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NEUTRAL (R)SALSOLINOL N-METHYL-
TRANSFERASE AS A PATHOGENIC FACTOR OF
PARKINSON'S DISEASE

Wakako Maruyama*, Takako Yamada, Yukihiko Washimi, Teruhiko
Kachi, Nobuo Yanagisawa, Fujiko Ando, Hitoshi Shimokata, and
Makoto Naoi

1. INTRODUCTION

The pathogenesis of idiopathic Parkinson’s disease (PD) remains to be an enigma.
PD at cellular level is characterized by selective degeneration of dopamine (DA)
‘neurons in the substantia nigra. The discovery of MPTP suggested that endogenous or
xenobiotic neurotoxins might account for the selective cell death. N-
Methyl{R)salsolinol [WMM(R)Sal] has a chemical structure similar to MPTP and the
cytotoxicity selective to DA neurons was proved by in vivo experiments. The
- mechanism underlying the induction of apoptotic cell death was examined in vitro. The
analyses of human materials suggest the increased level of NM(R)Sal in PD brains,
Possible involvement of NM(R)Sal in the pathogenesis of idiopathic PD is discussed.

2, METABOLISM AND DISTRIBUTION OF DOPAMINE-DERIVED
ISOQUINOLINES IN THE HUMAN BRAIN

NM(R)Sal is synthesized in DA neurons by 2 enzymatic steps, (R)salsolinol
synthase and neutral (R)salsolinol M-methyltransferase (NMT) (Naoi et al., 1996b;
Maruyama et al., 1992). In control human brain, DA, MM(R)Sal and the oxidized
isoquinolinium ion (DMDHIQ") were detected in the nigro-striatum. Only the (R)-
\enantiomer of Sal and N-MSal were identified, suggesting their enzymatic synthesis.
(R)Sal distributes ubiquitously, but AM(R)Sal accumulates in the nigro-striatum, and

"W. Maruyama. Department of Basic Gerontology, National Institute for Longevity Sciences, Obu, Aichi 474-
8511, Japan, T. Yamada, Y. Washimi, T. Kachi, N. Yanagisawa. Department of Neurology. Chubu National
Hospital, Obu. F. Ando, H. Shimokata, Department of Epidemiology, National [nstitute for Longevity
Sciences, Obu, M. Naoi, Institute of Applied Biochemistry, Mitake, Gifu, Japan.

Mapping the Progress of Alzheimer s and Parkinson's Disease
Edited by Mizuno er al., Kluwer Academic/Plenum Publishers, 2002 277
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DMDUIQ" only in the substantia nigra {Maruyama et al., 1997a). The activity of the
etzymes involved in the mctabolism of ¥M{R)Sal was examined in the human brain. i
was Tound that the activity of NMT in the caudate-putamen well correlated with the
amount of DMDIHCQ in the substantia nigra (Nawi et al., 1997). These results indicate
that the activity of NMT may be the rate-limiting step in synthesis of NM(R)Sal in the
brain.

3. TOXICITY OF DOPAMINE-DERIVED ISOQUINOLINES ON DOPAMINE
NEURONS

The toxicity of dopamine-derived isoquinolines was examined by in vivo and in
vitro experiments. NM(R)Sal and its related isoquinolines were continuously injected
in the striatum of male Wistar rats for 3 days to | week (Naot et al.,, 1996a). Only
NM(R)Sal induced parkinsonism in rats. DA contents and the activity of tyrosine
hydroxylase were decreased in the substantia nigra. [mmunchistoiogical observation
confirmed selective depletion of DA neurons in the substantia nigra, indicating
selective toxicity of NM(R)Sal. _

The cytotoxicity of NM(R)Sal and related isoquinolines was examined using
human dopaminergic neuroblastoma SH-SY3Y cells, as a model of DA neurons.
NM(R)Sal was proved to induce apoptosis in a dose-dependent way, but neither its (§)-
enantiomer, NM($)Sal, nor other isoquinolines did (Maruyama et al., 1997, Maruyama
et al., 2001). The mechanism of the cytotoxicity by NM(R)Sal was proved to be
initiated by the decrease in mitochondrial membrane potential, followed by caspase-3
activation and nuclear translocation of glyceraldehyde-3-phospate dehydrogenase
(GAPDH), and finally DNA fragmentation (Akao et al., 1999; Maruyama et al,
2001b). The results suggest that a molecule in mitochondria, which can distinguish the
enantiometric configuration of NM(R)Sal, may initiate death program. '

4. -METHYL{R)SALSOLINOL AND ITS METABOLIZING ENZYMES IN
PARKINSONIAN PATIENTS

The level of NM(R)Sal was determined using lumbar CSF obtained from patients
with untreated PD and multiple system atrophy (MSA), and normal subjects. The level
of NM(R)Sal was found to increase significantly in parkisonian CSF compared to that
of MSA patients and control (Maruyama et al., 1996). To examine the mechanism of
the increase in ’M(R)Sal in PD, the activities of the enzymes related to its metabolism
were analyzed using lymphocytes. The activity of NMT with the optical pH at 7
(neutral NMT) increased significantly in the lymphocytes prepared from PD patients
compared to normal and disease control (Naoi et al., 1998). The significant positive
correlation was confirmed between NM(R)Sal level in CSF and the activity of NMT in
the lymphocyte prepared from the same PD patients (Fig. I). These results suggest that
the increased activity of the rate-limiting enzyme in the synthesis may account for the
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Fig. 1. Correlation between the level of AMER)Sal in CSF and the activity of NMT in lymphocytes, The
amount of MM{RYSal and NMT activity was analyzed using HPLC with clectrochemical detection.

increased level of AM(R)Sal in the brain. The activity of NMT was found to be slightly
higher in PD patients with akinesia as the main symptom than that in those with tremor
(Fig. 2). However, the sex, age, age of onset, duration of the illness, medication and
Hohen and Yahr stage did not affect NMT activity.

A chvity of N-Methyloans feruse
tprul/min/myg protinl
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-n e e we
a wmappsass »

Akinesia Treans
dominant duminant

Fig. 2. The activity of NMT prepared from PD patients whose main symptoms are akinesia and tremor.

5. CONCLUSION

Our clinica!l and experimental data strongly suggest that a DA-derived endogenous
isoquinoline, NM(R)Sal, and its synthesizing enzyme, neutral NMT, may be involved in
the pathogenesis of idiopathic PD. Increased activity of NMT in the lymphocyte and
probably also in the brain may be a causative factor of PD. The environmental and
genetic factors, which regulate the activity of NMT, should be further investigated. [n
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addition, the enantio-seiective induction of apoptosis mediated by the disruption of
mitochondrial membrane potential indicates that mitochondria may play a key role iy
the apoptotic cel! death induced by NM(R)Sal. A molecule, which regulates the
apoptotic signal transduction and is activated by NM(R)Sal or other neurotoxins, may be
a target to control the cell death in PD and other neurodegenerative disorders. Further
studied will bring us a clue to understand the role of neutral NMT in the pathogenesis of
PD and to develop novel methods to rescue the declining of nigro-striatal DA neurons,
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