\

2
£

L)

\&

4|2
Al
o

N

gITeatuanysal

1A39N15 Anti-acne and anti-inflammatory activity of

Crocodylus siamensis hemoglobin and leukocyte extracts

198 9.05. NANYE LIINTUL

Wau dguieu U 2560



Sy iaudl TRG5880017
seTeatuanysal
1A39N15 Anti-acne and anti-inflammatory activity of

Crocodylus siamensis hemoglobin and leukocyte extracts

108 9.05. NANYA LIINTUL
AN1NNUAUR (HRINUIANENS) ANZAINEFANERNS
UMNINYIFYVDULNY

atiuayulagdinaunasuaivayunITouasaudann

(Auidluse Ui luread e
Y v v 1o & 4 ® Y
am. wagsudanalidndudoaiumeiausly)



LA TUUUNINELAY 2

Abstract (UnAnga)

Project Code : TRG5880017
Project Title : Anti-acne and anti-inflammatory activity of Crocodylus siamensis
hemoglobin and leukocyte extracts
Investigator : Dr. Nisachon Jangpromma
E-mail Address : nisaja@kku.ac.th
Project Period : 2 Years
UNANELD

sszidaneiugineg (Crocodylus siamensis) foilunilslulifaiinvosdnidesnarulusiaud
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wWulnaannidenassidaneiugine lnsanzgmsauideds (Propionibacterium acnes) gnsiugniay
FegVEFueuyadasy Waunsfnwiuaunsalun1siueyyadasy veeeAUsENauAIIY ves
Bonaszitaraiuglve aldun wataun @30 Flulnalu wazarsadadadenv1d Tuigadinilwyed

a 1 a

lelnsiaueseanles (H,0,) Gefeidueyyadaszngueendiau (reactive oxygen species; ROS) #id]
auifgdastunsialsnmag snnne Jgnialdifuiunuveseyyadaszlunmsmeassadell Seua
nsnaaesuansliliuitesruseneunneg andenaseidninandieiu lddanuduivdewas  lolu
suanadaIniandanywd (B, human  skin  fibroblasts) wazigadiinldenu11989uYYE
(peripheral blood mononuclear cells; PBMC) Lﬁam’s’iﬁmﬁa&ﬁ% 3-(4,5-dimethylthiazol-2-yl1)-2,5-
diphenyltetrazoliumbromide solution (MTT) usidlewsadlésu H,0, vy nunewadinlusuanadisns
nsseatinanamind1 50% oglsfnmanmiufivan H,0, Tannsavssmldideldousad
Ilusuaadsiuivesdusznavvedonvszidnouldsuouyadase H,0, Wunan 1 Falug Fawuan
Slulnaduamnsaanfiuiiinain H,0, legsiian lnenuiwadlnlusuaadiisnsisondingais 89%
fawsiarlé¥uoyyadasy dwanmeassiiaenadesfurnanisdeuadinlusumaiudimsiagiendos
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Fhuayyadasyisoniigrimusniauioruiu tevasougrslunisiusniauty msvaassaialdeld
thalulnalu wesansatndinidonuniuangrisiueyyadase nelumadldogafiboundnuisdeiiios
fagrissunssniauluwadnazidiosuualasving (RAW 264.7) Tnswanisnaasanyuinieriinisnsedu
wad RAW 264.7 THiAanissnauienalalulnduaanilse (ipopolysaccharide; LPS) wazileneodn
(Heat-kiled P. acnes) ansafinidiaidonvnanidensssidaoiuginefianududu 25 50 uaz 100
ug/ml ansnsnanseduvastussneanlas (NO) IWeeslitudfay Seaenadasfunanisuanteonvosdui
Auitestunisdniaviie nuiasatndadenrianinansefunisuanioanvesBuresasienans
sniauuazlalalafluiead RAW 2647 ilognnszdulmAnnissniausie LPS uag P acnes 1¢i
FeUNlTY ann1TIEnsenYesdu inducible nitric oxide synthase (NOS) Interleukin 6 (IL-6),
Interleukin 1B (IL-1B) &z Tumor necrosis factor-alpha (TNF-a.) dlovhnsnsiatadiewaia RT-PCR
wavanunsaansziuveslusiiu IL-6 uay TNF-a devinismsaatademaia ELISA uenanidleinis
nadouraveasatadindonvilunistesiunisaewuu apoptosis Tuwad RAW 264.7 AildSunis
nsrAuNITEniay nudtasadadadenyn (25 wag 50 pg/ml) awnsadesiuigadainnssuiunig
apoptosis WieigadgnnszduliAnnissniausie LPS uay P. acnes 1¢ Tngnuinasadafindenund
Amnudiudugaan (50 pg/ml) @3N3AANTEAUNISANBLUY apoptosis Tulwadfignnszdunissniausie
LPS 'l¢ffla 74% uazanansnanszAunsmBRUY apoptosis lulwadiignnszdunissniausae P. acnes 1¢
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014 59% HANIINARBUAVIAIULE P. acnes AaewAllA broth dilution wudtansariadavaaiuise
U gj a dy 1 1 = a a o v A a gj 1Al a = ¥
§U8INT3ATYVOLTR P. acnes lnegrelivseansam dmsuglulnatuliu nuindlulnatuainidenased
aneiudlnganunsaansziunsonauldluvhusaderdiuivasadadindenyid Wevn1sAneuuuiey
voslusAulugad RAW 264.7 Wegnnseaultinniseniaume LPS wazlasudlulnaduainidenassid
aneiuglngsiu sewmaialusiledngd (proteomics) ifumadauuaaualaalnd (LC-MS/MS) wuin
glulnadunidenassidaneiugineaunsaanniseniaulaeodenalenalniliieitesfiun1sdniay 1wy
cellular metabolism protein fate oxidative burst signal transduction Wa¥ morphogenesis
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Abstract

Siamese crocodile (Crocodylus siamensis) is one of a few ancient reptile species which
was survived until nowadays. Regarding from this evidence, it indicates that the innate immunity
of the crocodiles is very powerful to protect itself from several pathogens infection. Thus, in this
project we are interested to study biological properties of crocodile blood proteins and
peptides in the term of the anti- P. acnes, anti-inflammatory and antioxidant activity. To
elucidate the antioxidant activity of C. siamensis blood components (plasma, serum,
hemoglobin (cHb) and white blood cells extract (cWBC) on BJ human skin fibroblasts, hydrogen
peroxide (H,0,), a reactive oxygen species (ROS) causing cellular injury associated with the
induction of numerous diseases, was selected as the oxidant in this research. Using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide solution (MTT) assay, C. siamensis blood
components were found exhibit no toxicity on BJ cells. A pronounced protective effect against
H,O, damage was observed upon pre-incubation of the cells with 25, 50 and 100 pg/ml of each
C. siamensis blood component for 1 h prior to H,O, exposure. The highest potential to
preserve cell viability was found in C. siamensis hemoglobin (cHb) (89.0%). These results were
coincided with visible light microscopy observation. Additionally, it could further be shown that
treatment with C. siamensis blood components did not exhibit any toxic effect on human
peripheral blood mononuclear cells (PBMC). Moreover, the collected data clearly demonstrates
that H,0, induces apoptosis within human skin fibroblast cells, which was evidently decreased
by pre-treatment with cHb. Free radicals lead to oxidation and this accumulates within cells can
contributes to the inflammatory state of various diseases. Thus, antioxidant compounds are
potent scavengers of free radicals that may have a possible role in improving inflammatory
conditions. From this evidence, cHb and cWBC that exhibited antioxidant behavior might also
have the anti-inflammatory function. Consequently, this report represents the first study aimed
to shed light onthe basic mechanism of the anti-inflammatory activities of cHb and cWBC. In the
present study, 25, 50 and 100 pg/ml of cWBC were found to reduce the production of NO in
both LPS and P. acnes-stimulated RAW 264.7 cells. Consistent with the NO testing results, it was
observed that co-treatment with cWBC also significantly decreased inducible nitric oxide
synthase (INOS), likely due to decreased expression levels of Inducible nitric oxide synthase
(INOS), Interleukin 6 (IL-6), Interleukin 1B (IL-1B) and Tumor necrosis factor-alpha (TNF-o.) mRNA
expression level and also decreased IL-6 and TNF-Ql protein level as determined by RT-PCR and
ELISA, respectively. Moreover, combining the cWBC (25 and 50 pg/ml) with LPS or P. acnes-
would decrease the apoptosis of RAW 264.7 cells. At the concentration of 50 pg/ml, cWBC

significantly decreased apoptosis process that induced by LPS and P. acnes about 74% and



59%, respectively. Additionally, the result from broth dilution method revealed that cWBC
inhibited the growth of P. acnes. To elucidate the proteomics response of macrophages treated
with LPS in the presence or absence of cHb, several proteins with differential expressions were
identified by using LC-MS/MS analysis. With respect to the individual functions of these proteins,
our data indicated involvement in various processes during inflammation, such as cellular
metabolism, protein fate, oxidative burst, signal transduction and morphogenesis. Consequently,
all results of this study directly indicated that cHb exhibits anti-inflammatory activity on LPS-
stimulated RAW 264.7 cells via functioning as an activator or suppressor in the expression of
inflammatory factor genes and affects several specific proteins that related to important
inflammation pathways. Therefore, this work represents the first study to demonstrate the
efficiency of C. siamensis blood components with respect to their biological function and
strongly supports the utilization of C. siamensis blood as a therapeutic products or dietary

supplements.

Keywords : Anti-inflammatory, Acne wvulgalis, RAW 264.7, Siamese crocodile, Human skin
fibroblast
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WHUN WA TANNSRRLS (cladogram) wesdridosRauuas e Tn

$usiu Crocodilia (Crocodilians) () aszidinnges Crocodylus porosus) ()
aszdthin (Crocodylus siamensis) (A) 9igla4 (False gavial)
HAN1IATIRERULUUNUlUTAuYRLRonvTeaeiug inglagldinatlaSDS-PAGE
NansVAdeUANNETNsaTesasaradindoniluntsiiudade

P. acnes DMST 14916

nan1snadeuAULluRY (cytotoxicity) veasdlulnaiu (cHb) wazansarinde
Fonum (CWBC) siewadiniziassuualasving (RAW 264.7)
nansvedeuauluivresdenassidaneiugive smeweida MTT assay log
Twadlulusuaad (8)) Aaumuutuimadiviiiu 1 x 107 wad/vau uag
nadousadonassdfinududy 0-500 pe/ml Bunan 24 $alug
naveddenasEidaeusinedenisannunaiuneendinduiiinain H,0,
(H,0, -stimulated oxidative stress) Tuwaalwlusuaan

NaMsANY g WIneveaadluanzAseReendnduiignivilsniicneg
hydrogen peroxide (H,0,) neldndes phase contrast inverted microscope
naruLduiveadeniszidameiusivesewadisindonynveuywd (PBMO) 7
wenldanidenvesnudifaunma fe Ficoll-Paque (GE Healthcare,
Sweden)

navosslulnadulunisUesnismeuuu apoptosis 11 H,0, Tuwaalnlusuanas
Yoy Ee pagmAllA Annexin V-FITC/PI flow cytometry
navesansannansanalladensnrenisasalunsneanlyn (NO) luwaduunlas
w19 RAW 264.7 fignnszeuse Heat-killed P. acnes

(a) AonsuluananInauasansanaladonsfen1sas1e INOS Tuwaduualas
v9eneus RAW 264.7 fignnsediusneg Heat-killed P. acnes wag (b) Ao wa
RT-PCR 9038u iNOS 1Wisuiiguiu GAPDH
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vagU

Ul 4.1 (a) fie nsmluvisuanssavesansatminidensnidenisaing IL-6 luwaduunlas
ylhaaewus RAW 264.7 fignnszduseans Heat-killed P. acnes wag (b) fio
HAYDY RT-PCR v838u IL-6 1USguifiguiu GAPDH

Ul 4.12 nywlwisuanmavesansadaindonyidenisaing IL-1p luwaduualasving
aneriug RAW 264.7 fignnszdusneans Heatkilled P. acnes (a) uag (b) Haves
RT-PCR 28484 IL-1p 1USeuiiuiu GAPDH

Ul 4.13 (a) Ao N luisuananavesansainiiadonyiisonisains TNF-o lulwaduun
Tasvhaaneiiug RAW 264.7 fignnsedusneans Heatkilled P. acnes wag (b)
Ao Waved RT-PCR va38u TNF-o WIguiiiguriu GAPDH

Uil 4.14 navesansatminidonvnsenisaislunineenles (NO) Tuiwadusalasing
RAW 264.7 fignnsedusneans LPS

Ul 4.15 (a) fie nsmlwvisuananavesansarnindonyiienisaing iINOS luwaduselas
ylhaaneiiug RAW 264.7 fignnszdusieans LPS uas (b) Ao wa RT-PCR Yoy
iNOS tUSguLiiguriu GAPDH

Ul 4.16 (a) fie nsmluvisuansravesansatainidenunidenisaine IL-6 luwaduunlas
ylvaneus RAW 264.7 fignnsedusneans LPS wa (b) Ao naues RT-PCR vo4
81 IL-6 W3guiiguiu GAPDH

Ul 4.17 (a) fie nsmlwlaansravesansanaindenvdonisaing IL-18 Tuwaduunlas
ylvaneus RAW 264.7 fignnsedusneans LPS waz (b) Ao naves RT-PCR ¥o4
gu IL-1B wWlsuLiguiu GAPDH

Ul 4.18 (a) A nsmluisuanamavesansatininidonunsenisadns TNF-a Tulwaduun
Taswhaanewug RAW 264.7 ignnszdudieans LPS uag (b) Ae nawes RT-PCR
Y838 TNF-o. WIguLileuriu GAPDH

Uil 4.19 navesansadadindensmanassidaeiugling (WBC) deszdu IL-6 (a) uaz
TNF-a. (b) Tu RAW 264.7

Ul 4.20 wavesansainindonynlunistesnisnenuy apoptosis AMsSALEUTAR

nmanszduiede P. acnes lulead RAW 264.7 femafia Annexin V-

FITC/PI flow cytometry
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vagu

Ul 4.21 navesansafindiaidenynlunistiosnismenuy apoptosis InnsnLaUTLAn
Mnnsnsedufeite LPS Tulwad RAW 264.7 daewafian Annexin V-FITC/P)
flow cytometry

5Uf 4.22 wavesdlulnaduanidenassidaneiusinedensaialusinoenled (NO) Tu
iwaduuAlAsIng RAW 264.7 fignnseduseans LPS

U 4.23 uansuuuusulusiunwaduunlasring RAW 264.7 ieldsunisdniausaniv

glulnadunidenassidaneiuginememeiialsaledind (proteomics)
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A15199 3.1

AN5199 3.2
AN57199 4.1

A150yA1579

wana primer AldlunsfnwsedunisuaneanvesBuiifeitostunisdniay
Fupounisiondlusiume Siver Staining (Amersham Biosciences)
AsenIsUBuisunsuanteanvestusiulusad RAW 264.7 lolésunis
snwauswnualulnadu wavssuriavedUsiulagldmeiin LC-MS/MS
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1.1 Mnuazmaua

Fnsmsadinvesauluthgtunuidinsasuulasnefnegiann daindsnarinlisisniegnii
$edpanseyyadasy (free radicals) Mintuldesemnifiwazdusiuinann lneilueyyadass
anunsaiintuluduneldnaenia wu nslidindsesnfuegnassiu msuslnremsfidiansiadinndng
wasdansililelan vany sauteatuiivarnvieledesasud warainvuIunisHIRaIyRISLe
Wasudundsnuliundunie uenandfmuiieuyadaszoraietuldanmsiade wu lhda vie
wuafife Fswuindmnuidenledunsiianssniau Taenuiteyyadasziisreneliianunsamdalduue
Tuasdnianedode adenag auiliAnnsdniay wadideu 1wadun wavenadesranisielse
i Tsavnsszuumilanasviaenden Tsauzise wielsanissuunliduiu (Brodsky et al., 2010)

NFONLEY L?Juﬂgjﬁ'%mmimauauawaﬁ'wmwiamimm%masmsamL%yasuaaLﬁa@ja ieluvihane
AuanUasuuastiegouueniobolvinduganizund ansdniauuuuidsunduazifntuegiesins
warldnanlaiuu wasdanuduitusfunismevauesesssuugfiduiu dunisdnauiuuEesaduns
SniauiAntugniuiuni 4 §Uani Snavildidefedens Wy ianadeuvendutszam vde
anmnsoviliAnlsensssuuilanagraondonld nssnaviiiailiosnanssuugiduiuiatuan
sruugiRuAuuAfLn (innate immunity) SNV TIAINIEARLALANTIINWATENN FANTEUILNNG
Snavriiniiinannsredunsindelida wieuuaiidevesinnie nanfewle macrophages nauiu
1a%a videuuafiond sziinnsuaeslusiuvedlafa videnswadvesuuaiiSounsdrusonan dalusiu
wandansamiehuasnssduradluszuugdduiulinouaueniliAnnisdnaudenimdaans
donanan1sdnau (inflammatory mediators) L4 nitric oxide (NO), prostaglandins E, (PGE,) wag

pro-inflammatory cytokines W Tumor necrosis factor alpha (TNF-a), Interleukin-8 (IL-8),

Interleukin-1p (IL-1B) oonu1 (Rodriguez-Vita et al., 2010)
1 =2 [ | . A a & A [ [ X o .

NINNE1IDINTITONLEUNUIN Acne  vulgalis  #39d11 U Dotlunisdniaunuulsass (chronic
. A & a o a [ 1< & o da v A [y 1
inflammatory) Mudgumsiamdainulaves wazilulsasesiniuuilunnaznavunlvinasniian
Usgnnanluduauaeiilgymaiednstesnsmildudin Jymaldladmalmiaunaidunianiaviitgu
wunlunaneasslgmlaneliiaunailuluisla vlieanudulaludaes Fuad wenfandsan
Tuldiansidenufianndsau waglenaluniniiniseudneie Ganiud s3Mmung, wu.d.) @
93MsiAnEItuNUISTiIuLUTe LA ILAnInnsilAsuLUasszAUgesuulusenIe A19vineu

[

vossonlviy 91 InIeuNTulTENIU LazdnladendAglunisnelind@ifeluaditis P. acnes (Choi



et al.,, 2008; Grange et al., 2009; Park et al., 2004) L%’EJ Propionibacterium acnes WukuaiiSewn sy
vin viinlifiseendiau awnsandaeuluilaa (ipase) gevansinsndiwelsdluluiuiindnaindey
sty Winanewdunfigeseauasnsaluiudase dreliuuafidedulaldfity uaznseduliisenisdniay
Triguiss¥u Orott et al,, 2010; Grange et al, 2009) Tngnszuaun1sdniauiuingn P.acnes nsedu
Twadenag MAsdenty wadlululed (monocytes cell) wadiowulafidsy (endothelial cell) wadlw
Tusuanan (fiberblast cell) waziwad@s1Alules (keratinocytes cell) 1u toll-like receptors TLR-2 R
Hushsuuuiiwadlvivdsansdenansnissniau (pro-inflammatory cytokines) 1y Interleukin-1 (IL-1),
IL-8 etz tumor necrosis factor-alpha (TNF-a) (Choi et al., 2008; Drott et al., 2010; Grange et al,,
2009) FaderaliAnnszuunssniaun

Im81715%Lmeaﬁ’]ﬁQﬂumimU@mLLazUiim'}mmsé’ﬂLﬂu%Lﬁumsé’ug'amiﬁwmfuaqmi?iaﬂmq
MsenEU Wy NO war PGE, fatugn vioansiaifaiunsadudenisadng V%aé’ug'qmiﬁwmusuaq
mduobte nitric oxide synthase (iNOS) LLa‘“/Wia cyclooxygenase-2 (COX-2) mammimummiasw
miaaﬂmﬂmaamaumam 1§ fazanansnduduazusaminisdnaulédne (Kim et al, 2012) &
anautRimariifunalnluniseangnivaserdusniavunudagtudiulg Wy sngu NSADs uas
steroids  ugfanaindgnitufsanasdsmailifisUszasddodiaegs Insanizegdiiessuy
yafuawng dueiiiatrafewhiismaeutisgs daunsineianiutagtuieuldenufiaues
yiafuuazm Fannlfifssialneianiainnudgmideoslives nisldendftugeiausauiven
wﬁqmmhaamﬁmwﬂL%agaawiﬁ agalsfmunisiuendeidiestudunaiuiuenafinadesesisniele
wWufy (Kim et al., 2008; Park et al., 2004) euAtymiinaundredutlagiudaldiseaunsiems
afinansssumfulflunissnulsedilnedowuaiiie Pacnes $1uausn (Kim et al, 2008; Lee et
al., 2014; Park et al., 2004) Fagunsulushunierulndansssuwafislgvssusnauuiaundue
fusniauifinadradesios thanidumadonuisdunsinu iesniisaganiteuwnutiagdu uay
FaannsadminensvesUsemanldUselonilaogsasan

sz ludn finsvsfavlanisiivsermuiindlulsamaaedsssmaiunuilaaduemsiasy
wazt1geTnme Andeyaveanaimizidssaznuinssdinginssudmim dauasded lnsanizlugg
wawig auiliAauausadilvainn winuiesedliffymuesnisindeuuedifevianisdniauan
nsldsuumdutuasiaudiianmundeuiiogordvasidesuedenisiadiefny Gsoradulula
szdiimsaislsiuvielng vdediszuugiiduiunusssundviafiauiianansaiasuuaiise
wazdudsnisdnauldedeninwasivssdninmgs  nnsAnwnisindonsssdasiugine
(Crocodylus  siamensis) umaaeugnsnadanmlasiniselugudiselusiuuarlusilefindiiionts
mdvduargaaivnsay (auw.) nudiansadafindensn  Slulnadu wanaun wazddu dud
mwanselun1sdudinssyresuailSeldiaunsuuin wnsuau W #e P. aeruginosa (clinical
isolate), P. aeruginosa ATCC 2785, Staphylococcus epidermidis, S. typhi (cUmca |solate) S. typhi

B (clinical isolate), S. typhi ATCC 5784 , V. cholerae (clinical isolate) iamma’lmiawmﬂ’ﬁmm



suaﬂL?gai’l Candida albican 1§ (Preecharram et al., 2008 & 2010; Srihongthong et al., 2010; Pata
et al,, 2011; Jandaruang et al, 2012; Kommanee et al, 2012) uenaInguslunIsFuTonuniise
wazilesdadmuindonassidiianuasolunsifuasiuenyadase uavannisdniauld
Tnsanzegnsbsmsatndindensmimunridudeuunfiouasdusyyadasylégan ogslsfin
Nk undslinunsuszandldansadadadonsnanidentssidaeiusinglunisandniay
desnuuaidy P.acnes fasuiiierdudeyaiugulunistszendldasadadiadonyalunan st
Snwuarandidniau nsfnwisanuannsalulunsiunissnauiinanuueiiie Pacnes sauvi
Msnieuiiinainnseduras Lipopolysaccharide (LPS) wasansafindinidensnainassidansiuglne
Jeflrudnunazdriny

mmAfoadsdisjatuiiesinugriiusnavvesasatadindensnanidenaszidmeiusinglu
wadunlasvhafignndenitlfianissniauieuuafife Pacnes uay LPS 9intuiinisnsiadeusssiu
YesasdenaimssniauLarAnwIsEAUNsuanseenveslusiu vseBuiiisatestunissniauiiead
ulAsHng KARTUAEWATA Quantitative real-time reverse transcriptase polymerase chain
reaction (PCR) uaﬂmﬂumaLﬂusuamawumuiumﬁﬂi aﬂaﬂﬁﬁﬂimumaLﬂﬂlmmmaamﬁvLﬁuaﬂawuﬁ
Inglusdnfamiflogunimiazaiuey mlmmmiﬂﬂmmaﬂmﬂalﬂmiaaﬂqwﬁmuauuaaaiv 9t
anudufivnesdontssdaneiuginesinie fsosdmnusiildtmunaztisdaaiuniniidonaszidan
THflowaundundnduisnviazanddniauld wazdoldindunisifiuyadveaden Adainngld
Uszlowlognindalullagiu wazaensuiuiwifnvesnssuiunisnaauuuliveads Wunisaseassa
wanfausiniuszlevidoauan dadununliuvesgramnssundndasiauanuuaziuilaaluiagdy
nelmAanslislesinnudananassld (by-product) MngmamnIsuimiziiesasstliinusslon]
GG

1.2 InQUszash
1.2.1 \ie@nwignidudniavvesidenaseidarsiusing (Gocodylus  siamensis) Aoiwad
11lAaTNIa RAW 264.7 ﬁgﬂmﬁmﬁ'ﬂﬁlﬁmﬂﬁé’nLa‘uéha lipopolysaccharide (LPS)
1.2.2 Wednwiguidudniavvesidenaseidansiusing (Cocodylus  siamensis) Aolwad
wlasyhe RAW 264.7 igninieniliiAansdniauseuuadise P.acnes
123 ilefnwiguisiueendintuneluwadimiluyudiignnszduliifnaninzeandindusie

lalasiueseanlus (H,0,) vosdenaseiindnanaiuging (Crocodylus siamensis)

1.3 UWNULAZHANI9NTANTNLITY
nsiiuidenainaszidurdnaneiugive (Crocodylus siamensis) anUudINNIATIERENSHY

gniavresansaindaidenininndendssidaieiugivedersasuilasnig RAW 264.7 Ngnindleddili

NANTBNLEAUMBKUATISY P.acnes uag LPS siuisd@nwgnsiueendinduneluiwadrividsuywdngn



Y § Y a a o v 3 s = v o o 1% a
nszduliAnanzeendindumelalasiaueseanlen (H,0,) veiendssitindnmeiuging Joyai
laarnnsAnwfiagilu Platform  technology Tunis@nwignanie@inimveslusiunaziuvlnglu
o ¢ & a A = N e ' v & v a & =1
dnidevaauriindus wielualyddue relilueuen uazdulunisldvesndaniananaivnssuies

szliinUselovdgeganazaensuiuwuifnvenssuiunsuanuuulsveude (zero discharge)

1.4 wafieadnazlisu

osdnnuiildagihlidlatenalnunasenslunseengriiusniauresansataindonyiaan
Fenaszidiindnaneitusive (Crocodylus siamensis) soisadalasnna RAW 264.7 fignindleanitliian
nsdniaudenuaiide Pacnes uay LPS Tauigmisuoyyadassvideiusandindumelueadues
Fenaszidaneiuglne Jsenmilugnsiamnliidenasuidaoiuginglundafusifioguamuazam
v AeliAnnsldslorinidensssddaiunannanassld (by-product) IngaamnTsamIzLaes
zliinUsElenigen
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2.1 szuuniifuiuvesdniiaesnau
ammammmﬂuﬂauamLaamLaummna'uLﬁmﬁﬁ%iwmmiﬁuaﬁ Uumﬂuﬁus’wmam

9
[ |

UszanSnnuaziiaulasgremnn 3 QQZJUV]U’W]ﬁ’]ﬂEU(?]@ﬂ']'ﬁﬂﬂU']LﬂEJ’JﬂUﬂ’]'ﬁV]N'lusUE]\‘i'igUUﬂiJﬂiJﬂu bheYe

Y A
aunisvessrvugdfufuiiisdesduiusiuszuving uenanidniiiesaaudsiifnsaznis
fstinflanisuannnindn idonduiug uazdiifitnsmhsedislunmsduiusfiietuuuunedanutn
hjﬁmsLU?%EJuLmaaé’ﬂwmsﬁmmLsziulﬁmﬁ’uamazmumﬁzmumﬁﬂﬂ ogslsfmudnidosnaiudu
ﬂammLaamL&Juwmmmmsmsmwam’;mu ImaammﬂuswmmuLﬂaauLLUaamuammmm
Auwandeumungnia uonintdnvuriduvesdniifesaau fe Amilstuuonisiinomiu (keratin)
Huesduszno Fsldwuludnifinsegniundsdun nsfduiiandsfiavidemalidnifosaauans
asfuntsgnyninaindsudanvasuldinindaidindug dednvusmdrienadinansznudeddnis
fsadinsudimeinuvessruugiduiuresdninguiiusgnenn faundnideasnersmine
szuugiiduiuvesdniidosnaiuatisiowion utegdlsimudoyaannisidessasioaimateousifeaty
m'imauaumqﬁé:uﬁ'wuaaé’mﬁgaaﬂmuﬁiahj iiolwanmsnesuionszurumsvhauiiisafuseuy
niduituvesdninduilosnsdndannty

dufunsnwszuundduiuresssidusiinednisinuidu® wa. 2506 Tng Merchant uay
ARy (Merchant et. al, 2003; 2005; 2006a; 2006b) uidiliaunsaesurenalnnsvinieuresseuy
piifufuvesasudlfodiedaou TenAdenareiiesneauin lussuugiiduiuvessadininesuszney
Feansinevauesiuead THun B-cell uae T-cell fidnn venanildmuidnvasmedugiuine
uardnwazmMawadieniazdmuindosduiusiunsianuresszvugiduiuluassddadinmes
dnm1e (Mateo et. al, 1984) aEhﬂiﬁmmzwgﬁﬁmﬁumaaé’mﬁg@mmuﬁé’ﬂwmzﬂé’wﬂﬁqﬁ"Uisw
nidufuesEiFinduily Ssusenoude 2 szuu el

Y 9

2.1.1 szuugffuiusuudunaaudnnda (innate immunity) 1unalnlesiuduessiunsnves
AadiTiannedaiidunenainunou dldlunisdedifuaudantasuiiudnafisnuasiinimevaues
0619390151 Tuanafiflanuiiendesiunsvinuesssuugiiduiuuuuduneauiddaldud szuuney
waluua lalaled nsrudesu eenlediu (opsonin) Bulmeleseu (interferon) AudU wagilulng
fugatin (Brown, 2002) ieAsdiTAnldiuAudanUasunszduainasusnazdamansedulisnanisaing
szuupfduiuiidunieidondt weufived (antibody) uenaNtsruuABLNELLLSA (complement) &3
Hudnvilstedefifiauddydeszuugiduiunuudunesuidiis dwszneusengulusiuidegly
wanaunilanuansalunisyatsideuuaiiizeniediudandasuiiizenin woudiau (antigen) lne
nszUILMsTURLALUanUasulaense (opsonization) wagnszuiunsviliiwadunn agnelsfniunig

PauszuUAUNAIUAEnTUlngE unaln 3 nne fadl



N

1. Classical pathway JunalnfiAetundsan udldunisdununeunalnduq nalnil
AeatesfunisiiauvesusuivedlasnsiainnisnszsdulaelusAunguduylulnayausd
(immunoglobulin G; IgG) way 5mﬂulmay§m5u (immunoglobulin G; IgM)

2. Alternative pathway LHunalnfignnszduseluianaseg wu 1hia lalulwaudnanlsd
fifuduusgneurenraduuusurauaiie nalndldifedestumehausesuouiued

3. Lectin pathway dunalnfiiigadestunisinuvedtusiuaniu Fadulusiud

aunsaduivluanaansiulawsanguinaasuuluaniuesdusznauuLRIEad NS UL UATISY

nsvhauressrUUReumALludn fidssgndaeun Snsfnwaunsukddadnseuiunis
e e 1) Adndwdanuasulaenseinunisvina1uved membrane-attack complex  (C5b9
complex) 2) nszfuMIAIIETesAUszneuvaaaluLiinin 3) nsgdulitinisidamuvadvesds
wandasufiinannnisiauvesssuugiduiuniesluwad 4) nszduszuugiduiuuuudidesiing
nsgdulifinevineuléftu (Gasque, 2004) uinssurummhauvesszuuneunanndludniiiosraiu
gelaiduiinsuuuda nnsdneludniifesamunuinfssuuneundiuudiies 2 seuv fio classical
pathway Wag alternative pathway Wity @133 Lectin pathway ﬂzLﬁmﬁuiuﬂéuﬁmiﬁﬁ 9191 [au
Uarlifinnnsslng dnfaziiudasifiuun un 1a9 FsdafindrdfansitauinisilndiAs ety
dniennany FedmnuduldlFinalndsndnideruinludaidosraulfisuiy uddslinundngiu
AsANETILLUTR (Sunyer et. al, 1998) wenINHLETNsAnusEUUARIN AU sl UT ST e
FadinmeduTsuisuiudfuvesuednuin F3uvesassdivszansamlunsdwiharsdsudanyasy
iy wuafiBeldd witiuvesuyudlinunmuandisingn Juandiifiusgrsdaiauinszvunoundumd
vonsuidfivsyAvEnmgsionisvhaneilouuaiids uenansruueoumAdug ndureseadidinien
s199 Tuszuunyuidsudonvesdniifesnarn 1iud ndueadifinidonn (leucocytes) wu Tululas
(monocytes) tawalsila (heterophil) Lulwila (basophils) wavBledluila (eosinophils) wanguiwas
indenuns (erythrocytes) ImEJLszjaﬁt,ﬁwLﬁammé’nfﬁmmﬁﬁ@umﬁmmi’mﬁuﬁmzuugﬁﬁmﬁumm
fniidosnau ilesadufaudanuaeunieqatinnolsndieg Senuiinsruiunismevauasiiidudn fo
nszUIuNsASendn wilnlelada (phagocytosis) Lz HiBnsnasguInenIEUIUNIINBUANDY
sananiludniifeseaiu uenaniewelsfiavesdnidosnan uammn%ﬁwé’uéﬂqmsvﬂ’mmmwmsﬁ
adndelsauda filidnsnasenszurunisdudenissniaudnge (Montal, 1988) laganunsnuans
SnwargUihaadifiaidenvesdnifosaaudeguil 21 sfiulfeddauiingueadidiagon
Tnsianeifinidenunsvosdniidesaaudinaidueioa uasiorgusyanm 600-800 Ju (Claver and
Quaglia, 2009) Farsanieadiindonunmesnyusiidondios 120 Tu vennivatssuiss wu
waddindeaunsdeiliusiuddyfe Slulnatu awnsaviminifudindduqadnlddndae dedunni
Piuogadaauhsruunyudsudesvosdnifesamuihazddnenmgsionszuannsnouauanis
pifufutimanevaussvessruunfduiuLuuduneausifiin warssuugiduiunuuiidesdinansedu
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Tuwdrasnisiuswiudussuuiiedediugainnelse dwmalidniidosnaiuininuaiuisatunis
U%’U@hLﬁ@iﬁ’ﬁ%’i@i@ﬂlﬁﬁﬂdwﬁmiﬁﬂsxaﬂé’wﬁﬁuF]

(n) (’1‘1)
o L
BeAk

(1)

/

@)
@ @ @

;nlﬁ 21 pmuanasadifinenvesdniiiosaaiu (n) waddindonunsased () wadidindoauns
8w () waddiadeaunaa (1) wadnseululad (1) iewmalsilasseid (2) wmelsflaisi
%) Blagluilaisi1 (a) welelsila (sy) lululwd () Fulviled () wieila

]
=1

fiu: daudasann Claver and Quaglia, 2009 9WAY a@uUas AGIEMUBIATI, 2558

agelsinunisfneszuugdfuiunuuduneaudinie wuirlungudaifinszgndundad
Toll-like receptors (TLRs) tUudruddglunisandidawdantasuiiungn wu 9adineas T,Wa TLRs

[y

mmmﬂsvmumimauaummivwnﬁﬁmmuwaummmmmm uazsrUURANAuLUUAdRaTinng
nsgeu (Leulier and Lemaitre, 2008) TLRs gn¥wunta 6 nay emLmazﬂqummmmmsﬂummmm
dnwnzluiananioguuvuvesdautantasulaunnsnaiu sgnslsiniaugdn TLRs azdianuddgsio
nszUIuMIReUaussiiduiuluss ez By widslifdeyadidaauieiiumsuanseenvosBuiiiedes
fUTLRs Tudniidesnaiulag ﬁﬁﬁﬁﬁﬁm%‘ﬂﬂismssu'eNszwqﬁﬁmﬁmwuﬁwamLwiﬁuﬁ@ ADNT
novauasileliuniaunavionitorunszuiumsdniau ludniidesaanuiloldsuniansedudeds
wlandasuainnieuen (extracellular pathogen) LszjaéﬁLﬁ'm%’mﬁuszuuqﬁﬁmﬁ’u%%’ﬂﬁﬂﬁﬁmmi
asruawelsiaawnsylayn (heterophilic granuloma) Im&ﬂ;ﬂﬂ'i3éjuiﬁmaéumimﬂwmauauaaiﬁﬁﬁu
‘Lumqﬂé’uﬁ’ulﬁagﬂﬂizﬁué’w%qLLUaﬂUaaumﬂmﬂu (intracellular pathogen) Wwadiiieadasfussuy
afdufuazdmifliiAnnisaisdaledudaunsylann (histiocytic eranuloma) ewieatiiliead
uualasrnasaudiuidndsuvanvasulusuuuuiiienin msmeolamizdu (necrosis) NTEUIUNNT
fanamilfiauusndsinmanevauswemssnauludniidesgnisuy fwraidmueaiofionis
Snau antuasiinisndsansialalesd (cytokine) wazialailayd (chemokine) musnnneuds ogaslsinn
é’qiajwuﬂizmumimauauaamagﬁﬁmﬁuﬁmﬁumﬁmza'wﬁiuﬁmiﬁammu (Zimmerman et. al., 2009)

2.1.2 53UU4 ﬁuﬁ'mmwﬂamminimu (adaptive immunity) vasdnTidesaauiidnuasnns

U
AOUAUDIAAARAUERINNTY mﬂau‘maqauﬂ Ao L‘lJLliuUUﬂllﬂllﬂ‘ULLUU‘[l’]LW’] 191239 kazdn159A



dnwairvesdsnsedu dadussuummhauseilesnsyuugiiduiuwuudumeaussudaglossnelisu
AuanUaeuvieiloratndnass sunmeazannsoneuauesldesiminigs lnensadaueufivedann B-
cell Fsaznszduliiinnsnevauosiuiead (cellmediated immunity) kAENIIMBUALBIF AT
(humoral adaptive immunity) il

% %

1) sruugidufudueed nsnevaussesszuugddutudusadludniidosaaiud
mwdtuslaonssfugamgiivazggniafuddy lnsazdanuidesiunmsminuveseadidaden
11nga T-cell Iag wuhdniidesnaumangelniingasng Tcell Idmuieafudnitugs téud § do1dn
W1 War 911 (Burnham et al, 2005) Mﬁwﬁﬁwﬁﬁymm T-cell @@ Lﬁalﬁ%’umiﬂizﬁumﬂéq
wanUasuvieuoufiau axiinisidsuuvassusawadiiu 2 vda fie cytotoxic T-cell (TO) uaz T-
helper cell (TH) a1 nn1sAnwIlag Pitchappan Wagamy 1wl w.a. 2520 (Pitchappan and
Muthukkaruppan, 1997) nuiseulsialussuugifuiuves dw1in (Calotes versicolor) finsasnania
cytotoxic-like T-cell waz T-helper cell agnslsfinu ludniiiesraulifideutiwvdes aduusnai
Aoufduiusvesmadlusruuniduiu (immune cell interactions) indleuludniifsagniounisandy
T-helper cell ludniidosnausraiiunumanudfayiiuandisan T-helper cell 1ué’m5L§mQﬂ¢’haum
Tngazshmtidisauiu Bcell diedudinsindousanuasitonelsnay q Famsiiusuaues T-cell Tu
dniidesrmuazdanuduitusTaensstuggmaiiuAsuuiasly 9anmeaunsnouauasfuisadiug
striped sand snake (Psammophis sibilans) 1n® Farag wagatdy Tl w.e. 2528 (Farag and EL Ridi,
1985) 11 Insiiindnauves T-cell luregglulinduazgglulissannnitggniadu |

2) szuupfifududiuanst aldsunsnsedusaidesinszsuugddusuduead daszuy
piigufuduasihiiauieadostu Bcells  futhilunisudaueufived lneiluueudiveives
d

a

Y
¥
v & A v ¢

wiAesaauuardnidsagnisuusznoudie wouRuafaedu (light chain) 2 wiia Téud A uay «
(Das et. al,, 2008) lnsueufvofludnidegnisunazainsdulululnaydu fanuas e 1 IgM 1gG
A 1D uas IgE uiludnfidesnaiuavadiafivs 2 wla fe lgMuar Iy  (Natarajan  and
Muthukkaruppan, 1985) 91An1sANENUT leY vasdmiidosnaiuseuiaiion G uay IE vesdn’
Aeagnéneu (Leslie and Clem, 1969) &1 IgY wesdniidosnauiilassadraunnsnaaindmiideagndg
uy Feluluanavglaifiusnuiuiu (hinge region) UukoUAUBAEE1Y (heavy chain) deNalyl IgY vas
fnidesamuiimudavguiiosnindifeagnioun fomniiehlissuunsnouausandduiudu
miﬁwmﬁmﬁgammuﬁmmLmﬂﬁmmﬂﬁmigﬂqgﬂéfaﬂumashﬁfmLﬁ]u srauanalugud 2.2 Tag nudn
nsneuaLeIfuaI T e idosaaaniintuini @ idssgndisumdeldsunisnseduain
wouRau esenazdinisadie leM Tussezurs (latent period) muﬂ'jﬁé’mﬁgm@ﬂé’aamwiam?i%ﬁmi
nszduliadluszuugiduiuain lgy enevauswiodulandaouviousufiausioly
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Week

JUN 2.2 nswlSsuiisunspevausmeinunifuiuvesasinsenitedndifesaau (dudse) was
dniifeagnamieuy (uiiv)
VWS : LATBIMINURNATHARNTTEEEIAINTAS 9T ANY

fu: Zimmerman et al., 2009 919108 guUod AAIENUBIATI, 2558

nsgvILuNIRRUALEsBIsEUUNIANTuMUUTReslinensduasntuilowadlaunsnsedu
NUBURLAUKIUNITULAUDUDY antigen presenting cell (APC) 6?5&Lezjaa‘mjuf:%ﬁmﬁwmumsﬁwLaua
WOURIUBUUS WU T-cell wa Bcell TngandunisvhauredUsfivuinameseadnauauad 7
136n71 major histocompatibility complex (MHC) dnuaugiiiluresead MHC asfuuindidaing
NaNNaLUDI8IAUTENOUTDUTAR (h|gh polymorphlc components) ) Tnevirludsenaudiedu 2 ailn
fia MHC class | uay MHC class Il Gsvimdhfithdstudiuueuiiay wu wuaitde 1h¥d wuoneufiay
iU T-cell Fsfiunumddnyesrsunnlunszuiunsmevausspiudiufumadludnifinssgndundann
wilm (Farag and El Ridi, 1985; Klein, 1986) 81 MHC class | %ﬁmmamaaﬂléﬂunﬂL%éﬁﬁﬁamﬁaa
warariauaeuRauiunannigly (endogenous pathogens) Wity CD8+ UuAv TC (Bjorkman and
Parham, 1990) d@1utiu MHC class Il Irilaueneufauiiunainaisuen (extraceltutar pathogens)
U CD4+ UWARY TH (Kappes and Strominger, 1988) tagvislunuin MHC mmﬂﬂiﬁﬂwwﬂumﬂ k)
MHC class | wag class II ilesannfiunumdrfglaensafunismevaussvesszuugiquiuuuuiidosd]
QREREETAY wazifsatesiuifmuinisvesssuuinadne (Piertney and Oliver, 2006; Alcaide et, al.,
2010) Fafnsnwiieniuu MHC aa"mﬂ"iﬂamﬂﬂuﬁmiéaqgnﬁaeJuu un dnfaiiiutasifiuun ua
Uan wilimsfnetesmnnludaiidesnaulnaanisassd

281915ARNUINT189 VB Jaratlerdsin wazany Tul w.a. 2557 (Jaratlerdsiri et, al,, 2014)
yhmsfnwiAeaiuTamnnsves MHC class | luasewd 20 anetug nevihnis@nwdduiianalelnsly
Tsead1edues exon 3, intron 3 waw exon 4 WBNINASINUIT MHC Class | v@aaszidinanudiuuys
yosnsuanseenvesiulusgnannluassidaeiugingg feglurdfsrfunisuansesnuedu MHC
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class | wuindl 3 nauluassud Crocodiliae Tngmusts 3 Buluned crocodile winuifies 1 Huluasd
alligator Sensfunuiidiauddensusuupmeiudifoumusenmsindegatnnalsameg a1n
msAnmiedlisiudn MHC class | Sunumddesnanndensmevauaslussuugfifufunuuiiosd
N13N3AU danalin1snouauevesssuugIAuiuYestdiinuudussegaunnlunisdefugadn
#eq deralriaspiddadudniifesaauindussiifssdafesmameimunisenuuiaaaiuan
U930y (Jaratlerdsiri et, al., 2014)

d¥uBu MHC class 1| Sufins@nurfuannludadidesgnisuy un dndasfiuihasiiuun
wazUan widdlifiveyanisfinwilunguassid (Kelley et, al, 2005) agrelsinulatinisfinuilu
é’mié@mmumdmﬁamm (Sphenodantia) Ry (Kelley et, al., 2005) waziiiofasanluans
FIuIN5RNUS (cladogram) WudnaseidfiainuvinalnaduiinisiluaiedTauinisAeudieuin
(3Uf 2.3) mndoyaiioradululéddn MHC dlass | dnagflunumdndyuinndt MHC class Il de
nszvIuNIneUAUsId A luTsUUIRuAuLUUResTimInseduvesdn iiosnailnsianzaseid

=€ M9
a 3
}& AT15H

e RS ]

Eo

™

JUN 23 uwwundTanmsviiug (dladogram) vesdniifesaanuuazdnin
n: fiauasann Van Hoek et al, 2014 99laY auus AaN8Uedase, 2558

2.2 anuinluinegafuasad
[ 3 [ e’dy s . o a _a H a Y] < ) <
5210 Wudndidesaauvuinlng/luisd Crocodylidae goua1duusuUsudn fandsutaduindn
(osteoderm) Unnemuazdaneinyuasiulutentavesgayn Sundn Aewivu wswuueildluning
dnnszgeumnuluin Tuvsswdalnedl 3 wila Ae 252190 W30 A5819UIN (Crocodylus siamensis)
I5eLU8IABL 50 A5TlUNAN (C porosus) war AsziduInnszynwm vse nglus (Tomistoma
schlegelii) (U9 2.4)
WINIATUNERNTIU9AR58L (Crocodylidae) Wulng

UYgdvasassidarulnguugninegluana

Crocodylus dauﬁﬂaqaﬁmﬁa Osteolaemus Lﬁuaqaﬁﬁaﬂ%émm (monotypic)
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dna Crocodylus Usgnaudag

95%LWOLSN1 (American Crocodile) Crocodylus acutus

asziUUnuman (Slender-snouted Crocodile) Crocodylus cataphractus
a521loslula (Orinoco Crocodile) Crocodylus  intermedius
ﬁ]‘ixLﬁifﬁmaaﬁLm‘iLﬁ‘a_(Freshwater Crocodile) Crocodylus johnstoni
A5z UNaUTUE (Philippines Crocodile) Crocodylus mindorensis
581115180 (Morelet's Crocodile) Crocodylus moreletii
asviduslinlug (Nile Crocodile) Crocodylus niloticus

938LUH7AT (New Guinea Crocodile) Crocodylus novaeguineae

oo N o AL e

32LUDULAY (Mugger Crocodile, Marsh Crocodile %38 Persian Crocodile) Crocodylus
palustris

10. aszidiufn (Saltwater Crocodile) Crocodylus porosus

11. 9521AU1 (Cuban Crocodile) Crocodylus rhombifer

12. 3581 9U13A (Siamese Crocodile) Crocodylus siamensis

fna Osteolaemus Usznaudiey

1. 9sz1luATe (Dwarf crocodile) Osteolaemus tetraspis
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3UN 2.4 §udiu Crocodilia (Crocodilians) (n) A38191nsee (Crocodylus porosus) (1) A5¢44113A
(Crocodylus siamensis) (A) szlus (False gavial)
u1: ndndidesraiulay 3ms1 Fuesud gudiTulusiunazlusiledndivanisnidivg
LAZRAAIMINTIY (AUUBY ASEVUDIATI, 2558)

v a = v 3 o - v 2 o 2 .
YITLYUIIN I Qi%L“U‘L!"IQﬂﬂ’]EJWNﬁ?lVIEJ $I9 YITLUYUS (E'Nﬂﬁ]‘lﬂi Freshwater #98 Siamese

b ﬁof

4 a

Crocodile; Toinenmans: Crocodylus siamensis) fausudaluusina Feauw AUNYT 817 e ned
ffust 921 uazgues dvuneiunans Aeusslg (3 - 4 wms) Sindevheves dtaeToadayiusile
91 10 - 12 T aseidwdintinsldadaay 20 - 48 wes Inefisveznaniinlium 68 - 85 Yu Fusldlutag
Funguulszsnaiounguniay Tneganaulumansiesuusitn THaanadesn 80 Ju vevoguazmiiu
Flen

sssidinda TnsunfazAulauardniduidnninduoims azlivhirouysdunlignsunau
vdeflownsiiissme Tuefnuszmdlneinsnugnguluasivihnnniavestssma lstanglusaudisy
guaANans 1wy Asveseiiin Smiauasassd Iideinduanuiassiday wefissauimuassdis
200 ¢ videlunssaunssuiutiudessnag wu Tnsves vesdmiafidng iudu uitlgiuldgameluau
vuauds anurlusssuviidedmasndeegiiosiidede Mundnwiusdniviwissgly danda
anBans) grenuwiIRnensratu Saniamesys uargnenuuwienivisdan Yaviaassuds winbu
uilusnsssinadsnamuagfigiaanuiuns SseganurluoydyyweslemaldtuiyToszdinial fogly
Utyanuneia 1

2.2.1 M3ve1ERUgaTH
nsinnzidsLazveneiugassidnoudusensuiumenisidesassdliilunewdnugneou
siUiaguavillsddnuauzaisusnmilouduuin  glidanudiugasldaunsanenieslalaedne
v v =~ v Y} = X v va & A o I w
szidineduazimele aunsagliandnvaznieuenidesiy 3 Yuuly dmgilindalry indsuazaaniig
We N1IATRnAIsHTLLYde  o1den1sdgresmsninusnalaunsliviestiinaeda 38n1s
Jzfosdulindaszidudrdunaety dihfledeadlumams duduassdidas dudasosvuindniin

Y v
a

it fudurssddadioneludesiazhaud

2.2.1.1 asudinda ifarladtulofivsnauiuglfidonny 10 TulY wazamnsofivsnausiug
Wl5i3es Taelsisrineny dauaszaddudsasiadinfonioufaznauiuiuarnsldliiiionny 10 95uly
wuiu uidloegldszanm 20 - 25 Yud mynslufaziFuanas veoranalaiiud

2.2.1.2 asudindu findoufagnauiusifiileany 12 ViUl uasdvrsnamauiugliuiy
Tnglisinoeudnsutvassdinia dudidewlndufonfoufaznauiuslifoud 12 - 15 99uly
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w3sdld lneldunudsyndnussuna 30 wuiuns n119UseRa 40 WuRWAs wavinisnelalaguy
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wdnaulsinvauidsusihiiuiu dunquitfnauuuuyuiionasnsmaanissuniuld uivssdaed
hmlnasenuilifuduasuneils deliadafidnaiinsuimansegiusdldndaunadiulidn
b dunisiasanlataauiuaszidinelaiuds wasviesnazguahifianiiouvazlndasly wiassd
wwmsliuarusuihlivesiiemaaniian o19astvdemaimstautosads uazinaudeulnalll
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aunsadesiunisinevesuinunailiinainnisredlaed19aiiuse@nsain (Merchant et al,, 2006b)
dnsuuszmalngaszidiludaasugiond Ayegrmiaessena udinazdliliagludududug
Y0edniiaTugivdsennagauty fanardiviedaiunduy winawisaasiselabiiulssmalnglaly
wop Tullagtulszmdalvefiodndoudisussauanudnialunismizidesassdludauiunatazaun v
aglsfinny lusaingnainnssunisinizidesassidnisaseenniuaziioaszidiolaindunisulssy
wanusdudulaeangludosvisediulseneurmunlulidonvesaseiddsdolndurnandniuneinnis
wUsgUBneganisnfiinnifunensdadinisirlulduselemidosunn wiegrelshaulanusenunisi
= 1 ° =t o Nw = v &
domvszlUldlasunmdunulusiadiuiunis lnenun1sin@suaindenassdluldidueayulnslunig
Snwlsasineg uazdvayainnisAnyiludsuvesassidareiuiesamsifonuitainnsadudinig
a a & S a vy a Y a1 A A v Ao X U DY oa a
WigAvlavendewuaisela 17 wia Wnafnidleiisuiudsuvesuyuwddadudalaiies 6 wia a1n
N13AN®¥IY89 Merchant et al (2003) wuin @5uaseidaneiugowwsna (Allisator mississippiensis)
aunsaduginisadyiulavende £ coli laanin@suvesuywd lusnsdndsuased:d5uuyvaidu
100% : 35% MUAIAY
nnsanwtudagiudunuindnisfnvidesuinfiiyayavangiigatun1sfineinieniu

Y o

QiAuu (immunology) Inefin1slddnliesnamuduwuuinass udedrelsinunuiingudnininszan

dundaluidoyanianudidgydoTinuinisnianalniiainisuiuda (adaptive) wagszuugiinuiulag

q
o a

Afia (innate immune system) funaulauegrads TneannisAnenves Brown et al, 2001
Cuchens and Clem, 1979) wu319ssiUanesiug alligators fiunumédnAgyluseuu adaptive immunity
Tnenulushudifianuiiaulefelusiu transgelin-2 ﬁazgﬂmﬁmﬁﬂﬁﬁmmamaaﬂiu alligator
leukocytes Tnglusiuiaziinisuanseanatesoiiiosluisad human peritoneal Bl wazvimiitlunis
N3¥AUNITLEANIBDNYBY B2 cells (Frances et al., 2006) 3nNN15AN®1v8s Nagase et al (1995) wandli
Fudlusiiu trangelin2 Silunumuihitfiddydessuugddutuduogiebs uonaninisAnuives
Merchant wazane8adliiiuing5ua1n American alligator SaaautAdunisaiyvesuuafise
(antibacterial) (Merchant et al., 2003) A1Un151935999z8U1 (amoebacidal) (Merchant et al,,
2004) LazA1un191938la5d (antiviral) (Merchant et al,, 2005) lagn13Ainw1909 Merchant wag
anuzlud 2005 dagnuin Complement protein C3 ﬁ?uﬁuwmwwﬁﬁﬁﬁﬁﬂﬁiﬂu serum complement
activation ﬁ’jaizuu classical waz alternative pathways 1ag surface antigenic character 989 human
wae alligator proteins fdanuaaneadsiuduegaunn dawaliin1snu C3 protein ﬁgaiuwwéuamiwﬁ
iflenuddyduegrsBadossuugiduiu  (mmunological) lunszurunisuntosiiesvonead
UBNINATLUY serum complement §adaindussuuiiininuddeysie humoral immune response
Snshe TnefzUsznaulumelusiu 25-30 slaflanunsansefunisneuaussdenissniay, nsnseduly
wadifinidenuiunsungduiuiivinafifianisdnauuazidvinaisdeydunisiaenissaufuves
multiprotein membrane (Muller-Eberhard 1986) waguonaindinanandnauildsdivingufivad
aszidfeuannsalumsesiusuesselsaununevansuiafidsnaldosequnmussuyud (Brown et
al,, 2001; Debyser and Zwart 1991) ladneane Snsdafinnssenuisatuansatauiadenu1iain
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35249 alligator IilAuaNyR antimicrobial activity fwainuanese pathogens ﬁﬁ’lﬁ'ﬁgiumqwé
anfee1au C albicans, S. faecalis Wag E. coli (!\/\erchant et al,, 2006a) tazann1sAanylud
2007 uay 2008 wuiasiaeWus alliators dunumididnsie innate immune LWueeeunn uaglu
U 2009 wWuin ubiquitin-activating enzyme E1 ﬁmﬁLLamaaﬂﬁLﬁmmﬁumﬁ"ﬂmﬂgﬂmﬁmﬁwé’asJ
Lipopolysaccharide (LPS) 6'?5@Lﬁ'm%’aaﬁ’umimauauaamqqﬁé’mﬁ’uimﬂszmumi ubiquitination—
deubiquitination Feflunuimwidifiieadesiu ubiquitin-activating enzyme E1 Inep1u NF-KB
signaling cascade U mediator fid1AaysonszuIun1sAnN1sSnEudndae (Sun and Ley 2008)
uaﬂmﬂﬁmﬂmﬁﬁﬂmmsﬁwLﬁamﬁvvﬁmaﬁuﬁ‘lm (Crocodylus siamensis) mmaaqué
VIWQ%’Jﬂ’]WTG‘IEJUﬂ’J?]EJ"U@QﬁuEJ’mEJI‘LJ?G]‘L!LLa“’IUSGII@MﬂﬂLWEJmiWWm%EJLLa”amaWMﬂi‘iﬂJ (AUN.) mwmma
asatadadonsn Slalnadu nataun wardsy duflnnuauisanensiudonuaiide saumed
a%almsuuﬂu (Anunthawan et al, 2013; Jandaruang et al,, 2012; Kommanee et al.,, 2012,
Preecharram et al., 2008; Preecharram et al., 2010; Srihongthong et al., 2012; Theansungnoen et
al, 2014; Yaraksa et al, 2014) laglu U 2546 gndiny US¥15u8 wazaue léfﬁﬂmmﬂwﬂﬂ%qm%
antimicrobial agent Mndfunaznanavesszdlasannsousnuiand asfidigniduideuuaiizels
6 wiln logldinalla anion exchanger FPLC waginalla RP-HPLC wavlul 2549 aing Shudl uazanue
nsfnwnaant@lun1silu antimicrobial waz antifungal activity andAdoAY1IV09TTA8TUG
e (Crocodylus siamensis) Inaadia Lysoplate assay LLawTﬂmiLLEmU%qw'ﬁg antimicrobial peptide
Pniadenvivesassdlnawmaia FPLC nuinamnsanenlusiiuvsewulngla 4 fin Ae P1 P2 P3 uay
P4 wuianusavhaedenuaii3elde unsuay wnsuuin uaslestld dewilud 2552 anni U
waveuey Mevhnsfinwireilesnnaudfefiiuuiludiuvesasatadndonv Tnei fraction P1 1
yhnsuenuIandsielagld RP-HPLC wuinanunsnuenudand Leucrocn | - IV Aifiaaautiflunisvians
FouuadiSeldegnaiiusyansnm denmeaeunisdianewaduuaiideves Leucrocn | wae Il ¢
& SEM vildmsunalnnisiareeifeduin arsiilfumusuressaduuaiideinnisuan
domeuazdwmalioaduuaiifoneluiign widelaifinsBudunavesnalnnisaneide wazilothans
aﬂmmLaaWuniﬂmwaammauumimami‘m heat treatment, 8a86181aulYsl pronase LaTNATDY
EDTA slequisnsvhanside memiwmqmammaL%@LL‘UWLssﬂ,umiaﬂmmLaammmmmmmiamu
AEANTIU LA linusion1stasetaulell pronase Faenstunasilsiundedlndiduesussnou
@ EDTA lﬁﬁwaﬁiaqwéﬂﬂiﬁﬂawm%aumﬁt%mmmsaﬁ’mﬁmLﬁamﬁun HANITITEAINAILAAS ALY
asndgrsvhanedeluamsaaindenu1ilifesnts divalent metal ions lun1sviau dwdugndsu
ouyadaselag duf nda3 uazane dunuindevinisnsraaoudiewmaia nitic oxide radical
inhibition lulnadaszanisuayyadasrgeiian (40.58%) Wlevinnsasiadnsamada linoleic
peroxidation inhibition Wudasaraifiadenuasignslunisinugegn Ae 78% uazievinnisngaaia
penatia hydroxyl radical inhibition WU'j'rwmamﬁqmﬁumwéhugqqmﬁa 57.27 %
dufunisfnwszuuniduiuresasaddemaiialusiledind (proteomics) Hu wudrdad
foyation wanidunsinwienzlumsatndndontnanidontssdiiogluaninzunfuibu Tnglud
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2010 Darville et al lafinsAnwinaziinsigilusilefindveswadidindonv1iain American alligator
(Alligator mississippiensis) wuilUsAufiin1sliasegidurzgninutsmunuaudfvesisiiu lnongy
yaslusAufinuiniigafongy cytoskeletal s¥UU immune wagduq mudiu lnsnguvelusiud
‘W‘waﬁmmLﬁlmﬁaqﬁ’uszwgﬁﬁmﬁuﬁuﬁa fibrinonectin, histone H4, lg kappa chainV-1 region, g
lambdachain V-l region, lysozyme C (Cell-derived leukocyte ﬁﬁummmﬁﬁﬂﬁmhisw immune
\iasiadu infectious diseases uaz foreign material), acyl-CoA binding protein, myeloid protein,
cathepsin C, complement component ¢3, ubiquitin &g polyubiquitin udu

2.3 ANU3NEINUNITNEY

nse U?UﬂﬂigﬂLﬂULﬁuﬂﬁﬁ%m“UaﬂL%aéL‘ﬁE}La@ (tissue) GUaai"mﬂwﬁmauauama?ﬁiumu Fail
wansznusansviuwesefuizlusume nafaufisenaziinnviedes wintududodduogiy
SUUG]LLauﬂTllliuLLN?J@JEWI@HTUWJU uazATMAUUT It IMUsian s RaUNRTe sksiaz yARTRIY
\osannnszvaunsdniauidunszuiunsidudeu szLﬂumamﬂmsmauauaammmﬂmuﬂﬂmm
$1me awiatudedeiBognnssnunsgifieuiviaumavioniadulasnssuiunstayende humoral
uay cellular immunity iieluvharedauanuasuvdoamsiideliAnnissniau uazthedenusuieaf
Femeliinduganimifu ernsvesnisdniaudinlngifistuninnnudsundamisduag waganai
nenemvesimeiiazsuanmliduganmidu Samafildorahlimennnmssniaunienisdniaut
yAMNNTULIINTY (Rumssns (Angay, 2520) vhliAan1sUAsuutasiiveanidoniing dawalians
melunsenieniagrosivssvitaged dafu iadesminedoudnduinasnauinalilalolsuunn
senuazUanUdestoulsivarsriineenuilevhaedsulanyasuuaziwadlndides 91n157UsIngfe
U209 U2 UAs uazieu auguedsin1sfinarniaiilesnnain inflammatory mediator  uaz
proinflammatory cytokine 11 nitric oxide (NO) ﬁgﬂﬂamﬂdaaaaﬂmmzéjuu%nmﬂmaﬂizmwﬁﬂﬁ
¥nUan dinsifiumnuanansalumsuihuvessdimasnidonhliineIn1suin wasiinnsiasunlag
nslvadsureadenluvasnidenteviliuinuifianissniauiidnuausunsuay Sau (Zeilhofer et al.,
2007)

Nitric oxide (NO) uasiignadrstumnlunszuiunsdnay tnedinalvifnnisveredivesvass
Fon diueuausalunsfisihuesiiimasnidon siliiAne1nisualuuiasniay (Abramson et
al,, 2001) Ia NO 9gyiU§ATenfuans superoxide anion WinLduans peroxynitrite FaLduasoyya
fasziifimnneshiieufitengunnaansoyiiisedudevigadvinliiAnnsuiniureawaduiim
fiflnnssniau nsdaaszi NO sududesondonisvinsuveseulss nitic oxide synthase (NOS)
JagUunuin NOS Fnulusrened 3 34U (isozyme) 1aun neuronal NOS (nNOS) endothelial NOS
(eNOS) uag inducible NOS (NOS) &3 nNOS waz eNOS (Huteulasifinulilasiialuluan1igdnd
(constitutive enzyme) Tunmansafudu iNOS WHueulssifigniviorinlfairsdulusuamn deoida
ATEUIUNNTSNIEY B9 INOS %gﬂmﬁ'mﬁﬂﬁﬁmmiﬁﬂmﬂmmEJ'mimﬁmwﬁmLﬂiu lipopolysaccharide

(LPS) interferon-Y wag proinflammatory cytokines (MacMicking et al., 1997)
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Prostaglandin (PGs) datduanssanan eicosanoids fildiannn1sldeuniasves arachidonic acid
(An) BaduesAuszneuniaiidrfyues phospholipids ludeviimad Weddnsyduanneusndianag
¥l AA wdsoenunn wdilteulusl cyclooxygenase (COX) WhunUasunUasansi 39Ane1nsenLEy
Tunszuaunsadsans PGs susndugesendueuls cyclooxygenase lumsiasuudauiielily Pas
Iu‘gULLUUGh\‘i"] LA prostaglandin G, (PGG,) prostaglandin H, (PGH,) prostaglandin I, (PGl,)
prostaglandin E, (PGE,) kaz thromboxane A, (TXA,) Feans PGE, 9a1Ju inflamlmatory mediator
fflmnuddglunszuiunisdniau ludagtunuin CoX 1u isozymes il 2 5U Fsgnaruaudiedui
uan@naiu lawn cyclooxygenase-1 (COX-1) way cyclooxygenase-2 (COX-2) toulwyd COX-1 1Ju
constitutive enzyme Yivthilaruaunsaieens PGs deiiunumlunisiauvesszuuineg Tusisnie
U Maiuems n waziniaden satnnu Cox-1 tevlulustenie msdudenisyeuves COX-1
Tawensedulinuag nonsteroidal anti-inflammatory drugs (NSAIDs) villAanalufislssasnvesen
U wHalumaAue s Azildeneenluniiue s dueulys COX-2 %Qﬂa%fwﬁmawmﬁmﬁm
nsEUIUNSSALEY ansnsansranunisadrseuledulaiilaly macrophages, endothelial cells @z
fibroblast Hudu  Hagtulddnisimuiendifignidudinisineuues COX2 (selective COX-2
inhibitors) Befinadufanissniauuuusinzianzas nednasulifisUssasdiosnieniteangndduds
nsviueaeules COX huuludntmizianzas

18U sIsenanstulduandnsmiioniinisiieiuues INOS  (Kujubu et al, 1991;
Lowenstein et al, 1993) lunszurunsdniau Taswudn NO azgnaststulutiinagennluad
wnzdsanlasrhafignnssduliiAnnssnauainans LPS SsnszuaunsdnauiiAntuiinalinisan
voeulatl iINOS Lﬁmgﬂsﬁu ALEIRU 91NN1sANBITUTEAULIENANUIT N1TAIVANNISYINIUTDIEY

INOS QNAUANNIUNTEUIUNITBATHA (transcription) lagaAeni15¥i191uues nuclear factor-KB (NF-
KB) (Baeuerle et al., 1991) Tayanisfnwilassasiavesdu iNOS Tuusiia 5'-flanking region vesgu
A9Na17 WUl cis-acting NF-KB element (Kujubu et al., 1991; Lowenstein et al.,, 1993) n15n3g6u
nsviauveseulel inhibitor KB kinase (IKK) #1unsguaunns phosphorylation vaslus@u inhibitor
KB (IKB) dwaliAnnisaanssvedlusiiu KB Ssvhlilusiu NF-KB vaneenu uéidainnisiadoud

(translocation) waalusiu NF-KB whdfinnfeavasganuazidnduusiim cis-acting NF-KB element
vuBu iINOS vinlngumartlanuisaieulalazdsmalilinnszuiunisoniauniuun (Griscavage et al,,
1996)

2.3.1 ¥1UN158NLEU (anti-inflammatory drugs)
gsnunisdnaululagiuudinnulassasamaeiladu 2 ngulvg fe
1) gdunssnauiildlvafiosens (nonsteroidal anti-inflammatory drugs; NSAIDs)
griunsdniauililiaifiesesd (NSAIDs) sengudunissniauldlasnalnndnainnng
Fudannsdauase prostaglandins uduansdenisdniau (inflammatory mediators) fiddeyailanila
TunsasliAnmudulan n1suin eannshd saufuansdenssnausindue Ldud kinin histamine
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lymphokines neuropeptide leukotrienes wag platelet activating factor (PAF) Hudu aﬂiuﬂajmﬁw
Fudansideu arachidonic acid Ty cyclic endoperoxide (PGG, Wag PGH,) Iﬂﬂﬂﬁiﬁugaqwémaa
wulwl cyclooxygenase Hunaldnsadna prostaglandins ﬁqﬂ%ﬁﬂﬁaaaﬂ 1 PGE, prostacyclin
thromboxane A, wagludruaauoubyl lipoxygenase fiviilsiin1sasns leukotrienes Fuduansdenis
SniautidndayBnufinnia wuinawinvese NSAIDs ﬁist’ﬂ,uﬂﬁs%’ﬂmﬁ?udaulwwj%hjmmmé’uégaqw%‘maq
lipoxygenase ¢ LLamﬂﬁLﬁudmwsﬁmmjuﬁﬁﬂﬁmmiﬂm Vi Ussnasazlunaunainnnsiud
nsadsansaensenauaneulesl cyclooxygenase iy eeusaziriianusunizianyadunis
§udls COX-1 wag COX-2 unneneiu fegraidu celecoxib uay rofecoxib fimusnnizse COX-2 g3
aspirin indomethacin piroxicam waz sulindac 2zduds COX-1 l§And1 COX-2 d@au ibuprofen uaz

'3
a

meclofenamate azfuga COX-1 liwoe fiu COX-2 l¢linssnudae NSAIDs fifgnssudssnmede
COX-2 wANATNLALIMLALDIMTANAY (AIF8T WIFAKNEN, 2546)

Aspirin (acetyl salicylic acid 39 ASA) %qLﬁummmgﬂﬂumﬁ%&Jﬁ Jneglungy
salicylate aaﬂqw%‘é'ué’jﬂmia%ﬁa prostaglandins Tnefinadudsnisviheumeseules cyclooxygenase Tu
Lifal,?iaﬁﬁmsé’ﬂLauLLazﬁiszizamdauﬂaNLLasﬁqméé’Ué’jﬂmia%ﬁq plasmin wag bradykinin a2g
oslifisuszasdriliinnissemeifesdossuumaiiuemis vilitionniseauld ooy wiuries
LLauVI’flmﬂﬂLLNasLuﬂ'iuLW'lua’m’l'iuamnﬂuEN“Uﬂ“U’J’Nm'ﬁﬁmﬂamaﬂLﬂamaaﬂ (platelet aggregation) 1/1’1
ImaammmlﬂsmaqLLawawlmiuiusuuwonmawsam%ﬂ%mmuq Az lMAND1N1T salicylism mmmwaa
(tinnitus) L’JEJ‘uﬂi‘i‘:}uLLauﬂﬂﬂﬁﬂmﬁlhiﬁmﬂﬂﬂiu@ﬂLM@ﬂU@ﬁﬁN‘Ua\iﬁ’]ﬂﬂ’]EJ

2) yvnuniseniaulunguvesaiiesesn (steroidal anti-inflammatory drugs)

afiesosmduseNuuriandeiifinnudfysesine wazthuldidusdusnauuas
WAL Imaaaﬂqw%{%gﬁ phospholipase A, Saifuteulesifia¥1annain phospholiids veadevuiead
wagioulesl phospholipase A, a1113ANT2HUNNTUAY arachidonic acid LLasQﬂLﬂﬁﬁuLLanimﬁLauI%ﬁ
COX-2 IﬁlﬁL@uaﬁi PGE, 4,81 inflammatory mediator fid@eysanils uaﬂmﬂﬁfﬂﬂuﬂﬁmlﬁmaaﬁ
ENE]EJﬂQ‘VlﬁEJ‘UEN migration inhibitory factor 784 macrophages aan1353uruvBIMABALEBALAZ T U
N197A9a"T kinin wag prostaglandins 16lﬁﬂ°l?}’11§ﬂ1®@EJ’]x‘]ﬂ’ﬂ\‘i‘m?\‘]eﬁ\‘iBﬂiuﬂauumﬂiuia%u%iEJ‘UiSL‘Vl”I
onsvestsauiiilaglaild¥nuntanng n1sldlulsa 1y rumatoid arthritis osteoarthritis nephrotic
syndrome 1ag collagen diseases L%u systemic lupus erythematosus polyarteritis nodosa way
allergic diseases L% serum sickness contact dermatitis @ LWy angioneurotic edema uag
anaphylactic reaction Tsavioufin Tunsdl status asthematicus wagi3ossiidornissuusasingy Tsa
RIS LU eczema psoriasis atopic dermatitis ag pruritis IsangiSaunawila W acute lymphocytic
leukemia lymphoma breast cancer 15am1 1w allergic ocular diseases #7199 waglsmdue Wy
sarcoidosis thrombocytopenia idiopathic thrombocytopenia hemolytic anemia LagnI13HI6A
organ transplantation tletesfunsufiaseivazfivgnaredly snduaiiesesdanuisasziunis
Sniavitluszeziiudunasszozaninedo Sudsléniennis Uan van uas Seu fnwrdaiuden uas
nsTUIUNMSTeLUTILaTAa U T suralussazveInssauTnis e Inenalnnsesnguaiinanenaln
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ey duiinsuuddaudai aiesesddudinsadsasovanesiinfidunumddalunszuiunis
Sniauaniadsngg Wy wadilinidenyn wadiBeyvaoaidenua fibroblast (3siev uluades waz
AelE, 2546)

Prednisolone \Jusnunnsgiulunquaifivsoss §9A312411970 adrenal corticosteroid
Tneiduansia$aainsssuvid (adrenal glands) Sinuand@smunisdniaulfegrsiuaz Sugiidevsld
og1anf1svaluan1znsdniay Wy oMl nssnlauUTIAaYNLAYA1 HaenaNSnLAY RuAUT
K111I9 rheumatic fever colitis chronic active hepatitis rheumatoid arthritis systemic lupus acute
gouty arthritis psoriatic arthritis ulcerative colitis Wag Crohn's disease Dy Iﬂﬁﬁgﬂ%ﬁ%’ﬂm
9INTONLEU (UTZNaUAIueIn1s 4 809 Ao 11n Ul WAd 50U) Way nAoIn1swine1se Tidein1sanas

2.3.2 wathadssanmslfenguaiiesesdiinudas

fivluszozdy oraviliuwalunssinnzenmaiiiu dmaludengs avmdulaiings angd
drumuvasumedtiliiade (tu Yalse vendniav) Tdie i Svuintu Huds

fvluszeren mildendunaui vie Sulssmusiluruings uenainasiifvlussesdy
ud 90199 1AAR cushing syndromes 1w fnsasauvesladuusnamtiuazandd ndsilanwuzidu
suen (buffalo hump) NsEqnE NsEgn¥ndty wamedn fsndeatunuiovs indeuslusienieide
AENRa Mummilounszduns (moon face) aduamiiiiuimiduasfagunauiaun@usuay
113v Tsndnussam audusionsyanviesioiu sxduthmaludengs enudulafings nsegnwgu il
gy dvansluunadedludonuazszmeifiosnszinizems Rufisuussiiane silisounanlade 1o
Annnzedenvassame enavilifordemeld Fonamedd “ameingraindeumsanlede”

Mndeyainaduaziiiuldinendunsdniaulungu NSAIDs uay steroids fignsinadssuazaalsl

flsvasdsefiiogslnalanizegnadsossuumaiuens drueifinadnufesdiideiisnaaeudnags
Uszrnwuiiislddesdliannsadonuldls fudunsihlvsiundeulndansssumafiigndsm
sniavanimuduedusniauiitinadnafesdes urzidumadennislunissnu Wesanisangn
nhewsutagdu wardanunsaimingnsvesseimanliuslovilnogegegn

2.5 mMsAnwlfiaiuda

Acne vulgalis wieFndunisdnauuuuLEess (chronic inflammatory) finaindladevaisetng
iy 1wy Wugnssu gosluu mevhauvesdenlusiy ewnsvFesfisulsemu suadonuaii3enia
Propionibacterium acnes (P. acnes) %QL@ULLUﬂﬁL%EJﬁmﬁEJ@@jiuu%nmﬁ’mﬁ& waziduannndfgyves
nsnaliindadniau (Choi et al,, 2008; Kim et al., 2008; Lee et al,, 2014; Park et al, 2004) lay
P. acnes wzwanuarUdesoulasilaila (lipase) dosanslasndielsaluluiufindnaindenlusiu 19
naneunfiwesoauazninluiudasy siuiidesieuleslusiiea (protease) Loulwiflosiglating
(hyaluronidase) wazansiafififinarliinn158niau (pro-inflammatory cytokines) 1y Interleukin-1
B (IL-1 B), IL-8 wag tumor necrosis factor-alpha (TNF-a) (Choi et al., 2008; Lee et al., 2014; Park et
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[
Y =

al., 2004) FsmsUdesansenanazteliiuafiFeisylFaty uanszduufsenssnauligunssiy
wazifndunussiitaviisluiian lussesusnfiuiniduinsanalimuded uilussozineq viosses
fiinmssniavazamanuidowuafiFeriaildnnae dmiumsdnulsaddnauuunaauiguusadie
dndouuaiiie . acnes sutigtuienldendiinusiiwiafuuasn famnldifiessdalneianiatn
wullmidenoelaes ﬂwsi%amﬁ%auzﬁuﬁmﬁuﬁauﬁ’umwﬁﬂmmﬁaaaﬂﬂaujml,%}a?i”amléﬁ’ pgelsAnu
AsAugreidestuiunauuenaiinadesesianield (Km et al, 2008; Park et al, 2004) Liie
uidgmiinanudeduingiuidédnenunnihmsataansssuniuldlunisinulsailnede
LUATILSY P.acnes 9117UNNN (Kim et al., 2008; Lee et al., 2014; Park et al., 2004) ﬁqﬁuﬂﬁﬁaﬁﬂﬁ
muaulafias@nnishlusiuveriuindanunassssunuidlunisanenisiadniay
Munisiuneindrforenluiu dexlviuiivifindnlviy uasivednosngsyuvu 1ilels
lusfupenumasduimilinguen souluiuiusagiwniwessisnie Suunauaganuvuiuuulimindy
vinalumiegdsenlasuvunalng wasnunuduniiudnady widmududnaluniléves nsass
lusuFutusesluuwoulnauuasiedlasiau ueulasau viesosuumanenseduliiiinisaidlusu ng
nszduleadieninBlude (sebocyte) lurnsiioalnsiaunieseluumandgadudsnsasnalasy
(Acne W3ad3, 1.UU.) B5nwddlulagiuensutssendunuianylug Ao nqueteuiusvesinfiue
naueUf¥ue nauegesiuu msldaes/uas nisudnwadiisiensanald uazn1snady n1sidenis
Snwdosdflafauszinnuesdl ANTULSS LarAIINEANReinvaIURazaY Taudladeau oy
Hudntwdne dmsunsinudaiinanuueiide . acnes duastfunsliorlunduuiiaue Jenuin
mﬂﬁ%auzLmummmsmhaamﬂ%mml,%mwﬂﬁL'%EJ P. acnes fifamils dawaliAndrsniauanas Tngen
Fldfunn@e Erythromycin Clindamycin wag Sotretinoin wiegnslsfnusmunatiaudesiinuldles
AonsszAneLAediinmils ﬁWM%JUEHUﬁ%’JuzLLUU%UU%%%’]H&UWU’jﬂﬁNaﬂWiéjﬂwﬁléfvﬁma&nﬁuLL‘U‘U‘V]’]
uiiuralfising daudeidefevinliinnisient wiederoslduinndt uarillonaionatnafeld
1 Bsdufuudageiinvessnufiausdug srujiueiigninulddnuddnauiunnie
Doxycycline, Erythromycin, Minocycline iagTetracycline Ga1nud j3daung, 1.4.4.) Lﬁ@LLﬁﬁﬁym
findnundnaduilagtuialdfinsnunniasatninsssurulilunisinulsealnedeuvaiise
P. acnes $1uauun WU nsAnwilag Lee et al (2014) Fauidlndidquanifdunavlessin
(cationic peptide) MnfivRaizondn melittin @ansadudimssnaunaznisiia apoptosis lulwag
TuTuleiarnuyws (human THP-1 monotic cell) Ingiiloynisnvdevaisdenatsnsdniauiiiiniu
nuin melittin Suannsndudanisadrsasdenarsdniauidu TNF-a uay IL-1B figna¥reduidesad
TalulesignindleniiliiAnnissniaude . acnes ¢ uenaniidaiistsaunisléansatnaniivayulns
Tunsudinisiaiauesuuaiids P. acnes sassudimssniauiiesanifewuniise P, acnes Sndae
I@aﬁ’;a&i’mﬁ%m}lﬂmmﬂﬁuﬁ Mollugo pentaphylla, Angelica anomala, Matteuccia orientalis Wag
Oixa japonica (Kim et al, 2008) ainteyadsnaniidedsiimuaulaios@nwininilusiunio
wWilnannunassssuauilglunisanainisdniay
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unil 3
BAdUNMARY
3.1 maugnasdusznauienassidihdnaenuging
hnafuidesasadindaaneiuging fedsmludmidy 1. wayd Buanlfidudaeauia 10 ml
aAU3aIi3endn supravertibral branch Ssegudnaingivanfsurvesassd nturhmsdiodosldas
Tunaoavinaesnana@inuuia 15 ml Aus3q EDTA U3unal 0.08 ¢ iitedesiuidenudes Weuduaiari
Mg maenu wasniulifigamnd 4°C ndnideaanindaiarunngdudiaienuniegsening
Furomanadnuazdnidenunudisuinnsiudendiusie amuduneusuans @oasnaiuazifivadly
Tunaeanpaesfiliflanstudenudsiuileiiuduvestsu

< = < =
3.1.1 WAHUT LUALADAVIY LLASLUALADALLAY

dlaiansusnduszrinananann diadessn uazidaidenuns aznunananogiuuugn u
interphase azifuidiaidensm wazdudsanssndudndonuns vinisgausndruiiiunaraulaeld
sterile pastures pipette tiuldvasnnnasdlu mﬂﬁ?u@mﬁu%maﬂLﬁm%amm’g wazdudindenunsld
asluraonnaaeInatd@AnIuIn 15 ml Muaau

3.1.2 Slalnalu

Y & A 9] . . & oA | & aa oo
audladeaunslaely sterile pastures pipette  aadaldaauadldlurasalduifdnd
phosphate buffer saline pH 7.0 U31195 4 wihveudenaseld drludumiasfinanuida 3000 xg uu 5
Wil Medhula uannvduveadadonuns vnisarsdadenuns uazlumles (centrifuge) 9180 2 A5
& o gva o 5@ L2 A & a \ % v
nuubidadeanswanlnemunaultduivnangeadluuums 5 wirvesdadenuns waul
dnusisielingamagiveadunaiuiu 10 wiil inludumisanianuss 10000 xg 71 4°C W 20 w1il
glulnaduaveyludiuvesman Mvdwnidunzneuveseaddadonund

3.1.3 @1sanalindanuin

Mmnsiiudadentande 3.1.1 uazilduniessd 3,000xg a1 10 w1 3nduana
¢ 2 & Y . A o o & A ! PN Y = o
LaaLlinlaanvu1Ine normal saline (0.89% NaCl) LaA19nLIALEALAIUNEIUTIDIFUUNT LaIT99N
y a a & a & | s 2 A v v aa
n5YuINBeN 3,000xg 1WUA1 10 U9 LNUEIUEAAIAEBAYNILIBLAIUNAUAIYENTALANUNTADLERN
ARAUTUTY 10% LANVE19E19659 Lo lMwadiindanv1InseaefmiiluaIsazatensnosdmn
& o v ] | & Py PE aa a I3 P~
Pt lngadadafenvnwazinsyanieg aMeluwadunnmgaiuidsaiininudgs Wunan 5 uii
(sonication) lngviegn 3 seu lnswAarseufewiNsindeg Uit udaudeglinumglianadids
o ’oj v A o/ I o w I PRy y a a < = [ é’j = <
Magle Weudasadegeafilauntumiesd 12,000 rom Wuwaan 30 Uil 18I tuINAUL NN
diula (supernatant) ivhunslagldiases Speed Vac dluduneuilagyinliiieg19daududunuiy
WATEIUITAAIIR 10% acetic acid M dushainasiegelamiy 3ntuaratgasanandusigiindy
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MnsinusunlUsAuvesansanaindeny1 1neds Bradford dalunisAruiumnusunalusautiuay
AaguiunsMvealusAunInggIu Bovine serum albumin (BSA) @nvingyiin13a5I9@8 ULUULNY
TUsAuvasansanmdindeny1n Taeld 13.5% SDS-PAGE

3.1.3 @3y
Undenaseiinlilananiu EDTA deitalingamall 4°C iialiinnisueniusenine@suiu

Y
{

penauvetden 14 steriled pastures pipette gauendiuiiludsudadudinvewosnaininisuensy
sonuaneznoudeniull uagiivdrundunnawdonly dnludummiei 3000 xg Wi 10 w19l gaviv
widuilureamasly dhdsuluiulineamgll -70°C waiiusnwlildlunisveasssely

3.2 n1sAnw Cell Viability / Cytotoxicity
3.2.1 MswIzasYad
1) wadmnzidswualasig (RAW264.7)
ﬁ’m’lil,?ﬂyaﬂL%aéLWWLgﬁJ&LLuﬂImWW (RAW264.7) Tu Roswell Park Memorial Institute
(RPMI) 1640 Medium fifldauusznauves 10% (vA) fetal bovine serum uay 1% antibiotic:
antimycotic (Gibco, USA) 9ntutiseadlu CO, incubator daiiU3anam CO, 8y 5% Tigungfi 37°C
waz¥iins sub-cultured 99 3-5 fu ilefesnisnaaey deusadlildanumuiniy (confluence)
Us2a104 90-95% uda339n15 trypsinize wwad wazdusiuauwadvlasiuiufidesnislusdaznis
nnaslagld Hemacytometer (Bright-LineTM, USA)
2) LezjaéLW']ngm‘lW‘[Uiumaﬁmnﬁawﬁwqwﬁ (BJ; ATCC CRL2522)
v‘immﬁwaziaél,wwLﬁymlwclusumaﬁmﬂﬁmﬁfﬂwwé (BJ; ATCC CRL2522) 11 minimum
essential medium with Earl’s salts (EMEM) fifldrutsznauves 10% (v/v) fetal bovine serum uaz
1% antibiotic:antimycotic (Gibco, USA) MntuUadly CO, incubator daflUsunas CO, 8¢ 5% i
guvindl 37°C wagsinis sub-cultured N9 3-5 Su iledasntsnasouldsaeadlildanuvuauiy
(confluence) Useanas 90-95% wén3avinas trypsinize wad wavtusuiueadlildsruiuiigonisiu
urazn1snaasslangly Hemacytometer (Bright-LineTM, USA)

3.2.2 nMsnagauauluiy (cytotoxicity) vadanaszidanenuginesaiaadaeis 3-(4,5-
dlmethythlazol- -y)-2,5- dlphenyl tetrazolium bromlde (MTT) assay
Laamaamﬂanmmu mﬂuuu’m%aﬂﬂummww Lamwjaa 96 viqu (96-well plates) g

TiUSunawadwiniu 1x10° cells/well (96-well plates) Filomsiaswadimnzaufuwadusay
yiadunan 24 $alas aintfutaeadlu CO, incubator FsilU3unm CO, 0¢ 5% Tigauvindl 37°C 1y
a1 24 $lus uddsuemnsidssradedadiueen antuBremsinzanfuaduiayedng
Usgnausmedenanaseidaneiuginefinnuituduineg fu uastuwadlu CO, incubator FsilUTunal
CO, 98 5% ﬁqm‘mgﬁ 37°C Junan 24 Flus @mmmst,??mLezjaa’aaﬂmﬂmumwL??&Jmaa’ 96 N
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(96-well plates) LavlAneMnsiaswadfinansazale MTT (3-(4,5-diamethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) A1uady 0.5 me/ml andutawadly CO, incubator FeilU3unany
CO, 0] 5% Tigamgil 37°C (unan 30 wil @ﬂmmﬂg&mL%aéaaﬂmﬂmumwLﬁymmaé 96 viay (96-
well plates) uagifisl 100% DMSO U3unau 150 plwell iiisasatendn formazan salt u&a3ei
mﬁazmalﬂfﬂﬂ'wmi@mﬂﬁuuaﬂﬁmmmmﬁu 550 nm lagldiA3es Microplate reader (Bio-Rad,
Model 680, USA) wENTuAIN AT Invesead (cell viability) finpaeudeidenaszidans
wuglnefiemidududineg fu wisuisuiunguitlild$uasmaaou (untreated control) Tnguansan
cell viability Tuguves % of control Iﬂ&iﬁmaﬂumjmgmmmﬂﬂa (untreated control) flf1 cell
viability #iiu 100% vin1sesievdeyalagld Analysis of Variance (ANOVA) Tnefiseiuanudoriy
95% Voyauansseeelitadfiy

3.2.3 Mmsvadauanuluivdaisadiliniionu1ivasyed (human peripheral blood
mononuclear cell; PBMC)
1) nswspagaaLliniianu13vaeuyed (human peripheral blood mononuclear cell;

PBMCQC)

YBANNBUATIENLTAI0E19TIN N (Fenuyed) YBIUIIIA IINARILEBANATY ARLY
unneeans 15INeIUIaaIuAITUNS) Un1INg asvaulnl (ethical approval number HE601010) ¥
NN PBMC cells 910 buffy coat 1#1@28819 buffy coat SUENt;:iu'%mﬂiaﬁmmﬂﬂé’aLﬁaﬂﬂmam@maq
11 1X PBS pH 7.4 Tusnstd@iutasn 10 ml o 1X PBS 20 ml lalunasatwunsiadvuin 50 ml Uan
admaenluinegraunile antudiundendinauiu 1X PBS u&asn overlay vuianiinwesiingn Ficol
fesnsd 1:1 Fsussgluvasamusiiaduuia 15 mlihluwusEihdmeainusaseu 2000 rpm Hu
nan 35 undl igaumniivies gaduve total PBMC Tdlunasaisupiiiadlval udufu 1X PBS 2-4 ml
wamogaiunile thluwussindfemnuisiseu 5000 rpm Wunan 5 unil figumgil 4°C mmfu@@ﬁ’au
supernatant Akl vesn 2 ads s resuspend PBMC cells #18 RPMI medium U3uns 2-4 ml
wituwadsentiauAnwenuiufivsely

2) msfnwanuluivvaadonvszidaenugivenu PBMC cells #9835 MTT assay

Mnswseuwadly 96-well plate Ing w38 resuspend PBMC cells Tu RPMI medium
TilUsunanmad 2 x 10° cells/ml Tneviinig Seed 2 x10° cells/ml w83 PBMC cells aslu 96-well
plate USums 100 ul nszanewadtuusaz well sren1sinluiglagld microplate shaker WWutaan 3-
5 unit dluindigaungil 37°C 5% asusulasenleus (CO,) uaz 95% enne (A Hurian 2 Falus
(pre-treatment) w&fna1sfidesnIsnageuadly fetiesiusznouidonasedifivadluusay well 7if
PBMC cells lngifnadludognag 100 pl lnglinududugavnedldnaaoudu 25 50 uwag 100
ug/ml 11 plate Mifnansiograiovdasudilugndae microplate shaker WWutaan 3-5 wiit aantu
1h plate TUduiguu gamail 37°C 5% asusulasenled (CO,) waz 95% e1n1a (AN 1Wuan 24
Falug Wusas plate ¥LANANTAYA18 5 me/ml VBsa1Tazaty MTT (5 mg/mL MTT in 1X PBS N84
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A28 0.2 pm syring filter membrane) §1u2U 20 pl WEMAE microplate shaker Wutaan 3-5 w# 1
plate TUvaiigun aamgil 37°C 5% asusulaoenlad (CO,) wag 95% o1nA (Ain 1unan 2-4 Falug
i plate luduwissisiriosaunsiisiinanugaseu 3000 rom Wuan 30 undl uwditivn
asazansfitedrauile azane formazan ¢1e 100 pl U89 DMSO Lg1@ae microplate shaker Wuran
3-5 wnit udthluinAnisgandunasfiniiueadu 570 nm feia3os micoplate reader Audal %
N13558A%IMY09 PBMC cells laglvgns

% PBMC viability (% of control) = [A570 test —blanks] x 100
[A570 control-blank]

3.3 maageuanuansatunmsiduasiunizesensendinduveadonassidsaivadiign

wilgaidag hydrogen peroxide (H,0,)

3.3.1 wadimzidsdlnlusuaadanfiauiisuyws (BJ; ATCC CRL2522)

Aoagadlilusuanadanfavdauyud (8, ATCC CRL2522) Tuonmsiiumangzaudendn

f19fu nduiundeddurumnzidsnead 96 viau (96-well plates) Aidomnsimangay Tnglid
UStnanmadiviiiu 1x10° cells/well udusiwadlu CO, incubator FsilU3ana CO, og 5% Ngnmgs
37°C ifunan 24 Halus wlsufednadenvszdmeiuginefienududusinstuegetos 3 anududu
Lavvusuiuwadnageudune 1 $2lus (pre-incubate) anntuivansazane H,0, aslulsadnagou
Tldmnudutugariied 500 M wagvadunan 24 Halus uddeindnsiiTinsenvoswadeneis
MTT ildeSungl iy

3.3.2 nMsRnuduguineveawadluaniizesndindussivadignwmilenindag hydrogen
peroxide (H,0,) nulénass phase contrast inverted microscope
Avawadlnlusumananfavidsuyss (B); ATCC CRL2522) danamdnsiu andutinaniss

Tumumzidoasad 24 viqu (24-well plates) Aiflonsulinfivanzay lagliSuaneadiiifiu 1x10°
wad/well Mntiutimadlu CO, incubator FsiiuTina CO, oy 5% figangil 37°C Wuan 24 d9lu
wIsufegadonaszidaoiusinefinududuinetusdnetos 3 mnudutu wazvusiduiwad
vageuduna 1 Halus anduiduansazans H,0, aﬂuwaémaaﬂﬁlﬁmmL%'m%’uqmﬁwﬁ 500 pM
wazvafuna 24 Halus udr3sgremadsasadoon Sasaddae PBS $1uu 2 Ay whdeuiuad
A8 Wright-Giemsa dufinainnnelinaesganssau (phase contrast inverted microscope) lag
Wisuidleutugamuaudaisagadluomnsunaflilévusuiu 1,0,
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3.3.3  N15AN®1IN15U89AUAITAIBUUY apoptosis suaaLﬁamam’isiawaéﬁgnmﬁ'mﬂﬂé’w

hydrogen peroxide (H,0,)

Aasadlalusumaianfavideuysd (B); ATCC CRL2522) dsnamdnediu anduiiianiss
Tuanunzidsaead 6 viqu (6-well plates) fifomsfmngautueadutazein InglkiuTunuead
Wity 1x10° cells/well Mntutaigadlu CO, incubator 9iU3un CO, ogf 5% Aigmmnd 37°C 1y
nan 24 dls wsufegudenassidmeiusinefinnududuisiuegistios 3 anududu wagus
srfuadneaaeuduan 1 F9lus (pre-dincubate) Bnansaraty H,0, adhuadnaaeulildainy
udugavinedl 500 uM wazUsidunan 24 $alus Wuwadimeni9fn 0.25 % trypsin Ui 1 ml wd
ﬁmﬁammﬁ 37°C Junian 5-10 ufl F9n194 trypsin ﬁluﬁdwiﬁmaéﬁm%aﬂﬁﬁumuLW%Lgawam
29N mmmamamﬂ% pasteur pipette AALIAR Laya ulumﬂwﬁzjaaLawwmammma ANTuEs
\wadene PBS Mfudn s1uiu 2 ase udiazanenznouwadndudie binding buffer (BioLegend, San
Diego, CA) Ildiduiuwad 1 x 107 cells/ml ULU@L%aa‘mazmaagM binding buffer aslu 5-ml
polystyrene  round-bottom  tube  d1u2u 100  pl mﬂﬁuﬁam“{jaéﬁwmnam fluorescein
isothiocyanate (FITC)-conjugated annexin V (annexin V-FITC) 97u3u 5 pl wag propidium iodide
(PI) 97u7U 10 pl (BioLegend, San Diego, CA) Uuﬁqmmﬁﬁaﬂuﬁﬁm Wunan 15 Wi wdldaiy
binding buffer 41uu 400 pl ntuiinisinnisLin apoptosis #1728 BD FACSCanto Il flow

cytometer (BD Biosciences)

3.4 Anwrgusdrudniavlugasunalaswiaaiewus RAW 264.7
3.4.1 Anwiguidiudniavluwadunalasviaaisiug RAW 264.7 fignindeatirlfiAa
nsdniaudaeiouuaiiide P. acnes
1) MmawIesdauunaiide P. acnes
LastﬂL%aLLUﬂﬁL%EJ P. acnes Tugn1iy anaerobe condition a1 single colony uu
acar plate 1idssluemsidosdeiinman Schaedler broth Uslunausiitnaiin Tneld eas pack lu
nsa¥sanmglfoondiau winiluidesfigungf 37°C Wunan 72 $2lus andurinlvisougudasie
gl 95°C WA 10 w1l (Heat-killed)
2) nmsnsziuliigaduualasniaanenug RAW 264.7 LAAN158NLEUAIY P. acnes
Anwgrisdunmssniauresansatndaidearnandensssdaeiusing Tnenisnszdu
Twadunalasvaanosiug RAW 264.7 1Ransdniaude P. acnes Ssutsngunisnaasseaniiu 3 ngu
Tugjq Ao 1) wad RAW 264.7 TiaesUnd (untreated) 2) iwad RAW 264.7 fignnszlmAnnssniausig
wuAfii3e P. acnes (Heatkilled) Wissognaifien 3) wad RAW 264.7 ignnseliAnnisdniause
wuAL3e P. acnes (Heat-killed) LLaulﬁ%’Umﬁaﬁ’mﬁmLﬁammaﬁmmL%’m%’uﬁmﬁ’uasmﬂaa 3 A
dudusaude Tnedituneudail LasmLsuaaiumut,wwvLamwamw‘u 96 vy UNL%aamammu 37°C wu
CO, 5% 1Hutian 12-16 Falus Lﬂaaummﬂa&mLsaaasaummuaaml,a memﬁammaawma
P. acnes (Heat-killed) anifuthlutuiigaumad 37°C 9ifl O, 5% Huian 24 dalus oasuiianii
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ﬁmu@@@mmﬂgaqLsaaé*d%mm 100 pl wauAvatsazany Griess [2% (%w/v) N-(1-naphtyl)-
ethylenediamine and 2% (%w/v sulfanilamide in 4% (%w/v phosphoric acid] U3u195 100 ul
Mnduaiislifigumniivesuiu 10 wiit wdniluTadnisganduuasii 540 ualuies fewedosiad
nsganaunasuululasinam A nsapurasfimdotaldlunisnsiataUsinaans 1L-6, IL-1B, IL-
10 uag TNF-ou lagld ELISA kit
3.4.2 Anwrgnidiusniavluiwaduualaswiaaeiug RAW 264.7 fignindiaatnlfida
n1sdniaudaeido LPS
1) ﬂﬂiﬂiuﬁ‘iﬂvnsvaal,l,&lﬂIﬂiWﬂQﬁ"lElW‘L!S RAW 264.7 \inn158nLaude LPS
ﬂﬂmqwsmumiaﬂLawmmiaﬂmmeaamsunmﬂLaamﬁ gidanenuging lnan1snsesu
Twadunalasvaanosiug RAW 264.7 iRansdniaude LPS deutangunisnaasseanidu 3 ngulvae
f9 1) 1) 1wad RAW 264.7 dnsUnf (untreated) 2) wad RAW 264.7 fignnseliAanisdnuause LPS
Wieseg1aien 2) lwad RAW 264.7 fignnsgliiAnnissniause LPS uazlssumsatnuindonyindiani
dudusnatusgnation 3 arunduduiande Tnsdduneudsdl vnamzideneaduuelasiaasiug
RAW 264.7 Tup1msiasaiad RPMI 1640 fifldauusenauvas 10% fetal bovine serum, 100 U/ml
penicillin, 100 pg/ml streptomycin I8y 25 pg/ml  amphotericin B ﬁ]’mﬁ?uﬁ’llmgﬁlﬂu CO,
incubator U310 CO, 8¢ 5% uargaumgdl 37°C MniuwiouwaduuAlaTaaeiug RAW 264.7
sidsslunumizdonsad 96 viqu (96 well plates) fiflensideawad RPMI 1640 utaan 24 Faluq
Tnglyiiusinammadivindu 1x10° /well Tu CO, incubator 711 CO, ot 5% wazgamgdl 37°C wWiouas
anmdadonvnlusmsidsseadliiaududusiie fu Ineluwdas well azdinans LPS Tl
udugariieluemadenradiviniu 100 ng/ml ilensedunisdniau anduiiluidedu 5% co,
incubator fiflgaumndl 37°C Wunan 24 dalus ansunanfitmusgremsideasaduiung 100
NaNAUANSazaie Griess [2% (%w/v) N-(1-naphtyl)-ethylenediamine and 2% (%w/v sulfanilamide
in 4% (%w/v phosphoric acid] U3u1%35 100 pl mﬂﬁ?uégaﬁqﬁﬁqmmﬁﬁmmu 10 w9l wanluinan
nsgAnAuLAs 540 uilumng feisesiammsganauuasiuulslasinan

3.4.3 Anw1n15U9AUNISAN8LUY apoptosis VBILAaAITTIURBLYAa RAW 264.7 ﬁgnmﬁmﬁﬂ
TAAan1sanLEY

Aoaead RAW264.7 TuanumeiAsaead 24 i (24-well plates) fiflomnsidssadyin

RPMI 1640 Medium  fifldruusznovass 10% (v/v) fetal bovine serum uway 1%

antibiotic:antimycotic (Gibco, USA) Tnglfiusunaneadvinfu 1x10° Lﬁtiaé/vvell mﬂﬁ?uﬂwzjaéiu CO,

incubator afiU3unas CO, 9t 5% wammm 37°C \Junan 24 $alus mﬂuummimaaqusmumi

ontaululgas RAW 264.7 m‘vmﬂmumuﬂmﬂmmiamauma P. acnes uag LPS fauanslude 3.4.1

Wy 3.4.2 ﬁ]ﬂﬂuuLﬂUL%aﬁﬂami trypsinize (0.25% trypsin) W& yUiUnwadasly micro- centnfuge tube

Juieswadiinmdaseu 1500 pm Wwnan 3 wid wazdudiade 1x PBS fiudifu mmﬁ

resuspend L@adnIe 1x Annexin V binding buffer lrilaaiududuveswadgaiingegluyi 5x10°-
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1x10° celyml aniudoudlneTiun cell suspension U105 100 pl waudu 1 pl anexin V FITC
(BioLegend, San Diego, CA) Uaz 2 pl ¥83 Img/ml propidium iodide (Sigma, USA) LEILUN Az U
Iuwmmﬂunm 15 w1 mam‘mmm udUsuUTumSIALA 500 pl fae 1x Annexin V binding buffer
f\]’muummi’sm’limm apoptosis A8 BD FACSCanto Il flow cytometer (BD Biosciences)

3.4.4 n3793R5EAUMSHARIDaNVRBUTINEITasRuNIsENEURemaia PCR

Boawad RAW 264.7 Tuanumneidsaead 6 vau (6-well plates) fiflownsidsasadyin
RPMI 1640 fifidhuisznauves 10% (v/v) fetal bovine serum g 1% antibiotic: antimycotic (Gibco,
USA) Imaimﬂimmmaammu 1><10 cell/well mﬂuuum%aa{lu CO, incubator “Nllﬂiiﬂm CO2 EJEJ
5% mamwm 37°C WHuna 24 lus vnisvedeunissnauduandlude 3.4.1 wag 3.4.2 a9ntufiu
Lsziaa“LuLmamqmwaaﬂm RNA Tagnnsldans trizol 1 RNA fadalsundunduuulunisdanszsi cONA
gereuluy reverse transcriptase wdi3ensiataszdunIsuanteanduiiiisadestunisiianisdniay
(msww] 3.1) shemaila PCR LagduanszdunisiantoonveuiazBulasiusuiisufuganiuauds
Foawad RAW 264.7 Tuanmsitlallgasaufuanslag (untreated)

A15197 3.1 wans primer AlglunsAneszAUNITLERIBNUREUNAYITRIAUATENIEU

product .
) L ] Annealing
Gene Primer Sequence (5'-3") size (bp) . References
temperature ("C)
sense GTTCTATGGCCCAGACCCTCACA Escocard et al,,
TNF-oL 335 60
anti-sense | TCCCAGGTATATGGGCTCATACC 2006
sense TGGGAATGGAGACTGTCCCAG Escocard et al,,
iNOS 306 60
anti-sense | GGGATCTGAATGTGATGTTTG 2006
sense AAGCTCTCCACCTCAATGGACAG Escocard et al,,
IL-1B 260 57
anti-sense | CTCAAACTCCACTTTGCTCTTGA 2006
L6 sense CCTCTGGTCTTCTGGAGTACCAT 307 - Escocard et al,,
anti-sense | GGCATAACGCACTAGGTTTGCCG 2006
sense TGTATGCTACCATCTGGCTTCGG Peinnequin et al,,
COX-2 237 58
anti-sense | GTTTGGAACAGTCGCTCGTCATC 2004
sense GAGAAACCTGCCAAGTATGATGAC
GAPDH 212 55 Wang et al., 2014
anti-sense | TAGCCGTATTCATTGTCATACCAG

3.5 MsANYIgNSAULUATISe P. acnes drasanaLlinianyia
e P. acnes udedluewns BHIB agldaniizliennia Ngaumall 37°C aunseiiawadidng log
& Y Y & a s aa v ' Y q
phase #30l¢ OD600 AU 0.5-0.8 INUUITDITaaRUATITaA891115 BHIB Tuiad Tila 10 cfu/ml
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mnstuaeniinisideansaslumanauin 96-well Usu1ns 100 pl nausieganaaauUsunms 10 pl
adlumanifiwosy uddsiuwaniluvunelianzlionna feamgll 37°C Wuian 72 4alus 9niy
) a & A Y Ao v . . I3 . Y] g v
TANN1A3 YV TBN ODgyo elunisnaansnseilly Clindamycin 1Uu Positive control wagldansild
anaudinidonuilui Negative control

3.6 AnwwuuwsulUsAuIIN RAW 264.7 WeldSunssniauiauiusTulnaduanidenassdaneus

nedlewmaiialusilaiing (proteomics)

3.6.1 manadauansEunssnauvasslulnadunifenasudaenugine

wnzidessaduunlasring (RAW 264.7) Tuawnsideaiin RPMI 1640 7 10% Fetal bovine

serum 9713 2 x 10° cells #0 15 x 60 mm plastic petri dish mﬂﬁuﬁﬂﬂﬂﬂuﬁﬂuL%éLL‘UUN
Asuaulaeenlan (CO, incubator) ﬁqquﬁ 37°C 7151 O, Tuone 5% Huwan 24 421w 91neuiiy
waaTilduUAsuewnadedvl waensedumaddieans LPS uazdlalnadu lasutsnisvnassoanidu 3
naulviayq Ao 1) lwad RAW 264.7 fALUNG (Untreated) 2) Wad RAW 264.7 fignnszlshiAnnisdniay
#8100 ng/ml LPS 1ilsseaifinn 3) lwad RAW 264.7 fignnsgliiiAnnissniause 100 ng/ml LPS
waglgsululnaduinrundudu 100 pe/ml $aude Mntushmadesadudazngunisnaasslu 5%
€O, incubator Aifigamgfi 37°C Wuiran 24 dalus Woasunafidnusgaemsidsusadusiums
100l HauAvasazane Griess [2% (%w/v) N-(1-naphtyl)-ethylenediamine and 2% (%w/v
sulfanilamide in 4% (%w/v phosphoric acid] U31195 100 pl ﬁnﬂﬁ?w;?ﬂﬁﬂﬁﬁqquﬁﬁaﬂmu 10 U9
wdhluindnnisgandunasil 560 uiluming sewedosiammsganduuauululasinan duvedwad
furgvhmafiumading vin1sdaeaddaeiindu 2 afe nduiiniinduuiuning 3 ml uasgauiv
wadlagld scraper yaiun9 Wieliiwadvanoenaninnivus gaansazanelwadlanasanaasivuin 15
ml 9ndutisthusdes 4 10,000 pm Wunan 5 wiit wdnlafiuazifuaznoumadi -70°C oo
mslaseilsivludunousioly

3.6.2 NMsnseulUsAUA29E19 (protein extraction) d115Un159LATITALUSAUAEIWMATA 2D-

PAGE

thaznewead RAW 264.7 Tiunsvageugnanisdiudanissniavvesdlulnadu (100
ug/ml) WinsanalusAumIenIsIALaITazany lysis buffer (M urea, 2M thiourea, 4% (w/v)
CHAPS, 2% (w/v) DTT) USu1#5 100 pl iy Glass bead 31u7u 2-3 i wazldmafiauaiuds (freeze
and thaw) frglulpsiauver snduthunduliesdunndenias vortex Wunan 5 wift thludumies
71 10,000 rpm unan 5 whgmeasazarsdnlaldlu micro tube Yrluduwdesit 10,000 rpm 1iu
a1 5 wisnads utenanizdiula tilusausunalusiugaeds Bradford TmeTiumansazans
Bradford dry §7uau 1 ml aslunaeanaass mntudslusiusnognasiuan 1- 5 pl mauliidniu fadi
Hidunm 10 ud ud3shnsiadinisganduuasit 595 unlung thedldunduimniududues
TUshulagiieuiunsmuInsgIuuedasazale Bovine serum albumin (BSA) Tuniiy pg/ul
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3.6.3 M5ATzlUsAuA8ImALlan Two-dimensional polyacrylamide gel electrophoresis

(2D-PAGE)

A3IATIERIUTAUAIEIMALlA Two Dimensional Polyacrylamide Gel Electrophoresis
(2D-PAGE) WJunisuenuuaanienseualniiassdid Tunsuenlusiulussunuusnld isoeletric focusing
(IEF) gel strip pH 4-7 anue11 7 cm lagtiunarsazatslusiu 100 ug wanfvasazaiy Rehydration
(7TM urea, 2M thiourea, 2% CHAPS, 0.002% Bromophenol blue) wagi@su DTT 0.001 g wag IPG
buffer 1 pl TnglFiiusunmssinvesansazanewiniu 125 pl masdsidniu annduinansazanefildivanas
u strip holder mMuA18A19274 IPG dry strip aslu strip holder uag overlay #18 mineral oil ALAT1ENA
¢eimdeq Ettan” IPGphor (Amersham Biosciences) gaunndl 20°C Tnedaen program @1%3U run IEF
il

Rehydration time 12 hr.

Step Voltage mode Voltage (V) Vhr Time (hr.)
Step 1 Step and Hold 500 250 0.50
Step 2 Gradient 1,000 500 0.50
Step 4 Step and Hold 6,800 8,500 1.25

total 9,250 2.25

dleta3edun1siiasizisae 1n3es Ettan”  IPGphor 17 Strip L%Wf;j%gumauéuaa SDS-
Equilibration ¢78 Equilibration solution (75 mM Tris-HCl pH 8.8, 6 M Urea, 30% glycerol, 2% SDS
and 0.002% bromophenol blue) T,msrv‘hmiﬂ%’uau@aaﬁ’wmuaam% Ao ﬂ%ﬂLLSﬂU%UﬂZJﬂﬁ@T’JEJ SDS
Equilibration Buffer (2.5 mU) 71§l DTT (0.025¢) {utaan 15 wiit aandudne Strip IUU%’Uam@aﬂ%’jﬁam
¢ SDS Equilibration Buffer (2.5 mU) 71 1AA (0.0625¢) 18utia1 15 widt 11 strip Whdnisuwenlusiu
Tuszuufiaedlagld 13.5% separating gel (SDS-PAGE) shenszualniiivuin 20 mA wan 15 wnd
sy 30 mA aunuauves dry anwanei Biwadilduinisdenlaeld siver Inefiduneu
NsfeulanafiinTeil 3.2 ATALNULHULIA LagTlATIEVAALANA1YeI9n (spot) TUsAuse
TUsunsu Image master " 2D platinum version 7.0 tielildaalusiufiauls AelusAuiinisuansesn
it viieanas sifefimsuantoanianizluunangunaaes wWevnisiieuifsunuuusmureslsiuly
wiagngunismaaes WeldqalusAuiauladninluiinsevinasioss Mass spectrometry (LC-MS/MS)
wdnidayaves MS/MS lons 7ilé sausiadn MW wag pl veslusiuusaginanduduuugudeyalusiu
Tngld Mascot (http://www.matrixscience.com) Lﬁaizqﬁljﬁmaﬂﬂiau



A197199 3.2 TURDUN1TINALUSAUAIY Silver Staining (Amersham Biosciences)

Amount Time
Step Solution .
1 gel 2 gels (min)

Ethanol 10 ml 20 ml

Fixation Acetic acid glacial 25 ml 5ml 30
Add double distilled water to 25 ml 50 ml
Ethanol 7.5 ml 15 ml
Glutardialdehyde (25% w/v)t 125 ul 250 pl

Sensitizing  Sodium thiosulphate (5% w/v) 1 ml 2 ml 30
Sodium acetate 1.7¢ 34¢
Add double distilled water to 25 ml 50 ml

Washing Double distilled water 3x5
- Silver nitrate solution (2.5% w/Vv) 2.5 ml 5 ml

ilver
) Formaldehyde (37% w/v)t 10 ul 20 ul 20
reaction

Add double distilled water to 25 ml 50 ml

Washing  Double distilled water 2x1
Sodium carbonate 0.63 ¢ 1.25¢
) Formaldehyde (37% w/v)t 5ul 10 ul

Developing 2-5

Stir vigorously to dissolve
Add double distilled water to 25 ml 50 ml

EDTA-Na,.2H,0 0.37 ¢ 0.73 ¢

Stopping _ 10
Add double distilled water to 25 ml 50 ml

Washing Double distilled water 3x5

**Add component marked t immediately before use
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uni 4
NAN1SI8

4.1 wansasdeuwuuuNulusAulagld SDS-PAGE

Sovhnsuenesdusznouingg mnidensszitameiusinesewmeaia SDS-PAGE wuvuialusauves
ansafindadenvrieglugae 66-14 kDa 8lulnadu 30-14 kDa wanau 96-14 kDa wazdsu 96-14 kDa
Fauandusuil 4.1 Fauvuulusiuildannisiinseide SDS-PAGE luafail Usznaudelusiiumdn
findeadafuneauiiiiuin dufudsasuldhelilnadu warasatndndensmiataliinazdindion
mstanmemngaufiasi i lunsveaestusely

kDa

144 —

I

JUN 4.1 nansesavdeuwuukiulysAuveionvssitaeiuginglagldinaiin SDS-PAGE Lane 1 fiauau
TUsFiuansgu Lane 2 Aeasaniaudiaiionv1d (WBC) Lane 3 Aodlulnadu (cHb) Lane 4 Ao
Wanau uag Lane 5 Aadsy

4.2 wanIAgeUANNEINNSalUNSEUSS P. acnes DMST 14916 @833 Broth dilution assay
NNHaNIRFeUNUIEsatauinidenunvesasidasiugineianududu 0.45 wag 0.9 me/ml
annsadudowuaiiise P, acnes ¢ 85.8 way 86.6% nudndu Tuwaisdt Clindamycin finnadudu
0.45 mg/ml ansndiudonuaiield 86.8% (Ul 4.2) 9nuansnaaeuiiaunsaaguliinansada
dindearuesssdmeiusineannsadiude P acnes 1§ uanandfmudszandamlunisians
JesgwheansatadindenviuazefTuedennalndifesi
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120 4
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© 07

m 200 300 350 400 450 500 550 Negative Positive
o -20- ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml  control  control
o<

o

-404 100
pg/ml
S~ Sample

JUN 4.2 nansnadeunuansavesasaiadiaidonvilunisdugaie P. acnes DMST 14916

43  wan1madauauluiy (cytotoxicity) vasdlulnadunazdrsanafliaianvindaiwad
wnzidsualasyng (RAW 264.7)
dleinslulnadunarasatadadensumageurnuiuiivdowadimizdoawualasrng (RAW

264.7) Inei33 MTT assay Hanisvaasanuiansainainidenassiding 2 viatuldfiaulufiviewad

RAW 264.7 fauandlusuil 4.3 Tasangunuinmsaigdvlnvensadiiissiusvuslalnadunazans

atmdadonyn ldflrnuuandnsanwadiiasund wee untreated control (100% cell viability)
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[ [
(=] g
=] (=]

RAW 264.7
S

Cytotoxicity (% cell viability)

60
40
20

Untr eaml 1,000

C. siamensis cWBC concentration (pg/ml)

120

: ‘100
80
g 60
40
20

U 11tle1tt=(l 1,000

RAW 264.7
Cytotoxicity (% cell viability)

C. siamensis cHb concentration (pg/ml)

gih'?i 4.3 wansnagaualduiie (cytotoxicity) aasdlulnadu (cHb) wagarsanmdaldena1a (cWBC)
AolwaANIZIAILNALATYND (RAW 264.7)

4.4 wan1snadauAuluie (cytotoxicity) vasasAUsENaULABARTEL 5ﬂ“ﬂaﬂawuﬁ“lmamawaa
Inlusuanadiiavisvasuywed (BJ cells)
dWernisnaaeuaruanuisalunisifuaisdiuninzindensendinduvesdenassidioivad

Tlusuanasianidsvesuywe (B) cells) ﬁgﬂmﬁmﬁﬁw hydrogen peroxide (H,0,) fatudesndugos

npgeuiiommdeteUszneuedenasudiildiinuduiviowadsinan Fudevnisdes

wad B $audu wanaun 350 Slulnadu (cHb) wazansadadimdans ((WBQ) finnnududu 0-500

ug/ml (30919926738 two-fold serial dilution) Tunuinesiusznovanidendiuunnliinasenisiasy

vowad B) oghlsimunuindsuiuiinasonisissyvenad B eadniios Tnevildiwadmeunnnii
ngutlalldudsy (untreated group) Ustana 20% (§Ufi 4.6) iy TunismaaeaiileAnwimuanunse

Iuﬂmﬂumsé’mmwLﬂ%ﬂmaaﬂ%m%’maqLﬁamszL%’Co’iat,suaa‘ﬁgﬂmﬁmﬁwé’w hydrogen peroxide

(H,0,) Fadenldosdusznavarnidenaszd (wanaun 35 Slulnadu wazasadadindenv1) fna

Wy 25 50 100 pg/ml Fadurreeududuiilidufvieowad B)
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(a) (b)
QRUE 10,
~ 120 4 T 10
2 foy
= = 100 4
= 2
= g ¥
= - 60
3 T 4
< N 20 -
- -
o -} 0 4
LY L TS R T I B G - - T T
#\r} AT S YT S ‘d"'& SR R
LN - i 2
el 2 .
¢ Plasma (pg/ml) A Serum (pg/ml)
(©) (d)
= 140 4 = 40 -
n\e Q\E 140
=~ 120 ~ 120 4
o) -
£ 100 4 £ 100 |
Z 80 = 80
= 3
- 60 > 60 -
T W T 40
N 20 - N 20 A
- -
== 0 oA 0 4
> SR T S & - L
& '\"P AR gb"‘cb AP \%P ST W S
& > & >
& 3 BC
N c¢Hb (pg/ml) v ¢WBC (ug/ml)

Can
(il
=D
N
o

nan1svadeuauluiivieudenaseidaieiugling daamada MTT assay leeldivad
& P ' & 1w q & I & vl
Tlusuanad (BJ) Mnunuiwiu@adwintu 1 x 10 Waa/vau wasnaaaumeuidenassidi
AIALTY 0-500 pg/ml WWuian 24 4alus neuvinisnsivdeumemaila MTT assay (a)
waaun (b) 35U (©) Flulnadu (cHb) waz (d) arsainuinidanv1? (CWBC) lnunan1snnasd
wansluguvesal mean = SD

4.5 NANISNAFBUANNAINITOVRUFNTELY Tun15UB9AUNSIARAINLASEARBNTLATUINN H,0,

Tuwwadlnlusuanan

mﬂgﬂﬁ 4.5 wanslidusgedmauin H,0, inududu 500 M awnsamieatlfAnan1iz
WWsunaanTntuluLeag B ié’LﬁaLﬁauﬁmfjmwauﬁhﬂé’@m H,0, Fsdornaadanusaasaiulals
100% wonaNditimy H,0, Arududy 500 M vilknnssentinveswad B) anadds 50% ognslsh
auiievhnsidsamadluanneiaieneendwdusiuiunatann 35y flulnalu wazansadadadensnn
nndendspidaneitugivg nuiinsmevessadtuanaseseiifedify sniueadilisudsu T
Weddudnissentinvewadiiielassiuiunanaunilen 60.7-66.0% d3uiien 48.5-52.9% Flalnaduil
A1 83.4-80.0% wazansadtaudindonunien 67.2-71.8% dsfufsanansoagulidn wanawn Blulnadu
wagansaiadadenv dauaiunsatunisdesiuwadinlusvatadimvdsveuywd (B) cells) 910
anmzirdasendinduld (Ul 4.5) Fsannsadudunanismaaeslilaensinudugiuineveseadly
aﬂnzaaﬂ%lm'fwiaL%éﬁgﬂmﬁmﬁﬁw hydrogen peroxide (H,0,) n1eléindas phase contrast

inverted microscope (E‘Uﬁ 4.6)
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(a) (b) ‘
Plasma Serum

— 120 120

=] 1 =]

< 100] o < 100] o8
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= 80 . b £ 50

= ' ¢ —

}:3 60 d < 60 be b ¢ be
= 40 ~ 40
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0+ .9@ P I AR SN 0 o NS N
g g -
& < & Q.\Q\ M Q‘& & & Qv G-F}Q q\f@ ‘-"J""‘Q 03\‘\ c-%{b ‘?)&
QQ’\ an' i % @\ Q‘X ) ‘j\? T v
' ~ S W “ I\,
+ 10, +H0;
(¢) (d)
cHb c¢cWBC
120 120

=1
=

100 b

C -
Z 80 £ 80 b b b
£ o d 2 60 ¢
~ 40 - 40
= =
3 20 3
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’ "N o N AW N
& &S & T & & F g F& &
& %\} ‘S\ Y Q"é < .\}% < Q.‘\'( “ \\\-'
o W g Ny N e o \%
+H202 +H:0:

gﬂﬁ 4.5 masumLﬁamﬁzL%’awﬁuﬁflwwiamiammmLﬂ‘%amaaﬂ%l,ms?fuﬁl,ﬁmafm H,0, (H,O, -stimulated
oxidative stress) lutwadlwlusuanas Gsteyaazuanadurnissendinvewad enaaey
a8 H,0, il 9a819Lfen M%@Lgsm"mﬁ’mﬁamwLsﬁ’awﬂ’uilm’tw,t,eﬁazmmL%’u%’u (a) Wanaun
(b) @51 (c) Flulnadu (cHb) wax (d) arsaiadiaideny1 (CWBC) lnenanisnaasuanslugy
48961 mean + SD Aiimiusednusnudnguiivieutuvuuiinsdeliunnsieiunig
adf uazAriiAusefdnvsnwdnguiidsfuuuuiinsnfedauuandstunsadad
sedudesiu 95% (p<0.05) Ine 35 Analysis of Variance (ANOVA)
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Healthy BJ cells
Untreated)  BJ cells + H2O

=

100 pg/ml

Mg

Plasma} -

Nan1sAnYIMNIENg IR wadluannzeSuneendinduiigninieniifie hydrogen
peroxide (H,0,) A1elAndes phase contrast inverted microscope dieFnwnaveudon
sszdaeiuslnerenisananuiaieneendinduiiiintu Tnsnsuueadsuiudenase i
aududu 25 50 wag 100 pe/ml wuanl $31us (pre-incubation) Aawrhnsifia H,0,

€an
c
<>
A
(o)
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4.6 wan1InAaauA1UURY (cytotoxicity) ﬁuaeaeﬂ‘ﬂi:na‘uLﬁaﬂaixtij’ﬁqﬁmaqaﬁuﬂwﬂdaLsuaé
Lﬁmﬁaﬂ‘mwmqué (human peripheral blood mononuclear cell; PBMC)
ierndsulidfigrslunisesfumadinaniuaieaeendndu duiulunsveaeiaslividsumn

MHlunsveaey weifudeyalumsthluiaunldiely dmuisliih wanaun Slulnadu wezansadauda

donrmanidenaszidateiugivenmegeunnuluiivdewadiladanu1i (PBMC) vosuywd tngna

AsnPasINUIeIRUsTnauTeLdenaszidii 3 adafinnnududi 25 50 uwaz 100 pe/ml lufinnudy

fiwseiwadidnidony1n (PBMO) vesuywd uansssguil 4.7

—
-]
N’
o~
=2
S
—_—
(]
S

140 140 140

E; 120 ; 120 ‘E 120
.;Z 100 3 100 E 100
80 E 80 E 80
- - -
E 60 8 60 S 60

40 T T
L"J ) 40 O 40
= 20 = 20 = 20
-] = )
a 0 e 0 ~ 0

Untreated 25 50 100 Untreated 25 50 100 Untreated 25 50 100
Plasma (ug/ml) cHb (pg/ml) c¢WBC (ug/ml)

UM 4.7 mamuluiivresdenvszilaeiuginerowadilaionunivesysd (PBMC) Awenlaain

\HBAUBINYBENNFUAING e Ficoll-Paque (GE Healthcare, Sweden) lngldigaaiiainy
' 5 I3 Y ¥ 51 Y] I3
MUY 2 x 107 1wag/vgu (96-well plates) MagoUMIENITEELYAATINAUBIAUTENBY
WonaszidfanuLduduuanAeiy (25-100 pg/ml) nasannadeutlunian 24 42lue vinns
aa s YV a o f 6 aa 13

NAFRUNITOATINvBITaAmEATA MTT wazA1uiaasigudnissentinvadsad PBMC
mensiseuiiguiungualunuiideueaauni (untreated cell) (a) wanaun (b) Blaulnatu
(cHb) wae (o) asaiaindanya (CWBC)

a7 wavesdlulnaduanvsndirdaaeiusinelunistiesfunisameunuy apoptosis Tuiwad BJ
lisuannziasenaandiatuy
NANTYIRABIUARIFIgUT 4.8 Lipsandlulnaduannsndesiulwadananiizinisneendiatuligs
fianfio 83.4-89.0% eifisuivesdusznovanidonaseiduiindun (sufl 4.5) fedulunismeassdisld
tanzdlalnadusndnwinalnadessulunsdestuannzinioaidesnnesndndunislumed 4
wuBllnaduite 3 ennadudiu (25 50 way 100 pg/ml) ausatesfiuleadainnszuIuns apoptosis
dewadogluannzirdonoendiaduls
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401 *
351
= 30
5 O Early apoptosis
w— 251 .
3 M Late apoptosis
. 20 N
=
o 157
&
S
A 107
5.
o/ Cowim B .
Untreated H,0, cHb cHb cHb

25 pg/ml 50 ng/ml 100 pg/ml

+H20 2

g‘dﬁ 4.8 wavesglulnadulunisteanismenuu apoptosis 90 H,0, Tuwadlnlusuaiadvesuysd
fewnaiia Annexin V-FITC/PI flow cytometry tneldaadfinnumvuiniy 1 x 107 WA/ Mau
(12-well plates) wazrldmnuduiuvesdlilnatuainaszidaeiuglnefunniadiu (25-100
ug/ml) wdannidsawadsaniudlulnadudunan 1 $alus 98vnnsidy 500 M H,0, adly
WErdswadaeluian 24 $alus mntushnisdenwadans annexin V-FITC/Pl Tnednsinis
\in apoptosis Aginsiamenatia flow cytometry lasnanisnaasuandluguvasan
mean + SD LLaxLLammmaaﬁaﬁ%;ﬂaﬁmmLLmﬂGiNﬁ’uasmﬁﬁfaéﬁaujﬁ p < 0.05 lag one-
way ANOVA.

4.8 avwaunsavesmsaiadaiienslunsiasiunmssniavlueadinziioauunalasia RAW

264.7 fignnazdudeidouuaiie P. acnes

Slonagouqrdnisaislusinesnled (NO) Falumsdenarsnsdniavvesasadniiadony1nain
eomaseidianeiusivenudn idleifies RAW 264.7 S2uifu Heat-killed P. acnes uian 24 49l sedf
299N15d318 NO ﬁmgﬁuaﬂwﬁﬁaﬁﬁmﬁaLﬂ%ﬂmﬁwﬁuL%éﬁl,??mﬂﬂa (untreated cells) Fananes
Heat-killed P. acnes nszsiuimad RAW 264.7 Tiinn1ssniau egnslsiniuszdures NO wuinildranas
dlovinsidsasadildsunsnssduliiAenssniavimiuasatadaideasnfienududu 25 50 uas
100 pg/ml Faanunsadudsnisndn NO a1nuwad RAW 264.7 fignnszdude Heat-killed P. acnes 14
19 27 uay 28% mudiy iWerSsuifisuiunguamuaniilésuans P. acnes Ifissegrafe (Uil 4.9)
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5 3 8 8 B

NO production (% of control)
N
o

a
b
C C
Untreated Heat-killed Heat-killed Heat-killed Heat-killed
P. acnes P. acnes+ P. acnes+ P. acnes+

25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

o

UM 4.9 wavesasadnasadaiiadenvdonisaiidluninoonled (NO) Tuwaduunlasving RAW
264.7 fignnszeusne Heatkilled P. acnes (nsuanslugUrdefidunmamnsalunisaiis
lursneenled Felnauignnszdusie Heat-killed P. acnes fusanailunineenlesiiy
100%) fiffusesnuInundnguiimioufuuuirisnsmAsliunnsneiunieadn uay
Afiffufeiisnusntmdenguideiuuuuiansmdediauuandisfunsadansedu
Auderiu 95% (p<0.05) Inel45 Analysis of Variance (ANOVA)

4.9 wavasEnsaadinidenvaiensiusanisuansaanvasBuiiisatesfiunmssniauiignnssdudae

P. acnes

AMsAnEIsERUNNSLAnTeDNYeIEuRI83s Semiquantitative  RT-PCR u vildlasnisidovead
uuAlAsying RAW 264.7 #iléunisnszdusng Heatkilled P. acnes agnaifien vide 163y Heat-killed
P. acnes Jafuansatainidonviannududu 25 50 uaz 100 ug/ml Wuran 24 $alus arntusiinng
afn RNA 91niad RAW 264.7 et diasgdsedun1suanionntasdu Han1suAaeInuin wunis
LAn$9BNYBIEU GAPDH (1u1m 212 bp) dafudiumiuau (houses keeping gene) lunnngun1snaas
Tnefiszduniswanteanilndifiesiu wasnuinniswanseenvesdufiisntestunissniau Tuau PCR
oroduct AsafUILIATIFDINS LﬁaLﬁauﬁ’mmuﬁﬁmammgm waziilewSeuifieu PCR product fudu
AuAu wutidl 4 Bufifiszduuansoanifistuegnsinuidioidos RAW 264.7 $2uifu Heat-killed P. acnes
Wig9e819 A Inducible nitric oxide synthase (iNOS), Interleukin 6 (IL-6), Interleukin 1B (IL-1B) &g
Tumor necrosis factor-alpha (TNF-a) agnalsfinnumuingumaniiisssunisuanseandianasiioldsuans
aftaudindonmanienssadaeiusinefienududusneg fi
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4.9.1 3AUNTUENIDDNYDITY INOS KA TnAaesnuin wadfilailinseduse Heatkilled
P. acnes (untreated) wumsianseenyesdiu iNOS Tuszfuimiigaillenssuiisuiungudus lunamssiy
trunguildFunsnszdusig Heat-kiled P. acnes a8uifinn wuindnisuanseanvesdu iNOS Tuuanm
gs7gn lneidleAnluisuifisuszfureenisuanseanveadu iNOS  Tunduiignnszduse Heat-killed
P. acnes \Bu 100% wuiilunguiignnszduliiAnnissniausneg Heatkilled P. acnes Saufuasadaisin
Fonunfinrandudu 25 50 wag 100 py/ml asatadindonyiaunsadudansuanseonvasdu INOS
161 18 24 uay 28% puddu (UM 4.10)

@)z 120,

I,

100 1

a a
b

80 1 b
60 1

40

C
20
0 : : : .

Untreated P acnes P acnest+ P acnest P acnes+
25 ug/ml 50 ug/ml 100 pg/ml
WBC WBC WBC

o
Sl _

Untreated P.acnme Pacnet+ Pacne+r Pacnet
25 pg/ml 50 pg/ml 100 pg/ml
wWBC WBC WBC

mRNA expression of iNOS (%of |

(b)
iNOS

GAPDH

JUN 4.10 (a) Aensmluvisuansravesansaiadnifanviienisasng iINOS Tuigaduualasianeiug
RAW 264.7 fignnsgfume Heat-killed P. acnes uaz (b) Aa a RT-PCR w838y iNOS
bl ) v | Ao o v v Y d‘ IS U ! A 1 1 [
W3guiileuiu GAPDH AfiiAumesnysn1wsanguiiuiiouiuuuiriansinas ldwnned1aiu
N9EhA wazAAiumMefiidnyIn wdenguideiuuukians A iALLANAIAUNI
anANTEAUAMINLTNY 95% (p<0.05) Ineldis Analysis of Variance (ANOVA)

4.9.2 SEAUNTUEAIDBNYBNETY IL-6 INKANITNAABINUI Wwadnllléfunisnszdusg Heat-
killed P. acnes (untreated) Wunisuanseenvesdu IL-6 Tuszdumitgaileifisuiungudug lung
nsafudnu nguiléFunisnsedusie Heat-killed P. acnes ey wuindnisuanseanvesdu IL-6 Tu
USinasgedign Tneidledniuisuifisusefureanisuanseanuesdy IL-6 Tunguiignnsedusie Heat-killed
P. acnes \8u 100% wuitlunguiignnszduliAnnissniausie Heatkilled P. acnes $amfvansaiin



a2

< & a Y v [ < A v & =
WALADAVIINAIULWUYY 25 50 iag 100 pg/ml @15anaLiaALadAY1IIEINTAgUEINITIANIDDNUDIEUY
IL-6 161 33 35 uay 46% nua1au (JUA 4.11)

@z 12
- a
T 100 2
3 b
T 80
S 60
£
i 40
=
”
'l
-~ 20
rd
=
E 04— , , ,
Untreated P acnes P acnest P acnest P acnest
- 25 ug/ml 50 pg/ml 100 pg/ml
WBC WBC WBC
(b)
IL-6

Untreated P.acne P.acnet+ Pacnet+ Pacnet
25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

JUN 4.11 (a) fie ns1uvisuanIavesansaialaionvisienisadne IL-6 luwaduualasnvaneiug
RAW 264.7 Nignnsesunigans Heat-killed P. acnes uag (b) A9 naves RT-PCR o8y IL-6
= = Y L Ao v v w @ S A Y ' = | v
\Wiguiilguiiu GAPDH anfirriumednusntesanguiwileuduuuuvisnsmeldunnsieiu
N9Ehd wazAiiumefiidnwin wdngundeiuuukians A iaLLanAiuNI
AnANTEAUAINLTBNY 95% (p<0.05) naldis Analysis of Variance (ANOVA)

4.9.3 sERUNISUENIDBNTBIBY IL-1B Wuin wadilailinsedusneas Heatkilled P. acnes
(untreated) NUN"sLARsDDNYRIBY IL-1B Tuszdumiigaidlefisudungudug lumsnsadudia ngu
muAuTlFsuNINTEduf s Heat-kiled P. acnes og1aifien nuindnisuansesnvesdu IL-1p Tu
Uunnugaiign Taeifledniiouiiisuszduresnsuanioonvesiu IL-1p Tunguiignnsedusng Heat-
killed P. acnes 18u 100% wuitlunguiignnszduliiAnnissniausme Heatkilled P. acnes Sauifuans
aftmdiaidonumiinnududu 25 50 uay 100 py/ml asadaiiadenvnannsodufinisuanseanyos
fu IL-1B 16 33 36 uay 41% nudidu (UT 4.12)
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(@ Z 120,
= a
< 1001
S b b b
= 801
Z 60
£
§ 40 1
=
;
- 20 1
: |
2 0 : : : :
Untreated P acnes P acnest P acnest P acnest
- 25 ug/ml 50 ug/ml 100 pg/ml
WBC WBC WBC
(b)
IL-1B
GAPDH |

Untreated P.acne Puacnet Pacnet Pacnet
25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

s

U 4.12 nsmluvisuananavesansatmusindenunisionisaing IL-1 Tuwaduualasvhaaneiug
RAW 264.7 fignnsedusieas Heat-killed P. acnes (a) Wag (b) Haved RT-PCR vo9Bu IL-
1B W3suieuiu GAPDH anfimifusesnusaudanguniiouduunuransnfeltunneng
fumsadia uazAfifiumeisnyinvdinguiisstuuuwinswiedinnuuansiaiunis
adATsziunIdatiu 95% (p<0.05) Tngld35 Analysis of Variance (ANOVA)

2V %4

4.9.4 STAUNSHENDBNVDIEU TNF-0L INNNANISNARBINUIN waantulanseAuaieans Heat-

q
LY 1

killed P. acnes (untreated) wunsuanseanvaddu TNF-a Tuseiusfigaidlefisuiungudug Tuna
nsafudnu nduildFunsnsedudeans Heat-killed P. acnes ilesognaiiien wuindinisuansesnvosiy
TNF-0L TuUanaigedian TneideAnUssuiiiousefuvesnisuanioenvesdu TNF-o Tunguiignnsedu
#e Heat-killed P. acnes W 100% wuirlunguitgnnszduliiAnnissniaude Heat-killed P. acnes
sufuansasmdadonvniinududu 25 50 uaz 100 pe/ml arsafadindenvainsadudanis
uamseenesBu TNF-ou s 14 17 uaz 53% muddy (3Uf 4.13)
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(@)Z 120;
- a
5 100 A a,b N
o]
= 80 4
e
s 604 ¢ :
£
7 40
b
=
-
) 20 4
-
rd
< o0, . . . .
= Untreated P acnes P acnest P acnest P acnest

25 ug/ml 50 pg/ml 100 pg/ml
WBC WBC WBC
(b)
TNF-c
GAPDH

Untreated P.acne P.acne+ Pacnet f’_{u'm-%;:
25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

UM 4.13 () fio ﬂiWWLL‘VNLLﬁﬂQNaﬂaﬂﬁﬁiﬁﬂﬂLiJﬂLaE]GﬂGU’Ymaﬂ’ﬁai’N TNF-o Tuiwaduunalasnivang
Wug RAW 264.7 wgnnszaumams Heat-killed P. acnes uag (b) Ao Havas RT-PCR vasdy
TNF-oL 1USsULiisuiu GAPDH  anfiinAusmednesniedainguimiloudiuuukriansinaels
WANANAUNIERF LazAINAIAUAIEFAISNYINIMITINqUARIIR LU IABNA1Y
UANANAUNNADANIZAUAIITDIU 95% (p<0.05) 1ngl935 Analysis of Variance (ANOVA)

4.10 mwmmsmaemsaﬁ’ﬂLﬁmLﬁaﬂmﬂumiﬂmﬁ’umsﬁnLaU’Luwaéqumﬁ”aaLL@JﬂIﬂiWﬂa RAW

264 7 waﬂnsumumﬂ Lipopolysaccharide (LPS)

Sonasouguinisadne NO vesmsatnuinidonyna viaann 24 Faluadt RAW 264.7 gnnszdunis
a%19 NO e LPS uéavin1sdiasngsh NO #8738 Nitric oxide assay wuiidleiuisuifisusuieadiiaes
Unfl (untreated cells) szdunisadts NO Tunduiidssieadsiuiu LPS iesognafier frgaduogied
tfodny Favnefis LPS nszduiead RAW 264.7 ThAnn1sdniau egrslsAnusziuues NO wuirilen
anandlovinsidsasedilésunanseduliAnnssnauiuiuasatadaideavniienaududu 25 50
uay 100 pg/ml Feannsndudanisadna NO I& 16 20 uay 34% muddiu dewssuifisufunguaiuan
fildsuiany LPS iiesedrafen (3UT 4.14)
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120 =

100 +

1

LPS+  LPS+  LPS+
Untreated  LPS
nieate 25 pg/ml 50 pg/ml 100 pg/ml
WBC  WBC  WBC

co
o
1

s
(=]
Il

NO production (% of control)

Ul 4.14 mavesmnsadailindonvndenisaindlunineonlad (NO) lulwaduualasving RAW 264.7 7
annszAuiieans LPS (asuansluguandesidudanuainsalunisasislussneenled 1o
naufignnsedusne LPS dusunalluminesnladidu 100%) Aiiidufesnusniudngui
wilouffuuuuansmsliuandsfumsada uazaidifuiefidnusnusanguidieiu

VULYNTINABTAIULANAIAUNIIEDANTEAUANLTIU 95% (p<0.05) 1nelei5 Analysis
of Variance (ANOVA)

411 wavesmsafadiadanunadensiudinsuansaanuesBuiifisatesiunmssniauiignnszdudae

Lipopolysaccharide (LPS)

AsAnwsERUNIsUAnIeDnveIdudIedE Semiquantitative RT-PCR 1w vilalasnisiasaimad
LuALASNIY RAW 264.7 wdanszsusie LPS aguiied wse Lasu LPS sauduansadadadenynining
Wudu 25 50 waz 100 pg/ml Wuan 24 Falus arntusinisada RNA 91nwwad RAW 264.7 titetian
AT HTZAUNIIUARNIDBNTDITUY NANSVARBILANIIALIALIT WUNISLANIDONVBIEY GAPDH (Y119 212
bp) %QLi‘JuﬁumU@m (houses keeping gene) lunnnaun1sneaes Tneflszsunsuansoandilndifesiu
LaynUNIsuanseanvesBuiiieteaiunsdniauiinoy PCR product mssfuruaiifiosnts Weiiieuiu
uauRiBuieanmsgiu uazidle3ouiisy PCR product fuBumueumudnd 4 Bufifissfunansoaniiindy
sthadaauiioldse RAW 264.7 s3ufU LPS Ao Inducible nitric oxide synthase (INOS), Interleukin 6
(IL-6), Interleukin 1 (L-1B) uaz Tumor necrosis factor-alpha (TNF-a) agnslsfinunuindumanis
seiunsuanseaniianaadleldfumsatndindestmanidenasadmeiuginefinnudududngg fad

4.11.1 52AUNISUENIBBNYBIBU INOS InHANITAADINUIY Wwadilildnsedudoans LPS
(untreated) WUNTUARIBONYDITY INOS TusiudTigaloiisuiisuiungudug Tumensetudiangud



a6

I#3unsnszduseans LPS eehaified wudiiinisuansesnuosdu INOS lutSuagsiian laeiilofn
WibuisuseAuveInIsuanseenyesdu iNOS lunguiignnszdusne LPS 1du 100% wuitlunguiign
nszduliAanssniausie LPS saufuansafaidiadonuiafiamdudu 25 50 wag 100 ug/ml ansarda
dindearnannsadusnisuantoanuesdu INOS 1¢ 18 24 way 28% mudy (Ul 4.15)

@ Z 120
. a
100
b
80 b b
[
60
40
20
0
Untreated LPS LPS+ LPS+  LPS+

25 ng/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

mRNA expression of iNOS (Yool 1

Untreated LPS LPS+ LPS+ LPS+

25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

Ul 4.15 (a) fie nsmlwiaansnavesansadaindenvnsenisaine iINOS lulwaduualaswiaaneiiug
RAW 264.7 fignnszdudneans LPS uag (b) A wa RT-PCR wosdu INOS Wisuiflsuiy
GAPDH anfiffushesnuintundsnguiliviieufuvuuianswdeliwanssfuniada was
Afiffuiefsnusaumdinguiidsiuuuuiansmlfedanuuandsiunisadffise fu
audieriu 95% (p<0.05) Inel45 Analysis of Variance (ANOVA)

4.11.2 S¥AUNISUENSDDNYBIBU IL-6 NHANIINAGRINUIN Wwaanlilasunisnszduiieans LPS
(untreated) wun1suanIEaNvaedY IL-6 Tuszdusmiigallaiisuiunguaus Tunenssiutiy nguilasy
N1INTEAUMEENST LPS aghafed nuddinisuanseanvasdiy IL-6 TulSunaeanan lnedlefnuSeuliley
FEAUVRINITHAAIDBNUDIEY IL-6 Tunquilgnnszdueie LPS 1w 100% wuinlunquiignnssduliiia

Y % ] @ Y- | = Y v Y- |
Ns8nEUeIe LPS sauiuasanadadenuiiiniududu 25 50 wag 100 ug/ml ansadaudiaiionun?
anunsadudanisianseanvesdu IL-6 1 33 35 uay 46% aua1au (5UN 4.16)
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mRNA expression of IL-6 (%ol LPS)

100 1

80 4

a
b b
60 4 c
40 9 d
204
0

Untreated LPS LPS+ LPS+ LPS+
25 pg/ml 50 pg/ml 100 png/ml
WBC WBC WBC

GAPDH m ‘

Untreated LPS LPS+ LPS+ LPS+
25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

U 4.16 (a) fio ﬂi'ﬂ/\lmeu,ammasuaqmﬁaﬂ@meaamnmamiaﬁw IL-6 TuwaduualasHiaenug
RAW 264.7 fignnszfusieans LPS uay (b) fe nawes RT-PCR vosdu IL-6 1Wisuiieuriu
GAPDH ﬂ'wﬁﬁwﬁ’ué’aaé’ﬂmmmé’aﬂqwﬁmﬁauﬁuumwiaﬂﬁﬁi/\lﬁalajl,mﬂmﬂﬁ’uwmaaa way
mwmﬂumamaﬂmmmaﬂﬂqwmﬂﬂuuuLLmﬂﬁWﬂammmLw}ﬂmmumqa“ Nseu
AILTBNU 95% (p<0.05) 1neld5 Analysis of Variance (ANOVA)

4.11.3 seRUNITUANI@BNYRIEY IL-1B nHanITVAaeINUI Wwadnlilldnsedufeans LPS
(untreated) Nunsuanseanvesdu IL-1p Tusydumandloisuiunduduy Tunnsaduda ngui
1#3unnsnszduseans LPS egraifien wuiniinisuansesnvesdu IL-18 luuSunagsiian Taoiilodn
WisuiieusERuvesnsuantoenvesdu IL-1p Tunguiignnsedusie LPS 1y 100% wuirlungudign
nsduliAnnsSnaude LPS Sanduasatadiaidonyniianududu 25 50 wag 100 pg/ml ansarin
Sadenunaunsadudinsuanioonvesiu IL-1B 191 33 36 way 41% MuaRu ('g‘dﬁ 4.17)
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(a)f 120
100 4

80 |

a
b.c .
604 4 $
40 |
20 |
0

Untreated LIPS LPS+ LPS+ LPS+
25 pg/ml 50 pg/ml 100 png/ml
WBC WBC WBC

mRNA expression of IL-1p (%ol 1

Untreated LPS LPS+ LPS+  LPS+
25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC  WBC

JUN 4.17 () Ao s mwriskaninavesansainladenyinonisaing IL-1B luwaduualasvinaaneiug
RAW 264.7 Nignnszfunigans LPS wag (b) Ao #aved RT-PCR ¥038u IL-1B wWisuifiguiu
GAPDH Afiifusedneiniedinguimilouiuuuwvisnsmasliuandaiunisaia waz

AAIAUAIEAITNBIN1YI8IN¥TAIIAUUULTIINTINADTAIUWANANAUNNERRATITZ 6
AT 95% (p<0.05) Taeldi5 Analysis of Variance (ANOVA)

c

4.11.4 sEdUNsUEAIDENYBIBY TNF-0L 1NHaNIsAaeInUi wadnlilénseduieans LPS
(untreated) Wumsuanseanvosdu TNF-a Tuseiumfaniilodisufungudug lumansedudia ngui
1e5unisnszdusneans LPS iilesegnaifien wuiriinisuanseenyesdu TNF-a luudunngedian Tneie
AnUSeuifiussAuveInsuanseenvesdy TNF-o Tunguiignasedude LPS 1Ju 100% wuiilungui
gnnsedulifiAnnssniausie LPS sadvansafnifindonsniiaanududu 25 50 uaz 100 pg/ml a1
afadiaidessmannsadudinisuansoonvesdu TNF-ou 1§ 14 17 uay 53% auddy (Uil 4.18)
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mRNA expression of TNF-ot (Yoof L P!

100

80
60
40
2

Untreated LPS  LPS+ LPS+  LPS+
25 pg/ml 50 pg/ml 100 pg/ml
WBC WBC WBC

=

=

(b)

TNF-q | ——

GAPDH- S D s s

Untreated LPS LPS+ LPS+ LPS+
25 pg/ml S0 pg/ml 100 pg/ml
WBC WBC WBC

UM 4.18 () fio ﬂi’]WLL‘VNLLﬁﬂQNaGUBQﬁ’]iﬁﬂﬂL&JﬂLa’eJWU’Ymamiai’N TNF-o Tuiwaduunalasnivang
fiug RAW 264.7 fignnsedusieals LPS waz (b) #e Waues RT-PCR wosdu TNF-a

= = Y I Ao v v W Y N Y ] & ' ] Y}
W3sulileuiu GAPDH AfiinAumesnysn1wsanguiiuiiouiuuuiriansinasldwnnediaiu

N19E0R wazAINAITUAIBAITNBINIBIBINUNANIUUULTINTINADTAILKANAI AU

'
aaa

adTisziurudotu 95% (p<0.05) 1nal45 Analysis of Variance (ANOVA)

4.12 wmaamiaﬁ’ﬂLﬁmﬁamm’;mnaswﬁ'ﬁﬁﬂmﬂﬁ'usflwwia pro-inflammatory cytokines iia

\wad RAW 264.7 gANseiudae P. acnes

NAINMTWTeNINMSniaue Heat-kill P. acnes uagvaaeufeomsatauindonsnanaszid
aneuslnewuin P, acnes nsgfuntsaseseduved pro-inflammatory cytokines 4 IL-6 uag TNF-oL
léfaéwaﬁﬁaﬁwﬁagLﬁam%amﬁauﬁm%aa‘ﬁLﬁymmamﬂa (untreated cells) agalsfinandevinnisides
wadfignnszduliiAnnisdniausnivansadaidindonvnfinrududu 25 50 uay 100 pg/ml wui
asanadindenvniausnansyauaes IL-6 kag TNF-o leegeifiiediAmynieads Inenuinansanauia
Fonuniinrandudugaan (100 ug/ml) ansnsnansydu IL-6 16Hs 42% uazanmsnanseiu TNF-o 16
f9 47% \flewSsuiisuiunguiinsydunissniause Heat-kill P. acnes (3U7 4.19)
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(a) Interleukin 6 (IL-6) (b) Tumor Necrosis Factor-o. (TNF-a)
600 16000 1 . .
_ a 140001 b
R $ 1000
= =
% 300 S 8000 ¢
= ‘E 6000 -
4000 1
100 2000{
04 04
Heat-killed P acnes - + + + + Heat-killed F. acnes - + + + +
¢WBC (ug/ml) - - 25 50 100 ¢WBC (ug/ml) - - 25 50 100

U 4.19 navesansadaindonvinnesidaeiuging ((WBO) Aeszdy IL-6 (a) wag TNF-a (b) Tu
RAW 264.7 anitidudiednusnivndenguiwiloufuuuuiansmldeldunnsafumaada
wagAfifAufefsnysndanguitdnatuuuuisnsmAediauuanssfunadffisedu
audiesiu 95% (p<0.05) 1ng1475 Analysis of Variance (ANOVA)

v & = v o [ [ .
4.13 Nﬁ‘l]'e]Qﬁ"l’iﬁﬂﬂLﬁJﬂLﬁ'e)WU’]’JQ']ﬂﬁ]'iZL‘UU'Wﬂﬁ']EJWHﬂVIEJiun'ﬁﬂENﬂuﬂ'ﬁﬂ’]ﬂLLUU apoptosis Tu

\wad RAW 264.7 ldFunisnszdunssniay

NANTNAABILANIFITUT 4.20 uag 4.21 %awujwaﬁaﬁmﬁmLﬁamnmm%am%vLsﬁﬂfﬁﬂmaﬁuﬁ:
Tnests 2 pududu (25 wag 50 pg/mb) a1unsadeeiugaiaINnIEuIuNIT apoptosis Lilolwadgn
nszdulsiAnnsSnaue P. acnes (U 4.20) way LPS (3U 4.21) 141 Imawmwmiaﬂmmmaamnm
AudTugean (50 pg/ml) @NaN3AARTEAUNNTANBLUY apoptosis TulwadTignnszdun1ssniause
P. acnes 16104 59% Waz@NINAATEAUNITANBIUY apoptosis 1umaéﬁgﬂmz§ums§ﬂLa‘uéhﬂ LPS gt

04 74%
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Untreated P. acnes

T
10* 10*

:
w0’

T
w’ * o
FITC-A

10 0w
FITC-A

P acnes + P acnes +
c¢WBC 25 ng/ml c¢WBC 50 pg/ml

2 :nm: T T T T TTrrmm LR RLL 3 =" """"" LELALALL LA LERRLLE T

b 0 02 ]FDI'JI'C-A ot i0° 103 o w0 ::DITC-A 0* 0°
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<

o 151
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]

-
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g s

=3

<

0- ' T .
Heat-killed P. acnes = + + +

c¢WBC (u1g/ml) - - 25 50

o o @ A . Y] a a v
EUM 4.20 Nasﬂﬂ\‘iaqﬁﬁﬂ@Lll@LaEJ@GUTﬂ:Uﬂ’ﬁ{]@Qﬂ']imqﬂLLUU apoptosis f\]qﬂﬂqigﬂLﬁU'ﬂLﬂ@f\ﬂﬂﬂqﬁﬂﬁgﬁlu

AELde P. acnes Tulwad RAW 264.7 aaewaila Annexin V-FITC/PI flow cytometry Tagld
¢ 1 5 I3 % v v )
WwaaTAURLILIY 1 x 10 1wad/mau (12-well plates) wazldaududuvesarsanaia
LHeAY1INATEANEN UG Ineuanaeiy (25 wag 50 pg/ml)  AINAAUAedNYs

Aw8anguialiouiuuuliansnAsldunns1sdunieads wazaA1NfiduaIufIgnys

AMWITINENATUVURTINITINABT A ULANF1TUNIIARANTEAUAINLTBIY 95%
(p<0.05) Inel435 Analysis of Variance (ANOVA)
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Untreated

(11 - H T T T T ]l‘l'lTI T ‘ll""l T
- LERLLRALLY LR} ||Fll|| LI i‘lllll T . Ll !
“; :)'r |-|02 0 10t 10 w 00 10 10 10
FITC-A FITC-A
LPS + LPS +

¢WBC 25 pg/ml c¢WBC 50 pg/ml

| L L AL 3 A — T
ap OO0 10 10 10 010 1 w* 10

FITC-A ) FITC-A

207

§ i

@ 15

= . b

1=

2 101

g

g 5- d i c’d

<

es -+ 4+ +
c¢WBC (ug/ml) - - 25 50

4.21 navesansanadadonvrilunistesnismenuu apoptosis 91NN158NLEUTANIINNISNTEAY

Feudo LPS Tuiwad RAW 264.7 drewmaiia Annexin V-FITC/PI flow cytometry Tngldiaadii
AITULIY 1 x 107 Lwad/viau (12-well plates) uazlinrundutuvosansadasinidenyn
Mnaszidaeiuglnefiunndneiy (25 waz 50 pg/ml) FAifRUfIESYTAIINgu
wilouffuvuusnsmAsliunndsfunsada uazAridifuiefidnusnusanguiideiu
vuwiInTAedANwANFTunadAfiseRuAIILd ety 95% (p<0.05) Tngld35 Analysis
of Variance (ANOVA)
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4.14 wavasmsAnwUULALTUSAURIN RAW 264.7 ileldfumssniauainnisnszdudie LPS saufu
Flulnatuanidensssidanenuglnediemaiialusaleding (proteomics)
slevagougninisaiie NO vesansalulnadundsan 24 $lusil RAW 264.7 gnnszdunisaing

NO #8 LPS u&an1s3ias1syi NO #8738 Nitric oxide assay nuindlessudisvivwadiassnd

(untreated cells) sefUN13a319 NO lunguiidsawadsauiu LPS fissegnaifien fergetuagnad

tfudndny Gevanef LPS nagduiaad RAW 264.7 ThAnnssntay agnalsAmuszduyes NO wuidlen

anandlovinsdsagadfilaiunisnszduliiinnisdniauiusudlulnadunnidenisadaeiugived

Arududu 100 pg/ml (U7 4.22) anifurhnisadalusiuansadluuiasngunisnaaosie 1) wad

RAW 264.7 fABsUNR (Untreated) 2) 1wad RAW 264.7 fignnseliinnisdniaudae 100 ng/ml LPS

\lsegnaiiien 3) lwad RAW 264.7 fignnszlsiiinnisdniause 100 ng/ml LPS uaylésuslulnadud

adudy 100 ug/ml 2udhe Fadlevhnisuwenlusiusremadialusilefind (proteomics) Wuitusas

ngunsmaaesiinsuansoonveslusiud LN 100 spot Fauanslugud 4.23

120 A
= a
£ 100 - b
=]
[*]
= 80 4
X
= 60 A
2
S
= 40 1 ¢
[=]
2
O 20 .y
z

0 L] T
Untreated LPS LPS + cHb

100 pg/ml

UM 4.22 wavesdlulnaduainidenssedareiuginedenisasislunineanles (NO)  lulwas
wunlasyhe RAW 264.7 fignnszdusieans LPS (lnsuansluguaesifudamnuannsaly
nsasslusineanled Tinguitgnnszdusme LPS fusunallunineonlamilu 100%) A
fffusesnusnusinguimiieutuuuuiansmdellduansstuneada wazaiimiude
FrsnusnudanguiiaatuuuwiansAeiaiuuandsiunisadffise fuanudesiu
95% (p<0.05) Inelei5 Analysis of Variance (ANOVA)



(a) Control: Untreated RAW 264.7
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(b) RAW 264.7 treated with LPS
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(c) RAW 264.7 treated with LPS and cHb
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UM 4.23  uananuuueulsAuanwaduualasiig RAW 264.7 ieldsunissniaussududlulnadu
Mnienassdaneiuginedomaialusilefing (proteomics) () 1wad RAW 264.7 fliAns
Un (untreated) (b) 1wad RAW 264.7 fignnszduliAnnisdniausie 100 ng/ml LPS
Wiesegnaiiien (o) wad RAW 264.7 fignnseduliiAnnissniausae 100 ng/ml LPS waz
Igsuslulnaduiinududu 100 pg/ml $aude spots TusRufitsegnasAelusiudiily
Anwrede Mass spectrometry tileustsiinvaslusiu
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dlovinisiuisuifisuuuuusulusiulundazngunisnaassnudn Tsfufiuanseen
Wasuulatedredmauilowadldfunisdniau wasidlosziunissniavanasionisifudlulnadud
$1uau 17 spot dudleri spot Tusiusta 17 spot ﬁszué’wgﬂmﬁmamﬂugﬂﬁ 4.23 1ANYIRDAIY
wAda LO/MS-MS udathdayaves MS/MS lons 7ilé saukadn MW ua pl veslusfuusiasiaududy
vugutoyalusiulagld Mascot (http://www.matrixscience.com) wuinaunsaseysiinveslusaula
Femsneit 4.1 Felusnuinulsiiusiuau 10 spot fimsuanseeniiivtuidiewad RAW 264.7 165un1s
ﬂszﬁuiﬁl,ﬁmmié’m,auﬁ’w LPS @@ 60-kDa heat shock protein, Protein disulfide-isomerase,
Catalase, Vimentin, ATP synthase subunit beta, Protein disulfide-isomerase A6 precursor, Beta-
actin, Multiple inositol polyphosphate phosphatase 1, HPr kinase/Phosphorylase was Betaine
reductase wagnulUsAusIwaL 1 spot Aifinsuanseenanadiowad RAW 264.7 1§Sun1ssniau fe
Ribose ABC transporter ATP-binding protein usnanniidenulusiiudnsiuau 3 spot idnsuans
LQ‘WWﬂumjmﬁléﬁumiﬂizé}:ﬂﬁlﬁmmaﬁﬂLﬁU@T’JEJ LPS Ao Endoplasmin, Heat shock cognate 71-kDa
protein Wag 65-kDa macrophage protein agndlsAmuilovinisidIsuiiiounguillasunisdniauiu
naufldnssniausiuiuaTalnadumnuin Tsfudiuau 10 spot Insuanseenanasiileiead RAW 264.7
Tasudlalnadusiumie A Stress-70 protein, protein disulfide-isomerase, catalase, vimentin, ATP
synthase subunit beta, protein disulfide-isomerase A6 precursor, beta-actin, multiple inositol
polyphosphate phosphatase 1, HPr kinase/phosphorylase wag betaine reductase LUsauduIy 4
spot finsuanseenidiaty e coronin-1A, 60-kDa heat shock protein, ribose ABC transport ATP-
binding protein wag E3 ubiquitin-protein ligase dsnuinlusAuinanundreiuiindiivarnwans
unum sauieenafiunumlunszuaunissniay wu sy cellular metabolism §apgnaiaiu ATP
synthase subunit beta, protein disulfide-isomerase A6 precursor Wae ribose ABC transporter ATP-
binding protein S2U9 protein fate A29819L%U heat shock cognate 71-kDa protein, 60-kDa heat
shock protein waz E3 ubiquitin lUsAufiisadesiu oxidative burst freeatiu catalase waz
vimentin TUsufivimifdu signal transduction 288199 HPr kinase/phosphorylase ua
multiple inositol polyphosphate phosphatase | TusfiufiAgadaatu morphogenesis fognaigy
coronin-1A Uag beta-actin
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M15199 4.1 ;sunmsilFeuiisunisuanseanvaslusiuluwad RAW 264.7 Weldsunisdniausiuiudlulnadu uazszyviiavedlusiulagly
wata LC-MS/MS

Treatment effect
RAW 264.7 RAW 264.7 RAW 264.7
Spot No. treated with | treated with LPS | treated with LPS Matched protein Experimental| Theoretical | Score| Sequence | Number Species
LPS™ compare and ¢cHb™ and cHb® Mw /pl Mw/pl coverage of
to Untreated compare to compare to RAW (%) peptides
RAW 264.7™ | Untreated RAW 264.7 treated matched
26479 with LPS®
0:11:0 P/A A/A AP Endoplasmin 93,00/6.24122] 92,703 /4.74 71 8 3 Muis wmascalus
0:2L:1H P/A P/A 1 Stress-70 protein, mitochondrial 76.00,/540590] 73.768/5.91 174 4 2 Ms maescaelaes
0:31.:0 P/A \/A AP Heat shock cognate 71-kDa protein| 71.00/5.56674 T1.424/5.37 179 7 2 Bas fawrus
0:41.:0 P/A ASA AP 65-kD a macrophage protein 66.00,/5.72834] 70.784/5.2 78 2 2 Mos mmaescarls
(0:51.: 2H P/A P/A T Coronin-1A 59.50,/4.63691 | 51.641 /6.05 47 3 3 Muis wmaesculus
1C:6L:3H T T T 60-kDa heat shock protein 6233/549055| 61.240/5.60 | 87 5 4 Bos tanrus
2C:7L:4H T T 1 Protein disulfide-isomerase 59.33/6.19339] 57.629/4.8 130 5 2 Bas tawrus
3C:8L:5H T T 1 Catalase 57.00/6.64138 60.106/6.78 | 30 1 1 Bos tanrus
4C: 91 : 6H T l l Vimentin (Fragment) 55.50/5.87718| 51.874/4.94 | 24 17 5 Cricetulus grisens
5C:101.: 7TH T T 1 ATP synthase subunit berta, 52.67/5.94189] 56.265/5.19 333 13 2 Mg wrescalaes
mitochondrial precursor
GC:111L:8H T 1 1 protein disulfide-isomerase 50.33/5.87188] 48.659/5.03 G0 3 2 Muis wascalus
A6 precursor
7C:121.:9H T T 1 Put. beta-actin (aa 27-375) 45.00/5.64335] 39.446/5.78 131 11 3 Mg wraescalaes
8C 131 10H 1 1 T Ribose ABC transporter 42.00/5.03459] 52.727/5.82 42 1 1 Patulibacter
ATP-binding protein medicamentivorans
9C:141.:11H T 1 1 Multiple inositol polyphosphate 32.67/5406086] 55.130/7.21 28 3 2 Muis mnsculus
phosphatase |
10C 151 : 12H T 1 1 HPr kinase/phosphorylase 30.67/4.66733] 34.738/5.35 41 4 1 Granulicatella adiacens
11C 161, 13H T T i) Betaine reductase 19.00,/5.32230] 17.172/4.41 43 5 1 Natrauaerobins thermophilis
JW/NMAPN-LE
0:17L:14H P/A P/A T E3 ubiquitin-protein ligase 19.00,/5.85508] 19.487/5.65 29 4 1 Mg wrescalaes

T WsRundniswanseaniiudy; 4: Wshudinsuanteananas; A/A: Tusaudilinunisuansoaniialy (A) waz B); P/A: TUsAunnunIs
wamgeantu (A) walinulu B); A/P: WUshunldnunisuanseanly (A) wanuly (B)
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unil 5
d5Uuaranusnunanisieg
ANaa & a

nmzeenBinduinananseuyadaszduduasiidibnaseudaszegluissouresezneuvieluiana

'
=

faruradhilunsiuasen Inesudidnaseunnansdu fuvienhlrasilibidnasoutulsiafosuay
rolhAndunorelvadveddidinld oyyadaszyiliAnufATeteendiadu (oxidation) mniAsly
$1nganiuly wivSinaasinueuyadaseliiieane avdwaliiinn1iziaTonsendindu (oxidative
stress) wagdwalviAnnshateAdue Tsiu lufu uasluianadu nadomedelumanatmunguas
wadaztufusnunsvedasiaislana viawed wilnetiry weveuguLIITaINITIASERRENTIATY
fiAntu mnifndsziaides fagilhdssdenisinlsausss Tsamlavaiden Tsawmanu Taanis
sruuUszann nmzidonanin wag wineuds Yegtumuniddsnenuuandiduiinisifnlsaiduies
271 oxidative stress uarasraliAnnsvhateideie wu nisfade nsuadu msldsuansiiv ua
Amzdue (Enauiionsiduoyyadasting, me., 1.U.U.) fedruveseyyadaszlaoianiveyyadaszid
gondauluesAusznau weiiunin reactive oxygen species (ROS) A hydroxyl radical (OH),
superoxide anion (0,), lipid peroxyl radical (LOO) singlet oxygen (102) ez hydrogen peroxide
(H,0,) (Turrens et al., 2003; Bickers et al., 2003) ﬁ]’mﬁﬂénmWﬁﬁ’mﬁuwudm%aaaizﬁmamwum
we1Ban1mAne waziduavnvesnnudureaadLAYIINEDE19NNNE Fathufietleafunisida
ouyadasziinniiuneluinainie wanfusiiieguandifidiunauyesasansssumanaununisldas
duaedt 1wy Wiy vienind Aderuduiviesnindeisufvasdunseidaindumadonia
sogunmitddnyitesesumarouyadastildnananudidisiu
ynnaninsAnyvanseengvifusyyadassudy mandenianneadoasendnduluead
wnzdssdodulueafildfumssonsuilivssansamdmiunsdumansiueyyadass ansssuei
%ﬁfﬂl‘w:ﬂﬂ (Dash et al.,, 2008; Craciunescu et al,, 2012; Thring et al., 2011; Piao et al., 2008) 1ng
Bswdlenhannviaieaeendntuiilende n1swieatiigie hydrogen peroxide (H,0,) Feiiadn
Jueyyadasznguosndiau (reactive Oxygen Species; ROS) iddnyign imihIeuiaiiou
precursor 484 ROS Bu9 Bnanniny uaziidnenmlunsnemnudemeiisuussnieluead ﬁﬂﬂﬂgimi
LAALIARIIE ﬁLﬁm'ft”laqﬁ’ua%aﬁaiza&hwmﬂmma (Craciunescu et al,, 2012; Kumar et al,, 2010)
midfeesaidddindensssididameiugivesAnvquslunisdestumad Inlusumasifiones
uyud (BJ cells) MnanniAnoendiatuiiinainnsmieiives H,0, deranismaassuandliiiiiu
Mesdusznaudentsudiniametusineldun wanaun slulnadu uaransatnudadensn sniiudsu
anunsadesiuead BJ mnannsesunsandndula laenuirdlulnaluaiusadesiunisaeveaead
BJ Mnanmzp3uneendaduiesainnismienives H,0, ié’aﬁqm FInuIraaiTinsonia 89.0%
lurnefiadildfuannuessneandinduiiosetnafiendidinsoniiios 50% wiiiu uenaniidefn
fednuagndugIUINg MU asdUTEnauiendsElaInsadesiudnvaenadugIINe e LYad
BJ 1§ Tnensziuilowadlésu H,0, Wiesodafion 1wad B R]%ﬁﬂﬂ‘iLUgﬂugﬂﬁ’lﬂIﬂﬂﬁﬂﬁwﬂﬁ’JLgﬂaﬂ
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(cell shrinkage) waznumMMULLuTenTadMeluT I dssantiosas Tsdenndesiusenuised
H7131 999 Craciunescu et al. (2012), Thring et al. (2011) way Ao et al. (2014) agnslsfnuiiowad
fegluaniny LﬂiamaaﬂmmuimULaam% sdsaudety wuinead B gansdnuaueneduguInela
PINNAUITE TR lﬂumﬁwmumqmmua%aaasmmamﬂszﬂauLaamimawwuﬂmiu
NaoANAADY GﬁqwudwwmamLLamqm%ﬁumaLfJumiéhua%aﬁaizLﬁaﬁwmimaaué’aﬁ% 2,20-azino-
bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical scavenging Feanunsadudald 13.6% waz3s
hydroxyl rad|cal |nh|b|t|on mmmaaa‘umlm 57.3% (Phosri et al.,, 2014) dquslulnadunazasana
dmdenvdunuin LilJ’eJ‘VlG]ﬁ’eJ‘U(ﬂ’JEJ’Jﬁ Lmotelc peroxidation inhibition aimiﬂauumwﬁwm 68.7%
mumsaﬂmmLaamnmqwﬁwm 78.0% lanaaousie3s 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging nuinBlulnaduiqnsuds 47.3% dwwansatadadenvnignisuds 38.0% e
naaouRieds ABTS nuidlulnaduiigniduds 24.9% drwansatadadonvnigniduds 40.2% wax
Slonedeuseds Nitric oxide radical inhibition nuin8lalnatufignisuds 40.6% druansatadniden
maﬁqm'éé’ué’j@ 33.6% (Jandaruang et al,, 2012; Phosri et al.,, 2014; Theansungnoen et al., 2014)
mﬂsﬁayjaﬁﬁqa‘jmmLﬁulﬂlﬁdﬁimiﬂaﬁuLLazmiaﬁmL:ﬁmLﬁam’nﬁé’fﬂsmwiumimimwmmL?{EJW]EJ
aeluwad B) fdnain H,0, lﬁaﬁqmﬁaamﬂmmawmiaiumié’uéy'aa%aaaiﬂwaammamﬁ
wanmay uonaninnaiueyyadaszunsdlulnadu eraunainngy thiol  nvelulassaneves
slulnadu 91nN15518911909 Reischl et al. (2007) wansliiuan Slulnaduvesaseid (crocodilian)
aunsnan ROS way RNS 1a wayainnisAnwives Vitturi et al. (2013) lawanslmidiuin B93Cys lu
glulnaduvesywdfunumddgluveddadenunsdmsuasiueyyadasy

PNNANTNAADUANENNTVRUTERTE Tun1stesiunsiinAunssneendintuain H,0,
luwas BJ wuidl H,0, Tnavilvidnuaenesdugnuing1voausad BJ Wasu Aowadiinsuasianas
(cell shrinkage) adudnuarmsdginefivsueninwadmdsazae videiwadmdadrgnismenuy
avmenlvda (apoptosis) Fudunszuiunisiiwadldnevanesedudndusunsesewad Ineain
uATefHmadliifui 1,0, Wisuadeudud udedinsefurianis fanusonseduliiiia
N3¥UIUNTT apoptosis Aelulwadld (Singh et al., 2007; Piao et al,, 2008) Fafuieliidlanaln
osdulunstesiuwadainanzinionsondinduiiiosain H,0, 3¢ldvinmadeuauaansaves
denaszitaneiuginglunisdostunismeouuy apoptosis lulwad BJ Aildsuannzinienoeniindy
Fananitnedu Fensmnaest Indenlddlulnaduiedusunurecedussnovannidenssediieonualy
nsfnw ileanndlulnatusigrilunistestumadanannsinioneendinduldfgeitan uasdadaiy
aqﬁﬂizﬂauﬁwwmﬁqmmﬂm%am Fenansnaaesiiuduin H,0, iinalunswiethliead B) 1in
N3¥UIUNTT apoptosis ié’a&mﬁﬁfaﬁwé’zgLﬁaﬁwm'ﬁm%&mLﬁﬁUﬁUL%aéﬂﬁmﬁLgaaﬂﬂa (untreated cells)
Tnenuwaalin early apoptosis 31U 14.5% Wag late apoptosis §1UIU 32.3% ag19lsAnunui
lulnaduaunsadnsinisiia apoptosis 9MnN15iEItves H,0, Iiegniiteddy Faannanis
nnaosiuandliiiuii mmmmsaiumsﬂaaﬂummmimaaﬂmmumﬂ H,0, luwad BJ ve9
Fulnadu oraifiosanslulnadurretesfumadannnszuauns apoptosis tues



59

auyadaszuenanzusumsveInsiiaufisereendindu (oxidation) dimuinanunsadeasy
maAnnnzidesvesaneauhlugnisiianszuiunsdniaunazlsadus 1idnse 9nnanismaass
Iradunanstidiuisaudullifidentszidasiionuaunsolumssunssniauld eiidosinouya
SasyiAntumeluwadtuasnsawidenilfiannssnauld (Mohamed and ALOKbi et al., 2004)
é’aﬁ?umiﬁﬁqwéé}’ma%a5333%&mﬂﬁqmééfmé’ﬂLaué’aalﬂiuﬁu fefulunisvaassndaiissld@nuigns
Frunsdniavvesdlalnadunazansatadindonsmandensssidasiugine Tnelfigadimeides
wuAlATYN RAW 264.7 Wuluea a1nnani1snaassnunasaiadaidonsaunsaannisoniaulu
wad RAW 264.7 m‘mﬂﬂi muimﬂ@msamauma Llpopolysacchande (LPS) waz P. acnes la
Tagihly I‘N%WJ’NLﬂﬂﬂiu‘Uﬁumi’e}ﬂLﬂU maamumsaﬁamsaamiaﬂLauaaﬂmmmumn LU INOS
LAy COX-2 39 INOS agiinandensedusiieg F95ude LPS wuaillse TNF-a, IL-1B Wwag interferon-y
(Bae et al,, 2012) waduualasialiunumaAglunisneuauesianIsonLEy Immﬁagﬂﬂizﬁu%ﬁmi
WA pro-inflammatory  cytokines 13u lumsneeonlaa (NO) prostaglandin  E, (PGE,) uag pro-
cytokines i IL-6, IL-1B tag TNF-a. N130@# cytokines méﬁ%gﬂmuaumimamﬁa%q mMRNAs
11 NF-kB (Deng et al, 2011; Yu et al, 2011) Fsnanisnaaandsil fnrwaenndosiutoyanuide
fsnantnasiude 1ile RAW 264.7 gnnszéunnssniause LPS wag P. acnes sefuves NO ity
ogailifvddyidlowiouifiouiunguisadfigniiesnd (untreated cells) Tnsmudransataudindens
anunsnannsdnauldenisansedu NO fignnsedulfasrafiududld nsanasmessedu NO 41
wnlifuluvhueafiorfuiussdunisuanieenvesiiu iINOS Fanuindedsawadildunsdniausauiu
asafadiaidenun seduresdu INOS finsuanseenanasesilifoddqudewfisuiuimaailéfunsedu
MssniauLiBaeEafie) uena1nBu iINOS udadamuin e RAW 264.7 gnnszéudie LPS wag P. acnes
syfunsuanseenYasiy IL-6, IL-1B uay TNF-a dmsiutuegredidedduiy egslsimunuindy
wienilfisefunmsuanseantlanaadieldsuasadadadessnainifensseidaeiusing Ssaonadostu
sesfuraslusiiu 1L-6 uas TNF-a Wensatndmemedna ELISA fiflssduanasedheiitodfaiiodonad
fldsumssniauiudvasadadndonsn duuisunsoagldhmsatadaioniausaannis
sniauldlnnsmuausefunsuanioonvesBuiiiieadesiunssniay uenannsmuaLsEFUNTLARS
YasBuiinadeiuuds Smuiiasatndindenundiauisaansefunsaiewuy apoptosis luiwadi
gANTEAUNMTSNLEUME P. acnes ke LPS 1oannndn 50% me
dmsugnssunisdniauvesdlulnadudy nudndlevnisAnvnvuunuveslusivlugad
uuAlAsAg RAW 264.7 fignnszduliiAnnssniaudne LPS uazlasuslulnaduainidonsseidaneiug
Inasi muwellalusaleding (proteomics) sunuunaaualagalnt (LC-MS/MS) wundilusAuduu
A 17 wiladifinnsuanieenideuudadiulussninnssuiunmssnauuas lesuslilnadu Saduldsiiu
fvieadestunissnauiivainuanenaln wu cellular metabolism Taléiun ATP synthase subunit
beta, protein disulfide-isomerase A6 precursor Wag ribose ABC transporter ATP-binding protein
Aenfiu protein fate aléiun heat shock cognate 71-kDa protein, 60-kDa heat shock protein gy
E3 ubiquitin WsAufiienfu oxidative burst Faldun catalase waz vimentin WWsAufAeatu signal



60

transduction &@sldun HPr kinase/phosphorylase Wwag multiple inositol polyphosphate
phosphatase | waglUsauieIiu morphogenesis @1laun coronin-1A and beta-actin 3au150a3y
nihnaAgueslushumaillunszuiunsoniaulass

=

Heat shock proteins (HSPs)

Heat shock proteins %38 HSPs nuilagluinisuanseanifiegnnszfumeninuiou agelsh
Pudadinisenunisianteanveslushuriiniiiliognnseduaindasiviindus lawwuiu wu n1ga
99n@LaU (hypoxia) @15LALNTNAY (toxic chemicals) $aUYRINTZUIUNITOALEU (inflammation) Lazlye
v o < ' = sl a 3 &
fud1 HSPs Wunalnlunismevauesieaunienveseadndisunledusiungluwadananie iy

[y 1

Supsrewmaniu (Laplante et al, 1998) nsAnwmansdulduandliifiuin HsPs anunsadudsaanu
AnUnAvesgiiduiuld wulsawimmiuaslsadosnauisludaivaslunsvaasmsedindowiures
;:Jﬂ’wimé“ﬂl,auga%’q wazdanuin HSPs emmaﬂizﬁulﬁzjaa‘iﬁlﬁmmﬁwam anti-inflammatory cytokines
Wiy 1L-10 19dnAl8 (Hauet-Broere et al.,, 2006) s?fﬁaagaLﬁaqﬁuaamﬂﬁaqﬁuwamiwmaaﬂuﬂ%’jﬁ%
LPS @na130N38AUIEAUNITLANIYaY HSPs Tuiwaa RAW 264.7 1a 2 wila Laun Heat shock cognate 71
kDa protein (HSP71) wag 60 kDa heat shock protein (HSP60) n1suansaanaas HSP70 wutanzly
waaTlaSu LPS windu dmsu HSP60 Hufipsnunisuansenatissaiieniieidousadiilasunis
Sniauufudlulnadu Ssamsidowmailinsaivayuegetaauindlulnadudisdunssniausinu
N13UANI9DNVBILUIAU HSPS

Coronin 1 (coronin 1A)

Coronin 1 (coronin 1A) funumaAglunalnlesiudddindenisindewuaiiise Tudnindesgn

a A

#puy nulusiusdaiazuanioanly leukocytes Faldanunsansranumsuancoanldluadeingun
faudiwadifinden119dl coronin naneaiia wanuin coronin | \Jurdiafifinifivainvanswas ey
ﬁéjﬂ (Pieters, 2000) 971AN19518971UBY Liu et al. (2014) Wudﬂu?jﬂiﬁamsﬁa H. parasuis coronin 1A
dzuanseeniiiadudinisiiauwes NFkB fremsdudenisaatesives IkBa wazdudenisiia nuclear
translocation 184 p65 Felurueaferfu NF-«kB lagnsreamindusdinszdu pro-inflammatory
cytokines Ui Inslawizegebs IL-1 uavdwaliinnisenay anwanisnaaesluadsinuin syau
n1suansaanuas IL-18 Tuiwad RAW 264.7 iisduagraiiduddnyilowadgnnazdunissnaude LPS
Fofiarudululigedl NF«B avgnnsdusandne fdunisideaead RAW 264.7 fignnsedunissniau
¢ LPS saufuBlulnaduazdsmaliinisuantoanues coronin-1A Fsagtnegiudanianszsu NF-«xB uas
Mrnsoniavaniiosas

ATP synthase

ATP synthase 1utoulesifinansiasidludundsauazlulnaeunie eldiunoitoslunisuan
wilumadueandidldin Fanudn beta subunit Wudwdsznouiidifyues ATP synthase Tuns
Fuffu co-factor Litead1an&as1u (ATP) (Dunston et al, 2011) 911535189148 Dunston et al.
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(2011) Wui1 ATP synthase beta subunit sinsiasundassziunisuansesnneluwadusalasiiag
Slognmansedudae LPS Tsaenndasfunanisnaassluadsil finusedures ATP synthase subunit
beta Liugstudiowad RAW 264.7 gnnsedfudae LPS Wuiu eszdunisuansoanveslushusiniid
svdvanasaulndifesiusedunisuanteanlunguisadfiansund (untreated cells) loibasadiiia
nssniaumfululnatuanidenasudanetusive wadndnuandiifiuisefunsuaneeniiiiuiy
983 ATP synthase fianusndulunissnensedunserfinsdin1sndandnureseadluse winainnis
dniau Jadesziunisdniauvesiad RAW 264.7 asauiilosaindlulnalu nsuanieenves ATP
synthase 3985zAUANAIAIBLTULALIAY

Antioxidant enzymes

oulwildiueuyadasenateuiin 1y Superoxide dismutase (SOD), Glutathione peroxidase
(GSH-px) uag Catalase feidunalnaiivszansamlunisdostuwadgailonanoyyadase ROS
woulwyl Catalase Wutoulasifiauisatdosiusyyadassiinuegrsuninats duduiinsrufudii
Catalase Snn5vheusaniu SOD Tunnsidn H,0, THduiuazesndiau (Reid et al, 1981) Tngiily
ROS Lﬂuﬁié’ﬂdnL*‘ﬂué"sﬂmqﬁﬁwﬁ@umié’mau TuseninenIsnevaueIion1sSnaunIsHan ROS iun
Fuly eneviliiAnesdemefiddsiowwad dse1vtilugmnudemevosiidulenaznoliinnis
nanewug (Lonkar and Dedon, 2011) lun1snnassnssinuindedisnsad RAW 264.7 fignnszsuly
\Annssnuause LPS saudusTalnalu sefunisuanioanyes Catalase Imanasileifisuiunduisadi
QnnsedunIsSniauie LPS iesettafien wafildtuandliiuinglulnaduausaiidn ROS 14 ey
NsuAnI0eN catalase Feamandesnlidnduseddddnsely

Vimentin
Vimentin Lﬁuiﬂiamﬁuiaﬂmaﬁgﬂﬁﬂaaﬂuﬂl,ﬁamauauaa(;iam’:tmzéjuimmzmumi apoptosis
Iﬂiaumﬁﬂﬁﬁadﬁﬁmmﬁﬁigsiami%’ﬂwm’mmamﬂiaﬂﬁummaé delwanusaduaniizeioasie Ia
wonanifeiisesuin vimentin fldwsanlunssuiumsiedeudnevesead (cell migration processes)
Tunsaifinmuidemeneidedouaziad cell migration deindiunuimdrdalunalnnisosiu wu
N1SNYIVIAUNG NITONLAU LAz mimauauamai“wﬂmmu (Chernoivanenko et al., 2013) hmﬁ
NAABIASILANUNTTLARIBBNTBS Vimentin amaaLmaLamL%awmmumuma LPS iamuaimiﬂauu GR
NUNBAIINIINITLANIDDNYDY vimentin amaamamiamaumaiumaa RAW 264.7 anadifiesain
glulnaiu
Mnfinanudsfunuindensssidarsiuginedouilunistesfuisadananiizinion
sandinduluwadlnlusuaadimvidsveuywd (8)) ldeg1eliusz@niam menislesiuead BJ 210
AS2UIUNTS apoptosis TAnnNwieatives H,0, uaﬂmﬂﬁé’qwudmﬁamwL%’ﬁ?ué’qai'qm%‘iumﬁam
nsdmauitintunisluaduualasiig RAW 264.7) WognnssduliiAnnisdniaudae LPS uas
P. acnes IHduiientiu Tnenuindlilnaduaunsnansedures NO IL6 uag TNF-a duduansdenasnis
Snauld Fsmmitnisanasesansinanis 919An1NLEBAILL U LUAIVANTZAUNITUARNIUDIAS
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donanesnsdnaumanilusefuiy uarfmuindenassddeauisaannisiinnseuaunis apoptosis
meluiad RAW 2647 \flawadldsunissniaudae daiuanasdarmiilalunsd uandifuogng
Fanuinlsfuvewdlndmifuesdusznevludenaszitiiunumddylunszuiusiueyyadaszias
funssniauldodnaiiusyansnm Ssdeldinduusgloviegaunnlundvesnisdoseniiuiss wetun
wauduovnsiaiuaunw viosdusniauiiinainadeies wazdudunsiiuyadliiugmainnssu
manedsssdlutssmdlng s sodminensveslssmmnliusy ol fogsgean
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ABSTRACT

To clucidate the antioxidant activity of Crocodylus siamensis (C. siamensis) blood
components on BJ human skin fibroblasts, hydrogen peroxide (H,0,), a reactive oxygen
species (ROS) causing cellular injury associated with the induction of numerous diseases,
was selected as the oxidant in this research. Using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide solution (MTT) assay, C. szamensis blood components were found
to exhibit no cytotoxicity on BJ cells. However, the oxidative damage induced by 500 uM
H,O, to BJ cells led to a significant reduction of cell growth. A pronounced protective
effect against this damage was observed upon pre-incubation of the cells with 25, 50 and
100 pg/ml of each C. siamensis blood component for 1 h prior to H O -exposure. The highest
potential to preserve cell viability was found for C. siamensis hemoglobin (cHb) (89.0%).
When observed by visible light microscopy, BJ cells exposed to H,O, displayed diverse
morphological alterations, including decreased cell density, cell shrinkage and loss of typical
fibroblast appearance. In contrast, BJ cells pre-incubated with C. siamensis blood components
remained largely intact after exposure to H,O,. It could further be shown that treatment
with C. siamensis blood components did not exhibit any cytotoxic effect on human peripheral
blood mononuclear cells (PBMC). To evaluate if the protective effect of cHb against
H,O,-induced damage to fibroblast cells is correlated to cellular apoptosis, annexin V-FITC/
Pl-staining flow cytometry analysis was conducted. The collected data clearly demonstrate
that H O, induces apoptosis in human skin fibroblast cells, which was evidently decreased by
pre-treatment with cHb. It is therefore concluded that C. siamensis blood components possess
a great potential to inhibit H O, -induced oxidative damage in B] human skin fibroblast cells.
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1.INTRODUCTION

Reactive oxygen species (ROS) are a
group of reactive molecules or free radicals
derived from molecular oxygen [1]. ROS
include not only free radicals, such as the
superoxide anion (O,%) or hydroxyl radical
("OH), but also non-radical molecules, such
as hydrogen peroxide (H,0,) and singlet
oxygen (‘O,) [2]. Several ROS are continuously
generated under normal physiological
conditions during mitochondrial electron
transport in organisms that rely on aerobic
respiration or oxidoreductase-mediated
metabolism [3]. Additionally, free radicals
may be released during peroxisomal fatty
acid metabolism and phagocytosis by
phagocytic cells, such as macrophages [3].
During normal aerobic respiration, low levels
of ROS are generated to regulate numerous
signal transduction processes necessary
for cellular homeostasis [2]. At excessive
concentrations, however, ROS lead to
elevated oxidative stress in cells, which may
cause severe damage to DNA, proteins
and lipids. Consequently, pronounced
oxidative stress supports the pathogenesis
of wvarious degenerative disorders,
including carcinogenesis, neurodegeneration,
atherosclerosis, diabetes, inflammation and
aging [3-6]. Moreover, numerous studies
have identified ROS as a cause of several
skin diseases [2, 7, 8].

The skin is the largest interface body
organ and acts as a guard to prevent harmful
effects of temperature, damaging ultraviolet
radiation from sunlight, exogenous chemicals
and bacterial infections |2, 8]. Oxidative stress
induced by excessive ROS production in the
skin may induce a variety of clinical conditions,
including skin aging, inflammatory skin
disorders and carcinogenesis [7]. Thus, natural

bioactive compounds that display antioxidant
activity while showing relatively low incidences
of detrimental side effects are of significant
interest for the prevention and treatment of
negative effects arising from oxidative stress.

Crocodile blood represents a rich and
valuable source for bioactive compounds of
natural origin. Scientific research covering
potential applications for crocodile blood is
predominantly focused on the utilization as
treatment or supplement for human health.
Notable examples are the application as
alternative antibiotics and artificial blood
products [9]. Moreover, traditional Chinese
medicine uses crocodile blood and other
components, such as oil, bile and gall bladder
to treat a broad variety of ailments in patients,
ranging from bronchitis, coughing, allergy,
skin problems, high blood pressure
and cancer [9]. With regard to our previous
studies about blood of the Siamese crocodile
(C. szamensis), we found potent antimicrobial
property in all investigated components,
including serum [10], plasma [11, 12],
hemoglobin (Hb) [13] and white blood cell
extract (WBC) [14]. In addition, these blood
components were shown to exhibit promising
anti-cancer, anti-inflammatory and antioxidant
activity [15-18]. With respect to their
antioxidant properties, C. siamensis blood
components displayed high activity in
ABTS (2,2"-azino-bis (3-ethylbenzthiazoline-
6-sulfonic acid)) radical scavenging, DPPH
(1,1-diphenyl-2-picrylhydrazyl) radical
scavenging, nitric oxide scavenging, hydroxyl
radical scavenging and linoleic peroxidation
assays. Among the investigated blood
components, cHb and WBC were found to
possess the highest antioxidant activity.
Furthermore, we discovered that C. siamensis
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blood components contain several proteins
or peptides with antioxidant activity [13, 15,
18, 19], which strongly suggests a potential
application as novel natural antioxidants,
especially useful as skin care products.

Therefore, to the best of our knowledge,
the present work constitutes the first report
covering antioxidant effects of C. siamensis
blood components against H O _-induced
oxidative stress in BJ human skin fibroblast
cells.

2. MATERIALS AND METHODS
2.1 Crocodile Blood Collection
Crocodile (C. siamensis) blood was
purchased from Sriracha Moda Farm., Ltd.,
Chon Buri, Thailand. As previously described,
crocodile blood samples were withdrawn
from the supravertibral branch of the internal
jugular vein of crocodiles aged between 1-3
years. In order to preserve the crocodile whole
blood, one fraction of crocodile blood was
transferred into a bottle containing EDTA
(8 mg/ml) while the other fractions were
transferred into 15-ml conical tubes without
any anticoagulant for crocodile serum
collection. Afterwards, all blood samples were
stored overnight at 4 °C. Serum was obtained
after induction of complete blood clotting
by centrifugation at 2,000 X g for 10 min in a
refrigerated centrifuge. Plasma, white blood
cells (WBCs) and red blood cells (RBCs)
were collected individually after the cells in
the whole blood sample were allowed to
settle in the top (liquid), middle (buffy coat)
and bottom layers of the bottle, respectively.
The obtained plasma and serum were kept
at -70 °C until further use [15, 17, 18],
while RBCs and WBCs were used as starting
material for the extraction of the other
C. siamensis blood components.

2.2 Extraction of Crocodile Hemoglobin

Crocodile hemoglobin (cHb) was
extracted from RBCs according to previously
reported methods [13, 17-19]. Briefly,
centrifugation at 3,000 X g for 5 min was
performed after RBCs were washed with
ice-cold phosphate buffer saline (PBS), pH
7.0, for three times. After centrifugation, the
pellet cells were lysed by adding ice-cold
distilled water and incubated for 10 min. cHb
in the supernatant was obtained after
centrifugation at 10,000 X g for 20 min and
then kept at -70 °C until use.

2.3 Extraction of Crocodile White Blood
Cells

White blood cells (WBCs) were extracted
as previously described [14, 15]. Briefly,
WBCs were washed at least three times
with PBS buffer, pH 7.0. After centrifugation
at 5,000 X g for 10 min, the pellets were
re-suspended in 10% acetic acid solution
(v/v). The suspended WBCs were extracted
by homogenization on ice for 5 min. After
that, the homogenate was centrifuged at
12,000 X g for 30 min in a refrigerated
centrifuge. The supernatant was collected
and the acetic acid was removed by a
SpeedVac concentrator. The WBC extract
was finally dissolved in PBS buffer to yield
cWBC.

2.4 Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis

The protein profile of crocodile blood
components, including plasma, serum,
cHb and cWBC, was analyzed by 13.5%
sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). Therefore,
equal concentration (5 pg/ul) of each blood
component was loaded onto the gel. A low



molecular weight kit was run alongside as a
standard marker containing six proteins:
Phosphorylase b, 97 kDa; albumin, 66 kDa;
ovalbumin, 45 kDa; carbonic anhydrase,
30 kDa; trypsin inhibitor, 20.1 kDa and
o-lactalbumin, 14.4 kDa (GE Healthcare,
Sweden). The proteins were visualized as a
pronounced band on SDS-PAGE with
Coomassie brilliant blue R-250.

2.5 Cell Culture

Human skin fibroblast (BJ) cells were
purchased from ATCC CRL-2522, Rockville,
MD, USA. BJ cells were cultured in an Eagle’s
Minimum Essential Medium (EMEM),
supplemented with fetal bovine serum
(I'BS) and antibiotic:antimycotic (Gibco, USA)
with a final concentration of 10% and
1%, respectively, in order to create an
appropriate culture medium. Cell incubation
was performed in a humidified atmosphere
of 5% CO, at 37 °C.

2.6 Isolation of Peripheral Blood
Mononuclear Cells (PBMC)

Whole blood from healthy humans
was obtained from Blood Transfusion Center
Faculty of Medicine Khon Kaen University
(ethical approval number HE601010).
PBMCs were isolated from whole blood
using Ficoll-Paque (GE Healthcare, Sweden).
Blood was diluted with PBS (1:1) and
carefully layered on Ficoll medium. Then,
centrifugation was performed at 400 X g
for 40 min at 22 °C. The layer containing
the PBMC was carefully transferred to new
15-ml conical tubes. The remaining red
blood cells were lysed with lysis solution
(155 mM NH,Cl, 10 mM KHCO, and 0.1
mM EDTA). Afterwards, centrifugation was
petformed at 400 X g for 10 min at 22 °C
and the supernatant was discarded carefully
without disturbing the resulting cell pellet.
PBMCs were then washed twice with PBS
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and re-suspended in RPMI 1640 medium
supplemented with 10% heat-inactivated
IFBS and 1% antibiotic:antimycotic (Gibco,
USA). The cell suspension was adjusted to
contain 2 X 10° cells/well for subsequent MTT
analysis.

2.6 MTT Cell Viability Assay

The BJ cells were plated at a density of
1 X 10* cells/well into 96-well tissue culture
plates and allowed to adhere by culturing
in EMEM supplement with 10% FBS.
Cell incubation was performed in a
humidified atmosphere containing 5% CO,
at 37 °C. In cell viability expetiments, the
culture medium was replaced with the same
medium supplemented with (0-500 pg/ml)
of C. siamensis plasma, serum, cHb or cWBC.
In the case of PBMC, cells at a density of
2 X 10° cells/well were immediately plated
into 96-well tissue culture plates after
cell isolation, followed by adding 25, 50,
and 100 pg/ml of each blood component
(C. siamensis plasma, cHb, or cWBC). After
24 h incubation, BJ or PBMC cell viability
was evaluated using the MTT assay by addition
of 150 ul of MTT solution (MTT, 0.5 mg/
ml in EMEM) to each well. Incubation for
4 h at 37 °C in a humidified atmosphere
was performed to ensure that living cells
with active metabolism are able to convert
MTT into a purple colored formazan
product, precipitating inside the cells.
Afterwards, the formazan product was
solubilized by addition of 100 ul of dimethyl
sulfoxide (DMSO) and gently tapping or
shaking for 1 - 2 min. Then, the absorbance
of each well was determined at 550 nm
using a micro plate reader, and the cell
viability was evaluated by comparing the
measured absorbance with the absorbance
of untreated cells. All experiments were
repeated at least three times.
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2.7 H,0,-Induced Oxidative Stress Assay

The assessment of H, O, -induced
oxidative stress on BJ human skin fibroblast
cells was carried out according to methods
reported previously [20, 21] with slight
modifications. BJ cells were seeded into
96-well plates at a density of 1 X 10° cells/
well. The pre-treatment with crocodile blood
components was initiated 24 h after seeding,
employing 25, 50, and 100 pg/ml of each
blood component (plasma, serum, cHb,
and cWBC). After pre-treatment with
defined concentrations of crocodile blood
components for 1 h, the cells were exposed
to 500 uM of H O, for 24 h and their
viability was assessed by the MTT assay as
described eatlier.

A microscopic technique was used to
assess the antioxidant activity of the crocodile
blood components. Therefore, BJ cells
(1 X 10° cells/well) were plated into 24-well
plates and allowed to attach overnight.
Afterwards, the cells were pre-treated with
defined concentrations of crocodile blood
components for 1 h, followed by incubation
in the presence of 500 uM H,O, for 24 h.
Then, the medium was emptied and washed
twice with PBS, and the cells were fixed
with 10% neutral buffered formalin for
10 min. The cell morphology was examined
after staining with Wright-Giemsa under a
light microscope. Untreated cells and cells
treated with H O,, which were cultured
under the same condition, were used as
controls.

2.8 Flow Cytometric Apoptosis Assays
Apoptotic rates were evaluated using a
fluorescein isothiocyanate (FITC)-conjugated
annexin V/propidium iodide (PI) double
staining method (BioLegend, San Diego,
CA) in conjunction with a flow cytometer
[22]. The fibroblast cells were seeded at a
density of 1 X 10° cells/well in 12-well plates

and allowed to attach overnight. Afterwards,
pre-treatment with cHb at concentrations of
25,50 and 100 pg/ml for 1 h was performed,
followed by exposure to 500 uM of H,O,
for 24 h. Adherent cells were collected
and washed twice with ice-cold PBS
before resuspension in binding buffer at a
concentration of 1 X 10° cells/ml. Then,
100 pl of cell suspension were transferred
into a 5-ml polystyrene round-bottom tube
and labeled with 5 pl of annexin V-FITC
and 10 ul of PL. The cell solution was gently
stirred and incubated for 15 min at room
temperature in the dark. Immediately,
after addition of 400 ul binding buffer to
each tube the mixture was analyzed on a
BD FACSCanto II flow cytometer (BD
Biosciences, USA).

2.9 Statistical Analysis

All results are expressed as means *
standard deviation (SD). Analysis of variance
was performed for the MTT-based assay of
H,0,-induced oxidative stress, which was
conducted with 3 replications and the least
significant difference (LSD) was used to
compare means. The difference between
groups of data from flow cytometry assay
(apoptosis) was analyzed by one-way analysis
of variance (ANOVA followed by Dunnett’s
test). Statistical significance was accepted at
P < 0.05.

3. RESULTS AND DISCUSSION
3.1 Protein Profile of C. siamensis Blood
Components

In order to elucidate the molecular mass
distribution profile of C. siamensis blood
components (plasma, serum, cHb and
cWBC), 13.5% SDS-PAGE was used for the
measurement (Figure 1). The derived results
were consistent with previous reports stating
that most protein bands of crocodile plasma
are associated with a molecular mass of over



27 kDa. Major protein bands were found at
around 66 and 120 kDa, which correspond
to albumin and gamma globulins, respectively
[18]. Moreover, the profile of crocodile
serum was found to be very similar to that
of crocodile plasma, although the serum
contained more protein bands between 14
kDa and 15 kDa. In addition, the protein
profile of cHb also coincided with earlier
observations [18, 19]. Two major bands of
o- and B-cHb were observed in the cHb
profile around 14 and 15 kDa, respectively,
while additional faint bands representing
dimeric forms of cHb were found at around
28 kDa and 30 kDa. As described by
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Theansungnoen e al. and Phosti ezal. |15, 18],
cWBC contains several proteins that can be
divided into two groups with respect to
protein size: The first group containing
proteins of more than 14 kDa, and another
group with a molecular mass lower than
14 kDa. The collected data further indicate
that the derived C. siamensis blood components
contained all major proteins as previously
reported, even though they were obtained
from different of batches (lots). Furthermore,
it was determined that all blood components
may still retain their normal biological
functions, allowing the use of the samples in
further studies.

cHb ¢WBC

Figure 1. Protein profile of C. siamensis blood components derived by 13.5% SDS-PAGE.
Equal concentrations of each sample at 5 pg/ml were used for this experiment. lane 1 (Marker):

low molecular weight protein marker, lane 2: plasma, lane 3: serum, lane 4 (cHb): hemoglobin,

lane 5 (¢WBC): crude white blood cell extract.

3.2 Cell Viability/Cytotoxicity

In order to test the anticipated protective
properties of C. siamensis blood components
against H O _-induced oxidative damage in
BJ cells, the MTT assay was used for the
screening of potential effects on the viability
of the cells, as well as for cytotoxicity
assessment. The MTT assay constitutes an
enzyme-based technique widely used in both
cell viability and cytotoxicity tests, which

relies on the conversion of MTT into a purple
colored formazan product, mediated by a
specific mitochondrial reductase only present
in living cells. Consequently, a complete loss
of MTT conversion ability is observed upon
cell death, resulting in clear distinction between
living and dead cells and thus allowing an
assessment of cell viability by measurement
of the formazan-specific absorbance [23].
Herein, we provide evidence that none of
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the C. szamensis blood components displayed
considerable cytotoxic effects toward BJ cells
after treatment with defined concentrations
for 24 h, as visible from the high percentage
of cell viability (Figure 2). Cell viability
was calculated in comparison to untreated
BJ cells, which were considered to represent
100% wviability. The highest reduction in
cell viability was found for crocodile serum,
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with values not exceeding 20%, while other
blood components showed only negligible
reductions in cell viability, ranging from
5-9%. These results guaranteed that none of
the C. siamensis blood components in a range
of 25-100 ug/ml exhibited cytotoxic effects
toward BJ cells, and, in consequence,
similar doses were used in the following
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Figure 2. Cell viability/cytotoxicity of C. siamensis blood components analyzed using the

MTT assay. BJ cells at a density of 1 X 10 cells/well were cultured overnight in a 96-well plate

and then co-incubated with C. siamensis blood components at defined concentrations ranging
between 0-500 pg/ml for 24 h before assessment by the MTT assay. (a) plasma, (b) serum, (c)
hemoglobin (cHb) and (d) crude white blood cells extract (c(WBC). Each result was expressed

as mean * SD.

3.3 Protective Effects of C. siamensis
Blood Components on H,0O,-Induced
Oxidative Stress in B]J Cells
H,O,-mediated induction of oxidative
stress in cell culture models has been
utilized in numerous studies as a powerful
methodology for the discovery of novel,
naturally derived antioxidant compounds
[6, 20, 21, 24]. H O, is generally considered
the most important ROS and acts furtheras a
precursor for numerous other ROS with the
potential to induce severe cellular injury,
consequently leading to the occurrence of a

variety of diseases related to free radicals
[20, 25]. In recent research, statistical tests
revealed that a concentration of 500 uM H, O,
is sufficient to induce significant cytotoxicity
to BJ cells. Hence, a reduction of cell viability
by approximately 50% was observed for B
cells in the MTT assay (Figure 3). However,
pre-treatment with 25, 50 and 100 pg/ml of
each C. siamensis blood component for 1 h
before exposition to H,O, decreased the
observed cell toxicity significantly (Figure 3a,
¢, d) in all cases, except for serum treated
cells (Figure 3b). The elevated cell viability of



BJ cells after pre-treatment was found to range
between 60.7-66.0% for plasma (Figure 3a),
48.5-52.9% for serum (Figure 3b), 83.4-89.0%
for cHb (Figure 3c¢), and 67.2-71.8% for
cWBC (Figure 3d), respectively. Consistent
with earlier reports [18], the highest potential
to elevate cell viability was observed for
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cHb-treated cells (89.0%). In contrast, serum
treatment exhibited the lowest protective
effects against H O -induced oxidative
damage (48.5%), indicating that C. siamensis
serum has little to no potential to enhance
cell viability with respect to H O -induced

cytotoxicity.
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Egg 58
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c¢WBC

Figure 3. Effects of C. siamensis blood components on H,O,-stimulated oxidative stress in BJ

cells. Data were reported as viability of cells either pre-incubated with defined concentrations

of each C. siamensis blood component only, or co-cultured with H,O.. (a) plasma, (b) serum,
(c) hemoglobin (cHb) and (d) crude white blood cells extract (cWBC). Each value is shown as
the mean * SD. Different letters on the top of the bar represent statistically significant differences

(P < 0.05).

A number of examples for in vitro
antioxidant activity of C. siamensis blood
components have recently been reported
[13, 15, 18, 19]. Crocodile plasma was found
to be potent in suppressing ABTS (13.62%)
and hydroxyl (57.27%) radicals [18], while
cHb and ¢WBC inhibited linoleic peroxidation
(68.7% for cHb and 78% for cWBC) and
displayed antioxidant activity against DPPH
(47.3% for cHb and 38% for cWBC), ABTS
(24.88% for cHb and 40.18% for cWBC)
and NO radicals (40.58% for cHb and 33.6%
for cWBC) [15, 18, 19]. However, no data
for antioxidant activity of crocodile serum

have been reported up to date. According
to this information, it is plausible to conclude
that cHb and ¢WBC bear a high potential
to alleviate H O -induced intracellular damage
of BJ cells, owing to their excellent capability
to inhibit a variety of 7 vitro free radicals.
Zilinskas et al. [26] reported a higher
antioxidant capacity for blood plasma in
patients with periodontitis than for plasma
in healthy individuals, while the antioxidant
capacity of serum was found to be lower.
Therefore, the antioxidant properties of
C. siamensis plasma might be related to the total
antioxidant capacity of several enzymes
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(superoxide dismutase, catalase, and
glutathione peroxidase) present within the
plasma. Previous work covering cHb
indicated that the antioxidant activity of
proteins might be exerted by specific domains
or functional groups in each subunit that
could act as electron donors, eventually
leading to the termination of radical chain
reactions. Examples include aliphatic and
aromatic hydrophobic amino acid residues
(Valine, Leucine, Proline, Histidine or Tyrosine)
[13, 19]. In analogy, Theansungnoen e al.
revealed that cWBC contain several peptides
which were presumed to be responsible for
their antioxidant properties [15]. The activity
of these peptides was attributed to the
presence of basic amino acids, such as
Lysine and Arginine, and protonated amino
acids, including Asparagine, Glutamine and
Threonine [15], which were proposed to
inhibit free radicals by proton donation
[15, 27].

Morphological changes of BJ cells were
observed under a light microscope after
pre-treatment with defined concentrations of
C. siamensis blood components, followed by
incubation with H,O, (Figure 4). Compared
with healthy BJ cells (untreated), cells exposed
to 500 uM H,O, displayed morphological
changes similar to previously reported
observations [20, 21, 28]. The alterations
of cell morphology included a decrease
of cell density, cell shrinkage and loss of
typical fibroblast appearance. However,
upon pre-incubation with C. siamensis blood
components, the BJ cells remained intact
and retained the typical fibroblast shape
after H,O,-exposure. Furthermore, the
distribution of cells on a 24-well culture plate
was found to be normal and homogeneous.
Itis noteworthy that serum treatment resulted
in the lowest observable cell density, thus
supporting our previous assertion that
C. siamensis serum does not have the potential

to elevate cell viability toward H,O,-induced
cytotoxicity.

Healthy BJ cells
Untreated)

BJ cells + H:02

100 pg/ml

Plasma

Figure 4. Light microscope photographs of
BJ cells under H,O -induced oxidative stress.
Investigation of the ability of individual
C. siamensis blood components to prevent
oxidative damage to BJ cells was carried out
by pre-incubation with defined concentrations
of each C. siamensis blood component for 1 h
and subsequent co-culturing with H,O..
Healthy (untreated) cells and cells treated with
500 uM H,O, were used as controls.

3.4 Cytotoxicity of C. siamensis Blood
Components on Human PBMC
Peripheral blood mononuclear cells
(PBMCs) belong to a population of immune
cells characterized by a round nucleus, such
as lymphocytes, monocytes or macrophages.
These blood cells are an important
component of the immune system and
help combatting infection and adapting
to pathogenic intruders. Extraction of PBMCs
from whole blood can be performed using
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Ficoll, which facilitates the separation of the
individual blood layers formed by gradient
centrifugation. Using this technique, the blood
will be partitioned into a top layer consisting
of the plasma, followed by a lower layer of
PBMCs and a fraction of polymorphonuclear
cells (such as neutrophils and eosinophils)
and, finally, a bottom layer containing the
erythrocytes [29]. PBMCs are widely used in
research as well as for clinical or toxicological
applications [30]. Therefore, a cytotoxicity
assay was performed in order to clucidate
safe treatment concentrations of C. siamensis
plasma, cHb and ¢WBC by which no toxic
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24 h of incubation. The cytotoxicity results
demonstrated that all C. siamensis blood
components were safe within the investigated
concentration range and induced no toxicity
to human PBMC immune cells. Moteover,
the PBMC population was found to exhibit
enhanced cell proliferation in response to
25-100 pg/ml of either C. siamensis plasma,
cHb or cWBC (Figure 5). Taken collectively,
these results imply that the investigated
C. siamensis plasma, cHb and ¢WBC contain
substances with antioxidant activity,
which were considered non-toxic for
human PBMC cells over a broad range of
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Figure 5. PBMC cells cytotoxic assay. PBMC cells were isolated from whole blood of healthy
humans using Ficoll-Paque (GE Healthcare, Sweden). A cell suspension of 2 X 10° cells/well

was seeded in 96-well plates and different quantities (25-100 ug/ml) of C. siamensis blood

components were added. The impact of the individual C. siamensis blood components on the

cell viability was assessed after treatment for 24 h using the MTT assay. (a) plasma, (b) hemoglobin
(cHb) and (c) crude white blood cells extract (cWBC).
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3.5 Apoptosis

Apoptosis refers to the process of
programmed cell death, which ensures
effective cellular disposal in response
to development anomalies and specific
environmental conditions. The ability of
cells to undergo apoptosis can be induced
by diverse stimuli, common signaling
mediators and ROS (i.e. H,O)). In this
context, H O, has been shown to be capable
of inducing apoptosis [24, 31]. Hence,
inhibition of apoptosis was considered as a
plausible mechanism explaining the protective
effects of C. siamensis blood on H,O,-induced
oxidative stress in human skin fibroblast cells.
Among all crocodile blood components,
cHb represents the most abundant constituent
and showed the strongest ability to protect
cells from H,O,-induced oxidative damage.
Therefore, cHb was chosen to represent

40

Percentage of cells
L]
[—]

11

C. siamensis blood in the apoptosis assay used
in the present study. The results demonstrated
that 500 uM H,O, induced significant
oxidative stress-related apoptosis as shown
in Figure 6. The induction of early apoptosis,
as defined by Annexin V positive but
Pl-negative staining, was determined as
14.5% increase compared to untreated cells.
Late apoptosis (both Annexin V and PI
positive) was significantly increased by
32.3%, exceeding the degree of ecarly
apoptosis. Notably, no significant increase in
cither early or late apoptosis could be seen
when human skin fibroblast cells were
pre-treated with cHb at a concentration of
25, 50 or 100 pg/ml. Therefore, the data
demonstrate that C. siamensis blood has the
potential to protect cells from oxidative
damage induced by H,O, via inhibition of
cellular apoptosis.

O Early apoptosis
M Late apoptosis

15
10
5
“Untreated  Hy0,  cHb cHb cHb
25 ug/ml - 50 ug/ml 100 pg/ml
+H50,

Figure 6. Protective effects of cHb on H O -induced apoptosis analysed by Annexin
V-FITC/PI flow cytometry. A cell suspension of 1 X 10° cells/well was seeded in
12-well plates and different concentrations (25-100 pg/ml) of cHb were added. After a 1 h
incubation period, cells were exposed to 500 uM H,O, for 24 h and labeled with annexin

V-FITC/PI. The apoptosis rate was measured immediately after H O, -stimulation by

flow cytometry. Results are presented as mean £ SD. *, P < 0.05, significantly different

from control by one-way ANOVA.
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CONCLUSION

The present study provides strong
evidence that C. siamensis blood components
confer a pronounced protective effect
against oxidative cellular stress, while
showing no adverse effects on BJ skin
fibroblast cells. All collected data clearly
demonstrate that pre-treatment with
C. siamensis plasma, cHb or cWBC 1 h prior
to H,O, exposure attenuates H,O -induced
cytotoxicity in BJ cells. Moreover, incubation
with C. siamensis plasma, cHb and ¢WBC in
over a broad concentration range for 24 h
did not exert any toxic effect on human
PBMC immune cells. Flow cytometry
measurements proved that H,O, induces the
apoptosis of human skin fibroblast cells,
which could be evidently attenuated by
pre-treatment with cHb. Therefore, the
collected results in this study provide a
well-founded rationale for the utilization of
C. siamensis blood components as valuable
natural resource in the development of skin
therapeutic products.
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Crocodile siamensis blood attenuates oxidative stress and apoptosis induced
by hydrogen peroxide in a skin fibroblast cell line .

Nisachon Jangpromma'?, Sakda Dadaung™, Sompong Klaynongsruang™*

! Office of the dean, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand
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? Division of Pharmacognosy and Toxicology, Faculty of Pharmaceutical Sciences, Khon
Kaen University, Khon Kaen 40002, Thailand

* Department of Biochemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002,
Thailand

E-mail: nisaja@kku.ac.th
ABSTRACT

Hydrogen peroxide (H,0,) is a reactive oxygen species (ROS) that is believed to
cause a variety of diseases. Therefore, the present study aimed to investigate the effect of
several potent bioactive peptides and proteins contained in crocodile blood against H,O,-
induced oxidative stress in a skin fibroblast cell line (BJ). Using the 3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazoliumbromide solution (MTT) assay, C. siamensis blood components
did not exhibit in any cytotoxic effects on BJ cells up to a concentration of 500 pg/ml.
Conversely, oxidative damage to BJ cells induced by 500 uM H,0; led to a marked decrease
of cell viability to approximately 50%. However, pre-treatment with 25, 50 and 100 pg/ml of
each C. siamensis blood component for 1h before exposition to H,O, was found to
significantly attenuate cell toxicity. The cell viability of BJ cells after pre-treatment was
found to range between 60.7-66.0% for plasma, 83.4-89.0% for hemoglobin (cHb), and 67.2-
71.8% for crude white blood cells extracts (cWBC), respectively. Among all crocodile blood
components, cHb showed the strongest ability to protect cells from H,O»-induced oxidative
stress. Hence, cHb was chosen to represent C. siamensis blood in the apoptosis assay. To
evaluate if the protective effect of cHb against H,O»-induced damage to fibroblast cells,
which is correlated to cellular apoptosis, annexin V-F ITC/PI-staining flow cytometry analysis
was conducted. The collected data clearly demonstrate that H,O, induces apoptosis in BJ
cells, which was evidently attenuated by pre-treatment with cHb. It is therefore concluded
that C. siamensis blood components possess a great potential to inhibit H,0,-induced
oxidative damage in BJ human skin fibroblast cells.

This research was supported by Thailand Research Fund (TRF) for new researcher
(TRG5880017).
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The protective effect of white blood cell extract from Crocodylus siamensis
blood on Propionibacterium acnes-induced inflammation in RAW 264.7
macrophages

Sirinthip Sosiangdi'?, Sompong Klaynongsrung'? and Nisachon Jangpromma®?
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E-mail: nisaja@kku.ac.th
ABSTRACT

White blood cells (WBC) are an important part of the immune system involved in
protecting the body against both infectious disease and foreign invaders, which might be
associated to inflammation. Thus, the aim of this work was to study the anti-inflammatory
activity of Crocodylus siamensis WBC extract by assessment of nitric oxide (NO)
production in RAW 264.7 macrophages stimulated with Gram-positive Propionibacterium
acnes (P. acnes). Prior to evaluating the anti-inflammatory properties of WBC extract, the in
vitro cytotoxicity against RAW 264.7 cells was investigated using the MTT assay. The
results showed that WBC extract in a concentration range of 25-100 pg/ml exhibited no
cytotoxic effects toward RAW 264.7 cells. Consequently, similar doses were chosen for the
next experiments. For the inflammation assay, heat-killed P. acnes was prepared using two
individual methods involving either heating at 95 °C for 10 min or autoclaving. Both P. acnes
preparations were employed to stimulate the inflammatory response in RAW 264.7 cells with
or without co-incubation with WBC extract at different concentrations (25, 50 and
100 pg/ml) for 24 h. The obtained results suggest that the bacteria could induce NO
production in macrophages under all tested conditions, indicating an inflammatory state was
induced within the cells. However, a significant reduction of NO production was effected by
the WBC extract at all tested concentrations. Therefore, the results demonstrate that
C. siamensis WBC extract exhibits anti-inflammatory activity, presumably by modulating
NO production in macrophages that were stimulated by P. acnes.

This research was supported by The Research Fund for Supporting Lecturer to Admit High
Potential Student to Study and Research on His Expert Program Year 2017, Khon Kaen
University and Thailand Research Fund (TRF) for new researcher.
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diversity priorities. We also compare these to existing biodiversity maps developed by
the IUCN, and compare how hotspot priorities differ between the two. Major disparity
emerges between these two approaches, highlighting the need for further analyses to
develop appropriate priorities for conservation. We also assess if biodiversity hotspots
(defined as having 50 and 75% of maximum species diversity per taxa) fall within
protected areas, and find in the majority of cases that many of the most important
areas for biodiversity of each taxa are currently unprotected and therefore at risk from
various forms of exploitation. In addition we explore if indicator taxa can be used to
assess diversity and degradation as a surrogate for other taxa, and find that at both
family and order level that diversity centres vary considerably between taxa, and

caution the use of indicator species as a mainstay to inform conservation approaches.

16. Nisachon Jangpromma

Protective effect of Crocodylus siamensis hemoglobin on
hydrogen peroxide-induced oxidative damage in HaCaT, a

human keratinocyte cell line

NISACHON JANGPROMMA'?,, SAKDA DADAUNG?** AND SOMPONG
KLAYNONGSRUANG**

1) Office of the dean, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand. 2)
Protein and Proteomics Research Center for Commercial and Industrial Purposes (ProCCI),
Faculty of Science, Khon Kaen University, Khon Kaen, 40002, Thailand. 3) Division of
Pharmacognosy and Toxicology, Faculty of Pharmaceutical Sciences, Khon Kaen University,
Khon Kaen 40002, Thailand. 4) Department of Biochemistry, Faculty of Science, Khon Kaen
University, Khon Kaen, 40002, Thailand.

Oxidative stress induced by excessive ROS production in the skin may induce a variety
of clinical conditions, including skin aging, inflammatory skin disorders and
carcinogenesis. Therefore, natural bioactive compounds that display antioxidant

activity while showing relatively low incidences of detrimental side effects are of
4
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significant interest. Although we previously reported that Crocodylus siamensis
hemoglobin (cHb) is an antioxidant protein by retarding 2,2-diphenylpicrylhydrazyl
(DPPH) radicals, the protective effect on HaCaT, a human keratinocyte cell line is still
unknown. By the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide
solution (MTT) assay, cHb exhibited no cytotoxicity on HaCaT cells. Furthermore, the
oxidative damage induced by 500 uM hydrogen peroxide (H,O,) in HaCaT cells led to
a significant decrease in cell viability. However, pre-incubation with 25, 50 and 100
ug/ml of cHb before exposure to H,O, for 1 h could evidently prevent these cells
damage. The morphological changes of HaCaT cells were further evaluated by visible
light microscopy. The result demonstrated that HaCaT cells after exposure to H,O»
displayed diverse morphological alterations, including decreased cell density, cell
shrinkage and loss of typical keratinocyte appearance. In contrast, BJ cells
pre-incubated with cHb remained largely intact after exposure to H,O,. Therefore, it
can be concluded that cHb possesses a high potential to protect HaCaT cells from

H,0,-induced oxidative damage.

17. Supivanit Maiphae

Taxonomy of the Cladocera (Crustacea: Branchiopoda) in

Thailand

SUPIYANIT MAIPHAE

Department of Zoology, Faculty of Science, Kasetsart University, Lad Yao, Chatuchak, Bangkok
10900 supiyvanit. m@ku.ac.th

Progress in biodiversity, evolution and biogeography of freshwater invertebrates in any
region are based on firm systematics. In the Cladocera, which is one of the main

microcrustacean groups in freshwater ecosystems, taxonomy often forms a bottleneck
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Evaluation of the properties of plasma from Crocodylus siamensis blood
affecting wound repair in human keratinocytes cell line (HaCaT)
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ABSTRACT

Plasma of Crocodylus siamensis was reported to carry strong antimicrobial.
antioxidant and anti-inflammatory activity, each constituting requisite properties in
supporting the recovery process of injured skin. Although the effects of C. siamensis plasma
on wound healing have not been thoroughly investigated to date, anecdotal evidence suggests
plasma C. siamensis plasma has the potential to accelerate the skin recovery process
significantly. Therefore, the objective of this study was to assess the wound healing
properties of C. siamensis plasma on the human keratinocytes cell line (HaCaT).
Interestingly. crocodile plasma could activate in vitro proliferation and migration of HaCaT,
which is regarded as an essential phase of the wound healing process. An in virro cell scratch
wounding assay was conducted to investigate the effects of C. siamensis plasma in the
migration phase, demonstrating that plasma is capable of supporting wound healing in a dose-
dependent manner. As a result, the scratch wound area was found almost completely closed
after treatment with 200 ug/ml of plasma. Based on these observations, C. siamensis plasma
is anticipated to bear a great potential for the development of therapeutic products for injured
skin.
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