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[# ZE] BH HOMKAHIE (EDA) XHMFBRIFLIRE (SC) J5 K B S P9 5T W RO s AR 5 43 F IRE1 3%
REMATTR T, ik 4519 ~21 d H ¥ Sprague-Dawley K RISy SC 41 (EDA 21 X R4, Jrh
SC 21 \EDA P44 SC J5 ALBERT ] s [R5 530 53k 4,12 ,24,48 72 h 5 A4 B2H34 8 H, i RT-PCR &1 SC )5
5 IRE] mRNA 1335 o IS A0 TR ( TUNEL) WG p 22 o008 T4 i 4., W BE W48 5 CAL XM
TCHMEE AL, R (DRT-PCR 4558:SC 414 h 7112 h i8] £ IRE1 mRNA & &80 A BT, 252 78 36
M (P <0.01) ;EDA 4 4,12,24 h B[] 25 IRE1 mRNA 555l 25 55 F SC 241 B A [a] 5 Kon BEAL i & o, 22 7 3k
W EE(P <0.01), @TUNEL 455 SC 4 12 ~ 72 h i ] 55 TUNEL FHE: 404 2 T R4, 22 51 B3
(P<0.01), H SC 2l TUNEL BHM:AN gk bt dat R Fr 220 R 2B T 3% i, EDA 20 12 ~ 72 h B (7] g, TUNEL FHA: 41 gk
B SC A Wi/, 2254 WA (P <0.05 3 P <0.01) ,fH A7 T X R4, 22 5 B &P (P <0.05 5 P <0.01),
B HEEMEREERSC 4 ) EDA 41 4 h 5 EPIT IR B 32 R AN 3R 128, 12 b J5 B B AN A% e ds . Hp sc 4
YfEPH T, EDA T 5%, 4518 EDA I gE i 1R IREL 59338 K 2 H5 6 17 9% £ PR 055 X 0 1 92 %o
FREITCHIRIYE R, A BRG] N 5 I R A B2 [ ELRILRIZEE,2009,11(6) :471 —475]
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Effects of edaravone on IRE1 mRNA expression and neuronal apoptosis in the hippo-
campus of rats with status convulsivus

JIAO Ying , DENG Xiao-Long, LI Guang-Qian. Department of Pediatric Neurology ,Yuying Children's Hospital Affiliated to
Wenzhou Medical College ,Wenzhou , Zhejiang 325027 , China (Li G-Q ,Email :lggen@ yahoo. com. cn)

Abstract: Objective To investigate the expression of the key marker of endoplasmic reticulum stress ( ERS) IRE1
mRNA and neuronal apoptosis in the rat hippocampus after status convulsivus ( SC), and the intervention effects of
edaravone, a novel free radical scavenger. Methods Sprague-Dawley (SD) rats aged 19-21 days were randomly assigned
to three groups: normal control, SC and edaravone-treated SC. SC was induced in the later two groups. The two groups
were subdivided into 5 groups sacrificed at 4, 12, 24, 48, and 72 hrs after SC induction. IRE1 mRNA expression in the
hippocampus was detected by RT-PCR. Neuronal apoptosis was observed by TdT-mediated dUTP nick end labeling
(TUNEL) . The ultramicrostructural changes of neuron were observed by electron microscopy. Results IRE1 mRNA
expression was obviously up-regulated 4 and 12 hrs after SC compared with the normal control group (P <0.01). IREl
mRNA expression in the edaravone-treated SC group was notably higher than the untreated SC group 4, 12 and 24 hrs after
SC and the normal control group (P <0.01). TUNEL positive cells in the hippocampus in the untreated SC group were
significantly more than those in the normal control group (P <0.01). The number of TUNEL positive cells increased with
the prolonged convulsion time. TUNEL positive cells in the edaravone-treated SC group were significantly reduced compared
with those in the untreated SC group 12, 24, 48 and 72 hrs after SC (P <0.05 or P <0.01), but remained higher than
the normal control group (P <0.05 or P <0.01). The peri-nucleus cell organ injuries were observed 4 hrs after SC and
karyopycnosis and cytoplasm condensation were observed 12 hrs after SC in the SC and the edaravone-treated SC groups.
The edaravone-treated SC group demonstrated less severe apoptosis than the untreated SC group. Conclusions Edaravone
may have neuroprotections against SC by an up-regulation of IRE1 expression. It might serve as an effective agent for
reducing ERS in vivo. [ Chin J Contemp Pediatr, 2009, 11 (6) ;471 —475 ]
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PN 5 ® ( endoplasmic reticulum , ER) 1 S 40 i P4 HEZH 8 H o

FBARAWR B s L aEN Ca® lEfas 1.2 shEREsESRANH&

PR RS E, X PR BE A AR L R R, R I SC BT il A4 2 R T 2 5 Ve R s o -

AU B B AT S B ER B Ca’T RRAS Y
U B R AR AT & AN DR AT & 2 RO HEAR, AT 5
FHE N T M R 38 (endoplasmic reticulum stress, ERS)
KA B B W (unfolded protein response ) /& ERS
IF 2 B R 45 Fh A A 23 ER IR N R IT & R 2 R
A, T ik 5 ) — FofrARDRS DR ST O A B o LA T
RE A 1507 40 Jf 365 17 A BT 80732 1) N AR BR R, B ER )
B AR NP F HAT A2 i AR BT B A T HEAR
WERERZ — IRE1 ( the inositol requiring en-
zyme 1) FE—7E 450 T 3 B2 Rk T s, e
TR M A A A BB T B S B OCE BRI,
IREL 524 ERS 4047 91 R4 (5 5 1 A2 b i SC i o
T B SRS (SC) 5 Fak bl ander B AiE B
FHICWFFEARIE o

KRR (EDA) 1R —Flo 2L 40 A b 5L R
F, FE S AR I A s o T L e R E R B A5
FFEST, BT SC Ji5 IRE1 3R 5 M & et
R G IS S P B SV 81 B NS M 8 LI B U SV
FALH-DL R 5 SC R BUBES, L 4E EDA X} SC 5
16 5 IRE1 mRNA 3Rk DKM 28 oA 12 1520, 925
ZE0T EDA 7E SC & B b a] e R 28 TR AL

1 #RFFE

1.1 s

L1 %%z THIERH W 19 ~21 d gk
it Sprague-Dawley K B, R 2 50 ~70 g, HiEM
B2 e S 5 sl ) 0 B2 A [ 5 A% IE 5 - SYXK ()
2005-0061 | , 555 5l 1y 5 B T M = 7 B 52 3 3l vh
ORISR EmIE 2 d, Al R K, ENRE
25°C , MRHRIE 70% ,12/12 h SR B AE4E
112 23K A FACPE T & R ALl T
Aldrich Sigma 23w 5 i B B 4 &t B I 3 V1 3 38 24
M ey 25 ) (| 25775 : H33020465 ) ; EDA 11551k
W FALIR G 2508w Trizol Reagent {724 In-
vitrogen 2\ ] P2 i, RT-PCR 387 & i1 Fermantas 7\ ]
Pt 51 NSt B R R LS it BRAR K
0 R R T I /A1 IS N VAR 11285 o b 7S
(TUNEL) {57 &1 T Roche 23 .

L3 xBsyessm KRR 8 SC
2 (EDA 4 IEH X HRZH 3 K4 ;6 SC ZHFl EDA 44
TR 4,12,24 48,72 h 5 W41, &4 8 H 4t

127 mg/kg F i JE T A 18 h J54% 1 mg/kg
i s VE S B R BT HE i, 30 min J5 3% 100 mg/kg 5 i
VLA A WE SC A R B R & AE AT
NEFEI, KBABUKIE Racine'® 23943550l 6 9,
0 . TALAT ZAEMD G5 1 S BEAL UL AnZiish; 1T
P i e VA RERL SN RN T2« 17 e B 28 il 4
IV A5 Ot ST 1 4 B ELPE R AR V 4 fE AT o
SEFCPRAB ) 4 B o B -RE 2R R KA. BB R RIS
VUL b, e mta)ik 30 min DL F | 1500K 28 it 5 4R 45
RAFH K B A 4% SC R BB, Y450 ik & 1E 5
30 min B}, 257 10% /K45 S0 300 mg/kg i R BT +E
fh 1 mg/kg 6 Jis 7 i 2 1k UK & /. EDA 41 F i
JHT 3 d T LA EDA 3 mg/kg IS, BER 10, H
b PR SC 24, KB4 5 F B R &R A 1k )G 4,
12,24,48,72 h, ] 10% 7K 45 & (350 mg/kg) fK K
JRIR i BTk, R B R o B LA BRAEFE A 2 mm
FBEREA 1 mm Ab45P1— T, BUrp o] BE & 4% 2 5 H
VA, 4°C [ 2 12 b JBEK A SR 5 AR % D)
RS LA T b AR RS2 ) v, IR 5 um,
FHF TUNEL & 5, K A7 2 BR 7 TC 2% 0 1% 2
(RNA) i A58 N oK BN PE 7 B0 o FREE JS 1)
B TJC RNA i () EP 45 rf, - 80C i AR A7, FIfE
RT-PCR #rA, B4 1 R KRB S, VI 1 mm
3 /N2, 5% i R E T RLAEIER
1.3 RT-PCR #illl IRE1 mRNA &8

(1) RNA 4 5. B R AR AT 10 2 bR AR
100 ~200 mg, ] Trizol X7 $2HL i RNA , 5% F £ 4k
Ay 66T E B RNA & 859847 RT-PCR 35 .

(2) cDNA [R5 18 P15 A 2 5 5 RNA 4K
UG, W H Fermentas 335 % S50 &, #c i B B #84E
L2 SR RpUE S AR

(3)PCR: IRE1 L) GAPDH {EH NS R, Bl
J¥ 5 K B i 45 @ IREL 5] 41 )% 31 b . 5'-
GACGGACAGAATACACCATCAC -3'; F %: 5'-
CCACCAC AGGAGAGGCATAG -3; GAPDH 3| ¥
5. | . 5'- CAAGTTCAACGGCACAGTCAA 3/, F
%7:5"- CTCAGATGACCGCAGAAGTGGT -3', 7= # K
& 345bp, QPCR 1A % : 145 ¢cDNA 3 pL,10 x buffer
2.5 pL,MgCl, 1.5 pL,dNTP 0.5 pL,ddH,0 15.7
pL,Taq i 0.2 wL, B RF5 1445 0.8 s S b A
Z4 25 wL; PCR 18 4544:95°C HiAs 5 min ,94°C 45
30 5,182k 30 5,72°C ZEAH1 40 s,35 M, feJa 4
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72°CZEHK: 8 min & IF ) . IREL 1B kR & 50. 0°C,
GAPDH R K JLEE 55.8°C . QBT B 5 pl PCR
FHITE 1. 67% BrREREEEICBIK G , B TBEIR IR IR
S RS (T FR-980) 494, H Smart View 4
D& PG R, T H B SR OB BE(E S N 25501
WG Z LE RN ZHE H I EE ] mRNA (1) 5
1.4 TUNEL

B R BN JBK TR I K 400 e/ mL =
i 15 min, 3% H,0, % 10 min, 3 [ 1 7E = &
10 min, TUNEL JZ W3 50 pLORKH] 1: 387 2 =1:19)
37°CHFE 60 min, POD (7] 3)50 wL 37°C % 30
min, DAB {5 1.5 min, JR AR 386 FEE YL, 5 KA
EUE R R £ R o B B2 AR 2 O &
TdT) f0# TUNEL e Wi Y688 T 11 FH 40 5L,
Bk U] Fr BEALIESE 5 B TR (<1 .000) ,
EIE
1.5 HB%E

B GEFRAS 2% IR T [ 2 h, A4 B e DN 1]
JBEAK, BRAE B 120 A3 A7l i (1 wm) O
BT NG TR e, T IRt A b Ak 1R A UL R
{6, B ST B SN D CAL XA Ieh sk .
1.6 FitFEFWHAZE

JH SPSS 11.5 Geit B4 bt , Fir 15 54l DL %k
+ AREZE (v £5) Fon, ZAREAR B HCR LA
272250 (One-way , ANOVA ) , B85 i WM L B0R:

®1 J/AARED IRE]I mRNA RiEHZHEEN

FH ( Least-significant difference, LSD) ¢ ¥ 4 , P FE A<
R x° Kigi, P <0.05 5{ P <0.01 #2522
S BEERE R IR B
2 FR
2.1 FPYEBFIEL R

B 20 M s e S S A IS AT o I Bh TG
FLAIEE £ 55, SC 41 F (16. 56 £5.31 ) min J5 |
EDA 40 F (21.16 +5.94) min J5 H Bl SC, —FH % H
AR BEME(P <0.01) , #% Racine 539 brifE, A 10
H(10/130) KERA KI5 K& 15K, 27 H(27/130) i
IRV IR KA, HAR KB 93 H(93/130) i 7 1
VAR ZAE, I gk ZAER 30 min D |, SC 41V
RRNERT. 7% N RNEFI1. 8% ;EDA A IVH EAE
R 231% ,VRENEZT5.0% ,EDA 41V % K AVER
BALTF SC 41, 22 A IEH B E (P <0.01),
2.2 IREl mRNA %FiEDHEE

XFHE 4] IRE1 mRNA /b ik, SC {f ifF 5
IREl mRNA &3R50, P Bk 5 A5 B [E) s 4 h 3%
NN, 4 h AT 12 h PASEE] S A9 TRET mRNA
BB AP B TS (P <0.01), EDA ZH 4 h,
12 hf124 h 3 4Ni{A] 438 2 IRE1 mRNA (1) 751k B
e T SC MY A, R AEFREE(P <
0.01), % 1.1,

(x£s)

am R L P P
4 h 12 h 24 h 48 h 72 h
A4 8 0.497 £0. 060 0.497 £0. 060 0.497 0. 060 0.497 £0.060  0.497 0. 060
SC 2 8 1.200 0. 150° 0.952 +0. 122" 0.410 +0.107" 0.496 £0.094"  0.501 £0.218" 45.196 <0.01
EDA4 8 1.360 £0. 146% 1.260 +0. 136*° 0.823£0.069%°  0.498 +0.085  0.445+0.046 131.479 <0.01
F il 106.214 94.931 56.948 0.002 0.450
P <0.01 <0.01 <0.01 >0.05 >0.05

a: XA LR, P <0.015b: 5[R]41 4 h W] EE4L, P <0.015 c: 5 SC 41104, P <0.01

M 12345678 91011

100 bp

200 bp GAPDH
300 bp IRE1
500 bp

1 FAKXRED IREL mRNA &KX M:Marker; 1 ~
5:435% EDA 4 h,12 h,48 h % 72 h F4H ;6 ~ 1043514 SC 4h, 12

h,48 h 2 72 h W20 ;11 . %F AR,
2.3 #53 CAl X TUNEL &8

TUNEL 4 0258 @7 , TUNEL 3 FF 4 41 i 52

BLFRIRTEMZT0 MO 28 10 S5 4 JifL, TUNEL e €2, BH 14
20 16 Ay A v s B e SR, s N7 7 S A ]
A AR o TR SR ARG A i1, T8 B AL (1) 45 B
AR B8 H AR W48 TR AE . SC 41T CAL
X TUNEL Ze o fHPE 40 Tk 5 4 h ©F DR
K48 h kS IE, 25 F Ik, 12,24,48,72 h
4 B[R] BB XA (P <0.01) . EDA 4
12,24 ,48 h 172 h i) &5 TUNEL %2 504440 i 72
RKF-38 SC B B (P <0.05 5 P <0.01) ;{H
i FXFRELL (P <0.05 5% P <0.01) , W32 & 2,
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£2 H|AKXRIED CAl X TUNEL FREMAMEAIZNSTE (xxs)
s ] 251
ah Rk F{i PAE
4 h 12 h 24 h 48 h 72 h
popitektl 8 6.60 £1.69 6.60 £1.69 6.60 £1.69 6.60 £1.69 6.60 £1.69
SC 44 8 5.06 +0. 78¢ 11.41 2,370 19.69 +2.99"4 28.78 5. 11" 25.51 +2.91" 77.623 <0.01
EDA 41 8 5.01 £1.10 8.98 +2.22%° 13.09 +2.54"f 20.57 +4.89"f 18.36 +4. 14> 30.921 <0.01
FE 4.547 8.225 44.522 47.973 76.528
PA{H <0.01 <0.01 <0.01 <0.01 <0.01

5% B L #E ,a: P <0.05; b:P <0.01; 5[R4L 48 h B fa] f bAs, ¢:P<0.05; d:P<0.01; 5 SC 4 [t%, e:P<0.05,f:P <0.01

2 £4HiES CAI X TUNEL 4R ( x1000)
CAl [X TUNEL FHPEZ 500K )S 24 h i fH Mk, C:EDA K5 24 h ¥ CAL X TUNEL PHME:41Hu4: SC 241 s>

2.4 B5 CAl REZTBMEMRENL

X BRZH R B 2 PR B, R T BT A2 A e £
JROI AR 5T ORI /INIE Uk AT, J 3 ML
[l ER KM, SC 241 J EDA 41 4 h J5 BRI JF 45

A XIE41¥ S CAL X TUNEL fH¥E4RM /D 2k ; B SC 41 1

PR JE 20 e i 1) el A, EROREAAR I 45, ER P75k, 12 h
Ji HE I A% 1) IO A AR A% N G 60 BT vk 4 300
4 Hrp SC HAN M 1™ 5, EDA ZH 40 M 95 -4
®LE 3,

3 BABRL CAIRMETBMERKEN (R x15 000)
g5 B:SC ARG 24 h, M nE0R B W I, Zn i a] B 2% 95K €. EDA ZH450BK)5 24 h AZEHG R AR .

Wig

ER a1 3 AN s iR B TREL, PERK K&
ATF6 H5 S0 FRI AR 5 A ML A%, LLIE S 30
ERS, 7EIE# 10T, IREL For T AR M —Fh 2
AT AT A SR R B FE 2, T
B2 R T PR 2 R A S R A, PR

A XFHRZHHE T CAL DX IEH B9l 22 T 40 i ke I 25

SECIRELD J8 5o 5 5 Ak AR R Ak M B0, 0SB
IRE1 REBT 2% 55 AT XBP1( X box protein-1) Fij{f
mRNA 20 F P — 4 26 nt BN & Fo K
mRNA S A FHPEHERS |, 9 i 7 A A 16 1k 1 5 s PR
XBP1s( X-box binding protein-1 splicing) , 5% XBP1 s
W SRR R FE DR 22 0 TA o I L 3R 1 3k 8 0 RS
W3 1 5 3 7 & ERSE (endoplasmic reticulum
stress element) J 41, i1 CHOP .GRP78 Z3L[H, H 2
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27 ERSE R ~7 X454 CCAAT(N)9 CCACG
(N RAEREmAE) . XBPLs i A5 5% [FF- NF-Y
(nuclear factor-Y) 43 5l 5 ERSE [ (N)9 Pl /Y
CCACG F11 CCAAT J¥ ¥ 45 &, M i 5 CHOP,
GRP78 JEPH AL ™ o Lin 451 FIACH: 2 FI#E I 8
D25 AR 293 i ERS & B TRED 1k
WAL, BEEDAE 8 h P PR E RE U ] ATP B Y)
INM-PP1 [ 4-amino-1-tert-butyl-3-( 1-naphthylmethyl )
pyrazolo(3,4-d) pyrimidine ] #EK IRE1 J5 ¥, 40 077
TR ER R . Yoshida 1 HE R4S 2 LK (5
SRR R AR T g XBPL B RS0, 4 7 ERS
PR R R F I b RS R WA,
A % e XBPL #% 5% 2 G2 19 40 Jf 94 = %
60.2% , Thuerauf ' 2 3 {4 #h 15 3% .0 L 40 i fok
A2k 16 h 5 XBP1 f GRP78 ik FiM, 4 it
XBP1 . PE 67 HH i g 5 o 2 A S e 0 L 240 L )
GRP78 ik~ i, [) i 4 i 4 T %k H 3 hmo 5 e,
IREL i i 54 XBPL, X R A & 85 B VAR 2] 1 B
[} PR Ar Ve T N TR R4/ R 3T 38 2 1 A BB A E i 3T
B, W ER 6T, SRR R N IR RRE R
A ez i o

WFFE IR, PR T (5 2 A 1k S R R T fm
26 Ca®* L ER Py Ca®" FEIB XA B E 1
AR | IS 22 AR ST A R il Ak~ 5k S B R X
SRR, I R ARG A 5 75k ERS JEr &
HE PR BERTHE . ARSLE KB, SC 41 T TREL
mRNA TR BRI, 2% i 6] 50 2L 4 h 32058 8 B
o, BT I TS B ZEL A B s, PRt ]
IREL {5556 318 # 12 SC 5 44 K Sl & b i
o ARSI 45 I8 R, TUNEL {4 FH 4 41 it 76
SC J& 48 h ikl , ZJ5 2218 TR, il BE5 ERS H1H)]
fih % 7 AR B RO AR A PEL R R i
MATCHIATFRETI A Ko

EDA (R 1 &, 2 BB G H 2, J2 — P A 2L
AR A 22 ORAP 0] o LA X 28 R G , A ke I,
S G B I AR T AR T 4G B I e s
HCALH AR BR A A 5L A0 i T A A e 4
200 M 1] A D BE DR A 308 T A #4828 ST ) PR 1
JAY o I A B R ) B T 5 A A X e o, A< 52
K& R PR SCJa R MK INNFF7E ERS; 5 SC 4
Xof g i () ASCAH EE , DA 5 4k 2l 9 5 [X S FHL43 477 9
%, TUNEL 3 {0 [ P 4 £ sl s 4k, EDA 4
55 SC 4] TREI mRNA ik & BRI [A] iRk &
FSABAE 4 h (A EDA 41 4,12,24 h Fk BT

SC 4. $BWFSE IREL 35 A 445 mT LA 25 40 A= A7
R84 EDA FiAbBR 27 o] AEE4ER IREL 15
P, A T — SRS

ZrEFTIR, AL E R B s SC 5 KRS
IRE1 k380, $EH] SC J53#3% ERS, EDA THiG
IREL 2215 Th s 5 i g, [ i Kk B b 22 oo 1
BOE B SC AL/, s B A0 F2 B O AH X sk o ik
D EDA 08052 AL 41, 8 A T B SE i 1
IREL {2638 75 150K 5301 45 00 28 ST O A3 1 o

(& % X #]
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