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Why are some PD drugs used in combination

No single drug is a magic bullet!

THE GOAL for combining drugs:

- - Increase effectiveness of treatment.
- - Decrease side-effects of treatment.
Some drugs are always taken together (e.g. Sinemet = Levo-

dopa + carbidopa) - carbidopa alone has no anti-PD effects but
Improves Levo-dopa effects / reduces side-effects!



Keeping the Glass Half Full is the Challenge?

OVER THE TOP . ..

MANY disabling side effects Brain dopamine where all
dopamine and norepinephrine

receptors are over stimulated

The Sweet Spot . .. ' ‘
no tremors-freezing
tolerable side effects

Brain / striatum target level
of dopamine where the
good D2 receptors live

Starting to improve . ..
some tremors-freezing
minor side effects

Little dopamine is getting into
brain or to the good D2
dopamine receptors

RUNNING ON EMPTY
... tremors-freezing

no side effects




Keeping the Glass Half Full IS THE Challenge !

Dose Number/Time Drug Strength Amount Type
1 6:00 a.m. Sinemet 25/100 1 tablet PD
Mirapex 1 mg % tablet PD
2 9:00 a.m. Sinemet 25/100 1 tablet PD
Mirapex 1 mg. ¥ tablet PD
Amantadine 100 mg. 1 tablet PD OVERTHETOP ..,
Aspirn 81 me. 1.tablet PD MANY disabling side effects
3 12:00 noon  Sinemet 25/100 1 tablet PD
Mirapex 1 mg. 1 tablet PD
4 3:00 p.m. Sinemet 25/100 1 tablet PD The Sweet Sp ot
5...530p.m  Sinemet 25/100 1 tablet PD no tremors-freezing
MITaDEX. .o L G Lablt FD tolerable side effects
Metoprolol 25 mg. 1 tablet BP
Amliodipine 10 mg. 1 tablet BP : :
Aricept 5 mg, 1 tablet MD Starting to improve. ..
some tremors-freezin
6 9:00 p.m. Sinemet 25/100 1 tablet PD 5 : 9
Clonidine 0.1 mg. 1 tablet BP* minor side effects

* Rescue drug used if and when systolic BP exceeds 180.
(Type abbreviation — PD = Parkinson’s disease, BP = Blood pressure, BT = Blood thinner and MD
=Mind drug.) RUNNING ON EMPTY

.. . tremors-freezing
Daily dosages: Sinemet 25/100 6 tablets 600 mg.

Metoprolol 25 mg. 1 tablet 25 mg. no side effects
Mirapex 1 mg. 3 tablets 3 mg.
‘Amantadine 100 mg. 1 tablet 100 mg.
Aspirin 81 mg. 1 tablet 81 mg.
Amlodipine 10 mg, 1 tablet 10 mg.

Aricept 5 mg. 1 tablet S mg.



¢ Keeping the Glass Half Full is the Challenge?

I OVER THE TOP . ..
RESPONSE

MANY disabling side effects
I (improvement)

The Sweet Spot . ..
. no tremors-freezing
\ tolerable side effects

/

1
/
|

Sinemet
(carbidopa +
levo-dopa
25/100
mg/dose)

Star\Npg to improve . ..

some tkemors-freezing

minorside effects
N\

— - - =



¢ Keeping the Glass Half Full is the Challenge?
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Keeping the Glass Half Full is the Challenge?

carbidop + levo-
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¢ Keeping the Glass Half Full is the Challenge?
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Keeping the Glass Half Full is the Challenge?
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¢ Keeping the Glass Half Full is the Challenge?

carbidop + levo-
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Tolerance = Decrea.. Responses to a Drus!

No good evidence that tolerance develops to L-Dopa

Metabolic or
Dispositional Tolerance
IS accelerated drug
clearance

NAIVE TOLERANT

Behavioral or
Learned Tolerance
learning offsets

INCREASING DRUG EFFECT —--->

Impairment INCREASING DRUG DOSE --->

Functional or Cellular Tolerance - neuronal resistance




Endothelium

Blood Brain Barrier .,
Pharmacological Impact o ¥4

|

diphenoxylate

Polar drugs

Antidiarrheal effects

~
I % Weak CNS effect

morphine

Constipation Strong CNS effects
: BLOOD BRAIN
heroin Faster / stronger /
Non-polar drugs

Constipation euphoric effects
L-dopa vs carbidopa OTHER EXAMPLES: diphenhydramine

& dopamine vs loratidine




Levo-dopa Therapy

L-Dopa therapy alone

pa
converted to L- Dopa/DA

Blood Braln Barrier
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After Oral Ethanol / L-Dopa Consumption

120 1

—
o
o

@
o

n
o

n
o

Blood alcohol (mg/100ml)
(o)}
o

o

~40-48g / 30-60 min + Fasted

Cc

~40-48g / 3hr + Food

b

\

~80-96¢g / 3hr + Food

—

0

Alcohol passes easily from small intestine no

5 10 15
Time (hours)

pumps required.

No tissue barriers to Alcohol — BUT
there are to L-dopa/dopamine!  absorption by

Food slows

slowing

They cross into the blood unevenly  gomach
— mainly from upper small intestine. emptying



Absorbed Dopa rapidly metabolized by enzymes

Radioactive tracer studies in
rhesus monkeys AAAD or COMT
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L-dopa alone in brain after
injection into blood stream
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Psylla et al., 1997 Brain Res. 767:45-54, ‘Cerebral 6-[18F]fluoro-L-DOPA uptake in
rhesus monkey: pharmacological influence of aromatic amino acid decarboxylase
(AAAD) and catechol-O-methyltransferase (COMT) inhibition’



Modified L-Dopa to improve absorption -
EXPERIMENTAL

. Absorption fraction calculations
H

- ? dose 5ral

qH, H WSS B = AUCiy kiy

D-Phenylglycine-L-dopa L-Dopa
dose;y

X100%

Figure 1 The structures of d-phenylglycine-/-dopa and /-dopa.

By linking L-dopa to an aminoacid (D-phyenylglycine scientists have
created a small peptide (protein) that gets taken up across the small
Intestine by the PepT1 transporter.

HOW IT WOULD WORK?

L-dopa (amino acid like) + L-dopa-D-phenylglycine (peptide) = TWICE AS
MUCH L-dopa getting in to brain. BUT the peptide takes longer to be
broken down to dopamine (LONGER DOPAMINE DOSING)

Wang et al., 2010 J. Biomed. Sci. 17:71, ‘Evidence of d-phenylglycine as delivering tool for
improving |-dopa absorption’



The Next Big Thing in PD Therapy?

Breakdown by
Carbidopa MAQ and COMT
=
1
1-DOPA « Dopamine ~ Noradrenaline
DOPA Dopamine
decarboxylase B-hydroxylase
OCo¥o
OPackaged into vesicles O
and used at synapse O

In the early days, dopamine was only a precursor to make
norepinephrine! Abbott Nature August 26, 2010
www.nature.com/outlooks p56-57.

Trickle down L-dopa therapy?
Duodopa! 11111
Duodopa contains the following:

* Levodopa (L-dopa) 20 mg/m|

e Carbidopa 5 mg/ml

¢ Thickening agent (Carmellose sodium)

s Water

A 100 ml cassette contains 2000 mg of L-dopa and 500 mg of carbidopa.
(1 ml contains 20 mg L-dopa and 5 mg carbidopa).

Pump

Tubings " /
/ e

Conectors Cassette
. . | g
4 b Py,

53 years since dopamine is found to be a transmitter!
Arvid Carlsson a Swedish scientist wins the 2000 Nobel
Prize in Medicine for discovering dopamine is a
transmitters / I-dopa as a precursor. Abbott, Nature
447:368-370, 2007.

“I won it 40 years after my discovery,” he jokes. “Einstein
won his some 20 years after his discovery. So | guess my
work was twice as complicated as Einstein’s.”

“What is clear is that stabilizing the blood levels greatly
ameliorates these undesirable effects. “

by Alison Abbott is Nature s Senior European
Correspondent.



Steering between Benefits / Side Effects . . . . the Ever Present
Challenge for Dopamine Therapy
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Beneficial Effects of L-dopa /  Mostimproved
Bradykinesia, Rigidity,

4 B !
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Scylla and Charybdis of the Greek Poet

Homer’s Odyssey guard a narrow
waterway that is essential to pass.



Take Advantage of the Placebo Effect Mechanism?

Untreated binding Saline / placebo injection

On LEFT: Placebo treatment
causes dopamine release that
reduces labeling. (Axial [1*C]-
raclopride PET scan showing
dopamine D2 receptor
localization in the striatum of a
PD volunteer)

Baseline After placebo

Fuente-Fernandez & Stoessl TINDS 25: 302, 2002

_ _ “1 feel much better” “Why dogsn’t it work? ”
Two Parkinson's patients and .. 30 3_ 30
correlation between & "|' - B T —1—s |-

) . . ey il 60 8 3 |60
subjective report, arm rigidity, 5 7/ : // 7
subthalamic nucleus neuron & _ % |40 < 1o % / |40

firing frequency (vlack arrow ?h 3 / - & = / / =
. . ' Z = 7 Z R,
indicates giving placebo thought to be the %0 4 I | T 20 0 T 1 T 0

potent D2 agonist apomorphine) LEFT f 31013 30 min ? 51015 30 min

placebo responder / RIGHT non-responder)
(Benedetti et al., J. Neurosci. 25:10390-10402, 2005)



