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- Brain amino acids and glutathione in
progressive supranuclear palsy

Thomas L. Pecry, MD; Shirley Hansen, BA; and Karen Jones, BSc

-

Article abutract— e measured amino acié conteniain auto
{PSP} and in control subjects tlying without brain dineass. G
patients, Parkinson's disease (1°D) patients, and conirols. In
accumbens; taurine siznificantly increased in nucleus agiumbe

[T

psied braius of saven patients with progressive supranuclear palsy
lutathion: was also quantitated in vapidly frozen brains of PSP
PEP, we (cund dutamic acid markedly increased in the nuclevy
ns, substactinnizra, exd globus pailidus; and y-aminobutyric acid

signifieantly increaser in nucleus aceumbens and puismen, Glyeeraphosihuet anolamine contents were significantly inereased
in most regions. Glutathione, which is significantly decreased in substantia nigra iv PD, was incteased in this brain region in
PBP, suggerting that different machanisms may be resvonsible for destructon of dopaminergic nigrostriatal neurons in these two

disorders.

NEUROLOGY 1988;38:043-948

Progressive supranuclear palsy (PSP} is an unccir.mon
degenerative neurologic disorder of unkaown etiology
first defined as a specific clinicopathologic entity in
1964 by Steele et al.! Symptoms resemble those of idio-
pathic Parkinson’s disease (PD), and PSP is zaid to
account for about 4%. of patients with parkinsonian
symptoms.? Patients with P1) and PSP both commonly
display bradykinesia, axial rigidity, and posterel in-
gtability, but tremor is unusual in PSP, while vartical
gaze paresis and pseudobulbar palsy are convnon in
fully developed PS)’, Depresaion and eventual ézimentia
are frequently seen in PSF. Dopamine agoniste and
cholinergic antagonists are much less effective in PSP
patients than they are in tho therapy of 2D.3

Two recont studies by Kisly et ait and Ruberget (8 have
begun to wacover the biochemical abnormalitive vihich
occur in brain in PSP, Both studiss found doparan: and
homovanillic acid contents markediy reduced in cadate
nuclteus and putamen, but normal in nudeus acmbens
and cerebral coxtex, indicating damage to the nigrostriatal
dopaminergic systern like the' found in PD, but rot to the
mesolimbic or mesocortical dopaminergic tracis. One
stucly® alse found a decrease in choline acatyltrixnferase
enzyme activity an< in [*H]-spiperone binding 0 cho-
linergic neurons in many brain regions, including
striatum, cerebral cortex, and substantia inmormirets., Lit-
tle is known about contents of amino acid neurot :ansmnit-
ters in brain in PSP. y-Aminobutyric acid (GA3A) and
aspartic acid contents were normal in antopsicd krain,
while glutamic acid contents were clevated in many
brain regions in three of five PSP patients.s

We report measurements of a number of amino acids

and relutec compounds, including glutathione, in the
sutopeied hirains of seven PSP patients, and we com-
pare these with contents found in control subjects and
in patiguts with PD,

Patieats and conlrol subjects, Frozen brain tissue was ot-
tained st autopsy fiom seven patients who had the classic nev-
ropattologic findings of PSP. In each brain, marked cell loss,
ghiosis, and neurofibrillaty degeneration occurred in the substan-
tia nigra, glotus pallides, and subthalamic nucleus, with similax
roore 1roclexnte chaage in the striaturn, brainster tegmentum,
hypoti:alamus, ard superior and inferfor colliculi, The neurc-
fibrillery tangles hed a distinctive appearance, with numerous
bundies of straight nevrofilaments 12 to 16 nm in diametor.
Detaile-=linizal lusoriss were available for ive of the seven PSP
patienis. Thue five patients suffered from postural and gait
disturhances. bradykinesia, rigidity, and paralysis of vertical
gaze, erd fov: of thm had dementia, None had tremor, Five of
the seven PGP patiants had been treated with L-dopa and cax-
bidopa with fittle or no beneficial response.

We abtained frozen brain tissue at autopsy from 42 continl
subjects withwut reurologie or psychiatric diseasa for com-
parison: of a'nino scid contents with the PSP patients. The
roeant £g2s (1 SEM} of the controls and PSP patients were
€01 & 24 and V1Y £ 2.9 years (p < 0.05).

A ssparaia grous of 9 control subjects was ussd for com.-

parison of brain glitathione contents with the PSP patients.-

These controls included both individuals who had died without
brain discass and patients who had died from several brain
disordzrs not known to involve any disorder of glutathione me-
tabolisra (including Huntington's disease, cerebellar atexiss,
amyotrophic latezal sclerosls, Alzheimer’s disease, and schizo-
phrenia}. This second group of controls had a mean age of 58.4 #:

1.7 yeara, Finally, brain glutathione contents in the PSP patients
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Table 1, Contents of lycerephoasphosthanolaaiing, taurine, glutimate, Flutamine, and GABA in various brain

regions in progressive supraunclear palsy

t
Frontal {Oceipital Cerebellar Caudate Subrientin - Nuclevs Glohus Thalamus, Dentate
Subjects coxtex coriex cortex ruolewy Putamen nigra atvumhons  patifidus  medial-dovsal nucleus
Glyceroptivaphoethanoluisine
Controls 0.89£006 Q772007 1001008 097007 0.80%007 1342008 0372013 1.12+0.13 0954008 1941043
{29} 27) {26} (3% 1% g (18} {16) (21) (19
PSP L16£009 1102011 14220168 13020102 L2809t 17020228 1482016 1830141 1512012% 2561015
n M n m (7 € w " mn (T
Taurine . '
Controis  1.03:+0.07 (931007 2.85£0.20 125 %0.0¢ 130£0.03  1.05::006 0854008 1271007 0871008 L14+0.10
(30) 23) (26} (33) {19) {3 {186) {16) (21} {18
PSP 0.98+007 1054008 2254020 1444017 1432040 14620158 126x0.09% 1542001F  1.031009 1.43%0.14
7) ¥} N (h (7 & (7 (n {n )]
Aspartic Acld '
Controls L4013 18520256 0842002 (.86£0.14 1082000 142£0.23 1084045 150 1.85+0.29 083096
(7 (3} 4} & (2} 3l (2 (n () (3
PSP 1L22£007 10803 1.24+0.11 L10x0.16 1.43 0,18 L2 E021 141209 1.09£0.10 1322017 098107
(4) {4} (4} (4) {4) ) 4 ) (4) - {4}
Glutamic Acd
Controls 828+0.28 5514023 8061032 10272031 11204048 555 :0.24 B3T£0.35  5.91%047 911042 4771025
(31) (28) 128} (33} (18) L (3 (16) (13} {18) (18)
PSP 932080 0681117 9.60x 111 1LTI£).2) 13.02+£1.88  411.5093 1214+ 1.46* 8.261+1.03 9.04 £ 0.88 6.30+0.04
(7) N (7 n (7 i " ) n (M
Glutaming
Controls 4642020 (98056 581034 44620.17  404%044 4315005 A3 044 5971058 4.27+034 4.27x042
27} 24 (22} {29} {18) (2%} {18 (15) {17} {14)
PSP 571100 831%1L11 T61+1.36 6574126 TE6£1391 565085 L5150t 7144008 58I+ 111 5804 1.00
n N (n (7 9] (i3 {7 (n Y3 N
GABA
Controls 1.64+008 1.8020.10 1652008  287£015 204 019 800 ;; 1.22 4162029 1324040 1943016 4771021
(31} (28) 426} 33 {19 (33 23) (18) (21} (18)
PSP 1232007 1.43x020 1.40£0.i8 168046 43706 500 :1.00 646 +057" 7214087 13310135 4204071 -
(7 N ] n h {N 7 N 1Y) (7
*p <0001
tp < 0.01
tp < 0,08,
Values (mean = SEM) axpeessed in jimol/g wet wolght, with narabars of subjects in parentasses.

were slso compared with those in the hrains of 17 patizots with
neuropatholozically confirmed P (mean age, ¥3.9 £ 3.7 vears),

Methods. Brain was frozen at varlous intervais (rangs, 110 30
hours) after death and stored at - 70 °C. Brains were Patially
thawed to about —10 °C for regional dissection, an speci-
mens were omogenized and deproteinizec in 0.4 M pevehloric
acid prior {6 amino kcid analysis.®® Fres amino neids and
other Ninhydrin-positive compaunds were then quantitated
on a Technicon auton:atic amino acid analyzer, using a single
cation exchange column and a lithium citrals buffer elution
systern.? We caleulated the signiScance of diffarences tn mean
values for amino compounds betwesn the control ang, P
groups with Student’s two-tailed ¢ test.

. Using these techniques, we found that contents of eight
amino compounds {glycerophosphoethanoclamine, taurine,
phosphoethanolamine, glutamic seid, glutamires. cysta-
thionine, homocarnosine, and y-aminobutyryl-lysine) ramain
unchenged ketween instantly frozen biopsied humen brain
and the saime biopsy spocirmons inaintained for 48 heursunder
simulated morfuary conditions.” GABA contents, however,
rise rapidly sfter brain death to reach maximal and siable
levels within 1 to 2 hours,” while aspartate contents ar2 stable
for tha first 4 hours after brain death but thereaffer risa rapidly
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in unfrozen brain. The mean contents of glycerophospho-
sthanolamine, baurine, glutamic acid, and glutamine listed ja
table 1 for controls and PSP patients are probably ropre-
sentative of the lovels actually present during life. So are the
conterits of aspartic acid, which were calculated only froza
those biains fronen within 4 hours of the patient’s death. The
mean GAE4 contents shown for different brain regions i
table 1 ere undoubtediy higher than they were during life, but
they can properly be compared between controls and PSP
patiente, since death-to-freezing intervala were in all cases
greater than 1 hour and not more than 30 hours,

Glutathinne contents decrense steadily after death in un-
frozen bratr due o autnlysis of this tripeptide, so values approxi-
mating those occurring during life can only be obtained by
Himiting stuclies to specimens with short death-to-freezing inter-
vals.? For the compazisons of glutathione between the second
group of controls, the PSP patients, and patients with PD (table
2), we usad only brain specimens which had been frozen within 8
hours of tho patient’s death. Total glutathione contents were
caloulntad &3 the num of reduced glutathione (GSH), 2 X ox-
idized glutathions {(G88G), and glutathione-cysteine paixed
disulfide (G3-SCy), & compound resulting from glutathione
bydrolyzia which 18 not seen in instantly frozen brain biopsies,
but which i always present in autopsied human brain,
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Table 2. Total glurathione contents in rapidly frozen
autopsied brain

1 -

Parsitson'n
Control PSP disae
Death-to-froszing 3.9 = 0.3 (79) 34 £ 06(4) 408 £ Odd (O
interval {hr)
Frontal corlog 1.80 = 0,06 (81) 2.04 + 0.24 {4) 1656 4 C.10 {I')

Qecipital cortex 164 ¢ 0.08 (83) 1.83 £ 0.2¢ (4} 140 % (01 {14)
Corebeltar cortex 2,01 = 0,08 (B7) 2.60 £ 0.46 (4} 189 + C.174 (10)
Caudate nusleus 224 = 0,08 (62) 2.86 & 0.38 (4} 1.83 1 0.20 (12)
Putamen 2,16 + 0,10 (35) 3.04 £ 0.36" (4) 1.6 & C.48 (11}
Substantia nigra 180 + 0.06 (82) 246 £ 0.56" {4) 1.22 2 CAD (1N}
4

Glatathionce contents finoan 4 SEM) are expreened ia pmoly ¢ ret
welght, and are the total of GSH, 2 > GS3G, pks G:3-8Cy. Nunber of
suljects in parentheses. *p < 0.0L, 1 < 0.05, as compared t» the mean
for controls {or the sarae brain reglon,

-

Resulte, Table 1 lists the mesn contents of six com-
poumds (glycerophosphoethanolamine, tauring, sspartic
acid, ghutamic acid, glutamine, and (GABA) in 19 brain
regions of the PSP patients and of the nevrologically
normal controls, Ghutamic acid content was simiricantly
and markedly elevated in the nucleus accumbens of the
PSP patients, while glutamine contents were significantly
increased n the putamen, substantia nigra, and macleus
accumbens, Aspartate contents were similar i all brain
regions of the relatively small muaber of F8P patisnts and
control subjects whose braias had been frozen within 4
hours of death. Taurine contents were significantly higher
in the substantia nigra, nucleus accumbens, and globus
pallidus of the PSF patients. GABA contents weve signifi-
cantly increased in the putamen and nucleus reourmbens
of the PSP patients. Finally, glycero-
phosphoethanolamine contents were significsntly in-
creased in most brain regions in the PSI? patients.:

No significant differences between 'SP patizats and
controls were found for four additional compornda whose
contents do not change appreciably between livicg brain
and autopsied brain’: phosphoethanciamine,
cystathionine, homocarnosine, and y-aminobutyryl-
lysine. In the interests of brevity, velues for thene com-
pounds are not listed in tzble 1. One neurotransmitter
amine acid, glycine, could not be corvpared betveen PSP
patients and controls, becanse its contents inwuase pro-
gressively and roaxkedly after death in unfrozen brain,”

 Table % compares total glutathione contents in six
brain regions of the PSP patients with the sewe brain
regions in a group of control subjects and a group of PD
patients. For thess comparisons, we only used deta for
brain specimens with death-to-freezing intervals of 8
hours or Jess, so that glutathione contents found would
approximate those present during life. Becauce insuffi-
cient specimens were available frora patients ¢ying with-
out brain disease, where tissue had keen frozea this
rapidly, we included among the conirols for ghitathione
contenta patients who died with various brain dizorders.
None of the latter, however, has beon shown <o iavolve
any abnormality of glutathione content. Whereas total
glutathione contents were significantly low io the sub-
stantia nigra and cerebellar cortex of the PD pstients as

INFO 6

compared with the control subjects, and were somewlat
low ia other brein regions of the PD) patients, the opposite.
wag faue for the PUP patients, with glutathione contents
heiny significantly higher than the controls in the sub-
stantia nigea and the putamen,

Discussion, Of the four amino acids measured which are
known 1o act as neurotransmitters (giutamate and
GARA), or which may act as neurotransmitters or nau-
romodulotors (aspartate and taurine), only aspartate con-
tenis wers unramarkable in all brain regions in the PSP
patients, Meex glutamate content was markedly elevated
{twofnld) in the micleus sccumbens of PSP patients, Glu.
tamats contents tended to be higher in most brain regions
inthe P& P patients than in the controls, but they weve not
significantly elevated in the occipital cortex, striatum,
glolsa: pailidue, and dentate nucleus as found by Kish et
al4 'Thess investigators did not report glutamate content.
in the muleus accumbens. We found roean contents of
taurine simificantly elevated in the nucleus accumbens,
glolsus prllidus, and substantia nigra, and GABA contents
significantly ihcreased in the putamen and nucleus ac-
curobene. In PD patients, a significant increase in GABA
content has been reported in the putamen.i© It is possible

‘that loss of dopaminergic input to thestriatum inboth PD

and in P3P causes a change in the physiologic regutation
of siriatal GAS3Asrgic neurons to produce this increased
GABA content.

"The iucreased glycerophosphoethanolamine contents
whizh w2 observed in most brain regions in our PSP
paiisuts, as compared with control subjects who died
wilhout brain disease, may reflect loss of neuronal cell
bodies with selative preservation of myelin in these re-
giona. White maffer containg much greater amounts of
glycevophosphosthanolamine than does gray matter, and
we found similar increases in glycerophosphoethanol-
amins in the autopsied brains of patients dying with
Huntington’s disease,! presumably secondary to neu-
ronal losa.

It is notable that abnormalities of mean glycero-
phosphoethanolamine, taurine, glutamate, and GABA
contents all ogcurred in the nucleus accumbens of our
PSP pasients. Kish et alt and Ruberg et al® did not find
aboormalitier of doparaine or homovanillic acid con-
tents in the nucleus accumbens of their PSP patients,
although the latter group reported mean choline acetyl-
trensferase activity low in this region. In the futurs,
perhaps more attention should be directad to searching
for asuropathologic and neurochemical changes in the
nucleus sccurabens in PSP,

The decrezze in total glutathione content in the sub-
stantia nigra in PD has been suggested'? as possibly
indicating consutnption of GSH in the detoxification of
free radicals, inciuding those derived from dopamine.
This finding provides a clue as to what may be causing
the progressive loss of dopaminergic nigrostriatal neu-
ronzin I, Bacause patients with PSP have symptoms
reserabling those of PD,? and because both disorders are
biochemically similar in their striatal deficiency of
dopamine and homovanillic acid,*® we thought it im-
portant to measure glutathione contents in PSP, Ina
small group of PSP patients (table 2), no such decrease
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in total glutathione was found in the substantia nigra,
even though three of these four patisnts wore appar-
ently being treated with 1.-dopa up until thsir deaths.
This observation also suggests that tha low nigral gluta-
thione found at death in D patients is wilikely to be
due simply to excessive dopamine formed fiom the L-
dopa used in therapy.
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