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Important note: The corresponding material presented
in lecture will cover just the ÒhighlightsÓ of what is in
this file. Be sure to study this file in its entirety, and be
sure to read the corresponding text chapter(s).

ParkinsonParkinsonʼ̓s Disease (PD)s Disease (PD)
¥ Chronic, progressive, degenerative disease of brainÕs

extrapyramidal system !  loss of voluntary control of
skeletal muscle !  involuntary skeletal muscle activation,
s/sx

¥ Usually involves degeneration of dopaminergic neurons
¥ Usually idiopathic, but sometimes caused by drugs (e.g.,

most traditional antipsychotics), brain trauma, others
¥ Biochemical imbalance, in brainÕs extrapyramidal system,

involving...
Ð ÒdeÞciencyÓ of dopamine (DA) levels/activity from dopaminergic

nerve dysfunction !  "  DA receptor activation and/or a relative...

Ð Apparent ÒexcessÓ of ACh activity (because of diminished DA
function) !  what looks like  # central muscarinic receptor activation

Normal: Proper balance between DA and ACh

Parkinsons: Dopaminergic nerve dysfunction, ACh
Effects > DA effects !  abnormal skeletal muscle control

DA and ACh in ÒbalanceÓ

DA - ACh imbalance

PD Signs, SymptomsPD Signs, Symptoms

¥ Primary S/Sx
ÐMuscle rigidity
ÐMuscle tremor, other akinesias or

dyskinesias
ÐBradykinesia

¥ Many secondary signs/symptoms result
ÐPhysical/physiologic, incl. falls, malnutrition

(from inability to eat, swallow easily/safely
ÐPsychologic (mainly depression)



Main Tx. ApproachesMain Tx. Approaches
¥ Antiparkinson drugs, which either

Ð # DA content/activity in EPS
(dopaminergic drugs)

or

Ð "  ACh activity (antimuscarinics)

¥ Other (adjuncts to drug therapy)
ÐPhysical therapy
ÐSurgery (largely experimental now)
ÐPsychologic/psychiatric support

Main Categories ofMain Categories of
Antiparkinson DrugsAntiparkinson Drugs

¥ Dopaminergics
Ð Pramipexole: DA receptor agonist (mimics DA)
Ð Levodopa: makes more DA
Ð Entacapone: inhibits breakdown of DA by the

enzyme COMT (catechol o-methyltransferase)
outside the CNS

Ð Selegiline: inhibits breakdown of DA by MAO
outside the CNS and in the brain

¥ Antimuscarinics
Ð Benztropine, trihexyphenidyl , diphenhydramine

Direct Dopamine Receptor Agonists:Direct Dopamine Receptor Agonists:
Pramipexole Pramipexole (MIRAPEX)(MIRAPEX)

¥ Used alone (preferred agent for early, mild PD,
especially in younger patients) or + L-DOPA
for more severe PD symptoms, or for late
declines in L-DOPA effectiveness

¥ Mechanism: Crosses blood-brain barrier,
directly stimulates DA receptors in brain (does
not # dopamine synthesis per se, as does
levodopa)

Main SE and Problems with DAMain SE and Problems with DA
Agonists (e.g., Agonists (e.g., pramipexolepramipexole))

¥ Nausea
¥ Dizziness (a big problem for older pts.)
¥ Daytime sleepiness (or even Òsleep attacksÓ)
¥ Constipation
¥ Generalized muscle weakness
¥ Hallucinations
¥ If used with levodopa, risks of signiÞcant

hypotension, dyskinesias, hallucinations and other
s/sx of psychosis go up dramatically



LevodopaLevodopa
(L-DOPA; LARODOPA; DOPAR)(L-DOPA; LARODOPA; DOPAR)

¥ Levodopa is our bodyÕs natural precursor of
DA:

dopa decarboxylase (enzyme)
levodopa ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ> DA

¥ Two main sites of levodopa metabolism
Ðoutside the brain: in gut and some other

tissues
Ðin the brain (in dopaminergic neurons)

¥ DA formed outside the brain cannot cross
Blood Brain Barrier  (doesnÕt get into brain, the
necessary site of action)

Levodopa UseLevodopa Use

¥ For all causes of PD except drug-induced
¥ Used to be 1st choice for early PD, but now

usually reserved for severe PD or PD that
doesnÕt respond well to DA agonists (e.g.,
pramipexole)

¥ Same applies to the Þxed-dose levodopa +
carbidopa combination (see later)

What Happens When LevodopaWhat Happens When Levodopa
Is Given Orally?Is Given Orally?

¥ About 98% of oral dose is metabolized to DA outside
the CNS, and DA formed outside the brain canÕt
cross blood-brain barrier to !  desired antiparkinson
effects, soÉ

¥ Only 2% of the oral dose escapes the gut and gets
into the CNS without being converted to DA
beforehand

¥ DA formed outside the brain also !  many peripheral
side effects associated with the drug.

¥ See your text



CarbidopaCarbidopa
¥ A drug thatÕs often combined w/ levodopa,

marketed as PARACOPÄ  or SINEMET ¨

¥  Inhibits DOPA decarboxylase,
 $  "  metabolism of levodopa to DA in gut

$ More unmetabolized levodopa enters
brain, gets converted to DA where itÕs
supposed to act to !  better effect (but also
increases risk of CNS side effects)

Levodopa Levodopa alonealone Levodopa Levodopa + + CarbidopaCarbidopa
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Levodopa Short-term SELevodopa Short-term SE
¥ Nausea, vomiting common ((the brainÕs

Òvomiting center, the chemoreceptor trigger zone, is
activated by DA, DA agonists)

¥ Orthostatic hypotension, palpitations,
arrhythmias, mainly due to formation and
resulting actions of DA formed outside the
CNS

¥ CNS changes
Ð Anxiety
Ð Insomnia
Ð Hallucinations, other manifestations of

psychosis

Problems After Problems After YearsYears of of
““Good ResponseGood Response””

to Levodopato Levodopa
1. End of dose (Òwearing-offÓ)

      phenomenon
2. On-off phenomenon
3. Secondary levodopa failure



End of Dose (Wearing-Off)End of Dose (Wearing-Off)
PhenomenonPhenomenon

PD signs/symptoms
return dramatically
and progressively as
time for the next
drug dose
approaches (as
opposed to Ònice,
steadyÓ symptom
control between
doses)

On-Off PhenomenonOn-Off Phenomenon
Between daily doses
symptom control can
go from good to
virtually none, then
back to good (and so
on) in a matter of
minutes, as if we
turned the effects of
the drugs on and off
with a switch

Secondary Levodopa FailureSecondary Levodopa Failure

After years of Ògood
efÞcacy,Ó levodopa
gradually
loses its effectiveness
over a period of
months, eventually
not seeming to
control symptoms
well at all.

Levodopa: Key DDIsLevodopa: Key DDIs
¥ Potentiates other cardiac stimulants (!##

cardiac stimulation), anti-HTN drugs (!  excess "
of BP)

¥ Possible hypertensive crisis from interaction with
MAO inhibitors (avoid!), including selective
MAO-B  inhibitors (see selegiline, later in
presentation)

¥  "  EfÞcacy of anticonvulsants:
(Levodopa !  !  seizure thresholdÉ  see notes on

antipsychotic drugs for working deÞnition of
Òseizure thresholdÓ)



LevodopaLevodopaʼ̓s s ActionsActions
Antagonized By...Antagonized By...

¥ Phenothiazine antipsychotic drugs (eg,
chlorpromazine) and haloperidol (they block DA
receptors in brain, which is precisely how antipsychotic drugs can
cause PD)

¥ Vitamin B6 (pyridoxine)
Ð Stimulates conversion of L-DOPA to DA in periphery

(outside CNS)É  this not only !  "  desired effects of
drug, but also !  # peripheral side effects

Ð  LAROBEC: commercial multi-vitamin with no
B6, indicated for pts. who require/want multivitamin
supplements but shouldnÕt take B6

Levodopa OverdoseLevodopa Overdose
¥ Blepharospasm, other dyskinesias

¥ Hypotension, arrhythmias

¥ Psychosis

Other DA Agonists for PD*Other DA Agonists for PD*

¥ Bromocriptine (PARLODEL)
¥ Ropinirole (REQUIP)
¥ Apomorphine (APOKYN)
¥ Pergolide (PERMAX)

* Not testable

Entacapone Entacapone (COMTAN): An(COMTAN): An
Inhibitor of COMTInhibitor of COMT

¥ COMT ( catechol O-methyltransferase) is another
enzyme that metabolically inactivates L-DOPA, but
this occurs OUTSIDE dopaminergic neurons

¥ By inhibiting COMT, entacapone !  carbidopa-like
effects (but by working on a different enzyme), and
so more L-DOPA remains unmetabolized outside the
CNS, is then able to cross blood-brain barrier

¥ Used only + L-DOPA (because it works solely by
inhibiting L-DOPA metabolism)

¥ Side effects: see L-DOPA



Monoamine OxidaseMonoamine Oxidase
and its Inhibitorsand its Inhibitors

¥ Two forms of MAO

ÐMAO-A: outside brain (the one weÕve
talked about in autonomicsÉ  review your
notes)

ÐMAO- B: in Brain, e.g., in the brainÕs
extrapyramidal system

Prototype MAO Inhibitor forPrototype MAO Inhibitor for
ParkinsonParkinsonʼ̓ss

Selegiline Selegiline (ELDEPRYL)(ELDEPRYL)
¥ Selective inhibitor of MAO-B

Ð ÒPreservesÓ DA in EPS neurons by"  metabolic
inactivation of DA by MAO, which !  # levels of DA, "
S/Sx of parkinsonism

Ð May also "  degeneration of DA neurons

¥ Used as adjunct to levodopa for advanced PD
¥ All SEs, DDIs noted previously for MAO

inhibitors probably apply, since inhibition of
MAO outside the brain can also occur

““Centrally-ActingCentrally-Acting””
AntimuscarinicsAntimuscarinics

Trihexyphenidyl Trihexyphenidyl (ARTANE)(ARTANE)
BenzBenztropinetropine   (COGENTIN)(COGENTIN)

  Diphenhydramine Diphenhydramine (BENADRYL)(BENADRYL)

¥ Relieve PD S/Sx by blocking central
ACh muscarinic receptors !  better
balance between DA and ACh

Antimuscarinic UsesAntimuscarinic Uses

¥ Alone for mild PD

¥ Adjunct to levodopa or other dopaminergic
agents for moderate-to-advanced S/Sx

¥ For extrapyramidal SEs caused by ÒtypicalÓ
antipsychotic drugs (i.e., the phenothiazines or
haloperidol)



Antimuscarinic/AntiparkinsonAntimuscarinic/Antiparkinson
Drug Drug SEs SEs and CIsand CIs

These drugs exert signiÞcant
antimuscarinic (atropine-like) effects not
just in the CNS, but also in the peripheral

ANS, so review your Exam 1 notes.


