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The Role of Oxidative Stress in Parkinson’s Disease
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Abstract

Reactive oxygen species (ROS) as free radicals interact with biomolecules
resulting in damage to the composition of the cells in the body, such as the
destruction of the DNA structure, the transformation of proteins and lipids of
the cell membrane. Oxidative stress is an imbalance between ROS produced
by biochemical processes and the biochemical system's ability to destroy
reactive intermediates, leading to ROS accumulation which could cause
molecular damage and cell death. Such neurodegeneration in the basal
ganglia could lead to the reduction or defect of dopaminergic neurons which
results in the reduction in dopamine release. Specific mechanisms involve
the accumulation of misfolded proteins within the cells and Lewy bodies. With
the reduced release of dopamine, symptoms of Parkinson's are apparent
including bradykinesia, rest tremor, rigidity and postural instability. Oxidative
stress in the brain is due to dopamine metabolism, high iron and calcium
levels in substantia nigra, mitochondria dysfunction, neuroinflammation and
genetic mutations. This results in the destruction of neurons by a variety of
mechanisms such as increased dopamine oxidation and the occurrence of
neuromelanin, increased iron concentrations, reduced glutathione production
and increased oxidized glutathione, leading to degeneration and death of

neurons in Parkinson's patients.
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Imaqaﬁvlﬂ"ﬁauwaaasz LT hydroxyl radical (OH®),
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superoxide radical anion (02°'), hydroperoxyl radical (H02°),
singlet oxygen ('0,), hydrogen peroxide (H,0,), hypochlorous
acid (HOCI), peroxynitrous acid (HONO,) L8 hypothio-
cyanous acid (HOSCN) Iﬂﬂaggaﬁai: OH® az1duauasne
&l’]ﬂ‘ﬁ.ﬁ;@‘lLLﬂt reactive N’]ﬂ‘ﬁ.ﬁ;@‘l #1930 RNS ﬁLﬁ@I%ﬂ”I’JZT"I(ﬂ
2aNTIAUNRI0 hypoxia #inl# mitochondrial respiratory chain
N&® nitric oxide radical (NO'), peroxynitrite (ONOO™) ae

nitrogen dioxide radical (NO,") 3enT47i 112
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Free radicals Formula Non-radicals Formula
Reactive oxygen species
Oxygen radical 02' Singlet oxygen o,
Superoxide radical 02" Hydrogen peroxide H,0,
Hydroxyl radical OH* Ozone O,
Hydroperoxyl radical Ho; Hypochlorous acid HOCI
Peroxyl radical ROZ' Hypobromous acid HOBr
Alkoxyl radical RO®
Reactive nitrogen species
Nitric oxide radicals NO* Nitrous oxide HNO,
Nitrogen dioxide radical No; Peroxynitrite ONOO”

Peroxynitrous acid ONOOH

mﬁaaai:ﬁlﬁ@lu‘iwmﬂ (endogenous reactive species)
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o Iudu? 1k 0,™ ingnansfislugmeiidn primary ROS
Lﬁawmmmsnﬁﬁﬂﬁﬁ%mﬁ'ﬂuLaqaﬁunmmi‘]u secondary

ROS atinalsfiany 0, vzl reactive gedaluianazwialng
win Tsdiu, nucleic acids uazinena lagdnd 0, aznnyinli
wuaNslas superoxide dismutase (SOD) laidlu H,0, uaz
0, 71 H,0, illasudazyind§ATeAD 0,% uaziwankuINg

Haber-Weiss reaction vinb#tia OH® asaun13*

Fe* + H,0, —> Fe* + OH® + OH (Haber-Weiss reaction)

mﬂ’jmgﬂaﬁai:ﬁgﬂwaﬂmﬂu basal ganglia 14111)g
ANMULFINILUAZN1ITANEILTARLTZR N substantia nigra
fMIVNNMZLATHA0BNTIATY (oxidative stress) LuN1221T
\FoFUAATENINg ROS fndalasnszuiunisfafuae
ANURINITVRITEUUNITIzlun13vi181 8 reactive
intermediates #1'lugn13ifia ROS ildiinanuiFunisde
lutanausznmIapvadsas lulsamiAudunudn oxidative
stress pnintnlasayyadas: sunsnnusmmnarluns
wolavaslulanauasoidudaSurirldifian1sansaas
nigral cells lulsan3nuau vliiiannuiFameda neuronal
membrane lipids, 115@%, DNA wazesssznavesiitaLiie
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LNz UULUIERIN (neurodegenerative disorder) fins
guiiuvenaaadszamlandiuain (dopaminergic neurons
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a a a lﬁ‘ . . .
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d Y v a a U
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s ¥ B e . .
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' ' &a A A o A a
aguaInguraRfinIuguNIafauinl uazdninalunmda
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e lnInazn1mIean lasnalnanuiesdaiislteasny
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druwnfennisau tlaardiuld 1- 293 aans
A o a & = o o A '
s lnitazifnundulfisna1ed1dr Gea19896a
Mlwmsautias
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weaana ladne lasa1vazisnanauladunisnan
anidundansadansdin
e anInauLiaudaind (rigidity) inda1nsudefevad

UDUDIULAZRIAD Ei\‘iNaiﬁmﬁﬂ%vl'ﬁ’lﬁﬁ‘UWﬂLLatﬂ’J(ﬂ(ﬂW&l

Thai Pharm Health Sci J Vol. 16 No. 3, Jul. — Sep. 2021



néwile Fesufuauniavdudsfuiuduid
9M3Eu amshansezaainaldnn

o mnﬂ‘mﬂ@ﬁmq&mmﬂﬁi‘ﬂid@ﬁ (postural instability)
Tymmmudnduernsisnsuia 2 - 5 1 waufa
o3t dilwanaduludhani dranasnTaduly

NNIA U921

£a @ o o v a A A 1 o A g a
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ol =) [l I3 Qs s
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aelnaiie armsthendnaaiiie TywidumInawnay
WALFHILNWIaTY NzaNadEeY (dementia) TuiaTh naddy
WABATNAREY LAIDBBNINN AT IAITUNABULAZANIITUTREIANT
AARI MILNNIBILlUMTLAHN 101718
weSsnIwzadnsiialsansiuauazlsznaudlun il
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Lewy bodies F413znavuaig a-synuclein ANSLRaNVBI brain
stem nuclei LLazm‘ig’(tyLﬁr_l dopaminergic neurons wanand
ganuihmufaliawmiiuduaanndaungiasanan e
AOLTARLTZRININNALUAN (exogenous neurotoxins) §151
@aLTa (infectious agents) a3RBdaLTARUSza NINNA8 Y
(endogenous neurotoxins) ﬂ’a']&lﬁiaul,l,aﬂ’mw‘"ugﬂﬁm (genetic
{ & @, o o
susceptibility) uazagAnnAn'®92 fausinalnlumavinlig
iaANLFEBB6a dopaminergic neuron 8904 bt 13w
W31 oxidative stress unuindagnvildiianisgyide
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9¥iAa oxidative stress Tugtawsindu ToofiTasuiding
dan131in ROS uaz oxidative stress luanasldiitosann
dopamine metabolism AN i:@“ﬂmmmﬁmmumaL%wﬁgd
Tu SN, mitochondria dysfunction, neuroinflammation . & ¢
genetic mutations wadt (Eﬂ‘ﬁl 2)"7
e Dopamine metabolism: Tadrduazifia autoxidation 'l
naan Ly dopamine quinone WA DLYNDRTE Faz
wSuliiAansinasvesaasUszanlulsanisAuam
Immiﬁiﬂmﬁmﬂuimaqaﬁ'mﬁmlu synaptic vesicles
Ha931ndn pH dn anwliiafiosi pH nea3sInen ¥
1%”1&1LaqaﬁLLmIﬁuﬁa:Lﬁ@aan%mfuﬁ catechol moiety
ﬁqméfwﬁlﬁﬂmau ﬁ'?'af':ﬁwvl,ﬂgjﬂ'lil,ﬁ@ H,0, az 0,™
ezt dopamine-derived quinones (DAQSs) 'ﬁlﬁﬂﬁﬁ%m
g9 Fagnludsuswls nucleophilic addition reactions
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Dopamine High level of
metabolism iron
Genetic Oxidative stress High level of
mutations calcium
Mitochondria Neuroinflam-
dysfunction mation

A 1 a
‘§‘IJ‘I/I 2 uwEIvaIn1Iia ROS Was oxidative stress L
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7 pH NINITITINY cysteine residues vo4lusduazvia
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UfA3iu DAQs vilwiRamailasuudasminginns
vsuaaslysan sonaliienladliuaain wananit
59831897411 DAQs LluRmdawusnITy Foginade
aMuLAfioTUed DNA uazgarinevin g apoptosis faly
ﬂdﬂfﬂ@mﬁuﬂ'\iﬁwﬂﬁﬁ%mﬁu lipid hydroperoxides ¥
1WiAe adducts MiiluAiwde dopaminergic neurons

. izﬁumaamﬁnﬁgﬂu sN: wanulansisndurniy
tyrosine hydroxylase (TH) %dLﬂuﬁﬁﬂdﬂ’l‘iﬁ’m%’um‘i
af19latiu lagdaulodaansnuisnsasanin
tyrosine 3-monooxygenase LIua3L39UATeIN5LAA L-
dihydroxyphenylalanine (L-DOPA) %(1 v rate-limiting
step lumsaislathiiu sasiussiionudanlosszning
Tsan1sAusuuaz TH laswudn Fe** uaz Fe? #in
UHATe1ny 0, uaz H,0, inlWifia hydroxyl free
radicals FoluRsaairadlszamn

. i:ﬁumaumm%wﬁgﬂwlu SN: mIAIuQuLANLFHY
aelulraddadnis ATP-dependent pumps tululanan
15y Savinlitaire ROS Winuniu

e mitochondria dysfunction: lulaaautaIoiduunas
Lﬁ@dﬁu’uadmﬂﬁ@ ROS lu complex | (nicotinamide

adenine dinucleotide dehydrogenase) as complex Il

(cytochrome be1) aznaliiianmsats 0, lululanan
L@38 ¢33 mitochondria dysfunction %:ﬁﬁvlﬂgjmﬁ?wa@l
ROS finnifin wuian1swulds@u Parkin, PTEN-
induced kinase 1 (PINK1) uaz DJ1 Lﬁﬂliadﬁun’]i
auvedlulanauiess lag PINK1 uaz Parkin 3zl
#7UAUAN morphology uazaNqavadlulanawiaie
9INM37 Parkin ’ﬂ:a%ﬂu cytosol Lilaifia oxidative stress
@1 Parkin vlﬁ&]”ﬁ&lvlﬂ'ﬁ' depolarized mitochondria aniin i
L@ autophagic elimination Iﬂ&lﬁIuﬂi:uuumiﬁ Parkin
IetunsnanelUssmsasduvaslulananaionansd G

ynfalds@udiiioadasniy mitochondrial fusion inlUg
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Anstesaanslag ubiquitin-proteasome system (UPS) msifia oxidation

vaslaihiuuazing

Az mitophagy %8nINUEINY drosophila NANIINAE euromalanin

Ww%ﬁ: Parkin ﬁLLammiLﬁawanwwmmmqmaa

dorsomedial dopaminergic neurons A morphology f

fAnsfaaas Tl
A A . L A A a o W = degeneration u
AauUnd wuiuwuasnaniazdlulanauiasauinalionis TR IMAN o
° o . A { o o
RIANULATNITRANEAI2VI cristae TILABITINLANT
Aaundedndaeinduiie unldninnunisiiae -

ARNIHAR GSH
mutation U84 DJ1 889NN TFINALWLAA mitochondria uazifial GS-SG
fragmentation uazBuALwanqidgni1az oxidative

-

stress ‘éﬂ‘l/l 3 nalnued oxidative stress lunsiia dopaminergic

= { A . . ' . a o
e neuroinflammation: \Jun1zAazlUia5u microglia #9na  degeneration lu SN lulsansiuau?

IWifia oxidative stress lugfrow iAudu laud

= . = . . ~ A . a
microglia 1% phagocytic cells LI wa3AUIEna UV autoxidation 2831au1{iu w3a L-dopa HAun11LAia

innate immune system 28432 UUYILRINEIWNATI NIT quinone a:ﬁﬂﬁtﬁ@a%aﬁai: 1% O, uaz H,0, B9

[ & ' o [ a A ' & = . a
n3zdu microglia tluundad1AyvaInIsiia 0, 44 lunisuladduuss L-dopa quinone gnaandladiyl

ww3uliia oxidative stress luanad a9ualAiianis v aminochromes wazgaviny polymerize 1111w
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e genetic mutations: 3211 gene mutations Tu LRRK2,
PRKN, SNCA, PINL1, DJ1, ATP13A2, GIGYF2 LR
HTRA2 fiunuinvinliifia oxidative stress an@18819
17 SNCA 22 encode ASN lagifizntasiunisaola
11§, neuronal differentiation NNsaEaNVAI ASN Tu
wasUszanuad SNz ldgnisasvesimadaziia
Tsawn3Auau n3tia mutations 1 SNCA aziaSuliiia

msmwzmg'wﬁ'wad ASN LLaz oxidative stress*®17:1822.23

#ana1nTaTuAINENIT196U WUIINa'lnued oxidative

stress lun1sifia dopaminergic degeneration 1w sN1ulsa

WISAURW L1a997nN3LA0 oxidative stress A9%h (U 3)
= A . . A A
e in17.W Y oxidation 2a3lavUrdunaznisiia
neuromelanin?: ﬁﬂ’ayjaua@dlﬁlﬁu’i’l catecholamines
LLa:IﬂEJmwwﬂmﬂwﬁmﬂmmmﬁﬂﬁ'ﬁymaaagﬂaﬁaiﬂu
A = . . A '
suad latfiuazgnifivlu synaptic vesicles Tsatilu
aziaias tadiunniiulu cytosol ﬁﬁ]:gmﬂﬁﬁﬂﬂu
monoamine oxidase (MAO) vinl#ifia H,0, w3aifia

autoxidation L&L7a quinones AIRNMT

MAO-B

dopamine + O, + H,0 —> dihydroxyphenil acetaldehyde + NH; + H,0,

AuMenITLAa autoxidation adgNNTAE LU

Fe® - 0,

dopamine —> dopa semiquinone

Fe*" - 0,

dopa semiquinone + O,” + H*  —>  dopaquinone + Fe?* + H,0,

282

melanin wuiladrduidu precursor 144 neuromelanin
pvrastszanlaldu lauf neuromelanin Wuidai
fuulu pigment-bearing neuron ¥ a4 four deep brain

A 5 1 v = ' v {
nuclei T3t ugIUVa9 SNpe wadnazdsbinsiuninn
2849 neuromelamin luauaIRaNN udgninagindusiia

A a A v a ° A '

%uamaaa%aam:malmﬂ@ 0, U8z H,0, TIVFINA

damsyinanaisaslszan

o InMTANANNTNTUVRIRENZ nAnaztEsy WL AA

ayyadasr wuhwminienududungilunaoduas
basal ganglia 73414 SN izaziuaraduldlddne:
VANNNTUNALIUVBY nigral dopaminergic neuron §aR 1
vasauyasandian lasiawzlu SN vasthowifud
Aa = a A A & o ' Y
AdwanludIumgs Sanduu mdninldgnisaiis
Lewy bodies mumanﬁmw:mjuﬁ'umawaa -
= s a o .
synuclein G9tduldsdudrurunnlu presynaptic

terminals LazSURATAUGONTIAIIN Lewy bodies

* AANNTNAS reduced glutathione (GSH) Ll,af:w;\ila,l oxidized

glutathione (GS-SG)* m3tlasnuadaNIeNwoUNARIE
YpIFNad NAo superoxide dismutase (SOD), catalase
I8¢ glutathione peroxidase Tagwuin glutathione
. I P & A o A
peroxidase Lﬂu%uﬂumuvlmummq@wﬂaoﬂuwumaa
aandlanlasnsla Hy,0, ANAAINVUIBNTIUNIUEA
4 _ I
FUVDILTAR %d;‘]ﬂ@]ﬂi}‘wulu glial cells ¥a4 midbrain

AIFNNNT

GSHPx

H,0,+GSH —> GS-SG + H,0
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Hnauuad H,0, %dﬂzﬂﬂdﬁ‘umﬂﬁﬂ oxidative stress
Inssuuaindiuwiuzas GSH iudaduinalunisien
H,0, 8an wui1 GSH lu SN aaaslugiliwiiniugu
swndunalgyiForeasadzam dmil GS-SG

A X
LNNYU>2425

Tuszrirsmafianesan naaslsanwisAuE® WuI1ng
1ia ROS 3zvi1lAAiaaNuLdun189 SN €1un14d lipid
peroxidation, protein oxidation L 8 ¥ DNA oxidation
UnngminiainanngnanirlasmsidfsudTunoundnlu
&4 83, mitochondria dysfunction, monoamine oxidase (MAO)
activation #3ou3nseNnan15tUAunlu antioxidant defense
system?®

A & ' a Aa a a
mnﬂnmamm:wmfmggaaas:‘mmﬂmu"lﬂwm@
oxidative stress azfinadaniaifialiawmiinan  Inagmyiie
NMIR N UVBILTARUTLAIN NITANLVBILTARUTEAINUAL
ANNLFANTBILTAAUTERIN @Tﬁﬁumi‘l@ﬁ'ﬂmiﬁmawa

a .. A = A o A a
8832 (antioxidants) Satdussnoredasnuniaveaanisiie
ROS N9¢&INARANITLAA oxidative stress "L@i”ﬁfumsﬁmawa
daszadnana laun 3a140ud (o-tocopherol), 3015w
(ascorbic acid), B- carotene, flavonoids, carotenoids i & &

. A 2 A & A A
phenolic compounds fin1sansnantdudszlosivasiandin

A o a A a A AN ve
mﬂumsmua%aaas:I@ﬂﬂ'ﬁﬂizmmmuuw"l,mmfm
219113 lawn WnuazNaly iNenagauANNFUNWEN LAY
weoszasdthefive W ldidulsawnifusuludyu aanns
§nAWUIINITIA3U vitamin E waz B-carotene tABTaanu
N1IAARIVDIANNLFLIVDILIANISAUAR N1 LA UFITAN
auyadarluszaugaiazaanisdniinllveslianinudu
swﬁ'\ammi:aamnﬁ@LLazmiLﬁummEmLiwaﬂsﬂ"l,@"
w1 liaursasne lsaildvisriafaiy T kaSURIIAL
’ o A A Aa A ' A

awaaaszm_lLﬂumsaauamiumsaﬂmmLam@]amﬂaau

Va Ay syannlezs2o

unsigyl

AUYNBFIZINNNITUINNITA Tun1sdniudinee
Weatastumaialsafidmafessesoasdszam laadinms
Lﬁuauqaé'ul,ﬁaomnwS@]awaSas:‘ﬁ'mmﬁummmmm
voIEIdInayyadaIzazidald sunsdeaulansdiasuly
1in ROS &Inaliiian1e oxidative stress fiaifuiladbsnan
Tungngnnvesmaialsansaneu Seiadulsaniions
anuLFeNvastaaslszamlatdulu substantia nigra uas
LﬁuiiﬂﬁLﬁ'umumqﬁmﬂ“ﬁu A13Lfia oxidative stress 1

FN89L$89371Nn dopamine metabolism TEAUVBILARNULAL
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LLﬂaL"ﬁ'ﬂuﬁlgﬂu substantia nigra, mitochondria dysfunction,
neuroinflammation W& % genetic mutations &4 HalWiianis
‘ﬁm’mLsnaﬁﬂs:mwﬁmna"l,n%mn%mﬂ LT ﬁﬂ']ﬁl,‘ﬁlll
oxidation 183laUNTuuazn131Aa neuromelanin, Fn13LAY
AT NTUDILAEN WAZAANTINE® reduced glutathione LAz
VAW oxidized glutathione ﬁwvl,ﬂginwnﬁaml,t,a:ﬂﬁm HUBILTAR

Uszamlugthewifiudu
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