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BT B8 RSP B b B A5 69 i FAAE A AR 5047 4% Fe A48 X B T 2(nuclear factor erythroid-2 related factor 2, Nrf2)
58 ERSARTGAERAE LR, Fik: B3 ZABKMfe LAEIZ AR A AN S/ H A (Oxygen and glucose depriva-
tion/reperfusion, OGD/R) #1454, ¥ OGD4h.6h . 8h#= 10h 5 ROh.6 h,12h. 18 h.24 h % /~af /] & 404, @it CCKS & F &
(Cell Counting Kit-8, CCK8) #-m2mftLey 7 &, RA VAWML T W BA2A A F 2457 6 OGD4 b/ ik & R18 h A £ HH 2 52 4m it
OGD/R #£A! ; A Nrf2 # 3h 7] 42 T 2 2+ 3K — & ( Tert-butylhydroquinone , tBHQ ) w4741 | # iz 3 B2 ( Brusatol , Bru ) %t 28 JeL 33 47 F T
2L 28 G %,9% ¢ i (Western blot, WB) sk 44 Nrf2 ., 3) /7 48 £ & & 1(Dynamin-related protein 1,Drpl) &) & & & ;%] & 4w LIl iE 69
Wk, B EEMRmL AL ERGHES, 32 :0GD/RHBHQ 41 Nrf2 & & ) £ % ¥ % F OGD/R 41, H OGD/R+tBHQ 41
Drpl % & #9 % ik M 4& T OGD/R 41(P<0.05), % OGD/R+Bru £i Nrf2 & & ¢4 & i& 1&-F OGD/R 41, B OGD/R+Bru #1 Drpl & & ¢
#3535 F OGD/R 41 (P<0.05); w4532 % 2 2 7 OGD/RHBHQ 48 % 45 4k 4 3L 64 42 J& Fo 1L 45 OGD/R 4 Fr il , ik
OGD/R+Bru 2843 % (P<0.05), £5i&:Nrf2 sf &btk 28 R erif42 1A, T Ak ALH 2 22 b Drpl & G ZAFAE A .

KB : Nrf2; Z A4k 55 ; Drpl; i B o B0 2 445

FESES:R-33;R743 XEFRIREE . A XEHS:1673-6273(2019)11-2056-05

Regulation of Nrf2 on the Mitochondrial Division of SH-SY5Y Cell under

Ischemia-reperfusion Condition*
HUANG Lin', LIU Mao-dong’, LI Yi#, WANG Ya-nan', WANG Shi-leF*
(1 Department of Anesthesiology, Faculty of Medicine, Qingdao University, Qingdao, Shandong, 266003, China;
2 Department of Anesthesiology, Affiliated Hospital of Qingdao University, Qingdao, Shandong, 266555, China)

ABSTRACT Objective: To investigate the relationship between Nrf2 and mitochondrial division by establishing a cell model of
cerebral ischemia-reperfusion injury in vitro. Methods: A cell model of oxygen glucose deprivation/recovery was created by a three-gas
incubator, sugar-free medium and normal medium. OGD4 h, 6 h, 8 h, and 10 h were matched with RO h, 6 h, 12 h, 18 h, and 24 h to set
up various time combinations. Then cell viability was determined by Cell Counting Kit-8 (CCKS8 kit). Finally OGD4 h/R18 hunder which
condition cellsshowed obvious apoptosis but still had half of the survival. Tert-butylhydroquinone (tBHQ) and Brusatol (Bru) were chosed
as the agonist and inhibitorrespectively to deal with cells. Western blot was applid to measure the expression of proteins Nrf2 and Drpl.
Meanwhile the morphology of mitochondria in the same batch of cells was observed by the electron microscopy. Results: Western blot
showed that the expression of Nrf2 in OGD/R+tBHQ group was significantly higher than that in OGD/R group, and the expression of
Drpl in OGD/R+BHQ group was lower than that in OGD/R group (P<0.05). Also the expression of Nrf2 in OGD/R+Bru group was lower
than that in OGD/R group, and the expression of Drpl in OGD/R+Bru group was higher than that in OGD/R group (P<0.05). The results
of electron microscopy showed that the degree and proportion of mitochondrial division in the OGD/R+tBHQ group were decreased
compared with the OGD/R group, but increased in the OGD/R+Bru group. Conclusion: Nrf2 may negatively regulated the mitochondrial
division via Drpl1.
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K, £ CIRI i Nrf2 5% % S 4i JfuAz N A Ak s i o4 (an-
tioxident response element, ARE) %5 & @, o] ¥ 76 T 118 1% % 15
TR ALY {1k i (Superoxide Dismutase, SOD) . [l £1 ZI4A
fiff 1 (Heme oxygenase-1,HO-1) 48 4k 6 J& i -1(Nuinone oxi-
doreductase, NQO )3 & AR A, A W57 3R AR BROK
Figh ik %€ (Middle cerebral artery occlusion, MCAQ) i v |
A2 s P i S Nief2 333 tBHQ 1] B AI%32 3y %t T
REFIBR L A AEZE T AR F B CR AP AL i A 0 4 B ] 41
il R4 43 B4 T A 1 T CIRT (AR5 #4590 i L i
HURIAN GG . ASTFFER 254 T3 Nref2 Jf: [ B WA L b
A BAHREARBUIRR B BB AT RR, LINIR
J7 CIRI (R ILHT IR R .
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L1 ##

M RE MR NN (SH-SYSY Z0Mf0) . 5 - A 5 20 g7
(PC-12 4tiff0)ig [ bRk L1 40 M 5 (BHQ 1 {6 AF 2E 4
Bl A B\ 7] ;Earle's S35 (Eaele's balanced sail solu-
tion, EBSS ) MEM/EBSS #5754 (Minimum essential medium/
Eaele's balanced sail solution, MEM/EBSS ) .F-12 HAM'S J¥% 553
(Ham's F-12 Nutrient Mix,F-12 HAM'S) fil RPMI 1640 335 4t
(RPMI Medium 1640CAS . RPMI 1640, 1640 )1y H 35 HyClone
N G4 I35 (Fetal bovine serum , FBS) il 0.25% i fiff ity H &
[ Gibeo 23] ; St A Nef2 FLBT A Drpl 25 HHISESU AL F4T
FUH Il -3- W8 It & ( Glyceraldehyde-3-phosphate dehydro-
genase, GAPDH) — ity 53 [ Abcam /3] ; CCKS8 X5 &ty B
LWL E AN F BT ik H R (Bicin-
choninic, BCA) # 1 &k & \RIPA 141 / 4 i 2 (RI-
PA Lysis Buffer, RIPA) \WB #% i . B2 #h 2% i (Phosphate
buffered saline, PBS) il ALt FIK FAYFRHLA RA R R
NI RE BE I (polyacrylamide gel, PAGE ) et il 4 1A £ (3%
Al e FL A% 55 5 (Sodium dodecyl sulphate, SDS) ) [ - i
HERE A W BLH A BR 7 5 3w — 1 £ 4 (Polyvinylidene difluo-
ride, PVDF) R FIHL{b 2% & ' (Electrochemiluminescence , ECL)
Ab22 &G I B 3¢ [ Millipore 24 ] ; #5HF77 B A1 tBHQ H
— FIEF A Dimethyl sulfoxide, DMSO)FiEg, HeEE /31 1% 10°
nmol-L" F Tmmol- L™, {58 FF ik 27 4 B2 B R 7 I A5 9
HRE, 1113 DMSO & /NT 0.1 %,

1.2 ik

12,1 gRasEsR OO EU: KW SH-SYSY 411 & 10%
FBS . 44%MEM/EBSS 44%F-12HAM’ 1% 5% - 55 % (W
PO 1% N BRARHH(100% ) FRIE, BT 37°C (% 5% CO, 14
MUREFEFE R ICRR R, B 2~3 RAGAS 1Ok, 85 T O 4T A s e
i5 85%LL LI, L 0.25%BEEE I AL A A5 Ot B KUY
PC-12 4ilJifd FH & 10%FBS il 1%3 Y RPMIL640 157 5k | B
TAHEF S N EESE, DARIRE R AL

1.2.2 fpaRM BEFHRGEBOGD/RMEL A FMHK
Z:25 Sk, 2 5 FH Y OGD/R R f s ] 61, 356 BRI 11 5 4
(OGD)4.6.8 . 10(h)F1 5 # (R)0 6,12, 18,24 (h) 2y 5 o I [H] 5,
HESI LA T F R[] 9 OGD/R Bif [RIASEED KE 8000 £ a4 T

96 FLAR Y, R — KT, 4% AN ] ) [RI B TR 46 A8 5 W Y EBSS
BRI NSRS TRART 2%(5% CO,,94% N)HYFR T P 1577,
TEAFHNE S (S5 55, 40 i 30 3G SR 2 8% 2 1B B R s
FErP R SR, R A 25 SR A CCKS8 25 &G I 1F 4 % B 28 [ ok
TR0 20 D A ML E TS 3R s R & e R A M v S
TETE 2R B e B S 9 B 8] s A 9 OGD/R AR B BR i
12.3 KE4E  RAMENETFRES N 6 21(1)SH-SY5Y 4
MIER A EREESRE, AMEEHADL L ; 2)PC-12 A E 5
20 EF R AEAT A Ho A A3 ; (3)OGD/R 44 : SH-SY5Y 4]
Jitd B8 AT 4R 40 ¥ OGD4h/R18 h; (4)OGD/R+HBHQ 41 : SH-SY5Y
YA 5 tBHQ Y IEH BE 3R B (M 25 pMIM) T4 3 4 h,
SRIG AT OGD/R #4; (5)OGD/R+Bru 41 : 1E# 55 5%, B A 19
JIHF% FE(Brusatol) i 55 55 B (LU B 100 nMIEAbIE 4 h, 58 J5 ik
17 OGD/R 4 ; (6)OGD/R+Veh £ . #Hiffidt 7/ DMAO [ iF
W IR (B 0.1%)FAbHE 4 h, SR )5 1T OGD/R #:4E.
1.2.4 Western blot #:iUl  “RIRIZH A4 7E AL BE5E 5, RIPA
SN S B0, B E T, FH BCA IR & e 3 k. 7E
SDS-PAGE #EH1, HANUKIE A 20 ng MFE R, 80 V(30
min) & 110 V(1 h)HLik5r 28 1, L% 2 PVDF &, 5%JB A5 7
MERE A L h, KR53 MA Nef2 Drpl F1 GAPDH
— PP A4CHE LR, iR Tris 2228 sl (Tween Tris
buffered saline, TBST)PE 3 Yk (3% 15 min), —$7 37CHFE 1h,
TBST ¥ 3 k(3% 15 min), ECL 3%, iz Image J #4547
HiEH4H 5 GAPDH JREE LU, THEAHXS RIA 1L
12.5 BENEERNERES  SAAIRAIEEE)S , RERE L
B BRI/ N ARRE AT, AT i 4°C B2 35, 56
ZRIERE YL R R AR TSR
1.3 Geit=ah

SR SPSS 21.0 1 Graphpad prism7 $3E 48 i1 544 36474
MEACER , SRR DA ROR B[R] 22 55 B BCR T € 4384347,
PLP<0.05 R AL FE L,

2 R

2.1 SH-SY5Y #faFn PC-12 4Aparh Nrf2 . Drpl EHMIRIE
IEH DL, SH-SYSY 4ijdFll PC-12 4 jid i Nrf2 25 (4 (1)
Fikiki, SH-SYSY 4lifirf{H Drpl 2 H 32545/, 1t PC-12
4Hiffirh Drpl &5 I ERIAAEXTEZ , WA 1,
2.2 tBHQ #A Brusatol ¥t SH-SY5Y #H A OGD/R # %I Nrf2 Fa
Drpl FRiXKIFM
tBHQ 4bFHJ5 , SH-SYSY 2 Nrf2 #3325 18, [
Bf Drpl 1438 35 W& 1% ; Brusatol 43§15 , SH-SY5Y 4t Jfl i Nrf2
HIZRIE W S REAR, Drpl ik T, DA 2. 14 3,
2.3 tBHQ Xt SH-SY5Y ZAf1 OGD/R #& B £ hi A T A5 B 840
JIA tBHQ J& , SH-SYSY #iififg rfr Zet i 3 ZAHI A 2 4
/05 A Brusatol Ji , 240 i Hh A AR 43 AR A i 25 4138 in
(P<0.05), WLI#l 4 Kl 5,

3 ¥
oA T 7E BP0 sk e P A A, T Bl M A T
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Fig.5 Comparison of mitochondrial morphology in different groups under electron microscope
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FRRZER L AR i A B A O

B R 2RI — R AR T, PR
SRR HOR R . BRLET, 20 ATP Jilisb, Ca?" BE A LR
LSTE A ORile R A WS N R R e i e D
T PA 1 4 25 5 3 ST TS B 17 M 4 (reactive oxygen
species, ROS)H{Z , il |- Ca A& Byt 22520 ROS HI5ER , i —
AN T ROS 1y# B HEERT PH A Ca® W T B ROS
BOE T AR BB 5552 FL7E (mitochondrial permeability
transition pore, mPTP)fit 1}, K Ca" gk A ki, L kiR N
PHER L IHFE R ATP 520 A B, 40 M S AR e i I
Wik, SR AR TR ASHOR , SR ZoR A 4K , 40 RS,
LR AN A A A B i ) 3 2 SRS 200 A2 A A8 A 74
B IRAZ A% RN AR BRI P SRR Bl 0y A
TR L SRR S B N8 46 20 A5 O 80, 2ok
W BAL U PR TR 58I M, Drpl 2ERbiiA 5 38l ) &
F, BT DA E TAORRIMIR LA 324 1 4 1 (mito-
chondrial 1 protein, Fisl) FSCEIL KA T M AR 5200,
BEAEWFTE R W] Drpl ZEBR I FE R0 5 R A oA 7y 2R
A M, TS WoRiEA T Drpl W] LUA Rl 2k ik
3 BT A ot PR TE ALY, $2 7R Drpl 7 CIRI 5 Y
LR R A R SRR PR P,

Nrf2 {55380 PEAE A HLAHR T A N fe B 24 R A2
Z BT, Ay SERIRAS TR Nef2 © A7 R R
K, {HCHB A Nrf2 4 i Ji 448 & 13 (Kelch-like ECH-associated
protein 1,Keapl) 4 (32 K fb ik 42 FT B fiff ;ROS 34 Z 1,
Keapl #RH07E, Nrf2 i i N ANMIARL , A HR5G SEm PR, BERT
TOH B A T TR R 2 RS AEAT AR WAL AR AN A )
FATE. % TIZAR S0 LA EAE B VE AL, EA DRI
RIRFI = FHZRRR, HEEZE RS F LR 55T, 6
41 HO-1 Al P62 5P, AT W5 fids — 3 Z Al n] Ree th AR T
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AR ST 56 U356 H R 0% T el 0 24T 4SS AU 200 ff R - PC-12 NI
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