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Abstract

Inflammation is a biological response to injury. Although inflammatory
processes have many benefits and are related to tissue repairing processes, out of
control of the inflammatory response might facilitate the production of neurotoxic
factors and cause many chronic diseases including neurodegenerative diseases such
as Alzheimer’s disease, Parkinson’s diseases, amyotrophic lateral sclerosis, and
multiple sclerosis. Actually, neurodegenerative diseases are induced by specific-
disease mechanisms, with different sites of injury and specific pathophysiologic
responses to inflammatory processes. Interestingly, these diseases have been
involved with inflammatory processes. Triggering process with inducers, sensors,
transducers, and effectors can induce the amplification of inflammatory responses
leading to neurotoxicity and neuronal death. Therefore, inhibition of the
inflammatory responses might reduce the progression of the diseases. Reviewing
the role of anti-inflammatory agents in nervous system might be benefit for
preventing or treating neurodegenerative diseases.
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UNANLD

nszuaunsdnauulitemeuauessionIsuInIU W INsEUIUNITONLEUDL
AeldiAausyleny uasduiusiunszuiunsdenusuiiodie winnnisiinnszuiums
Snuavlilannsomuauld envdmariliiinisudn neurotoxic factors fineliiinlsaisess
0N swlsaszuudszamidon (neurodegenerative diseases) 8191Lvu lsadalaiues
Tsenndiudu Tsanduiosounss waslsavasnuszamsnay [Wudu Fdsassuudsvam
Gdouusazadainannalnfifidnvazienizvenusazlsn Tnednedaninuas sunslu
mMaialsafiwansnesy sgrslsinuiisenuinszuiunssnauiinnuduiuslulsassu
Usvamidommani Taewuiniled inducers snnsedu asvhlsiAnnisvieuves sensors,
transducers way effectors dswaliiinns amplification 989n15MBUAUBIRBNTLUIUNTS
NLEU ﬁwﬁqmzﬁﬂﬁtﬁmmiﬁﬂmﬂL%éﬂszmm (neurotoxicity) LazlAnnN1TRNeYD
waauszan (neuronal death) ¢ FansdudanisnevausenssUIuNIISNLEUDI9
anunsavzasnisenduvedlsals fufunisAnwunumuesasiunissnaulussuy
Uszamuavauesazivsslevisenistestuniosnwilsassuuuszamidonuls
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NI

nszuruNMsSnLay (Inflammation) duusiunisiinlsaszuulseaimden
(neurodegenerative diseases) dslsasananiinuves laun Tsadalewes (Alzheimer’s
disease; AD), lsaw1sAudu (Parkinson’s disease; PD), lsang Tilesouus (amyo-
trophic lateral sclerosis, ALS) wazlsaUaonuszaimaniau (multiple sclerosis, MS)
ﬁwé’ﬂgwm%wﬁz%’ﬂﬁmﬂm&ﬁmeifl d1u1sawy innate inflammatory response wag
inflammatory components Tulsanisszuuuszam’ uanamnimsanwludaineasds
WUIINITROUAUBIRONTZUIUNITSNLEU (inflammatory responses) viaade ey
microglia waz astrocytes Fsfmnuduusiunisaiuluvesise (disease progression)
meszuuUszamuaranes® sy msduds inflammatory response 813t1lUdn15vzae
nsanduluveslsald nsfnwiunuimvesalsatuniseniau (anti-inflammatory
agents) TusyuuUsramiazaueosdsuirziivsslovusanisUesiuniesnwilsaszuy
Uszamdey

[

NITUUNTANLEULALTTUUHIANTY

nszuaun1sonauiunszurunimseljiseinisnevausalliefifinssiu
(stimulus) dealiiAanesaninla lnefidinsshueiauandsindsu (environmental
factors) waz/v3anelusianieg (endogenous factors) fiaeensvasdinsesdu taud n1shn
& . . < .. & A & v @ g
e (infection) wazn1su1aLau (injury) veuiloide Wudu Tunsruiunsoniauty
WudsruuiAuAY (immune system) dunuindrfgylunissnwiauna (homeostasis)
Y8393°19N"8 Lagianseaue 9 azdsdayaaudunsie (danger signal) deszuugiauiu
WislmiAnn1snevausssonsyuIuNTONtauselU®

widnszulIunsenlauazneliiiausglevl (\Wu n1s phagocytosis ae debris
%30 apoptotic cells) uagdunusnunszuIuNISPoNLTNLllale (tissue repair processes)
wivnMsianszuIunissnauldanunsariuauls enadanainliinisuds neurotoxic
factors FyilvAnlsns1e o Taslan1zeg9BallonTzUIUNITONLEULAATUNENDY 913%N
TiAanedanmasslsaszuulssamidouls uonainilddinsAinwnaitsatufisnsauin
nszulaunIsontauluszuuysyam (neuroinflammation) §UWUSAUUNUINNLINVD
glial cells Fuduwadaquszuulszan?

Glial cells w5@ neuroglial cells .U wiwadniigusiavatsanvuzuazduuind
waneineiu wadwatazunsnagluilowevessruulsramaiunana lnegvimtd Ay
AR ANUIEUUUTEAIM W10 1MThareendlaunhsueadUsesam Mdnvenduaanain

I ] Ao w - - a 1
seuuUsgay wazidudaiuusznaunaingyues blood brain barrier ¥¥8AIUANNTTHIY
\[WpeNTBIESIeLTElIARNY 9§ syuinessuulnaivulainlarseuulssamadiunans &

. a d' ! & & saa |
glial cells mwUa,Jquﬂluisuuﬂizammuﬂmq Ao astrocytes [ ulgaaniauinlng
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anuARIeIUATY Lazlluvwanningiaiurasniion i unian wwese1ms
g waduartna1semIseaNg 9 snAsnsadUszam uonanidhutinfivasAiqu
szuuUsramaIunanadnéae du microgliasdu glial cell iflvwndn dupdealng
LUUIAdY 2-3 waue Fntiitidadsutandasulussuulsramaiunasde
N3¥UIUNTT phagocytosis R microglia 3039w major resident immune cells Tuawuos
lngluan1izund microglia 9zeg/lusy ‘deactivated phenotype’ Feduwusiunisadi
anti-inflammatory factors ua e neurotrophic factors w9z 1Uasudy 3U ‘activated
phenotype’ Lﬁaﬁﬂ’liiﬂg’mm pathogen n3eilnsunaivveaieide dwaliiinnis
MOUAUDINDNTZUIUNTONLAY

peAUsTneUTRIMsIAnnsEUIUMIsEueaulsld 5 ewUsznou dutelli

1. Inducers Lag sensors N15ABUAUBIYBINTLUIUNITONLAU QNATUANAIY
biological program s‘éaé’aqmﬁmzwgﬁﬁm fuhsuila innate uay adaptive immune
systems tial#ilusyansanlunissediu microbial pathogens iewadiinnisinde
Lazuniuanatinasunuaseiiiedestunmsiianesanmveiedold Tnudwalds
n1snseRu effectors 13e gene fiviuiingi amplification 305z uauA1g inflammatory
response senisaaidelneiiluavisuduile pathogen-associated molecular patterns
(PAMPS) Fadu stranger signals vthilaiiowdu inducers Sufu pattern recognition
receptors (PRRs) &svimiinilaiioudu sensors Fasognasoluil

Toll-like receptors (TLRs) 9a1du PRRs glandls fiawise recognize jULuy
03 PAMPs 1 andiegnaty TLR4 ag recognize wo lipopolysaccharide (LPS) 21
wuaiSeunsuau luvasd TLR3 92 recognize sio viral double-stranded RNA 1Jugi
1n® receptors mdwf‘?%a&juumaéwmwﬁ@ wiaz expressed u1nTuigadfviandag
\Aeniiu innate immune responses l@n macrophages wag microglia yonanieasinig
3189UIUNUIMUDY TLR2 wag TLR4 sian1siiawensaninvas chronic inflammatory
diseases #19 9 wagwui1 specific TLR4 polymorphisms &uWusiunisiin human
age-related diseases #anulsp o19iwu atherosclerosis, type 2 diabetes wag rheumatoid
arthritis® %ﬂﬁﬂﬂé%’amé’aﬁ'jﬂ receptors ifinasa inflammatory programs \wiandenad
anuduiusiulsaszuuUszamdey

wonand purinergic receptors (6’3'&1:‘1‘]14 PRRs %ﬁwﬁq) 2%din"3 expressed U
microglia uaz astrocytes wislwarunsanavaussse ATP indsesnuiarnwadiied
n1g cell death, traumatic injury 3@ ischemia Angulusruudsvam Tag microglia
LAz astrocytes 9xiinnsuans scavenger receptors JuuuAnwadLiovhuiini uptake @13
1m0 cell signaling Faléiun oxidized proteins, lipids way apoptotic cells Lﬁﬁﬁicjlfzjaél

2. Transduction systems n139 PAMPs §uffu PRRs az1ilugni1snszeu
signal transduction pathways ﬁﬂammazmumi transcription wag post-transcription
gndiregnady TLRs 11d (couple) iu MyD88 uaz TRIF signal adaptor proteins R
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\Ju signaling adaptor systems JzdananszAu downstream kinases (IkB kinases way
MAP kinase) ﬁﬁmﬁwﬁmugu signal-dependent transcription factors #14 < 14w
NF-kB, AP-1 wag interferon regulator factor (IRF) families 1Judu R transcription
factors mdwﬁ%ﬁ’mﬁ']ﬁ%mﬁ’uiumamuam NITULEAIDDNVDY gene naevin lnyay
AuAu gene lndutugiu target cell fignnszdul
3. Amplifiers wag effectors dlefinasmsaany microbial pathogen Tudy
Suduaziinng amplified oo additional cells lUSsiunisiiiinisinide uazitols
\inn13imungnsguIunis adaptive immunity Aese1dufy amplifiers i amplifiers
fiddalunszurunissniau Ldun cytokines (Wiu TNF-o, IL-1B) ¥iantidhiduans
donan9n138niau way chemokines (11 MCP-1) vianiinfii3en additional immune
cells 1152wy yanaIniu amplifiers el daiinaseduil encode proteinsﬁ
Rerdasiunssedunsinge msduaseilsiu nsinaeufiveasad wasnsuiiiaue
WaURALIU (antigen presentation) dnay Fanalnves cytokines Fivimeidu amplifier
senszuIuMsTauiy esunelaseeluil
3.1 nalnuas TNF-a (Tumor necrosis factor-a) iefin1snds TNF-a
g0nu1 95n153UAU receptors fiumnsaiu 2 wia fe type | (TNFR | w38 p55) uay
type 11 (TNFR 1l w38 p75) Inefin1s@nwin TNFR | .0y receptor fiflpanuddayse

cytolytic activity 8¢ TNF-a @31 TNFR 11 §aiduansdenanssiedaeyias proliferative
regulatory SIgnaIs
o TNF-a §uffu TNFR I inT#danasmileay caspase SIMNW

FADD (fas- assomated death domaln) %Q%“uﬂlﬂﬁﬂiuUQUﬂ’li apoptosis 14 yonani
N133UAU receptor i aqmmmmumm transcription factors laua NF-kB way AP-1
(lnsnnu TRAF2/5 wag RIP1) willenii MAPKS (mitogen-activated protein kinases)
wazdsanunsansedy intracellular Ca?* Widtuundu Taesums ceramide nées

nabniviliAnnsmeveseaduszam fe N133UNINALRavaileny
(ion homeostasis) Tneiile intracellular Ca?* \fissnndu gy liiinnseAuwadUseam
Funiuly (excessive neuronal activation) vil#n15¥11914v8958 UV neurotransmitter
systems LARAINUNNTBY danavinlidnisasne neurotoxic mediators (1w nitric oxide
(NO) wag reactive oxygen species (ROS)) waziinnisiudeni genes ﬁLﬁuﬁamzﬁu
%A apoptotic pathway wes neuronal cell l¢ d@swaliiinnisaevessadussamlalu
iqn®

3.2 nalnwas IL-1B (Interleukin-1p) IL-1p anunsaduiiu receptors 7
unn@9AY 2 ¥ta A type | receptor (IL-1RI) waz type Il receptor (IL-1RI1) e IL-1P
Fuiu IL-1RI1 aziinmssausaiu IL-1R accessory protein (IL-1RACP) 1fJu complex 7
ﬁ@mauﬁalﬂu high-affinity receptor complex dielwiAn signal transduction lagns
sauddu complex Tuazende adaptor molecule Ain MyD88 Feazdwmalimieni
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kinases #114 9 (IL-1R kinases; IRAK, transforming growth factor-B activated kinase;
TAK) vinlsiAinn1snsedu NF-kB, AP-1 uag MAPKs siald lae type I receptor il
ﬂ’J’llJall‘W‘LJﬁﬂU biological actions ¥4 IL-1 mmm’] type Il receptor 9 IL-1RI1 azly]
finswileni signals 1 N 938N receptor i ‘decoy receptor
UeNAINY An1ANWINUI IL-1PB i long-lasting activation

999 NMDA receptor functions Fofugananiléin IL-1 B dinasie glutamatergic excitation
Tner1u NMDA receptor component @3019&uWusu neuronal excitability %3 e
excitotoxicity sae®

4. Cellular wae tissue context N1sREUALBIRENSTUILNITENEY Ineriluas
Aeadesfunisinauiiduiudsusy Wmmaaﬂmmu NaoALADN LAY parenchymal
cells Fsluiitedoty macrophage szshaihiadiousuhsnmsiennzinideuazname
VINLAU LLazwmmﬂmamaﬁumLuaLaaiuaﬂﬂazUﬂm (normal tissue homeostasis)

Macrophage ﬁagﬂuamw ‘activated” loun M1 uaz M2 Taedi M1 (v3ai58ni
classical activation) 9vduRusfiun1snevauesves proinflammatory sie IFN-y fiadna
11910 Thl T-lymphocytes #39910n15d9d Yy Ul u TLRs d2u M2 (#39138077
alternative activation) azduwusiunismauauasse cytokines wu 1L-4 uas 1L-13 7
#519u137n Th2 T-lymphocytes W3991NIYas U y Fensidsuain M2 Ty M1
phenotype aufieadosiu inflammation-induced pathologies’

d71 macrophage ﬁazﬂuamaz ‘deactivated’ 3¢ FUNUSAUNITABUAUDIAD
anti-inflammatory cytokines 1%y 1L-10 FednsAnwnud microglia zuananuiduy
deactivated phenotype Tuauosund (healthy brain) wazeratiunumarAglun1ssnuy
ﬁm@a%a%‘ﬁj@Lé@l@ﬂﬁhUﬂﬁéaﬁﬁiz‘wj’N astrocytes waziwaauszam Faftumumadne
fiu alternatively activated macrophages Tuilodesu y

syuuUsrarmalunans (CNS) 9m31.du immunologically privileged site
na1fAe immune cell laianansaruidunlu CNS 1o innlaifinssniaunseunaiuves
dede Lﬁaagiuamwﬂﬂa dendritic cells aglsifinnsuanasudu antigen-presenting
cells (APC)® uslunazdiil stranger signals WINseAY microglia azyimiaidu major
initial sensors Giaéfzgﬁy']mé’umwﬁgﬂ recognized #78 TLR4 danavinldiinn1snds
inflammatory mediators 141 TNF-a tiag 1L-1pB Falwane astrocytes Twmideniinag
\inn1srevauBImanIzUIUNNTENIEUYRLNI (secondary inflammatory responses) ol
ot microglia FaflunuimdAgylun1sainumazAIUANNITNEUANBWBNTEUIUNITINLEY
TuusunveslsassuuUszamiey

5. Counter-regulation Negative feedback mechanisms @11150a0n15699U
AUDIRBNTLUIUNITONLAURIN inducers way amplifiers 1a Fasuluderilnannis
wienilUsaudivimihfiduds signal transduction pathways (11 SOCS proteins) uaz
Wil transcriptional repressors %3 transrepressors (11 ATF3, Nurrl) uonani
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gansgaulviin1sasne soluble w3e cell-surface mediators lae anti-inflammatory
activities (191 IL-10, TGF-B, uag resolvins) nsqgt1o

TsaszuuUseanmaay

1. lsmdalwwas Amyloid plaque unen3an1w (neuropathological hallmark)
wilswesnisiialsedalowesd Ineiinannisazauves p-amyloid (AB) 3¢ AB inTuan
n15 metabolism vas amyloid precursor protein (APP) lausinuteulesl B-secretase
way Y-secretase e?famiiamémm AB a¥nsEAU microglia (ﬁﬁﬂﬂ'j’] neurotoxic
microglia) Tvids signaling w1 ToII like receptors (TLRs) ha receptor for advanced
glycation end products (RAGE) mmsmvmu receptors ezl transcription
factors l¢in NF-kB uaz AP-1 ﬂivmuiw,ﬂmmiaiw ROS wazyilAlAnn1s expression
VDY mfIammatory mediators %13 ¢ LU cytokines (TNF-o ez IL-1pB) lae mflammatory
factors widilaziinalagmsesie cholinergic neurons wazdsanansansesu astrocytes o
At i amplifier o proinflammatory signals el lfiin neurotoxic
effects Sndne ueN9ING NSEUILNNS apoptosis wag necrosis Yeslwadusyav dedina
Falifinisnds ATP wnseuliiiin neurotoxic microglia #1uvn4 purinergic P2X7
receptor® uragslsAnu microglia (ﬁﬁsmdﬁ neuroprotective microglia) ®138unuM
Tun1stlosiiu (protective roles) nMsiinlsadalawaslalnavhniifinidn (clearance) AB
Hunaln ApoE dependent waz ApoE-independent mechanisms!

Pnfinannindiu asdiuldinnssuiunmsdnavlussuulssaimaiunans i
Mliiinaudiunnseslagntun1siia cytokine-mediated interactions ¥esiwaa
Uszainuag glial cell* R cholinergic neurons Tu basal forebrain 1utsadyussanm
wdnfAutendeduiusiulsadalowes wanduwdmuieddyves inflammation-
induced toxicity #1e og1slsAnudsiiiwaduszamdu q fAenagnnsznuldivuiu iy
glutamatergic neurons uaz GABAergic neurons (Jusut?13

2. Tsawnsiudu weorsanmudnveslsanisiududenisidenniegniinate
¥4 dopaminergic neurons ﬁagﬂuammd’m substantia nigra wagn1siAa intracellular
inclusions 31N N1537U#2909 a-synuclein protein 73807 Lewy bodies Fansadng
Lewy bodies lusesu intermediate-state oligomers agdanalyitinn1snsedu microglia
111 TLR-independent mechanisms 1JunavinliiAnnsmisdn NF-«B iianisadng
ROS wag proinflammatory mediators Ful g factors (mantaziinalaonsane
dopaminergic neurons Tuguesalu substantia nigra uenaniu factors twanii e
mmamssﬁu microglia T AUNITNOUALDIRENTEUIUNITINEY Lay microglia §49%1
wihiisaufu astrocytes vilviin neurotoxicity sie dopaminergic neurons 3n¢ets

Bacterial lipopolysaccharide (LPS) \Judndwilsfianuisawmientlviinlsa
wisAudule T LPS vilviAnn1s expression ves TLR4 uu microglia kagnsgdunis
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navAUDIsNTZUIUNITONLEUTUAND AU substantia nigra denavinlilAnANLEYUIE
294 dopaminergic neurons leauriut

3. Tsandruiiosauuss nedannwedlsanduilegouusainanmsideunse
gnvina1eves motor neurons laen1saiiuluvesnisiin neurodegeneration Tulsail
anadunaunainnisidenves motor neuron wazn13 mutant ves superoxide dismutase
1 (SOD1) protein #3n157 SOD1 aggregates tuannsauiehlfinnisnevaussse
NIzUIUNITONLEUAN microglia laeniu TLR2 waz CD14 14 uonanil microglia &4
d1u15an5e6U astrocyte Llagn1sasie cytokines 8neae Tneits activated microglia
Lay astrocytes 93inileain transcription factors NF-xB waz AP-1 1 iinnisasis
proinflammatory cytokines t.a g apoptosis-triggering molecules (141 TNF-o ta g
FASL) ﬁwﬁqmzﬁﬂﬁﬁmmi injury ¥e9 motor neurons LA &19L5AA13 motor
neurons iin"3 apoptosis #3e necrosis axfin1snds ATP tielunszduliiin activated
microglia lawuiu Inerunisuanseanves purinergic P2X7 receptort®t’

NAN1Talg9au Jeaguladn microglia nsedulvitinnisnieves motor
neuron TagH 1uNSEUIUAISENLEU TUNI9NaURUN1ITAT8YDS Motor neuron A&1N15A
nszéu microglia Tveeflugy active Lilevds cytokines leivuiy

4. TsauaanUszamsnay Hulsanieszuy autoimmune Aifinsvihane myelin
sheath fiaguu axon luszuuUszamaunals 49 myelin sheath simtiiilunissiesis
wazUnloswaduszam a1 myelin gnvitane agvibiwasuszamiinanudeniguas
nsasnszuaUszamunnies dwalinduniloseuusdly Tnenuilsaiduiusiuszuy
pifuAuLaznIzUIUNITSIEy GansiniBeuuaiienielata vienslasudnseduain
Aauanda (environmental stimuli trigger) mmmﬂizéju microglia wag astrocytes
T Ann15imiea1n transcription factors NF-kB way AP-1 @91i1lugnisnas
proinflammatory cytokines \Jugfuneunt®®

Naive T cells azvi1ndfiansn myelin-derived antigen presented 1u MHC
molecules ilof 1L-6 uay TGF-B iAndu awnsedulst naive T cell fin1s differentiate
Tusdu Thi7 cells wazindanynlwiin1suansaanves retinoic acid receptor-related
orphan receptor yt (RORyt) Fadle activated microglia wa g astrocytes waq IL-23
waz osteopontin eanu1 aztudleniiily Thi7 cells %&a IL-17 waz TNF-o diwaliiin
n15v11a18 myelin sheath §alund1ify activated microglia way astrocytes Saduunas
9939 ROS way NO dsaunsavinane myelin sheath w.ag neurons l@Luiu Fafunis
muAu T cells azanusadudanisvineuves Thi7 cells dawasiliannisvinans myelin
sheath uag neurons 7%



70 Thai J Pharmacol; Vol. 39: No. 1, 2017

A5TUAUNTTINLEUTUSTUUUSLEN

MNMImUTIUALAnRUATEUINMISAEUT iy aansaagUlid Tsaszuy
Uizmm?iauawgﬂmﬁmﬁﬂﬁﬁ@%ﬂé’mﬂmimauauawaaﬂszmumsé’ﬂLaU Tnesinaln
annzluusiazlsn Jein pathway AuwnnsrsiilunisnsgduliAnnssniau (efivu Ap,
a-synuclein, mutant SOD1 wax myelin peptide mimetic) wazinunuslunisiinlsady
Hudnwazianizvesudazlsa Asiunauledio Wedl inducers unszdu agsiliiAnnis
1971904 sensors, transducers wag effectors dswalniinns amplification vesnns
MOUAUDIRDNTZUIUNITONLEU LARN1TYINa18Usza M (neurotoxicity) saulutenisane
voaduusyan (neuronal death) letauriu uaﬂmﬂﬁmimzéju innate immune cells
@ microglia waz astrocytes Tuszuudszamdiunans Sadndusdusznounisves
nszurumssniauluszuuyszain lag TLRs way PRRs 9u 7 expressed aguy
microglia szuansunumlunisnevausrenssuaunissnauluduibudy (initiating
inflammatory responses) ﬁazgﬂ amplified s1e astrocytes sald Tusitus eIty n1s
dedyeuranduandu (signal transduction pathways downstream) e receptors el
98AIUANNITIAIUYDY transcription factors NF-kB wag AP-1 Gavimthiilunisains
amplifiers uwag effector molecules lawn cytokines (1%u TNF-a, IL-1p wag 1L-6),
ROS waz NO \Jugu Fenane factors findnaundredudninduy general neurotoxic
factors MilugnsiAnlsnszuudszamidonls

N1IRDUAUDINDNTLUIUNITONLAUUIU 9 (sustained inflammatory responses)
dawalsiiin neurodegeneration Id uanainiinszurunissniaudsiiansnalunisadg
disease-specific inducers Tnafaiuies Wy nszurunssmavinamdetirliiinnis
#5719 AB WJudu?

TutliqUudsiifaulafezAnwifenaveanisnsedu innate immune cells 7ifiso
szuuUsvavusiazuin nande 3 cytokines AuwdloutulunisiiunumyiiliiAelsassuu
Uszanmidouusdsilsuuuureanisiin neuronal loss Aumnsnsiu nMsymANLLANGIsYes
Auhvegaduszamusazvinnon1siin neurotoxic factors 3etiuindanudfey
98198

ansdunisantaululsaszuuyssanniday

1. Nonsteroidal anti-inflammatory drugs (NSAIDs) #1n&s NSAIDs WJu
enildsnulsafiinannssniau eengududsiidummuasninianssuiunmssnia ng
Whvanewesen NSAIDs fie teulesl cyclooxygenase (COX) daduoulusflusunsniild
Tun151UAey arachidonic acid v¥u prostanoids Ineveulssl COX fideindanudify i
¢ 2 isoforms e COX-1 Faaziinig expressionluLﬁm?ia%mwﬁm LRTAIUAY
homeostatic ¥8an15&519 prostanoid & COX-2 1Ju isoform 7.Aeadastunsyuauns
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sniau e1a3enladndu inducible isoform wws1¥agiinis expression aanuNE195IAL52
Lﬁamauauawia?iqmzéjwm 9 laun growth factors, cytokines Lag hormones 1Juau?t

1.1 COX-2 Tuszuutszamaunans fanududounassiliiduiidila
pg1uLdn wavegslsiauiinsAnwmuin meldannigun@ COX-2 fins expressionlu
FEUUUTEAMEIUNALAZYNATUANAY Synaptic activity??

finns@nufinudn luanewvesdUrelsadalyiuas 4015 expression ¥a9
COX-2 TuszuuUszamn (neuronal expression) Wity uieghdlsfnudadiuianisinend
wanslisiu COX-2 expression anas fstuanmssusmdeyalunarsnisinyiises
a3uUlén lunzUnd auesiinis expression ves COX-2 agsziunils dwluanosiag
Tsndalowesiu wwiissdu COX-2 Mfinunntuluszezi3uusnvaslsn (early process of
disease) urazilsyiuanasilofsszezinevadisa (late in the disease) uonainidail
As@EneIfinudn COX-2 finns expression Tu astrocyte was vascular element Tuaues
Auaelsndaloiesdneig??

v
v A

1.2 ﬂa‘lnmiaanqm%‘ﬁ'u 9 ¥84 NSAIDs uanain NSAIDs agdudan

=

woulesl COX uda Ssmuirdinalnnisesngnsdu q Sneghaes 2 naln léud n1snsedu
peroxisome proliferator-activated receptor-gamma (PPAR-y) Lazn15§u &3 nuclear
factor (NF)-kB pathway? Faavesunesasolud

PPAR-y ¥a1u nuclear receptor superfamily na1afe dledl ligand 11
Fuifu PPAR-y azviliiAnnisiwdleati transcription factors Tu nucleus 1¢ fis1ea1usn
miﬂizéjuﬁ PPAR-y azmiientilings transcription ¥89 BACE1 (B-secretase 1)
anasvinlnns expression wag activity vo9 BACEL anasaioituiu? dwmalvnisasig
AP anas (1o391n BACEL WJweulesifisn APP leidu AB) 31 NSAIDs urssndu
ligand 289 PPAR-y LazenainaneszuuUszamdiunansinenunalnmand ae
PPAR-y agonist (32189 NSAIDs) ann1s transcription w4 iNOS Tu glial cell uazan
inflammatory mediators #15® neurotoxic signals fa¥19duan monocyte 138 microglial
cells fny?

NF-«B signaling cascade 191 major pathway @1%15U gene expression
299 inflammatory mediators msﬂizéju pathway i %Gﬁuasuiﬁ’mizmums phosphoryl-
ation 7iuen inhibitory subunit (IkB) 8an31n NF-kB analnvos NSAIDs Tunnsduds
NF-kB fie fudan1svinsuues B-subunit Ty IxB kinase (IKK2) fivimiindilunisuen
IkB 80n91n NF-kB siatunséiuds IKK2 Ssdsnariili NF-xB ldansnsareula??

1.3 Tarenflurbil (R-flurbiprofen) 45 e Flurizan1Jw pure R-enantiomer
¥849 racemic NSAID flurbiprofen ?quﬁlﬁﬁqwéé’ugﬁ COX enzymes (ﬁga COX-1
waz COX-2) undsreauitaunsaan A 162 Fadalueingu anti-amyloid therapies
ImaaaﬂqwéLﬁu selective APB42 lowering agents %Qﬁﬂalﬂmsaaﬂqwéiﬂamamuqmmﬁ
Vauveseuley y-secretase tnefi y-secretase Wueulusindlefivihwiniisn APP 15y
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ABY §4 AB42 \Tu p-amyloid idaanudrfydonisiialsasalewes venaini
tarenflurbil sam150AUANAITINAUYES v-secretase Vi APP lusumnisfivinliiAn
APB42 fianas vilaanisiin amyloid plaque fivdudiv %QﬂﬁiaaﬂqwéﬁazLLmﬂGi’mﬁ’U&n
n&y y-secretase inhibitors (LY450139) \fieenn tarenflurbil azianizianzassanisan
AB42 whitu Tnglsifinasuniunisvihemumes y-secretase substrates 3u 9 uAagelshanu
Tun1sAnwimnepdiin phase 11 wuan tarenflurbil Tinanisshenliunna1eainevasn
Li’immﬂsmifmwé'i’]gjamaﬂé’ﬁaa (poor brain penetration)?® %aiuﬁ%;ﬁ’uﬁwé’aﬁmsﬁmm
oyusvsediail dWelrlinsiudrdauasddunniu®

2. Estrogen n13@n®19119432U1A39181978971791 estrogen replacement therapy
(ERT) fimnudunussunisiia cognitive performance ¥aadasfunisunnsoadiu
aflayay (cognitive decline) wazangufinisainisiinlsadalsiues wananinsanely
dnivnassdinunavues estrogen ﬁﬁsiamm%ijummulm%w (dendritic plasticity)
nsrUILNTATIEUUTEam (neurogenesis) uazn1siseus (learning) anae

3. Antioxidants #vdng1uegieiudndi inflammatory reaction a131sanseAu
oxidative damage Tun1siinwesaninvesnszuaunis neuronal degeneration 1o uay
inflammatory response gﬂgﬂﬂ?UﬂNI@U oxidative stress 8néae Fatfu antioxidants
91399¥@1N1T0Y8YLaaNn15LAA neurodegeneration 311 n11% oxidative stress La
gnA881919 Y vitamin E @u1saan microglia activation Tussuuussamuazdsdian
s¥U PGE2 uay COX activity®! lasiinaronisfine wud1 a1seing 9 dnuandidu
antioxidants dwafsenistesiulsaszuuuszamidons®®

4. Natural products 91nA 0NN UG5 11719 inflammation waznsiin
neurodegeneration finaiundnedu asdiulddansiifgnsdnunssniauenaiuselenily
msildleatunarshw lssvuulszamidonls Seansainsssuninaneviindsieay
Tilgusiunssniau endogiau

4.1 wzfqe (Ginkgo biloba) fin15Anw1 wuin wlzAeaiu1saannis
activation w09 macrophage ¢ warfianunsoanaisdenalaniseniau leun iINOS,
COX-2 uaz TNF-0® uanainiifinisnuniuassanssuagradussuy (Systematic
review) wui1 udzfreduselevisedUag mild cognitive impairment wagiUign1iy
avaadeou (dementia) Snene3

4.2 41 (Camellia sinensis) 15189474 mﬁﬂmamﬁ’atﬂu neuroprotective
Tunnay ischemic-induced neurodegeneration Ingenunalniivgnsiduaisdueyya
daszuaviJuansiunisoniau®?

4.3 flapm (Garcinia mangostana) #i51891uinansdfgyludineaunse
anansiieadesiunissmauld 1wy iINOS way COX-2 Tnanunisdiuds NF-«xB
expression uanaNLesdiseau1 asatadiaaannsoannisiia ROS lu SK-N-SH
cells uazgannzeusuAnsadlunsmilnirvhe scopolamine Tumyladnsye
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4.4 9wy (Streblus asper) Lﬁuﬁwﬁwﬁaﬁﬁmsmu'j'}ﬁqwéxﬁmmﬁ
Sniavuariinsfnwhivseloniselsamessuutszamionludainnass Inenui ans
ainanluvdeos @a11150AIUANNIT expression ¥a4 COX-2 uag iINOS mRNA lu
macrophage cells® wena1ni deilsreeuiransasalugesansaiiudszansainnis
vhauvesanosfiietosiunud ld® wazanunsnaneinis motor dysfunctions luwy
#u§ C57BL/6 MigninilenthlsiAneinisadnelsamnsiudulasnse®

d3d

9

lsnszuudssamidenudaglse fdnvuzuagnisiniuluveslsafiunndnaiu i
vangufiuidaimuaruduiusiunisnovaussienssuaunssniauimileudu lng
WU microglia ay astrocytes ﬁwmmm'amimgﬁumzmumié’ﬂLauﬁluiimwu
Uszannideuvianelsa %"’aaﬁuaquumﬁmﬁdﬂ glial-induced inflammation ¥y
amplifier Ao San nusinisiinlea wihnnsdudansruiunssniaulussuulszam
aliifinadoannguesnisiinlsn ude1aaiuisnannisadie factors AneliAa
neurotoxicity 1¢f lutlgtudaldfimahewdomsidvisunssnaunlineeadniie
$nwlsasyuuUszannden udeegslsfinnu arnnalnvesnszuaunsdniauiiduiudiuns
Anlsatu o1athlugnisfumemiearsansssurdioldlunis testunievrasnis
fuiuldveslsassuulszamidouselulusuian
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