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Abstract: Levodopa , a prodrug of dopamine, remains to be one of the main drugs in the treatment of Parkinson’s disease. 

All current levodopa products are formulated with aromatic amino acid decarboxylase inhibitors such as carbidopa or 

benserazide to prevent the metabolism of levodopa in the gastrointestinal tract and systemic circulation. Levodopa phar-

macokinetic profiles remain unchanged after multiple doses, and are similar between healthy volunteers and patients and 

among patients at different stages of disease. Entacapone inhibits the metabolism of levodopa therefore increases the area 

under the plasma concentration-time profile of levodopa; however, it may decrease the initial absorption rate of levodopa 

in some patients probably due to competitive absorption. Food appears to affect the absorption of levodopa, but its effects 

vary with formulations. The results of positron emission tomography study suggest that a high protein diet may compete 

with the uptake of levodopa into the brain, therefore, may result in reduced levodopa effects. Since infusion studies dem-

onstrated that it is beneficial to maintain stable plasma concentrations of levodopa, controlled-release formulations have 

been designed to provide prolonged absorption of levodopa. However, subsequent pharmacokinetic and pharmacody-

namic studies demonstrated that a threshold concentration of levodopa appears to be necessary to switch patients “on”. 

Once patients are turned “on”, the duration of levodopa effects may be correlated with plasma concentration of levodopa. 

As such, more recent studies have demonstrated significant clinical benefits such as shorter time to “on” and longer dura-

tion of “on” when combining the immediate- and controlled-release levodopa products as compared to controlled-release 

levodopa products. Given these findings, it is important for physicians to understand the relationship between the pharma-

cokinetics and pharmacodynamics of levodopa in order to provide dosage regimens that meet patient needs. The pharma-

cokinetics and pharmacodynamics data of levodopa reported in the literature are reviewed here. 
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1. INTRODUCTION 

 Parkinson's disease is a progressive, neurodegenerative 
disorder of the extrapyramidal nervous system affecting the 
mobility and control of the skeletal muscular system. Pa-
tients with Parkinson’s disease suffer from both motor and 
non-motor symptoms. The cardinal motor symptoms include 
resting tremor, rigidity, bradykinesia and postural instability. 
Examples of non-motor symptoms are diminished sense of 
smell, depression, and sleep disturbance.  

 Levodopa (LD), chemically known as (-)-L- -amino- -
(3,4-dihydroxybenzene) propanoic acid, was introduced in 
1960s for the symptomatic treatment of Parkinson’s disease. 
It remains the gold standard in the management of the motor 
symptoms of Parkinson’s disease today. Nearly all patients 
with Parkinson’s disease eventually receive LD therapy at 
some stage of the disease. The active metabolite of LD, do-
pamine, is responsible for the control of symptoms of Park-
inson’s disease; however, it does not cross the blood brain 
barrier (BBB). Since LD crosses BBB, it acts as a prodrug of 
dopamine. However, LD is rapidly decarboxylated to dopa-
mine in extracerebral tissues, especially in the gastrointesti-
nal tract, following oral administrations, and therefore only a 
small portion of a given LD dose is transported across the 
BBB to the central nervous system. For this reason, LD is 
routinely administered with a decarboxylase inhibitor such 
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as carbidopa (CD) or benserazide to prevent the formation of 
peripheral dopamine.  

 Currently, LD products are available as standard imme-
diate-release tablet (standard, or IR), controlled-release tablet 
(CR), orally disintegrated tablet (ODT), and immediate-
release CD-LD in combination with a fixed 200 mg dose of 
entacapone, where entacapone inhibits the metabolism of LD 
mediated by catechol-O-methyltransferase (COMT). Addi-
tionally, a dual release formulation combining immediate- 
and sustained-release of levodopa and benserazide is avail-
able in the Europe [1, 2]. A new product that delivers imme-
diate and sustained release of LD and CD in a single formu-
lation is currently under development

a
. Since the pharmacol-

ogical effects of LD have been shown to be correlated with 
plasma concentrations of LD, this article reviews the phar-
macokinetics (PK) of LD and CD and the relationships be-
tween plasma concentrations of LD and the pharmacody-
namic (PD) effects of LD.  

2. PHARMACOKINETICS OF LD AND CD 

2.1. Absorption  

2.1.1. Levodopa  

 The absorption of LD is via the saturable L-neutral amino 
acid transport system for large amino acids. However, in-
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creasing LD dose resulted in a more than proportional in-
crease of LD plasma concentrations probably because the 
major metabolism of LD in the GI tract is also by a saturable 

amino acid decarboxylation pathway [3-5]. Orally adminis-
tered LD is almost completely absorbed, with only 2% ap-
pearing in the feces [5-8]. However, only about 30% of an 
oral LD dose reached the systemic circulation intact when 
not administered with CD. The oral bioavailability of LD is 
increased 2 to 3 times when co-administered with decar-
boxylase inhibitors [5, 9-11]. Bianchine et al. showed that 
following pretreatment with MK-486 (carbidopa), peak 
plasma LD concentration increased approximately 3-fold, 
and plasma radioactivity half-life increased significantly from 
3 to 15 hours [8]. Based on the data reported by Bianchine et
al. [8], it is possible to construct a plasma concentration-time 
profiles for levodopa in the absence and presence of carbi-
dopa (Fig. (1)). In that regard, Nutt et al. also showed that 
the clearance of plasma LD after intravenous infusion of LD 
in the presence of CD were statistically significantly de-
creased by about 50% as compared to that determined in the 
absence of CD [12]. Thus, all current LD products are CD-
LD combination formulations. 

 In healthy elderly subjects under fasting condition, the 
absorption of LD from an immediate-release (IR) CD-LD 
product is rapid (Table 1), with 60% of the dose absorbed in 
30 minutes, and the absorption was complete in 2-3 hours 
[13]. Interestingly, although the currently available CD-LD-
entacapone combination product is an immediate-release 

Table 1. Examples of Pharmacokinetic Parameters of LD Following Administration of Various CD-LD Products 

Reference Population CD-LD Dose  

(mg) 

tmax 

(hr) 

Cmax 

( g/mL)  

AUC

( g•hr/mL) 

Sinemet 2 x 25-100 0.8 ± 0.4a 1.39 ± 0.34a 3.69 ± 0.74aHealthy  

(n=16)  Sinemet CR 50-200 1.8 ± 1.1a 0.47 ± 0.17a 1.92 ± 0.82a

Sinemet 2 x 25-100 0.5 ± 0.1a 3.26 ± 0.98a 5.31 ± 1.71a

Yeh et al., 1989 

Elderly, Healthy 

(n=16) 
Sinemet CR 50-200 2.1 ± 1.4a 1.15 ± 0.43a 4.01 ± 1.42a

Kardopal 10-100 0.9 ± 0.3b .80 ± .08b 1.41 ± 0.11b

Kardopal 25-100 0.9 ± 0.2b 1.09 ± .24b 1.65 ± 0.12b

Kardopal 25/250 0.6 ± 0.1b 1.41 ± .13b 3.47 ± 0.27b

Kaakkola et al., 1985 Healthy (n=11) 

Kardopal 62.5/250 0.8 ± 0.2b 1.55 ± .11b 4.34 ± 0.30b

Patients (n=17) Sinemet CR 50-200 5.4d 2.53 10.32 LeWitt  

et al., 2005c

 Stalevo 150 5.1d 2.97 10.22 

Healthy (n=18) Sinemet CR 25-100 2 0.77 ± 0.31a 2.02 ± 0.60a

 Sinemet CR 50-200 2 1.16 ± 0.34a 3.78 ± 0.94a

 Sinemet 25-100 0.75 1.04 ± 0.26a 1.95 ± 0.96a

 1.5 1.47 ± 0.48a

Liang et al., 2006 

VADOVA 50-200 
0.5e 1.17 ± 0.59 e 

4.07 ± 0.70a

a ± S.D. 
b ± S.E.M. 
c Geometric mean over an 8-hr dosing period 
d After Q4H dosing for 8 days, PK parameters of two doses given 4 hours apart were assessed in a crossover manner; tmax of LD occurred after the 2nd dose for both regimens. 
e Since VADOVA (a new product currently under development) is an immediate-release and sustained-release bi-layer formulation, the observed first peak concentration (Cpeak1) and 

the time to Cpeak1 (tpeak1) were also reported. 

Fig. (1). Concentrations of levodopa in patients with Parkinson’s 

disease treated with oral of L-2-
14

C-levodopa in the presence and 

absence of carbidopa. 
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formulation, with the addition of entacapone to the formula-
tion, the initial absorption rate for LD appeared to be de-
creased, and the plasma concentration-time profiles of LD 
resembled that of the CR formulation [14]. Similar out-
comes, i.e. lower Cmax and prolonged tmax, were observed 
when Sinemet 50-200 was dosed in patients treated with 
entacapone [15]. These observations are somewhat consis-
tent with the observations that the absorption rate of LD ap-
peared to be affected by entacapone, and the effect appeared 
to be a function of entacapone dose, probably due to com-
petitive absorption [16-20]. It should be noted that there 
were also reports showing that the initial absorption rate of 
levodopa from an IR product was not delayed when co-
administered with entacapone following a multiple dose 
regimen [21]. In general, co-administration of entacapone 
with CD-LD products tends to increase the total levodopa 
AUC by increasing the concentrations at the later time points 
after dosing (Fig. (2)).  

Fig. (2). The concentrations of levodopa after standard immediate 

release tablet of carbidopa-levodopa with and without entacapone.

 Since the transport of LD is through the L-neutral amino 
acid transport system, studies have been conducted to evalu-
ate the effect of dietary protein on the clinical response to 
LD [22-29]. The results of these studies showed that the 
clinical effect of LD was reduced by a daily diet containing 
protein in excess of 1.6 g/kg or a single protein load of ap-
proximately 28 g [23, 25, 29]. A protein-containing diet 
tends to reduce the oral absorption of LD [26, 27, 30]; how-
ever, it should be noted that the decrease in response to LD 
did not appear to correlate with plasma LD concentrations 
[23, 29]. A study using positron emission tomography showed 
the decreased effect appeared to be correlated with a de-
crease in the uptake of LD into the brain probably due to 
competition from the increased plasma amino acid concen-
trations [31].  

 For a controlled-release (CR) LD product, the absorption 
was gradual and completed in 4-6 hours under fasting condi-
tions [13, 32]. As shown in Fig. (3), the controlled-release 

CD-LD product has longer tmax and lower Cmax in compari-
son to the immediate-release product

b
. A CR only product 

also reaches maximum concentration later that a product 
with the combination of an immediate and a controlled re-
lease properties [1]. Additionally, in healthy elderly volun-
teers, the LD bioavailability of a CR formulation (Sinemet

®

CR 50-200 mg) and an IR formulation (Sinemet 2 tablets of 
25-100 mg) administered under fasting conditions was re-
ported to be 71% and 99%, respectively, therefore, the 
bioavailability of a CR formulation has been estimated to be 
~70% of an IR formulation under fasting conditions [13]. 
However, data from a recent randomized crossover study 
demonstrated that bioavailability of Sinemet 25-100 mg is 
comparable to that of Sinemet CR 25-100 mg

c
, suggesting 

caution should be exercised when extrapolating the relative 
bioavailability of LD between different formulations and/or 
different dose levels. Furthermore, it is important to note that 
Yeh et al. reported that the bioavailability of the CD-LD CR 
product increased 48% if taking after consuming a meal con-
taining 2 eggs, toast, 8 ounces juice, 8 ounces milk, and de-
caffeinated coffee, probably due to increased gastric reten-
tion which in turn allowed more complete absorption of LD 
in the upper GI [10]. However, Mearrick et al. showed that 
the absorption of LD from a standard release (IR) CD-LD 
product was increased during rapid gastric emptying under 
fasting conditions [33]. Therefore, food effects on LD phar-
macokinetics vary with formulations.  

 The pharmacokinetics of LD does not change after mul-
tiple days of dosing. Yeh et al. showed that LD plasma lev-
els after every 8 hour dosing for 10 days were essentially 
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c Liang E, Wang X, Khor SP, Hsu A. Comparison of pharmacokinetics of levodopa and 
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Fig. (3). The concentrations of levodopa in healthy subjects after 

dosing with immediate-release or controlled-released carbidopa-

levodopa tablets in a randomized crossover study. 
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identical to those obtained after a single dose in healthy eld-
erly volunteers for both Sinemet and a CR formulation [13]. 

2.1.2. Carbidopa  

 Approximately 40-70% of an oral dose of CD is absorbed 
in man [34]. CD is absorbed more slowly than LD, with tmax

at ~2 hours after oral dosing of an IR formulation containing 
both CD and LD, and up to 2.8 hours after a CR formulation 
in healthy elderly subjects [13]. The bioavailability of CD is 
not affected by the co-administration of LD. [34, 35]. How-
ever, the bioavailability of CD in a CR formulation was 
~58% of an IR formulation [35]. Unlike LD, the bioavail-
ability of CD in a CR formulation under fed conditions was 
lower than that under fasting conditions, Yeh et al. hypothe-
sized that the systemic inhibitory activity of CD on aromatic 
amino acid decarboxylase (AAAD) appeared to be similar 
between the two dosing conditions, because apparent LD 
renal clearances and the ratio of dopamine-to-dopa remain 
unaffected by food intake [13].  

2.2. Distribution  

2.2.1. Levodopa  

 Levodopa crosses the blood-brain barrier by stereo-
specific, saturable, facilitated process via the large neutral 
amino acid (LNAA) transport carrier system. Gey and Plet-
scher showed that 1 hour after a 20 mg/kg 

14
C-DL-dopa sub-

cutaneous dose in rats, only 0.1% of the radioactivity was 
found in the brain, while most of the radioactivity was found 
in urine, skin, whole skeletal muscle, intestine, and liver 
[36]. After an intravenous dose of 50 mg LD alone, the Vss

(volume of distribution at steady state) in young healthy vol-
unteers was estimated to be 70% higher than that in elderly 

volunteers [37]. The Vss of LD was estimated to be approxi-
mately 50% higher in young healthy volunteers than that in 
elderly volunteers when an intravenous LD dose was co-
administered with CD. Kaakkola et al. reported similar Vss/F 
for LD after oral dosing of 10-100 to 62.5-250 mg CD-LD in 
healthy volunteers [38].  

 Levodopa is not highly bound to plasma proteins [39-41]. 
The free fraction was found to be 76±8% at a concentration 
of 500 ng/mL.  

2.2.2. Carbidopa 

 Carbidopa does not cross blood-brain barrier even at high 
doses [42, 43]. After an intravenous 

14
C-CD dose in rats, 

radioactivity was concentrated in the kidneys, lungs, plasma, 
spleen, liver, small intestine, and adrenals, but was not de-
tected in the brain [34, 44]. One study reported Vd/F of 2.2 ± 
0.2 to 4.7± 0.4 L/kg for CD in healthy volunteers after oral 
dosing of 10-100 to 62.5-250 mg CD-LD tablets [38].  

 Carbidopa is also not appreciably bound to human plasma 
proteins [34]. The percent of CD bound to human plasma 
protein was 36±1.6%. 

2.3. Metabolism 

2.3.1. Levodopa 

 Nutt and Fellman conducted a comprehensive review of 
the metabolism of LD [5]. Levodopa undergoes metabolism 
via four pathways: decarboxylation by AAAD, 3-O-methy-
lation by catechol-O-methyltransferase (COMT), transami-
nation by tyrosine aminotransferase, and oxidation by ty-
rosinase or other oxidants. AAAD, a nonspecific enzyme, is 
widely distributed in gut, liver, kidneys, brain, lungs, adre-

Table 2. Estimated Pharmacodynamic Parameters of Levodopa 

Patient Group 

(Hoehn & Yahr Stage)

t1/2eq

(min) 

EC50

( g/mL) 
Emax E0

N

(Hill coefficient) 

Tapping Motor Effect 

I 133 0.2 45 144 2 

II 78 0.29 35 141 5 

III 28 0.6 41 114 7 

IV 20 0.94 55 117 18 

p <0.001 <0.001 NS <0.001 <0.001 

Dyskinesic Effect 

I NA NA NA NA NA 

II 22 0.7 1 0 14 

III 19 0.65 3 0 27 

IV 17 0.98 3 0 30 

p NS <0.005 <0.007 -- NS 

t1/2eq: equilibration half-life between plasma and effect site concentration; EC50: plasma concentration at  Emax; Emax: maximum effect; E0: baseline effect; NS: Group effect was not 

statistically significant (p>0.05); NA: None in Group I developed dyskinesia. Data were adapted from reference [55]. 
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nal, spleen, and heart [45]. Human brain capillaries also con-
tain high concentrations of AAAD [46]. The decarboxylation 
pathway is the major metabolic pathway for LD. More than 
95% of orally administered LD was decarboxylated periph-
erally, and only 1% of the dose entered the brain [10, 47]. 
The initial product of decarboxylation is dopamine, which 
may be further metabolized to form 3,4-dihydroxyphenyl 
acetic acid (DOPAC), homovanillic acid (HVA), and to a 
lesser extent, norepinephrine and vanillinemandelic acid. 
After intravenous dosing of LD, about 10% of the dose was 
accounted for by the 3-O-methylation process [48]. The meta-
bolic product via the COMT pathway is 3-O-methyldopa (3-
OMD). 3-OMD is further metabolized to vanilpyruvate by 
transamination and then reduced to vanillactate. COMT is 
primarily present in peripheral tissues, particularly liver, 
intestinal tract, and kidneys; comparatively low activity is 
found in the brain, and no activity is found in dopaminergic 
nigrostriatal neurons [47]. The transamination pathway is 
reversible, therefore, 3,4-dihydorxyphenylpyruvate may serve 
as a precursor for LD. The presence of cysteinyldopa in the 
urine of parkinsonian patients suggests that oxidation of LD 
by tyrosinase or other oxidants to dopa quinone intermediate 
does occur. Dopa quinone can be further metabolized to 
melanin [5]. 

 In patients with Parkinson’s disease, when 100 mg 
14

C-
LD was administered with a single 100 mg CD dose or after 
100 mg CD t.i.d. for 7 days as compared to 100 mg 

14
C-LD 

given alone, the majority of LD (~90%) was converted to 3-
OMD by COMT in the peripheral tissues, peak plasma LD 
levels increased from non-detectable to 0.7 and 1.2 g/mL, 
2-hour dopamine levels decreased from 0.3 g/mL to non-
detectable, and peak HVA levels decreased 80% [10, 47, 49].
The corresponding decrease in urinary recovery of dopamine 
and DOPAC was approximately 3.5-fold and 2-fold, respec-
tively [10]. 3-OMD has a 15-hour plasma half-life, is a poor 
substrate for AAAD, and appears to compete with LD for 
transport to the brain via the large neutral amino acid trans-
port carrier system. Steady-state plasma 3-OMD concentra-
tions in Parkinsonian patients are correlated with LD dose 
and do not vary markedly during LD therapy. Although oral 
challenges with 3-OMD reduce the clinical response to LD, 
3-OMD is no more potent than phenylalanine in competing 
with LD for transport into the brain. Since 3-OMD makes a 
small contribution to the total concentration of large neutral 
amino acids competing with LD, Nutt et al. has concluded 
that 3-OMD is not an important determinant of clinical re-
sponse to LD [50].  

2.3.2. Carbidopa 

 Four metabolites have been detected in the urine of 
healthy volunteers and Parkinsonian patients after oral admin-
istration of 50 mg 

14
C-CD [51]. Three metabolites, 2-methyl-

3-methoxy-4-hydroxy-phenylpropionic acid, 2-methyl-3,4-
dihydroxy-phenylpropionic acid, and 3-hydroxy- -methyl-
phenylpropionic acid, each accounted for approximately 
10% of the radioactivity excreted in the urine (or ~5% of the 
dose each). These metabolites are excreted as glucuronides 
and unconjugated compounds. The fourth metabolite, 3,4-
dihydroxy-phenylacetone, accounted for <5% of the radioac-
tivity excreted in the urine. Thus, the loss of the hydrazine 
functional group represents the major metabolic pathway for 

CD, probably as molecular nitrogen. There was no published 
information on the potential pharmacological activities of 
these metabolites. However, carbidopa is found to undergo 
N-deamination in rats to form alpha-methyldopa and alpha-
methyldopamine. The former metabolite readily crosses the 
blood-brain-barrier and is hypothesized to mediate some of 
the central effects of carbidopa [52]. However, it is not clear 
whether the observed reduction of norepinephrine concentra-
tions in rats treated with carbidopa occurs in humans.  

2.4. Excretion  

2.4.1. Levodopa 

 Following oral administration of a 100 mg dose of 
14

C-
LD alone, 90% of the radioactivity (dose) was recovered in 
the 48-hour urine. The dose recovered in the 48-hour urine 
was reduced to about 60% when LD was coadministered 
with a single 100 mg dose of CD or with 100 mg CD t.i.d for 
7 days [10], probably because the majority of LD dose is 
converted to the long half-life 3-OMD during coadministra-
tion with CD. The inhibition of AAAD by CD was deter-
mined to be pseudo-irreversible.  

 After an oral dose of 50-200 mg as an IR or a CR formu-
lation, 7.2 ± 2.4% and 3.0 ± 1.4% of the LD dose was ex-
creted in the urine as unchanged drug, respectively, which 
appeared to be consistent with the relative bioavailability of 
the respective formulations [13]. The plasma clearance of 
LD after intravenous administration in the presence of CD 
was reported to be age dependent, ranging from 781, 697, 
and 596 mL/min in 23-45, 55-76, and 56-67 year old healthy 
adults, respectively. Renal clearance accounted for about 
10% of the total body clearance. [13]. Robertson et al. re-
ported that the apparent plasma clearance (CL/F) of LD av-
eraged 9.3 ± 1.0 mL/min/kg in young healthy volunteers and 
5.8 ± 0.9 mL/min/kg in elderly volunteers [37]. The plasma 
half-life of LD when it is administered alone is about 50 
minutes, and increased to ~1.5 hour when coadministered 
with CD.  

2.4.2. Carbidopa 

 Vickers et al. showed that after a single 50 mg oral dose 
of

14
C-CD in Parkinsonian patients, about 64% and 33% of 

the radioactivity were recovered in the urine and feces, re-
spectively, and the corresponding recoveries in healthy vol-
unteers averaged about 51% and 47%, respectively [34]. 
Similar amount of the radioactivity (32% and 29%) in the 0-
24 hour urine was due to unchanged carbidopa in Parkin-
sonian patients and healthy subjects, respectively [34]. Yeh 
et al. reported that the apparent renal clearance of CD were 
relatively similar (124 ± 61 to 177 ± 86 mL/min) in healthy 
younger and older subjects, after a single 50-200 mg dose of 
a CR formulation under fasting conditions [13]. The average 
elimination half-life of CD in plasma is about 2 hours when 
co-administered with LD [34]. A similar half-life of 2.08 hr 
was observed when CD was dosed alone [53]. 

2.5. Pharmacokinetics in Parkinsonian Patients 

 After multiple dosing, the pharmacokinetics of LD and 
CD are stable and no unexpected nonlinear accumulation 
occurs. Nutt et al. showed that the LD pharmacokinetic pa-
rameters were similar in treatment-naïve, stable, and fluctu-
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ating Parkinsonian patients [54]. Consistently, Contin et al.
showed that the pharmacokinetic parameters of LD and CD 
were similar among patients at different disease states (n=23, 
25, 25, and 13 for Hoehn &Yahr stage I, II, III, and IV pa-
tient groups, respectively) [55]. Djaldetti et al. showed that 
the pharmacokinetics of LD were similar in de novo patients 
after the very first dose and after dosing for 1 month [56]. 

 It has been shown that for a fixed total daily CD dose, 
simultaneous administration of divided doses of LD and CD 
produced the most favorable (lowest) urinary LD/dopamine 
ratio as compared to other alternative dosing methods [57]. 
The optimally effective daily dosage of CD was estimated to 
be between 75 to 160 mg/day [57]. The recommended mini-
mum daily dose for CD is 70 mg or more [32, 35], and the 
currently marketed CD-LD products are available with a 
CD-LD dose ratio of 1:4 or 1:10. However, some studies 
have demonstrated that across a wide range of LD doses, in 
patients stabilized with a presumed “effective” 1:10 CD:LD 
ratio, an increase of CD dose to a 1:4 CD:LD ratio further 
increased LD bioavailability (Cmax and AUC) and reduced 
peripheral adverse effects [38, 58-60].  

 At clinical doses, CD does not affect the decarboxylation 
of LD within the central nervous system. The presence of 
CD does not affect the LD concentration required for pro-
ducing an optimal clinical response [61]. CD has not been 
demonstrated to have any overt pharmacodynamic actions at 
the recommended doses of not more than 200 mg/day [32, 
35].   

3. PHARMACOKINETIC-PHARMACODYNAMIC RE-
LATIONSHIPS OF LEVODOPA 

3.1. Long-Duration and Short-Duration Responses 

 The response to LD during the first month to years of 
therapy is sustained improvement in motor disability. With 
disease progression, significant numbers of patients begin to 
develop motor fluctuations so that the motor disability is 
variably controlled during the day. Two kinds of pharmacol-
ogical responses have been identified with LD [3, 50, 62]. 
The long-duration response (LDR), referring to the im-
provement in motor disability, is built up over days after 
initiation of LD therapy and disappears over days after dis-
continuing LD therapy. The short-duration response (SDR) 
refers to the transient response between LD doses and usu-
ally lasts minutes to hours. 

3.1.1. Short-Duration Responses 

 By assessing changes in neurologic disability before and 
after an oral LD dose after an overnight washout, Muenter et
al. estimated the duration of SDR to be 5 hours or less after 
an oral dose of 100 mg LD with concomitant benserazide 
[3]. Based on the changes in tapping speed before or after a 
2-hour intravenous administration of 1 mg/kg/hr LD after the 
washout, Nutt et al. estimated the mean duration of SDR to 
be 4.0 ± 2.8 hours, and SDR remained stable during the first 
year of treatment [63]. The duration of SDR is proportional 
to dose and becomes shorter during chronic LD therapy [64]. 

3.1.2. Long-Duration Responses 

 Relatively consistent results have been reported to sup-
port the long-duration effects of LD. Muenter et al. found 

that it usually took 3 to 5 days to return to pretherapy disabil-
ity after discontinuing LD therapy [3], while Barbato et al.
found that it took 6.8 ± 3.0 days for early-stage patients to 
return to baseline after withdrawal of CD-LD CR treatment 
[62]. Ogasahara et al. showed that maximal disability was 
reached 3-4 days after withdrawal of LD in fluctuating pa-
tients [65]. Hauser et al. [66, 67] estimated that the geomet-
ric mean half-life of LDR was 7.9 days (range: 2.2 to 30.4 
days) in 20 early-stage Parkinsonian patients. Based on the 
analysis of longitudinal data from 20 patients treated with 
LD for 4 years and also from 800 patients treated with LD or 
placebo or other drugs for over 6 years, Holford et al. esti-
mated that LDR peaked at least one year after LD treatment 
initiation [68], suggesting the potential presence of a third 
component of LD effects that last longer than days. The 
magnitude of LDR appeared to be not correlated with base-
line disease severity. Based on the dose response to 2-hour 
infusions on 4 consecutive days (4 different concentrations), 
Nutt et al. concluded that the extended SDR to LD therapy in 
the stable patients represented instead the LDR [54]. 

3.2. EC50

 Contin et al. investigated the relationship between LD 
concentration and pharmacologic effect measurements based 
on the data collected from 86 Hoehn & Yahr stage I, II, III, 
and IV patients (n=23, 25, 25, and 13, respectively) [55]. 
The four groups were different in mean disease duration (2, 
5, 9, 12 years, respectively), LD therapy duration (0.5, 2.0, 
6.5, and 9.8 years, respectively), and daily LD dose (200, 
200, 400, and 600 mg/day, respectively). The patients re-
ceived 100 mg LD + 25 mg benserazide after a 12-hour 
washout of LD and any concomitant antiparkinsonian drugs. 
The LD pharmacokinetic parameters were similar among the 
four groups. There were no significant differences in the 
values of half-life, tmax, Cmax and the area under the 5-hr con-
centration time curve for levodopa. The median values of the 
estimated pharmacodynamic parameters (t1/2eq, EC50, Emax,
E0, and Hill’s coefficient) for tapping speed and for dyskine-
sia for each patient group were estimated (Table 2). For the 
tapping motor effect, the t1/2eq decreased, EC50 increased, and 
Hill coefficient increased with severity of disease state, 
while the Emax values were similar among the four disease 
groups. The duration of the tapping motor effect was 
>300 min, ~210 min, ~150 min, and ~110 min for Group I, 
II, III, and IV, respectively [55] (estimated from Fig. (1) of 
Contin et al. 2001). For the dyskinesia effect, t1/2eq and Hill 
coefficient were similar among the four groups, while EC50

and Emax increased with severity of disease state. For Groups 
III and IV, the t1/2eq and EC50 for “tapping motor effects” and 
“dyskinesia effects” were similar, which was consistent with 
clinical observations that the dyskinesia effect was often 
accompanied by motor effects in moderate or severe Parkin-
sonian patients. The increase in EC50 and Hill coefficient for 
tapping motor effect with severity of disease state may make 
doses of LD that would produce some effect in a stable pa-
tient become ineffective during long-term LD treatment. 

 The potential application of the pharmacokinetic-pharma-
codynamic (PK-PD) variables in the clinical setting is in 
helping physician assess patients' clinical needs and optimize 
levodopa regimen according to disease progression [69]. The 
practical utility of the PK-PD parameters in the clinical set-
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ting has been substantiated by the observed correlation of the 
PK-PD parameters to a morphological reference using posi-
tron emission tomography [70], where Diet et al. followed 
the uptake of 18F-levodopa into striatal dopaminergic neu-
rons using patients treated with levodopa and benserazide. It 
was observed that t1/2eq and EC50 estimated from the pharma-
cokinetic-pharmacodynamic model correlated with the up-
take of tracer 

18
F-levodopa into the putamen of patients with 

different stages of Parkinsonism, validating the clinical util-
ity of the PD parameters obtained by PK/PD modeling. 

3.3. Effect of CD on LD EC50

 Nutt et al. showed that the LD concentration required to 
produce an optimal clinical response in a given patient was 
not altered by co-administration of CD

d
. The steady state LD 

concentrations to produce optimal clinical effect were similar 
with (2.6 g/mL) and without (2.8 g/mL) carbidopa in 
Parkinsonian patients. 

3.4. Effect of Long-Term Dosing on PK/PD Parameters 

 In early-stage Parkinsonian patients, dopaminergic neu-
rons are able to control the storage and release of dopamine 
after administration of LD, therefore, motor fluctuations 
rarely occur. In advanced disease stages, small and frequent 
LD doses are often required because dopaminergic control 
over dopamine release is significantly impaired, and LD ad-
ministration elicits only a short burst of central dopaminergic 
activity due to LD’s short t1/2.

 Following 18 patients for 4 years after the initiation of 
LD treatment, Nutt et al. noticed ~100% increase in the SDR 
when the subjects stopped LD for 3 days. After stopping LD 
overnight, the magnitude of SDR remained similar, latency 
to peak tapping speed was decreased, and the duration of 
SDR decreased, although the decrease was not statistically 
significant [71]. In addition, Nutt et al. reported that over a 
4-year treatment period, the average magnitude of LDR did 
not change, the rate of decline of LDR after withdrawal of 
LD was faster, dyskinesia scores were progressively in-
creased [71]. 

 In a longitudinal study over 4 years in 28 mild to moder-
ate (Hoehn and Yahr Stage 1-III) patients, Contin et al. dem-
onstrated that by the fourth year, maximum tapping scores 
remained relatively unchanged, duration decreased (37%), 
t1/2eq decreased (67%), EC50 increased (from 0.37±0.05 to 
0.58±0.08 g/mL), and the Hill coefficient increased (160%); 
however, pharmacokinetic parameters and Emax values re-
mained unchanged [72]. These results are consistent with the 
findings reported in parallel groups [55]. 

3.5. Threshold 

 Based on the results of an LD intravenous infusion study, 
Nutt et al. estimated that in fluctuating patients the threshold 
concentration was approximately1.6 g/mL, while a concen-
tration of ~1.2 g/mL produced no response or brief re-
sponse (minutes) in this patient population [73]. In this study, 
the levodopa concentration averaged ~2 g/mL in patients 

                                               

d Nutt JG, Woodward WR, Anderson JL, Hammerstad JP. What is the function of car-

bidopa in the treatment of Parkinsonism? Ann Neurol 1983; 14: 133-34. 

maintaining sustained response during the infusion of LD. 
Higher plasma concentrations of LD did not necessarily fur-
ther increase taping and walking speeds. Mouradian et al.
later demonstrated that clinically observed threshold doses 
are similar in untreated, stable, and fluctuating-response pa-
tients [74].  

 Since the duration during which the plasma concentra-
tions are above the EC50 is often significantly shorter than 
the duration of motor effect (tapping effect), and since 
E0+Emax is relatively similar among the four disease groups, 
Contin et al. has hypothesized that once LD concentration is 
above a threshold value, the duration of LD effect may be 
correlated with plasma concentration [55]. Nutt et al. sug-
gested that the duration of clinical response to LD appears to 
be correlated with magnitude of the difference between the 
peak concentration and the minimum effective concentration 
LD. The observation that a threshold concentration needs to 
be reached for response appears to be consistent with reports 
that some subjects do not have a motor response when taking 
Sinemet CR, and hence, need a concomitant dosing of one or 

 of a Sinemet (immediate-release) tablet. 

 Although it has been reported that the threshold concen-
tration for dyskinesias is higher than that required for anti-
parkinsonian effects in stable patients [75], in the study con-
ducted to assess the dose response to 2-hour infusions on 4 
consecutive days (4 different concentrations) in three groups 
of patients (untreated, stable, and fluctuating), Nutt et al.
showed that the dyskinesias began before clinical improve-
ment in all 3 stable patients who developed dyskinesias. 
Therefore, the apparent threshold for inducing dyskinesias 
does not necessarily greater than the threshold for improve-
ment in Parkinsonsonism symptoms in stable patients [63]. 

 Mouradian et al. showed that after continuous LD infu-
sion for 7 to 12 days in 12 advanced Parkinson patients, the 
therapeutic window of LD, defined as the difference between 
threshold dose for dyskinesia and for parkinsonism reduc-
tion, widened by about 50% and motor fluctuations de-
creased by more than 40% [76]. The results of this study are 
consistent with other observations that chronic intermittent 
oral LD treatment probably partly contributed to motor com-
plications, and support the benefit of stable plasma concen-
tration of LD [77, 78]. 

 Due to very rapid metabolism of levodopa, the initial 
goal of levodopa therapy has focused on maintaining stable 
levodopa concentration. Although the controlled-release for-
mulation provided prolonged absorption of levodopa, it ap-
pears that the initial absorption rate of levodopa from the 
controlled-release products may be too slow to provide 
needed threshold concentration for some patients. As such, 
studies have been conducted to demonstrate clinical benefits 
of combining immediate-release and controlled-release for-
mulations of levodopa in motor fluctuating Parkinsonian 
patients. The results of these studies demonstrated that these 
combination formulations provided faster onset, sustained 
duration of response, improved efficacy scores, and reduced 
adverse events rates such as dyskinesias and end of dose 
wearing off as compared to IR or CR products [1, 2, 79]. 
These results suggest that formulations with immediate- and 
extended-release features may provide additional treatment 
options to Parkinsonianpatients.  
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CONCLUSIONS 

 Levodopa has been the mainstay of therapeutic agent in 
treating the symptoms of Parkinson’s disease. The results of 
pharmacokinetic and pharmacodynamic studies demonstrated 
that the effectiveness of levodopa is greatly influenced by its 
pharmacokinetic characteristics. It appears that once patients 
are turned “on”, the duration of levodopa effects may be 
correlated with plasma concentration of levodopa. Although 
maintaining stable plasma concentrations of levodopa is 
beneficial for controlling motor fluctuations, a threshold con-
centration of levodopa appears to be necessary to turn patient 
“on”. Given these findings, it is important for physicians to 
consider the pharmacokinetics of levodopa when prescribing 
levodopa products in order to maximize the therapeutic ef-
fects of levodopa. 

ABBREVIATIONS 

3-OMD = 3-O-methyldopa 

AAAD = Aromatic amino acid decarboxylase 

AUC = Area under the concentration time curve 

BBB = Blood brain barrier 

CD = Carbidopa 

CL/F = Apparent plasma clearance 

Cmax  = Maximum concentration 

COMT = Catechol-O-methyltransferanse 

CR = Controlled release 

DOPAC = 3,4-dihydroxyphenyl acetic acid 

E0 = Baseline effect 

EC50  = Concentration associated with 50% of maxi-
mum effect 

Emax = Concentration associated with maximum effect 

HVA = homovanillic acid 

IR = Immediate release 

LD = Levodopa 

LDR = Long duration response 

LNAA = Large neutral amino acid 

ODT = Orally disintegrated tablet 

PD = Pharmacodynamic  

PK = Pharmacokinetic  

SDR = Short duration response 

t1/2eq = Equilibration half-life between plasma and ef-
fect site concentration 

tmax = Time to maximum concentration 

Vd = Volume of distribution associated with terminal 
phase 

Vss = Volume of distribution at steady state 
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