gaagegtsx A 12 A A 1 & (2000 3€)
Korean J Occup Environ Med, 2000:12(1):41-47

] 7128 AZFAE Dxpuljekol A m7tel] o3l %
Apoptosis : EeeFE9l £7A

— Abstract —

Apoptosis Induced by Manganese in Basal Ganglia Primary
Neuronal Cell Culture : Morphological Findings.
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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 apoptotic 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.
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Fig. 1. TUNEL immunostain demonstrates posi-
tive reaction in the nucleus of apoptotic neu-
rons(arrows). A:icontrol(x100), B and C:1.04M
MnCl, treated for 48 hours(X100, 200).

9l FAdLe t-testet IYEAHEA (oneway
ANOVA)# Duncan’s multiple comparison
test® AAISI oM fFoleES 0.05%2 A5ttt

2
gikel AEEAA] o3 AGAE AFEFE S
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7F dzFel vlel MnClL,E 0.01~1«M =23t
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Fig. 2. Quantitative analysis of apoptosis in cul-
tured neuronal cells treated with MnCl, for 48
hours. Data are means+*SEM(N=3). * P<0.05:
compared with the apoptotic cell count in control
group.

AN freletAl E=A veR e (P€0.05), MnCl,
o] W2 apoptotic AlES2] M3l A gt
= B2 F Ath(Fig. 1,2).

Zwo] AAMEZEL d(nucleolus)o] F=
HA A EAHoz Ho|HA dutyl Az A7)
#eo] & BHEF] Jlom, AEAWHER) & A
A (mitochondria) & 53] ®el 7Kz ARtk
(Fig. 3A). 1.0eM MnCLE 48417t E<t 2%
AT o]AAMA (heterochromatin)e] &)
wo g olFatiA SFEo] UAem, AW Bt
g Feje] dado] vEh Edo] Mg e S
Bola, AExde wFE JJorwA FE(vacule)
7} VebgtH(Fig. 3B). Apoptosise] 7F EA A
ol 27] 27191 wro g EMel whgdmeko] e
Aol BAA (fragmented chromatin)@ F$¢
Augoz FgAd AvjBez 4% apoptotic
bodyE #+&& 4+ JAH(Fig. 3C ).
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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



st om,

Wz e

Uite] SEVAE AAEHAPASASe] B
A77F o]FojA YtH(Cotzias, 1961:
1966; Donaldson, 1987) Wzte] AZAEA 7|4
oz zgstn, ARgAUle Ca”el fel
7k, Mn”e] ¥ Aragel AL A=t oE
o] dopaming&#|4 dopaminergic cell, 28]aL
1HA o2 Zgete] AABAE &4

ofN

dopamine®l] =

z#3de 59 AFEnrt 9oy (Graham,
1984: Konji &, 1985; Gavin &, 1990) 3tel
ot AAME £V A A X3}

2 Y. wEEe Yk AFA ikl tiale|
dgS n(Niyogi S. 1981: Singh, 1983:
Rudnykh ¢ Saichenko, 1986). 1&l1} apopto-
sisE fredte Uike] £ A IR ¥t
Ambramova 5(1988)2 DNaset W3t 9&4
S48 X3P 2, Zhavoronkove
Lugovskoy(1992)& W3te] ztiz <l&] DNase]
=7t F7F=e] apoptosis?t ottt Ha st
Fom E=3 P1hF50] apoptosise] Aol &gt
zdolgtn st dAZEA 7P g JAFHE

apoptosis® ZEAAE HAAdAn|Foz #AS
chromatin® %3} 39 fragmentationo] A%,

R ?ﬁ_UVéE’_i DNA®] < & 39| fragmen-

tation¥d =2 #H7}skAY DNA ladderings ##
ste W, A ZEA (flow cytometry)< ©]-8-3}

o] AEe| JAHstE dolie ¥, I termi-
nal deoxyuridyl transferase(TdT)E o]-&3}o]
ZZd DNASQ 3-OH gdto] x|z FzhE
nucleotideZ WA z2 518kl W o
2 zZholfl= TUNEL(TdT-mediated dUTP-
biotin nick end labelling)®e] ZHds e
apoptosis %] shtoltt

2 ATFolA= DNasedl 93 DNA dHsts &
913l= TUNEL WS o]83le] apoptosiss
wEs o 1 2e iz HlE 0.011A4 1
M MnCl,Z A2]g oA apoptotic celle] H]E&©]
sl A VeSS #E stozn Wikl 23|
DNA #¥9gEs #23 + vk 28 B3t 5
To| ©E apoptosis®] &HF-WHe-2 UERPA] sk
o} 10 .M MnClL,E A2g FollMe g2 vl
3lod apoptotic cell®] H]&o] Ehov} BATH R
frolsHdl UeluAl= &tk 27 A8E AAls)

AW F

S el 7R3 ABHE 2

IXHEHFOIAT Zbo o|alf RE=El Apoptosis @ HEfSHAEOl A~

AR, Adldez wE=d 10 M MnCl,
E A 7oA Aez 0.01~1 M MnCLE A
gt o H]BHH MTT (3-(4,5-dimethylthiazol-
2yD)-2,5-diphenyl tetrazolium bromide) -2
olg3le] FAT AEXEAHEI} BAFCR oA
= AN Gl Uelge g Al odk M EA}L
7F AEx=9 0.01~1 «M MnCl, 23t ol vl
ol YUl S & 5 Uddth

ey TUNEL dAH-e AL dojd AlxE
gk Aol wu whild FAA| A A E
Aol o5 AMZFAPE FOl=e S TS DNA
AR Y] o DNA d#sidse
apoptosis®] TARZ FE3IA HEsithes A
UtHGrazl-Kraupp 5. 1995: Gwag 5. 1997).
aJ#BERE B AFdAE apoptosise] EAZQ )
ARl WsE aslr] fste] FHAAAR e

_1

9l #zE E3lo] apoptotic body9t chromatine]
HZo o o, &3 Iga & HEFH AZY

[<]
= B2 T F YUY} oY &4
’$e] %7] apoptosisiZ o2
Wyllie(1987), Zhavoronkove} Lugovskoy(1992)
o] AT} X et ool

Madiehe %(1995)< lithiumel 23 apoptosis
9 ‘IC')FE:—7]' SF LS TAE UERIY, At w2
}o:] hthlum induced apoptosisE @

o g % ~e-E Ho|x| &
ko™, apoptosis®] JALAE el
A Balgdom g A|7b~&-2o]| w2 apoptosisel]
g A7t o] FojAof K} &gl afAo] 7ed A
o2 A7EW, HAARZ o]} %kol%*‘é‘
485 UehiZ|=stn e
WL Yz 3 &

A
=

o
=

=
Bl Qe Ao RselEE T sz o] F8
@ 9% e AoR HaKw Yong, FF i

=
dogd Aor AP, B Ao Ay AANE
o] wWzto] o]& apoptosisE HAAEN AL E3 3
g4l 2743 TUNEL ¥4 o]43F internu-

45



Miz2# AM1s

20004

:CF_

o] apoptosis® FEIEZ QA &
= Wl gE AZZAEe 0.01014 10 «M
MnClL,E 48A17t8<t AHEd & TUNEL(TAT-
mediated dUTP Nick End Labelling)d ¥ %
A An G o2 At

Z1l @ TUNELWHS ol&ste &g 2
TUNEL®Fgo] ZMo =g FgdutgS yehy
apoptotic AlZ] F7F x| Hg) MnCl,&
g oA FefsAl =A e (P€0.05),
AN AFE A 2 vzt ABAEES

ol (nucleolus)e] FE#A|A EXAoZ Ho|HA]

R )

Aty A ZAY A7|HEe] & BEF] glon, Al
FANY(ER)F AFE A (mitochondria)E 3] ®
o] 7KL k. MnCLE 48413t <t A3 &
o] o] A4 (heterochromatin)e] dute =z o]
FohEA edE e, U B33 e

dAade] vept EFd-o] HdEHE= AHE Eia,
Apoptosis®] 7F¢ 5 27 &7 =
g1 kol sz o]l B4 (fragment-
ed chromatin)@} 9|2 duldoz %

#o 2 FAE apoptotic bodyE #H&E 4= ALt
ZE | AAAEANA 7 93l apoptosis?t f
25 Fepetzel wpiow ghold 4= glglon W
of o8t Ml FAPGUS/del apoptosis7t shke] 714

FS i

re

Ambramova ZI, Zatkina NL, Belova MM,
Hamidullina NG, Vinker VC. Localization of
neutral Mn-dependent DNAase in rat hepato-
cytes. Immunofluorescent study. cytology
1988:30:349-354.

Archibald FS, Tyree C. Manganese poisoning and
the attack of trivalent manganese upon cate-
cholamines. Arch Biochem Biophys 1987:
256:638-650.

Barbeau A. Manganese and extrapyramidal disor—

46

ders. Neurotoxicol 1984:5:13-36.

Calne DB, Chu NS, Huang CC, Lu CS, Olanow
W. Manganism and idiopathic parkinsonism:
similarities and differences. Neurology 1994:
44:1583-1586.

Choi DW. Excitotoxic cell death. J Neurobiol 1992:
23:1261-1276.

Cotzias GC. Manganese versus magnesium:why are
they so similar in vitro and so different in vivo?
Fed Proc 1961:20:98-123.

Cotzias GC. Manganese in health and disease.
Physiol Rev 1958:38:502-532.

Cotzias GC. Manganese, Melanins and the
Extrapyramidal system. J Neurosurgery (suppl)
1966:24:170-180.

Donaldson J. The physiopathologic significance of
manganese in brain: its relation to schizoprenia
and neurodegenerative disorders. Neurotoxicol
1987:8:451-462.

Graham DG. Catecholamine toxicity: a proposal for
the molecular pathogenesis of manganese neuro-
toxicity and parkinson’s disease. Neurotoxicol
1984:5:83-96.

Gavin CE, Gunter KK, Gunter TE. Manganese and
calcium efflux kinetics in brain mitochon-
dria:relevence to manganese toxicity. Biochem J
1990:266:329-334.

Grazl-Kraupp B. Ruttkay-Nedecky B, Koudelka H,
Bukowska K, Bursch W, et al. In situ dectection
of fragmented DNA (TUNEL assay) fails to dis-
criminate among apoptosis, necrosis, and autolytic
cell death: a cautionary note. Hepatology 1995:
21:1465-1468.

Gunter TE, Puskin JS, Russell PR. Quantitative
magnetic resonance studies of manganese uptake
by mitochondria. Biophys J 1975:15:319-333.

Gwag BJ, Koh JY, DeMaro JA, Ying HS, Jacquin
M., Choi DW. Slowly triggered excitotoxicity
occurs by necrosis in cortical cultures. Neurosci
1997:77:393-401.

Halliwell B. Manganese ions, oxidation reactions
and the superoxide radical. Neurotoxicol 1984:
5:113-118.

Heintz N. Cell death and the cell cycle: a relation-
ship between transformation and neurodegenera-
tion? Trends Biochem Sci 1993:18:157-159.

Konji V, Montag A, Sandri G, Nordenbrand K,
Ernster L. Transport of Ca® and Mn* by mito-
chodria from rat liver, heart, brain. Biochimie



N

1985:67:1241-1250.

Madiehe AM, Mampuru LJ, Tyobeka EM.
Induction of apoptosis in HL-60 cells by lithium.
Biochem Biophysical Res Comm 1955:209(2):768~
774,

Martin Sj, Green DR. Apoptosis and cancer: the
failure of controls on cell death and cell survival.
Crit Rev Oncol 1995:18:137-153.

Mena I, Marin O, Fuenzalida S, Cotzias GC.
Chronic manganese poisoning. Neurology 1967:
17:1123-1129.

Niyogi SK, Feldman RP, Hoffman DJ. Selective
effects of metal ions on RNA synthesis rates.
Toxicol 1981:22:9-21

Rudnykh AA., Saichenko AP. Reperative synthesis

MSE S« Hi=l 71X MAME LXtuffol Zztol ol F== Apoptosis @ SEf=&el AA

of DNA in rat lymphocytes under the treatment
with potassium bichromate and manganese chlo-
ride. Cytol Genet 1986:2:75-77.

Singh J. Induction of reverse mutation and mitotic
gene conversion by some metal compounds in sac-
charomyces cerevicial. Mutat Res 1983:117:149-
152.

Steller H. Mechanism and genes of cellular sui-
cide. Science 1995:267:1445-1449.

Wyllie AH. Apoptosis: cell death in tissue regula-
tion. J Pathol 1987:153:313-316.

Zhavoronkov AA, Lugovskoy SP. Enterocyte apop-
tosis induced by manganese chloride. Trace ele-
ments in Medicine 1992:9(3):113-116.

47



