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Medical Treatment of Parkinson’s Disease

Wen-Juh Hwang

Abstract- The etiology and pathogenesis of Parkinson’s disease are still unknown. Symptomatic treatment
with dopaminergic and anticholinergic medications remains the mainstay at the present time. A correct clin-
ical diagnosis together with considerations of patient’s age, cognitive function, main clinical features, con-
comitant medical and psychiatric disorders, and functional disability is the key element for successful treat-
ment. Based on the data of evidence-based medicine and the knowledge about the disease course and specif-
ic profiles of available medications, physicians can significantly improve the patient’s clinical symptoms,
life quality and employability without concomitant serious adverse drug reactions. Both the physicians and
patients play an important role in the management of Parkinson’s disease. They should understand the goals
of treatment and the limitations of medications and have a realistic expectation.

Key Words: Parkinson’s disease, Medical treatment, Dopaminergic drugs, Dopamine receptor agonists,
Anticholinergic drugs
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(Parkinson’s disease) 

(substantia nigra)

(dopamine)

(noradrenaline) (sero-

tonin) (acetylcholine) 

(resting tremor) (bradykinesia)

(rigidity) (postural reflex

impairment) (freezing, motor block)

(1)

(symptomatic) (striatum) 

(2) (preventive)

( 3 )

(restorative) 

(functional disabili-

ty) (motor fluctuation) 



(tremor) 

(dyskinesia)

(1) /

(Madopar, Sinemet) (2)

(dopamine agonists) (3)amantadine (4)B

(monoamine oxidase B inhibitor, MAO-B

inhibitor) (5) (catechol-O-

methyltransferase inhibitor, COMT inhibitor) (6)

(anticholinergics) (7)

(atypical antipsychotics)

(domperidone) -

amantadine

B

Sinemet Madopar 

1967 Cotzias 

carbidopa

(Sinemet) benserazide (Madopar) 

(1,2)

(3)

(1)

(2) (3)

(4) (5)
(4,5)

30-60 

100-120 

50/12.5 100/25 mg

bid-tid 

1-2 

1500 mg 

4 

(neuroleptic malignant-like

syndrome) 

(1)

(2)

(3)
(4,5)

melanoma

(narrow-angle glaucoma) MAOI 

( selegiline MAO-B inhibitor)

(melanin)

(1)

(2)

(3) (4)

(“on”) 

(Sinemet CR, Madopar HBS)

(standard Sinemet, Madopar)

125-135% (pulsatile)

(continuous) 
(6)
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(7)

apomorphine
(8)

“ ” (“on-off ”) 

“off ” 

“on” 

amantadine, anticholinergics, selegiline 

“on-off ”

(“off ”) (“on”) 

“on” 

( progressive supranuclear

palsy) “on-off ”

MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)

(60-90 )

4

Sinemet CR 8

Sinemet

domperidone 20 mg 20 

15

domperidone 30 

0 Sinemet 100/25

mg 15 

4 30-45 
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.
(negative levodopa
effect) 180-
210

20



60-120 

2 15 180 

30

(negative levodopa

effect)

(D2) (autore-

ceptor)

1000

(wearing-off) 

(1) 33% (

1-2 ) (2)

25% (3)

“on” 20-40 

(9)

(dystonia)

(restless legs syndrome) 

(oxidative

stress) 

(10)

1951 apomor-

phine 1974 bromocriptine 1989 

pergolide 1997 pramipexole, ropinirole

cabergoline. Bromocriptine pergolide FDA

Pramipexole

ropinirole FDA

Cabergoline

cabergoline

lisuride

(4)

(1)

(2)

(3)

(4)

(“off” period)

(5)

( benserazide carbidopa) 

47

Acta Neurologica Taiwanica Vol 12 No 1 March 2003



600-800 mg 

(early morning dystonia)

(

25%) pramipexole 

1-5 mg/day 

pramipexole

(psychosis) 

“on” 1-2 

“on” 12 

“on” 13-14

4

15-30 

bromocriptine

(ergot deriva-

tive) 

1 1 mg pergolide (Celance)

= 1 mg lisuride (Dopergin)

= 1 mg pramipexole (Mirapex)

= 5 mg ropinirole (Requip)

= 10 mg bromocriptine (Parlodel)

= 100 mg standard Madopar or Sinemet

2 70 mg standard Madopar (Sinemet) = 100 mg

Madopar HBS (Sinemet CR)

3 1 mg standard Madopar or Sinemet = 5 mg plain

levodopa

( ) 

(

) 

(“no pain, no

gain”)
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. 
Dopamine agonist D1 R D2 R Tmax (min) T1/2 (h)

Ergot derivatives
Bromocriptine 0/- ++ 70-100 6
Pergolide + +++ 60-120 15-27
Cabergoline 0/+ +++ 120-240 65
Non-ergot derivatives
Ropinirole 0 +++ 90 6
Pramipexole 0 ++ 60-180 8-12

R: receptor; +: mild agonist; ++: moderate agonist; +++: full agonist; -: antagonist; 0: no or little effect; Tmax: time to peak plasma

concentration; T1/2: elimination half-life



(1)

(2)

(3)

(4)

50% 

3 65% 5 85%

Apomorphine D1 D2

“off” 

(“rescue agent”) 5-10 

1

(nodules) Apomorphine 

domperidone 

apomorphine

3-5 mg ( , 2-10 mg)

(30-60 ) (no

“on”) apomorphine 

apomorphine 

(neuroleptic malignant syndrome)(11)

X

X

(pulmonary infiltrate)

X

(retroperitoneal

fibrosis) 

erythromelalgia, Raynaud’s phenomenon

Bromocriptine 

(1) (2) (

) (3)

(4) (5)

pramipexole ropinirole

Frucht 8

pramipexole 7
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. 

(mg) (mg/day) (mg/day)

Bromocriptine 1.25 bid 2.5 mg 10-40 100
1.25 mg 3

Pergolide 0.05 qd 0.05 mg qd 3-7 1-4 5
0.1-0.15 mg 3-7 0.25 mg

pergolide
Cabergoline 0.5 qd 0.5 mg qd 3-6 8
Pramipexole 0.125 tid 0.125 mg tid 0.25 mg tid 0.25 mg tid 1.5-4.5 6
Ropinirole 0.25 tid 0.25 mg tid (0.25 mg tid 0.5 mg tid 0.75 mg 6-12 24

tid 1 mg tid) 5 0.5 mg tid
9 mg/day 0.75-1 mg tid

. pramipexole 

Pramipexole Pramipexole
(ml/min)

60 0.125 mg tid 1.5 mg tid
35-59 0.125 mg bid 1.5 mg bid
15-34 0.125 mg qd 1.5 mg qd

15



( 1-14 ) 
(12)

ropinirole 1

(pramipexole, ropinirole)

(“sleep attack”)

Ferreira 

(1)

(2)
(13)

(3) (4)

pramipexole ropinirole 

(5) (6)

(hyperprolactinemia, acromegaly)

(1)

( ) (2) ( ) (3)

(4)

(5)

(plain levodopa) 

99% (decarboxylase) 

(Madopar, Sinemet) 

90% (cate-

chol-O-methyl transferase, COMT) 

(tolcapone, entacapone )
18F-dopa/PET 

entacapone Sinemet 
18F-dopa (4) Tolcapone enta-

capone 

12%

5-10% tolcapone 

tolcapone Entacapone 

Tolcapone enta-

capone “on” 

1-1.5 

COMT inhibitor 

Madopar Sinemet 

COMT inhibitor 

200 mg 

entacapone COMT 40-60%

2 Entacapone 

(Cmax) 

(Tmax) 

75% (area under the curve,

AUC) 35%(4)

Tolcapone 1997 8 
(14) 1998 

100 mg tid 1.0% 

3 200 mg tid

3% 3

100,000 

3 tolcapone 

Tolcapone 

GOT GPT 

European Agency for the

Evaluation of Medicinal Products (EMEA) 1998 

10 15 tolcapone 

3 3

3

GOT GPT 3

EMEA 1998 

11 12 38 tolcapone 
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FDA tolcapone

tolcapone 

GOT GPT 

2 4

8 100

mg PO tid 200 mg PO tid 

GOT GPT 

tolcapone 

tolcapone tol-

capone 

Tolcapone 

thalidomide isoniazid diclofenac 

(postmarketing surveillance) 

COMT inhibitor (1)

(2)

(3)

(1)

(2) 5-10% tolcapone 

30-90 (3) tol-

capone 

COMT inhibitor 

Madopar Sinemet 

COMT inhibitor 

B
1982 (heroin) 

MPTP MPTP

MPP+(1-methyl-4-phenylpyridinium ion) MPP+

selegiline (de-

prenyl) MPTP MPTP MPP+

selegiline 
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. 
( / )

Levodopa/benserazide 
(Madopar 100/25 mg) 7.55
(Madopar 200/50 mg) 13.50

Levodopa/benserazide HBS 
(Madopar HBS 100/25 mg) 7.55

Levodopa/carbidopa 
(Sinemet 100/25 mg) 12.30
(Sinemet 250/25 mg) 20.75

Levodopa/carbidopa CR 
(Sinemet CR 200/50 mg) 21.80

Bromocriptine 
(Parlodel 2.5 mg) 21.08

Pergolide 
(Celance 0.05 mg) 17.50
(Celance 0.25 mg) 31.30
(Celance 1.0 mg) 72.00

Pramipexole 
(Mirapex 0.25 mg) 16.40
(Mirapex 1.0 mg) 59.20

Ropinirole 
(Requip 0.25 mg) 8.70
(Requip 1.0 mg) 24.00
(Requip 2.0 mg) 35.00

Entacapone
(Comtan 200 mg) 29.10

Amantadine 
(PK-Merz 100 mg) 15.75

Selegiline
(Jumexal 5 mg) 29.77

Trihexyphenidyl
(Artane 2 mg) 0.96
(Artane 5 mg) 1.70

Biperiden
(Akineton 2 mg) 5.35

Benztropine
(Cogentin 0.5 mg) 2.96



selegiline

H2O2 OH.

Selegiline deprenyl Deprenyl 

1963 

deprenyl depression 

1975 Birkmayer 1977 

Lees deprenyl 1982

1989 DATATOP

(Deprenyl and Tocopherol Antioxidative Therapy of

Parkinsonism) (15)

5-10 mg/day 10 mg 

B 

100% 80-90% 

10 mg 5 mg.

Selegiline (selective

serotonin reuptake inhibitors, SSRIs) 

“ ” (serotonin syndrome)(16)

0.24% 0.04%

(myoclonus)

Fluoxetine (prozac) 

5

selegiline selegiline 40

B

2

SSRIs

Selegiline (1)

(2) MPTP

(3)

(increase the pool of dopamine)

Selegiline 

DATATOP 

selegiline 

selegiline 

selegiline 

selegiline 

(freezing of gait) 

Selegiline

Lees 

selegiline 

5.6 
(17)

(drop-

out) (50%)
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. Tolcapone Entacapone 
Tolcapone (Tasmar) Entacapone (Comtan)

COMT
( ) 2-3 1

100 mg or 200 mg tid 200 mg with each levodopa dose, 
up to 8 doses per day

GOT GPT

. amantadine 
(ml/min) Amantadine 

80 100 mg bid
60-79 200 mg/100 mg on alternate days
40-59 100 mg qd
30-39 200 mg 2 times per week
20-29 100 mg 3 times per week
10-19 200 mg/100 mg alternating every 

7 days
200 mg/100 mg alternating 

every 7 days



selegiline 

( )

selegiline 

Selegiline 

selegiline 

selegiline 

selegiline 

amantadine

amantadine.

Amantadine NMDA (N-methyl-D-aspartate) 

1969 Schwab amantadine 
(18) Amantadine 

(200 mg/500 cc) 

amanta-

dine (19)

( )

(livedo reticularis)

2-4

Biperiden (akineton) 1 mg bid 

2 mg tid 16 mg Trihexy-

phenidyl (artane) 1 mg bid 

2 mg 6-15 mg/day Biperiden

trihexyphenidyl 1-1.5 

Benztropine (cogentin) 

(dopamine transporter)

0.5-1 mg/day 

0.5 mg 6 mg/day

Amantadine 

“off ” 

1 “on” 

“off ” 1

COMT inhibitor

apomorphine

“off” 

(delayed

“on” ) (no “on” )

(1) (2)

50-100 mg 

(3) COMT inhibitor (4)

(5)

(6) domperidone 

cisapride, macrolides 

( erythromycin) imidazoles triazole 

( ketoconazole) 
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cisapride 

“off ” 

(1)

(2) (3)

COMT inhibitor (4)

apomorphine (5)

(6) 60-90 

“off ” (18)

(freezing) 

(peak-

dose) “off ” (biphasic)

amantadine clozapine

40% (20)

(idio-

pathic depression) 

(

) (

)

“off” 

50%

(SSRIs) 

40% 10%

(venlafaxine) A

(moclobemide) (electroconvulsive thera-

py) 

SSRIs fluoxetine 

flu-

oxetine 
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5 SSRIs

2 SSRIs 

SSRIs flu-

oxetine

(akathisia)

venlafaxine

30%

6-12 

( )

( amantadine) 

amantadine,

selegiline 

cholinesterase inhibitor (donepezil, rivastigmine)

(Mentality is more

important than mobility)

( ) 

( oxybutynin) 

biperiden, trihexyphenidyl 

amantadine. 

selegiline

(atypical antipsychotics)(21)

clozapine 6.25 12.5

mg hs 3-5 

6.25-50 mg/day

100 mg 

haloperidol 

1 mg haloperidol

= 25 mg clozapine (Clozaril)

= 25-50 mg quetiapine (Seroquel)

= 0.5-1 mg risperidone (Risperidal)

= 1-2 mg olanzapine (Zyprexa)

Clozapine 

(10%) (1-2%)

55

Acta Neurologica Taiwanica Vol 12 No 1 March 2003



(1-10%) (

)

clozapine 6

2 Clozapine SSRI 

clozapine 2-3 

clozapine 

(

)

quetiapine, clozapine, olanzapine, risperidone

(1)

(2) (3) (4)

(5)

anticholinergics amantadine

selegiline

(

) “on” 

“off” 

1. Weiner WJ. The initial treatment of Parkinson’s disease

should begin with levodopa. Mov Disord 1999;14:716-24.

2. Montastruc JL, Rascol O, Senard JM. Treatment of

Parkinson’s disease should begin with a dopamine agonist.

Mov Disord 1999;14:725-30.

3. Rajput AH, Fenton ME, Birdi S, et al. Is levodopa toxic to

human substantia nigra? Mov Disord 1997;12:634-8.

4. Olanow CW, Watts RL, Koller WC. An algorithm (decision

tree) for the management of Parkinson’s disease: treatment

guidelines. Neurology 2001;56:S1-88.

5. Lang AE, Lozano AM. Parkinson’s disease. Second of two

parts. N Engl J Med 1998;339:1130-43.

6. Olanow CW, Obeso JA. Preventing levodopa-induced

dyskinesias. Ann Neurol 2000;47:S167-78.

7. Hwang WJ, Yao WJ, Wey SP, et al. Downregulation of stri-

atal dopamine D2 receptors in advanced Parkinson’s dis-

ease contributes to the development of motor fluctuation.

Eur Neurol 2002;47:113-7.

8. Nutt JG, Carter JH, Lea ES, et al. Motor fluctuations during

continuous levodopa infusions in patients with Parkinson’s

disease. Mov Disord 1997;12:285-92.

9. Diamond SE, Markham CH, Hoehn MM, et al. Multi-cen-

ter study of Parkinson mortality with early versus later

dopa treatment. Ann Neurol 1987;22:8-12.

10. Ahlskog JE. Treatment of early Parkinson’s disease: are

complicated strategies justified? Mayo Clin Proc 1996;71:

659-70.

11. Wang HC, Hsieh Y. Treatment of neuroleptic malignant

syndrome with subcutaneous apomorphine monotherapy.

Mov Disord 2001;16:765-7.

12. Frucht S, Rogers JD, Greene PE, et al. Falling asleep at the

wheel: motor vehicle mishaps in persons taking pramipex-

ole and ropinirole. Neurology 1999;52:1908-10.

13. Ferreira JJ, Galitzky M, Montastruc JL, et al. Sleep attacks

and Parkinson’s disease treatment. Lancet 2000;355:1333-

4.

14. Colosimo C. The rise and fall of tolcapone. J Neurol 1999;

246:880-2.

15. The Parkinson Study Group. Effect of deprenyl on the pro-

gression of disability in early Parkinson’s disease. N Engl J

56

Acta Neurologica Taiwanica Vol 12 No 1 March 2003



Med 1989;321:1364-71.

16. Garcia-Monco JC, Padierna A, Beldarrain MG. Selegiline,

fluoxetine, and depression in Parkinson’s disease. Mov

Disord 1995;10:352.

17. Lees AJ. Comparison of therapeutic effects and mortality

data of levodopa and levodopa combined with selegiline in

patients with early, mild Parkinson’s disease. BMJ 1995;

311:1602-7.

18. Schwab RS, England AC Jr, Poskanzer DC, et al.

Amantadine in the treatment of Parkinson’s disease. JAMA

1969;208:1168-70.

19. Rajput AH, Rajput A, Lang AE, et al. New use of an old

drug: amantadine benefits levodopa-induced dyskinesia.

Mov Disord 1998;13:851.

20. Burn DJ. Beyond the iron mask: towards better recognition

and treatment of depression associated with Parkinson’s

disease. Mov Disord 2002;17:445-54.

21. Friedman JH, Factors SA. Atypical antipsychotics in the

treatment of drug-induced psychosis in Parkinson’s disease.

Mov Disord 2000;15:201-11.

57

Acta Neurologica Taiwanica Vol 12 No 1 March 2003


