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HRAEFTF PC12 410 S AL BRI B 5 *

o' OEKE' R
(1R BEBERE Hlr M 7300202 4R BB F G ot 2 730020)

T B : LRG58 AU A (PC12) A8 AY | G A YT oft 225 £40 R 8 41 1 ' PR g sl T B R0 1, WS4 TR PC12 Al 4 Ak
LN 5 AT 2557 AR AR AR U2 22 245U TG AL AR 1 O pp38(p3SMAPKS)HYIGi bk . 777 : 1 200,400,600,800p mol/L
MnCl, [EEFRIL, 43 HIWE D BUE K PC12 4 1,2,3,4d J5 , I MTT i 245 (14 240 M 25 14 570 & 5 W 5 200-600p mol/L MnCl, /EH
4d J5 ,PC12 YA JE R A B H BRRTT 1 5 2 5 378 A B SR AN 25 428 Ak 5 Bt B W8 S R R MInCL, i PC12 4 fifg 3 A
2 DNA ({520, western-blot #4501 p-p38. Z55 : MTT 256 /R 200~8000 mol/L MnCL £ 1,2,3,4d Xf PC12 45 & 2 (4 HIAE
I, 50 I Rl 34,600 mol/L MnCl, /EFH 4d %) PC12 (i < nl ik 50%L) |, 200-600u mol/L MnCl, £ H T4 4d
J& , BEE MR EE (1 TH i, 8 )5 GSH 32 iR 1K, MDA (145 52 23 1755 ; 6000 mol/L MnClL /£ 4d Ha gz ] WLANMIPR T, FIRE A& A T
il DNA # 1k, Western-blot SZ46 i 7k 600 mol/L MnCL /EJH 1,2,3,4d p-p38 W 1 , 3d W4 ) BRAH I 6.6 £% (n=3,p<0.
05),200,400,600u mol/L MnCl, YEFH 4d i, B fL 5 14 38(p-p38) B Wi FH 5, 400u mol/L MnClL /£ 4d %t BELHTH i T 4.7
(=3, p<0.05), L&i:PCI12 JUMIAEAEAE N & A AL R I, A p-p38, 5 AR T, 40 A3 01

IR 5 BRI R AU (PC12) 5 AR A T s 22 24 R E AL 2R IR (MAPK )R L 2R 11 38(p-p38);
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Oxidative stress mechanism of manganese-treated PC12 cell line*
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ABSTRACT Objective: To observe oxidative stress reaction of Mn-treated PC12 cell, cell morphology, biochemical changes and
mitogen activated protein kinases (MAPKs) phosphorylated protein-38 (p-p38). Methods: PC12 cells in logarithm period incubated in
culture media of 200, 400, 600, 800y mol/L manganese (MnCl,) for 1day,2 days, 3 days,4days respectively; The cell viability was
examed by MTT [3- (4,5- Dimethylthiazol-2-yl)-2,5-diphenyl tetrasoliumBromide]; Reduced glutathion and malonaldehyde (MDA) of
PCI12 cell were tested in 4days of Mn-treatment under 200-600d mol/L; morphological changes of PC12 cells was investigated by
transmisssion electron microscope; Agarose gel electrophoresis tested the genomic DNA of Mn-treated PC12 cells. Western-blot was used
to test p-p38 of manganese-treated PC12 cell in different time courses and concentrations. Results: The results of MTT revealed that
manganese of different Concentrations (MnCl, 200,400,600,800u mol/L) could suppress the proliferation of PC12 cells in dose and
time-dependent manner during 1d,2d,3d,4d respectively. The cell inhibited ratio on the fouthday in 600y mol/L MnCl, culture medium
approached 50% or or more. Reduced glutathion was decreased and MDA increased under the treatment of 200-600y mol/L MnCl,. In
the same condition apoptosis was observed in transmisssion electron microscope as well as biochemical hallmark of DNA fragments.
Western-blot tests show The phosphorylation of p38 of PC12 cells incubated in 600y mol/L MnCl, culture medium was increasing
gradually on the 1st,2nd,3rd and 4th day respectively. The activation of p38 of PC12 cells on the 3rd day is 6.6 times higher than that of
control group (n=3,p<0.05). The phosphorylation of p38 enhanced by degrees with 200, 400, 600 mol/L MnCl, treated PC12 cells in
4days.The activation of p38 of 400u mol/L MnCl, treated group on the 4th day is 4.7times higher than that of control group (n=3, p<0.
05). Conclusions: Mn-treatment has generated oxidative stress of PC12 cell, up-regulated p-p38, induced apoptosis and proliferation
arrested.
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G AR 56 A )

FRAEDLARN LA Mo Mn™ Mn* =FeiR S A7, HE ek
AIRREF MRV Mn*>Mn*>Mn? g g2 i, K i) Mn? g4 1k
BN AS e — AR S AR T AT R A B T R RS R AR A A
ARECXF LT B B2, H ERT 5 & 2 T [ A, 2558
KA ALY B E ALY 2SN AR W
J At AU B R B 24 =) MDA i fii 9 GSH k& . GSH 2 %
He Wit it 48 AL SRS . GSSG i Ji I M AR , U5 & B AL I T
N, BIEMZANAS T, S35 — R P LR R AUARAE . [FE
H 2T DEAE S T S s . ik T
o7 .

24 B3 T AR Y B I (MAPKSs) 3 % 2 5 241 i s 4
b B PR T4 K T EL G AR 2 O, o p38SMAPK. £ 7E
P BT, AT RES AN E T B R s Y 22 ol B A T o
A B, ST AR 2 R GRS T A A, — R R MELE TC 1
SR EREWIA 2 R G R AR, R R I A AR S MEE TR
W RIS, ARSI LIREER A S 4H i PC12 Ay 5%
T 2 240 R ) B AR PR B B i, R SR I 8 S N A T
1 p38MAPK AT AL FR I SE R IR A TR AR AL
R AN ZERA T MBI R IZWT TR TR BESL IR

1 BRI %

L1 paiEs R KK A
5 RPMI 1640 3535 FARELABERR A il 2 52 NaHCO;, 980ml
=FOK, WEIRETEAR S ONRS), R PH AR 7274, EAE

1000ml, IF i U8 f5 5352 , 4 C LR A7 . PCI2(5E U B REFH 4
AW ) A AE A 10% /N I3 (o DY 25 23 | /s
A, FHRTZE 56°C KT 30 4340 4 CIHREER) . HEE
(100U/ml) . i1 2mmol/L L- 732 ke ity RPMI 1640 K:3230,
BT 37°C,5% CO, 55574f (9 [F Forma Scientif /3 &) H 4 B
F%. MnClL(Sigma A 7)) FI 285 F 7K MnClL, it i 5% 10mol/L
EAAIR , 4 CLRAE , i P RRH A 2 WO & /AR I 10% 07 RP-
MI 1640 £ 77 B B A 5] v ) MnCL S50 . H 57
180-80 YISO GIEALIN 2 MnCL W, 52565 A%t B4
AN B AR R B 1 I B9 5286240, DEMSO 4], Xy DEMSO &4
B, G A EEE 3% 57 DEMSO 412 T HER: Fo 40 i #5 1
X SRR A R R R RE L . SPSS SE T T AR EA T SE T
SR RS T X2 RS x2S SR t KR
1.2 fHREEIRIE(MTT %)

BB R 0 40 (A0 2% 8 A 1% 10°-2% 10°/L) , 456
T 96 FLEEFRAR (2000 1V L) b FRANMER T 70%)5 LA
MnCL ( Jf]) 4> %1% 10,100,200,400,600,800,10004 mol/L %7
FEWL ARG SR 1 R ,2 R,3 K ,4 K, HIMA MTT(50mgMTT
T 10mIPBS BB 78 /3R AT, H 0.22u m AL E IR
PRILUEIR R, 4 CIRTE) 1Su UV L (WRIE N 75%) , 37 CREFR4 h
BUE 4 b, 2R R IR W IR R AL LT AELIA 1500 1Ay
TR, RS RS AR T LAY A 490nm AL
B2 HAEE 250 I454] 5 L OD ¥{EE FrifE22(xt s)
FER o MnCly X4 I 8 A 35 PR T LA 1 S5k s e, JLam il
RR) AR

I HI R (%)=

JFHRZH OD {E— K340 OD &

% 100%

TH84H OD

1.3 A IEEL AL BI04 1< i 4%

BOS BRI A0 i LLERFL 2% 10* N80T 24 fLiR,
TH:Fe4 55 24h, #: L4 & MnClL, 435124 200,400,600, 800u
mol/L f35FRI, 434557 1d.2d.3d 4d., BRI —IK, I

235 AN SEB A A A AL S L, BB I @, B Bk
WNITECE AR, DR TG iR e A Kth 2k, Bt 5
MnCl X FhZ 4 AR 1 A 22

Xt BR A 4R By — SRR AR 4R R dY

I IR (%)=

% 100%

TR ZH 2R B

1.4 2R SAL R KT

R Al A0 75 7 5 5 45 5 W4 6000 mol/L MinCl, fE
1,2,3,4d Fi1 200,400,600p mol/L MnCl, 4351/ 4d fy PC12
i, HI2 1 PBS YRR (pH7.4)
141 WZEE(MDA)E /\AK [ K%L

BORE Ny oS0u 1 (3 # 50-100u 1),1/24M 5 H,SO,
4.0ml, 10% f #3 i S00u 1 fm A3 45 B, IR A1 RS
5min, 2000rpm B5.0» 10min, 3 W, RS PIIA 1/24M (1)
H,SO, 2.0ml, 10%B§4 1% 3000 1, JRAIRIICE,2000rpm &0 5
A W B o N [T D W =S R I =

i A HRE == REE
PUEF/ 1.0ml 1.0ml
RAEE 1.0ml
0.67%TBA 1.0ml 1.0ml 1.0ml
®5),100C7KiE 1h, AREHRKSAERR
ETE(KiEFN) 4.0ml 4.0ml 4.0ml
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AR 1min,3000rpm &.0» 10min, HE3E (IE T EEZ)
3.0ml PEZSEIRE . FEAEIA 1.0ml =ZK A7 =D 17>
Bl s M RE DOEHREE R L EXS15nm, & 485 EMS53nm, %S
FUE %" A 4 - U 1y mol/L (1) MDA Frifidh , %
LR BRI 7 18, HOURIEE ¥k J% O 0.5.,0.25.,0.125.,0.0625

0.03125.0.0156p mol/L (IFIER: .
142 FREBABHK

JEBR . 52 S48 2K — ¥ (O-phenaldehyde, OPT) 7£ pH=8.0
A AT 5 GSH 454 i GSH-OPT , ARl # i v GSH (1% 1t

A 0 1 2 3 4 5 HEmE
GSH R 0 0.1 0.5 1.0 1.5 2.0
FFNFE R 0.1
0.1M HE&$H 0.05M 2.0 1.9 1.5 1.0 0.5 0 1.9
EDTA
OPT- FEEA 0.1 0.1 0.1 0.1 0.1 0.1 0.1
GSH&E( Y g) 0 0.05 0.25 0.5 0.75 1.0

B ETR ST, S0R F e 30min, BEFEUA I 337.8nm,
FESFPA 421.6nm, DUBRIE A 0™ A A0k B 0 s 454 2
JEHRSE . L GSH AR HE R D A AsAst il (X0, LAHOUE R 2%
JCHR AN AR (Y) 22 bRiE 2k SR Lk ml A7 fe . 4%
BE R BTN E AT B, T LR R A i b Y
GSH iyt

143 EASENE FOWmtjrak

BCiil 1.0mg/ml (148 (ML3E H 3 1 (BSA) ARifE , {5 LA
= 78 KA LU B Rk BE 43 5] O - 1000y @/mL . 500 p g/mL
2504 g/mL. 1254 g/mL 1 62.5u g/mL TSR EERARE . Hit— &
AR FRRE 100 £5 (— A RS 100-200 %) 3 R FMEE

A AR 5 bR R
5 A RE R FbRHER - 0.1 ml
bR R -
He HER 7K (ml) 0.1 ml
Y6 3 (ml) 5.0ml 5.0ml 5.0ml

FEATFEAE E IR E 3min, 25 (R R, TR L
595nm [bta, ] OD, ML 2L AR A OD {8, 2 hriftith
ORI R R E L R )5 R P h e ol Rttt
BB P E AR (0 g/mD) o RFIEE R PR SEhREE H
W (W g/ml) = BERE S AR TR B> B S R 4K
1.5 YRR SFENEE

3 SMACATE S 36 A R KT et 2 4 L e 3 S v 5 SR A I R
7,

1.6 BT MR EREH DNA HEik

GBI BORT B 2H K S 2H AR R DNA, AE A Ak L 5
(EB)W 1%Z R BE I L FiL VK 2, DL-2000 FIfE S FhRikl™,
1.7 & EPiTR ik ( Western-blot) il € 2 A BEBR 1L 7K
17.1 #RAAbiE RRAM, 2 EIRIERY MInd s
25 Wl 42 600 u mol/L MnCl, 1 F§ 1,2,3,4d 1 200,400,600
u mol/L MnCl, 4> %IHEH] 4d iy PC12 Zuf1, ¥4 % PBS Pk
(pH7.4) , A & 0¥ (1) 4 A S84 (50mMTris-HC1 pH7.
4,1%NP-401mMEDTA, 1mMNa;VO;, 1mM NaF, 100y g/mIPMSF,
40y Vml (A EEIDHIFD BT UK IR 15min, 0S| K

YA SRR, FH SN A M A R 37 () 2 M R A 2 o
W— B 2B A Eppendorf B0 4 1 ;4°CLL 15 000g 4
Z s 0 10min, WCHE FIE R, A SDS AR 22 vhi
(100mmol/LTris-HCI PH6.8,200mmol/L DTT,4% SDS, 0.2% Ji&
By, 20% H M), W KA Smin, CREAE S IETT R, (RAET
-80°C,

172 BEAREESNH HEGHR) Folin- [k e A o BUFl
VR GE B, AR BT K E 3.0ml, i 2% 5 4R R 4
0.025ml, FJEdR Mg ds FigZIHR% 3min J5IIA =5( LR 1ml,
FEAMRA,5500g #.0 10min J5 5 1V, TLEM AR B (Na-
CO, 2g,NaOH 0.4g, A ERA 44 0.05g L+ 100ml K, 5
0.5%CuS0, 5SH,O ¥ 20ml FFHRNES) L.sml, IR G5 EFE A%
fi# , B In A5 2 (Folin- fi3i£57]) 0.15ml, i #%4] , 30min J5
T 660nm P SEI I

1.7.3 R4 ENiF % ( Western-blot) il B A BEER L K £ AR
) 2R R DR PR 5 J FEL T« AR 2 11 0 o 40 S e A v 1
B TRAE 3, AT 12%0 73 B IS 5% AR Z I A Tris- 1
HMR UK ZE v (3g Tris %, 2 SDS, 14.4g HHEMR , 228 /K&
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A% L) K, IR 25mA HIK 20min, JHEEFR I 35mA,
FRHLYK 50min S55, FR5 . L 2% vhifR (4.3 Tris §i%, 20.5g 1
A% ,0.375g SDS,300ml i, LB F/KE A ZE 1.5L) H RN
T B B JE L S B 2R 6 5 22 NC IR (promega 3 w]) -, 5L 56
ZAERARIA 250mA, 90 434, B 54438 % NC JSEH] Tris 22
R (TBS) ¥EVE =R, Bk 10min, g A 3 19 TBS-T
(25mmol/LTris ZE i, SY% Wi Uik, 0.1%NE i -20) 5
IR Th, K—Pt Erk1/2( 241, 32 Santa Cruz 24 H)) F
PHYRH% 1:2000 F B AL TAEW 4 C it i, 3 P R R TR 3%

10min, A ZH0(Erk1/2 Z 40, B S bRIC , Ehife.,
2| Santa Cruz A ]) , T 1:4000 FRBER TR, =
i 1.5h, p-Erk — 30 (8Pt , 35 [H Santa Cruz /A 7)) # 1:1000
i, —H OBUR i Ak i ir ic, £ B R, 35 [F Santa Cruz 24
A4 1:2000 7% ; p38 —i(FlLEAHT, 5 Santa Cruz /A 7)) 4%
1:1000 #i %, —HT(P38MAPK i, MUt il S AL ibn i, E 40
K, 25 Santa Cruz 23 &) # 1:2000 7B, p-p38 —Hidk 1:1000
TR, P04 1:2000 FH6) TBS vk 3% 10min, JEF % . 15
NC RS T 5, sl ERghn 1ml 46232580 BBk b4 286 &
JEH (3 [ Pierce /AT, 7 Sz B Tmin I R JE AT 35, 5 X
eI R R AR SO AR 55 e R N IR (R B 52 e 5, DASE
JE AR ZR BRI 5 S e E3E DXy (Y6 S, TGS i i B

Marker( 3¢ [¥ Bio-Rad 245 %) ; bRifii 43 F 1t 8 (H Marker (32 [5
Santa Cruz /A ] ) ; Erk1/2 45 55 74 BH B7 7%1] PD98059 (promega) ;
P38 4 S BH W 71 SB203580(promega) ; IMAGINGQUANT %4
ARG oA AR

2 g

2.1 ARRERE MnCl, Xf PC12 4B sarmEE R (& 1-1)

175 1-1 A[%1,200-8004 mol/LMnCl, it PC12 £ fitd 5 41 il
EH, FREARTE, Horp MTT 8255, MnCl, 13 & 4 600,
800p mol/L 1 FH 4d s 21 g A i il 2 43 31) 2 54.3%.60.5% ,
AN MnCL 48 28 21 A B4 300 1) S 6 1 FH R 1) B 228 K A
WRPERY L Th G5, 43590 52 B0 e TR ARS8 Ry i AR
N, TR — RS HEREME . 455290 4 5 0 IRZ1 2 [ A L A
2 2% (P 14 <0.01), DEMSO Xf PC12 41 A: 7735 1 (14 i
VERS X EALAH 25 52 0 W g e
22 AMIEIERRAHIMMIAERK LR 1-1)

FHIE 1-1 0] 0L % B2 A B4 R S G AR 4, 7F 24 hr (R4
JRBCEEE B s A5 S0 A A5 S A AN Y 32 AN TR AR B 1Y)
T, B ) e P B K AR R A . AR R LT
24 hr (AR 3R 32.67%,56.32%H1 74.14% , Asfkitadsts
MTT 25 5EAR4

R 1-1 FERE MnCL 33 PC12 ARG EI (%)
Tablel-1 Proliferation arrested ratio of MnCl,-treated PC12 cell in different concentrations (MTT)
1d 2d 3d 4d
Mn(p mol/L)
W fE HIHIZR (%) USE ] I (%) USE A I (%) e HIFIZE(%)
Control 0.49+ 0.09 0 0.60% 0.02 0 0.78+ 0.03 0 1.29£ 0.10 0
200 0.49+ 0.09 6.4 0.46x 0.02 22.6 0.52+ 0.03 333 0.74 0.08 42.6
400 0.44% 0.07 10.8 0.43% 0.03 28.3 0.49+ 0.02 372 0.67+ 0.09 48.1
600 0.43+ 0.07 11.3 0.39+ 0.02 35.1 0.43+ 0.02 44.9 0.59+ 0.04 543
800 0.41% 0.09 15.8 0.36+ 0.03 39.6 0.40+ 0.04 46.8 0.51% 0.06 60.5

it ER—MESEE R, &SR0 H 5 X R 4H 2 [E] 18 2 B # ( experimental group vs control group in same time)(P<0.01)

— O~ - control
g
i — 0 — 200pnmol /1L
10 i o e
o
et == ¥ - B00 W mol /1L
st P —— 500 4 mol /1
= s
=6 g
= 4
= i+ fug
-— "

B 1-1 A MnCl, 5 PC12 GBI (%)
Figure 1-1 Growth curve of MnCl2-treated PC12 cell in different
concentrations
E:ER—RESEE R, &L HE ST H 2 815 £ B 2 ( experimental
group vs control group  in same time) ( P<0.01)
Figure 1-1 Growth curve of MnCl,-treated PC12 cell in different

concentrations

2.3 PCI12 AR Sk Rz 7k F W 22
231 EEBZBHEK . A ZE(MDA) 6004 mol/L MnCl, {f
FH 1,2,3,4d F1 200,400,600 mol/L MnCl, 43 74 F 4d PC12
YA GSH Al MDA 254058 2-1.5% 2-2, i MnCl, £ F B[]
FER VR MR R 3G, 40 rh MDA B £
2.4 FEHHEET PCI2 AN E

B PCI2 4 SR T AT WL 2 /NI 9k , Al FRLAZ A k1)
T, S0 20 B 0, A0 AZE FEO00 )23 245 44 ¥ A R D, 440 o 5 PN T
DLENZARLAA P BT P I EA S . 2000 mol/L MnCl, F-2Hjd 4d
BHTHEE T AP A ., 600 mol/L MnCL /= F
YL 4d B ST HUVEE T AT UL AH MR S 4N, A AR R T 53
TH S, ML T AT 25 T B, R B S8 AR A 4, A AR AR /)N,
0 R B T4 A% A, 2B T T AR U .
2.5 MnCl, 3§ PC12 ZHAaE [F 2H DNA B340
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% 2-1 600y mol/L MnCl, 1£ [ RG] 8 PC12 4+ GSH MDA (xt s)
Table2-1 GSH, MDA in different time of 600y mol/L MnCl,-treated PC12 cell (xt s)

Control 1d 2d 3d 4d
GSH(u g.g-1) 88.87+ 17.56 41.12¢ 9.13 30.64% 5.37 20.78+ 2.34 12.49+ 391
MDA(p mol.g-1) 10.46% 1.09 29.34+ 3.15 4247+ 5.26 58.52+ 7.13 70.52+ 8.37

% 2-2 RNERE MnCl, {EH 4d PC12 4B GSH . MDA(x+ s)
Table2-1 GSH, MDA in the 4" d of different concentrations of MnCl,-treated PC12 cell (x+ s)

Control 200d mol/L 400d mol/L 600d mol/L
GSH(u g.g-1) 88.87+ 17.56 59.76+ 12.23 24.78+ 7.73 12.49+ 391
MDA(u mol.g-1) 10.46x 1.09 15.88+ 1.69 34.46% 4.02 70.52+ 8.37
600p mol/L MnCl, 1 H] T 41l g 3d i £ i 41 ity 3k 4] 20
DNA #A7 SRR LUK, BRI AR At (& 2-1) A — - p-p38
= %
| BSS
— —— — P38
4d 3d 2d 1d C

1 3$H8;2:600p mol/L MnCl, /£ F48AE 3d;3:DL-2000
2-1 600p mol/L MnCl, ¥EFF4Ra 3d PC12 fHREELFEZH DNA
kil
Fig.2-1 Agarose gel electrophoresis tested the genomic DNA of
600y mol/L MnCl,-treated PC12 cell on the 3th day.

2.6 MnClL {EF T PC12 £ p38 UiEH T35

2 B2 0 600p mol/L MnCl, /EF 1,2,3,4 K] I, p-p38 &
Wit Hrh R 3 RETEOS RGN T 6.6 4% (n=3,p<0.05)
(&l 2-2),200,400,600u mol/L MnCL, 43 $I/EF] 4 K, p-p38
WRBWFE ), 24 4000 mol/L MnCl /4 K% R 2
Fim T 4.7 f5(0=3,p<0.05)([&] 2-3) ,3XFf MnCl, X p38 H ik
175 P32 T AR I A R T A8 o i P p38 LI R Sk
RELIKT 751 SB203580 S50 45 4 2% B4R &l ik MEK3/6 Wb iiF
i) p38, 1 p-p38, W REIA AN T (18] 2-4)

Fig.2-2 Western-blot tested the p38 phosphrylations of 600y mol/L
MnCl,-treated PC12 cell in different time courses

2000bp
1000bp -
- S S p-p38

Ta0bp
500bp

P — —’ P38
250bp
100bp C 200 400 600

Fig.2-3 Western-blot tested the p38 phosphrylations of MnCl.-treated

PC12 cell in different concentrations on the 4™ day

il C NnCl NnCl+

Fig.2-4 p38 of 600y mol/L MnCl,-treated PC12 cell on
the 4" day before and after adding SB203580

3 e

XA 2T LB A 2R3 — B 5 A 6 2R Bl O BIF 241
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S0 i RN & IR ZE e 22 1 T G A o3 v B R RS A
YO BRI IUBK B e RN R R AR, SRR AR 1 22
TEEFPUG S 2 D ERetr 2o — 8 X R Rt FRATLL
Z WM RE Y BB E5 M 2 A A PC12 SRRy | G e XA 22 20
SIS BEAM 4 FH 0 B ) B R ARON 5G R o S5 R 368 - MInCl, %
PC12 ZH M (4 3 G AM A FAE 1-4 R Bk 1] B v 222 790) £ A1k [
MKHFARLNL , XA RIS MnClL /EH T PC12 204 AR K i 4%
FPA3E] T IE, MnCL 3l T PCL2 4 AV A= 1<, Bos B Ry
LR A . IR A 18 1 B R L T LA i
7 MnCl, X§ PC12 4 i 15 G840 51V FHAE AR o B e 1) B
T 3 B Y R R RN B TR RN 0GR, AT LLE
600 mol/LMnCl, 1= ] 4d B %t PC12 4 g iy 33 5 310 i 2R 7
50%ZE AT, itk — 2T o8 A FMLERER AT S E VR . R4
KT o 2 A PR S A AT A P LR AT 2 W8 7

YRN8 R AL A LS —F 5.
A2 3 2 AR BRI 400 €0 3R SUfL Bl P450 Ay TR, dh 2 A
) [ T SRR , T RSP fLRE 71 . IR A
T DWEN G S F A AU AS . b B IR T 5 0 R
BT ULTRATUEL T4 /E R PCI2 40 A By S8 AL K AT
FHHT A KA 550+ p38 MG fb A . 200-600u mol/L MnCl,
YERFAIM 4d 5, BEE RIS, 05 A GSH ZHikE(IL,
MDA [y & izl , R T PC12 41 & 4 T Ak
o 5 %5 ;6000 mol/L MnCl £ H 4d Ha5% n UL 20 i R R 5
4/, AR R T SR T 2% , A AR e S AR 0 0, 2N AZ AR AR
AN O REUR IR T AN i, AR D S TR
AL, BORANEI TR E M . FRESE T AN DNA 5
b, 2T AR T AR AR RRAE , DTG i2E— 2B IESE MnCl, fig
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R AV A A D DR RT BB 5 S 4N M U 1 s Western-blot
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GRS X MPPT H,O, % HUR B RE5H] | 2 LU il o 26 b 26 5
RIS DL SR & PD AH G # 2 i W i A TR 5%
SEHy, R W] PD AHOCHY MY MPP H,0, 17557 A5 (1 48 A I
T2 E R 2 AN AR 3 R T - BN ARSI RN 222
FER R AR & 72k ROSGEMEAN D) AE NGS5 F, B
p38MAPK 1 INK/SAPK {5554 5 2 5t (1 SR 106 VR AT =X N, Fie
% Caspase-1 Fll Caspase-3, PITSLRE kinase,p110 23 , 44
{545, DNA KA Ak 175 2 A T, JRAT1 508045 1
FEH] 600y mol/L MnCl, fER] 1,2,3,4 KA U, p38 fsfia bk %
Wik, HRVER 3 RIHET B BRI T 6.6 £%(n=3,p<0.
01),200,400,600u mol/L MnCl, 4 I/E ] 4 K, p38 Mk ik
IR BT Y, 24 400p mol/L MnCl, /EH] 4 K H
HRZHTHiE 1 4.7 £85(n=3,p<0.05) , 35X Fl MnCl, X} p38 & #r i 5 1
T U S Ve B AT [ A 28007 o fifT ) p38 3 5 A e S 1 BEL I
71l SB203580 5216 45 H 2% B 238 12 MEK3/6 B2 fb. T iiE 1)

p38, L p38 HyBERR AL , 15 AP 1, S L BE M 2 g
2] DNA BEE AL IR AR —E
K TR AT AY S 06 45 SRS PCL2 AIE AR E T N &2 AR5

PRV, 118 p-p38, i AN IA T, A0 K A 3 BRI

£ % 3L BR(References)

[1] Crossgrove, etal. Manganese distribution across the blood-brain barri-
erl Evidence for carrier-mediated influx of managanese citrate as well
as manganese and manganese transferring [J].Neurotoxicology,
2003,24(1):3-13

[2] Nagatomo S, et al. Manganese intoxication during total parenteral nu-
trition :report of two cases and review of the literature[J]. J Neurol Sci,
1999, 162:102-105

[3] Calabresi, et al. A synaptic mechanism underlying the behavioral ab-
normal ities induced by manganese intoxication [J]. Neurobiol Dis,
2001,8(3):419-32

[4] Wang DX, et al. Occupational exposure to manganese in welders and
associated neurodegenerative diseases in China [J]. Toxicol Sci, 1998,
42(Suppl):24

[5] Pal PK, et al. Manganese neurotoxicity:a review of clinical features,
imaging and pathology[J]. Neurotoxicology, 1999,20:227-238

[6] FIGEATSR , 5 75 1K A 15 5% [M]. AL ut: AT 43 R 7,1996;
127-143
SiTu Zheng-qiang, Wu Jun-zheng. Culture of Cell. Publishers of
World Books, 1996:127-143

[7]1 D. Hockenbery, G. Nunez, C. Milliman, et al. Bcl-2 is an inner mito-
chondrial membrane protein that blocks programmed cell death [J].
Nature, 1990, 348:334-336

[8] BRAEAT e 31 B S B IM.2R 2 R AL ot B i ik, 1999:

898-900
Sumbruk. Experiment Manual of molecular cloning[M]. The 2nd Edi-
tion, PeKing: Science Publishers, 1999:98-900

[9] Sengestock GIJ, et al. Progressive changes in striatal dopaminergic
markers, nigral volume, and rotational behavior following iron infu-
sion into the rat substantia nigra[J]. Exp Neuro, 1994,130(1):82-94

[10] Ingersoll RT, et al. Central nervous systemtoxicityofimanganese.
Inhibition of spontaneous motor activity in rats after intrathecal ad-
ministration of manganese chloride [J]. Fundam Appl Toxicol,

1995,27: 106-113

[11] M. Leist, et al. Intracellular adenosine triphosphate (ATP) concentra-
tion: A switch in the decision between apoptosis and necrosis [J]. J
Exp Med, 1997, 185:1481-1486

(121 TN AR A K BURSCIR R 2 LU e SZ AR (A FI[]. P [ 24 2 5
B4R, 1987,1:161-165
Ding Xun-cheng. Toxic action of manganese on dopaminergie recep-
tor of striatum of rats[J]. Chinese Journal of Pharmacology and Toxi-
cology, 1987,1:161-165

[13] A. Batistatou, et al. Bcl-2 affects survival but not neuronal differenti-
ation of PC12 cells.J. Neurosci, 1993, 13:4422-4428

[14] M.S. Desole, et al. Manganese and 1-methyl-4- (2'-ethylphenyl)-

1,2,3,6- tetrahydropyridine induce apoptosis in PC12 cells. Neurosci.
Lett, 1996, 209:193-196



