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00630p. Cencuc sBIAETCS NPOSABICHUEM MMMYHHOW W BOCIAIATEIIBHOW PEAKIUU
Ha WH(QEKIUI0, KOTOpas MOXET NPHUBECTH K MOJUOPraHHOW HEIOCTATOYHOCTH.
JocTkenust B 00J1aCTH 3ipaBOOXPAHEHUS YIYUIIHIM UCXObl P KPUTUUECKHUX
COCTOSIHUAX, HO OH IO-IPEKHEMY OCTA€TCSI OCHOBHOW IIPUYMHOW CMEpTH.
Cenrtruueckasl KapIUOMUONATHUS - 3TO TUCHYHKIMS Cepla, BbI3BAHHAS CEIICUCOM.
Cenrtrueckass KapJUOMHOIIATHS SIBISETCA PACIPOCTPAHEHHBIM IOCIEICTBUEM
cerncuca U mMeer ypoBeHb cmepTHOCTH A0 70%. CyliecTByeT HEO0CTaTOYHOE
NOHMMAaHUE MaTOTE€HEe3a CENTUYECKON KapAMOMHUOIIaTHH; 3HAHUE €T0 NaTOreHe3a U
uAeHTUGUKAIMS TOTECHIIMAIBHBIX TEPANEBTUYECKUX MHUIICHEH MOTYT CHU3UTh
YPOBEHb CMEPTHOCTH TMAIMEHTOB C CEMCHCOM M TMPHUBECTH K KIMHHUYECKUM
ynyumieHusiM. [lenpto HacTosimero o03opa ObUIO 00OOIIUTH JOCTHKEHUS B
0o0JaCTH MaToreHe3a CepAeYHON IUCPYHKIMU TMpPU CENCUce C aKUEHTOM Ha
MUTOXOHJPHAIbHYI0 TUCPYHKIIUIO, METAOOIUYECKUE H3MEHEHHUS, MEXaHU3MbI U
nyTd rubenu kiIeTok. B Hacrosimiem o0030pe 0000IeHbl JIMarHOCTHYECKUE
KPUTEPUHU U NIEPCIEKTUBHI JICUCHUS CETCHca C LEeJIbI0 ONpPeaeIeHUs TOAXOASIIINX
METO/IOB JICYEHHSI 3TOTr0 3a00JI€BaHUS.
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1. BBenenne

Cencuc - 93TO CHHAPOM, BO3HUKAKOIIMKA NPU  MPOHUKHOBEHUU
MUKpPOOPTaHU3MOB M BBI3BIBAIOIINI CUCTEMHOE 3a00JieBaHUE, KOTOPOE MOXKET
ObITh omacHbIM it ku3HU (1,2). TpeTbe MexXIyHApPOJHOE KOHCEHCYCHOE
OIIPEJENIEHNE CENTUYECKOr0o I0Ka U cerncuca Obuio omyonrkoBaHo B 2016 rony u
OTIpEIEISIET CEMTHYECKHH IIOK KaK JUCHYHKIIMIO OPTaHOB, BBI3BAHHYIO CHCTEMHOMN
unpexuert (3). Bo Bpems cemncuca mnojaBisieTCss HMMMYyHHas CHCTEMa, 4TO
OPUBOJUT K YCWIICHHIO BOCHAJIUTENbHOU peakiuu (4,5). MMyHHbIE KIETKH
3aImyCKaloTCs OaKTePUSIMU, TOKCHHAMH U JPYTUMU (haKTOpaMu, KOTOPBIE MPUBOISAT
K UH(EKINHU, BEICBOOOXK 1ast 00JIBIIOE KOJIMYECTBO MEIUATOPOB BocmalieHus (6,7).
BricBoOOXIEHUE MEINAaTOPOB BOCITAJICHHS 0e3 COOTBETCTBYIOIIEH
MPOTUBOBOCHAIIUTEIIBHON pEaKIMH pa3pyliaeT HMMMYHHYIO CHUCTEMY, YTO
OPUBOAUT K O€3YyJIEpKHOMY BOCHAIUTEILHOMY COCTOSIHUIO UM CHIDKCHHIO
CIIOCOOHOCTH HEHUTPAJIM30BaTh MAaTOTCHHBIC MHUKpOoopraHu3Mbl (8-10).

Centuueckas kapauomuonatus (CK), wiam centuyeckuid IMIOK, - 3TO
COCTOSIHUE, OTpeJieNiieMoe cepaeuHoil nucyHkiuel, Bei3BaHHOM cencucoM. CK
KJIIMHAYECKU XapaKTePU3yeTCs HAPYIICHHEM CHUCTOJWYECKON (YHKIIMH JIEBOTO
XKemyi0uka u runeprpodueit sxenyaoukoB. CoriiacHO CTaTUCTUYECKUM JIaHHBIM Ha
Hayasio 2018 roga, 10 ABYX TpEeTEW MAlMEHTOB C CENTUYECKHUM IIIOKOM CTPaJaroT
CK, xotopasi crajia OJHOM W3 HauboJiee PACHpPOCTPAHEHHBIX 3a00JEBaHUM CO
cMeprenbHbiM ucxoaoM (11). CrnenoBatenbHO, HEOOXOAUMO HCCIIEIOBATH HOBBIC
naroreHeTnueckue Mexanu3dMbl CK. Ienbro HacTosmero o63opa 0bU10 0000ITUTH
natopusuonoruto CK, ymenuB ocoboe BHUMaHHE MUTOXOHIAPUATLHOMN
TUCPYHKIIUM, METAaOOJUYECKUM HU3MEHEHUSIM, CUTHAJIBHBIM MYyTSIM U JAPYTrUM
MEXaHM3MaM. OJTH MEXaHU3Mbl MATOreHe3a MOTYT OBITh HCIOJB30BAHBI JIJIsI
MOATBEPAKACHUS OTKPHITUS HOBBIX CIIOCOOOB JICUCHUS CEICHCa, CITOCOOCTBYIOMINUX

CHUKEHHIO cMepTHOCTHU y nlanueHToB ¢ CK.

2. [IaTosioruyeckre HAXOAKM M KJIMHUYECKHE CHMIITOMbI

Ilepen wnauanom CK mnaroreHHble OakTepUu, KOTOPbIE HHPUIMPYIOT
OpraHu3M, U HMX SHIOTOKCHHBI MOMAJAI0T B KPOBOTOK, CTUMYJIUPYS UMMYHHYIO
CUCTEMY U MPOAYLUPYs OOJIBIIOE KOJUYECTBO BOCHAIUTENBHBIX (PAKTOPOB, UTO

MPUBOAUT K IUTOKMHOBOMY mTopmy (12). JIuchyHKIMS MUOKapaa MOXKET ObITh
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BbI3BaHa XPOHHYECKUM BOCHAJIIEHUEM C JJIUTEIBbHBIMU MOCIEACTBUAMU. Bo Bpems
Cercuca  BOCHAJIUTENIbHAs  pEaKklus  CIHOCOOCTBYET  MEPENpPOU3BOJCTBY
KAaTeXOJIAMMHOB, 4YTO yXyAmaeT (yHKIUIO MHOKapJla M COKPAaTUTEIbHYIO
cnocoOHOCTh MuOKapja. CepeuHblii BbIOpOC HapyllaeTcs, KOTrAa TaXUKapaus
IPUBOJUT K CHIDKEHUIO KOpOHapHOW mepdy3uu u cepaeuHoro BbiOpoca (13).
Kpome TOro, MUTOXOHAPHUH B CENTUYECKUX KapAHMOMHOLUTAX IOABEPIratOTCs
CTPYKTYPHBIM U3MEHEeHUsIM, noBpexaennto JJHK, noBsiieHHOM NpOHUIIaeMOCTH U
aKTUBAIlMM IyTEHd  amonro3a, KOTOpPble CHUXKAIOT METa0oJIM3M, 4YTOOBI
IPUCHOCOOUTBCS K HEaJeKBAaTHOM BbIpaboTtke  AT®, BBI3BAaHHOU
MutoxoHapuanbHo  auchynkuuenn (14). CK MoxeT XapaKTepu3oBaThCs
MOBBIIIICHHBIM YPOBHEM CEPJICUYHBIX (PEPMEHTOB, XapaKTePHbIMUA U3MEHEHUSIMH Ha
AIIEKTPOKApIUOrpaMMe,  TeMOJMHAMUYECKUMH  M3MEHEHUSIMH,  CHMIKEHUEM
dbpakuuu BHIOpOCA JIEBOTO KEIyJ0ouka M CHUCToJMdecKod auchyHkuuen (15).
KinHnueckoe neyeHre B OCHOBHOM JICJIUTCA Ha JIBa aCHEKTa: JICYEHUE CUMIITOMOB
Celcuca C HCMOJb30BAHUEM AaHTUOMOTHKOB, BA30aKTHBHBIX IIPENapaTroB,
nopaMuHa,  TJIIOKOKOPTHKOWJOB M aHTHOAKTEpUANbHBIX  MENTHIOB; U
TpaaulMoHHas kuTaiickas MenuuuHa (TKM), koTopas J€UHUT CENTUYECKYIO
KapAMOMHUOINATHIO C IMOMOIIBI0 MPOTUBOBOCHAIUTEIBHBIX M MPOTUBOBUPYCHBIX
s dexToB U MHrHMOUpOBaHMS amonTo3a. B Hactosee Bpems uHbekiuu TKM,

UCIIOJIb3yEeMbIC B KIIMHUKE, BKIIOYarOT HHbeKIuu Xuebijing u Shenfu.

3. MuToxoHApHAIbHASA TUCOYHKIUSA

AT® - 3T0 coeuHEHNEe, CHHTE3UPYEMOE B MUTOXOHJPHUSX M LIMTO30JI€ BO
BpeMs [IMKOJIM3a. MUTOXOHIPUU B M300MIIMH COJIEPKATCS B CEPJILIE U OTBEYAIOT
3a BbIpaOOTKy 3HauuTenbHOro kojudyectBa AT® (16). IlepBuuHble NpPOAYKTHI
OKHUCJICHUS cyOcrpara, HUKOTUHAMUIaICHUH INHYKJIEOTH]T 17}
(dhIaBUHAACHUHINHYKICOTH I, o0ecTieunBaroT 3ekTpoHaMu koMmruiekcsl [ u II. B
(U3MONOTMYECKUX YCIOBHMSIX JJIEKTPOHBI MEPEMEIAloTCss U3 KoMiuviekca [ B
komiuiekc 1, 3arem u3 komiuiekca III B xommuiekce IV myrtem OKHCIUTEIBHOIO
dbochopumupoBanus (OP) (17). Kommuekcwsl [-IV  yuactByroT B TmepeHoce
9JIEKTPOHOB M3 IUKJA TPUKAPOOHOBBIX KHCIOT B MuToXoHapuu (18). Bo Bpewms
3TOr0 IMpolecca MPOTOH MOXKET ObITh MEPEeHEeCEeH U3 MHUTOXOHAPUAIBHOTO

MaTpUKCca BO BHYTPEHHIOKD MHUTOXOHJApUaIbHyl0 MemOpany (BMM), u 02
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BoccTaHaBnuBaercsa 10 H20 B muroxonapusx (19). Mexay npocrpancteom BMM
U MaTpUKCOM MHUTOXOHJPHUI HaKalJMBaIOTCS MPOTOHBI, BBI3bIBAS MPOTOHHYIO
newxkyiyo cuty (AY). Perenepanus AT® ¢ momomnisio FOF1-AT®a3er (ATO-
cuHTa3bl) akTuBupyercs AW, KoTopas NepeHOCUT MPOTOH U3 MUTOXOHIPUATIBHOTO
maTtpukca B BMM (20-22). CnenoBatensHo, akTuBHOCTE FOF1-AT®a3b1 cBs3anHa ¢
aKTUBHOCTBIO JIbIXaTeNIbHOM 1enu u oOpazoBanuem ATO.

Kpome Toro, moBbitieHHast BeipaboTka cynepokcuaa (O2-) u okcuaa a3ora
(NO) MoxeT BBI3BIBaTH MPSAMOE OKUCIIHMTEIBHOC WM  HUTPO3aTHBHOE
MOBpPEXJACHUE U WHTHOMpoBaHHE KOMIUIEKCOB O®d, YTO MPHUBOIUT K CHUKCHHIO
notpebsiennss O2 u MeMOpaHHOro NoTeHIMana MuToxoHapuil. Hakonen, AY
YMEHBIIAETCS M3-32 YBEJIUYEHHUS ONOCPEJOBAHHOW OENKOM pPa3o0IlEeHUs YTEUKH
OPOTOHOB W  MHIynupoBaHHoro Ca2+  OTKpbITHS  TNEPEXOAHOM  MOpPHI
MUTOXOHJpHabHOM npoHunaemoctd (MPTP) u mpsMoro OKHCIUTENBHOTO
noBpexeHns BMM. Mexanu3M MUTOXOHAPUATIBHON TUCPYHKIUU U aJallTUBHBIN
OTBET Ha MUTOXOHAPUAIIBHYIO AUCHYHKIUIO MMOKa3aH Ha puc. 1.

MutoxoHapualibHass JIUCQYHKIUS SBIAETCS KIOYEBBIM KOMIIOHEHTOM
cericuca (23). Haubosnee 4acTto MCIONB3YEMBIMH MOJEISIMU CEIICHCA SIBIISIFOTCS
munononucaxapuaHas (LPS) mnu mepesizka u nyHkuusa cienoi kumku (CLP)
(mpuM. epeBOIYMKa — METOJI MOJIEJIMPOBAHUS cencuca uH BUBO) (24). B moxenu
KpBICHI, MHAyIMpoBaHHON LPS, skcmpeccust rena y-xoaktuparopa la (PGCla),
akTuBUpyemoro mponudeparopom mnepokcucom (PPAR), a Takke meMOpaHHBIN
MOTEHIIMAJ MHUTOXOHJIpUN 3HauuTenbHO CHIDKEHBI (25). Kommuekcsr [ u I
JIBIXaTEILHOU e MUTOXOHAPUN (PYHKITMOHUPYIOT MeHee 2(P(HEKTUBHO B MOJICIIU

KpbIc, uHynupoBanHoi CLP (26,27).



3HAonnasMaTnyeckui
PeTUKYNyM
Ca?t +
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Puc. 1. MuroxoHapuanbHble MEXaHU3MBl MPU CENTUYECKOM KapJIHMOMHUONATHM.
[ToBermenHas BeIpaboTka cyrnepokcuaa (O2—) m NO MOTYT BBI3BIBATH MPSIMOE
OKHUCJIUTEIHHOE WM HUTPO3ATHUBHOE MOBPEKACHUE U MHTHOWPOBAHNE KOMITJICKCOB
O®, npuBoIUTH K CHIXKEHMIO 1oTpedsiennss O2 u ymensienuto Ay. Kpome Ttoro,
Ay MOXeT CHWXAThCS U3-3a MOBBIIIEHHOTO pazoOujaromero Oenka U
OTIOCPEIOBAaHHOW YTEYKH MPOTOHOB, MOBBIIIEHHOTO Ca2+-MHIYIIMPOBAHHOTO
OTKpbITUE MPTP u mnpsSMOro OKHCIUTEIBLHOTO TOBPEKACHUS BHYTpPEHHEH
MeMOpaHnbl MUTOXOHApuii. Kpome Toro, romeocra3 Ca2+ ObT M3MEHEH U3-3a
cTpecca 3HI0IUIa3MaTUYECKOTO PETUKYIIyMa U MOBPEXKICHUS KaJbIIUEBBIX KaHAIOB

L-tuma.



O6o3nauenns Ha pucyHke: NO - okcua azora; Ay - IBWKYIAs CHJIa MPOTOHA;
UCP - pazob6maronuii 6enok; mPTP - mepexognas mopa MNpOHHUIIAEMOCTH
mutoxoHapuii; LTCC -  xampuumeBble  kKaHansl  L-tuma; MIDNA - -
mutoxoHapuanbHas JHK; FOF1 - AT®-cuntaza; OMM — HapyxHas

MUTOXOHIpHabHas MeMOpana; Damaged protein — 6emok moBpexaeHusI.

Axmugnule gpopmul kucnopooa (ADPK) u oxcuo azoma (NO).

B ¢usmomornueckux  yciIOBUSIX ~ MUTOXOHAPUU  BOCCTAHABJIMBAIOT
onHoBasieHTHRI O2 mytem BbipaboTku O2-. Bo Bpemsi okucieHusi cyOctpara
HeOosbIoe KoMM4ecTBO (2 BOCCTAaHABIMBAETCS CYNEPOKCUITUCMYTa30M /10
H202. Ognako ycranoBuBmascs KoHueHTpauus APK BbI3bIBaeT 0OpaTUMbIE WU
HeoOpaTuMble MOAUGUKAIIMN OMOMOJIEKYJ, TAKHE KaK KapOOHUIUPOBAHHUE OCIKOB
WM TIEPEKUCHOE OKHcIieHrne TununoB (28,29). Kpome TOoro, MUTOXOHApHUAILHBIE
bepMeHThl (PYHKIIMOHUPYIOT HOpMaibHO, a MUTOXOHApHandbHas JIHK ocobGenHo
BOCIIPUMMYMBA K MOBPEXKACHUAM, BbI3bIBaAEMbBIM A®DK, 4YTO0 DpUBOIUT K
HEIOJIHOMY BOCCTAHOBJIEHHIO KHUCJIOpOJa W OOpa30BaHMIO CYNEPOKCHIA, YTO
npuBoaut K BeipaboTke ADK (30). CHmkenue BeipaboTku ADK npenorspaiiaer
MUTOXOHJPHUAIIbHYIO0 JUCHYHKIMIO B MOJIEISIX KUBOTHBIX, MHAYIUPOBaHHBIX LPS
(31,32). B mozensx xkpbic, MHAYUMpOoBaHHbIX LPS, mossimennas BeipaboTka ADOK
BBI3BIBAET MUTOXOHIPHUATBHYIO JIBIXaTEIbHYIO0 TUCHYHKIINIO, KOTOpasi MPUBOJIUT K
CENMTUYECKUM 3a00JICBAaHUSM CepJlla U CHIKEeHHIO paboTocnocoOHoctu (33,34).
Kpome Toro, BeipaboTka A®DK cHmKaeTcss 3a CYET IOBBIINIEHUS AKTUBHOCTHU
CJIOXHBIX (DEPMEHTOB B MUTOXOHPUSIX HA MBIITUHBIX MOJIEISIX, HHIYITUPOBAHHBIX
CLP (35,36).

Muroxonapun Takke npoayunpyor NO nmocpeacTBOM —aKTUBHOCTH
mutoxoHApuaibHoM  NO-cuHtazel  (mtNOS), koTopas  (QU3HOIOTHYECKU
pEryJIupyeT MUTOXOHJPHAIBHOE JbIXaHUE IyTeM HMHTUOUpoBaHHs IuTOXpom C-
okcupassl (37,38). B dusnonorndeckux ycnoBusax oomibnabie O2- 1 NO BcTynaror
B peakiuio ¢ oopasoBanueM nepokcuHuTpuTa (ONOO-), KOTOpBII NeiCTBYET KakK
CUJIbHBIN okuciauTenb. IloBeimieHHass skcmpeccus MINOS wunayuupyercs B
MoOJeIsX Mbliied, noaBepxkeHHbIXx CLP, 94To cmocoOCTByeT MOBBIIIEHUIO YPOBHS
ONOO B wmuroxonmpusx (39,40). Kpurtudeckue mpu4YHHHBIE (PaKTOPHI,

OTBCTCTBCHHBIC 3d MUTOXOH/IPHUAJIbHYIO I[I/IC(i)yHKI_[I/IIO, BKJIIOYAaOT HHAYOHUPYCMYIO
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NOS cwumaTazy (INOS) mw mtNOS. CoolOmamoch, 9TO MHTOXOHApPHATbHAS
TUCYHKIUS He HaOIromaeTcs Ha MblmuHOW Moaenu ¢ ucromenueM INOS (41).
dapmakosioruueckoe MHruOUpoBaHWE WM reHeruyeckass genenus 1INOS
yiydmaeT (QYHKIUIO cepialla Ha MbIIMHBIX Mojensx (41,42). Bbomee Toro,
HCCJICIOBAHMS MMOKAa3aJIi, UTO aKTUBHOCTh KOMILJIEKCOB I u IV B BMM cHuxaercs
MpU 3HAYUTEIHLHOM MOBBINIEHUU YpoBHS NO B TeYeHHE MJIUTEIIBHOTO BPEMEHU
(43). CnenoBatenbHO, MUTOXOHJPHUANIbHBIE HApYIIeHUs, cBsi3aHHble ¢ NO, MOTYT
OBITH B MEPBYIO OYEPEIb BbI3BaHbI aHOMaIbHOM sKkcnipeccueit iNOS. B Hacrosimiee
BpeMsi OOJIBIIMHCTBO BBIMICYNOMSIHYTHIX HCCIIEIOBaHUNA OBUTM TIPOBEICHBI 10
unayuupoBanHoil INOS mnpoaykuuu NO, KOTOpble MOTYT HMETh HEKOTOpbIE
OTpaHUYEHMS], TAKUE KaK COCPETOTOYEHUE BHUMAHUS TOJIBKO Ha MHAYLUPOBAHHOM
INOS mponykuuu NO, npu otrcyrctBuu uccienoBanuii mtNOS. Oanaxko NO
npoayuupyercss MHoxecTBoM u3opopM NOS (HE TOJIBKO MHUTOXOHIPUSMH) B
PA3JIMUHBIX BHYTPUKJIETOYHBIX JOKAIU3AUAX M TUNax kieTok. [logBoas wutor,
OJIHOM M3 OCHOBHBIX IIPUYMH MUTOXOHAPUAIBHON quchyHkumu sBisioTcss ADK u
NO, xoTopbie MOTYT OBITh KJIIOUEBBIMU MEXaHU3MaMM JCHCTBHS TIPU CEIICHUCE

(tabmuma 1).

Tabmuua 1. KpaTkoe onucaHue MHUTOXOHJIPUAIBHOW AUCPYHKUMHU, BBI3BAHHON
A®K u NO.

Cocrostaue | Mogens | Uagykrop | Oddexr ITepsoiit | Ccpuika
aBTop,
ron
ADK benas LPS CHIKeHne Hu et al, | (31)
KphbIca- skcripeccun ADK u | 2022
camell yBennuenne MMII
C57BL/6J | LPS CHxeHue Ji et al,|(33)
MBIIIb skcnpeccun ADK u | 2022
YIIy4IICHUE
JbIXaTeaIbHOM
byHKIMH
MUTOXOHJIPHUMN




CLP [ToBbIIIEHHAS Liu et al, | (35)
aKTUBHOCTb CIIOXHBIX | 2022
dhepMeHTOB B
MUTOXOHPHIX
NO benas LPS CHIKeHHas Boveris | (39)
KpbIca- skcnpeccuss mtNOS u | et al,
camell noBbITIeHHbIe ypoBHH | 2002
ONOOr
INOS CLP OTtcyTcTBHE Escames | (40)
MBIIITh nHayuupyembeix NOS | et al,
u mtNOS ue | 2007
BBI3BIBACT
MHUTOXOHIPUATBLHON
TucHyHKIUU
C57BL/6J | CLP ['eneTnyeckas van de | (41)
MBIIIb Jenenus iNOS | Sandt et
YIIy9IIaeT al
CEpIICUHYTO
TUCPYHKIINIO,
BBI3BaHHYIO
CETNICUCOM

A®K - aktuBHbie (opmbl kuciopoma; MINOS  muTOXOHApWanbHAs CHUHTa3a
OKCHJIa a30Ta;
LPS - numonomucaxapun; MMP - mMeMOpaHHBI MOTEHIIMAT MUTOXOHIPHIA; | -

VHIYLIUPYEMBbIN

Tpancnopm xanvyus.

[IponuIlaeMoCcTh MUTOXOHJPHATBHON MEMOpaHbl OCYIIECTBISICTCS BHYTPU
Hee uepe3 Ca2+ Tpancnoptsiii kaHai mPTP (44), OCHOBHbIMM KOMIIOHEHTaMU
KOTOPOTO ABIIAIOTCS JTAMEPHI AT®-cunTassl u TPaHCIIOPTEPHI
MUTOXOHApHATbHOTO (hocharta (45). Tpu KITrOUEBBIX MPOIECCa, YUACTBYIONMIUX B
TPAHCIIOPTE KaJbIIUs, CIACAYIONIUE: BO-TIEPBIX, MUKIOPMINH D akTUBHUPYET MOPHI

B OTBET Ha M3MEHEHHUS YPOBHS KalblUs B MUTOXOHApUAX (46). Bo-BTOphIX,
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aktuBanuss MPTP oOneryaer BBICBOOOXKICHHE KalbIUs W3 MUTOXOHJPUN B
IUTO30JIb, TJIC OH aKTHUBUPYET KaibliuiizaBucumbie myTH (47,48). Ileperpyska
Ca2+ 3amyckaer MPTP 1 OTKpeITHS W BbICBOOOXKACHUsA Iutoxpoma C B
HUTOIIa3My, M [HTOIUIa3Ma BbicBoOOXmaerca (45). Kpome Toro, Ha
Ca2+-3aBucumoe coctosstHue MPTP BimseTr KOHUEHTpalus KalblUsl BHYTpU
kietkd (49). Kak mnpaBmwio, TpaHCHOPT KajbIlMs BBI3bIBACT HaOyXaHHE
MUTOXOHJPUMA U AUCPYHKIMIO B pe3ysibTaTe TpaHcmopTa Kanblus. VMccnenoBanue
MOKAa3aJI0 BaKyOJIM3AIMI0O MUTOXOHAPUNM U TOBPEKICHUE MHUTOXOHJIPUATBHBIX
KPUCT B KapJAHMOMHOIIUTAX KPBIC C CETICHUCOM C TIOBBIIIEHHBIM COJIEP)KaHUEM
nuroxpoma C B nuromiasme (50). B to xe Bpems konuyectBo Ca2+, cmocoOHOTO
MIPOHUKATh B MUTOILIA3MY, OTIPEICIIAETCS KOJTMIECCTBOM MEMOPaHHBIX KATBIIHEBBIX
kaHaoB L-tuma m xonmuectBoM Ca2+, XpaHSIerocss B CapKOIIa3MaTHUYECKOM
perukyiayme (51). Kpome Toro, mgaHTpOJCH TPEAOTBpaIlaeT IEPEerpy3Ky
MuToxoHApuii Caz+, 4To yiaydmiaeT MUTOXOHAPHUATLHYIO AUCHYHKIHIO, ITyTEeM
uHruoupoBanua yrteukun Ca2+ U3 capKoILIa3MaTHYECKOro peTukyiayma (52).
B3sTbie BMECTE, 3TH COCTOSHHMSI MOTYT TNPUBECTH K IEPErpy3Ke ITMTOILIa3MbI
KaJIbLIUEM, YTO MPHUBOJAUT K Pa3pyIICHUI0 MUTOXOHAPUNA U COKPATUTEIbHOMN

nucyHKIMK u3-3a OTKpbITUS MPTP.

Ilpenapamot 01151 1euenuss MUMOXOHOPUATILHOU OUCHYHKYUU.

Tpudenundocponuit (TPP), koBanentHoiit xuHon (MitoQ) u Butamun E
OBLTM Ha3HAYEHBI B KauecTBe JiekapcTB I teueHus: CK. MomHbIi aHTHOKCHIAHT,
HalleJICHHBIM Ha MUTOXOHIpHH, MitoQ cBs3biBaeT kodhepmeHT Q10 ¢ momoIbo
TpudennndochrHa, UCMIONb3yEMOro A yay4dlleHUus: PyHKIIMM MUTOXOHAPUNA pU
CK (53). Ha «xpbicuHOM MoOJenud cerncuca Jie4eHWe BUTAaMUHOM E,
KOHBbIorupoBaHHbIM ¢ TPP, ymensmano noBpexaenus, cBsazanubie ¢ ADK (54).
Kpome Toro, B kauecTBe aHTHOKCHJAHTA JIMIIOEBAs KHCIOTAa MOXET YJIYUIIUTh
paboTy MUTOXOHIPHUM U OOJIETYUTH cenThyeckuil MoK (55). UToObl onpenenursb,
MOJKET JIM METOJl JICUCHHS, MCIIOJBb3YEeMbIi IS JICYCHHs] MUTOXOHAPUATHHON
TUC(HYHKIIMH, CTaTh )KH3HECITOCOOHBIM TEPAllEBTHUECKUM BapUaHTOM B OyyIeM,
UCCJIeI0BATENSIM HEOOXOANMMO HUCTIOIb30BaTh JEKAPCTBA ISl MPEJOTBPAILICHUS UITU

oOparieHus BCISATh OMpPeeIeHHBIX (DYHKIIMI MUTOXOHIPUH.

10



4. Meraboan4yeckue n3menenus B CK

WmeroTcst aHHbBIE 0 HapylIeHUU Metadonndecko peryisinuu npu CK, dro
HO3BOJIAET MPEANOIOKUTh, YTO HAlEIMBAHHE HA METAa0OJIMYECKUE MYTH MOKET
IpUHECTH 3aMeTHble npeumyiiecta npu jedenun CK (56). Bo Bpems cencuca
TUIEPMETa00IM3M XapaKTepU3yeTcs KaTabOINIECKUM COCTOSTHHEM, MPH KOTOPOM
WCTOIMAIOTCS  3amachl YIJIEBOJOB, JumuaoB u OenkoB (57). IlepBuunbie
MeTabOIMYECKUE IMPOLECChl MPU CENCUCE BKIIOYAIOT METAa0O0JIU3M JIMIHJIOB,
KETOHOB, TJIIOKO3bI M aMUHOKHUCIOT (puc. 2). PU3HONOrMYEcKHE IOKa3aTesn
JUMHIHOTO OOMEHa, Takhe KaK OKHCJICHHE >KUPHBIX KHCJIOT, CHUXKAIOTCS MpU
CENCHce, a JKCIPECCHs] KaK CEepJACYHBIX KHUPHBIX KHUCJIOT, TaK U (EPMEHTOB,
METa0OIM3UPYIONINX JIMMHUABI, CHUXaeTcsa. Korma rimroko3a mMeTaboau3upyeTcs,
OKHCJICHUE TJIIOKO3bl, PE3UCTEHTHOCTh K MHCYJIMHY U YCBOCHHE IJIFOKO3bI CEPILIEM
cHmkarTcs. Kpome Toro, HabmoqaeTcsi CHUKEHHE BCAChIBaHHSI KETOHOBBIX TEN U
AMUHOKHCIIOT BO BpeMsI METa0OJIM3Ma KETOHOB U aMUHOKHUCIIOT (58).

|PPARa, PGC1a, PPARY,
CD36, CPT1, auun-KoA

2 CHUHTEeTa3a,
. KapHUTUH NasibMUTOUN

Tpanchepasa-1 \ |

|okucnenne XK
|nornowenne XXK cepauem
|3Kkcnpeccus hepmeHTOB,
CBSi3aHHbIX C
metabonusmom XK

Merabonusm \ , Metabonusm
nvnugos b KETOHOBbIX Tes
| =
|

B

Puc.

SC

\
Merabonusm
aMHUHOKMCIIOT

lycsoeHnue
aMUHOKUCIIOT

/ \

| anaHuH, rnyTamar

)
meTtabonusm
F/IIOKO3bI

Mertabonrueckue U3MEHEHUs TPH cenTrueckoi kapanomuonatuu (SC)

11



Jlunuonwii oomen npu CK.

Bo Bpemsi cencuca BO3HUKAaeT 3HAUMTEIbHAs MOTPEOHOCTH B SHEPIHH,
KOTOpasi YJIOBJIETBOpSAETCS 3a cueT MoOwiau3anuu JunuaoB  (59). UtoOsl
BOCIIOJIHUTh TIOTEPIO DHEPTHUH, JKUPOBAS TKaHb TOJBEPracTCcs YCUICHHOMY
JIMTOJIN3Y C BBIAEIEHUEM JKUPHBIX KUCIOT U IIULEeprHa B KpoBOTOK (60). Cencuc
XapaKTEePU3yeTCs 3aMETHOW JEperysiueil TeHOB, OOBIYHO YYACTBYIOIINX B
MeTaboIu3Me JIMIUI0B, H3-3a BOCHAJIUTEIBLHON peakiuu, Takux kKak PPARa,
PGCla u PPARy. B 1o xe Bpems wmetabonusm XK mnpekpamaercs, koraa
HApYIIAeTCs SKCIPECCHsl KapHUTHHNAIBMUTOWITpaHChepasbl 1, amiKodH3UM
a-CMHTETa3bl W KapHUTHHIAIbMHUTOWITpaHchepas3pl-1. VccrienmoBanus mokasaiy,
yto LPS cHmxkaet sxcnipeccuto PPARa u PGCla y kpeic, nHaynupoBaHHbIX LPS,
TEM CaMbIM peryiupys nyTh P-okucicuus (61,62). MuruOupoBaHue aKTHBAIIUH
PPARY 3amumiaer mbliiieli OT cepedyHOM NUC(YHKIUHU, CBA3AHHOW C CENCHUCOM
(63). Kpome Toro, wmcciaemoBaHus IOKa3zaiw, 4YTO AcPeKThl B (epMeHTax
kapHutuHIaasMuTomnTpanchepaze 1 m CD36 BeBbBatoT HedDPEKTUBHBIN
TPAHCHOPT JKUPHBIX KUCJIOT, YTO CIIOCOOCTBYET OKUCIICHHIO KUPHBIX KUCIOT (64).
Hakonen, uccnenoBanust nokazanu, yto JIIIC cHmkaeT akTUBHOCTH (DEPMEHTOB,
cBs3aHHBIX ¢ Metabomm3dmMoMm KK, Takux kak amui-KoA-cunteraza wu
KapHUTHHIIATbMUTOWITpaHchepasza-1 (65,66). ducbdananc cnpoca U MpeaIoKEeHUs
KK mexnay nuronna3Mol M MUTOXOHIPUSMHM MOYKET NPUBECTH K HAKOIUICHUIO
JUTNUIOB B IuToruiazMe (67). bosiee Toro, y maieHTOB C CEIICUCOM HaOJIIOAaeTCs
HAKOIUJICHUE JKMpa B CEPJCYHON MBIIIIIIE, MOYKax U nedyenu (68). BisTeie BMecTe,
JUTUAHBIA METAa0O0JM3M U CBS3aHHBIM C HUM TPaHCHOPT (EPMEHTOB SBIISIFOTCS

BXHBIMH MUCTOYHHKAMHU YHEPTUU TIPH cericuce (Tabiuma 2).

Memabonusm kemornos 6 CK.

Cencuc MOXET MPUBECTH K HApPYIICHHI0O OOMEHa BEIECTB BO BCEM
OpraHu3Me, 4YTO YyBEIMYMBACT BBIPAOOTKY KETOHOBBIX TENl U pacHICIICHUE
aunuoB (69). Bo BpeMs IUTEILHOTO TOJIOJaHNs BO3HUKAET TUIOTJIUKEMUs, YTO
MPUBOJUT K YCKOPEHUIO KETOT€HE3a B MUTOXOHJPHUSAX TenaToiuToB. KeToreHHbIi
3 PeKkT MOXKET ChIrpaTh BaXXHYIO POJb B OHOJOTMYECKOM 3alllUTe, MOCKOJBKY
KETOHOBBIE TeJa MpuaarT ycTondnBocTh Kk ADK (70). MeTaboam3M KETOHOBBIX

TE1 MOXET yBenuuuBaTh BbIpaboTKy AT® wmim cnocoOCTBOBAaTH CHCTEMHOMY
12



TUIEepKaTadoIu3My, CBSI3aHHOMY C OorpaHudeHueM kanopuit (71,72). Merabonuzm
KETOHOB - 3TO METOJ MNOAAECPKAHUS HHEPreTHUYECKOIO0 TOMEOCTaza Cepaua.
HccnenoBanus mokazanu, 4YTo uHbEKIUs LPS Mblam, y KOTOpPBIX OTCYTCTBYIOT
Oenku, cBssbiBaromue sxupHeie kucinoTel 4 (FABP4) u FABPS, unruGupyer
MEYECHOYHBIN U CepACUHbI KeToreHes, nockoyibky FABP4 urpaer aktuBHyI0 poJib
B Tpancnopte KK (73,74). B TO ke Bpemsi 3KCIpecCHUsl IeHa, CBA3AHHOIO C
KOo(hepMeHTOM 3-OKCOKHMCIIOTHI, OblJIa 3HAUUTENILHO CHI)KEHA KaK y J1a00paTOpHBIX
MBIIIIEH, TaK U 'y MbItIel gukoro tuna (73,74).

BrlmeynoMsHyTblE HCCIEAOBaHMS MPEANOIAratoT, YTO KETOHOBBIE TeEJA

MOTYT IPEICTaBIIATh COOON MATOreHETUUYECKUI MEXaHU3M IpHU cerncuce (Tadauna

2).

Memabonusm enoxoswl 6 CK.

Bo Bpems CK okucieHue TIJIIOKO3bl HE YBEJIMYMBAETCS, YTOOBI
KOMITEHCUpOBaTh CHUKeHue okucieHus JKK, BbI3BaHHOE PE3UCTEHTHOCTHIO K
WHCYJIMHY W WHTHOMpOBaHMEM MeTabosin3Ma rioko3bl (75,76). Ha MbIIMHBIX
MOJIEISIX JHIOTOKCUYECKOro IIOKa HaOMroaaercs ObICTPOE CHUXKEHUE YPOBHS
IJIIOKO3bl B MHOKapJe MO CpPaBHEHHIO C TeMopparuueckum mokoM (77,78).
[ToBbllIeHHBIE YPOBHU NUpyBaTaeruaporenasbl kuHassl 2 (PDK?2) u 6enka PDK4
MHTUOMPYIOT OKHUCiIeHue TImoko3bl (79). bonee Toro, 2-ae3okcu-D-rirokosa
(2-DG) Taxxke ymydniaerT cepleyHy (GYHKIWIO M TIOKa3aTeild BbHDKUBAEMOCTH B
MBbIIIMHON Mojnenu cerncuca (80). BrimeynomsiHyTbie pe3ysbTaThl YKa3blBalOT Ha
TO, YTO MOBBIIICHHBIA TTTUKOJIUTUYECKUN METa0O0JIM3M CIIOCOOCTBYET CEpAeUHON
JUC(YHKIMK TIPU CETNICUCE U YTO MOIYJISIIMUS MeTabosiu3Ma IMocie cencuca Oblia

ObI moaxoasIel cTpaTteruei (Tadauma 2).

Memabonusm amunoxuciom 6 CK.

AMMHOKHCIIOTBl HWIrPAalOT PEIIAIONIYyI0 pPOJb KaK B CHHTE3€, TaKk U B
paciieryieHu O€JIKOB, YTO KU3HEHHO Ba)XHO ISl MOJJACPKAHHUS KJIETOUYHOTO
romeocTa3a. Cerncuc akTUBUPYET MPOTEOJIM3, KOTOPBIM pacuieriser OelKd Ha
OoJiee MeNKHUE TOJUMENTUALI U aMHUHOKHCIOTHI, MO3BOJISIS UM BOCCTaHABIMBAaTh
oorateie dHepruedr MmoJekyisl  (81-83). CooOmaercs, 4YTO TOTJIONIEHUE

aMUHOKHUCHOT cepaueM Ha 90% HMKe MO CPaBHEHUIO C JPYTMMHU OpraHaMH B
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Mozensix Melimed, uaayuupoBanHsix CLP (84,85). bonee Toro, uccienoBaHus

IMoKa3zaJid, 4YTO CHHXCHHC COICPIKAHHA aJlaHWMHA H TJIyTaMadTa IIPpUBOIUT K

U3MEHEHUsIM cepAeuHoro meradonusMa y Kpeic (86,87). B coBokymHOCTH

AMHUHOKHUCIIOTBI MOTI'YyT HOTpe6OBaTLC$I MNCUYCHNU UId TIOAACPIKAHWA THUAPOJIN3a

Oenka mipu cerncuce (Tadymna 2).

Ta6J'II/IHa 2. Metabonnuyeckne N3MEHCHUS IIpu CENTUYECKOM KapaAuOMHUOITIaTHH.

Metabonus | Mogen | Unnyktop | Dddekr ITepBoiii | Ceplt
M b aBTOp, TOJI | Ka
Jlununos C57BL/ | LPS CHmxenue Drosatos | (61,63
6J skcnpeccurn PPARa u | et al, 2011 |)
MBIIIb PGCla wu axrtuBauums | and 2013
PPARy
Kpeica | LPS CD36 u CPT1 | Sharma et | (64)
JINHUHA TPUBOJISIT K | al, 2004
Zucker HEAPPEKTUBHOMY
MeTaboIu3My
JIMITHJIOB npu
TPAHCIIOPTUPOBKE
Cupwiic | LPS CHmwxeHHas Memon et | (65)
KUH sxcmpeccus amuia-KoA | al, 1998
XOMSIK- CUHTETa3bl
camerl
C57BL/ | LPS CHIKeHHas Feingold | (66)
6J skcrnpeccus CPT1 et al, 2004
MBIIIb
Yenoee | Centnueck | [lucOamanc crpoca u | Rossi et (67)
K 150810004 TIPEITOKCHHISI KK | al, 2007

MEXIY LUTOIIA3MOMN
u MUTOXOHIPUSIMH
MOXKET MPUBECTH K

HAKOIIJICHUIO JIUIIN 0B
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Keronos FABP4 | LPS CHmxeHne Umbaraw | (72)
U AKCIIPECCUU reHOB, | an et al,
FABP5 CBSI3aHHBIX c| 2017
MBIITb Ko(hepMEeHTOM
3-OKCOKHUCIIOTHI
['mrok0361 Camka | CLP CHmxeHme ypoBust | Chew et | (75)
CBUHBU rII0Ko36l B Muokapae | al, 2013
C57BL/ | CLP benxu PDK2 u PDK4 | Standage | (77)
6J UHTUOUPYIOT etal, 2017
MBIIITb OKHCJICHUE TITFOKO3BI
C57BL/ | CLP 2-DG ynyuarraet | Zheng et | (78)
6J cepacunyro ¢yukuuto | al, 2017
MBIIITb " MoKa3aTenn
BBEDKHBAEMOCTH
Amunokucn | Kpsica | CLP Cumwxkenue ycBoenus | Warner et | (82)
oT Copor - aMHHOKHUCIIOT cepaiem | al, 1989
Joynmn
Kpreica | CLP Ananme u rayramat | Hotchkiss | (74)
Crpoar - HIPUBOIST K | etal, 1991
Hoynu M3MEHEHUIO
MeTaboau3Ma npu
CENTUYCCKUX
3a00JIeBaHUSX CepLa

LPS - nunonomucaxapua, PPAR - penentop, akTuBupyemblii nposdeparopom
PGC - CPT -

KapHUTUHIAIbMUTOMITpaHchepasal; dbochonHO3UTHAZABUCUMAS

IICPOKCUCOM; IICpBHUYHAA 3apOdbIIICBAA

PDK -

npotenHkuHa3a; 2-DG - 2-ae30kcu-D-rimroko3a.

KJIETKA;

5. Curnaasnbiii myts CK

Ilymo PPAR.

DakTOpbI TPAHCKPUIILUU AJIEPHBIX pEeLenTopoB PErYJINPYIOT

METa0OJIMYECKU TOMEOCTa3, BOCTIAIUTEILHYIO PEaKINI0 M THOEIb KJIETOK 4Yepe3
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anepHsle peuentopsl (76,77). UccnenoBanus nokasanu, yto PPARa npucyrctByer
B neueHu, PPARP BricOkoakTHBEH B CKeJleTHBIX MbIiax, a PPARy cBs3an ¢
KOHTPOJIEM BOCHAJIUTEIBHON peakiuu, amonTto3a u cencuca (88,89). PPARYy
MOJABJISIET 3KCIPECCUIO0 NMPOBOCHAIMUTENBHBIX T'€HOB, IVIABHBIM O0pa3oM IyTEM
yaaieHus (aKTOpoB TPAHCKPUNIMU M WX KO(DAKTOPOB, TakUM 0OpazoM
npefoTBpamias CBA3BIBAHUE C POJCTBEHHBIMU UM CalWTaMH CBSI3bIBAaHUS B
npomoTopax reHoB-muineHed (90,91). Kpome Toro, mMMyHHbIE KJIETKH MOTYT
IPOAYIUPOBATH OO0JBIIOE KOJUYECTBO MPOBOCHAIMTENBHBIX MEANATOPOB Ha
paHHUX cTaausix cerncuca, a PPARy perymupyer cencuc, cnocoOCTBYs anontosy
(92,93). B  wmpmumHoM  mogenu  CLP-uHAyuuMpoBaHHOrO  BOCHAJIEHUS
uHrnoupoBanue ¢ochopunupoanus NF-kB p65 u aktuBaums mocpeactBoMm
ycunenus perysiiun  PPARy ocnabnstor Bocnasienue (94). HccnempoBanus
MoKa3ajad, 4YTo OOINas KOHICHTparus Oenka, HeTpodmioB u Makpodaros
CHIDKAeTCs y MbItiel, nHaynupoBaHHbIX LPS (95,96). CHmkeHre BRICBOOOXKICHNUS
BOCHAJIMTENIBHOIO (hakTopa CBSI3aHO ¢ Mpeodpa3oBaHEM MakpodaroB u3 tuna M1
B Tunt M2. bonee toro, Mmakpodar M1 yBenmnuuBaer BbIpaOOTKY XEMOKHHOBOIO
JUraHja B MBIIIMHON Mojaenu, uHaynupoBaHHol CLP, 3a cuer yBenudeHus
TUTEPIPOHUIIAEMOCTH HIOTEIHAIBHBIX KIETOK U ochopunupoBanus p38 myTem
unrubuposanuss PPARy (97). B 3axmouenme, axtuBanus PPARy wMoxer

CIIOCOOCTBOBATh CHHYKEHUIO MTPOBOCHIANIUTENBHBIX CBOKMCTB BO BpeMsi CK (Tabmuma

3).

Tabmuma 3. MexaHu3Mbl MaTtoreHe3a cerncuca, OOYCIOBIICEHHBIE CUTHAJIbHBIMU
nyTsimu PPAR u NF-kB.

[Iyte | Mopens | Uanykrop | Dddext IlepBoiii | Ccpuika
aBTOp,
roJ
PPAR | C57BL/6J | CLP CHuxeHue Xiaetal, | (94)
MBIILIb dochopunupoBanus  u | 2020

aktuBauuu NF-xB p65

C57BL/6J | LPS CHmKEHHE Chen et | (95)

MBIIITh KOHIeHTpanuu  obmero | al, 2021

16




O0emka M IKCIPECCHH

HEUTPODHUIIOB u

Makpodaron
C57BL/6J | CLP CHmKeHHe Chen et | (97)
MBIIIIb TUIEPIPOHUIIAEMOCTH al, 2022

OHAOTCIIMAJIBHBIX KJICTOK

u  ¢ochopunrpoBaHus

p38
NF-xB | THP-1 LPS [ToBEIIIEHHOE Cao et|(104)
Makpodar dochopmmpoBanne p65 | al, 2022
u IkB
C57BL/6J | CLP Cumwkenne skcnpeccun | Wang et | (105)
MBIIIb BOCITAJIUTEIbHBIX al, 2022
dbakTOopoB u
HenuTpoduoB
Krnerka LPS CHmxeHue ypoBaeii | Ruan et | (107)
RAW TNFa u IL-6 al, 2022

264.7

PPAR - perientop, akTHBUpPYEMBIii posiiepaTopoM MepoKCUCOM

Ilymos NF-xB.

[Ipeobnanaromas popma NF-xB sBrnsercs rerepoammepom OenkoB p50 u
p65 (98). Benok OOBIYHO H30JUPYETCS B ILUTO30JI€ KJIACCOM HHTHOMPYIONIUX
0enkoB, m3BecTHBIX Kak IkBs. OHm BKiItoUarOT cemb wieHoB, Bkatouas 1kBa, IkBf
u IkBy (99). B ¢usnonornyeckux ycnoBusix NF-kB oOpasyer komruiekc ¢ 1kBa,
MOABEPrasich  LMUTOIUIA3MaTUYECKOM  cekBecTpauuu. Ilpm  cTumynsonn
akTuBUpytomuMu  curHagamu  NF-kB  moaBepraercs  gocdopuinpoBanuio,
yOMKBUTUHMPOBAHUIO H  JIETPAJalliH, 4YTO TPUBOJUT K OOpa30BaHUIO
aktuBupoBaHHou ¢dopmbel  NF-kB, koTopas mepememniaercs B SApO A
uHaynupoanus Ttpanckpunimu reHa (100). NF-xB ocmabnser cucremHoe
BOCTIAJICHWE, BBI3BAaHHOE CETICHCOM, M TMOBPEXKICHHE MHOKapaa IyTeM

uHruoupoBanus nepenaun curnanoB NF-kB (101). Kpome Toro, ucciemoBanus
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nokKasayid, 4To nmnojaBieHue akrtuBauu NF-kB  yMeHpmaer cucTeMHYIO
TMIIOTEH3UI0, YJIYYIIaeT CENTUYECKYH IUCOYHKIUIO MHOKapJa U COCYIUCThIE
aHOMaJIMM, HMHTUOMPYET OHKCIPECCUI0 MHOTOUYHUCIIEHHBIX IPOBOCHAIUTEIBHBIX
T€HOB, YMEHBIIAeT BHYTPUCOCYAHCTOE CBEPThIBAHHE U  WHOUIBTPALIUIO
HENUTpOoUIIOB U MpeaoTBpamaet yreuky sugorenus (102,103).

Korma  3anmelictBoBaH  curHaibHbld  myTh  NF-kB,  mpoucxogut
dbochopunupoBanue daktopoB nytu NF-kB, takux kak p65 u unruoutop kBa
(104,105). bonee Toro, uccieaoBaHus MOKa3aau, 4TO CHUKeHUEe cekperuu TNF-o
u |IL-6, UMTOKMHOB, KOTOpBIE CIOCOOCTBYIOT BOCHAJICHHUIO B MOJIEIH KpBIC,
uHaynupoBanHoi LPS, crumymupyet curnanbhsiii mytsh NF-kB (106,107). Takum
oOpazoMm, NF-kB nonasnser BocnanutenbHble (akTOpbl U MNPOBOCHATUTEIIBHbBIE

I'CHBbI, KOTOPBIC MOT'YT OBITH BOBJICUCHBI B CHUMIITOMBI CeIicrca (Ta6JII/II_Ia 3)

6. CBs13b Mmexkay rudesbo kietok u CK
Cea3b meoncoy gpepponmozom u CK.

Ilytn ¢depponTo3a SBIAIOTCS >KEIE303aBUCUMBIMHU, HE AamoONTO3HBIMU U
XapaKTepU3yrOTCs CHeMU(PUUECKUMH OUOXUMHUYECKUMU U MOPGHOIOrHYeCKUMU
n3meHeHusiMu  (108). bBonpmas yacTe ’xene3a B OpraHu3Me CBSI3BIBAECTCS C
reMOrjJo0MHOM W MHOIVIOOMHOM, a OCTaJlbHOE B OCHOBHOM CBSI3BIBAETCA C
bepputunoM u TpancheppuHoM (109). B HEKOTOPBIX ciaydasx KIETOYHBIN
3AIIUTHBIM MEXaHU3M OTPAaHMYMBAET CUCTEMY JKCIOpTa jKejie3a KIEeTKaMu, 4TO
NPUBOJUT K TIEpErpy3ke KJIETOYHOro kene3a. IlepokcuinarHble JHNUABI
oOpasytorcs B pe3yibrare peakiuu DeHToHa, MPUBOMASIICH K MOBPEKICHUIO
opranenn (110). Bo Bpems CK B KpOBOTOKE COAEPKUTCS TETPATUPPOTILHBIN
reMorjo0uH, coaepxaiuii xxene3o. [lox nerictBuem depmeHTa TeMOKCUTEHA3bI |
(HO-1) cTaOunpHBIi TeM paclierisieTcs 10 OWIMBEpIMHa, MOHOOKCH 1A YIJIepo/ia
u xkene3a in vivo (111,112). Kpome toro, HO-1 unaynupyer uMMyHOCYTIPECCHUIO
BO BpEMs CEICHCa, CIIOCOOCTBYET MEPEHOCY NMUTOKMHOB u3 T-xemmepos 1(Thl) B
Th2 u wanyuupyer amonto3 B uMMyHHBIX KieTkax (113). IIpoaykrom peakiuu

HO-1 sBnsercs HecTaOMIBHOE >KENE30, KOTOPOE CIOCOOCTBYET CHHTE3Y
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dbeppuTHHA U YMEHBIIIAET TOKCUYECKOE JACHCTBUE Kemne3a. AHOMabHAS aKTUBAIIHS
HO-1 moxer mpuwBecTH K TOTEpE AHTHOKCHAAHTHOTO JEHCTBHUSA, IOBBIMICHUIO
ypoBHs J1abmibHOrO Mmysna sxene3a (LIP) u B koHEYHOM UTOre BBI3BATh ACHHUIUT
xeneza (114). B meimumHON Momenu cemcuca dkcrpeccuss HO-1 mpuBoaut k
U3MEHEHHIO ypOBHSA Oeilka Mertabonm3ma keiae3a u  (epponrosy (115). B
coBokynHoctd HO-1 BbI3BIBaET (epponTos, paspymias reM u nosbimas LIP mis
BBICBOOOKICHUS (hepPUTHHA B OPTAHHU3M.

'encuanH, NENTUAHBIA TOPMOH, MOJYYaeMbI W3 IMEYEHU, MOJACPKUBACT
roMeocTa3 jkeile3a B opranusme. McciaemoBaHusi TMOKa3zaidd, YTO TENCHAMH
youkButunupyet depponoptun (FPN) u cHmkaer ero akTUBHOCTb, TEM CaMbIM
CHW)XKasi KoHUeHTpamuio xene3a (116,117). VY mnamueHTOB C  CENCUCOM
KOHIICHTpAIsl TeNCUAMHA 3HAYWTEIBHO BBIMIC. OKCIPECCHS TeNCHIuHA
unaynupyercs IL-6 u IL-1p npu Bo3HMkHOBeHun BocnayieHus (118). YporHwu
CBIBOPOTOYHOTO kene3a 3(G(HEKTUBHO PETYIHPYIOTCS TENCHINHOM B MBIITHHON
moeu, uaayruposannoit LPS (119). Kpome toro, nccienoBaHus mokasaiu, 4To
BBICOKAsl SKCIPECCUs rerCuIuHa CHUKaeT akTuBHOCTh FPN, 4To cHUXKaeT ypoBeHb
xkeneza B mimazme (120,121). CnemoBarenbHO, SKCIpeccusi Oeyka TencuauHa
WHTHOMPYET TPAHCHOPT Kejie3a, BbI3bIBAsl TUCOATAHC B TOMEOCTA3e Keje3a, uTo

MPUBOJUT K CMEPTHU OT neduiuta xenesa (puc. 3).
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remornobux

Puc. 3. Kparkoe omnucanue Mmexanusma pneiictBuss HO-1 u rencuauna npu

CEITUYECKOMN KapaAnOMHUOIIATHUH.
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HO-1 - remokcurenasa 1; Thl - T-xemmep 1; Th2, T-xemmep 2; FPN - rencuaun

YOUKBUTHHUPYET (HDEPPOTOPTHH.

Ces3b mearcoy nuponmoszom u CK.

B ¢usnonornyeckux ycioBHSIX MHUPOINTO3 OMOCPEAYETCS aKTUBUPYEMBIMU
uHpIaMMacoMaMu Kacmazamu U raaepmuHom D (GSDMD), koneuHbIMU
sabdexTopamu cemerictea 6enkoB GSDM, npuBojsumMu K 00pa30BaHUIO MOpP B
IIa3MaTHYecKo MeMOpaHe M yTeuke MenuatopoB BocmaneHus (122,123). B
naToreHHbIX ycioBuax LPS rpamoTpuniatenbHbix OakTepuii HEMOCPEICTBEHHO
akTUBUpYyeT Kacmazy 4/5/11 B uHdiammacoMHOM myTH, 0€3 HEOOXOIUMOCTH B
uHprammacome wunn  kacmaze-1. GSDMD  moxer OBITh paciieruieH ¢
oopazoBanrieM N-GSDMD aktuBupoBanHO# Kacmasou 4/5/11. N-GSDMD
KOCBEHHO crocoOcTByeT cbopke mHpimammacombl NLRP3 mocpeactBom oTToka
K+, uro ycyrybmser mnuponrto3 (124,125). HccnaepoBanusi mokazaid, 4YTO
JIOKCOPYOUITUH YCUJIMBAET JKCIIPECCUIO NADPH-okcunnaszbr 1 u
NADPH-okcuaassl 4, TeM caMbIM aKTUBHUPYS CBSI3aHHBIN ¢ TMHAMUHOM Oenok-1 u
COCOOCTBYSl  JACNEHUI0O MUTOXOHJPHM, YTO NPUBOAUT K UYPE3MEPHOMY
HakorieHut0 AD®K B MHUTOXOHJIpUSIX W aKTHUBALUU BOCHAIMTEILHON CHUCTEMBI
NLRP3 wu 3aBucumoro or kacmasbli-1 amonroza (126,127). Hekortopsie
Hccaea0Batus mokasaiu, yto ucromenrne GSDMD 3nauntenbHo cHmxaeT NLRP3
M Kacma3o3aBUCHMBIM  amomnTo3, JKcOpeccus  Kacmasbl-l  yBenuuuBaer
BBDKHBAEMOCTh U YJIy4IllaeT cepcuHyto nuchyHkiuto y Meimeit (128,129). Bonee
toro, LPS HemocpencTBeHHO BIMSIET Ha SACPHYIO JIOKATU3AIMIO TTOBPEXKICHUS, a
aAKTUBUPOBAHHBIN HHTEPHEPOHOM peryJsTOpHBIA (hakTop-3 3aTeM aKTUBUPYET
NLRP3, 4To npuBOIUT K ceplieyHON AMCPYHKIMHU, a Takxke nuponrosy (130). B
COBOKYMHOCTA  NHUPONTO3  HMHAyUUpYeTcs  Opu  OosbluMHCTBE  (OpM
KapJMOMHOIIATUA, W OJIOKUPOBAHUE TMHUPOITO3a MPSMBIMU KA HEMNPSMbIMU
MO/IXO/IAMH, KOTOPBIC HAIICJIICHBI HA MHUPONTO3HBIA MEXaHWU3M WM BBIIIECTOSIIUE

PEryJISITOPBI, MOKET OKa3bIBaTh 3alIUTHBINA d(PQEKT.

7. 3ak/Il04eHHe U MePCHeKTUBBI JaJbHEHIINX UCCIeI0OBAHN I
JuchyHKIMS MHUOKapAa, BbI3BAHHAS CEIICHCOM, SIBIISIETCS OJHOM U3

OCHOBHBIX IIPHUYHUH BBICOKOM CMCPTHOCTH OT CCIICHUCA, U KpaﬁHe BaXHO
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UCCIIEIOBATh MAaTOTEHE3 CEpJICYHON NUC(YHKINHU, BRI3BAHHOW CETICICOM, M HAaWTH
METO/Ibl JieueHusl. B HacTosieM uccienoBaHuu 000OIIEHBI OCHOBHBIE (PaKTOPBHI,
KoTopble crocoOcTByroT maroreHesy CK, Takue Kak MHUTOXOHJpHUATIbHAs
TUCHYHKIMS, MEeTaboIMUecKre M3MEHEHUs, THOENb KJIETOK M CUTHAJIBHBIC MYTH.
MuTtoxoHapuansHas AUCPYHKIHS, B TIEPBYIO OUepeab 13-3a MOBbIIEHHBIX ADK n
OTCYTCTBUS YCTOMYMBBIX KOHUEHTPALMI BHYTPU MHUTOXOHIPHM, YCHUIMBAET
pasinyHble 00paTUMble U HEOOpPATUMBbIE TOKCUYECKUE MOAU(PUKALIMM OMOMOJIEKYI,
Takhue Kak KapOOHWJIMpoBaHUE OENKOB W TIEPEKUCHOE OKHUCICHUE JIMIHIO0B
(28,131). Mexnay tem, n36siTok ADPK 1 NO moBpekaaeT CTpyKTypy AbIXaTeIbHOM
e MUTOXOHJIpUi U ycyryomser ouocunte3 ADK (132,133). Mertabonuszm npu
cencuce  TpeOyeT  KOPPEKTUPOBKM HWMMYHHOM  (YHKUMH  TOCPEICTBOM
MeTabonu3Ma KHUPOB, METa0OJM3Ma AMMHOKUCIOT, METaboJu3Ma TJIIOKO3bl U
HOTJIOUIEHHsI OOJIBIIOT0 KOJIMUYECTBA SHEPTUU 3a CUET COOCTBEHHOTO MeTaboiIn3mMa
kietku (134,135). Kpome Toro, depponrto3 u MOUPONTO3 CHOCOOCTBYIOT
natorenesy CK. Mounekyinbl kene3a crnocoOCTBYIOT arperauuu (eppuTHHA Ha
KJIETOYHOM MeMOpaHne nocpeactBoM peakuun HO-1; ogHako akTuBanust MOJIEKYII
xKese3a (eppUTUHOM MPUBOJUT K YBEJIIMYEHHUIO BBIPAOOTKH KeJie3a, YTO MPUBOJIUT
K oOoramenuto xene3om (136,137). Perynupys kimoueByro moiekyny GSDMD,
MUPONTO3 aKTUBHUpPYET BocmanurtenbHble Tenbla NLRP 3 u kacmazozaBHUCHUMBIA
anonTo3, MPUBOIALIMN K TUChHYHKIIMU MUOKap/a npu cerncuce (138,139).

B cooTBeTcTBUM € MpEeAbIIyIMIMMU METOAAMH JICYEHHS] COOTBETCTBYIOIIHE
METO/Ibl JIEUEHUS cercuca ObUIM pa3/iesieHbl Ha IBE OCHOBHBIE KaTE€rOpHUH, NepBast
KaTeropusi MpeACTaBiisijia CcOOOW OCHOBHbIE METOABl JIEYEHUS C Y4YETOM
ocobeHHocTe  cerncuca.  AHTMOMOTMKM ~ yMEHBIIAIOT  BBICBOOOXKICHHE
BOCHAJIMUTENbHBIX  (AKTOPOB M MEAMATOPOB,  PEryjupys  MNaTOT€HHbIE
MUKpPOOPraHU3Mbl U UMMYHHYIO CUCTEMY, yJIydlllasi IOK, o0Jjieryas KIMHUYECKHUE
cuMnToMbl U npusHaku cerncuca (140,141). JlopamuH, Ba30akTUBHBIN Mpernapar,
HOJIICPKUBAET CTAOUJIBHOE COCTOSIHUE CEpICUYHON MeATEIbHOCTH, PEryaupys
cpenHuil aptepuanbHbii ToHyC (142,143). T'moxokopTukousbl 3¢G(EKTUBHBI B
COKpAILIEHUH MPOJIOJKUTETLHOCTH MPUMEHEHHUS Ba30MpPECcCOPOB U MOAJEPKAHUH
reMOJIMHaMUYECKOro OajlaHca, a TaKKe B YIYULIIEHUU KIMHUYECKUX CUMIITOMOB Y
MalMeHTOB C CEINCHCOM B TEYEHUWE KOPOTKOro mnepuona BpemeHu (144,145).

Bropoli Buj JsiedeHHsT - 3TO MHBEKIUHA TPaB, MEXAHU3M JIEMCTBUS KOTOPBIX
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3aKJIIOYaeTCs B OCJIA0JCHUHM BBICBOOOXKICHHSI BOCHAIUTEIBHBIX (PAKTOPOB U
HOBBIIICHUM HMMMYyHUTeTa opranm3ma. HWubekums Xuebijing wuHruOupyer
BBICBOOOXKIeHUE OeNka TpyMIbl BHICOKON MOABMKHOCTH Bl B CHIBOpOTKE KpOBU
MAllMEHTOB W yMEHBINACT BBICBOOOXKICHHE MEIUATOPOB BOCIAIUTEIHLHOTO
dakTopa, TakuMm obpaszoMm Jieua cerncuc (146). IddexTnBHBIE BMEMIATENIbCTBA TI0
KOHTPOJIIO Pa3BUTHS CEIcuca HEOOXOMWMBI Ui BHEApPEHUs (PyHIaMEHTaTbHBIX
UCCJIEIOBAHUM B KIMHUYECKYIO MPAKTUKy. 3HAaHUE O CENCUCE M CepACUHOMN
HEJI0OCTATOYHOCTU MOKET MPUBECTH K YIIYUIICHHIO JICUeHU HH(papKTa MUOKapaa B
OyIyiem.

Hackonpko Ham m3BecTHO, MeTabonu3M kinetok npu CK He mccrnemopacs.
Bo-BTOpBIX, XOTS COOOMIANIOCH O METAOOTUICCKUX U3MEHEHHSIX BO BPEMSI CETICHCA,
OTCYTCTBYET MH(MOpMaIUs 00 UCCIETOBAHUIX KOHKPETHOTO MEXaHU3Ma JICUCTBUSI.
Hakonen, HesicHo, Kkak Bo3HuUKaioT ¢eppornro3 u muponto3 npu CK.
CrnenoBaTellbHO, HWCCIENOBAaTeIN AOKHBI H3yunTh matoreHe3 CK, wucrmonn3ys
HOBBIC METOJBI 1 MHCTPYMEHTHI, TAKHE KaK ceTeBas (papMaKoJIOTHs, MPOTCOMHUKA,
MEeTa0O0JIOMHUKA U aHATIN3 KUIIICYHON MHUKPOOHOTHI.

B wnactosmeMm wuccnenoBaHuu mpoBeneH 0030p maroreHeza CK ¢ menbro
BBIPAOOTKHU HOBBIX uael mina npodunaktuku u jedenuss CK. B 3akmioueHue, B
3TOM 0030pe KpaTKO OMHCHIBAIOTCS MHUTOXOHApHAIbHAS MUCPYHKIUS (BKIHOYAsS
aKTUBHBIC (POPMBI KHCJIOPOJa, TPAHCIOPT OKCHAAa a30Ta W HMOHOB KaJbIlHs),
MeTaO0OJIMYEeCKUE M3MEHEHHs (BKIIOYas JUOUIHBIA O0OMEH, MeTaboIu3M
KETOHOBBIX TE€J, META0OJIU3M TIOKO3bI M META0O0JIU3M aMHUHOKHUCIIOT) U CIIOCOObI
rubeny KJIETOK (BKItouUasi rulesb ejne3a U KICTOYHBIM MUPOITO3), CBSI3aHHBIE C
CeNTUYECKO Kapauomuonaruei Bo BpeMs cerncuca. CK mMoxeT ObITh BBI3BaH HE
BCEMH TIEPEUNCIICHHBIMH MMaTOTCHHBIMA MEXaHM3MaMH, HO B 0030pe 00CYyKIaTuCh

JIMIIb HCKOTOPBIC U3 HUX, KOTOPLIC OBLIIM OTHOCUTEIHLHO BaKHBIMH.

Ipusnanue

He npumenumo.

DuHaHCHUPOBAaHUE

Hacrosimee wuccnenoBanue Obulo mozjaep:kaHO DOHIOM €CTECTBEHHBIX HAyK

npoBuHIMY [[3umuae (tpant Ne YDZJ202201ZYTS199) u yueGnas nmporpamma 1o
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VHHOBALIMSAM U IPEAIIPUHUMATENBCTBY U CTYA€HTOB HallmOHAIBHBIX KOJIIEKEN
(rpanT Ne 202210199020).

Hanuuue 1aHHBIX M MATEPHAJTIOB

He npumenumo.

Bxuiaa aBTopos

JS u XF 3agymanu TeMy peleH3UU, MPOBEIA HCCIEAOBaHUE, HAMHUCAIUu U
OTPEIAKTUPOBAIM MEepBOHaYaIbHbIA Mpoekr. KZ, HB wu LL Hanucamm,
MPOCMOTPEIIA U OTPEAAKTUPOBAIM PYKOTUCH. Bece aBTOphI MpoynTanu 1 0J100puiIn
OKOHYATEIbHYIO PYKOMUCh. AYyTEeHTU(UKAIMS TAHHBIX HEIPUMEHUMA.

Ono0peHue I TUKHU M COIJIacHe HA y4acTHe

He npumenumo.

Corsacue namueHTa Ha NyOJINKANNIO

He npumenumo.

Konkypupywouue uHTepechl

ABTOpBI 3asBIISIIOT, YTO Y HUX HET KOHKYPUPYIOIINUX UHTEPECOB.

CnyMcok MCTOYHHKOB

1. Hammond N, Kumar A, Kaur P, Tirupakuzhi Vijayaraghavan BK, Ghosh A,
Grattan S, Jha V, Mathai D and Venkatesh B; Sepsis in India Prevalence Study
(SIPS) Investigator Network: Estimates of sepsis prevalence and outcomes in adult
patients in the ICU in India: A cross-sectional Study. Chest 161: 1543-1554, 2022.
2. Salomao R, Ferreira BL, Salomao MC, Santos SS, Azevedo LCP and Brunialti
MKC: Sepsis: Evolving concepts and challenges. Braz J Med Biol Res 52: e8595,
20109.

3. Shankar-Hari M, Phillips G, Levy ML, Seymour CW, Liu VX, Deutschman CS,
Angus DC, Rubenfeld GD and Singer M; Sepsis Definitions Task Force:
Developing a new definition and assessing new clinical criteria for septic shock:
For the third international consensus definitions for sepsis and septic shock
(sepsis-3). JAMA 315: 775-787, 2016.

4. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM
and Sibbald WJ: Definitions for sepsis and organ failure and guidelines for the use
of innovative therapies in sepsis. The ACCP/SCCM consensus conference

24



committee. American college of chest physicians/society of critical care medicine.
Chest 101: 1644-1655, 1992.

5. Makic MBF and Bridges E: CE: Managing sepsis and septic shock: Current
guidelines and definitions. Am J Nurs 118: 34-39, 2018.

6. Delano MJ and Ward PA: The immune system's role in sepsis progression,
resolution, and long-term outcome. Immunol Rev 274: 330-353, 2016.

7. Antonucci E, Fiaccadori E, Donadello K, Taccone FS, Franchi F and Scolletta S:
Myocardial depression in sepsis: From pathogenesis to clinical manifestations and
treatment. J Crit Care 29: 500-511, 2014.

8. Rello J, Valenzuela-Sanchez F, Ruiz-Rodriguez M and Moyano S: Sepsis: A
review of advances in management. Adv Ther 34: 2393-2411, 2017.

9. Skirecki T and Cavaillon JM: Inner sensors of endotoxin-implications for sepsis
research and therapy. FEMS Microbiol Rev 43: 239-256, 2019.

10. Torres L, Pickkers P and van der Poll T: Sepsis-induced immunosuppression.
Annu Rev Physiol 84: 157-181, 2022.

11. Ehrman RR, Sullivan AN, Favot MJ, Sherwin RL, Reynolds CA, Abidov A
and Levy PD: Pathophysiology, echocardiographic evaluation, biomarker findings,
and prognostic implications of septic cardiomyopathy: A review of the literature.
Crit Care 22: 112, 2018.

12. Purcarea A and Sovaila S: Sepsis, a 2020 review for the internist. Rom J Intern
Med 58: 129-137, 2020.

13. Gotts JE and Matthay MA.: Sepsis: Pathophysiology and clinical management.
BMJ 353: 11585, 2016.

14. Huang M, Cai S and Su J: The pathogenesis of sepsis and potential therapeutic
targets. Int J Mol Sci 20: 5376, 20109.

15. Ackerman MH, Ahrens T, Kelly J and Pontillo A: Sepsis. Crit Care Nurs Clin
North Am 33: 407-418, 2021.

16. Zhang H, Feng YW and Yao YM: Potential therapy strategy: Targeting
mitochondrial dysfunction in sepsis. Mil Med Res 5: 41, 2018.

17. Cheung R, Pizza G, Chabosseau P, Rolando D, Tomas A, Burgoyne T, Wu Z,
Salowka A, Thapa A, Macklin A, et al: Glucose-dependent miR-125b is a negative
regulator of B-cell function. Diabetes 71: 1525-1545, 2022.

25



18. Doke T and Susztak K: The multifaceted role of kidney tubule mitochondrial
dysfunction in kidney disease development. Trends Cell Biol 32: 841-853, 2022.
19. Park K and Lee MS: Essential role of lysosomal Ca2+-mediated TFEB
activation in mitophagy and functional adaptation of pancreatic [-cells to
metabolic stress. Autophagy 18: 3043-3045, 2022.

20. Eldeeb MA, Thomas RA, Ragheb MA, Fallahi A and Fon EA: Mitochondrial
quality control in health and in Parkinson's disease. Physiol Rev 102: 1721-1755,
2022.

21. Hocaoglu H and Sieber M: Mitochondrial respiratory quiescence: A new model
for examining the role of mitochondrial metabolism in development. Semin Cell
Dev Biol 138: 94-103, 2023.

22. Subramanian GN, Yeo AJ, Gatei MH, Coman DJ and Lavin MF: Metabolic
stress and mitochondrial dysfunction in ataxia-telangiectasia. Antioxidants (Basel)
11: 653, 2022.

23. Joffre J and Hellman J: Oxidative stress and endothelial dysfunction in sepsis
and acute inflammation. Antioxid Redox Signal 35: 1291-1307, 2021.

24. Doi K, Leelahavanichkul A, Yuen PST and Star RA: Animal models of sepsis
and sepsis-induced kidney injury. J Clin Invest 119: 2868-2878, 2009.

25. Salari S, Ghorbanpour A, Marefati N, Baluchnejadmojarad T and Roghani M:
Therapeutic effect of lycopene in lipopolysaccharide nephrotoxicity through
alleviation of mitochondrial dysfunction, inflammation, and oxidative stress. Mol
Biol Rep 49: 8429-8438, 2022.

26. de Souza Stork S, Hiibner M, Biehl E, Danielski LG, Bonfante S, Joaquim L,
Denicol T, Cidreira T, Pacheco A, Bagio E, et al: Diabetes exacerbates
sepsis-induced neuroinflammation and brain  mitochondrial dysfunction.
Inflammation 45: 2352-2367, 2022.

27. Soriano FG, Nogueira AC, Caldini EG, Lins MH, Teixeira AC, Cappi SB,
Lotufo PA, Bernik MM, Zsengellér Z, Chen M and Szabo C: Potential role of
poly(adenosine 5'-diphosphate-ribose) polymerase activation in the pathogenesis of
myocardial contractile dysfunction associated with human septic shock. Crit Care
Med 34: 1073-1079, 2006.

28. Galley HF: Oxidative stress and mitochondrial dysfunction in sepsis. Br J

Anaesth 107: 57-64, 2011.
26



29. Cimolai MC, Alvarez S, Bode C and Bugger H: Mitochondrial mechanisms in
septic cardiomyopathy. Int J Mol Sci 16: 17763-17778, 2015.

30. Lee S, Xu H, Van Vleck A, Mawla AM, Li AM, Ye J, Huising MO and Annes
JP: B-Cell succinate dehydrogenase deficiency triggers metabolic dysfunction and
insulinopenic diabetes. Diabetes 71: 1439-1453, 2022.

31. Hu J, Cheng Y, Chen P, Huang Z and Yang L: Caffeine citrate protects against
sepsis-associated encephalopathy and inhibits the UCP2/NLRP3 axis in astrocytes.
J Interferon Cytokine Res 42: 267-278, 2022.

32. Huang Q, Ding Y, Fang C, Wang H and Kong L: The emerging role of
ferroptosis in sepsis, opportunity or challenge? Infect Drug Resist 16: 5551-5562,
2023.

33.JiL,He Q, LiuY, Deng Y, Xie M, Luo K, Cai X, Zuo Y, Wu W, Li Q, et al:
Ketone body B-hydroxybutyrate prevents myocardial oxidative stress in septic
cardiomyopathy. Oxid Med Cell Longev 2022: 2513837, 2022.

34. Zhao H, Lin X, Chen Q, Wang X, Wu Y and Zhao X: Quercetin inhibits the
NOX2/ROS-mediated NF-«B/TXNIP signaling pathway to ameliorate pyroptosis
of cardiomyocytes to relieve sepsis-induced cardiomyopathy. Toxicol Appl
Pharmacol 477: 116672, 2023.

35. Liu Z, Pan H, Zhang Y, Zheng Z, Xiao W, Hong X, Chen F, Peng X, Pei Y,
Rong J, et al: Ginsenoside-Rgl attenuates sepsis-induced cardiac dysfunction by
modulating mitochondrial damage via the P2X7 receptor-mediated Akt/GSK-3
signaling pathway. J Biochem Mol Toxicol 36: €22885, 2022.

36. Wang J, Yang S, Jing G, Wang Q, Zeng C, Song X and Li X: Inhibition of
ferroptosis protects sepsis-associated encephalopathy. Cytokine 161: 156078,
2023.

37. Vanasco V, Saez T, Magnani ND, Pereyra L, Marchini T, Corach A, Vaccaro
MI, Corach D, Evelson P and Alvarez S: Cardiac mitochondrial biogenesis in
endotoxemia is not accompanied by mitochondrial function recovery. Free Radic
Biol Med 77: 1-9, 2014.

38. Burgoyne J, Rudyk O, Mayr M and Eaton P: Nitrosative protein oxidation is
modulated during early endotoxemia. Nitric Oxide 25: 118-124, 2011.

27



39. Boveris A, Alvarez S and Navarro A: The role of mitochondrial nitric oxide
synthase in inflammation and septic shock. Free Radic Biol Med 33: 1186-1193,
2002.

40. Escames G, Lopez L, Ortiz F, Lépez A, Garcia JA, Ros E and
Acufia-Castroviejo D: Attenuation of cardiac mitochondrial dysfunction by
melatonin in septic mice. FEBS J 274: 2135-2147, 2007.

41. van de Sandt AM, Windler R, Gédecke A, Ohlig J, Zander S, Reinartz M, Graf
J, van Faassen EE, Rassaf T, Schrader J, et al: Endothelial NOS (NOS3) impairs
myocardial function in developing sepsis. Basic Res Cardiol 108: 330, 2013.

42. McCall CE, Zhu X, Zabalawi M, Long D, Quinn MA, Yoza BK, Stacpoole PW
and Vachharajani V: Sepsis, pyruvate, and mitochondria energy supply chain
shortage. J Leukoc Biol 112: 1509-1514, 2022.

43. Joshi MS, Julian MW, Huff JE, Bauer JA, Xia Y and Crouser ED: Calcineurin
regulates myocardial function during acute endotoxemia. Am J Respir Crit Care
Med 173: 999-1007, 2006.

44. Giorgio V, von Stockum S, Antoniel M, Fabbro A, Fogolari F, Forte M, Glick
GD, Petronilli V, Zoratti M, Szab¢ I, et al: Dimers of mitochondrial ATP synthase
form the permeability transition pore. Proc Natl Acad Sci USA 110: 5887-5892,
2013.

45. Giorgio V, Guo L, Bassot C, Petronilli V and Bernardi P: Calcium and
regulation of the mitochondrial permeability transition. Cell Calcium 70: 56-63,
2018.

46. Bernardi P: The mitochondrial permeability transition pore: A mystery solved?
Front Physiol 4: 95, 2013.

47. Rasola A and Bernardi P: Mitochondrial permeability transition in
Ca(2+)-dependent apoptosis and necrosis. Cell Calcium 50: 222-233, 2011.

48. Takeuchi A, Kim B and Matsuoka S: The destiny of Ca(2+) released by
mitochondria. J Physiol Sci 65: 11-24, 2015.

49. Halestrap AP: Calcium, mitochondria and reperfusion injury: A pore way to
die. Biochem Soc Trans 34: 232-237, 2006.

50. Bernardi P and Di Lisa F: The mitochondrial permeability transition pore:
Molecular nature and role as a target in cardioprotection. J Mol Cell Cardiol 78:

100-106, 2015.
28



51. Ballard-Croft C, Maass DL, Sikes PJ and Horton JW: Sepsis and burn
complicated by sepsis alter cardiac transporter expression. Burns 33: 72-80, 2007.
52. Hassoun SM, Marechal X, Montaigne D, Bouazza Y, Decoster B, Lancel S and
Neviere R: Prevention of endotoxin-induced sarcoplasmic reticulum calcium leak
improves mitochondrial and myocardial dysfunction. Crit Care Med 36:
2590-2596, 2008.

53. Supinski GS, Murphy MP and Callahan LA: MitoQ administration prevents
endotoxin-induced cardiac dysfunction. Am J Physiol Regul Integr Comp Physiol
297: R1095-R1102, 2009.

54. Zang QS, Sadek H, Maass DL, Martinez B, Ma L, Kilgore JA, Williams NS,
Frantz DE, Wigginton JG, Nwariaku FE, et al: Specific inhibition of mitochondrial
oxidative stress suppresses inflammation and improves cardiac function in a rat
pneumonia-related sepsis model. Am J Physiol Heart Circ Physiol 302:
H1847-H1859, 2012.

55. Vanasco V, Cimolai MC, Evelson P and Alvarez S: The oxidative stress and
the mitochondrial dysfunction caused by endotoxemia are prevented by
alpha-lipoic acid. Free Radic Res 42: 815-823, 2008.

56. Vandewalle J and Libert C: Sepsis: A failing starvation response. Trends
Endocrinol Metab 33: 292-304, 2022.

57. Lelubre C and Vincent JL: Mechanisms and treatment of organ failure in
sepsis. Nat Rev Nephrol 14: 417-427, 2018.

58. Collins K and Huen SC: Metabolism and nutrition in sepsis: In need of a
paradigm shift. Nephron: Sep 13, 2023 (Epub ahead of print).

59. Wolowczuk I, Verwaerde C, Viltart O, Delanoye A, Delacre M, Pot B and
Grangette C: Feeding our immune system: Impact on metabolism. Clin Dev
Immunol 2008: 639803, 2008.

60. Rittig N, Bach E, Thomsen HH, Pedersen SB, Nielsen TS, Jorgensen JO,
Jessen N and Mgller N: Regulation of lipolysis and adipose tissue signaling during
acute endotoxin-induced inflammation: A human randomized crossover trial. PL0S
One 11: e0162167, 2016.

61. Drosatos K, Drosatos-Tampakaki Z, Khan R, Homma S, Schulze PC, Zannis
VI and Goldberg 1J: Inhibition of c-Jun-N-terminal kinase increases cardiac

peroxisome proliferator-activated receptor alpha expression and fatty acid
29



oxidation and prevents lipopolysaccharide-induced heart dysfunction. J Biol Chem
286: 36331-36339, 2011.

62. Wang W, Xu RL, He P and Chen R: MARL1 suppresses inflammatory response
in LPS-induced RAW 264.7 macrophages and human primary peripheral blood
mononuclear cells via the SIRT1/PGC-1a/PPAR-y pathway. J Inflamm (Lond) 18:
8, 2021.

63. Drosatos K, Khan RS, Trent CM, Jiang H, Son NH, Blaner WS, Homma S,
Schulze PC and Goldberg 1J;: Peroxisome proliferator-activated receptor-y
activation prevents sepsis-related cardiac dysfunction and mortality in mice. Circ
Heart Fail 6: 550-562, 2013.

64. Sharma S, Adrogue JV, Golfman L, Uray I, Lemm J, Youker K, Noon GP,
Frazier OH and Taegtmeyer H: Intramyocardial lipid accumulation in the failing
human heart resembles the lipotoxic rat heart. FASEB J 18: 1692-1700, 2004.

65. Memon RA, Fuller J, Moser AH, Smith PJ, Feingold KR and Grunfeld C: In
vivo regulation of acyl-CoA synthetase mMRNA and activity by endotoxin and
cytokines. Am J Physiol 275: E64-E72, 1998.

66. Feingold K, Kim M, Shigenaga J, Moser A and Grunfeld C: Altered expression
of nuclear hormone receptors and coactivators in mouse heart during the
acute-phase response. Am J Physiol Endocrinol Metab 286: E201-E207, 2004.

67. Rossi MA, Celes MRN, Prado CM and Saggioro FP: Myocardial structural
changes in long-term human severe sepsis/septic shock may be responsible for
cardiac dysfunction. Shock 27: 10-18, 2007.

68. Koskinas J, Gomatos IP, Tiniakos DG, Memos N, Boutsikou M, Garatzioti A,
Archimandritis A and Betrosian A: Liver histology in ICU patients dying from
sepsis: A clinico-pathological study. World J Gastroenterol 14: 1389-1393, 2008.
69. Shimazu T, Hirschey MD, Newman J, He W, Shirakawa K, Le Moan N,
Grueter CA, Lim H, Saunders LR, Stevens RD, et al: Suppression of oxidative
stress by B-hydroxybutyrate, an endogenous histone deacetylase inhibitor. Science
339: 211-214, 2013.

70. Aubert G, Martin OJ, Horton JL, Lai L, Vega RB, Leone TC, Koves T, Gardell
SJ, Kriiger M, Hoppel CL, et al: The failing heart relies on ketone bodies as a fuel.
Circulation 133: 698-705, 2016.

30



71. Wang A, Huen SC, Luan HH, Yu S, Zhang C, Gallezot JD, Booth CJ and
Medzhitov R: Opposing effects of fasting metabolism on tissue tolerance in
bacterial and viral inflammation. Cell 166: 1512-1525.e12, 2016.

72. Umbarawan Y, Syamsunarno MRAA, Obinata H, Yamaguchi A, Sunaga H,
Matsui H, Hishiki T, Matsuura T, Koitabashi N, Obokata M, et al: Robust
suppression of cardiac energy catabolism with marked accumulation of energy
substrates during lipopolysaccharide-induced cardiac dysfunction in mice.
Metabolism 77: 47-57, 2017.

73. Soni S, Martens MD, Takahara S, Silver HL, Maayah ZH, Ussher JR,
Ferdaoussi M and Dyck JRB: Exogenous ketone ester administration attenuates
systemic inflammation and reduces organ damage in a lipopolysaccharide model of
sepsis. Biochim Biophys Acta Mol Basis Dis 1868: 166507, 2022.

74. Dhainaut JF, Huyghebaert MF, Monsallier JF, Lefevre G, Dall'Ava-Santucci J,
Brunet F, Villemant D, Carli A and Raichvarg D: Coronary hemodynamics and
myocardial metabolism of lactate, free fatty acids, glucose, and ketones in patients
with septic shock. Circulation 75: 533-541, 1987.

75. Chew MS, Shekar K, Brand BA, Norin C and Barnett AG: Depletion of
myocardial glucose is observed during endotoxemic but not hemorrhagic shock in
a porcine model. Crit Care 17: R164, 2013.

76. Liu T, Wen Z, Shao L, Cui Y, Tang X, Miao H, Shi J, Jiang L, Feng S, Zhao
Y, et al: ATF4 knockdown in macrophage impairs glycolysis and mediates
immune tolerance by targeting HK2 and HIF-1a ubiquitination in sepsis. Clin
Immunol 254: 109698, 2023.

77. Standage SW, Bennion BG, Knowles TO, Ledee DR, Portman MA, McGuire
JK, Liles WC and Olson AK: PPARa augments heart function and cardiac fatty
acid oxidation in early experimental polymicrobial sepsis. Am J Physiol Heart Circ
Physiol 312: H239-H249, 2017.

78. Zheng Z, Ma H, Zhang X, Tu F, Wang X, Ha T, Fan M, Liu L, Xu J, Yu K, et
al: Enhanced glycolytic metabolism contributes to cardiac dysfunction in
polymicrobial sepsis. J Infect Dis 215: 1396-1406, 2017.

79. Lang CH, Frost RA, Jefferson LS, Kimball SR and Vary TC:
Endotoxin-induced decrease in muscle protein synthesis is associated with changes

31



in elF2B, elF4E, and IGF-1. Am J Physiol Endocrinol Metab 278: E1133-E1143,
2000.

80. Lang CH, Frost RA, Nairn AC, MacLean DA and Vary TC: TNF-alpha impairs
heart and skeletal muscle protein synthesis by altering translation initiation. Am J
Physiol Endocrinol Metab 282: E336-E347, 2002.

81. Plank LD and Hill GL: Sequential metabolic changes following induction of
systemic inflammatory response in patients with severe sepsis or major blunt
trauma. World J Surg 24: 630-638, 2000.

82. Warner BW, Hummel RP IIl, Hasselgren PO, James JH and Fischer JE:
Inhibited amino acid uptake in skeletal muscle during starvation. JPEN J Parenter
Enteral Nutr 13: 344-348, 1989.

83. Zhang Q, Bao X, Cui M, Wang C, Ji J, Jing J, Zhou X, Chen K and Tang L:
Identification and validation of key biomarkers based on RNA methylation genes
in sepsis. Front Immunol 14: 1231898, 2023.

84. Hotchkiss RS, Song SK, Neil JJ, Chen RD, Manchester JK, Karl IE, Lowry
OH and Ackerman JJ: Sepsis does not impair tricarboxylic acid cycle in the heart.
Am J Physiol 260: C50-C57, 1991.

85. Sun S, Wang D, Dong D, Xu L, Xie M, Wang Y, Ni T, Jiang W, Zhu X, Ning
N, et al: Altered intestinal microbiome and metabolome correspond to the clinical
outcome of sepsis. Crit Care 27: 127, 2023.

86. Chang WH and Lai AG: The pan-cancer mutational landscape of the PPAR
pathway reveals universal patterns of dysregulated metabolism and interactions
with tumor immunity and hypoxia. Ann N Y Acad Sci 1448: 65-82, 2019.

87. Anghel SI and Wahli W: Fat poetry: A kingdom for PPAR gamma. Cell Res
17: 486-511, 2007.

88. Christodoulides C and Vidal-Puig A: PPARs and adipocyte function. Mol Cell
Endocrinol 318: 61-68, 2010.

89. Villarroel-Vicente C, Gutiérrez-Palomo S, Ferri J, Cortes D and Cabedo N:
Natural products and analogs as preventive agents for metabolic syndrome via
peroxisome proliferator-activated receptors: An overview. Eur J Med Chem 221:
113535, 2021.

32



90. von Knethen A, Soller M and Briine B: Peroxisome proliferator-activated
receptor gamma (PPAR gamma) and sepsis. Arch Immunol Ther Exp (Warsz) 55:
19-25, 2007.

91.Li Z, JiaY, Feng Y, Cui R, Wang Z, Qu K, Liu C and Zhang J: Methane-rich
saline protects against sepsis-induced liver damage by regulating the
PPAR-y/NF-kB signaling pathway. Shock 52: e163-e172, 20109.

92. Gong W, Zhu H, Lu L, Hou Y and Dou H: A benzenediamine analog FC-99
drives M2 macrophage polarization and alleviates lipopolysaccharide-(LPS-)
induced liver injury. Mediators Inflamm 2019: 7823069, 2019.

93. Wen Q, Miao J, Lau N, Zhang C, Ye P, Du S, Mei L, Weng H, Xu Q, Liu X, et
al: Rhein attenuates lipopolysaccharide-primed inflammation through NF-xB
inhibition in RAW264.7 cells: targeting the PPAR-y signal pathway. Can J Physiol
Pharmacol 98: 357-365, 2020.

94. XiaH, Ge Y, Wang F, Ming Y, Wu Z, Wang J, Sun S, Huang S, Chen M, Xiao
W and Yao S: Protectin DX ameliorates inflammation in sepsis-induced acute lung
injury through mediating PPARY/NF-xB pathway. Immunol Res 68: 280-288,
2020.

95. Chen Q, Shao X, He Y, Lu E, Zhu L and Tang W: Norisoboldine attenuates
sepsis-induced acute lung injury by modulating macrophage polarization via
PKM2/HIF-1a/PGC-1a pathway. Biol Pharm Bull 44: 1536-1547, 2021.

96. Zhu XX, Wang X, Jiao SY, Liu Y, Shi L, Xu Q, Wang JJ, Chen YE, Zhang Q,
Song YT, et al: Cardiomyocyte peroxisome proliferator-activated receptor o
prevents septic cardiomyopathy via improving mitochondrial function. Acta
Pharmacol Sin: Jun 16, 2023 (Epub ahead of print).

97. Chen W, Wang Y, Zhou Y, Xu Y, Bo X and Wu J: M1 macrophages increase
endothelial ~ permeability and enhance p38  phosphorylation  via
PPAR-y/CXCL13-CXCR5 in sepsis. Int Arch Allergy Immunol 183: 997-1006,
2022.

98. Mitchell S, Vargas J and Hoffmann A: Signaling via the NF«xB system. Wiley
Interdiscip Rev Syst Biol Med 8: 227-241, 2016.

99. Somensi N, Rabelo TK, Guimardes AG, Quintans-Junior LJ, de Souza Araujo
AA, Moreira JCF and Gelain DP: Carvacrol suppresses LPS-induced

33



pro-inflammatory activation in RAW 264.7 macrophages through ERK1/2 and
NF-kB pathway. Int Immunopharmacol 75: 105743, 2019.

100. Liu B, Wu Y, Wang Y, Cheng Y, Yao L, Liu Y, Qian H, Yang H and Shen F:
NF-xB p65 Knock-down inhibits TF, PAI-1 and promotes activated protein C
production in lipopolysaccharide-stimulated alveolar epithelial cells type Il. Exp
Lung Res 44: 241-251, 2018.

101. Wu Z, Chen J, Zhao W, Zhuo CH and Chen Q: Inhibition of miR-181a
attenuates sepsis-induced inflammation and apoptosis by activating Nrf2 and
inhibiting NF-«xB pathways via targeting SIRT1. Kaohsiung J Med Sci 37:
200-207, 2021.

102. Liu SF and Malik AB: NF-kappa B activation as a pathological mechanism of
septic shock and inflammation. Am J Physiol Lung Cell Mol Physiol 290:
L622-1.645, 2006.

103. Zang B and Wang L: Synthesis and protective effect of pyrazole conjugated
imidazo[1,2-a]pyrazine derivatives against acute lung injury in sepsis rats via
attenuation of NF-xB, oxidative stress, and apoptosis. Acta Pharm 73: 341-362,
2023.

104. Cao L and Yang K: Paeoniflorin attenuated TREM-1-mediated inflammation
in THP-1 cells. J Healthc Eng 2022: 7051643, 2022.

105. Wang X, Xu T, Jin J, Ting Gao MM, Wan B, Gong M, Bai L, Lv T and Song
Y: Topotecan reduces sepsis-induced acute lung injury and decreases the
inflammatory response via the inhibition of the NF-xB signaling pathway. Pulm
Circ 12: 12070, 2022.

106. Franco JH, Chen X and Pan ZK: Novel treatments targeting the dysregulated
cell signaling pathway during sepsis. J Cell Signal 2: 228-234, 2021.

107. Ruan W, Ji X, Qin Y, Zhang X, Wan X, Zhu C, Lv C, Hu C, Zhou J, Lu L
and Guo X: Harmine alleviated sepsis-induced cardiac dysfunction by modulating
macrophage polarization via the STAT/MAPK/NF-kB pathway. Front Cell Dev
Biol 9: 792257, 2022.

108. Dang X, Huan X, Du X, Chen X, Bi M, Yan C, Jiao Q and Jiang H:
Correlation of ferroptosis and other types of cell death in neurodegenerative
diseases. Neurosci Bull 38: 938-952, 2022.

34



109. Kim J and Wessling-Resnick M: The role of iron metabolism in lung
inflammation and injury. J Allergy Ther 3 (Suppl 4): S004, 2012.

110. de Lima VM, Batista BB and da Silva Neto JF: The regulatory protein ChuP
connects heme and siderophore-mediated iron acquisition systems required for
chromobacterium violaceum virulence. Front Cell Infect Microbiol 12: 873536,
2022.

111. Englert FA, Seidel RA, Galler K, Gouveia Z, Soares MP, Neugebauer U,
Clemens MG, Sponholz C, Heinemann SH, Pohnert G, et al: Labile heme impairs
hepatic microcirculation and promotes hepatic injury. Arch Biochem Biophys 672:
108075, 20109.

112. Stefanson AL and Bakovic M: Falcarinol Is a potent inducer of heme
oxygenase-1 and was more effective than sulforaphane in attenuating intestinal
inflammation at diet-achievable doses. Oxid Med Cell Longev 2018: 3153527,
2018.

113. Yoon SJ, Kim SJ and Lee SM: Overexpression of HO-1 contributes to
sepsis-induced immunosuppression by modulating the Th1/Th2 balance and
regulatory T-cell function. J Infect Dis 215: 1608-1618, 2017.

114. Puentes-Pardo JD, Moreno-SanJuan S, Carazo A and Leén J: Heme
oxygenase-1 in gastrointestinal tract health and disease. Antioxidants (Basel) 9:
1214, 2020.

115. Fernandez-Mendivil C, Luengo E, Trigo-Alonso P, Garcia-Magro N, Negredo
P and Lopez MG: Protective role of microglial HO-1 blockade in aging:
Implication of iron metabolism. Redox Biol 38: 101789, 2021.

116. Qiao B, Sugianto P, Fung E, Del-Castillo-Rueda A, Moran-Jimenez MJ, Ganz
T and Nemeth E: Hepcidin-induced endocytosis of ferroportin is dependent on
ferroportin ubiquitination. Cell Metab 15: 918-924, 2012.

117. Cross JH, Jarjou O, Mohammed NI, Gomez SR, Touray BJB, Kessler NJ,
Prentice AM and Cerami C: Iron homeostasis in full-term, normal birthweight
Gambian neonates over the first week of life. Sci Rep 13: 10349, 2023.

118. Drakesmith H and Prentice AM: Hepcidin and the iron-infection axis. Science
338: 768-772, 2012.

35



119. Scindia Y, WIlazlo E, Leeds J, Loi V, Ledesma J, Cechova S, Ghias E and
Swaminathan S: Protective role of hepcidin in polymicrobial sepsis and acute
kidney injury. Front Pharmacol 10: 615, 2019.

120. Deng Q, Yang S, Sun L, Dong K, Li Y, Wu S and Huang R: Salmonella
effector SpvB aggravates dysregulation of systemic iron metabolism via
modulating the hepcidin-ferroportin axis. Gut Microbes 13: 1-18, 2021.

121. Czempik PF and Wiorek A: Iron deficiency in sepsis patients based on
reticulocyte hemoglobin and hepcidin concentration: A prospective cohort study.
Arch Med Sci 19: 805-809, 2023.

122. Martinon F, Burns K and Tschopp J: The inflammasome: A molecular
platform triggering activation of inflammatory caspases and processing of
prolL-beta. Mol Cell 10: 417-426, 2002.

123. Shi J, Zhao Y, Wang K, Shi X, Wang Y, Huang H, Zhuang Y, Cai T, Wang F
and Shao F: Cleavage of GSDMD by inflammatory caspases determines pyroptotic
cell death. Nature 526: 660-665, 2015.

124. Feng Y, Li M, Yangzhong X, Zhang X, Zu A, Hou Y, Li L and Sun S:
Pyroptosis in inflammation-related respiratory disease. J Physiol Biochem 78:
721-737, 2022.

125. Man SM, Karki R and Kanneganti TD: Molecular mechanisms and functions
of pyroptosis, inflammatory caspases and inflammasomes in infectious diseases.
Immunol Rev 277: 61-75, 2017.

126. Zeng C, Duan F, Hu J, Luo B, Huang B, Lou X, Sun X, Li H, Zhang X, Yin S
and Tan H: NLRP3 inflammasome-mediated pyroptosis contributes to the
pathogenesis of non-ischemic dilated cardiomyopathy. Redox Biol 34: 101523,
2020.

127. Wu S, Liao J, Hu G, Yan L, Su X, Ye J, Zhang C, Tian T, Wang H, Wang Y-
Corilagin alleviates LPS-induced sepsis through inhibiting pyroptosis via targeting
TIR domain of MyD88 and binding CARD of ASC in macrophages. Biochem
Pharmacol: 115806, 2023 (Epub ahead of print).

128. Dai S, Ye B, Zhong L, Chen Y, Hong G, Zhao G, Su L and Lu Z: GSDMD
mediates  LPS-induced septic myocardial dysfunction by regulating
ROS-dependent NLRP3 inflammasome activation. Front Cell Dev Biol 9: 779432,

2021.
36



129. Meng L, Gu T, Wang J, Zhang H and Nan C: Knockdown of PHLDA1
alleviates sepsis-induced acute lung injury by downregulating NLRP3
inflammasome activation. Allergol Immunopathol (Madr) 51: 41-47, 2023.

130. Li W, Shen X, Feng S, Liu Y, Zhao H, Zhou G, Sang M, Sun X, Jiao R and
Liu F: BRD4 inhibition by JQ1 protects against LPS-induced cardiac dysfunction
by inhibiting activation of NLRP3 inflammasomes. Mol Biol Rep 49: 8197-8207,
2022.

131. Zhao M, Zheng Z, Zhang P, Xu Y, Zhang J, Peng S, Liu J, Pan W, Yin Z, Xu
S, et al: I1L-30 protects against sepsis-induced myocardial dysfunction by inhibiting
pro-inflammatory macrophage polarization and pyroptosis. iScience 26: 107544,
2023.

132. Nong Y, Wei X and Yu D: Inflammatory mechanisms and intervention
strategies for sepsis-induced myocardial dysfunction. Immun Inflamm Dis 11:
e860, 2023.

133. Lima MR and Silva D: Septic cardiomyopathy: A narrative review. Rev Port
Cardiol 42: 471-481, 2023 (In English, Portuguese).

134. Nadamuni M, Venable AH and Huen SC: When a calorie isn't just a calorie:
A revised look at nutrition in critically ill patients with sepsis and acute kidney
injury. Curr Opin Nephrol Hypertens 31: 358-366, 2022.

135. Costa NA, Pereira AG, Sugizaki CSA, Vieira NM, Garcia LR, de Paiva SAR,
Zornoff LAM, Azevedo PS, Polegato BF and Minicucci MF: Insights into
thiamine supplementation in patients with septic shock. Front Med (Lausanne) 8:
805199, 2022.

136. Huo L, Liu C, Yuan Y, Liu X and Cao Q: Pharmacological inhibition of
ferroptosis as a therapeutic target for sepsis-associated organ damage. Eur J Med
Chem 257: 115438, 2023.

137. Zhou P, Zhang S, Wang M and Zhou J: The induction mechanism of
ferroptosis, necroptosis, and pyroptosis in inflammatory bowel disease, colorectal
cancer, and intestinal injury. Biomolecules 13: 820, 2023.

138. Wu J, Lan Y, Wu J and Zhu K: Sepsis-induced acute lung injury is alleviated
by small molecules from dietary plants via pyroptosis modulation. J Agric Food
Chem 71: 12153-12166, 2023.

37



139. Perveen |, Bukhari B, Najeeb M, Nazir S, Faridi TA, Farooqg M, Ahmad QU,
Abusalah MAHA, AL jaraedah TY, Alraei WY, et al: Hydrogen therapy and its
future prospects for ameliorating COVID-19: Clinical applications, efficacy, and
modality. Biomedicines 11: 1892, 2023.

140. Expert Panel on Urological Imaging; Smith AD, Nikolaidis P, Khatri G,
Chong ST, De Leon AD, Ganeshan D, Gore JL, Gupta RT, Kwun R, et al: ACR
appropriateness criteria® acute pyelonephritis: 2022 Update. ] Am Coll Radiol 19
(11S): S224-S239, 2022.

141. Diaconescu B, Uranues S, Fingerhut A, Vartic M, Zago M, Kurihara H, Latifi
R, Popa D, Leppidniemi A, Tilsed J, et al: The bucharest ESTES consensus
statement on peritonitis. Eur J Trauma Emerg Surg 46: 1005-1023, 2020.

142. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C,
Machado FR, Mcintyre L, Ostermann M, Prescott HC, et al: Surviving sepsis
campaign: International guidelines for management of sepsis and septic shock
2021. Intensive Care Med 47: 1181-1247, 2021.

143. Annane D, Pastores SM, Rochwerg B, Arlt W, Balk RA, Beishuizen A,
Briegel J, Carcillo J, Christ-Crain M, Cooper MS, et al: Guidelines for the
diagnosis and management of critical illness-related corticosteroid insufficiency
(CIRCI) in critically ill patients (Part 1): Society of critical care medicine (SCCM)
and European society of intensive care medicine (ESICM) 2017. Intensive Care
Med 43: 1751-1763, 2017.

144. Marik PE, Pastores SM, Annane D, Meduri GU, Sprung CL, Arlt W, Keh D,
Briegel J, Beishuizen A, Dimopoulou I, et al: Recommendations for the diagnosis
and management of corticosteroid insufficiency in critically ill adult patients:
Consensus statements from an international task force by the American college of
critical care medicine. Crit Care Med 36: 1937-1949, 2008.

145. Zhong G, Han Y, Zhu Q, Xu M, Chang X, Chen M, Men L, Zhang Q and
Wang L: The effects of Xuebijing injection combined with ulinastatin as
adjunctive therapy on sepsis: An overview of systematic review and meta-analysis.
Medicine (Baltimore) 101: €31196, 2022.

146. Xiaoxia Q, Cheng C, Minjian W, Huilin C, Zhen L, Yuedong Y and Xingyu
Z: Effect of integrative medicines on 28-day mortality from sepsis: A systematic

38



review and network meta-analysis. Eur Rev Med Pharmacol Sci 26: 664-677,
2022.

Copyright © 2023 Song et al. This work is licensed under a Creative Commons

Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
License.

39



