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Alterations i Glutachacne Tevels in
Parkinson's Lisease and Other
Neurodegenerative Disorders Affecting
Fasai (Ganglia
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Reduced glutathions {G8H) und oridizesd glutathinne (€355G Jevels wers measvied in varions brain areas {substuntia
nigza, putimen, cauige guckiigs, globus puilidus, a-6 cerebral cortex; from paticars tying with Perkinson's diseust,
progressive supraouciar palsy, multiple-sy:tem at «wany, and Huntingions Jiseasc wad from zontrol subjects with no
neuropathologicul chonges in substantiz oigea G35l lavels weee reducid to snlsstuntia nigen in Packinson’s disunse
patients {409 compared to control subjec sy and (225G tavels were caaegiandly 294 but insignificantly etevated;
chere were no chuaz:s in other brain aress. “The ouly significant changs v inudei pfe-syscem acrophy wus an incregse
of GSH (196%) counled with a ceduction of GE30 (0098) in the gickas publides. The only chapge in progressive
supranvcluar pulsy ~18 3 ceduced level of G in dar snudete auclens 05 .9%, The only change in Huntington' discase
was a reduction of (735G in whe cauduie racteus (30%0). Despite prelyind nigral cell loss in the substaatia nigra io
Paskinson's disease. multiple-system atraphy, nod (rrogressive supLan clear palsy, e fevel of GSH in the substantiz
nigta, vas significantly reduged “aaly in Pakinsan's disease, This sugests thae the change in GSH in Parkinson’s
dicense is not solely due to aigral cell dexh, ov entirely expleined by ding 1herapy, for mubtiple-system nerophy
patients vere also cesated with levodopu. “he alt 2 ) GHHIGSSG cot’e in the saostuntia nigra inn Parkinson’s disvuse
is consistent with 2 conceji of oxidativ: stres. 8 £ major component i1 the pathogencsis of nigeal cell duath in

Parkinsou's disease.
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The prosess underlying dopam: nergin celf lose ot
cubscanta nigea (510 in pacients with Perkinsoa s dis-
ease (P10 is unknown. Receat evidenie f20m prstraor-
e scudies indicares that the inducsion of ouditive
stress mray play o role, Thus, in the &N of pigents
dying with P there are increzsed leve's of ol iron
{1, 23, decreased forridn lewols (33, incre ssed lina] per-
oxidation [4, 51 sad a reduced acdvity of goapier |
of the mitochondrial respiretory chain [5). Fre.: vadical
roxicity normally 3 prevenied by & eage of angtiox gant
vimmins and prowctive enzymes. Moest of chege wppear
w0 be intace in the SN in PD. Thus, levels of caalase
and glusathione puroxidas? are nocraal or mederately
reduced [7-91 while suseroxide disiautase a tivity
may be increases [10], Niormel levels of ascehic acid
and w-ocophers! are found in the SN in 2N KA

e i+ r— i 1 e M — - —

disoriders afe:sin: based pangila. Ann Weurol 1994;36:348-353

Anoiler mperian: component protecting #gaing
oxidative seoess is reduced glutachione {GSH), which
eray b dusdeted in PD. Glumathione plays 2 major
role is the removal of peroxides, so preventing the
formericn of mora Jumaging oxygen radicals, such as
the hrdroxy] redical, Normally o biuh radio of reduced
GSH o oxidized glutachione (GS5G) is minuined
1121, Gutathione is wlso jrnportant fur the maintenance
of wesxoph-arol tnd ascorbic acil in the reduced state
r13]. A diszppeerance of totdl plutathione and G54
conteit i the ST of patents dyir s with PLY was fiest
vepor-al by Porry and colleugues (141 However, these
findirg: wore coiticized 131 xecause of the high pro-
portire of GSSG reported i control subjects and bx-
cause of the toral absence of GSH n PD patieas,
Nev:ahelss, ta: coneept of altered glutadhione levels
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in P is supported by & mor: recent repost by Rigd-
crer and colleagues 771 who showed mtal glatatiions
levels 1o be réduce:’ by 509 in the SN It remans
unclear whether a recuction in GHH level: dogs vacur
in SN, whather thi is specifc w PD, or whetber it
oecurs in other neurodegencrative disorders aff2:tng
the SN.-1t is also =nkaown whather any change in
glecachione in SN ir PD occurs & a resul: of levodopa
treatment.

Conscqueniy, v have analyzed C8H and &33G
Jevels in a range of rain arces in patieats with FL nod
jn patienes with othor degencrative disordees, norely
multiple-system wrophy (MGA), progres:ive st prande
cleer paisy (PSP), u:d Huntington's disease {(HEY, ad
compared them to tevels in nograal indivicuals,

Mategials and Meioods

Brain tssuc from pazcnts dying with PD, PSH, or MiA aad
frora contrl subjeets <lying of ronncurolegics | disoriers vas
obtained from che Frain Bank of INSERM 289, Hipital
de \a Saipétridee, Pars, and the Parkinson's Tiisease Sovisty
Bruin Ban'e, Londor. Tissue from pasieras dying v1h HE
was supwlied by Dr Ciavin Reyrolds, Depertn: 2ar of 3uxm aql-
ical Sclency, Universivy of Shatheld.

Tisswe Prabaration

In London, at autcosy, brains wese reraonvad and divided
midsagiita'ly, Ona-32i{ of the brair. was imrrediacely fivzen
at — 20°C, rranspor-ad on Cardice wo the Frain Eank, and
Frozen at -~ 70°C urell dissection. The other nalf of 1.2 brain
was plazed in 10% ol saline solution for at leas: £1 veeaks
prior to nauropathnisgieal examinetdon, In Faris, loie than 2
hours oftes qutopsy, the brainstem was fits: separta] from
the rest of the braic. Subsequently, on¢ he:nisphe x: of the
brain wes stored av - 70°C undl dissectan, while du: other
helf wes used for nonvopathological exanination.

The SN (ol or nona corapacn), putarien, clulxe nu-
dleus, zlobus pallicus, and cerebral cortex {Brodryan ates
10) were dissected from frozea brain acrording to th¢ reeh-
nique described by Dexter and conuthors {43, Sampa from
each brais area wers stored at ~ 10°C vadl the ity of bie-
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chemice! aalysig. Badn samples frem patients with neurolog-
ical dises o0 woye assayed at the samc time as samples from
control suijerss, which were matched as much g5 possible
for age ad posmorcam deley, For some subjects, insufficicnt
maceris! was available for assays to be undettaken in afl re-
wions o th dedivigual brains, The nwmbers of samples stud-
ied froir. ack brain aren in each group are shown in Figures
3 througb 5. Whethzr toeal SN or zoha compacta 2.00¢ was
wtilized is sterzd in the legends of the individual figures.
Differcne contro) braing were wsed for comparison with
braing 1 2oresenting each of the newradegenerative diseases

studied Thic was vnderteken to énswre appropeiate age

matchii g ane that postmorem handling, stosage, and dissee-
tion we-g a8 = millas s possible in¢ach group, This was partic-
ularly inpor-ant waen beain mwecsl came from different
brain baks aad every efforc was made 1o obtain matched
contrel simpies fom the same sovree of brain maverial,

Parkizwi's Ditawe Group

Bicain tsiue was obtained from 13 control subjects with no
known istery of psychiatric or neurological disorder and
16 PT patienes (Trble 1). Histological diagnosis of PD was
confitned i all the tissues utiliagd by the severe neuronal
10ss in &2 81 pars compacta and the presence of Lewy bod-
igs in svrviving eeils. The control subjeers and P13 patients
wete rlesely mached for age and postmnortern delay (eime
isecweer denth ard reoval of brain), The caudute dopamine
conteit was siga Ecantdy lower in the PD padents (1.02 +
0.2% = o/am) compared 1o the control subjoces (2.84 0.40
ngforey v o< (.05, Soudent's ¢ tesy).

Mudtisio-Se e Atveplyy Cronp

Brair dasue was cbtained from 10 controf subjects wich no
known -iseory of payshiatric or newological disorder and 7
MSA whiects (Table 1) Pathological diagnosis of MSA was
confizined Ly the stesence of stistonigral degencration wich
rackid ghicsis and cell loss in the SN, cavdate nucleus, and
putaren, 11 addidorn, there were pathological changes tha:
varigr in scverity involving the olivopootecerebellar system
and regaralionic autonomic nuclel, Tewy bodies were not
obserscd i any beain arca from MSA patients. Coserol sub-
jacts and LISA patignes were closely marched for age ane!
posty et delay,

Tuble 1. haracteri: iz of Gontrol Subjects aid Parkivoon's isease (P) coael Moltiple System Atropby (M;"A) Patfemts®

o et — -

Conerct P Conerol MSA
Fatient Detils e 13 (n = 16) =10 w7
Aga {y) 73.5 - 2.9 771 % 1.3 683 £ 5.7 634 = 2.0
Sex
Female 1 4 l )
Male 12 12 9 5
Age at caser of disease (yn) G668 = F3 5604 m 18
{59-71) (47-72)
Duration of disgazo (yo) 124 = 4 740 209
{5~24) (3--10
Levodops dosage tevel at time of A70 = 130 my/day G18 & 116 mafdey
desth {10010 mg} {334~1,100 mg)
Time between death and temovel 156t 2.2 134 1.9 14.2 =15 17.0 & 8.6

of brain (he)

. e s 1 R r— ik

PValuns oo expresied we mean o sandard errvr of mean. Raages of wulues arr iradiened in parentheses,

Sian ot ali (Yaathions Levels in YD and Crber Neurodegeaerative Dissrders 549
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Table 2. Chargcterisiics of Control Snbjects ang Progressive Fapranuclear Palyy (23551 avd Hattinglon's Disease (113) Paifents®

e —— oy

Cazirol PL? Contrel HD

Paticrt Details o= 1% (o= L1 (n = 1N {n + 1)
Age (yr) 502 % 1.9 )y a2 501 & 4.7 529 = 3.5
Sex

Femnale 9 d 1 3

Male 3] 3 9 7
Duraiion of disorder (v} NA 94 %19
Time berween death and removed of beada Chr) 04 r I8 ilgx1® 360 + T3 507 = 107

*Walues are retsmesented sioacan = standecd orres of mean.
b 2 10,05 25 compared o contrel subjects, Studend’s 7 test
NA =. noraveiable,

Bragrenive Supranuciccr Palsy (Cron

Brain tissue was obrained from 15 vontrol aubizets with ne
known history of psychiastic or newrological disorder 29 i1
PSP patients. (Teble 71, Patholepical diagaosis of PS5V was
confirmed by nerve celi loss in the SN, glotus alldus, ane
brainstern nucle, Incliding the leens cerulous sad supodne
collicutus, and the prercnce of globwose neurchbrillary targtles
in surviving acurons it the palliclum, subthalaric avs'ius,
midbrain, and dentate sucleus, Controd subject: aad PSP pa-
ients were <osely murched for postmortern delay, b e
mean age of PSP paticrrs was sigaidiczody lower than thitof
contzal subjcts.

Huntington's Disease Civonp

Braba tissue was obtainsd from 10 canueol subicees with 9
known histwery of psycroatric of reurological dizorder erd 10
HIZ paticnts {Table 23 Morphological diagnos:s of HT vies
confiemed by macroscapic strophy with giiosis and rerked
neurony foss ia the coodate nucleus and putarsen. The Ing
between death and rermoval of the brain was foager ©r the
HIY patients than the conrol subjects.

Measnvement of Gluterhimae Lovelr

Brain tssue was homogenized 1n 6 volumes icg<cold 6.4 M
perchloric scid cuntaining 0.1 mM diethylenatriamines .
taacatic acid using u microsonic probe, The wmples were
cenirifuged at 4,000 1pea, 4°C for 13 minuies, cnd the super-
natant was ¢nalyeed for G8SG and GHE eortent immc diucly
sfter homogenization,

Mecsnremsnt of Oxidived Giniathizne
GH4SG was measured by the enzymati recychng prec:duse
deseribead by Ticrze 116} and Slivka and coaurnorg 255,

Ar aliguot (0,15 1) of she tssue supernavsne was died
t0 1.3% ml of 11 mM M-ethylmaleimide VEMD in 10V oM
potssium phosphate buffer containing 3 mM ethviene-
dimminetetiaaceric acid, pH 7.3, After a 20-minute fnonba
tion period at room emperanics, the ceattio ) mixturs was
passed through Sep-Pak C-18 carridges (Milipore, Watcrs
Associates, Watford, United Kingdom) to regrove urruactad
INEM. Freliminary cxperinonts showed 99.63 (n = €) of
the unreacred NEM s retained by the cart:dges.

Specwophotometcic 1ssays worc porformed using 1.5 mil of
eleate o which 0.4 mM 5.5'-dithiohis(2-aicobenzeic seid}
{DTNB), (.17 ;M MADPH, and 16 ug/inl of GS5G ralue-

A ——— ——— . kR M - e T & S - et e e

tase wers sidod, The finel assay volume was 2.0 il The
reaction vai i Janxd oy the addicon of GS8G reducrase.
The rar:: of resdustion of DTNB w S-thio-2-nirrebenzoaty
{TMNBY vo5 moesweed at 412 am using & Shimudeu double
bz spueat:optotometer ac ambien: temperecure for 3 min-
utes, A strdard curve was consteucted using known urounis
of syachudy GYSC (J0- 100 ag). The standurd curves o
C8SG worn linsr (r 2= 0.994) over rhis concenteation renge.

Meastrenent of Reliresd Glietertbione
GSH wes meatured using 2 minor modificadon of the
method deterinnd by Beed wid conuthors {37), An aliquor
(2.17 mi; of tssue supornaanr was added to the fneril
standard {1 mM eyseic acid) and (.88 M iodoacetic acid.
Excess sodam hydrogen carbonate was added w precipince
socium (¢:chiotate. The sampley were incubaced ar room
taraperarie in the dark (oe an bour. Subsequently, 0.% )
of an alzchols solaticn of 1.3% (volfval) 24-diniwo-
fuorobeszene wis alded und the samples were incubated
For a Fuichic 4 hours. Thea diethy! gther (1.0 ml) was added
to the serples, wivey were shaken and then centrifuged w
2,000 rpan, roam cemperacuce, for 20 minuces. The aqueous
phase esacaining dirivarized glutathione was separared and
snalyzed by higlepeciormance liquid chromatography
(HPLC

Aliquers (19 pL) wete injected onie a Sphecisorb 89
amino (D8 ealumn (25 % 4.6 mra, Phase Separations) and
alused it g0 anvnonbun acote gradieat in placial acedc
acid, misbanot, and waces (pH 5.05; Bow rate 1,00-1.25 mif
minat 2 700 st GRH levels woere measired using 2 Waters
ulegavic st de-retor (model 441) at o wavelength of 565 om.
Chromargareshic peaks were integrated by 3 Waters 643
data me:hile, R5H derivatives were quantified in relation to
the internzd standeed (eystelc acid) '

Sraristivs

G4 2¢ GE8G levels in each brain region from control
subjects and paderts with PD, MSA, PSP, or HD wers com-
pired uzing .t unfeired rwo-tailod Srodent’s £ cest,

Resubis

Clutarbizne Levels in Control Subfecis

A high GBH/GHSG ratio {(mean, 318:1; range, 226~
00:1) was ubsaved in control subjects from all the
group: exarined-for the presear study. There was ao

350 Anmis of Meowology Vol 36 Do 3 Seprambes 1994
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Fig L. Linear regresive analysis far (03 redvoed glutathi a0
(GOH) leva's (uartedl g et weigint) with ags and (Bl ¢ tdliud
gluiathicne (GESGY feols (umiolipee 1ot weight) with a4 in
the toral sulstanti nizne and putamen from contvol sulit.
There wees 1o corvelatizn btrveen glutathione levels and ditient
age (regrossivn cogfficdint < Q0L n = 1320}

obuiots correlation Setween age and GSM of GHSG
levels in the SN and putamvan of control tubjess (Fig
1). Similacly, there was no cotrelatica hetweea post
mottem delay (tizne beswesn death apd remosal of
.brein) and GSH (Fig 2A) or G35G (Fig 2B) wnnent
in the 5I¥ and putarach,

Glutathione Levels in Parkinson's Diseise

There wis 3 sigaifeant reducticn in GEH in the SN
(402 from al) PI2 patent compared 1o contol sub-
jeces (PD: n = 16,045 % 0.03 pmol/gn wet veight;
control: ¢ = 13, C 79 # 0.46; p < 0.01: This spplied
to both tse SN pirs compe:ta and to the total 31 (Fig
3A) GSH lovels in the cerebral corter and puimen
were sonlewhat decreased compared to contre! velues,
but these changes did not reach statistic U signifomnee,
No altzrations in GHH ocourred with other besds weas
stzdied,

Tt contrast, G830 levels (Fig 3B wete not gltsrad in
PD paticnts, compered to control subjects. The GESG
content ia the SIN from all PD patieats was insignifi-
conely increased oy 29% (PD: a == 1%, 0131 =
0.0004 pmol/gm wet weight; control r = 12, 0.0024
# 0.0004, p = 0.19, not signilicant [NS]).

AN §

Glatathivze Levels in Maultiple-Systens Atrophy

The G#E content of the laterad globus pallidus from
MSA pefents was approximately double (19695) that
firand in conirol webiects (Fig 4A). There was a corre-
sponding reduction (60%) of the GSSG contens in the
lateral plehus pallidus in MSA patients (Fig 4B). There
were 110 sgnificant changes in (8H or G8SG levels in
other Legin freas examinesd.

Clutatiione Level in Progrersive Supranuclear Palsy

GSH levals in PS5 padents were reduged in the cau-
date aucicus (3145) (Fig 3A). There were a0 alter-
ations in (3550 conzent in the cerebral cortex, putamen,
or SN, (i35 3 cortent in PSP patients was not altered
in any «f vhe brain arezs examined (Fig 5B). (These was
aot sulizien: nigral dssue to messure GS5G levels.)

Glubatizione ewels in Huntington's Diseare

‘The G5l eratene in cerebral cortex, caudate nucleus,
and SI¥ wora compacta from HD patients was not al
tered : yapered o control values (Big 6A). There was
a markad reducticn in the GSSG (509%) ¢content in the
caudais nucitus It om HID patents compared to control

Fig 2. Lidear regreision analysit for (A) reduced glniaibione
(GSH; feuels {qumollion wwet wetnhn) with pogtmoriem delay
(1ime bivcon death end vemovat of Yrainy and (B) oxidized glu-
tathione (585G3) Laods (pumoll g wet wight) twith postmorsem
delay (=) it B sosal substantia nigra and putamen from
corttrol sy bjeees, There was no correlation betwoen glasathione
fevels and posimorien: deiey (regression cogfficient < 0.01;

o 10=20).
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Fig 3, Lewefs of (top) + ’iwed Hitathions (C SH) (el g wet
weight) arnd (botwom) wxidized ilutatiione (GEHG) (unilpm
16t weighi) in Parklnon’s diseas: {hatched ba:s) and 2:x
mechea conivol (open bars) busian extopsy brafns. Velew are
repretented as mear 1 dandard ervor of mean, Asteris ¢ indi
caies p < 0QT comprersd with controlr, Stuclent's ¢ tost. Iamber
of ramplee s shown 12 cach bar. T = totad; L == later2f+ /4 =
medial; € = zona corpacta,

subjects (Fig 6B). (There was aor suff-ient disve to
measuse nigral GEHG levels)

GSHIGSSG Ratto in Substantia Nigez it
Parkinsen’s Disease and Meulriple=System Ntrophy
The nig:al GSHF/GSSG nutio t2anded ro be datenesed
in both PD and MSA patlesrs compared w control
subjects (Fig 7). The reduction of the GBH/CEEE -
tio in PD patients reached statistical significance () <
0.05); that in MSA padens only just failed to meex
statistice! significance (p = 0.031). Mo mados covld be
calewlaed For PEP o HDD pationts sincs niged (G53G
levels could not be measursd die to the lmited smple
- availelle.

Discnssion

Merhodological Lsszvs

With the glurarsione analysis method of vk and
colleagues [15], 2 high GSH/GSSG tavs was nhserved
in tha brains of all control subjects. This indiwees that

352 Aanals of Wewrology Vel 36 No 3

linle avrolytic loss of gutathione had waken place asa
tesult of posimonem dnlay. Indeed, in this study there
wis 00 correhation beoween glumrhione levelsand pose
morters <elay In control subjecs. The greater part
(>U8% ' of toml gutathione was in the reduced form
{GSH), vhich is consistent with the pormal gxidutive
stace OF the Lrain [12) 'The levels of GSH and GSSC
found <ere ia axordance with those proviously re.
ported 131 The much higher levels of GS3G previ-
ously roporeed by Perry and coauthors [14] must have
been due o postirorten delay or methodological astis
Facts. In che PS2 proup studied here, chere was a sig:
nifican: Ciffesence in age between diseuse brains and
control trairs, However, there was no correfation be-
rween GSH or (G88G levels and wge v any group
studiend,

Adterarans 10 Gluathione In the Substanitia Nigra
The p:aont dusa iadicate a selectve reduction of GSH
in the 300 of FIY brains thet occurs without @ corre-

Fig 4, Levsls of (ton) rediced glutathione (GSH) (pmoligm swet
weight! 2ud {aovtom) axidized putathione (GSSG) (phualigm
wet waichs) { mpltivlecysters atraphy (hatched bars) end ggs
puatches cwitrcl (Gpaa bussy buman awtopsy bralns, Vidwes are
rapraseiss el a wean v stendard error of mean, Asterisk dndi-
gates p o5 O3 compoared twith controls, Stncenit's ¢ test. The difs
farence fu GYH in the substantia nigra compared lo vontrols
wwas met shuniiicant {p 3 O.0), Nawber of samples is shown in
each b Lo faberels M o= medial; U = total,
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Fig 5. Loveis of (A e eved glutethione (GSH) (umplly 7 we
weight) ane (B) oxidized glutashione (GSSQGY (vonallgt: vt
wwighil in progressive suprancley palry (3tppled bars) and
agr-matthe comirol (Gron bars) Juman awtopsy braing, Valnes
are represenicd a5 mea: = rtandyed error of meon, Aswrsk -
divater p = 0,03 ompared with ratesls Sticdont's ¢ s, The
differencs for GSH in swbstantic wigee compbared 1o coniris was
not significant (p = 03}, Npmbrr of samples is siown in: each
bar. T == (otals € = cimpacta; ND = not delivminied,

sponding significar: increase in 3883 conzent There
were no other changes in pluathions coent in D
brains, However, the ratio GSH/GSHG in the GN of
PI) bruins was altzred in favor of the oxidized form
ans} in a manncr consistent with the invelverint of
oxidative stress in nigral cell loss in P The sresent
fodings are in agreement with a retent repoat frora
Riederer atd colleagues which also showed 9 srvlar
decrease of toral glutathione [27 and GSH (18] ‘evels
in SN in PD.

The marked nigral depledon of GiH appess: t2 be
selective to PD), since it was not observed in the SIV
of MSA, PSP, o HD brains, although ther: wes a
wrend roward & reduction in MSA and PSP brafa:, This
suggests ¢hat the slieradons in GSH levels in PO ae
not a gereral consequence f neurodsgeneration what-
ever the cause, bur gre much more evidens in the
pathological process underlying PD. There are equiva-
feat degiees of <zll loss, sround 709, in the leters]
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Fig 6. iaile ¢ (A) redured gletathiome (GSH) (umoll pm wet
weipht) 0.4 (53) gridized lutathisn: (GSSG) (wemollgm wot
werzfit) ‘u Hoxtingion's diseass (sddpplod bars) and age-
matebe! watnd (Opan bors) buman axiobsy brains, Ascerisk
indicaty 1) < 205 compared with conteolt, Sindent’s v rest,
Number & sebles 55 shotwn in sach bav, NI = not drter
wanedy 0= nana enivparia,
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iwhstartia nigra of Savkinon't ditsase (P, v = 16} and male

seple-gystom oeeaphy (MSA, 0 = 4} parients (hatched bars)
compa) s to crgathed comerel (n = 10-13, open bars) bu-
man eibasy Sraine Valws ave represented at pitan 2 sian-
dard ¢ of mern, Astecisk indicates p % 0.05 for PD corte
zaved wafth condrils, Studdent’s ¢ rent (for MSA compared to
comtrals, e QLOSTL
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ventral tier of the wona compacte of che SN in 2D,
MSA, and PSP {191, Suppore far this conciusion comes
from HD studies, where not naly were nipral levels of
GSE unchenged but ulso thete were ro slteratious in
GSH levels in the caudate nucleus despite the merked
pathology found in this brain area [20}. The cheaze in
GSH in the SN in PL) was unlikely o have been due
to L-dopa treatment Patieats with MSA also welc tak-
ing this drug in larger doses on average, Yot themn: 'was
a smaller and insignificant fall in GSH corent in M3A
brains. Flowever, there was o fall in the rado of G3H
to G58C hoth in F and M3A braits (zlchouwsh 1hat
in MSA brains just ‘uiled to meet significance); this is
compatilsle with oxidative stress in both conditiang, so
we cannot tule out » rouribiion from. L-dopa Gwrupy.

Alterations in Gluteidone in Otber Breun Region:
There were some intercsting changes in GS-i aad
GSSG content in cher aress in MSA, 8P, and HD
brains, bu: these sru difficult to imterprat, The most
dramatic cceurred i the latecal globus pailidus ia MBA
brains whate ther. was an tlevadon of GSE lcvels
coupled o a reduction of 358G conteat. This wes,
of the globus pallidus is specifically #ffected in MEA,
showing a marked loss of myelinated Abees and glicsis
{213 ‘This finding wppears to signify an ateted wecox
state that serves o maintaln glusathione in it zerduced
form {12 Why this should oceur is a0 clear.

There vas 2 reduction in (3SH levels in the crvdate
nucleus in PSP beains bue no equivalent change in
GSSG in this aves. This chenge is simile to that ob-
served in the SN in PD braing, and may redhese the
presence of oxidarive stress. However, 1he striatum in
PSP brains exhibits only mild pachological ¢lunges
[201. In MDD brains there was & reducticn in GE8G in
the caudae aucleus but no change in GEH in tis area,
The reducdon of (188G in HD) again is unerplained,
but may be secondary to the macroyiopic atrcphyr and
s of the GABAnmgic mediumesized spiny rourons
[201.

Possible Cantes of Migral Glutatbione Deficioncy
in Parkirion’s Diease
The decrease of GSH in PD might be the =
defective synthesis, excessi-re metabolisra, or sbaos
utilizatior. Activiry of the raee-limiting synth:tic ea-
zyme y-phicamylevsteine synchetase In the SN in PD
remains o be deccrmined, a5 does the cazyn:e rainly
responsible for the translocation and breakdown of
baoth G&B and G55G, namely y-platwunyliranspepd-
dage. "The ability 1 form mercapturare conjugaes from
glutethione appears unchanged since glutathions tans-
ferase activity i the SN 2 PD reporcedly is rormal
{22}

Given the curmnt concept of oxidative s1oss as a
contriburory facror to aigral eolt death in PD, chenges

334 Arnals of Neurology Vol 36 No 3

in GSH utlization through its oxidative-reductive
pathwey might be relevant, However, there seems (0
be no dversl]l changs in dssue Jevels of glutathione
potoxi<asa zetivicy in the SN in PD {91 Receaty,
howev: t. 2 roacked elevagion was found in glutachione
- pietoxiciase—containing glial cells in the SN from par.
kinsonizs pdents (23], Under conditions of inwnge

oxidative st 28, udlization of GSH via glutathione per-

oxidase leals to an irreversible loss of intracellular
GSH (2:]. Despite the decreased GSH/GS3G rativ
in the SN in PO, there was 00 ubsolute increase in
GSSG levels thut might argue against the decrease in
GSH atsing from oxidative stress, However, G856 is
ransporiad fromn cells under conditions of oxidative
stress =5 profection against its cytotoxic effecrs [23}

The precise localization of sirered GSH levels in the
SN ip FID is not known, Since newrons only constimie
appro; Jdimataly 166 of the twwl number of nigral cells,
ir is li=ely that the marked pigral G8H depletion found
in PI cocurs in norneuronal populations such as glia.
indee, histochasnical stadies have shown that GSH is
localu..zn mainly in glial cells pnd the newopit [26-28]).
"This 1 vses fundemental quesdons of the role played
by gliel cells in the neuronal degeneration in SN thar
characiczes P

Relatiom:bip Between Deplesion of GSH and Otber
Indic:i of Ovidative Stress in the Substantia Nigra
The cepletion of GSH in the SN in PD acds to the
zrowing list of bicchemical changes {increased lipid
perosicaticn, tased iron levels, inhibited complex |
activity) that sujgest oxidative stress as a componen!
of the degenenyive process [29]. Recendy, we investi
pated the rame biochemicel parameters in subjects with
incidenal Lewy bady disease (presymptornatic PLY
{307. In the SN from these subjects, there was 0o
altersdon in iton levels and no significant decrease in
comules [ actyity but the levels of GSH were du-
creaixl w the same extent 28 in advanced PD [31)
This sugg:sts that the reduction of GSH is the earliest
index of cdidative seress so far uncovered and that only
subst cuently do alterations in iron metabolism and m-
tochondrizl function become spparent. Intetesdingly,
depletan of 158H in bein using an inhibitor of -
giut ayleysteins synchetase, namely buthionine sulfos-
imine, can itsel? leed to mitochondrial dama\ge [121
There toay, however, be the opposite connection
betwgzn she depletion of GSH in the SN in PL) and
inhibi‘ima of complex | activity, Thus, hepatocytes ci
sed o l-raathyl-4-phenylpyridisium ion (MPE ")
and cthee ratockondrial toxins show a decrease in
GSH content with no corresponding rise in GSSG lev-
els, rasutting in o fll in the GSH/GSSG redo {372).
This effect wis attributed to a combination of ce
crezsed callula membolistm and an efflux of GSH from
the cells, So. even m incidensal Lewy body diseese
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there may be alterations in mitochoni%ri::i func o that
remain to be detecied but that lead ¢ GEM deoledon.

‘This study was supportzd by the Medical Recearth Courcl ard the
Parkinson’s 1Disease Scacty and INSERM.
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