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ABSTRACT

The neurotoxic effects of radiation have been studied in NSC-34 hybrid cells derived
from embryonic mouse spinal cord cells. NSC-34 cells irradiated at 25Gy were decreased
the cell viability in a time and dose dependent manner. The decrease in cell viability
induced by the irradiation was blocked by catalase. Antagonists of the N-methyl-D-
aspartate (NMDA) receptor, including D-2-amino-5-phosphonovaleric acid (APV) and
chlorokynurenic acid (CKA), similarly blocked radiational induced in cell viability. We
performed morphological analysis of light and electron microscope. NSC-34 cells irradiated
at 25Gy were decreased the cell density and increased lysosomes and vacuoles in the
cytoplasm. Especially chromatin modification was observed. These results indicated that
radiation was involved in the oxidant-initiated neurotoxicity and the compounds catalase,

APV and CKA were shown to be neuroprotective against radiation.
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x| Z7PL Ao F&x o] AAFHM $£x9)
FA7F eFebalth (Schieide ef al., 1966). > WAL
W (cranial radiation therapy)& 2 o]2o]E A}
ol AAAAEA Ao o} 32173 A) 2 WA
wisle] wlxrl Z7pstgdoh (Dowell & Copeland,
1987). el 3k upatAel o3t AMEEAbe] AHEEA
7182 kAt o] M zle] B8 o] 23tA1A A
o] 7}at $Abel-, gl TE|m S3)A s
718 A3t oJe7bA] 3ehbg deod)w, DNA
d= AAFHA &4+ FA o (Finch, 1991;
Malkinson, 1992).

195443 Gershman ¥ Gilbert2- AtA7} 7HA]&= &
Aoz st AYAEHE Ak A47) (oxygen free
radical)$} o]Ae= RE fHd A AFJEES
b o] olr Abdel 28t f8) zhgo] Yottt
= /Mg AAEEEE ool F Ak A7) g
12 A7) o]Folx M=) lipid peroxidation
A 22 £AS W23 (Agranoff, 1984;
Kontos et al., 1985), <2 EA (Trush et af.,
1982) ¥ 9% "l-2 (Fentone & Ward, 1982)e)|4]
vehte £33 923 g4 s Aogiche AR
o] 38T 2t AAYHANE Foisle] H e} H4
4 3 AL E4kl FRUle] Hdx sgd
(Halliwell & Gutteridge, 1985; Rosen et al.,
1933; Saunders ef al., 1987). HL HA Sk sht

2 r

5

¢l Amyotrophic lateral sclerosis (ALS): %4
AAZE] £kl 3t Aew XI7A I WEA
ol FsA FH=HA Estx 3ler} Mitchell
(1989) 2 AtERE7|7F #+5AAMNEE 47
wHal A e eleolgtar A AT, o]x superoxide
dismutase~1 (SOD-1) gened] EdWo|o] 23 A
o 7 wagr} (Rosen et al,, 1993),

mebA AbafErle HAZ YA BAS U
ov v AR AAEE ARG 2)E 23407
Hzoll wejdwists dodd Hojrh, ole] £ A7
£ S 2ARRIEE W Yele 23RARMAR
2] w3ls} 3AF3LA) (antioxidant)®} NMDA-
receptor 284S &I FA}slTA Fe),

Mz ey
1. MZuie
A5 EFAAANEE AANN FAT HeE

A EFA NSC-34 HEMNEFE ALLslgH.
NSC-344| £& Eagle’s essential minimum medium
(MEM) 3} 10% fetal bovine serum (FBS)e] Z3tg)
uf el Well de] 37°C, 5% CO02/95% airz =R
27l wiokstct, ikl e 39 tHe= w
gsln, Mz ek 74 F A el oFate] A3k
3, Pasteurmjg o2 M ZE E25lT 24 wellplate
o 5x10%cell/well®] Ux=z BFsle] Agel Al4-
slodch. BEE AEE 2427 wheFste] AR
3 Age Argstd

. HIARM = AL

N

oFH| % 2|

E5%9 NSC-34Mzell grtdE AN 3 Ax
JEEEA, A=z A wale vz W3
E HAsl WAt o] EFAAM L p|X= 3F
€ EA3sge). 3akglAl == Catalase (Sigma),
Glutathione (Sigma)& AH4-314]3, NDMA -recep-
tor Z8A 2% CKA (7-chlorokynurenic acid, Sig-
ma) ¥ APV (D-2-amino- 5-phosephonovalic
acid, Sigma)& AH&-3talwt. wjekEql NSC-344 %
o] 3FALSFA] (catalase, glutathione): 2A)7+Eob A
2|3t &= wkalAd-g Al R, NMDA receptor
ZEA (CKA, APV)+ Ae] ¥ vl2 W& 24}
ste, 54 Fet wiekst % dFak3tAlel NMDA-
receptor Z#A|S] weladE FASICl WA
2 oz 4 A8rb&r] (ML6M, Mitsubishi co.,
Japan)ell A #EE = X-AE& ARSste] wiofA 2
1Gy, 10Gy, 25Gy= 2A}bslgdo},

>

. MEZMEE E4

Az} HYEE (cell viability)e Mosman (1983)
el whel MTT Microelisa assayell 23] £A3}
k. gAAIZE wiek®l NSC-344]Ze] supravital
dye?! MTT (3-(4,5-dimethylthiazol)-2-yl)-
2,5-diphenyl tetrazolium bromide, Sigma)Z& 3A4]
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7+ HEst & PBSE Mol DMSO (dimethyl
sulfoxide, Sigma)el]l 10% %<t A2]§ o, Dyna-
tech Microelisa reader® 490 nmol|A &A13}4ic}.

4, el = &

Axze) Wejn BEE Ao WUIF A
=%} v (Nikon) o2 Fgsla Fsiy
. AAEeAAREe el wiorE AEs] 9%
+ 2% glutaraldehyde/0.1 M phosephate buffer
(pH7.4)2 147t F¢+ AT 1% osmium
tetroxide® 1A]17t ¥t F oA, ohA] $h3
o2 NojUxm GF(10%~100%) 2 Z45 3 epon
o] Elslsl 1um F742] AHE Eo] toluidine
blued A& 3ty FAsct, YR ¢S HHE
ooy uranyl acetate®} lead nitrate® G}
TEM (Hitacchi 600)2.2 #&slgic),

4 =
1. MM ZE st WAML] HMESY

wjoF2ql NSC-344| 2o HpAMIE 1Gy, 10Gy,
25GyZ 13] x&A7)2 59%< wieksk ¥ vk
o] AZAME v X JFS FAsch B ¢
AAH x| WA= MEEAL MTT assay® ME
AZEEE daslge. e 1Gy, 10Gy, 25Gy
2 13 ARl 5¢ F 3FT FAA wAdE 24
3} ZoAE WA 2AFe] Z71E4E Az A
Ego) e Wzl vt 1Gy 2ARES
74%, 10Gy RAMES 40%, 25Gy FAMES 2502
velstot (Fig. 1, A), =3 A|7le) A#ghel| whel
M ZRAEE] Fhadte] HWIAM 256Gy ZANES] A5
YA 2AF 1Y F A ZAEE 63%olA At =
A} 59%F 25%2 HAslet (Fig. 1, B). WA
NSC-34A4 2ol X Fejehy Wsts Bi BpApAd
25Gy AETAME WA 24 59 F #FS AF
HEZY) A X vldted A =77} AXT AE
AdxE HolFoh Alzel mofo] ¥3td e B
T Azdd @ AP T2yl PAFHAST (Figs.
4, 5). Az vl Tz FAT Az} WAk 25Gy
22 22 W2 A=zl vlste] M zAel faa
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Fig. 1. A: A dose-response relationship of radiation
on NSC-34 Cells. Cultures were irradiated at
1Gy, 10Gy and 25Gy. B: The time depen-
dency of radiation on NSC-34 Cells, Cultures
were irradiated at 25Gy and incubated with
iday, 2day, 3day, 4day and 5day. The resu-
Its indicated the mean+SEM (n=3). *p>0.05

A (lysosome) 9} FE (vacuole)”7} o] FAHK
AF A (mitochondria)®] 47} A, &3] W
A A G g wyE veRly UK
=} (Figs. 7, 8).

2. &Abaid 2t NMDA-receptor Z&t|e] &z}

[

e zaede W dehte A4MEe %
Aol h3t 3FAbs}A] ¢} NMDA-receptor 234
Wl gg RAsc. ARSI & catalases}
glutathione® AH4-3t9152 NMDA-receptor Z3HA|
2& APVS CKAE ARS-3tsivh. NSC-344 Zo]
catalase 1ug, 10pg, 20uge *8)skm, 22|17+ ¥
of WA 25GyE EAFSEe] 59 F AZAEEE B
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Fig. 2. The effects of catalase and glutathione as
antioxidants. Cell viability was measured by
MTT assay. A: Cultures were preincubated
with 1, 10, 20 mg/ml catalase for 2 hr and
irradiated at 25Gy. B: Cultures were pre-
incubated with 1, 4, 8 mM glutathione for 2hr
and irradiated at 25Gy. The results indicated
the mean+SEM (n=3). *p>0.05

Astde}. Catalase AZZolAe WA A2Z
NZAZE 5% A 63%2 Z7)3le], catalasel:
HpAbA el Ml ESAdel efsl whelzhg& e 9l
2& o 4 Ao glutathionex 2 Lo A& Al ZA
ZEo| I mMellA 29%, 4mMellA 32%, 8 mMelA]
35%2 vtebg.

A52)7e &AM AANZ2RE ZRA
Z%% do] WEs Jdeorly, IHAdst 24 A
4o o3 A= %Har | 71 MzsAdS
dod 4 glemz, o FPeAd A $13he
NMDA -receptor Z3A S Al4-3tgct. NMDA-
receptor 234 APVSl CKA #2)29) AZAEE
£ 25Gy HRAM ZARZS) 25%9 H]sled APV 1

Sl
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g.3. The Effects of NMDA-receptor antagonist as
neuroprotective agents, Cell viability was me-
asured by MTT assay. A: Cultures were in-
cubated with APV at the concentrations of 1,
10, 25 mM and irradiated at 25Gy. B: Cultur-
es were incubated with CKA at the concen-
trations of 1, 10, 25 mM irradiated at 25Gy.
The results indicated the mean+SEM (n=3).
*p>0.05

uM, 10 uM, 25 uMelM 2zt 31%, 49%, 56%=21}
eldtl, CKA AHzlZelAd= 1uM, 10 uM, 25uM
oAy 2zt 420%, 57%, 60%=2 HFERETY.

Az wWzles Fbdn| g oz JA A3 W
A 25Gy M2l e AlEY =717 AXE A=
9] dxst astgon] AzAdd Aol FAAHI
3, catalase A ZAME A2y =77t ALt
v)s=sled 2| Ml Aol o] FhAaslade (Figs. 5,
6). A=zo vFx2E AT A7} glutathionex 2]
Fo X B X Fel| wlsle] @aAe] Wy
Aojg ot Mzl LalaAr o FEFY
daAel W= Jepgt (Fig. 9). APVe CKA
HE ZolMEe A2 Zuct g3l He] &
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A8 HAx Az LA T2 = 3t
43 (Figs. 10, 11). @¥}4 NMDA -receptor
4344 APV CKAX AL S AAMEZEA |
o wolazhe ey AeE T 4 A

o &

M Az Fadl dee ]‘lt% Az 7]
574 Weg dor JPHon skiokst il A
" el o481 314. pAlAdo] e
S desle AAe Azie E& oL
S0l FAbole SBpu|AslgElv|E §AE
49l 138 QeylAht, AzA DNA ¥
SAlatn AN AY S4E Fol WAE
71tk (Finch, 1991; Malkinson, 1992).
AR ZARA] F3207M 26l )R ¥k ]
*1]24‘3% FAs7] $5ke] wikFel NSC-344 =
of WAME AR A9} 25Gy A ZANM HzFel
v)sle] M ZA=go] 5%z FHastdnh, =3 A7)
o 7gtel] wat WA 25Gy &AF 1Y F 63%e
A 5d F 25%2 ZFatsict(Fig. 1). NSC-34M %
oA B 2AME #A| YejeA wske B2y
zZol] udted WS 2ARE FellAle A2
dxrb Zastn, Mze] 377 AXHA A=
He] Hel] FAAAR (Fig. 4). Ax9 w72
22 A% Pae Azde) oo we W
dozlzm 53] 94 @ W¥E s
(Fig. 5). Al%tel Aol weh AEAEEo) s
3 AZEAe]l AAE RS Pape] Az T
28 WHAHE 2D opleh A AA ) Aol
o 47H sez 4ol rATe] MEAEE
ol Az} 7t4d Aoz wAZd
afrel7le wheAd el Fob Mz o8 A F
zEd WA F39z4E epdn (McCord,
1985). vt AAeE ol2FT Anfer)e] =4
S qAAAFE FAA7E £ SOD,
catalase, glutathione, vitamine E, ascorbic acid,
selenium 53} 722 FAakslale) oigl we d3rt
o]Fo]A] v} (Michikawa, ef al., 1994; Park et
al, 1996). FASHAZL WA €% AASA

X
e
=
2
T
3}
e
=
doF
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n] X o38ke e A} catalase HE]TolA A
EAREE 630 AR o3 MzEAdorRE 3
Easte Jehich (Fig. 2, A). ol ujoF H4:A17
M % (Michikawa et al., 1994)4} 3]E7] 34 Z (Kim
et al., 1991)o}A] At4A}e7)o) 43t catalase ®e
x7}e] Ao} AdRsld e, catalase’t AXE] F
o MZE Bolrl WY MRSz RE A
A ZE mff& Aoz AladH.

o0

A A9 Y 75E fA] AAME £
A ‘Zhi]" ARG EA ] Festy o3 7H
ARG ER ST SFEIAE S WA SRS E

Az 2438}l NMDA-receptory: ZFEMIAIY 9
A7 EAFE] shdeln, AtAfE7IE A
Z258 FT¥A4 oAl (excitatory amino acid)

1 FFEAAE BEATIE, ol ¢ NMDA-
receptor’} #AZEE Cat+ 27} dela, M=
W ZdgsErt ZvHEW JHaaEY B4 9
3 Al ug-g doA MEo FAE e
A B} (Lipton and Rosenberg, 1994; Rothman
et al., 1986; Zeman, 1994),

2 Al wAd e AMEEAe] NMDA-
receptor®} dge] Hof 9lEX] o] $5le], W}
IS ARG S o vehde A EZS X6
)&t NMDA-receptor Z3A2] uhel a2 23}
o}, NMDA -receptor 259l APVl CKA #
22l AZYEE] A 25Gy AR 25%
o w]3ke] 2}t 56%2F 60%E Z71slger. o= 4t
Ade) 213t A EA S o) NMDA -receptor 2338}
A7} gl & =g ehly, =8 NMDA -receptor—
ion channel #AJe] FeJslil ok AMLE AALSE
=3

4 £

2 AYE uiabd o] F341A 6] mA AR ENE
FAVS}T 8HAFEHAI S} NMDA-receptor Z 34| ) w}
olaag T, FAHA ZE catalased} glu-
tathione® A}23}3 3, NMDA-receptor 24
2+ APVe} CKAE ALl

1. NSC-344) 29l 9A A 25Gy & 13] 2ARSET 5

J
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4 & #AT Az AzAAEFo] 2T vstd
25%2 Zastd:, WA AZEYS Azke] 4
sl met F7bsale.

2. ARSHA] catalase 20 pg A=A ol
wjate] A ZATE 63%2 vepdet.

3. NMDA-receptor Z3Ajel APV 25 uMelj 4]
Hzol vt MEYEFE 56%, CKA 25 uMelA
= 60%2 el

4; FEEu|AAFR A WA 25Gy A2l
NE Aze) =7k ANT AEAE} e
o AzAe] H3o] YAHUT, catalasé X ] ol
M Az 37t daid} visst 2z A 24
#)e) k23t

5. wlMF=%E Ash wpAkA 25Gy A E] el A
AzA ol g aAe FE7} Fr)ses, 9A
2] Wge zeisledch. APV, CKA X ZolA
LajAe) T 7} tdlgen] G449
Yz "dA3] FFaslev

o] A WAL AlxfE|7]e Aoz 4l
AEAS 233, catalase, NMDA-receptor 2
A1l APV} CKA®E v e AN EEAo o
# W] 552 el 3 1SS o S k.

& e o
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FIGURE LEGENDS

After fifth day of control NSC-34cells. Cell size is small and cell density is high.

After fifth day of sister culture irradiated with 25Gy. Cultured NSC-34cells are decreased
density but increased cell size. The granulization is showed in the cytoplasm.

After fifth day of sister culture preincubated with catalase. Cell size and cell density is
recoverd.

An electron micrograph of control NSC-34cell. Numerous mitochondria are found throughout the
cytoplasm. Bar indicats 1pm.

An electron micrograph of sister culture irradiated with 25Gy. The cells contain numerous
vacuole and lysosome. Especially there is cromatin modification. Bar indicats 1um.

An electron micrograph of sister culture preincubated with glutathione. The cell contains

numerous lysosome and chromatin modification. Bar indicats 1pm.

Fig. 10. An electron micrograph of sister culture treated with apv The number of mitochondrias are

found, but the number of lysosomes are decreased. Bar indicats 1um.

Fig.11. An electron micrograph of sister culture treated with CKA. Chromatin modification is not

found and the number of lysosommes are decreased. Bar indicats 1um.



Moon Y] ot al.: Iyradiation In Central Nervous Systemr And Recovery Ettect 59




1998

.

4

No.

28,

Electron Microscopy Vol.

Korean J.

600

\nrJ.v
el v ;
" S , ",

N AT

4




601

Central Nervous System And Recovery Effect

Irradiation In

Moon Y] et al.:




