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fFIA , BOAH MitoQ X IR BEAE 75 A Lo JIE e i AT — € 11
PRI PRI

A2 E 5 TPP EHIE AU MitoE L EA 24T MitoQ
IIRCR , WFFEUESE HAE IR FEAE /)N BUBTEY v [R) A LA (R4 Sk
I b BT B e R F Ak A >

Mito-Tempol FEL7 5 MitoQ 2 fBL 1) £ #4) 1 2 A 44 L 1)
Tine, oA AU H AL 4- 525 -2,2,6,6— DU ALIRIE -N-
A (Tempol ) TEFEL 1 ASHL T 5 T ARG AL A SR Y
SEHL B R A B VE T TRV B4 i 0 [
SR LUHAR g A A 3k TR i — A A EAE 3R, 1 5 T
FARIRCR . HeAh, R A 2R A AL Y
A B T AR Ak Mito—Tempol 74 JR % |
IS 255 A S o P A F RO BIR T e 20,
T AE S REAE P O VR R TR 800 2014 4R, Paril 47 1)
¥4 Mito—Tempol i F T4 7 I 7 E 5| i (4 2 1k B i s, i
FH AT E AL ALAR (CLP) /N A AL ik B2
Xof I e 52 T RS 1) DR A T, O 00 52 A ) B AL il
(MnSOD ) B35 5 i T LARAGE B LA IR B0, DR 48 ' /v ek
BRI, B R CLP /NI AEAEA . HAh  TEIRARAE /N B
BRI BIFSE rhid & B, Tempol AT LAE B A AL AL BEREER
SR, 30 M 2 B 100 P ML TS A U % a3 Bl
1% AR E IR E IR MR /N BURPE TR
22 R IK -S % U H R IR BE AL 2E (Hemigra—
micidin-TEMPO 2%) #it & 4L 7 Hemigramicidin-TEMPO By
A 2 ORI ] o R0 S A 700 W S 4 2B, e B
AIHERA A D RE AR o — A S A R E AR A
AL S Y, TEMPO e X Fh & S AL & P iy R0k
Hemigramicidin J& R K —S , HX 40 5 B R b (AR 2L
TSR, PRI, T DARE ) GOREAAR, 784 {507 VR K B

A1 R RS BRI P Xun SR T — R4
A XIB=5-131 BYHTEARF, T LA [a] 200 BRTHEE , 10 400 T7 A 5 2
WA TS AL, XIB-5-131 /& Hemigramicidin—
TEMPO Z&H A AL 1 By —F, 5 Mito—Tempol B [FlZALTE
TR ARRE ) A E AR TR] . XIB-5-131 fe ) i H T 58 4
AU A DG [ B 28 22 GE0 , WAE /NSRRI 1 P B B v
BT DU 2D A I B X R R DNA B ek
MR TERBAI T XTB-5-131 el B SR FAE K/ BT
AAEIE )Y TR R IR T BOAR E TS T, XIB-5-131 A]
W LPS 4035 B EAN AR AU b v B Sl = i R
JEHEH B (HMGB1) B3k BBIHTR a2, T
F£ LPS 5 S e s i il vh  XJB-5-131 n] LAy /b JHEE
b —EAL AT (INOS) BIZRIK , BIFH AR 2.
2.3 JIRZE SS-31 Jr HoAh 28 AL RL (A ) 47 S AL 7] - SS-31
(D-Arg-2',6'-dimethyltyro-sine-Lys—Phe-NH2) J& — Fi ik
25, 5 A T a4 BRI AP 22 SR R 2 B 4 A, AT R s
SR B 1) R 67 R AR 1) R 5 TR B W R ROS IR
TRIGVER™ . BFFE 7R, SS=31 X0 JURESE i A | 2k
B 3005 B PR B A AR R TS S B B PR PR
b B BB P A BN R RIS B, SS-31
JRAT I CLP /N BUIG I B 2l 2L rh 2R fk ROS K, 41l 4
T FNARAE SN , B I R RE M /)N B IS DI BE , TR 7 d
FEr- R0 Fink 2RI BT Mito 0 1 A B 4
I 2 LR A P A1 BB ) RV (A T R (R B
e REAE ) Y HAR BRI [ 2R 2 H B LA ARk (A
TR ARAT ), 323 5 ) L 0] 245 ) A SR A T A RO B, S )
HIRITROR . Y95, Szeto ", MitoQ B —FIHT AL,
(AL LR R AR T LUE A= A 44k R 3E L0, MJE AL, P4
AR AR Z A AT (2 S AL R AR . 1T SS-31 24k
R (A8 AR SRR /N

T340, SKQR1 S B RRER I 28 5L =R ILFRAZAUY) , t 2
— PR A ) B AR, BT el SR R AR ZR R R
HOVE R, AEL R 5k 2 17 P T e REAE AF DCRIF 23 1) SR
3B E

JHR REREAE TR ISR TGS By (ICU) T Bt e mA
T, BRI MeREAE 1) & A2 % A1, Al 2367 S BB 4 (1)
ROR B R0 B RTFER T B — DS R, AR &
SRR 1 T8 e 70 i b A4 T IR, R A AT
7~ I R AR EE D SRR SR A5 AR SRR HTR YT T AL
SN, 3R] RE R BT AN BEAE LA TR B A AP 4R
A S8 o TR g B AL AR R 1) 8 BRI AT L — 25 R T A Ak
TRIT IR, M TR TR UL T — P i T fig.
S 3k
(1] Wk, B 5, Mptkae, 45 . 2001 4F FEBRHEEEIE & L2156

FHFRAES WA FAR LT 1. b G F0 Aok R 2%, 2006, 18

(11) : 645.
[2] Hotchkiss RS, Karl IE. The pathophysiology and treatment of

sepsis [ J ]. N Engl ] Med,2003,348 (2) : 138-150.
[3] Radi R, Cassina A, Hodara R. Nitric oxide and peroxynitrite

cccm@em120. com
022-23197150
122 300050



° 1

(4]

(6]

(7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]
[22]

[23]

[24]

[25]

cccm@eml
022-23197150

50

FPAEfE T SR ES: 2015 4E 2 HE5 27 555 2] Chin Crit Care Med, February 2015, Vol.27, No.2

interactions with mitochondria [ J |. Biol Chem,2002,383 (3-4):
401-409.

IR, A . MERIE MR REIRRTL ) ], h RS E S 2ol
FR7,2013,25 (4) : 254-256.

Brown GC, Borutaite V. Inhibition of mitochondrial respiratory
complex I by nitric oxide, peroxynitrite and S—nitrosothiols [ J J.
Biochim Biophys Acta,2004, 1658 (1-2) : 44-49.

Zimmerman JJ. Defining the role of oxyradicals in the pathogenesis
of sepsis [ J]. Crit Care Med, 1995,23 (4) : 616-617.

James AM, Murphy MP. How mitochondrial damage affects cell
function [ J ]. J Biomed Sci,2002,9 (6 Pt 1) : 475-487.

Goode HF, Cowley HC, Walker BE, et al. Decreased antioxidant
status and increased lipid peroxidation in patients with septic
shock and secondary organ dysfunction [ J . Crit Care Med, 1995,
23 (4): 646-651.

Galley HF, Davies MJ, Webster NR. Xanthine oxidase activity
and free radical generation in patients with sepsis syndrome [ J ].
Crit Care Med, 1996,24 (10) : 1649-1653.

Cowley HC, Bacon PJ, Goode HF, et al. Plasma antioxidant
potential in severe sepsis : a comparison of survivors and
nonsurvivors | J |. Crit Care Med,1996,24 (7) : 1179-1183.
Borrelli E, Roux-Lombard P, Grau GE, et al.
concentrations of cytokines, their soluble receptors, and

Plasma

antioxidant vitamins can predict the development of multiple organ
failure in patients at risk [ J ]. Crit Care Med,1996,24 (3) : 392—
397.

Trentadue R, Fiore F, Massaro F, et al. Induction of mitochondrial
dysfunction and oxidative stress in human fibroblast cultures
exposed to serum from septic patients [ J]. Life Sci,2012,91
(7-8) : 237-243.

Naik E, Dixit VM. Mitochondrial reactive oxygen species drive
proinflammatory cytokine production [T b1 Exp Med, 2011,
208 (3) : 417-420.

Coletta C, Mddis K, Oldh G, et al. Endothelial dysfunction is a
potential contributor to multiple organ failure and mortality in aged
mice subjected to septic shock : preclinical studies in a murine
model of cecal ligation and puncture [ J ]. Crit Care,2014,18 (5):
SIIL.

Mritose, 0 A AR, 55 . MERERE I N S A N OIR A Y i R
gL 1. S AN, 2006, 26 (1) : 58-60.

Garrabou G, Morén C, Lopez S, et al. The effects of sepsis on
mitochondria [ J ]. J Infect Dis,2012,205 (3) : 392-400.

Crouser ED. Mitochondrial dysfunction in septic shock and
multiple organ dysfunction syndrome [ J ]. Mitochondrion, 2004,
4(5-6) : 729-741.

WIS i, 5 I ES RGP R R SO LT
BURIBEZEL T | P B2 & 2Rk, 2013,20 (1) : 13-15.
R0 AT R, A L N2 AESURIRYT T TR A 3 0
TR ). R EDR AR 2, 2014,26 (6) : 415-419.
Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis
Campaign : international guidelines for management of severe
sepsis and septic shock,2012 [J]. Intensive Care Med,2013,
39 (2):165-228.

LT ER R ARRL A L 2012 EBR R IREEIE XK R 012
Sroama ) ). PR E R AR, 2013, 25 (8) £ 501-505.
Galley HF. Oxidative stress and mitochondrial dysfunction in
sepsis [J].BrJ Anaesth,2011,107 (1) : 57-64.

Murphy MP, Smith RA. Targeting antioxidants to mitochondria
by conjugation to lipophilic cations [ J ]. Annu Rev Pharmacol
Toxicol,2007,47 : 629-656.

Smith RA, Murphy MP. Animal and human studies with the
mitochondria—targeted antioxidant MitoQ [J]. Ann N Y Acad
Sei, 2010,1201 : 96-103.

Mao P, Manczak M, Shirendeb UP, et al. MitoQ, a mitochondria—
targeted antioxidant, delays disease progression and alleviates
pathogenesis in an experimental autoimmune encephalomyelitis
mouse model of multiple sclerosis [ J ]. Biochim Biophys Acta,

2013,1832 (12) : 2322-2331.

20.com

122 300050

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Pung YF, Rocic P, Murphy MP, et al. Resolution of mitochondrial
oxidative stress rescues coronary collateral growth in Zucker obese
fatty rats [ J]. Arterioscler Thromb Vasc Biol ,2012,32 (2): 325—
334.

Apostolova N, Garcia-Bou R, Hernandez—Mijares A, et al.
Mitochondrial antioxidants alleviate oxidative and nitrosative stress
in a cellular model of sepsis [ J]. Pharm Res,2011,28 (11):
2910-2919.

Lowes DA, Thottakam BM, Webster NR, et al. The mitochondria—
targeted antioxidant MitoQ protects against organ damage in a
lipopolysaccharide—peptidoglycan model of sepsis [ J]. Free
Radic Biol Med,2008,45 (11) : 1559-1565.

Lowes DA, Webster NR, Murphy MP, et al. Antioxidants that
protect mitochondria reduce interleukin-6 and oxidative stress,
improve mitochondrial function, and reduce biochemical markers
of organ dysfunction in a rat model of acute sepsis [J]. Br J
Anaesth,2013,110 (3) : 472-480.

Supinski GS, Murphy MP, Callahan LA. MitoQ administration
prevents endotoxin—induced cardiac dysfunction [J]. Am ]
Physiol Regul Integr Comp Physiol ,2009,297 (4): R1095-1102.
Zang S, Sadek H, Maass DL, et al. Specific inhibition of
mitochondrial oxidative stress suppresses inflammation and
improves cardiac function in a rat pneumonia—related sepsis model
[J]. Am J Physiol Heart Circ Physiol,2012,302 (9): H1847-
1859.

Cuzzocrea S, McDonald MC, Mazzon E, et al. Effects of tempol,
a membrane—permeable radical scavenger, in a gerbil model of
brain injury [ J]. Brain Res, 2000, 875 (1-2) : 96-106.

Krishna MC, Russo A, Mitchell JB, et al. Do nitroxide antioxidants
act as scavengers of O,—. or as SOD mimics? [ J |. J Biol Chem,
1996,271 (42) : 26026-26031.

Wang Z, Cai F, Chen X, et al. The role of mitochondria—derived
reactive oxygen species in hyperthermia—induced platelet apoptosis
[J ]. PLoS One,2013,8 (9) : e75044.

Kizhakekuttu TJ, Wang J, Dharmashankar K, et al. Adverse
alterations in mitochondrial function contribute to type 2 diabetes
mellitus-related endothelial dysfunction in humans [ ] ].
Arterioscler Thromb Vasc Biol,2012,32 (10) : 2531-2539.
Dikalova AE, Bikineyeva AT, Budzyn K, et al. Therapeutic
targeting of mitochondrial superoxide in hypertension [ J ]. Circ
Res,2010,107 (1) : 106-116.

Patil NK, Parajuli N, MacMillan-Crow LA, et al. Inactivation
of renal mitochondrial respiratory complexes and manganese
superoxide dismutase during sepsis : mitochondria—targeted
antioxidant mitigates injury [ J ]. Am J Physiol Renal Physiol,
2014,306 (7) : F734-743.

Liaw WJ, Chen TH, Lai ZZ, et al. Effects of a membrane—
permeable radical scavenger, Tempol, on intraperitoneal sepsis—
induced organ injury in rats [ J ]. Shock,2005,23 (1) : 88-96.
Yuksel BC, Serdar SE, Tuncel A, et al. Effect of tempol,
a membrane—permeable radical scavenger, on mesenteric blood
flow and organ injury in a murine cecal ligation and puncture model
of septic shock [J]. Eur Surg Res,2009,43 (2) : 219-227.

Xun Z, Rivera-Sénchez S, Ayala—Pena S, et al. Targeting of
XJB-5-131 to mitochondria suppresses oxidative DNA damage
and motor decline in a mouse model of Huntington's disease [ J |.
Cell Rep,2012,2 (5) : 1137-1142.

Macias CA, Chiao JW, Xiao J, et al. Treatment with a novel
hemigramicidin-TEMPO conjugate prolongs survival in a rat model
of lethal hemorrhagic shock [ J ]. Ann Surg,2007 ,245 (2) : 305-
314.

Lotze MT, Tracey KJ. High—mobility group box 1 protein (HMGB1)
nuclear weapon in the immune arsenal [J]. Nat Rev Immunol,
2005,5 (4) : 331-342

Fink MP, Macias CA, Xiao J, et al. Hemigramicidin-TEMPO
conjugates : novel mitochondria—targeted antioxidants [ J |. Crit
Care Med,2007,35 (9 Suppl) : S461-467.

Zhao K, Zhao GM, Wu D, et al. Cell-permeable peptide



FPAE S FO S BES: 2015 4F 2 HA5 27 555 2 18] Chin Crit Care Med, February 2015, Vol.27, No.2

° 151 -

antioxidants targeted to inner mitochondrial membrane inhibit
mitochondrial swelling, oxidative cell death, and reperfusion injury
[J1.J Biol Chem,2004,279 (33) : 34682-34690.

[45] Szeto HH, Liu S, Soong Y, et al. Mitochondria—targeted peptide
accelerates ATP recovery and reduces ischemic kidney injury [ J ].
J Am Soc Nephrol ,2011,22 (6) : 1041-1052.

[46] ChoS,Szeto HH, Kim E, et al. A novel cell-permeable antioxidant
peptide, SS31, attenuates ischemic brain injury by down-
regulating CD36 [ ] |.J Biol Chem,2007,282 (7) : 4634-4642.

[47] SR BRIGVK . BB DRAS B LR ART 4 kiR P L 1. i
RHRRA 2013, 21 (10) : 955-957.

(48] Ziuh, sRBIE, DUEE, 55 . AL PO e F P Ao /Iy B
TDIREALRA TN RERYREMRIL T ], e BRI 7 2% 3, 2014, 30
(8):788-791.

[49] FAlgrige, WS n , sk 4 R, %5 . Be U] SS-31 BRGT IesiE i /s
R 2 IC T G RAE AL ) ], 25 S5IRIKRBISE,
2014,22 (5) : 394-397.

[50] Szeto HH. Mitochondria—targeted peptide antioxidants : novel
neuroprotective agents [ J |. AAPS J,2006,8 (3) : E521-531.

(ks H 39 - 2014-05-26)
(AR - )

AHE AN EEZRE R X EREE

20O HUESE (acute myocardial infarction, AMI)
A MEIKZEAAE (acute coronary syndrome, ACS)
JHREERE L L RE R A
(sepsis—induced myocardial dysfunction, SIMD )
YRHCPE L P EE I
(disseminated intravascular coagulation, DIC)
SN (acute lung injury, ALIL)
PR ZEVE Al
(chronic obstructive pulmonary disease, COPD)
APERFI A ZE B IE
(acute respiratory distress syndrome, ARDS)
B RAE RN ERAAE
(systemic inflammatory response syndrome, SIRS )
FREEMEST ST SV 5 B iE
(compensatory anti-inflammatory response syndrome, CARS)
Z 4 H DIRERLR LR A E
(multiple organ dysfunction syndrome, MODS)
ZE4 B IRy (multiple organ failure, MOF )
PR Sk T (Glasgow coma score, GCS)
PRSI (Glasgow outcome score, GOS)
fajtb 2 AR #2233 (simplified acute physiology score, SAPS)
AP SIS P HER BT > R 2T
(acute physiology and chronic health evaluation, APACHE)
A B BT (sequential organ failure assessment, SOFA)
FEHLNT BRI FR3ES (randomized controlled trial, RCT)
I EAR R IRYT (early goal-directed therapy, EGDT)
HFRENNSRIEI T 57 (intensive care unit, ICU)
B B AR
(continuous renal replacement therapy, CRRT)
M IRBER T (tumor necrosis factor, TNF)
F4aMi/ 2 (interleukin, IL)
155 55 T —xB (nuclear factor—xB, NF—kB)
HALAER AT -B
(transforming growth factor-f, TGF-B)
[5m & J (procalcitonin, PCT)
C- i H (C- reactive protein, CRP)
SEL) B E (mean arterial pressure, MAP)
L ERKE (central venous pressure, CVP)
SHIK M4 (arterial partial pressure of oxygen, PaO,)
Sk M — S AR TR
(arterial partial pressure of carbon dioxide, PaCO,)
PR ALk I T
(end tidal carbon dioxide partial pressure, P,CO,)
Ikt (28 52) AR (percutaneous oxygen saturation, SpO,)
H O DK i S A RS
(central venous blood oxygen saturation, ScvO, )
TRA TR KL E R ANE (mixed venous oxygen saturation,, Sv0,)
HATEE (oxygenation index, Pa0, / Fi0,, OI)
O ESE A T (cardiac troponin T, ¢TnT)
WLET#5 43 (creatinine clearance rate, CCr)
N R Z B (alanine aminotransferase, ALT)
KA TR = i (aspartate aminotransferase, AST)
FLEREEE (lactate dehydrogenase, LDH)

= Ay E

L ALY (myeloperoxidase, MPO)
HAEAL Y b (superoxide dismutase, SOD )
WAL (diamine oxidase, DAO)
ek 20 5 2 1§ (neutrophil elastase, NE)
rfepr 20 it 22 S5 25 A i (neutrophil serine proteases, NSP)
1% S —F AL A & (inducible nitric oxide synthase, iNOS)
W B — R A

(endothelial nitric oxide synthase, eNOS)
N R B UG BR KA A

(N-terminal pro—B-type natriuretic peptide, NT-proBNP)
T AT 15 T 1)

(activated partial thromboplastin time, APTT)
58 I i S ) (] (prothrombin time, PT)
BRI AR [E]) (thrombin time, TT)
NSt el i A7 P Bz 240 i

(human pulmonary microvascular endothelial cell, HPMEC)
P R4 (endothelial progenitor cell, EPC)
TEHEAAE (reactive oxygen species, ROS)
TG PEZ% (reactive nitrogen species, RNS)
LR A Q (mitochondrial coenzyme Q, Mito Q)
Toll F£3Z14 (Toll-like receptor, TLR)
AN AME S T

(extracellular signal-regulated kinase , ERK)
c—Jun EIREAR I (c—Jun N—terminal kinase, JNK)
22 4R TEACHE F1E (mitogen actived protein kinase, MAPK)
25 ZERTH AR

(mitogen activated protein kinase kinase, MEK)
HEFESMEAEH -2 (myeloid differentiation protein 2, MD2)
WENGMENLES 3 J48 (phosphatidyl inositol-3-kinase PI3K)
FET- ARG V0 1

(death-associated protein kinase 1, DAPK1)
o B O 204X

(pathogen associated molecular pattern, PAMP)
Dulbecco B R[] Eagle K557 3E

(Dulbecco minimum essential medium, DMEM )
3,3'— R RBEORRE (3,3'- diaminobenzidine, DAB)
ZHEE SRR EN

(many dinoflagellates percp chlorophyll protein, PerCP)
SRRV TR

(bronchoalveolar lavage fluid, BALF)
WEREL 2% vh (phosphate buffer saline,, PBS)
B-Mzh&EH ( B-actin)
IR i S

(glyceraldehyde three phosphate dehydrogenase, GAPDH )
PO L 0 ER (methyl thiazolyl tetrazolium , MTT)
T R IREN — SRR e FL UK

(twelve sodium dodecyl sulfate—polyacrylamide gel

electrophoresis, SDS-PAGE )
S s - AT RN,

(reverse transcription—polymerase chain reaction, RT-PCR)
B M U BN (Western Blot)
Rk 55 1% B

(enzyme linked immunosorbent assay, ELISA )
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