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Pe3rome

Ilesb. [laToreHeTryeckoe 060CHOBaHUE BO3MOKHOIO MCIIOI30BAHUSI IPENIAPATOB IPYIIIBI CYKIITHATOB
npu COVID-19 B yCJI0BUsIX TUIIOKCUH Ha OCHOBE aHAIM3a 9KCIIEPUMEHTATbHBIX U KJIWMHUYECKUX HCCIIEN0-
BaHUM.

MarepuaJsl 1 MeToabI. [IpoaHansupoBau 84 3apyOeKHBIX U OT€YECTBEHHBIX JINTEPATYPHBIX UCTOY-
HUKa, Kacawoimuxcs naroreiesa COVID-19 u maroreHeTUYeCKOU POJIU CYKIIMTHATOB MIPY THIIOKCUU B YCJIO-
Busix COVID-19, OKHCJIUTEJIBHOTO cTpecca U nuadparManbHoi qucyHKImu. [IouCK JiuTepaTypsl MPOBO-
Iuau mo 6asam manubIM Pubmed, ELIBRARY.ru.

Peaynsrarhl. Kak nokasas aHaius uTeparypbl B ocHOBe naroreHe3a COVID-19 JIesKUT TUIIOKCHS TKaHeH,
3aITyCKaloIasi BeCh KaCKaJ| HaToMOP(OIOrHYeCKUX COOBITUI, MPUBOISIINX K PA3BUTHIO IIOJIMOPTaHHOI He-
JIOCTaTOYHOCTH. B 9KCIIepUMEHTATbHBIX U KITUHUYECKUX UCCIIETOBAHUSX OTPAsKEH MOJIOKUTENBHBIN 9P eKT
KOPPEKIUU THUIIOKCHH TKAHEH C MCII0JIb30BaHUEM CYKIIMHATOB, KaK Y B3POCJIbIX ITAIIEHTOB, TAK U Y JeTei
MIPU Pa3JIUIHOM CIIEKTPE MaTOJIOTHUH, CONPSIYKEHHOM C CHHAPOMOM OCTPOH JAbIXaTeIbHOMN HEeJOCTATOYHOCTH.

3akJroueHue. AHAJIN3 JINTePATyPHBIX JaHHBIX I03BOJISET 00OCHOBATh MEPCIEKTUBY UCIIOJIb30BaHUS
MpeIaparoB, COlepsKallliX CYKIIFHAT, B KOMIIJIEKCHOM TePAaIUU TsPKEJIbIX cay4aeB TedeHusi COVID-19.

Kntoueevte croea: COVID-19; 2unokcusi; okucaumenvbHbulil cmpecc; Ouagpazmanvras OUc@hyHKUUs1; cy-
KUUHAMBbL.

KoH(INKT HHTEpeCcOoB. ABTOPHI 3asIBJISAIOT 00 OTCYTCTBUU KOH(MJINKTA HHTEPECOB.

Summary

Aim. To provide a rationale for the feasibility of using the succinate-containing drugs to treat hypoxia as-
sociated with COVID-19 based on the analysis of experimental and clinical studies.

Materials and methods. 84 Russian and international literature sources concerning the pathogenesis of
COVID-19 and the pathogenetic role of succinate in the management of COVID-19 associated hypoxia, oxida-
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tive stress and diaphragmatic dysfunction were analyzed. The literature search was performed using Pubmed

and ELIBRARY.ru databases.

Results. The literature analysis showed that tissue hypoxia, triggering the pathomorphological cascade of
events and resulting in multiple organ failure is a central element of COVID-19 pathogenesis. Experimental
and clinical studies show the positive impact of tissue hypoxia correction using succinate in both adult patients
and children with various conditions associated with acute respiratory failure.

Conclusion. The literature data provide a rationale for using succinate-containing drugs in the treatment

of severe COVID-19.
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BBenenue

IToBOOM /17151 HATTMCAHM I HACTOSIIETO 0630-
pa, T03BOJISAIONIETO PACCMOTPETH IieJiecoo0pas-
HOCTb MCIIOJIb30BAHUsS CYKI[MHATOB B JIeUEHUU
marreHToB ¢ COVID-19, mociyskusia myoauKaIys
K. I [IlanoBasioBa ¥ COABTOPOB Ha CTPAaHMIIAX
sKypHaJia «JKCIIepUMeHTaIbHasA U KJINHUYEeCKas
dapmakosiorusi» [1]. ABTopamm Ha OOJBIIIOM
yycsae (n=223) nanueHToB C IOATBEPIKICHHbIM
COVID-19 Ha (oHe HIMPOKOTO CIIEKTpa COMyT-
CTBYIOIIEH IaToJIOruu OblLjIa yCTAaHOBJIEHA 0e3-
OIIACHOCTB, XOpollIasi IepeHOCUMOCTh U 11eJ1eCo-
00pPa3HOCTh CYKIIMHATCOEP KAIINX TPENapaToB
IIPU UX BKJIOUEHUHU B CXeMy JIeUeHUsI ITal[eHTOB
C TsI3KeJIbIM Te4eHHeM HOBOU BUPYCHOU MH(EK-
nuu [1]. [To MHEHUIO aBTOPOB, IIperaparsl, Cogep-
sKallye B CBOEH CTPYKType SHTApHYIO KHUCJIOTY,
cjedyeT pacCMaTpuBarTh B KauecTBe CpPeICTBA
IaToreHeTUYeCKON Tepanuu IPUMEHUTEJbHO K
naireHTam c TsokeJbIM TedeHrueM COVID-19, oco-
0EeHHO B yCJIOBHUSAX MPOTE3WPOBAHUA (PYHKIIUHN
IIBIXaHUsI, TOCKOJBKY OHU CITOCOOHBI peraTh Ipo-
0J1eMy TKaHEBOU TUIIOKCHH.

YHUBepPCAJIBHOCTh (HapMaKOJIOTUUECKOTO
BO3JIEHCTBUSI IIpenapaToB, KOPPUTUPYIOIINX TeM
WJIM MHBIM 00pa3oM TUIIOKCHI0, 0OecrieYnBaeTcs
TeM, 4YTO KHCJOPOJHOE TIoJIofjlaHue TKaHel
AIBJISIETCS] Hecllelln(pUIecKUM 3BeHOM I1aToreHe3a
3HAUUTEJBHOTO YHCJIa HO30JOTUYECKUX (POPM.
VHBIMU CJI0BAMU, TUIIOKCUS] — TUIIOBOM I1aTOJIO-
rU4YeCKUil mpollecc, He UMEIINU aTHoJI0THYe-
CKOI ¥ HO30JIOTUYECKOU crelu(pUIHOCTH. Anna-
par a3poOHOTO CMHTE3a 9HEPTUN (MUTOXOHIPUH)
MMeeTCS B MO/IABJISIONIEM OOBITIMHCTBE KIETOK
MJIEKOIIUTAIOIINX, ¥ OPTraHU3allisl 9HepPrOCUHTe-
3UPYIONIMX IIPOIECCOB B HUX IIOCTPOEHA M0 eu-
HOMY ONpuHIuIYy. buosHepreTuueckue Hapyile-
HUA TIPU TUIIOKCUU B Pa3HBIX TKAHAX U OpraHax
TaKsKe Pa3BUBAIOTCS 10 CXOJHOMY MEXaHU3MY,
XOTSI UMEIOTCsI TKaHecenM(pruieckue, opraHocie-
nrduyeckue u murocnenuduyeckre (pasaudHbie
[IaTOXMMUYeCKHe CUTHAJINHIY) UHIUBUIyaJIbHbIe
pas/iuuusi, OTpa’Kalolliye YYyBCTBUTEJBHOCTH
oprasa K JedunuTy Kucjaopoga. B To sxe Bpems

KJIETKH Pa3HbIX OPTraHOB U TKaHel OTIMYaloTCA

Introduction

This review aimed at considering the feasibil-
ity of using succinate drugs in the treatment of pa-
tients with COVID-19 was inspired by the article by
Shapovalov K. G. et al. published in the «Experi-
mental and Clinical Pharmacology» journal (Rus-
sia) [1]. The authors demonstrated safety, good tol-
erability, and appropriateness of including the
succinate-containing drugs into the treatment of
patients with severe novel coronavirus infection
based on data from a large number (n=223) of pa-
tients with confirmed COVID-19 and a wide range
of comorbidities [1]. According to the authors, suc-
cinate-containing drugs should be considered as
pathogenetic in patients with severe COVID-19, es-
pecially in those on respiratory support, because
they can be helpful in tissue hypoxia.

The versatility of pharmacological effects of
antihypoxic drugs is due to the fact that tissue oxy-
gen starvation is a nonspecific element in the
pathogenesis of many conditions. In other words,
hypoxia is a typical pathological process with no
etiological specificity. The aerobic energy produc-
tion (occurring in mitochondria) is present in the
vast majority of mammalian cells, and their energy
synthesis is uniformly organized. Bioenergetic dis-
turbances under hypoxia in various tissues and or-
gans also develop through a similar mechanism, al-
though there are tissue-, organ- and cell-specific
(due to different pathochemical signaling) varia-
tions suggesting individual organ sensitivity to oxy-
gen deficiency. At the same time, cells of various or-
gans and tissues have different sets of specific
energy-consuming processes. These processes in-
clude electrical impulse generation in neurons,
contractile function in myocytes and cardiomy-
ocytes, energy-dependent synthesis in the liver, ac-
tive secretion in kidneys, etc. Because of this, the
same mechanism of energy metabolism disruption
in various cells leads to inhibition of a wide range
of energy-dependent functions which results in so-
called multifunctional damage under hypoxia
causing multiple organ failure. Restoration of this
pathway is a molecular target that eliminates si-
multaneously the whole range of associated func-
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Ha0OpPOM XapaKTepPHBIX AJIs1 HUX CIIeIUDUIECKIX
9HepronoTpedJIAOIMNX IPOIleccoB. B HelipoHax
9TO 3JIeKTpOreHHas (PyHKIMA, B MUOLUTAX U Kap-
JUOMHOLIUTAaX — COKpaTuTeJbHass (YHKIUA, B
II€YE€HU — CUHTETUYECKHUE S9HEPIO3aBUCUMBbIE IIPO-
IIeCCBhI, B [IOUYKAX — CeKpeTopHas (byHKIUA U IIp. B
CUJIy 9TOT'O OIVH U TOT K€ MEXaHU3M HapyllIeHUsA
9HEepreTU4YeCcKoro oOMeHa B Pa3HbIX KJIETKAX IPU-
BOAUT K IOJABJICHUIO YPe3BbIYaliHO IIMPOKOIO
CIIEKTPA 9HEPro3aBUCUMBIX (PYHKIUH — MYJIETH-
(pyHKIIMOHAIbHBIE TIOBPEKIEHUSA IIPU TUIIOKCHUH,
KOTODBI€ U ONIPEEAIOT [I0JIMOPTaHHY0 He0CTa-
TOYHOCTb. BoccTaHOBJIEHHE Pa0OTHI 3TOIO OHOTO
3B€Ha — MOJIEKYJIAPHON MUIIIeHH, — YCTPaHAET
OIHOBPEMEHHO BECh KOMILIEKC COIPSAKEHHBIX
(pyHKIIMOHA/IBHBIX HapylIeHUH. FIMEeHHO IT03TOMY
9HEPrOKOpperupyoouye npenaparbl XapakTepu-
3yIOTCA OY€Hb IIUPOKUM CIIEKTPOM IIOJIOKUATEIb-
HOT'O BJIMAHUA Ha (QYHKIIMOHAIBHYIO aKTUBHOCTD
OpraHusma.

Ilesp10 06030pa — IaTOreHeTH4YecKoe 000CHO-
BaHNe BO3MOYKHOI'0 MCII0JIb30BaHUA IIperaparoB
rpynnsl cykuuHaros npu COVID-19 B yciioBusx
TUIIOKCUU Ha OCHOBE aHaJIM3a 9KCIIePUMEHTAJIb-
HBIX 1 KJIMHUYECKUX UCCIeJOBaHUMN.

IMTouck JsuTeparypel NPOBOIUJIN IO Oa3am
manabiM Pubmed, ELIBRARY.ru. O6pamienue &
YKa3aHHBIM IIOMCKOBBIM CHCTEMaM 00YCJIOBJIEHO
T€M, YTO 3KCIIepUMEHTaJIbHble HCCJIEeI0BaHNUA,
Kacamoluecs poJu CYKIIMHAaTOB B IIaTOreHe3e
TUIIOKCUY, OOJIbIIeN 4YacThlO NPEACTaBJIeHbI B
yO/IMKausx 3apy0e)KHbIX aBTOPOB, a KJINHUYe-
CKUe€ JaHHbIE, HAIIPOTUB, — IIPEUMYIIECTBEHHO B
paboTax oTeuecTBEHHBIX aBTOPOB.

I'mmoxcusa B marorene3de COVID-19

ITHOJIOTUA U IaTOreHe3 HOBOM IIaTOJOTHUU
COVID-19 nnoka ToJIbKO U3y4aloTCs, TeM He MeHee,
HEOCIIOPUMO, YTO B OOJIBIIMHCTBE Cy4aeB BXOI-
HBIMU BOPOTaMU JJis BO3OyAUTEs sl SBJISIOTCS
3MUTeJINAIbHbIE KJIETKU BEPXHUX JAbIXaTeIbHBIX
nyTelt [2]. I3BeCTHO, UTO y OOJIBIIMHCTBA HALIEH-
ToB ¢ COVID-19 pa3dBuBaeTtcs Jierkas (40%) nin
cpenHetsizkesasi (40%) ¢opma 3abosieBaHus, TIPU-
MepHO y 15% BBIABJIAIOT TSHKEIYI0 (POpMYy, Tpe-
OyIOIIYI0 KUCJTOPOIHON MOAePKKN. [I0KUIIbIE
MaIeHTHI Yallle MMeIoT COMTyTCTBYIOIIKE 3aboJe-
BaHNs, U Y HUX 4allle pa3BUBAETCs 0CTpasg KOpo-
HapHaA HeZIOCTaTOYHOCTh (34,5%), ocTpasi cepaeyHo
cocygucTrass HefoCTaTOYHOCTh (32,7%) m OPIC
(36,4%). Bo BpemA rocimranusanyy pacrupocrpa-
HEHHOCTh BHOBb BO3HUKIIENW apTepuajbHOU
TUIIEPTEH3UM CTaTUCTUYECKU 3HAYUMO BBIIIE Y
TAKeJIbIX TAaeHToB (55,2% npoTtus 19,0%), uem 'y
HeTsKeJIbIX. TakuM 00pa3oM, TTOKUJION BO3PacT,
a Tak)Ke 3HAYMMble KOMOpPOUWIHBIE HeWmH(EK-
[IMOHHBbIe 3a00JieBaHUsI, TaKMe KaK CaxapHBIN
nuabeT, apTepuajbHasE THUIEPTEH3UsI, 00JIe3HU

tional disorders. That is why energy-correcting
drugs are characterized by multiple positive effects
on the functional activity of the body.

The aim of our review is to provide a rationale
for the possible use of succinate drugs in COVID-19
associated hypoxia based on the analysis of exper-
imental and clinical studies.

The literature search was performed using
Pubmed and ELIBRARY.ru databases. The choice of
these databases can be explained by the predomi-
nance of experimental studies on the role of succi-
nate in the pathogenesis of hypoxia in the interna-
tional literature, while the clinical data, on the
contrary, can be found mainly in the publications
of the Russian authors.

Hypoxia in the pathogenesis
of COVID-19

The etiology and pathogenesis of the novel
COVID-19 disease is still under investigation; how-
ever, indisputably, in most cases, the upper airway
epithelial cells are the entry portal for the
pathogen [2]. Most patients with COVID-19 are
known to develop a mild (40%) or moderate (40%)
disease, while about 15% are found to have a severe
illness requiring oxygen support. Older patients are
more likely to have comorbidities and to develop
acute coronary events (34.5%), acute cardiovascu-
lar failure (32.7%), and acute respiratory distress
syndrome (ARDS) (36.4%). During hospitalization,
the prevalence of new-onset hypertension was sig-
nificantly higher in severe patients than in nonse-
vere ones (55.2% versus 19.0%). Thus, elderly age
and significant comorbidities, such as diabetes
mellitus, hypertension, cardiac diseases, chronic
lung disease, and malignancies, are risk factors for
severe COVID-19 and fatal outcome [3, 4].

The initial stage of infection is the entry of
SARS-CoV-2 into target cells possessing an-
giotensin-converting enzyme type II (ACE2) recep-
tors. ACE2 receptors are present in cells of the res-
piratory tract, kidneys, esophagus, bladder, ileum,
heart, brain, and lungs, of which the main and most
vulnerable targets are alveolar cells (especially AT2
subtype) of the lungs, whose damage underlies the
development of pneumonia [5].

Microcirculatory damage plays an important
role in the development of COVID-19. Its mecha-
nisms are not completely understood, but direct
viral damage of endothelial cells seems to be the
most probable of them [6]. ACE2 receptor is also
present in arterial and venous endothelial cells and
arterial smooth muscle cells of many organs. Viral
replication causes direct damage and cell death
with the release of pro-inflammatory factors [7].
COVID-19 is characterized by marked capillary
congestion in the interalveolar septa and branches
of pulmonary arteries and veins. Pathomorpholog-
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cepjia, XpoHUYecKre 3a60/1eBaHus JIETKUX, 3JI0-
KavYeCTBEeHHbIe HOBOOOPA30BaHUS, SBJISIOTCSA
dakTopamMu pucka Tsresoro teuenuss COVID-19
M JIeTaJbHOT0 ucxopa (3, 4].

Hava/ibHBIM aTanmoM 3apajkKeHUs SABJISETCS
npoHukHOBeHME SARS-CoV-2 B KJI€TKU-MUIIIEHH,
UMeEIOIIHe PelleNTOPhl AHTMOTEH3UHITPEeBPAII[ai0-
mero ¢depmenrta Il Tuma (AIIP2). Penentopsbl
ATI®2 mpencTaBjieHbl B KJIETKAX AbIXaTeJIbHOTO
TPaKTa, II04€eK, MUIEeBOa, MOYEBOIO ITy3bIPs, ITOJ-
B3JOITHOU KUIIIKY, cepAiia, [IHC u jierkux, moaro-
MYy OCHOBHOH U OBICTPO TOCTU;KUMOU MUIIIEHBIO
BUpYyCa ABJIAITCA aJbBeOJIApHbIE KJIETKU (0CO-
6enHo moaTum AT2) JIETKUX, YTO U OTIpeNiesIsieT B
JlambHeHIeM pa3BUTHE THEBMOHMU [5].

B marorenese COVID-19, 6e3 coMHeHUs,
Ba’sKHEUIIYIO POJIb UTPAaeT U NOopaskeHne MUKpPO-
IUPKYJISITOPHOTO PycJia, TeHe3 KOTOPOro TpedyeT
NaTbHEUIero m3ydeHWs, HO HauboJiee BepPO-
ATHBIM IPENCTaBJAETCA IPsAMOe BHPYCHOE
IIOBpEsKIEeHUE 3IHIAOTEeJUOLUTOB [6]. Pementop
AJII®2 Takske NPUCYTCTBYeT B apTepUAJIbHBIX U
BEHO3HBIX 9HJI0TEJINATIbHBIX KJIETKAX U B apTEPU-
AJTBHBIX NIQJKOMBIIIEYHBIX KJIETKAaX MHOTHX OpTa-
HOB. Penymkanus Bupyca BBI3BIBAa€T IpPsMOeE
TIOBpEXKIeHe U THOEe/b KJIeTOK C BBICBOOOKIE-
HMEM M3 HUX ITPOBOCHATUTEbHBIX (DAKTOPOB [7].
Jia COVID-19 xapaKTepHBI BbIpaskeHHOe MOJTHO-
KPOBUE KAaTUJIJISIPOB MeYKaJIbBEOJIIPHBIX [Iepero-
PO/IOK, a TaKsKe BETBEN JIETOYHBIX apTEPHU U BEH.
I[Ipu maToMop@OJIOTUUYECKOM HCCJIeJOBAaHUU
00HAPYKUBAIOTCS CJIAMPKU 9PUTPOIIUTOB, CBEXKIE
(pubprHOBBIE M OPraHUIYIOIIMECS TPOMOBI, BHYT-
pubpoHXUaTbHble, BHYTPUOPOHXHOJSPHBIE U
WHTpaaJIbBEOJsIPHbIE KPOBOU3JIMAHUSA, ABJISIO-
IMecsi MaToreHeTUYeCKOW OCHOBOM KpOBOXap-
KaHbs, a TAK)Ke IIePUBACKYJIIPHbIE KPOBOU3JIUS-
HUA [8]. B paMKax MacCUBHOIO UMMYHHOI'O OTBeTa
X03sIMHA JIMM(QOIUTHI, AIbBEOJISIpHbIE MAKpOda-
', MOHOLIUTHI U HEUTPOUJIbI peasnu3yloT CBOU
MMPOBOCHAJIUTEJbHbIE OTBETHI, BBI3BIBASI JTOTIOJI-
HUTEJbHOE TIOBPEKIeHNEe TKaHel, BRJIIOYast Mac-
CUBHOE TIOBPEeKJeHNE aJIbBEOISIPHBIX U 9HIOTE-
JUAJBHBIX  KJETOK  COCYgOB, a  TaKKe
MHUKPOCOCYAUCTHINA TPOMOO3 [9].

DYHKIMOHAJIbHBIE ITOCJICICTBUSA 3TOT'O CIIeLIN-
¢uueckoro OPJIC BkJIIOUAaeT mporpeccupymoliee
ycuJieHne BEeHTU/IAIMOHHO/1ep(y3rOHHOTO IHC-
OamnaHca u yrpary pediekca THIIOKCHYeCKO# Ba3o-
KOHCTPHUKIINY C BBIPasKEHHBIM KOMIIOHEHTOM MUK-
PpOCOCYAUCTOrO TpoMmb0o3a JIETKUX, 4TO
MIOATBEPYKIAETCSA ITIOBBIIIIEHNEM YPOBHS JIaKTaTIe-
ruaporenassl u D-numepa [10]. Ha mo3nHux cra-
muax OPJC nporpeccupyioliee NOBPeKIEHUE
3H/IOTeJIMA B COYETaHUHU C 3aKOHOMEPHBIM MUKPO-
COCYIHUCTBIM TPOMOO30M MOKET IIEPEXOIUTH B
CHCTEMHYIO BOCIIAJIATE/IbHYIO PEaKIUIo C BOBJIEYe-
HHEM MUKPOCOCYIHUCTOI'0 pycJia [I0YeK, TOJIOBHOIO

MO3ra ¥ IPYTUX >KU3HEHHO BasKHbBIX OpraHos [11]. C

ical examination reveals red blood cell sludge, fresh
fibrin, and organizing clots, intrabronchial, intra-
bronchiolar and intra-alveolar hemorrhages, which
underlie hemoptysis, as well as perivascular hem-
orrhages [8]. As part of a vigorous host immune re-
sponse, lymphocytes, alveolar macrophages,
monocytes, and neutrophils exert their proinflam-
matory activities, causing additional tissue damage,
including that of alveolar and vascular endothelial
cells, as well as microvascular thrombosis [9].

This specific ARDS is followed by a progressive
increase in ventilation/perfusion imbalance and loss
of hypoxic vasoconstriction reflex with a propensity
for microvascular pulmonary thrombosis, as evi-
denced by increased lactate dehydrogenase and D-
dimer levels [10]. In the late stages of ARDS, progres-
sive endothelial damage in combination with
microvascular thrombosis may develop into a sys-
temic inflammatory response involving the microvas-
culature of the kidneys, brain, and other vital or-
gans [11Because of the above, the pathogenesis of
COVID-19 currently can be considered primarily as a
consequence of endothelial damage of alveolar cap-
illaries leading to progressive endothelial pulmonary
syndrome with microvascular thrombosis referred to
as MicroCLOTS [9]. Vascular endothelium is an active
para-, endo- and autocrine organ, which is essential
for the regulation of vascular tone and maintenance
of homeostasis. Endothelial dysfunction is a major
determinant of microvascular dysfunction, which
causes a shift towards greater vasoconstriction with
ensuing organ ischemia, inflammation, associated
tissue edema, and a procoagulant blood state [9, 11].

Thus, as in other coronavirus infections, as
well as in A/H1IN1 influenza, the major morpholog-
ical substrate of COVID-19 is the diffuse damage of
alveolar capillary endothelium, leading to hypoxia
associated with multiple organ dysfunction and
death in patients with SARS-CoV-2 [12].

Thus, one can view the pathogenesis of COVID-
19 as a series of the following events: 1) pathogen in-
vasion into type II lung alveolar cells — 2) diffuse
alveolar damage — 3) reduction of effective alveolar
«breathing» area — 4) diffuse lung thickening — 5)
hypoperfusion in lung capillaries, severe congestion
of interalveolar septal capillaries, red blood cell
sludge — 6) intra-bronchial, intra-bronchiolar and
intra-alveolar hemorrhages — 7) reduced diffusion
of oxygen into the systemic circulation; — 8) hypox-
emia and hypoxia of endothelial cells of pulmonary
arterial and venous branches — 9) hyperfibrinogen-
emia and clot formation — 10) inflammation.

Obviously, starting from the second stage, this
pathway has a clear hypoxic trend, and all struc-
tural and metabolic damage is directly or indirectly
related to hypoxia!

Oxygen starvation occurs in many physiolog-
ical conditions and diseases of the cardiovascular
system, lungs, blood, etc., and in drug and poison
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Y4€eTOM BBIIIEU3JIOKEHHOr o, ITarorenes COVID-19
CETONIHSI MOKET OBITH PACCMOTPEH, B IIEPBYIO OYe-
penb, Kak CJeICTBHE 9HA0Te/INAJIbHOIO IIOBPesKIe-
HUS aJIbBEOJIAPHBIX KallUJJIAPOB, IPUBOIAIIETO K
IIPOTPECCUPYIOLIEMY IHIOTEINATBHOMY JIETOYHO-
MYy CHHIPOMY C MHUKPOCOCYIHCTBIM TPOMOO30M,
nMeHyeMbIM TepMuHOM «MicroCLOTS» [9]. 9npmore-
JIMHI COCYIOB SIBJISIETCSI aKTUBHBIM MapaKPHUHHBIM,
9HJOKPUHHBIM U ayTOKPUHHBIM OPraHOM, KOTOPBIN
HeoOXOMM JIJIs1 PETY/ISAIIHN TOHyCa COCYIOB U O
JepsKaHusl rOMeocTasda. JHIOOTeJuabHas Ouc-
(PYHKIUSA ABJSAETCS OCHOBHOH [leTepMUHAHTON
MUKPOCOCYIUCTON TUCHYHKIIUU ITyTeM CMEIeHUs
COCYZIMCTOTO PaBHOBECHSI B HAITPaBJIEHNH OOJIbITIEH
Ba30KOHCTPUKIIMU C TOCJeyoleld wuieMuen
oprasa, BOCIIaJIeHreM, aCCOLIMMPOBAHHBIM OTEKOM
TKaHY, a TaKKe [IPOKOAryJIsIHTHBIM COCTOSTHHEM
KposH [9, 11].

Takum 06pa3om, Kak U P APYTUX KOPOHA-
BUPYCHBIX HMH(QEKIUsX, a TakKe IpU TPUIllle
A/HIN1, ocHOBHBIM MOP(] OJIOTHYECKUM CYOCTpa-
ToM COVID-19 siBisiercs nudpysHoe nmoBpeske-
HMeE 9HJ0TeJNA KalluJIJIAPOB aJlbBe0JI, IPUBOLSI-
Imye K TUIIOBOMY [1aTOJIOTUYEeCKOMY IIpoLeccy —
TUIIOKCUH, KOTOPAasA IO CYTU U ABJIAETCA IIPUYM-
HOU ITOJIMOPTAHHOH TUC(HYHKITUN ¥ CMEPTH OOJTH-
HBIX ¢ SARS-CoV-2 [12].

Taknum obpasom, narorenes COVID-19 moskeT
OBITH PACCMOTPEH B IETH CJIEAYIOTNX COOBITHIA: 1 —
BHeIPEHE BO30OYIUTEJIS B AIbBEOJISIPHBIE KIIETKU
I Tuna nerkux; 2 — pa3putue nudy3HOro aabBeo-
JIAPHOI'O IOBPE)KICHNS; 3 — yMEHbIIICHUE I1JI0111a-
IV «IBIIIAINX» aJIbBeoJ1; 4 — nuddysHoe yIIoT-
HeHUe JIeTKUX; 5 — rumnomnepdysusi B Kanujsipax
JIETKUX, BIPA’KEHHOE MIOJITHOKPOBUE KAITUJLIISIPOB
MesKaJIbBeOJISIPHBIX [IEPErOPOIOK, CJIA/IPKU 3PUTPO-
IIUTOB; 6 — BHYTPUOPOHXHUAIbHBIE, BHYTPUOPOH-
XMOJIsIpHBbIE U UHTPAaJIbBEOJIAPHbIE KPOBOU3JIUA-
HUs; 7 — yMeHbllleHue Tuddysnn Kucjiopoaa B
CHUCTEMHBIN KPOBOTOK; 8 — THUIIOKCEMUSI U TUIIO-
KCHsI KJIETOK 9HJI0TeJ NS BeTBEH JIeTOUHbIX apTepUi
Y BeH; 9 — runepprOpPUHOTreHEMHU S ¥ OpTaHU3aIusA
TpoM00B; 10 — BocmasieHue.

OueBUIHO, YTO, HAYMHAA CO BTOPOrO 3Tala,
BCA IIaTOTe€HeTHYecKas Iell0YKa HOCUT SABHYIO
TUIIOKCUYECKYI0 HallpaBJEeHHOCTh, U BCE CTPYK-
TypHO-MeTa00IUYeCKIe TIOBPEKIEHNSI SIBIISIIOTCS
MIPAMBIM UJIM KOCBEHHBIM CJIEJCTBUEM TMIIOKCUHU!

KucsioponHoe rosioganue BCTpedaeTcs IIpu
MHOTUX (D3UOJIOTUYECKUX COCTOSTHUSX U 3a00J1e-
BaHMUSIX CEPIIEUHO-COCYAUCTOU CUCTEMBI, JIETKUX,
KpPOBH U [Ip., @ TaKsKe IIPU OTPaBJIEHUAX Pa3Jjiny-
HBIMU JIeKapCTBEHHbIMU IIperaparamMu U
simamu [13]. B 3aBUCUMOCTH OT WIYOUHBI KUCJIO-
POLHOrO TOJIOAAHWUA Pas3J/IMyaloT TUIIOKCUIO U
a"Hokcuio. Ha ypoBHE MUTOXOHIPUU COCTOSIHUS
TUIIOKCMM Y aHOKCHUM OTIMYAIOTCA II0 CTelleHU!
BOCCTAaHOBJIEHUS JbIXaTeJbHbIX II€PEHOCYNKOB.
[Ipu aHOKCHUM, XapaKTEPUIYIOIIENCsl MOJHBIM

intoxications [13]. Depending on the intensity of
oxygen starvation, hypoxia and anoxia may be dis-
tinguished. At the level of mitochondria, hypoxia
and anoxia differ in the degree of respiratory trans-
porter recovery. In anoxia, characterized by a com-
plete loss of oxygen delivery to the cells, all respira-
tory chain transporters are fully restored but not
functional due to lack of oxygen. In hypoxia, when
oxygen delivery is partially preserved, the pyridine
nucleotides most distant from oxygen, NAD and
NADPH, are usually 100% restored, but some flavo-
proteins and the cytochrome segment of the respi-
ratory chain remain largely oxidized [14].

Russian researchers discovered these differ-
ences in the degree of reduction of pyridine nu-
cleotides and flavoproteins in the twentieth cen-
tury [15]. Under hypoxia, an opportunity for the
preferential succinate oxidation occurs since suc-
cinate dehydrogenase, unlike most other dehydro-
genases is a flavin-dependent enzyme [16].

However, if there is no NAD-dependent sub-
strate oxidation, what will be the source of succi-
nate? Here is the answer. Under anoxia, succinate
was shown to be actively produced from NAD-de-
pendent substrates and amino acids and cumulate
rather than to be oxidized [17]. Anaerobic succinate
formation has now been proven to occur both in
anoxia and hypoxia [18]. As a result, high glycolysis
activity can be maintained with a relatively small
increase in lactate. The end products of anaerobic
metabolism in this case will be not only lactate and
pyruvate, but also alanine and succinate [19].

A study by Lukyanova L. D. showed that the in-
crease in the resistance of cells and mitochondria
to hypoxia during activation of anaerobic succinate
oxidation is due to preserved series of enzymatic re-
actions in the tricarboxylic acid cycle and the res-
piratory chain, which is ensured by anaerobic suc-
cinate formation despite the lack of oxygen. The
rates of tissue respiration and oxidative phospho-
rylation during succinate oxidation are much
higher than those during pyruvate oxidation [20].

The presented data indicate an important role
of anaerobic succinate formation under anoxic and
hypoxic conditions and activation of succinate ox-
idation under hypoxia. Hence, it is reasonable to
use substrates capable of participating in anaerobic
succinate formation for maintaining animal cell
energy under anoxia and hypoxia. In contrast,
under hypoxia the use of succinate itself makes
more sense [13]. This is particularly relevantin a cy-
tokine storm (CS). The cytokine storm, or hypercy-
tokinemia, is a potentially fatal immune system re-
sponse characterized by rapid proliferation and
increased activity of T-cells, macrophages, and nat-
ural killer cells to release various inflammatory cy-
tokines and chemical mediators [21]. The CS is one
of the most critical events in patients with coron-

avirus infection, where inflammatory lung damage
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OTCYTCTBHEM JOCTABKU KACJI0POJA K KJIETKaM, BCe
MEPEHOCYUKU JbIXaTeJbHON IIeNU TMOJHOCTHIO
BOCCTAHOBJIEHBI, HO He pPabOTalOT, TaK KaK HeT
kucsopopa. [Ipu runokcuu ske, KOrga J0CTaBKa
KHCJIOpO/ia YaCTUYHO COXpaHeHa, HanboJiee yia-
JIEHHBIE OT KUCJI0POHa MUPUIUH-HYKJICOTUABI —
HAJT n HAJ1®, kak IpaBuUJjo, BOCCTAHOBJIEHBI Ha
100%, ogHako 4acTh (PJIAaBOMPOTEUIOB U ITUTO-
XPOMHBIHN YUaCTOK AbIXaTeJIbHOU I[eNN OCTAITCS
B 3HAYMTEJIbHOU Mepe OKUCJEHHBIMHU [14].

Takue pas3/imuus B CTEIEHU BOCCTAHOBJIEH-
HOCTH NUPUIVHHYKJIEOTUI0B U (DJIaBOIIPOTENOB
OBLIN BBISIBJIEHBI €I1le B paboTax 0Te4eCTBEHHbBIX
yueHbIX B XX Beke [15]. Okasanocek, 4To B yCJI0-
BUSIX TUTIOKCUY UMEETCsI BO3MOKHOCTD JJIA TIpe-
UMYIIeCTBEHHOTO OKUCJIEHUS SIHTAPHON KHUCJIO-
Thl, IIOCKOJIBKY CyKUIMHaTIeruaporesHasa B
OTJIMYXE OT OOJIBIIMHCTBA APYTHX IETUIPOTEeHA3
sABJsieTcs pJIaBUH3aBUCUMBIM (pepMeHTOM [16].

[Ipu aToMm Bcerma BO3HUKAJI BOIIPOC, OTKyaa
bepercs cyknuHar, ecau HAJI-3aBucuMBbIe Cy0-
CTparbl OKUACJIATHCA He MOryT. OJHAKO U Ha 9TOT
BOIIPOC OTBET ObIJ HalieH. Bckope cTaio n3BecT-
HO, YTO B aHOKCHYECKUX YCJIOBUSAX CYKIMHAT He
OKHUCJISIETCsI, a Haob0opoT, HaAKaIlJIMBAETCs B
pesynbrare obpa3oBaHus u3 HAJl-3aBUCHMBIX
cyoctpatoB u aMuHORUCTOT [17]. CeromHs yske
JIOKa3aHo, YTO aHadpoOHOe 0Opa3oBaHUe CyKITH-
HaTa MO’KeT UATHU He TOJIbKO IIPU AaHOKCHUU, HO U
Ipy runokcuu [18]. B pesynbrare MOKeT IIOAIEP-
sKMUBATHCS BbICOKAS AKTUBHOCTh NIMKOJIN3Aa TIPU
OTHOCUTE/JTbHO HebOOJIBIIIOM MPUPOCTE JAKTaTa.
KoHeYHBIMU TPOYKTaMH aHA9POOHOT0 0OMeHa
IIPY 3TOM ABJIAIOTCA HE TOJIBKO JIAKTAT U [IUPYBart,
HO ellle aJlJaHuH U CyKiuHar [19].

B uccnenosanum JI. /1. JIlykbssHOBOI nokasa-
HO, YTO IIOBBIIIEHWE YCTOMYMBOCTH KJIETOK U
MUTOXOHJIPUU K TUTIOKCUU ITPU aKTUBAIIMU aHa3-
POOHOTO OKUCIEHNUS CYKIIMHATA 00YCIOBJIEHO TEM,
YTO UMEHHO IIPOIlecC aHadpOoOHOTO 06pa3oBaHUST
CYKIIMHATa 0becrieunBaeT MpoTekanue psaaa gep-
MEHTaTUBHBIX PEaKITUH B ITUKJIE TPUKAPOOHOBBIX
KHUCJIOT U B JIbIXaTeJIbHOW I1IeNH, HECMOTPS Ha
OTCYTCTBHE KHucJIopona. [Ipu aToM CKOpOCTH TKa-
HEBOTO JAbIXaHUS U OKUCIUTETHLHOTO hochoprim-
pOBaHUA INIPA OKMUCJIEHUM CYKIHATa HAMHOI'O
BBIIIIE, YeM IIPU OKUCJIEHUU nupyBara [20].

[IpencraBsieHHble faHHBIEC CBUNETEJILCTBYIOT
0 Ba)KHOW poJIM aHaspoOHOro o00Opa3oBaHUA
CyKIIMHAaTa [P aHOKCUYECKUX U TUIIOKCUYECKUX
COCTOSIHUSAX, 4 TaKyKe 00 aKTUBALAN OKUCICHUS
CyKIIMHAaTa B yCJI0BUAX runokcuu. Orcona ciaeny-
€T, YTO B KaUeCTBe CPeJICTB MOJIJIepsKaHUsI 9Hepre-
TUKHU YKMBOTHBIX KJIETOK B YCJIOBUAX KMCJIOPOIHO-
ro TOJIONAHUS NOPWU AHOKCUU U TUNOKCUU
11e1eCO00Pa3HO UCIIOIb30BaTh CyOCTpaThI, CIO-
CcOoOHBIE y9aCTBOBATh B aHA9POOHOM 00pa30BaHUM
CyKIMHATa, TOINAa KaK B TMIIOKCUYECKUX YCI0BUAX

MMEET CMBICJ UCI0JIb30BaTh COOCTBEHHO CyRIIU-

develops due to immune response dysregula-
tion [22]. The essence of CS, probably, is the pro-
duction of many inflammatory mediators only in
response to hypoxia caused by inflammation.
Therefore, inflammation is inevitably associated
with hypoxia. Based on this provision, it seems ab-
solutely logical to consider the CS in COVID-19 as
«the anger of inflammation» [23]. The CS resulting
from the release of inflammatory mediators (only
in response to generalized inflammation and hy-
poxia) induces endothelial activation, blood coag-
ulation disorders, and microvascular obstruction
by microthrombi, capillary leak syndrome (abnor-
mal systemic capillary permeability), and circula-
tory collapse [24].

Inflammation and hypoxia lead to immune
cell activation and another release of mediators due
to the uncontrolled positive feedback between in-
flammation and hypoxia [25]. Neutrophils are the
key effector cells of innate immunity rapidly pro-
duced to protect the host from pathogen invasion.
Neutrophils can «kill» pathogens intracellularly, by
phagocytosis, or extracellularly, by degranulation
and release of extracellular neutrophil traps. All of
these antimicrobial strategies require the involve-
ment of cytotoxic proteins and proteases produced
during neutrophil development and stored in cyto-
plasmic granules [25]. The vicious circle causes tis-
sue destruction in the inflammation focus with the
simultaneous spreading of the hypoxic the re-
sponse to the neighboring tissues (a particular
mass effect). Progressive hypoxia becomes sys-
temic, affecting the whole body. Thus, the series of
adverse events can be extended to include the re-
sponse to hypoxia: 11) cytokine storm — 12) acti-
vation of T-cells and macrophages — 13) mani-
fested inflammation and worsened local hypoxia —
14) generalized hemodynamic hemostatic disor-
ders with impaired oxygen delivery — 15) general-
ized hypoxia in cells of various organs — 16) multi-
ple organ failure — 17) death.

Only cellular hypoxia, as a result of the pul-
monary and capillary endothelial disorders, triggers
a «cytokine storm» in response to hypoxemia and
inflammation. During the virus-induced cytokine
storm, metabolic adaptation to hypoxia is impaired
due to increased levels of reactive oxygen species
(ROS) and reactive nitrogen species, which damage
cellular structures, downregulate and inhibit many
enzymes of key energy metabolic pathways such as
ATP production, including Krebs cycle substrate
complex [26]. This leads to energy and redox crisis,
which, in its turn, reduces the proliferation of B- and
T-cells causes an increase in cytokine production
and cell death [27]. Levels of ROS and reactive nitro-
gen species during the virus-induced cytokine
storm under hypoxia are elevated in lungs and other
organs via at least two different mechanisms. First,
binding of viral RNA to Toll receptors (TLRs) leads
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Har [13]. 9To 0COOEHHO aKTyaJabHO B YCIOBUAX
IUTOKMHOBOTO 1rropMa (LIT). [T nau runepriu-
TOKMHEMUSI — 3TO ITOTEHIIMAJbHO JieTaJibHasg
peakiys MMMYHHOH CHCTEMBI, XapaKTepHu3ylo-
masicst OBICTPOU mpoJtudeparueil U MOBBIIIEH-
HOU aKTUBHOCTHIO T-KJIETOK, MaKpO(aroB 1 ecTe-
CTBEHHBIX KWJIJIEPOB C BBICBOOOKIEHUEM
3alUTHBIMM KJIETKAMHW PAa3JIMYHBIX BOCHAJIH-
TeJbHbIX IMUTOKMHOB U XUMUYECKHUX MEINaTo-
pog [21]. LIIII siBJisieTCSI OMHUM U3 HauboJiee Kpu-
THYECKUX  TATOJOTUYECKHX  COOBITHH Y
MaleHTOB, MOPAKEHHBIX KOPOHABUPYCHOU
uHpeKrIel, Tpu KOTOPOU BOCHAJIUTEJILHOE
IOBpEsKICHNUeE JIETKUX PA3BUBAETCA B pe3yJsibTare
HapylleHUs peryJsui UIMMYHHBIX peakIuii [22].
Cytp LI, BeposiTHO, U COCTOUT B BBIPAOOTKE
OOJIBITIOTO KOJTMYECTBA METUATOPOB BOCIAJIEHUS
TOJIBKO B OTBET Ha I'MIIOKCUIO, ABJISIOLIYIOCS CJIe]-
CTBHEM BOcHajieHus. BocnaseHre 3aKOHOMEPHO
COMPOBOsKIaeTCs TUMOKCcUen. Vcxoas U3 aToro
MOJIO’KEeHUsI, aOCOJIIOTHO OMpPaBIaHHBIM ITPE-
crasjsercs onenka LI npu COVID-19 B kaue-
CTBe «rHeBa BocnaJjeHusi» [23]. 1111, Bo3HuKaro-
IIIAHA B pe3ysbTrare BLICBOOOYKIEHNS MEINATOPOB
BOCHAJIeHUs (TOJIKO B OTBET Ha TeHepaJIn3aInio
BOCNAJICHUS ¥ TMIIOKCUIO), MHAYLIUPYeT aKTUBa-
LIMIO 9HA 0TI, HapyllleHre CBepThbIBaHUA KPOBU
1 00CTPYKIMIO MUKPOCOCY0B MUKPOTPOMOaMHU,
¢opMupoOBaHUEe CUHIPOMA KaTUJJIIPHON yTEeYKU
(cucTeMHOM KaNWJIISIPHOW TPOHUIIAEMOCTH),
KOJLJIATIC KPOBOOOparieHus [24].

Bocnasienue u runokcusi NpUBOAAT K aKTUBA-
UM UMMYHHBIX KJIE€TOK U BBICBOOOYKIEHUIO
MOCJIETHUMH HOBOU MOPITUA MeINATOPOB BCJIE-
cTBUE (pOpMUPOBAHUS HEKOHTPOJIUPYEMOU MOJI0-
SKUTEIFHON 00paTHOM CBSA3Y MEKY BOCTIaIeHUEM
Y TUTIOKcHelt [25]. HeHTpohuIbl ABJISTIOTCS KITIOUe-
BbIMU 9((PEKTOPHBIMU KJIETKAMU BPOKJIEHHOTO
MMMYHUTETA, OBICTPO CHHTE3UPYEMBIMH JIJIST 3ATITH-
ThI XO35IMHA OT BTOP>KEHMUsI ITaToreHoB. Herpodu-
JIbI MOTYT «yOMBaTh» IMAaTOTeHHbIe MUKPOOPTraHU3-
Mbl BHYTPUKJIETOYHO, IyTeM (paronurosa, Uau
BHEKJIETOYHO, ITyTeM JEeTPAHYJ/ISAINH 1 BHICBOOOSK-
JleHUsT BHEKJIETOYHBIX JIOBYIIIEK HEUTPO(UIOB. Bce
9TH aHTUMHUKPOOHBIE CTPATETNU TPEOYIOT yYacCTus
[IUTOTOKCUYECKUX OEJIKOB U IPOTEa3, CHHTE3UPYe-
MBIX BO BpeMs pa3BUTUS HEUTPODUIOB U XPaHsI-
IIUXCA B LUTOIJIa3MaTU4YeCKUX TIpaHyaax [25].
[TopouHBIi KPYT BBI3BIBAET Pa3pyllleHne TKAHEN B
oyare BocraJIeHUsI C OMHOBPEMEHHBIM PACIpoCTpa-
HEeHMEeM r'MIOKCUYEeCKOIr0 9KBUBaJIeHTa peakIii Ha
coceHUE TKAHU (HEKUU BapuaHT Macc-adderTa).
[vmokcwst mo Mepe POrpecCUpPOBaAHUSI TpUOOpe-
TaeT CUCTEMHBIN XapaKTep, OXBAThIBAsI BECh Opra-
HU3M B 11eJ10M. TakuM 06pasoM, Ierb JaTbHENTITIX
COOBITUI MOKET BBITVISAETh KaK IMPOHOJKEHUE
OTBETa Ha THUIIOKCHUIO: 11 — IMTOKWHOBBIU IIITOPM;
12 — akruBamus T-kjeTok, makpodaros; 13 —
MaHUecTaIys BOCIaaeHus], yCyry0/ieHre JIOKaIb-

to down-regulation of mitochondrial electron trans-
port chain genes, which increases superoxide radi-
cal (0*) production by mitochondria [28]. Secondly,
phagocytic cells are recruited to the lungs, where
they are activated along with pulmonary phago-
cytes to increase NADPH oxidase activity and pro-
duction of both intracellular and extracellular ROS
intended to kill pathogens [29]. Accumulation of
ROS and depletion of antioxidant systems leads to
oxidative stress (OS), chronic activation of both im-
mune reactions and inflammation [30]. The persist-
ing elevation of ROS always associates with genome
instability, organelle dysfunction, and apoptosis due
to the ability of ROS to react with almost any biolog-
ical molecules, including proteins, lipids, and nu-
cleic acids [31].

Mechanisms and pathogenetic role
of diaphragm dysfunction
in the development of critical hypoxia

Diaphragm dysfunction has a particular patho-
genetic role in the hypoxic cascade in COVID-19.
The diaphragm is the main respiratory muscle, and
its function is crucial for optimal breathing. Di-
aphragmatic failure has long been recognized as a
major factor of death in various systemic neuro-
muscular disorders. Recently, it has become in-
creasingly clear that diaphragm dysfunction is
present in many critically ill patients and correlates
with increased morbidity and mortality. In these
patients, diaphragm weakness is thought to de-
velop from secondary disuse and ventilator-in-
duced diaphragm failure due to the effects of sys-
temic inflammation, including sepsis. Diaphragm
dysfunction as an element of the critical condition,
more commonly acquired, impairs the compensa-
tory capacity of the airway pump in response to the
increased respiratory load associated with lung in-
jury and fluid overload, leading to persistent respi-
ratory failure and death. What are the causes, con-
sequences, and treatment of the disorders causing
acquired diaphragm dysfunction in critical illness?

Regrettably, clinicians frequently overlook this
pathogenetic factor despite the proven fact that res-
piratory muscle dysfunction is a common organ
failure form in critical illnesses and is associated
with poor immediate and long-term outcomes.
Theoretically, any patient requiring mechanical
lung ventilation should be classified in the risk
group for developing diaphragmatic failure [32],
and actually, it is already present in many cases. A
recent study showed that diaphragm weakness oc-
curs twice as often as limb weakness in critically ill
patients [33]. Additional studies have confirmed
that, on average, 60% to 80% of mechanically ven-
tilated patients have clinically significant di-
aphragm dysfunction [34]. The significant inci-

dence of diaphragm weakness could be related to
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HOU TUNIOKCHY; 14 — reHepam3aniusi pacCTPOMCTB
reMOAWHAMUKH, FeMOCTa3a, YXyILIeHUe JOCTaBKU
KHCJIOpOoAa; 15 — renepajusanysa rUIIOKCUU KJle-
TOK Pas3JUYHBIX OPraHoB; 16 — MoJuopraHHas
HEeI0CTAaTOYHOCTD; 17 — JieTaIbHbIN UCXO]I.
ToJIbKO KJIeTOYHAsI TUIIOKCHS, KaK CJeICTBUE
BCEl COBOKYITHOCTHU PACCTPOMCTB B JIETKUX U HAa
YPOBHE 9HJAOTENNs KaIWJ/JIAPOB, IIPUBOJUT K
«IIATOKMHOBOMY IIITOPMY» B OTBET Ha TUTIOKCEMHUIO
" BocnajieHue. Bo BpeMs BBI3BAHHOIO BHPYCOM
[IUTOKUHOBOTO IIITOpMa MeTaboIudecKast afarTa-
Y1 K THIIOKCUY HApYIIAeTCs U3-3a IIOBBIIICHHOIO
YPOBHSI aKTUBHBIX (popMm Kuciaopoga (APK) u
AKTUBHBIX (DOPM a30Ta, KOTOPhIE TOBPEKIAIOT KJle-
TOYHBIE CTPYKTYPBI, HAPYILIAIOT PETY/IAIUI0 U MHAK-
TUBUPYIOT MHOTHE (pepMEHTHI LIeHTPAJIBHOT'O 9Hep-
FeTUYEeCKOro MeTaboJmu3Ma cuHTe3a ATP,
BKJIIOYAs], B IEPBYIO O4€peib, KOMILIEKC CyOCTPaToB
nmkJa Kpebca [26]. 9To IpUBOIUT K 9HEPTETHIECKO-
My 1 OKHCJIUTEIbHO-BOCCTAHOBUTE/IBHOMY KPHU3H-
Cy, KOTOPBI, B CBOIO OYepeib, YMEHbIIIAeT IIPOJIn-
(depanuio B- 1 T-kJIeTOK, IPUBOIUT K YBEJTUYEHUIO
MPOAYKIIMA IIUTOKWHOB W TUOEJN KJIETOK [27].
YpoBuu APK 1 akTUBHBIX (pOPM a30Ta BO BpeMs
BUPYCHO-MHIYIIMPOBAHHOIO IUTOKWMHOBOIO IITOP-
Ma IIpY I'MITIOKCUH ITOBBIIIAIOTCA B JITKUX U JPYTHX
OpraHax, I10 MeHbIIIel Mepe, IOCPeACTBOM JIBYX pas-
JIMYHBIX MEXaHW3MOB. BO-TIEpBBIX, CBA3bIBAHHE
BupycHoil PHK c Toll-penteniropamu (TLRs) npuso-
T K CHUYKEHUIO 9KCIIPECCUU T€HOB MUTOXOHIPU-
QIBbHOM 2JIEKTPOHHOW TPAHCIOPTHOM IIENH, YTO
yBeJIM4MBaeT IPONYyKIUIO CYIIEPOKCUIHOIO Paju-
kasa (0% mutoxoHapusmMu [28]. Bo-BTopbIX, dharo-
LIUTapHble KJIETKU PEKPYTUPYIOTCA B JIETKUe, I1ie
BMeECTe C JIETOYHbIMU q)aI‘OIlI/ITaMI/I aKTI/IBI/IpYIOTCH
IIJ1S1 TIOBBINIeHnA akTuBHOCTU HAJI®H-okcuaassl,
OTISITH 3Ke, 7T yBeJTUYeHUs BEIPAOOTKY KaK BHYT-
PUKJIETOYHBIX, TAK U BHEKJIETOUHbIX ADK, ipenHa-
3HAYEHHBIX IJIA YHUYTOMKEHUsS IIaTOreHOB [29].
Haxromienne A®K u ucTollieHre aHTUOKCUIaHThIX
CHUCTEM TIPUBOJHUT K Pa3BUTHIO OKUCJIUTETHHOTO
crpecca (OC), XpOHMYECKOM aKTUBAIlUM, KaK
MMMYHHBIX peakliii, Tak 1 Bocnasenus [30]. bia-
romaps cnocobHoctrn A®K BCTynaTh B peakIyio
MIPAKTHYECKU C JIIOOBIMU OMOJIOTUYECKIMU MOJIe-
KyJIaMU, BRJTIOYasi OEJTKY, JIUTTAIHI M HYKJIEMHOBBIE
KHUCJIOTBI, UX JIJIUTETLHO COXPAHSIOIIEeCs MOBbIIIIe-
HHeE BCerma CBA3aHO ¢ HeCTaOMJIbHOCThIO T€HOMA,
IUCQYHKIMe! opraHeJu1 ¥ alionTo3oM [31].

MexaHu3msbl (POPpMHUPOBAHUS
U NIaTOreHeTU4YecKasi pojib
JucyHKuuM nuadparMol

B pPa3BUTUM TMIIOKCHH
KPUTHYECKHX COCTOAHUH

OmnpenesieHHass IaroreHeTUYecKasl poJib B
TAMNOKCUYeCKOM Kackaze rpu COVID-19 npuHane-

SKUT nucyHknum nuadparmel.  Juapparma

a lack of knowledge about the effects of critical ill-
ness on the respiratory muscles and/or the limited
availability of tools to assess and monitor di-
aphragm function in patients in the ICU.

The mechanisms responsible for the develop-
ment of diaphragm dysfunction are directly related
to changes in muscle metabolism. This occurs
through stimulation of mitochondrial free radical
production and induction of cellular oxidative
stress, which damages mitochondrial subunits of
the electron transport chain promotes reduced
muscle endurance, and also activates proteolytic
enzyme pathways, leading to a decrease in contrac-
tile proteins and reduced muscle strength [35].

Arecent experimental study [36] examined the
effect of succinate on the composition of skeletal
muscle fibers, their metabolism, and exercise toler-
ance. The authors proposed the use of succinate for
the correction of skeletal muscle weakness. Succi-
nate was found to induce the signaling pathway pro-
vided by the succinate-dependent SUNCRI receptor
in the skeletal muscles. Succinate supplements in-
crease endurance, myosin heavy chain expression,
aerobic enzyme activity, oxygen consumption, and
mitochondrial biogenesis in skeletal muscle; in con-
trast, they decrease lactate dehydrogenase activity
and lactate production, can increase oxygen avail-
ability, and reduce muscle fatigue. Together, these re-
sults show that succinate induces skeletal muscle
fiber remodeling by promoting mitochondrial
biosynthesis and aerobic oxidation [36]. The results
obtained by T. Wang suggest that enhanced aerobic
oxidation occurs mainly due to an increase in the
number of mitochondria (mitochondrial cell den-
sity) and an increase in mitochondrial DNA content
and mitochondrial membrane potential, which in-
dicates a direct role of succinate in mitochondrial
biogenesis. At the same time, succinate can act both
as a metabolite in the tricarboxylic acid cycle and as
a hormone-like substance through the activation of
various intracellular pathways.

According to other authors, succinate increases
hemoglobin level, platelet, and neutrophil counts [37]
and enhances immunity [38]. Succinate can act as a
paracrine or endocrine signaling molecule to regulate
local cellular metabolism [39] or increase tissue blood
supply through the renin-angiotensin system, thereby
facilitating tissue hypoxia and adaptation to exoge-
nous hypoxia [40-42]. Zhang . et al. showed that in-
creased succinate level associates with an improve-
ment of impaired cardiac energy metabolism, which
is a source of damage during reperfusion [17].

Oxidative stress
in COVID-19 pathogenesis

SARS-CoV-2 infection is characterized by high
mortality because some patients develop an exces-
sive innate immune response associated with the
cytokine storm (CS) and ARDS.
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SIBJIsIETCS VIAaBHOU MBIIIIIEN BIOXa, U ee (PYHKIUSA
WTpaeT pemramllylo poJib B 00ecreyeHny ONTH-
MaJIbHOTO AbIXaHus. JlmadparmaibHasi HEI0CTa-
TOYHOCTB yyKe TaBHO IIpU3HaHa OJHUM U3 OCHOB-
HbBIX (PAaKTOPOB CMEPTH IIPU PA3TUUYHBIX CUCTEMHBIX
HEPBHO-MBIIIEYHBIX paccTpoicTBax. B mociennee
BpeMsI CTAHOBUTCS BCe 00JIee 04eBUTHBIM, YTO JTHAC-
¢yHKIUA nradparMel IPUCYTCTBYET Y BBICOKOIO
MIPOITEHTA TSPKEI000JILHBIX ITAIIEHTOB ¥ KOPPEJIU-
PYET c yBesimueHreM 3a060JIeBaEMOCTH I CMEPTHO-
cty. CYUTAETCS, YTO Y 9TUX MMAI[MEeHTOB C1aboCTh
nuadparMbl pa3sBUBaAeTCsA OT BTOPUYHOTO HEWC-
MM0JIb30BAHUA 10 BhI3BaHHOU VMBJI HemocTaTouHO-
ctu quadparMbl U3-3a MOCJEICTBUNA CUCTEMHOTO
BOCIIaJIEHUs], BKJIIouasi cerncuc. [ucdynkiuys agua-
¢dparMbl Kak 3J€MEHT KPUTHYECKOTO COCTOSIHUSA,
yaile TpUoOpeTeHHasi, YXyIAIIaeT CIOCOOHOCTH
JIbIXaTeJIbHOTO HACOCAa KOMIIEHCUPOBATh MOBBIIIIEH-
HYI0 JbIXaTeJIbHYI0 Harpy3Ky U3-3a TPaBMbI JIETKUX
U IIeperpy3Ku UX )KUAKOCTBIO, YTO IIPUBOLUT K JIJIU-
TeJIbHOH JIbIXaTeIbHOU HEJIOCTATOYHOCTH U CMEPTH.
B yeM ke MPUUYMHBI, KAKOBBI ITOCJIEICTBUSA U KAKUM
JOJKHO OBITH JIeueHre HapyIIeHUH, TPUBOJISATIINAX
K MpuoOpeTeHHOU AMCOYHKIMU auadparMbl BO
BpeMsI KPUTUYECKOTO 3a00J1eBaHUs?

K coskanenuto, HeCMOTPsA HA TOKa3aHHOCTh
TIOJIOYKEHMSI O TOM, UTO TUC(PYHKIUSA JbIXaTeJITbHON
MYCKYJIaTyphl SIBJISIETCSI PACIIPOCTPaHEeHHOU dhop-
MOU OpraHHOW HEIOCTATOYHOCTU MPU KpUTUYE-
CKUX 3a00JI€BaHUSIX U CBsI3aHa C IIJIOXUMHU OCTPHI-
MU W JOJTOCPOYHBIMHM MCXOJAMH, KJIUHUIUCTHI
YacTo He YUYUTBIBAIOT 3TOT ITaTOreHeTUYeCKN (hak-
Top. TeopeTr4ecky JII000 MAEHT, HY R TAFOIIT -
Cs1 B UCKYCCTBEHHOU BEHTUJIAIINN JIETKUX, JOJIKEH
OBITH OTHECEH K TPYIIIIE PUCKA 10 PA3BUTHIO CJIa-
6octu nracdparmel [32], a 10 CyTH — YIKe ee IMeeT
dakTuuecku. HegaBHee mcciiejoBaHre TOKA3ao,
4yTo cabocTh nAuadparMbel MPUCYTCTBYET B 1Ba
pasa Jarrie, 4eM cJ1ab0CTh KOHEYHOCTEH Y TSKEeJI0-
0OJIbHBIX HanueHToB [33]. JlomoJiHUTe bHbIE
WCCAeI0OBaHUSA MOATBEPININ, YTO B CPETHEM OT
60% 1o 80% MexaHWM4YeCKU BEeHTUIUPYEMbIX Mallu-
€HTOB UMEIOT KJINHUYECKU 3HAUUMYIO JUCHYHK-
nmio nuadparmsl [34]. BeLIo BhICKa3aHo MPeAIo-
JIOKEHNWE, YTO 3HAYUTEJbHASA 4YacTOTa Pa3BUTHSA
ciraboct auadparMbl MOSKET OBITH CBSI3aHA C
OTCYTCTBHEM 3HAHUU O BJIUSIHUU KPUTUYECKOTO
3aboJ/IeBaHMA Ha JIbIXaTeJIbHbIe MBIIIIbI U/AJIH C
OrpaHUYeHHOH JOCTYITHOCTHIO UHCTPYMEHTOB [JIs1
OIleHK! U MOHUTOPUHIa (PyHKIUHU TruadparmMbl y
MAIMEHTOB B OT/IeJIEHNU MHTEHCUBHOM TEPaITnU.

[Tarodursnosornueckre MexaHu3Mbl, OTBET-
CTBeHHbIe 3a pa3BUTHe NUCPYHKINY nruadparmbl
MIPSIMO CBSI3aHbI C UBMEHEHUSIMU B MeTab0JIiu3Me
MBI, JTO IIPOUCXOOUT 3a CYET CTUMYJIALUU
BBIPA0OTKA MUTOXOHIPHUATBHBIX CBOOOIHBIX
pagyuKaJIOB ¥ MHAYLMPOBAHUSA KJI€TOYHOI'O OKHUC-
JIUTEJILHOTO CTpecca, KOTOPbIA TOBpesRIaeT
MUTOXOHIpHUA/TbHBIE CYO'beTUHUITHI 3JIEKTPOHHOMN

The greater the expression of autocoids in CS,
the more severe the energy metabolism disorders.
Some of the autocoids and their receptors play a
dramatic role in dying from COVID-19. Their level,
activity of receptors and damaging effect of their
signaling determine the efficiency of treatment and
survivability of patients in general [43]. In COVID-
19 overexpression of the aryl hydrocarbon receptor
(AhR) and the nuclear NAD+-consuming enzyme
poly-(ADP-ribose)-polymerase 1 (known as PARP-
1) occurs, with AhR activating PARP-1 protein pro-
duction. Activation of the latter causes cell death
through the enzymatic destruction of sirtuins
(NAD~-containing proteins, SIRT-1,2, etc.) with the
critical fall in the levels of cellular NAD+ required
for oxidation and ATP intended for phosphoryla-
tion of anaerobic glycolysis substrates [44]. This is
essential for death in obese patients with COVID-
19 and concurrent type 2 diabetes mellitus and eld-
erly patients. Even without COVID-19, they have a
defect in intermediate metabolism, with elevated
levels of CD38 (which catalyzes the degradation of
NAD+ or NADPH and can be inhibited by
flavonoids and nicotinamide). Badawy A. et al. con-
sider PARP-1 activation to be the «Appian Way» in
the pathochemical cascade ending in the death of
a patient with COVID-19; hence, selective in-
hibitors of this protein (the antineoplastic agents
such as olaparib, rukaparib, etc.) are promising
drugs for CS reduction [44]. However, one should
always remember that nicotinamide is a readily
available PARP-1 inhibitor. «Cocktails» with nicoti-
namide have been shown to exert a strong positive
effect in COVID-19, especially in the elderly [45].
Among nicotinamide-containing drugs manufac-
tured in Russia and having this potential, Citoflavin
could be mentioned [46].

The decrease in energy metabolism and al-
tered redox state produce oxidative damage and
cell death [47, 48]. Some authors consider the ox-
idative stress as a «key player» in the pathogenesis
of COVID-19 [49, 50]. Moreover, inflammation can
enhance oxidative stress. The latter increases the
formation of neutrophil extracellular traps (net-
works) and suppresses the adaptive component of
the immune system, namely T-cells, which elimi-
nate the cells infected by the virus. This creates a vi-
cious circle that prevents the specific immune re-
sponse against SARS-CoV-2 [51].

Increased neutrophils, in addition, generate
an excess of ROS, which aggravates the abnormal
immune response of the host and a course of the
disease [52]. The damaging effect of ROS enhances
the damaging effect of the virus on the alveolar ep-
ithelium and endothelial cells in the so-called pro-
coagulant endotheliitis [53]. The ROS is aggressive
both against lung cellular structures and RBC
membranes and heme, which, according to some

authors, contributes to the development of hypoxic
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TPaAHCIIOPTHOH IIENH, CIIOCOOCTBYET CHUKEHUIO
MBIIII€YHOU BEIHOCIMBOCTH, a TAK)Ke AaKTUBUPYET
IIyTH IPOTEOJIUTUUECKUX (DEPMEHTOB, IPUBOAS K
CHI;KEHUIO COKPATUTETbHBIX O€JTKOB ¥ YMEHbIIIE-
HUe MBIIIeYHOH! CUJIbI [35].

B HemaBHEM 9KCIIEPUMEHTAILHOM UCCIIETOBA-
HUU [36] n3y4nu BIAUAHUE CYKIIMHATA HA COCTaB
CKeJIETHBIX MBIIIIEYHBIX BOJIOKOH, MX METAO0JIU3M U
TOJIEPAHTHOCTD K (pH3UUECKOI HArpy3Ke. ABTOpaMu
OBIJI TIpEJIO’KEeH BapUaHT UCIIOIb30BAHUS CYKITH-
Hara JJIs KOpPeKIUK c1aboCTu CKeJIETHON MYCKY-
Jgarypel. OKasajaoch, YTO CYKIIMHAT MHIYLUDPYET
Tepexoj] CKeJIETHBIX MBIIIEYHBIX BOJIOKOH Yepes
CUTHAJIBHBIN ITyTh, 00eclieunBaeMblii CyKIIMHAT3a-
BuCHUMBIM perenrtopoM SUNCRI. /lo6aBKHU CyKITH-
HaTa yBEJMYUBAIOT BBIHOCIUBOCTH, 9KCIIPECCHUIO
TSOKEJION TeN MHUO3WHA, aKTUBHOCTH ad9POOHBIX
¢epMeHTOB, TOTpeOIEHNE KUCIOPOIA T MUTOXOH/I-
pUaJIbHBIN OMOTeHEe3 B CKEJIETHBIX MBIIIIIIAX, HAITPO-
THB, CHIPKAIOT aKTUBHOCTD JIaKTaTJeTUIPOTeHa3HbI,
MPOAYKITUIO JIaKTaTa, MOTYT YBEJIUYUTH TOCTYII-
HOCTb KHCJIOPOJA ¥ YMEHBIIIUTD MBIIIIEUHYIO yCTa-
JIOCTh. BMecTe 9Ty pe3ysbTaThl MOKA3BIBAIOT, YTO
CYKIMHAT UHIYIIUPYET PeMOIeTMPOBAHNE CKeJIeT-
HBIX MBIIIIEYHBIX BOJIOKOH, CITOCOOCTBYsI OMOCUHTE-
3y MUTOXOHJIPUH U a9pOOHOMY OKHCJIEHUIO [36].
ITonyuennsle T. Wang pesyJsisrarsbl CBUIETEIbCTBYIOT
0 TOM, UTO YCUJIEHHOE a3pO0HOe OKUCJIeHNe IIPOo-
HCXOIUT TJIaBHBIM 00pa30M 3a CUEeT YBeJHMYeHUs
YHCJIa MUTOXOHIPUH (KJIETOYHOH IIJIOTHOCTH MUATO-
XOHAPUI), a TAKKe YBeJIMUEeHNsI COlePKaHNsI MUTO-
xoHapuanbHoi JIHK 1 MeMOpaHHOTO MOTEHIAIA
MUTOXOHAPHUHN, YTO YKA3BIBAET HA MPSIMYIO POJb
CYKIIMHATa B MUTOXOH/IpUAILHOM Onorenese. [1pn
9TOM O0paIraeTcs BHUMaHME Ha TO, YTO CYKITHAT He
TOJIBKO JIEWCTBYET KaK METa0O0JIHT B IUKJIE TPUKAP-
OOHOBBIX KHCJIOT, HO ¥ BBITIOJTHSIET TOPMOHOIION06-
HYI0 (DYHKIIHIO Yepe3 aKTUBAIIUIO PA3JIMYHbBIX BHYT-
PUKJIETOYHBIX ITyTEH.

[lo maHHBIM [APYrUX aBTOPOB, CYKIIMHAT
MTOBBIIIAET YPOBEHDb reMOTI00MHA, TPOMOOIINTOB
1 HeUTpopuaoB [37], MOBBIIAET UMMYHUTET [38].
CyKIMHAT MOYKeT [1eficTBOBATh KaK ITapaKpHUHHbIe
WU 9HIOKPUHHBIE CUTHAJIbHBIE MOJIEKYIIBI JJIS
peryaupoBaHUsi MECTHOTO KJIETOUHOT'O MeTabo-
JuaMa [39], WM yBeJMYUTH KPOBOCHAO)KEHWE
TKaHel yepe3 peHUH-aHTMOTEeH3UHOBYIO CCTEMY;,
obJieryasi TeM CaMbIM TKAaHEBYIO THIIOKCUIO U
aganTanuio K 9K30IeHHOM runokcum [40-42].
J. Zhang et al. mokasasu, 4YTo yBeJIuueHue KoJuye-
CTBA CYKIIMHATA yJIy4IllaeT UIIeMUIECKYIO 9HEeP-
TeTUKY CepAlla, SBJIAIOMIYIOCS HMCTOYHUKOM
MIOBpesKIeHus Ipu peniepdyaun [17].

OKHuCIUTEeIBHBIHI CTpecc
B nnarorenese COVID-19

Nudexnusa SARS-CoV-2 xapakTepusyercs
BBICOKOH CMEPTHOCTBIO H3-3a TOTO, YTO y HEKO-

TOPBIX MAIIMEHTOB PAa3BUBAECTCA U30BITOUHBIN

respiratory failure in the most severe cases of
COVID-19 [53].

There is evidence in the literature that immu-
nity is directly related to oxidative stress and antiox-
idant status of COVID-19 patients [54]. In immune
cells, the transition from inactive to «inflammatory»
(active) and then to «post-inflammatory» state is
accompanied by metabolic reprogramming, as it
occurs in sepsis [55]. Metabolic reprogramming as-
sures sufficient redox potential and sufficient en-
ergy in the cells to perform their new roles, includ-
ing entering the proliferation cell cycle, performing
oxidative burst or regulated apoptosis, pyroptosis,
but not necrosis [55]. Li et al. experimentally
demonstrated metabolic suppression of oxidative
phosphorylation and tricarboxylic acid cycle (Krebs
cycle) activity in many organs, which was associ-
ated with high neutrophil, low lymphocyte levels
and spleen atrophy. Heart rate in experimental an-
imals was significantly lower, and electron mi-
croscopy demonstrated abnormal myofibrils and
myocardial swelling similar to those found in pa-
tients with COVID-19 [56].

Mitochondria are well prone to metabolic re-
programming because they are the «gatekeepers»
of carbohydrate flux, as well as the main regulators
of the cellular NAD*/NADH metabolism [57]. Active
metabolism reduces mitochondrial NAD* while in-
hibited one associates with the relocation of pyru-
vate metabolism to the cytoplasm, where lactate
dehydrogenase reduces pyruvate by NADH oxida-
tion [58].

Antioxidant deficiency is the result of oxida-
tive stress and mitochondrial metabolic disorders
when excessive production of superoxide radical
(003), hydrogen peroxide (H,0,) and lack of cata-
lase, superoxide dismutase (SOD) and other antiox-
idants occur in with hypoxia and acidosis. Lack of
catalase and SOD in patients with COVID-19, espe-
cially elderly ones, was shown in many studies. In
the lungs, catalase and extracellular SOD are known
to be produced in high quantities by the alveolar
type II cells. In addition to its normal localization
in peroxisomes, catalase is also secreted into the ex-
tracellular space by alveolar macrophages [59] but
via a mechanism different from the classical secre-
tory pathway. A. Badawy et al. demonstrated that
elderly COVID-19 patients, who have a higher risk
of death from this disease, express much less SOD
in alveolar cells than younger patients, suggesting
an important role of SOD in protection against the
CS because of the age-related reduction of the an-
tioxidant defense system [43]. The O; and H,0, are
known to be produced as a result of electron leak-
age from donor redox centers of the mitochondrial
electron transfer chain and associated metabolic
enzymes causing one- or two-electron oxygen re-
duction. These antioxidant enzymes reduce the
concentration of toxic O; and H,0, in the extracel-
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BPOSKJ€HHBI UMMYHHBIA OTBeT, CBSI3AHHBIU C
I 1 ocTphIM pecnupaTOPHBIM JUCTPECC-CUH-
npomowm (OPJIC).

Yewm GoJTbIIIE 9KCIIPECCHS aYTOKOUIOB TIPU
II'T, TeM TssKesiee IPOTEeKAlOT HapyLeHUs 9Hepro-
obmeHa. HekoTophle M3 ayTOKOUOB U UX perel-
TOPOB, UI'PAIOT IpaMaTUYECKyIO POJIb B TAHATOTe-
Hese mipu COVID-19. OT wuX KOJUYECTBa,
AKTUBHOCTHU WX PEIENTOPOB M CTeNIeHU MMOBPEK-
JTAfoIIero AedCTBUS WX CUTHAJUHTOB, 3aBUCHUT
3P eKTUBHOCTH IPOBOJUMOU TEPATTUN U BHIXKU-
BaeMoCTb O0JIBLHBIX B 1iesioM [43]. ITpu COVID-19
IIPOMCXOIUT CBEPXIKCIIPECCUsI apUIIyLJIEBOAOPOI-
Horo penentopa (AhR) u ssmepuoro HAIT*-mmoTpe6-
JsIonero gpepmenTa moJm-(AJIP-pubdosa)-mosu-
Mepasa 1 (u3BectHOro Kak PARP 1), npuuem AhR
aktuBupyet oopaszoBanue PARP 1 6esrka. AKTHBa-
IIMSI TTOCJIEHETO BBI3hIBAET TMO€JIb KJIETOK M3-3a
¢depMeHTHOrO paspylleHus cupTyuHoB (HA*-
comepskamux 6esikoB, SIRT1,2 u T. O., IPU 9TOM,
koHreHTpanusa HAJl* B KjeTkax, Heob6xogumasi
JIJIsT OKMCJIeHUsI, U KoJmuecTBO AT®D, npenHasHa-
yeHHoe 1A ¢dochopmmpoBaHusi CyOCTpaTOB
aHa3pOOHOTO IMTUKOJIN3a, KPUTHYECKU CHUKAIOT-
st [44]. IMeHHO 3T0 06CTOSTEILCTBO UTPAET POJIb
B TaHaroresese COVID-19, BO3HUKaIOLIEro y Ty4-
HBIX JIIOJIeH, TAIMeHTOB, cTpaaatoimx CJI BToporo
THIIA U «BO3PACTHBIX» OOJBbHBIX. Y HHUX U 0e3
«KOBH/Ia» €CTh JIe(DEKT TPOMEKYTOYHOTO 0OMEHA,
C IIOBBIIIIEHHBIM YpoBHeM CD38 (Tak Ha3bIBaeMbIN
38 ryacrep quddepeHIMPOBKY, KOTOPHIN KaTa-
ausupyet perpaganuio HAl* unn HAID; 3ame-
™M, uro CD38 nHrnbupyercs ¢paaBoHOUIAMH U
HUKOTUHaMuJoM). A. Badawy et al. cunTaror akTu-
Bamuio PARP 1 «AnimueBoii Joporoii» B mocjienoBa-
TeJIbHOCTY NATOXUMUYECKUX KACKAA0B, TPUBOISI-
mux OoapHOoro k COVID-19 &k cwmepTH,
cJieToBaTeIbHO, CEeJIEKTUBHBIE MHTUOUTOPHI 9TOTO
Oesika (cpencTBa, MPUMeEHsIEMble B OHKOJIOTHU
oJlarrapmO, pykanapub u Ip) sIBJSIOTCS IePCHek-
TUBHBIMU IIpernaparamMu 1jid peaykuuu LT [44].
OpHako, Bcerna cjiefyeT IOMHUTD, YTO HUKOTHUHA-
MHJI — JIETKOJOCTYITHBIA WHTHOUTOp PARP-1.
«KokTeiyim» ¢ HHUKOTUHAMHUJIOM, OKa3bIBAIOT
BBIpa)keHHOe JieueOHoe nerictBue mpu COVID-19,
0CODOEHHO Y JIWII TTOKUII0TO Bodpacra [45]. Cpenn
OTe4YeCTBEHHBIX ITPeaparoB TaKoe JeUCTBHE OKa-
3BIBAIOT TAKWE HUKOTUHAMMU/I-COAepsKallue npe-
raparbl, Kak HuToQJIaBuH [46].

CHIKeHUe 9HEPTeTUIECKOTO 0OMeHa, 3MeHe-
HHE OKUCJ/IUTEbHO-BOCCTAHOBUTEJILHOI'O COCTOSI-
HUS, TIOPOYKIAaeT OKUCJINTETbHOE IOBPEKIeHNE 1
rubesb KJIeTOK [47, 48]. HekoTopble aBTOPHI IPe-
JaararoT paccMarpuBarh OC B KAUECTBE «KII0YEBOT0
urpoka» B maroreHesze COVID-19 [49, 50]. Kpome
TOr0, BOCIIAJIEHNE MOYKeT ycuanBars peaknuu OC.
OC yBesmunBaeT 06pa3oBaHMEe HEUTPOPUIHHBIX
BHEKJIETOUHBIX JIOBYIIIEK (ceTell) 1 ofaBJisieT aiar-
TUBHOE 3B€HO MMMYHHOH CHCTeMbl — T-KJIETKH,

lular fluid, preventing oxidative damage to extracel-
lular structures [60].

Thus, there is increasing evidence that the im-
mune system does not respond sufficiently to SARS
by inhibiting ROS synthesis, leading to oxidative
stress. Oxidative stress, in turn, is the main cause of
local or systemic tissue damage, which associates
with the severe COVID-19. Immune cells are re-
cruited to the damaged area, which leads to the «res-
piratory explosion» of leukocytes and, therefore, in-
creased production and accumulation of ROS [61].

Activated immune cells exhibit various altered
functions, such as proliferation, chemotaxis, and
cytokine production. The functional changes of im-
mune cells require continuous metabolic adapta-
tion to maintain ATP homeostasis for sufficient
host defense. Bioenergetic needs are usually met by
the interrelated metabolic pathways of glycolysis,
the Krebs cycle, and oxidative phosphorylation. But
other sources such as fatty acids and glutamine, in
addition to glucose, can also «participate» in the
Krebs cycle [62]. The key role of oxidative stress in
the pathogenesis of severe COVID-19 implies that
therapeutic counteracting ROS with antioxidants
can prevent its development [43]. The cascade of
events caused by the development of OS in SARS-
CoV-2 infection undoubtedly contributes to the
severity of the disease and needs further study.

The prospect of succinate
use in COVID-19

The main approach to COVID-19 treatment
should be preemptive, i.e., it should be adminis-
tered before the development of the full-fledged
life-threatening manifestations such as pneumo-
nia, ARDS, sepsis [2]. But as follows from the above
data, hypoxia always underlies life-threatening
conditions and, for several reasons, remains a long-
term companion of any critical condition including
severe COVID-19. Therefore, it is quite reasonable
to consider using succinate as a natural agent for
adaptation to hypoxia, and here, may the skeptics
forgive us, it is appropriate to consider several
Russian papers.

Severe viral upper respiratory tract diseases
cause changes in such homeostatic parameters as
blood flow and hemodynamic ones. This leads to
decreased tissue perfusion and development of
local hypoxia, antioxidant deficiency, oxidative
stress and acidosis, accumulation of lipid peroxida-
tion products, development of multiple organ fail-
ure, but with the underlying systemic hypoxia. Ox-
idative stress is defined as an imbalance between
pro-oxidant and antioxidant factors.

The term antioxidant refers to a compound
capable of preventing or retarding oxidation by act-
ing at a lower concentration than that of the pro-
tected substrate. Antioxidant intervention against
radical lipid peroxidation can involve a variety of
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OCYILECTBJIAONINE YHUUYTOKEHNE NH(MUIIUPOBAH-
HBIX BUPYCOM KJIETOK. JTO CO3/1aeT IIOPOYHBIN KPYT,
KOTOPBIN NPENATCTBYET CllelU(pPUIEeCKOMY UMMYH-
HOMy orBeTy nnpotuB SARS-CoV-2 [51].

Hetitpodunus, Kpome TOrOo, TreHepupyeT
n30bITOK ADK, KOTOPBIH yCyryd/IsieT UMMYHOIIATO-
JIOTUYECKUI OTBET X03sMHa, MPUBOIS K OoJiee
TSOREJIOMY TeueHHIo 3abosieBanus [52]. TToBpesk-
natoriee aerictere ADK ycyrybsisier moBpesraaro-
Ilee AeHCTBYE BUPYCa HA AJIbBEOJISIPHBIN aIIUTETUN
Y 9HJI0TeJIMAJIbHbIE KJICTKY [IPU IIPOKOATYJIALMOH-
HOM sHpoTesinTe [53]. [TatorerHas posbs AOK npo-
SABJISIETCSI HEe TOJIBKO B OTHOIIEHUU KJIETOYHBIX
CTPYKTYp JIETKUX, HO U B OTHOIIIEHNU MeMOpaHbI
9PUTPOLIUTOB U CTPYKTYPBI I'eMa, 4TO, 110 MHEHUIO
PAIOB aBTOPOB, yBeaanuuBaeT BKiIag APK B pa3su-
THE TUIIOKCUYECKON JbIXaTeJIbHOM HEeI0CTaTOYHO-
CTH, Pa3BUBAIOIIENCS ITPU HAaNOO0JTEE TSIKETTBIX CITy-
yasax COVID-19 [53].

B nuteparype umerTcs TaHHbIE O NIPAMOU
CBsI3U UIMMYHUTETA C OKACJIUTEIbHBIM CTPECCOM 1
AHTUOKCHUIAHTHBIM CTaTycoM nanueHToB ¢ COVID-
19 [54]. lejio B TOM, YTO B UMMYHHBIX KJIETKax
Tepexo/] U3 HEAKTUBHOI'O COCTOSTHUS B «BOCITAJIH -
TeJIbHOe» (AKTUBHOE), a 3aTeM B «IIOCTBOCHAJIN-
TeJbHOE» COIPOBOMKIAETCS MeTab0TUYECKUM
rnepenporpaMMHUpPOBaHUEM, KaK 9TO IIPOUCXOIUT
pu cericuce [55]. [lepenporpamMmMupoBaHue MeTa-
0onmM3Ma TrapaHTHUPYeT, YTO KJETKHA 00JIafaloT
JIOCTAaTOYHBIM OKHUCJUTEJbHO-BOCCTAHOBUTEJIIb-
HBIM TIOTEHITUAJIOM U IOCTAaTOYHON 9HEpPrUueu JJisi
BBIMIOJIHEHUSI CBOUX HOBBIX pOJieHd, BRJIOYas
BCTyIJIeHUE B KJIETOUHBIN ITUKJI /151 PAa3MHOKe-
HVS1, BBITIOJITHEHWE OKUCJIUTEJbHOTO B3PbIBA WJIN
BCTYILJIEHUE B PETYJIMPYEMBbIY allONTO3, MUPOIITO3,
HO He Hekpo3 [55]. Li et al. mpogeMoHCTpUpOBaIU
B VCJIOBHAX OKCIEpUMEHTa MeTabomyeckoe
MojiaBJeHNEe OKUCTUTEJILHOTO (pochopuIupoBa-
HUS U JesITeJIbHOCTHU ITUKJIa TPUKAPOOHOBBIX KHC-
JioT (k1 Kpebca) Bo MHOTHX OpraHax, 4To ObII0
conpsi>keHo ¢ HelTpoduaueit, mumdornenunein u
arpodueii cesiedaeHKU. YacToTa cep/ieYHbIX COKpa-
IIeHNH ¥ 9KCIIEPUMEHTATbHBIX )KUBOTHBIX OblLIa
3HAYUTEJbHO HU’KE, a 3JIEKTPOHHASA MHUKPOCKO-
U5 TTPOEMOHCTPUpPOBaia MUOPUOPUILIIIPHOE
paccTpoUCTBO U OTEK MUOKap/a, aHAJOTUYHbBIE
HaxonkKaM y nmanueHTos ¢ COVID-19 [56].

MUTOXOHAPHUM XOPOIIO MPEeIPaCION0KeHbI K
TepernporpaMMHUPOBAHIIO METAO0JIM3MA, TTOCKOJTh-
Ky OHH IBJISETCS «[IPUBPATHUKOM» [I0TOKA YIJI€BO-
JIOB, a TAaK)Ke OCHOBHBIM PETYJIATOPOM KJIETOUHOU
peakniuu NAD*/NADH [57]. Korma mMeTaboausm
AKTUBEH, OH YyMEHbIIaeT MUTOXOHIpUAIbHBIN
HAJT*, a kor/1a OH MHTUOMPYETCsi, OH IIepeHarpas-
JisieT MeTab0M3M MUpyBaTa B IUTOILIA3MY, IJe
JIaKTaTAeruJporeHasa yMeHbIIaeT KOJIMYECTBO
nupysara myreMm okucjaenusa HAIH [58].

AHTHOKCHIAHTHASA HEJOCTAaTOYHOCTh — 3TO

pe3ysibrar BOS,HEP'ICTBHH OKUCJIUTEJBHOI'O CTpecca

mechanisms. Chain-breaking antioxidants are
called primary antioxidants; they act by scavenging
radicals, converting them into more stable or non-
radical agents. Secondary antioxidants block singlet
oxygen, degrade peroxides, chelate pro-oxidant
metal ions, and inhibit oxidative enzymes. From
the reactivity point of view, four lines of defense
against radical lipid peroxidation are distinguished:
preventive antioxidants, radical scavengers, reduc-
ing antioxidants, and those affecting adaptive
mechanisms.

High antihypoxic and antioxidant activity of
succinate was best implemented in the Reamberin
solution (sodium N-methylglutamine salt of suc-
cinic acid and electrolytes in optimal concentra-
tions) and Cytoflavin combined preparation (suc-
cinic acid 300 mg, inosine 50 mg, nicotinamide 25 mg,
riboflavin mononucleotide 5 mg). In this case, tissue
hypoxia is corrected by succinate oxidation due to
increased succinate dehydrogenase activity and im-
proved penetration of exogenous succinate into cell
mitochondria [13]. Meglumine is included in both
drugs being an adjuvant and providing transmem-
brane mass transfer of their ingredients [63, 64].
Nicotinamide, according to recent data, maintains
NAD* and prevents ATP depletion, enhances NAD*
and, consequently, NADP* production, reverses lung
damage caused by ischemia/reperfusion, and in-
hibits proinflammatory cytokines [65].

Reamberin has a volemic, hepatoprotective
and diuretic effect, which improves microcircula-
tion in organs and tissues. Reamberin improves in-
flammation, which is suggested by reduction of
WBC count, normalization of WBC differential (re-
duced left shift, increased percentage of lympho-
cytes), fall in ESR and proinflammatory cytokine
levels in blood [66]. Reamberin promotes rapid res-
olution of metabolic acidosis in children [67]. The
authors note that, most likely, the positive clinical
effect of succinate solutions in diabetic ketoacido-
sis, including regression of ketoacidosis itself, is due
to normalized circulating blood volume, restored
physiological plasma electrolyte composition and
involvement of excess acetyl-CoA in intermediate
metabolic reactions [68, 69].

When studying the use of Reamberin for cor-
recting blood flow disorders in acute respiratory
viral infections, faster relief of clinical signs and
symptoms, and improved blood flow parameters
were recorded [66, 67]. When including Reamberin
in the fluid therapy regimen in 130 children aged 5
months to 12 years with severe influenza, a de-
crease in CRP level and hematological parameters
of intoxication was noted. This indicates a strong
detoxifying effect of the drug, which allows to rap-
idly control the clinical signs and symptoms and re-
duce the hospital stay [63, 67].

In addition, Reamberin was demonstrated to
prevent perioperative hypothermia resulting from
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U pacCTPOCTB MeTaboJu3Ma MUTOXOHAPUHN B
BUie 130bITOUHOH Tponykuy ADK cyrepokcu-
Horo pagukana (O3), nepekucu Bogopoja (H,0,) n
HeJ0CTaTOYHOI'0 IPUCYTCTBUASA aHTUOKCUIAHTOB B
JIMIe KaraJassl, cynepokcunaucmyassl (CO/) u
JIpyTux (epMeHTOB B YCJIOBUSX THUIIOKCHUU H,
KOHEYHO, alin103a. HeqocTarouHOCTh KaTaJjia3bl U
COJl y maruenToB ¢ COVID-19, 0co6€HHO TTOKU-
JIBIX, TOATBEP KIA€TCSI MHOTUMU UCCJIEJOBAHUSI-
mu. Kak 13BeCTHO, B JIETKMX KaTaJjia3a 1 BHeEKJIe-
Tou"Hag COJl CUHTE3HpYIOTCA Ha BBICOKHUX
YPOBHSX KaK pas B ajbBeOJIAPHBIX KJeTKax [l
Tuna. IloMMMO HOPMa/JbHOU TEPOKCHUCOMHOU
JIOKAJIN3aluH, KaTaaa3a CeKpeTupyeTcs BO BHe-
KJIETOYHOE ITPOCTPAHCTBO eIlle U A7TbBEOJIIPHBIMU
Makpodaramu [59], HO MPOUCXOAUT ITO MO Mexa-
HHU3MY, OTJINYHOMY OT KJIACCUYECKOI'0 CEKPeTopP-
Horo nyTtu. A. Badawy et al. 6p1710 TOKa3aHo, YTO
nosxkuiibie nanuedTol COVID-19, nMmeroiue 6oJiee
BBICOKHII PUCK CMEPTHU OT 3TOTO 3aboJjieBaHUs,
3KCIIpeccupyroT ropasno mensie CO/l u3 anbBeo-
JIIPHBIX KJIETOK, YeM O0Jiee MOJIO/IbIe TTAllueHTHI,
npenpnodsiarass BaskHyo poJb COJ/l B 3amure OT
LI, Tak KaKk 8JIeMEeHThI CUCTEMbI aHTUOKCUIAHT-
HOWU 3amuThl ocaabeBaioT ¢ Bo3pactoMm [43]. Kak
naBectHo, O; u H,0, o0pasyiorcs B pe3yabraTe
YTEYKHU 3JIEKTPOHOB U3 TOHOPHBIX OKUCJIUTEJIb-
HO-BOCCTAaHOBUTEJbHBIX IIEHTPOB MUTOXOHIPU-
QIBHOM IeMH TepeHO0Cca 3JIEKTPOHOB U CBSI3aHHBIX
¢ HUMU MeTaboTmYecKnX (hepPMEeHTOB, BHI3BIBAIO-
WX OLHO- WY IBYX-3JIEKTPOHHOE BOCCTAHOBJIE-
HUE KUCJ0PO/AA. YKa3aHHbIe AHTUOKCHUTAHTHbIE
¢dhepMeHTBI CHUYKAIOT KOHIIEHTPAITAI0 TOKCUYHBIX
0; u H,0, BO BHEKJIETOUYHBIX KUAKOCTAX, IMpel-
OTBpaIllasi OKUCJIUTEJIbHOE MOBpPEKIeHNEe BHE-
KJIETOYHBIX CTPYKTYD [60].

Takum 06pasoM, TOSIBJISIETCS BCe OOJIBITIE CBU-
JeTeIbCTB TOr0, YTO UIMMYHHAsA CUCTeMa HeloCTa-
TOYHO pearupyer Ha aTUIINYHYI0 THEBMOHUIO 3a
cueT nofasJsttoniero cuateda APK, npuBoasAIero
K OKHUC/IUTEJBHOMY cTpeccy. OKUCIUTETbHBIN
CTpecc, B CBOIO 0Uepe/ib, SIBJIsIETCS OCHOBHOM MPU-
YUHOU JIOKAJBHOTO UJTA CUCTEMHOTO TTOBPEKIEHHUS
TKaHel, KoOTopoe 1 IIPUBOAUT K TSXKEJIOMY TeUeHUI0
COVID-19. IMMyHHBIE KJIETKA PEKPYTUPYIOTCA B
MIOBPEsKIeHHBIN YUYaCTOK, YTO IPUBOJIUT K «JIbIXa-
TeJIbHOMY B3PBIBY» JIEHKOIIUTOB, & 3HAYUT, IIOBbI-
IIeHHOMY 00pa3oBaHuio 1 HakoruieHnio ADK [61].

AKTHBanysaA UMMYHHBIX KJIE€TOK IIPUBOOUT K
MIPUOOPETEHNIO HOBBIX (DYHKITWIA, TAKUX KAK IIPO-
Jmepartysi, XeMOTaKCHC U BLIpaOOTKa ITUTOKIHOB.
JTh  (yHKIMOHATbHBIE W3MEHEHUs TpeOyIoT
HENpPEepPLIBHON MeTa00oJIMYeCKON  amamnTaluu,
4TOOBI MO IeP>KUBAThL ToMeocTad AT® st qocra-
TOYHOUM 3aluThl X03sinHA. brUoaHepreTuyeckue
MTOTPeOHOCTY OOBIYHO YJOBJIETBOPSIIOTCS B3aUMO-
CBSI3aHHBIMU META00TMYECKUMH MTyTSIMHU TJIUKO-
Jm3a, nukIa Kpedca u okucinTesbHOT0 pochopu-
supoBanusi. Ho «murarb» mukJ Kpebca, moMumo

hypoxia, both in children and adults [64], which
confirms its active participation in oxidative metab-
olism. Succinate also exhibits a pronounced iron-
chelating effect and antioxidant activity [66, 68, 69].

Having these beneficial biological effects suc-
cinate can be effectively used as an adjuvant to
treat both pneumonia and multiple organ fail-
ure [70]. Clinical studies have shown that intensive
care regimens including Reamberin in patients
with generalized peritonitis were effective in com-
pensating the metabolic processes at the tissue
level [71]. In the main groups including 40 patients
who received Reamberin, a significant improve-
ment in general condition (reduced APACHE II
score) and blood clinical chemistry parameters
(P<0.05), dramatic reduction (more than 3-fold) in
ferritin level, increased transferrin capacity (by
32%), and normalization of ceruloplasmin (repre-
senting the labile antioxidant system) level were
recorded in the postoperative period on day 2 vs the
baseline [71]. At the same time, there was a signifi-
cant decrease in the total antioxidant activity (TAA)
in the blood (by 60%) and, as a consequence, a de-
crease in the malonic dialdehyde (by 2 times) and
lactate (by 3.8 times) level, which indicated a sig-
nificant decrease in free-radical oxidation and lipid
peroxidation activities. Interestingly, the positive
changes in acute phase protein, lactate and antiox-
idant defense enzymes levels correlated rather
strongly with the severity of hypoxia [71].

This correlation undoubtedly points to an in-
timate relationship between the redox processes
and metabolic tissue balance at the tissue level,
from one side, and the intensity of free-radical oxi-
dation and iron metabolism, which is essential for
energy-consuming biochemical processes occur-
ring in the Krebs cycle in critical illness and possibly
COVID-19, from the other side [70, 71]. The in-
crease in the total antioxidant activity in patients
receiving Reamberin is also associated with a de-
crease in ROS production, which is confirmed by
both Russian and international authors [72-79].

The use of succinate in diaphragmatic dys-
function which is important in critical illness (see
above) seems reasonable [36]. Here it is appropriate
to cite an interesting fact that back in 1924, Need-
ham D. M., while studying the content of succinic
acid in the pigeon pectoralis muscle tissue revealed
its increased release in anaerobic conditions and
similar rise after adding glutamate and asparagi-
nate to the homogenized muscle specimen [80].
Needham D. M. did not identify any precursors of
succinate, but it was very likely that its production
occurred with the participation of fumaric and
malic acids. At the same time, the author reported
cessation of malonate and fumarate oxidation 1-2
hours after the death of the animal, while the pro-
duction of succinate continued vigorously for many

hours. Studies by Needham D. M. discovered an-
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TJTIOKO3bI, CIOCOOHBI TaK)Ke APYyTrHe WCTOYHUKHY,
TaKyWe KaK >KUPHbIe KUCJIOTHI U IVIIOTaMUH [62].
KitroueBast poJsib OKUCJIUTEBHOTO CTPecca B aTo-
reHese TsKeJI0M popmbl COVID-19 noapasymena-
€T, YTO TepalleBTUYeCKOoe ypaBHOBelnBanue APK
AHTUOKCUAAHTAMU MOYKET IPEJOTBPATUTH €€ Pas-
ButHe [43]. Kackam cOOBITHHA, BLI3BAaHHBIX Pa3BU-
treMm OC npu nndekmu SARS-CoV-2, HecoMHeH-
HO, BHOCUT CBOI BKJIaJ B TSYKECTh 3a00J1eBaHUs 1
HY>KJaeTCsI B JajbHeNIIIeM N3yYeHN .

IlepcnekTHBa UCIIOJIL30BAHUSA
cykuuHaTos npu COVID-19

OcHOBHBIM TTOAX0OM K Tepanuu COVID-19
JIOJPKHO OBITH YIIpesKRalolee JedeHrne — 10 pas-
BUTHUSA IIOJIHOTO CUMIITOMOKOMILJIEKCA YKU3HEeYT-
POKAIOIIUX COCTOSTHUY, @ UMEHHO TTHEBMOHUH,
OPJIC, cenicuca [2]. Ho, kak ciaenyeT ua BbIIIIe IIPU-
BeJCHHBIX JJAHHBIX, B OCHOBE YKM3HEYIPOKAIOIINX
COCTOSTHUH BCETJA JIESKUT TUIIOKCHUS, KOTOpasi 110
pAAY IPUYMH ABJIAETCA NJIATEJbHBIM CITyTHUKOM
JIIOOOTO KPUTHUYECKOTO COCTOSIHUSI, W TSPKeJIble
¢dopmbl Teuenusi COVID-19 He ABJISIOTCS UCKJIIO-
yeHueM. [loaToMy BIIOJIHE pa3yMHO pacCMOTpeHue
TAaKTUKU UCIIOJb30BAHUS CYKIIMHATOB, KAK IIPU-
POILHOTIO IPOAYKTA [JI afalTalluy K TUIIOKCUY, 1
3[1eCh, 1a IPOCTAT HAC CKENITUKH, YMECTHO pac-
CMOTpEHUE Psijia OTeUeCTBEHHBIX MTyOIUKAIIH.

[Ipu Ts5K€10M BUPYCHOM IIOpasKeHUU Bepx-
HUX JIbIXaTeJIbHBIX IyTell (pOpMUPYIOTCA U3MeHe-
HUS psijia TIOKa3aresjiell roMeocTasa, B TOM YHCJIe
reMOpeoJIOTUYECKUX U TeMOJIMHAMUYECKUX. JTO
NIPUBOAUT K CHUSKEHUIO Nepdy3un TKaHel U pas-
BUTUIO JIOKAJIbHON TUIIOKCUHU, aHTHUOKCUTAaHTHOM
HegocraroyHocTd, OC u anuao3y, HaKOILJIEHUIO
IIPONYKTOB MEPEKUCHOIO0 OKHUCJICHUs JIUIUNOB,
Pas3BUTHIO TTOJTUOPTAaHHON HEIOCTAaTOYHOCTH, HO
y»ke Ha poHe cucteMHOU runiokcud. [long OC nonu-
MaeTcsi OTCYTCTBUE OajlaHCa MesK Ty TPOOKCHIAHT-
HBIMU U QHTUOKCUJAHTHBIMU (haKTOPAMHU.

TepMWH aHTUOKCUIAHT OTHOCUTCSA K COEUHE-
HUIO, KOTOPO€ CHOCOOHO IPENsITCTBOBATH WJIU
3aMeJIJIATh OKUCJIEHHE, TEUCTBYS B 60Jiee HU3KOHI
KOHIIEHTpPAIIUM 110 CPaBHEHUIO C KOHIIeHTpaIen
3aIUIIEHHOTO CyOCcTpara. AHTHOKCUAHTHOE BMe-
11aTeJIbCTBO MIPOTUB PAAUKAIBHOTO NEPEKUCHOTO
OKUCJIEHUSI JTUITAIOB MOJKET BKJIIOYATh B ce0sI pas-
JIMYHbIE MEXaHW3Mbl. AHTHUOKCHUIAHTHI, paspy-
[IA0IKe [eM, Ha3bIBAIOTCS MEPBUYHBIMU AHTH-
OKCHAAHTAMHU, OHU JeWCTBYIOT ITyTeM ITOIJIOIEHUS
paguKasoB, IpeBpalas ux B 60siee CTabMIbLHbIE
WJIN HepaJuKaJbHble areHThl. BropuyHble aHTH-
OKCUJIQHTBI TaCAT CUHIVIETHBIN KUCJIOPOJ, padJa-
raroT IIEPOKCHUABI, XeJIaTUPYIOT IPOOKCUIAHTHBIE
WOHBI METAJJIOB, MHTUOUPYIOT OKUCJIUTETbHBIE
¢depmenThI. C TO3UITUN PEAKTUBHOCTH Pa3/INYaloT
4eThIpe JIMHUU 3alUTHI OT paIUKaJIbLHOIO Hepe-
KHCHOTO OKWCJEHUs JIMIUIIOB: NMPEBEHTHUBHbIE

other interesting detail. Asparagic and glutamic
acids added to muscle homogenate under anaero-
bic conditions were found to increase the content
of succinic, fumaric and malic acids in the tissue.
Moreover, all the above-mentioned amino acids
were formed from the mixture of two amino acids,
and only succinic acid was synthesized from glu-
tamic acid [80, 81]. This fact can be successfully
used to substantiate the feasibility of endogenous
succinate production under hypoxia in respiratory
muscle fatigue [81].

According to A. Reddy et al., in response to
skeletal muscle contraction during exercise,
paracrine factors coordinate through succinate the
tissue remodeling that underlies this physiological
adaptation [82]. When secreted, succinate signals
through its cognate receptor SUCNRI in non-my-
ofibrillar muscle cells to control transcriptional
muscle remodeling programs. This succinate-
SUCNRI signaling is essential for the paracrine reg-
ulation of muscle innervation, muscle matrix re-
modeling, and muscle strength in response to
exercise [83]. Thus, succinic acid may play an im-
portant role in the autocrine regulation of skeletal
muscle metabolism, and improve their adaptability
to the ischemic/hypoxic environment. These data
indicate the potential benefit of succinate-based
compounds in both athletic and sedentary popu-
lations, the latter including COVID-19 patients with
long-term limitation of physical activity and, even
more so, on noninvasive or invasive ventilation.

When prescribing Reamberin to COVID-19
patients, it should remember that they all receive
multicomponent treatment. Reamberin, by alka-
lizing the urine, can alter the reabsorption of drugs
in the renal tubules. The diuretic effect of Ream-
berin does not depend on its peak concentration
and is most prominent 6-12 h after the beginning
of its infusion [78].

Reamberin is a glycolytic drug that acts as a
kind of «pharmacological prosthesis» in the mito-
chondria. By triggering partial reactions of the
Krebs cycle, it can «retract» glucose into this bio-
transformation and reduce its plasma level (espe-
cially in a rapid infusion of 40 ml/min and more).
This reduction is effective within 48-72 hours from
the start of infusion. Reamberin improves blood
oxygen transport, causing a leftward shift of oxyhe-
moglobin dissociation curve and increases O, up-
take by tissues [78].

Conclusion

The main challenge for intensive care physi-
cian treating a critically ill patient is prevention or
prompt elimination of hypoxemia and hypoxia
manifestations. The main ways to correct hypox-
emia and eliminate hypoxia are respiratory support
(oxygen therapy, mechanical lung ventilation), fluid
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AHTUOKCHUJAHTHI, PAIUKAIbHbIE TOVIOTUTEJIH, BOC-
CTAaHOBUTEJbHbIE AaHTUOKCUIAAHTHI U Te, KOTOPbIe
OCHOBBIBAIOTCS HA QAN TallMOHHBIX MEXaHU3MaX.

BrIcokast aHTUTUIIOKCUYECKAs 1 aHTUOKCH-
JAaHTHAA aKTUBHOCTH CYKIIMHATOB HalllJla peain3a-
110 B TH(Y3NOHHOH cpejie «PeambeprH» (HaTpwid
N-MeTUITIOTAMHUHOBAS COJIb IHTAPHON KUCJIOTHI U
3JIEKTPOJIUTHI B ONTUMAJIbHBIX KOHIIEHTPAIUAX) 1
KOMOMHUpPOBAaHHOM TIpenapare «[{uTodiaBun»
(arTapHas krcsiora 300 MT, THO3WH (pPUOOKCHH) 50 MT,
HUKOTHHAMUJ, 25 MT, prubodiaBuHa MOHOHYKJIEO-
TUJ 5 MI). B JaHHOM Cily4ae KOpPEKTOPOM T'UIIO-
KCUM TKaHeH sIBJIsIeTCsl CYKIMHATOKCUIa3HOe
OKHCJIEHHE, KOTOPOEe JOCTUTAETCSA [IyTeM [OBbIIIe-
HH aKTUBHOCTH CYKLIIMHATIETIPOreHasbl U yIyd-
LIeHVEeM IIPOHUKHOBEHU A 9K30T€HHOIO CyKIIHATa
B MUTOXOHApUU KJIeTKU [13]. MermyMuH BXOOUT B
cocTaB 000UX MPernaparoB U sIBJISIETCsSI BCIIOMOTa-
TeJIbHBIM BeIeCTBOM, o0ecreynBass TPAHCMEM-
OpaHHbBII MacCOTIEPEHOC UX MHTPEINEHTOB [63, 64].
B oTHOIIEHNM HUKOTMHAMKIA CjefyeT OTMETUTD,
4TO IO MOCJIeJHUM JaHHBIM OH coxpaHseT NAD* u
npeporBpauaet ucromenue AT®, ycuiusaer CUH-
Te3 NAD* u, ciaenoBaresbHo, NADP+, obparaer
BCITATh MOBPEsKIEHNE JIETKUX, BBI3BAHHOE UIIIEMU-
eti/pernepdysueii, THTUOUPYeT TPOBOCIAJIATEITh-
HbIE IMTOKWUHBI [65].

Peam0OepuH 06J1a1aeT BOJIEMUYECKUM, TeIaTo-
IIPOTEKTOPHBIM U AUYpeTUYeCcKUM 3(ppeKToM, 4TO
CIIOCOOCTBYET YIYYIIEHUI0 MUKPOIUPKY/ISIAN B
opraHax W TKaHsX. [Ipu BBemeHUU peaMbOepuHa
Ha0JII0IaeTCA IOI0KUTEIbHAS JUHAMUKA TeYeHU
BOCHAJICHMs], OTPasKeHNEM Yero CJIysKaT: CHUYKeHUe
JIEWKOIMTO3a, HOpMaJIM3alis JIeUKOIUTAPHON
¢ opMysIbI (CHUYKEHHEM BBIPAsKEHHOCTH pereHepa-
TOPHOTO SIJIEPHOTO C/IBUTAa HEUTPO(dUIIOB, HapacTa-
HHUE TPOIEHTHOTO coaepsKaHusi JUMQOIIUTOB),
cHmkeHue CO3 U1 ypoBHeH MPOBOCHATUTEIBHBIX
IIUTOKWHOB B KPOBU [66]. PeambGepuH cioco6CTBYET
OBICTPOMY KYITMPOBAHUIO MeTabOIMYECKOTO aIlu-
J103a y neTell [67]. ABTOpPBI OTMeUaloT, UYTO, Bepo-
ATHEE BCEro, IOJOKHUTEJbHBIA KIMHAYECKUNA
a(pderT pacTBOpOB CyKIMHATa NpU AuadeTHde-
CKOM KeTOalua03e, BKJIIOYAs perpecc caMoro
KeToarna03a, 00yCcJIOBJIEH HOpMaIu3alyein oone-
Ma [UPKYJIUPYIOIIel KPOBU, BOCCTAHOBJIEHHEM
(pU3NOJIOTUYECKOTO JJIEKTPOJUTHOTO COCTaBa
IJIa3Mbl ¥ BOBJICYCHUEM B PEaKIIMU IIPOMEKYTOY-
HOTo 0OMeHa u30bITKa areTu/a-KoA [68, 69].

[Tpu n3yuennu appeKTUBHOCTH peaMOeprHa
JIJIs1 KOPPEKIMU TeMOPEe0IOTNYeCKUX HapylIeHn i
IIPU OCTPBIX PeCHUpPaTOPHBIX BUPYCHBIX NH(PEK-
IIUSIX OBLJIO YCTAHOBJIEHO CTAaTUCTUYECKY 3HAYMMO
0osee OBICTpOE KyNMMpPOBaHWE KJIMHUYECKHUX
CUMIITOMOB 00JIE3HU Y TIO3UTUBHOE BJIVSTHHE TIPe-
rapara Ha IOKa3aTeJIu PeoJIOTUYeCKUX CBOMCTB
KpoBU [66, 67]. [Ipu BKJIIOUYeHUN peambOepuHa B
nporpaMmy UHQy3noOHHOHN Tepanuu 130 neteii B
BO3pacTe OT 5 MecsI1eB A0 12 JIET C TAKebIM Teue-

therapy, catecholamine support and blood transfu-
sion as indicated. All these intensive care ap-
proaches should be used as an integral part of a
comprehensive treatment strategy because other-
wise, its effect will be minimal or nonexistent. This
is due to the fact that sufficient exogenous oxygen
supply does not translate into its adequate trans-
port at the body level and efficient consumption at
the tissue and cell levels. This is illustrated by a
widely known saying of Sir Robert Mackintosh, one
of the founders of modern anesthesiology: «There
is plenty of oxygen in God's good air provided one has
the means of transferring it to the patient's
lungs» [84]. Thus, the main challenge in the treatment
of any critical illness including severe COVID-19 is to
ensure not only adequate supply, but also transport
of oxygen to the cells, as well as to maintain optimal
conditions for its utilization, where the succinate-
containing drugs, used as a part of a comprehen-
sive treatment strategy can play a fundamental role.

HYEM I'PUIIA OTMEYEeHO CHIKeHne yposHs CPb u
reMaToJIOTUYEeCKUX MOKa3areJjiell MHTOKCUKAIINH.
ITO CBUIETEJIbCTBYET O BBIPAKEHHOM JETOKCHAKA-
IIMOHHOM JIeICTBUM Mpenapara, 4YTo MO3BOJISEeT
OBICTPO KYNMHUPOBATh KJIWMHUYECKHE CHUMIITOMBI
3a00JIeBaHUS U COKpPAIIIAET MPOIOLKATETHHOCTD
CTallMOHAPHOI0 JeyeHus (63, 67].

KpomMme Toro, 6bLJI0 IMPOIEMOHCTPUPOBAHO,
4T0 «PeamOepuH» TTI03BOJISIET PEIOTBPATUTD Pas-
BUTHE IEPUOTIEPAITMOHHON TUTIOTEPMUM, SIBJISIIO-
MIENCS CJENCTBUEM TUIIOKCUU, MPUYEM KakK y
JleTel, TaKk M Y B3POCJIBIX [64], UTO IONTBEP KIAET
€ro aKTUBHOE yYaCTHeE B OKUCJIUTETHFHOM MeTabo-
Jgu3amMme. CyKIMHAT [IPOSABJIAET TAaKKe BIPAyKEHHOe
sKeJIe30-XeJIaTupyolllee neiicTBUe U aHTUOKCHU-
JIQHTHYIO aKTUBHOCTS (66, 68, 69].

Ob6Jamast TakUM TepevyHeM OMOJIOTHIECKUX
a(pperToB, CyKIIMHATHI MOTYT OBITH 3 (HEKTUBHO
HUCHOJIb30BAaHBI KaK BCIIOMOTAaTeJIbHOE CPEICTBO
MIpH JIeYeHUH He TOJbKO THEBMOHUM, HO U Mally-
€HTOB C pa3BUTHUEM ITOJTMOPTaHHON HEI0CTATOY-
"Hoctu [70]. KnuHu4yeckue nuccjieqoBaHus IToKa3a-
JI, YTO TPOBeJleHNEe WHTEHCUBHOU Tepanuu C
HUCIIOTb30BaHNEM peaMbepWHa y TAIUEHTOB,
HampuMep, C Pa3JINThIM HEPUTOHUTOM ITO3BOJINJIO
CYIIIECTBEHHO KOMIIEHCUPOBATh MeTa00IUYECKIIEe
MpoIlecChl Ha YpOBHe TKaHel [71]. B ocHOBHBIX
rpynnax (rge y 40 mamueHTOB HMCHOJIb30BaId
peambepuH) B ITOCIEOIIEPANITIOHHOM ITEPUOE KO
2-M CYTKaM I10 CPAaBHEHUIO C UCXOHBIMU JAHHBI-
MU YTAaTUCTUYECKU 3HAYUMO (p<0,05) yiIy4Iansoch
oO111ee cocTossHNE (CHUKAIMCH 0aJI/IbI IO IIKaJjIe
APACHE II), a B 0MOXUMHUYECKOM aHA/IM3€e KPOBU
0TMEYaJIoCh aKTUBHOE CHUKEeHNE KOHI[eHTpalluu
deppuruna (6osiee uem B 3 pasa), yBeJIUUeHUE
TpaHcheppUHOBO eMKOCTH (Ha 32%) M HOpMaJIu-
damua (p<0,05) ypoBHA IepyloIjia3MUHA —
OeJika, COCTaBJIAIONIETO JAOUIbHYI0 aHTHOKCH-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 3



https://doi.org/10.15360/1813-9779-2021-3-78-98

O630pHI
||

JaHTHYIO cucreMy opranusma [71]. IIpu stom
PEerucTpupoBagoCh CTATACTUYECKU IHAYUMOE
yMeHbIIIeHe 0011ell aHTUOKCUIAHTHOU aKTUBHO-
ctu (OAA) B kpoBHU (Ha 60%) U, Kak CJIeICTBUE,
CHU’KeHHME KOHIIeHTpallui MaJIOHOBOTO AuaJble-
ruja (B 2 pasa) u jjakrara (B 3,8 pasa), UTO yKa3bl-
BaJI0O Ha CTAaTUCTHUYECKU 3HAUYMMOE CHUKEHUE
HaMpsIKEHHOCTH B peaKIUsAX CBOOOIHO-paiu-
KaJIbHOTO OKUCJIEHUS U IEPEKUCHOTO OKMCJIEHUS
aunuaoB. Heo0XoouMo OTMETUTh, YTO IIOJIOMKH-
TeJbHAas JUHAMUKA CO CTOPOHBI OEJTKOB OCTPOH
¢assl, JrakTara U pepMeHTOB aHTUOKCUTAHTHON
3allUThI JOBOJBHO BBICOKO KOppeaupoBasa co
CTENeHbIO BBIPAYKEHHOCTU TUIIOKCUH [71].

[TokasaTes i KOpPPEJSAIMOHHON 3aBUCHUMO-
ctu, 6€3 COMHEHUsI, YKa3bIBAIOT Ha (PAKT TECHOU
CBSI3U OKMCJIUTEIbHO-BOCCTAHOBHUTEJILHBIX ITPO-
IIECCOB U MeTab0JIMYeCKOTO OJIarONoJy4drsi Ha
YPOBHE TKaHEW C MHTEHCUBHOCTHIO CBOOOITHO-
pPaguKaJIbHOTO OKUCJIEHUSI 1 00OMEHOM SKeJie3a,
UTrpalollero Ba)KHYIO POJIb B 9HEPTOeMKUX OMOXH-
MHUYECKUX IPOoIleccax, MPOUCXOISANINX B IUKJIIE
Kpebca mpu KpuTU4eCcKuxX COCTOSIHUAX (70, 71], U,
B03MO3kHO, Tpu COVID-19. Poct nokasaresiss OAA
Ha OoHe Tepanuu peaMOEePUHOM TaK Ke OBILTT CBSI-
3aH c yMeHbIleHneM cuHTe3da ADPK, uro moareep-
SKIAeTCsI U B 3apyOesKHbIX, U B OTeUeCTBEHHBIX
nyoauKanusax [72-79].

[IpencraBisieTcsi Takyke 000CHOBAHHOM Tep-
CIIeKTUBA 9P (PeKTUBHOTO NPUMEHEHUs CYKIINHA-
Ta npu quadparMajbHON OUCHYHKIUH, O POJIU
KOTOpPO¥ B Pa3BUTUM KPUTHUYECKUX COCTOSTHUU
YIIOMUHAJIOCH BhIlIE [36]. 3gech yMeCTHO IIpuBe-
CTU MHTepeCcHbIH (pakT, uto elrte B 1924 rony Need-
ham D. M., usy4as cogepskanue ssHTapHOU KUCJIO-
Tbl B TOMOTeHaTe MBbIIIeYHON TKaHU I'PygHOU
MBIIIIIBI TOJTYOs1, BBISBHUJIA YBEJHMYEHHE BbIXO/AA
STHTAPHOU KHUCJIOTHI B aHA9POOHBIX YCIOBUSAX U
aHAJIOTUYHOE YBeJNUeHre CyKIIMHaTa [P 100aB-
JIEHUU K TOMOTeHaTy NIIOTAaMUHOBOM U acraparu-
HoBoM KucJjoT [80]. Needham D. M. coobi11aJia, 4To
0 TIpUPOJIE TTPEIIIIECTBEHHUKA SHTAPHOU KUCJIOThI
JIAaHHBIX HET, HO OY€Hb BEPOSITHO, YTO CUHTES KHC-
JIOTBI IIPOUCXONUT NPHU y4acTuu (pymMapoBoil u
s10/109HOM KUCJIOT. OJTHAKO 3]IECH SKE aBTOP JIEJIUT-
cs1 HaOJIIOJeHWEeM, UYTO OKHUCJIeHHe s0JIOYHOU U
¢yMapoBoii KUCJIOT IpeKpaliaercs yepes 1-2 yaca
MocJjie CMEePTU SKUBOTHOTO, & CUHTE3 STHTAPHOU
KHUCJIOTHI TIPOJIOJIPKAETCSI SHEPTUYHO B TEeUYEHUE
MHorux 4acos. MccaegoBanuss Needham D. M.
BBISICHUJIH ellle OTHYy UHTEPECHYIO AeTallb. OKa3bl-
BaeTcsl, acllaparuHoBasi ¥ IIOTAMUHOBAsT KMCJIO-
Tbl, JOOABJIEHHBIE K TOMOT'€HaTy MBIIIII] B aHA3P006-
HBIX YCJOBHUSX, IMPUBOOAT K YBEJUYEHUIO
COZlepsKaHUs B TKAHU SHTApHOU, ymMapoBOil u
s10JIOYHBIX KUCJIOT. [IprueM 13 cMecu IByX aMUHO-
KUCJIOT 00Pa30BBIBA/IMCH BCE BHIIIIEO3HAYEHHBIE,
a M3 IIIOTAaMHUHOBOW KUCJIOThI CHHTE3UPOBaIach
TOJILKO AHTapHass kucjora [80, 81]. ITo oueHb

WHTepEeCHBIN (haKT, KOTOPBIN CErofHs C yCIeXoM
MOKET MCII0JIb30BaThCs JJIs1 000CHOBAHUS BO3-
MOSKHOCTH 9HJOI€HHOI'O0 CHMHTe3a CyKI[MHara B
YCJIOBUSIX THUIIOKCUU IPU PA3BUTHUHU yCTATOCTHU
MBIIIIII, y4aCTBYIOIIMX B MEXaHU3Me IbIXxaHus [81].

[To muenuio A. Reddy et al., B oTBeT Ha cokpa-
IlIeHHe CKeJEeTHBIX MBIIIII BO BpEMsI TPEeHUPOBKU
MapakpuHHBIE (PAKTOPHI KOOPIUHUPYIOT C IIOMO-
IO CYKIIMHATA PEMOJETUPOBAHNE TKAHEH, KOTO-
po€e JIeSKUT B OCHOBE 3TOH (QU3UOJIOTHIECKON
amanrauuu [82]. ITpu cekpenuu CyKIIMHaAT CUTHA-
JIM3UpPYyeT Yepe3 CBOUM POACTBEHHBIN pelentop
SUCNR1 B HeMuopuOpPUIIAPHBIX KJETKax
MBIIIIEYHONW TKaHW, 4YTOOBI KOHTPOJIHUPOBATH
TPaHCKPUMITNOHHBIE ITPOTPaMMbI PEMOJIETITPOBA-
HUs MBI, JTa CUTHAJU3AIWs CYKIMHaTa-
SUCNRI1 HeoOxoquMa A1 TapakpUHHOHN peryJis-
LMY MBIIIIEYHON NHHEePBAIUU, PeMOJIeJINPOBAHUs
MBIIIIEYHOT'0 MaTPUKCA U MBIIMIEYHON CHUJIBI B
OTBET Ha (pusnveckue ynpakHenus [83]. Takum
00pa3oM, stHTapHast KMCJI0Ta MOKET He TOJIBKO
WUTPaTh BAYKHYIO POJIb B ayTOKPUHHOU PETYIISINN
MeTaboJIM3Ma CKeJIETHBIX MBIIIIII, HO M YJIy4IIIaTh
WX CIIOCOOHOCTH aJanTUPOBATHCS K HIEMHUYE-
CKOI/TUTIOKCUYECKOH cpefie. ITU JaHHbIe CBUe-
TEeJbCTBYIOT O MOTEHITNATbHON M0JIb3€e COeInHe-
HUH Ha OCHOBE CYKIIMHATA, KaK B CIIOPTUBHLIX, TAK
U B MAaJIONOABUYKHBIX TOMYJIANUAX, KOUMU
ABJAAITCA nanueHThl ¢ COVID-19, gauTesibHO
HaXOIAIIUECsI B YCJOBUSX TUIIOKUHE3UN U, TEM
boJiee, B YCJIOBUSIX HEUBA3UBHOW MJIM UHBA3UB-
HOU MUCKYCCTBEHHOUN BEHTUJIAIUN JIETKUX.

IIpu HasHayeHUM peamOepuHa OOJHHBIM
COVID-19 cnenyeT HOMHUTB, YTO BCE OHU IOJIY-
YaIOT MHOTOKOMIIOHEHTHYIO Tepanuio. Peamepus,
oIeJIaunBasi MO4y, MOYKET U3MeHSTh peadbcopb-
LIUIO IIpernaparoB B KaHAJIbIIax ouek. [fuypetuye-
ckuii a(ppexT peambeprHa He 3aBUCUT OT €r0 MaK-
CUMaJIFHOM KOHIIEHTPAIUN 1 HanboJiee BhIpaskeH
Jepes 6-12 4 oT HayaJsa ero BBeeHus [78].

CrnemyeT IOMHUTB, YTO peaMOeprH — Ipena-
paT IJIUKOJUTUYECKOTO NeiCTBUsI, BBIIOJIHSIO-
I cBoeoOpasHoe «(hapMaKoJIOTUIeCKOe IIPoTe-
3UpOBaHVE» B  MUTOXOHIPUAX. 3amnyckas
nmapruaabHble peaknuu nukiaa Kpebca, oH MoskeT
«yTATUBATBH» B 9Ty OMOTPAHC(HOPMAIUIO TITIOKO3Y
U BBI3BIBATh CHU’KEHUE €ee YPOBHS B IlJIasMe
KpOBU (0COOEHHO Mpu OBICTPOM BBeIEeHUH, O0JIee
40 my1/MuH). IHTepBaJs «CHUYKEHUsI» COCTABJIAET
48-72 4 oT HauyaJ/a BBejieHUs peambepuHa. Peam-
OepuH WIyYIIaeT KUCJIOPOTHO-TPAHCIIOPTHYIO
(pyHKIHIO KPOBH, BBI3bIBasi CABUT KPUBOM TUCCO-
[MAINM OKCUTEMOTJIOOMHA BJIEBO W ITOBBIIIAET
rorpebsienue O, TkaHAMY [78].

3arJaoueHnue

OcHOBHOM sanaqef/’l Bpada aHecTe3noJiora-
peaHrnMaroJiora, OKa3bIBaloIlero IIOMOIIb Imamu-
€HTY B KPUTHYECKOM COCTOAHUU, ABJAECTCA
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MpeoTBpalleHre U MaKCUMaJIbHO OBICTPOE
yCTpaHeHWe MPOsIBJIeHUI TMIIOKCEMUM U THIIO-
kcuu. OCHOBHBIMH METOJaMU KOPPEKIUH
TUTIOKCEMUHN U YCTPAaHEHUSI THIIOKCUY SABJISIOTCS
pecnupaTopHasi NoIIepsKKa (OKCUTeHOTeparus,
MCKYCCTBEHHAsI BEHTHUJIANUA JIETKUX), MHPY-
3WOHHAs Tepanus, KaTex0JaMUHOBasI MTOAAEPIK-
Ka ¥ reMmorpadcdysus Mo MokasdaHusM. [Ipu
9TOM CJeyeT MOMHHUTH, YTO BCe yKa3aHHbIE
CTpaTeruy THTEHCUBHON Tepanuy JOIPKHBI ITPH-
MEHSTHCSA KOMILJIEKCHO, TOCKOJIBKY B IIPOTHUB-
HOM ciry4ae apeKT Tepanuu OyaeT MUHUMAJb-
HBIM WJIU BOOOIIEe He OyIgeT IOCTUTHYT. ITO
CBsI3aHO C T€M, YTO TOCTATOYHOE MOCTYIIJIeHE
KHCJIOpO/ia M3BHE ellle OTHIOAb He 03HAYAET ero
aJIeKBaTHOTO TPAHCIIOPTA HA CHCTEMHOM YPOBHE
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Y aJIeKBATHOTO MTOTPebOIeHNs HAa YPOBHE TKaHEeH
U KJIETOK. ITO UJJIIOCTPUPYeT IIMPOKO U3BECT-
HO€e U3pevyeHre OJJHOTO U3 OCHOBOIIOJIOKHUKOB
COBpeMeHHOIT aHecTe3uoJiornu Pobepra MakuH-
Tomra: «B mo6pom BoykbeM BO3/IyXe IOCTaTOYHO
KM CJI0pOJa: HaJlo TOJIBKO CyMeTh JJOBECTH ero 10
6osibHOTO» [84]. TakuM 00pa3oM, IIaBHAsI 3agava
Tepanuu JIO60T0 KPUTUIECKOTO COCTOSHUSA U
TsskebIX popm COVID-19 — aTo obecrnevueHue
He TOJIBKO aJeKBAaTHOIO IIOCTYIJIEHWs, HO U
TpaHCIIOpTa KUCJ0POJa K KJIeTKaMm, a TaKKe
NnojiepsKaHue ONTUMAJIbHBIX YCJAOBUN AJISL €T0
yTUAU3alyuy, The IPUHIUINAJIBHO Ba)KHYIO
poOJIb MOTYT UIpaTh Ipernaparsl, comepsrKaliue
CYKIMHAT, MCIIOJb3yeMble B CTPYKType KOM-
MJIEKCHOU Teparuu.
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ERRATUM
Ob6mas peanumaroJiorusi. 2021; 17 (2): 37-44.

Erratum 3asiBjieH uynraresieMm. YnuraTesb yKa-
3aJ1 Ha OMeYaTKy nHaekca adpdumanum Ha c. 37.

HcnpaBienne K crarbe: «XapaKTepUCTUKA
00111enaTOIOTUYECKUX TPOIECCOB B JIETKUX TIPHU
oTpaBsieHnu Oaksgopenom» DOI: 10.15360/1813-
9779-2021-2-37-44.

Bropotii o cuery aBrop, /1. B. CyamykoB, umeer
nHeKkc addumanmm [Ha pycck.] = 1.
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ERRATUM

Obshchaya Reanimatologiya = General Reanima-
tology. 2021; 17 (2): 37-44

Erratum was claimed by a reader. The reader
pointed out a misprint in the affiliation index on p. 37.

Correction to the article: «Lung Histopathology
in Baclofen Intoxication» DOI:10.15360/1813-9779-
2021-2-37-44.

The affiliation index [In Russ.] for the second
author, /1. B. Cyamykos, is 1.
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