll — BOCCTAHOBJIEHUS OKHC-
JIUTETLHOTO (HhOCHOPUIMPOBAHUS U YCTPAHEHUST, TEM CAMBIM,
MUTOXOH/IPHATIBHOM ANChYHKITNN.
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1. Krebs HA., Kornberg H.L., Burnon K. A survey of the energy transfor-
mations in living matter. Ergeb. Physiol. 1957; 49: 212-298.
http://dx.doi.org/10. 1007 /BF02269485. PMID: 13609573

2. Krebs H.A. Some aspects of the energy transformation in living matter.
Br. Med. Bull. 1953; 9 (2): 97-104. PMID: 13059391

3. Stoner H.B., Threlfall C.J. The effect of nucleotide and ischaemic shock
on the level of energy-rich phosphates in the tissues. Biochem. J. 1954;
58 (1): 115-222. PMID: 13198861

supported that the drugs containing succinate can com-
pensate metabolic acidosis, since the use of them is associ-
ated with an increase in oxygen consumption and activa-
tion of aerobic oxidation processes. Several other studies
[36—38] provided similar conclusions that antihypoxant
properties of succinates (Reamberin and Cytoflavin)
derived from the recovery of intracellular aerobic metabo-
lism processes due to the correction of intracellular meta-
bolic acidosis and an increase in the blood buffer capacity.
This is very closely associated with the results of the stud-
ies performed by other authors and confirms once more the
rightfulness of B. Krebs's opinion expressed as far back as
1953. However, numerous problems of altered metabolism
in critical illness remain unclarified and need intensive
studies [61—63].

Thus, the development of mitochondrial dysfunc-
tion, subsequent organ disorders and polyorgan failure in
patients with different pathology in the period of emer-
gency adaptation to hypoxia may occur only due to energy
resource mobilization: their centralization, intensification
of carbohydrate, fat and protein catabolism, as well as inhi-
bition of anabolic processes in tissues. Evidently, the mech-
anism of emergency adaptation to hypoxia in critical con-
ditions develops with a typical decrease in the succinate
quantity (as the substrate for the enzyme the concentra-
tion of which is on the contrary increases). This makes it
possible to correct its deficit with the use of succinate solu-
tions with the evident perspective of increased oxygen
consumption, activated aerobic oxidation processes, and
recovery of intracellular aerobic metabolism processes due
to providing the enzyme succinate dehydrogenase with the
required substrate quantity.

According to many authors [39—60], the positive
effect of the administration of succinates in several critical
conditions opens good prospects and should be further
studied. The results of the use of succinates in different
critical conditions (surgery, therapy, endocrinology, neu-
rology and neurosurgery, infections, gynecology, obstetrics
and perinatology) in the Russian practice allow to con-
clude that the experimental findings are confirmed by clin-
ical studies published in authoritative Russian journals.
However, succinates should be administered in proper
time (during the early adaptation to hypoxia), in appropri-
ate doses, and it is necessary to develop specific conditions
(elimination of microcirculation crisis and adequate oxy-
gen supply at the tissue level) for fulfilling the set task, i. e.
for the recovery of oxidative phosphorylation and elimina-
tion of mitochondrial dysfunction.
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kucnoTbl wnu ap. HMBM; Taxenaa cepfeyHan HEAOCTATOYHOCTb; FEMOPParniecknin UaTes UM Opyrue HapyLeHUA Koarynauvu; BospacT Ao 18 net; 6epeMeHHOCTL U M NEPUOA NakTaLum.
[eKcanrMH® nNpoTMBONOKa3aH 1A HeBpaKcuanbHoro BBeAeHUA. C ocmopoxHocmeio: UBC; LepebpoBackynApHbie 3a6oneBaHus; caxapHblil Auabet, A3BeHHoe nopaxeHue KKT B aHaMHese;
AnuTenbHoe npumeHeHwe HIBIT; noxunoii Bo3pacT (cTapuie 65 net).

Cnoco6 npumeHeHuns u f03bl. Pacmaop 0/1A uHbexkyul: lekcanrvH® npeaHasHayeH AN BHYTPMBEHHOMO M BHYTPMMbILLEYHOTO BBEAEHWA. PekomeHyeman 4o3a ANA B3POCHbIX: 50 MI Kaxable
8-12 u. CytouHas ao3a 150 mr. [lekcanruH® npefHasHaueH Ans KpaTtkocpouHoro (He 6onee 2-x fHei) NpMMeHEHUA B Nepuog, ocTporo Gonesoro cuHapoma. Ta6nemku flexcanauH® 25 npuHAMaIOT
BHYTPb BO BpemA efbl. PekomeHgyemasn fio3a Ans B3pocnbix cocTaBnaer 12,5 mr (1/2 tabnetku) Kaxable 4 - 6 4 wimn 25 mr (1 Tabnetka) kaxable 8 4. MakcuManbHas cyTodHas fosa — 75 mr. Kypc
neuyeHus NperaparoM He AOMMKeH NpeBbllwaTth 3-5 AHel. Haubosiee yacmo scmpedaioujuecsi no6oyHble 3ghpekmel npu npumereHuu npenapama flekcanzut®: pns UHbeKLMOHHO| hopMbl: 6onb B
MECTE UHBEKLIMM, TOILHOTA, PBOTA. [nA TabnetTmpoBaHHOI pOPMbIE: TOWHOTa, PBOT], abpoMuHanbHas 6onb, Avcnencus, auapes.

000 «bepnuH-Xemu/A.MeHapuHu», 123317, Mocksa, MpecHeHckan HabepexHas, A.10, BL| «bawHa Ha HabepexHoii», 6nok b.
Ten.: (495) 785-01-00, dakc: {495) 785-01-01; http://www.berlin-chemie.ru ! BEPJINNH-XEMU
WHdbopmaLma ana cneLuanvcTos 3apasooxpaHeHus. OTnyckaeTca no peuenty. Moapo6Has MHGOPMAaLIMA COREPXKMUTCA B UHCTPYKLIMAX MO NPUMEHEHIO

(Aekcanrun® ot 30.11.11, flekcanrmH® 25 ot 22.10.12) MEHAPI/IHI/I
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* Planes A; Expert Opin Pharmacother 2003; 4(9):1551-61

M BEPJINH-XEMU
N4l MEHAPUHU

Moapo6Has uHcopmauus o npenapare COAePXXUTCA B MHCTPYKLIMK Nno npumeHenuio (07.06.2012)
Otnyckaetcsa no peuenTy Bpaya
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® DopMa BbINYcKa:
’ % Pacteop ans uHoysuii 1.5% B ByThinkax

no 200 nnn 400 MA. UnKn B KOHTeliHepax
15 NET HA PblHKE. NPUMEHAETCA B 15 CTPAHAX. nonvmepHbix no 250 nan 500 mn.

C6anaHCcMpoBaHHbIN UHPY3UOHHbLIA PacTBOpP
(Ha OCHOBe AHTAPHOW KUCNOTbI U 3NIEKTPONNTOB).

OKa3blBaeT NONoHUTEbHbIN 3PHEKT Ha a3pobHble Npouecchl B KNeTKe. [=]; :ﬁlﬂﬁ
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YMeHbLUaeT NpoayKuuio CBO6OAHbLIX padunKkanos. Ewﬂt

BoccraHaBnuBaeTt 3HepFETVI‘-I6CHVII7I noTeHuwuaa KNeToHx.
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INFO@POLYSAN.RU WWW.POLYSAN.RU

Poccua 192102, CaHkT-MeTepbypr,
yn. CanoBa, . 72, K. 2, nUT. A

Ten.: +7(812) 710-82-25 ‘

®dakKc: +7(812) 764-62-84 .




