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Levodopa + Immediate and 1 A A All motor Motor complication

Carbidopa or sustained release symptoms Dyskinesia, dystonia,

benserazide confusion, psychosis, sedation

Dopamine Non-ergot: 2 A A All motor Dopaminergic adverse effects

agonists Pramipexole symptoms such as nausea, vomiting,
Ropinirole orthostatic hypotension
Rotigotine Neuropsychiatric adverse effects
Piribedil such as psychosis, hallucination
Ergot: For ergot group: pulmonary
bromocriptine fibrosis, cardiac valve fibrosis

Monoamine Selegiline 3 A A Early, mild  May cause dopaminergic

oxidase- Rasagiline U A symptoms, adverse effects

B inhibitors and motor Risk of serotonin syndromes

fluctuation

Catechol-O- Entacapone 3 - A Motor Dopaminergic adverse effects

methyltrans— Tolcapone - A fluctuation

ferase (COMT)

Anticholinergics Benztropine 4 U U Tremor Anticholinergics adverse effects
Trihexyphenidyl U U Tremor Cognitive impairment
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MINN 2 eNNaINENYUInNiNalg N30 NI8INISNIG motor KaL non-motor*?

Compound/ tradename Indication Mode of action Phase of Commentary and
development approved dose
Melevodopa+ Carbidopa/ motor Modified form of Approved Marketed in Italy
Sirio (Chiesi[C]) L-dopa soluble
tablet
Opicapone/ Motor COMT -inhibitor, Approved Reimbursed in EU
Ongentys (BIAL[C]) Wearing off Long-acting, Add on 50 mg/day
to L-dopa
Safinamide/Xadago Motor MAO-B-inhibitor, Approved Reimbursed in EU
(Zambon[C]) Wearing off Glutamate modulator, 50 -100 mg/day
Add on to L-dopa
XP066/Rytary Motor L-dopa+ Approved Reimbursed in USA
(Impax[C]) Wearing off Carbidopa(4/1) 95, 145, 195, 245
Long-acting L-dopa capsule
Extended release
Amantadine extended release =~ Motor dyskinesia NMDA -receptor Phase III Likely to be register
(Adamas[C]) Off time antagonists completed 2017 or 2018 as

Droxidopa L-threo-3,4
Dihydroxy-Phenylserine/
Northera(Lundbeck([C])

Istradetylline /Nouriast
(Kyowa-Hakko-Kirin[C])

Tozadenant (Biotie[C])

Pimavanserin/Nuplazid
(Acadia[C])
Donepezil Eisai([C])

Duloxatine/Cymbalta,
Xeristar (University of
Toulouse ([S])
Oxycodone+Naloxone/

Targin (Mundipharma([C])

Motor and non-
motor freezing
Neurogenic
orthostatic
hypotension
Motor

Wearing off

Motor dyskinesia
Wearing off
Non-motor
psychosis
Non-motor

Fall, gait disorder,
Dementia in PD

Non-motor pain

Severe pain

syndrome in PD

Long-acting
Noradrenaline

precusor

Adenosine 2A

receptor antagonist

Adenosine 2A
receptor antagonist
S5HT2A inverse
agonist
Acetylcholine-

Esterase-inhibitor

SNRI

opioid

Phase III positive
Phase III ongoing
in EU

Phase III
discontinued

Phase III positive

Phase IIIb ongoing

Phase III ongoing

Phase III positive

340 mg/day
Approved in USA
and Japan

3*100 mg capsule
max dose 1800

Approved in Japan

20 mg/once daily

(up to 40 mg/day)

due to previously
disclosed agranulocytosis
Approved in USA

2*17 mg/once daily
Approved for

Alzheimer dementia

Approved for

pain and depression

Approved for pain

nYLe: C: company, S: sponser
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1399 3 nalamstiawensamnuaslsauaziihuanezain1ssnslag neuroprotection®

PD pathogenic mechanism Targets for neuroprotection

Oxidative stress and mitochondrial dysfunction Inhibitors of dopamine metabolism (e.g., MAO inhibitors, dopamine

receptor agonists)

Electron transport enhancers (e.g., CoQ10)

Other Oxidants (e.g., Vitamin E, Uric acid)

Glutathione promoters (e.g., selenium)

Inhibitors of alpha-synuclein aggregation

Therapeutic agents that reduce alpha-synuclein protein levels
Enhancers of parkin function

Enhancers of proteosomal or lysosomal pathways

Protein aggregation and misfolding Anti-inflammatory agents (e.g., NSAID, statins, minocycline)
NMDA receptor antagonists, Calcium channel antagonists

Anti-apoptotic agents

Neuroinflammation Neurotrophic factors (e.g., GDNF, neurturin protein)
Excitotoxicity
Apoptosis and cell death pathways

Loss of neurotrophic factors

NEme: aaulaanNtanasaNdevaneay 13

[T

3T 4 enfimaaiamiaily disease-modifying agents*?

Compound/tradename Indication Mode of action Phase of development

Caffeine Motor early PD Adenosine receptor antagonist ~ Phase IIIb ongoing

(university of Montreal Canada ([C])

Inosine Motor early PD Precursor of urate antioxidant Phase IIb ongoing

(Michael J Fox foundation

- MJFF [C])
Isradipine-STEADY -PDIII Motor early PD Dihydropyridine calcium Phase IIIb ongoing
(NIH-NINDS, Novartis channel blocker

University of Chicago[C])

Nicotine-NIC-PD Motor de novo PD  Cholinergic,modulation of Phase IIIb completed

(German Parkinson Study alpha-synuclein aggregation
Group, Parkinson Study Group USA;
MIJFF, IPF,NP, DPG, Novartis [C])

WEwie: C: company, S: sponser
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Compound/tradename Indication Mode of action Phase of development
Immunotherapy (IT)
Active immunization (Affiris[C]) motor IT Phase II ongoing
Passive immunization motor IT
BIIB054 (Biogen[C]) Phase II in preparation
PRX002 (Parthena/Roche[C]) Phase II in preparation
Alpha-synuclein aggregation
modulators (aSAMs)
NPT200-11 (UCB/Neuropore[C]) Motor aSAM Phase I in planning

Likely be in de novo PD

NPT100_18a (neuropore[C]) Not applicable aSAM Pre—clinic testing
ANLE138b
(MODAGIC)) Motor aSAM Phase I in planning

Likely be in de novo PD

alpha-synuclein autophagia
enhancer (aSEA)
Nilotinib/Tasigna off-lable use Motor
(Georgetown University Non-motor

Washington DC, USA

Tyrosine kinase inhibitor

aSEA

Investigator initiated
trial-open lable small
pilot study RCT in
planning (MJFF-USA,
Cure PD trust, UK)

nELKne: C: company, S: sponser
AAULUSNINBNENTDNDININLLEY 12

gation ﬁé’l’qagﬂuﬁy'u pre—clinic trial LLazLﬁahimum
Hlafmsanwiienumsihendnunlsanzde anls
Tumssnwlsamsnvaulussazgama”® lag Pagan
F uazaae® ladnmnanudasasauazmsnuaaen
284 low dose Nilotinib (Failueniilasu mspunzie
undnwuzEaiiinalndudalusauiinundlunzSe
(indan21wiia chronic myeloid leukemia) menaln
msﬂszéjuﬁzuu autophagy ER garbage disposal
system (Humsmsavaadeluad Fziadiud
Tusduiifaundluanasasfthawmsiuduld was

8o AENTATNEIY blood-brain barrier LAG
LLﬁdﬁmsmmmwa%@ﬁI,Lm‘[ﬁuﬁﬁﬁy’ﬂul,l,d‘uamms
sosgfihefiaau uasmainszaulustiu uas biomark-
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i o o A o da @
319N 6 Gudaainedadlulsamsnuau”

Symbol Gene locus Inheritance Gene Presence of Dopaminergic ~ Motor
Lewy bodies  neuron loss  deficits

PARK1 4q21-22 Autosomal dominant SNCA + + +

PARK?2 6q25-q27 Autosomal recessive parkin - - -

PARK3 2pl3 Autosomal dominant unknown

PARK4 4921-q23 Autosomal dominant SNCA + + +

PARKS5 4p13 Autosomal dominant UCHL-1 - +/= +/=

PARK®6 1p35-p36 Autosomal recessive PINK1 - - -

PARK7 1p36 Autosomal recessive DJ-1 - + +

PARKS 12q12 Autosomal dominant LRRK2 - +/= +

PARK9 1p36 Autosomal recessive ATP13A2 - - +

PARK10 1p32 Risk factor unknown

PARK11 2q36-37 Risk factor GIGYF2

PARK12 Xq21-q25 Risk factor unknown

PARK13 2pl3 Autosomal dominant Omi/HtrA2 + +

PARK20 21q22.11 Autosomal recessive SYNJ1

not assigned 1q21 Risk factor GBA +

ANIYLKG: A0 rodent animal model; anualz PD-related phenotypes Huaaeandautai:

+ = majority of the reports confirm the presence of the phenotype;

+/— = no consensus in the field;

- = majority of the reports confirm the absence of the phenotype; and the absence of any of these signs

shows an unreported phenotype.

wuvdUeUraelaslalaNsaMe (somatic chromo-
some) Aa ANMsnananugaduuulasulsnime
fENSOUEAIEN AN phenotype ltwilanTiiy
Und Famatenaameiugnssudnunsillaamly
ruaaeaIMszaslsalunn 9 uzeamemn uasi
Tadameiugenaasiilimsuaesdnuosiuauiiu
uan@nuaan LU du autosomal recessive inheritance
A9 MITENDAINHULINNUTNITNUUUEUADEVDY
Tastulzusiang (somatic chromosome) Aa HMS
nnewugzasiuuulaslulaniams Hasdasiiiu
nENEWLE laN L RUSLY J99TMINTOUAANEN MY
1N phenotype 3nNUaAIANNRIAUNGH lUgUMeNLNen

Juiden Feiidadefidasiumathenaamaiugnasu
anwale Ao MsuasnUlue3oaN® (consanguinity)
wazuananiifaiinsdrsraduued uiidrdaly
Uszenslne Tesaasdidaldd@nmauinuiniy
Taidasdamaiialsamsaudu Tudthealnauay
naumuauiilildiulae Tddnmausunu 3 du fe
leucine-rich repeat kinase 2 (LRRK2), glucocere-
brosidase (GBA1) Way parkin WUl LRRK2p.
R1628P variant wuldtasfigadaiinnuyniosas
11.0 Tungueihe d1u LRRK2p.G2385R variant #4
wuldvasfigaludamnddu diluuazinivg nduwy
latiasannlaiteiasaz 0.5 vaegthy uazwu@mie
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Abstract: A Brief Review on Parkinson’s Disease: Pathology and Treatment
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Parkinson’s disease (PD) is known as an age-related neurodegenerative disorder. Several de-
cades, PD pathology has been proposed for the degeneration of dopaminergic neurons and neurons death
in substantia nigra pars compacta (SNc) area located at brain stem. The consequences of these caused
imbalance of direct and indirect pathway in basal ganglia. The features of motor symptoms of PD include
bradykinesia, resting tremor and rigidity. Anatomical investigation of the brain stem, neuronal loss can
be detected from a reduction of neuromelanin pigmentation in the substantia nigra and locus coeruleus.
Many toxic proteins can be found and formed inclusion body known as lewy body. There have been many
theories and hypothesizes to clarified the cause of neurodegeneration. Many evidences from animal model,
genetics data, pharmacologic study of neuroprotection and disease-modifying agents have systemically

investigated. It should give precedence to highlighting on early detection of PD, non-motor symptoms

evaluation and novel therapeutic strategies.
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