[ PR 2

2021 4E 1 H 55424 %18 Int] Orthop, Jan. 25, 2021, Vol. 42 No. 1 e 35

SR EANRL G AR 2T NEY S S iee

Kek FAR FFHEHRE

BTk

& I I R

WE HAMBHERLEARAG LARER B EFG—FAF AT E BB RMREORADAFRE, K LREsE

Nz SHREY

BARAOROS AEA EmbE Mz BHARAT QLER L ;DR
BT B KRR fe B E R DL iR AR S G A S, T AR
AR EZ — PR RS BEE RS ERGARMTE D,

sRik
KGR AMEBGHHERBFEEERAANE
DOI: 10. 3969/j. issn. 1673-7083. 2021. 01. 009

B 0 R A I VRCEE 1 1 B Bk 5 G R T B T A R
20 B . B2 RS A AR 2 48 TE AR 7 4 2 il 45 o s T
B2 54 E P i R 7 e AT A SR R
ARG R . 1972 4F Harii 55858 8T IR F 55— 1%
BRSO A R T . S WA I Y R RS
FEA T 12 B F 16 K, 5 3085 Fh 845 G 1918 52 7
BRAE KA S, SR AE B AT R I R R B R
S e U ) REATS 58 A R T o A R R IR AE %
ik 20. 69965 e — HLE AR IRBE B K 1 NG A
TWFAREEFE R BRI, Hit,
P& RS AE T B A 15 282 H T B RS AR A G AR Y
HEFMZ—,

2 NN e d R A LS - AP
IR 0 0 JR 8 Ak 2 4 o R A v e e
DR 25 g B 3 10 3 R 200 i 3 9 S TR ) 9 I DR i 1
5 00 1HT 30 2 AH B A 8 B B OTE u&&ﬁ&cﬁﬁ
IS DA 76 240 0L A 1 2 R RO A A I R R S
I%ﬂj‘%%&f{sﬂj‘b@i%"dﬁﬁ?&,%th“y%ifﬁi%é@?ﬁ‘f
SEL A IO s T H e 0 M A I R L PR T IR
FE 51 R K R R RE N I Y R

REEHH: Ll RK¥FRAAE %2R LS
(ZH2018QNA20) | L i B4 A A 5 H (19YF1440000)

2 BT 201620, | ¥ 3¢ 58 K 2 B R 55 — A B I e 4] £ o
O GE TR ok A3 B E 9 5200025, b8 8 K2R BE 22 B
— B I R B5 2 BE (T3R5 )

WEVEE : AEE  E-mail: parisdeng2012@ hotmail. com

S E RS A BRI RAL FHERAAGE(RODEWME, AN EEYraBHE R BEASHE LY LS

Sof S, 4 T A kit & ROS, 47 4 4 e
BEMBAARG G EMRFR, B EET ST
7 S xF R AL BB AT KA A e 6y B R B R A —

IR
1 SHEHIEEREEEEHEER

AL B O SRR I S A ) 2 5 R A R Y A

BB AR WLAATE AR BT AR L A P 4R

ﬂ:%ﬁ%ﬂhﬂ%ﬂﬁ%@ 1A P 1 3 2 AL A 3R (ROS)
T3 R B Eh 2R (CRNS) 2L 8 — B 2 2k B
REN . ROS 5 A H 3% 8 A B 5 1 it &4
A4 RNS WL i AL Wi e A i 3 &% =R 7 E
AGFE WSS, H TS B R AT ROS,
RNS #HEWFTE /0, H RNS FE T iFHL#H S5 ROS
AL Z AL

HR AR WA [F] s ROS BT 43 Sk P R0 A U5
Fo SREME ROS F2 20Kk [ F oL B 48 41 F0 45 Fh 4k
S TR S TR ROS 323 iy 480k 1A 15 4R
PO IR AL 2 R v =2k 2R R v i v S B BT T I
7 A R R TR HE LTT LA AL 4 T ROS H
B . IR EE ROS Fl RNS JB 11 — i 72 1
DU TR 1

TE—E &1 T HLR N ROS W] fE i & & 1.
MBﬁkmﬁwwmﬂﬁmﬁMﬁﬁghhu&
HAMERLLEANRGR, FEUR TR A AL
LB IR BE 6 LA 7 AN T 4 YL

CIRENCIRT: NS NS i =W AL /M\E’Jﬁﬂﬂc%
WAL T (SOD) A IA i 78 45 Jp H IR 2 49y Jo il 3 B
#) ROS!,



e 36 EHprEREE 2021481 #5424 4 1 Int ] Orthop. Jan. 25, 2021, Vol. 42, No. 1

ZBHRIRE P| —BERIR E

—BHRIRE

A 4

U= AR TN

U= &

v
&
¥

y
=]
¥
v

VU

?ﬁﬁ?

~§W§wm é oo s
o (Bem&T)

B HmE

1 EMERED B I8 sl

2 ROS R 5 #LH

FENLAR S AL B HCR S T L2 19 ROS A 3 3 4
AR 3 B 2 Fh i o B P 32 24345 LU R L
7 1 :

ROS A Y ifi 22 B0 0 g 7 R - 5 | kS i ot 5 410
A+ 5 B0 i BEE 300 20 e AR 0 30 5 2 1 o A2 0 2
200 Jif0 B 22 TR0 ) i 5 0 1 O B TR 1 DA B S A
PERT s ROS AT M ifi DNA, 5 5% DNA B 56 5 26 Fin
BEACHK WT 2SS . ROS XF IE 7 40 i 4% 41 43 1 8 Ak &
T e 4 3 BN M R R

ROS Wi Z g MM T, H2H
T 1Y 32 SR AR A 45 SR A AR i 2 A SR A
AR . TE LR R AR M A& 12 b, S AR N I TR A
Ca*" N 1 SR 5 FL T 1 Bk 404k 1 0 i R 5 40
(2R o (36 TR R . 40 B (0 2 o DU AT 5 2k 4Rk
TAR T I 3E A 440 10 5 B J5T , procaspase-9 S 4L E R c
ANH T8 B RS R -1 R RDE R 2 B A T
A B 2877 2 caspase-9 3 J 3l 40 i R T L % A S A
SRR RS =R AR G SE R i WER N (R P S ]
g (BeD-2 2 AR ES 557 5 B A0 I 3t w] 52 g 3E
LR MR AR L ) I ROS/— 4846 & (NO) &5 0] |
AR 5 AR To I Fas 255 O A AN R
(TL)-1B %46 g 10 11 8 11 (c-FLIP) , T S 87z %-
B R R AE T 32 1K FasL/FasR, i g 35 58 R
(TNF)-o & H 2 & (TNFR) 1. %6 7 it 1A J% H 5% 1k
Apo3L/DR3., Apo2l./DR4 #1 Apo2l./DR5 £& J{ 1=
BLEIS . ROS 36 A7 = 2808006 08 1215 5 8 17 3
CASK) 1 {55 /A Jim 3 48 ff o 7201

ROS A F #2955 B0 2 I+ (NF)-«BL #05 E
FICAP)-1 55 5% 5 S 5% S s I F- (STAT) 3 LA
T o2 B4 JE05 A0 AR 1 O (MAPKO) 25, )T 38005 48 9

ZRHE 2 . AR R TL-18, TL-6 Al TNF-o %5 % £ A
JE00 g OB K 20 L g v R 4 L T A L
ZEAR A0 L 0 IR O 40 O S A5 RR S R A L S 5 R E
fif{ﬂ]
3 ROSXT%%#EF}E%@AE'JZWJEMH
AR AT WF 5T 2 B AL R O AL SRS A

AR AR R R R, RO
AT AE N ) R B B % R A I b i BB IR, B S 1
R A o E i A AR AR . R L E
K A A7 B i I R S 5 B 1T i A W) A
PR 2R 45 45 S 3R Al R R BB 2 i AL DA R A I
BEIIREAR B 3X S B2 A% 4 5 S B8 0TS 1Y 2R
P A S A It A 458 4% RPN B 1) i I A
146 2 R 2 L5 2 R AR RS SR I ] Ak
V4 R AL PR 3 458 At 2 DA G s el SR I T A 1Y
KA ROS J& i 8- P08 VE 543 52 ) B A8 S B2 R 5
MEEFRRNZ -, x—-WHEHAFLXRAZ L
W RO 2 R Al - P R A 5405 1 OR AP 4 F O E
LT, BH R ERE A SR REY.

S I B A2 B ROS W] T 32 6 40 B8 A 2 o IR
T A L TSRS . SR LA P R 0 e
LA I RS A 40 L P 34 22 A0 BT S S A ik
%ﬁ%%mm i VEBG I 5 RCO0E P B A 0 R 0l

LB AG 00 gk — A 0 4 AR A

AR AT 0K JR 3B 4R RE B 12 E £ A 4 41
R SFALF RS AM TP RME R RE S .
ROS 5] & 1) % i P8k 5N, A AL AT DL B 82 5 R bl
A K 4 240 B IS 5 T L T LA o 1 gk B4y 7 3R
K R ARRE A 55 PN B 40 28 B DA A AU o A
P R 20 3G 0 . S E SRR RN A AT DA B ) 3R
M I L@ A UL A S E M R HE



EFR AR EeE 2021461 A 45 42% 45 1 Int J Orthop. Jan. 25. 2021, Vol. 42 No. 1 . 37 .

ROS W53 F .+ 1 K 5 04T 4 41 i . 9 Bz 41 i i j
Fo 5 T A0 TG B TR ZE AL 2T S K RS A S R R A
BF AT, 4R A RO 98 AT R Jy 3505 4% RN 5 T Jmy 8 B
PEIRIE T A 18 6 Boe 5% Wi B8 M ) i o A A
B,

A A IO S8R S T B AL R AR Y R S a1 L 3 R
T2 20 e A e o 483 5 0 UL BT e D RE 2 B SE AN RS
Fo SRR 3R NPT E  RAbE JE BUERE B
b 35 R | B S 2 R UG A L O OGS B A TR
98 2 o DAL T 5 S P 7 I T UL 40 M 386 B L £k
AT 51 & R 43 2o 3235 | PR 40 S 7% 0 4t
SRR TG S5 — R IR, ASFF A B
Bz e JRy i A ) i S7 . 3t B ROS 2 fff i 45 £ 45
F14) 38 i A5 0 T Jg B e e — A% 1 R (NADPHD 404k il
MBS A ALY & B IR IF R m A Rk R 1
et AR AT B2 o A i R ) i o R Ry R
BmAE AL . o E ROS 82 ffi ) 2 B — AL R A
(eNOS) f# AR I, A8 H AL IR JFAR A . 4 iy eNOS
FLLL LKE 2 R N IS W O DA I & A o vy (BHA)
VEREEBY I 7. 7 & i NO. 4846 I 387 A= Y 3o i
ROS fifi BH4 [ %Ak 1 #6 45 . 3 B eNOS i {8 5%
NO AR sz il 45805 148 25t F o sE. i 4R
3 JF AR 35 & A el AR i 30RO A N R AN i O 1
Ca®" e Ji 38 i n] 5] 2 o 45 0AC 40 I 36 PN B2 M 1P
K T BE -t PR sz 8
4 BB EERE |

KAEWFFE R UL P AL AT AL & ROS Ik
RO M R A R B DT AR AP B A B . 3 D 7Y
A5 B H RS L SODM | = T 3 S AR 4k A /T
EYAE T RREG. R2Z 2GS 1R
UL -1 Rk, A H AW BRI R ROS, 78 52 i 6k
- P 1 4005 v B AR E T

BRI A AR 2 Hh o B 43 245 9 o aT DL 2ok 1 4 20
LR T R SR R AR S N R I S Ry S I AL 15 4 46
TR AR D S L YRR T o DA TG AR S A S R A
R TINS5 N R IS Sl R o 7 ] O
T 734 AT 00 o B R TR AR R R A R 2 R
P Rl R AR AN AR BT A 25wl
S ARV T AR T R 40 LR 9 A ST DA T O R R
iE S IR B A 5 )T 346 3R LA GE i 5K il
O VR IV U 7 2 S ORI L BEL 7 R R I i A
TE RGBS S X6 K BB H U 1 B o LA AR B /R RS
AR Ry 5 R RS AT B IR I 258 1 I DR T 24 5 1 R R K

AT LU (AR A NO F5 a5 DT I8 55 10 o A R I 4

A RN 45 18 0 L % St il B IR A DR R
AR A OGS RO T A B )

M 14 AH DG 25 W 98 07 % R 3. Lin 50T BE S R L

AR B Al LU i BRI Bax/Bel-2 #il caspase-3

K490 ) AP R S I I 35 5 I AR R DA T 4

BEMAE T, Chen S5 R 98 R B, B Ak = B W] 3

o 2 E i A A S0 /D A A IR ) R R L DT I 2 B

1 BERAF G % . Cheng 467 (B FE MLIE 55 . 5 % 4F

PE AT 04 A BT 400 1) 8 RE BN 5 A e 4 o] S Ak

5 %iE
B RE A A 5 19 B 5 1 0L 2 2 b I K

Wi o ELORHR 2 PR 5 A8 A o AR VA O . AL

SO e AT S B A AR R ROS AT RNS 5 i 7

2 B AT AT B Y B A A R A i DNAL I J5

IR 15T 55 J8043 » AT 38 BRI PN B 40 JH s 2 45 4%

FIP T2, ROS AT 5 M N 98 4 20K S 17 5 42 F K i

T AR B4 98 E 200 10 7 Bz % A% AR 2 2 1 . ROS i i)

S AR A A S SO A 7 O A B il -

ER b KA EEAEN] . BRI AH TS

PR G . 25 T AT G 0 B O AR 0

Py 410 1) 00 08 LA R ek A A A s 7 A ke B i 3t

HEAE AR LIRS AR S B I
S RO 2T B A A A 2 R R e U T

FEIN R Z — T4 LIS B R S B R DG PR B Y

ATHARNT 52 20 TR I AF 58 48 A L 00T B R A 1) 52 )

HAHEE XL,

& & X #f

C1] FEAf. ek, wh. BUESHIR T 400 %3 K iz 3%
Bz g [J]. WA EE AR, 2016, 96(36): 2912-2916.

[2] LiX, Cui]J, Maharjan S, et al. Reconstruction of the foot
and ankle using pedicled or free flaps: perioperative flap
survival analysis[J]. PLoS One, 2016, 11(12): ¢0167827.

[3] Yoon AP, Jones NF. Critical time for neovascularization/
angiogenesis to allow free flap survival after delayed
postoperative anastomotic compromise without surgical
intervention: a review of the literature[J]. Microsurgery,
2016, 36(7): 604-612,

[4] Topp SG. Zhang F, Chatterjee T, et al. Role of nitric oxide
in surgical flap survival[J]. J Am Coll Surg, 2005, 201(4).
628-639.

[ 5] Francis A, Baynosa RC. Hyperbaric oxygen therapy for the

compromised graft or flap [J]. Adv Wound Care (New
Rochelle), 2017, 6(1); 23-32.



[9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

38 -

[ B B 24 2

20214 1 H 5428 1

Int J Orthop. Jan. 25, 2021, Vol. 42, No. 1

Hersant B, La Padula S, Sidahmed-Mezi M, et al. Use of
platelet-rich plasma (PRP) in microsurgery[ ]J]. ] Stomatol
Oral Maxillofac Surg, 2017, 118(4): 236-237.

Xie XG, Zhang M, Dai YK, et al. Combination of vascular
endothelial growth factor-loaded microspheres and hyperbaric
oxygen on random skin flap survival in rats[J]. Exp Ther
Med, 2015, 10(3): 954-958.

Seis H. Oxidative stress; introductory remarks [ M J.
London: Academic Press, 1985.

Sies H. Oxidative stress: a concept in redox biology and
medicine[ J]. Redox Biology, 2015, 4. 180-183.

Azzam EI, Jay-Gerin JP, Pain D. Ionizing radiation-induced
metabolic oxidative stress and prolonged cell injury [ ] .
Cancer Lett, 2012, 327(1-2). 48-60.

da Silva J. DNA damage induced by occupational and
environmental exposure to miscellaneous chemicals [ ] ].
Mutat Res, 2016, 770(Pt A): 170-182.

Halliwell B. Free radicals, antioxidants, and human disease:
curiosity, cause. or consequence?[ J]. Lancet ( London,
England), 1994, 344(8924) . 721-724.

Glass GE, Nanchahal J. Why haematomas cause flap failure:
an evidence-based paradigm[]J]. J Plast Reconstr Aesthet
Surg, 2012, 65(7): 903-910.

Wang J , Toan S , Zhou H . New insights into the role of
mitochondria in cardiac microvascular ischemia/reperfusion
injury[J]. Angiogenesis, 2020, 23(3);: 299-314.

o, REAR. EAL RIS A B B AR TIALHRILT . TE
B2 B 2F 4Rk, 2018, 20(3) . 272-276.

WYL BERE, EROR, & EHERSBEERE LK
(7). EpRE A=A, 2017, 38(2): 102-105.

Sinha K, Das J, Pal PB,

et al. Oxidative stress: the

mitochondria-dependent and mitochondria-independent
pathways of apoptosis[J]. Arch Toxicol, 2013, 87 (7):
1157-1180.

Wang L., Azad N, Kongkaneramit L, et al. The Fas death
signaling pathway connecting reactive oxygen species
generation and FLICE inhibitory protein down-regulation[ ] ].
J Immunol, 2008, 180(5); 3072-3080.

Soga M, Matsuzawa A, Ichijo H . Oxidative stress-induced
diseases via the askl signaling pathway[ J]. Int J Cell Biol,
2012, 2012. 439587.

Yu JH, Kim H. Oxidative stress and inflammatory signaling
in cerulein pancreatitis[J]. World J Gastroenterol, 2014, 20
(46) . 17324-17329.

Mouthuy PA, Snelling SJB, Dakin SG, et al. Bio-
compatibility of implantable materials: an oxidative stress
viewpoint[ J]. Biomaterials, 2016, 109 55-68.

Hameister R , Kaur C , Dheen ST , et al. Reactive oxygen/
nitrogen species ( ROS/RNS) and oxidative stress in
arthroplasty[ J]. ] Biomed Mater Res B Appl Biomater,

2020, 108(5): 2073-2087.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Domazetovic V, Marcucci G, Iantomasi T, et al. Oxidative
stress in bone remodeling; role of antioxidants[J]. Clin Cases
Miner Bone Metab, 2017, 14(2): 209-216.

Wang WZ, Baynosa RC, Zamboni WA. Update on ischemia-
reperfusion injury for the plastic surgeon: 2011[J]. Plast
Reconstr Surg, 2011, 128(6): 685e-692e.

Cui H, Wang Y, Feng Y, et al. Dietary nitrate protects skin
flap against ischemia injury in rats via enhancing blood
perfusion[ J]. Biochem Biophys Res Commun, 2019, 515
(1) 44-49.

Granger DN, Kvietys PR . Reperfusion injury and reactive
oxygen species: the evolution of a concept[]J]. Redox Bio,
2015, 6. 524-551.

Ren H, Meng X, Yin ],

et al. Ganoderma lucidum

polysaccharide peptide attenuates skin flap ischemia-
reperfusion injury in a thioredoxin-dependent manner [ ] ].
Plast Reconstr Surg, 2018, 142(1): 23e-33e.

Taniyama Y, Griendling KK. Reactive oxygen species in the
vasculature; molecular and cellular mechanisms [ ] .
Hypertension, 2003, 42(6): 1075-1081.
Valko M, Leibfritz D, Moncol J, et al. Free radicals and
antioxidants in normal physiological functions and human
disease[J]. Int J Biochem Cell Biol, 2007, 39(1): 44-84.
van den Heuvel MG, Buurman WA, Bast A, et al. Review:
ischaemia-reperfusion injury in flap surgery [ J]. ] Plast
Reconstr Aesthet Surg, 2009, 62(6); 721-726.

Freeman TA, Parvizi J, Dela Valle CJ, et al. Mast cells and
hypoxia drive tissue metaplasia and heterotopic ossification in
idiopathic arthrofibrosis after total knee arthroplasty [ ] ].
Fibrogenesis Tissue Repair, 2010, 3:17.

Quinn MT, Schepetkin IA. Role of NADPH oxidase in
formation and function of multinucleated giant cells[J]. ]
Innate Immun, 2009, 1(6): 509-526.

FREAE . XV, AL BCS & R AR R[], iy Ess &
S I A 96 2% 7 G TR0 » 2017, 5(1) . 1-12.

Coban YK, Ergun Y, Ciralik H. Depletion of glutathione by
buthionine sulfoximine decreases random-pattern skin flap
viability in rats[J]. ] Surg Res, 2007, 143(2): 247-252.
Hawkes JS, Young CM, Cleland LG. Ischaemia reperfusion
injury in pedicle skin flaps in the pig: lack of protective effect
of SOD and allopurinol[J]. Br J Plast Surg, 1989, 42(6):
668-674.

Carpenter RJ, Angel MF, Morgan RF. Dimethyl sulfoxide
increases the survival of primarily ischemic island skin flaps
[J]. Otolaryngol Head Neck Surg, 1994, 110(2) . 228-231.
Hassanpour SE, Rostami K, Azargashb E, et al. The effect
of topical vitamin A and E on ischemic random skin flap
survival[J]. World ] Plast Surg, 2019, 8(1): 58-61.

Zhou K, Zhang Y, Lin D, et al. Effects of muscone on

random skin flap survival in rats[J]. J Reconstr Microsurg,

2016, 32(3): 200-207.



EPrE R Fded 202141 H 424 % 18 Int J Orthop. Jan. 25, 2021, Vol. 42 No. 1 e 30 .

[39] Chen D, Zhou K, Weng W, et al. Salidroside promotes [44] EF, oo, WFBms, . 473546 20 KBS R B i i
random skin flap survival in rats by enhancing angiogenesis VAR A FVEAL B I sE [T, SEEREIE K24 &, 2014, 11
and inhibiting apoptosis[J]. J Reconstr Microsurg, 2016, 32 (2): 12-15.
(8): 580-586. [45] Lin D, Wu H, Zhou Z, et al. Ginkgolide B improves

[40] LinJ, Lin R, Li S, et al. Protective effects of resveratrol on multiterritory  perforator flap survival by inhibiting
random-pattern skin flap survival: an experimental study[J]. endoplasmic reticulum stress and oxidative stress[J]. J Invest
Am J Transl Res, 2019, 11(1). 379-392. Surg, 2019, 23; 1-7.

[41] Eskitascioglu T, Karaci S, Canoz O, et al. The impact of [46] Chen L, Zhou K, Chen H, et al. Calcitriol promotes survival
lidocaine on flap survival following reperfusion injury[J]. J of experimental random pattern flap via activation of
Surg Res, 2011, 167(2): 323-328. autophagy[J]. Am J Transl Res, 2017, 9(8): 3642-3653.

[42] Cheng L, Chen T, Tu Q, et al. Naringin improves random [47] Cheng L, Chen T, Li H, et al. Effects of tirofiban on
skin flap survival in rats[J]. Oncotarget, 2017, 8 (55); random skin flap survival in rats[J]. ] Reconstr Microsurg,
94142-94150. 2018, 34(2): 138-144.

[43] Chen T, Tu Q, Cheng L, et al. Effects of curculigoside A on (I #5 8 #9:2020-10-12)

random skin flap survival in rats[J]. Eur J Pharmacol, 2018,

8(34): 281-287.

ORSUHiH  E 5



