—652—

R EIE R ARSIV 2016 45 10 H 55214555 108 Chin J Clin Neurosurg, October 2016, Vol. 21, No. 10

N - -

it A U PR I Mg 1P T4 0 O A 5 0 e

Sl oY

[S58R1] Aodheat ; e o P v 403405 s B Ab &5 IR oE 1
[32EHE] 1009-153X(2016)10-0652-03

SR PR AR B AR RSEAR S, KRR o)
S5 A AE AN e B AR B A ay B ALK
SN HRE SN 22 248 L 0 T LA B i ik e e A2
S, U, VAT BRI G A b A RO D e NS
HZH 2T A RO ) (E 2 A5 AR T N TE]
TKZE (3~4.5 h) , i B R 2 e T3 TH 2 5 Bk
T VE 51493 (ischemia/reperfusion injury, /RD™, A
FERW FALE (HS ) BA BN PR AE L
ARG 71 e T 7 T ey AR [
A R FE TN HLS X R s B I URLA Gy
EH®. Rl B BH HLS 7 i 2 2319 A B A AE L
il , S/ AT A HLS 04 06 B kLSS URT 2R 4T B
o AR SCHE HoS ERR G- L5 VR A (9 VE I B ML i 4

Fresik.
1 HSHILZE MR 4

1.1 HS a9 F i 1 A HoS & —Fp o e g
MR IR (H A B A A B — A L AR —
ARSI =SRGS0 HAE 3T CHIpH
74 ER K 4 Lo Z— 1 HLS DA i 5 1 IE
SAFAE 10 A 4 22 P LA HS TSy (1B A7
TEo BRI, A AT A R S8 i 1 Bl H A B 2
B E W HS A e 2 R A BAE Y, A Ik
P, KA HaS Al AR il SRR, ¥ Tk e T AR
BOWARIRER , 2t it — P AL nDE R L, 2 )5
A PRI A B HE R AT 5 HLS o mT 28 B LA AR 33
A B R, B fe 2 B HE AR AR

1.2 H.S 894 A&, IR0 HL.S 76 6 3L sh 1A i 1) 4=

doi:10.13798/].issn.1009—153X.2016.10.032

eI H AL AR LS (2011CHBO27)

PR B - 430060 IO, IRIUKA NREBAZ MR w1
BRI

HHIRMER : 5 155K, E-mail : huang_shulan@msn.com

PR

[CHkiRERB] A

MRk TR

[FEEBERSES] R743

R B A 3 R Ik R b Bt -B- & T (cysta—
thionine—B—synthase , CBS) . B Bt —y— 24 % i (cys—
tathionine—y-lyase, CSE) 1 3— % 3 [N [l iR % it 1t
(3-mercaptopyruvat sulfur transferase, 3-MST) i& 1% .
HHIAK , CBS iR e A1 21 ™ A HaS di F 8k 4%
B, SRTMIFESE B, CBS SR e B TE /NI 5 20
AN KA ZE 2, AE 2 AR DR v A 3 e A
TEFIE R & P19 1%, 1T CSE W] 2 BE3RIR7E.O L5 &R
g2, BRI, 22 90%1) HaS #J2id it 3-MST
AR LA -2 ok R N a1 — R 3 o 2 e 2 R
H FLFE Ll (cysteine aminotransferase, CAT) A= i,
BRI Z AN, i T D B SRR S T i FC S5 240 fY
ML Z A5, Al D B s B i 3-MST 14
PR HLS N AT 223 1 ) D-T 2 G WA o 7
JHLS B — Rl , BA e AR Y7 XY,

2 H,SRIPI/RIBIHLE

2.1 Sy Abzm SAALR AT, o & i v
%% (reactive oxygen species, ROS) 2> 5 Z 8l [k o5 F
Tk, P2 T AR VE S AR SOV A o AR URLAS, S A0 N
PO FBUR B — A A HLH] . NADPH AL
(NADPH oxidase , NOX) Z B eME—% [ T ROS 1)
ARG, A5 A A NOX1~5, NOX3 FE %
INENHZH 0, 7 S MU A 2 IR A 3235, R
Hd AN v BE 5 K URT AR ¢ o 17 NOX1, NOX2 Al
NOX4 FEAFREAF T RIX T XA 22 R G0, A 4G N
L5 P22 2 21 Wany SE"IESE, 78 ey kb4 VRT
RET rp ik 2H 21 NOX4 mRNA 2% 3% B , 1 NOX2
mRNA A LI, HS 15 , NOX4 mRNA ik 4
S Ao 5 R BT, HLS 30 6 0> 3k NOX1T mRNA
FEIR BRI AZ BB, (2 AR X B ZH A [ 0] 2 Bk
TR AL FHRFARLL, AN RSB ASINE
IURL, R, FATTHEM , NOX1 ik FiR AT GE 5444
IR IS B A R A G . SRR, Yin 55



R EIG AR AL VR 2016 5510 A 8521545545 10 8] Chin J Clin Neurosurg, October 2016, Vol. 21, No. 10

-653 -

(PR IE , 7E A SR AR T, HLS T AT DL ]
RI1J& p22phox Fll gp91phox (NOX2) ik i,

Tk URT 5 B9 AH 5 840 B i, T
(malondialdehyde, MDA ) FIli#H B AL 1 5 AL (super—
oxide dismutase, SOD) K HEZAEH . MDA A5
i A R P 2 — | BEIIRI BT RS 47 , Xk
AT 2 5 K oo T 13, 1 00 S PR D 2 P, S il 5 77
FEARTRI R BE 451405 o 1T SOD S A4 N X Bt S8 A 1 2
PRI 1) i EE B B AR R 22—, /RT e ik 2H 21
MDA 1% &t i 2 T SOD Ay TE PERH iR B, HaS
TS, MDA 7KV B S A, {5 SOD F3% M 20 b 2%
R AR T /RT
2.2 HS e 4 KU AHOCHE 48 R 19 b i & il I/RT
) B R 2R =2 — , 2 e S e o B R ) o i
0 BAR L 4 B R A (matrix metalloprotein—
ase, MMP) -9 7£ A 238 RIS PEARAIG , (B2 ik
BRIMS 25 Bl RIMEEYRIZ B BL, MMP-9 1] g%
YR At AE T ABAE SO i A R AL i) MMP-9
S B BEEAY T, S 05 T A A A I A B
45 Y PR R R SR AE T (tumor
necrosis factor, TNF) —ofF fiifi /R 09 /& 95 12 F v A 4%
e (K= A o o o e A N - a o
P2 VAN  TBORSAE SO, 5 Im ROS B AR K,
i E 40 M 98 T2 PR Al R 4k B I (monocyte
chemotactic protein, MCP) -1 J& Xl 22 RS e i WL
A T, 25 Bt i 04 S E S I 98 7R BT 43
T KA A TR FERR B A A |, HS 1
] 5 2 ] URT JF MMP=9 , TNF-a J MCP-1 A 3%
K, TGS S RE BN, S — ZR 5 R S g™

MM/ % (interleukin, IL) -1 BFI IL—10 & ik I/
RIFRALE] P F CHEY) T, 435 2 5L & Fi 4
SR o FERR URTBRL A TL-13 35K LR, HLS T Hil)5
HFIK B Z WA, RN 1L-10 23k Fja=,

AN, 4 T~k B (neuclear factor kB, NF-kB )1
e URTHEARE Z RGN 12— NF-kB
AT LA fish 2 Ak 22 58 14 PR 1 B9 LA S NOX4 J: LA 1Y)
FEIR HLS AT ] NF-wB A% 55 007, DA I s A Joi i 4
iE SV A NOXA A2 HE Y ROS 774", B K HaS 41l
il NF-k B 4% 55 7 9 BARHL A AT A B i &
I, HLS (A f B AR N AT ADP, 7T LAGE o 5/
AR R M AR O 2 1 A R E . X ]
AEJE HLS #H] NF—wB 4% 5 {57 1) —FFHIL ]

2.3 HoS 694 A =R i I/RT AT S BORh 28 70 K 2
T, 11 HoS WY S 410 ot 4 B 0 T, B2 v b 28 T A7 R

P, BIFSE B, HLS AN FEARING I/RT J5 ROS 7KF-, Tfif
HARHIH] ROS AT caspase—3 18 FEEE , DT U2 4
LTI, WA SCERARAE , 7E 1/RI1 Sh 4 Fn 4 s
W, NaHS L IEHTIH T-8 1 Bel-2 ik, R T2
F Bax &1k , DTG i 4 28 240 A i) 773 2R

2.4 H.S &9 dn g 475K 5 B A4 A URIFT, 25 S0
N B AR P EE HLS , T FLSE L 0 1M 45
LA A ATP SRR 40 2 73, 5 3071 WL i e
WAL RN IS B 3k R o A BRI , SN A T K
S NaHS 5k HoS AR, 1 30 2 41 ) 1—780 1 UK 1)
Ca’ 18 , i R BRI 2 ik &7 5K ™, Han 4658 i3
K E VR BRI 5T A B, 1 NaHS Ab 3 1% K BB if &
ZH U PN R AR R AR A R A, AT 5 K R
o sl kT % o

I 53405 i e B T R ) S L BB AR P A S AR
W0 A A A I A E . A A A i, G A
VB 2 LA P9 R A R DR, 1 P B i ) A
ForAk, 5 AT LAMR A 1l A8 AR A 38— 1 I A 254
HIE . Jang ZEPFSE & BR, HoS Al 5 i Akt A1l ERK
IR LI5S Ang—1 Ang—2 3K, I Hf i PI3K-Akt
B9 AN TN A K R 73 H ik, JL IR
Z 5K VR & 4
2.5 WStk ey PRAPAE R RMGTRE L5 X PP 22 T X R
I BURK 25 5 32 4, T EL R 2 ) FHEAZ T RE
H.S A3 3 310 ] PISK/AKL {5 5 3 4%, B 0 Ak 8 iR
b, NI 235 /R 6 S P 20 A7 | U sy >
AN T R S AT ™, A I $5 Y, Bl )5 V5
NOX2 FRik g, EARAE R EALHIATER,

25 B RTIR I /RT 45 BHAIL I AS 2 5l % #5
YERT, &I R A BAR U, B s 2R, AR HLS
PR3P URT A ML AS AR, {5 HLS AV R —Fhopr () #h
LRI, T S 5 A B R EL R, A PR
b Bk PO TIESON . X IE BT AIER AR K 1/RT
1)K Rk R BRI A B L, & RGO
PRI RIS W AR T IRRE T8 L

(&% k]

[1] Murray V, Norrving B, Sandercock PA, et al. The molecular
basis of thrombolysis and its clinical application in stroke
[J]. J Intern Med, 2010, 267(2): 191-208.

[2] Bos EM, Wang R, Snijder PM, et al. Cystathionine y-lyase
protects against renal ischemia/reperfusion by modulating

oxidative stress [J]. ] Am Soc Nephrol, 2013, 24: 759-770.



—654—

IR AL IR 24 2016 5510 A 85215555 108 Chin J Clin Neurosurg, October 2016, Vol. 21, No. 10

[3] Mathai JC, Missner A, Kugler P, et al. No facilitator required
for membrane transport of hydrogen sulfide [J]. Proc Natl
Acad Sci USA, 2009, 106(39): 16633-16638.

[4] Wang R. Hydrogen sulfide: the third gasotransmitter in bio—
logy and medicine [J]. Antioxid Redox Signal, 2010, 12(9):
1061-1064.

[5] Abe K, Kimura H. The possible role of hydrogen sulfide as
an endogenous neuromodulator [J]. J Neurosci, 1996, 16(3):
1066-1071.

[6] Diwakar L, Ravindranath V. Inhibition of cystathionine—
gamma-lyase leads to loss of glutathione and aggravation of
mitochondrial dysfunction mediated by excitatory amino
acid in the CNS [J]. Neurochem Int, 2007, 50(2): 418-426.

[7] Shibuya N, Tanaka M, Yoshida M, et al. 3-Mercaptopyru—
vate sulfurtransferase produces hydrogen sulfide and bound
sulfane sulfur in the brain [J]. Antioxid Redox Signal, 2009,
11(4): 703-714.

[8] Shibuya N, Kimura H. Production of hydrogen sulfide from
d—cysteine and its therapeutic potential [J]. Front Endocri—
nol (Lausanne), 2013, 4: 87.

[9] Den Hertog HM, van der Worp HB, Tseng MC, et al. Cooling
therapy for acute stroke [J]. Cochrane Database Syst Rev,
2009, (1): CD001247.

[10] Infanger DW, Sharma RV, and Davisson RL. NADPH oxi—
dases of the brain: distribution, regulation, and function [J].
Antioxid Redox Signal, 2006, 8(9-10): 1583-1596.

[11] Wang Y, Jia J, Ao G, et al. Hydrogen sulfide protects blood—
brain barrier integrity following cerebral ischemia [J]. J
Neurochem, 2014, 129(5): 827-838.

[12] Yin J, Tu C, Zhao J, et al. Exogenous hydrogen sulfide pro—
tects against global cerebral ischemia/reperfusion injury via
its anti—oxidative, anti—inflammatory and anti—apoptotic
effects in rats [J]. Brain Res, 2013,1491: 188-196.

[13] Zhou X, Cao Y, Ao G, et al. CaMKKB—dependent activation
of AMP-activated protein kinase is critical to suppressive
effects of hydrogen sulfide on neuroinflammation [J]. Antio—
xid Redox Signal, 2014, 21(12): 1741-1758.

[14] Huang J, Li Y, Tang Y, et al. CXCR4 antagonist AMD3100
protects blood—brain barrier integrity and reduces inflam—
matory response after focal ischemia in mice [J]. Stroke,
2013, 44(1): 190-197.

[15] Lakhan SE, Kirchgessner A, Tepper D, et al. Matrix metal—
loproteinases and blood-brain barrier disruption in acute

ischemic stroke [J]. Front Neurol, 2013, 4: 32.

[16] Fagan SC, Lapchak PA, Liebeskind DS, et al. Recommen—
dations for preclinical research in hemorrhagic transforma—
tion [J]. Transl Stroke Res, 2013, 4(3): 322-327.

[17] Zhi L, Ang AD, Zhang H, et al. Hydrogen sulfide induces
the synthesis of proinflammatory cytokines in human mono—
eyte cell line U937 via the ERK-NFkappaB pathway [J]. J
Leukoc Biol, 2007, 81(5): 1322-1332.

[18] Stamatovic SM, Shakui P, Keep RF, et al. Monocyte che—
moattractant protein—1 regulation of blood—brain barrier
permeability [J]. J Cereb Blood Flow Metab, 2005, 25(5):
593-606.

[19] Williams CR, Lu X, Sutliff RL, et al. Rosiglitazone attenuate
NF-k B-mediated Nox4 upregulation in hyperglycemia—
activated endothelial cells [J]. Am J Physiol Cell Physiol,
2012, 303(2): C213-223.

[20] Gheibi S, Aboutaleb N, Khaksari M, et al. Hydrogen sulfide
protects the brain against ischemic reperfusion injury in a
transient model of focal cerebral ischemia [J]. ] Mol Neuro—
sci, 2014, 54(2): 264-270.

[21] Luo Y, Yang X, Zhao S, et al. Hydrogen sulfide prevents
OGD/R-induced apoptosis via improving mitochondrial
dysfunction and suppressing an ROS-mediated caspase-3
pathway in cortical neurons [J]. Neurochem Int, 2013, 63
(8): 826-831.

[22] Wen X, Qi D, Sun Y, et al. HsS attenuates cognitive deficits
through Akt1/JNK3 signaling pathway in ischemic stroke[]].
Behav Brain Res, 2014, 269: 6-14.

[23] Tian XY, Wong WT, Sayed N, et al. NaHS relaxes rat cere—
bral artery in vitro via inhibition of I-type voltage—sensitive
Ca® channel [J]. Pharmacol Res, 2012, 65(2): 239-246.

[24] Han J, Chen ZW, He GW. Acetylcholine— and sodium
hydrosulfide-induced endothelium—dependent relaxation
and hyperpolarization in cerebral vessels of global cerebral
ischemia—reperfusion rat [J]. J Pharmacol Sci, 2013, 121
(4): 318-326.

[25] Jang H, Oh MY, Kim YJ, et al. Hydrogen sulfide treatment
induces angiogenesis after cerebral ischemia [J]. J Neurosci
Res, 2014, 92(11): 1520-1528.

[26] Radermacher KA, Wingler K, Langhauser F, et al. Neuro—
protection after stroke by targeting NOX4 as a source of oxi—
dative stress [J]. Antioxid Redox Signal, 2013, 18(12):
1418-1427.

(2015-07-05 it , 2015-08-07 & [1l)



	2016-10_部分80
	2016-10_部分81

