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Abstract: The blosynthesis of the physiological messen-
ger nitric oxide (NO) in neuronal cells = thought o de-
pend on a glial-derved supply of the "NO synthase sub-
strate arginine. To expand our knowledge of the mecha-
nism responsible for this glial-neuronal interaction, we
studied the possible roles of peroxynitrite  anion
ﬂ'.'l'-.lﬂl’.'i] superoxide anion [0, ), N0, and HOL in

redease in cullured rat Aller 5
mhmmusmmmmw
mid ONOO stimulated the release of from as-
trocytes in a concentration-dependent way, this efiect
was maximum from 1 méd ONOD - and to be
~400% as compared with control calls. ~—rmesdi-
ated arginine release was prevented by arginine transport

inhibitors, such as -lysine and N“-monomethyl-L-angl-
nine, suggesting an involvement of the anginine trans-

porter in the effect of ONOD—_ In aitu xanthinesanthine
oxidase-generated 0. 20 nmol/min) stimulated argi-
nine release to a similar extent to that found with 0.1

OMOO | but this effect was not prevented by arginine
transport inhibitors. "NO donors, such as sodium nitro-

prusside, S-nitroso-N-acehypenicillamine, or  1-[2-4{2-
aminoethyl)}-N-{2-ammonicethyljaminojdiazen- 1 -wm-
1. 2-dholate, and H_O,, did not SfpInine
redease. As limibed anginine availability meuronal N0
synthase activity may be neurctoxic due to ONOD— for-
mation, ouwr results suggest that ONOO -mediated angi-
nine redfease from astrocytes may contribute to replenish-
ing neuronal arginine, hence avolding further genera-
tion of ONOO - within these cells. Key Words: Argl-
nine—Helease—Nitne axide—Peromymilrite —Superoside—

Astrocyles.
J. Newrochem. T3, 14461452 (1999).

The CNS phvsiclogical messenger nitric oxide (N0}
(Palmer et al, 1987; Garthrocarte et al, 1988) iz biosvn-
thesized from arginine through the WO svathase (NOS)-
catalvzed reaction (Bredt and Smvder, 10800, All izo-
forms of WOS [neuronal (a5}, endothelial and induoc-
ibla] are present m CHWE cell: (Muarphy and Grzybick
1994}, and streulation of ghitamate receptor: I neu-
rones or in astrocvies leads to a Ca” " -dependent activa-
tion of o035 and'or endothelial WNOS actvity {Garth-
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warts ot al | 1988; Agulls and Garcia, 19090, However,

whereas under npﬂ:nﬂl substrate and cofactor conditions
WO iz thought to be the major product of BINOS actvity,

an miracallular deficiency m arginine availability Dmpairs
ghitamate receptor-dependent WO formation n neurones
(Culcazi et al, 1004}

Within the brain, free arginime iz located predomi-
nantly m astrocytes (Ackil =t al, 1901; Pow, 1994;
Eharazia et al., 1997, which have the v" cationic amino
acid-carmier svstem for arginine plazma membrane trans-
port {Schrmidlin and Wissinger, 1904}, Meurones ars ahla
to take thiz aminoe acid up, because thev have the zams
carrier sysiem (Westergaard =t al, 199537 However, un-
lika in astrocyies, the arginine content in neuronal cells is
very low and is limiting for nOS actvity (Carthracaite et
al., 198%; Culcazi et al., 1904). Conzistent with ths,
Crima et al. (1998) have demonstrated recently that the
rate of BMNOS actvity in neurones depends on the supply
ufarg:ﬂmeﬁﬂmglml-:ellz Furthermore, ghal-dermved
argmine iz mcreased upon activation of lonotropic zha-
tamats (non-IMNLIDA) receptors (Grima et al., 1997}, al-
though the precizs nature of the moleculez involived in
the miracellular sismalling cazcade leadine to arsinims
ralezza 1z not known.

Previous =ztmudies hawve demonstrated that purified
w05 actvity in the absence of argmine (Pou et al,
1992} or arginine-depleted cultured nearones zubject to
ghitamate (MDA and non-NMDA) receptor actvation
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Abfrevigtiang stad” CMOA, f-cyano-T-nitroquinosalime-2 3-dioms;
LIELAMNCE, L[ 24 2 -aminoethy] -0 2-ammosscetbyd amimo jJdicoen-1-
-1, 2-dinlaie; IMEM.  Dulbecoo’s modified Eaghs  medoom;
MAME, & '-nitr-L-argmine methyd ester; NMMA, 5 -mosoene thyl-
L-argining; nMOS, meuronal nitnc oxide symthase; ™0, nitmnc oxide;
MUS, nimic owide synibase; (b, superoxide anion; (NN, per-
paynimee mman; SHAF, S-nitroso-Aacetylpenicillaming; SMF, sodium
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(Culcazi et al, 1004) generate suparozide aluuu{l:l L.
However, umder suboptimal :arg:lﬂmz COnCentrations,
H.(O, (probably derived from O, } and NO are gener-
ated smultaneously by brain NOGS activity (Heinzel et
al., 1992, Under these conditions, both free radicals
(0, and WO} are thought to react together to form
peroxvairite anion (ONOO ) (Beckman et al |, 1990), an
unstable compound that has been shown to be tomec for
neurones, but not for astrocvies (Bolafios et al, 1993).
Az arpmine deficiency shifts ghrtamate-madiated neu-
ronal MO biczynthesizs toward:s the producton of
ONOQ  and'or O, . we wondered whether under cer-
fain conditions theze molaoales might have an important
phvsiokogical role in the sense of thelr acting a= signal-
ling; molecules to facilitate asirocviic :arg:iﬂtnz releaze
Le, preventing sustained ONOO /D, formation by
nemnﬂ.fnllnnmg activation of n¥0S. Here we address
the 1=zue of whether these neurotoxic anions ars respon-
sihle for the stimmlation of arginine relsaze from astro-
cytes. We show that ONOO  and O | but not MO
donors or H.O ., stimulate arginime release m cultored rat
aztrocvies. Morsover, whereas the effect of O, was
unzpectic, the effect of ONOO appeared to be meds-
ated by arginine fransporier acovaton. We suggest that
ONOOQ  formation may be a mechanizm contributing to
the replenizhiment of infracellular arginine hence avoid-
mg further generation of ONCMD  in neuronal cells.

AMATERIALS AND METHODS

Mlaterials

ONCO ™ waz synthesized and guantifisd s ]
cally {ry., = LATO W' ® cm™ ") ue.]lmmu_-.llrdzml:-ad
(Hushesz and Micklin 1068} Alkalime stock solutions, with an
appreximate ONOO~ concentration of 0.3-0.4 A were stable
at —70°C for at l=ast 3—4 maonths. Synthezized ONOO™ had a
kalf-life of =17 5 at pH 7.4 {37°C) in Hanks™ buffer {526 mAS
ECL 043 mWEH. PO, 132 4 mW Nall, 4 (09 mWW NaHCO.,
033 mA Na, HPO,, 544 mld slucese, 1 mld CaCl., and 1
mld HEPES, pH 7.4). Dulbecco’'s modified Eagle medium
(OMEM) and fefal calf seram were obtamed from Sizma
Chemical Cao. {5t Lougs, MO, U5 4% Plastic tizsws cultore
dishes were purchased from MNumc (Demmark) J23.4.5-
"H]Arginine (63 Ci'mmal), (-[U-""Clserine {166 mCi'mmol),
-[U-""C)elutamic 2dd (150 mCimmel), ad 1-[2.3.4.5.-
"H]citrullire (65 Ci'mmal) wers from Ampershan: Ietereationa]
(Buckinghamshirs, UE ). Sodum mitroprusside (SNF), S-ni-
trosa-MNacefyl (AP), and 1-[2-(1-aminoetiy)-

g—ammnnm-EM'l}amnu]mnmn-l -tum-1,1-diolate I%JE[-E

} were from Alexis Corp. (Sam Diego, CA, US4

thine oxidaze was obizined from Boehringer Marmnbeim
(Germany). Namthine, N monomethyl-1-arginine (MAAA),
N'-nitro-i -arginine methy] estar (MANE), 1 nrg:mme.l-utrul
lims, -omithine, and 1-hysine were obtamed fom 34 g;;m
zilica zal ]]|..'-.‘|'|:E!. wers from Menck I:_DEIII!'_'E:I]!Iﬂ:L V).
6-Cyang- T-nitrequinaxaline-2, 3-dione (CHNQX) was
from Research Binchemicals Inc. (Matick, M4, T7.5.4).

Animals

Albimg Wistar rats f=d ad libthum on stock [aboratory dist
were usad for the ' . Bats were maintzined at 23°C
with a 13-h lishi'dark cycls Virgin famales weighing 210-230

g were cazed overnizht with males, and conception was con-
firmed the next mommng by the presence of spermaiozoa
vazmal smears.

Cell cultare

Astrogliz-rich primary cultures derived from peonatal 1-day-
old rats were prepared 2s previously desaribed (Bolaflos ot al,
L1907y, Call = were plated mD".[EI»Isupplma:Ieﬂ
with 10%: (volwal) fetal calf serum at a density of 1.23 = 106
cells'em” in 150-cm” flasks. Cells were mamtained in a bumid-
fied noubator under an amesphere of 3% CO0L.93% air at
3752 with a mediom change twice a2 week After [2-14 days
astrocytes reached comfluence, and cells were collected by
trypsinization, resseded in DAEM phes 1055 (volval) fetal calf
zerum at 3 density of 2.5 ¥ 10F cells'cm® in six-well plates, and
wsed after 14 b
Amino acud relesze experiments

Felsaze sxperiments were camied out essentially 23 previ-
pusly described (Oblomma et al, 1965). In bmef, 24 h after
reseading the colture medien was removed and cells wers
washad once with prewammed (=37°C) Hanks" baffer. Astro-
cytes were then imcubated in | ml of fresh Hank:' buffer
comtaining 1 pCiml 1-[2,3.4.5-"H]arginine, 1-[2,3.4.5-"H]-
citrulline, 1-[U-"4C]serine, or (-[U-'%C)eiutamic acid at 37°C.
After 30 min, the buffer was discarded and czlls were washed
three times with wanm Hank:" buffer to remove exces: exim-
cellular radicactivity. Cells were imcubated further in wam
Hanks:" buifer (coptamms the inhibitors when approgpriaie) for
10 min, the buffer was aspi md cells were azam inco-
bated in Hank=" buffer {contaming the inhibitors when appro-
priat=} for a further 20 min with a2 buffer chanse svery 5 min
Ligmd scimfillation analyzes of the samples collacted every 3
min zhowed that radicactivity releaze afier minute 20 was
constant (basal releass). Af mimats 23, ONCO— pas added to
the cells in Hank:' buffer (contaiming the mkdbitors when
approprizte) at izl concentrations rangins betaesn 0.05 and 2
mld cells were incubated for a further 3 min and the radioac-
tvity released was coumied The maximum vobome of siock
ONOO— sohrtion added to Hanks™ buffer was 2 pl, siving a
final buffer pH between 7.3 and 7.4, Control c2lls were treatad
m the s2ame way, except that the ONOO— sphution was previ-
pusly degraded in Hank:' buffer at 37°C for 15 min before
beins added to the cells. Despite thiz, previous expermments kad
chown that amine 204 release fom astrocyvies treated with
Hanks™ buffer lackins “desraded” QMO0 was identical to
that obtzired with “desraded” ONOO—. In spme cases, an
aliguot of the buffer was subjected to TLC analy=is for identi-
fication of the radioactive zample az described below. The
relzaze of amino acids was expressed as percentaszes of relsase
pbtzined I each treatment a: comparsd with the comirals
(degraded ONOO~-treated cells), which were confemed arbd-
trarily a2 valoe of 10%. In focnzed on mbdbiting

arginine transpester, all incobations (except the first 30-min
|[I-1]a:§1n1nelnaﬂmgmcnhmm}nm:meinqudE-
goribed above in the presemcs of (-hyzime or NIVDMA 2t the
mdicated comcentrations. For the selective inhibition of NOS
actmvity, all incobetans (except the first 30-mun 1 -["Hjzrzmine
lnndlnsmmhmun;lwm:meim:tudﬁmhedntm'emthﬂ
presence of NAME at the mdicated concentrations. Fimally, for
the inhibiton of non-NADA subtyps shotamate receptar, all
meubations (except the first 30-mim -['Hjzrzmme loadins
mcuhation) were carried out as described above in the pressnce
of 30 plsf CHOQXE
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In some experiments, the effect of WO, 0., or HO, on

I - release was alse studied In thess I:EL'.E the pratacol
el was idsmtical to the ome described above except thag,

mstead of OO0, fesh solutions (finzl concentrations) of
GNP (1 mld), EH-iPl:IJlnrlm_HjDETﬂ;H{J{Ide'},HE-
(I mld), or 2 mixthure of zanthine (400 p\f) plus x2nthine
exidasze (20 U'ml) were added The radioactivity released was
guantified after 3 min of incubation at 37°C. The generation of
0, from the xznthine'zanthire oxidase system waz prewi-
nm.b:drtammaﬂape pmetrically in Hanks™ baffer at
37°C by the superoxida inhibitable reductior of cy-
tockrome ¢ (e,,, = 19200 &' cm~") (AcCard and Frido-
vich, 1969, proving to be 20 nmol'minml

TLC analysis
In 2 series of 1-[2.3,4,53-"Hjarginine-relezse experiments,
TLC amalysiz of the baffer obtained after ON0OO™ treatment

was camried out 2s dously described (Olken and Marlsita,
1903). This was achieved by loading & pl of the radioactive

samples on silica gl TLC plates, rumning these for 80 min at
rmmmm;-maunemchlmfmmelhmnlmmmmdﬂmdz
(1:1:1, bv valame) az the mobile phase. Standard solutions of

L-arginips, (-Citrulline, and | -omithine in Hanks™ uffer were
nm miividnally in paralle] and az intermal standards Plapes

were develpped with ninfrydrin, and the amino acids were
ientifiad by comparizon with the B values of the standards
23, 065, and 043 for L-arzimine, (-cirulline, and 1-omm-
i ,nspa:livel:.j. Gilica zal was scraped off the plates fram
the comesponding stairs, and the radicacinity present in sach
ammo 2cid was counted and expreszed 2z the percenmtasze of
total radicactivity loaded.

Stabistical amahvsis
Dt are expressed 23 mean + SEM values for the mumber
of cultare preparations indicated in the figore legends Statis-

tcal ugm.ﬁm:efuttemmparlsnn of two sroups was eval-
uated using Student’s £ test p - 0.05 was considered sizmif-
cant.

RESULTS

ONOOD ™ stimmlate: arginine releaze in a
concentration-dependent fazhion

Tha effect of OMNOO on argmine release from
astrocvies was azzeszad by exposing cells previously
loaded with | -[ 'H]arzinine to ONOQ or to degradsd
ONOO  {conmtrol cells) at 37°C for 5 min. The radio-
activity released by the cellz into the incubation me-
dinm was measured bv liquid scintillation countine.
Arginins releasze was EH.PIEEE-EIﬂ. as the percentaze of
radigactivity (Ccounts per minute) found m the madinm
az comparsed with that found in control cells, which
was given a vahe of 100%. Under these condifions,
the exposure of astrocytes to ONOO concentration-
dependenthy (0.053-2 mM) stirmulated arginine releaze.
Thiz effect waz maximal from 1 ml ONOO and
proved to be —400% az compared with the corre-
sponding conmtrolz (Fig. 1).

TLC analysiz of the radicactive sample: dentifies
L-arginime as the major amino ackd releazed

Once mzide the cell arginine can be transformed
readily into omithine through arginasze activity (Ivaka-
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FiG. 1. Effect of OMOO— on arginine neease fom mal culbured

Fsimcyles. Astrocytes woe loaded with 1 pCifml 23,45
“Hjarginine for 30 min at 37°C. Aflor washing, -:tmrl:u-

basted with Hanks" buffer for 10 min, the buffer was

and colls were again incubated in Hanks" buffer for a further 20
rnin with & buffer change every 5min, untll the bassl

redesrsed was constant Al minube 25, ONOO— (0,052 midf) or
degraded ONOO— fcontrol ool was added in Harks" buffon,
colls were ncubaled for a furtber 5 min, and the madioactivity
redecrsed wies i s described n Matenals and Methods.
The stmulied reease of arginine n the presence of OO0

was expressed as a penceniage as compared with that in control
coelis (100% value). Values are means = SEM from fowr to seven

srpowrale experments. Control release was 1,184+ 61 gpmd10e
colis.

rura et al, 1990} or mto criiulline through basal MOGS
activity (Asulléd and Garcia, 1992). Accordmely, we
azzezzad the relafive presence of radicactive arginine
omithine, and ciulline in the exiracellular buffer after
ONOO stimulation TLC analyziz revealed that al-
though most of the radioactivity was duos to
(39.0 x 0.5%), a conziderable proporiion (27.0 = 3.5%)
was dus to omithime. The radicactivity due to atrollme
was lowar (14.0 = I 8%). The recovery of radioactnvity
was —100%.

Xanthine'xanthime oxidaze-generated O, but
nof MO donors or H,O,, can alzo stimulate
arginine release

We mvestizated the pozzible effect of O , WO, and
H.O, on arginine relesze by astrocytes. 0,7 wasz gen-
erated by the xanthine xanthine oxidaze svstem. which
under our experimental conditton: vielded a constant
0, production of 20 mmolimin i 1 ml of the incoba-
tion buffer, hemce goneratime an estmated amount of
0, of 0.1 mmol in the 5-min mcobation period. Az
shoom i Fig. 2, exposure of astrocytes to the O, -
Senarsiing svsism ncreased argmine releasze st a rate
comparable to that found with 0.1 mA ONOD  In
conirast, the presance of the TO donors SNAP (0.1 ar 1
mAf), SMP (1 mW), or DETANO (1 mW) onlv very
weakh stimmlated arginine releaze when compared with
the effect achieved with ONOO  (Fig. ). Expozure of
aztrocvies to 1 mA H. O, did not affact arginime releasa
(Fig. 2).
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FIG. 2 Bifect of ONOO—, Oy —, NO donoms
Iﬂﬂlﬂﬂﬁﬁldlﬁﬂ&unamptuwdﬁmuﬁumnﬂqmiuﬂﬂu?
wore looded with 1 pCiml 23,45
#i:gnn&trﬁﬂnmnaiﬂrﬂJMhrndeg colls were incu-
bisted with Hankes™ bufier for 10 min, the bufior was

and cells were again mcubated in Hank=" buffer for a further 20
rnin with 3 buffer change every 5min, unill the bassll radiosctivity
refeosed wirs constarl. At minuie 25, ONOO™ (001 or 1 mif),
xanithine/canthine oodase-genoraied Cu— (20 remobiming, SNAP
0.1 or 1 mAd), SNP (1 mié), DETAMNO (1 mibd), or HaOp (1 mid)
was added in Hanks" bufffer; coells were ncubaled for a further 5
min, and the ivity neleosod wies ifiod as describod
in Malerials and Methods. The stmulaied release of sginine in

[SNAP, SHP, and

coqneimenis.
Conbtrol reloase values between 955 + BS and 1,140
+ 108 cpmd10° calls. p < .05 versws ONOD—.

Inkibition of the ¥ tramsport svstem prevents
ONOO -mediated, but not O, -mediated,
arginine releaze

Arpinine iz tranzported through the v ' carmier zystem
for bazic ammo acids, which haz besn shoom to be
presemt i rai colured asirocyites (Schoudhn  and
Wiezinger, 1004, To azcertain the involvement of this
tranzporter i ONOOQ -mediated arginine release after
L-[ H]arginme loading, call: wers premcubated further
in the presence of increazing concentrations (0.1-5 mld)
of L-lyzine, an amino acid that strongly inhibitz the v
argmine carmer system in cultured astrocyvtes (Schrmidlin
and Wiesinger, 1904). Az shown n Fiz. 3, the prezence
of 1 -lyzine prevented ONO0O -mediated argmines raleass
in a concenfrabon-dependent fazhion. To ascertain
whether the ffect of O, was mediated throush argi-
nine transporter activation, the arpimme transporter in-
hibitor 1-hvsine (1 mA) waz inchided in the O, exper-

mnents 22 described m Daterials and Methods. Az shoam
m Fig 4, | -lyvzine did not prevent 0. -mediated arginms
ralegze bot did prevent OMNOO (0.1 mlf)-mediziad
argmine release. Furthermore, the arginme fransporter
mhybitor MAMA (1 mW) prevented OMNOO -mediated,
but not O." -mediated, arzginme releaze (Fig. 4). hore-
over, the effect of MMMA on ONOO -mediated args-
nine release does not seem to be dus o 3 possible
mhibition of MNOS activity, becanze the NOS inhibitor
WAME, which doe: not aﬂ'ert the arginine transposter
[‘E-n:lln:udlm and Wiesinger, 1904), did mot prevent
OO0 -mediated arginine release (Fiz. 4).

ONOO  mainky affects the releaze of arginine and,
to & lesser extent, of citrulline, zerine, or glhatamate
To investigate the relative specificity of ONOO in
stmulating arginme releaze, we smdied the effect of
COXNO0  on the releaze of other amino acids that use
carmier syztems different from the v' zyztem. Thusz, we
tested the releaze of serine and citrullins as neutral amino
aCid representatives (uzme the L zystem) and ghitamic
acid as an acidic amino acid represantative (Christenzen
1990; Wiesinger and Schmidling 1903; Schmidlin and
‘i.‘..1ea|1gEr 122 4} Table 1 shows that ONOO -mediated
raleaze of arginine was 3.0-, 1.5-, and 3.1-fold hisher
than that of zerine, ghotamate, and crimulline, respec-
tvely. The presence of the non-MNAMDA receptor inhibitor
CHQA did not prevent EI]:'J[J{I' -medisted argmine re-
leaze (1 mM ONOO | 438 * 38%. n = 4; 1 mM
ONOO  + 30 p CLQ}; 414 * 25%,. n = 4).

r.rl:.';
!.:.-
- m-lll
-1
ml
£3 =
1
F—a]
—'8
Ei e
35 i3
B ——r——————y - .
G5 €48 1€ 48 243 5.b 53 045 40 48 5.0
[Lyrsine] (mdd)
FiG. 3. Effect of o on ONOC {1 mM-nduced argnine
mkunrkunrﬂtiﬁ::i Edrocyles. Astrcyles wene loadod

with 1 -2,3.4.5 for 30 min o 370 Afer
-udiéﬁi::riailnm:E:Eﬂ:EIHaiu bufler contairemg
L-hy=ne (001-5 m) for 10 min, the buffer was aspirated, and
colls were again ncubaled n Hanks' buffer fcontaining o-hsmne)
for a further 20 mn with a buffer change every 5 min, unill the
baeal radicacteity reeased was constant. Al minuie 25, OO0

mld) or degraded ONOO™ (control cells) was added in Hanks
EM&IEﬂﬂﬂftmLdpn1$n1I5IﬂMlnnhumdﬁrafudtrE
rmin, and the adwactivity releoessd wes gquantifed as descibed
in Malerials and Methods. The stimulaied release of aginine in
the of OMNOCO™ was asa =
EMJE:::ﬁEﬁitﬂiilﬁﬂiﬂi “Eﬂ“ﬁﬁijﬁfﬁgﬁgfﬂﬂ
moans + SEM from four soporaie experiments. Control nelease
was 1,088 = 31 cpmf 10 ool

4 Newrockow, Fal 73, No. 4, TPOP
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L-[H-Arginine Release
(" of contral release)

bufier contanmg «-ysne (1 mAd), NMMA (1 mAf). or NAME 1
mid] for 10 min, the buffer was aspiraied, and colls woere again
imcubksted in Hankes" buffer containing the inkbbitors for a further
20 min with a buffer change every 5 min, unill the baesal mdio-
activity released woes constant. Al minute 25, ONCO— (001 mAd)
or santbnexanthine oxidase-generated O, — (20 nmolimn] wes
added in Hanks" bufier containing the mhibilons;, cells were in-
cubated for 3 further 5 min, and the resheaserd woes
guaniified == descrbed n Matenals and Methods. The stimue-
kated relecse of anginne woas expressed as o pocoentage ==

with that in conbrol cells (100% vahe). Values are
means + SEM from four separaie expeniments. Comtrol nelease
values ranged between 880 * &5 and 1,202 * 53 gpm1 06 colls.
“p = 005 versus ORNOO—_

DISCUSSION

In the present work, we show that exogenows QN
significantly stmulates arginme relsase from astrocvies
mn primary cultore. Thiz effect was conceniration-depan-
dent and waz already detsctable at 50 pl ONOO |
reachime maxmam at 1 mAM ONOO | Thess concenira-
ons seam 1o be hish m comparison with those wzad in
other studies on cultured neuronal cells (Obkuama ot al |
1995}, Howsver, our previous stodiezr had shoom that,
unliks neurones, astrocyvies are highlv resistant o
ONOO  (Bolafloz et al, 19053} Thus, addibon of
ONOOQ  atup to 2 mM to sstrocvias does not causze cell
death, as judged by lactate dehvdrogenase release and
mitechondnal respiratory function (Bolafios et al., 19935
In comirast, low ONOO concentrations (10-100 pld)
are damagme for culiured neuromes az judeed byv the
same parameters (Lipton et al, 1993; Bolafios ef al,
1905}, Previous studies (Tzchiropoulos et al., 1992) esti-
mated that activated murms macrophages mayv genarats
ONOOQ up to 0.11 mmol/10* cella'min resulime in an
approximate local rate of OMNOO  svmthesis of ~0.5-1.0
mnolmin. Taken tozsther, these resultz suggest that
neuronal OMNOOD  formation at amounts comparable to
those usad in the prezent study iz not damagme to n2igh-

Previous reportz have demonstrated that glotamats
aCiivales arginine release by acting on the non-NhiDA
receptor (Grima =t al, 1997, 1008} Az OMNOO  causes
ghitamate accumrmlation, a poszible actvation of the non-
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MDA receptor and subsequent argmine releaze mayv
have ooourred under our condions. However, thez did
not seam to be the case because the inhibiton of the
non-WMDA receptor with CHQX did not prevent
OXO0 -mediated arginine releazs. It should be men-
troned that althoush the relesse of arzimme wa:z the
highest found for the compounds tested (argmine. sarine
ghitamate, and citmulline), ONOO  may induce the re-
leaze of zaveral amimo ackd: in 3 nonspecific mannear. In
any case, incubation of the cellz with | -kyzine, one of the
most potent mhibitors of arginime transport i glial calls
(Schmidim and Wiesinger, 1904), prevented OMNOO -
mediated arginine releaze mn a3 conceniraton-dependent
wav. Thiz result suggasis that the effect of ONOO  on
argmine releaze is mediated by the ¥' arpinine trans-
porter.

It iz well known that OO0 canses protein sulfhn-
dnlnmmhunnandhpldpﬂmdaunnmadleta]_,
1991 g &), Whether ONOO  _zstimulated a_rg;u].mg raleaza
is due to a poszible modification in the v' arginime

tranzporter ramains to be elucidated. It i3 imferesting that
the TJO-mediated increaze in GAEA releazs from neu-

rones iz mediated by ONOOQ  (Dhluma et al, 19935),
althouzh no mechamzm to account for such an effact was
suzzested. Under our experimentsl condinons, TN do-
nor: were unable to strmulate arginme releasze evan at
ralaimvely hizh concenirations (1 mld). Thi= kack of ef-
fact mayv be dus to 2 low in sito OO0 formation from
addad MO and cell-derived O, . Alternativelv, the ef-
foctof ONOO oo arginine releaze could be mediated by
extracellular interaction with membrane components. In
contrast, exposure of astrocyvtas to O, ztimulated argi-
nine release to a3 similar extent to that mdwced by 0.1 mAdf
QMO0 | This effect cannot be dus to 2 possibls super-
oxide dismutase-mediated H. O, generation from O, |
becanze exposure of cells to up to 1 mlf H,O, did not

TABLE 1. Effect of ONOG— on tae relaase gf several
aming acids from ner cultured arirocytes

JLmareD Boed Hedese (% af coniral)
L-Arginim: 4l * I
|- 143 * |6~
L-Lilusamale T4 X 1™
L it e 136 = 11"
Asirooyies were looded wiils | mloa'ml -] 2,5,4,5.0-"H |argimares,
YL merine, - U-"C e lhutamate, or 142,545, 0~ "H]citrullme fior

Sl mim st 3TC. Afber washing, cells were incebated with Hanks" boarffes
for 10 mim, the beffer was aspirated, and cells were again incubaied in
Hanks' huffer for a further 30 man with a buffer change every 3 min,
untal the basal mdwactivity relessed wis consiamd. At minute 25,
LINCKY [ modd) or degraded (MUY {conirnl cedls) was added in
Hanks' buffer; cells were mcubaied for a further 3 min, and dhe
rafcactiviry released was measured of descnbed in Maoiemals and
Methods, NCC _ghonalated amimo acsd release was expressed 2= a
percemtage & compared with that of comtrol cells. Valuss are means
* SEM feom four separate experimenis. e control rebeace valwes (in

o T celbp were 1230 * 59 for L-argmine, 1319 2 3% for L-senme,
1,351 2 121 for -glutamale, and 342 = 10 for L-cigulline
=5 <00, * <D0 versos OO0 salaied L-argmine relense.



PEROQXTNITRITE AND ASTROCTIIC ARGININE REIEASE 1431

alter arginine release. Furthenmore, O, -mediated stim-
ulahnnufarmm&r&leasewﬂsuutprevmdhum
tranzporter mhibitors, suggestime that O," doe: not ac-
tvate the argimine tramsporter, but possibly causes a
genaralized plasma meambrane dismuption. Thos, wheraas
the exact molacular mechanizm responsible for increasad
argmine relesze by ONOO  has not bean ehicidated n
thrz study, i appears that 3 modification of the arginme
tranzporiar, poszibhy through OMNOO -mediated protein
nrrosvianon, cannot be ruled out.

In conchezion. our results shon that OO0 stimulates
argimine release. possibly 3= anher a direct or mdirect effect
on the argmine tranzporter m oukhared rat astrocyias. Whan
the NOS substrate arginime becomes a bmiting factor for
IO symthesis (Culcazi ef al | 1994, or in the absence of
10060, slutamatereceptor sfmmlsbon actvely produces
OO0 in peurones. As this compoumnd is kishby lipad-
solable (Beckrman et al | 1900; Padi etal, 199140, it 1= able
mmﬂﬂeﬁtmmmmmhmcem
an intercellular siznal desisned to activate argimne raleass
fromm neizhbouring astrocvies, which work 22 an argmme
rezervor (Ackn =t al, 1001; Pow, 1994; Eharama ot al |
10077 In comirast, lonotropic non-INMWDA glutamsts recep-
for activaton strulates argmine relesse in both astrocyies
and braim shices (Grima =t al | 1997, 1008} In this ssmse it
should be noted that ghitamate (MMDA and non-IALDAY-
recepior somulaton acivats: NOS achviiy m astrocyies
(Amlld and Garcia 19027 a= well a2 in neuronss (Gant-
waite et al, 1DES; Frandsen et 2l 1089; Cunasskar ot 2l
19057, Whether the reported ghatamate-mediated increass
m argmme releasze (Grma et al, 1997, 1008) i= brousht
and'or astrocyies is not knowm, but the results reponied in
the prezent study are compatible with much a mechani=zm as
an explanation for arginme ralease achvation. Az neurones
are able to take up thiz ammo ackd efficiently from the
exfracellular fuid (Westergaard =t al, 1993), a replamizh-
meant of cytosolic arginms could facilitaie the formation of
phyaological W0, metead of neurctoxc ONOO by new-
rones. If =0, this meuronsl-shal mieracoon could help o
prevaﬂtepmpngahmufneumml death upon excess
glhutamate-recaptor scvation.
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