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PARKINSON’S DISEASE AND 
TREATMENT

I. The Disease: Overview of Parkinson’s disease:

The pharmacotherapy of Parkinson's disease is directed 
at compensating for the loss of the DA input to the 
caudate-putamen, either by replacing dopamine or by 
modulating neurotransmitter systems regulated by 
dopaminergic input.

A. Parkinson's Disease:

Degeneration of dopaminergic afferents. Although 
in some families a genetic predisposition has been 
found (mutations in alpha-synuclien and Parkin), 
the vast majority of the cases of idiopathic 
parkinsonism are sporadic.  Symptoms appear 
after 60-80% of the nigral DA cell bodies and 
fibers have been lost.  The major symptoms 
include:  

1. Tremor.

2. Bradykinesia. 

3. Rigidity (including "masked fascies"). 

4. Postural defects.
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B. Other Movement Disorders:

Neurodegenerative diseases: Huntington's disease 
(autosomal dominant genetic disease) is associated with 
degeneration of cell-bodies mainly in neostriatum 
(although there is some coritical degeneration late in the 
disease).  Loss of the striatal neurons results in a 
widespread involuntary choreiform movements and 
progressive dementia.  This disease falls into a class of 
diseases that all have expanded regions of repetitive 
DNA.  Other such diseases include Spinocerebellar 
Ataxia, Fragile X syndrome (the most common cause of 
inherited mental retardation) and Myotonic Dystrophy.

Tremor: Tremors come in many types.  They can 
be a primary symptom, such as in essential tremor. 
They can result from a neurodegenerative disease, 
such as Parkinson’s disease. In addition, they can 
result from drug toxicity or side effects. 

Stroke can also cause a wide variety of movement 
disorders, such as paralysis, hemiballismus, 
dystonia or chorea and even Parkinsonism 
(including tremors).

B. Other Movement Disorders (CONT):

II. The Anatomy:    Overview of Dopamine Systems in 
the Brain

Figure 1: Major Dopaminergic Pathways
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II. The Anatomy:   Overview of Dopamine Systems in the Brain

D.       Chemoreceptor Trigger Zone

Dopamine receptor activation in the area postrema induces nausea/vomiting (emesis)
Is not affected in PD.

E:     Dopaminergic Pathways Interconnections
The Cortical-Striatal-Pallidal-Thalamic-Cortical Loop

Figure 3:  Dopamine (DA) afferents attenuate the release by cortical afferents of the 
excitatory amino acid neurotransmitter, glutamate (GLU), via an axo-axonic D2- receptor.  
DA afferents also inhibit the firing rates of ACh, GABA and enkephalinergic (ENK) striatal 
neurons via an axo-somatic D2- receptors.  The GABA and ENK neurons give rise to the 
"indirect" striatopallidal projection, while the striatal ACh cells are interneurons which 
activate their "sister" and "brother" neurons via muscarinic receptors (M+).  DA fibers 
also form excitatory synapses (D1+ receptors) on the striatopallidal neurons of the "direct 
pathway" which employ GABA and substance P (SP) as neurotransmitters.  

III. TRANSMITTER INTERACTIONS IN THE NEOSTRIATUM
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1. Up-regulation (denervation 
supersensitivity) of striatal DA 
receptors. 

2. Disinhibition of the movement 
inhibitory "indirect" 
striatal-pallidal-subthalamic-
pallidal-thalamic-cortical loop.

3. Dysfacilitation of the movement 
acilitatory "direct" striatal-pallidal-
thalamic-cortical pathway.

Loss of dopaminergic input by degeneration or 
pharmacological blockade (anti-psychotic drugs- DA 
antagonists) results in:

IV. PHARMACOTHERAPY OF PARKINSON'S DISEASE

A. Pharmacotherapy Overview: Dopaminergic replacement is 
the major treatment, but newer forms of therapy are also 
beginning to focus on activating dopaminergic receptors 
with agonists: 

1. Precursor (L-DOPA); 

2. Degradation inhibitor (carbidopa); 

3. D2 agonists (Older:  bromocriptine; pergolide; 
Newer: ropinirole; pramipexole); and,  

4. DA releaser (amantadine)

5. Degradation inhibitor:  MAO-B inhibitor (selegiline, 
azilect ) or COMT inhibitors (Talcapone). 

6. Muscarinic receptor antagonists.  These are sometimes 
used for PD mainly for tremor but have major side 
effects.

Disease Course:  LateDisease Course: Early

MAO 
inhibitors:
Selegiline
Rasagiline

DA releaser:
Amantidine (+/-)

Dopamine Agonists:
Bromocriptine 
Ropinirole 
Pramipexole 

DA Precursor:
Levodopa/Carbidopa

COMT inhibitors:
Talcapone
Entacapone

Time-Line of PD Pharmacotherapy

Muscarinic blockers
Benztropine

MAO 
inhibitors:
Selegiline
Rasagiline
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V. INDIVIDUAL DRUGS:

A.       Precursor and Peripheral degradation inhibitor:

L-DOPA (Levodopa) + Carbidopa (Sinemet®; Sinemet CR®): 

1. Mechanism of Action:

a.       L-DOPA (Larodopa®, is available by itself) is DA              
precursor; DA per se does not cross blood brain barrier. 

b Carbidopa (Lodosyn®; available alone upon request) is a 
peripheral dopa-decarboxylase inhibitor (it does not cross 
the blood brain barrier).  In Europe, benserizide is used; 
when combined with L-DOPA it is called Madopar®.

2. Clinical Uses

a. Parkinson's Disease (particularly effective 
on bradykinesia); fair  to very good 
responses are obtained in only about 66% 
of PD patients.  Thus, the search for novel 
treatment approaches continue. 

b. To elevate growth hormone release 
(often combined with propanolol and 
exercise). 

c. Hyperprolactinemia.

3. Pharmacokinetics:

a. Oral bioavailability is only 20-30%.

b. Without Carbidopa degradation in stomach and 
bowel is increased.   Absorption is decreased 
by food which competes with tryrosine for 
transport across the blood brain barrier. 
Anti-muscarinic drugs decreased gastric 
pH and motility to cause decrease CNS levels 

c.Plasma L-Dopa t1/2 = 1-3 h; prolonged 1-
3 h by Carbidopa. 
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4. Side Effects:

a. Dykinesias: 

-Occur in up to 80% of patients within 
2-4 months after therapy has been 
initiated. 

-They are variable but choreiform in 
type: faciolingual tics, grimacing, head 
bobbing, rocking movements, and, rarely, 
gasping.  

-Tolerance is not observed; severity is 
reduced by reduction in dose.

4. Side Effects (cont):
b. Behavioral: 

-Severe disturbances may occur in 15% of 
patients. 

-Common is an "organic brain syndrome" 
characterized by confusion and, 
sometimes, delirium. 

-Hallucinations, paranoia, mania, 
insomnia, anxiety, nightmares and 
emotional depression, particularly in 
elderly patients. 

-Persistent nausea and vomiting in 15% of 
patients; reduced by giving drug with 
food.

5. Fluctuations in Response/Tolerance 
(IMPORTANT TO KNOW!!)

a. "On-off" phenomena (end-dose akinesia) occurs 
in 30-40% of  patients after one year 
of therapy.  Drug holidays may help.

b.  Eventual "burnout" (desensitization or major 
down-regulation of DA receptors; and, additional 
loss of DA neurons) in 5-8 years with loss of 
drug efficacy. 

6.  Hypertensive crisis when taken with MAO 
inhibitors such as phenelzine but not with selegiline.
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B. Dopaminer Receptor Agonists:

Bromocriptine (Parlodel®) was an early DA drug. 

Ropinerole (Requip®) and Pramipexole (Mirapex®) are 
newer drugs

1. Mechanism of action - Bromocriptine a dopamine D2 
agonist, but a but weak D1 antagonist (partial 
agonist).  The newer drugs, ropinerole (D2 agonist); 
pramipexole (D3 agonist), are more specific, have 
fewer side effects and long half lives (6-8 hrs).

2. Clinical Uses: 

a. Parkinson's Disease – Increasingly, the newer 
agonists like ropinerole and pramipexole are being 
used later in disease time course in 
combination with L-DOPA; reduces "on-off" 
phenomena (since they are direct agonists, its 
action does not depend on intact DA neurons). 

b. Hyperprolactinemia/pituitary adenoma 
(Bromocriptine). 

3. Side Effects: The side effects of ropinerole 
are mainly nausea, while the side effects of 
bromocriptine are outlined below:

a. Anorexia, nausea and vomiting (domperidone, a 
peripheral DA antagonist, and antacids are helpful)

b. Hypotension, and sometimes cardiac arrhythmias
(some individuals are so sensitive to this effect that 
a test dose of 1.0 mg typically is first given). 

c. Dykinesias (involuntary choreiform movements)

d. Psychological disturbances. 

e. Colicky abdominal pain, constipation and blurred 
vision

4. Behavioral Side Effects

There have been reports in the literature 
that direct dopamine agonists can lead to 
increases in impulse control disorders 
(e.g. gambling)
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C. DA releaser:  Amantadine (Symmetrel®)

This is a weak dopaminergic drug 

1. Mechanism of Action: 

a. Releases DA from terminals. 

b. Anti-viral agent (prophylaxis 
during influenza A2 epidemic). 

c. Clinically effective early for 3-6 
months.

2. Side Effects: 

a. CNS effects:  restlessness, insomnia, 
irritability, confusion, etc. 

b. Enhanced effects of anti-cholinergics.

D. Degradation inhibitors

1. Selegiline (Eldepryl®) and rasagline (Azilect®) are 
MAO-B inhibitors; enhances DA availability; no
hypertensive interaction with dietary tyramine. 

a. Selegiline is metabolized to amphetamine (a DA 
and NE releaser and uptake inhibitor). 

b. They can be used early on as single drugs or 
later where they can reduce “on-off” phenomena 
and end-dose akinesia when given with L-Dopa. 
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2. Talcopone (Tasmar®) is a catechol O-
methyltransferase (COMT) inhibitor that 
inhibits, which breaks down L-DOPA before it 
is converted to dopamine.  It prolongs the 
action of L-DOPA.

-Major serious side effect:  Liver toxicity

3. Entacapone (Comatan) is a COMT inhibitor 
resulting in improved “off-time” and motor 
scores

4. Carbidopa/Levodopa/Entacapone (Stalevo)

E. Anticholinergic Agents:Benztropine is sometimes 
used, but used to be used more often in the past.

1. Mechanism of Action: 

a. Muscarinic receptor antagonists.

b. Attenuate post-synaptic effect of ACh whose release has 
been increased by reduction or loss of inhibitory influence of 
DA on glutaminergic terminals and ACh neurons in the 
neostriatum. 

2. Clinical Use/Pharmacokinetics:

a. Being phased out of use, but used early when used.

b. Improve tremor and rigidity, but have little effect on 
bradykinesia. 

3. Side Effects: 

a. Cycloplegia and mydriasis, resulting in blurred vision. 

b. Dry mouth.

c. Urinary retention.

Alternative Therapeutics which are Not Pharmacologic:

A.Transplants: President Clinton lifted the ban on fetal tissue 
research in January, 1993.  Transplants of fetal DA cell body rich 
tissue (rostroventral midbrain) into the neostriata of advanced PD 
patients has proven moderately successful in several patients (see, 
e.g., an article published in Science, 247:574, 1990). However, 
subsequent work has called in questions the effectiveness and may 
result in increased uncontrollable dyskinesias (NEJM 344:710, 
2001 and Ann Neurol 54:403, 2003) 

Stem Cells:Both embryonic as well as adult stem cells have been 
shown to differentiate into dopamine producing cells.  They hold 
great promise because they could provide an inexhaustible supply 
of dopaminergic neurons.  However, with embryonic stems cells, 
there are ethical as well as biological issues (i.e possible teratoma 
tumor formation). With adult stem cells, there are more technical 
and basic biology issues that still need to be understood before 
they can be used.
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B. Deep Brain Stimulation: This is a treatment that is being 
used with increasing frequency.  Neurosurgery at Loyola 
provides this service.  Deep Brain Stimulation of  subthalamic 
nuclei (STN) or the internal globus pallidius (GPi)  for treating 
the symptoms of advanced in Parkinson’s disease including 
tremor.  In this treatment, a tunable electrode is inserted into the 
STN (133 Hz) or GPi, and the patient increases the output of the 
electrode manually until the tremor disappears.  One of the 
benefits of this approach is that it provides the patient with 
continuous control over the amount of stimulation so that as the 
disease progresses they can increase the stimulation (via a 
control module on their skin).  Deep Brain Stimulation has also 
has been shown to lower the doses of  L-Dopa needed in the On 
phase.

C. Pallidotomy: Unilateral globus pallidus lesion relieves 
symptoms in a large percentage of patients.  While this therapy 
helps in the short term, it causes problems in the long term as 
the disease progresses.
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B-APP PROCESSING
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2. Treatment Strategies
-Cholinominmetics

Precursor: choline

Degradation Inhibitors: tacrine (Cognex®)
donepezil (Aricept®) and rivastigmine 
(Exelon®), galantamine

Direct Cholinergic Agonists:Cevimeline 
(AF102B, Evoxac; M1 agonist) and 
nicotinic agonists

NMDA Antagonist: memantine (Ebixa® or Axura®
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RELATION BETWEEN APOLIPOPROTEIN E4, 
CHOLINERGIC LESIONS AND CHOLINOMIMETIC DRUG 

RESPONSE TO AChEI

APOLIPOPROTEIN E OTHER FACTORS(?)
PATHOLOGICAL VARIANTS

CHOLINERGIC LESION

CORTICAL CHOLINERGIC DYSFUNCTION

CHOLINOMIMETIC DRUG RESPONSE

APOE4 POSITIVE
TYPICAL AD

APOE4 NEGATIVE
LEWY BODY VARIANT AD

Worst response to AChEI
Best response to AChEI

Adapted from Giaobini, 1997
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-Monoaminergic drugs
Selective serotonergic reuptake blockers
(fluoxetine for depression and memory)

-Preventative
a. Understanding the role of ß-amyloid and

ß-APP metabolism as well as the role
of the PRESENLINS 1 AND 2 

b. Estrogen
c. NSAIDs (indomethacin, ibuprofen, COX2

inhibitors i.e. Celebrex®)

d.  Anti-oxidants (Vit E); recent studies no effect   

e. Clinical trials with vaccines and IVIG Aß1-40/42 

f.  Statins

g.  Herbal Treatments (Gingo biloba); no good 

direct evidence of effects

h.  Trials with eta and amma secretase inhibitors

i.   Caffeine

j    Neuroleptics for symptomatic agitation (e.g.                    
haloperidol, Haldol®); Not atypical class of drugs
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- Reserpine or Tetrabenazine
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Atorvastatin, Lipitor®

*

* Heparins and low molecular weight heparins
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SUMMARY TABLE:

Generic Name  Trade Name  Half Life Mechanism of Action         Elimination Benefit

Levodopa Dopar 1-3 hrs Dopamine Precursor      Decarbox        Replenishes DA

Carbidopa Lodosyn Inhibits AA Decarbox      Decarbox     Inhibits DA formation

Levo./Carbi. Sinemet 1-3 hrs Combination Decarbox     Increases DA in brain

Bromocriptine Parlodel 3 hrs        D1/D2 receptor agonist    Phase I/II   Alternative to 
Sinemet

Pramipexole Mirapex 8 hrs        D3 receptor agonist Unchanged-Urine Reduces On/Off

Ropinirole Requip  6 hrs            D2 receptor agonist      CYP450-1A2    Reduces On/Off

Selegiline Eldepryl 1-3 hrs MAO-B inhibitor                                        Early treatment

Talcapone Tasmar 2-3 hrs COMT inhibitor Glucuronidation Prolongs L-DOPA

Amantadine Symmetrel 2-4 hrs DA releaser Unchanged-Urine  Early treatment

Entacapone Comatan COMT inhibitor                                         Reduces off time

Rasagiline Azilect MAO-B inhibitor Reduces off time

Generic Name Trade Name Half-life Mechanism of Action Elimination Benefit Side 
Effects

tacrine Cognex® > 300 h. Acetylcholinesterase 
Inhibitor

CYP450- IA2
Glucuronidation

Increase 
AcH

Liver tox.

donepezil Aricept® 70 h. Acetylcholinesterase 
Inhibitor

CYP450- 2D6, 
3A4
Glucuronidation

Increase 
AcH

Diarrhea
GI

rivastigmine Exelon® 1.5 h. Acetylcholinesterase 
Inhibitor

Rapid 
cholinesterase 
mediated

Increase 
AcH

Nausea
Vomiting 
GI

cevimeline 
(AF102B) 

Evoxac® 5 h. Muscarinic Agonist CYP450- 2D6, 
3A3144

Off label 
use for AD

fluoxetine Prozac® 1-3 days Serotonin reuptake 
blocker

CYP 450 - 2D6 Depression

+/- memory

GI
insomnia

indomethacin Indocin® 5 h. Prostaglandin
synthesis

Primarily renal 
excretion, 
unchanged

anti-
inflammatory

GI
Ulcers

ibuprofen Motrin® 2 h. Related to PGE 
inhibition

Primarily renal 
excretion, 
unchanged

anti-
inflammatory

GI
Ulcers

celocoxib Celebrex® 11 h. Cyclooxygenase 2
inhibitor

CYP 450- 2C9 anti-
inflammatory

GI Ulcers, 
less than 
NSAIDs

vitamin E Unique E® very 
long

Co - factor very slow, days to weeks

Fat soluble
anti-oxidant Hyper-

vitaminosis
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Generic Name Trade Name Half-life Mechanism of 
Action

Elimination Benefit Side 
Effects

haloperidol Haldol® 3 weeks D2 receptor 
blockage

NA Decrease 
agitation

Tardive 
dyskinesia

creatine (OTC) Cardiotropin® NA precursor 
mitochondrial
substrates

NA ATP none

riluzole Rilutek® 12 h. glutamate release
Na channels

CYP450 - 1A2 neuronal
toxicity

liver tox

clofibrate Atromid® 22 h. liver
release LDL’s

renal CV 
disease

nausea

captopril Capoten® 2 h. ACE I inhibitor renal HTN allergic 
rxn

warfarin Coumadin® 2 - 5 
days

mult. clotting
factors

CYP450
multiple isoforms

strokes bleeding

heparin 10 - 20 
min.

Anti-coagulant liver metabolism strokes blood 
thinner

atorvastatin Lipitor® 14 h. HMG - CoA
reductase inhibitor

CYP450 - 3A4 CHL
AD

liver tox
muscle 
weakness

thiamine 
(OTC)

short
water 
soluble

co-enzyme
pyruvate metabol.

renal protects 
cells from 
oxidative 
damage

?

vitamin B12 Mega B® short
water 
soluble

enzyme co-factor
for folate system

renal blocks 
demyelination

in spinal 
cord

levothyroxine Synthroid® 6 - 7 days
substitutes 

for endogenous T4

glucuronidation into 
bile

treat 
hypothyroidism

hyper-
thyroidism


