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Summary: The purpose of this study was to examine the effects of 3-O-methylation by
catechol-O-methyltransferase (COMT) on the toxicity of levodopa in neuronal cultures.
High concentrations of levodopa are toxic in vitro. Therefore, there is concern that long-
term treatment with levodopa in patients with Parkinson’s disease might accelerate the
rate of degeneration of nigrostriatal neurons. However, recent studies have suggested
that, while levodopa is harmful in vitro, it may not be toxic in vivo. A possible defense
mechanism is by means of metabolic shunting of levodopa excess to 3-O-methyldopa by
COMT in peripheral and central nervous system tissues. In this study we examine wheth-
er the use of COMT inhibitor, which reduced the levels of 3-O-methyldopa, affect levo-
dopa toxicity. Mice cerebellar granule neurons, PC12, and neuroblastoma cells were
used, and their viability following exposure to levodopa and COMT with and without
tolcapone, a COMT inhibitor, was measured by neutral red staining. Auto-oxidation of
levodopa was evaluated using a spectrophotometer (690 nm). We found that 3-O-
methyldopa, unlike levodopa, was not toxic to all cells examined. Addition of purified
COMT to levodopa prevented its auto-oxidation and markedly attenuated its cytotoxic-
ity in vitro. Additional tolcapone reversed the protective effect of COMT. The agent
3-O-methyldopa is not toxic to cell cultures. Catechol-O-methyltransferase attenuates
toxicity of levodopa in vitro by its metabolism to nontoxic 3-O-methyldopa. Key
Words: Parkinson’s disease—Catechol-O-methyltransferase—Levodopa—
3-O-methyldopa—Tolcapone

Levodopa (L-Dopa) continues to be the most potent
and widely used treatment in Parkinson’s disease (PD).
However, a number of studies have shown that L-Dopa
can be extremely toxic to cultured neurons (1) and in-
duce apoptosis (2,3). It is believed that the in vitro tox-
icity of L-Dopa is mediated by its auto-oxidation,
which generates a variety of potentially harmful free
radical species (4–6). This is the reason for the persis-
tent concern that long-term administration of L-Dopa
might be toxic to and accelerate the rate of degeneration
of nigrostriatal neurons and, consequently, the progres-
sion of PD (7,8). Data from in vivo experiments are
controversial. Most studies in animal models (9) and in
humans (10) have indicated that systemic administra-

tion of L-Dopa is probably not harmful to nigrostriatal
dopaminergic neurons and does not accelerate the rate
of progression of PD (8,11). However, other studies
have demonstrated that long-term L-Dopa can damage
dopaminergic neurons in 6-hydroxydopamine-lesioned
rats (12) and mice (13) and fetal dopaminergic neurons
grafted into striatum in rats (14).

Most of the orally administered L-Dopa is catabo-
lized in peripheral tissues either to dopamine by the en-
zyme aromatic L-amino acid decarboxylase (DDC) or
to 3-O-methyldopa by catechol-O-methyltransferase
(COMT). Because most patients are currently treated
with a combination of L-Dopa and a peripheral DDC
inhibitor, the 3-O-methylation metabolic route be-
comes predominant in treated parkinsonians. It has
been suggested that 3-O-methyldopa might contribute
to the pathogenesis of response fluctuations, in part by
competing with L-Dopa on entry from gut to blood and
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through the blood-brain barrier (15,16), although the
latter has not been clarified (17). Whether 3-O-
methyldopa is toxic is unknown. Therefore, we com-
pared the effect of L-Dopa and 3-O-methyldopa on the
viability of cultured neuronal cells. We also examined
the effect of cotreatment with the enzyme COMT on
L-Dopa toxicity in vitro.

MATERIALS AND METHODS

Cell Cultures

Mouse cerebellar granule cells were obtained from
cerebella of 8-day-old mice. 1-Arabinosylcytosine (10
µmol) was added to the culture medium 18 to 22 hours
after plating to prevent replication of nonneuronal
cells. Rat pheochromocytoma (PC12) and neuroblas-
toma cell lines were maintained as described previ-
ously (5). For the survival experiments, L-Dopa
(Sigma, St. Louis, MO, USA), COMT (Sigma), 3-O-
methyldopa (Sigma), and tolcapone (Roche, Nutley,
NJ, USA) in the indicated concentrations were added to
poly-L-lysine-coated 96-well microtiter plates (Nunc,
Aarhus, Denmark) containing 100 µL of 5 ×105 cells/
mL in each well. Cell viability was assessed after 24
hours of treatments by neutral red (0.34%, Sigma)
staining of live lysosomes. After 2 hours of incubation,
the dye was dissolved in 50% ethanol and 50% Somer-
son buffer (70 mmol/L sodium citrate, 30 mmol/L citric
acid, 0.1 mol HCl) and the color intensity was mea-
sured by enzyme-linked immunoassay reader at 550
nm. The survival is expressed as percentage of control
(mean ± SE).

Spectral Measurement of L-Dopa Oxidation

Levodopa and 3-O-methyldopa (10 mmol/L, 0.2
mL) were incubated alone or with COMT (5 U) for 4

hours in 96-well microtiter plates (Nunc). The gener-
ated pigment melanin was determined by measuring
the absorption at 690 nm in an enzyme-linked immu-
noassay reader (5).

Statistical Analysis

All experiments were performed four times each in
quadruplicate. Statistical significance was evaluated
with use of the two-tailed, unpaired Student t test.

RESULTS

Exposure to high concentrations of L-Dopa (0.5
mmol/L) for 24 hours was toxic to all examined cell
lines. Survival of CGC was 42% ± 10%; of neuroblas-
toma cells, 50% ± 8%; and of PC12 cells, 27% ± 5%, as
compared with controls (p < 0.01 [Fig. 1]). By contrast,
treatment with 3-O-methyldopa (0.5 mmol/L) was not
toxic to and did not affect survival in any of the culture
types (Fig. 1). In PC12 cells, viability was not altered
even after increasing concentrations of 3-O-
methyldopa to 2 mmol/L (data not shown).

Since we found that, unlike L-Dopa, 3-O-
methyldopa is not cytotoxic, PC12 cells were treated
with L-Dopa in the presence of purified COMT (5 U).
Survival of cells that were exposed to L-Dopa was
markedly enhanced after addition of COMT, from 41%
± 3% to 65% ± 6% (p < 0.01; Fig. 2). When COMT (5
U) and tolcapone (30 µmol/L), a COMT inhibitor (18),
were added together to L-Dopa-treated cells, the rescue
effect of COMT was antagonized and cell survival was
similar to that observed after exposure to L-Dopa alone
(44% ± 2%, p < 0.01). Tolcapone itself was not toxic to
PC12 cells (data not shown).

Levodopa undergoes auto-oxidation in vitro and

FIG. 1 . Levodopa and 3-O-
methyldopa neurotoxicity. Cerebellar
granular neurons, PC12, and neuro-
blastoma cell lines were incubated for
24 hours with 0.5 mmol/L L-Dopa or
3-O-methyldopa. Viability was mea-
sured by neutral red staining (mean ±
SE, n = 4).
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generates the pigment dopa-melanin. To examine the
possible effect of COMT on this process of auto-
oxidation, L-Dopa (10 mmol/L) was incubated without
cells at 37°C, alone or in the presence of COMT (5 U).
The generation of the pigment was determined 4 hours
later by an ELISA reader at 690 nm. Dopa-melanin pro-
duction was markedly reduced by addition of COMT
from 0.22 ± 0.05 to 0.075 ± 0.02 optical density at 690
nm (p < 0.01). There was almost no pigment accumu-
lation from 3-O-methyldopa (Fig. 3).

DISCUSSION

Our study confirms that high concentrations of L-
Dopa are injurious to cultured neurons (1–6). In our
experiment, exposure to L-Dopa was lethal to cerebel-
lar granular neurons, neuroblastoma, and PC12 cells.
Unlike L-Dopa, its major metabolite, 3-O-methyldopa,
was not toxic, and survival of the various cells re-
mained unaltered after treatment with this compound.

We found that addition of purified COMT, the enzyme
that converts L-Dopa to 3-O-methyldopa, markedly
suppressed the toxicity of L-Dopa to PC12 cells in
vitro. This remarkable effect of COMT is, in all likeli-
hood, a result of the reduction of harmful L-Dopa con-
centrations in the culture medium by its enzymatic me-
tabolism to the nontoxic derivative 3-O-methyldopa.
This is supported by the observation that the beneficial
rescue effect of COMT against L-Dopa toxicity was
reversed by cotreatment with the COMT inhibitor tol-
capone. Toxicity of L-Dopa is mediated by its auto-
oxidation that generates a variety of potentially harmful
free radicals, semiquinones, quinones and dopa-
melanin (1,4,6,7). We found that purified COMT at-
tenuated the spontaneous in vitro auto-oxidation of
L-Dopa and reduced dopa-melanin accumulation. In
addition, we showed that 3-O-methyldopa does not
auto-oxidize and does not generate melanin. Therefore,
it seems that 3-O-methylation of L-Dopa by COMT
neutralizes its toxicity in vitro by preventing the forma-
tion of oxidation-induced noxious substances.

There might be several reasons for the apparent dis-
crepancy between L-Dopa toxicity in vitro and in vivo,
including presence of glia and of neutralizing-
protective antioxidant systems, which are absent in
neuronal cultures (19). Methylation is an important
process that is used by living organisms to neutralize
toxins. Our study suggests that COMT may play an im-
portant role in antagonizing the potential in vivo toxic
effects of long-term treatment with L-Dopa. Peripheral
metabolism of L-Dopa by COMT to the nontoxic sub-
stance 3-O-methyldopa may reduce plasma levels of
L-Dopa, its entry through the blood-brain barrier, and
its concentration in the central nervous system. 3-O-
Methyldopa itself may competitively inhibit entry of
L-Dopa into the central nervous system (20). Brain
COMT may further act to diminish extracellular con-

FIG. 2. Protective effect of catechol-
O-methyltransferase (COMT) against
levodopa toxicity: reversal by tolca-
pone. The PC12 cells were incubated
for 24 hours with 0.5 mmol/L levodo-
pa (LD) alone, with COMT (5 U), or
with both COMT and tolcapone (30
µmol/L). Viability was measured by
neutral red staining (mean ± SE, n =
4). * p < 0.01.

FIG. 3. Catechol-O-methyltransferase inhibits levodopa auto-
oxidation. Levodopa or 3-O-methyldopa, alone or in the presence
of COMT (5 U), was incubated to generate melanin via auto-
oxidation. The accumulation of melanin was measured by an
enzyme-linked immunoassay reader at 690 nm (mean ± SE, n =
4). * versus control, p < 0.01.
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centrations of exogenous L-Dopa and restrain its poten-
tial toxicity by its conversion to 3-O-methyldopa. The
mechanisms underlying the protective effects of glial
cells against L-Dopa toxicity are undetermined and
may be attributable in part to high intracellular levels of
the natural antioxidants glutathione and the secretion of
trophic factors (21). Glia contain high concentrations
of COMT (22), and this may also be an important ad-
ditional factor in the defensive mechanism against L-
Dopa toxicity in the brain.
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