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Nitric Oxide-Mediated Cytotoxicity of Manganese in Basal Ganglia Neuronal Cells

Dong-Hoon Shin, Yong-Wook Jung", Jae-Hoon Bae?, Dae-Kyu Song?,
Won-Kyun Park®, Bok-Hyun Ko", Doo-Hie Kim*

Department of Preventive Medicine, Physiology®, School of Medicine, Keimyung University
Department of Anatomy®, Preventive Medicine®, School of Medicine, Dongguk University

Objectives : We have investigated to manifest whether  were increased with 500uM MnCl: treatment and an NOS
manganese-induced neurotoxicity is mediated by nitric oxide(NO)  inhibitors, N®-nitro-L-arginine , prevented neurotoxicity elicited by
in the rat primary neuronal cultures and assess the effect of Mn*  manganese. |n the electrophysiological study, Mn* does not block
on the N-methyl-D aspartate(NMDA) receptors. or activate the NMDA receptors and not pass through the NMDA

Methods : We have used 3-(4,5-dimethylthiazol-2-yl)-2,56-  receptors in a neurons of basal ganglia.
diphenyitetrazolium bromide (MTT)assay o examine the effect of Conclusions : It is concluded that manganese neurotoxicity in
cytotoxicity of MnClz in neuronal cells . NO production was  basal ganglia was partially mediated by nitric oxide in the cell

determined by measuring nirites, a stable oxidation product of NO.  culture model.
The neurons in the rat that contains neuronal nitric oxide
synthase(nNOS) were examined by immunofluorescence and
confocal microscopy. The effects of Mn* on the NMDA receptors

was assesed by the whole cell voltage clamp technique. Key Words: Manganese(Mn), Nitric oxide(NO), Nitric oxide
Results : We showed that the NO release and NOS expression synthase(NOS), Neurotoxicity, Neurons

Korean J Prev Med 1999;32(4):459-466

=2,
do
ofN ok
ol
R
L N
N
5 o
:(I)‘:zl‘
(o rir
()
2,
>,
lo
N
N
o,
o3l

Ao fr
O}.’L o}l
> _&
2L
O
o
N
~
2
T
huj
=
K

ol o ;101' H
Tt

o
N

C

o fo CLorr 2 o

c‘>_>;L uly
-
=51
ol
-
e
i
551
o,
>~
>
Ry
<

o 4 ru
R
)
e
2
o
=2
8
D)
o[\
ol
1o
5
Y
fo

Z Al(extrapyramidal system)2| }ofj ZA
o] VehH, o]t T WtEE F
it AHES Parkinsond] 33} ¥l%8) AL
! 2 AAY <A 9rHMena 5, 1967; Barbeau,
a3} 24sj] Q) vjFaEolAl  1984; Donaldson, 1987). 47t 584
ot 3 FEAAA A4S dodle FHaAA WY FAYE 72 24
702 4eA ri(Politis ¥, 1980). W (sustantia nigra), 9 8i(globus pal-
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1F7Hmanganese: Mn)

A4 19999 79 124, A9 1999 99 229
2 A1 1979 B H ged T2 (71298 BM 97-021-F00058)9 oste ATHAS
WA AZE (ARG L A3 oo staad, M85 063-250-7495, 2M 5 053-250-74%4, e-mail: dhshin@dsme.or kr)

lidus), A|4}3}8(subthalamic nucleus),
u) A}el(caudate nucleus), ¥} ZH(putamen)
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8 W 53] 7149 (basal ganglia)of
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+= A A8 (nerve action
potential) <} calcium ©| 525 53
AZUR F5e Ao deEA A
(Anderson, 1979; 1983; Narita 5, 1990)
AEWZE S0l M2 AXujRe =
W A £ 2 WY % (rough endoplasmic
reticulum : RER) 5 47| AR
Care] AEAY EWE $E5H0)
(Aschner®} Aschner, 1991), H|Z U] A}
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Ao 2% -
MR =

FTUERE T3 AHRA ¢
A = tH(Chance, 1965; Lic-
cione$} Maines, 1989). A} & o] &A=
Mn& AHAUR Ca*9 FYE A=
3t Ca* WlEAZE Wallste] AA
Wil Car 558 S7HA Hxd =
285 9o 7itkKonji 5, 1985; Gavin
=, 1990).

AAA ] 2831 brain typed] nitric
oxide synthase(NOS)= 53417 Al o]
B EAEts AAHNEI} 2SS ol
A AZEe]| Caro] F7sHA HH 24
35 o] A A% nitric oxide(NO)E &
A Bk o] NO7E $942 8450l
AAAGe] d&8 51y, oju WAl A
H= 8] NMDAFEAH & F3f theel
Ca»o] AFMEIY FHHEY B 49
NO7} A4 s o] AAH 2 45 13
T 9JtHKader$} Frazzini, 1993).

ARBAEY RS FET A=5
LA HHE NOS §45t7] doll super-
oxide (O)%} 22 vhg-AdA FUA}
=& 4439 o] superoxide(0:)9 NO
7+ ZAg3le] peroxynitrite (ONOO)E
FAste] Azo] EAE 2 FTHMino-
Golomb$} Tsarfaty, 1994). oJu HAQ]
Aol M= NO$} superoxide:= -9~ i}
2 &5 7 yke3}o] peroxynitrite S A§A]
glti(Beckman %, 1990; Lafon-Cazal %}
Pietry, 1993). Peroxynitritex free
radical & oL} 73t A3A 2 214
52 slost ALsl A58 a4 o
3l(Radi®} Beckman, 1991; Crow9}
McCord, 1995), LxHlYE A A Zo|
A B AR 3453 AEEEE
el (Kiedrowski 9 Costa, 1992).

Mn*+= superoxide(O:"), hydrogen
peroxide, hydroxyl(OH") free radical %}
2o ubg A A F(reactive oxygen
species)?] AAS AF=31(Donaldson,
1987), o] & 8H-$-A) AAFEo| dopamin
receptorL} dopaminergic cell, dopamine
& s4ste] =4S Y oZItiGraham,
1984). 232 E Mn>o| 93 A
superoxide9} A EAWE fF2]¥ Ca*9l
tgoz PR NOZH 2eae o¢

Mn*+= N- methyl D-aspartate(©} 3}
NMDA) 43§ atdsh= A28 949
A 9eng AXYY thFHl Carfrd
2 AAR doju] && AR A7
A, Ca T2 THE F2E FaA Al
FUE 507t M & A Fuj o2 &
71E AZE Ca9] AEAY el E
ZAs 1, Mn*9] 3 T4 A7)89 A}
BAEOR Cao] FrhatA E0i%} &4
A | AFRAY AAAY 7eE &
AsHA =, AFE AT Bt o A A
AW fre] Ca*9f vEe HAY A
EES %—7}6‘}741 2 5 3Tk M -"4{
A E ‘7114011 NO9| wjA=z <l
&8 EJ_{P AE AR 1 B
7k glom, M9 AlEoA e 2874
£ AZsRE P40z NOY A<
28R BA T AT Care] $712
ole] NO7} 84 2 4+ 95 Z#o g Azt
girt. o] A 4 H NO+= retrograde
messenger24 AHA AAA Fo| 2HE
3} o] glutamate«] THE A=53}o]
NMDASEA & SA 87131 A Z
UE Cog R 9 A2 45 3
& Aow 2zd0),

FEA -0 & &2 H3A(receptor-
ionophore complexes)ol| o3 Mn* 24
& obA o YsjA ok & HAR Holglrk
Mn* ¢ UG o7} Yol F Mgl
NMDAS] 5744 28424 NMDA
TEA AgEA ADAEE §H
(Evans %, 1978: Collingridge$} Wa-
tkins, 1994), kainate] 7}23F 22
A ZAgdtls Bl 9)ou(Braitman
7} Coyle, 1987), 43 282 of4 o
34 2] Sk
aeE 2 AgdMe gty A4
Fo M £47]Ad NO7E wl7is =
Golr 7] flot] 71439 AAA
HjeFste] ke 93 NO9 A4
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AAIZ 13-159 9] Sprauge-Dawley 7
& 70 % alcohol 2 AT

3t Holo £
HE A3 Hank s Balanced salt
solution(HBSS)of| Bt} X732 £ 9]
Hog AAS 1A B9E B
o} 285 229 0.25 % trypsing Z47}
31 37C FRIA 1587 &
HBSS =2 4} Aouio] trypsma ]
3] A7t HBSSE #7t & AlZ
Jalsint. A%E 277 T8
¥ 5 #3}9 trypan blueZ g3
hemocytometerZ o] &3kl A ¥
4% g, 10°7]¢] ML E Neuro-
basal™(GIBCOBRL) #]%]¢] 0.5 mM L-
glutamine, B27, 25 uM glutamate, 25
uM 2-mercaptoethanol & 7 7}3}o] wj<k
S3ick vk 495 wix)E glutamater}
Oi—‘i Hﬂx]i 1/2 volumeX E’_fi‘réb_ 2- 3
22 W% ¥ MnCLZ Agdlo] the
J. < AAE T
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wjokst AZAAHZ 1 - 500 M MnCL
Z 4807 B9 AP F 44 XS
£ Cell proliferation kit I (MTT)(Bo-
ehringer Mannheim)& o]-§3}o] =43}
Aok

SAMHE W AAAEA MTT
labelling agent 10 (HFF = 0.5 mg/
mDE Y 4A7F =t wjekst & solu-
blhzatlon solution(10 % SDS in 0.01 M
HCDE 100 d ¥& & overnight A 7| L
1 t}& ELISA reader(Dynatech MR
700) 540 nmeY A FHEE A5

3. NOS(Nitric oxide synthase)
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# sl 100
mixture of 0.1
% N-1-naphthyleneamine dihydrochlo-
ride in 60 % acetic acid)= £3}3}o] A
S A 105"7* A7 BEAY 2
& 2AF thF 540 moAM FHEE
= ;}‘}iE} TZ249 sodium nitrited]
1

FEAE I8 s =8 A

A2 Griess reagents( :

238t NOSe| sl
Hj el ALl?gxﬂE I Mnc12 2] 48417}
3 phosphate buffered saline(PBS)Z 4
a4 A A3 4 % paraformalde-
hyde(PFA)Z2 Y AZth 0.5 % Tween
20,3 % H:0:E A2 A2jg o 10
% normal goat serum© 2 30& F<¢F A
25ttt YAk anti-nNOS mAbE 1
% fetal calf serum-2 1:1000 =& 2]&
ate] 44 overight A]7] & o]z}g}
A Anti-mouse -IgG-Fluorescein 5 p/ml
£ AHgato] AL 1417 F A eet
ot 0.5 % Tween 20 A g3 &
propium iodide 2 |2GAS A &
confocal microscope(Zeiss LSM400) 2.
2 PRt NOS) 2EL 2240
2 Yee A Agste] ddAd %
G725 % o AHE AL SIA } on,
X 400 #u| Ao %‘r
F3ko] NOS9| 44

3) NOSHatH|e| MnCl: Mz=d
of thet A

NOS 8 #), Ne-Nitro-L-Arginine(L-
NOARG)E MnCL$ $A)d] g3t}
4847+ Bk Wl%F 5 MnCLo] HE=A
o) o NOS AahAls) & MTTHY
o2 NTFHES ZYsto] BBAG

&4 Tt MnCle
s

o] 3 MnCLY 3k ¢
o W74 EH

7“1];01]/\1 NMDA F£-#|
dotr7] Hst

2gS AN

] 7|28 AAAFANA Nitric Oxided wiNZ 3 %

1) M7 |4zl sEel Mg
External bath solution®] ZAJ(mM)<-
130 NaCl; 10 HEPES; 5.4 KCl ; 5 TEA;
0.5 CaCl2 ; 5 4- AP; 25 D-glucose; 0.5 ¢
M Tetrodotoxin®] 1, MgCl. freeZ 3}%]
o, 1M glycineg #7}8}9 1, NaOH
2 pH 7.4% 34 t}. Internal bath
solution?] FA(mM)2 110 CsCl; 28
Trizma base; 25 TEA; 10 EGTA; 10
HEPES; 2 MgSO04; 0.5 CaCl2; 2 Mg
ATP; 10 ditris -phosphocreatinec]™ pH
742 stgch =3 10 sM NMDA, 1 M
7} 100 M MnCLE Aol AH8-3}%

3to] whole cell modeZ ZA3}%ith A
4% pipette Narishige puller(pp-83)&
ARE3H, €740] 1 mm¢l 2 ¥H(Clark
electromed)S T ¥ BFAA AATH2-
5M Q). A 245 ¢8 Axopath
200A patch clamp amplifier(Axon
Instrument, Inc.)Z A& a, A8F
A71X 5= oscilloscope(Philips, PM-
3335)¢} chart recorder(Gould)ol| 4] o2
sk 715 A% Z4E 93 AD/
DA converter (VR 10B)2 %3] 7|23}
o] magnetic tapeol] =3}3}4 T}

5. TAIX=

AT F9AL t-testd} JAFA
B X (oneway ANOVA)Z Duncan' s
multiple comparison testS 2 A3} 0.1
FI55L 0052 A3tdd

21 3
=

L BEH A

=2 25 mM KCl & 7he wjef
oz wokdh AZAZe 100 M, 500
M MnCLE 48A]7F 2|8 3 Hej A
A 27AE A Anlder BFEA
t}. 25 mM KCI& #2)8 AAHTE
Zud YAl ztolE HolR| kgt
on, MnCLE &7 A2jd ARATE

5w
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3 AAENSY BHHSE A
>
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A3 dot
%E(fragmented beaded shape)2
)
o %xﬂ% 7].;< stgﬁ u] 45}54 /\]7:1
AT Eo] #EHAoH, MnCL A2

7t 258 A #st Bo °e‘

S 11}%"? #e]
& ¥ A2 MTT assay 2 54
7t SKETE A
B, 100 M3} 500

MM MnCLE Fojdh Fol A )zt H]
3 MEBHET} 2k 779 %, 72.8 %=

S5 723 thp<0.05)( 2 2).

3. NOS(nitric oxide synthase)
W=

1) Nitrite (NO2") S

AZejgdo] EAsh= NOo B4
S HHA oz 2R3 Y38t nitrite
(NO:)9 5E& Z43Ar} 25 mM
KCIE& 3¢ Az oz w4l
AAZ 1Mo 1 mM MnCl & 7
7k 48217 w<F A £ nitrited] F =
2 A% Aa £5-03el o Hie
YRR ekghort, 500 pMF 1mM
MnCLo| A nitrited] $%7} 2 3.56
(M b8 42 6.76 ;M 474 M E =
A depton, AgH0R fod A
o] & YEHtHp<0.05)(2#3).

2) HYHAHES 0|2¢ct NOS &¢s

500 pM MnCLE 48717k E<F A8t
oA dizTe) Bls) NOSEd AHwv)
F7hso] veRgen, dA MEF NOS
W88 20-30 %R HEEY 9% Y
gH l,:o}oua A]—];HZ%?J 70]-1: rca ;Hz-',L
of vla =A Y-S 32 T 5 U
THLH4).
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Figure 1. Photomicrographs of basal ganglia neuronal cell culture 48 h after
treatment. (A) Control. (B) 25 mM KCI. (C) 1004M MnCl> and 25 mM
KCI. (C) 500:M MnCl= and 25 mM KCI.
" Photomicrographs were taken randomly from culture wells and are
representative of 3-5 determinations.
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Figure 2. Reduction in cell viability of neurons following treatment with MnCL at
various concentrations for 48 h. Cell viability was measured by MTT
assay. Columns and bars represent means+SEM (n= 3 or 5). *P
<0.05: significant differences from control and KCI.
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Nitrite (uM)

Control  KCI 1 10

—
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(25mM)

MnClz with 25mM KClI _J

Figure 3.

Nitrites release from neurons following treatment with MnCl: for 48 h at

various concentrations. Columns and bars are means+SEM(n=3). * P
<0.05 : significant difference from control and KCl.

Figure 4. Expression of NOS in cultured neurons. Cells were treated without (A)
or with 500 M MnClz (B) for 48 h in the growth media (neurobasal
media containing 25mM KCl). Arrows indicate NOS expressing neu-
rons. C and D shows relative intensities(spikes) of NOS expression.
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Figure 5. NOS inhibition blocks MnCl= neurotoxicity. Control and 25 mM KCI

/500:M MnClz treated neurons were incubated in the absence and
presence of 500 «M Né-nitroarginine (L-NOARG) for 48 h n=5-7.

*P<0.05.
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V ‘_J 200 pA
2 sec

NMDA+Mn

e

A. 0.5 mM Ca in bath
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o™
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Figure 6. Sequential traces of whole- Figure 7. Effect of Ca-free and/or APV-

cell inward current showing
effect of NMDA(10:«M) and
Mn(100#M) in a neuron of
basal ganglia. Vh=-65mV,
Mg-free, 1M glycine was
added in bath.

species)®] A& AH538n, o] Eo] AL
£48 dozitty dgonzZ, Mn¥d
ols)) WA free radical &3 NO7| A%
sto] AT &4 9o £ s
Aot 18 Bu g Z3 Mnol| 2|3 free
radical®] 47 NO9| Ao 2 e}
£ peroxynitrited] & A7} s
Aoz Azdct

containing bath solution on
1004M Mn-induced whole-
cell current in a neuron of
basal ganglia. Vh=-65 mV,
Mg-free, 1M glycine was
added in bath.

2 AgdA WAYFUG o] 8o
nitrite7} hZTFET A 239 500
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I AAEQ] $ERE} A Udeue
33% t}zltﬂ- 2= olo—h;} tl:—g} NOS xﬁgﬁ
A2 4#A Nenitro-L-arginineE ©]-§
3] 5004M MnClL A2 9] A FAE=

r

o i

Al dig NOSHz|Ae &5 Radg
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S} froletAl A et o] A
= M7t ol & 714 & ok A 9
3] 49T F JAT 71HE ABAZ
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o B4E F7F A7lW, 1 F7kd NO7t
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FEA g Mn*9] ¢ ?%}3 eotr 7|
_,,]o}oq X<]7]Agﬂb¢z-lo B 4—% /\1}\]6‘]-
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U @48 A7le 932 328 5 U
Su} Mno] NMDAF&# & F3lo) A
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%, 1989)¢]4} calcium channels(Ander-
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NMDAZ&A o tjsf 7| 4ejera oz
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of & A7} o]Fo] Aok & A=

_di

o)J9] 23k Mn*7k NMDA 444
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