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Parkinson’s disease: PathologyParkinson’s disease: Pathology
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Pathophysiology of PD The etiological and pathogenetic
network of PD
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Adapted from Science. 2000;289:409-411.

Levodopa - precursor of 
dopamine
Levodopa - precursor of 
dopamine

* Birkmayer W & Hornykiewicz O. The effect of L* Birkmayer W & Hornykiewicz O. The effect of L--
3,43,4--dihydroxyphenylalanine on akinesia in dihydroxyphenylalanine on akinesia in 
Parkinsonism. Wiener Klinische Wochenschrift Parkinsonism. Wiener Klinische Wochenschrift 
1961.1961.

* Cotzias GC et al. Aromatic amino acids and * Cotzias GC et al. Aromatic amino acids and 
modification of parkinsonism. N Engl J Med 1967modification of parkinsonism. N Engl J Med 1967

Levodopa => dopamineLevodopa => dopamine

* * LevodopaLevodopa in in rapidlyrapidly metabolisedmetabolised in in gigi-- tracttract
=> => onlyonly aboutabout 1% of 1% of oraloral levodopalevodopa willwill enterenter the the brainbrain

* DCI (* DCI (carbidopa/benserazidecarbidopa/benserazide) will decrease peripheral ) will decrease peripheral 
decarboxylationdecarboxylation => 5 => 5 -- 10% of 10% of levodopalevodopa will reach the will reach the 
brain brain 

* COMT * COMT inhibitorinhibitor willwill decreasedecrease metabolismmetabolism into 3into 3-- OMD, OMD, 
e.ge.g. . withwith L/C/EL/C/E
=> T½ of => T½ of levodopalevodopa willwill increaseincrease upup to 85%to 85%
=>  13.5% of =>  13.5% of oraloral levodopalevodopa cancan enterenter the the brainbrain

Levodopa in PDLevodopa in PD

The The mostmost effectiveeffective drugdrug for for treatmenttreatment of PDof PD
ShortShort--termterm side side effectseffects areare easilyeasily manageablemanageable
PreferablePreferable in in olderolder patientspatients (70(70--75 75 yearsyears) and ) and amongamong
thosethose withwith cognitivecognitive impairmentimpairment
ManyMany longlong--termterm complicationscomplications
-- wearingwearing--offoff, , dyskinesiadyskinesia
-- abnormalabnormal pulsatilepulsatile stimulationstimulation of of DADA--receptorsreceptors
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Antiparkinsonian treatment in Spanish
cohort of patients Grandas & Kulisevsky 2003

Antiparkinsonian treatment in Spanish
cohort of patients Grandas & Kulisevsky 2003

660,0 660,0 ±± 283,0283,014,614,6262262LL-- dopadopa//benserazidebenserazide
443,0 443,0 ±± 201,0201,040,640,6732732LL-- dopadopa//carbidopacarbidopa CRCR
490,0 490,0 ±±2 63,02 63,050,650,6914914LL-- dopadopa//carbidopacarbidopa SDSD

90,490,41,6301,630LL-- DopaDopa
DoseDose* (mg/* (mg/dayday))%%nnTreatmentTreatment

Levodopa: Short-term challengesLevodopa: Short-term challenges

Poor bioavailability and short plasma halfPoor bioavailability and short plasma half-- lifelife
Erratic gastric retention and/or intestinal absorptionErratic gastric retention and/or intestinal absorption--
delays oral delays oral levodopalevodopa uptake uptake 
Competition with neutral amino acids (proteins) for Competition with neutral amino acids (proteins) for 
transport across gastrointestinal tract and bloodtransport across gastrointestinal tract and blood––
brain barrierbrain barrier

Nutt 1998
Olanow et al 2001

Long-term challenges: 
Changes in levodopa response
Long-term challenges: 
Changes in levodopa response

Obeso et al. 2000

Role of L-Dopa on the 
Emergence of Motor Complications
Role of L-Dopa on the 
Emergence of Motor Complications

Motor complications are Motor complications are 
introducedintroduced

Motor fluctuations across Motor fluctuations across 
>70 studies>70 studies

0% to 16% of patients after 1 0% to 16% of patients after 1 
year of treatment year of treatment 
41% to 83% of patients after 9 41% to 83% of patients after 9 
to 15+ years of treatmentto 15+ years of treatment

Dyskinesias across >70 Dyskinesias across >70 
studiesstudies

0% to 39% of patients after 1 0% to 39% of patients after 1 
year of treatmentyear of treatment
61% to 96% of patients after 9 61% to 96% of patients after 9 
to 15+ years of treatmentto 15+ years of treatment

Ahlskog & Muenter. Mov Disord. 2001;16:448-458.
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Risk Factors for L-Dopa–Associated 
Motor Complications
Risk Factors for L-Dopa–Associated 
Motor Complications

DiseaseDisease

Younger age of onset of Parkinson’s disease Younger age of onset of Parkinson’s disease 
(for motor fluctuations)(for motor fluctuations)

Longer duration of Parkinson’s disease Longer duration of Parkinson’s disease 
(for motor fluctuations)(for motor fluctuations)

DrugDrug

Longer duration of treatment with LLonger duration of treatment with L--dopa dopa 
(for dyskinesias and motor fluctuations) (for dyskinesias and motor fluctuations) 

Higher doses of LHigher doses of L--dopa (for dyskinesiasdopa (for dyskinesias))
Schrag & Quinn. Brain. 2000;123:2297-2305.

Role of L-Dopa on the 
Clinical Progression of PD
Role of L-Dopa on the 
Clinical Progression of PD

Poewe & Wenning. Neurology. 1996;47(6 suppl 3):S146-S152.

Rate of clinical Rate of clinical 
progression is progression is 
slowed, sometimes slowed, sometimes 
dramaticallydramatically

Life expectancy Life expectancy 
is substantially is substantially 
increasedincreased
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DYSKINESIAS

Etiology of L-Dopa–Associated
Dyskinesias: Current Hypothesis

Time

Time

Olanow et al. Trends Neurosci. 2000;23(suppl):S117-S126.

Pulsatile Dopamine Receptor 
Stimulation With L-Dopa:

Continuous Dopamine Receptor Stimulation 
Under Normal Physiologic Conditions:

COMT-inhibitorsCOMT-inhibitors

ProlongProlong plasma plasma LL-- dopadopa levelslevels and and halfhalf-- liveslives

EntacaponeEntacapone
PeripherallyPeripherally actingacting

SimilarSimilar halfhalf--lifelife as as LL--dopadopa

EntacaponeEntacapone//LL--dopadopa//carbidopacarbidopa combinationcombination

TolcaponeTolcapone

EntersEnters the the brainbrain

AministeredAministered threethree timestimes dailydaily
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Plasma concentrations of levodopa
after entacapone (Myllylä et al. 1993)

Plasma concentrations of levodopa
after entacapone (Myllylä et al. 1993)

Randomised, double-blind, clinical studies of  
entacapone in patients with wearing-off

Randomised, double-blind, clinical studies of  
entacapone in patients with wearing-off

Entacapone: -1,1 h
Placebo: -0,3 h
(p<0,05)

Entacapone: +1,3 h
Placebo: +0,1 h
(p<0,01)

300
(Entacapone: 203
Placebo: 97)
Subgroup of non-
fluctuating patients 
(n=128)

6 monthsUnited 
Kingdom
Ireland

UK-Irish

Entacapone: -1,5 h
Placebo: -0,6 h
(p<0,05)

Entacapone: +1,7 h
Placebo: +0,5 h
(p<0,05)

301
(Entacapone: 197
Placebo: 104)
Subgroup of non-
fluctuating patients 
(n=41)

6 monthsGermany
Austria

CELOMEN

Entacapone: -1,2 h
Placebo: -0,3 h
(p<0,01)

Entacapone: +6,7 %
Placebo: +2,0 %
(p<0,05)

205
(Entacapone: 103
Placebo: 102)

6 monthsUS
Canada

SEESAW

Entacapone: -1,3 h
Placebo: -0,1 h
(p<0,001)

Entacapone: +1,4 h
Placebo: +0,2 h
(p<0,001)

171
(Entacapone: 85
Placebo: 86)

6 monthsSweden
Denmark
Finland
Norway

NOMECOMT
Off-timeOn-timePatients (n)DurationCountryStudy
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Daily ”on-time” with levodopa/DDCI plus 
entacapone (NOMECOMT, Rinne et al. 1998)

Daily ”on-time” with levodopa/DDCI plus 
entacapone (NOMECOMT, Rinne et al. 1998)

Most frequent adverse events (> 5 %)
(Myllylä et al. 2001, Larsen et al. 2003)

Most frequent adverse events (> 5 %)
(Myllylä et al. 2001, Larsen et al. 2003)

PP
<0,001<0,001

NSNS
NSNS
NSNS

<0,05<0,05
NSNS
NSNS

<0,01<0,01
<0,01<0,01

NSNS
NSNS
NSNS

PlaceboPlacebo (%)(%)
11,111,1
11,111,1
11,111,1
5,65,6
1,91,9
5,65,6
5,65,6
00
00

6,56,5
4,64,6
5,65,6

EntacaponeEntacapone %)%)
28,928,9
13,813,8
13,313,3
9,69,6
9,29,2
7,87,8
7,87,8
6,96,9
6,06,0
5,05,0
5,05,0
2,82,8

AdverseAdverse eventevent
DyskinesiaDyskinesia
ParkinsonismParkinsonism AggravatedAggravated
NauseaNausea
AbdominalAbdominal painpain
DiarrhoeaDiarrhoea
FatigueFatigue
PainPain
Urine Urine DiscolorationDiscoloration
MouthMouth DrynessDryness
InsomniaInsomnia
Back painBack pain
PosturalPostural hypotensionhypotension

Efficacy of combining levodopa with 
entacapone on QoL and ADL in patients 

experiencing wearing-off fluctuations

Efficacy of combining levodopa with 
entacapone on QoL and ADL in patients 

experiencing wearing-off fluctuations
(Reichmann H, Boas J, MacMahon D, Myllylä V et al.  (Reichmann H, Boas J, MacMahon D, Myllylä V et al.  

Acta Neurol Scand 2005;111:21Acta Neurol Scand 2005;111:21-- 28)28)

Levodopa combined with entacapone demonstrated Levodopa combined with entacapone demonstrated 
good efficacy in terms of ADL, global function, good efficacy in terms of ADL, global function, 
motor performance and was well tolerated. motor performance and was well tolerated. 
However, this shortHowever, this short--term study did not generate term study did not generate 
significant improvements in QoL.significant improvements in QoL.

Patient satisfaction with switching to 
L/C/E: an open-label evaluation in PD 

patients experiencing wearing-off 

Patient satisfaction with switching to 
L/C/E: an open-label evaluation in PD 

patients experiencing wearing-off 
(Myllylä V  et al. Acta Neurol Scand 2006;114:181(Myllylä V  et al. Acta Neurol Scand 2006;114:181-- 186)186)

L/C/E was simple to dose, more convenient to use, L/C/E was simple to dose, more convenient to use, 
easier to handle, easier to remember and easier to easier to handle, easier to remember and easier to 
swallow compered with their previous medication.swallow compered with their previous medication.

The study shows that L/C/E is an effective, The study shows that L/C/E is an effective, 
preferred and wellpreferred and well--tolerated means of delivering tolerated means of delivering 
levodopa/carbidopa/entacapone in one easylevodopa/carbidopa/entacapone in one easy--toto--use use 
tablet.tablet.
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Dyskinesia avoidance with
levodopa and entacapone

Dyskinesia avoidance with
levodopa and entacapone

Data of Data of experimentalexperimental MPTP MPTP marmosetsmarmosets supportsupport the the 
notionnotion thatthat pulsatilepulsatile stimulationstimulation contributescontributes to the to the 
developmentdevelopment of of dyskinesiadyskinesia and and suggestssuggests thatthat moremore
frequentfrequent dosingdosing of of LL--dopadopa plus plus entacaponeentacapone maymay
decrease motor complications (Smith et al. 2005).decrease motor complications (Smith et al. 2005).

FIRSTFIRST--STEP study with early PD patients suggest a STEP study with early PD patients suggest a 
better therapeutic result with L/C/E combination.better therapeutic result with L/C/E combination.

Tolcapone trialsTolcapone trials

StudyStudy PatientsPatients

RajputRajput et et alal NeurologyNeurology 1997 1997 202 202 

Myllylä et Myllylä et alal EurEur J J NeurolNeurol 19971997 154154

BaasBaas et et alal J J NeurolNeurol NeurosurgNeurosurg PsychPsych 19971997 177177

Adler et Adler et alal ArchArch NeurolNeurol 19981998 215215

WatersWaters et et alal NeurologyNeurology 1997 (1997 (stablestable PD)PD) 298298

Tolcapone efficacy results and change in 
levodopa dosage (Myllylä et al. 1997)

Tolcapone efficacy results and change in 
levodopa dosage (Myllylä et al. 1997)

38,3 (3,6)
47,8 (4,6)
8,9 (3,7)*

24,7 (3,5)
18,9 (4,0)
-7,2 (3,2)

722,5 (46,8)
710,0 (49,2)
-13,3 (20,2)

37,9 (3,5)
50,8 (4,5)
13,0 (3,6)**

26,7 (3,4)
16,4 (3,9)
-11,1 (3,1)*

693,9 (46,0)
616,1 (48,4)
-79,1 (19,9)**

37,6 (3,4)
47,8 (4,4)
10,3 (3,5)*

29,5 (3,4)
23,6 (3,8)
-5,9 (3,0)

762,6 (46,0)
705,9 (48,4)
-56,0 (19,8)

44,3 (3,0)
40,7 (3,9)
-2,1 (3,2)

24,5 (3,0)
25,3 (3,4)
-0,7 (2,7)

761,0 (41,8)
762,7 (44,0)
2,4 (18,0)

‘On’-time (% waking day)
Baseline
Week 6
Change
‘Off’-time (% waking day)
Baseline
Week 6
Change
Total daily L-dopa dose(mg)
Baseline
Week 6
Change

400mg t.i.d.
n=31

200mg t.i.d.
n=31

50 mg t.i.d.
n=34

Placebo
n=37

Tolcapone

Data are means (sem). *p<0,05,  **p<0,01 vs placebo (unadjusted).

Tolcapone safetyTolcapone safety

* * PreclinicalPreclinical testingtesting: no : no hepatotoxicityhepatotoxicity

* * ClinicalClinical trialstrials: : MoreMore thanthan 3 3 UNL of liver enzymesUNL of liver enzymes

•• 1% 1% whenwhen tolcaponetolcapone 100 mg 100 mg givengiven TIDTID

•• 3% 3% whenwhen givengiven 200 mg TID200 mg TID

* * FatalFatal hepatitishepatitis in 3 out of 60 000 in 3 out of 60 000 patientspatients

* * FrequentFrequent monitoringmonitoring of of liverliver teststests is is requiredrequired and and writtenwritten
consentconsent is is recommendedrecommended
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Parkinson´s disease

Functional disability

Elderly patient (>70-75) or cognitive impairment

No disability Marginal or
mild disability

Clinically significant
disability

Severe
disability

MAO-B 
inhibitors

Dopamine
agonist

Levodopa and
dopamine agonistFollow-up

LevodopaLevodopaFollow-up

Levodopa: TimelineLevodopa: Timeline

Striatal dopamine loss 
identified as  

characteristic of PD

First improvements 
with intravenous 

levodopa DDC inhibitors introduced 
to prevent peripheral 

conversion of levodopa to 
dopamine

Success using oral D-
L-dopa

Levodopa controlled 
release formulations 

developed

COMT inhibitors introduced to increase 
the half-life of levodopa and extend 

clinical benefits

1960 1990’s1980’s1970’s 2003

Levodopa/carbidopa/entacapone 
formulations introduced

ConclusionsConclusions

LevodopaLevodopa revolutionized PD treatmentrevolutionized PD treatment
Can significantly improve rigidity and Can significantly improve rigidity and 
bradykinesia in PD, particularly in early stages bradykinesia in PD, particularly in early stages 
of PDof PD
Is associated with good response in the Is associated with good response in the 
shortshort--term but in many problems in long termterm but in many problems in long term

COMT COMT inhibitorsinhibitors provideprovide anan importantimportant tooltool for for 
improvingimproving the the longlong--termterm benefitbenefit of PD of PD treatmenttreatment


