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[ B8] FHRAMEAARENE 58 2 RAR(SHSYSY )R BB, A #. § EELS MK PARK2 RANH M.

[ F% 1 0,100, 300, 500 pmol/L % & @ V.4 % % SH-SYSY 4 . 24h &, A MTT 3 90 48 o 4R R ( R ik & AR R A5 L ),
FEPRFRMEE RN E NG K, BB A g (WST-1) 3 30 5 40 M A1 A8 8.k 4 % {L. B8 (SOD ) % i, %
REWZREAEHMAT _B(MDA)L B, RHBERRMEE -RAEZNZERASEH(DA)SE, EHELE
# -PCR % PARK2 mRNA %3k, & & %% B 2 3 A Parkin & & & %,

[4FR] HxRE4 08, MaCl, % K 4 300, 500 umol/L Bt , 41 44| & ( A KRG ) H (P<0.01), 5T EALE, 3
GUEBNEREABE(P<00SEP<001 ), & =t B4 W3, MnCl, % & % 300, 500 pmol/L B, SOD 7% ¥ fn DA 4 & B
1&(P<0.01), MDA4 & # % (P<0.01); % PARK2 mRNA % 3 1 Parkin & & % A 1K (P<0.01), M X B2 B F,
PARK2 mRNA %3 5 41 W] B ( BBk 545 ). M N4E 3R E X MDA & B B fidE %, r 471 4 -0.872. -0.880. -0.862
(3 P<0.01 ); PARK2 mRNA %15 5 SOD %, DA B X Parkin & kX E EAI %, r 4 %1 % 0.879. 0.859. 0.809( 35
P<0.01),
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Abstract:

[ Objective ] To study the effects of manganese chloride (MnCl,) on mitochondrial damage, oxidative stress, secretion of dopamine,
and expression of PARK2 in human bone marrow neuroblastoma cells (SH-SYSY).

[ Methods ] SH-SY5Y cells were exposed to MnCl, (0, 100, 300, and 500 pmol/L) for 24 h. MTT assay was used to measure
inhibition rate of the cells (mitochondrial damage), graphite furnace atomic absorption spectrometry for intracellular manganese
concentration, water soluble tetrazolium salt (WST-1) assay for superoxide dismutase (SOD) activity, thiobarbituric acid assay for
malondialdehyde (MDA) level, reverse phase high performance liquid chromatography-fluorometry for dopamine (DA) level, RT-PCR
for the expression of PARK2 mRNA, and Western blot for the expression of Parkin protein, respectively.
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[ Results ]| The cell inhibition rates (mitochondrial damage) of the 300 and 500 umol/L. MnCl, groups were increased compared
with the control group (P <0.01). The intracellular manganese concentration of the SH-SY5Y cells was increased in the MnCl,
groups compared with the control group (P <0.05 or P<0.01). Compared with the control group, decreasing SOD activities and
DA levels and increasing MDA levels were observed in the 300 and 500 umol/I. MnCl, groups (P <0.01). At the same time, the
expressions of PARK2 mRNA and Parkin protein were also decreased (P < 0.01). The results of correlation analysis revealed
that the expression of PARK2 mRNA was inversely correlated with cell inhibition rate (mitochondrial damage) (r=—0.872),
intracellular manganese concentration (r=—0.880), and MDA level (=—0.862) (all Ps <0.01), respectively; the expression of
PARK2 mRNA was positively correlated with SOD activity (r=0.879), DA level (=0.859), and the expression of Parkin protein
(r=0.809) (all Ps<0.01), respectively.

[ Conclusion ] MnCl, exposure could induce mitochondrial damage, oxidative stress, and decreased DA secretion and expression
of PARK?2 in SH-SYS5Y cells.
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MY LR R BN, HR BT FB KR PARK2
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PR AR A 2 BB AT E RS
PARK2 WU Z IR R M RTELIERE, BB B
o 222 B 40 a3 40 AR ( SH-SYSY ) Sy A S 36 A BIF 9T Xof
%, NSRRI .

1 #R5H*®
1.1 23X A

A4 (MnClL) -4H:0. FIME R AETEY T
B(EE)BRBERAHE, 1E |, HER(SH8, X
B R FRATF L, PED, SR
i (1.000g/L )( Rt B AR R, B E ),
DMEM/F12(1 : 1) ¥ 3% 2 (HyClone, £ H ), & 4
1t 5 ( Gibeo, 3% H ), # F 1k ¥ 5% 1k B8 ( superoxide
dismutase,, SOD ). T & ( malondialdehyde, MDA )ik
A& (FEREREY TEPE, PE ), Trizol. %
#iAN & (Takara, HZ ), 2 EL#( dopamine, DA )#5
YES: (Sigma, 32E ), Parkin B4 ( Abcam, FH ),
1.2 %87 %
121 s AEE SHSYSY 4l T3 RirE
ARG, RS T EE 10% (KRS,
JER ) BG4 M ¥E W DMEM/F12( 1 : 1) 5w, BF
37°C. 5%CO, 3 578 N I8 B o AR 3% MnCl, 19 % 3 (0.
100, 300, 500 pumol/L ) ¥ LI ff 53 A 4 20 ( Xof FRAH . {5
B4, PRIEA. SRR ), JeralEd 24h,
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122 MTT %0 40 o 3 %0 & T4 Ak 40 ) R 40 Jid B
W, R4 ESGETT IS, R 1 x 10° 4N /mL i % B
BT oo flikH, dRIEFE; BEHTFHERR
MnCL, ¥k B B RE SRR, 3595 24 h; BFLANA 20 uL MTT
TAEM GEORIRAE ), 4h8EE3% 4h; FERW, BFLINA
DMSO 150pL, {45 fhFe 0 v ff , FAEEvR{X D1E, 3%
+ 2 490 nm . 4 Ha A A (1945 5 R 00 P 40 L ) e
B, A28 =( Dyiman—D s ) /Dt x 100%
123 @HENESENI T AHRHHEMALS. gk
M, FHFATHMETHEG m R A 4H T A 200 L ¥R Y
B, [HIRKBFEIE 2h(60°C ), FiA B EFRIBOL
EENEHENE SR

124 #HASODHEMFf MDASEH N Z HBCA
( bicinchoninic acid )N EHEEATHEASH,
SRJG R A B K 5 1k O e R vk AR AR B L R BR 4
FIMSE SOD {HEEFI MDA & & .

125 @R ADASEWNE RARMRZBMHE
B (RP-HPLC ) - 3865 E 4B DA S &, filkdk
{4+ Eclipse XDg-C18( 5pm, 4.8mm x 150mm ); FiShAH:
B : ZE0hk[ & 0.02 mol/LATHFER (—7K )— 0.05 mol/L
BRER S 1= 20 : 80, #ii# 0.8 mL/min; H:IR25C; %
ﬁ'ﬁﬁ(ﬂﬂﬁﬁiiﬂi& Aex=280nm ’ Ziﬁ‘f @IZ‘L/Q Aem=330nm, 5'5
TRV . BE M. R A m R A%
B, andhRERitE, WERFEHAEA 0.2 mol/L
T SR 500 pL AL B JE B0 (4°C, 14000 x g, 10min ),
B -7 10 uL 37 BPYE HPLC Rl

1.2.6 PARK2 mRNA ki {#FSEHTRGE & -PCR I
SESH-SYSY 4l i PARK? mRNA 323k, W48 41 i 5% F
Trizol 32 B4l 0 v S RNA, I 2 BE A< rh RNA (YR BE,
SR 5 FH3 R SR 20 RNA 55 % R B cDNA (B U1
NRFEL). HEH IQTM SYBR Green Supermixﬂfﬁ
RT-PCRER, KM &R 95°C 3min, 1MEIR; 95C
10s, 60°C 455, 40ME#F; 95°C 1min, 55°C 1min, 14
PE¥F; 80°C 30s, 80 MEIF. ZRMHT (X EREE ):
PL CHERGEHBEOGTE, Cr¥fd =(Be5 i+ BIFL Cr
8 )12, HEHME =sum( Ct33H1E )/ #EREL, A Cr=CtH{E -
shE{E, EERRE =227, HxHEE = HREREFEE

%1 RT-PCR HIS|FE3

HE LK E¥EIY(5-3) TH#sIW(5-3")

PB-actin
(NM_001099771)

PARK2
( NM_013987)

GGGGCATGCATCAGAAAGAG GCAGCTCGTTGTAGAAGGTG

AAAGGCCCCTGTCAAAGAGT TTGTTGCGATCAGGTGCAAA

B/NBEFEFXR x 100%, B BAHN E &K
Bk 100% .
1.2.7 ParkinZ | k% (HHAEARBENDP Western
blot ) ¥l Parkin 25 235 o WA 40 MO0 A Y BHR B
BA, ABCABLHTEAER. EAEMER L. B
vk HLFE, RS Y. —Bi(1: 200) "L, B
BB ENYSITAR L, B, BEAERES
S RGHATN, TR BRNEAMN SR =B HE
HKEE/ NSEHKEHE,
1.3 GitF o

% F SPSS 18.0%F B 4E A7 B H & Jy =404, 5
IR x £ s RN ; (#H Pearson #H2¢ RECR IEAL T8
PRZIA ) RER . KK AE a=0.05,

2 &R
2.1 @A RARRE

5% AR, AR E AR
HHE(P<0.05), WE2,
2.2 fmpadpd &

5 Xt B8 20 H %88, MnCl, 3¢ BE 24 100 pmol/L i, 48
JfL 30 4 = TE B B A8 4 (P> 0.05 ); MnCl, ¥ BE 4 300,
500 pmol/L B, 4 B il %385 ( P<0.01), W3R 2,

F*2 AEREMCLEBEHBANERE(n=3)R
RIHIZE(n=6 )(x £ 5)

MnCL( pmol/L) g}‘”ﬂg‘?ﬁﬁ? D N (%)
0 9.508 + 0.997 0.866 £ 0.012 0
100 12.433 + 0.485* 0.847 £0.012 2.217 £ 1.577
300 27.720 + 1.428*" 0.799 + 0.015™ 10.018 +2.497**
500 52.583 +2.054" 0.713 £ 0.026 17.630 + 2.780""
F 622.379 77.176 03.886
0.000 0.000 0.000

[F 15 BAtE, *: P<0.05; **; P<0.0l,

2.3 gl SOD %M, MDA# DA 4§
55Xt FREH L3, MnCl, ¥ E 4 100 pmol/L B, 4l
P SOD 7544 . MDA 1 DA B B LB B4 (P>0.05);
MnCl, 2 B & 300. 500 umol/L B, 48 g PY SOD 7% 4 1
DA & &2 B %K (P<0.01), 4iifIpy MDA &2 B3
n(P<0.01), WFE3,
24 #mff PARK2 mRNA #= Parkin & & ) & %
5 %t B8 44 H %, MnCl, ¥ B 5 100 pmol/L A,
41 g PARK2 mRNA #1 Parkin 25 [ #) 2 ik T B B 38
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4 (P>0.05); MnCL ¥ B 24 300, 500 umol/L K, 4H
d PARK2 mRNA I Parkin 25 [ ) 3% 35 B B K (P<
0.01), WFE4,

#*3 FAEREMnCL L5 /ELMPA SOD iEiE. MDA
DAZE(x+s, n=3)

MnCL( pmol/L ) SOD( U/mg) MDA (nmol/mg ) DA(pg/L)
0 83.712 £ 2.219 1.195+0.180 2.768 £ 0.063
100 79.567 + 5.443 1.582 +0.270 2717 +0.070
300 65.715 £ 5.721** 3.900 + 0.533** 2.221 £ 0.060**
500 46747 +7212%* 5.901 0.588"* 1.568 + 0.099"
F 27.967 78.446 168.670
P 0.000 0.000 0.000

[ J#x: EXR4ALE, P<0.01,

F4 AERE MCL 2 /54 8 PARK2 mRNA 1
Parkin EAMNRIE(x+s, n=3)

MnCl,( pmol/L ) PARK2 mRNA( %) Parkin
0 100.000 £ 16.126 0.451 + 0.042
100 82.834 + 14.651 0437 +0.011
300 51.641 + 10.860"* 0.330 + 0.022**
500 35.717 + 6.508™* 0230 + 0.016**
F 16.082 48.564
P 0.001 0.000

[ ]#+: SxtmALE, P<0OL,

2.5 PARK2 mRNA £ ik 5 & 3547 ] 6948 & 547

PARK2 mRNA 335 5 40 il o3 4 ¥ JE ( =-0.880,
P<0.01). 40 f 3 4 % (r=—0.872, P<0.01), } MDA
EE(r=-0.862, P<0.01 ) EfMH%; PARK2 mRNA %
355 SOD 1 (7=0.879, P<0.01 ). DA & (r=0.859,
P<0.01), & Parkin Z FH 3234 (7=0.809, P<0.01 ) &1E
K,

3 Wig

SH-SYS5Y 4t 2 A B B+ 251 40 o 4 ik, i
HHR 5 IE % 2 DR M2 g i AE SRR AL, B
LN T RGRTTHERAR (40 PD ) B &SR HLEIF
BiIG T BT . WA, R ARl g A A2, B
B ANBEER RS L

Ha £ &L 13 MnCl, ¥ B 24 200~1 000 pmol/L A,
XF SH-SYSY 40 i i) 26 K358 A B I HIfE R . ARS8
IR TIRES R B, MaCl, ¥ 4 500 pmol/L B}, X4
A B BRI E R . 858 U R BRI R, B
4. LLOumol/L MnCl, % EBZH , 100 umol/L A&
21, 300 wmol/L Ay H7E4H , 500 wmol/L A&7 B4

LRPLIAR AR E PR FIEERE 35 BT, 40 Bk A
TSN RE R 95% K IR FERBLIR, BSR4 AT
JER BT A, TERAESIEXR
JFERBLAAE B LTI R AL T e, ARSCIR A
MTT 3, Al 76 g B2kt 3R TR it S R R A
AMRE MTT 10 5 o 35 45 0.4 & PR B I B ) ok S Bl 28
PR ITIRE. BIEN FHRZE, LBk IIEERRET,
R Bl DIER N . BSR4 ML ) ZR A8 4 LA
B—, (HAEFEE R, e, 2R
B sE SRR, M) . ALRER BN, 5X
MR 2H LA, MnCl, % BF 2 100 umol/L B, 4 H 41 i 2R
TCHH ARk (P >0.05 ); MnCl, ¥& BF 24 300, 500 pmol/L
i, RN R (P<0.01), EH—ENBNER
TR LIRS, ImZhARThRE, BAER AT
B2 5 THERBM SR F IR . B4R
A1 AR PRI M TF i — 2B TR

SALPIE R R —Fh R, BRIk
WAL FIHT A E R Z B PR R IR, &35 4t g
. ERB e EEEEEE SRS F
HIRETT, (RS EG, BRASBOH T, SOD & ¥
G AR B e S Bk T AL BR B B R E BT ; MDA
A BT R LR N g B AL AR B, (e R
BLal i3 3] A B EBGEBRGHTERE, ALY
REBR, 5 BA S, MnCl, ¥ B4 100 pmol/L i,
411 L PN SOD T P4 #1 MDA & B I B 24k (P> 0.05 );
MnCl, ¥ B 47 300 500 umol/L B}, # i P SOD ¥ 14 B
B EM(P<0.01), 40 MDA & BB B8 in(P<
0.01), SLH 4 RIZ R EF SH-SYSY 4 ff & 4 E Ak
it , BARFRI N SOD MR 2B B HEREREE
JIREAR, HrEALRE ST FEK; MDA S EINEH A B
Wz, 5| RIS S At . EAHmm
il SOD IE M EILAE R E B HEMNEE TR, 3
H AR, MDA SEHm,

DA 2 figi PN —Fp B (4 FH R A5 Bl 41 M % 2 Bk b i)
BRI, RAPRMERETRERNILEK
P e 22338 R 22—, FF B RAF 4T i SO AR B
fBo DA KT IE# /KF 1 SBOR R MM 2B 1T 5%
L% B P RBAE L T 1A% B 532 14 DAT A1
% B 24K DRD1 F1 DRD2 I3k, % EkaEM
LRGBS, DA S BFEK, ALRERDR, SR
ZH LB, MnCL ¥ B 2% 100 umol/L B, 40N DA & &
TCH 8284k (P>0.05); MnCl ¥ 5 300, 500 pmol/L
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B, 4Py DA & B B K (P<0.01), ERER,
bR BB PG £ AR M & ST %I DA M40, i
DA E R,

PD 548 EEAMUEGRAER LRI, FERHE
A FEHLH BB AAAEAR, ISR T RERERS . S ALRL
¥ BAREE. HHERi. REGEHIE Y,
HRT & B0 9 MR Y 3E 13 M FEALE S PD B & WA
%, BAI454 4 3 PARK 1~13, T PARK2 (T R St
k. RESEREERGBERENE DERNERE
BAEMIE, HARER R A VE 2], PARK2 H R RAR
A B BN R B R RS, (F R B M2 A
BER, 5l BMESEE, Z£1E% KRHS H4e5 2 25K
X Parkin EHRZFFE, ALEERDR, SF AL
£, MnCl, ¥ & 24 100 pmol/L B, 411l PARK2 %34 G HH
B (P>0.05); MnCL ¥ A 300, 500 pmol/L B, 4H
Ml PARK2 35 B &ML (P<0.01 ), & RER, HRB
A3 PARK2 kPR, X V] RE-S5 MM TIREZ 81 5%

ARBHRMPARERER, ARRPEIEH
MR B FBUNAR (SRR, &) F i PARK2
mRNA R IXFE(K, IEREZ SRR I FRAK, BRE R
BB R A S R RS R BB R
L B BB £ T, X ] -5 PARK2 mRNA ik 1K
A XD, ARue bR d R, SHSYSY MR B E
PARK2 kWA

A S T6 i ] Pearson A 56 72 OR TEA #8452 8] 1Y
Rk, HRMATRRN, GRB5IEMRR .
KB F DA 43 W IRV BES PARK2 33K TR K

2 SEI A1 i 43 K S X5 2R R 5 | S AR R
it EALREAINT & B RREM 2 TT I 5 PARK2
BUAR Z (B Y R R AT, R4 A R ] 515 SH-
SYSY HH MR LRBLIARHS . SEALRII . DA 42U Al
PARK2 Rk T M. A TRMBAR R T i — 5 P8
PARK2 551 % B W R R V] i 4T PARK2 TR FI i %
IRSLE , MIES B SR THSE o
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