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Drugs for Neurodegenerative
Diseases

Parkinson’s Disease

* Parkinsonism: is a progressive neurological disorder of muscle movement, characterized
by tremors, muscular rigidity, bradykinesia and postural and gait abnormalities

syndrome s» parkinsonismd! Lsa, parkinsonism ¢ s Parkinson disease S Wl g (34 4 Lua

tremors aadic ey J53¢8 progressive neurological disorder of muscle movementd! 4suis s

A al) e 3133 st 35 50 (055 TS e A8l dagii ol ) 0 sSss

aadic yuasg pradikinesia saxie juas g lead-pipe rigidity W sews s muscle rigidity saxie juay (LS
e 32 o A shuffling gait ' gait abnormality s stooped posture & ) posture abnormality
=Yl e sia 4 a5 short step

Parkinsonism: Etiology

* Idiopathic (Parkinson’s disease): primary or idiopathic destruction of dopaminergic
neurons in the basal ganglia.

J 2% other cause * o= idiopathic reason 4sii Juass parkinson diseased) s&
Jisparkinsonism

* Secondary parkinsonism:

QViral encephalitis
[ CO or manganese poisoning.

A Drug-Induced parkinsonism “pseudoparkinsonism” e.g., haloperidol
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Parkinson’s Disease: Pathophysiology

* Destruction of the dopaminergic neurons in the substantia nigra area in med brain— |
dopaminergic stimulation in the corpus striatum.

* The dopaminergic neurons fire tonically (not in response to certain stimuli).

» Parkinson’s results from reduced dopaminergic inhibition of the cholinergic neurons in the
neostriatum, resulting in overproduction of acetylcholine— loss of control on muscle
movement

destruction of the dopaminergic neurons in the substantia nigra sx=: s parkinsond! s Lua
a5 ma i destructiond) gl o) (A candl

neostratum(cudate nucleus and J! neuron =% substantia nigrad Lua € Jeaty 5d aread) sla Lua
& neostratumd! e D2 e Jxid ) dopamine &b substania negra J@ putamen nucleus)
neostratum = inhibitory & Jaids

continuous s = tonic release o sS: releasing of dopamine by substantia nigrad) 4dee Lua
in resting change is tonic s o« rate of release J w5l Jaw Wl signald) sas Ly 134 releasing
release

And in neostriatum have interconnecting neuron is cholinergic neuron release Ach and these
Ach connection to muscle through motor cortex and spinal cord

= cholinergic neurond A= inhibition Jsle 5 Al dopamine J) Lals xsdall juia ol Lugd
dopamine is inhibit the J! AWl rate of released) ssais & a3) g0 Wl G under controlled4sias
movement

Substenia J = GABA J_& 5 inhibitory neurond activation J«=: cholinergic neurond) Lua
negative feed back Je=: 5 nigra

substania J! b5 cholinergic J' 2 » dopamined! J= si5 cholinergicd! Js dopamined! w3 s
¥ movement abnormality swa: ) cycled) s <A 13 regulation of movement Je=: nigra
= inhibitory controld) < s <l destruction of substania nigra s# parkinsondu Jes:

2 3 motor cortex and spinal cordd! o3l signalds rapid firing _x= 14 cholinergic neurond!
s

of dopamine results in more
production of acetylcholine,
which triggers a chain of
abnormal signaling leading
to impaired mobility.

PARK'NSON.S DISEASE Loss of the inhibitory effect I

< to
through motor cortex
and spinal chord

> STIMULATORY o

- ACh NEURON
~ T st AL NEOSTRIAT UM Y

£ . f INHIBITORY INHIBITORY

Dopamine pathway 4 DA NEURON GABA NEURON
Neuron —3=—
Substantia nigra e
in Parki "

arkinson’s patients, SUBSTANTIA a
dopamine neurons in the \ NIGRA 5
nigro-striatal pathway degenerate —

Cell death results in less dopamine
release in the neostriatum.

abnormal of movementisds




Strategy of therapy

Antiparkenson drug aim is to restore dopamine/Ach balance
1-Enhance dopamine synthesis (dopamine precursors)
2-Dopamine receptor agonism

3-Acetylcholine antagonism

4-Dopamine degradation inhibition

Strategy of treatment

Antiparkinsomnian IDrags aim to restore DAY Ach Halance

~ ~——

I. 4 Cholinergic Activity IX. T Dopaminergsic A ctiviiy
Anticholinergics. Dopaminergic Drugs
Benzhexol - Benztropine - Levodopa. (IDA precursor)
- Bromocoriptine- pramipexole-

ropinirole. (Id: agonists)
. Aamantadine. (TIDA release)
. Entacapone. { | IDA degredation)
. Selegiline ([ IDA degredatiomn)

Drugs Used in Parkinson’s Disease

* Levodopa and carbidopa

« Selegiline and rasagiline

» Catechol-O-methyltransferase inhibitors
(COMTis).

* Dopamine receptor agonist

* Amantadine

* Antimuscarinic agents

Amantadine syimie TREL
Apomorphine Aroryn
Benztropine c OGENTIN

Biperiden AxKinNeTOMN
Bromocriptine rARLODEL
Carbidopa 1 oDosyYn

Entacapone coMmian

Levodopa (w/Carbidopa) siNEMET.
PARCOPA

Pramipexoife viinarex
Procyclidine «rrmabirin

Rasagiline Az cc

Ropinirofe seauie

Rotigotine nNEupPro

Selegifine (Deprenyf) c1L DEPRYL, ZELAPAR
TJolcapone tAsivAR
Trihexyphenidyl AnrtarnE
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Levodopa and carbidopa

**Main state for treatment

Mechanism of action:

* Levodopa: is metabolic precursor of dopamine.
* Levodopa must be administered with carbidopa.

* Carbidopa is a decarboxylase inhibitor, that diminishes the metabolism of levodopa in the
periphery — increasing the availability of levodopa at BBB.

**Without carbidopa, most of levodopa is metabolized in the periphery.

Dopamine is produce from tyrosine which tyrosine is convert to L-dopa by tyrosine
hydroxylation the L-dopa convert to dopamine by decarboxylation

metabolic precursor of dopamine s Julbs L-dopad! 4xéi s» levodopad! Lua

Jlid ania i Jums 100% destruction of substania nigra 2 ¢sS: L parkenson diseaseJu Lus <k
with progression of disease lead to more substenia o« dopamine =tk Sl Levodopa agbaais
Jaidy Jhay levodopadé nigra destruction

oral drug s» levodopad ¥ decarboxylase inhibitor ! carbidopa = levodopad) ge a 3¥ Lua
metabolism in peripheral sl »=: levodopa JI s 4S5l jntestined! Gk oeabsorption o juad
peripheral tissue especially Ju oS dopamined Jsai gliie Jaidy By W Jasw braindb o= Jis tissue
cnsd! 5_» dopamined Js~ sdecarboxylation sl »=d in Gl tract

permeability because is charge is dopamined) o« permeability to BBB 4 levodopad! Lus
$Y e 2did ~ 5 L peripheral tissuedu dopamined < =3 I levodopad! Jilké molecule

Slal sa dopamine in peripheral tissued Js~i Wl (WS 3 BBBJ) = W dopamined)

) carbidopa k=i » 3¥ <M many adverse effect I circulationd e 536§l catecholamine
J= ssmore levodopad! =< peripheral metabolismd! sxie Jisé decarboxylase inhibitor s&
dopamine J' e L Wi BBBJ! s W carbidopad s oleS a5 side effectdd Julb sBBBJ
synthesis in CNS

/” Tyrosine
i i e Presynaptic Terminal —- 1 \
DS = e A Fate of administered levodopa ] \
‘ P | LDOPA  <emmmmm | ey0dOpa
Dopa < Dopa <€ [ laf:a'bamm\:n \“

- | Administered levodopa [ omemne |
pamine ’ 717 “
b '\/ | /.. ?\QIMAT-Z | " . ‘ gl
Synaptic| [ Dopamine ‘ | o ’ - R .
% / U\r Decarboxylase l”l
Dopamine

vesicle ® Metabolism in Metabolismin ®
. peripheral tissues Gltract | \. /

| Levodopa
‘\ (L-DOPA)
Undesirable side effects

B. Fate of administered levodopa plus carbidopa

IAdministered levodopa
050

) [
A TFPse,
VL Tkl Decreased metabolism Decreased metabolism
\‘}LWK\}»" By

i [

W in peripheral tissues in Gl tract Postsynaptic Neuron -

: Dopamine |
receptor

Fewer undesirable side effects
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herapeutic uses
* Levodopa + carbidopa: the gold standard of symptomatic treatment for Parkinson’s disease.

*two-thirds of patients respond well to levodopa+carbidopa for the first few years then they
experience a decline in response.

**"wearing off "' phenomenon (symptoms of Parkinson's start to return or worsen with
progression of the disease)

further destruction _wa: <85l 2 substania nigrad ¢» b 4 05 »3Y levodopad! daidy (Jad Lua
(e pe e s all o 58 wearing off phenomena <aww) phenomena < of substania nigrsa
destruction of substernia J «xx experience symptom again _x=: 53 Y1 levodopad) Jlexiu
nigra

Pharmacokinetics
* Levodopa is given orally and rapidly absorbed from the gut.

-administered on an empty stomach (high-protein diet interferes with its transport to the
brain). Should be give 30 min before food

* SHORT half-life (1-2 hours).because rapid metabolize levodopa to dopamine by
decarboxylation which present in in everywhere in the body

-results in fluctuation in its plasma concentration— fluctuation in motor function.

(*) “on-off” phenomenon (sudden swings from mobility to bradykinesia that are not related
to plasma levels in a simple way)

from 1-2 hours ¢z plasmad! absorption from Gl tract s x5 orally i levodopas Lua
i curvedy allay 5 58 second dose 4xkeis (= smetabolism and excretion Ll s ¢ half life
<4k fluctuation in it is plasma concentrationde= o= 5 short half life i) s J 35U ala
combination therapy ! appropriate dose k= 53 Ll (sla sfluctuation in motor function

symptomdu sudden change _x=: 53 fluctuation Ju 483e L) & on-off phenomenad) Lua
complicationd) as) sla s Levodopad) xS 5 (e ety L 4l sde 48 ylay symptomd) gan s 7 5w
Levodopa!

Drug-drug Interaction

48 Jlsy 5 levodopad! decarboxlation reactiond) 1 » pyridoxine(B6)J) e« levodopad! Lukac ) 131
braind! =/, Jlevodopa J!

25> 2 MAOJ oY hypertensive crisis w1, levodopad ax 4ike ! 13 MAO inhibitord) oS
s 2w levodopa W metabolic of catecholamined ~« s 5 neuron ,liver and kidneydJu
very high level of dopamine and _x<=# MAO inhibitord) =3 = 5 55 Jedopamine Jllevel

dopamine has effect on cardiac muscle so lead to hypertensive crisis

|
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Diminished effect due
to increased peripheral
metabolism

.

Pyridoxine

===
I ewv:

O
[ E—— ]
MA
ib

Non-selective inhibitors

Hypertensive crisis due
to increased catecholamines

Adverse effects:

* Peripheral effects:

O Simulation of chemoreceptor trigger zone because it is out side BBB and dopamine act on
chemoreceptor zone so lead to: Anorexia, nausea and vomiting

 Dopaminergic stimulation of the heart and have inotropic and chronotropic effect:
tachycardia, extrasystole

[ Adrenergic action on iris: mydriasis

[ Catecholamines oxidation: melanin pigmentation, brownish saliva and urine.in chronic use
of levodopa these will oxidation specially in skin so convert to melanin because melanin is
tyrosine derivative so lead to melanin deposit and pigmentation

L-TYROSINE L-HYDROXYPHENYLALANINE

- :”‘"J (L-DOPA)

NH o3 &

—CH;—C—COOH — - HO—
H TYROSINE l

|3-MONO-OXYGENASE| HO
) F

MELANIN] -«  [DOPAQUINONH <
 Central effects:

A Visual and auditory hallucinations because dopamine have role in limbic system which is
reword pathway

O Dyskinesia involuntary face movment

[ Mood changes

(These CNS effects are the opposite of parkinsonian symptoms and reflect the overactivity of
dopamine at receptors in the basal ganglia)

euphoria Je= high dopamine sie & aaly s (. depressiontizie juay dopamined) Laie Ji Ll Lua
low sxic 2l g sl ¢ g 312 3 levodopadishe) s psychoticslas 2al 5 58 psychotic symptom _sas 1
dopamine deprivation 43¥ ¢ sw a3 antipsycoticaike! s dopamine
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Catechol-O-methyltransferase inhibitors (COMTIS)

Entacapone and tolcapone

Mechanism of action:

* The methylation of levodopa by COMT to 3-O-methyldopa is a minor pathway for
levodopa metabolism.

* When carbidopa is used— more 3-O-methyldopa is formed by COMT— 3-O-methyldopa
competes with levodopa transport to the brain.

 Entacapone and tolcapone are selective and reversible inhibitors of COMT — decrease
plasma concentration of 3-O-methyldopa — enhance levodopa transfer to the brain.

* Both drugs decrease “wearing off” phenomenon.

L Ja decarboxylation mainlyd) G b o= metabolism & == peripheral tissuedb s LiSa Ul Lua
metabolism specific in peripheral tissue is COMT J 4& )k S llia & L braindle ¢ 55

o=l 5 3-0O-methyldopad! 41 s~ 5 levodopad) e Jaiis COMT s A enzymed! U=l 5 pathway
shift towered these alternative _w<: carbidopa = Wl s« pathway is minor pathwayd!
BBBJ! Jaxy oS € jall (ala Lua 3-O-methyldopad levodopad! J ss: COMTJU pathway

22 5 Jalid plasmadt levodopad! Ji& 53 s (e compete with levodopa transportdes s

3-0-J Jlay s dopamined Js~is braind! z 515 e levodopad! s o5t COMT inhibitor
BBBJ! levodopad! Js2 s A methyldopa

W hen peripheral dopamine decarboxylase activity 1 Inhibition of COMT by entacapone leads to decreased
is inhibited by carbidopa, a significant concentration plasma concentrations of 3-O-methyidopa,

of 3-O-methylidopa is formed, which competas mcreased central uptake of fevodopa, and

with fevodopa for active transport into the CNS. | greater concentrations of braindopamine.

3-O-Methyidopa W 3-O-Methyldopa -———----\'
comt ! Entacapone ...» = ﬁ COMT

Administered Levodopa 9—) ms Administered Levodopa » Dopa
in CNS

¥ o H ” L
evodopa —_ D < Carbi- {evodopa i ()€ Carbi-
3= =

Decreased metabolism Decreased metabolism
in Gl tract and peripheral tissues in Gl tract and peripheral tissues

Pharmacokinetics

* Both drugs are orally administered.

* Highly bound to plasma albumin.

* Tolcapone has a longer half-life

Adverse effects:

* Both drugs have similar side effects profile as levodopa+carbidopa

* Tolcapone: this life threating condition in small percent of people fulminating hepatic
necrosis (does not occur with entacapone)

|
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MAQO Inhibitors: Selegiline and Rasagiline

Mechanism of action:
Interfere with dopamine degradation at level of synapse at brain
COMT present in peripheral but MAO present in neuron and degradation of dopamine

* Selegiline: selective MAO B inhibitor — decreases dopamine degradation — increases
dopamine levels in the brain. But if increase dose level the selectivity will loss and inhibit
MAO-A

both MAO A and MAO B efficiently metabolize dopamine however type B degrades
dopamine more. (MAO A predominantly metabolizes norepinephrine).

» Rasagiline is an irreversible and selective inhibitor of brain MAO B and is 5 times more
potent than selegiline

3534 levodopad! Luke! 5% dopamined Jsaiv L-dopad!s L-Dopad Jsai tyrosined! s LiuSa Lua
* slma (paa dopamined)

L a5 packaging in vesicle in synaptic terminal then release arrival from action potential
degradation by sl ua s ¢ 3a 5 reuptake through dopamine transport s w<=s release slva
Jexs MAO-BJ! Wl norepinephrined! degradation Jex: (s Ag 5 ¢ 581 5l enzymed! u=ls sSMAO
MAO -B selective inhibitor s~ = dopamined 13l s 136 degradation to dopamine

Sites and Mechanisms of CNS Drug Action Metabolism:
*COMT and MAO
*Antiparkinsonian

* Antidepressants

Tyrosine
Presynaptic Terminal

L-DOPA
{

Dopamine

f
[ 1
| —— A
Selegiline® a ® C‘?VMAT—Z
=S @ .
Degradation 47 I /
| ®

Dopamine \
transporter

Postsynaptic Neuron —
d
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herapeutic uses:
» Seligiline is often administered with levodopa:

delays breakdown of nigrostriatal dopamine— prolongs levodopa action — decreases
fluctuation in motor function. “on-off phenomenon

Adverse effects:

* Insomnia: due to its metabolism to methamphetamine and amphetamine. So should give
druf at morning

Unlike selegiline, rasagiline is not metabolized to amphetamine-like substances — less
insomnia.

Dopamine Receptor Agonists

Give this type of drug when the substania nigra almost destruction in advance disease and no
dopamine release so give dopamine agonist

Drugs: there is two type ergot or non ergot

» Bromocriptine (ergot derivative)

* Rotigotine, apomorphine, pramipexole and ropinirole (nonergot derivatives).
Mechanism of action

* Direct dopamine receptor 2 (D2 )agonism.(inhibitor receptor)

Therapeutic uses:

« Patients exhibiting fluctuation in response to levodopa.

* Parkinson’s disease complicated by motor fluctuations and dyskinesia.

* Ineffective in patients who have not responded to levodopa.

(Sas o dOpamine agonistas cmeais 7 ) L Wle ale uadl e Gu levodopa 330 (s e o O (i
advance stagedu Jaily Jay (paxs g levodopad! e (il OIS 2a) ol azdaas

» Apomorphine is given by injection to treat severe and advanced stages of Parkinson’s
disease (also given in emergencies to treat sudden freezing i.e. immobility “off”
phenomenon)

sever decrease of —w sudden state immobile_x<: advance stateJu emergencyd! &¥lay 4yl
dopamine

Therapeutic advantage of dopamine agonists
If used in early in patient of mild disease at very young age these decrease the need to
levodopa ,carbidopa therapy

|
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4w motor complication Jex 1)) (b s~ e (Ses levodopa,carbidopa sl patient JI o S
early in young patient that have ~alukel dropinirole and pramipexole olas Likae) o (w0 459%
risk for levodopa complicationd' J& ~1_, Parkinson disease

100 JS 3 1 :60J) e 222 incidancejhu,d) parkinson diseased! 4« sizs

Dopamine agonists delay motor
complications and are most
commonly initiated before
fevodopa in patients who

have mild disease and a

younger age of onset because
they may delay the need to
start fevodopa therapy.

et St

s [
n"‘ \\

—

fLevodopa N £

Pramipexofe
24.596

Percentage of patients with motor complications

0

At 5 years At 4 years

Pharmacokinetics
JHSA) a4l La

Characteristic Pramipexofe Ropinirole Rotigotine
Bioavailability >90% 55% 45%

Vq4 7 L/kg 7.5 L/kg 84L/kg
Half-life 8 hours! 6 hours 7 hours?

Metabolism Negligible Extensive Extensive

Elimination Renal Renal? Renal?
Adverse effects
» Similar to levodopa. Sedation, hallucination, confusion, nausea and hypotension
» Bromocriptine: pulmonary and retroperitoneal fibrosis with chronic use epically to ergot

enonergot derivatives do NOT cause fibrosis.

Amantadine

Mechanism of action:
« Antiviral used to treat influenza.

» Amantadine increases the release of dopamine, blocks cholinergic receptors and inhibit
NMDA glutamate receptors.

Therapeutic uses:

* Amantadine is less efficacious than levodopa in the treatment of Parkinson’s disease.S0 not
main state for treatment so is third or fourth line

» Effective against rigidity and bradykinesia

|
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Antimuscarinic agents

* Benztropine

* Trihexyphenidyl

* Procyclidine

* Bioperiden
Mechanisms of action

* Blockade of cholinergic transmission produces effects similar to augmentation of
dopaminergic transmission — correct the imbalance of dopamine/acetylcholine ratio.

Therapeutic uses

* Much less efficacious than levodopa and always used in adjuvant to other antiparkinsonian
therapy. So mainly used as combination therapy with levodopa

* Anticholinergics are mainly used in antipsychotic-induced parkinsonism.

a2 (Saa over use of levodopad! 4aiis psychotic symptom sze sba asl 5 oIS 5l Lua
dopamined) e L W $Y¥ antimuscaricnic

Summary

r

y. Tyrosine

Presynaptic Terminalﬁ- \

L-DOPA 4—\_ Levodopa
l “l

Dopamine \
o] .l| COMT Entacapone
l . tolcapone
== {
&/MAT 2

I/... 'I 3 | 3-O-methyldopa
\ @ /

o |

Dopamine /
transporter »/ 7 Bromocriptine

% < Apomorphine

Postsynaptic Neuron ',/

7
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Mechanism of Action

Adverse Effects

I. Bromocriptine,
Pramipexole
&Ropinirole
(Given alone or
with L-dopa).

Apomorphine

Direct D; agonists
(Less fluctuation due to rapid

absorption - longer t.;).

1s given SC in emergency
(sudden freezing 1.e.
immeobility) as it 1s rapid and

more effective than L-dopa.

- Simuilar to L-dopa; with
more psychosis.
- Vasospasm & cardiac

fibrosis (bromocriptine)

II. Amantadine
(Given alone or

with L-dopa).

- T DA release (mild effect) =
enhances L-dopa effect

- Blockading cholinergic
receptors

- Block glutamate receptor
(NMDA) — | glutamate
excitotoxicity — ¢ neuronal
degeneration
« more effective against

rigidity and bradykinesia

- Insommia

- Hallucination

- Livido reticulans: purple
spotting of skin

IIL Selegiline
(Adjunct to L-

Rasagiline

dopa/carbidopa).

Selective inhibitor of MAO-B
= delays breakdown of
nigrostriatal DA - prolongs

L-dopa action = ¥ fluctuation

5 times more potent

- Insomnia (due to its
metabolism to
methamphetamine and
amphetamine)

- Hallucination.

- Very low risk of cheese
reaction.

No Insomnia

IV. Entacapone

(Adjunct to
L-dopa/carbidopa).

Tolcapone

COMT inhibitor = 4 L-dopa

peripheral metabolism = 7 its
bioavailability & prolongs its

action = { fluctuations.

Relatively longer duration

- Similar to L-dopa
/carbidopa.

+ Diarrhea.

Fulminant hepatic necrosis

|
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summary Of The Therapeutic Strategy

Levodopa+carbidopa is the mainstay (first-line) therapy of Parkinson’s disease (mostly in
combination with a MAO B inhibitor or COMT inhibitor).

*MAO B inhibitors and COMT inhibitors are given in adjunct to levodopa+carbidopa
therapy.

MAO B inhibitors increase efficacy of levodopa and decrease fluctuation in motor
response

COMT inhibitors increase efficacy of levodopa and decrease “wearing
off” mechanism.

*Dopamine agonists can be given alone in young and mild parkinsonians (to delay levodopa
use) OR in combination with levodopa+carbidopa if disease is in progress.

«Antimuscarinics are used in adjunct with levodopa+carbidopa (or in cases of
antipsychotics-induced parkinsonism).

How to decrease fluctuation in motor response to levodopa?

short half life of levodopad) < cual fluctuationd) s Lss
1-Addition of a MAO B, inhibitor or a COMT inhibitor or a dopamine agonist
2-Shortening of the interval between doses of levodopa+carbidopa

3-Using slow-release preparations of levodopa+carbidopa

sadl o) o U gaala gasdlil) dilgs
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