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Zinc-induced apoptotic death of cultured neuronal cells

Keiko KONOHA and Masahiro KAWAHARA

Abstract
7Zinc is an essential trace element for many living things and is present at high concentration in the

central nervous system. However, the precise roles of zinc in central nervous system are still unclear.

Recent studies have revealed that excessive extracellular zinc is concerned with neuronal death after

the transient global cerebral ischemia. We have found that zinc caused marked death of immortalized

hypothalamic neurons (GT1-7 cells). In this study, we have investigated the detailed characteristics of

zinc-induced neurotoxicity of GT1-7 cells. To elucidate the mechanism of Zn-induced neuronal death,

we observed effects of various pharmacological agents.
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DAHZZXLEHSMNIT A EICE ST, MBI
ROFB - HEERFEOFNN DG S5N S RN D
B, L LAENS, Zn MEDLIBAHZ XL THE
ffasEZ 51 &L T OMIARZHS N TIRARWL, 2T,

DI, BMIEBRNEKIEERCHHE2ETLEHTH
D, /- 7T, B in vitro ODEBZOBERE KD S
NTETVWS, B, Zn ITXDHBMIELD in vitro
R EL T, TMAREERNEE D 5 W3S e
fg't, PCL2 M7z EnHW BN, HEIN TS,
Zn I BB BN TR ED R THEMN
%%,

EEFZ, Zn BHEKTE AL LR ORIk TH
% GT1-7 fifmic L CwWEk s RiETs 2 L2 An
FLTWA® zZn 13, GTLI-THIRIZKHL T, BEEKE
M O G REFRVKER R fifnst 2 51 & Z Lz, 3 51,
ZniZ &> THIlEZE Z L =/il@ D% <13, TUNEL
BHETHD, 7R —2 AROMREMEEEZL T
LT EMRBEIN, GT1-7 fifEE, fEECHmEI 8
HTENFRETH D, BMIESRMSE T THEL, R
EHEIE, MAP2 Rl OMBERNEAEORE
GnRH D378 & ORI REy /B 2 R/ L T
N5,

FIT, AZETIE, 20 GT1-7 #illZHWT Zn
IZEDHHREMBIIED A = X A EME L, B P =
BEHEOF - BEROTAND 25 E2HMEL
THFZITo/~. £9 GT1-7 fila&, PC12 #ilkL, B-
50 MifE, T v FRIMEE, WEOAEEMRRLRE,
fOHNER ED Zn 1TxT BHMEE, WST-1 &0
TEEBMNICHRF L. 3512, BahEWEaiHRSL,
Zn Ik GT1-7 MO MMtz HET 2ME D
WHRET>7-. £/, Zn 12&B GT1-7 Ml EREL
LIZDWTH, BHAFEMBEEZHOTERU.

RERTE

1. #d#

Zinc chloride (ZnClz), gadolinium chloride (GdCls),
sodium pyruvate, uridine, 7 -aminobutylic acid
(GABA) 3 Sigma-Aldrich # X D B A L 7=.
Aluminium chloride (AlICls), vanadium pentoxide
(V:05), L-glutamic acid (glutamate), taurine & (¥k)
FOEMBETELOBALL, IN5D 10~100 mM®
KR EER L T, IBOERICH WA,
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2. MR gs =

N ARFACHEIR FEAREE (GT1-7 #if), v
IR SEHEACIE (B-50 i) BELUT v MNEIBHIE B A

MM E (PC12 #Mf) &, 10% > fR ff ifn 7
(Invitrogen Corp.) Z#H ML 7zDulbecco’s Moedified
Eagle’s Medium/Nutrient Mixture F-12 Ham
(DMEM/Ham's F-12) E#t (Sigma-Aldrich) #H W,
37°C, 7% COLRMTTHELZ. MM confluent T
72721, trypsinfEDTA 124k D #if % dissociate L,
iy DMEM IZ suspend L, 96 R0/ —
Mz 6X10* cell/cof DEETHRE, CO. 1 > F 21—
& —NT 1~2 B, B&RETo~.

v bgMUIEENREMRICREL TiX, Ty MBI
(Wistar 18 Bt DML D KB B K O &
U, NS BRI & D BERELLIE 217> /24, M
W& A DMEM ® L < it B-27 Supplement
(Invitrogen Corp.) &ML 7= %My DMEM ZHifa %
BB T, MiEEZNEL, 3X10° cell/af OEET
96 N1 707 L — MIRE, BEeiml

3. MiMEFEEOHE

GT1-7 #ifa, PC12 fifg, B-50 MikuicBaL T3, &%
# 1 ABIC, HARBED ZnCl: KIEKZTE5 L7
T MRS EMRMREICE L T, R 1 BRI
fEh 2R mE DMEM (252 L, £ 0#%IC ZnCl. KR
WaERS UL Zn &5 24 W%, MErEz
WST-1 ik D#lEL /2 (Cell Counting Kit, [F{71k
SR, ZOHKE, I P RYTANRERENEE
BREE L T EHIET 2 HETH D, ERMIZHV
5NTW5E MTT #EOEETH S, 450 nm BB
Bt EEE, v 07— kU —4%— (NJ-2300,
FIT X)) 0DHEEL, TEMER
KaleidaGraph (Synergy Software) & Hf W\ T,
Student’s T-test 2 & 0 fighf #2177 7=,

4. HEWHEOBKRR

i 1 HEE, HRAReRECOMRMEENEO Y I
ha&m GT1-7 fifgic# 5 L%, ZnCl: (40 M)
5L, 24 BEBOMBAEREREZRE L EMoO
BEE, ZnCl: OAEE L - Mild & D bgzic K 0w L
7.

5. fileomREZRt
GT1-7 #if@%, 0.2% polyethlenimine I—7 ¢ >
FUEIN—HS A LICTEEL~., EE 1 BHE,
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ZnCl KW 24 5- L, 24 BFf#g, GT1-7 ffiz, M
fafgss &Mt a#E TdHh 5 Rhodamine C18 Z#&5 L,

HOCB A BN A EOEHME (IX71, Olympus) 2 HWWT
k= a0y

HR

1. ZniZ&k? GTI1-7 Mz offast

ZnCle KSR (1~200 uM) 2 GT1-7 fifgic#5L
-RES BIERGNS ML E . BRI, MUSEM
NC ZnCls 3B S L URHKERNCGT -7/ D O #
fasEZzBIERITIEE2HRELTHBD, TOBEOLD:
135938 uMTHoH7=. ZOLMETT, ZnCl: 50 uM
oL 24 FERIZIZIE, 90 = 1% OMEEATERL T
7=

GTL1-7HIMEIE, M4 T TRER24~48k iR
X, MRREREOprocessEMESIE, 2y hU—T &
BT S (1A, TOZEMTTZnCL 2535 &
24 BFMIICIZZEAGEM L, MRKROFEEIBIZE I N
7= (X 1 B).

2. fhoMifaR & O HE

GTI-THIRIZH T AZnO R ROKE BN E 5 n & f)
FT DIz, GTI-7THIE, PCl2ffd, B-50#fm, <
v SRR E RS AR M, & MER UM ER
& 212, B—%M4FT ZnCl 2501, 24 i
g OMaAdFERES WST-1 Ik fllELz (K
2). TOE, ZORMHTFIZBWT PCI2 #ild, B-50
HIHEL <o Kb e B MR 2 Mt T, ZnCl: 0~100
uM DOEEGHTIE, FEAEMREEE DT,
7=, 5y MEEMFEMIE ZnCl 50 M 05X
-7T 10 £ 4% (mean £ SEM, n=6), ZnCl. 100 uM
I2&HoT 87 £ 3% OHIFEMFH L=, L LEms,
ZnCl 50 uM D5 24 BER#ICELHE L TS GT1-7
MR, 10 £ 1% WiBEY, ZnCL 25 oM LA LD
ETHEZRMBEEEZRL T ENHBALE. - 7T,
GTI1-7 #ifld, MOMIERICIEL T, Zn T 55
WM R > TWA Z EHBEHL .

,3'%%&#®%%
NI X AR D AW AL EZWASNTT B2

Wiz, GT1-7 filick 4 a8, MREEpEO7 d
CAREERSLZERIC, ZnCl 40 uM) B2 L

24 BRIBOAFELREWST-LIEIZEONEL /2. 3
2 DFREZRT. ZnCl 40 uM) OB EHZEL B
BOAEERMN 51 + 4% Thol, UKL, M
glycine Z2¢(k0 7 = A K, taurine (2 mM), I
M GABA Z8AEO7 =AM, GABA (100 uM), i
BNV IVESEAOY DA, glutamate
(500 uM) OFHFFIZE-> TR, FEAE(IERS
Nismotz, TRNF—ELEROBETH S sodium
pyruvate (2 mM) I, Zn IZ X2 HIEYE % BEE ICHE
Lz, £/, 4B EEGLUEHERE NFITULA
(V205 10 M) 13 Zn IZ L SMMEICEELISh> Tz
M, VIV =L (AICl; 100 M), HRU DL
(GACl;; 100 M) 1E, Zn 2k GT1-7 filofiase
EHEIHELL 2IT, #F4REED GACL =H
WTE S ITHRFZET > 28R, GdACl 13100~200 oM
DT, IREEHAFATIC TR D MERIRAE & J S
HIZENHIL = (K 4) .

28

n &, GT1-7HIMZICH U TREE Mtz 51 &
U7z, #4382, Zn W& > THEMWL ZME
TUNEL BiETH 2B TR, £z, 7R
k=220 —H—TH5 AnnexinV AHIfLEEEIC
HEIIHETHIENS (RHEHR), Zn iT&d GT1-7
MR OHIAEIX T R b= ZOEEER > TWE I &N
EZonb.

E/-, MoOMIERICELT, Zn 3L OKBET
GTI1-7THifg oML EB Sk 2 Z EAHALE. Z
OFEKIZDOWTIE, Zn ORI D A SRS D
IR EHi > TWB ekl ENBEZ 5N 5, BT
B THS, ZOBENS, GTL-7 Mgk, 4%
n WEHMEMETED AW X LENRT S L TEH
IBRERDIEMEBEZLND.

SEOERNS, Zn IK&D GTL-7 MiLOHEL
Al Gd*, pyruvatelZ k> THEXNS I &HVHBH
L7z, Pyruvatelc DWW T, BabEIZHEL T3
7, Zn W2k B Ty bR R E R o R KR SE 2 B E
TLZEMMEINTNWS, F£/z, pyruvate [TRE MR
OO E in vivo THIHIT 2 2 &G &
NTHO®, {-T, TOHIKIZK > THEM K O HFEH
fTEZBRET B E AT U —2 2 T RS nl et n%
Z 5N 5. £/, Sheline 5%, Gd* A1 Zn*" OHIIEN
AR EHET HER, Zn 1<k MM EMHT 5
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ZEERBEL TS, AP IC&D Zn MBI OHE A
AZZXLIIREAPTH 5, FHIC Zn OMFENERD
AARZBERL TS AEESENH D, SHBBRATEFET
b5,
AFLEORERMN S, GT1-7 HIEAT Zn 12 & % #HHEHE
FAZEA =X L% BT 5 /- OfERERRITZD S
BZEMHHAL 2. AERRERWT, A EHER
V=2 FT5I 8D, Zn iIZ kB MM &
FHEG 288, O I RR S Oy T R I A E 2 40
HilT 2 EMOFENN O PR LENBAHEEESAEZ 5N D,
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1 Zn #5C& 2 MO HBEEL
GT1-7 #faiz ZnCl: (100 uM) 2 5L, 24 FH
#12 Rhodamine C18 ICXDHEL, #AFEMBE T T
#EL7=. A:control, B: ZnCl: (100 zM).
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M), F: ZnCl: + glutamate (500 g M), G: ZnCl: +
sodium pyruvate (2 mM), H: ZnCl: + taurine (2
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*p<0.001
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