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Abstract

Sechi GianPietro, Maria G. Deledda, Guido Bua, Wanda M. Satta, Giovanni A.
Deiana, Giovanni M. Pes, and Giulic Rosati; Reduced intravenous giutathione in
the treatment of early Parkinson's Disease. Prog. Neuro-Psychopharmacol &
Biol. Psychiat. 1996. 20, pp. 1159-1170

1. Several studies have demonstrated a deficiency in reduced glutathione
(GSH) in the nigra of patients with Parkinson's Disease {PD). In particular,
the magnitude of reduction in GSH seems 1o parallel the severity of the
disease. This finding may indicate a means by which the nigra cells could
be therapeutically supported.

2. The authors studied the effects of GSH in nine patients with early,
untreated PD. GSH was administered intravenous, 600 mg twice daily, for
30 days, in an open label fashion. Then, the drug was discontinued and a
follow-up examination carried-out at 1-month interval for 2-4 months.
Thereafter, the patients were treated with carbidopa-levedopa.

3. The clinical disability was assessed by using two different rating scale
and the Webster Step-Second Test at baseline and at 1-month interval for
4-6 months. All patients improved significantly after GSH therapy, with a
42% decline in disability. Once GSH was stopped the therapeutic effect
lasted for 2-4 months.

4. Our data indicate that in untreated PD patients GSH has symptomatic
efficacy and possibly retards the progression of the dissase.

Keywords: Parkinson's Disease; reduced glutathione.
Abbreviations: Columbia University Rating Scale (CURS), Parkinson's Disease

(PD}; Patients Global Impressions {PG}l); reduced glutathione (GSH); resling
tremor (RT); Webster Step-Second Test (W.S.8.T.).
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Intreduction

The mechanisms underlying dopamine celis death in the zona compacta of
substantia nigra in Parkinson’s disease (PD) remain unclear. However, current
concepts of this process indicate that free radicals generated by oxidation
reactions may play a key role (Jenner et al, 1992). Indeed, in postmortem
tissues from patients with PD there is evidence for inhibition of complex 1 of
the mitochondrial respiratory chain, altered iron metabolism and decreased
levels of reduced glutathione (GSH) (Riederer et al., 1989, Jenner, 1993). Of
these defence mechanisms implicated in the prevention of free-radical-
induced tissue damage, only the reduction in the levels of GSH in substantia
nigra appears to be specific to PD (Jenner, 1993, Sian et al., 1994) and,
noteworthy, this reduction has been also found in cases of incidental Lewy
body disease (presymptomatic PD) (Perry et al, 1982, Sian et al., 1992). In
particular, the magnitude of reduction in GSH seems to parallel the severity of
PD and, in advanced stages, in the nigra, GSH is virtually undetectable
(Riederer et al., 1989). In addition, data from animal studies have shown that
an induced GSH depletion in mice produces morphalogical changes in nigral
dopamine rieurons resembling those seen in normal aging and in MPTP (1-
methyl-4-phenyl-1,2,3,6-ietrahydropyridine) neurotoxicity (McNeil et al.,
1986). These observations have led us to determine the elfect of intravenous
{i.v.) GSH in patients with early, untreated PD.

Methods
Patients

After giving informed consent, 8 consecutive patisnts with idiopathic PD
were enrolied in the study. There were 6 men and 3 women, age 66 + 9 years
(mean + SD) (range, 49 to 77), Hoehn and Yahr stage of parkinsonism 2 + 0.9
(mean 1+ SD) (range 1 to 4), with a disability duration of 13 + 4.5 months (mean
t SD) (range, 8 to 24). The patients were considered eligible for the study,
provided that they had not been treated previously with any antiparkinsonian
drug or other agents active on the central nervous system including deprenyl or
vitamin E. The patients with dementia (Mini-Mental State Examination), or
depression {Hamilton Rating Scale) were excluded.

Procedures

GSH was administered i.v. 600 mg in 250 m! saline, as 1-hour infusion,
lwice daily, at 8.00 A.M. and 4.00 P.M, for 30 days, in an open label fashion. The
patients were assessed at baseline and 30 days after the treatment. Then, GSH
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was discontinued and, if the patient status improved, a follow-up examination
was carried-out at t-month interval, until the patient's clinical status
returned to baseline, or when the patient felt he or she was worsenad.
Thereafter, the patients were treated with carbidopa-levodopa ( 25-250 mg ),
half-tablet three times daily, and a new examination carried-out afler 30
days, about two hours after the intake of the drug.

Assessmenis

On each visit, the clinical disability was assessed according to a modified
Columbia University Rating Scale (CURS) (Yahr et al., 1969), and to the Webster
Step-Second Test (W.S.8.T.) (scoring method: time in seconds to stand and walk
a prescribed course and sit again) (Webster, 1968),

The subscores evaluated at the modified CURS were: speech, hypomimia,
tremor at rest, action or postural tremor of hands, rigidity, finger taps, hand
movements, pronation and supination of hands, foot taping, arising from chair,
posture, gait, balance and hypockinesia,

For the W.S.8.T., three sequential trials were performed for each patient, at
baseline and at each control, with a fixed intertrial interval of 15 s. In the
tabulation of the results the authors used the mean (+ SD) of the three W.S.S.T.
values obtained, for sach patient, at the beginning of the experiment and after
each of the trial periods.

Clinical response was also self assessed by palients according to Patients
Global Impressions (PGI) (Guy, 1976). This scale (ranging from 1 = very much
better, to 7 = very much worse) was used to assess the change in severity of
the disease from the beginning of the study and from the previous visit.

All patients were evaluated by the same examiner throughout the study. On
each examination, they were observed over two consecutive days. In addition,
in patients with tremor, at baseline and at each examination, at approximately
the same time of day, tremograms were recorded using an accelerometer
fransducer attached io the index finger of the hand and recorded on an EEG
poiygraph. Yremor frequency (in Hertz) and visual mean amplitude {mean value
of tremor estimated visually in microvolts) were measured from the tracings.

arator se ents

The following iaboratory tests were performed at entry and after 30 days of
GSH therapy: routine blood chemistries, liver function tests, blood counts,
urinalysis and ECG. A chest X-ray and a brain CT, performed without contrast,
were conducted in all patients before study entry.
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A statistical analysis of W.S.8.T. values was made, for each patient, by
Student’s t test for paired samples. A nonparamettic statistical method was
used to compare clinical parkinsonian scores (Witcoxon Matched-pairs Signed-
ranks Test) and the PGl (McNamar's Test). In addition, the sums of c¢linical
parkinsonian scores for each patient, at baseline, were correlated either with
the percent improvement calculaled through the same scale, or with the
percent improvement at W.S.S.T. after GSH therapy. The percentage of change
was calculated by the following formula;
prestudy value - treatment value / prestudy value x 100 = % change. The lavel
of significance was p < 0.05.

Hesuils

All 8 patients enrolled completed the study, There were no serious
complications from i.v infusion of GSH. Two patients during the third week of
v GSH treatment had fever (axillary, peak temperalure, 38.2°C), erithemia of
the skin, irritation and hardness al injection site, likely due to infusion
thrombophlebitis. The irritation and fever cleared up afler 5 days of antibiotic
and antiphlogistic therapy. Patient & after completion of the wash-out period
suffered a thigh-bone fracture. GSH did not induce clinically significant
changes in any laboratory test compared with basal conditions. The brain CTs
showed a mild cortical atrophy in two palients and no definite abnormalities
in seven of them. The frequency of resting tremor (RT) was 5 to 6 Hz. In patient
1, the mean amplitude of RT, compared with the baseline period, was reduced,
approximately, by 50% after GSH therapy, and by 25% after carbidopa-levodopa
(Fig 1). No definite variations in the mean amplitude of RT werse noted in the
other patients, in the various sequences of treatment, with respect to
baseline, or 1o the wash-out period. At W.5.8.T. all patients improved
significantly after GSH, with respect to baseline (from p < 0.05, to p < 0.01);
instead, after levodopa-carbidopa, only five patients Improved significantly,
with respect to the wash-out period (from p < 0.02, to p < 0.01), (Table 1). In
our opinion, for the dosages of levodopa-carbidopa and GSH used, the transiant
improvement induced by these drugs was roughly comparable. The total scores
for parkinsonian disability (modified CURS) were significantly lower either
after GSH therapy, with respect to baseline {(p < 0,007 }, or after levodopa-
carbidopa with respect to the wash-out period (p < 0.01)., (Table 2). A
significant improvement after GSH therapy, with respect to baseline, of
modified CURS subscores, was evidenced for speech, hypomimia, rigidity,
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pronation and supination of hands, fool taping, posture, gait, balance and
hypokinesia {from p < 0.02, to p < 0.007).

Buien I:

Teslleg tremot, lafl arm: banl recording.

B m_ywmww\mw

resting tremor, leh arm: wier X0 duyn of LY. gleblone (600 my twice dally).

repting temor, kel arm: aftsr 60 dayr of ghitsthiont withdriwal.

ferdg Uemor, lefi arm: afier 30 days of Sivemst (L-dope 150 mg, cwrblsops 25 my), badfdsblet, tree imar dudly.

L.

Fig 1. Representative resting tremor racordings in patient 1, at bassline (A):
30 days after therapy with reduced glutathione (B); 80 days after withdrawal
of reduced glutathione (C); and 30 days after carbidopa-levodopa (D): Vertical
calibration is 200 microvolts; horizontal scale is 1 second.

A similar improvement was noted after carbidopa-levodopa, with respact to
the wash-out peried (from p < 0.04, 10 p < 0.01). As seen from Tables, the
values of the modified CURS scores and the valuss of W.S.S.T., after
withdrawal of GSH therapy, reached the baseline values afler 2.6 + 0.7 months
(range, 2 to 4 months). The correlation coefficient between total CURS scores
at baseline, and the percent improvement calculated through the same scale,
aflter GSH therapy, is shown in Fig 2. In Fig 3, is shown the correlation
coefficient between total CURS scores at baseline and the percent
improvement at the W.S.S.T. after GSH therapy. The slope of this late
correlation is significantly different than zero (r = 0.6813; p = 0.0433), while
the correlation shown in Fig 2 is non-significant.
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Fig 2. Correlation coefficient between total GURS scores at baseline and the
percent improvement calculated through the same scale after therapy with
reduced glutathions {r= - 0.5027; p=n.s.).
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Fig 3. Correlation coefficient between total CURS scores at baseline and the
percent improvement at the W.S.S.T. after therapy with reduced glutathione
{r=0.6813; p=0.0433).
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Total scores of PGI were significantly lower either after GSH therapy, with
respect to wash-out period (or, baseline) (p < 0.0039) or after levodopa-
carbidopa, with respect to the wash-out period {p < 0.0039), where; no
significant difference was found at PG| between GSH therapy and levodopa-
carbidopa. One patient (n.9) with a marked sialorrhes, reported the
disappearance of this symptom after GSH therapy. After withdrawal of GSH the
benefit lasted for about 3 months. Levodopa-carbidopa therapy was insffective
on sialorthea in the same patient.

Disgussion

The crucial observation, that In idiopathic PD the magnitude of reduction in
GSH in substantia nigra seems to parellel the severity of the disease, may
indicate a means by which the nigra cells could be therapeutically supported
(Riederer et al., 1989).

GSH and the Blood-Brain Barrier

G8H is a ftripeptide (gamma-glutamyl-cysteinyl-glycine) which in
physiological conditions is believed to ba extracted in minimal amount at the
bloed-brain barrier {Cornford &t al., 1978). in addition, as it is a naturaily
occurring peptide, the possibility exists that there may be a breakdown of
glutathions in plasma by peptidases, as in other tissues and al blood-brain
barrier itself (Msister and Tate, 1976). Therefors, its clinical value as a
therapeutic agent, it administered by a peripheral route, should be minimal.
However, since racent investigations support the concept of a selactive
transcytosis for many peptides across an intact blood-brain barrier (Pardridge,
1986}, and since the finding that in idiopathic PD the locus coeruleus, which
helps 1o preserve the integrity of biood-brain barrier functions, is damaged
(Tomonaga, 1983, Harik and McGunigal, 1984), the authors administered GSH as
1-hour infusion two times daily for 30 days in PD patients, to investigate a
possible therapeutic effect of this peptide, after peripheral administration.
Actually, recent experimental evidences have shown biood-brain extraction of
circulating GSH in a brain parfusion model, and the transcytosis of intact GSH
into the brain parenchyma without breakdown (Zlokovic et al., 1984).

ffects of intray S H in 's Dis
The results of our open study indicate that in PD this peptide given i.v. may
reach [ts specific target in the brain (i.e, the nigra celis) and may have a

significant benaeficiai effect on several parkinsonian signs. In particular, as
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shown in Fig 3, the therapeutic effect of GSH on hypaokinesia appears to be
correlated to the severity of the symptom. This peptide was also effective in
reducing the RT in one patient, but failed in other four. In this patient, GSH
apparently improved the RT more than levodopa-carbidopa. In our opinion, since
the dosages of levodopa-carbidopa and GSH used are not comparable, to draw
this conclusion is incorrect. Once GSH was stopped the therapsutic effect
lasted for 2-4 months. This finding, in our opinion, is a strong evidence against
a placebo effect and this may indicate a protective effect of the drug on the
rate of progression of PD. However, this does not necessarily exclude a
symptomatic effect of GSH. These concepts are supported by the results of two
double-blind studies on the use of selegine, or bromocriptine versus placebo in
PD {Teychenne et al., 1982, Myllyld et al., 1992). Indeed, in these studies, the
maan CURS scores in the placebo group returned to baseiine after about 1-
month, and the symptomatic effect of bromocriptine, once stopped, did not last
for more than four weeks (Teychenne et al., 1982, Myllyld et al., 1982).

i rlyi T

The mechanism underlying the therapeutic effect of GSH in PD is unknown.
According to the most basic neurochemical abnormality in the brain of PD
patients (i.e., the marked loss of dopamine in the nigrostriatai neuron system)
{Ehringer and Hornykiewiez, 1960), an action of GSH at dopaminergic synapses
(presynaptically or postsynaptically) can be hypothesized. in particular, based
on the theoretical notion that decreasing the oxidative load in substantia nigra
may slow disease progression, it would seem that GSH, because of its
antioxidant properties (e.g., reduced formation of hydrogen peroxide), may be
able to protect the striatonigral cells and foster dopaminergic activity
{Jenner, 1993). Recent evidences of giutamate uptake inhibition by oxygen free
radicals in rat cortical astrocytes fit this hypothesis (Volterra et al., 1994).
Another important biological function that has been ascribed to glutathione is
the role in translocation of amino acids, and possibly also peptide, across cell
membranes (Meister and Tate, 1976). This function may be imporlant for the
transport of substrate and specific proteic neurotrophic factors into the
dopaminergic neurons of the substantia nigra (Tooyama et al., 1993). Given the
reduction in the levels of GSH in cells of substantia nigra, in PD this function
is likely impaired. A replacement therapy with exogenous GSH may contribute
to its reinstatement. A controlled study of this peptide for the treatment of PD
seems warranted.
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Conclusion

The findings indicate that in PD GSH given i.v. may reach ils spacific targst
in the brain (i.e., the nigra cells), it has a significant beneficia! effect on
several parkinsonian signs and possibly retards the progression of the disease.

References

CORNFORD, E.M., BRAUN, L.D., CRANE, P.D. and OLDENDORF, W.H. (1978). Biood-
brain barrier restriction of peplides and the low uptake of enkephalins.
Endocrinology 103: 1297-1303.

EHRINGER, H. and HORNYKIEWICZ, O.(1960). Verteilung von Noradrenalin und
Dopamin ( 3-Hydroxytyramin ) im Gemirn dss Menschen und ihr Verhalten bei
Erkrankungen des Extrapyramidalen Systems. Klin Wochenschr. 38 : 1236-
1238.

GUY, W.(1976). (Ed). ECDEU assessment manual for psychopharmacology. Revised
ed. Bethesda, MD : U.S. Department of Health, Education and Welfare.

HARIK, S.l. and MCGUNIGAL, T.(1984). The protective influence of the locus
coeruleus on the blood-brain barrier. Ann Neurol 15 : 568-574.

JENNER, P.(1993). Altered mitochondrial function, iron metabolism and
glutathione levels in Parkinson's disease. Acta Neurol Scand 87: Suppl. 146:
6-13.

JENNER, P., SCHAPIRA, A.HW., and MARSDEN, C.D. (1992). New insights into the
cause of Parkinson's disease. Neurology 42: 2241-2250.

MCNEIL, T.H., KOEK, L.L.,, HAYCOCK, J.W. and GASH, D.M.(1986). Glutathione
depletion mimics MPTP neurotoxicity and age-correlated changes in
dopamine neurons in substantia nigra of the C 57BL/8NNia mouse. Soc for
Neuroscience Abstracts 12

MEISTER, A. and TATE, S$.5.(1976). Glutathione and related gamma-glutamyi
compounds: biosynthesis and utilization. Ann Rev Biochem 45: 558-604.

MYLLYLA, V.V., SOTANIEMI, K.A., VUORINEN, J.A. and HEINONEN, E.M.(1992).
Selsgine as initial treatment in de novo parkinsonian patients. Neurology 42:
339-343.

PARDRIDGE,W.M.(19886). Blood-brain barrier: interface betwsen internal
medicine and brain. Ann Inter Med 105: 82-95.

PEARY, T.L, GODIN, D.V. and HANSEN, S.(1982). Parkinson's disease: a disorder
due to a nigral glutathione deficiency. Neurosci Lelt 33: 305-310.



1170 G.P. Secht et al

RIEDERER, P., SOFIC, E., RAUSH, W.D,, SHMIDT, B., REYNOLDS, G.P., JELLINGER. K.
and YOUDIM, M.B.(1989). Transition melals, ferritin, glutathione, and ascorbic
acid in parkinsonian brains. J Neurocham 52: 515-520.

SIAN, J., DEXTER, D.T., MARSDEN, C.D. and JENNER, .(1292), Glutathions lavels
in brain neurodegenerative diseases affecting basal ganglia. Br J Pharmacol
i0g: 118 P.

SIAN, J., DEXTER, D.T,, LEES, A.J., DANIEL, S., AGID, Y., JAVOY-AGID, F., JENNER,
P. and MARSDEN, C.D.(1994). AHerations in glutathione levels in Parkinson’s
disease and other neurodegenerative disorders affecting basal ganglia. Ann
Neurol 38; 348-355.

TEYCHENNE, P.F,, BERGSRUD, D., RACY, A,, ELTON, R.L. and VERN, B.(1982).
Bromocriptine : low-dose therapy in Parkinson's disease. Neurclogy (Ny) 32:
577-583.

TOMONAGA, M.(1983). Neuropathology of the locus coeruleus: a
semiquantitative study. J Neurol 230: 231-240,

TOOYAMA, |, KAWAMATA, T., WALKER, D., YAMADA, T., HANAI, K., KIMURA, H.,
IWANE, M., IGARASHI, K., MCGEER, E.G. and MCGEER PL.(1993). Loss of baslc
fibroblast growth facter in substantia nigra neurons in parkinson's diseass.
Neurology 43 : 372-376.

VOLTERRA, A., TROTTI, D., TROMBA, C., FLORIDI, S. and RACAGNI, G.(1894),
Glutamate uptake inhibition by oxygen free radicals in rat cortical
astrocytes J Neurosci 14 . 2924.2932,

WEBSTER, D.D.(1968) Critical andlysis of disability in Parkinson’s disease.
Modern Treatment 5. 257-282,

YAHR, M.D., DUVOISIN, R.C., SCHEAR,M.J., BARRET and R.E. HOEHN, M.M. {1969).
Treatment of parkinsonism with levodopa, Arch Neurol 21:343-354.

ZLOKOVIC, B.V., MACKIC, J.B., MC COMB, J.G., WEISS, M.H., KAPLOWITZ, N. and
KANNAN, R.(1994). Evidence for transcapillary transport of reduced
glutathione in vascular perfused guinea-pig brain. Biochem Biophys Res
Commun 201 : 402-408.

Inquiries and reprint reguests should be addressed to:

GianPietro Sechi, M.D.
Neurological Clinic
Viale 8. Pletro, 10
07100-Sassari
Italy.



