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Fig.1 Effect of mancozeb on PC-12 cells proliferation.
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Fig. 2  Effect of mancozeb on morphological changes of
nucleus of PC-12 cells.
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Fig.3 Effect of mancozeb on the expression of Bcl-2, Bax,
and p-ERK1/2 in PC-12 cells.

3 iFig

A TR AUATE NSRRI, A 3 B B
B, ph PR B A ST T i e, PR B DR 5 SR
HEABA M. TR R A0 M R g 0 o 15 45, 40
BRI, A0 s X 48 , I T/ MAE i 22 B DNA
Wb UK P o R ARG D A0 B R T R T IR AR



- 352 - FEBEEE AR R

E2011 58 A% 25 K% 439 Chin J Pharmacol Toxicol, Vol 25, No 4, Aug 2011

25 FEAE AW, PO B ARIC S A
YHMEA , DNA W 2446 00 2 , 98 T2 AH ¢ 8 11 p A il v
DA K R R DY i i A7 5 38 1 7R A B RGN 45

Bel-2 KGR o i R SR T-A L EEH B
& Bz B R A T SR R KR . Sk
{RDIRE S B BT8R 5 Bel2 RIGHEA B HEVIX
o Bel2 FIGEM A T AR R T2 8 [ Bax FIHE T
FEH Bel-2, LIS RIRATE A7 AE TR Y RN
PR 9 308 e 2 ) S A ¢ 308 2 A 8 4 U
BOEY), WA ML 2R o 1 R HROAC 52 ) A i PR IR S
Bel-2 7K1 7 5 Al Bax (1) R A ¢ BH 410 B X 08 1= 19
HCPUbERG g, 52 W 8 T2 M HRPTEsS . AFSE
g GOR AR BE A S PC-12 M T AR
AT B AR PR BB B AIK Bel-2 323K 7KF-, 31 Bax 3%
KK, Bel-2 il Bax ) LB B, 156 B Bel-2 F1 Bax
FEAZSH TRAEHE A SH PC-12 41 H -,
FITC-Annexin V /Pl X254 340 AR 45 5 R,
LS L I R S B =M AW 2 )
ol « L™ Bk LGS 8 T =, 7 S0 0 T 490 M A o HR
E45 R N R =g g HE O KB A R e 1 73
JE& M i B 7= 55 ; Hoechst33258 Zy {4 12X PC-12
YHMIAZIE AR, AT WA R K | 146, DL S g 8 5
WY B IMATE LA T TR AR

ERK 45 ERK1 il ERK2 , 2515 5 A 3 1 52
IR T B AR B OB . BRI AL IS 19 ERKL/2 f
S B0 N, BE A 5 SRS AR, 2 5 A G
53046 AT A dE R 20 M -E 2200 R L A0 g T
G2 RN . RSN ERK & — Bl fE
T R, 2 AR K DR 342 2k Rz FH 40 I 7 v 9 o B
ERKL/2 {64k, 10050 U8 T 0 L33 Aol o 0 T i S0 £ £
Ve I AN S Y 25 Fh 2 DA S HA S 5 4% 3
BARHPRTS . BOEAIBESE & B ERK i J2—Fh i 1
P, ERK1/2 8 FEBE Bax g2k, B4
PRTEAMNRE A3 HFB R &
EHREZA TR TP ERK (G402 =T
f s S F ERK BHA NS5 T ZochE
1" 2 A8 MG ERK M2 g T &
AR S04 ARS8 RGP

REBEERS S Z M T- P ERVLH R A R
ZeMERIZRENE . © & P4 R 4 A 2 ad L 5 B 4 3
TR S A 03 AR &I H R R
A ARSI ZE R R B FEAE A O A
TRCE R R A AR o Calviello 25 3
RARERFERET | 2 20 1 S AL 335 3 DNA 7, XL i)
BERC HRL UK R A4S o A8 A0 L TR G 2 1 B e sk R 1)

Fk BRSNS T Dias 25 7R W5 I E B X
FRERFEIT 32 S IR ET, R IARE B A R B
HI%EAE A R A S0, TR ) A4 12
RAFVER o HADSE 3G A ARG B RE T IR Z AR S
ARRTIR 300 i) AR P A (5 0 3k A, R AIK ATP 5 5
X 22 R 22 0 L) Sz GABA 1122 JCER ELAG 05V
RN AHISE & B ERK {55 % 0 fE 2 5108k
BEFECPC-12 AR T 78, ERK AR M B2 g
RIEZNESED, HmRA s R M5 &N
RTINS RBER T A B ) 2 T T A A A PR 3R [l 1)
A, SRR LR RIS R . 53 AT REIR A Hofth
LIS SRS F A Z IR T 7R, PR 7 X
A5 5 0 A 3 40 B O A RO 4 TR A 1F
5, BB AR A 0 LR 53 F- ML, 4 R B 4 1y IR
TR FNYAY T I 2 8 T ARG B I S B b 4 AR
MR TR TR

S 3k :

[1] Cecconi S, Paro R, Rossi G, Macchiarelli G. The
effects of the endocrine disruptors dithiocarbamates on
the mammalian ovary with particular regard to mancozeb
[J]. Curr Pharm Des, 2007, 13(29) :2989-3004.

[2] Debbarh I, Rambelomanana S, Penouil F, Castaigne F,
Poisot D, Moore N. Human neurotoxicity of ethylene-
bis-dithiocarbamates (EBDC) [J]. Rev Neurol( Paris) ,
2002, 158(12 Pt 1) :1175-1180.

[3] Soleo L, Defazio G, Scarselli R, Zefferino R, Livrea P,
Foa V. Toxicity of fungicides containing ethylene-bis-di-
thiocarbamate in serumless dissociated mesencephalic-
striatal primary coculture[ J]. Arch Toxicol, 1996, 70
(10) :678-682.

[4] Thiruchelvam M, Richfield EK, Baggs RB, Tank AW,
Cory-Slechta DA. The nigrostriatal dopaminergic system
as a preferential target of repeated exposures to combined
paraquat and maneb: implications for Parkinson s dis-
ease[ J|. J Neurosci, 2000, 20(24) :9207-9214.

[5] Kim YK, Kim HJ, Kwon CH, Kim JH, Woo JS, Jung
JS, et al. Role of ERK activation in cisplatin-induced
apoptosis in OK renal epithelial cells[ J]. J Appl Toxi-
col, 2005, 25(5) :374-382.

[6] Nowak G. Protein kinase C-alpha and ERK1/2 mediate
mitochondrial dysfunction, decreases in active Na®
transport, and cisplatin-induced apoptosis in renal cells
[J]. J Biol Chem, 2002, 277(45) :43377-43388.

[7] McGrew DM, Irwin I, Langston JW. Ethylenebisdithio-
carbamate enhances MPTP-induced striatal dopamine
depletion in mice[ J]. Neurotoxicology, 2000, 21(3) ;
309-312.



VEGEFEERFLE21] F8 A% 25 5% 4 Chin J Pharmacol Toxicol, Vol 25, No 4, Aug 2011 -+ 353 .

[8] Noshita N, Sugawara T, Hayashi T, Lewén A, Omar volvement of the oxidative mechanism[ J]. Toxicol Appl
G, Chan PH. Copper/zinc superoxide dismutase attenu- Pharmacol , 2006, 211(2) :87-96.
ates neuronal cell death by preventing extracellular sig- [11] Dias PJ, Teixeira MC, Telo JP, Sa-Correia I. Insights
nal-regulated kinase activation after transient focal cere- into the mechanisms of toxicity and tolerance to the agri-
bral ischemia in mice[J]. J Neurosci, 2002, 22(18) . cultural fungicide mancozeb in yeast, as suggested by a
7923-7930. chemogenomic approach [ J]. OMICS, 2010, 14 (2) .
[9] Colucci-D’Amato L, Perrone-Capano C, di Porzio U. 211-2217.
Chronic activation of ERK and neurodegenerative disea- [12] Domico LM, Zeevalk GD, Bernard LP, Cooper KR.
ses[ J]. Bioessays, 2003, 25(11) :1085-1095. Acute neurotoxic effects of mancozeb and maneb in mes-
[10] Calviello G, Piccioni E, Boninsegna A, Tedesco B, encephalic neuronal cultures are associated with mito-
Maggiano N, Serini S, et al. DNA damage and apopto- chondrial dysfunction [ J]. Neurotoxicology, 2006, 27
sis induction by the pesticide mancozeb in rat cells: in- (5) :816-825.

Effects of mancozeb on apoptosis of PC-12 cells

ZHANG Jin-song' , LUAN Chun-ye’, WANG Qiang’, XU Yan’, ZHANG Jing', HUAN Fei’, CHENG Jie’,
XIAO Hang’

(1. Department of Emergency, the First Affiliated Hospital, Nanjing Medical University, Nanjing 210029,
China; 2. Department of Emergency, affiliated Hospital, Binzhou Medical University, Binzhou
256603 ; 3. Laboratory of Neurotoxicology, School of Public Health , Nanjing Medical
University, Nanjing 210029, China)

Abstract; OBJECTIVE To investigate the effect of mancozeb on the apoptosis of PC-12
cells. METHODS The PC-12 cells were cultured for 24 h after mancozeb 0, 1, 10, 30, 60 and
120 wmol - ™" were added. Cell Counting Kit-8 was used to assess the proliferation and toxicity
induced by mancozeb. Twenty-four hours after mancozeb 0, 50 wmol-L ™" was added to PC-12 cells,
the morphological changes of PC-12 cells were observed by a microscope, and cell apoptosis rates
were detected by FITC-Annexin V /PI flow cytometry. The expression of Bel-2, Bax and p-ERK1/2
was determined by Western blot. RESULTS Compared with normal control group, PC-12 cells in
mancozeb groups showed higher ap * optosis rates and evident morphological changes that became
more evident with the dose of mancozeb. The ICy, was 49.95 pumol-L ™", the apoptosis rate of PC-12
cells in mancozeb 120 pmol-L ™" group was (90 £4)%. The Bax protein levels increased and the
Bel-2 protein levels in mancozeb groups were decreased. Compared with normal control group, the
p-ERK1/2 expression was significantly up-regulated. The grey value of p-ERK1/2 in mancozeb 120
pmol - L. ™" group was 128.0 = 2.5 and 178. 4 +4. 0. CONCLUSION Mancozeb can induce
apoptosis of PC-12 cells, in which the expression of p-ERK1/ 2 proteins may play a role in PC-12
apoptosis.
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