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(# E] HH HOHSWECME W7 SERBRERRESZORE (SC) J5 GRPT8 ik Rl & T -1
W, FiE  #4 19 ~21 H i Sprague-Dawley K FR 117 R ML Jy 4= HEER AKX HE (NS) 4 R R B LR A (SC) 4.
W-7 T BE(W-7) 4 s & 20 P45 R TR E] 2540 4 h 24 h 48 h 3 AW (n =13) , N FHE LR -DLEF fdtr KR SC
BT W=7 LU AEHIBEHT 15 min TR #IKEEST W7 386 57% 5%- 2R A Bl S0 ( RT-PCR ) F 988 21 214k 2% vk e ) 4 2 4%
B 1] 5 K RV T GRP78 RNA IR [ 19RO ; JR ALK i Ani i ( TUNEL) Kl ¥ T CA1 X 2 T T 10 o
LR SC H44FE KRG 24 h GRP78 mRNA [k 148 NS 41 B 2 F 25 (P <0.01) ,SC 21 24 h 148 h GRP78 &
HIFIA T NS 21 AH R B[R] 5 0 3 T (P <0.01) ; W-7 41 24 h 148 h (1] GRP78 mRNA J 7 [ ik 54K SC il
NS 21 .+ (P <0.05 5% P <0.01) ;SC 417E 24 h 48 h 5 CA1 [X TUNEL FHPELIMI%K(21.0 £2.5,29.4 +2.8) i
BE P NS4(7.1£1.4,7.3£1.6;P<0.01) ;W7 417 24 h 48 h ) CAl X TUNEL FE{#E40ME%(15.0 £2.5,
20.0 £2.9) %% SC H W EFER(P <0.01) (A BZE ST NS (P <0.01), £t RS SMifH W-7 7758 ik
8 GRP78 MRk, st ts, BAa Ry EM . [FEHRILFAZE,2011,13(1) :44 -49]

[% # W] SBEEAWER W-7; BORRERE; GRPT8; Mg, KR

[HESES] R-33 [XEERIZE] A [XEHS]  1008-8830(2011)01 — 0044 - 06

Effects of W-7 on the expression of GRP78 and neuronal apoptosis in immature rat
hippocampus after status convulsion

ZHOU Zhu-Ying, LI Guang-Qian. Department of Neurology, Ywying Childrens Hospital Affiliated to Wenzhou Medical Col-
lege, Wenzhou, Zhejiang 325027, China (Li G-Q, Email ;lggen@ yahoo. com. cn)

Abstract: Objective To investigate the effects of the calmodulin inhibitor W-7 on the expression of the key marker
of ERS GRP78 and neuronal apoptosis in the immature rat hippocampus after status convulsion ( SC). Methods One
hundred and seventeen male Sprague-Dawley rats aged 19-21 days were randomly divided into three groups: normal saline
control (control), SC with and without W-7 pretreatment. Each of the 3 groups was further subdivided into subgroups
sacrificed at 4, 24 and 48 hrs. SC model was prepared using lithium-pilocarpine. GRP78 mRNA expression in the
hippocampus was detected by semiquantitative reverse transcription-polymerase chain reaction (RT-PCR). GRP78 protein
was ascertained by immunohistochemistry. Neuronal apoptosis was observed with TdT-mediated dUTP nick end labeling
(TUNEL). Results The expression of GRP78 mRNA was significantly increased in the non-pretreated SC group compared
with the control group 24 hrs after injection of saline or lithium-pilocarpine (P <0.01), and the expression of GRP78
protein also increased markedly in the seizure group compared with the control group 24 and 48 hrs after the injection
(P<0.01). The expression of GRP78 mRNA and protein in the W-7 pretreatment group was significantly higher than both
the control and the non-pretreated seizure groups 24 and 48 hrs after injection. The TUNEL positive cells in the
hippocampus CA1 in the non-pretreated SC group 24 and 48 hrs after injection (21.0 £2.5 and 29.4 +2. 8, respectively)
were increased compared to the control group (7.1 £1.4 and 7.3 +1. 6, respectively; P <0.01). W-7 pretreatment
decreased TUNEL positive cells to 15.0 £2.5 and 20. 0 £2. 9 at 24 and 48 hrs after injection compared to the non-
pretreated seizure group (P <0.01), but the number of TUNEL positive cells in the W-7 pretreatment group remained
significantly greater than in the control group (P <0.01). Conclusions W-7 may up-regulate the expression of GRP78
and reduce the number of apoptotic neurons, thus provides a neuroprotective effect against brain damage following SC.

[ Chin J Contemp Pediatr, 2011, 13 (1) ;44 —49 ]
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YA R 2 E B 5 R 5 22 R 7S (status convul-
sion, SC) JG KA DR 20 B =" ;
J55 P v/ 3% ( endoplasmic reticulum stress, ERS) 3 &)
R/ 7 s I o -2 W DR i TR D e
#341  GRP78/Bip ( glucose regulated protein/immu-
noglobulin binding protein) /& ERS B4 MR & W),
GRP78 ik 1yl A0 P 47 1 o ph I o0 5
FIZF L ER AR M 2 iR ERS /) — > H 25
R0, 48538 2 11 ( calmodulin, CaM ) J& K ik 32
T Ca’ " 5 55 A, DA DI R, CaM 7E 1
JRRHE i 453 43 1) K A= R T ok R v S R S A
FIT' o W7 [ N-(6-% 0k g 5 ) -5-5-1 Z5-# i
e CaM IR, 7E A4 P 52 50 K — B2 95 g 155 Y
e Ca®* W () R 5 L 107 A0 B 1) R B VE FH E
MHEESE ™ A SC R fE S GRPT8 (14K &
P2 IC I TR 52, [ N A R WARIE . AS BIESE
8 o ST A BE-VE B R i SC R BURERY, 1i7 ] RT-
PCR iy 414k Fl TUNEL $ A, s & W5 W-7 Xt
SC J& AN [m] B[] g5 K B £y GRP78 mRNA Al 4
FIRUKAZ T T ORI, B e 1T CaM
5 ERS /SRR IR0 B & &R, LA S W-T %
A S SR B A5 1 £

1 RS

1.1 SEIesH#

L1l SRz A 19 ~ 21 H i A
iE 2% Sprague-Dawley (SD) K il 117 H, (& 60 ~
70 g, th IR ve SL B S AT IR DR A mI AR IR F
A[UES : SCXK (1) 2007-0005 ], F 525 3 4 o0 2
TSI % o3 G R SR S g, PRI R (23 £2) °C LA
XFRSE 70 % ,12/12 h e BB AR AL, P2t ik 2 B
FruE AT B B R K

1.1.2 F 23K 5 FACEE (Ht5.2312123) (I
B i (165 :2057237) JRAL Y 2 R B (AL 5
2832401) Ity T Aldrich Sigma 2% ] ; 7 B2 Pl 4% & £
(41L5 :20060901 ) W4 - #fr V1T 38 24 Ml B 173 22 ] (
24U ¥ 5 . H33020465 ) ; W-7 [ hydrochloride , N-( 6-
Aminohexyl ) -5-chloro-1-naphthalenesulfonamide hydro-
chloride,Cat. No:0369 ] f§ TOCRIS Bioscience 2 &) #2
fit, Trizol Reagent X 7| iy Invitrogen 2\ ] 2 fit, RT-
PCR {57 & 111 Fermantas 23wl 244t 514 S NS 2 th
it B N m SR SIS BE G T B AR SR A E]
GRP78 Pt K il—Pi(se-1050) Hy Santa Cruze /)32
it TUNEL 328G & 1 Roche 22 w424,

1.2 XEHE
1.2.1 Z%sham FHREBELA SC 4.,
W-7 Fihb B (W-7) 20 A= BRER K % B (NS) 41 ; 4541
THREHLY 70 A 4 h 24 h 48 h 3 AN, B4 13
Ho FFRBRUR B BET 1 A% I 4L RE A B R
13 LU, Fe BEATLIE U A 2
1.2.2 R H4E  SCHEAIGIES H TR
FESEN ORI O, B R B KRR
L 3 mEq/kg JEFEFESS, 18 h Ji5 i I 3 R A6
FEAREF 1 mg/kg DAAEHICE R 5 A1 E IBR% RE S
J7,30 min J5F 100 mg/kg VEXF R fis I T 40 o 4%
Racine ZpZiARifE™" .0 9%, IEW AT MRS T 4%, il
Thh , W s 9%, 1A sk TS, B A B 12
IV, S i i B 28 3 575 Ve, R 57, 2k 26
iy R, MR RBR & AEE 30 min 45T 10% 11
KA (HE5:20061212) 300 mg/kg i BR B 46 At
1 mg/kg JE ST, R REZR I bk, AT & 45 K
A ~2 W, HEN WA L. R L MER
IV %% L) b Hgemt a3k 30 min D) F, f SRR S
RS RIFI RN A6 SCHERY, SC 4 i SC 57
TR s NS 21 DAA SR AR A AL B DT 25 R i, At
AbHE [A] SC 41, W-7 41K B 78 1 55 I B & 4 R
15 min, RIS W-7 50 WM/ kg, HAt b2 [w] SC
21,
1.2.3 gtk ed & KRBT &S,
28 10% K5 A (350 mg/kg) [ JE RRBEIS , W7 K Ak
B THUH] B R SE AR 2 2, A T K A
BRI (180°C ) K RNA g i) J) | s 1647
3, P A o3 2516 5, A £ RNA i i) EP 45
Hr, —180°C W ALRAE , IE RT-PCR A4, MK
AR A0 28 SCAL B8 W, I et R A7 1] )5 VIR Y
5 mm, B3 00 B H, SR N2y 2.5 mm,
AT 4% ZRPEERFE4 ~6 h, 5 AT70% £
s, EAT A B, FH Sy 4l /bl TUNEL A3l .
1.2.4 A k#4730 (TUNEL) Al b 22 4m i, 7
R AL FEHLE 10 H W80 5 CAL Xl ZeoT
PAT . BMACERRINT : O WY R # BB 2K ;@
FHEE IR K37°C B8 15 min; @FRic: PBS Mk 3 1K
x5 min 5, 8 T & JE BB K G, i 50 pL
TUNEL W IRG 9 (1:9) , fEig & 37C HaE
100 min; DfF 57 AL A1 73 47 : PBS Wik 3 K x5 min
J& TR SR B K, A 50 L %4k 5]-POD,
TR & 37°CIFE 30 min; ®PBS %t 3 ¥k x5 min
J& , INAHT EE R I B DAB, S0 T g, A kK b
PEIG ISk S SRR R AL, B IR IR K

<45 .
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AR PRI E o DR T g R A R
YA, R AL A PH PR M e ST i 5 AN A
B THE R = A LT Y BE R A A, BT
{8 ; @Z5 FH 5 - 20 A% oA bl B IR Sy BH M40
JiL, B T A 40 B O B B DR 2 AR
TUNEL [ iR G4, HAa b BRI -,
1.2.5 RT-PCR &4 #% % GRP78 mRNA # £ %
@© 5156 8, 519 )7 51 K 1 PCR
YR 1, @ B RNA $2HL Trizol — 3340
PEUF 5 RNA R A3 6 6 BRI 2 RNA 57
o B cDNA M4 B THE A 2 i A RNA F{AFH
J&i , Wi Fermentas #9055 5 35050 &, ¥ Ui B -HH1E 4
AT RS SRV . @PCR: ) GAPDH Sy 224,
PCR JZ WA & : RNase Free dH,0 11.5 pL,5 x PCR
buffer 2. 0 wL,10 mM dNTP Mixture 0.5 pL,25 mM
MgCl, 1.2 L, Taq DNA 0.2 uL, | F 45
PCR 5|44 0.8 pL,cDNA #i#i 3.0 pL, PCR %
Z4tF.94°C AR S min, Jig 2B 72°C 8 min, PCR 7=
P 4C AP © BRI 1T B S wL PCR 74
£ 1.67% HEHEEER UK , & T FR980 A4
VKGR o0 R G0 T A4 SR BCEE I E15 , - Gel-Pro
Analyzer 32 MV BEREEMG 53 BT A DN 1 7 W) 01t 3% JiE
i, HHE &R EH S GAPDH =% i
{EZ R 124 B 9 mRNA &5, Wk 1,
=1 PCR &Z5|¥F7

5% FA 5703 H 4B (bp)
GAPDH Sense TCATCATCTCCGCCCCTTCC 150
Antisense  CAAAGTTGTCATGGATGACCTTGG
Sense CGTATCCCTGTGCGTCTTGTC 325

CRP78 Antisense  CAGCAGCCTCCGGCTCTA

1.2.6 fifasis e xbnisy GRPT8 &9
4 FA K SABC i Aa g & GRP78 35 H
Fik, BMLBRES U, R 6 G4
S BHPEZ0IE , RE5KUD R BEHLE R 5 A A s AL

( x400) , N ] image-pro plus 6. 0 {5 73 A H A4
S BHPEER AL 7 50285 B2 (OD) |, IMRR BHMERR ALY
FEHFRBIKF-.
1.3 SFHitZEDH

ST EE R A SPSS 17. 0 S i 4k {4 b 34, %X
P LASAEL = BRifE2E (x £ 5) TR, ZAFEARLELEL
K FH LR R Ty 25538, S50 T R L3 O 25 5 Tk
K LSD i, J7 22 A 55 K A Dunnett” t T3 325, P
AR A R T AR STk 43 . P <0.05 2
ZRAGIE

2 #R

2.1 GRP78 mRNA % DAL PHIRIEA

SC #1 GRP78 mRNA [{) A 7E SC J5 24 h B3
Thisg, Hakiki s T NS 41 (P <0.01) ;48 h £kE
WIS TR, B T NS 4, ARG E X
(P>0.05), W-7 41 GRP78 mRNA f) % ik1fE SC &
4h TFhE 24 h kg, 48 h T 45 i )AL GRPTS
mRNA 215514 23 55 F NS 411 SC 41 (P <0.05
2 0.01) ;NS 4145 if ] ;5. Z i) GRP78 mRNA fy 3K
HEFTHIFEX(P>0.05), WE2.K 1,

0.81
b,d,e NS
e = O sc4l
b*"? W-7 4

GRP78 mRNA X i
o o <
2 = F
-% 'm
o

R fi) £

B 1 #EXFR GRP78 mRNA #HHELLE a: 5 NS4
HAE, P <0.05; b: 5 NS 4, P <0.015 c: 5 SC 4 H#, P <0.05;
d: 5 SCHI#H,P<0.01; e;: 5[FH4 h lL#,P<0.01; f; 5[F4H
24 h H#,P <0.01,

#2 HHEKXR GRPT8 mRNA HIHEXEE (v+9)

R 18] s

- .
2531 %k in b B h FE PfH
NS 2 10 0.25 +0.07 0.25 +0.04 0.25 +0.04 0.056 0.946
SC 4 10 0.25+0.03 0.50 +0.06"° 0.29 +0.06°" 89.061 <0.001
W-7 4 10 0.29 +0.04"°¢ 0.62 £0. 04" 0.34 £0.07" ! 163.871 <0.001
F {8 3.757 192.438 8.168
P{H 0.033 <0.001 0.001

a: 5 NSHIHE, P <0.05; b: 5 NS ALL#E, P <0.01; c: 5 SC A LHK, P <0.05; d: 5 SC 4L 1L#K, P <0.01; e: S 4 h [LEK,

P<0.01; f: 5[E]4H 24 h b4, P <0.01

2.2 GRP78 EHEHBSHAHHRIEA
24 h i} NS 2> ) 28 o0 R b b A R

K5 SC 2 AT LR o o 28 5T Y M R R A B R 2 0k
W74 AT W4 R R0 220 i B3 Ay R B 3R
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ik, HUAZRE R B o2 . WE 2. Seitsr i i, SC
2 GRP78 FE MR IATE 24 h FhiEikIE(H,48 h &
A TR, [H24 h f148 h B R R E ST
NS 4{(P <0.01) ;W-7 4§ GRP78 #& [13RiE1) sh&AR
L% 5 SC Z1AHL,24 h 48 h B ] J5 A SRk = HK

SC 4 ZETFE (P <0.05 5 0.01), [A B W-7 41
GRP78 FEHTE 24 h 48 h (A E B # 5 T NS
ZH(P <0.05 3% 0.01) ;NS 2H £ I} 7] 4, 2 [f] GRP78
FHRBERZERTRITFEX(P>0.05), WLFE3,
K3,

&2

*x3 FAKXRAEMEAED CAl X GRP78 EH OD {&iLE

£ZAKEED CAl X GRP78 B HFIAER (DAB, x400)
iy @SC 4124 b HAM L TTIIMISE Th IH TR @W-T 4 24 h 4K BN 2Tt (I v R B PSR 1 , LU T b 25

(DNS 24 24 h: AT ik A e R

(x+s)

131 B L2 F il P fi
4 h 24 h 48 h
NS 2 10 0.114 £0.017 0.116 £0.016 0.117 £0.013 0. 145 0. 866
SC #H 10 0.124 £0.120 0.167 +0.018*1 0.153 +0.013*d¢ 29.844 <0.001
W-7 241 10 0.126 £0.014 0.189 +0.024%¢4 0.165 +0.017%P-d-e 37.107 <0.001
F{E 2.464 42.225 38.126
P{E 0.099 <0.001 <0.001

a: 5 NS i, P <0.01; b: 5 SC 4 L4, P <0.05; c: 5 SC 4 4, P <0.01; d: 5[RI4 4 h AL, P <0.01; e: 5[F4H 24 h [, P <0.01

0237 a,c,d Wl NS 4l
0.201 ad abde I SCH
= a,d,e W-7 41

S 0.151
o0 -
£ 0.101
a1
&}

0.05-

0.00- = . .

4h 24 h 48 h
B i) 5%
B3 R{AKFE GRPIT8 EH OD fELL%E a5 NS4

#%,P<0.01; b: 5 SC 4 H#E,P<0.05; c: 5 SC 4 #,P <0.01;
d: 5[F4H 4 h b4, P<0.01; e: 5[Fl4H 24 h 14, P <0.01

2.3 #0 CAl X TUNEL &8

SC 2l TUNEL BH 4 4 e 5 #E 24 h g 2 3,
48 h ik, H SC J5 24 h JF IR B & & T NS 4
(P<0.01);W-7 #1175 24 h 48 h & SC 4l B & T
K&(P<0.01) {HAE T NS 41 (P <0.01) ;NS £
Vi Hy CAL X A] UL 5] TUNEL FHP4: 4 A, 4% B ) s
(] oH 2 &4 B e A 22 S e Ge v L (P >0.05)
L4 K4 K5,

B4 %ZHAKRED CAl X TUNEL %AW FIEBER(DAB, x400)
Hi; @SC 41 48 h: TUNEL BHM:A0 2 4L 36 % ; @W-7 41 48 h: TUNEL FHI: M 241 fildk SC 20 8 i/,
<47 .

(DNS £ 48 h: /5 TUNEL AR 240
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R4 BAABRAERMEEEFD CAl XK TUNEL [HEMABRRIENZIETE (vzs)

) s ]
4151 Bi%k FAE PAH
4h 24 h 48 h

NS 41 10 16.8 1.6 7.1+1.4 7.3+1.6 0.265 0.769
SC 41 10 7.2+1.8 21.0 £2.5%¢ 29.4 £2.8%4¢4 226.152 <0.001
W7 4 10 6.6x1.0 15.0 £2.5%b¢ 20.0 £2.9%bcd 86.941 <0.001
F1{E 0.423 101. 807 197.108

Pl 0.659 <0.001 <0.001

a: 5 NS [bH,P<0.01; b: 5 SC 4 [L#,P <0.01; c: 5[4 4 h [L#,P <0.01; d:

O - NS4l
& a,c,d O sc4l
= 301 .
= W-7 4
ﬁ\ a,c a,b,c,d
% 201 a,b,c
=
5
2 101

0 '_I T T T
4h 24 h 48 h
I 8] 5t
ES5 #&#HXR CAl X TUNEL [Hi 4R E B R

a: 5 NS Y[ E4,P<0.01; b: 5 SC 4 LH,P <0.01; c: 5H414 h
H#%, P <0.01; d: 5[F41 24 h H#, P <0.01

3 itig

PRI R 2 2 1A S B R, e R A A K
2R, DN IO PG 300 3 B ) JOOME SR A ) AL A T
RS R 5 A S T BE 5 1S PN I 0 ) R e
SECERSSY B IT B SRS A R
DATE VIV, AR K ) 3R 1 ERS )i 2 240 i 08
7=, GRP78 J& ERS — 2 iprisdy, H F iR
A PN R A BT, CaM ARl Ca® ' R B 1,
SR P EELY Ca® 558 1, 78 4 400 9 X 4 it
PR S T AR A R Y ok A

A HiiEFE H ERS 000 45 Dat B 1 i 15 473 % D)
FAE o TN R AR AR AR L 51k ERS
F—DEZEHEN, HI, SREATE ERS A2
B A  ak A AT BRI A A A AR
WAL AN RT-PCR ES2, SC I K BRI D2
JCAT 5 SR KM 1) GRPT8 ik , 72 B 548
REJE BT ERS J g, AWF5E A TUNEL 75461 5]
MR T2 00, F R R R SRS T, #h 2o 1 2
A LT JE T RRAE, 3X 5 Sankar 25 (4 H A AT
SC #1 GRP78 mRNA I ELEE 24 h B %
PETFET, & 48 h T TR, AR SC 41 T pi 4
JCIRAT-ANAEEL 48 h 4% 24 h A B EMETHE, #ERif
L2 G572 F GRPTS [/ 3235 U , 7] RE &

5[R]4H 24 h HL#, P <0.01

T 28 T A — P EE 1 D 37 AR ATL A, DA TG A K AR
AT R Z AT B 4 B AR A8 5 (H T
() At S O S5 I ) RE B, LA B Iz 38 Ff e 2 1
Wb FE A LIRS, B0U5 B GRP78 Rk Ik, pii &
JCIHT 3G 2, GRPT8 [ 38 Ji 2% 36 %) F 40 ifd A 32 1 5%
AT B E . SCHREM, M40 Ca®* ¥R BE A 5
T 10° ~10° M Hf, CaM 5 Ca** 545 i Ca*/
CaM &Y, sl & FHILEE, 5 50 20 TR .
R, CaM #4f150) W=7 M PV Rl @ i ] CaM 975
P, DT 00 A Ao 3 o R, S LA AT A B B
Ca®"/CaM A RE BTG #E , B2 30 2 A 7R
A S LSS CaM ) W7 X L4
T E B F) Bayk-8644 /N AT S FANG Ha, 14 1)
FEM, I W =T G T S A AR e 2 1 v £
W1 U TR R AR AR R B D T I K O
AR A ELAAE FALE v R B 5 2n sk B
W-7 W] BRI R AR RR RS WU ot . A 0F
FE45 T W A RIS E] 5, B W7 TiiAb ¥4 GRP78
mRNA I [R5 = B & F SC 41, [E W-7
UL H 20 ¥ T b 22 o0 R T A B B IR SC 4,
WO W7 1R — 5 P8 28 A i 50, 38 nT R A
GRP78 A5 1) PN Joit 190 o7 543 S5 ofe 0 ol Pt 22T M
Vol o R ki 53 45 o

25 LT IR R SR A A 3 ERS [N, L
GRP78 ik LM, 4 i ik 17 B IR AR, J5 1] GRP78
FEIRINH 5 S A I Tk AR, HLAS R A A0 i )
W-7 fEix—il g B A GRPT8 ik i £
TP T PR3P 1 Y, AR 6 o i — 25 5%

(& % X ]

FUHERE, BN AR AR LA X IR A 2R A 4 A K R
W5 IL-1 B NF-xB Fib R AIyAT-/sgm [J]. hae LR
,2009,47(8) :575-580.

TGN, 2R IERE. AT ZE AL HH KRR SR A S A K R
DT & IL-1 B Fikfmsgm [J]. P ESRILE R,
2010,12(3) :205-210.

Rao RV, Niazi K, Mollahan P, Mao X, Crippen D, Poksay KS, et

.48 -
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