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Although the treatment of Parkinson's Disease has 
advanced significantly in the last twenty years, the 
etiology and possible means of prevention of this 
disease remain obscure. As recently outlined [1], 
three general hypotheses regarding the etiology of 
Parkinson's Disease have been put forward: genetic 
factors, aging of the nervous system and en- 
vironmental factors such as infections an~/or toxins. 
Calne and Langston [1], after reviewing the available 
evidence, concluded that genetic factors and normal 
aging of the central nervous system can be excluded 
as adequate causes for the majority of cases of Par- 
kinson's Disease. These authors suggest that, in most 
cases, the cause of Parkinson's Disease may be ex- 
posure to environmental toxins superimposed on the 
normal decline of substantia nigra dopamine (DA) 
cells that occurs during aging. Reactive and highly 
toxic oxygen radicals (such as superoxide radicals 
and hydrogen peroxide) are produced by normal 
cellular metabolism, including the oxidative metab- 
olism of catecholamines. These oxygen derivatives 
are normally eliminated by a number of scavenger 
systems including superoxide dismutase (in the case 
of superoxide radicals) and catalase and glutathione 
(GSH) peroxidase (in the case of hydrogen perox- 
ide). Neurotoxins which induce irreversible par- 
kinsonism, such as 6-hydroxydopamine and man- 
ganese, may cause the accumulation of reactive 
oxygen derivatives in the DA cells of the substantia 
nigra [2,3]. The concentration of GSH may be 
limiting in the process of hydrogen peroxide de- 
toxification (see Ref. 4). As recently reviewed [1, 4], 
an inverse relationship between cigarette smoking 
and the incidence of Parkinson's Disease is es- 
tablished. It has been suggested that smokers may 
maintain a slight but sustained increase in brain 
concentrations of reducing agents such as carbon 
monoxide, which would further protect DA cells 
from the oxidized products of DA metabolism [1, 4]. 
These data have been interpreted as suggesting that 
the concentrations of reducing agents such as GSH 
normally present in DA cells may be suboptimal. 

Perry and colleagues [4] have shown that the 
amount of GSH at autopsy in human substantia nigra 

:~ Correspondence and reprint requests should be 
addressed to M. J. B., Laboratory of Cell Biology, National 
Institute of Mental Health, Bldg. 36, Rm. 3A17, Bethesda, 
MD 20205, U.S.A. 

(that brain area containing most DA cells) is low 
compared to other brain areas examined, and that 
GSH concentrations are'further and significantly re- 
duced in the substantiae nigrae of individuals dying 
of Parkinson's Disease. The authors cite the autopsy 
data as support for the hypothesis that a relative 
GSH deficiency may exist in human substantia nigra, 
affording insufficient protection from cytotoxic 
metabolites of D A  metabolism and, under some 
circumstances, leading to DA cell death and Par- 
kinson's Disease. 

Recently, the accidental induction of Parkinson's 
Disease by self-administration of a meperidine 
analogue (1-methyl-4-phenyl-l,2,5,6-tetrahydro- 
pyridine; MPTP) has been reported [5-7]. A primate 
model of MPTP-induced Parkinson's Disease has 
been developed [8]; however, the mechanism of 
action of MPTP in causing Parkinson's Disease 
remains obscure. It is well established that GSH can 
be readily conjugated both in vivo and in vitro with 
a wide variety of conjugated, unsaturated molecules 
[9, 10]. MPTP is a highly conjugated aromatic com- 
pound, and we suggest that MPTP may act to con- 
jugate brain GSH in vivo. The postulated resultant 
decrease in GSH concentration in DA cells would 
increase the susceptibility to toxic by-products of DA 
metabolism. This might account for the observed 
DA cell death and development of Parkinson's Dis- 
ease after MPTP. 

It is interesting that the two neuronal groups pri- 
marily affected in Parkinson's Disease, namely mid- 
brain DA cells and locus coeruleus norepinephrine- 
containing cells, are highly pigmented. MPTP in- 
duces DA cell death in humans and primates (whose 
substantiae nigrae contain much of the pigment mel- 
anin), but has substantially less effect in lower species 
(whose substantiae nigrae contain much less melanin 
[11]) [8]. The concentration of melanin, a pigment 
resulting from the oxidation and polymerization of 
the DA precursor, dopa [12], may in fact provide an 
index of the relative inability of DA cells to prevent 
the accumulation of oxidized by-products of DA 
metabolism. In melanocytes, increased melanin syn- 
thesis is associated with an increased vulnerability 
to cell injury and death [13], perhaps because the 
quinone intermediates in melanin synthesis are 
highly reactive with many cell constituents, including 
GSH [12]. Manipulations which alter melanin pro- 
duction also affect intracellar GSH production 
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[12, 14]. However,  suggesting a causal relationship 
would be highly speculative: could it be that de- 
creased GSH levels allow more dopaquinone form- 
ation and subsequent conversion to melanin, or 
might an initial increase in dopaquinone production 
lead to a secondary decrease in GSH through a 
direct conjugation of GSH to this melanin precursor? 
Either way, we suggest that melanin-rich, GSH-low 
brain D A  cells may be more susceptible to the post- 
ulated GSH-depleting effects of MPTP. 

In fact, since the initial drafting of this com- 
mentary, Lyden and colleagues [15] have directly 
demonstrated that MPTP binds with high affinity to 
dopamine melanin in vitro. Thus, D A  cell melanin 
may act as a site for the accumulation and local 
release of MPTP in the human and primate sub- 
stantia nigra. This might help to explain the relatively 
selective and potent effect of MPTP on D A  cells [8]. 

Concluding remarks 

The recent autopsy data of Perry and coworkers 
[4] lend support to the hypothesis that a relative 
deficiency in substantia nigra GSH results in in- 
sufficient protection of D A  cells from oxidized prod- 
ucts of D A  metabolism. This hypothesis can be tested 
experimentally. Drug-induced GSH synthetase in- 
hibition should lead to D A  cell death, which in 
turn should be prevented by the administration of 
sulfhydryl compounds which bypass GSH syn- 
thetase. The proposed mechanism of action of the 
Parkinson's Disease-inducing chemical MPTP can 
likewise be assessed by studying GSH-MPTP con- 
jugation (in vivo and in vitro), the effect of MPTP 
injection on substantia nigra GSH concentration and 
the localization of MPTP in vivo. The inter- 
relationship between melanin, MPTP and GSH can 
be further addressed in melanocytes and in D A  
neurones in culture. If more data in support of these 
hypothesis are forthcoming, treatment of individuals 

in the early stages of (or at risk of developing) 
Parkinson's Disease with sulfhydryl compounds or 
other antioxidants may be warranted. 
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