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Induction of Oxidative Stress by Mananese Chloride in Cultured HyC, Cells

Eun-Jung Park and Kwangsik Park”
College of Pharmacy, Dongduk Women’s University, 23-1, Wolgok-dong, Seongbuk-gu, Seoul 136-714, Korea

Abstract — Manganese is a naturally occurring element which is widespread in the environment. Also, manganese is an
essential trace element and plays a key role in important biological reactions catalyzed by enzymes. However, exposure to
high levels of manganese can cause toxicity in neurone and inhalation system, also damage in various tissues. We inves-
tigated the toxicity induced by manganese compound (MnCl,) in cultured rat cardiomyocytes. Treatment of manganese to
cultured cardiomyocyte led to cell death, reactive oxygen species (ROS) increase, and cytosolic caspase-3 activation. The
ROS increase was related with the decreased level of glutathione. Expressions of ROS related genes such as heme oxy-
genase-1, thioredoxin reductase, and NADH quinone oxidase were significantly induced in manganese treated cells. These
results suggest that manganese induce oxidative stress and apoptosis in cardiomyocytes, and may be the one of risk factors

to cause heart dysfunction iz vivo.
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Dulbecco's Modified Eagle's Medium(DMEM)< GIBCO
Invitrogen(Seoul, Korea)#l#-& T3+ 12, 3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-Diphenyltetrazolium Bromide(MTT), Dichloro-
fluorescein-diacetate(DCFH-DA), 4',6-diamidino-2-phenylindole
(DAPI), reduced glutathione, % ortho-phthaldialdehyde &=
Sigma-Aldrich(St. Louis, MO, USA) #|%5 F¢3F3ich
Caspase-3 assay kitv= R&D systems Inc.(Minneapolis, MN,
USA)ell 4], RNA isolation kit(RNAgents®) 2 Genomic DNA
purification kit:= Promega Company(Madison, WI, USA)*] 4]
T-918F9 21 AccuPower RT/PCR Premix: (F7)H}o] @ Yo}
(Daejeon, Korea)ollx] T-J&F3ict.

M| ZZHH2F

FHE BoRlol 10% FBSE -4-31= DMEMHIA|Z o]&3}o]
37°C, 5% CO, #7101/ Al wjokslsic.

M=Z=sM

Al wlFst AEE ESA Agste] s|e & 783 uiA
7 23] AlFslaL, 96 well platese]l 2x10*~5x10° cells/mi =
SAEE 25810 37°C, 5% CO, W7ol 2417 B4t -
ZA1Z1 3= 200, 400, 800, 1600 uM2] W7FaFHE(MnCly)yS A
gJstal 747} 24, 48, 72, 96T mEAZICE mEARO] TR
A 2 mg/m/o] MTT €948 welld 40 w2 @i vjek7 el
24X 3 A5 BEEAIF T WA S Al sk DMSOE welld
150 w4 ¥ol = - 30 A% 7PEAl S50 a1 540 nmellA
FHEE S 7 T2 4 weld 33] o) AlFsI3 L.
v 77} FHEE URTe] S35s) vlwsle] wE-gE BA|

ssick.

MZL{ ROS =4
AEZ 12 well platee]] 2x10° cells/miE E5310] 24X &
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ok F-2RA171 5 200, 400, 800, 1600 uM2] T7F3FeHE-MnCl,)
< 2447 =ZAIFLE oo DCFH-DA €948 7138l 37°C
o] 30% Bk HEEAIZ] 3 1M NaOHE Yo AEE FaljA]
7] DS 73748 96 well plate®Z 27 480 nm(Ex.) D 530
nmEm. 0l FFeE ST Bl 7L Lowry assay
2 Agsiglon, Ay Wil (ng)d F3%2] Wl Allet
s tixate] a2 YeEpfglet, B3 ROSE ek Al
22 FFo|u|XE A Zsl7] Yl 8 chamber slideol] AEE
2x10° cells®. 5510 2477k Sk B2A)7] B 7k A BE
THE 24A3F F3E A2t Algsi] DCFH-DAS 37°Cel)
A 30%- E<k HEEA)7]aL PBS® AIH 3 3 Fgsn|gow &
k= e

MZLi GSH &3

MEZZ 6 well plateel] 1x10°cells/ml FE& 5310 244]
ZF ZQF BZA7) 31 200, 400, 800, 1600 M) L7133 5
MnCly)< 24717F Bt Aeaigith, EYAICR AEE 3]3
% PBSE A1A3}L, 1% perchloric acid® o] &S <ol 10
B2 A8kt KH,PO/EDTAZ 3418 1 mg/mi2] ortho-
phthaldialdehyde S do] 3037+ A-2oA ¥H-&A17]1aL 350
nm(Ex)?} 420 nm(Em)elA FJ=E S4¢ F djzzatel] ojst
WG e glc

chiz) geke A)zsile] st &S] nle} BCA protein assay
2 Ak

Caspase-3 Activity S8

AEZ 5x10°cells/m/2 F-F-3}0] 24417k EoF F-2A]7] 11
200, 400, 800, 1600 pMe] HLISIFHEMnCl)S 244K 5<% A
23t &, EfaoR 3|5lo] AESaE S o]83lo] g3
A ATE o] g A doJX M EE3]|E o) caspase-3 5017|124
DEVD-pNAS$} 37°Cellx] 302 &<t HESAIZL %=, 405 nmollA] 2
AAEE S48k tizatel oish vhiEg= eIt whal
ke Ax3ake] ZFEFo| ule} BCA protein assay® 213
sk3Act.

DNA EXAIH

AEZ 1x10% cells/miE F-F310] 2447k F3F 2171
200, 400, 800, 1600 pM2] *F318}5E (MnCly)S 967X &
Azt EHA Agjsto] gjatt AEE PBSE AlH st
Genomic DNA purification kit(Promega, Madison, WI,
USA)E olgsto] Alxs|ate] L2 EFol| ul} DNAE FE3
o =% DNAE ethidium bromide(10 mg/ml)yE 0.02%
SHEHE 1.5% olkEs A 1719%38] 24 AE g

sk,

R o
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Table I - Primer be used to investigate change of gene expression

Primer name GB No. Gene sequence
Heme oxveenase-1 1027221 F:5'-GGTCCTGAAGAAGATTGCGCA-3'
xyg ) ’ R:5-TCTGTGAGGGACTCTGGTCTT-3'
. . F:5'-GTAGATTAGCCAAGTCACCG-3'
Thioredoxin reductase AF111160.1 R:3-GTCAGATGGCTTAGTAGAGC.3
NADPH quinone oxidase J02679.1 F:5-GGACATGAACGTCATTCTCT3

R:5 TTGGAGCAAAGTAGAGTGGT-3'

DAPI °15H

8 chamber slidec] AZZ 2x10° cells® H5a10] 2447 &
ok H-2kA)7] 31 200, 400, 800, 1600 uM2] W7HeHE-(MnCl,)S
2477 F<t #2313t 4% paraformaldehydeE W1l 573+ 3L
Z(SI}\‘IZ_]_ 5 oaAﬂoﬂo] s z]E-Gl— /\ o]r:i 0.1% Triton X- 100__
#]2]8kal DAPI(4',6-diamidino-2-phenylindole) £ © & A2135}
o] Alxeo Wsls FPan|gor wEeli o

PCR 7|'Y{E 0|88t RUXILS 24

A3Z 6cm petridishol] EF3F0] 24417 S F-%
200, 400, 800, 1600 pMe] I35 (MnCly)ye 247K 52F A
ZJ3I3itk RNA isolation kitS o]8-3}o] A|Z3Ale] = ioﬂ
mE} RNAS 3=&3ka. UV spectrophotometers ©]-4310] &
gk RNAS] & J#3 -, 532 RNAS ol&al RT-PCR#
PCR(Polymerase Chain Reaction)2 283133t} PCRo| AR-¢l
primer?] 3714 ¥E-S Table 12} %t}

7247]

=

Al X2
A3 Anf= HF +SDE BF3Ion, EAZ ou)=
t testsE o|-&3lo] E4313it),

Student-

2 Pez EAse], Aol ol vkt w2 Wk
o mzelARA DA AT deieh. 1ot wEe)
el 3710 A% 02 g0 Al 325 B
Qo] Z7kke A% VA % EF AN £9E opIE F 9
uw o Wbt mwe) WRhE Hshs B1olt Fol A

B A9 wB9) A9 71BAE B FE YL
gf%w B AA0R ofal ThiE 7lel 92 v 5 9
& RO Arw] JEw w8 1 SEhE 5 9
ofef] & QoA Wkl €l o] of i e
oA L, ofm e 7% Fal S4o] AojuhAe] s
Yol frelg ATALTE ol g3to] AMEFEAIN Bk
w3 s,

BAIRE2 AZed &, 32 7] Foll vt 524, 3t
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Fig. 1 - Effect of Mn on the viability of HyC, cell line. Cells were
treated with MnCl, for 24, 48, 72 and 96 hr. The indicated
concentrations represent Mn?* concentration calculated
from MnCl, added to the media. Cell viability was assessed
by MTT assay. Data represented as the percentage of the
control group. Cell viability was greatly reduced in a dose-
and time- dependent manner by Mn. Results represent the
means of three separated experiments, and error bars
represent the standard error of the mean. Except the
treated events with 200 uM Mn for 24, 48 hr, all events

indicate a statistically significant difference (** : p<0.01)
from the control group.
‘?‘-"]__Xi % ] H9C2 kﬂ_u'r‘oﬂ U]i‘l—‘:— —% ]'01'7] EH?‘)‘]—O%

200, 400, 800, 1600 uM2] EZFSIHE(MnClL)S @A 341510
717} 24, 48, 72, 96A 1A HElst A7} Fig. 13} o] =&
2l AEEAS Ao, 1600 uME 24A17F 22
Bl 7o) AEAEELS oF 84.5%% 745131, 96417ke] AlAE
BEEE 15.7% Y= Solxih

Rovetta 521 7H(HepG2, human hepatoblastoma), 1%
(MDCK, Madine-Darby canine kidney cell line) 4173 1 (GL15,
human glioblastoma), 4173 (SHSY5Y, human neuroblastoma)®l|
A GElst 450 AT 0.1~1000 pMe] W7FEFHE (MnClZ)
< AggozH PrsgtEel gk 2t 22)9] 1650 gk A
8kl o]F v - FABIET, 24003s AE)dt A A AE
Ql SHSY5Y A|3Z=9] IC50 gte] 500 uM= 71 kil of&
A|EF2) 1C50 - 700~800 uME 71 2] A}akitt. wheba

1}-71—'61—
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Qo] AAEAN T HyC, AEF) B9 o5 AE
Zol] Ml & W oz W
SES B9 QA HE o] F felEae duow
=] ]

A
Aol Hk-&- A2 (Reactive oxygen species)e A7 O R

250

Change of ROS( %o of control)

Concentration (uM)

Fig. 2 — Effect of Mn on ROS production in HyC, cell line. Cells
grown in confluent were pre-treated with MnCl,, washed
with phosphat buffered saline, and then incubated with
DCFH-DA 40 mM. At the end of DCFH-DA incubation, the
cells were lysed with NaOH and fluorescence of aliquot
was measured. Results represent the means of three
independent experiments, and error bars represent the
standard error of the mean. All group indicate a statistically
significant difference (** : p<0.01) from the control group.

Control 400 uM

800 uM

1600 uM

Fig. 3 - Qualitative characterization of ROS generation by DCFH-
DA staining using fluorescence microscopy. Cells grown in
confluent were pre-treated with MnCl,, and then loaded
with 40 mM DCFH-DA. After washing with PBS, cells
were visualized by fluorescent microscopy (x200).
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A QAo 548 Yehle Zog 44 ut skl A
Azl A YERt MRS T} WhgAkAFe] whAnke] JaiAlE
A R AE 200, 400, 800, 1600 pM2) B713HHE-S 244714
A2)gt & 7141 DCFH-DAE o]g3l] 4w Wsls =
8] 2 A3} Fig. 29} 3004 B ulel o] 3ot 5
oFA o7 F7lelon, 1600 pME A3t -9 thxatol 1
3] oF 20 A= F7FRs AS & 4 Sl olHE Ay &
A3 A|ETe] 1] 231 (As,0)0S A2 e 739 oF 98% =
o] M FAEES YER 0.5 ppme] FollA ROS7F oF 28 4
T Z71F a1 Aleke] Abg ARk Al EF(uterine cervical
carcinoma)ollA] F-#l3t Hela A2 1 mMe] Bx13RHE-S A2
3 739 ROSS] o] oF 650 A% S/ 7189 o
TAzle} Hlwsthd ROSO| WY Tdt e o® vk Zlow
7= At

AvHA o7 Al HESARES] ST AlEUelA] ks
AR g 9y SFER] 1AE Fehs Jo® &
24 QIth, 200, 400, 800, 1600 pM2] L71EFEHES 244]7M =]
gt & Aojzl MEgallET 3371421 ortho-phthaldialdehyde
E WSAIZ AY) Fig, 40l B whe) o] Al 218 &
FERR 2 geo] 200 uMHPE TR QX0 R Ao,
1600 pM=. 24717F AHesk 9oz i) 61% == T
SR S WA 5 Uitk T3, WtElghEe] o] A
EFo op7|ete d™o Aksd AE# A IS heme

oxygenase-1, thioredoxin reductase, NADPH quinone oxidase

120

Change of GSH

0 200 400 800 1600

Concentration (uM)

Fig. 4 — Effect of Mn on the level of intracellular reduced glutathione
(GSH). Fluorometric method using o-phthaldialdehyde was
used to measure the intracellular GSH. Results represent
the means of three independent analysis. GSH was
calculated as nmol of glutathione per mg of protein and
then was represented as the percentage of the control
group. Asterisks indicate a statistically significant dif-
ference (* : p<0.05, **: p<0.01) from the control group.
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Fig. 5 — Effect of Mn on the induction of oxidative stress-related
genes. Cells were treated with the indicated concentrations
of Mn for 24 hr. mRNA transcription was detected by RT-
PCR analysis using respective primers described in Table
I. (A): heme oxygenase-1, (B): thioredoxin reductase, (C):
NADPH quinone oxidase.

710 ATHAEE B AlA AEfAS) 218 Alio] o)
207 el o] fxe] S F3lsk S 2
g QAATH(Fig. 5).

Milatovic ‘6 A|3E==oll A g1ke] A0S Wt 74
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Caspase-3 activity (% of control)

0 200 400 800 1600
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Fig. 6 — Effect of Mn on the caspase-3 activity. Cells were treated
with the indicated concentrations of Mn for 24 hr. Caspase-
3 activity was measured using a colorimetric caspase-3
specific substrate. After the reaction, the chromophore
pNA was determined at 405 nm. Results represent the
means of four separated experiments, and error bars
represent the standard error of the mean. All group
indicate a statistically significant difference (p<0.01) from
the control group.

1600 uM

Fig. 7 - DNA fragmentation by Mn on agarose gel electrophresis.
Cells were treated with the indicated concentrations of Mn
for 24 hr. DNA laddering was performed using genomic
DNA extractions which were prepared from control and
Mn-treated cells. DNA fragmentation was shown by
electrophoresis using 1.5% agarose gel.

oA wWzto] ol3F ROSS ¥H¥o] BlwA WA Z=AE e ofu}
[e]
o

= 3l

olge] & A7elx= TRl 23k AlEs/do] apoptosis

¢

Control 400 uM

800 uM

1600 uM

Fig. 8 — Increase of chromosome condensation by Mn with DAPI
staining. Cells were treated with the indicated concen-
trations of Mn for 24 hr. DAPI solution was applied to the
cultured cells in 8 chamber slides, and the slides were
incubated for 10 min in the dark at 37°C and the images of
nuclei were made by fluorescent microscope.
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of| oJ3)| oF7]1=]=A] 22 necrosisll 23l o |EEAE ERIE)
7] 2J81o] caspase cascade®] HEGHA ?SH‘:%]H caspase-3 &
/3] 57tk DNA 24, 3 U ARrtg o] §5 o2 v
RSk 200, 400, 800, 1600 uMe] LRIBIRHE-S 22} 2471714
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= 9)w3t A3} Fg, 6014 B vle} 2o] caspase-
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00, 1600 uMe| BI8gES 717} 244074 A
Eil %ﬁ DNAE o|g3to] DNA o5 st Az
LAY F 94&** o7 F7kskel e (Fig. 7), 400,
800, 1600 uM2] "d78tgHa-2 24413HH AEjsl Al3E2] & el
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