3-0-Methyldopa and the Response
to Levodopa in Parkinson’s Disease
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Plasma 3-0-methyldopa (30MD) concentrations in parkinsonian patients treated with levodopa on a long-term basis
reflect daily levodopa dosage and do not vary markedly during the day. Oral challenges with 30MD reduce the clinical
response to levodopa infusions, but 30MD is no more potent than phenylalanine in this regard. These observations,
plus the fact that 30MD makes a small contribution to the total concentration of large neutral amino acids competing
with levodopa for transport at the blood—brain barrier, support the contention that 30MD is not an important

determinant of clinical response to levodopa.
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3-0-Methyldopa (30OMD), an O-methylated metabo-
lite of levodopa, has a 15-hour half-life [5, 18} and
therefore accumulates during long-term levodopa ther-
apy so that plasma levels of 30MD are often several
times higher than those of levodopa {9, 16, 171
30MD does not bind to the dopamine receptor {21}
and has no recognized direct pharmacological actions.
However, 30MD is a large neutral amino acid and is
transported by the same saturable carrier system that
transports levodopa and other large neutral amino
acids {191. Thus, 30MD can compete with these other
amino acids for transport at the blood—brain barrier.
The coadministration of 30MD and levodopa reduces
brain levodopa and dopamine concentrations {4, 7, 14}
and decreases levodopa-induced motor activity {7, 15].

Three clinical observations suggest that 30MD in-
fluences the response to levodopa in patients with Par-
kinson’s disease. First, dyskinesia may be associated
with elevated levels of 30MD [2, 3}. Second, the
30MDV/levodopa ratio is increased in patients with a
poor response to the drug {16, 17}. Third, coadminis-
tration of 30MD and levodopa reduced the response
to levodopa in parkinsonian patients {8}. We have at-
tempted to evaluate the clinical importance of 30MD
in patients with a fluctuating response to levodopa by
investigating (1) the relationship of 30MD plasma
concentrations to single and multiple levodopa doses;
(2) the diurnal variation of plasma 30OMD levels; and
(3) the abilicy of 30MD to antagonize the effects of
levodopa.

Methods
Thirty-four patients with idiopathic Parkinson’s disease par-
ticipated in these studies after giving informed consent. Six

patients had not previously received dopaminergics. Six pa-
tients who had been treated long-term with levodopa had
no clinically apparent fluctuations. Twenty-two long-term-
treated patients had fluctuations that consisted of classic
“peak-dose” and “wearing off” effects as well as more com-
plex fluctuations (“on-off”). All levodopa-treated patients
were also receiving carbidopa. Other medications included
anticholinergics (14 patients), dopamine agonists (12 pa-
tients), and amantadine (2 patients).

Plasma concentrations of 30MD were studied under sev-
eral conditions. To determine the contribution of a single
dose of levodopa to the plasma 30MD level, plasma 30MD
and levodopa concentrations were monitored hourly follow-
ing a single oral dose of levodopa in 6 previously untreated
patients. To determine diurnal variation in plasma 30MD
concentrations, 30MD levels were measured hourly in 5
patients with fluctuations who were receiving levodopa every
2 to 3 hours throughout the day. The relationship between
the plasma 30MD level and total daily levodopa dose was
examined in 28 patients by measuring 30MD at 9 AM when
the patients had been without levodopa overnight.

To examine the effect of 30MD on the clinical response
to levodopa, orally administered 30MD challenges (100 mg/
kg) were given to 4 patients with fluctuations during long,
constant levodopa infusions, once steady-state plasma levo-
dopa levels and constant motor responses were achieved
{11}. To estimate the relative potency of 30OMD in inhibiting
levodopa transport, 30MD, phenylalanine, and glycine or
lysine challenges (100 mg/kg) were given to 6 patients with
fluctuations during 2-hour infusions of levodopa. The effects
of the amino acid challenges on the duration of the clinical
response following discontinuation of the infusion were com-
pared. The order of phenylalanine and the control amino
acid (glycine or lysine) was randomized. 30MD was given
last in 5 of the 6 patients because of its long plasma half-life.
The patients were unaware of which amino acid was adminis-
tered; the evaluating nurses were generally, but not always,
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blind to the amino acid administered. Two-hour infusions
followed overnight levodopa abstinence, but other antipar-
kinsonian agents were continued. Carbidopa (25 mg orally)
was administered 1 hour before the infusions and repeated
every 2 hours until completion of each study. ‘

The patients’ motor state was monitored by the speed with
which a patient could alternately tap two counters, rise from
a chair, walk a measured distance, and return to the chair
{11]. Plasma levodopa and 30MD levels were measured by
high-performance liquid chromatography using electrochem-
ical detection {12]. Detection limits for 30MD were 50
pmol/ml.

Results

Plasma 30MD Levels after a Single Levodopa Dose

Five of 6 untreated parkinsonian patients had no de-
tectable 30MD in their plasma prior to receiving levo-
dopa. Single oral doses of 1 or 3 mg/kg of levodopa,
preceded by 50 mg of carbidopa 1 hour before, pro-
duced peak 30MD levels of 1.9 = 1.1 nmol/m! (mean
= standard deviation) (Table 1), occutring 4 hours
after levodopa administration. This suggests that each
individual dose of levodopa contributes very little to
the plasma concentration of 30MD seen during long-
term use of the drug.

Hourly 30MD Concentrations during Long-term
Levodopa Therapy

30MD levels were monitored hourly in 5 patients re-
ceiving levodopa combined with carbidopa every 2 to
3 hours throughout the day. 30MD levels were rela-
tively constant throughout the day (Fig 1). The stan-
dard deviations of the means averaged 99 of the mean
concentrations.

Relationship berween Plasma 30MD Level

and Daily Levodopa Dose

Plasma 30MD levels were significantly correlated with
the total daily levodopa dose in patients with a stable
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Fig 1. Hourly plasma 3-O-methyldopa concentrations in 5 pa-
tients with fluctuations. Darkened symbols represent levodopa ad-
ministration. (O = 25/100 {25 mg of carbidopa and 100 mg
of levodopa} every 3 hours; A = 201200 every 2 hours; 3 =
30/300 every 3 hours; O = 10/100 every 2 hours; 2 = 20/
200 every 2 hours.)

response to therapy and in those with a fluctuating
response (Fig 2).

Plasma 30MD Levels after Oral Challenges

with 30MD

Oral 30MD challenges (100 mg/kg) in 10 patients
produced average peak plasma 30MD levels of 689 +
188 nmol/ml, occurring 2 * 1.2 hours after adminis-
tration. This is comparable to the elevated concentra-
tions of plasma phenylalanine, leucine, or isoleucine
observed with 100-mg/kg oral challenges of these
amino acids in a previous study [11}.

Table 1. Plasma 30MD Levels after First Dose of Levodopa in Previously Untreated Patients®

Plasma 30MD (nmol/ml)

Patient No. Dose (mg/kg) 0 hr 1hr 2 br 3 hr 4 hr
1 1 0 0 0.9 1.5 1.7
2 1 0 0.8 Ry 1.2 1.2
3 1 0 0.5 1.6 1.6 1.8
4 1 0 0.5 1.0 1.3 1.2
5 3 0.2 0.1 1.4 4.0 4.0
6 1 0 0.2 0 1.1 1.5
Mean 0 0.4 1.0 1.8 1.9
SD 0.1 0.3 0.6 1.1 1.1

*Carbidopa (50 mg orally) was given 1-hour before levodopa administration, and 25 mg was given every 2 hours thereafter until completion of

blood sampling.
30MD = 3-O-methyldopa.
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Fig 2. Corvelation between fasting plasma 3-O-methyldopa
(30MD) concentration and daily levodopa dosage in patients
treated long term with levodopa (p < 0.001). Open circles indi-
cate patients with a stable response to levodopa.

30MD Challenges during Long Levodopa Infusion
30MD challenges (100 mg/kg orally) wete given dut-
ing four prolonged levodopa infusions. In 1 patient
there was a striking reduction in the clinical response
following administration of 30MD (Fig 3), but the
effect was mild or equivocal in the other 3. In none of
these 4 patients was dyskinesia increased by 30MD
administration.

30MD Challenges during Short Infusions

The duration of clinical response following a 2-hour
levodopa infusion is proportional to the peak plasma
concentration achieved during the infusion {10]. This
suggests that the effect of an amino acid challenge on
response duration might be a sensitive indicator of an-
tagonism of levodopa’s clinical effect. The large neutral
amino acids, phenylalanine and 30MD, reduced the
duration of the clinical response compared to chal-
lenges with glycine or lycine, amino acids that do not
use the large neutral amino acid transport system and
would not be expected to interfere with levodopa’s
effect (Fig 4). Phenylalanine was slightly, but not statis-
tically, more potent than 30MD in antagonizing the
effects of levodopa (Table 2).

Discussion

Plasma 30MD levels are relatively constant in patients
receiving levodopa on a long-term basis, as would be
predicted from its known plasma half-life of 15 to 17
hours [5, 18}. Furthermore, each dose of levodopa
probably makes a small contribution to the overall
plasma 30MD concentration, as indicated by the small
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Fig 3. A 3-O-methyldopa (30MD) challenge (100 mglkg or-
ally) during constant levodopa infusion abolished the clinical re-
sponse to levodopa (worsening of tapping, and walking) from 3
PM 0 10 PM.
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Fig 4. Response of a single patient to challenges with lysine
(LYS), phenylalanine PHE), and 3-O-methyldopa (30MD)
(100 mglkg orally) during 2-hour infusions on 3 successive days.
The lower panel illustrates plasma levodopa concentrations dur-
ing the infusions (O = short infusion when lysine challenge
administered; ® = infusion with phenylalanine challenge; +

= infusion with 30MD challenge.) The solid lines in the upper
panels show the tapping scores on the various days with an in-
crease in tapping representing improvement in motor perfor-
mance. The dotted line shows the plasma concentration of large
neutral amino acids UNAA) (sam of tyrosine, phenylalanine,
leucine, isolencine, valine, histidine, and 30MD). Lysine, a ba-
sic amino acid, did not alter the concentration of the large neu-
tral amino acids.



Table 2. Effect of Phenylalanine and 30MD Challenges
on Duration of Clinical Effect of 2-Hour Levodopa Infusions

AUC? (% control)

Patient No. Phe 30MD
1 54 85
2 3 0
3 24 73
4 0 19
b} 0 22
6 56 34
Mean 23b 39b

*Area under the time—tapping score curve (Patients 1-3, 6) or
time~walking score curve (Patients 4 and 5) for the 3 hours follow-
ing discontinuation of the infusion. Values are the percentage of area
under the curve (AUC) relative to the AUC for challenges with
lysine or glycine (control).

bSignificantly different from control (» < 0.05) by one-way analysis
of variance with repeated measures and difference between individ-
ual means judged by least-significant-difference test.

Phe = phenylalanine; 30MD = 3-0O-methyldopa.

rise in the plasma 30MD level in the untreated pa-
dents after their first dose of levodopa [1, 18; present
data]. The diurnal fluctuations in the plasma 30MD
level that do occur may represent a redistribution of
30MD within body tissues rather than additional
30MD formed from each dose of levodopa. The
plasma levels of 30MD achieved during prolonged
dosing appear to reflect largely the total levodopa dos-
age, as has been suggested previously {2, 13, 16, 18],
despite the fact that the red blood cell concentration of
catechol-O-methyltransferase may differ fourfold [20].
Similarly, a correlation between daily levodopa dose
and brain 30MD concentrations has been noted in
autopsy material [G].

The plasma 30MDV/levodopa ratio has been sug-
gested to be a predictor of clinical response {16, 171.
The preceding observations indicate that interpatient
variations in the 30MD/levodopa ratio will largely
reflect differences in the temporal pattern of plasma
levodopa concentrations because the 30MD levels are
predictable from the daily dose and do not vary mark-
edly during the day. Plasma levodopa concentrations
are proportional to infusion rate {10}, and therefore
the fluctuations in plasma levodopa concentrations af-
ter oral administration primarily represent variations in
levodopa absorption. Plasma levodopa levels fluctuate
very rapidly because of rapid redistribution and metab-
olism of the drug and variable absorption influences
timing and number of peaks. Thus, the 30MD/levo-
dopa ratio would appear to be a rather capricious in-
dicator unless plasma levodopa levels are monitored
very frequently to accurately determine peak plasma
levodopa levels or area under the plasma concentration
curve. We would interpret the reports of high 30MD/

levodopa ratios as indicating large daily doses of
levodopa and/or slow absorption of levodopa and not
necessarily evidence for a difference in levodopa me-
tabolism. However, we cannot exclude that a subpopu-
lation of patients have a quantitatively different periph-
eral metabolism of levodopa, as we did not specifically
study “nonresponders.”

By the same reasoning, the correlation between ele-
vated plasma 30MD and dyskinesia {31 could in real-
ity be an association between daily dose of levodopa
and dyskinesia. Certainly, an argument against 30MD
directly causing dyskinesia is the observation that the
large oral doses of 30MD did not produce or increase
dyskinesia in our patients, but instead produced aki-
nesia and tremor.

30MD challenges can block the clinical effects of
levodopa as demonstrated in our patients receiving
levodopa infusions. This is consistent with findings in
animal studies in which coadministration of levodopa
and 30MD reduced brain levels of levodopa and
dopamine {4, 14} and decreased the pharmacological
effects of levodopa {7, 15]. The question then be-
comes: Are the plasma levels of 30MD present during
long-term dosing sufficient to alter the flux of levodopa
into the brain? As the total concentration of large neu-
tral amino acids in plasma ranges from 450 to 700
nmol/ml and plasma 30MD levels vary from 15 to 70
amol/ml, 30MD is a relatively small contributor to the
total large neutral amino acid pool competing with
levodopa for entry into the brain. However, if 30MD
had a particularly high affinity for the transport system,
its influence might be out of proportion to its plasma
concentration. Comparison of the effect of 30MD and
phenylalanine on levodopa response during the short
infusions suggests that 30MD is no more potent than
phenylalanine in antagonizing the effects of levodopa.
Thus, 30MD does not appear to have an unusually
high affinity for the transport system, an observation
that is consistent with estimates for transport equilib-
rium constants in animals [19}.

In conclusion, although 30MD is capable of blocking
the clinical effects of levodopa, it is unlikely to play a
major role in the response to levodopa during normal
dosing because: (1) the plasma levels of 30MD do not
fluctuate widely; (2) 30MD represents a small propor-
tion of the total large neutral amino acids competing
with levodopa for transport across the blood—brain
barrier; and (3) 30MD does not have a higher affinity
for the transport system than do other large neutral
amino acids.
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