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— Abstract —

Apoptosis Induced by Manganese in Basal Ganglia Primary
Neuronal Cell Culture : Morphological Findings.

Dong-Hoon Shin, Sang-Pyo Kim', Young-Wook Jung’,
Jae-Hoon Bae’, Dae-Kyu Song’, Won-Ki Baek®

Department of Preventive Medicine, Occupational and Environmental medicine,
Pathology’, School of Medicine Keimyung University.
Department of Anatomy, School of Medicine, Dongguk University’
Department of Physiology’, Microbiology* School of Medicine, Keimyung University.

Objectives : Manganese is cytotoxic to the central nervous system including basal gan-
glia. Its toxic mechanism is related to oxidative stress, mediated by toxic free radicals but
is specultives. In the present study , we have investigated to manifest apoptosis in man-

ganese-induced cytotoxicity in primary neuronal cell culture of rat basal ganglia.

Methods : To detect apoptotic neuronal cells were stained by the terminal deoxynu-
cleotide (TdT) -mediated dUTP nick end-labelling(TUNEL) method and apoptotic changes

in nuclei of neurons were observed by electron microscopy.

Results : We showed that TUNEL immunostain showed brownish signal in the nuclei
of apoptotic cells and the proportions of apdptotic cells in Manganese treatment groups
were more higher than controls. On transmission electron microscopy, there were chroma-
tine condensation with margination toward nuclear membrane and condensation of cyto-
plasm in the treated with 1uM MnCl, for 48 hours in a basal ganglia neurons. Apoptotic
bodies were found and consisted of semilunar-like condensed nuclei with relatively intact

cytoplasmic organelles,

Conclusions : Apoptosis appears to be one mechanism in the manganese-induced neu-

ronal cell death. Manganese intoxication is a convenient model for apoptosis study.

Key Words : Manganese, Apoptosis, Neurons.
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A gdolul Ak A B2 o] wgte] AtAEm
don Be TEAS] YA FER Y WEE
o glgol Ash Uk EG ke P A
%+ MMT (methylcyclopentandienyl manganese
tricarbonyl) & ek 5ol TRHE WEFEC 9T
Mg SAdel it IAZ Ful A9
o Yok T WFEEL 584 Parkinson® W e
FH ) 2A AT FAT v 715 ANE de
7132 (Cotzias, 1958; Mena %, 1967; Barbeau,
1984; Donaldson, 1987; Calne % 1994), %zte
o]7to] & (Mn*)°] MEW superoxides] FLIYo
2 gzl A HAPEAA] AEL o vl
ZA%el (Gunter 5, 1975 2aaw719 98 37}
ol (Mn’) 22 4tstEo] M FEEA ) (Graham,
1984; Halliwell, 1984; Archibald®} Tyree, 1987:
Donaldson, 1987) #dshe Aoz A oy
A7 M3 g &7 T Al ZAcell death) 2] &
doll el EAstAl HHE Aol glch
AEZA e F7ARA7E d8iA ok & Al ¢
apoptosise|th, M E= e Tl Fajgiel &
A& Edtd AxoAFAHprogrammed cell death)
7b AlREY, olz AxEAe B3, AEHE S5
z#gtt. 282 apoptosist el EAHQ W3}
7} Z#isledl & endogenous nuclease? 413}
o o8] DNAWAdo] AlZtE|o] §-Fo] dojudtt o
HEo MEolrE DNAZF ¥WA = oligonucleo-
somed =2 27|12 $HE DNARAo] AW
gt (Martin®t Green, 1995). Apoptosiss 343
d A 21 Ee #HelgE] A oM
Zel=d AAMEL apoptosises B2 =¢e] oA
7F 99 Alzheimer ¥, ParkinsonX H,
Amyotrophic lateral sclerosis (ALS) % o=¥H
o] AXWHAA FolMe BT 2B E 2o
ERNHoZ ¥ %%E}(Hemtz, 1993; Steller,
1995). °|#g Aol Qlojr MEAR: EAHA &
RN 2 FEAAA Z15HNE s, AEA
o] F8 714 FA Qg Ao ope} EFuEE
FREA] %= AMEE oxidative stress, calcium

A7) B Fol Helgelo] wels)

toxicity, A& <

42

apoptosisell gl&] dold Aolel= 7HsAlo] AA]
a2 JAtH(Choi, 1992). ==& AlgAL 7% 44
g apoptosisellA] UEle 53 27iolmz
AM A= apoptosis® 2H3e 8% 75E 7R
3 UE Zoez A4Z4En, agi=g Mn¥ol HHde
T8 AELT|TO] A 0l7] WE] YiFEeR
Qg MM ES AP BAlETH=
F40l % Aoz Ayzigc)

2 APoM e dix 71-g ARNEE wigst
of g3kl & apoptosis & AF-E HAAAUIA
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1. Oh=|7 X3y

PalF 13~15¢¥9) ## (Sprauge-Dawley Rat)
o B7H& 70% alcohol® £%F Ask] AZ&
—1%0.:- Hole] FHRE HdE HBSS(Hank’s
Balanced salt solution) Oﬂ 2ottt w7z F9lo
Hebg AAF 71X 59)& Felsiuch 23 =
2ol 0.25% trypsing 7‘47}0}_1_ 37°C =4 15

2t e vk HBSSZ Fate]l Mool trypsin
< &8 AAsD 24 gol2lg e Yageiz

FaNS # sl HBSS—‘ A7 & ARE

A <+ o wA]e|

A 5 f‘ﬂ“% #Hsld trypan

blueZ @M & #Au|A3tollA hemocytometerE

o]t MREe] £F ZHE 1, poly-D-lysined

#2l%t chamber slidest A EujeF HAlo| 10°~10

el MESFE widsidct, wgdZ e 44 $ u)

1€ glutamate’t gl WAZ vk wiksls 2~3

F7h et & AAAEIE &g o 0.01~10 M
MnCLE 48712 Mt o 488 JAsk o

MEMzER] L ot

i
]
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o
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2, Apoptosise| bzt

1) TUNEL assay(TdT-mediated dUTP Nick
End Labelling)

In Situ Cell Death Detection kit,
AP (Boehringer Mannheim)Z& A} &3}
TUNEL w¥gol 4o 2 Jele apoptotic cell
#AsI L, FFEA H3E golEr] ¢l apop-
tosis && AT Chamber slideo Wi
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AAATE PBSEN o AeE 13N (4% PFA;
paraformaldehyde) o) 30¥3t 1% 3% & PBSE<
o2 Aoyl 0.1% Triton X-1002-2 IcedlA 2
H£7F Meste TUNEL mixtures® 5044 €1
37°C wi<krlelA 6083 #A3AY. TUNEL
mixtures&%-& AAF TB buffer (1x)&dol] 5
2 w7 whg-2 FRAAFIL, PBSEAoR 3t
g A2 ¥ converter-APE 50 #4 Y3 37°C vl
Gl A 2083 R8T}, Bufferlll (100 mM
Tris HCI; 100 mM NaCl: 50 mM MgCl,) 10
mlel substrate?l NBT/X-phosphate(BCIP)
solution 200 @& o] THE substrate £%-&
100 4E H7teta d2eM 108 2 € o3 PBS
2 3¥ AHe ¥ methyl greeno 2 2 Mo
FEEn|R oz fAsGc AAREe dol 74
o2 dAg:s AE FHo B, 2000 &
nAAeld oz T|EEe HAEXY £E5 A
apoptosis®] F=F F s} st

2) RLMAHD|AEA akE

A Tl oF @*]C’ﬂ ulekd AAAEE Y2
AN 2e & 25% glutaraldehyded (0.1
M phosphate buffer, pH 7.4 22 1~4°CllA 2
A7t An%& &3 0.1 M phosphate buffer2
AAETE T 1% OsO,L8Y 2417t Z<t AXE 14
AlFoh 2AAZD AEE bufferd&goz AFH &
& AlE ethanoleZ E43}31 propylene oxide
2 &g & Luft(1961) ¥l wel epoxyEEE
2 zasidct, 37°Cell 12413, 45°Cel 12A412Y, 60
°Cell 48A17F TRt WA E AFF A7l F U
AELE 1 m FAZ -G F toluidine blue EA
< AAEt B 2AE A9t Sorvall MT-
500098 ultramicrotome®] Dupont diamond
knifeg F2ste] 312 (40~60 m) o] A S v}
e 288 Ao gridel]l BEAAIY E, wat-
son(1958) 2 Reynolds(1963) ¥el 2)g uranyl
acetate?} lead citrate® ©l&F Azt E AAs
o] Hitachi-600%8 F3xxt@n|Z oz saaiqict

3. EAXZ|

289 EAEHC MHelg F T £ 1 oA
o] #zte] L HT+FF2AHSEM:standard
error of mean) & EAlsld v mslan, EATA

MAHE Lt

C

Fig. 1, TUNEL immunostain demonstrates posi-
tive reaction in the nucleus of apoptotic neu-
rons{arrows). A:control(x100), B and C:1.0¢M
MnCl, treated for 48 hours(X100, 200).

d FIA S
ANOVA)$% Duncan’s multiple comparison
test® AAlR oW FolFFES 0.052 A

t-test LYEAEY (oneway

2 o

gt MEZEA 2% ARAMNE AIEFLE
TUNEL¥® & ol &ate] #2g A7 TUNELEHS:
o] Zgo=z odurg-g JeEN = apoptotic A E9
F7 =27 vlst MnCLE 0.01~1«M H2|g
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Apoptotic cells(% of total)

control on 0.1 1.0 100uM

MnCl;

Fig, 2, Quantitative analysis of apoptosis in cul-
tured neuronal cells treated with MnCl, for 48
hours. Data are meanstSEM(N=3). * P0.05:
compared with the apoptotic cell count in control
group.

ol F3A =A Jebge™ (P0.05), MnCly
Exo) utE apoptotic MEF2] WaloM gaF-ut
S#AE #2E £ AT (Fig. 1,2).

zzel NAAEELS #Q (nucleolus)o] FE=
22 A AR eZ BoldA Am AxAY 47
#Eo] & BEH glo, AFXAWH(ER) & A
# A (mitochondria) & 53] @e] 7z Ut
(Fig. 3A). 1.0sM MnClLE 48A17F E<t A3
APz e olddMA (heterochromatin) o] &
gto g o] FaHA =] AAon, AW E7E
T YFeje) o] Yeh) £Ho] A AW S
B3, AXAL FFHo v FE(vacule)
7} vebd} (Fig. 3B). Apoptosise] 7H &3
ol 27 2749 2oz EMQl whgdmakel A
AMA ol A (fragmented chromatin) 2 F¢9
AH e A A7|Be R FAE apoptotic
bodyE B2 4 YAk (Fig. 3C).

wre] AAEAL Parkinson¥ #3 fAlsle
Parkinsonism& 4 WztEEe] 3 ez A7

44

Fig, 3. Electron microscopic findings of cultured
neuronal cells. (A) The control neuronal cell. The

nucleus and intracytoplasmic organelles are well
preserved, TEM, X 17,000. (B and C) The neu-
ronal cell treated with 1 #M MnCl, for 48 hours
shows margination of heterochromatin and con-
densed cytoplasm, TEM, X17,000. Membrane-
bound apoptotic body shows semilunar like con-
densed nucleus with relatively intact intracyto-
plasmic organelle ,TEM, X17,000. Abbreviations,
No: Nucleolus, N: Nucleus, MI: Mitochondria,
RER: Rough endoplasmic reticulum, AB:
Apoptotic body
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som, o] FEIIME AAHPLAAG] 2
g2 e A7t o]FolA ¢t (Cotzias, 1961:
1966; Donaldson, 1987) @zte] AAEA 7jde
Ed oz Zgsty, AHgAUe] Ca*e #del &
7k, Mn®e] ®kEA el YA S AFsln o8
°] dopaminF£A} dopaminergic cell, 12l
dopamine®l 2H Aoz Z8ste] AAAE =4
Z3te 59 AFR T/ Yo} (Graham,
1984; Konji 5, 1985; Gavin %, 1990) %3kl
g ARNE &7 A AHEA 23
3 del nEEe Yrhe A EolA Ak giAld
FeS M2 (Niyogi 5, 1981: Singh, 1983:
Rudnykh ¢ Saichenko, 1986). =21} apopto-
sisE fr=dle Wihe] £32 gyA U Pk

Ambramova 5(1988) & DNaset @7t 9&4
48312 ¥ 33s 9 3R, Zhavoronkove
Lugovskoy (1992) & #3te] #ArtZ <8 DNase2
g4 =7}t Z715)o] apoptosis?t doldtln B3 8t
Aom EF YiEEo| apoptosise] Ao 2 gt
Rdolgtn sttt AA7A JHF del JdAF=EE
apoptosis® HEXzAle HAAEn|Hom THEAF
chromatin® %3 9] fragmentation®]* T,
% dnF o2 DNASY & Tt #9 fragmen-
tationd =& #H7IstAHv DNA ladderings 2
ste W, A EEA (flow cytometry) & o]-&-8t
o AT AA4HZLE dolie ¥, A9 termi-
nal deoxyuridyl transferase(TdT)& °]&3}o]
Zzdt DNAS 3-OH Zddo] wazzp Ra=
nucleotide® FA3 ¥ WGz ssa] Wy
2 ol TUNEL(TAdT-mediated dUTP-
biotin nick end labelling)¥eo] Z#an Q=
apoptosis %9 dhtoltt,

2 A7elAMe DNaseol 213 DNA d#H3 = &
QJ8H= TUNEL E4¥-S ©]838le apoptosisE
BHsPon 2 £AL gz BlEl 0.010A 1u
M MnCLE Ae2[g wlA apoptotic celle] H]-Eo]
FoletAl =4 JehdS B2 oA Pzl g8
DNA H¥stE shad 4 ich z2u g1t &
Sol| thE apoptosis®] £#F-whe-& ehiA] ot
th 10 #M MnCLE M@ FolMe 223 vln
3to] apoptotic cell®] B]&o] E3toy} EAESH R
FelstAl Vel s gsieh. 28 28 AAlst

Xt Lo A LZHOl 2|3 REEl Apoptosis : HEHEEO| A7

T AR A Jeltonz #atol] ogt MEA}
7F Asx9l 0.01~1 M MnCl, H2F ol s
ol Yehta &S & 4 siich

ey TUNEL g4y-e A7) dojd AZE
wgk Fao] =, child FAAAY AHEHE A
FAAel o3l MEAV} Fol=e 7S EIF DNA
AL U] Wil DNA ZHsuEocse
apoptosis®) FAE FEIA] Eatthe AyEz)
U tHGrazl-Kraupp %, 1995; Gwag &, 1997).
a#22 2 AFdMe apoptosis®] 5AA el
=9l Wslg Ay glele] Tz

2 FRARE B o] 7] apoptosisaid L
Wyllie(1987), Zhavoronkovet Lugovskoy (1992)
o] AFAFe} UX|sh= 7ol

Madiehe %(1995)2 lithiumell €13 apoptosis
F~RLEAAE UERE, AR od&
315 sl lithium-induced apoptosist &

kg o
Jo
t
S
op

ANME Wzte] Fxol| WHE L£HF~RhE-E Ho|x] ¢
ko, apoptosis®] APA7AL

2 Zatgonz Ajb~&3o)] w2 apoptosisell
gt A7} o] FojAof K H el gje) hed A
oz Jztew, AAZ o|7} Po]2EL A E v
82 JeEhrIEsln £ A3ReS S6A 2
A7 deh = she 53] Ead AdwAde A
Sholl = QAo H4FEH0)2E Fe”, Zn"Sol £2
g AFgE ske Ao Hadu sleng 3% 97}
Fol-& 43 olE9] FE AT/ t Ao}
2ed 3oz QztHE, =

o] wtell 9%t apoptosis® MAAUI A S £ F
BEAQl A3 TUNEL €4-& ©]43 internu-

cleosomal DNA AH3E #agtozA %3to] Al
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i o odjokE AIZAAMES 0.014 10 «4M
MnCl, & 48A1PE<¢H Held ¥ TUNEL(TAT-
mediated dUTP Nick End Labelling) ¥ % %
HAAgu| A EgH oz FEs )
TUNEL®WH & ol&ste #
TUNEL®So Zdoz Fgdute& vher
apoptotic A ¥e] 7} tzTo H
g3 oM FelatAl wA JEReH (1K0.05),
Ao A e 24 dExae] AZAEES
9l (nucleolus) o] F=|AA EA4Ho2 Ho|wHA
shata} A EAY /\7];,].50] 2 HE&5o] 9o A
ANS(ER) 2 AFEA (mitochondria) & &3] %
o] 7R Sl9let. MnClLE 48417 Bt 13’1
NA o)A MA (heterochromatin) ©] 2o
EaiA 23E dglen, Ay B 3
GAAo] et Aol e AHS E%“iﬂ,

Q

a
Apoptosis®] 7V £AH 27 270 €

Z1t

;
=
5
Q
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& e &

gl-m
oA

woz I
ARl wigmetel sigidel 244 (fragment-
ed chromatin) @ #9¢] ddideg B2 27
oz FAHE apoptotic bodyE #EE 4 ATt

A8 AAAM TN Y2l 28 apoptosis?t F
g sy ghel uho=z 3N 4 dgjom w
Ztoll 28 M EALYFdol) apoptosis7t dhte] 71

o] B % Qg Zelnh,
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