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nmshdeyamsesngvisvesiivayulng g (Pluchea indica (L) Less) uazfivayulwsvila
u dudufivanulnslunmanzfueen uldduunassradaiothinlflunsfuvlusiudmneuay
naulUsAuRiufdusiussan Tnennsligudeyamsisuziaziniesiionwihmsaumaiusznouly
#he (1) Mmsfumlusiudmnevesaseengys (2) msduduteyaufduiusseninalusiuiulusiu
(3) Msfuvndeyaiuiiiendesiumssniau (@) mneideteuaznisiumilugasiufunisly
Toyaveslusiuiiisatostunisdnia wag (5) mIuvanansdinim aendanisnsadeuiniete
mﬁamwsuaﬂmiaaﬂq%éﬁgﬂ 10 wile lown Apigenin, Fisetin, Kaempferol, Quercetin, Myricetin,
Isorhamnetin, Catechin, Epigallocatechin gallate, Epicatechin wae Theaflavin 1) ‘W‘UI&I@aﬂﬁ
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waﬂﬂgummﬂmm A0N15ddnyey10d MAPK, NF-KB ey JAK-STAT Aaznulusiudmanediuiu 6
T loun PTGS2, NFKB1, MAPK14, NOS2, RELA way IL6 fianunsatunldfiansaniionisane
nalnnseengrdudinisneuausanmssniaulussduiesfifnisvesiivayulnug wuideatui
fhegrmsdszendiuiisen fiamsatnszuiunmisiasaunatiinssgndfufivayulnsda
duiiletnsandunuuaznanfilflunsiideiiensinaulalusyfurieal foansdeld



Research Project Bioinformatics approaches in the study of the anti-inflammatory
mechanisms of natural active compounds from the medicinal plants in
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Abstract

The active compounds of klue (Pluchea indica (L.) Less), a medicinal plant in the
Eastern Thailand, and other medicinal plants were used as a primary reference source to
search for target proteins and their interacted proteins by using public databases and
bioinformatics tools. There were consisted of (1) searching for the target protein of the active
compounds (2) searching for protein-protein interaction information (3) searching for
inflammatory genes (4) network analysis and functional module-base analysis with
inflammatory genes information and (5) biological interpretation. After construction and
analysis of the biological networks of the 10 active compounds including Apigenin, Fisetin,
Kaempferol, Quercetin, Myricetin, Isorhamnetin, Catechin, Epigallocatechin gallate,
Epicatechin and Theaflavin, the number from 1 to 12 inflammatory modules were found.
Then 8 active compounds in klue tea and other tea plants effected to the 25 target proteins
that may play an important role in anti-inflammatory response. The 6 target proteins,
namely PTGS2, NFKB1, MAPK14, NOS2, RELA and IL6 were found to be the target for anti-
inflammatory laboratory studies in the three common pathways such as the MAPK, NF-KB
and JAK-STAT signaling pathways. This method can be applied to onion and other medicinal
plants to reduce the cost and time spent in researching for decision making at the

laboratory level.



UsznAndung

[y

TassAdeatuiiannsadisagarnlimefnnnistemiowas Sauduwinuresldnss v
USeyaye3vinlasenuiddeszauuSyaesanvndiadsandu laun uea11313t amsng saubelan

o
o

seaulig iy laun weandnnni dauds ﬁi'amﬁ’uiﬂuﬂhqﬂaiiﬂLLaw’mqumﬁ’wﬁu&y’méﬁ'}
Trsaruisesesudsyes awdued unseidnweelusedudsyailn auiveimansdnam
figeinduiusminvesmahlassnidondsd LAZYDUOUNTEAN T9AANT19158 A3, Na1IY Ty
A3qu AiAssAdugsinlassnuids uazveveugaiildrutiomdsduiililsisou lnsaniy
aseuAitdud ey wazduusdesuausariidusenuiiedalasenisedadld

HHeAEns19158 A3, WinY ansatiud
PNUNLASINGTIVY

21 wewnAU WA 2562



A15U8YI509

Unlu
undngon1wlve
UVAREDNIYIDING Y
UszniAnnUns
2 d‘
GURNWAICLN
GARRIATIZR PN
a5URYNIN
o a U U L4 o 1 dl a v
mesuudyanualuasAdeilylun1side
d‘ o
unn 1 Ui
1.1 Audfguazinivesdymnvinnsidy
1.2 nguszasAvedlasinsivy
1.3 99UnUDIlATINITIY
1.4 Yszlevinmainazlasu
= = av oA v
N 2 Nl agdwIdeneIves
2.1 el auLigIu (1) LaENTaULEIANARYRIATINTIY
2.2 MSNUMUITIUNTIN/@5auma (information) MA8IT9
= Y ¢ ax
uni 3 Jan aunsel Lagdsn1sveaes
3.1 a0 wazgunsal
3.1.1 A39IllouarlUIuNINNTIETAUmNA
3.2 3/N1INAEes
3.2.1 mMsrumlusiuduungvedansoengvs
3.2.2 MyduAudeyaUfduiussenindlusauiulusiu

3.2.3 msaunnaudu/lusauiningidestiunssniay

PN

12
12
12
13
14
15

15



#15U8YL394 (6i0)
N

[

3.2.4 MynATziaIeYeUfduiusvedusiukasmsrumlugaiiiudfy - 15

o

3.2.5 MskUanan1adinIn 16

Unfl 4 Wan1IMRaDs 17
4.1 nsfumnlUsiudmnevesanseengns 17

4.2 nsauauteyaufduiussenindusiuiulusiu 20

43 msrumnguiu/lusiuiifetestunssniay 21

4.4 mnnzieieteUjiuiudvedusiularmsduvnluganiaiud iy 34

4.5 nswlaranIedInm 56
unil 5 oivuse ayuNaNT TG uazUalauawuy 61
51 8AUTIENaNITMAREY 61

5.2 @junaniineasy 65

53 Uslauowuy 66

5.4 wandn (Output) 67
51891UN15Y 68
ERGRERRNGN 69
AARNUIN 73
AN A dhiauessnuduiiesnnauussgumadnmssefunua 74
AANUIN U W NAUBUNARGBLUUVENY IMUUTEYUNIIYNINITTEAULIUIYIF 86
UseiRunIdonasane nieuvieaudaio 89



A
AN

2-1

4-1

#1505YA1519

mawdanamatanmaasiugans 19 Tuga laserdedeyanszuaumemnedann
Yasdupaulnlad
ai’m'miﬂiauLi’jmmwaamiaaﬂqwémﬂmsﬁuﬁuéjaagm%’aga ChEMBL,
STITCH wag STRING

sreazBualusiuntseniauii 403 win

YINVBRATEUBUSFURUSTENIUsAuKaTUsAunsEntauinulunIediy
YD9A1508N VD AALYTN

PN

18

22

34



A
AINN

2-1

2-2

4-1
4-2

43

a-5

a-6

4-8

4-9

A15URN N

§ A [ % (%

iwseneUduiusTeninaseengsinetaliuiulusiudiving uasUfduius

Y

senInalUsiy
Tugafigndnidonanieferieujiuiusvesasoongriinesaiiu SruauaAy
19 Tuga
AMTIMVBINTFUIUNM I saUmAiietaglunsAnwnalnnisdiudanis
SniauvesansoengrisansssuvAfldnfvaulnsluniang fusen

et nanlannnsduAuUfduiusszninglushuiulushuvedlusiu TP53

[y

Poyalusiunsdniaunisiuiuirinsgsimelusinsy VENNY

wIeeUduiusveslusiudmvunevesans Apigenin kazuaulmniayiy
LWUU Topological

wsereUduiusveslusiudimunevesans Fisetin uasAuaudfnIavIewuy
Topological

wIev1eUfdunusvedlusiuidinungvesans Kaempferol Laynuau U
LA38UELUU Topological

iwwsevneUduiusvedlusiudmunguedans Quercetin uazAnaURLATUY
LUU Topological

iwwseneUduniusveclusiudmungvesans Myricetin uazauaudaiaTouy
LUU Topological

w3oY1eUfdunusveslusAulinungvesans Isorhamnetin uagAuaudd
A0V Topological

wieYgy fauiusvedlusiudmuievedans Catechin uaznaudanIadie
LWUU Topological

w3ov1eUfdunusvelushudinunevetas Epigallocatechin gallate way
AaNURAAIaYIELUY Topological
wieUreUfduiusveslusiulimunevsdans Epicatechin wazAuauy?
LASOTIBLUU Topological

wieveUfdunusveslushiudiviievesans Theaflavin wavanandmnIadig
WUU Topological

lupaveamseeufduiusveslusiuidmungvasans Apigenin

lugaveamseneudunusveslusiudmungvesans Fisetin

PN

14

20
21

35

36

37

38

39

40

41

az

a3

a4

a6

47



A
AINN

4-18
4-19

4-20

4-21
4-22
4-23
4-24
4-25
4-26

5-1

#1508N N (si9)

(% v 6

Tupaveue3ateUddunusyadldsiudvunevesans Kaempferol
4 p
lugavenasevieuduiusvedusiudmingvesats Quercetin
TupavawmIaTeUddunusyadllshudvungvasans Myricetin

4 Y
lugavenasetieujduiusvedlusiudmunevasans Isorhamnetin

lupaveamseneuduiusveslusiuidmungvesans Catechin

[ s

lugaveuaIedisuduiusveslusiuidmungvesans Epigallocatechin
gallate

(% v 6

lugaveuasevigufduniusvedlusauidmungvesans Epicatechin

lupavenasetieujduiusvedlusiudmunevesas Theaflavin

[
v v

nduginsnevausansenaunululuvguasivngun

(%
YY)

fdugansmevausinsdniaundeudnwiimululurguasivnguwn

)

[
LYY

D8UEIN1IRBUANDINTE NLEUNNU LI IBY

)

[%
YY)

ADFuganisnevaussnsenauNDeu@Enw Anuluiiveu

NTLUIUNISNTIEsaUmeaTmnnzaudmsultlunisAneinalnnisgudenis
DNLEAUTDIFNTORNGNTIINGITUVIA

3ve
a8
49
50
51
52

53

54
55
57
58
59
60

66



AasueddnwaliazAdanldlun1ide

fyanuallazAge ABEUNY
AP-1 Activator protein 1
BIND Biomolecular interaction network database
cAMP Cyclic adenosine monophosphate
CD3E T-cell surface glycoprotein CD3 epsilon chain
CD79A B-cell antigen receptor complex-associated protein alpha chain
COX-2 Cyclooxygenase-2
DDBJ The dna data bank of japan database
DIP Database of interacting proteins
EMBL The european molecular biology laboratory database
eNOS Endothelial nitric oxide synthase
ERG Erythroblast transformation-specific-related gene
FAG-EC Fast agglomerate algorithm for mining functional modules based on

the edge clustering coefficients

GeneMANIA The GeneMANIA prediction server
GSK—3B Glycogen synthase kinase 3 beta
HC ¢p-39 Human cartilage glycoprotein 39
12D Interologous interaction database
IFN Interferon

IFNB Interferon Beta

IFNY Interferon gamma

IKKOU Inhibitor of KB kinase alpha

IKKB Inhibitor of KB kinase beta

IKKY Inhibitor of KB kinase gamma (NEMO)
IL-1 Interleukin-1

IL-2 family Interleukin-2 family
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STAT5 Signal transducer and activator of transcription5
SwissPROT Swiss prot database
TAK1 Transforming growth factor—B (TGFB)—activated kinase 1
TRAF6 Tumour-necrosis factor (TNF) receptor-associated factor 6
TRAM TRIF-related adaptor molecule
TRANSFAC Transcription factor database
TRIF TIR (TolVIL-1 receptor) domain-containing adaptor inducing interferon
VEGF Vascular endothelial growth factor



1.1 anuddguasiunvestlymitingise

n158nLaU (Inflammation) luUiATenmevausmsdinmitdutouvessraneiiisods
N3gAU INNBUBNLaAelY 1Y ﬁ;a%wd@hmmﬁummmLszjaa‘ (Ham, et al, 2015) Tngwadid
UnumMaIAglunTsUIUNITROUAUBIRBNITONIEU WU Wwaauualasivaziinasuanlalala
(cytokine) anstaulanendu (endotoxins) Lazansdonaran1ssniaunieg wu lunsneenled (nitric
oxide, NO) uag wsaanunaudu (prostaglandins, PG) (Kaztowska, et al., 2010) sﬁQLfJuﬁQmU@uﬁ
ddnlumsneuaussesszuugiduiudenissniau nsnevausivesansienananssniaudiunnly
Huanmmuosenudemeiiiniulussdumaduardmardeniaifalsafiieades wu Tsaladesnay
Tsavlauazvaeniden Tsndalowes waslsnuzide Wudy dufunisdudanssuiunsmeuaussnis
dnaulaenisudnansdenansnisdniauiadudedify (Yang et al, 2013) Tnganseangndain
593U%1% (natural active compounds) Immawwmﬂuﬂfjmiwﬁﬂuaa (polyphenols) LazuAlsh
uoys (carotenoids) aursanvuldluivayulnsvainuatevia Aaulurosdudouiuuszniu
(Andarwulan, et al, 2012 uay Suryaphan, 2014) Tasarsafaaindivasulnsmaidsndu
ngudnevesnisialdlunisinyinisesngmssudanisdniau (anti-inflammatory activities)
iy nsneaeunndsunssniaurasnainlung (Srisook, et al., 2012) {udu winsdnuidiu
TngisinlalléFnwadluseas Boavesnalnnstudiiatuasvinisdudanagn ntulutuneu
uagnszuaumslaluseduliana suidewnannszuiunislussduluanaiifudnauunnuagsunuy
n93eiifyadge dafumnanunsafnviwegnauienalnnsdudsluseduluanavosanseangnd
sssuAfildanivayulng fagviliisnsuinuaiuisiwesivayulnsmadldhiunumididy
ogslsluszdulana Mviliawisanuaunissudanisdniauiiindulfodneiuseansam uas
anunsathayulwsfifiguidunssnaumaniluiuundasasiduiifetowely

miﬁﬂwmalﬂimvﬁuimLaﬂaﬁuamivmumié’ué’jmﬁé“ﬂLauiuﬁaqﬁu amnsavinlalu
rawiiiweslnvendegudeyanasnseuiun1snadiansauna lunsiuiguagAuvInguunse
IﬂimuwummmﬂmmaﬂawqLLa aﬂmumJmimmuimamiaaﬂqmmﬂﬁiimm JCERREE
NSEUIUNITNNTIASIEILASBUNENTIN NN 81T (Charitou, et al., 2016 Laz Barabasi, et al.,
2011) Fsnszurunisdudanismevaussnisdniavluseduluanadiulngiieatestunisdeinu
Foyamuvesansesngnitulusfiutmune fuduedetienisdinan (biological network) 784
UfFustusseninsaseangvsiulusiu (chemical-protein interaction) wagUfiduwussewinalusiy
fulUsiiu (protein-protein interaction) fiAntunteluwaduazsewinaugad TneteyaiiAeadoiv
Ufduiusszninsanseengrifulusiudmunedredu fnsfvsunalilugudoyaasisus
ooulayl fegratu grudeyaufduiussymineen seenguiriulusiu ChEMBL (Davies, et al,, 2015)
wag STITCH (Szklarczyk, el al. 2016) wazgutayaufdunusseninelusiu STRING (Szklarczyk, el
al. 2017) WWudu lnsorduiadesfionetrasaumeaiieadesiunisinseiia3etie nmedann



Fog1agu 1UsLATNAATIZAATEY18 Cytoscape (Shannon, et al., 2003) wieuAUTUsunIIUE B
fvieades leun MCODE (Bader and Hogue, 2003) waz BINGO (Maere, et al, 2005) 1Jugu 210
fhegrsveantsdnuiildiinisiunenalnszduluanavesa soonquiniedaniw léiud tnefeiiu
(curcumin) (Gan, et al., 2015) unudluu 1A (tanshinon IIA) (Zheng, et al., 2014) Lag nsadaaly
3AT (salvianolic acid B) (Ren, et al, 2014) sautsanseanquaiiilugnangnsfivayulng Qishen
Yigi (Zheng, et al,, 2015) fivlinsuunumussansoengrsudazsiedislronalnszduluanaves
wad udnuidedhedulailduanstsmnudonlesseninsunuimvesanseengndiisenalnnnssniau
wazdiunisnsfiuneaudietielunisesueuazulanadsdinin Jsanunsathundielunisesune
nalnszdulinanavesnszuaumsdiudanssniaulfesnednauuasiivsyavsnm

Tasan1sidedfeduuAsluniseanuuunssuiuniamsiiasaumaiivuzay dmsunis
huneuarfnwinalnnisdudanissniay Faduunummilsiidrdnueanguamsoongninistanmi
Huduuszneuddyluiivasulnsluniany fusen nioutufumiisnisiietslunseunsuazuua
nansTanmiifiduiedesiunsnevaussnissnaulidamudanuuasdvssansnnundeiy
NnwansAnwasoengrsiliuduuszneulufivanulnsvesuauussmedulaiide Sedivlnvesans
Wuﬁ:miuLﬁmﬁ’uﬁ’uﬁwﬂugﬁmwﬁm ¥99Usewmebng (Andarwulan, et al, 2012) kagaInn1g
susindeyavesunauidevesdiutsenevaseangns waznsussgndlivesiivayulng vg
(Pluchea indica (L.) Less (Suriyaphan, 2014) GﬁqLi‘]uﬁﬁuagulw5‘1’7ié|’1é’ﬁ1ujﬁummﬂmi’uaaﬂ zQN
thalfiduundsdrededoyadosiuresaseangnififudiusznovveslueg itothunldlunis
ﬁumiﬂsauLi’]mm1EJSU'eNmiaaﬂqw%‘iugﬂwﬁagamﬁﬁmz ChEMBL (Davies, et al,, 2015) wag
STITCH (Szklarczyk, el al. 2016) Fsagvililddoyaufausiussninamsoongvdiulusiu Aouazi
Yoyaveslusiutmuelduninisduiudoyal fiuiusseninslusiudulusavlugrudoya
STRING (Szklarczyk, el al. 2017) uazirdeyaufaniusalduiiinisinsizsintelulusunsy
AT1LRATDU18 Cytoscape (Shannon, et al., 2003) i"JiJﬁI‘Uﬂﬂﬂ%ﬁ@;ﬂﬁ%@ﬂauﬁLﬁﬁ?%aﬁﬁUﬂ’li
sniaviinsraaeulfangudeyaasisazvesduiieidesiulsn Iduigiudoya DisGeNET (Pinero
et al,, 2015) OMIM (McKusick, 2007) kaz UniProt (Apweiler et al., 2004) %ﬁazﬂaauﬁlﬁmsﬁaﬁu
mssnavazidusinislunsdndeniniediedos videlugaiigninsziiedetneu fauiusszning
aseengvduaslusiulasedelusunsunsindenlugaidilsiduaenndesiu degradu Waunsu
MCODE (Bader and Hogue, 2003) fiauvihnisulananistinmlaglideyavesguaundnneluluga
figndmdenselusunsu BINGO (Maere, et al,, 2005) uagiirdoyanisulanaiildanyiinisdangs
defumnuideslosseninnguduandnnelulugaiiothluldlunisulanaiIeuiiisuveanaln
nsnavavadluszauliiana Auran1sneavauainIsantauluseauassingl (physiology) \fioanuse
ihdayanudenleiildulilunisesuienalnnssudanmanevaussmasniauvesansoongsly
syduluanalidaunasivsyAndamundstu mnnsruiumanethansaumaildarunsntiam
Usegndldfunisdumunumussnguaiseangniiiudiudsznevvesiivanulnsuindu uay
anwnsathinyseygndliluniselurenalnsedulinanavesanseengrsansssueAlunszUILANTI
Fanmdu 1wu nalnniseenguisvesansiueyyadass 1Hudu



1.2 IngUszaenvadlasanisivy

1. iensadpunsruiummmsiasaumaiinnzanduiuldlunisdnunalnnsdudinis
SniauvesaseengrisansssunAnilsanfivayulwslunang fuoon

2. ifiefuninietedenvielugavesnguiuiitunumddnientssudsnsmeuaussnmssniay
YosansoongvsNsTIIvATIFInRvasulnslumang Tuoen

1.3 9aULINY84lATINISAVY

nndoyaasesngrsvesiivayulng vg (Pluchea indica (L) Less (Suriyaphan, 2014) wagfty
asulwsaiindu (Andarwulan, et al,, 2012) axgninarliuuvdssrdsdeyaifosiurosmseangs
Adudtsznou iethulflunsfumlusfuiiianuduiusuasfudimunevesanseangys tng
msldgutoyauazirdesiiomsinansaumna fuszneuludenszuiunismstiamsaumaiiuszney
dhe (1) msfumlusiutmneesarsesngrslngligudeyaasisas ChEMBL (Davies, et al,
2015) wag STITCH (Szklarczyk, el al. 2016) (2) nsduAuteyaUduiusseninalusAuiulusauly
g1udeya STRING (Szklarczyk, el al. 2017) (3) nsfunmdeyaduiiisndesiumssniaulagondonis
dufungiuteyaasisazvesBuiiieatesiulse léun grutdieya DisGeNET (Pirero et al,, 2015)
OMIM (McKusick, 2007) wag UniProt (Apweiler et al., 2004) (4) N153LAT1¥MATRYEUHFUNUS
ﬁuaﬂﬂsﬁmazmsé’um‘[mgaﬁﬁmmﬁﬁzﬂmaisi’ﬂﬂsl,l,mﬁtmwﬁl,ﬂ%mhEJ Cytoscape (Shannon, et
al,, 2003) ‘W%a:uéhEJI‘U':?Lmﬁuﬂ%ﬂéumsﬂumﬁﬁuuﬂm@a L9 MCODE (Bader and Hogue, 2003)
Husu SamdunisliteyavestuiiAsadostunssniauiingaaeuls waz (5) Msudananisdanm
Tneldtoyavasduannaelulugaiigndnidon felusunsutdndu BINGO (Maere, et al,, 2005)
wavideyansulananstanmitls uvihnsdanguiiiodumeannuidenleasznineanguiuaindn
anvlulugariiethluldlunisudanasSeuifisuvesnalnnisnevausdlusziuluana funanis
navaueIn1sdntaulusEAuaITIve,

1.4 Uslgvinaininazlasu

1. Idnszvannmsmatiasaumafionnzay dusulilunisinvnalnnisdudsnsdniaues
aseengvsnnssTTAfildnfivalnsluniang Yuoen

2. lfedorsgosvielugaveanduduiitiunumddy sentsdudinisneuaussnisdniaues
aseengrisnnssTNTAfildnfivalnsluniang uoen
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2.1 e auyAgIu ((3) LAzNTBUKUIANMNANYRLLATINTIVY

A38n1EU (inflammation) Wunsmevauswessanesedsivinliie devesranelasu
VIASU Wy el N13R18vedadaInnIsuInEenniovIneendiau dan1snevausdlag
A53UIUNITENLEUUSENOUME N1sWasunlaswesrasnden nsdiuvesgadidindentn way
NansEMUTiARfus1an1eResEUL (systemic effect) nszuaunswaniintulussuunasmdendes
meluiiorde wavfunsyurunisiidaeliifanisidndudanUasuniodolsnoenld sauserinda
wadnlasuundurtemeannisdnvesdaudandasy mnldiinszuiunissnEuiedu 190
seldanunsardndsudantasudusenluld wavideesviianisuiniulnedilidnisyeuusy ¥l
mw‘hmummﬁalﬁaﬁuﬂ AnUnAlU (Ham, et al, 2015) sgnslsfinisnevausssonszuiunssniaui
snifuluduaniamdnesnisdniauietussdelviAnlsaingg wu Tsagiiuk Tsevevdia 1salade
sniau dalowed Tsavaonidonuaziinle uavlsauzids Ssnseniauitedsiiinauiainansdenaninis
Sniaudesaunia pro-inflammatory cytokines L yLuasiualasdaunanas-gani (tumor necrosis
factor-OL, TNF-QU), 8utsiosaAu-1 1 (interleukin-1-beta, IL-1[3) uazBuwmesgAu-6 (interleukin-
6, IL-6) ag pro-inflammatory factors g1t lunsnesnles (nitric oxide, NO) Way Wio@an )
wnaudu (prostaglandins, PG) nsdaasgsilunineenlanazdunsizilunsnesndduma (NOS) 1Hu
ulwifdunseiluninoenledainuea-e153tu (L-arginine) lagld NADPH uazluianasendiau
waznsduAsIzinseanwnauiuazedeeulysilelaasendiiua (cyclooxygenase, COX-2) 1u
ansdonansfiiuasunsnezdladin (arachidonic acid) Wunasanwnaudu dslundnesnlenuaznsod
munauiu iummuauiiddglunsevauesvesszuugiduiuienissniay (Kaztowska, et al,
2010)

Ufduiudseninslusiudiunumddnlunsruiunsmedanmuesdal®in wu n1sdoans
YDULAA N1IROUAUIYTANAY N1sMuANNITLAnIeanveedy WudY sufn1sAunineuves
sy Ingufauiusveslusiuianuiaulalunsdiiveniosmnmuaumsinunnnssuaums
YUTAE TWIINTLUIUNTMGULTIUDATY NITUIUNSIEnTeanUasBuLazn1Tsa0sfTesiidue
FAnsdady g aTiuenafukaznsEUILNIITTIA AN Bnunune WsRuasavim Tk
ﬂﬁﬁﬁﬂﬁﬁmﬁuﬁ‘ﬁ’umiﬁuﬁﬁu (Lage, 2014) wazdanuinlusiuliamnsanvegiiesdisudaziinig
dedyruriunsiiujauiusseninlusiudievimiinsinwiluandneiy Fadunisine
w3etneufduiusseninglusiu annsorliananudlafiugiuvesesdusznevrewaduas
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ATTUIUNTTANE VlLﬂGW‘LJﬂ’]EJI‘L!ﬁﬂMGUW LuaﬂﬂqﬂﬂaaﬂwUﬁiz'ifi?']ﬂiﬂiG]ULﬂu‘UaﬂﬁEJ']‘Vlllﬂ']']lla']ﬂm
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LagiAgnsnTvaeuiivainvats uenannisvaassluiesu jURn1suds Sailnsviuneufuius
sgislusiufiannsnifatuldanndoyassduiluunesdsdidin (Zahin, et al, 2013) Hagtudoya
UgduiusseninsTusiududsiiaulaluanuisingg wu 3ivelasane, on@rine, T7ineids
spUU wagnsdumeninl Tagerdenszurunislumsiiengiedetnaiotglunssiusu tuaue
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LLafJLmﬁzﬁﬁﬁa;ﬂaizﬁu?ﬂumﬁLﬁﬂﬁ@ﬂ (Charitou, et al,, 2016) lnen1sAinwUfduiusseninalusiu
(Szklarczyk, el al. 2017) i"mﬁuﬁauaﬂﬁé’mﬁuémaamiaaﬂqméﬁdmau (Davies, et al., 2015 uaz
Szklarczyk, el al. 2016) figyilsianusnldietetefminldlunsiese mamatmamwgamwuﬁ
i‘”‘VT’JNﬂ’]iEJEJﬂi]VlﬁﬂUIiJiG]UL{]’lmJ’IEJ diethanlilunsesuienalnnisdiudanismevauesnisdniaudi
Aetuluszduluanavesanseangyiansssuaiaulald

FIDE1YUY miv‘hmaﬂa"lmzé’uimLaqasuaamiaaﬂqm%‘ma%amwmaamaaanqmém%gﬁu
(curcumin) g Gan wagAny (2015) fsguil 2-1 Fauansliifiuiiednoufjduiussznineasoon
gnsinesaiutundulusiuiinane (seed nodes, 2anauding) uagd fduiusseninalusiud
Aedes (anavdam) Juwanddiiuadetefidvunalngvestusfiudhnnswas Tusiuilifeades &
FudusesimsdndeniedetnedesvieluganusznoulufenguiuvdelusAuniileidunsvina
$2ufu TnennsldlusunsunisAmidenluga MCODE (Bader and Hogue, 2003) ivinlindsluga
dmsumsiesevinalnnisnevaussiiftosiiu 19 Tuga (Uil 2-2) vildnsiansanuazula
nansBanmeildieBtudadunised 2-1 fuansfanisuvananisTanmaesiis 19 Tuga lagld
GO (Gene Ontology) ¥8N5¥UIUNITNTINMN (biological process) Inenagidulalmuaulaly
Iu@a‘ﬁ 10 LLazImQa‘ﬁ 13 Jafeadesiu Cellular response to growth factor stimulus wag Toll-
like receptor signaling pathway sua1fu LLaswmma%mammLﬁmsﬁawaﬂﬂiaﬂﬂuaaﬁums
nevauasrienissniay Tngliauaulaluilusiu SMAD3 uaz ERG 91nTuga 10 waglusiu TLR
9nluga 13 Tniasdulsiudmneiiddyiiferdostuunumnisesngnivesar seengns
\AR3ANY
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AN 21 wesedngufduiusseninanseangrisiretaiiudiulusiiudving wasuduiussening
1UsAu (Gan, et al., 2015)

Module 14 Module 15 Module 16 Module 17 Module 18 Module 19

v v
Y

ani 2-2 Tugadgndnifenaniaseneujduiusvesanseengrsinesailu Suiuvadu 19 luga
(Gan, et al., 2015)



M15199 2-1 nswlanane¥inimvedlugans 19 luga lngededoyanseuiun1sniednninges
gupoulnlad (Gan, et al., 2015)

Module GO term P value
Module 1 Transcription initiation from RNA polymerase II promoter 7.6587 x 1032
Module 2 G-protein coupled receptor signaling pathway, coupled to cyclic nucleotide second messenger 3.8329x 10~
Module 3 M/G1 transition of mitotic cell cycle 7.7133 x 10~
Module 4 Response to DNA damage stimulus 2.0766 x 10~
Module 5 Fatty acid derivative metabolic process 2.0128 x 10~ '6
Module 6 Glutamine family amino acid catabolic process 5.7668 x 10~'8
Module 7 Tricarboxylic acid cycle 1.6501 x 10713
Module 8 Negative regulation of superoxide anion generation 230x10~*
Module 9 Hydrogen peroxide catabolic process 1.5518 x 10~ %
Module 10 Cellular response to growth factor stimulus 4.6078 x 10716
Module 11 Transcription initiation from RNA polymerase II promoter 6.9789 x 10~ '¢
Module 12 G-protein coupled receptor signaling pathway 23039 x 10~ 1°
Module 13 Toll-like receptor signaling pathway 523x1077
Module 14 Cementum mineralization 131x107*
Module 15 DNA cytosine deamination 9197251051
Module 16 Negative regulation of thrombin receptor signaling pathway 1.64 x 10~
Module 17 Regulation of transcription from RNA polymerase II promoter in response to hypoxia 45178 x 1016
Module 18 G-protein coupled receptor signaling pathway 6.04 x 10~°
Module 19 Chromatin organization 423 %1073

P value is the probability of obtaining the observed effect, a very small P value indicates that the observed effect is very unlikely to have arisen
purely by chance, and therefore provides evidence against the null hypothesis.

uindeyainaduazdaunaiiuin iuniseduisunumuesmsesngrslaglieudfyfu
foyaveslusfiudmnefidndoninlugafiauladnads udlianssoirdoyadilduldlunisesune
nalnn1snevaussesaiseangnindinmldesuuszuy faduninaiuisnsausunazm
ANUENTUEVRITBYANITLUANANINTININAINNTFUIUNTN T INMTBsEURRUINaE Autayans
Wasuuamsaisinefiieadesiunsoengridudinisnovausinissniauld Aagsilianunse
osuenalndinandrefusgnadussuuldtanunesiiussavsninuindetu uazanunsoldgutoya
uazlA3esilon1eTiansauma 2nn1sANYIYes Gan uazAme (2015) unduduluuvosnszuaums
msTaasaumaiieinsfumunumitdidguesaisesngusnnsssumavesiivayulnslunia
ng fusenueslsemalney lnsendedoyasedevesasoengynissssumnaiiiuduyszneufiddy
feehatu Teyadiulsznevvesanseengnianiueg wasiivwiadufianmsanulilulszmalneg
(Andarwulan, et al., 2012 wag Suriyaphan, 2014) Feoradunuamslunsiauinsgsuiunsmad
sasaumeadieliAnnugniosuazinyaufissnndsdy mmumsaiwmsaﬁmwgauwuﬁmmms
oongvsrulusAudmnsuas msfumlugaiifiunuindfyienisnouaussvesasesngys 53l
fensuiuuinszuiumsulanansinmiiielianusaesuienalnlusefuluanaifeadeaiunis
nalnnssussnsneuauasnissniauiiieadedluaufsninudsunadluseduaisineld



2.2 ASNUNIUTIUNTSU/AN5aUnd (information) NMNgU949

fmnmiﬁﬂmmiﬂmiaaﬂqm‘émaq nsagaieludad (salvianolic acid B) (Ren, et al.,, 2014)
Tngldnsiiaszsiiadotneuuiiugiuluga (module-based network analysis) iedumnalnvie
unuwlnivesnsndadeludad :mnnstinseiadetneujiuiussenialusiuiignaiadudad
Y110 852 Wiun (nodes) Wag 8,626 UJNNUS (interactions) MnlwanunsafaianiA3evnageemnse
Tugasenule 11 luga newagyinisulanameguesulnlad (GO) wuinsadadeludad dunumn
ddymatensrurun1smetinmiisadesiulsaila (cardiovascular disease) Aduansliiiuly
f1uenFu uazdmuanuiAeadestunissufinisdnauiiunisaiuaungulusiu 112 family,
CD3E, CD79A, MAP3KT uag PRKCO siounléfinnslinisiinsesiedetneuuiiugiluga ileviiune
nalnnseengrssudinissniavuesansunuBlun IA (tanshinon IIA) (Zheng, et al., 2014) vudoya
i3evneufduiusszninslusiuuietu fadunietiefiusznoulde 281 Tnua uag 814
Ui ilethuniinsgvideBuseulnladlagld Markov cluster algorithm (MCL) wéamuingl 3
TugafiAgatestunisdudanisdniay Seansunudlug 1A Whldideadostulusiu TRAF2, TRAF3
waz TRAFG Tunisdudiddaanamuinad-lad Siwumed (tolllike receptor signaling pathway)
wazdeuloafulusiiu AGER uardismdsnslinisiinsgiedodeuuiiugilugalumshuenaln
m'ié’fué’?aﬂﬁé’ﬂLawaamﬁma%@ﬁu (curcumin) (Gan, et al., 2015)Iﬂamﬂﬁagamiaaﬂqméﬁu
WsAudwuneangiudeyaseulal ChEMBL (Davies, et al., 2015) wag STITCH (Szklarczyk, el al.
2016) uazirdeyalusiutmuisvesaesgiuilduiinisdunlusiuiidanuierdesain
g1udieya STRING (Szklarczyk, el al. 2017) flagsilldieSovneufduiusszninlusiuivsznauly
#e 482 Tyun uaz 1688 UFduuS neuazmiinsziiiefunlugalasendedoyatuseulnlad
Uuﬁ”ugmmaﬂmsmm%’uimLaqal,%asé’fauﬁwiﬂmﬂim MCODE (Bader and Hogue, 2003) Fa1{u
Tsunsuuandululusunsy Cytoscape (Shannon, et al., 2003) 31nlugaduIu 19 lugala wudad
o¢] 2 Tugafiiinnuiesadestunissnay delmnedilsisululugaudmuimanisdudinissnay
Tneinofafiutuoongudiisadeatulusiu SMAD, ERG uax TLRY floraasiuldidudmaneves
ns¥nwnisdniauiiinguls

UBNIINMIANYIUNUIMTRSANTRBNgVELAazaaaud ASainsfnwunuimuesanseengys
ffuasuandausnglusifuenangnsiivayulng Qishen Yigi (Zheng, et al., 2015) fislgyslunis
@3uUI I (tonifying Qi) wazdlusyuunyuigulain (promoting blood circulation) Fafinsld
ogenrewndlunstalsamilanazenmsiiiesiuss vumgudeulaiin nsuszondldnsiieszs
wietpuuiugiuluga fuiadetisujduiussevinalusiuiiioadestuatsoangnifiiy
duusznaudftyves Qishen Yigi ilansnsansiaaeunalnniseangresraduszuuresifuen
mndiayulngild mnuanisideuandiifiuin Qishen Yigi dragiinatensmueuaunuedfuves
nsmerily wumuedTuvesaslulainsn LmUoaTuuesdfin uazuMUeATIYEY AMP Tuvmed
Qishen Yigi tosfsfidrudasszuunisnyuisuladndiunisaiuauwdsdiveadan (blood
coagulation) Larn1sMAdeInaLieiale (cardiac muscle contraction)ufiannNavesIuTe
reduldlduansdsnnudonlosseninsunumvesanseangniiisivenalnnissniaulaenss fnidu
mMsfuvlugafiilusiudafeadestunisnovaussnissniay uazeSurennuiieadesiunss niay



~ a ! a A & a ! o ada a di !
neTevelusiuudasyiianiluanndnluwdazluna uazdiuiadsnsivanzauivediglunis
aSuazwlanan1siinmiitis e siunisuansliiuisunumassaseangsuraz Uszinni
o = 1 [ a = = ! [y [y A N
hn1sfinwegraduseuuly Nuansdennureulesssniinalnssdvlianadiunisfsunuasiiag
AnTuluszavassine 1vedanseangvisurazsinty Geazaiunsauiungslunisesuienalnszau
lanavenszuiunsduginmssniaulaegrestnauuasiiuseansnmanng st

MnuansAnwanseengusiiiudutsenevlufivayulnssuauisdu 24 oila Sadufiy
viafuvesUstimadulaiife fvdauazanefufiduiertufuinulugianesiieg vesuszmelne
(Andarwulan, et al,, 2012) Tngvinn1snsaadevyIuamesasesngyslungulndiiuoasimanails
waed (flavonoid) fivszneulldie myricetin, luteolin, quercetin, apigenin Waz kaempferol N1
nviaUsuaasusenevlungunsniiuedna (phenolic acid) 1ok chlorogenic acid, caffeic acid
way ferulic acid wazn1503793AUTUIUIIWVIA15USENOUIININ phenols, anthocyanin, B-
carotene Wag ascorbic acid 52uF4n15358FUAIIMTY (moisture) warTusRu fiviliwuiniie
aulnsusazdatuduundsiigaulfeasusenaudailei®u (functional components) fidnény
Tnslawizanslundulndiueausznsnueanadin Seansmariifuminiiddalunaduaseongni
NNTININ AI0E1LTY ﬂﬂiLﬂuaWiﬁﬁqwéﬁugqﬂwsﬁﬂLau (anti-inflammatory activity) §3n158naU
fiantuiufoinduadodemsniisinfuiinduadeomaiinlsnEessluuyudldvanuaevia ns
Sniavagnadsundu (acute inflammation) \un1sdniauiiiintuagnasanids waglead (host) f
asnsaifanszuiumstesiunueauarnduiugdaunavasiunmeldlasiie dunisdnauuuniieds
(chronic inflammation) Mithlugmsiasuriaveswadiigninirguinuisnauuasidnvas iy
vosmsvharewadiiAatulundeutunisinuuiedefiianszuaunisdnau lnglunssuiunis
SniauiAntuordensdsiudoyadelelnle foadsmadenisauaunisdeasseninusadi
AnUnd uazneliiAneudevevesszuugiiduiu Jadwinevesmsfnwiaisesngys fiteannis
SniauFessfifldutieansnanisiinlsafifsatedld feghatu msfinwaisuszneunaluess
fnuannludie fn wasnalsl Alfunnisagesdanuiuanalnfiieadestunisdudinssniaues
ansusznevlunduanliuess MufwansznuilifedosiuimunimesnisislsaEesmanvany
%1a (Pan, et al., 2010) ﬁﬁﬂﬁwuiwmiaaﬂqm'émwiimwa Wi Nanliueyn 5ﬁmmﬁﬁwiami
ffudanssniauesisls

LaraInNN1sTIUTIdeyavesunAideresdiulsznevaseongrsuaz n1sUszandldves
fianulng g (Pluchea indica (L) Less Ing Suriyaphan (2014) daduiivayulnswasiduiiuiiedu
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Ndfgvesnianzfusen MeudmnldSulsenu Wy senseutanyiududnaniuduiimsn atu
N & 44' = = | ! ° Yo & o A v o a - ! &
ratlunsouAssvuniu dwlvouthlvanlesuusemuludnduduuingn wieldluwneda @i

&= ° o 1 o X o e Y @ v o ° X9y v Y o o A =
aeannin1stluguiuiiedninig o 1o 1Wudu tazdiaunsaidrluudeliuislaz suduiaunse
Yy Feazheandmiinld uenanuselevitnsruua luduvedluvgdignuluseaseangns
Vl’lxiﬁiim%m‘mmﬂm Lern B carotene, chlorogenic acid, caffeic acid tag quercetin %aiumalmn
vhumiidueiestuiteguainlulszmelne mﬂﬂ’masﬂ,uﬁawmmmﬁummﬂmiaﬂmmmﬂmLLav
LLaaﬂaaaamﬂiumguumqwﬁiumiﬂummiaaﬂsmmusumawm (lipid oxidation) miwmmia%a
8a5¢ (scavenging of free radicals) saufeaaandftunisdudanisdniau (anti-inflammation)



e fun1ssieanuves Srisook wazamy (2012) Auandliiiuinasatndeiifouanlueg vie
miwgﬁ?uﬁqwﬁumié’fugqaﬁa%aﬁaiz 1NA1INAABUAY 1,1 -diphenyl-2-picrylhydrazyl,
superoxide way hydroxyl radical uazanunsadudenssnauldednaiivszansam lnsamsaan
nsnanlusinaenles (nitric oxide, NO) waz wasan wnaudy (prostaglandin E2, PGE2) fiiianTs
wanTululeadduuuuuualasig RAW264.7 fignnszduliannissniauielalulndusaanlsd
(lipopolysaccharide, LPS) (Buapool, et al., 2013) ﬁﬂﬁuaﬁﬂ%’agaﬂﬁdﬁu U Suduitendmune iy
fiwagulnsnanangfusen fazgniuldifterhmsfnyinasdumnalnmsdudamssnauvesans
pongusiidudiuuszneudidy wWiothunesurenmsanludessuy dwawsaamqwé%miwéﬁﬁ
UnumLazANERsenRUAs UL AN v NS uaueIn1ss auldagnslstg

Ufduiusszuinglusiusazarsluanavuiaiandudiudseneuiddglunssuiunisma

FrnwwesdelTin anseengrinnssuvafiiumsiedfiifuanavuiadniiasdufauiusisune
funguldsiudmneveawad MvinliAnnansvausndeszuurunalnvesufiuiusszminelusiu
wsensdwudyarunsluwad Jagdulalinsinusiuswdeyad féuiussenindusiuduans
Twanasuimdnlilugiudeyaaisisuzesulal feg1u9u ChEMBL (Davies, et al, 2015) uag
STITCH (SzKlarczyk, el al. 2016) M¥inlsigAdefiannauleaaursadifanazanidinandeya
ﬂg’jé’mﬁuﬁ‘mmﬁmlﬁﬁaﬂ133'%’8193’ ChEMBL (Davies, et al., 2015) Lﬂugmsﬁau”aﬁﬁﬁuuwimﬁfﬂﬁﬁ
MsWaLALLiese I3 UM Se st s funsAumeny el (drug discovery) hazauLALINIg
nsunng (medicinal chemistry) 1ugnudegaiinsiiusiunadeyadsduiusvesdunuduazin
Twanathmineg Ansmenuluunanyideidnisnisunnd Feiunsnsmmuuazfsdoyalng
fusrufidolvigy delddnisuiuugegrudegasdigmidunesdu 2.0 x
(https://www.ebi.ac.uk/chembl/api/data/docs) uaﬂaﬁﬂﬁﬁqaﬂmﬂiaﬁum%’faa&aﬂﬁé’uﬁuﬁ‘iwdm
TUsAunazanseonguslsiangudeya STITCH (Szklarczyk, el al. 2016) fifin1suuugadouadian
Wueddu 5.0 laggudeya STITCH (Search Tool for Interacting Chemicals) 81/8n1559U574
foyauduiusangrudoyadu (many databases) UnAIW3de (texts) waznszuIun1siuy
Udunus (prediction methods) waatunvinliaiunsadiausnani1sauAuy jaunusuasaisiadl
Fruruannnin 430,000 vila eelusuuuuresiaeteUfduius (interaction network) fidesenns
Tnuuaznisvhanudilaiasedutazeinduiiufduiussulusiutmneegislsd Tnelues
Fuangaiausadanseslusiuniearnedilifauisdestudedefideanisnuild 21
giudoyaiinamfsinauisaesgutoyatos Suumdsleyafiddyos fauiussewindusiudiuans
pongvsINEITIATIAlY
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wennilfaliveyanazaeswnldineairaatete jauiusiviauanysaluindadu g
aunsasinlalnglddeyaufduiussenindusiunulusiuiiauisannnilvanlaangiudeya

151554 STRING (Szklarczyk, el al. 2017) WHBIRINNTLUIUNITTEAUMAR WAZTIINYITITEUU
dgrunnnerdesiunisyimidinsiuiudainainnisiujduiusseninalusiu edndlsinudoya
& )~ <

Uduiusninueguamiiungnyineduininisiiuniunuegunseianseaegluraiswrasgiuteys
Faflmuunnaeiulun1nsgIuLarULUUT0INI5IANU §1uTaYa1515Y STRING F9lavinis
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U duiusn19nss (direct or physical interaction) wagUJduiuslagaey (indirect or functional
interaction) Tnelutiesduargnues STRING Aotiesdu 10.0 fusznevldfedeyanindsiidin
11N 2,000 viA ﬁﬁmummmmLﬁ?ilau‘[wuaa%'a%auazﬂﬁﬁ@ﬂﬁjmiﬂiauaaﬁﬂaﬁ (orthology)
seyriediidin nusnsdasuunaudiiuuuulilamuin fafudoyauiduiussevialusiu
fulusuiildangiudoua STRING AagviliiiaTerneufauiusvedlusiufuaisoongnidaa
Asufunazanysaifinandu uaznfouiaziluiinneghiadotissaufuBunisdnauiiléann
grudeyaasisazvesduiiedesiulsa lfungiudeya DisGeNET (Pifiero et al, 2015) OMIM
(McKusick, 2007) wag UniProt (Apweiler et al, 2004) ilafumlugaifiduaudndadudunis
Sniaudaasshlinsuunumiidduesaseengrsnesssuriviauladedu

N153A5189ATRY 8 U AN UTTEnI9lUsAULALa1TRRNNTNI5TTUYIRTIT VLR gy
a1un3alusunsu Cytoscape (Shannon, et al., 2003) lun1suaninalazinseinae U aunusy
16 uwiegalsfnnu nsiesziesetnedrsrudsliiismenaniseSurenasArumunuImidAnue s
41509N093 9WeNITANLEDNIATEYBEENTDlUANTUNUIMEAYADNITNOUANDIYDIATOBN
gvs waganusnihuwlananadinmlalaedis gnisfndentugatiamnsaiilalnenisldlusunsy
Uanduveslusunsy Cytoscape #219819191 1UswnTU MCODE (Molecular Complex Detection)
(Bader and Hogue, 2003) M1agvinsAniaaniAIeYgdaevisalugaiin1siweuseiuag 19wk 9
& 1 < 1 al aa a o v 61 [ a o [ a a v .
fendunguvedldsAuniiuduiussiuiunasddnwusluarstiluanatsdou (biomolecular
complexes) Inga1dEIEN15IANGU AL UNYBINTHUFURUSvalUsAUULUNUFIUVRY graph
clustering methods lnglusuideillinaasenisly MCODE lun1sdndanlugavasngulussiuain

A Ay o ¢ a a6 L. = ' | Ay =~
iwsetneUfduiusveclusiuludas Saccharomyces cerevisiae Fanuinlugadiulngiaunuiaing
aennaeIiuaNTUTENUBtauadlUIAU (protein complexes) N3DEUAY

mwé’qmié’mﬁaﬂimaaﬁLﬁuaﬁﬂizﬂam%ﬁaummiﬂiau 1ALATOVIBVUIN IR VDI
Ufgususseminelsiuiuasesnguiiiaulaud ﬁ%ﬁﬂmaaLwéﬁmﬁﬂﬁﬂmmﬂamamﬁ’mWWI@EJ
T¥feyavesBuamdnaelulugaiigndnidon u1iiaszsideTusunsu BINGO (Biological Networks
Gene Ontology) (Maere, et al., 2005) Fudulusunsuuansuvedlusunsy Cytoscape (Shannon,
et al, 2003) WuiiigIiu lag BINGO azerdudayaduaaulnlad (Gene Ontology, GO) 11n15
fumiladduvesnguiuiiduandnlueiediefiviinisinses Inenaildezunedevesilaidudu
ooulvladnazduiladduninvesnguiumaniy shlinsulanailsitusueeulnladuosduaunn
Tulugaluvisafafudesiionn Tadududesdiitnisfiasiinisdanduilsdduiilfinandiion
auduitusveslugarnuilerduiuoeulnlad Ssazfusnisnmvilsitagyhmetaululasnisided
delildnavasitsdduanudaslugafimfonaziunldlunsesuisnalnnissudanmssniauveangs
asoangVisNesISHIATaUlaAnw 6?5&1141‘71'5%LﬁuﬂejuaWiaaﬂqwéawmﬁaaEiwaﬁéuazguiwsﬁmﬁumﬂ
friuBen Ao GUQ' (Pluchea indica (L.) Less (Suriyaphan, 2014) Lﬁaﬁumwmmaaﬂa;uﬁﬂiaaﬂqmé
nlurgfidirenissussnssniay uaziftethuidufuuuureansfauinssuiunmsmsdiasaume
fannsnihlulflunsdumunumessanseangrsiniivayulnseinduiiienisdudsnissnan
o lusggndldiulsantoornmemenisunmgduiinadladelulusuien
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uni 3

Y69 aunsal wardSn1snaaes

3.1 a0 wazaunsal

3.1.1 1A5998BKAZIUSHNTUNINTIETAUNA

1.

©® N ook

10.

11

14.

Lﬂ'%lmﬂauﬁama%muqﬂﬂa (Personal Computer)
a. Lﬂéadﬂamﬁama%d’muﬂﬂa (Personal Computer)

Processor: Intel(R) Core™ i5-4200U CPU @ 1.60GHz 1.60GHz

Installed RAM: 4.00 GB

System type: 64-bit Operating System, x64-based processor

b. Lﬂ%‘laﬂﬂamﬁal,maifei’muﬂﬂa

Processor: Intel® Core™ i5-7200U CPU @ 2.50Ghz 2.71GHz

Installed RAM: 4.00 GB

System type: 64-bit Operating System, x64-based processor
TUsun5u Cytoscape version 3.6.1 (Shannon, et al, 2003) Wuunaanesufilddmsuiy
fuTasaumalunsiinsgiiedetisUjdusiusseduluana Wofnwmginssusiud
sUuuvesaietsUfiuiussznindusiuvieduiauls lnsannsanivanlusunsud
Aulad (http://www.cytoscape.org/)
TUsunsululasgeniendiaa (Microsoft Excel) version 14.0.4760.1000(64-bit) (©2010
Microsoft Corporation)
1Usunsu Notepad++ version 6.9.2 (http://notepad-plus-plus.org/)
gm%aaquammmz ChEMBL (https://www.ebi.ac.uk/chembl/) (Davies, et al., 2015)
gmﬁayﬂammmz STITCH version 5.0 (http://stitch.embl.de/) (Szklarczyk, et al., 2016)
gwu%aaquamﬁﬁm STRING version 10.5 (http://string-db.org/) (Szklarczyk, et al., 2017)
gmsﬁa;ﬂammsmz DisGeNET (http://www.disgenet.org/ web/DisGeNET/ menu/home)
(Pinero, et al., 2015)
Futoyaasnsaie OMIM (http://www.omim.org/) (McKusick, 2007)
F1utayaasnsaie UniProt (http://www.uniprot.org/) (Apweiler et al., 2004)

. gm%@uﬂamﬁﬁmz David version 6.7 (https://david.ncifcrf.gov/) (Jiao, et al., 2012)
12.
13.

F1utayaasnsae GeneCard (https:/www.genecards.org/) (Stelzer, et al., 2016)
§1UY8YaaI5150 ¢ Dr. Duke's Phytochemical and Ethnobotanical Databases
(https://phytochem.nal.usda.gsov/phytochem/search/list)

1Usunsu MCODE version 1.5.1 (Bader & Hogue, 2003) Huudnsuaes Cytoscape 7%
dufumsianguinsevie nsnTvaevUjduiusuasanuduiusseninduanaledou lny
ansaRnaslUsunsuUSNY MCODE version 1.4.2 Tasanalnasriiulusunsy Cytoscape
visanilnanuandulaiiiuled (http://apps. cytoscape.org /apps/mcode)
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15. TUsun 34 BINGO version 3.0.3 (Maere, Heymans, & Kuiper, 2005) HuUanduveq
Cytoscape fildfdmiunsAumanuduiusuazminiveanguiuseduseulnlad (Gene
Ontology, GO) IngaunsafnssUandu BINGO version 3.0.3 Tnsaatdlnans1ulusunsy
Cytoscape M%am’gﬂﬁam%ﬂﬁulﬁﬁL%‘Ul"mﬁ (http://apps.cytoscape. org /apps/bingo)

16. Tsuns3 VENNY version 2.1 (Oliveros, 2007) Wulusunsudilfiuisuiiioudoyaszwinagn
Gé'fazqga 6'TIQQc,"1'1m'3§ﬂ;‘ffﬁ’1‘141(51"17‘1'L"‘J‘lﬂﬂﬂﬁ(h’t’tp://bioim‘ogp.cnb.csic.es /tools/venny/index.html)

3.2 25115192949

MIMTIREBUNTTUIUM TSI saumARvzauothulHlunsdmdenlugaiiiednun
nalnmsiudimssniauresasesngrinniivayulnsluniang fueen axidunsfnulnsendedeya
anseenquisvesiivasulng vg (Pluchea indica (L) Less (Suriyaphan, 2014) wagiivayulnsviadu
(Andarwulan, et al, 2012) #iagian i uundsdrsdadoyaidosiuvesaiseongnifiiy
dntsznou warthuldlunsdumlvsiuidudmaneuasdinnuduiusvesnsesngnivosansd
Huduuszney Tasendenssuiumansdiansaumaiivssnaulufedunouded fe (1) n1sdum
IﬂiauL‘f]mmmmmiaaﬂqwﬁmﬁgmsﬁauﬂamﬁﬁmz ChEMBL (Davies, et al., 2015) wag STITCH
(Szklarczyk, el al. 2016) (2) n1sduAutayay fduiusseninalusiunulusiulugiudoya STRING
(Szklarczyk, el al. 2017) (3) M3fumdeyavesiuiiioidosiumssniauiinsivaeuldinngrudoya
a51sauznsduiiiieidesiulse laun §1udeya DisGeNET (Pifiero et al., 2015) OMIM (McKusick,
2007) wag UniProt (Apweiler et al., 2004) (4) N153AI8MATBYIBUFUTUSvOlUTAULALNS
ﬁuwﬂu@aﬁﬁﬂmuﬁﬁﬁg ToelalUsunsudinsnziaTedne Cytoscape (Shannon, et al., 2003) Wiau
G’hEJIUsLmiwg’ﬂﬁuﬁi‘ﬂumsﬁwﬂu@a \Wu MCODE (Bader and Hogue, 2003) 1ufu Ineiiasig i
w3eYgLarAuMligasINiutayadunseniay uag (5) Msuvanan1sdinmlaglddeyavesdu
aundnnelulugafigndmidendelusunsuudndu BINGO (Maere, et al, 2005) uagiifoyansuda
AT mild uwihmsdanguitedumanudenlosssrienguiuaindnnelulugaiotluld
lunrswdanaSeuiisuvesnalnnispevauesdtuseauliiana Auranisneavauainsenauluseeu
a35en Taonmaamnesnide wansds 3U7 3-1 weemeanBesvesusazdunouidwielud
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1. nedumllsAuivangresanseangns

}

2. MaduAudiayaLjduiussendnelyshuiuly seiu

'

3. mefumnguewllsAunineadesiunisdniay

'

v o o

a e A ] a a
4. ﬂ’]?’lLﬂﬁ"\iﬁMLﬂﬁ‘@‘ﬂﬁﬁlﬂ{]’&quﬁﬂlﬂxﬁﬂi‘ﬁluu@:ﬂ’ﬁ

o

y o o
mum‘lﬁu@wummmp}m

5. NTUUANANIITINN

AN 3-1 AINTINTVBINTEUIUNIN N IEsaUwmAattlunsfnwnalnnisdudsnisdniauves
a1seengnsINssIUTIANLANAvayulnslunanzusen

3.2.1 msAumldsaudinungvasanseangns

MNMITUTINTeyaTeunauifevesdnlsznevaseangyskaznsUszyndldveiie
auulns vg (Pluchea indica (L) Less lag Suriyaphan (2014) #afufiwasulnsuaziduiiufiosiud
dityresnanzfusen Ideaniwrldsuusemu wasdanusathlunisiuiuas fufuimumdons
uwnu Feludruvesluvgigaulufeasesngrinissssumnaniddy faazgnihunlfidutoyaves
msaaﬂqw'ﬁ{mﬂiumj LA B—carotene, chlorogenic acid, caffeic acid, ferulic acid, quercetin,
kaempferol, myricetin, luteolin, apigenin, anthocyanins wag carotenoids Wudu Samiﬂﬁﬁﬁagﬂa
MnuamsAnwaseengrsitudulsznoulufivayulnssauvisau 24 ¥ia falufiefiosdures
Uszimaduladide Aflvdavazareiudiiuiderfuduinuluginiaiieg vesdszmelne
(Andarwulan, et al, 2012) Mazunldiduundsdradafisfndmumsanwidouiisuiuiley
auulnsvindu uagorvvzinuiguuuuvesnisliitoyavesuiuuaiseongniudazviaiy
duvsznevselulusunan andeyamsesngniiidfyvedlurg aztundududeyaufauius
szilusiunazansTuianavunadn filnnsiiusiunuteyaUjiuiusseninlsiutvansluana
yumdnlilugudeyaasisazooulat fog1atu ChEMBL (Davies, et al,, 2015) ihugnudoyadiil
guningiddldinsimutuniiiesesfunsiteiiisadosiuntsdumensialul (drug discovery)
wazuLATN1INITUNNS (medicinal chemistry) upnaIniiSsannsodumdoyaufduiusssning
Tusfunagansoonguslédangudaya STITCH (Szklarczyk, el al. 2016) fifin1suulsadouadian
Hunesdu 5.0 delddeyaveslusiuthmneudifaziuyinisanageulsiumdtudnadmis
rouflagindeyadnaunlifuunasieyafidrdyvesujuiusseninalsfutuasoongnian
sssuvAninaula wethluduuluduneusiely
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=

3.2.2 msduAutayaufdunussendnelusauiulushiu

'

NnYoyaudusseninausauivaiseangnstieiu aztdunlelunisaumdeyaldusius
senialusiudulusiu Taenslédeyasnede doyadwunsneziily wasdoyaidslaseaine mldly
Msdudy Teyaufdusiudsenindusiuiulsiuiianmnsoandlvanldaingiuteyaaisisuy
STRING (Szklarczyk, el al. 2017) 1i9991nA58UIUNITTEAUWAE wasTrinenTeszuudiuuin
Aendosiumsimiiismiugaiaannsiufauiusseninlusiu egrdlsAnmdoyaufduriusis
fuagudaiuiignihustuiniininfiviunuedunssdansearslunansundgiudoya fediaanu
wanARiululInsgIuLazULULYRINITIAAY grudeyaaisnsay STRING Falavinnissiusiunas
naunautoyaUfiuiusseninlusiusuTusiumaniidndeiu sulsznaulufeufdutusmanss
(direct or physical interaction) wazUfdunuslnedeou (indirect or functional interaction) taglu
na%%"uéwqmaq STRING AoL9354u 10.0 ‘1'7i‘Uizﬂauléfé’aa%’auﬂamn%aﬁ%’immm’j1 2,000 %ia 7idl
mmammmL%auiwuaaﬁﬁamaLLavmﬁmﬂémiﬂiauaaﬁﬂaﬁ (orthology) s¥Win9aeiiTdn feiiy
suamﬂQauwuﬁsvmwﬂﬁimuﬂuiﬂimwlﬂmﬂ%wusuaua STRING Aagiibiasevneufduiusves
Tusfufuamseangrdinuasuduuazauy soifuuiniy

3.2.3 msfumnguiu/lusauiiiendesiunssniay

Tumsdumnguiu/lUsiu Mfetesiunissniay azendunisduiuangudeyaaisisas
yesiu/lsauiiAadosiulsn S1uruednetion 3 gruteya laun grudeya DisGeNET (Pifiero et
al., 2015) OMIM (McKusick, 2007) uaz UniProt (Apweiler et al., 2004) &sluusiazgrudoyassdl
FBsiununumarisnsldndsdeyanimdusiussenitdu/lusiulas madguedlsaiiiisades
wpnAeniuly éfmfumﬂmiﬁuﬁuﬂfjmﬁuﬂﬂiau Tnenslaldrdnary (keyword) 31 “inflammation”
Tuustargudoya Aagvilildyadeyavesnguiu/lusiu sonmanudazgudoyaiitvianiouwas
unsnaiu Tasagvinnsdndonnauiu/lusiu fflenuimileunteaunsnduduldiudansgudoya
Fuly Wl dunguiu/lushiu FAeatestiunissniau (inflammatory senes/proteins) wiayunld
Tumslieneifudeyairietneufduiusssnindusfuasasesngrimesssunanel

3.2.4 mMsnseiiasetiguduiiusvaslusiuuazmsdumiluganiaudifny

Mndeyaufduiusseninlusiiutuaseengv’ wasteyaufduiusseninlusiuiulusiu
rgniunsIndeyaiuiaziluianinalagiinsiziasevieyjduiusaislusunsy Cytoscape
(Shannon, et al,, 2003) Aagyinswaunauteyavestusiuniolnun (node) wazdoyaufduius
wiolend (edge) Miudrulsznavlundetenmuauildiiudiusinvesnisinsziaietie
fogratu Teyangudulusiu MAadestunisdniay Yeyavesseiuanisiiufduiussening
Tusfu Wudu Feagdmnvhnsieseiadeteufduiusiasodoiniesiion ugureddsungy
Cytoscape (Shannon, et al, 2003) w¥eudaen1sldlusunsuUansuiifidnvarmsinuaniedy
ulsunsuililumsfuniaiedodosvdelugafifiaudfyanlasiaiveaniet su fauius
Wy LUsunsu MCODE (Bader and Hogue, 2003) ﬁazﬁwmiﬁmLﬁaﬂLﬂ%@ﬁziwsiaw%du@aﬁﬁmﬁ
Fousatuagravuuiy Adedndunguveslsfuifiufduiussmiu Svihiuagnsiausiuiu
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gj I = a v . o w =l A )
samenluansiluanaidateu (biomolecular complexes) i fidna luszuuna®InIn e
lupangnAnieninuudanamaininsiely

3.2.5 N1SUaNaN19IININ

am‘[ugaﬁgnﬁmLﬁaﬂfwﬁwmﬁwmiLuJamawN%amw Taglglusunsu BINGO (Biological
Networks Gene Ontology) (Maere, et al., 2005) %GL‘CﬂuIUiLLﬂwU%ﬂ5u“uaﬂ“d'il,mim Cytoscape
(Shannon, et al,, 2003) lunsieszsiteyailsitumsiinmuesBuandnluudasluga Tnouadild
wifusedevesilaiduiiueaululad (GO, Gene Ontology) Az duflsrdundnveanduBumaniu
Faazfinisuanina GO MeuAraaniTedelusyiuiigidoarunsatiuuseanle usfagsinlile
$ruauves GO luusaglugaiinaenundusiuiuinn ddunisulanailsidubuseulvladvosiu
andnlulugaluvaditadudosfion JediarwdnduiiesdesdiBnisiiazshnsdanguitadduiily
wienil ilemanuduiusveslugarnuileidutuooulnlad FuasdudnBnamisfiaginisimuly
Tnsen93deil el dnavesilsridunnuiasTugaiindouaziunlilunisesurenalnseduluanadi
douloafunsudsunlasiifedulussduaisingt vesnisdudimssniavresnguaiseangnims
sssumAfiaulafing %qiuﬁﬁavLﬁuﬂdumsaaﬂqmémm%’aasmﬁsuauulmﬁaq5'umﬂmvﬁfuaaﬂ fio
g (Pluchea indica (L.) Less (Suriyaphan, 2014) L‘WE]FWW]UVIUW]‘SUENﬂallmiﬁ]’e]ﬂi]ﬁ/lﬁﬁ]’]ﬂIUsUaVI&I
sonssudanssniay waziiethuidusuluuresmsfauinssuiunismsdmsaumadianig
inlldlunsdumunumvssansesngudaniivasulwsvinduiifinenissussnissniau viooinis
mansunngduiiiauladelulusuian
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uni 4

NaN1INAaDI

1% = Q‘
4.1  msaunlusiudnungvssdnseangns

mMefumlusiuimnevesasesngrsazihdeyaasusasviaiinulufivngualuvguagin
NOUTIUIY ‘17?\‘1 T?;Tu 10990 tawn Apigenin, Fisetin, Kaempferol, Quercetin, Myricetin,
Isorhamnetin, Catechin, Epigallocatechin gallate, Epicatechin wag Theaflavin Lﬁ@ﬁmﬂ‘ﬂumi
ynalnmstiudamsdniau fezerdedeyalusiutihmnevosmsoongvisusassiafinulusywdiild
nn1saniivandeyanielagiudeyaaisismy ChEMBL (Davies, et al., 2015) Wagg1utaya
a151384g STITCH (Szklarczyk, el al. 2016) Tnsfisoazidoavestoyamseengys wazduoulusiu
Wmnefdunuiievhldumufauiusseninadusiu angrudeyaansisuy STRING (Szklarczyk,
et al.,, 2017) WARIRIAITI9N 4-1
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A5199 4-1 aﬁ’mau‘[ﬂiamﬂmm181maqaﬂiaaﬂqwémﬂﬂﬁﬁuﬁuﬁ’sagwu%’a;ﬂa ChEMBL, STITCH wag
STRING
NGNETS 13 Fwulusaudmanedt | SwauTusiutvunei
AunuaNgudaya duAulugudaya
ChEMBL wag STITCH STRING
Flavones | Apigenin 196 193
T
R
‘ (0] OH
Favonols | Fisetin 69 69
HO__ AN
o »\\/ﬂ_. O~ _OH
P9
HO ~ ‘H/ S
o]
Kaempferol 90 90
OH
HO 0 || ‘
Ll
o™
OH (o]
Quercetin 164 159
HO._~_
HO /L“ ‘J“ O~ O
L
T
(o} OH
Myricetin 95 95
o M|
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A151497 4-1 (o)

NGNETS 13 Fwulusaudmanedt | SwauTusiutvunei
Aunuangudoya duAulugudaya
ChEMBL wag STITCH STRING
Favonols | Isorhamnetin 23 23
| OH
ok
[ 1 "|
| I T OH
Flavanols | Catechin 47 a4
OH
{ _~_ _OH
PPN
N S YN
Q.
[ OH
OH
Epigallocatechin gcallate 56 56
]‘ = 0. _~_ _OH
o LI
HO. Jo cl)H
I
HO JJH
Epicatechin a2 a2
OH
| _OH
HO. 0. J |
S
|' “OH
OH
Theaflavin 11 11
I
&.‘I:;-"
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4.2 nsauAudayaufdunussendnelusiuiulusau

nnfeyalusiutmusuiazeiaiinuluaiseengningunailouesd s 10 wia 1dun
Apigenin, Fisetin, Kaempferol, Quercetin, Myricetin, Isorhamnetin, Catechin, Epigallocatechin
callate, Epicatechin waz Theaflavin avgniunduaudeyal jduiussenindusiudulusiuves
1y (Homo sapiens) neldfgrudoyaasnsaiz STRING (Szklarczyk, et al,, 2017) Faugrutoya
fsurmufauiusveddusiunasaseunguaslidinduauunn lnefegamaildannisdudu
Ufduiussenialusiufulsiuredlusfiu TP53 azuansfanind 4-1

TP53BP2

AW 4-1 fegrantiainnisduaulfduiusseninalusiuiulusiuvestusiu TP53
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T}
v [ [

4.3  nsAumnngueu/lusauiineidesiunisenieau

msduduteyalusiunmssnauinulusywdazendenisuiunnguioyamsisasvedu/
TWsiuiRgadosiulsn 3 g1utaya Lawn DisGeNET (Pifiero et al., 2015), OMIM (McKusick, 2007)
wag UniProt (Apweiler, et al.,, 2004) u&aUisuiisumiusiun1sdniaviiisaufudielusunsy
VENNY (Oliveros, 2007) axldnausingdanmd 4-2 Faaznulusiuiifisausuiie 3 grudoya léun
DisGeNET, OMIM wag UniProt iis1uqu 89 aila Tusfudisisauduly 2 g1udoya Laun DisGeNET
wag OMIM 91131 180 ¥ila, DisGeNET way UniProt 91wy 33 wila, OMIM Uag UniProt 3117y
101 %iin Inglusnifodazdniennedolusiuiitarumioutufusassgrudoyatulufedsiuou
403 vl Welilumiasgiisiuiuiietsu jiuiusvesaseangvdnduatlausdiinuluiiv
naulurguaritaon Tuduneudely FauanssoaiBentoyalusiunssniaudimied 4-2

DisGeNET OMIM

593
(38.5%)

Uniprot

[y

AW 4-2 Jeyalusaunsdniauiisuiuirinseiniglusunsy VENNY
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A5199 4-2 S19azLPYALUSAUNITONLEUNY 403 Bie

JolUshu

Faruvaslusau

Uniprot ID
A4GNT Alpha-1,4-N-acetylglucosaminyltransferase A4GNT
ABCB1 ATP binding cassette subfamily B member 1 P08183
ABCB4 ATP binding cassette subfamily B member 4 P21439
ABCC6 ATP binding cassette subfamily C member 6 095255
ACKR1 Atypical chemokine receptor 1 (Duffy blood group) Q16570
ACKR2 Atypical chemokine receptor 2 000590
ACP5 Acid phosphatase 5, tartrate resistant P13686
ADA Adenosine deaminase P00813
ADCYAP1 Adenylate cyclase activating polypeptide 1 P18509
ADGRE2 Adhesion G protein-coupled receptor E2 Q9UHX3
ADH1C Alcohol dehydrogenase 1C (class 1), gamma polypeptide | P00326
ADIPOQ Adiponectin, C1Q and collagen domain containing Q15848
ADIPOR1 Adiponectin receptor 1 Q96A54
ADIPOR2 Adiponectin receptor 2 Q86Vvz4a
ADRB2 Adrenoceptor beta 2 PO7550
AGER Advanced glycosylation end-product specific receptor Q15109
AGT Angiotensinogen P0O1019
AHR Aryl hydrocarbon receptor P35869
AIM2 Interferon-inducible protein AIM2 014862
AIMP1 Aminoacyl tRNA synthase complex-interacting Q12904
multifunctional protein 1
AKT1 AKT serine/threonine kinase 1 P31749
ALOX5AP Arachidonate 5-lipoxygenase activating protein P20292
ANG Angiogenin P03950
ANGPT1 Angiopoietin 1 Q15389
ANGPT2 Angiopoietin 2 015123
ANXA1 Annexin Al P04083
APOE Apolipoprotein E P02649
APP Amyloid beta precursor protein PO5067
ARG1 Arginase 1 P05089
ATG16L1 Autophagy-related protein 16-1 Q676U5
BCL6 B-cell lymphoma 6 protein P41182
BDKRB1 Bradykinin receptor B1 P46663
BDKRB2 Bradykinin receptor B2 P30411
BDNF Brain derived neurotrophic factor P23560
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A15147 4-2 (A0)

Folushiu Fouvaslushiu Uniprot ID
BSG Basigin (Ok blood group) P35613
BUD23 Probable 18S rRNA (guanine-N(7))-methyltransferase 043709
C1QBP Complement Cl1q binding protein Q07021
C2CD4A C2 calcium-dependent domain-containing protein 4A Q8NCU7
C2CD4B C2 calcium-dependent domain-containing protein 48 A6NLJO
c2cpac C2 calcium-dependent domain-containing protein 4C Q8TF44
3 Complement C3 P01024
C4aA Complement C4A (Rodgers blood group) POCOL4;POCOLS
C4aB Complement C4B (Chido blood group) POCOL4;POCOL5
c5 Complement C5 P01031
C5AR1 Complement C5a receptor 1 P21730
CACNA1C Calcium voltage-gated channel subunit alphal C Q13936
CAMP Cathelicidin antimicrobial peptide P49913
CARD17 Caspase recruitment domain family member 17 Q5XLA6
CASP1 Caspase 1 P29466
CASP4 Caspase-4 P49662
CCL11 C-C motif chemokine ligand 11 P51671
CCL13 C-C motif chemokine ligand 13 Q99616
CCL18 C-C motif chemokine ligand 18 P55774
CCL19 C-C motif chemokine ligand 19 Q99731
CCL2 C-C motif chemokine ligand 2 P13500
CCL20 C-C motif chemokine ligand 20 P78556
CCL21 C-C motif chemokine ligand 21 000585
CCL25 C-C motif chemokine 25 015444
CCL26 C-C motif chemokine ligand 26 Q9Y258
CCL3 C-C motif chemokine ligand 3 P10147
CcCLa C-C motif chemokine ligand 4 P13236;,Q8NHW4
CCL5 C-C motif chemokine ligand 5 P13501
CCL7 C-C motif chemokine 7 P80098
CCL8 C-C motif chemokine ligand 8 P80075
CCR2 C-C motif chemokine receptor 2 P41597
CCR3 C-C motif chemokine receptor 3 P51677
CCR6 C-C motif chemokine receptor 6 P51684
CCR8 C-C motif chemokine receptor 8 P51685
CD14 CD14 molecule P08571
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A15147 4-2 (A0)

Folushiu Fouvaslushiu Uniprot ID
CD163 CD163 molecule Q86VBT
CD200R1 CD200 receptor 1 Q8TD46
CD40 CD40 molecule p25942
CDhda CD44 molecule (Indian blood group) P16070
CD55 CD antigen CD55 P08174
CD99 CD99 molecule P14209
CFH Complement factor H P08603
CFTR Cystic fibrosis transmembrane conductance regulator P13569
CHI3L1 Chitinase 3 like 1 P36222
CHIA Acidic mammalian chitinase Q9BZP6
CHUK Conserved helix-loop-helix ubiquitous kinase 015111
CLEC12A C-type lectin domain family 12 member A Q50QGZ9
CLEC5A C-type lectin domain family 5 member A QO9NY25
CLECTA C-type lectin domain family 7 member A QI9BXN2
CLU Clusterin P10909
CNR1 Cannabinoid receptor 1 P21554
CNR2 Cannabinoid receptor 2 P34972
CPB2 Carboxypeptidase B2 Q6IY4
CRH Corticotropin releasing hormone P06850
CRHR1 Corticotropin releasing hormone receptor 1 P34998
CRP C-reactive protein P02741
CRYAB Crystallin alpha B P02511
CSF1 Colony stimulating factor 1 P09603
CSF2 Colony stimulating factor 2 P04141
CST9 Cystatin-9 Q5W186
CTLA4 Cytotoxic T-lymphocyte associated protein 4 P16410
CTNNB1 Catenin beta 1 P35222
CTRC Chymotrypsin-C Q99895
CTSG Cathepsin G P08311
CX3CL1 C-X3-C motif chemokine ligand 1 p78423
CX3CR1 C-X3-C motif chemokine receptor 1 P49238
CXCL1 C-X-C motif chemokine ligand 1 P09341
CXCL10 C-X-C motif chemokine ligand 10 P02778
CXCL11 C-X-C motif chemokine ligand 11 014625
CXCL12 C-X-C motif chemokine ligand 12 P48061
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A15147 4-2 (A0)

Folushiu Fouvaslushiu Uniprot ID
CXCL13 C-X-C motif chemokine 13 043927
CXCL14 C-X-C motif chemokine ligand 14 095715
CXCL2 C-X-C motif chemokine ligand 2 P19875
CXCR1 C-X-C motif chemokine receptor 1 P25024
CXCR2 C-X-C motif chemokine receptor 2 P25025
CXCR3 C-X-C motif chemokine receptor 3 P49682
CXORF40A Chromosome X open reading frame 40A Q8TE69
CYP7B1 Cytochrome P450 family 7 subfamily B member 1 075881
CYR61 Cysteine-rich angiogenic inducer 61 000622
DEFB114 Beta-defensin 114 Q30KQ6
DEFB4A Defensin beta 4A 015263
DNASE1 Deoxyribonuclease-1 p24855
EDN1 Endothelin 1 P05305
EGFR Epidermal growth factor receptor P00533
ELANE Elastase, neutrophil expressed P08246
ELF3 E74 like ETS transcription factor 3 P78545
EP300 Histone acetyltransferase p300 Q09472
EPCAM Epithelial cell adhesion molecule P16422
EPO Erythropoietin P01588
EREG Proepiregulin [Cleaved into: Epiregulin (EPR)] 014944
F2 Coagulation factor Il, thrombin P00734
F2R Coagulation factor Il thrombin receptor P25116
F2RL1 F2R like trypsin receptor 1 P55085
F3 Coagulation factor lll, tissue factor P13726
F5 Coagulation factor V P12259
FAM213A Redox-regulatory protein FAM213A Q9BRX8
FAS Fas cell surface death receptor p25445
FASLG Fas lisand P48023
FCGR2A Fc fragment of IgG receptor lla P12318
FCGR3A Fc fragment of IgG receptor llla P08637
FFAR2 Free fatty acid receptor 2 015552
FFAR4 Free fatty acid receptor 4 Q5NUL3
FLG Filagerin P20930
FLNC Filamin-C Q14315
FLT1 Fms related tyrosine kinase 1 P17948
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Folushiu Foavaslushiu Uniprot ID

FOXJ1 Forkhead box protein J1 Q92949

FOXP3 Forkhead box P3 Q9BZS1

FPR1 Formyl peptide receptor 1 P21462

FPR2 Formyl peptide receptor 2 P25090

GAL Galanin and GMAP prepropeptide P22466

GC GC, vitamin D binding protein PO2774

GHRL Ghrelin and obestatin prepropeptide Q9UBU3

GNE Bifunctional UDP-N-acetylglucosamine 2-epimerase/N- Q9Y223

acetylmannosamine kinase

GRN Granulin precursor pP28799

GSTM1 Glutathione S-transferase mu 1 P09488

GSTP1 Glutathione S-transferase pi 1 P09211

HAMP Hepcidin antimicrobial peptide pP81172

HBB Hemoglobin subunit beta P68871

HFE Hemochromatosis Q30201

HIF1A Hypoxia inducible factor 1 alpha subunit Q16665

HLA-B Major histocompatibility complex, class I, B P01889; P03989;
P10319

HLA-C Major histocompatibility complex, class I, C P04222; P10321;
P30499

HLA-DQA1 Major histocompatibility complex, class I, DQ alpha 1 P01909

HLA-DQOB1 Major histocompatibility complex, class I, DQ beta 1 P01920

HLA-DRB1 Mjor histocompatibility complex, class Il, DR beta 1 P01911; P01912;
P04229

HLA-DRB3 Major histocompatibility complex, class II, DR beta 3 P79483

HLA-DRB4 Major histocompatibility complex, class Il, DR beta 4 P13762

HMGB1 High mobility group box 1 P09429

HMOX1 Heme oxygenase 1 P09601

HNF1A HNF1 homeobox A P20823

HP Haptoglobin PO0738

HPGD 15-hydroxyprostaglandin dehydrogenase P15428

HRH1 Histamine receptor H1 P35367

HSPA1A Heat shock protein family A (Hsp70) member 1A PODMV8;PODMV9

HSPA1B Heat shock protein family A (Hsp70) member 1B PODMV8;PODMV9

HTR1A 5-hydroxytryptamine receptor 1A P08908
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Folushiu Foavaslushiu Uniprot ID
IDO1 Indoleamine 2,3-dioxygenase 1 P14902
IFNG Interferon gamma PO1579
IFRD1 Interferon related developmental regulator 1 000458
IGF1 Insulin like growth factor 1 P05019
IKBKB Inhibitor of nuclear factor kappa-B kinase subunit beta 014920
IKBKE Inhibitor of nuclear factor kappa-B kinase subunit Q14164A

epsilon
IKBKG Inhibitor of nuclear factor kappa-B kinase subunit QI9Y6K9
gamma
IL10 Interleukin 10 P22301
ILIORA Interleukin 10 receptor subunit alpha Q13651
IL10RB Interleukin 10 receptor subunit beta Q08334
IL12A Interleukin 12A P29459
IL12B Interleukin 12B P29460
IL13 Interleukin 13 P35225
IL15 Interleukin 15 P40933
IL16 Interleukin 16 Q14005
IL17A Interleukin 17A Q16552
IL17F Interleukin 17F Q96PD4
IL18 Interleukin 18 Q14116
ILTA Interleukin 1 alpha P01583
IL1B Interleukin 1 beta P01584
IL1IR1 Interleukin 1 receptor type 1 P14778
ILIRAP Interleukin 1 receptor accessory protein Q9NPH3
ILIRN Interleukin 1 receptor antagonist P18510
IL2 Interleukin 2 P60568
IL22 Interleukin 22 Q9GZX6
IL23A Interleukin 23 subunit alpha QINPF7
IL23R Interleukin-23 receptor Q5VWK5
IL25 Interleukin 25 Q9H293
IL27 Interleukin 27 Q8NEV9
IL2RA Interleukin 2 receptor subunit alpha P01589
IL2RB Interleukin 2 receptor subunit beta P14784
IL32 Interleukin 32 P24001
IL33 Interleukin 33 095760
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Folushiu Foavaslushiu Uniprot ID
IL36A Interleukin 36, alpha Q9UHAT
IL36B Interleukin-36 beta QINZHT
IL36G Interleukin-36 gamma QI9NZH8
IL36RN Interleukin-36 receptor antagonist protein Q9UBHO
IL4 Interleukin 4 P05112
IL4R Interleukin 4 receptor P24394
IL5 Interleukin 5 P0O5113
IL6 Interleukin 6 P05231
IL6R Interleukin 6 receptor P08887
IL8 Interleukin-8 P10145
IL9 Interleukin 9 P15248
IRF1 Interferon regulatory factor 1 P10914
IRGM Immunity-related GTPase family M protein AlAdY4
IRS1 Insulin receptor substrate 1 P35568
ITCH E3 ubiquitin-protein ligase Itchy homolog Q96J02
ITGA1L Integrin subunit alpha 1 P56199
ITGB1 Integrin subunit beta 1 P05556
ITGB2 Integrin beta-2 P0O5107
KLF2 Kruppel like factor 2 Q9Y5W3
KNG1 Kininogen 1 P01042
KSR2 Kinase suppressor of Ras 2 Q6VAB6
LCN2 Lipocalin 2 P80188
LEP Leptin P41159
LGALS3 Galectin-3 P17931
LIPC Lipase C, hepatic type P11150
LIPE Lipase E, hormone sensitive type Q05469
LRP1 Prolow-density lipoprotein receptor-related protein 1 Q07954
LST1 Leukocyte specific transcript 1 000453
LTA4H Leukotriene A-4 hydrolase P09960
LTB4R Leukotriene B4 receptor Q15722
LTB4R2 Leukotriene B4 receptor 2 QO9NPC1
LTC4S Leukotriene C4 synthase Q16873
MAPK14 Mitogen-activated protein kinase 14 Q16539
MARK2 Serine/threonine-protein kinase MARK2 QrKrzI7
MAZ MYC associated zinc finger protein P56270
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Folushiu Foavaslushiu Uniprot ID
MEFV MEFV, pyrin innate immunity regulator 015553
MEP1B Meprin A subunit beta Q16820
MIF Macrophage migration inhibitory factor (glycosylation- P14174

inhibiting factor)
MMP1 Matrix metallopeptidase 1 P03956
MMP2 Matrix metallopeptidase 2 P08253
MMP9 Matrix metallopeptidase 9 P14780
MPO Myeloperoxidase PO5164
MTHFD1 Methylenetetrahydrofolate dehydrogenase, P11586
cyclohydrolase and formyltetrahydrofolate synthetase 1
MTOR Mechanistic target of rapamycin P42345
MUC1 Mucin 1, cell surface associated P15941
MUC5B Mucin-5B Q9HC84
MYD88 Myeloid differentiation primary response 88 Q99836
NAMPT Nicotinamide phosphoribosyltransferase P43490
NDFIP1 NEDD4 family-interacting protein 1 Q9BT67
NFE2L2 Nuclear factor, erythroid 2 like 2 Q16236
NFKB1 Nuclear factor kappa B subunit 1 P19838
NFKB2 Nuclear factor kappa B subunit 2 Q00653
NFKBIA NFKB inhibitor alpha P25963
NFKBIZ NF-kappa-B inhibitor zeta Q9BYH8
NLRC4 NLR family CARD domain-containing protein 4 QINPP4
NLRP1 NACHT, LRR and PYD domains-containing protein 1 Q9C000
NLRP10 NLR family pyrin domain containing 10 Q86W26
NLRP12 NACHT, LRR and PYD domains-containing protein 12 P59046
NLRP3 NLR family pyrin domain containing 3 Q96P20
NLRX1 NLR family member X1 Q86UT6
NOD1 Nucleotide binding oligcomerization domain containing 1 | Q9Y239
NOD2 Nucleotide binding oliscomerization domain containing 2 | Q9HC29
NOS2 Nitric oxide synthase 2 P35228
NOS3 Nitric oxide synthase 3 p29474
NOX1 NADPH oxidase 1 Q9Y5S8
NR1H2 Nuclear receptor subfamily 1 group H member 2 P55055
NR1H3 Nuclear receptor subfamily 1 group H member 3 Q13133
NR1H4 Nuclear receptor subfamily 1 group H member 4 Q96RI1
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Folushiu Fouvaslushiu Uniprot ID
NR3C1 Nuclear receptor subfamily 3 group C member 1 P04150
OTULIN Ubiquitin thioesterase otulin Q96BN8
PARP1 Poly(ADP-ribose) polymerase 1 P09874
PECAM1 Platelet and endothelial cell adhesion molecule 1 P16284
PF4 Platelet factor 4 P02776
PGF Placental growth factor P49763
PIAS1 Protein inhibitor of activated STAT protein 1 075925
PIK3CG Phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic P48736

subunit gamma isoform
PLA2G2F Group IIF secretory phospholipase A2 QI9BZM2
PLA2GA4A Phospholipase A2 group IVA P4T712
PLA2G7 Phospholipase A2 group VI Q13093
PLAA Phospholipase A2 activating protein Q9Y263
PLAU Plasminogen activator, urokinase PO0749
PLG Plasminogen POO747
PNOC Prepronociceptin Q13519
POLA1 DNA polymerase alpha catalytic subunit P09884
PON1 Paraoxonase 1 P27169
PON3 Paraoxonase 3 Q15166
PPARA Peroxisome proliferator activated receptor alpha Q07869
PPARD Peroxisome proliferator activated receptor delta Q03181
PPARG Peroxisome proliferator activated receptor gamma P37231
PRG2 Proteoglycan 2 P13727
PRKAA1 Protein kinase AMP-activated catalytic subunit alpha 1 Q13131
PRKCD Protein kinase C delta Q05655
PROC Protein C, inactivator of coagulation factors Va and Vllla P04070
PROS1 Protein S (alpha) PO7225
PRSS1 Trypsin-1(Serine protease 1) PO74TT
PRTN3 Proteinase 3 P24158
PSMA6 Proteasome subunit alpha 6 P60900
PSMB8 Proteasome subunit beta type-8 P28062
PSTPIP1 Proline-serine-threonine phosphatase-interacting protein 1 | 043586
PTEN Phosphatase and tensin homolog P60484
PTGDR2 Prostaglandin D2 receptor 2 QI9Y5Y4
PTGER2 Prostaglandin E receptor 2 P43116
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Folushiu Foavaslushiu Uniprot ID
PTGER3 Prostaglandin E receptor 3 P43115
PTGER4 Prostaglandin E receptor 4 P35408
PTGFR Prostaglandin F receptor P43088
PTGS1 Prostaglandin-endoperoxide synthase 1 P23219
PTGS2 Prostaglandin-endoperoxide synthase 2 P35354
PTPN22 Protein tyrosine phosphatase, non-receptor type 22 Q9Y2R2
PYCARD Apoptosis-associated speck-like protein containing a CARD Q9ULZ3
RBCK1 RanBP-type and C3HC4-type zinc finger-containing protein 1 | Q9BYM8
RC3H1 Roquin-1 (RING finger and C3H zinc finger protein 1) Q5TC82
RC3H2 Roquin-2 (RING-type E3 ubiquitin transferase Roquin-2) Q9HBD1
REL REL proto-oncogene, NF-kB subunit Q04864
RELA RELA proto-oncogene, NF-kB subunit Q04206
RELB Transcription factor RelB Q01201
RETN Resistin Q9HD89
RIPK1 Receptor-interacting serine/threonine-protein kinase 1 Q13546
RIPK3 Receptor interacting serine/threonine kinase 3 Q9Y572
RNF31 E3 ubiquitin-protein ligase RNF31 Q96EPO
RORC RAR related orphan receptor C P51449
S100A12 S100 calcium binding protein A12 P80511
S100A8 Protein S100-A8 P05109
S100A9 S100 calcium binding protein A9 P06702
SAMD9 Sterile alpha motif domain-containing protein 9 Q5K651
SCGB1A1 Secretoglobin family 1A member 1 P11684
SCN1A Sodium channel protein type 1 subunit alpha P35498
SCNN1A Sodium channel epithelial 1 alpha subunit P37088
SELE Selectin E P16581
SELENOS Selenoprotein S Q9BQE4
SELP Selectin P P16109
SELPLG Selectin P ligand Q14242
SEMATA Semaphorin-7A 075326
SERPINA1 Serpin family A member 1 P0O1009
SERPINA3 Serpin family A member 3 P01011
SERPINB3 Serpin family B member 3 P29508
SERPINB4 Serpin family B member 4 P48594
SFTPA1 Pulmonary surfactant-associated protein Al Q8IWL2
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Folushiu Foavaslushiu Uniprot ID
SFTPA2 Pulmonary surfactant-associated protein A2 Q8IWL1
SFTPD Surfactant protein D pP35247
SHARPIN Sharpin QIHOF6
SIGIRR Single lg IL-1-related receptor Q6IALT
SIRT1 Sirtuin 1 Q96EB6
SLC22A5 Solute carrier family 22 member 5 076082
SOCS1 Suppressor of cytokine signaling 1 015524
SOCS3 Suppressor of cytokine signaling 3 014543
SPINK1 Serine peptidase inhibitor, Kazal type 1 P00995
SPINK5 Serine peptidase inhibitor, Kazal type 5 QINQ38
SPP1 Secreted phosphoprotein 1 P10451
STAP2 Signal-transducing adaptor protein 2 Q9UGK3
STAT3 Signal transducer and activator of transcription 3 P40763
TAC1 Tachykinin precursor 1 P20366
TBX21 T-box 21 QouL17
TFRC Transferrin receptor P02786
TGFB1 Transforming growth factor beta 1 PO1137
THBS1 Thrombospondin 1 P07996
TICAM1 TIR domain-containing adapter molecule 1 Q8IUC6
TIMP3 TIMP metallopeptidase inhibitor 3 P35625
TIRAP Toll/interleukin-1 receptor domain-containing adapter P58753

protein
TLR1 Toll-like receptor 1 Q15399
TLR2 Toll like receptor 2 060603
TLR3 Toll like receptor 3 015455
TLR4 Toll like receptor 4 000206
TLR5 Toll-like receptor 5 060602
TLR6 Toll like receptor 6 Q9Y2C9
TLR7 Toll like receptor 7 QINYK1
TLR8 Toll like receptor 8 QINR97
TLR9 Toll like receptor 9 QINR96
TMEM173 Transmembrane protein 173 Q86WV6
TMEMT79 Transmembrane protein 79 (Mattrin) Q9BSE2
TNF Tumor necrosis factor PO1375
TNFAIP3 Tumor necrosis factor alpha-induced protein 3 P21580
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Folushiu Foavaslushiu Uniprot ID
TNFAIP6 TNF alpha induced protein 6 P98066
TNFAIP8L2 Tumor necrosis factor alpha-induced protein 8-like protein 2 | Q6P589
TNFRSF11B TNF receptor superfamily member 11b 000300
TNFRSF1A TNF receptor superfamily member 1A P19438
TNFRSF1B TNF receptor superfamily member 1B P20333
TNFRSF9 TNF receptor superfamily member 9 Q07011
TNFSF10 Tumor necrosis factor superfamily member 10 P50591
TNFSF13 Tumor necrosis factor superfamily member 13 075888
TNFSF14 Tumor necrosis factor superfamily member 14 043557
TNFSF15 Tumor necrosis factor superfamily member 15 095150
TNFSF18 Tumor necrosis factor superfamily member 18 Q9UNG2
TNIP1 TNFAIP3-interacting protein 1 Q15025
TP53 Tumor protein p53 P04637
TRAF1 TNF receptor associated factor 1 Q13077
TREM1 Triggering receptor expressed on myeloid cells 1 QINP99
TREX1 Three prime repair exonuclease 1 QINSU2
TRPA1 Transient receptor potential cation channel subfamily A 075762

member 1
TRPM3 Transient receptor potential cation channel subfamily M QI9HCF6
member 3
TRPV1 Transient receptor potential cation channel subfamily V Q8NER1
member 1
TSC22D3 TSC22 domain family protein 3 Q99576
TSLP Thymic stromal lymphopoietin Q969D9
TYROBP TYRO protein tyrosine kinase binding protein 043914
UCN Urocortin P55089
VCAM1 vascular cell adhesion molecule 1 P19320
VDR Vitamin D (1,25- dihydroxyvitamin D3) receptor P11473
VEGFB Vascular endothelial growth factor B P49765
VNN1 Vanin-1 095497
ZC3H12A Endoribonuclease ZC3H12A Q5D1E8
ZFP36 ZFP36 ring finger protein P26651
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Shortest path 4248 (14%) 30102 (100%)
Characteristic path length 2.430 3.096
Network heterogeneity 0.631 0.400

Al 4-8 LedetneU fauiusveslusAuttmangvesans lsorhamnetin wazAuaALATo UL
Topological Ingn1n A wanaasovel jdunusvelushudinung; nm B uans Degree
distribution; AW C 1&g Shortest path length distribution; AW D LaAIAINIS RO S
Topological fil#annsiieszimginssuveanietneufjduiug

40



Fraquency

(A) (B)
. ol . y=106.56X"#"
-- ’
- - ; . .
w- g
- i - *
f. '.1
o ' o an -
- ; ps
SN (©)
- 8000
o -
L

o o P o e =l om o 2
] @widey = bl Aaes = Tlsiunlalaldsflunisdnay
A Al s i ol
Oadr = ldsiuitididiul @ Rues = Wsfumedniay
Auldstiud g

Degree
5500
5000
4800
4000
3500
3000
2500
2000
1500
1000
? 0 1 2 3 a 5 0 7 8 o

10 1"

Path length

(D)
LAZATY
< ' - e o o
W5 Finas Lﬂiﬂ“ll']ilﬂgﬂuﬂuﬁ“llﬂd
Catadhin Random Network
Clustering coefficient 0.688 0.018
Connected component 11 1
Network diameter 10 6
Network centralization 0.091 0.022

Shortest path

29776 (28%)

104006 (100%)

Characteristic path length

4.170

3.205

Network heterogeneity

0.671

0.350

Al 4-9 1p3evneUFduiusueslusAutivinevesans Catechin uazauandiiaietionuy
Topological lngn1n A wansipsauneufjduiusvadlusiudmuig; N B uans Degree
distribution; AW C &g Shortest path length distribution; AW D LaAIAINIS LA S
Topological ﬁié’mﬂmﬁmeﬁwqaﬂﬁmmLﬂ%aﬁdﬂsﬂg‘jé’uﬁuﬁ‘
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(A) ] (B)
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a

Path length

(D)
LATAUNE
W S isatnel)Eunuduns
Epigallocatechin Gallate Random Network

Clustering coefficient 0.722 0.016
Connected component 9 1
Network diameter 9 6
Network centralization 0.084 0.024
Shortest path 134844 (64%) 208392 (100%)
Characteristic path length 4.378 3.368
Network heterogeneity 0.697 0.378

AN 4-10 nFevneUfduiusveslusiuivanguesans Epigallocatechin gallate LAz AaUUR
139918 UY Topological nenn A wanuasavrsufduiusveslusaudinung; naw B
L@nY Degree distribution; A1 C WeAs Shortest path length distribution; AW D WL&n
Amsfined Topological Aldnmslanginginssuveaaietgufauius
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Number of nodes

(B)

y=104.45x"2"

o
Path langth

(D)
LATRTNE
~4 L -~ Qs s '
W']’a"]ﬁl,lﬂ’ﬂ% Lﬂi’ﬂ“ll']ﬂﬂg]ﬂ&lwuﬁ"ﬂﬂs‘l
Epicatechin Random Network

Clustering coefficient 0.765 0.022
Connected component 15 2
Network diameter 12 6
Network centralization 0.047 0.021

Shortest path

27906 (23%)

120062 (99%)

Characteristic path length

5.033

3.243

Network heterogeneity

0.557

0.372

Al 4-11 13t gufduiiudveslusiuidvanevesans Epicatechin LaganautRiASa oY
Topological Ingn1n A wanaasoviel jdunusvaalushudinuneg; nm B uans Degree
distribution; A1 C wa@ne Shortest path length distribution; AW D LaAIAINITIILADS
Topological AlFaNn1TiAsevingAnssuvesAdeteUfdusiug
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(A)

lawdns = Tadhudweng
Oadr
fulsiunTvng

= hlsfuaihifddus @ Fues = TusRuniasniay ©

H
.

Number of nodes

Frequency

Awass = WA lilihisiunesdnisy 1201

(B)

y=15.343X074

Degree

3 4 5 6 7 8

Path length

(D)
tATATNE
. . rsatnaljEunusaas
Theaflavin Random Network

Clustering coefficient 0.732 0.086
Connected component 3 1
Network diameter 8 4
Network centralization 0.140 0.083
Shortest path 4556 (56%) 8010 (100%)
Characteristic path length 3.287 2.526
Network heterogeneity 0.580 0.372

Al 4-12 13evneufauiudveslusiudmunsvesans Theaflavin waganaudfiTovenuy
Topological Ingn1n A wanaasoUey jdunusvalushudinung; nm B uand Degree
distribution; AW C 1&g Shortest path length distribution; AW D LaAIAINISIHLAOS
Topological ﬁiéfmﬂmﬁmiwzﬁwqamsmaqLﬂ%aﬂhaﬂﬁﬁuﬁuﬁ‘
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\n3etoufduitusveslusiudminevesasoongiudazvinazimninszilugase
1Usunsu MCODE (Bader and Hogue, 2003) n1el@alusunss Cytoscape (Shannon et al., 2003)
e?iﬂﬁ?'lmuimfg]aﬁwUIuLﬂ‘%aﬂjﬁaﬂg‘jﬁuﬁuéﬂaaaWi Apigenin, Fisetin ,Kaempferol, Quercetin,
Myricetin, Isorhamnetin, Catechin, Epigallocatechin gallate. Epicatechin it & ¢ Theaflavin 2 ¢
LLﬂ@Q(gfﬂﬂ’l‘W‘ﬁ 4-13B, 4-14B, 4-15B, 4-16B, 4-178B, 4-18B, 14-19B, 4-208, 4-21B wag 4-22B 3y
w3eveUfauiusvaalushutmuievedans Apigenin %wuimaaﬁa??u 65 luga usiaznuluganis
s 23 Tuga wazluganisdniauiidulsiudmune 12 lga, wdeteujduiudvedlusiu
Wmanguasans Kaempferol aznulugaaau 52 Tuga wiagnuluganisdniay 15 Tuga wazluga
nssnauidulusaudmune 9 g8, w3ednguduiusveslusiuimaneguedans Quercetin 9t
wulugatisdu 68 Tuga usaznuluganssnau 21 Tuga uaslugansdnauiidulsfuthvane 11
Tuga Wudu lnsluganissniauiiulysiuidmunsvesaseengniusazsiinazuansdannd
4-13A, 4-14A, 4-15A, 4-16A, 4-17A, 4-18A, 4-19A, 4-20A, 4-21A uay 4-22A
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4.5 ArseUaNanIeTININ

mﬂimaaﬁgﬂé’@Lﬁaﬂ%ﬁwmﬁﬁmiwaNamﬁ’amw Taglglusunsu BINGO (Biological
Networks Gene Ontology) (Maere, et al., 2005) Fufulusunsuuanduvelusunsa Cytoscape
(Shannon, et al,, 2003) wilitalfnsuanafinnuviuaioresdoyauiniu Jaudsuulilusunsy
DAVID (iao, et al,, 2012) lunsudanaymsdinmuesduaudnluusazluga lnonadilsanJusedo
vosilsAtubueaulnlad (GO, Gene Ontology) lngadunisutanadueaulnladuesnszuIUNITNIG
Fa0 (Biological process) ilasanannsauanaldingludesduiiielildnavesilasduanusias
TugafinfeusziuldluniseiurenalnseduluanaiidonlsstunisudsuuasiiAatuluse du
d35Men veensfuinmssniauvesnguaseangrinssssumafiadlainu Selufidandunduans
pongnsIndegsivayulnsviesdiuniany Susen Ae vg (Pluchea indica (L) Less (Suriyaphan,
2014) flagshmaulanaduinguuiiidenstiudanssnay Tasnmsnmesnisuananisdinm
YOIEANTOONNTINAVNGUYT UanIFenInd 4-23 uaznmsannisudananisdanmuesansoongns
NNy uansdsnnd 4-25 waziiledaidenianzngulusiudmnedifstestunisinuinaln
msé’ué’?&msé’ﬂLauluszéﬁ’uﬁaﬂUﬁﬁ’amimaﬁﬁwWSLaéﬁﬁwﬁﬂmﬁ’uLﬁaLﬁuLLuamﬂumsﬁm%’uﬁ%
nauvMagven Aaunsauandldfanind 4-24 wag 4-26 auad
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Tea Green tea Black tea Khiu leaves Chamomile

Compound
Apigenin Kaempferol Quercetin Myricetin Catechin Epigallocatechin Gallate  Epicatechin
X S o T Tk, s S L i i
T e crr “SNCYY B A A AR I =Y PN |
A o X g e PR e
e L A 1" Ly e o e
» AKT1 PTGS2  » PTGS1 HIF1A » PTGS1  PIK3CG > PTGS2 » PTGS2 » AKT1 NFKB1 > NOs3
> TP53  PPARA > PTGS2 PPARA » CXCR1  EGFR » AKT1 > 16 » NOS3  MMP2 > NFKBI
» MAPK14 PPARG > EGFR  PPARG > TP53 PLG » MTOR » NOS2 > MAPK14 > Nos2
> PTGS1 PPARD  » PPARD » HTR1IA NFKB1 > PIK3CG o » PTGSI » pTGS2
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» HIFIA  MMPS > HIF1A » PPARG
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Onion ]
Compound
Apigenin Fisetin Kaempferol Quercetin Isorhamnetin
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LT il | ;J T f‘““ "””U’L‘E\‘;J "‘r“‘w;I“"
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uni 5

2AU18 a3UNaNINAADY wasdalauauus

5.1 aaUs1gNanIsnNaasy

nndeyanmeluunmnuideiiisadestudulseneuvesanseengrivesiivasulnsvieaiu
nenAngIueenvasUsenalng laun ug (Suriyaphan, 2014) saudiaelunguyn faguiluaniisler
wha vieauuarduviessiuiiu axdinuautimandsinefiaunsadunissniay fuouyedase
LLazéf'mmL%ﬁqdqwa&iamié’ué‘?ami?iaﬂmqmié’mawm6] suwdansiiuszansawlunsdudnnie
lydugeluidon agUsznauluaivarsnqunailiueud fa Apigenin, Kaempferol, Quercetin,
Myricetin, Catechin, Epigallocatechin gallate, Epicatechin wag Theaflavin (Suzuki, et al., 2006;
Luo, et al,, 2012; Kuo, et al., 2005; Buapool, et al., 2013; Pan, Lai and Ho, 2010) LulAgafiuia
veufidufiviifiguinianduingftannsoiuoyyadass dunissniau uaztaetostunisudsi
Yaanaaniden warlleui1u1uiemis azdseneulimeansngurailiuegs Ae @13 Apigenin,
Fisetin, Kaempferol, Quercetin ag Isorhamnetin (Nasri, Anoush and Khatami, 2012; Pan, Lai
and Ho, 2010) 9ndeyavesanseenguisnguialrusedaniivnguuuazsimendnadiu ezt
msavAulsAudmuedinulunywe (Homo sapiens) fegiudoyaaisisay CheMBL Faduy
grudoyaufduiusszninalusiutvarsluanavuindniltlunisfumevialmivas nside
masuefiefifinsifunusuteyanistnmvedliiana TWsiutmung wazen (Davies et al,
2015) waggrudoyaasisa STITCH dudugrudeyaujduiussewinlusiufumsoongnsiinng
swrmdoyaufduiiusanvannmansunastoya Iniliannsduiuljduiusvesasiadiiioglugy
ﬁuaaLfﬁasu'waﬂﬁﬁuﬁuﬁ‘lﬁﬂmﬁﬁuaumn (Szklarczyk, et al., 2016) SUaTIBIANERITIANTIN 4-1 B9
Huanseangrinagumailuesdinuldlufivnguuluvguagioven $1uau 10 vile i Apigenin,
Fisetin, Kaempferol, Quercetin, Myricetin, Isorhamnetin, Catechin, Epigallocatechin gallate,

Epicatechin lLa¢ Theaflavin

o

nndoyalusiuidmunegavidunduaudeyaujduiusseninadusiuiulusiuaiegudeya

= =3

151500z STRING Jadugrudeyafifinafusiusuteyaujduiusseninslusaudulsiu uay
ﬁmwﬂ.ﬁé’mﬁuﬁ‘maqiﬂsauém%’uéqﬁ%%mﬁ‘wmﬂ‘mmEJ (Szklarczyk, et al., 2017) %aasﬁﬂﬁﬁﬁaga
eSSz inslusufuaseengrs idauasuiumnBetu Taswudn ans Apigenin
anunsaduauUdunusveslusiu STK10, STKI7A way COKL1 @15 Tangeretin halaunsadudu
Ufduiusveslusiiu SLCO2B1 @15 Quercetin launsaduAuufduiusvasiusiu CA5B, CAL4,
CDKL1, STK17A wag SLCO2B1, @15 Catechin Wa1uisoduAuujdunusveslusiu CASB, CA13
uag CA14 \flosanndid1 Confidence score ininAmnsfiwesfidvun lase1 Confidence score
Fuansliaruuuaindhudnvenduufduiusluedetsfiaunsaesvieninuiiag fuves
Ufduiusmedivelsnnizazaunsavsldlneivinguatuayu Tasnisliasuuuee
ihwinvesduufdutusi el dnnudnpuaduayudedvomn 7 demns fio dosnamsnaans

PoINWFUTBYA Y19 IudaLaenaNs FoM1aN5uand8ansIu (Coexpression) ¥aanelUsAUNA
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$rfusEWINealdd (Neighborhood) Feamsfilusiunilsgazlfsuazuuumnuduiusideiddiasin
atiesnilswdaiifl Orthologs lenasusiufudusiuduniaufen (Fusion) wazdesnsiidunis
Uszidlunisnszane3Tmunnisves orthologs weslusaustumualudsiiiindisanun (Co-occurrence)
(Szklarczyk, et al., 2017) ﬂ’lu%ﬂﬁjﬁaiﬂﬁﬁﬁagamiauLﬂmmaﬁiﬂamwaﬁuﬁum‘%mﬁa
Ufduiusseninslsfiumaniluinsiinseiide doyavesimuinlsiuidudulilugiudeya
STRING wamadansneii 4-1 mntfuasyinisdududoyalusiunissnaviinulunywdangiudeya
as1sauzvesdu/Usiuiifsatesiulsa 3 grudeya lln DisGeNET (Pifero, et al,, 2015), OMIM
(McKusick, 2007) uag UniProt (Apweiler, et al., 2004) u&aUSsuifisumivsfunissniauiifisaudu
shelusinsa VENNY (Oliveros, 2007) Safiulusunsuildlunisiuieuifisuyateyalasnisadiaiiud
lnogunsuy (n il 4-2) uazdnidonlusfiunsdniaviifinrumiioutudous 2 grudoyatuludamy
Sroulusfiunissniauiioau 403 wia (3197t 4-2)

Mndeyaufduiusseninelusiuiulusiuiiduduneldgiutdeya STRING (Szklarczyk, et
al, 2017) #fnsrunndeyavesufauiusvosasoongrdulusudmine Tusuidufduius
fulusiudmuneg wazdeyalusiunissniau axgniianinseikasianinanie e udunusee
1Usunsy Cytoscape (Shannon, et al., 2003) dauﬁ%ﬁﬁmwaammLﬂ?aﬁﬂaﬂﬁﬁuﬁuﬁ‘maami
pengvisuiazUssnmiiedndonufduiusmiloutuoendie Advanced Network Merge flagsiily
IFveveaaietnsufuiusseninausiufulsfunaslusfunssniauiinuluretnevesarsonn
visusazviauansians1ei 4-3 dmsunismsiaseunslitouaiaieteujduiusueans Apigenin
TunywdununisldnIeviglfduniusvesnyazaiunseviglduiusvemuainnisiiteyalusiu
fanuaneluiniedioresans Apigenin sndumilusiufinulumy (Mus Musculus) Fregrudoya
4151502 GeneCard (Stelzer, et al,, 2016) waAntaanlUsAUKA U FURUTIINLATOUIBVDIAS
Apigenin ﬁwuiuwwé lilaesoviefidounn 1,138 Tusau 3,891 Ufduiius wazdlusaunis
gntaudwIu 91 vila wavdlusAunulunywdualdnulunydiui 15 wia laun HIST3H3, KDMAE,
AHSP,  PABPCI1L2B, CDRT1, ERV3-1, OVCH1, MST4, CALML6, ckshsl, Clorf63,
ENSG00000263020, ARSH, STS uaz GSTTL dslusiuiia 15 wdadlilslusfiunisdnauiiefiouiy
swPoveslusiumssniausis 403 viin Ainsaaaoulinouniind dailimmuinmslinseiuasula
nawaFetneufduiussevinelusiud ansolidoyaedetneuffuiussenindlusiuvesuyuduny
vowylunsnsiadounalnvesansoengiiiirenissudsnssnauld osnlusfulnedanlvg
Gulusfunduiendu uaslsiufinulunywdudlanulunyiis 15 ¥da Alifianuietostunis
MOUEUDINDNITONLEU (Sornsiri, et al., 2018)

Nnniefetneufduiusveslusiutmngvesaseengrisaztluiinmsliesgsingfinssuves
Lﬂ%@ﬂwaﬂﬁé’mﬁuéé’wﬂ%ﬂ%u Network Analyzer a8lalusunsu Cytoscape (Shannon et al,,
2003) agvilildannanth Topological flagviliiladnwuslasiadveaaiotionisdinmues
Lﬂ%’e)slhaﬂﬁﬁuﬁuﬁﬂaﬂﬂiamﬂmmEJGUENmi Apigenin, Fisetin ,Kaempferol, Quercetin, Myricetin,
Isorhamnetin, Catechin, Epigallocatechin gallate. Epicatechin kay Theaflavin Ao wan 31w
Degree distribution Thiusyfiunisnszareiidiuinainmstiusiviunsideudeseninglusiiusnge
neluipdednedsuansdianin 4-38, 4-48, 4-58, 4-68, 4-78, 4-8B, 4-9B, 4-10B, 14-11B way 4-128
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audrdu Tagaunisfinuainaans Degree distribution vesiaietieUfduiusvesanseenansi
Degree distribution 1ulUmunguesnisnszarsnuuds (Power law distribution) fia (k) ~ k¥
(Y < 3) Bauanafsnuaniinisidu scale-free Wazanwansm Shortest path length distribution
Fauansianiw 4-3C, 4-4C, 4-5C, 4-6C, 4-7C, 4-8C, 4-9C, 4-10C, 4-11C uag 4-12C muddiu nuiy
ALYV ILEUNILATOUN18UD AT Apigenin, Fisetin, Kaempferol, Quercetin, Myricetin,
Isorhamnetin, Catechin, Epigallocatechin gallate. Epicatechin &g Theaflavin finauduanly
$¥8¥N9 4-5, 47, 4-6, 4-6, 4-6, 1-2, 2-5, 3-6, 2-7 Way 2-4 AUy Fmaneauiilusiuun
fign uansinlusAudnlnglueietneiimaidonlosedndlnddauazdanatfidu small world

LazINAMANITITIMesuee Topological Fauansdsntnil 4-3D, 4-4D, 4-5D, 4-6D, 4-7D,
4-8D, 4-9D, 4-10D, 4-11D wae 4-12D aua1du wu31An Clustering coefficient hidud1aan
vunduadevesnualndifsdluiadetnsujduiusveslusiutimansvesans Apigenin, Fisetin,
Kaempferol, Quercetin, Myricetin, Isorhamnetin, Catechin, Epigallocatechin gallate.
Fpicatechin iag Theaflavin fif1vafiu 0.683, 0.713, 0.693, 0.705, 0.708, 0.733, 0.688, 0.722,
0.765 wag 0.732 auanu tazilan Clustering coefficient U094 Random network Ai® 0.007, 0.012,
0.010, 0.009, 0.015, 0.037, 0.018, 0.016, 0.022 wag 0.086 MIWAIFU 81A1 Clustering coefficient
TulA39918g9n91 Random network uansirfiauanives modularity Fauanslsifiuinadetie
Ufguiusveslusiuimnevesansesngvisuiazsiedanautininduedorionisdinmidesan
ﬁ@mamﬁalﬂu scale-free, small world ka8 modularity (Zheng, Zhang and Qiao, 2015) Finang
anautRveadetefiansatluldlumsinseilunaseluls

FothlusAunssniauidulusiudmneinululuganissnisuvesasesngrsusazvin
Tuyhmsudananisirnmselusunsy DAVID Uiao et al, 2012) wui WsAunsenauidulusiu
Wanunegluluganisdniau laun IL8, PARPL, NR1H4, PLA2G7, HMOX1 way GSTP1 laifinaves
‘35'1/1'N%mmLﬁaamﬂiﬂiaumié’ﬂLaULwéﬁﬁaﬂﬁ]%é'falﬁ,iﬁﬁﬁayjaiﬁmq%aﬂWWIuIUiLLﬂiu David (Jiao
et al, 2012) Al4lunsuvananisdrnin vlildauisawdanaidniesdananles Tnoans Apigenin,
Kaempferol, Quercetin, Myricetin, Catechin, Epigallocatechin gallate, Epicatechin W & ¢
Theaflavin MdussAusznavluiivnguuaziifertesiuitnsdnaunanvaieda (and 4-23) ud
azUsznavlufedfinisdnauiiondnu 1aun 3ansdsdyain NF-KB wagidnisasdanios MAPK
TneflusAudinuluiinsdsdayaa Ao IL6, MAPK14, NFKB1, NOS2, PTGS2 was RELA (Awil 4-
20) uagluaneuazUsgnouliniud@ns Apigenin, Fisetin, Kaempferol, Quercetin Lay
sorhamnetin si3aTiAsadestun1ssniausag (rmd 4-25) uazUszneulusedtnssniauiitey
Anwldun Adnsdedayans NF-KB wazdfinisdsdyaios MAPK eillusauiinuluitnnsdsdayayio
fip MAPK14, NFKB1, NOS2, PTGS2 Lay TNF (ﬂ’]‘Wﬁ 4-26)

ANNNITHUBNANIITININVBIET Apigenin, Fisetin, Kaempferol, Quercetin, Myricetin,
Isorhamnetin, Catechin, Epigallocatechin gallate, Epicatechin wag Theaflavin NUINFIUITOAN
MsHAnANTAeNAINSINIEURNLUATERY QA NF-KB 89 NF-KB (Hunsuadudumamesfioglulela
wanadalusuiliaansaldnuliuazifloianisnsedu NF-KB szindeuiiingiandoaisiliin
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nsuAnansAenansnsdniausiieg Taeans Apigenin szdudansiiaealn3iaduves IKK uavduds
doudateal IKB 3avily IKB $ufiu NF-KB Fedfudfinisindeuiives NF-KB Tudidndeasavinli
ansadudensnanansaonaninssniau(Liang, et al, 1999), @13 Fisetin ansadudsmsindoudi
1ihgliunduaves pes waznisrloaliGiatuves IKBa Iny IKBOL Sunuimddg/lunisindeuiiiing
Hapduaves p65 (Kim, Kim, et al,, 2015),@15 Kaempferol @111508A52AUNTIUARUTULNARDS
p65 Az p50 Gﬁwimaﬁﬂﬁi'fmmﬂLma%f%l,ﬁ'm%’aﬂﬁumimmmmiaamﬁamm NF-KB fAgdaiy
NNINARENTABNA1INNTENLEU (Kim, Park, et al, 2015), @13 Quercetin Freuinisaatofives
IKB-OL kazn 1sindeudives p6s Wdilandea Fawanafaunuimues NF-KB Tun1sann1suanans
donanan1sdniau (Lee, et al, 2018), @13 Myricetin aanisindeuiliingiandeaves p65 uaztae
A saatemives IKBA Tulslnnaradudsdiatesiunisneuaussn1sondunIuInnIsas
é’zgigm NF-KB (Cho, et al., 2016), @15 Isorhamnetin mmmé’fugqmsﬂizéjumw‘hmmaq NF-KB
dunsiuadvdumamedidifglunisuanteanvaznisudnaisdonaianissniausig
(Hamalainen, et al., 2007)

o o

dm¥uans Apigenin wa Epigallocatechin gallate §afinanuAsidasiu MAPK 14 wie p38
ﬁagsl,u%ﬁﬂﬁﬁaé’fyﬁmmchu MAPK Tne Apigenin a@nunsnannisnlealndiadunes p3s §a p38 2sdl
unumddglunismueiluanadanizuarlelaladivilfiAnnismeveswad (Yang, et al, 2015)
way Epigallocatechin gallate @1unsadudanisrealndiaduves ERK1/2, INK uas p38 dudu
aarUsznaundnludinisdsdaymyin MAPK Tneddnisdedmy i MAPK asiarnanieadesiu
nszUIUATS AU 1wy nsndanlelalatdiazAluled, msAunsyaduvesialnsiadidu
nszuIumMInanduiuedenislevieutelsaindiuad uazsmdelsainfulalaluudeiliunsya
nelulglanaraduvesiinlasfaanas srudsdivnumaAgylunisuanseonvesioules INOS Lay
COX-2 (Jood! et al., 2012) 6'?5&%Lﬁulé’miv‘hmaﬂaiﬂéfmmsé’ﬂLawaqmsaaﬂqwémjmlmhuaswﬁ
1uﬁ%ﬂa'wmLLazﬁmamﬁmmLﬁaasﬁaﬂﬁuﬁﬁmidaé’zyq;mmﬁmsé’mauﬁﬁmiﬁﬂmagjfiawﬁw GE
dngannsolfifudoyadessurenalnnisdniavlussduaenfinmesifuvsslovidotnidod
aunsadanldidunuimsitiglumsdndulalunisinlunnsinusieluse fusiesl foRnseolule
wazuenaINAUlIdnsdedygramianissnauiiteufnwndfdmuindidnsddyyadug i
Aerteatunmssniaviiaulslufivnguvuazivendaiagihluldlunmsdnwnalnnssniausely
(AW 4-24 uae 4-26)
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5.2 @junaniivaasg

nnnstdoyaaiseenguivesfivanulns vg (Pluchea indica (L) Less) (Suriyaphan,
2014) Faduitvayulnsluniansfueen uazfivayulwssindu (Andanwulan, et al,, 2012) anlfidu
uwiasdsdadasiuresanseangriiornallumsdunlusfudhmneuasnaulusiufifiufduiug
93 Tnonsligrudonamsisuzuaziedosdionsiimsaumaiusznouludie (1) msdumlusiy
Wvunevesarseongnslaeligiudeyassisuy ChEMBL (Davies, et al, 2015) uag STITCH
(Szklarczyk, el al. 2016) (2) nsAvAuTayaUjduiussenitalusiutulusiulugudoya STRING
(Szklarczyk, el al. 2017) (3) ﬂﬂié’um%’aga@uﬁLﬁm%’aaﬁ’umié’ﬂLauiﬂamﬁ’amiﬁuﬁumﬂ
guteyamsisazvesduiieadosiulse léun grudoya DisGeNET (Pirero et al, 2015) OMIM
(McKusick, 2007) uag UniProt (Apweiler et al., 2004) (4) n153LAT1ATRY U AU LS VRILUTAY
uazmsrumlugaiiiinnuddylaelilusunsaiiaseiiedetns Cytoscape (Shannon, et al., 2003)
n¥oudelusunsuudnduiilélunisdumiluga 1@y MCODE (Bader and Hogue, 2003) L8ugu
srufunsliteyavesBuiiieadestunssniauiinsaaeuld uay (5) msuvanansiiniwlagld
foyavesduandnnelulugaiigndnidendislusunsuudndu BINGO (Maere, et al, 2005) uas
DAVID (Jiao, et al., 2012) Iﬂ&luﬁﬁ%Lﬁumiaaﬂqwéiumjmmhuaamﬁuwé’ﬂﬂ'au ey
nauaNTeRNasTIinNEIuSansSiay (Pan, et al, 2010) 18aZIBEATBINTFUIUNTNNTIATAY
wadonlduanfanmi 5-1

mwé’amimafaaauLﬂ%@ﬂﬂaﬂﬁﬁuﬁuﬁﬁzmwiﬂsaumaqmiaaﬂqwéﬁﬁqwéﬁué’j’jaﬂﬁé’ﬂLﬁ‘U
‘17?@ 10 ¥8m tAwA Apigenin, Fisetin, Kaempferol, Quercetin, Myricetin, Isorhamnetin, Catechin,
Epigallocatechin gallate, Epicatechin ag Theaflavin LLfﬁ‘WUdﬁLﬂ%@‘iiwﬁiju@ﬁ@mamﬁja scale-
free, small-world e modularity Fewansdamnuduadovienisdinniiauisatiundumnd
irevnegesvioluganiilerdumsdinmiidfayselulsl (Zheng, Zhang and Qiao, 2015) Immu‘wu
ImamiaﬂLawLﬂuiﬂimulﬂmmmaqmiaaﬂqwﬁm 10 vila Sruaunaua 1 8 12 luga defiodn
Hulugavesnguduiifiunumddysonisdudinismevaussnisdniauresanseongrisiigndnidonun
lngnseuiun1sinsisnilanduusaluganie MCODE (Bader and Hogue, 2003) LagfnnTeesle
TWsfumnefidulusiunssnay uazidlotmavesanseengysiilussdusznouvesiivnguds
flurgiudaunisdng Aaenulusfudmneiifunumadyenissudsnmevaussnissniauves
anseengvs 8 wila 1uru 25 Tushu (nmil 4-23) dwnnfiarsanenienalnszduluanafiiodos
fuATnsgvdnfiteudnuluiesu fURnasléun 3anmsdsdyao MAPK, NF-KB uag JAK-STAT
agnulsfutmanediuau 6 vila léun PTGS2, NFKB1, MAPK14, NOS2, RELA Uag IL6 (n1wil 4-
20) fransathunlifinsuifionsinvinalnniseengritudinisnevaueanisdnauluse iy
vioaUjiAn1svesivayulnsug (Pluchea indica (L) Less) Mdufivviasduvesnianz fuson
[uiReafufuiegnsUsEgndfiuimen (nwdl 4-25 uag 4-26) fanuseniinszuaunsadaan
saumashasuinUszgndfuiivasinssiadulfiduieaty
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5.3 ULaUdLUL

1. ilessanfinianlddudunuiisayulnsaianzfueenfie vg (Pluchea indica (L) Less)
waziivayulnsuszinmdu sslianseangnsnainnaleUssanilidnmgiiewaaiseangms
lunguaanaluueeanvinsAnwluns3ide vty 3sasiaginisnsivasuasusenam

5'145738 LU B—carotene, chlorogenic acid, caffeic acid, ferulic acid, myricetin, luteolin,
anthocyanins wa carotenoids udu ielildaruasudiuvesarseongndafu
osAUsznauvesluvg videfivaulnsUssnnduiiauls

2. iedtiensTanmessanseenguisuiazviafiAusaunuldaingiudeya ChEMBL (Davies,
et al, 2015), STITCH (Szklarczyk, el al. 2016) wag STRING (Szklarczyk, el al. 2017)
ansadunlfiduivdsinadafieUszgndfunisinuinalnsefuluianaiidesinisvielse
Ussiamduitaulauenannissniaunmassnaaesansesngvisuiasaiaidnisseels
i Tsaladosniau lseialauasnaeniden lsadalumeslsauimiu Tsausse uasn1sduds
wuaiiise Wusu

3. esnidumsnunueietiemsinmvssmsesngrisidudiuauinn Fadanududuily
puAmazdosiinaiegiuteyaiaietneiinmvasaseangrsnanuaiiiunusaitum
Wioansathunyszyndlinsanuanudosnisvesngugdlday launinideivinisne
nalnsgduluianavesaseangvisiagdisansuyuuas naildlumsiiduiionisdndulaly
seaumeslfunissialy
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5.4 wanan (Output)

o I 4 [ [l & = 1 a [ a
nsiausluluawes undAngs S189UFUNBINTUTEYN HIUNSUSEYUIYINTIEAUBIA
LATUIUNYR A9l
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ABSTRACT

A large amount of human genome data is available, especially, protein-protein interactions
(PPI) and their biological functions. In addition, extensive similarities between human and mouse
genomes permit valuable insights into biological function and the actiology of human disease. The
molecular biological tests often use mouse cells as models for anti-inflammatory effect studies with
natural active compounds. This research aims to investigated feasibility of the PPI network of human
instead PPI network of mouse to describe the molecular mechanisms of apigenin in anti-inflammatory
response effects in mouse model. Results indicated the only small number of human target proteins that
cannot be matched to their mouse orthologs. These are not associated with the inflammation response
process. The constructed PPI network in the humans and mouse contained the same 91 inflammatory
proteins and 5 inflammatory modules. These inflammatory modules associated with signaling through
NF-KappaB and MAPK pathways, consistent with the inflammation processes. Therefore, the
functional module-base analysis of a human PPI network provides both comprehensive information and
process suitable to guideline for elucidating the anti-inflammatory mechanism studies. This research
can also help to increase the resources needed to study natural active compounds and future drugs

development.

KEYWORDS: Anti-inflammation; Apigenin; Biological function; Functional module-based analysis;

Protein-protein interaction network
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INTRODUCTION

Biological networks play an important role in visualizing process interactions such as gene
expressions, protein-protein interactions (PPI) and metabolic networks (Schreiber et al., 2009). A large
amount of human genome information is available, especially, protein-protein interactions and their
biological functions (Lehne and Schlitt, 2009). PPI network analyses using bioinformatic processes can
be useful in understanding molecular mechanisms ( Zahiri et al., 2013) and treatment of diseases,
especially, anti-inflammatory responses (Pan et al., 2010). Molecular biological laboratory tests often
use mouse cells to describe anti-inflammatory effects of natural active compounds due to the extensive
similarities between genomes of human (Homo sapien) and mouse (Mus Musculus) (Emes et al., 2003)
and is important in understanding the role of bioactive compounds and in the development of less toxic

drugs design.

Apigenin is a flavonoid found in fruits and vegetables with anti-inflammatory and
pharmacological properties. Therefore, apigenin has been of interest in laboratory-level studies (Zhang
etal., 2014). In the presence of apigenin, NO production is suppressed and COX-2 expression reduced.
Apigenin also inhibits the tumor necrosis factor-a. (TNF-a) which stimulates adhesion molecule
production (Lee et al., 2007). In addition, apigenin blocks p65 translocation through inhibition of
p65/PPARy complex translocation into nucleus leads to decreases inflammatory mediators via NF-
KappaB inactivation (Feng et al., 2016). Functional module-based analysis of PPI networks may
provide an efficient way to demonstrate the biochemical mechanism of anti-inflammation for several
bioactive compounds such as curcumin (Gan et al., 2015). Model organisms such as mouse cells have
been used but their PPI network and biological functions were small relative to human cells. Therefore,
a PPI network of human cells was selected to describe the molecular mechanisms of anti-inflammation

of the natural active compounds.

In this study, the mechanism of anti-inflammatory response of apigenin is examined along with
their protein targets and inflammatory protein. PPI networks were analyzed by Cytoscape (Shannon et
al., 2003). Member proteins within the apigenin PPI network in humans were the queries to find their
orthologs in mouse. The orthologs are the genes that have the same ancestor in different species (Reed
et al., 2003). Mouse protein will be used to construct a PPI network of apigenin by selecting proteins
and their interactions within the PPI network in humans. The network behavior was analyzed as a
biological network. Then module base analysis was used to select modules that have inflammatory
proteins. Biological function was interpreted by using the information of human proteins. This can
explain the role and molecular mechanisms involved in inflammation that may lead to validate in the

wet lab for its further clinical application.
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MATERIALS AND METHODS

Biological interpretation of the anti-inflammatory effect of apigenin starts with the target
proteins of apigenin obtained from ChEMBL (Davies et al., 2015) and STITCH (Szklarczyk et al.,
2016). Asshown in Figure 1. These target proteins were examined only in humans and for each, PPI
information was collected from STRING database (Szklarczyk et al., 2017). PPI information collected
and stored for all apigenin target proteins was used to analyze the PPI network. The three online disease
databases, including DisGeNET (Pifiero et al., 2015), OMIM (McKusick, 2007) and UniProt (Apweiler
et al., 2004), were applied to search for inflammatory proteins, defined as the proteins found in two of
three databases using Venn diagram. These inflammatory proteins store data that were used in the

analysis in conjunction with the network.

PPI information for all target proteins in apigenin was analyzed and visualized by Cytoscape
software (Shannon et al., 2003). Target proteins, their interactions and information on inflammatory
proteins were analyzed with the network. Network proteins for mouse were searched in the GeneCard
database (Rappaport et al., 2017). These proteins were used to construct the PPI network of apigenin in
mouse from those in the PPI network of apigenin in humans. Proteins absent in mouse but present in
humans were stored for further analyses. Behavior of PPI networks of apigenin in humans and mouse
were analyzed using Network Analyzer (Assenov et al., 2008) based on Cytoscape software and
analyzed into a module by MCODE (Bader and Hogue, 2003) that selects clusters of highly
interconnected modules in the network. Identical inflammatory modules from both network and
modules containing proteins found in humans but not in mouse were selected. These modules were
analyzed for their function using BINGO (Maere et al., 2005) algorithm to explain biological functions

of interesting modules.
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Figure 1 Overall experiment

RESULTS AND DISCUSSION

Target proteins of apigenin contain 196 proteins but only PPI information for 193 targets were
selected due to confidence scores <0.7. STK10, STK17A and CDKLI1 proteins were not used in network
construction. Searching for human inflammatory proteins are those associated with “inflammation” in
two of three online databases, such as DisGeNET (Pifero et al., 2015) OMIM (McKusick, 2007) and
UniProt (Apweiler et al., 2004). These 403 Inflammatory proteins were found. Target proteins, their
interactions and inflammatory protein information were identified in the PPI network. The constructed
PPI network of apigenin contained 1,153 nodes (proteins) with 5,013 interactions and 91 inflammatory
proteins (Figure 2A). Apigenin proteins in the PPI network were searched in the 1,138 mouse proteins
in the GeneCard database (Rappaport et al., 2017). Absent mouse proteins (n=15) were not
inflammatory and included HIST3H3, KDM4E, AHSP, PABPCIL2B, CDRTI1, ERV3-1, OVCHI,
MST4, CALMLSG, ckshs1, Clorf63, ENSG00000263020, ARSH, STS and GSTT1. Further, they were
used to select proteins and interactions from apigenin in the human PPI network to construct those in
mouse. Apigenin in the PPI network of mouse contained 1,138 nodes with 3,851 interactions and 91
inflammatory proteins (Figure 2B). Both PPI networks were used to analyze network behavior, resulting

in the analysis of topological properties.
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Figure 2 PPI network of apigenin. (A) The PPI network in human; (B) The PPI network in mouse, a

list of 15 absent proteins in mouse and their functions in biological processes.

These topological properties will help to understand the composition and structure of large
biological networks (Figure 3). Degree distribution graph was calculated by counting the number of
connections between the PPI network proteins in humans and mouse. Equations of apigenin PPI
networks in humans and mouse, y=795.33X""'%!6 and y=890.04X™""'°, respectively (Figure 3A and 3D)
have a power law degree distribution (k) ~ k—y (y < 3). Average shortest path length was average
density length between all pairs of protein pairs in the network (Figure 3B and 3E). Apigenin PPI
network in humans was mostly concentrated in steps 4-5 with the shortest path length between any two
proteins, 4.962 (Figure 3C). Apigenin PPI network in mouse was mostly concentrated in steps 5-7 with
the shortest path length between any two proteins, 6.251 (Figure 3F). Thus, most proteins were closely
linked with and an apigenin PPI network in humans and mouse having a small world property. The
degree to which nodes clustered within a network and represented by a cluster coefficient in the present
study were 0.683 and 0.677, respectively for apigenin PPI networks in humans and mouse (Figure 3C
and 3F). Clustering coefficients of a random network of apigenin in humans and mouse are 0.007 and
0.006, respectively suggesting both PPI networks have modular properties. Network behavior analysis
suggest human and mouse apigenin PPI networks possess a scale-free property and a small world

property and modular properties (Zheng, Zhang et al., 2015).
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Apigenin PPI networks in humans and mouse were analyzed using MCODE algorithm (Bader
and Hogue, 2003) base on Cytoscape program (Shannon et al., 2003). The module based analysis of
PPI network in humans identified 65 modules with 23 inflammatory modules, including 1, 6, 9, 10, 13,
14, 18, 20, 29, 30, 34, 38, 40, 42, 43, 44, 45, 46, 49, 51, 52, 54 and 65. In mouse, 88 modules were
identified with 26 inflammatory modules. These 26 modules included 2.8, 9, 17, 18, 20, 24, 29,30, 39,
42,44, 46,47, 50, 52, 54, 57, 59, 63, 66, 70, 74 and 87 with five common to both networks and module
1 in humans identical to that of module 2 in mouse (module 1 <> module2), module 9 <> module 20,

module 13 <> module 24, module 45 <> module 59 and module 65 <> module 87.

The inflammatory module of apigenin in humans and mouse have same biological processes
(Figure 4), including that to stimuli in modules 1 and 65, signaling of inflammatory response through
signaling pathways found in modules 1, 45 and 65, inflammatory mediators production processes found
in modules 65 and regulation of wound healing found in modules 13. The predictive power of this in
silico approach is based on consideration between the results of the biological interpretation of
functional modules and research articles that related to anti-inflammatory effects of apigenin. Apigenin
can inhibit activation of MAPK signaling pathways involved in the expression of inflammatory
mediators. In addition, apigenin can inhibit activation of NF-KappaB signaling pathways, associated
with production of inflammatory mediators and adhesion molecular during inflammation (Wang et al.,
2012), resulting in inhibition of COX-2 expression and NO production. COX-2 is an important enzyme
in inflammation that converts arachidonic acid to prostaglandins (PGE:). PGE; and NO are involved in
the pathophysiology of inflammatory disease and play a key role in the synthesis of inflammatory
mediators (Lee et al., 2007). In addition, apigenin inhibits phosphorylation of ERK, JNK and p38
proteins in MAPKSs signaling pathways that can also regulate cell migration. Cell migration is extremely
important in tissue formation, wound healing, immune surveillance, inflammatory response, and tumor
metastasis (Qingxin et al., 2011). Apigenin also has a biological process consistent with inflammatory
responses associated with cell cycle found in module 45 and regulates apoptosis in module 65. Apigenin
was associated with induced G2/M Phase cell cycle arrest and regulated apoptosis. These processes are
related to physiological processes regulating cellular balance through the PI3K / Akt signaling pathway.
The PI3K / Akt signaling pathway regulates the Bcl-2 family of proteins. Apigenin activates caspase-3
and led to PARP cleavage, resulting in the apoptosis (Zhu et al., 2013).

Human proteins in mouse apigenin PPI network contained 91 inflammatory proteins (Figure
2B). Meanwhile, 15 proteins absent in mouse were found in these inflammatory modules and do not
affect module analysis and biological interpretation. These shows that the biological interpretation of
inflammatory modules may be likely to have the same biological processes, due to these are the same
proteins. 15 absent proteins in mouse will be searched for the module in the network, which found
HIST3H3 in module 5, AHSP in module 29, STS in module 8, MST in module 22, GSTT1 in module
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30, ERV3- 1 in modules 47 and CALMLG6 in module 56. These modules were interpreted the biological
processes by using BINGO (Maere et al., 2005). The absent proteins in mouse were selected to interpret
the biological processes. Only HIST3H3 and STS were interpreted, due to other proteins may not yet
have the linkage of the gene ontology in the BINGO algorithm resulting cannot be interpreted. The
result of HIST3H3 and STS are associated with DNA packaging, DNA conformation change, response
to pH and response to steroid hormone stimulus (Figure 2B). These processes show that the biological
processes are not associated with the inflammatory response in molecular mechanisms (Wang et al.,
2012; Lee et al., 2007; Qingxin et al., 2011; Zhu et al., 2013). Therefore, application of the apigenin
PPI network from humans as the model organism is appropriate to analyze inflammatory modules and
interpret their biological processes and the molecular mechanisms involved in inflammation. Therefore,
biological interpretation of apigenin in mouse cells from human PPI network analysis can be used to

guide decisions for the selection of apigenin information for further analysis in the related future studies.

CONCLUSION

In summary, PPI network of apigenin analysis described the anti-inflammatory mechanism.
The online databases and public tools were applied for PPI network construction and analysis. Apigenin
PPI network in humans contained 1,153 nodes with 5,013 interactions and 91 inflammatory proteins
and the apigenin PPI network in mouse contained 1,138 nodes with 3,851 interactions and 91
inflammatory proteins. The two networks possess topological properties of scale-free, small world, and
modularity that were important features for the functional module-based analysis. 65 Modules with 23
inflammatory modules were identified from the apigenin PPI network in human. The apigenin PPI
network in mouse contained 88 modules with 26 inflammatory modules. There are 5 similar
inflammatory modules of apigenin PPI networks in human and mouse. The present study demonstrated
the anti-inflammatory effect of apigenin in mouse cell by using human PPI network analysis may be
partly attributable to regulation of signaling through NF-KappaB and MAPK signaling pathways.
Therefore, the analysis of the apigenin PPI network in humans instead of using the mouse information
as an experimental animal may represent the result that can be analyzed for anti-inflammatory response
process at the computer level. The result indicated the only small number of human target proteins that
cannot be matched to their mouse orthologs and these are not associated with the inflammation response
process. This is potentially valuable contribution and it can help optimize resources needed to study

natural active compounds and future drugs.
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Figure 3 Topological properties of PPI network. (A) degree distribution of the PPI network in humans;
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mouse; (E) shortest path length distribution of PPI network in mouse; (F) topological

parameters analysis of PPI network behavior in mouse.
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Figure 1: Overall experiment.

ABSTRACT

Three active compounds in onion such as quercetin, diallyl
disulfide and allicin were studied in their anti-inflammatory
effects by using public online databases and bioinformatics tools.
Inflammatory modules of PPI networks were identified by
functional module-based analysis and enriched with GO based on
protein complex detection. These are basic to understanding the
role of active compounds in onion at the computer level and
provide an important guideline to validate its clinical application
and further drug development.

CSBio 2018 themes:

“Other applications for Life Sciences™

ADDITIONAL KEYWORDS AND PHRASES

Anti-inflammation, Functional module-based analysis, Protein-
protein interaction network, Onion

1 INTRODUCTION

Inflammation is the reaction of body response to stimuli that cause
tissue injury. Excessive inflammatory responses are the principal
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causes many inflammation related diseases [1]. Onion (Allium
cepa) is a popular herb used in cooking and has properties in the
treatment of inflammatory diseases. This is an important source of
dietary phytochemicals with proven anti-inflammation such as
quercetin, diallyl disulfide and allicin [2]. Biological networks
represent the collaboration of interactions and forms of processes
within a cell, such as protein-protein interactions (PPI), gene
regulatory, or metabolic networks [3]. PPI networks are pivotal to
the proper functioning of basic biochemical mechanisms within
cells [4]. In this study, anti-inflammatory effects from onion-
derived active compounds, quercetin, diallyl disulfide and allicin
are examined along with their protein targets for further wet lab
validation. PPI networks were construct and the properties of
networks were analyzed based on topological parameters.
Inflammatory modules of PPI networks were identified and
enriched with GO based on protein complex detection.

2 EXPERIMENTAL AND COMPUTATIONAL
DETAILS
The overall experiment is showed in Figure 1. Targeted proteins

of quercetin, diallyl disulfide and allicin, the major active
ingredients of onion were retrieved from ChEMBL 23.0



(https://www.ebi.ac.uk/chembl/) and STITCH 5.0 (http://stitch.
embl.de/). Their protein symbol and amino acid sequences store
data are used to find out the PPI information of target proteins
from STRING 10.5 (https:/string-db.org/). The PPI information
for all target proteins of three bioactive compounds, such as
quercetin, diallyl disulfide and allicin, with a confidence score
>0.7 were selected to construct the PPI network using open-
source Cytoscape 3.5.1 software [5]. Venny program was applied
to search for inflammatory proteins that can be found associated
to “inflammation” in two of three databases, including DisGeNET
(http://www.disgenet.org/web/DisGeNET/), OMIM (https://www.
omim.org/) and UniProt (https://www.uniprot.org/). These set of

a) Quercetin

inflammatory proteins were used to analyze target proteins that
associated with inflammation. PPI networks was analysed their
topological properties with Network Analyzer [6], a plug-in of
Cytoscape [5], compared with the random network. Properties of
scale-free, small world and modularlity of these PPI networks
were also investigated. The PPI networks were further divided
into modules by the MCODE 1.4.2 [7], a plug-in of Cytoscape
[5], using a cutoff value for the connectivity degree of nodes
(proteins in the network) equal to 3. Inflammatory modules that
contained inflammatory proteins were analyzed with GO
functional annotation and enrichment using BiNGO 3.0.3 [8],
plugin-in of Cytoscape [5].

o
e @

b) Diallyl disulfide

c) Allicin

Figure 2: Biological processes in the anti-inflammatory effects of (a) quercetin (b) diallyl disulfide and (c) allicin

3 RESULTS AND DISCUSSION

PPI networks from bioactive compounds, quercetin, diallyl
disulfide and allicin present in onion examine inflammatory
mechanisms by functional module-based analysis. The three
networks possess topological properties of scale-free, small world,
and modularity, important features in functional module-based
analyses [9]. There were 25, 6, and 6 inflammatory modules
identified from the quercetin, diallyl disulfide and allicin
networks, respectively (Figure 2). The inflammatory modules of
these three networks were interpreted to involve many
inflammatory processes. This study demonstrated the anti-
inflammatory effects from quercetin, diallyl disulfide and allicin
may be partly attributable to regulation of several signalling
pathways related to the production of proinflammatory cytokines
and inflammatory mediators such as I-kappaB kinase/NF-kappaB
cascade, apoptosis and nitric oxide biosymthesis [10]. These are
basic to understanding the role of active compounds in onion at
the computer level and provide an important guideline to validate
its clinical application and further drug development.

4 CONCLUSIONS

This result can be used as preliminary data indicate the role and
mechanisms of inflammation are useful for researchers to the

2
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important guideline to assist in bringing the active compound to
study in the wet lab and further drug development.
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