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Effect of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine and 1-methyl-4-
phenylpyridinium on aromatic L-amino acid decarboxylase in rat brain
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The compound 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP) has been reported to cause a Parkinson-
like syndrome in humans following intravenous adminis-
tration [1]. Since then, the neurotoxic effects of MPTP have
been widely studied in monkeys [2, 3] and several rodent
species [3, 4]. In addition to the reported effects on the
dopaminergic nigrostriatal system, MPTP treatment has
been reported to affect some non-nigrostriatal catechol-
amine systems in the mouse [5, 6]. Recently, much atten-
tion has been focused on elucidating the mechanism of
action of MPTP causing cell death. It has been shown that
MPTP is oxidized in vitro [7,8] and in vive [9-11] to
1-methyl-4-phenylpyridinium ion (MPP*) by monoamine
oxidase (MAO) and that this conversion of MPTP to MPP*
can be blocked by deprenyl and pargyline, two MAO
inhibitors [7, 11]. Studies also indicate that MPTP reduces
dopamine concentration in rat brain [3, 12]. However, the
effect of MPTP on the enzyme catalyzing the formation of
dopamine and serotonin, aromatic L-amino acid decar-
boxylase (AADC, EC 4.1.1.28), has not been reported.
The present study was undertaken to determine the in vitro
effect of MPTP and its metabolite, MPP*, on AADC
using both 3,4-dihydroxyphenylalanine (DOPA) and 5-
hydroxytryptophan (5-HTP) as substrates.

Materials and methods

L-3,4-Dihydroxyphenyl{3-“Clalanine {(sp. act. 10.9 mCi/
mmole) was purchased from the Amersham Corp. (Arling-
ton Heights, IL, U.S.A.) while pL-5-[3-Clhydroxytryp-
tophan (sp. act. 59.0 mCi/mmole) was obtained from the
New England Nuclear Corp. (Boston, MA, U.S.A.).
MPTP hydrochloride and MPP* were from Research Bio-
chemicals Inc. (Wayland, MA, U.S.A.). All other chemi-
cals were of reagent grade.

Sprague~-Dawley rats (150-200 g) were killed by decapi-
tation, and their brains were rapidly removed, frozen on
dry ice, and stored at —70°. DOPA decarboxylase and 5-

HTP decarboxylase activities were assayed in whole brain
homogenates as described previously [13], except that par-
gyline was excluded in the 5-HTP decarboxylase assay.
Protein concentration was measured using the Bio-Rad
Protein Assay which is based on the method of Bradford
[14], with bovine serum albumin as a reference standard.

Results and discussion

The in vitro effects of MPTP and MPP* on the activities
of DOPA decarboxylase and 5-HTP decarboxylase in rat
brain are shown in Table 1. In the presence of 5 or 10 uM
MPTP or MPP*, the activity of 5-HTP decarboxylase
increased by about 71-107%. In contrast, the activity of

_the DOPA decarboxylase was relatively unchanged. The

increase in 5-HTP decarboxylase activity seen here is in
accordance with the increase in the brain level of serotonin
following in vivo administration of MPTP [3, 5, 12, 15].
The low concentrations of MPTP and MPP* used in this
investigation are in the range expected following intra-
venous administration of MPTP and have been used in
E)rgan}otypic culture of embryonic rat mesencephalon
2, 16}.

It has been reported that MPTP and MPP* are potent
inhibitors of MAO [17]. It is possible that the increase in
5-HTP decarboxylase activity observed in vitro by MPTP
or MPP* addition might be due to the inhibition of MAO.
This would cause an accumulation of serotonin. Thus, the
increase in decarboxylation of 5-HTP observed might be
an artifact of the assay conditions. If this were so, there
should be an accumulation of both serotonin and dopamine
as well as an apparent increase in the activities of both
DOPA and 5-HTP decarboxylases under the assay con-
ditions. However, this was not so. The selective inhibition
of the two forms of MAO by MPTP or MPP* [17] should
not come into question since both dopamine and serotonin
can be deaminated by rat brain MAO-A [18-20]. Deprenyl,
a specific MAO-B inhibitor, has been shown to prevent the

Table 1. Effects of MPTP and MPP* on whole brain DOPA decarboxylase and 5-
HTP decarboxylase activities in the rat

DOPA 5-HTP
Conc decarboxylase decarboxylase
Compound (uM) activity*+ activitytt
None 986 + 100 16.0x3.4
MPTP 5 1089 + 102 (+11%) 273 x6.0 (+71%)
10 1097 + 101 (+12%) 29.6 = 6.0 (+86%)
MPP* 5 880 + 57 (-9%) 31.6 = 8.0 (+96%)
10 909 = 53 (—6%) 332+ 4.6 (+107%)

* Brain homogenate was incubated at 37° for 15 min in a medium (1-ml vol.)
containing: 80 umoles sodium phosphate buffer (pH 6.7), 0.125 ymole pyridoxal 5'-
phosphate, 10 umoles 2-mercaptoethanol, 1 yumole DOPA (containing 0.1 uCi L-[3-
“CIDOPA) with and without MPTP or MPP~.

1 Values represent mean =5.E. M. for five separate experiments, each performed
in duplicate. Enzyme activities are expressed in pmoles/min/mg protein. Numbers in
parentheses show percent changes from control.

i Brain homogenate was incubated at 37° for 60 min in a medium (1-ml vol.)
containing: 75 umoles Tris buffer (pH 8.3), 0.3 umole pyridoxal $'-phosphate,
10 pumoles 2-mercaptoethanol, 0.6 umole 5-HTP (containing 0.1 uCi pL-[3-*C]5-HTP)

with and without MPTP or MPP",
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oxidation of MPTP to MPP* [7, 11]. When it was included
in the assay for 5-HTP decarboxylase, the increase in decar-
boxylase caused by MPTP and MPP* remained unchanged.
Hence, the oxidative metabolism of MPTP to MPP* or the
dihydropyridinium intermediate [21] is not required for the
stimulation of 5-HTP decarboxylase.

The enzyme AADC has generally been referred to as a
single enzyme capable of decarboxylating both DOPA and
5-HTP (22]. However, earlier work from our laboratory
[13] has suggested the possible existence of different forms
of AADC with different substrate specificities for DOPA
and 5-HTP, respectively, being present in varying amounts
in different brain regions. This would explain the dif-
ferential effects of MPTP and MPP* on the activity of
AADC using DOPA and 5-HTP as substrates in the rat
brain. The increased serotonin level [3, 12, 15] seen in rats
administered MPTP could be explained by the action of
MPTP and MPP* or their metabolites on 5-HTP decar-
boxylase. However, the mechanism of this action has yet
to be investigated. It should also be noted that it is possible
that this action of MPTP and MPP* on 5-HTP decar-
boxylase has no bearing on the nigral cell death induced by
MPTP in mice [4-6] since DOPA decarboxylase was not
affected. Furthermore when MPTP is administered in low
concentrations to rats, it does not cause selective destruc-
tion of dopaminergic neurons [3, 12, 15]. Since primates
and rodents exhibit marked differences in their sensitivity
to the neurotoxic effects of MPTP [23], it would be of
interest to examine the effects of MPTP and MPP* on
AADC in the primate brain.

In summary, our results show that MPTP and MPP* have
differential effects on the activity of AADC, using DOPA
and 5-HTP, respectively, as substrates in the rat brain. The
oxidative metabolism of MPTP to MPP* is not essential for
the stimulation of 5-HTP decarboxylase activity.

Acknowledgements—This work was supported by the Medi-
cal Research Council of Canada. The authors wish to thank
Prof. J. Knoll, Department of Pharmacology, Semmelweis
University of Medicine, Budapest, Hungary, for the gift of
deprenyl and Ms. L. Cameron for typing the manuscript.

Department of Biochemistry
Faculty of Medicine
University of Manitoba
Winnipeg, Manitoba
Canada R3E OW3

YAaw L. Siow
KRISHNAMURTI DAKSHINAMURTI*

* Author to whom correspondence should be addressed.

2641

REFERENCES

1. J. W. Langston, P. Ballard, J. W. Tetrud and I. Irwin,
Science 219, 979 (1983).

2. J. W. Langston, L. S. Forno, C. S. Rebert and I. Irwin,
Brain Res. 292, 390 (1984).

3. C. C. Chiueh, S. P. Markey, R. S. Burns, J. N. Johan-
nessen, D. M. Jacobowitz and I. J. Kopin, Psy-
chopharmac. Bull. 20, 548 (1984).

4, R. E. Heikkila, A. Hess and R. C. Duvoisin, Science
224, 1451 (1984).

5. H. Hallman, J. Lange, L. Olson, I. Stromberg and G.
Jonsson, J. Neurochem. 44, 117 (1985).

6. M. Gupta, D. L. Felten and D. M. Gash, Brain Res.
Bull. 13, 737 (1984).

7. K. Chiba, A. Trevor and N. Castagnoli, Jr., Biochem.
biophys. Res. Commun. 120, 574 (1984).

8. J. N. Johannessen, L. Kelner, D. Hanselman, M-C.
Shih and S. P. Markey, Neurochem. Int. 7, 169 (1985).

9. J. W. Langston, I. Irwin, E. B. Langston and L. S.
Forno, Science 225, 1480 (1984).

10. S. P. Markey, J. N. Johannessen, C. C. Chiueh, R. S.
Burns and M. A. Herkenham, Nature, Lond. 311, 464
(1984).

11. R. E. Heikkila, L. Manzino, F. S. Cabbat and R. C.
Duvoisin, Nature, Lond. 311, 467 (1984).

12. A. Enz, F. Hefti and W. Frick, Eur. J. Pharmac. 101,
37 (1984).

13. Y. L. Siow and K. Dakshinamurti, Expl Brain Res. 59,
575 (1985).

14. M. M. Bradford, Analyt. Biochem. 72, 248 (1976).

15. C. C. Chiueh, S. P. Markey, R. S. Burns, J. N. Johan-
nessen, A. Pert and I. J. Kopin, Eur. J. Pharmac. 100,
189 (1984).

16. C. Mytilineou and G. Cohen, Science 225, 529 (1984).

17. T. P. Singer, J. I. Salach and D. Crabtree, Biochem.
biophys. Res. Commun. 127, 707 (1985).

18. R. W. Fuller and S. K. Hemrick-Luecke, J. Pharmac.
exp. Ther. 232, 696 (1985).

19. C. J. Fowler and S. B. Ross, Medn! Res. Rev. 4, 323
(1984).

20. J. P. M. Finberg and M. B. H. Youdim, in Handbook
of Neurochemistry (Ed. A. Lajtha), 2nd Edn, Vol. 4,
p. 293. Plenum Press, New York (1983).

21. N. Castagnoli, Jr., K. Chiba and A. J. Trevor, Life Sci.
36, 225 (1985).

22. W. Lovenberg, H. Weissbach and S. Udenfriend, J.
biol. Chem. 237, 89 (1962).

23. J. N. Johannessen, C. C. Chiueh, R. S. Burns and S.
P. Markey, Life Sci. 36, 219 (1985).



