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Importance of the field: Levodopa is the most effective treatment for
Parkinson’s disease, so it is important to understand the pharmacokinetic
and pharmacodynamic features of this drug. Considering the pharmaco-
kinetics of levodopa and the factors that can modify it are essential for the
tlinician when prescribing fevodopa products in order to maximize their
therapeutic efiects.-

Arsas covered in this review: This paper reviews the studies carried out
evaluating the interaction between levedopa and dietary factors.

What the reader will gain: The reader will gain a greater understanding of
the different dietary factors that can affect levodopa pharmacokinetics
and, thus, the therapeutic response that is obtained with this drug in
several situations. )

Take home message: An undersianding of the pharmacokinetics of any drug
is crucial for the esfablishment of its optimal therapeutic regimen, but this
assumes & special importance with ievodopa, due to its extensive presystemic
metabolism, rapid absorption in the proximal small intestine and short plasma
half-life. Major problems with levodopa treatment are the fluctuations in clin-
ical response experienced in patients with advanced Parkinson's disease that
sometimes are related to the peripheral pharmacokinetics of jevodopa, Stu-

dies of levodopa interactions are very important to improve patient response
to this drug.
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1. Introduction

Parkinson’s disease is characierized by the progressive degeneradion of the nigrostria-
tal dopamine pathway. Cell bodies of dopamine-releasing neurons are locared in the
substantia nigra, while the cells project to the striatum where nerve terminals release
the neurotransmitter, dopamine [1-5]. Striatal dopamine deficiency in Parkinson's
disease was first described in 1960. In 1961, levodopa was tried in Parkinson’s dis-
ease patients i6], but its effectiveness in Parkinson's disease was finally established in
1967 when Cotzias and colleagues reporied dramaric improvement in Parkinson's
disease parients with oral administration of Jevodepa in increasing amounts over
long periods [7).

The introduction of levodopa in the 1960s revolutionized the treatment of
Parldnson’s disease, and it continues to be the most effective sympromatic ther-
apy {&-10). Levodopa improves most parkinsonian symproms and is associated with
an apparent decrease in mortality rate. However, levodopa usage is also associared
with distressing side effects, such as uncontrollable movements, that compromise
treattnent [13-14). Response fluctuations and its wide distriburion throughour the
body is the major obstacle when levedopa is administered orally. Together with a
poor blood—brain transpert, there is only ~ 1% of the administered dose available
to the brain [15117]. Due to rapid absorption and disposition of levodopa, its plasma
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Article highlights,

» Levodopa is the most effective treatment for Parkinson’s
disease; so it is important to understand the
pharmacakinetic and pharmacodynamic features of this
drug.

Major problerns with levodopa {reatment are the
fluctuations in clinical response experienced in patients
with advanced Parkinson’s disease. Some of these
fluctuations (e.q., wearing-off, on-off) in motor
performance are-related to the peripheral
pharmacokinetics of levodopa.

* One of the major problems in the daily life of patients
with Parkinson's disease is gastrointestinal dysfunction,
especially constipation. Constipation is included among
the non-motor symptomns, which are often poorly
recognized and inadequately treated in contrast with
the dopaminergic symptoms of the disease, for which
treatment is available.

The restlts obtained in patients with Parkinson’s dlsease
indicate that arpmatic amino acids interfere in the
absorption and brain penetration of levodopa, and
modifying protein intake improves the guality of the
response.

Other dietary factors such as the administration of fiber
or ascorbic acid conduced to an impsovenent of several
pharmacokinetic parameters of levodopa.

This box summarizes key points contained in the article.

concentrations rapidly rise and fall after drug intake 118-20).
In the early 1970s, the advantages of adding a dopa decar-
boxylase inhibitor to treatment were discovered, and the
first levodopa combination, mrbldopaflevudopa, became
commercially available in 1975. Carbidopa is a peripheral
decarboxylase inhibitor with litle or no pharmacological
activity when given alone in usual doses. Ir inhibits the
peripheral decarboxylation of levodopa o dopamine and
as, unlike levodopa, it does not cross the blood-brain
barrier, effective brain concentrations of dopamine are pro-
duced with lower doses of levodopa. At the same time,
reduced peripheral formation of dopamine reduces periph-
eral side effects, notably, nausea and vomiting and cardiac
arthythmias, although the dyskinesias and mental effects
associared with levodopz therapy tend o develop ear
lier (21-23. Another peripheral decarboxylase inhibitor usu-
ally used to increase the central availability of levodopa is
benserazide [24].

A further development was the intoduction of catechol-O-
methyltransferase (COMT) inhibitors, an enzyme that also
mezabolizes levodopa. The addidon of these inhibitors, enta-
capone or tolcapone, decreases peripheral Jevodopa degrada-
ton to 3-O-methyldope and thus increases the defivery of
levodopa to the brain, prolonging its half-life in the periph-
ery [z5-28]. It has been proved that adjunction of the COMT
inhibitor entacapone to levodopa/carbidopa improves motor
symptoms in pasients with Parkinson’s disease [26.29.30) probably
due to a hypothetically increased dopamine occurrence ar the

prefronal cortex, which guides human behavior. It was also
demonsrrared  thar  enracapone did not influence gastric
emptying 130].

Major problems with levodopa treatment are the flucrua-
tions in clinical response experienced in patients with
advanced Parkinson’s disease. Some of these fluctuations
{e.g., wearing-off, on-off) in motor performance are related
to the peripheral pharmacokinerics of levodopa (18,3:-3¢). Pul-
satile simularion of striatal dopamine receptors induces
molecular and neurophysiological changes in striatal neurons
that are associated with dyskinesias [231).

As 2 result of rapid intestinal absorption and metabolic
elimination, plasma levodopa concentrations can flacruare
widely 321, Early in the course of jilness, there is no clear-
cur relationship berween plasma levodopa profile and anti-
parkinsonian effect 133. With the progression of the
disease, 2 correlarion berween levodopa plasma concentrarion
and clinical effect emerges [34). In more advanced stages of
Parkinson’s disease the clinical response mirrors the rapid
rise and fall in plasma levodopa concentrations after each
dose (the ‘wearinp-off phenomena). At this point, even small
changes in levodopa disposition can greatly affect the thera-
peutic response. Long-term levodopa administration results
in ap increased levodopa plasma bioavailability in parients
with Parkinson’s disease. This may resuls from deteriomated
peripheral activity of levodopa metabolizing enzymes or an
increasing enteric dysfunction with subsequent berter duode-
nal levodopa absorprion or both [3536. The pharmacokineric
optimization of levodopa dosage becomes essential vo obtain
reproducible plasma profiles and matched therapentic
responses [15.37).

Since then, several technigues such as continuous levodopa
infusion or long-acting levodopa combinations have been
proved to overcome complications with levodopa therapy.

In this review, the studies carried out evaluating levodopa
and dietary factors’ interaction will be included.

2. Levodopa-fiber interaction

2.1 In rabbits with normal gastrointestinal function
An experimental srudy was carried out in rabbits to evaluate
the influence of Plantage ovaia husk on the pharmacekinetics
of levodopa after a single administration of the drug (s8], Fiber
was given immediately before levodopa administration at two
different doses: 100 and 400 mg/lkg.

The sesults of this study indicate (Table 1) that after the
administration of the low dose of P swazz husk, the
mean AUC values calculated were slightly lower than when
Jevodopa was administered withour fiber. However, when
the fiber was administered ar the dose of 400 mglkg, the
mean AUC value was higher than in the other two groups,
atthough the differences were not significant, The fraction of
dose absorbed is 40.269 when levodopa is administered
alone, 37.15 when 100 mgfkg of P. svats husk is given and
53.16 when the dose of fiber is 400 mg/ke,
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Table 1. Pharmacokinetic parameters obtained by non-compartmental analysis in rabbits after adminisiration of

levodopa 20 mg/kg p.o. alone and with 100 or 400 mg/ky Plantago ovata husk.

Parameters Levodopa alone Levodopa and 100 mg/kg tevodopa and 400 mg/kg
P, ovata husk F. ovata husk

A (min™" 0.0072 0.0057* 0.0133*

AUC (pg/min/mi} 47.% 43.4 B2.2

Cmax {pgfmi) 1.43 1.04 1.46

timax (M0} 10.0 20.0 20.0

MRT {min) 28.7 48.5% 42 .9*

F {%) 40,3 37.2 B32

*Significant differences with levodopa alone group (Dunican test, p £ D.DS).

"MRT: Mean residence fime.

The value of Cp,, 2lso diminished after the administration
of the low dose of P. swasw husk, bur it was similar when levo-
dopa was administered alone and with 400 mg/kg fiber.

The tmost imporrant fact found in this study is thar the
amount of levodopa available from 2 certain time on is always
higher in the presence of fiber. In this way, after its adminis-
tration in the presenee of 100 mg/kg fiber, from 60 min on
it was 2 times higher than when it was administered alone
and when P owuatz husk was administered at the dose of
400 mg/kg, the amount of drug avallable from 20 min on
after adminisrration increased 67%.

A further study using the same doses of the drugs was
carried out to evaluate the influence of fiber co-
administrarion on levodopa pharmacokinetics, bur when levo-
dopa was used combined with carbidopa, as is usually done in
daily treatment 139. The presence of 100 mglkg . ovare husk
diminished the values of AUC and C,.. for levodopa
(29.7 and 28.1%, respectively) in relation to the values
obtained when levodopa and carbidopa were zdministered
withour fiber (Table 2). If the dose of fiber administered was
400 mglkg, the decrease was smaller: 20.4% for AUC and
24.6% for Cax

As in the previous study 3], the amount of levodopa avail-
able from cerrain time on was higher when fibes was adminis-
tered. In this way, the amounr of levodopa was 79.2% higher
in the presence of 100 mgfkg fiber from 210 min on and
20.3% higher from 150 min on when the dose of fiber was
400 mg/kg than when levodopa and carbidopa were adminis-
tered without P. ovars husk. .

In these two studies (3839 the results indicate thet the
administration of P owate husk conduced to an improvement
of several pharmacokinetic parameters of levodopa: higher
final concentrations of levodopa, a longer plasma half-ife
and lower C,., values, although the AUC values diminished.
This could indicate that £ ovata husk has a similar mecha-
nism of action as carbidopa {inhibition of l-amino acid aro-
maric decarboxylase) and would need a period of time to
stabilize its acrion.

Taking intc account the results obrained in a single
administration [38.39), the same authors evaluated in 1abbiws

the influence of treatment duraton with P. ewats husk/
levodopa/carbidopa (7 or 14 days) on the bioavailability and
other pharmacokinetic parameters of levodopa [40].

When levodopa and carbidepa were administered with
100 or 400 mg/kg of I opata husk, the mean AUC and
Coax values increased significanty from days 1 to 7 and
from days 1 to 14, the values being very similar on days
7 and 14 (Table 2},

After 7 or 14 days of wearment, the AUC was higher
(12.79%) on administering 400 mg/kg fiber than when
100 mg/kg fiber was used, whereas Cprp, was almosr the same.

The values obtained for C.;, in the groups smdied
increased progressively with the durarion of rrearment. It
was observed thar with a longer duration of treatment, there
was an improvement in the cxeent of levodopa absorbed,
resulting in higher final concentrations. These values were sta-
bilized berween days 7 and 9 of trearment.

2.2 In constipation

One of the major problems in the daily life of parients with
Parkinson’s disease is gastrointestinal dysfuncrion, especially
constipation. It is estimazed that ~ 60 — 80% of Parkinson’s
disease patients suffer from constpation. Several smdies
have proved that constipation appears ~ 10 — 20 years prior
to motor symptoms [51-44). More recenty, Abbow er al 145
have found from a large scale prospective study that lower
frequency bowel movements predict the fumre risk of
Parkinson’s disease.

Constipation is included among the non-motor symptoms,
which 2re often poorly recognized and inadequarely treared in
contast with the dopaminergic symptoms of the disease, for
which teatment is available, These non-dopaminergic and
NGR-MOWr Symptoms are sometimes present before diagnosis
and almost inevizably emerge with disease progression, Indeed,
non-moter symptoms dominate the clinical picrure of advanced
Parkinson’s disease and contribute to severe disabiliry, impaired
quality of life and shortenec life expectancy 1441,

As constiparion and slow gastric emprying are frequent in
patients with Parkinson’s disease 46-521, different approaches
to its treatment have been investigared. Drugs thar block
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Table 2. Pharmacokinetic parameters obtained by non-compartmental analysis in rabbits after administration of
levodopa/carbidopa (LD/CD) 20:5 mg/kg p.o. alone and with 100 or 400 mg/kg Plantago ovata husk.

Parameters 1D/CD Levodopa and 160 mgrkg P. ovata husk Levodopa and 400 mg/kg P. ovata husk
Normal rabbits Constipated rabbits Normal rabbits Constipated rabbits
Single 7Days 14 Days 7Days 14Days Single 7 Days 14 bays 7 Days 14 Days
% {min™) 0.0139 0.0082 0.0079 0.0058 0.0091 0.0071 0.0123 0.0134 0.0115  0.0078 0.0084
AUC {pg/min/ml} 155 109 141.3* 14B.8* 171.67* 17413 ° 128 180.2* 1E67.2% 171.33* 182 .44%
Cpmax (pg/mi) 2.74 1.97 2.21 2.30 2,03 1.88 2.07 2.25 2.30 1.92 1.85
Tmax (iNY 20.0 20.0 20,0 20.0 20.0 20.00 200 20.0 20.0 26.0 20,0
MRT (min) 576 70.7 746 72.0 102.7* 118.1%* 63.5 78.9 83.2 120.5* 118.7*

*Significant differences with levedopa alone group (Duncan test, p < 0.05).
MRT: Mean residence time.

dopamine receptors, presumably via an effect on gestrie dopa-
mine receptors, accelerate gasric emprying (53] and may
improve levodopa absorption. Metoclopramide hydrochloride
speeds up pastric emptying but is contraindicated in Parkinson's
disease because it readily gains access to the CNS and blocks
striatal dopamine receptors, thus exacerbaring parkinsonism.
‘Resuls with domperidone are conmadictory. Domperidone
blocks dopamine receptors bur does not cross the blood-brain
barrier, and it has been reported char it can be used safely in
Parkinson’s disease and improves both gasmic emptying,
measured objectively, znd symptoms of gasoparesis in patients
with Parkinson’s disease (54, However, other 2uthors 155 have
indicated thar it can exacerbate parkinsonism.

Cisapride acts as a prokinetic agent by stimulating acetyl-
choline release from myenteric cholinergic neurons {56, This
drug can also increase plasma concentrations of levodopa (57)
and reduce levodopa dose failures [58 in patients with
Parkinson’s disease, but concerns about potendal cardio-
toxicity have led to 2 ban on or severe restriction of the use
of cisapride in many countries,

Another approach would be the use of fiber. Fiber therapy
could be employed 1o reduce the symproms of gastrointesrinal
mortility disorders, because it regulates stool transit in the small
as well as in the large intestines {59,601, Increased intake of wates
becomes essential during fiber therapy and it also represents 2
good treatment option for constipation, However, CONComi-
tant administration of fiber can modify the absorption kinetics
of levodopa and, consequently, the plasmatic concentrations.
Pharmacokinetic drug inveractions have been the subject of
numerous studies, but few of them have been carried our
with dietary fiber, the results obrained being varizble.

Ashraf ef al. [43) indicated that among patients with Parkin-
son’s disease who had confirmed constipation, P. ovata husk
increased stool frequency and weight but did not alter colonic
transit or anorectal function. They concluded that P. evaz

husk produces both subjective and objective improvements

in constipation relared o Parkinson’s disease.
A possible problem is thar fiber administration could
delay gastric empiying and, consequentdy, delay levodopa

absorption from the gastrointestinal tracr and increase its pre-
systemic elimination [61]. The effect of fiber on gastric empry-
ing is controversial. Benini e# /. {62 stared thar fiber naturally
present in food delays gastsic emptying of a solid meal. When
using guar gum, another hydrosoluble fiber, gastric empry-
ing (63] and intestinal transit were delayed 1641, According 1o
Bergmann ez al, [65], the intake of 10.8 g of psyllium signifi-
cantly delayed gastric emprying 3 h aficr a meal.

In 1992, Astarloa et 2/, 156] found that the consumption of a
highly insoluble fiber (bran of wheat and pectin) dier with
levodopa for 2 months caused a 71% increase in levodopa
bioavailability via an increase in gastrointestinal motility in
patients with Parkinson’s disease who also had severe consti-
pation. These auchors also described an improvemenr in
patients’ motor functon (coordination) and constipasion.

Ovther authors 167) evatuated the effects of the hydrosoluble
fiber P. owatz husk on levodopa pharmacokinetics (adminis-
tered with carbidopa) in rabbits while administering biperiden
10 slow pastrointestinal motility. The treatment lested for twe
different periods of time (7 and 14 days) to verify the
stabilization of levodopa concentrazions and the gastrointesti-
nal fiber effect. Plantago ovarz husk was administered ar two
differcnt doses of 100 and 400 mg/kg o allow evaluation of
whether pharmacokinetic modifications are fiber-dose depen-
denrt (Tsbie 2).

in this study it was found thai onstipation reduced the
amount of levodopa zhsorbed, with a decresse in the values
of AUC and Cppe. After several days of constipation, Crrex
remained low and AUC values increased near o those found
in normal rabbis. The presence of 100 or 400 mg/kg fiber in
the treatment caused an impormant increase in the values
of AUC and Cp,, with no significant differences in the

values of the pharmacokinetic parameters determined on
days 7 or 14,

2.3 Mechanism of ievodopa-fiber interaction

One of the possible mechanisms that would explain the inter-
action between fiber and drugs is 2 modification in gastic
emptying. This mechanism would be importanc for levodopa
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due to the stomach having a very limited capacity to absorb
this drug, but can decarboxylaze it (15].

Several soluble dietary fibers such as guar gum or pectin
have been shown to delay the gastric emptying of liquids
and solids, probably due to an increase in meal viscosity [é8).
Nevertheless, other authors did nos find this action: Bianchi
and Capurso (69) demonstrated thar the addition of different
dierary fibers {guar gnm and jspaghula) to a solid meal did
not influence gastric emprying. Frost et al. (70 probed thar
psyllium-enriched pasta had no significant effect on gastric
emprying and Rigaud e al. 71} concluded thar psyllium did
not slow down the gastric emprying of hydrosoluble nutrients,
bur increased the time atlowed for intestinal absorption.

Some changes in the pharmacokinetic paramerers of leve-
dopa after its administration with P. ovata husk 138-40] could
be due to a delay in the pasmic emptying of the drug that
would lead o a greater degradation of levodopa in the stom-
ach. However, other authors [71-73) think that these changes
principally occut because the fiber forms a highly viscous
solution, trapping levodopa inside it, and, therefore, there
is a decrease in drug absorption in the intestine and conse-
quently lower values for C,y are obrained.

Another mechanism, the modification in the presystemic
metabolism of levodopa, which is different from those previ-
ously pointed out, could also participate in the interaction
between levodopa and fiber. This fact will lead to an increase
in the extent of levodopa absorbed.

Following oral administration, levodopa is highly merabo-
lized 1o dopamine by the enzyme aromaric amino acid decar-
boxylase in the gut [74], Fiber, or the producis derived from its
partial hydrolysis in the stomach, could diminish its presyste-
mic metabolism since cereain time on, resulting in higher con-
centrations of levodepa since thar moment.

It has been found that dierary fiber, and hydrosoluble fiber
in particular, can modify the intestinal enzymatc acrivity,
both the gut wall enzymes [75] as well as those of the intestinal
content 175,761 Results obrained by several authors regarding
the impact of P. ouatz husk on the enzyme activity are contra-
dictory. Leng-Peschiow [77) concluded that this fiber had no
effect (pepsin, trypsin, alpha-amilase) or a stimulating action
(chymotrypsin, lipase, lactase). Nevertheless, Isaksson ef 4l
1761 found that P. ovara husk affecied the lipase activity, which
was moderately inhibited; Hansen [78] established that this
fiber led to an inhibition of the activity of proteolytic pancre-
atic enzymes in vitre; and Leng-Peschlow 771 indicared that it
reduced B-glucuronidase activity in rats.

On the other hand, Hansen (78] indicated that the fiber
effect on proteolytic enzyme acrivity was proportonal o fiber
concentration and inversely related to enzyme level.

Another aspect that can participate in the interacrion with
the fiber is 2 modification in the paracelluler absorption of
levodopa across the gut wall, avoiding its possible degradation
by the enzymes located inside the cells of the gut wall

The presence of fiber could increase the paraceliular
transport of levodopa, which would contribute o a higher
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absorprion of the unaliered drug, Lennernds et al. {79) proposed
that levodopa, 2 small and hydrophilic molecule, can be
absorbed by the paracellular route. However, further studies (sg)
concluded that the variability in the absorption of levodopa
in Parkinsor’s disease cannot be explained by differences in
transmuicosal water flux in the human small intestine,

3, Effects of proteins on levodopa
pharmacokinetics

Several studies have been conducted to evaluate the effect of
dietary protein on the clinical response to levodopa due to
the transport of levodopa through the L-neutral amino acid
transport system [21-90]. The resulis of these studies showed
that the clinical effect of levodopa was reduced by a daily
diet containing protein in excess of 1.6 gfkg or a single protein
load of ~ 28 g 81.83).

The pharmacokinetics of levodopa zfter a single oral
dose was investigated in eight healthy young volunteers in

- the fasted state and following isoceloric meals containing

cither 10.5 or 30.5 g of prowin [k4. In this study there
was no evidence that consumption of a meal containing
30.5 g of protein impaired either the rare or the extent
of absarption of levodopa. Therefore, the reported benefi-
cial effecs of a low protein diet in the treatment of
patients with Parkinson's disease probably resule from
reduced competition for levodopa transport across the
blood-brain barrier.

The resulrs obtzined in patients with Parkinson’s disease
indicate that aremaric amino acids interfere in the absorption
and brain penesration of levodopa, and lowering protein
intake improves the quality of the response [5-89). Other
authors (91] measured the brain uptake of L-[18F] fluorodopa
by positron emission tomography in a healthy male volunteer
both under fasting conditions and during intravenous amino
acid loading 2nd they found a significanr reduction of tracer
uptake into the brain with amino acid loading. It was also
shown that since & tich prowin diet has been known 1o
impair the clinical effect of levodopa, this protein effect is
probably not due 1o competitive intestinal absorption of
levodapa 901, A study using positron emission tomography
showed the decreased effect appeared to be correlared with a
decrease in the uprake of levodopa into the brain probably
due to competition from the increased plasma amino acid
concentrations 1.

4. Effects of other dietary factors on
levodopa pharmacokinetics

a.1 Juites

A study carried out in rats (92) evalvated the influence of
banana juice on levodopa bioavailability. The authors found
thar when levodopa preparaton was orally administered
with banana juice made by mixing fresh bznana and water,
there was a decrease in AUC and Cg,,. However, if a
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commercial beverage containing 10% banana juice was used,
there were no modifications in these parameters.

4.2 Herbal medicines

A reducrion in levodopa oral bioavailability was also found
after its administration with several over-the-counter (OTC})
kampo medicines for siomach: Takede Kampo Ichoyaku
K-matsu {preparation A), Taisho Kampo Ichoyaku (prepa-
ration B} or Kanebo Kampo Ichoyaku H (preparation C),
which are OTC herbal medicines for upses stomach 3],
The plasma levodopa concentration-time curves were
shifred downwards and the AUC for levodopa was signifi-
cantly lowered.

On the other hand, concomitant adminisrration of the
levodopa preparation with Takeda Kampo Ichoyaku
A-matsu {preparation D} did not alter any of the pharmacoki-
netic parameters for levodopa 193], According to the packape
inserts for the OTC kampo medicines, preparations A, B
and C, bur not D, conrain metallic addirives, such as alumi-

" num silicate and magnesium stearate. From these results, ir
was concluded thar merallic additives mey play an essential
role in generating the drog interaction between levodopa
preparation and OTC kampo medicine for upset stomach.

43 The time of ingestion of a meal

Several authors studied the effect of the time of ingestion of a
mezl on the pharmacokinetics and pharmacodynamics of
levodopa 9495}, The influence of meal ingestdon time on
rate and extent of oral levodopa absosrption was evaluated in
a group of 17 patients, after adminisrration of their usual sec-
ond daily dose of levodopa plus carbidopa or benserazide (94].
Standard meals were cansumed by the patients after they had
fasted 15 -- 17 L, on one occasion 30 min before ingestion of
the levodopa ‘study dose’ and at another time, 2 h after inges-
tion of the same dose. The results of this study indicared that
the time to pesk plasma levodopa concenrration increased
threefold when levodopa was administered after meals and
the area under the G-h plasma concentrarion—ime curve for
levodopa was decreased in 10 subjects, unchanged in 3 and
higher in 4 after ingestion of meals, the latrer finding probably
resulting from an erratic absorption even at fasting. On the
whole, levodopa absorption proved significandy lower, 15%
on an averzge. Similarly, peak plasma levodopa concentra-
rions were lower in 12 patients, unchanged in 2 and higher
in 3, with an overall sigpificant decrease of 30% on
the average.

A further study [95] assessed the effect of the time of inges-
tion of 2 meal on the pharmacokinetics and pharmacodynam-
ics of a levodopa/carbidopa controlled-telease formulation in
parkinsonian patients on chronic levodopa therapy. Con-
trolied release levodopa intake zfter meals resulted in a signif-
icant deley in drug absorption, with an almost twofeld
increase in tme of inital appearance of levodopa in plasma
and time to peak plasma concentration. Peak plasma drug
concentrations were not significantly different in the two

experimental conditions; the area under the 6-h plasma con-
cenration-time curve showed an everage reducrion of 24%
in the fed condition, partly reflecting the incomplete assess-
ment of levodopa absorption. These authors concluded thar
time of meal inpestion is an important determinant of levo-
dapa disposition, even from controfled-release levadopa prep-
arations In parkinsonian patients and that the results of the
trial, from 2 clinical point of view, could explain some of
the delayed, curtailed and even lacking responses that often
complicate afternoon motor performances in patients at the
more advanced stages of the disease.

4.4 Fat

In an open-label, two-way cross-over study, the effects of a
high-far breakfast, administered 30 min before drug adminis-
tration, on the pharmacokinetics of levodapa was evaluzted in
19 healthy volunteers who had fasted overnight 4. Ir was
found that this food decreases the rate of levodopa absorption,
but had no effect an the systemic exposure 1o levodopa due 10
the parameter Cp,,, of levodopa being significantly lower and

tmay longer under postprandial conditions than under fasting
conditions with no variations in AUC.

45 Ascorbic acid

Levodopa therapy in combination with ascorbic acid may be
one of the strategies for Parkinson's disease treatment. Several
reports have indicated that ascorbic acid can reduce levodopa
dosege withour losing its efectiveness. In this way, ascorbic
acid can improve levodopz absorprion in elderly patients
with poor levodopa bioavailability 17) causing significant
increases in AUC and C,.. Orher authors 8 concludsd
thar ascorbic acid was 2 useful therapy in some parkinsonian

patients whose motor complications ate not managed with
conventional drug treatment.

5. Expert opinion

Levodopa was inrroduced as an zndparkinsonian oral agent
>40 years 2go and, since then, it is the most efficacious symp-
tomaric weatment for Parkinson’s disease, able to restore dopa-
minergic striatal stimulation, thus reducing patients’ disability
and increasing life expectancy. However, the clinical benefit of
levodapa tends to deteriorate after the first years of treatment
and patients suffer motor fluctuations and dyskinesias, with
an incidence of ~ 10%/year acknowledged, which may cause
difficulties in the management of the disease, In the initial
phase of the disease we can observe the long duration respounse,
which allows a prelonged benefit after a sirigle dose of levo-
dopa, whereas in the advanced phase of the disease, this
response decreases and the shorr duration response becomes
evident, generating the fluctuarions of the clinical response.
Taking this fact into account, undersianding the pharmaco-
kineric and pharmacodynamic features of the drug is essential
for the clinician when preseribing levodopa products in order
to maximize its therapenric effects. 1t is also very important
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for the identification of the factors that can alrer levadopa phar-
macokinetics. Several reviews of the pharmacokinerics and
pharmacodynamics of levodopa have been carried our, many
of them in the last years [99-104},

As an amino acid precursor of the neurorransmirer dopa-
mine, levodopa has many unique pharmacokinetic and
pharmacodynamic properties thar differentiace it from the
small, lipophilic drugs that are generally used for trearing
CNGS disorders.

The resulws of pharmacokinetic and pharmacodynamic smud-
ies demonstrare thar the effectiveness of levodopa is greatly influ-
enced by its pharmacokinetic characteristics. [t appears that once
patients are mrned ‘on’, the durarion of levodops effects may be
correlated with plasma concentration of levodopa.

levodops pharmacokinetics is quite cotnplex, along it
passage across gastrointestinal tract, untl duodenal absorp-
tion. Levodopa absorption may become difficult because of
comperisive mechanisms with some diet compounds, or
because of interference with some concomitant medications.
The problems related 10 long-term levodopa syndrome’ [103]
have been at the center of a2 number of debares around the
delayed versus anticipated start of therapy. It is also not clear
what mode of administration of levodepa is best or what the
best strategies to optimize the treatment are, maintaining
clinical benefits as long as possible and postponing the possible

occutrence of motor complications as late as possible.
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