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Strategy in the Management of Parkinson’s disease patients experiencing 
motor fluctuations with Levodopa.
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Abstract  Parkinson’s disease is a progressively debilitating
motor neuron disease that affects the dopaminergic neu-
rons within the nigral-striatal and surrounding pathways
and which is characterized clinically by rigidity, resting
tremor and bradykinesia with or without postural imbal-
ance. Levodopa is the “gold standard” for the treatment
and management of Parkinson’s disease worldwide. How-
ever, following prolonged use of the drug, the “honey-
moon” which was once enjoyed by patients on levodopa
begins to wane. The clinical as well as the socio-economic
costs associated with such failure in response to levodopa
is enormous. Various approaches in the management of
Parkinson’s disease patients experiencing motor fluctua-
tions with levodopa treatment have been suggested and
include both pharmacologic and non-pharmacologic strat-
egies involving invasive surgical intervention. Currently,
the non-pharmacological approach, which is invasive,
remains to be fully perfected and is associated with high
morbidity and mortality. The use of the non-invasive,
pharmacological approach is currently the most widely
accepted approach but would require a review of all possi-
ble drug regimens used. This entails evaluating the phar-
macokinetics and pharmacodynamic actions of the drug
regimens used and possibly, dosage form and route of
administration of the drugs. The use of levodopa formu-
lated for transdermal or intranasal administration might
help improve the ease of use and compliance.  Controversy
abounds as to the role of plasma pharmacokinetics of
levodopa in the management of Parkinson’s patients, vis a
vis its dynamics at the central nerve terminal and its recep-
tor site. However, it is worthy of mention that an inte-
grated optimal pharmacological approach involving the
peripheral, and central pharmacokinetics of levodopa as

well as its central pharmacodynamics would ensure better
treatment and management of this disease. In addition, the
choice of alternate formulations and routes of administra-
tion will not only improve on the bioavailability and overall
pharmacokinetics of levodopa, but also increase compli-
ance. Furthermore, monitoring of both plasma and central
concentrations of levodopa and its metabolites might play
a major role in individualization of pharmacotherapy in
special Parkinsonian patients experiencing motor fluctua-
tions with levodopa.      

INTRODUCTION

Parkinson’s disease is a common, progressively debilitating
neurodegenerative disease that affects the dopaminergic
neurons within the substantia nigra (SN), non-dopaminer-
gic neurons and extra-nigral projection bundles that con-
trol sensory, cognitive, premotor and motor pathways (1).
It is characterized by neuronal cell loss in the SN resulting
in eventual depletion of dopamine in the nigral-striatal
pathways culminating in pathologies of some key body sys-
tems and functions especially, the motor function (2).

The initial loss of dopaminergic neurons and subsequent
decreased production of dopamine in the substantia nigra
in Parkinson’s disease distorts the normal dopaminergic
and cholinergic balance, thus leading to the over-activa-
tion, of the cholinergic pathway that manifests as the char-
acteristic abnormal motor symptoms often seen in
Parkinson’s disease (3).   Other neurotransmitters are also
affected such as norepinephrine, gamma-aminobutyric
acid (GABA) and serotonin.  

The prevalence of Parkinson’s disease varies widely across
different countries but it is more prevalent in Westernized
countries (4-6). For instance in the Unites States of Amer-
ica with about 50,000 new cases being diagnosed annually,
it is estimated that there are about 1 million persons with
Parkinson’s disease in the US today (7).  In fact, some have
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estimated the prevalence of Parkinson’s Disease to be
about 1% of the United States population of persons older
than 50 years (8). Demographically, the highest prevalence
of PD worldwide is observed in white Caucasian and low-
est in black Africans (9, 10).

Parkinson’s disease occurs in individuals in their middle
age or older age (i.e. 30 years or above). The incidence of
the disease increases with age with greater prevalence in
individuals older than 65 years (11, 12). Hence, with the
increasing longevity due to improvements in medical sci-
ence, healthcare delivery, and standard of living, it is
expected that the number of people living with Parkinson’s
disease in the world would rise.  Parkinsonism in the eld-
erly is associated with increased morbidity and mortality
(12-18) with attendant personal and societal consequences
(19). Late phase Parkinson’s disease is associated with
dementia, hallucinations, respiratory dysfunction, and
delusions (20-23). 

The cause of Parkinson’s disease remains essentially
unknown. Although an inverse relationship has been dem-
onstrated in a number of studies with cigarette smoking,
coffee drinking, and Parkinson’s disease (23-26), others
have insisted on the contrary or have maintained that the
relationship between cigarette smoking and Parkinson’s
disease is equivocal (27, 28). However, a multi-factorial eti-
ology involving interplay between environmental and
genetic risk factors has been hypothesized and supported
by some findings (29-33). 

Other potential related causes include infection, nutritional
and free radical mechanisms, inflammation, nitric oxide as
well as apoptosis have been proposed (34-38). This is due
in part to the observation that Parkinson’s disease is char-
acterized by the decrease in substantia nigra (SN) levels of
the thiol antioxidant molecule, glutathione (GSH); a
decrease that appears to parallel the disease severity and
progression (36, 38, 39). Depletion of GSH, among other
antioxidants, tends to precede decreases in mitochondrial
complex 1 activity and dopamine levels (38, 39). 

Following the initiation of levodopa therapy (LD) in
levodopa-naïve patients, motor symptoms associated with
the disease tend to be easily controlled. At this stage, no
clear-cut relationship between drug concentration and
drug effect can be easily observed or appreciated (40).
However, with advancing disease and prolonged exposure
to LD, problems arise due to L-dopa use and correlation

between levodopa plasma concentration and clinical effect
becomes vital (41). In advanced disease stages, the rapid
rise (upswing) and fall in plasma concentration after each
dose of levodopa tend to correlate more with effect (the
end-of -dose wearing-off phenomenon). Therefore, this
review will discuss the role of pharmacokinetics and phar-
macodynamics strategies that may be vital in the manage-
ment of Parkinson’s disease patients experiencing
fluctuations in motor function while taking levodopa. 

Presentation and Clinical diagnosis of Parkinson’s 
disease

Parkinson’s disease is mainly due to lack of dopamine in
the striatum. According to Gibb (42), and others (43), the
pathological hallmark of the disease is a loss of the pig-
mented, dopaminergic neurons of the subtantia nigra pars
compacta, and the subsequent appearance of intracellular
inclusions referred to as Lewy bodies. In Parkinson’s dis-
ease, this loss of dopamine producing neurons in the sub-
stantia nigra culminates in a decrease in the production of
dopamine which can be partially reversed by the adminis-
tration of levodopa, a precursor of the CNS neurotrans-
mitter, dopamine. 

Clinical diagnosis has been based on the presence of two
of the four cardinal symptoms for Parkinson’s disease (i.e.
“cog-wheel” type rigidity, resting tremor, bradykinesia and
postural instability). Secondary features of Parkinson’s dis-
ease which may be attributed to degeneration of the ner-
vous system include cardiovascular, gastrointestinal, and
genitourinary systems dysfunction, orthostatic hypoten-
sion, arrhythmia, constipation, hyper-salivation, urinary
frequency, impotence, hallucinations, depression and psy-
chosis (44-48).

In addition, Parkinson’s disease affects the quality of life of
the patients tremendously (19, 48-51). Increase in daytime
somnolence and decrease in ability to operate motorized
vehicles in people with Parkinson’s have been reported
(49-51). Many studies have documented the psychological
dimensions of Parkinson’s disease with a view to ascertain-
ing better ways of managing the psychological aspect of
the disease (52, 53). Because Parkinson’s disease is debili-
tating, it interferes with various physical, emotional and
social aspects of the quality of life of the patients and
imposes tremendous socio-economic stress on the patient
in particular and the society in general (19, 52, 54).  With-
out a cure for Parkinson’s disease, the goal in its manage-
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ment is to improve the quality of life of the patients and
enable them to carry on with basic daily function indepen-
dent of caregivers. In deed, the loss of normal functions in
the sensory organs, cognitive function, and most notably,
motor functions have been described as the hallmarks of
Parkinson’s disease (55). Of the sensory impairments asso-
ciated with Parkinson’s disease, diminution in olfaction has
been well studied (56, 57). Emotional problems with both
the patients, caregivers and family members are common-
place. The quality of life as measured by the ability of an
individual’s sense of well-being, purpose in life, autonomy,
and ability to assume worthwhile roles and participation in
significant relationship (58), has been demonstrated to be
adversely affected by Parkinson’s disease (59).

Sexual function in Parkinson’s disease patients has been
reported to be highly impaired in both male and female
patients compared to matching controls (60, 61) with the
males being most affected. 

Treatment and management of Parkinson’s disease

 Since Parkinson’s disease is essentially a condition precipi-
tated by decreased dopamine in the CNS, treatment is
geared towards ensuring an adequate supply of dopamine
to the striatum to rectify the imbalance. Various
approaches in the treatment and management of patients
with Parkinson’s disease are currently being evaluated.
These strategies may be sub-divided into two: (i) Non
Pharmacological approaches and (ii) Pharmacological
approaches. Most of the various non-pharmacological
approaches adopted are aimed at either ameliorating the
symptoms of the disease or correcting the pathological
deficits associated with Parkinson’s disease. Although
some of the recent advances in the use of invasive surgical
approaches are targeted at correcting the pathological
changes, it is worthy of mention that none of these strate-
gies has yielded convincing results (62-64) and may be
associated with high morbidity and mortality (65). Hence,
these non-pharmacologic approaches will not be discussed
in this review. 

Pharmacological approaches involve the use of exoge-
nously administered xenobiotics in replacement therapy
(dopamine agonists or its precursor such as levodopa) and
anti-cholinergic agents, selegiline, amantidine and other
symptomatic medications.  The goal of pharmacotherapy
in Parkinson’s disease is to maintain the patient’s functional
ability by providing symptomatic relief and minimizing

adverse events from concomitant medications and per-
haps, slow the pace of disease progression. The choice of
agents to use and when to initiate pharmacotherapy in Par-
kinson’s disease (66) especially with levodopa regimens
(67, 68) is challenging and controversial.  Ferreira and Ras-
col (68) have suggested therapeutic strategies involving the
use of combination agents for the management of Parkin-
son’s disease patients experiencing levodopa-induced dysk-
inesias. Like most terminal diseases, patients tend to be
knowledgeable about their condition and oftentimes are
excellent assessors of the state of their health. The tempta-
tion to self-medicate, “dose-pinching” and misuse of anti-
parkinson medications have been reported with
Parkinson’s disease patients (69). However, recently, a pub-
lication in the official Journal of the American Academy of
Neurology has suggested a treatment algorithm to be fol-
lowed in the treatment and management of Parkinson’s
disease (7). Table 1 lists some agents that are commonly
used in the treatment of Parkinson’s disease (70-82). 

Table 1: List of some dopamine agonists and precursors
that are commonly used in the treatment and
management of Parkinson’s disease. 

Of all the pharmacological agents available for use in the
treatment and management of Parkinson’s disease,
levodopa (Figure 1) remains the “gold standard”. The
establishment of levodopa in late 1960s for the treatment
of Parkinson’s disease undoubtedly, has proved to be a
monumental advance in the therapy and management of
Parkinson’s disease. The use of levodopa has been
reported to improve the quality of life and extend the life
span of Parkinson’s disease patients. With the caveat that
early use may lead to disabling dyskinesias and motor fluc-
tuations, typically, use of a long acting dopamine agonist is
recommended for initial use, followed later by combina-
tion therapy with levodopa plus dopamine agonist.
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Figure 1: Metabolism of Levodopa

Bioanalytical Methods for the quantitation of 
levodopa in human plasma

The key to effective plasma sample monitoring and the
development of reliable PK/PD relationship with leov-
dopa hinges in part on the availability of good, reliable,
sensitive and rapid assay for the determination and quanti-
tation of levodopa and other by-products in biological flu-
ids. Being an endogenous compound, most assay
methodologies available today would have to consider
background levels vis a vis the total biogenic amine levels in
order to obtain the amount of exogenously administered
levodopa in any given biological sample. Various analytical
methods for the analysis of levodopa in plasma samples
exist. The separation and quantitation techniques involve
ion-pair reversed phase high-performance liquid chroma-
tography (HPLC) (83-85) with either electrochemical or
colorimetroc detectors equipped with dual-electrode sys-
tems (83-86). Although sample preparations could be a lit-
tle bit cumbersome and included difficult column-
switching operations, nonetheless, these methods are fast,
reliable and offer sensitivities in the nanogram range (86-
88). The use of Gas chromatography coupled to mass
spectrophotometer (GC/MS) offers another technique
with better sensitivity but with higher expenses (89). With
increasing automation in the pharmaceutical industry

today, methologies involving the use of LC/MS/MS that
offer easier, faster and more sensitivity are being explored.

Pharmacokinetics of Levodopa

Following oral administration, levodopa per se is rapidly
absorbed from the GI tract by an active transport system,
achieving peak plasma concentrations within 0.5 to 2
hours post -drug administration (79, 90). The rate and
extent of absorption of standard levodopa tablets (imme-
diate release formulation) is affected by food and other
gastric factors that modulate gastric emptying (91) includ-
ing gastric pH, intestinal transit time, and intestinal
enzymes. Food modulates gastric motility and affects the
delivery of Levodopa to the small intestines where drug
absorption mainly occurs. In addition, diets high in protein
content have been shown to reduce the absorption of
levodopa from the intestines. In a study comparing the
effect of a low-protein diet against a high-protein diet on
Parkinson’s disease patients with “on-off ” syndrome,
Eriksson et al (92) observed that the administration of low-
protein diets significantly increased the total daily “on”
state compared to high-protein diet.  

The peak plasma concentrations and bioavailability of
standard levodopa is highly variable with a half-life of
about 1-hour when administered alone and 1.5-2 hrs upon
concomitant administration with a dopa-decarboxylase
inhibitor (90, 93-95). Following oral administration of 100
mg levodopa + 25 mg carbidopa tablet to young and eld-
erly volunteers, levodopa was found to achieve 41 and 86
% bioavailability respectively. Both clearance and volume
of distribution but not the half-life (t1/2), peak plasma con-
centration (Cmax) and time to peak plasma drug concentra-
tion (Tmax) were affected by age (96).

Levodopa administered alone is widely distributed in body
tissues with a volume of distribution about 65% the total
body volume. However, distribution into the CNS is mini-
mal, accounting for less than 1% of the dose. However,
following co-administration with dopa-decarboxylase
inhibitor, the amount of levodopa bioavailable is increased.
The transport of levodopa across the blood brain barrier
into the CNS is via a saturable sodium- independent facili-
tated transport mechanism that is shared with other amino
acids (70, 97). 

Also noteworthy is the bi-modal pharmacokinetic (multi-
ple peak) profile of levodopa that has been observed by
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some authors (80, 98). The presence of multiple peaks in
levodopa plasma concentration versus time profile has
been attributed to changes emanating from gastric motility
and gastric emptying. Levodopa has been reported to
modulate the pattern of gastric emptying in man, thus
affecting its own disposition (80). Pharmacokinetics of
levodopa has been shown to be modulated by a host of
factors chief of which is gastric emptying. Gastric empty-
ing is delayed by fatty meals resulting in marked increase in
the t-max of levodopa following oral administration. On the
contrary, prokinetic drugs such as cisapride and domperi-
done, which increase gastric emptying, tend to improve
levodopa absorption and its pharmacodynamic effect (99,
100). Effect on the absorptive factors poses the major
obstacle in getting the drug into the systemic circulation
(101-103). Modulation of gastric emptying affects
levodopa absorption (104), its pharmacokinetic profile
(101-103) and may cause random fluctuations of Parkin-
son’s disease patient’s mobility (104) and treatment failure
(92, 105).

Levodopa is biotransformed to its active moiety, dopamine
and to other by-products by aromatic amino acid decar-
boxylase (AAAD), an enzyme that utilizes pyridoxine as a
co-factor. Copious amount of the administered dose
(about 95%) is metabolized in the lumen of the stomach
and intestines and on first pass through the liver (106,
107). Conversion of levodopa to dopamine in the periph-
ery is disadvantageous as dopamine not only inhibits fur-
ther absorption of levodopa in the GI tract but also cannot
cross the blood brain barrier into the CNS site of action.
Inhibition of the AAAD enzyme by co-administration of
levodopa with a dopa-decarboxylase enzyme inhibitor
(such as carbidopa or benserazide) increases the amount of
intact drug in plasma that is available for distribution to
the CNS (108, 109). Dopamine is, in turn, metabolized by
monoamine oxidase (MAO) and Catechol-O-methyl-trans-
ferase (COMT) (figure 1).

Problems associated with prolonged Levodopa ther-
apy in Parkinson’s disease 

Motor fluctuation associated with levodopa therapy is a
major problem encountered in the treatment of Parkin-
son’s disease.  Following prolonged use of levodopa (usu-
ally > 5years), especially in advanced stages of the disease,
the efficacy and benefits derived from levodopa begin to
wane and motor complications occur regularly (110, 111).

Loss of therapeutic efficacy of Levodopa following long-
term administration is a serious problem (112-114).  After
initial benefit from Levodopa, many Parkinson’s disease
patients develop (1) progressive, global loss of drug effec-
tiveness; (2) the “wearing-off “phenomenon, in which
daily periods of benefits after individual doses of levodopa
become shorter; and (3) “on-off ” phenomenon, which
refers to abrupt and unpredictable fluctuations in respon-
siveness and which is thought to be unrelated to dosage
schedule (115-117). Rajput et al (117) in a study to deter-
mine the continued benefit and pattern of motor compli-
cations sequel to long term levodopa reported dyskinesia
as the most common occurring and earliest noticeable
untoward effect of prolonged levodopa use, followed by
wearing-off and on-off phenomenon.

Like most capacity limited or saturable systems, upon pro-
longed use of levodopa, the “law of diminishing returns”
begins to set in. The usual “honey moon” once enjoyed
upon initial introduction of therapy gradually disappears.
Mechanisms of motor fluctuations associated with pro-
longed use of Levodopa are not fully understood.  Various
authors (111, 118) have suggested that it could be due to
one or combination of the following factors: (a) modula-
tion of central pharmacokinetics (delivery of L-dopa from
pre-synaptic to post-synaptic receptors), (b) peripheral
pharmacokinetics or delivery of levodopa from an exoge-
nous source to the brain across the blood brain barrier (c)
pharmacodynamics –alteration in the interaction between
dopamine and striatal receptors. 

The loss of benefit from levodopa therapy is usually asso-
ciated with problems such as end-of-dose deterioration
and dyskinesias. The mechanisms involving changes in
levodopa pharmacokinetics and pharmacodynamics
including changes in responsiveness of dopamine recep-
tors in the CNS have been supported by others (98, 119-
124). Hyperkinetic movement disorders, such as chorea,
dystonia and myoclonus develop in most Parkinson’s dis-
ease patients following prolonged use of levodopa (125).
Most often, the dyskinesia may occur from an overshoot
of the therapeutic concentration of L-dopa, thus calling
for a careful monitoring of the therapeutic optimum of
this drug in advanced Parkinson’s disease patients.  

A reduction in the capacity of dopaminergic cells to syn-
thesize, take up, and store dopamine leads to a dependence
on the bioavailability of exogenously administered
levodopa. Thus, delivery of levodopa to the brain from the
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peripheral pool remains a major strategy to ensuring ade-
quate availability of dopamine to the brain. Hence, it is
expected that factors that modulate the peripheral concen-
trations as well as the central levels of dopamine will in
turn affect the amount of drug available for delivery to the
brain. Some studies aimed at ensuring adequate peripheral
levels of Levodopa have demonstrated improvement in
motor function in Parkinson’s disease patients with
increasing plasma concentration of levodopa (126, 127).

A good understanding of the reasons for the occurrence
of motor dyskinesias and delineation of the pharmacoki-
netics and pharmacodynamics of levodopa in these sub-
jects may provide clues to solving the problem. However,
an ideal approach would be to determine central pharma-
cokinetics of levodopa. Currently, this is a tedious process
with existing technology and is not plausible. However, a
good monitoring of peripheral pharmacokinetics of
levodopa would be much easier and may be helpful in the
pharmacotherapy of patients experiencing motor fluctua-
tions. The relationship between plasma concentrations of
levodopa and its clinical response remains to be categori-
cally defined. 

Evidence for PK-PD interplay in the management of 
motor fluctuations in Parkinson’s disease patients sta-
bilized on levodopa regimen

 Understanding the relationship between the PK and PD
of levodopa has been at the center of most discussions of
effective management of Parkinson’s disease patients expe-
riencing motor fluctuations. Some workers have reported
lack of correlation between plasma levodopa concentra-
tions and effect (128-130). Although some studies have
failed to show a clear-cut correlation between plasma con-
centration of levodopa and effect in motor fluctuating
patients (131, 132), some evidence as to the role of Phar-
macokinetics and Pharmacodynamics in the “On-off ”
phenomenon in Parkinson’s disease has been demon-
strated by others (93, 133-138). In a study with Parkinson’s
disease patients dosed with levodopa/carbidopa
(Sinemet®) tablets every 6 hours, Okereke et al (139)
observed a time-dependent improvement in overall motor
function (Figure 2). In addition, it has been reported that
continuous intravenous infusion, constant-rate duodenal
administration of liquid levodopa (140-145) and adminis-
tration of controlled-release levodopa/carbidopa
(Sinemet®) tablet (146) produced more stable plasma con-
centrations of levodopa. This resulted in better motor

response and improved quality of life of patients (147).
Thus, it can be inferred that increasing peripheral levels
would increase the peripheral pool of drug for active trans-
port across the blood brain barrier (136, 148-152).

Figure 2: Plasma concentration vs time curve of levodopa
after administration of Sinemet® to Parkinson’s disease
patients (Top Panel). Change in Unified Parkinson's
Disease Rating Scale (UPDRS) score from baseline
(bottom panel). Adapted from Okereke et al 2000.

Furthermore, various PK/PD studies have suggested
the role of PK in explaining the observed effect
occurring as a function of time and disease progres-
sion (91, 113, 136, 153). Also, the fact that inhibition
of COMT activity with Entacapone has been docu-
mented to increase the plasma concentration of
Levodopa, decrease the proportion of daily “off ”
time and improve patient’s clinical condition, indi-
cates the role of peripheral pharmacokinetics of
levodopa and the net effect on Parkinson’s disease
treatment (127, 153, 155). Similarly, Baas et al (156)
and others (157) have reported significant decrease in
the “wearing off ” phenomenon in Parkinson’s disease
patients following concomitant administration of Tol-
capone with levodopa. 

Although still controversial, the role of 3-O-methyl-
dopa (figure 1) in the pharmacokinetics/pharmaco-
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dynamic relationship of levodopa has been
investigated (138, 158) and may be helpful in elucidat-
ing the relationship between plasma pharmacokinet-
ics of levodopa and its effects. Others have postulated
that 3-O-Methyldopa, the inactive metabolite of
levodopa can inhibit the uptake of levodopa across
the blood-brain (159, 160) thus suggesting a relation-
ship between the central and peripheral levels of
levodopa. In fact, following a single dose administra-
tion of 100 mg levodopa and plus 25mg benserazide
to Parkinson’s disease patients at various stages of the
disease, Harder and Baas (82) observed a positive cor-
relation between pre-dose and post-dose increases in
3-O-methyldopa plasma concentration and plasma
concentration of levodopa at steady-state that elicited
half the maximum effect (EC50). In addition, others
(161) have reported a competition between levodopa
and its metabolite 3-O-Methyldopa for transport
across the intestinal wall of experimental animals. 

Although the phenomenon of motor fluctuation in Parkin-
son’s disease patients is not fully understood, some authors
have suggested some pharmacokinetics factors that may
influence the delivery of levodopa to the brain and phar-
macodynamic factors such as variations in dopamine
receptor function as possible mechanisms (145, 162-164).

Pharmacokinetic/Pharmacodynamic considerations 
in the treatment of Parkinson’s disease patients

Since the problem of levodopa-induced motor fluctuations
rarely occurs at onset of therapy, the role of pharmacoki-
netics/pharmacodynamics may not be obvious. However,
at advanced stages of the disease where small changes in
plasma concentration and disposition of levodopa can
greatly affect therapeutic response, pharmacokinetic prop-
erties of the drug and receptor dynamics for levodopa
largely account for the motor dyskinesias observed. Thus,
the need for pharmacokinetic optimization of dosage
intake becomes essential to obtain plasma profiles of
Levodopa and matched therapeutic responses (70, 165,
166). The role of PK/PD in the management of levodopa
induced motor fluctuations cannot be overemphasized. In
Parkinson’s disease where the drug of choice remains
levodopa, a proper understanding of the relationship
between the pharmacokinetics of the drug and its effect
would no doubt be beneficial in the management of this
disease. 

The pattern of the pharmacokinetic and pharmacody-
namic relationship with levodopa during the course of Par-
kinson’s disease is a changing one due largely to changes in
the ability of dopamine nerve terminals to store and
release dopamine, probable modulation of receptor sensi-
tivity, and modulation of central and perhaps peripheral
pharmacokinetics of levodopa (167, 168).

Various approaches for the management of motor fluctua-
tions are under investigation. Based on a single dose study
by Sweet et al (169) the use of drug holidays has been sug-
gested as a means of solving the problem of motor fluctu-
ations in Parkinson’s disease. Others (170) have argued
against this proposal, considering the discomfort, dangers
of withdrawal and resultant cost of possible hospitaliza-
tion.  Suggested strategies to be adopted in the therapeutic
management of Parkinson’s disease involve modulating
both the pharmacokinetics of levodopa and the receptor
(site of action of the drug). 

The idea that modified-release dosage forms of levodopa
as a means of improving on the bioavalability of levodopa
might play a significant role in the management of motor
fluctuation in Parkinson’s disease has also been suggested
(165). 

Currently, the most popular clinically available route for
the administration of levodopa in Parkinson’s disease
patients is via the oral route. Development of newer for-
mulations of levodopa for administration via alternate
routes might be helpful to ensure adequate plasma levels
of levodopa and thus help prevent excessive fluctuations in
motor response in Parkinson’s disease patients.  The use of
pharmaceutical delivery systems in combination with guid-
ance for individualizing drug dosage has been adduced as a
means of providing optimal and cost efficient pharmaco-
therapy (171, 172). Thus, the use of alternate delivery sys-
tems such as transdermal delivery systems are currently
being investigated as a possible means of achieving con-
stant flow of levodopa to the peripheral pool and eventual
delivery across the blood brain barrier to the CNS (173-
179). The use of transdermal preparations for drug deliv-
ery is gaining wide acceptance and has been reported to
improve the quality of life of patients with chronic diseases
(180-185).  Today, different classes of drugs ranging from
small molecules to large macromolecules such as used in
hormonal replacement therapy, e.g. estrogen, can be
administered through the skin and have achieved wide
patient compliance (180, 184). The use of transdermal
152



J Pharm Pharmaceut Sci (www.ualberta.ca/~csps) 5(2):146-161, 2002
delivery systems such as patches, nasal sprays and buccal
or subcutaneously administered devices that will offer
rapid availability of levodopa in emergencies (such as cog-
wheel type dyskinesias as occurring during end-of-dose)
may be of vital importance (186-188). In addition, these
devices could ensure constant flow of levodopa to the
peripheral pool once a patient is titrated and stabilized on a
regimen.

The fact that some low molecular weight compounds as
well as large molecular weight drugs such as insulin, can be
administered subcutaneously, and others intranasally (189,
190), the need to develop an intranasal spray of levodopa
that can be used in emergency situation where rapid deliv-
ery of drug to the peripheral pool would be necessary. In
fact, some authors have reported increased neostriatal
dopamine activity following intranasal, intraperitoneal or
subcutaneous administration of L-dopa to experimental
animals (186-188). The ease, safety and cost effectiveness
demonstrated with intranasal administration of some
drugs makes this route very attractive (191, 192).  

Dosing regimens aimed at maximizing therapeutic concen-
trations of levodopa without overshooting the “therapeu-
tic window” is the best approach in the management of
Parkinson’s disease patients experiencing motor complica-
tions with Levodopa. Minimal decrements in levodopa
doses help in minimizing dyskinesias while “wearing off ”
effects are best managed by ensuring “constant” therapeu-
tic level of Levodopa. The importance of Pharmacoki-
netic/pharmacodynamics in the management of
Parkinson’s disease patients experiencing motor fluctua-
tions has been supported by data obtained from various
studies (82, 150, 193) indicating that the equilibrium half-
life of levodopa highly correlates with the duration of tap-
ping response and this provides a reliable quantitative
index of central mechanisms that affect the length of clini-
cal effect. In a study involving both motor fluctuating and
non-fluctuating Parkinson disease patients at different
stages of the disease, Harder and Baas (82) observed no
difference in the pharmacokinetics of levodopa between
both groups of patients. However, the threshold level
(EC50) required to obtain clinical response was larger in
those patients experiencing motor fluctuations and they
exhibited a steeper concentration-response curve.  Mainte-
nance of sustained therapeutic levels of levodopa in Par-
kinson’s disease patients has been an issue that many
believe could be achieved by changes in formulation of the
drug.  

Furthermore, individualization of therapy at reasonable
intervals may be useful in optimizing bioavailability of
levodopa during treatment (194). Some investigators have
attempted to monitor blood levels of levodopa using
microdialysis techniques as a means of optimizing
levodopa therapy (195). Others have reported significant
correlation between severity in motor symptoms and
dopamine levels in the cerebrospinal fluid (196). Some
have suggested approaches to facilitate transport of agents
across the blood-brain barrier and improve bioavailability
of levodopa via osmotic opening of the blood brain barrier
(197). Currently, this approach has been successfully done
in experimental animals. The search of such agents for
clinical use as adjuncts to levodopa in this regard may be
helpful.

Finally, considering the preponderance of information on
the bioavailability of levodopa as a function of its activity,
it can be deduced that optimization of the dosage and
administration time of levodopa would be very helpful in
controlling not only the untoward effect associated with
levodopa use but its efficacy as well. To achieve this, an
integrative PK and PD approach, which entails detailing or
profiling of each patient’s dosage regimen, would need to
be worked out. Although it has been demonstrated that
the plasma level of an amino acid alone is a poor predictor
of its brain concentrations (97, 198, 199), but rather,
dependent on the plasma concentration of other amino
acids that share the same blood brain barrier transport sys-
tem (97, 200-203); nonetheless, some researchers have
advocated (204) the periodic monitoring of plasma con-
centrations of levodopa in patients experiencing motor
fluctuation as a better way of managing the disease in such
patients.

Generally, the flux of amino acids including levodopa
across the blood brain barrier is bi-directional. The net
flux of un-metabolized levodopa is from the brain to
plasma pool when the plasma concentration of levodopa
falls. Thus, it follows that factors that promote increase in
plasma pool of un-metabolized levodopa may help
increase the amount of levodopa available for transport
into the brain compartment. Current techniques in model-
ing the Pharmacokinetics of levodopa and its effect is
tedious as the process is often complicated by the presence
of its metabolite, 3-O-methyldopa. Various studies have
successfully used the E-max model to describe the possi-
ble relationships between the pharmacokinetics and
dynamics of levodopa.  Others (205) have attempted to
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use the Dixon equation with a characteristic 3-dimensional
model to explain the relationship of levodopa pharmacok-
inetics and effect taking into cognizance the role of the 3-
O-methyldopa metabolite. While much has been achieved
in attempts to decipher the PK/PD relationships, the
result from these studies still remain equivocal and a clear-
cut delineation of the PK/PD relationship of levodopa
continues to be a subject of further exploration.  

CONCLUSION

Although the relationship between peripheral pharmacoki-
netics and motor response with levodopa has not been
properly delineated, it does not preclude the existence of
such an effect. Therefore, further exploration of PK-PD
relationship of levodopa and its effect at all stages of the
disease, especially at the advanced stage of Parkinson’s dis-
ease, is important. No doubt, it would be very helpful in
the pharmacotherapy and management of Parkinson’s dis-
ease especially at advanced disease stage characterized by
neuron loss, attendant loss of the storage and pulsatile
release function, and where motoric control becomes
dependent on exogenous delivery of dopamine from the
plasma pool. Today, the challenge remains to develop a
demonstrable correlation between effector site concentra-
tion of dopamine vs the plasma levels of levodopa and its
effect.
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