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ABSTRACT : Astrocytes generate free radicals including nitric oxide (NO) and reactive oxygen intermedi-
ates (ROD which in furn play pivotal roles in the pathogenesis of degenerative diseases and sclerofic
changes of the brain. This study was designed to evaluate the mechanism that free radicals contribute fo
the cytotoxicty of rat neonatal prirmary astrocytes. Treatment with NO donors alone including sodium nitro-
prusside(SNP), S-nitrosoglutathione (GSNO), and S-nitroso-n-acetylpenicillamine (SNAP) showed a liftle
effect on the death of rat neonatal primary astrocytes, whereas SNP markedly induced the death of RAW
264.7 cells. ROI including HyO, and O, donor also slightly induced the death of rat primary astrocytes.
However, 3-morphotinosydnonimine (SIN-1), a donor of peroxynitrite (ONOCQ), which i5 a reactive com-
pound of NO with superoxide, significantly decreased the viability of rat primary astrocytes in a dose-
dependent manner. Cells were retarded in outgrowth of cellular processes with cell shrinkage and detach-
menf fram cullure dishes. Hoechst statning demonstrated that SIN-I-induced cell death might be due to an
apoptosis which was characterized by nuclear condensation and_fragmentation. SIN-1-induced apoptosis
was prevented by the pretreatment with superoxide dismutase (SOD) and catalase in rat primary astro-
cytes. Furthermore, prevention of the generation of reduced glutathione (GSH) by DL-buthionine-{S, R]-sul-
Joximine (BSO) aggravated the cytotoxic effects of SNE benzene triol, and SIN-1 in rat primary astrocytes.
Talken together, it is suggested that peroxynitrite may be a major effector of apoptosis and cellular antioxi-
dant system is important for cell survival in rat primary astrocytes.
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ABBREVIATIONS: GSH, ieduced glutathione: NO, nitric oxide;
ROI, reactive oxygen imermediates; SIN-{, 3-morpholinosydnommine;
SOD, superoxide dismutase; BSO DL-buthionine-[S. R|-sulfoximine.
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FEEAlE =Y e 7kl ARREler] dleld AF 3%
olle] wWiMg ¢t Eglel ARESMlYE. Dulbecco's
modified Eagle's medium{DMEM]}, fetal bovine serum
(FBS). 84 % uypsin 52 AZulok] B8k AFo-
GIBCO BRLAMGrand Island. NY, USA)EH-E] F-ls}e]
om wjeF8-7] (24 well plae} 10cm dishys Falcon
(Becton Dickinson, San Jose, CA. USAMA] 7-2dsle] A}
Azl M g dlledg #e]| o]-831 slide chamber:
NuncAHGermany)= €] F318ke] AME-3le}, MTT, DL-

Buthionine-[S, R]-sulloximine(BSQO), Hoechst3i3238, S-
nitrosoglutathione(GSNQ), sodium  nitroprosside(SNP),
benzene trial, Cu/Zn-SOD. catalase B SigmarHSt
Louts, USAWIES AM-313.27, 3-morpholinosydnoni-
mine(SIN-1)2- Biomol*HHamburg, FR.K )ellA] 338k
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£3Alz] F ¥3}3}=7) (spectrophotometer, model ETY-
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A FAES EAslgleh 7 g AAkE e Al2e) S e
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PBSE A&} F- 4% L =wlR 02 108 TAHAAA AH
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2 343l 3331)7 (fluorescence microscopy, Leica,
Germany)dtell A 2 Bol| Al didatedc).
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HolWAEE 389 AHxe] AJ=gL: 1914(F1g- 1A).
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>

110 [ RAW?2647
Wl Astrocyies
= 90
e
Z
= 70
=
=
w50
30
0 0.1 0.25 0.5 | 2
SNP (mM)
B [ o [0 GSNO
W SNAP
—
=® 90
- =
g 0
= J
2
- 0
4
30
0 0.05 0.1 0.2 0.4

Concentration (mM)

Fig. 1. Effects of mtnc oxide donors on the viability of rat primary
astrocytes, Cells (3X105Lellb/WE]D were washed, refreshed with
serum-free DMEM for 1 hr, treated with various concentrations of
SNP (A) and GSNO, SNAP (B) for 24 hr. MTT was added to the
culture medium and incubated for 2 hr at 37C, 5% CQ, incubalor, The
purple formazan fromed in cells was Iysed by the addition of DMSC
and then the absorbance was measured al 540 nm by a mucroplate
reader. Results were expressed as means=5D (%) of three different
experiments. *, Stastically significant differances rom control values
at p<0.05.
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D] 9 AkEREAhydrogen peroxide 1 HyO)= pakEh
o ol Ee A AT MEEA S A F)A £
B‘l{-aﬂ:]. mitogen-activated protein kianse(MAP kinases) s
A 3 7= 200 UM F-=ol| 4 X (Tourniers-, 1997) 90%
olAbe] AERL fx|5lelvHFig. 2B).

NO “;}”‘él:_‘; NO#} E4)el superoxide antons A4
gz kA qlck(Ischiropoulos 5, 1992). o204 W&
H 0% A A8 oha} Nost Al 7]'75}
Ed=49] peroxynitriteZ A4 8HA ¥} NOgt 0.2

Alef] ¥FEAIFIHA] peroxynitriteS A A 7)-S W] H}
S FedAlel SIN-1E 2447k A28k Fel] MTT Hhgel
27t MFAESS FAIFE v} ek @A E= peroxynitrite
of &lste] HAF AEE A E RArkFig 3). o)Ak
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Fig. 2. Effects of benzene triol. a donor of superoxide anion, and
hy drogen peroxade en the viability of rat pnmary astrocytes, Cells
(3% 10" cellsiwell) were retreshed with serum-free DMEM for 1 hr and
were treated with or without various concentrations of benzene iricl
¢(A) and hydrogen peroxide (B) for 24 he MTT aysay was performed as
doscribed previously, Results were expressed us meanstSD (%) of
three different experiments

110
~ 901
S
=
= 70
=]
=
-
50
00 0.5 1 2 3
SIN-1 (mM)

Fig. 3. Effects of SIN-1, a donor of peraxynitrile, on the viability of rat
primary astrocytes. Cells were incubated with or without various
concentranons of SIN-1 for 24hr. MTT assay was performed as
described previously. Results were expressed as means=SD (%) of three
chfferent expeniments, *. p<0.01, ¥, p<0.03 compared to control value.
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SIN-1of] 2]8F Holwa)| 2 g2 dARS Shelslr] ¢35}
of SIN-1& A28t 2042} Fofl Ml 24b-E Hahain| A et
oA #elalgh(Fig. 4). FBS7F Soi3lAl ¢+2 DMEMA
gl 4] 2.5 mM2] SIN-18- 23 1%]7} At P
= e} Wslr] Alzlale Alswcke] 45, A EE7]A4
&9«1 7, c1e]al W oFg ) R0E) 3 M-/goﬂ o]g} 4
9 Y fatel o] BA=IcFig. 4B). SIN-1¢] 215 2

oA E. F52] HAle] M| ETANapoptosis)elAE FHeal
3k7) $]8ke], SIN-12 ;ﬂil]t‘s}- 204 7F F2] HolwAES
4% T2UH 2 3158 E of7)e] Hoechst 332588 3
Male] AL dAllsle] gau]dor AslickFig.
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Fig. 4. Morphological changes of ral primary asirocytes by the
addition of SIN-1. Cells were cultured on shide chamber and treated
with 2.5 mM SIN-1 for 20 hr. Morphological leatrcs of astrocytes
were observed by converied phase-contrast microscopy (X100).



Fig. 5. S5IN-1. peroxyntrite donor, mduced nuclear condensation and
{ragmentation of rat primary astrocytes. Control cells (A} were trealed
with 2 5 mM of SIN-1 for 20 hr (B), washed, fixed with 109 formalin
for 1) min and stuned with Hoechst 33258 to observe fluorescent
micrascope (100 X). Maorphological features of the nucleus were
obscrved by converted phase-contrast fluorescence microscopy
(= 1001, Arrows indicate fragmented cells,

kS 2ol = lglvt(Fig, 5B, BkE). 985w 12
AR M EALe] ERlze] Ak shdo|ut. SIN-14]
A3 MES o] R AR7IES w2 M EAL 2
3l e)Fel®g Elaych

3. EESIH|0 ofst SIN-12] HotuME SAIXsH 1t

SIN-1¢] &J8} HeluwxE FAle] peroxyntrite A3AJ)
ofsld r=E Belskr] fsl] 0% AAAA= B4
4l superoxide dismutase(SOD, 200 Uml2} H,0,2 3
&= catalase(400 UmHE A 2)s)ldc)k, 2.5 mM SIN-1
2] 2477} Fol| ol EL] AEHL Y 2F2] 55%
e FRaslg]ot SoDst Catalas wﬂiﬁ-s}oq A2
Al SIN-1¢]] £]8F Wobary| £9] HEE-L 85%2 E7HA13]
(Fig. 6). SOD 2 catalase %%ﬂ‘ﬂlﬂ Hola Ee] A
Egol vlA= o3k ¢lgiot. SIN-1 A= o]z%oﬂ SODe]
AAee SIN-lol 9|51 Holai 22] MESAHE oileh

A FAOH catalase= SIN-1¢1] &3 HelmA| 3] A=
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Fig. 6. Superoxide dismutase (SOD) and catalase protecred the rat
primary astrocytes from SIN- | -induced cytotoxacity. Cells were treated
with 2.5 mM SIN-1 in the ptesence or, absence of 50D (200 U/m{) and
catalase (400 U/m/) for 24 hr. MTT assay was performed as described
previously. Results were expressed as means+SD (%) of three different
experiments. *, p<0.01; **, p<0.05 compared 10 SIN-1 alonc.
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Fig. 7. Annowdants recovered the rat pnmary astrocytes from SIN-1-
induced ccll death. A. Cells were pretrealed with 100 ug of DL-
Buthionine-[S. R]-sulfoximine (BSO} for 24 hr and followed by
sumulation with indicated donors The viability assay was performed
as described previously. Resulls were expressed as means®SD (%) of
three different experiments *, p<0.01.
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). A EA] Holald 2.o] Lol 714 daFE v]A
7~] 49k SNP(L mM)y# benzene triol(0. 1 mM) =] o]
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B A7l HelmMErs NO F2 Aldar] ARE
(0, 9 1,0, SEAEe] oaixs AE54] n|eFie
1} o] 52] #5HE<l peroxynitriteS 4414 7] SIN-14]
2| xis Pgo] FAsH Fhaalglct. HeluA| £ F
FAAA A VA W] HFEBE Mo, ofF A Ee]
A iNOS I E7Hs AAHNES) HET) T ES] £l
Ay FaAA 95 A Fo W= owA
glel A, 37) 50l edqE A= Akl 2]8l =4
AL 2437 A AL ASE GE5eAl 5
BhE = NO2] A7 el ghat 7w Fds| o] FelA| 2L
glchDawson 5, 1993; Memill 5-. 1993; Mitrovic &,
1994). NOx= "Hola| ¥2] F-Fe)9 (glutamine) 35
AfE Bk ol (Sorg 5, 1997) FeEhY I S
gFch(Tomita 5. 1997). NO= cGMPgE 754 7helH)
o] Z(protein kinase)?) 14FEHphophorylationys 4271+
MEEAHL HAgA] Qo ¥ v THE-Husseini 5,
1998). E=3F NOE Hopun| 22| vle]REER]o} TFA
(mitochondrial rtespiratory chain)Z #3}AlZIFRSL B 12
o] ¢lvh(Bolanos =, 1994). ¥ ZAijeflA] A4 2
RAW 264.7= 40%2] AEEE FHolyx =2 1omM
SNP Aa)Fol Al Wolma Zi= 88%9] AEES FA51
b 2 NO 9522 243l A FHES zAEkA st
o) wxve) eEEY S v SAE 299} Peroxynitrite
AgA = g2 HelwM|Fe] F2a WEE A
L oBobaa| 71 A QAWM AE2EAE G U
= 7FeAle NOZY o AbeeEE sl hEE
NO =4 3Ee] o) viAEeldl 7heAls 2viaksl
v}, AANE 0,2 AT T4 SOD} H0.5 ¥4
A7) catalaseZ A E o1& SIN-18 A =7 AF- Al
FARESES 5971 FAEsE. ol=lst dnAteR
P peroxynitrite?] Fo#] 4l SIN-1o 2]3F el
Al FAe] AR BAL2 M E| Al(necrosis)el = W8
i EIALE B ool W $F& 9 ¥E
A Balel Heald 4 gl AE AR 19809
o Feb7) e AEAAES el F2 AYEeR =Y
A g Fobel HwF WHE kA g 53] 4
A2} A AFe] AA, 235 8l 715w el 8
3l 2}-83te] HalHrkRaff 5, 1993).

ol F= A7 Fe) 357 TH Fe| vlsle] ZA
Abseoff A AL AT et ol BelH o v
o] Aoron)3}t AR 7158 pEE e slE AR
W F5elA) 554} glutathione peroxidase 24 =7} &

Al 2A0517) W5l ¥ (Huang=} Philbert. 1995), A2 Z
Felx)ee] AL 2L AT NO FodAle] sl
HEAREEL AY J3F2 1A 4d" SNP, benzene
triol, 2T H000 2lste] W43 F2slivt. 60%2]
HEAEEL B9 SIN-12.5 mMIe] 49 409714 =
AEgo] haslgc}, wdl e X33 APl
SIN-1 FEAE R 5% A% 37 F415%= 2 & 4
glglem galEllal NACE AZAEES F7MAF
(EHE)A] ¢h-& A}y, o= Al F] SHAEER] 7] peroxyniteite
off that AFAE Kol T8 S I AL 1
AT Aafo|o}, SFEHLL A2l K25 oA AAHE
Rej= HolwA oAl A sA we] FA}3HLowndes
%, 1994). EFElALL 2] AE FANkE 9
Bled g4, Bs =] Sk 83w (reduced glutathione. GSH)
sk AbE133 ] (oxidized dimer, GSSGH2| F 71X Hell & &
Azt o] F FFERAL2 98:29) vER vk £
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Lo P tripeptidec| ™ Ef-5EAFeAM 71 F8
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o}, EFekAL ale| =54 2l ZHOH radical)?] AlH
2ol ghakelA) e} T AHfebld B (scavenger)©]
o}, Al o] SFEkA] L0 gk B $HEn) op 2}
Ml w3ls}l 347} Udek(Shaws, 1997). HepuH £
T AlAAM ] u|awsle] s W ko) FFEARE
1A gl A (Makar 5. 1994), F414A A kg s)
= A4k 545 9l vk (Peuchen 5, 1997). &
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o] ¥lgEo] AFEE Cus)} Ao ws] Aetoze]
AL A7 FhchPatels} David., 1997). o]k R 752
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