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immunity) 4aguuudnwie (acquired immunity)  Tulsiaavesmyaing wasduanvylding
B6C3F1 #iléifuansana TAM 0.1-10 pe/ml T in vitro laifin1sildeunisiaiaguagnisuiseadve
lymphocyte Tun1snauaustse T 1aa mitogen concanavalin A @15@AaTAM 10 pg/ml @115
annN1sRovAUDIRD allogeneic L“Uaﬁ"?jﬂLﬁUL%ﬁﬁﬁ’]ﬂJ%@ﬂ%HLﬁ?ﬁ DBA/2 TWABNSNA@RULUY one-
way mixed lymphocyte reaction nsfinwinisldiwadidindenununznszduwadiing dielwans
antibody 1 in vitro fe3Enagey Mishell Dutton wuinilowfisufungueunas TAM 91 1 uay 5
ue/ml anansavinUSunaueadiadns antibody (AFC) sia culture 1¢¥osaz 32 uay Sevas 43

AUAIRU (p< 0.05) vidaflauansAndu AFC sio 1 duwadvindy TAM 91 1 uag 5 ug/ml T
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Abstract

The seed coat extract of Tamaridus indica Linn. (TAM) has been shown to have
antioxidant properties. As several medicinal plants possess antioxidant property also
display immunomodulating activity, the present study explored the effects of TAM on both
innate and acquired immunity in a murine model. In vitro exposure of splenocytes from
B6C3F1 mice to TAM at 0.1-10 pg/ml did not alter the lymphoproliferative response to T
cell mitogen, concanavalin A. At 10 pg/ml, TAM could significantly reduce the allogeneic
reponse to DBA/2 splenocytes in a one-way mixed lymphocyte reaction. The study of in
vitro sensitization with sheep red blood cells for antibody production in the Mishell Dutton
assay revealed that when compared to the corresponding vehicle controls, 1 and 5 pg/ml
TAM significantly increased antibody forming cell (AFC)/culture by 32 % and 43%,
respectively (p< 0.05), . Exposure of TAM at 1 and 5 pg/ml also enhanced the AFC/10°
splenocytes by 33.5% and 58.0%, respectively. In vitro cytotoxicity of TAM to six cancer
cell lines showed selectivity towards some cancer cells. Furthermore, In vitro exposure of

RAW264.7 cells to 0.2-200 pg/ml significantly attenuated nitric oxide (NO) production,

induced by 10 pg/ml lipopolysaccharide (LPS) and 10 ng/ml interferon-gamma (IFN-Y), as
much as 68% in a concentration-dependent manner (p< 0.01) TAM at the concentration
range of 100-500 mg/kg also showed a dose dependent suppression of 12-O-
tetradecanoylphorbol-13-acetate, LPS and/or IFN-Y-induced NO production in isolated
peritoneal macrophages from B6C3F1 mice exposed to TAM via oral gavage for 14 days.
The preliminary safety studies in B6C3F1 mice showed a transient decrease in body weight
at only the highest dose (1000 mg/kg) without alteration of any general toxicities and

natural killer cell activity.

Overall, the present studies suggest that the immunodmodulating effects of TAM is
most pronounced in the suppression of NO production by macrophages. Further studies
to gain insight for inhibitory mechanisms and the beneficial roles of TAM on alleviation of
diseases associated with overproduction of NO are worthwhile for investigation in the

future.
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1891 (Tamarindus indica Linn) Wuiiviinuludszmelne uazeulneduineiv
msthideusvmuarludeuanlfifuaiounadmivusiemns uagisummdunulnessyasmaa
Tudwsingg veswzuuazldiluensnvilsawandeiu wu naflassnaatiglunisges Urguden
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ugam Fufnidudmdefisnnnisfulssmusarangraimnssy vieenagninanliusslemitis
Hudutlos 1Wu Tuusissiuvesusemalnenaunsunanudauzaaluniunlusa (Suttajt,

1985; Sittikijyothin and Cherdwonechroensuk, 2011) 1uideiAen gy fiteddnlnainay
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Junsasizimdiudsenevvesansiadlulu e wWisnuazwaausviy drunis@nwignanig
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polygalacturonase unliiiinasio protopectinase (Farnsworth and Bunyapraphatsara, 1992) &



FIBIUNITHUETS proanthocyanidin (C4538016) lurUdsnuazunudunzeiy Tuuislseine 14
Waenduuzalunissnwlsaveudin tr3aids uazdnwld uenainiu ansafin ethanol waw
‘ﬁu’mﬂLﬂﬁaﬂﬁuLmé‘mmmmﬁqméﬂﬂﬂaﬂiﬂlﬁu{f@é’mau (arthritic) (Babaria et al, 2011)
(http://www.modern natural.com /tamarindus_indicus.htm) Pumthong et al. (1999) la
AsIzEsain ethanol 9nWdenuwanuzaLAe3S thin layer chromatography Lagwu3n
@13 flavonoids Tua’ﬁaﬁ’ﬂmmﬂﬁaﬂﬁuLmﬁmmmmﬂumimjm oligomeric  proanthocyanidin
complexes (OPCs) wagilqnsuayyadaszas Gsaenndesiuauidoves Tsuda et al. (1994) 7

wuduuszneunae Tuasadnainudeniuuinugninligvsiueenfindugaguniu

@135 OPCs 1u metabolite ddgyiimuludanduau wanedu wazluwdafivdu Wi
pistachio OPCs Ganulavialuludn waldl uavlunen a1snduilgnAunulae professor Jacques
Masquelier Nafnansianildonduau (French Mmaritime pine bark) wazandnsininielite

v 1 = ® Y a
V9MIATI pycnogenols tunaduusewmeglsy waza MASQUELIER'S luussmeaansgaiasnm
waglunnstiausenansnguili’ OPC 3@ procyaniodolic oligomers (PCOs)  (Fine, 2000)

aov = ) £ = i ! N L. '
F1B9IUNTIFEUINUNELAEITUNENITININENI)U89E15NEN OPCs %38 proanthocyanidin 9
annsauszynaldlunsuntavisedesiunisiinlsasne 9 dovsiueyyadassgeninbinniu C
wazlwndiu E vianedunh inanuwdawnsaasBangulin collagen taeliivasndonvened Ll
a a < A 1 [y LY Y £% &
Annisiniefnveaniaion (platelets) Fredesiulsaiala uaglsalutedniay awnsaduie
wuaiise h¥a AunsSwazvuiunsduaSuusss Uidaenssnau eanslsagiivi nazeu
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spuugiiduiu  uenaniu n1sAnwmeedindanudn OPCs dsamennisvaslsn  attention
deficit disorder LLaﬂiﬂamwgmﬂLﬁu (hypersensitivity) (Fine, 2000; Bagchi et al., 2000; Ray,
Kumar, and Bagchi, 1999; Dhanalakshmi et al., 2003; Cos et al., 2003; Gentile et al., 2012)
glggms mde (2550) Ieainansandendiumdnusviusie methanol  wagwuIndiuuna
condense tannins (proanthocyanidins) LLaz?\luaﬁﬂqﬁﬂaaﬂﬂa”mﬁqu’ééfma%aéaizﬁqﬂﬁum
a15dnm UaRued OPCs ﬁaﬁﬁwﬁiaﬂuﬁﬂ (Naturesmiracles.com, 2000) Dr. Bagchi uag Ag
wud GSPE anunsatlestuamudemeneaiaidolusuuaglnlasoyyadassiiinainainad an
nsase lipid peroxidation Wazaan1sumninues DNA (DNA fragmentation) lunszuaunis
apoptosis (Bagchi et al. 2000; Ray et al., 1999) uenaInti nMsneaedly in vitro @safaann
\wAnodu GSPE fgvsvanewadusSmatevin Tuvneiiduaiunisieiyveneadund (Bagchi et

al,, 2002; Ye et al., 1999)
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oxygen radicals felinnisgadsaniizanuduvediva (fluidity) vendeuRuwadiudingen
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W§ viselnanIENUABNISHANIUTAUAY 9 FeAruaNn1saSeYy (proliferation) Yauwadlussuy
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fifuiu Wudu (Bendich, 1999) lumanduiu swidenuinansiueyyadase wie fu

e =2
D

PoNTATU  (anti-oxidants) @M1IANTEAUNISVINTUYBITEUUNTANM WU B-carotene Lty
ANansalunisen natural killer cell (NK) WarnISfiun1SWas tumor necrosis factor (Ju
cytokine iedasiunszurunsdniay waznseAu endothelial cell) ¥ onocytes 1518411437
A13U1A  antioxidant ﬁﬁﬂﬁmuqa%ﬁm AANINBUANBIYRITEUUNNANAULUY  delayed type
hypersensitivity wsavilildenisiinlsaindone q saureliaalsaiiiedastunisinud

Y o 1

AnunAvesszuuniiduiy 1wy lsagidnunuies (autoimmunity) lsalydesniau (theumatoid
arthritis) uaglsanunig vve lsmala (systemic lupus erythematosus) (Bendich, 1999) n13
Suusgnu vitamin E 200 mg nnduduszezioan 3 wieu Fasanlywinisinizda (adherence)
VDUYAR lymphocyte L.Lazmzéjumm‘%myLLazmiLLﬂaL%émm lymphocyte [lonauaLeIme
mitogen é?faLﬂuﬂzwﬂuﬂqamq uBNYINTL N33 N-acetycystein eanieyn adherence v94
lymphocyte wagiiinmsiadeulmiionsvaussiodanin (chemotaxis) Tuluinavesyiihdiign
FninlAAn endotoxic shock s 100 me/kg LPS (De la Fuene, 2000) A15l@su multivitamins
SR selenium revzasszarAnni (progression) wazn1sWaLIvedlsA HIV/AIDS  wagiiiy
S CDA'T Lﬁzjaaﬂlﬁqa%ﬂuﬂﬂw Auiilosnnn UnUmues antioxidative vitamins B6, B12, C,

o v 1 a v £

E, B carotene waglagianig vitamin A ﬁﬁmmmﬂzymamiﬁwmumaqL%aéﬂu@uﬂuLLazai’WL’fJu

Y

sianma’%ﬁyl,l,azmsﬁmmms (differentiation) YaswaaLinLdonv17 (Singh and Pai, 2015) ﬁqﬁ?u
dlimilomnuaavanedn s OPCs flgnsduoyyadasygs Teenunsaduaiunisiianuues
spuuiAuiule Wy peynogenol  @nunsansEAuNSILYRITTUUNANTY Tensfiunis
yhaues NK fiumshauveadindentn Snwimiuaugaves cytokines lasmuausesy IL-1,
-6 waz IL-10 uazansEAUYes histamine MlAneIN1ATu (Natural Heatlh Essential,
2000; Chishier et al., 1996) UagUu @15 resveratrol %ﬂLﬂuaﬂiﬂa;u polyphenolic Tuaugn
udsgendldudueuaudagiuy  Tumsshwalsa HIV/AIDS  wan1sAinyimeaddnnud
resveratrol @nansnauasuUsEANEANN1T0RNgNETedEN didanosine 1 200 wih Tnefigndeae
vhane Tat Fudulushuil HV astuieonsedulusiuduildlunissiaesmuies (replication) ves

Ta¥a 7l resveratrol lageanganiun1snsedu SIRTL NilgnSiiaty Tat (Lin et al, 2014



Singhand Pai, 2015).815 flavonoids Lawwwﬁmiuﬁsuauulmmmsaé’ua‘% enzymes wianeuiingi
Aendunszuaunsnszdu (activation) wadluszuuniduiu 1wy protein kinase C, protein
tyrosine kinase, phospholipase A2 tufu uag flavonoids *wm8%ﬁ®ﬁqw§ﬂszﬁuﬂ15ﬁwawumaq
wansing o TussuugiAuiu Wy B wad, T wad, macrophages, neutrophils, basophils a

eosinophils vWudu (Middleton, 1998; Janeway and Travers, 1996)

NNTNUMIUITIUNTTULTRIRU a13ngu flavonoids WU OPCs visenguansilgnaaiu

auyadaseld TrnudrAgsonisinuressruugiduiu Ay Wienviuwdausuundaisngy
OPCs 1Judiunilanetasnusznau uasligvsdueyyadasegeiaiiazligninisssuugiinuiu
¥ < a

WUAY KAZAITAIFBNITIVEEIINENTANANUADNTULNAANZVINEINTOLGNTABNITVINIUY B9

q

szuuglifuiuinfienivansainanuinedu GSPE wseansainaindenduau pycnogenol #iil

q

| [

yargimansavseld esainaisngy OPCs  Tudenwdnuzaiueiavsiignimilou nie

Y Y

LANA1991INgYN OPCs Nafnlannildanduau vie wanedu nszesdusznavduludaniuiuan

a 1

= a U . . U U Y a a A e Q‘ =
UUIN9199TUNTe15eninaiu (interaction) fuas OPCs naliAnNIswasy vise AugNENI

AMMYBY OPCs 1AATU A951891UY09 Suttajit et al. (1987) 7RNwIAIMAUTUSTENINNGAS
Iﬂiﬁﬁ%ﬂﬂLLazqw%wWG%Uﬂﬂw (structure  acitivty  relationship) Wag318491U31 degree  of
polymerization, ¥fiavas linkage Uag ny side chain lugnslasiasnsvesasanunsalvignasin

wanseiulunisinuige HSV, HIV, Wenuafisy anuaiunsalun1siueyyadass wagn1sviney

o

Y945¢UU complement YaeiiAuiula wenaniu Jagdu unvazliivuidenneituudeniy

9

winugw lnglanizgnisensyinauvesssuugifuiy Mty 91uided Juausiiefdnw

%

Jeswuieatunavealdeniuiudausriuifne nsvinuvesssuugliduiu wisidulasinisi

sesliladayaisenaun1siasanfneninvean1siuuiyalasin1sidefnyignanisdininees
Waeniuwdauzaalusiusig o iiensiaunbidundadusiasugyamainiivayulnslnglnd

yaALiuaTsgiaduaenndesiuuleusduasuiivayulnsinevessguialneg

1.2 Jnguszandvadlasanside wWednuilesiunavesdfoniuudnuzyiuse:

Ay
GHG

1. MSAOUANDIATULIARYRITEUULH
MINBUALDIAIUANTUIVDITEUUY

gUdRIULzISaadaeNUgYTHnm1T 9

Eal A

NM59UTIN19@319 nitric oxide VBLLWAA macrophge



1.3 Y9ULUAVDINITINY

v
av Ao

NITediansneaeInsAnyaveasainanUdeniuudauzvnly in vitro 6o
NSABUANBILUUTINEAUgaaYassEUUiiAuiY  (cellular specific immunity) laginnis
POUAUBIVRNTARLNL (splenocytes) GUENMHL:fhﬁ mo allogeneic cell Tu mixed lymphocyte
response SMTUNSPeUELBILUUS e UaNstn (humoral immunity) tdan Mishell Dutton
assay WloTnravesansaiasonsass antibody fifinnusimzsewadidindonununs (sheep
red blood cell antigen) dmsun1sianavadansainaNUaaniuLAANzIINRDNTNOUALDT
wuvliisumeiislnussnda (nnate immunity) @ennsvageu mitogenesis assay T in vitro
LazANENNsatuNIsELgaaNzSEeiugeg 9 Tu in vitro Tu direct cytotoxicity test ERYT
Anwngnisvesansanalu in vivo sle natural killer cell activity wonaintiy Ssdnwiguisidosdulu

nssumssnaulaediudainisasne nitric oxide sluliea in vitro waz in vivo Tagluaa in
vitro i@enlflwaduziSsanenug RAW264.7 fignnszdusae LPS uaz mouse IFN-¥ 1fuasnsziu
TiAnnsduasIZi NO d95U in vivo Taea denans tumor promoter TPA Wusinseauiwad
macrophage 3NYevinvewmyllitd B6C3F1 Aldsunsteumeinseansadaanideniu

wanuzuduan 14 Yu

1.4 Uslevunlasuainnisiae

1. lavayagnsiloswuson1snauredssuugIANAUMUUTUMZIIE N UTARLAZANY

(%

ansivesasainanieoniuudnuzyy

2. liveyagvdilewiuvesgrsiuuziiwesasaiaiinestesiuanuluiivieenss waz

'
1% v A

n3viuYes natural killer cell Fudugiifuiundusiiile

q

1%
[ 1% [y

3. ladeyaiieriugnsiunisdniaulagnisduginsasisansdenansdniau nitric oxide

fa51alaswwad  macrophage FaluwaddiAgluszuugliquiuiiieidesdiu

nszuIuNsenEuTduaig vise eadesiuneSaninvedsazeimaiayie
4. deyaifgriumsvedeudie 9 awnsethluussendldluBendyiner viseiveam
I~ b4 [ Y < a o ¢ a ! awv 1 !
Waenuwaauzvliilundnduniasuguamselulueuanlunuidusesensiig
5. ladeyaainemanslunisatdvayunardaasunisliusvuvesussunsineily
< = L= [ ! < L ! a [ 2/ =)
ugaduesounaviessnwlsanie  [Wunsaduayulavduasuodanu  v3e

a

pidaygyvesusInygulng

Y



Ui 2

av o d [
A1IIVYNLNYIUVDY

2.1 uzvIULATATINAMN ISy

Wy (Tamarindus indica Linn) \Juiialuied Leguminosae (Fabaceae) lalgugiu
yuelug) gs 15-25 wmsuazdivuinseudildl 7 wms (GUA 2.1) TFeviosiiu uzanwlne (anans)
1 (nald) pzgu (wasTedun) daleds (Myauyd) wazdnlea (aus-asuns) daduiivnsena
i (Legumminosae %39 Fabaceae) agﬂmaﬁ Leguminosae uzyiinondeseniivenluuas
UaneAs ndunendndes aefiieues wawduiln Sidevumdn iena wiudt (@97 seufiving,
2539, wioudn msduviuazeny, 2539) wululsmmaunufeudu TnsawsUssmaBuieuas
Usendlng Aeuyndrutesuzuanansoiianliusslondld uzomdauamimnsduasens
wagldiduendnwilsn (De Caluwe et al, 2010) dwiuaulnedsliusslovtiandiusneg vos
UzyNInIUkar e s ndaTInaining  dswmdwulnelunadddising 9 ves
szynfugndnulsauwnnaiudell duuie viefidoniwemdon Wuessue ewdle o
avaneduszg Ungdladia wiennisviesn ladialvaludesrasn vinduvues wuasinses wild
wazdiuay dmmnuaziuFenldaiuuna Snwilsafnionn herpes simplex virus dnuddonds
T fusnauuausy  uazinwilsaunadeslulin aunuuwanmes aanmsfeiviazinulsade
uildfuamme  funsivaiouvessyuuladin  Snwinnaiieundvesstg vuesluuagn  was
nulsasing 4 wasldiluegmenslévou wivioadu enfeu wandusiizesmas lukaseenseu
THlunservevaulns Wunslvarisuressyg Hreduiaums Snviennisleuasnin uflsaviosiae
uenantiu dndenuarsnddfifusdunide fuan uazdnuilsadn (gaf seudfiving, 2539,
WIOUIN ATAUNLATAME, 2539; FuANT QSNAUINY 2556, Audwalulagansaumeuaznis
?’%ami, 2556; mj'gau%ﬂﬂigm%’a;ﬂaayulm, 2556; Farnsworth and Bunyapraphatsara, 1992;
Kuru, 2014) Tuunussimalduzanuussinionnisiduas Snwlsaunanse SnvuInuLpawaznIg

VILLB9INNNTONLEU LagsSnwlIaLuInIU (De Caluwe et al., 2010)



gﬂﬁ 2.1 LaneaIUnIee WUzl (Tamarindus indica L.) (De Caluwé et al., 2010)

2.2 $1UATYEUUTZNDULAZHNETINTNVDIUZVIY

Y

gt Tinidevansanzalafinugrinisdaninanadiumngg vesmzun wagwuiill
Taziluna nen Tu wse Waen é’auﬁqwﬁamw LAZQALMIUAITOMNTUINIY TUdIUN koY
wén gaulusmensnezdludniu (essential amino acids) Bnviu tryptophan (Glew et al., 2005)
91INNTIATIZRAIINE WA (phytochemicals) WU phenolics compounds Tusizuusznau
A8 catenin, procyanidin B2, epicatechin, tartaric acid, mucilage, pectin, arabinose, xylose,
galactose, glucose, uronic acid wag triterpen (Bhadoriya et al., 2012) anzvufiaulusadld
Lﬂumiwwqmﬂﬂﬁ’w malic acid, tartaric acid wag potassium (Havinga et al, 2010;
Bhadoriya et al., 2011; Kuru, 2014) @una (Martinello et al., 2006) aan (Al-Fatimi et al.,
2007) ni3abu (EL-Siddig et al., 2006) duilauaudRfueuyadasy Martinello et al. (2006)
Wudwaﬂiaﬁ’@mﬂmammué’u‘qu‘éamzﬁuﬂaalﬁamaiaaqﬂwﬁam (hypercholesterolemic) U84
Wy hamsters anU3unad LDL uag triglyceride Tuvaizfifiuloduf HOL ansadndrunag eyl
néafiedsureunanertunalnnssudidosinuvasuradey (calcium channel blockage) (Al
and Shah, 2010) dasatnanudaignidiedesiuunalunszsimize1ms (peptic ulcer) lu
Tuwmadidnilag ibuprofen, alcohol way N5l pyloric ligation (mﬁ@]ﬂﬁiamﬁaﬁwdwmzL‘W’w

o

pmsigldidn)  Tasduusenevluansadafieengniuiazifuaisusenau polyphenolic
Instanig procyanidin, epicatechin wagz polymeric tannins LWiwmsmdwﬁé’auﬁqwéé}’ma%a
DAY ¥189anANULELTUVBILNA MINTLNIZBINISEA WA Y tannin §9978U89nUNITHAILIVDILKE
Tunszglagyinlildsaunnaenau wagyinlmnan1suaRIveInasnlaen (vasoconstriction)

a

(Kalra et al,, 2011; Kuru, 2014) @safndiulunazluanau1safunisenay wadligndainid



acetylsalicylic acid wazdisflanuaunsasziviindlonnasdulunaildisnensnin a5l
wazAnusaulunstniliminaulduUln (Landi Librandi et al.,, 2007; Kuru, 2014) Imsqw§
Frunssniaundtendeiu diclofenac Mindunalnnsdudenisadts NO waz prostaglandins
(Bhadoriya et al, 2012) Wil ARMELNsadILEINSENLEULAZUSSINIBINT5IEULA
(antinociceptive  effect) U1aziiaadaeiu polyphenols  wag flavonoid Tuaisafn uax

AUANNTOVDIUEVINNYIE TN UADYTA NV UEBVUAIVEY lysosome  FeaLAinnIsideniy

A

oulaa] phospholipase A2 ﬁwaﬁmﬁfs szAolfiAnansfitigafunisdnauinuriiunis
hydrolysis 484 phospholipids (Kuru, 2014) asafnanudaszuudignddmuiuvmulaedine
#0 insulin Tnetaetiosfu pancreatic  cell Frmuauszdutmaluden uariluamnudem
srvenilofesuseu (Maiti et al, 2004) uenainiuy ﬁswmmimzmmmmaaﬁmqﬁuw%éﬁgq
wuATiSe 51 wazdsAnsng q Tnsansatnanlunzruansadufinsasyvemuaiiae Tnedud
L‘%’a Burkholderia pseudomallei, Klebsiella pneumoniae, Salmonella paratyphi, Bacillus
subtilis, Salmonella typhi, Escherichia coli wag Staphylococcus aureus (Choudhury and
Sengupta, 1970; Havinga et al.,, 2010; Bhadoriya et al., 2011; De Caluw et al.,, 2010;
Escalona-Arranz, 2010; Djeussi et al, 2013; Kuru, 2014) sl fis1eaiuinauanunsagnu

WUATISBTBINZYNAAMLAYITRIAUUIHNY0Y lupeol Tuansanin (Al-Fatimi et al., 2007)

| a o Q’lj = v < I | = ‘;’ [y v a

drudell auladeniumdausvnumsziludiumdeniainnssulsenuuasdadl
nsAneIdeiiiotanldusylevilidunnin eg1lsAf Tuurvissuveslsemalnelasinnsunsun
Pndauzusnlgininuselev Ingnaudununlusin  dusuuseinadulaideldduen
dnuLnanselduevinudan (De Caluwe et al., 2010) Pumthong (1999) leAnwiasrusenau
Y9981581n ethanol 91nWdsnuAALZYIL WUINUsENEUMEBEaISNgN phenolics TuySunaas
lpglanenguans oligomeric proanthocyanidin complexes (OPCs) ULaghaninnSAUoyyadasy
9E9ABIMILNTINALaULADaTEYTA peroxyl, hydroxyl Wag superoxide anions @viIN1g

. . Lo . . . = o oA
naasslu in vitro uenaniifalansnauntles lipid peroxidation warAuldsmeduduLiiosain
an1IzAsEneanTty (oxidative stress) lulBeruwadvondaifonas Fedonndesiunuide
Y94 Tsuda et al. (1994) Ainuinasanin ethanol uay ethyl acetate TwsaNaINLUGoNNLER

ugyufignsfueyyadasy  aulvedonliiausunfviazwiviasondnagisinugauandy

(%
U1

LAFRLNAUIZNEUDINIS Tneanizuzviumudaduuzriugniiv lnedeuuslng Asiudadl

D

o [

NUATBAUMVEAUBLYADATEANULINY 2 ilall  Siddhuraju (2007) wuiUGeNYLLGR

q
&

uzAvLazuAgnsaueuyadasely linoleic acid emulsion system lpgilgnaninia



butylated-hydroxy-anisole (BHA) U#igan1 ascorbic acid 911398984 Sittikijyothin  uay
Cherdwongchroensuk (2011) WisuLiisugnisueyyadaszainasain ethanol annidentiy
iBpuzLuRIsErIn s IaENE MY WUTLEYUTBaEUTna phenolic  waw
éfuda DPPH  radical (DPPH) gentransataainiudensjuiufauganmanu uendindu nsny
AMuduiivresasain methanol mmﬂﬁaﬂﬁjmLuﬁmmmuﬂq%ﬁmsﬂsmau polyphenol #&n
16uA procyanidin dimer Wa procyanidin trimer Snuvasnsioseny liwmienilhAnne
A3eneondiaty uaziiuseduiduleidiueyyadaseng q Tusu Asteuleyl glutathione

peroxidase, heme oxygenase Way glutathione S-transferase @a13afingsfignatasiunisiin

a o %

nzsafuluszozisudu Inedudinsiinsnuiuveswadduiiaunftazduasuiouledidna s

[ 1
=1 1% [ % [

Tudiu (5393508 WAgiide 2554) Al liaonanediun1snaaasued aiggns ade (2550) Fearin
mammLﬂﬁaﬂﬁ:muﬁmmmmﬁ"ﬁw methanol wagwu3IndUIuas condense tannins
(proanthocyanidins) wag phenolics g4 iauﬁgqa'jqw‘ééhua%aaaizé’w Yonanti asatnann
L‘UﬁaﬂﬁuLué‘mwsumé’aﬁqwéﬁmmsﬂmmu%’a (antiarthritic) 1ne Babaria et al. (2011) ¥11n13
naaedliasataaniudenumdauzeuiiatade ethanol way ihifuny rat wuiriasatans

2 ¥ilAanIIadUgINsUINYRIWINIY (paw edema) N¥NUlag Freud’s complete adjuvant

o/

2.3 szUUiANAULATN1TNARRUATTNHgNSARTTUUNNANY

Y o

wuuqﬁqumﬂmwumsﬁwmﬁ%%’au wadanuduszileuas wadudnne ques
szuugfiduiuvhausiudusialiszuu wadusasaiavihmiifiuandnaiu visusiudulaseuny
Fefunarulunsnevauessodunidvieduulantasusing q uaznwauaunanielusianie
(homeostasis) Tngnsdeansseninawadiiiuifinamad (surface cell receptor) uaw/v3e
Nuansiadad ety cytokines wag lymphokines %tias1e 9 (Roitt et al., 1996; Murphy
et al, 2008) fregrwadluszuugiiAuiy lawA T lymphocytes, B  lymphocytes,
macrophages, dendritic cells, natural killer cells kag polymorphonuclear granulocytes i
13 9 AB basophils, neutrophils waz  eosinophils éhaEJNmiﬁfﬂuiswgﬁﬁmﬁuﬁm
antibody fia¥19lae plasma cells FsWmu191n B lymphocytes, 55UU complement proteins
FeusznouseTusau 30 nilliaviausauiuegalugnld (cascade), interferon, chemokines

waz cytokines wfinr1e 9 WWudu (Roit et al., 1998; Murphy et al., 2008)

N15ANYIa1sNAgNTABN15YIN9IUYBITEUUNTANAUDI1INTIVADUNAVDIAITABNIT

¥
Y v v LY

movaueIvessyuUnTiduiunwuuliidiwe (nonspecific immunity) FadugiAuduiifiuifin
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Y o

(innate immunity) kAU UNIE (specific immunity) Fudugliduiuiideamiunsisouiiay

q

a9 Gedmdu  acquired  immunity  Taevialu n15UsEIIURAYRIE1TABNTYINIUTBITLUY
pilfuiuansanageumenisiasuanstunasanaaes (in vitro) w3e Tusinievesdninaass (in
Vivo) agn1sinNanIsnaaete1aianan1sinau vie n1snevaustvesssvugiinuiulunass

719899 139 WINNEARINAaY 139U LYad0NIINTAINARBINLEASUAITANNSLELIAINAINUA

=

etnnsnevausdlunasanaassile udusisnisneageuidenld degr9isnisvadounnsgiu
ddylusuiwinerssuugiauiulaun n15Inn15asne antibody Aag3s plaque forming cell

assay #3810 ELISA (Enzyme-Linked Immunosorbent Assay) LWoANYINANIENUVDIAITADNNT

Yaa

91U199 B lymphocytes lun1snauaussiuuasin (humoral immunity) #5014758 ELISPOT

(Enzyme-Linked Immunosorbent Spot Assay) ﬁam15aﬂisqﬂm‘“l,%ﬁfmﬂ%mmsuaa antibody &g

U %

cytokines #1149 #a9AAUIAUTUIUVOY cytotoxic T lymphocyte ﬁgﬂﬂizmumﬂ antigen

q

TN dmsunnsIanansenulesaIsaeniIsnavauasaIueas (cellular  immunity)  lauA
cytotoxic T cell assay, mitogenesis assay, mixed lymphocyte response g delayed type
hypersensitivity — 1153AN15A0UEUBIMUULNTUWIZAIY innate  immunity laAN1TVAEDU
phagocytosis, antigen processing Wag presentation WazN1SEse nitric oxide lulwaa
macrophage $3719M159A@0Y natural killer cell activty M3ingisuniulaesiulusianigse
& A a 8 o a4 A a a NG vaa . . A

Wolsa nIoRanIsAnuUzLsdudUIlnsInaITiwuTansialleis host resistance studies %30

Tanansenuden1sAIvANN1IInuYesesRUsznaulussuunlinuiulag daUsunas ymphokines

q

NIDNITUANIDINTDY genesind & TIABIT8IAU lymphokines (Burns et al., 2001; Burleson et

al., 1955a wag 1955b )

Wesnnszuugiiduiulusriimedussuunadududouninarn  Avayulnsnidgndee
¥ U a 1 o o

szuuniiAuiuealidnsnanenisneuausvessruuifuiuiuulidnnie vseuuudunie Ly

q q

q

919y AnN R ULUaw 8T MT0TEAUNITINIUVBATARAIN 9 VBITEUUNNANY LWull
name T waa, B waa, macrophage, natural killer cell wSeoadinanosyuu complement
proteins  ¥3BiINAADNIINAIVBIATNAAFBUALAIVANNITYINNUTINAUTEN I UGaF lUTEUY

QHANAY 1Y lymphokines wliasna 9 uanandy Wayulnseailisusdasmiuaiunsalung

Y v 1

AUMUERLIAANY 9 LU NTEAUNTTINNUYeITEUUYTANTY Freiumsiauetss dudelisa

N a = a & A o = & v o I~ a A a
LLUANLIY ‘Vii@IiﬂW@ILGU@@u 9 aqiaﬂﬂ‘ﬂqﬂW%ﬁl‘I‘uVLW§ NAFNYNUANILAUVAAINYUANDIFUNANIENU

[y =

AensvimTfveseas vseansuivliafie q lussuugifuiuiissiinife) vsevatevilanioy

9

1 o Y v

ffu Aty MInsavdeuasaiafivayulng aunsadmasenisvihuvesssuugiiduiuvseld 39
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gINNALITISNINRARUNEYTAAEY  kAASIASNITNAgaUNaev I TududfuTu (tier
approach) mwé’ﬂmimaawmigmmﬂaﬁﬁwuﬂm US National Toxicology Program

(Luster et al,, 1988, 1992, 1993) Ingldnisnaaauluilasu 1Sanin tier | \WunsnaaauInalsi

[y

nansenusosruugiAuiuvseld wardinansenusessuugiiquiu Juinisveaeulutusiely

q

a . A e ! s A Y a AY o & £
A tier Il LNDAN®IIN LY 178 a']ﬁuqquWA‘LquigUUQﬂJﬂﬂJﬂULUuL{jWWNqﬁJGU@ﬂﬂa‘lﬂﬂr]iaaﬂqmﬁ

9ESVUATY M15199 1 WAy 2 WaERIP0819N15NAdauUNlglunNIsUsLIUNANTENUYRIANTHD

seuuiiauiulussey tier | wag tier I puddy

dl v dld 1 ¥
M99 2.1 LAMINITARNTDY (screen) A1INUNEADISUUYN ?’]&Iﬂﬂi@l%ﬂsﬁ AsNAgdY Tier [

Parameter ANedaU

- NIATIVEBUNI hematology: complete blood Lag
differential count
Immunopathology - mammlﬂmqu’mm umuﬂm u’muﬂu’m thymus
GYU o s90vhen150399 hlstophathotogy YDIDTENZHA 9 i
Lﬂmsuaaﬂ‘ummvsuaammmummu

NINDUAUDIAD mitogen Va9 B \waa WU LPS 38 F(ab),
Humoral-mediated immunity | N13IAN15ABUALDIYBY primary antibody L4 N151U
97U2U plaque U89 IgM  antibody forming cells #i9 T-
dependent antigen (iFadenuaung) Usunas leM Tudsy

NIMDUAUDIAD mitogen U89 T L4aa LU concanavalin A
Cell-mediated immunity waz mixed lymphocyte response #9 allogeneic

lymphocytes, local lymph node assay

Nonspecific immunity Natural killer cell activity

*aawUadann Luster et al., 1988, 1992
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o

M131991 2.2 LAAINISARNTBN (screen) ansiilasesyuugiiauiulagly nsnageu Tier II*

Y

Parameter ASnadau

AMSHUTIUIU LAz subsets 99 T way B lwad A9y
Immunopathology immunocytochemistry 484 lymphoid tissue A15UULLA
LLazU%miwuaﬂLﬁﬁaa“lulsuﬂsz@ﬂ

Humoral-mediated immunity | A15TAN1SAOUALBIVBY secondary antibody (1gG) feLdin
LHOALAILNY

ATINANEINTOIUNITHIVOY cytotoxic T Lwad n133n
Cell-mediated immunity delayed type hypersensitivity, mouse ear swelling test

(MEST), guinea pig maximization test

N15IAN15Y1191UVOY  macrophage ¢3¢ LU in  vitro
phagocytosis ¥84 covasphere fiRnaainday fluorescent,
Nonspecific immunity N9 Listeria monocytogenes W3NTNATAALELSS

189 macrophage  luan1izund nieiilognnszdulag

macrophage activating factor (MAF)

- lunavasuAillsY: Listeria monocytogenes (AN13ANY
YDIFNINAABINIDANUAIUITOVDIANINARDIIUNITAIEA

wupiilse) Waz  Streptococuus sp. (ANIANEYDS
dnlineanariniu)
Host resistance studies - luwmavaslasa: influenza (@Msmevesdninnas)

- Tunavesusan Wi Plasmodium yoelii 3e Trichinella
spiralis (uUSinasngeuvessanlunduie LagN1IgN
Juaan (expulsion) Ya9Usdn
lULnaves syngeneic tumor: PYB6 sarcoma (Qﬂ’mﬁ@
um%ﬂuﬁ%mmﬁﬂgﬂdw), B16F10 melanoma (AN15LAA

uz\59¥gnay vseLiin metastasizeluivan)

*AawUasann Luster et al,, 1988, 1992

s

2.4 nsAnegnsAeTTUUIANTUYaNEYIN

Q‘I AayY o o a

T2t enuideiativayuinueuuausneengnaseseuu)iinuiudadivsunudiia

Y 9

asannanUdenuzyn (bark extract) fUsg@nsamdudinisiasyues Salmonella typhi 19

UNNEIU LATYIENTEAUNITLITYVD lymphocyte  Tuantizifl way 13l mitogen
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phytohemagglutinin 3'1mmﬁaaﬁuayummﬁaﬂumﬂ%’mﬁaﬂmmuLﬁa%'ﬂmiiﬂmmﬁa
idesaniiguinszdunsaiyveawadniduiudime  lymphocyte uazdatieyianeUsdnly
nssuaLdon (parasitemia) Tnee3deTuuran tannin lunzauanansashusanlalneduiulvsiu
Basrludosanszsimisuazaild (gastrointestinal canal) 103UsAn W3 glycoproteins fiRauen
2991988 (Nguta and Mbaria, 2013) polysaccharide ﬁaﬁ’mmfmzmmmmaaﬂﬁsﬁumiﬂﬁuﬁu
UDY phagocytes Fudamsindouiives leukocyte Tu leukocyte migration inhibition test uag
fudswuaunis proliferation YDUYAA bUTEUUNNANY (Sreelekha et al, 1993)  a15ainaIN
winuzuutisusimivideundusieln (nephrotoxicity)  wagnisiinaduzifsiidoyiile
(renal cell carcinoma) lulunadidniilae N-diethylnitrosamine wag ferric nitrilotriacetate &4
ﬂalﬂmsaaﬂqwém%Lﬁaa%’aaﬁquéﬁma%aSaimaamiaﬁ@ fivawan oxidative damage il
HanensiAnugisale ﬁgafjﬂa;mmsﬂisﬂau polyphenols luansannainuanuzuuusznouniy 2-
hydroxybenzoate, 3,4-dihydroxyphenylacetate, (-) epicatechin, tannin, anthocyanidine wag
oligomeric pmxnﬁhocyankﬂnsﬁaﬁuﬁia%ﬂﬁﬂanﬂoﬂdant enzymes uazﬁuéﬁ%ﬁwwamaa
Fuaaunisluwadfifeadesiunsimunvedlsauzide (cancer related signaling pathways)
(Vargas-Olvera et al., 2012) Paula et al., 2009 57841131 @13ngx polyphenol Tuasarinainua
LazluanveuzyINinanIuAuaaIladanu1d neutrophil UBNIINTU WEVIUEITIBUTTIN
o1msvedlsaniuw Inedroussimennisveuiin (asthma) uazennislelasiiquadnu histamine
e?faLﬁwﬁ"ﬂumiﬁaﬂmaﬁﬁmﬁddﬁlﬁmmmigﬁLLW ﬁqw‘éﬂ%’uam@amﬂuéwma (adaptogenic)
LaztIBsnANLETETUB mast cell (mast cell stabilizing effect) lailshiAnnnsndsansnogiiui

(%)

gandNwad (Bhadoriya et al,, 2011) dunsdnwnavesddoniumdausviusessuugiifuiu

WinfiduAuINTIfigss1891Lddeiszyin  polyphenol fiafnainiudensuiudeuzyiuaiunsaan
annearuaionanaudeululiide Gallus  domesicus) Tnsnguilidssnigliainufon
gamnll 38°C uazldSuasain 400 mg/ke Tuerms dU3unames lymphocyte waz basophil
Wity TuvasdiuSunanes heterophil kaz monocyte HAaAAY wenNTu asafinarnden
nsdnuzuuinuantiadie antibiotics annsaiudnadeimindivesiiidedetu uagds
A11150808N1ILASEADRNTLATULA (Aengwanich et al,, 2009a, b; Aengwanich and Suttajit,

2010)

n1skarmarsannInivayulnsnaiuisaaivaun1sviteueesssuundduiud

Y [

AMUAIAYET WonTagtu wnsunndlansenindedneninuazanud1fyvainissneilse

[y

AIYNIINTEAU 138 ATUANNITYINUVBLTEUU IR uves g s unndadelndiqenldne
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ayulnsiiiednwn vive Mluewnsiadusiuiueunuiiagiu (Yoshida et al, 1988; 31 3520381
na, 2541) dadinuszansnmlunssnen IG]EJLQW’]%Iiﬁﬁﬂﬂﬁ‘{jEyMWﬂ’ﬁgam NAY19LAB9RINAT Y
gnfuszeznauu (Goldstein et al., 1974; Brunton et al, 2006) mMsSnwlsAuziss uazlsaiis]
anvnnkada squsalsa AIDS (Acquired Immunodeficiency Syndrome) ﬁﬂﬁ]ﬁ;ﬂ’u galaifien

A aa o Ao A o Y} o o Ay o
%939 'Jﬁﬂ']ﬁiﬂ@qiﬂVl@LWENW@ LN@LVlEJUﬂ'Uﬂ'J']llﬁ']iniﬂiuﬂ']iﬂigﬂuﬂqiﬂqﬁqusﬂﬂﬂiz‘UUﬂumﬂﬂJﬂ‘lﬂ,u

q
1%

U809 Janeway and Travers, 1996; Roitt et al., 1996; Stites and Terr, 1991) ¢u3deilaula

AnwnaveaUdeniuwdauzuiusensinnuvesssuuniiduiu iedesnisiiuyaaidliivau

] U
= a a & = v M Y & v A a [y % & da 1
YDIULVIUFIUNALNG DN ﬁﬁ@isﬁﬂigiﬂsﬁu‘l@L‘WﬂﬂLaﬂuaﬂ LN@L‘V]EJ‘UﬂUﬁQUNa%QLUUWUHﬂJIUWH

o s

AU3LNABERAT WazINNIINUNILITIANNTSULURU nudnUdoniuwminuzud gussueyya

e

daszgenialy in vitro wag in vivo warllsneausunseniauludninaaes wenaniiu wWaeniu

wanuzLTinguans polyphenolics g9 uarUsznaudigansngu OPCs Jalgndsn1agininunning

FwemNasalunsduatusEuugiAuAY (Fine, 2000; Bagchi et al, 2000; Masquelier,

2000) uiiredsenuieiiuiavesusindessuugiduiuinteu wifldunisAnwiaisaiagin

q

< = 19 1 A t% =3 a v PN [y A t% 13 1
AR I8 I1NHA vLMI“U"\HﬂLUﬁ@ﬂ‘VjJJL@Jﬁ@ QWN’J*’\]EJLﬂEI'JﬂUNaGUENLUﬁ@ﬂWﬁJLMﬁ@@J%%WN@@i%‘UU

AY o a A PN Y] ] a ¢ @& & a & .
ﬂﬂﬂﬂﬂumLWEJQ5'18\‘1']14!Lﬂﬂ?ﬂUNﬁm@UiquL%aaLN@L@@@GU’DGUU@G]’N g]IuvLﬂLu@ (Aengvvanlch et

U

v Y

al., 2009a) wardvlifimsfnwnavenudeniuuinuznsessuugliduiumeisnaaeunuszdiu

Magiauiuniiuaniilaly innate immunity Uag QIANMULUUTUNIENABIHIUATITNTEAUE 1NN

]
Tu acquired  immunity  auASnegeuInsgILaInafiiauilag US  National Toxicology
Program (Luster et al.,, 1988, 1992, 1993) Fathy Iﬂﬁ@ﬂﬂiﬁﬁaﬁﬁﬂﬁﬂwwLﬁaaﬁulﬁmﬁquéﬁum
ﬁ’]iﬁﬁﬂf\]’lﬂLﬂﬁ@ﬂﬁmLllﬁﬂmgﬂﬂmﬁﬁmaﬁi@iSUUQﬁé’Mﬁuﬁﬁ innate Wag acquired immunity T3
ny1vdeUNavpsasaiaseauluiviowaduzis saeiugnainaieyin uaznsIEOUNATDN
ansatanensdanset NO faduansdenaraisadestunssuiunssnauiiduaszflaoisas

macrophage luan13giignnseAu (activated macrophage)
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ASn1sAiiun1sIAY

b4

3.1 @19adl U1 wag daanldluniside

3.1.1 @stadl
Acetone (Sigma)
Anti-Asialo GM1 (Wako Chemicals)
Bacto-Agar (Becton Dickinson)
Con A: Concanavalin A (Pharmacia)
Corn oil (Sigma)
DEAE dextran (Sigma)
DMEM (Dulbecco’s Modified Eagle’s Medium (Gibco BRL)
DMSO (dimethyl sulfoxide) (Sigma)
EBSS (Earle’s balanced salt solution) (Gibco BRL)
Ethanol (Sigma)
FCS: Fetal calf serum (Gibco BRL)
Glutamine (Sigma)
Guinea pig complement (Life Technologies)
C’H-thymidine (1 mCi/mU) (ICN)
Hepes buffer (Gibco BRL)
IFN-Y (interferon gamma) (Research Diagnostics)

Mercaptoethanol (Sigmal)
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LPS: Lipopolysaccharide: Escherichia coli serotype 0111: B4 (Sigma)
Mitomycin C (Sigma)

MTT: [3(4,5-dimethylthiazol 2 -yl) 2, 5-diphenyltetrazolium bromide (Sigma)
Penicillin/Streptomycin (Gibco BRL)

RPMI: Roswell Park Memorial Institute (Gibco BRL)

TPA (12-o-tetradecanolyphorbol-13-acetate) (Sigma)

Vitamin C (ascorbic acid) (Sigma)

ZAPOGLOBIN lytic reagent (Coulter Corporation)
3.1.2 1

ildlunumziaeasadiouuady ultra pure water AlRaINN1SHIY ionizied-

double distilled water TuiA3aInso9U1 nanopure (Barnsted)
3.1.3 JagUasaiadniun1sinziagugad

15 ml ez 50 ml conical tubes (Sarstedt)

24 well and 48 well plate (flat bottom) (Costar)
5 ml snap cap culture tubes (Falcon)

60 x15 mm petri plates (Falcon)

96 well flat and U bottom plate (Nunc)
Acrodisc 2.5 ml (0.2 um; Gelman)

Cell scraper (SPL Life Science Inc.)

Culture flasks 9u1a 25 wag 75 cm’ (Nunc)
Glass pipettes (1, 5, 10, 25 ml) (Pyrex)

Haemocytometer wag cover slip (Fisher Scientific)
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Pasteur piptettes (Fisher Scientific)
Sterile filter unit 9w 1000 ml (0.2 um, Gelman)
ﬁ@gu 9
12 x75 mm glass test tubes (Pyrex)
Cover slip ¥U19 40x50 mm, YU 22x22 mm, 11 0.1-0.7 mm (Fisher)
Petri dish aun 30x100 mm (hiffesUasnde)
Single frosted end slide (25.4x72 mm) (Fisher)
Slide (25.4x72 mm) (Fisher)
gafle dllnayn Heuszmnnifieldluoimsdninnaes
asvyaind (lues 082, 3i)
3.2 \nTesilouazgunsnin1side

8, 12 Multichannel pipettes (Gibco)

Autoclave (Hirayama)

Biohazard safety carbinet class Il (Holton)

CO, incubator (SHEL LAB)

Compound microscope (Ziess)

Coulter counter (Beckman)

ELISA plate reader (Biorad)

FACScan Flow cytometry (Becton Dickinson)

Hot air oven (Gallenkamp)

Inverted microscope (Nikon)

Liquid nitrogen tank (Thermo Scientific)
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Micropipettes ¥u1m 10, 20, 200, 1000 wag 5000 ul (Pipetman, Gilson)
pH meter (Metrohm)
Stirrer @z hot plate (IKA®)
UV-Vis spectrophotometer (Perkin Elmer)
Water bath (SHEL LAB)
w3estmeafion 4 Fuvts waz 2 dumis (Mettler)
wieslumiouuudage (SORVALL)
nsaABIYLUUTHGeYy Hepa filter iilalsiUaanido
@81 (Sharp)
guauda (-20°0), (-80° C) (Whirpool)
gunsalifinuunndn

3.3 @nuiivhn1sise

nnnmaaesiiisadosiunsmzidonead (cell  culture)  nszviluguaanide
(Biohazard laminar flow hood class Il) [4¥anuazgunsnising 4 fivaeaide uarldinadauasn
do duenududuvesmssng q szylunsmessafstueadifueududugainevasanslu
culture Msvuwadnszshluguuiitioamgil 37°C wag 5% CO, Msnnassduafilsitfisrdesiunis
wzdsamadnsgrilufes fiRnsfivine NansMaaesiLans 1A L dufunLYeINNg
neassuuuderiuegslion 2-3 41 avipumeiAsusaduagvios fURnsivinetogfiens
WRANNsHIAESR 80 N3Tw uvInedemaluladagsund drunismaasaieatu NK cell assay uaz

Yy o a

nsmeassiidiosldansfusiunnmisdnseiluiesufifnsivinerssuugiiduiudl - National
Institute for Occupational Safety and Health, Morgantown, West Virginia Lagh
Immunotoxicology Laboratory, Medical College of Virginia, Virginia Commonwealth

University, Richmond Usgineianigeiaisni
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3.4 35AUUNNTIVY

Tulsen193¥ed asvaeunavesansatinnUdonfuidauzasossuugiduiuuy
was Tugiauiusuuladnelagld mitogenesis assay waw natural killer cell (NK) assay wa
Tonasaszuuiinuiusuuigadlugiiquiusuudunizlagldisnaaeu mixed  lymphocyte
response S MEUNNINTIVEOUNARENTNDUALBILUUSINZAUET5U (humoral immunity)
don Mishell Dutton assay  mssadeugnasuuzibutedudiensld in vito  direct
cytotoxicity test siowwaduzissaneiugag q lagld MTT assay waz ﬁﬂmqw%‘ﬁaaﬁuﬁlumiﬁm

NFBNLEURUNNTEUEIN15E34 nitric oxide Mgl in vitro wae in vivo g
3.4.1 dnsainanidenfuanuzuy

ansataaniuBensudauzany (TAM) fldlulasensided l6suanueynszsian
mans19138 03, a3 grsded MwTeulaonsafnasuaainiudenuudnuzvmuidy  50%
acetone #BLATRY soxlet AuFENSTEMEL Wislidududensld rotary evaporator 1
ansataduduutuden -80° C Wussozinanegnaos 16 vy, deuilvuiadundduvaziBuaunds
fewp3ed lyophilizer Wivansafaiilaidunsuiald -20° C Wiolunnasssiely a1sadn TAM i

lagnasisaeuauaIuisalun1siueyyadasyyia 2,2-Diphenyl-1-picrylhydrazyl  (DPPH)

radical (DPPH®) Tu DPPH assay (Saha et al.,, 2004) wag FRAP (ferric reducing/antioxidant

[y

power) assay (Benzie and Strain, 1996) noudnasululglulasenisidedl

nsnaaeslu cell mitogeneiss assay, MLR uag Mishell Dutton assay La3ou
ansazany TAM 10 mg/ml Taeda TAM 0.02 n¥u azarelu 2 ml dimethyl sulfoxide (DMSO)
wazi§0919678 RPMI complete media Tildnnunduduresansmuiisosnis dwiunsmaaey

grisEuNzISsrolanaeiudAg o waglunmeaes in vivo azate TAM lu 10% DMSO Tu

]

sterile complete media

3.4.2. dnInnang

[ Y

Wesanuyuhdweilloldeesiunsufediu dninadgyninisded vilviaa

1
Y A =

ANULASEATIANNTRAINANTENUABNITYIINYRIsEuUdANiuld Tasen1sideiiadendnw

wngluvyuhdnadle wygihd (B6C3F1 uay DBA/2) neilily 018 6-8 dUai gnideafianas

[

dodneans Wuszevnal 12 dUanmdusgiedn wedsudllmdnduanitzwinasulu
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(acclimatization) feuthuldlununaass vy gnideddunsmanaiauin 7.5 X 11.5 X 5 13
AYseiinu (Mauddindalinimsn) Jasade (eamgll 121°C 20 wiil) uazldiilasaes
Falinseaunseswin hepa filtter lnedivy 4 dasie 1 N33 NUlITULILALEIMTAUAIINADINTT

(ad libitum) luesdmiaassiinruaugamgll 25 + 1°C wazlnUndadnlulifvn 12 9y aunal

naiulasnaeAy sy warensvglasuniswieulntnn 2 Ju
3.4.3 wanaeWug (Cell Lines)

wadupSsaeiugluausing 4 AlHluandde Iud  waduzifenseimngemns
(human gastric adenocarcinoma) AGS, LaauziSsiants (human epidermal keratinocyte)
HaCat, Lwaduztsansa9en  (human mammary adenocarcinoma) MCF-7, WwaduziSelon
(human lung carcinoma) AG27 uazlwaduzi3saneiusvesiysing Ae waduzi§aiavdaiain
Wind (murine melanoma) B16F10, lwaaugiSadindenu1a (murine lymphocytic  leukemia
cell) L1210, waduziSsuanlasiaansiiug RAW264.7 gamma NO (-) &W@Wo91n American Type
Culture Collection (Bethesda, MD)

4

3.4.4 ANSNNSHRYWYAREIINUS

9

ansTildineidsaead (complete media) 8 RPMI-1640 fiusenaudae 2 mM
glutamine, 1 mM sodium pyruvate, 1.5 ¢/L 83 sodium carbonate, 10% heat-inactivated

fetal bovine serum (FBS), 100 U/mL penicillin wag 100 pg/mL streptomycin #3luus

o

n1sAnw 19 50 pg/ml gentamicin wnu penicillin kag streptomycin MsULgaanTEvilug Uy

[
=1

(incubator) nneldaniig 37°C, 5% CO, uavidsawadaunseuvadiasyivlnnguituiialy
culture flask (confluence) Uszanay 80-90% ynATINaUmNaLwadlUdesie (passage cell) Tu

culture flask Tundfdionmsiaeasadlng visorioriwaalultlun1measssing 9

¥
=1

3.4.5 nstrypsinize waaitn1zBanuaR

Tunsdiiadaneiugiuriinnzdanuiin (adherent cell) WedSinauaadiasynay

NunRwzidesly culture flask Mu@In1s Uszaunad 80-90%  @1unsalAuLeYadlagnIs

=

trypsinize wadtiteliwaavaaeenaniuniunzdaly flak Aldmzides Allsivasidenves

5 1 v
VUABUAN ] ANUAD

1. Pipette RPMI media sananniwadiioglu culture flask
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2. A19wad 2 AS9A28 PBS

3. Trypsinize WadoonAwNSIUa1Taza trypsin (0.25% trypsin 1 mM EDTA
Tu 0.85% NaCl) lngldusunnsvesansazane trypsin ILeefgn WAEIN1SOANNUNRINIAUATD
p q 9

was Fanseyinlaeadu flask lUunegeliuwialit trypsin lnanguiaisad i

4. Uniwadsauiu trypsin figiun 37 °C 5% CO, Wuszognanyszann 5-10 uni
Tuseninanisuu deadesntnsiagmenaeaganssAlLuuiIngu (invert  microscope) 1Uu
szomfiogiuvadldvanoananiuiifinzdavmaudnield Madansomy flask 1w 9 uag
wsfunds trypsin Tirquituiiflivh flask iletaeliwadvaniietu sovaiveamsvumadiv
trypsin mﬂ%swznaﬂﬁé’?uﬁq@whﬁ%mzﬁﬂﬁ Tunselueawad RAW264.7 3gA0UDY trysinize
genenn Tuunsndionaldinaiuunin 10 undt wiliinasléawinnit 15 und e trypsin Wu

protease dudatuwaauIuiu asduiviowas

1% '
~ I a ¥

5. Welwaananeenanuniiieuios Juriin1sd1ugns (neutralize)  vo9

trypsin Aen15ld complete RPMI media Fafl 10% FCS
6. Ynstuiieaadd 1,500 rpm Juszezian 10 udl
7. 819988 1 ASIAIY PBS

8. Resuspend wwaalu media Nnoin1slgdlunisnaany

a

3.4.6 MIwsBuYaaniAuiuaINdIy

Y

NsesELadRLT 9 (single cell suspension) ¥4 lymphocytes a1nsnuvesny
whdiltuneunsilae
1. nszyihnigueesng (sacrifice) vy 1 ngu (Usznna 3-4 /) me3snisvinnsegn

AuAd (cervical dislocation)

2. g (spleen) %awwiazéhaaﬂé’wLﬁnﬂﬁﬂﬂaam%a Fanszvlavailse
alchohol Aifumisvesiy foureshusandenssling waznautasaide thihustmualdly
centrifuge tube UMM 15 ml S?iwii"g Earle’s balanced salt solution (EBSS) (n1Anu3N) 7wt
Bulis a°C (4 EBSS 3 mi sie 1 fia)
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3. melaguasae wdhuieglu EBSS adlu petridish ¥u1a 60 x 15 mm (5U
7 3.1 A) uazwsey single cell suspension lasunsusewId@ILUaefid (frosted end) vos

alast 2 wi (§Uf 3.1 B-D)

4. 19 pasteur pipette g EBSS Tu petri plate \iiovziwadfionadinalan wazen
\adiuas (resuspend cell) sgauwaifionsnsadiilungudn 4 Wiuenanduluwadifes ¢

AnLwaaNaULiIgnaen centrifuge 1y
5. U (centrifuge) waaniAase 1,200 rpm, 4°C Wuan 5 widl
6. 9 supernatant Y039aRRRNLAY resuspend Waall complete RPMI media

7. tuvsnauwadihusignseuladsilud® ZBIl Coulter counter (3U 3.2)
1ngld ZAPOGLOBIN Il lytic reagent Llefidnsadidndonuns Wensiuanududuroasad

Usuliiinudutuidesnisingideanslu RMPI complete media
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5UM 3.1 uamegusihuveamyihdly petridish (A) shufinsuudy frosted end wes slide (B) uag

ANSUMINUSEIING 2 slides 19U frosted end (C wag D)

311‘17; 3.2 uAnuATeITULLARSATUIR (Coulter Counter) (https://www.ebay.com/itm/ Coulter-
Electronics-Particle-Counter-Model-ZF-Parts-/162489104606)
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3.4.7 mIUszdiuiunanvadfisivin (Cell Viability)

saaaa

WnsUszliulsuaedniFinlulasinsideild 3 A5Asn1sl9dden trypan blue

. =& & aa Yo U a a [ gy . . . = & aal Y]
exclusion #UTUITUINTIIU TfuuansLAy wieltddon propdium iodide @9wia 2 35 91dy
wann13i1 AauRveoiuwadveuwadililidin aslianunsadesiunisinuvesdidnguad
mliddoudnlangaanany diudnionidanlglunisuseidiufae MTT assay Alilainnisaieves

waalnense waldun1sin metabolic activity wvedwaa lnge1Aendnn13IN wadildildisn ag

= . .. = v aca 1 aaa ay
EjiyJLﬁEJ metabolic activity 31888L08AURINANNITLAZITNIINATDUVDILARSITUANUAD
A. Trypan blue exclusion

a < a 1 ¢ v yal [ [ I =
nsUsziliuanuluievnowadnien1sled trypan blue o 1ABWENA19I1 &

(% '
Y v U A

trypan blue lanansanubeviuwadnidinla deu Wedesgwadnglinasgansseal awnse

Huduuwaanitin waziwaansls sigwaanidinezla doulifndues trypan blue tawy

sal 1aaa o aw oo a a < a (Y ! 3
L%ﬁﬁﬂlllll‘mmLVIWIJUVIEJ@&IG]@HUWLQUGZJ@Q trypan blue NNTUILLUUANUTUNEUDIANTANAAN DY AR

1y 30 Wwadaeugeng 9 Mme3snisdendae trypan blue Itunaudssaluil
1. MA9NULLLARPIYENSTANR A19aNSaNADBNANNLLAR 3 ASINIY PBS

2. dauwaaniy 0.4% (w/v) trypan blue (w3walu PBS) laglddnsndiuiwaa
79 trypan blue 1:1 (v/v) 1@t single cell suspension 100 ul ldlunasanaaes wazld 100

pl 0.4% trypan blue Dudu

3. Pipet L%aﬁﬁmamgjﬁuﬁ trypan blue aslulutires haemocytometer

dmsutuaduazlnsme cover glass

4. duwaaniidnn (waalanwaelamsizlifnduntu) wasiwaantiidin (wad

Andu1R1) Ty haemocytometer neldnaasanssaliuuiiuadng (lisht microscope)

5. Auanlasidudvaawadniaialaeldaunis:

, FUIURRNINUA-ITUIURRNANE
& @ L3 falaaa
LUDSLGUNLYARNUYIG = - — x100
FUIURRNINUA
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B. Propidium iodide staining

#anNN13903IN15NA@auAe propidium  iodide  (P) 1Juluianaisoduas

saaaa %

(fluorescent molecule) laiauNsaBuRIWEoYUTaRUDLLAANNTINLA LaNswaddeliiboy

q
(%

waddideme Georafuwaddaindsme vioiwadiinoudintu feesly Pl sinudhgiad e
Wgwad Pl Fadu intercalating agent azunsnd (intercalate) Wlulusewing base pair o4
double stranded DNA & Pl &I excited wavelengths 400-600 nm wag emission wavelength
593N 600-700 nm Fwilfanunsansiniausunonsadfianeds DNA foufindidesuaves Pl
f8n15kY flow cytometry w%aﬂﬁaﬂﬁ;amiﬁﬁ fluorescence (Crowley et al., 2016) 35n158pU&

PI auflumnisnisees Dichler wag Stepnik (2008) Ainaulaantios filisuazidunostunou

De
De

1. NINNULLLAAPIYAISANA ANE1TENABBNANNLTAANIY PBS 3 AT
2. Pewwaanioglu PBS aslulu 5 ml vas flow-tube

3. Yuisawadiioglu flow-tube 1 PBS oon &nawadsme stining buffer (PBS
7Tl 19% BSA way 0.1% sodium azide) wazdauadineld 100 pl wes PI solution (1 mg/ml
stock solution 739913 1:200 e staining buffer ) Uuiwaasauiu Pl Tufifia (e culture plate

g8 Aluminium foil) 1uan 10 w1

4. YRINUUANLEAAMY staining buffer 1 AT WAy resuspend wwadlu 100 pl

staining buffer LLazﬁwwaﬁ@uaawmamﬁﬁ 500 pl staining buffer
5. AR % nsAndden Pl laensly BD FACSCalibur flow cytometer
C. MTT Assay

MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide) Jud

FuAszs Useinm tetrazolium  salt Asld MTT assay  UsziluuSunalwaaniiaintu e1de

saaaa

NANNITI laNIEaanilain ®3edl metabolically active winiu Nieunsaldioulssl succinate

dehydrogenase lu mitochondria  wWaesu MTT iy formazan product Ingufn3en

'
1 =

reduction HagwiaINUfn3enAe formazan product MinTudFIRUARANULAIEIEAT

v
Y 1 A )

550-600 nm (Mosman 1983; Denizot Uag Lang, 1986) ¢atiu Anisganduuasililudngiu



26

1Pum59AU formazan product FsuUsHUlAEATIAUUINIUUDY succinate dehydrogenase &3

X Aada o a 2 a YN ¢ v a'
YUAVINUIULGAANUTINUULDY N1FUTLLUUAMUUUNYVDNATENANDLTAANIY MTT assay 1

AAWUAIN19INIDN15UB Chun et al. (2007) ds18asidunvasTunoUnall

1. nMenasmsuuwaasmivalsanalu 96 well plate 1@y 100 pl 0.5 mg/ml
Y84 MTT dye solution (w3exlu PBS) asluluwsiavvauvas 96 well plate way Uil 37°C, 5%
CO, WJuan 4 .

2. flemsu 4 v, 1 96 well plate ludwwiesdt 1,500 rpm, 4°C 1unan 10

U191 W supernatant 99n31A plate

3. 1/ 100 pl DMSO asluluusiagnquiiionzans formazan crystal Teglugy

Y89EN15ATAYFU

4. JaFNNSAANAULATT 540 nm 798 Benchmark Plus Microplate

Spectrophotometer System

'
3

5. AUILUBSUAYDUTRANATINABAUNSAIRE bUT

! .«.:4' |
. ARy OD NQUNADY
% LwaalYIn = — - x100
ARRY OD NAUNARDY

3.4.8 N1sMIANUTNTUYRY TAM filiduiusawadtinu (splenocytes)

4' 1% 1 1 A a X < £ o da [ ¢
L‘WEJI‘VILLUI"\]’J’]NaﬂquW’IaEN‘VILﬂ@“U‘L!L‘UUi]VIﬁGU@Qﬁ?iﬁﬂ@ﬂﬂﬁ@ﬂ’]imﬂﬁﬂuﬁﬂaﬂL“ljaﬁﬂu

a [y

szuunfinufuase luldnaniesauiiosananuduiivvesansaia neuthaistiunaasulu in vitro

Y 9

[ ] v Yy v a [ a 1 1 [y & v [ Y a
INTUADIMIANUINTUNRLNTEUBIENTENN TAM Nanunsaunsinduwasiiy Inglinelmiia

AYNTORUNITANEVDUTAE N1TIANUTNTUYDIaTananlliluiysalwad 1SuA8n1sUNaNSann

faaA

enudntunandaiusniuwes Wusseznan 24 90, ndRIntu MUSunaeadnidiney
ANENAINITUN A8A151G trypan blue exclusion, Pl staining %38 MTT assay (WaILANITNAABY)

o = = & o &
PNUTYUASERYAVDIVUADUAIU
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1.7d 100 pl 283 singl cell suspension vewassing (aududy 5x10°

cel/ml) adluluusiazvauues 96 well plate ilolldUSinanead 5x10° cell/viay

2. wiannild 20 pl vesansaria TAM fierandudusing 1 adluluusazugu 15
ansdiudugavineves TAM 1u 107-10° pg/ml (unsaifiwdoulneazarsasadinlu 10% DMSO)
dunsveassfiazatens TAM lu DMSO few udiresiieanssiy media naaoulaglinaiy
dudugavneidu 0.002-50 pg/ml thiadiindusiaueugumgiilidl 37°C, 5% O, vy

J88TLIAN 24 V.

3. WBATUAINUALIANYDINITUL Yn1sUseiliumnutduiiwvosansannsowad
Aen151g 35 trypan blue exclusion, Pl staining %38 MTT fesisazidenluiden 3.4.7 A -C

AUAINY
3.4.9 MANEINAYRY TAM fan1snaudauadlu mitogenesis assay

Mitogenesis assay Humsiansnevaussves lymphocytes #1@ mitogen Fadu
ﬁ’ﬁﬁﬁ’m’]iﬂﬂi%éjﬂﬂ’]iﬁ]@ﬂﬁ‘u@ﬂ‘ﬂaﬂ Lymphocyte Iﬁwmaﬂfjmﬁuﬁwmumm ﬁqw%hiaﬁ’%wwﬁu
v o Y 2 sl ' . ] A o . Aa v
ATV (receptor) n 9 B 199 T 1WaalN1IRBUEUDIAD mitogen ANTUANU mitogen Noaly
ﬂi%éju T lymphocyte laun lectin 2 wlinfie phytohaemaglutinin (PHA) wag concanavalin A
(Con A Tasansilidentd Con A 10u mitogen Tu mitogenesis assay LiiensIaaauInasann
TAM dinason1snauaussed T lymphocyte sio Con A mitogen %38l 519a8188AN1INAGDUT

a o

Sauasan Burleson et al. (1995) §ifsil
1. w383 stock solution 984 mitogen Con A (1.5 mg/ml) Tu EBSS

2. Yin1gganany B6C3FL 1wiu 4 ¢ lumisvaaedusazase didhuuiniey

single cell suspension U84 lymphocyte auAsTiszuly 3.4.6

]

3. AMuNaS resuspend single cell suspension waswaaiinauly RPMI complete
media (14 3 ml ¢ia 1 33) duinnuaamenisldiniostiuwaasnluils ZBIl Coulter couter
Ingld ZAPOGLUBULIN Il lytic agent tilofdnadidaidonuns uagusuanuiduduaagaa il

JSUNumuneInIs
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4. IuLLGiawqmaﬂ 96 well microtiter flat bottom plate (Costar, Cambride, MA)
1d 50 pl complete media Iuﬁfiqu‘ﬁlﬁ]u control %38 50 pl ve9 mitogen Con A fruduty
ANy (1.25, 2.5, 5 uaz 10 pe/ml) wasld 50 ul vesansain TAM fiaududusng 5 W06

avangvesansann gavineld 50 pl wad Ysuesaavineluwsasviauilanviniu 150 l

5. Ul culture plate ﬁéj QY RRIVREY 37°C 5% CO, incubator \Juszegiian 24

Wag 48 .

a

6. NMENAINTITUL culture MNTEEZLIAMNMUA Uukag plate N1IANITIRS QLAY

4
[

' Iz ¢ A | o Y] ¢ A a X & o w
ASHUBTAAVDIT Wasanauaupdna Con A Laginn1sadas1Eyt DNA ALY F9nsevinnedl

6.1 Td 20 ul wo9 [Hl-thymidine (1 mCi/mU) (ICN) Tuusiaz culture iiofn

287N DNA igndainsigsidulual

6.2  WAIRINTU 16 Wy AU (harvest) Wwaaliuuldansas (membrane
filter) fen1stASaAULNgYad (cell  harvester) Tusgninan1siAULAgI@was @15

Audunnmisdlu cutture lailagnunidn (uptake) diwadazgnuzarsesnainiead

6.3 aanelganfiogunlganseewniensldin aumeLeanasaed slmbensos

Yy & £ a da = a 1 ~ v Yy A vy - %
BIALIIVU ANNFAUULEDNTDIAILADLS DNA (Lu@ﬂﬁnﬂLsﬁaaﬂlfﬂLLGmLLa'JLlI@a’NWJEJu’]) VNLYAA

6.4 nevdwiagensesliuiatuau (egredoy 16 va.) LAz lullonToednss
fuldazrguues culture Tu 96-well plate (MuN15RENLULVEA cell harvester) Yusasidonsed

Faduiunuvesusasnguues culture Telu scintillation vial

6.5 wu 1 ml scintillation cocktail (Beckman Ready Solv EP) wag 91uf"

v W v a . 3 Y A . . L . S A a
ANINUUNNINIIEVDY tritium UH Imieiases LKB liquid scintillation counter 9l Usuneuans
futfupninssduas DNA vudensesluwiasvau Wuujnalaenseiunsdaunsizi DNA Juln

yoauday culture WioUSinansuUagaduas T lymphocyte fineuauadsia Con A mitogen
3.4.10 N15ANYINATEY TAM fa Mixed Lymphocyte Response

dmsunsvaaeu mixed lymphocyte response (MLR) tunisinnisnevauss
199 T 1waane allogeneic antigen MHAULANAISAUN major histocompatibility complex

(MHC) allogeneic antigen #1884 antigen UURALBaaU8IdRT species LABIAUNNAINULANATY
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sala

funaiiugnssy diw MHC uldsiuvuiineadniunumdidglusesnishivensunisugnaiy

%4 [

foide ulassnmsided Mwadifenanihuvomydig B6C3r1 Husadnauauas (responder)
uay wadlfniuvesiysid DBA2 1uwadnszdu (simulator) Tasnismagey Janis
AOUAUBILUU one-way mixed lymphocyte reaction Femuneddlianzwadves responder
ansauUTadiiienauauase stimulator Wiy wildliwadues stimulator aunsaussead
\fiemeuausse responder funouvesnsnageudiaulatain Burleson et al. (1995) il

v
v A

UAZLDYARIL

1. wisey stimulator cell Iagldduainuy DBA/2 d1uiu 4-5 1y ielns ey

single cell suspension Ma3sNsEyluive 3.4.6 s nevaensdulutugaying resuspend

waalu 10 ml EBSS

2. v stimulator cell Tngld trypan blue exclusion method (198 B Tu 3.4.7)

YSumnuidudureseadiidin (viable cell) Whdu 2x10" cel/ml
3. UUsm 20-30 ml w84 stimulator 2><1O7 cell/ml Talu 50 ml conical tube

4. ®381 mitomycin C (5000 pg/ml) (NMAKWIN A) AIEANTZIATETS LTB391A
mitomycin C Wuansneuzisawazansnonatenwug (ldqile wazwseuly biohazard safety

cabinet)

5. 14 0.1 ml mitomycin C (5000 pg/ml) s 10 ml 2x10" cell/ml stimulator
cell Lﬁ@lﬁmmwﬁwﬁmmﬁwmaa mitomycin C 10U 50 pg/ml ieviaeannaeswed stimulator

cell M1l@5uU mitomycin C @28 aluminium foil W1z mitomycin C daulinsuas

6. Wnwad stimulator AlGSU mitomycin C Wdun 37°C 5% CO, lnepany
\NA81ve9 conical tube @ntios Wkl lnd WellliAadyimsvwden) vuwadidunan 45

W9 [wgmeenegeluwIa YN 9 10 W I¥NINYINIAIVBINITUL

7. lwvaugivy stimulator cell w3ea responder cell Ingld3inuainuy B6C3F1
U 3-4 61 w38Y single cell suspension ANIuRNIEsEYlWYe 3.4.6 Aenden1sy
WREATUEAYINY resuspend wadly  RPMI complete media #d 50 pM 2 ME (2 -

mercaptoethanol) LWNLAL (N1AKNUIN)



30

8. HUd1UIU responder cell 1ay trypan blue exclusion method wagusuaau
[ . vy [ 6 val ' 1%
[WuTuYed viable cells Tiaududu 1x10° cel/ml uwadlin 4°C seninesemnuniou

1A stimulator cell

=

9. WeAsumuualian 45wl Wwenaeaneass  stimulator cell AU
mitomycin C 8nAsamdeognsfiuula inisaraeaalagld 20 ml EBSS et lutunleaiuiin
1,200 rpm 4°C tJunian 10 wndl

10. Weduann1sUuies w1 supernatant 88n Way resuspend wwadly 20 ml

q
1%

EBSS wazinisanawaadnsn 3 ase Livelviuuladnans mitomycin C Alidlagn uptake wgwad

pantUaunun

11. %89n158199a8 stimulator  ALASU mitomycin  C ﬂ%’a’qmﬁw resuspend

. . o ) v 1Y 6
stimulator cell Tu complete media tiulazUSuaalAiATLTY 8x10° cell/ml

12. IULLGiaSMa}JGUEN 96 well microtiter U bottom plate 1d 100 ul 1x10°
cell/ml 983 responder 37uAU 50 ul 8x10° cell/ml w84 stimulator waz 50 ul 989 media %59
yosansane TAM faududusing o fu vdeldiviazats DMSO 3 wWedwuddnatunnuans

ANMLULAAL AUV

13. YJuwdes plate agefiuwia argnsldanusinuseana 600 rpm Hunan

5wl 71 4°C riewth culture plate Wiguniinamgi 37°C, 5% CO, Wuvan 5 u

o A P a ¢ v ' 3
14, TuduTuil 4 2990150 Anaann (labeled) wadsmennsld 20 pl o [HI-
thymidine 1 mCi/ml nauazinn1snauauasuey responder Tuwiui 5 lagn1sinnsdauasien

DNA Minfiulvdausigazidenniseyludui 6 ¥8an1snaaey mitogenesis luiided 3.4.
3.4.11 n1sAnwINaYaY TAM fan15a319 antibody Tu in vitro

Tassms3seil asredeunaves TAM sonsvauwes B lymphocyte Tngld Mishell
Dutton assay (Tucker et al., 1988; Ban et al., 1995) Fadunisinmuaunsaves B lwadlunis
a%19 antibody (Ab) isumnzsie antigen 1y in vitro d1m3U antigen Mdenldlunuddel Aowvad
indenunsing (sheep red blood cell, SRBC) nsnagaulu Mishell Dutton assay wualu 2

538y Ao szuzusnunns sensitize Ay SRBC antigen lnguulwaaaInginusaniu SRBC antigen
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Slofl we lilflansafingamegeiduszezinan 4 Ju szegi 2 10y plaque forming cell assay 84
HumsumuSuw B lymphocyte fianunsoasns antibody fisumnzse SRBC antigen lagode
#ann1331 B lymphocyte Vigﬂ sensitize Wil lénufiu SRBC antigen 5nads plasma Lwaga (Ao B
lymphocyte fianunsaadns antibody) ava3e Ab fisnmnzduiuinuenyes SRBC antigen LAn
\Ju antien-antibody complex fiaunsan3s complement ¥l SRBC wan wimdu 29la 1
2en1 “plaque” viunansanitudunses SRBC nilnslaiiindu Ao 1 plaque wie 1 antibody

forming cell tuLs

A. Sensitization phase

o
a A

1AsN153981 1@0nNNSYIN sensitization phase WU 2 U Aeduusn sensitize
ava (prime) Tunydhdlduiaan ¢ Ju newfiweenun sensitize 8nseudae antigen viin

[

Wearulu in vitro Wiedl vise Lillansainedsin sieazdunvedisnisnaeuinal

1. 111 SRBC Mfiudl 4°C neld Alsever’s solution snduwiesil 2,500 rpm

0 ~
4 C \Juszezian 10 wi

2. 9n Alsever’s solution PONAIUATTIY pasteur piptte 819678 EBSS 8n 3
A3 aensansasausn Wild pasteur pipette gatuiiluiihang (buffy coat) willawadifiniden

LASRBN NNBWEINITANATIAAYTINY resuspend Lwaadlu PBS

3. duwaalneldiAsauwaasnluilf ZBIl Coulter couter wazUSuLaabninInw

Wty 3.75x10° cel/ml

4. 3 SRBC Mm3euliidvasniiensfinig (intravenous  injection) luwny

B6C3F1 Tagldf 0.2 mUmy 1 6n w3e 7.5x10" cell/ny

5. wissuwaalAeI9Induveavy B6C3F1L ign sensitized Aae SRBC 1Uian
agtley 4 Tu (ldaasldnydl sensitized waiiu 3 Weoulunisnaaeu) Ysuanududuiwaddig

B 2x10" cel/ml Tu complete RPMI media i 50 pMM 2-ME

al

6. 819 SRBC 78 EBSS @udsiseulude 12 USumnududu SRBC iy

9

4><1O7 cell/ml
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7. Tuusiagmauues culture plate wuv 48 nau 1d 0.5 ml 2x10 cell/ml 89
wadsusanAu 0.25 ml dx10 cel/ml SRBC uaz 0.25 ml media 3o ansarin TAM finanu
Wudu #1a 9 fu 1138 vehicle control 3y DMSO #ifl Wadwudistunuudasanududuves
ansatn TAM @3y backeround control Wnzidisawad fu media Tngligos sensitize #ae

SRBC

=

8. 1 plate ldlu Mishell Dutton Box (MD box) (3U#1 3.3) 111 gauge lelu

Nunderwadin Sdluindulaendey ieliniglu MD box danududwiuwad n1ends

1159 MD box 8afne naufiLa (7% O,, 10% CO, balance #a8 N,) 137 6 Psi

9. 1 MD box lUdufigamall 37°C uazarsuu rocker Wilinsiugnegisily
wialurazuindussezing 4 Ju @esdn MD box danniuitdinsinnnuduegiuszuna 6

Psi a1AuAuanad TRuA Y Wane1eusnewenusulrnsnluseaul

5Ufl 3.3 wans Mishell Dutton Box 44U culture plate 1uan 4 Junieldinanudu 6 Psi

wargamad 37 °C
B. Plaque Forming Cell Assay

WeAsuMIuum 4 U MUSUIaLeadnasne Ab N91mngRe SRBC  Aaens b

plaque forming cell assay nsmaaadly phase U Widndusesddgunsalivasnde Wesain

a o

ANU19091UNA LA TUAEINY TUMBUNITNAFDULAIN
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1. 819 SRBC awdsseylu A 1-2 winendsn1sanesig EBSS asegavingli
resuspend L@aaku EBSS seuSunasiviniulsuinsues cell pellet 999 SRBC thulwaannlin
0
4C

2. U1 plate 990370 MD box lagAse  1Ua valve w99 MD box 981971 9
Wielianusunielu MD box fee 9 anas (NMsanmuRuegeTInsiiNaliwadly plate Lin

AMULEYVNY)

3. 14 micropipette vw1a 1 ml Uinasvuaslusiasvquiiionausadlinifiu
PN & 1% v va 0 ' = 1% )
119 plate (Mnawadsausasnad) 13 4 C 5enIN958n150S sUAUNS DUUBIN1SIANADANAADY

Tu water bath va39unaudnly

(%
Y a

= 0 o =
4. GNQQJ‘WQN water bath 1 45 C 319%a9anaaadtnIvUIn 12x75 mm Lﬁﬂﬂl’ﬁu

newnsldvaannaaes (test tube rack) Nuyagly water bath

5. Tuwsagvasannasy TAldansaell 0.5 ml agar-dextran (0.5% Bacto-Agar uag
0.05% DEAE dextran Tu EBSS ), 25 pl SRBC (fum3eulilu B1), 100 ul wadan MD box, uas

25 pl guinea pig complement

6. ULAALVADANAABIVUIIN water bath NEANEISIUNADAANIBNIT vortex Warsu
WasasluauwIsWoruln 13x100 mm  (MAmSeealraniin wisu labeled  Seusesindu
fegsla) udilase cover slipwuin 40x50 mm. ag1953A57 Uaseliiuudeda neuinau

« oAy a 0 YY1 oay
wwzigeluunnguuenmgl 37 C (4gunilud Co,) Wuvian 3 au.

7. dulTunawaaiiasne antibody Aaen1siuIuIUL plaque Miindulagldiaias
Bellco plaque viewer $U#1 3.4 uansiiag1e plaque (unisvesgaanasns antibody 314m1e)

Faduasla daduainiudunavas SRBC
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31]1'7i 3.4 udns 2 plaques Fuduaslaseuadiianunsaadis Ab fisunigsie SRBC antigen Lile
ua\‘imﬂlﬁﬂﬁmqamiﬂﬁ (https://www.medicine.mcgill.ca/physio/vlab/Other_exps/

Immunology/PFC.htm)

3.4.12 anuiluiiwvasansain TAM saiwadussaanenug

nsnageumuluiivlaensivasansain TAM saiadusiSeananug HaCat, AGS,
MCF-7, Ad27, B16F10 wag L1210 ﬁ%umauﬁﬁﬁa

1. Td 500 pl waduzisusazanaiugaslu 48-well plate lnglidusunansead 5

x10° Lwad/vau aue 20 pl ansada TAM Wiflananduduanvinendu 0.1-20 pe/vau

o A

2. Unwadsiuiuansanaig

u gampdl 37°C uaz 5% CO, \Juszaziian 48 vu.
3. vedeuNSHTInegvaadmeds MTT fAaseazdeniiseyliluiite 3.4.7 C
3.4.13 nsnadauaaluivves TAM lunydd

WoINNIINAGRUNAYRIANTARA TAM  sanisvinuredwadgiiauiulusianig
Y . . o & v v DR U a1 & a |
dninmass (in vivo exposure) Indusodldninududy (dosage) vosasatnfliiluiivse
dndnaaes felu FelivinnisAnwidesiu tenageunnuluiivresasain TAM Tunydd

B6C3F1 iomAadudy (dosage) Minunzauieoldlunisvnass in vivo well Tunaunis

£
a Y a4

NAFBDIUPNUAD
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1. vuudhd B6C3F1 lasunstadmiin 1 funeunisvaaes wazuueendu 5 nqu

lnedawvangulvidasnguilinninduadenlndiAesiu (homogenous weight group)

2. vylasunistouniauin (oral gavage) medvinagats 10% DMSO lungu
AIUAY USRATANA TAM fienaududy 50, 100, 500 wag 1,000 me/ke nniu uazasau

szogian 14 Tu (g 18 gauge feeding tube W@z 1 cc syringe)

v a ) 9; v o 6 1 o 1% @ Y 1
3. I‘U’J‘u‘m 15 YIUNNUNENINAADY ﬂau%’]ﬂqémg‘mqmﬂqaﬂqiﬂu CO, LNUMNIDYN
Woaiou N IlAs1zYinnelainine) (haematology) wagn1s@3uadl (serum chemistry analysis)

FIIMTINANURAUNG waztaivilnueseielzdAnme o
3.4.14 nsAneINaYas TAM fa Natural killer (NK) Cell Activity

M5ues NK waaldu innate immunity  fAfianuansnsaseadugise
Whnne Taglddndudesiiunisnszguuineu Tuauwideld asivaeunavesasain TAM sg
Anuanansatunsswadussadmneg (Yac-1) Tu in vitro ved NK wadiilannuuiind B6C3F1
Algsunistdaudisansann TAM daiflosduszezina 14 Yu wdnnsvegauaiilauy NK wad
1 1) I3 I3 AV va v YY) o a bl A 3
Sufuwaduziadmuneilafaaainsiganstiuduanmssd ~ Cr Weawadidmaneunninsizgn
' v W v a b1 9] a 51 3
gilae NK wad ansiudunn1nsed ~ Cr avgnuaseanueniad Ysunas ~ Cr Ty supernatant 34

Juuinielasasesiuanuaimnsalunisenues  NKcell  dunsunisvadauiinawUasann

v
v a

Holsapple et al. (1988) figslife

1. dounyiind B6C3F1 (5 é/ngw) seansaia TAM 71 dosage #i19 9 (50, 250
WAz 500 me/kg) wseMmEiazaty 10% DMSO (nNguAIuAy) ¢ oral gavage ASIRBTL
seifloaduszezinan 14 Ju dwdunguiiiu positive control lufugaveda 0.2 ml anti-asialo

GM1 (39913 1: 10 i) fivasiies (intraperitoneal injection)

Y [

2. Twiud 15 ndanlasunsteunssgavhedusseziaan 24 vu. wynndgnii

n3augenamensiding CO, uavidiuldlu culture tube UssYansazate EBSS 3 ml

3. wssNwaane) (single cell suspension) a1nIuALAsNTEUlUTIUD 3.4.6

9

o v v & v 1) Y v 7 &
USuanuuturaaradinuliilnnududu 2x10° cell/ml Wutgadneseuasaly culture tube

q" [¢] 1 F% s
N 4°C sgyiesomnunsannaaldming
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4. Turaugin3ou single cell suspension U84 splenocytes ﬁ"nfaaéaﬂaﬁuﬁj Yac-1

a 1% Y o a 51 1% . . ' 7

cell WdnnanAsansiutunnngsd ~ Cr (%9 500 uCi 989 sodium chromate #ia 1.5-2x10
cells) fensuniu sodium chromate Juian 1 w4y, Ngaumgiivies Nendn1sul d19a13

[

Audumnnssd@ilign uptake g Yac-1 wadeensanisld PBS wie EBSS 1udiuiu 3 Ads

5. YA9AINNNTA9ATIgAVINY Hulwadnienisly haemocytometer (ldlanizau
v v o o 9 [, s ala % 51 51 v
Auansiuiunnmsed) wasuiuanududuves Yacl waafidaaanme  Cr ( Cr-Yac-1) Tl

ANIdY 1x10° cell/ml

6. lu 96-well plate (U bottorn) plate 100 pl wadandufiwieuliuds (ude
3) Fadumadfivmnfinovauss (Responder cell; R) $2ufU 100 pl U84 *!Cr-Yac-1 vt
Juwadimaneg (Target cell; T) ﬁgﬂ@iﬂma NK L@ty responder Tudnsidiuves R: T 1Ju
200:1, 100:1, 50:1, 25:1, 12.5:1. 6.25:1 lneldnsdruay 3 41 luvauildu spontaneous
release (M3352989 ' Cr 910 Yac-1 WwaddiAnioslaglailsgnein) plate target cell $a/y 100
culture media wnu responder cell way dmsunisdnihlmwadidvunends *'cr sonainad

NNUA (maximum release) NTevinlaens plate waatthuesauiu 100 pl 0.1% Triton X 100
7. Ua culture plate Aiguy 37°C, 5% CO, uszozinan 4 v,

8. mends 4 . 11 plate wduwdesd 1500 rpm 10 wHl wagiiu 100 ul
supernatant 1d scintillation vial et luinaasiutduninmssdlaeld gamma counter wans

AHENNsaluNenves NK wadilu % specific lysis lngldgnsdisil

Experimental release-Spontaneous release
% Specific lysis = x100
Maximum release-Spontaneous release

3.4.15 NMsANEINAYEY TAM Aan1sdaasizit NO

HAYDY TAM #8n15a379 NO ¥eaiwas macrophage gnnsiaaeulaenislasuans
aﬁ’@wzﬂu in vitro wag in vivo \aa macrophage F8u in vitro wag in vivo laaafe wadane
Wug RAW264.7 uag 1wadluledviaany (peritoeneal cells) muawiu dmsunisinusunuves
NO Fidawasnzsitulnewad macrophage nszsiilu in vitro TnefauSunamen nitrite Mdunanan

dulatiasves NO lagly Griess reagent (de Oliveira et al., 2012) 118330 NO 7ignduasiziay
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1%

dloeglu culture media 9zgn oxidize 1w nitrite 819590157 Fau USUaues nitrite AT

Jaduufmalagaseiud3unaves NO Ngnduasieiay
A #avanslasu TAM in vitro dan1saf1e NO Tu RAW264.7

Tulawea in vitro THwadaneiug RAW264.7 Nlasun1snsedusle LPS wag IFN-

(%
[

Y seliAnnsdunszi NO 918a2id8nrIn1svnasdivunouniile

1. Plate 1wad RAW264.7 cells (2 x 10° 1wad/vaw) adluluusiaznauues 96-well

v [l
=] I

plate wazunliilunian 2 su.ifieliwaddanziniufinaveangy

i |

2. Ay a@15ain TAM (0.2 200 ug/mL) %39 antioxidant positive controls ek
vitamin C (500 uM) %39 vitamin E (141.3 uM) wag R-carotene (2.5 mM) a@l‘diuu&iawquﬁﬁ

RAW264.7 wiad Unliarantinuan

3. wdsanmsudunan 30w nszAuNsasne NO Menshd LPS 1 ug/mL

$3AU IFN-7 10 ng/mL wavusiwaanednduszeziian 24 .

4. ensurvuanainisu 1 96-well plate TUdumiesdt 1,500 rpm 10 uadl
wd1 pipet 100 pL ¥89 supernatant 1Ugs 96-well plate sl (1% non-sterile plate Ialudunou

TJuannil)

5. A1 100 pL 99 Griess reagent [1% sulfanilamide, 0.1% naphthyl-
ethylenediamine dihydrochloride (NED) waz 3% phosphoric acid] aslulu plate fif
supernatant ¢ naslidirAufensinTuasegsiinwa nenemanidssnmsiiames Unisad

Tundiaduszozinagn 10 w¥

6. JaAnsgandunasi 545 nm laensld spectrophotometric microplate

reader

7. USunauwea nitrite Tusog1e muralalaenisilSeuisunu calibration curve

VBIFTUINTFIU sodium nitrite Fiflanmdiudiu 1.56 uM = 200 UM
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B. WawasTAM Tu in vivo fian15d519 NO ¥4 peritoneal macrophage

1y in vivo model 4988 macrophage 3 n¥aaviasvaanying B6C3F1 1

Tasun1stausigansann TAM tWuszeziian 14 Y4 faddunaun1snaaaunai

1. wywhdnadielasunisteu (oral savage) 1 adwioTusuansaria TAM (50,

250 %39 500 mg/kg), vitamin C (100 mg/kg) %38 vitamin E (100 mg/kg) #38 f-carotene (50
mg/kg) \Wuseeziian 14 Tu

2. winldumstlouadeanine 24 wu. wyynnauMARDIgNATUBIARIENTS
4 o, uaziAuwadluyesviad (peritoneal lavage) fien1sld 7 ml vesansavareudidu (4°C)
%484 PBS i1 10% FCS

3. fiu peritoneal cells Tildlunasavnanassdl 4°C Juwmdesit 1,500 rpm 4 °C
Juan 10 Wil way suspend waalu complete RPMI media

4. Wuwaddensldesestiuwadsiluli® Taegld Coulter counter

5. Plate 1wad 2x10° wad/vay asluusazvauves 96-well plate wazUuwadd
37°C Wuszezinan 2 . MinwadiildldBanizdu plate (non-adherent cells) Inenisdna
plate A7y culture media ﬁﬁjuéawﬁ’lﬁﬁl 37°C

6. Uy adherent wad (U1 macrophage Tu peritoneal cells) ﬁUﬁﬂi%ﬂﬂizﬁuiﬁ
macrophage @513 NO lagn13ld 5 pg/ml LPS $2uiU 10 ng/ml IFN- Y 1usnszdu wisld 0.1
pe/ml TPA Wusnszeu wazunwaaseiuszeziian 24 .

7. Jleasummuaiainisuy muSuna NO Tnesauduna nitrite daensld Griess

reagent MM13aNTEYIY A 4-7 ¥Rl 3.4.15
3.4.16 NM5ATIETRYaNeEDR

foyarammiinsginnuulsusiu (analysis of variances) #smslilusunsa
Statistical Pakage for the Social Sciences (SPSS) ﬁjﬁm%’a;ﬂaﬁﬁmiﬂizmaﬁaLLUULﬁEJ’Jﬁu
(homogenous data) Usgiiiusie One-way analysis of variance (ANOVA) lagluTautiieuaan
LANANTENINNGUNARBINUNGUAIUANMENITIY Dunnett’s two tail Test dmiudeyaninig
N3¥A186197U (non-homogeous data) UsztiiulaeansignauuususIuluuadanIshanuasdasy

(non-parametric analysis of variance) lAglUIEUBUANLLANANTENIANGUNARBINUNGY



39

AuANMENISY  Wilcoxon rank test  dwiumsilSeudieutoyanidanie 2 nauld

independent T test Uayaiinnnuuanitmvaiiegilleddyegatosi p < 0.05



UNN 4

NAN1598

4.1 anudutuvas TAM filiiduiudeiadsinu

nansAnwIANudduggeves TAM @aundeslasazaely 10% DMSO) Alsiduity
sowgadinuvomyding B6C3FL wandluzudl 4.1 wansvenesis 2 adilinalufienadendtu
LRI UTinauwesansada TAM Ainvsndudu 10°-10" pg/vau lifinaasuutasiousunaisad
Tu culture (5UA 4.1 A) wag MnMsiavEinansadfisidin (cell viability) Fe3Bnséense Pl
wagiAsIznice flow cytometry (gﬂ‘ﬁ 42 A Wennnsiuwesifiitinlaensineldndes
an3IAl ¥aRINdoume trypan blue ('gﬂﬁ 4.2 B) wuin TAM fienudududisnnndn 10 pe/

vy Buuananulufivdewad 73 % cell viability SufiAnanas iy Tunisvaassniwioly

ANANTUgeEaues TAM Nldiueadlu culture agldlaiiu 20 pg/mau

107+
v Study 1
e o Study2
o Yy, vy oo
w4 . 8,00 7 '
210y 29 0o 0% 0
E v
@)
105 1 I I I I 1
105 10¢  10° 107 107! 10° 10!
T indica (pg/well)

JUN 4.1 Usmnaugaddudiunsindu TAM fienududusng 9 1Wuna 48 vu. Aldann 2 113

neand NstumaanseyinlagldmIeatuwasontuslf Coulter counter
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A
PI
150+ A
o Study 1
+ Study 2
= 100
= _
-5 DADRARQEOBODD0HA0D0DHlR O o
> .
=X
504 . .
0 1 I 1 1 1 1 1
105 10* 10° 10 10" 10° 10! 102
T. indica (pg/well)
Trypan Blue
o Study 1
+ Study 2
2
L 1004
'E A A 4 a A QDADQQAA:I‘DU
> L oo o 8 B . * a
S o
S 50 . o
0 | | | | | | |
103 104 103 102 10! 10" 10! 10
T.indica (pg/well)

JUN 4.2 Fozagveuranniliinveswadiiuuus iy TAM Nanuidudusing o Weuseiy

Tnen1sdonsme Pl (A) Lag trypan blue exclusion (B)
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desannlunsazane TAM Tu 10% DMSO dledsislsasinsanasneuuisaiuesnun
et Aeurhmsneaestaly culture videtloufudninnass tdanmsthansazans TAM Tuilumies
(quick spin) #aen1sld microfuge fatu Tununaassyamdsiinmsnwiieaiunaues TAM lu
mitogenesis assay, mixed lymphocyte reaction itag Mishell Dutton assay lAnnasdions
azangansan TAM lmllaewenenuvilrazanglditu iedestulamnisnnazneu Tneth TAM
TUavanglu DMSO 100% riau wiewdu stock solution Aeuvinisideatsienisld complete

media N1sNPaRINUINFAITaza1e AN ATULAURINZUNRLTY kazlidunaiunznau

duitloaninmsld DMSO Wudwhazans TAM ansdudugeanvesansadndiaiunsa
1916lu culture Tunsvaaes in vitro 3agnaniinlag % DMSO guaniilsineliAnfiuseivadiig
Mnmsneassiaiu (preliminary experiment) Wuin 0.1-0.25% DMSO Lﬁummwﬁuﬁuqqqmﬁ
anuns0ldlilu culture TaglideliAnRuseiadiinalu culture fadu anuidudugegruesans
afindildlu culture limsi % DMSO gendn 0.1-0.25% oils lunsiwieumaduduvesansain
TAM fiflannandudusig 4 Tnonsidos TAM %"’aazmaagﬁlu DMSO Tagld complete media #1
% DMSO vesansarinlunsazanadudulignideasasmuamnududuresansadnfianas e
Aot Ssvhmanaaes TAM fflenduduunndrsturuglufy VH control sl % DMSO
Wity % DMSO veeTAM Tuusazenandudu il ieliiulalunsulanaimadiinduainns
nnaoudunaves TAM wihdu lulliduraduidesain % DMSO fiflaruuanseiiluusiazainy

WUTUYDY TAM

Han1snadeuaIluivewadinuvemyid B6C3F1 fedsnisavate TAM
aratde 100% DMSO uanslumnsned 4.1 Ssduugdn fausid 0.1 war 0.04% DMSO Taluans
arudufivsowwad (Jewfloutiu media control) Audiudures TAM lusesu vehicle fanan
A9 50 pg/ml TAM Finawansrnulufivsawadiiofieuiu vehicle control vesusazay

dudu felu anududu TAM geganliluiiviowadegin 20 ug/ml

Y
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AN91997 4.1 LERI3PUaTUSUNYAARNEVRUIARINUNUNIINAU VH %158 TAM NANUuTy

1 v & ' a sy ' a v
LANA19NULUULIAT 24 V3. NBUUIELUUNTANEVDULIRANIYE Pl (¥ ANLRA8UDISDY

a o ] d‘

avUTIngadnIevaiazAlALLANF e eilded Ay p< 0.05) Wenaaauy

A8 Student’s t test

Treatment % Dead Cells
(Avex SD)

Cells + media 25.50 +2.16
Cells+ DMSO 0.1% 26.24 +1.88
Cells + TAM 50 pg/ml '54.56 + 0.51
Cells+ DMSO 0.04% 30.32 £1.01
Cells + TAM 20 pg/ml 46.49 + 3.13
Cells+ DMSO 0.01 % 30.78+ 0.35
Cells + TAM 5.0 pg/ml 31.09 £3.02
Cells+ DMSO 0.001% 25.90+ 0.00
Cells + TAM 0.50 pg/ml 32.02+2.33
Cells+ DMSO 0.0002% 29.89 +3.56
Cells + TAM 0.1pg/ml 31.02+ 2.33
Cells+ DMSO 0.000049% 23.67+ 0.00
Cells + TAM 0.02 pg/ml 26.75+ 2.33
Cells+ DMSO 0.000004% 24.94+ 1.65
Cells + TAM 0.002 pg/ml 26.70+ 2.55

4.2 Waved TAM fan1snavauadvadgaadinufa Mitogen

Tun1sfnwinavesansann TAM  fen1snovauesvodwaaiiiuly mitogenesis assay
AT Con A Falu mitogen MinszAu T wad esa1n Con A usas lot dauaunsaly
n13nszRu T lymphocyte wansineiu aedulunisneaesidesdu Fsdndudesmanududun

dl ¥ ! o a L U dl
winzauieldlunisnszdu Aeuviinisveaesassivansain nsnaaeddusuin 4.3 wane dose
response curve Y0IN1IROVAUDIUDY B6C3F1 splenocyte Mo Con A M122Ian 72 Uil NaN1S
NAaaINUI1 AULTY Con A IdnhARN1sRevaLRIgIgnveTaninuegUszIM 5 w38

1%
L2 =

10 pg/ml AstusuiIdeiidadenld Con A 10 pg/ml LilavaaeINaves TAM fan1TRaUaUDIUDY
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wadsihuse mitogen manisvaaeslunsnedt 4.2 Fa31 mitogenesis assay linannuTigosns
Aolulwadshuiivusiuiu Con A mitogen Tnsmeuaussgsiia 104,105 cpm aganin culture
131 mitogen &4 38 Wi (p <0.05) dunsunwadsusmiuasadn TAM luseauildiufivee
wad Ao 0.1-20 pe/ml ldAeliAnnsdsunasnisneuaueses T wadse Con A mitogen us
9¢13la #sAn [H] TAR incorporation ¥aausiazgues TAM uay VH fiil % DMSO wirdunnglsid

| I ANw o w ! ! 3 . . % a M Yo
AMULANANBENHTEEIATY (p< 0.05) @A [H] TdR incorporation wediwaaing Nlilasunis

N3¥AUAIY Con A usilasu TAM %58 VH 71l % DMSO winfiuriu TAM luksiagainududy daen

A 3 P

WeuwinAn baseline wiszlailagnnseduaie  mitogen oA [H] TdR incorporation 8¢

o w 1

Uszanad 2,500-3,000 cpm waghifimnuunnssiuegeiidudfauwiusenisle (Wilduansdoys)

o

120000 Con A Response
100000 :
€
£ 80000 3
L
5
- 60000
T
.
40000
20000
. *
0
0 2 4 6 8 10 12
Con A conc. (mg/ml)

JUN 4.3 uanin1IneUaLeveLgaaiinuaIINvYEing B6C3F1 sia Con A mitogen 1AW

g 1-10 pg/ml fissezioan 72 v,
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M19197 4.2 HAUDIANTaAnn TAM #oN150eUauedveueadiuaInyy B6C3F1 so 10

ug/ml Con Al in vitro fisveziian 72 .

Treatment

[’H] TdR incorporation (cpm)

Cell (without Con A)

Cell+media

2,748 +248

104,195+9,585*

Cells+ DMSO 0.04%

Cells + TAM 20 pg/ml

109,617+ 12,883

89,097+ 10,202

Cells+ DMSO 0.01%

Cells + TAM 5 pg/ml

92,880+ 8,431

98,361+ 19,199

Cells+ DMSO 0.002%

Cells + TAM 1pg/ml

99,288+ 14,443

93,961+ 15,891

Cells+ DMSO 0.0002%

Cells + TAM 0.1 pg/ml

90,953+ 7,323

86,498+ 5,887

o

' 3 . . i ' i ' ) ) {
* @1 ['H] TdR incorporation veausiaalimuwanssegeiiteddgi (p< 0.05)

4.3 Wavad TAM fian1smavauadlu Mixed Lymphocyte Reaction

'
a

sUN

Y

4.4 uAnINaYeY TAM Aian13neauaueIvesaninuaInvsing B6C3F1 Nilselyas

allogeneic (waddhua Ny DBA.2) nan1snaaedduued lungu control Faldlasuansadin TAM

¥30 DMSO @aidiu VH control wea TAM) wwadiuannmy B6C3F1 Saiiu H-2” anunsanevaues

] ¢ v v 4:4' d & a ' ) . . oo
mamaammawwmﬁ DBA/2 My H-2" Faflmnuunnmneiunia major histocompatibility

complex class II liigs Fefinnsnevaussiinduds 19.5 wh waznismavaueuluuuy one-way

mixed lymphocyte reaction tawziwadsinuves B6C3F1 dadu responder wintufianunsa

POUAUDY AdIUWAAINY DBA/2 yiutAulies stimulator llaunsanavausssowwad B6C3F1

16 fia culture Mflwsilwaddiiu DBA/2 (Mgnuusiniu mitomycin € a3 Waldu Con A

violilésu Con A fidn CH] TdR incorporation winfiu 491.67 + 61.4 cpm wag 399.67 =

157.91 cpm auadu Fanansingaanidu stimulator lignusaneuaussse mitogen e N15in

nsnovaussliinIudndunisneuaunsves responder wsouBadINN B6C3F1 lasuans
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WiINlY @S UNaI8S TAM 1ANUNTY 1-10 pug/ml aanismavaussly MLR wuin Wealigunu

£

vehicle control Aa DMSO 9illlesidusnnenuduiunias ATt urnsalsadn TAM n1g

°o v A

MOUAUDIAE allogeneic WwaRanatey1litudAey TAM 10 ug/ml (p< 0.05)

14000 Responder + Stimulator
— 12000 ) 1
£ * T *
a ] T
[¥]
= 10000 I .
2 1y —F—
®
£ 8000 T
3 = ] OVH
S 6000
£ OTAM
[+ 4
= 4000
T
(32]
= 2000
R
0 : . .
Control ViTl V2 T2 V3 T3

Ul 4.4 navesansain TAM sennsnauausd allogeneic 1wad (DBA/2 ) wadiwadsinumy
Wind B6C3F1. T1, T2, T3, Ao TAM fiauidudu 10, 5 wag 1 pg/ml udidu Vi,
V2, V3 vaneis vehicle control 999 TAM uiagaadudu dadu 0.1, 0.05 way
0.01 % DMSO suadiu R Ao responder mueds culture vaswadsnudilallgsu
miﬂizﬁuﬁwmaﬁ allogeneic stimulator (*) %1809 culture ‘17i responder U3
20U stimulator SAMWANE9AN culture ifiug responder agnsfifaddey (p<

0.05)

4.4 wavas TAM fan158519 antibody in vitro Tu Mishell Dutton Assay

Tungumauan (control Tuguit 4.5) Balailé¥uansaria TAM 1138 vehicle control 1wad
11ved B6C3F1 anunsagnnsedulae SRBC TiAnnsnevauedlagadia antibody #ie SRBC Tu in
vitro 1w Mishell Dutton assay &3 culture 1u in vitro 7ililéld SRBC lanuwadiianunsoadn

antibody (5181uAndu antibody forming cell; AFC) fisumnzsie SRBC 1 wiilu culture #ifl
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SRBC ilevuduszazinan 4 Tu Sunuwadfiadne antibody 7is1iwnzsie SRBC (§1uau plaque)
TUld 1950 AFC/culture uamaI3Bnsmaaey Mishell Dutton gndtes Tnasesfimsazidu
dnsunauesasana TAM fan1sasne antibody Tu in vitro Iugﬂﬁ 4.5 A uaz B wuln dlefieu
U VH (DMSO) control #ifl % DMSO wiriuluusiavanududures TAM asafafinanududu
5 Wag 1pg/ml @nnIanszAuNTNNuYes B lwadlunisaine antibody fisumizse SRBC
antigen 1 ogeiliudAty (p< 0.05) hjfjfmﬁmsww‘iugﬂmaqL%aa‘ﬁmmsaa%ﬁq antibody laee
culture (AFC/culture) w3 wadiiad1a antibody lése 18umadvingu (AFC/10° cells) Alvina
lufiemnadientu (Uil 4.5 A uag B audndiv) fie Suiuwadiiains Ab se culture 193 TAM
7 5 ue/ml way 1pg/ml 1A1g9n31 VH control vesufazANIdutuUsEing 43% wag 32.3 %
AU (p< 0.05) TneAnsuiuwadiiasa Ab sie SRBC Tu 1 duwadues TAM 71 5 pg/ml

waz 1pg/ml 1A189031 VH control veausiagaMuiutuuseannt 58% uaz 34 % M1ua16u

5000 *

4000

OVH
3000
OTAM

2000

AFC/Culture

1000

0 T T T T T T
Control V1T1 V2T2 V3T3 V4T4 V5T5 V6T6
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B
400 "
I *
300 -
]
@
[w OVH
@ 200 -
= mTAM
S~
%)
<
100 -
0 - . : . : . .
Control T1V1 T2V2 T3V3 T4Vv4 T5V5 T6 Ve

g*df/'i 4.5 waued TAM sian1sadna antibody in vitro ileneuauedsie SRBC antigen Liowana
WJu AFC/ culture (A) wag AFC/lO6 recovered cells (B) T1, T2, T3, T4, T5 wag T6 A
TAM fieududu 10, 5, 1, 0.1, 0.01, uag 0.001 pg/ml auaau V1, V2, V3, V4, V5
Waz V6 Maneds vehicle control 909 TAM  wsazaudady 3a810.025, 0.0125,
0.0025, 0.00025, 0.000025 tkag 0.0000025 % MINGRU

4.5 anuluievas TAM daigaausseangnug

msvageunuluivres TAM sawaduzisaaneiiugane 9 T in vitro Usziliune
Usnnouaadnidineaensld MTT assay wavnaed (3UN 4.6) wullwasuzisaneiuganiing
anulsennuduiivuesasain TAM wansneiu Inewaduziseneiugiianunumiuse TAM
Wnfigade waduzisuladeny L1210 fenududuves TAM saws 0.1-20 pg/viau hifl

' a saaaa ! 1 A 3 < L3 [
HANsENURoUSINMadNITInusegdln  sosaunfeladuzimIIen MCF-7 uasiwaauuise
Avilsasiufind B16F10 MSunanvaanidinanasiinnududy TAM 20 pg/vigu diu
WaduziSaiInle HaCat, lwadueisanssinng AGS waswadusisauan Ad27 USunawadniann

SuivTinaaeaadialasu TAM fienadudy 5-20 pg/viay
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L1210 HaCat B16F10
20
g
Elﬁ Elj ;LS
> =
S £ S
= S 10
Tyl w w
= a =
005_ 005 O(E
o o 1¢;
0 .1 5 1 51020 0 .1 5 1 5 1020 0 .1 5 1 51020
T. indica (ug/well) T. indica (ug/well) T. indica (ug/well)
AGS A427 MCF-7
20
Eis Eis Eis
= = =
= = =
S - Sio B Sio
uw U g] uw
a =) a
Cos ﬁm Cos ’j_‘ Cos, -
" - . 1l - Jledi.
01 5 1 5 1020 0 .1 5 1 51020 0 .1 5 1 51020

T. indica (ug/well) T. indica (ug/well) T. indica (ug/well)

UM 4.6 Anuduiivvesansain TAM dewsaduziss in vitro
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4.6 nMmagauaNUTuNevas TAM Tunying B6C3F1

wansnaaeumudufivees TAM lunyisiha B6C3F1 ey dosage wos TAM ils]
reliAnfivludninaasslunmavedeugrivesansadalu in vivo wudn nywid BEC3FL ilés
n1stausiy TAM (50-1,000 mg/kg) 114 oral gavage Suarads derdeadunan 14 u livans
gmsiafiuneerdinenaisadn TAM  enviulunsdives TAM 7 500 me/ke waz 1,000 me/ke
fiAnn1sneniatn U 4.7 A wansrntmiingvesdninnaes vownnauilsifamiuunnsiegng

fiveddey 1nnquatunu lldsuansanin uildsu 10% DMSO 7y vehicle control (Fewa

1

NINARBINDUNT WU NEUAIUANNLATU DMSO 10% Liflanuunnsdsainngunaassilasu

'
a

PBS usisgala) JUN 4.7 B uanansitdsuwdanimingivesdn inaaeininiulinyeinismaaes

2 %

(day 0) Aunseadivingaving (day 14) Fawanmsmaasddnil nnnay liinsanaswestving

q

(% ! IS ° w v/ 1 A vo I
MnTusnvesnsnaaesegelidedidny enviu lungunlasu dose gegn 1,000 me/kg In15anAs

]
o w [y al

Y29UNTNAITIATINBENNNENA Y INTULINVBINTNAABY LaganIiud 11 In1sanwed

o
[ [ '
= o Y v v a

Umiinddgega 14% (p< 0.01) et midnanasUszanu 3 N3 wAnraeaIniiu dnindisugedy

N

& e o P

<@ ¥ o =2 o o = [ 1 (Y] goj YY) A
Wntey unseiadieiud 14 Fuduingavihevesnisdeuansadn dmdndilunquilidinsanaadie
WiguiuTuusnidunaass (p< 0.05) og1slsinu n1slisu TAM (50-1,000 mg/kg) e oral
(Y] I | = Id [y 1 = ’oJ Y [ o o |
gavage 1uazass rotteudunan 14 Tu ldinadsundasiminveseisizdrfgniglusienie
Ao aues 1 I Uon e nda (thymus) egnsilituddty (p <0.05) udlufinnuuanaanisas
wafidedenndn dnidnvesduiiududndosfinguiilasu TAM 100 meke  waziwdnialadl
wnltufideanaadndoslunguinlédu TAM 50, 500 waz 1,000 me/ke (115197 4.3) uBNAINTY
NAILATIZINE serum chemistry F93tATIzAULY ALP (alkaline phosphatase), ALT (alanine
transaminase %38 serum  glutamic pyruvate transaminase; SGPT), AST (aspartate
transaminase 38 serum glutamic oxaloacetic transaminase; SGPT), BUN (blood urea
nitrogen), uric acid, bilirubin Wag creatine YIALVDUNNTIN UV ULAELR (115197 4.4) LAY
Ha3LAsIvYNdlainine) AdnsgiuSunadinidenuns (ed blood cell count; RBC), HCT
(haematocrit), HGB (haemoglobin), MCHC (mean corpuscular hemoglobin concentration)
waz MCH (mean corpuscular hemoglobin) (157991 4.5 — 4.6) wua1 LiflnuRaung wazladl
] I A v o W ! A A a Aoy o so N
AULANAIRE1elitudAINNquUAIUAN TRINSIURYULUAIFITUSAY dosage Y83 TAM 4
WinTu Wwwienuldinisidsunvawesiiuiudaideny1n (white blood cell count; WBC)
wazduuniaden (platelet)  sniunquilldsu TAM 50 wag 100 meg/ke A1 MCV Faiduen

4
a1 = [ IS

YSumsiadsvesdiadonunsdinaiuiantosegnsdidodfy Ussuia 3.7 way 2.6 % auanu

Y
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(M1357991 4.6) ogslsianu lunguitldsu TAM gsgail 1,000 me/ke Huwaltiuvad % neutrophil 9
WAy wazdl % lymphocyte Nanaseg1aifiedany Turarinaainnistukenviiadindenuin
(differential white blood cell count) (115199 4.7) WuldfiANLANA19UBS % monocytes, %
. . . ! Id a
eosinophils k&g % basophils ¥@NNGEUNITNAGRY 1AETIN HAINNSTNAFBUANNLTURYIDS

v

ansafin TAM  Tumyudihd B6C3FL (U 4.7 m319di 4.3 fia 4.7) Fuugdn ansadaainiudentiy

winuzvndenuduivaeuisiludninaass wifl dose 1,000 me/kg asatnaunsanelyiin
mane 40% Tudninaaos wamsdugnanyiinienusznauves TAM Tussuumafiuemis dadu
aumgnsmeinazfetesiuiyvmmsmenmitinanpznouses TAM eldsulutTuags
ety USines dose 50, 250 uaw 500 me/kg Fegnifentdlununaassveanisivansadalu in

vivo asaviinsialy
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30 A
—e— PBS/10% DMSO
= —1— 50 mg/kg
b —8— 100 mg/kg
~— .
= —A— 500 mg/kg
g —— 1000 mg/kg
z
x 20
==}
15 T T T T T T T T T T T T T T 1
-1 01 23 456 7 8 91011121314
Days of Exposure
5.04
B —e— PBS/10% DMSO
— 50 mg/kg
—— 100 mg/kg
—4— 500 mg/kg

—— 1000 mg/kg

A Weight (g)

T T T T T T

—T 1
6 7 8 9 1011 1213 14

=1
o
)
g
wn -

Days of Exposure

1%

sUN 4.7 dwedndd (A) waznisiudeunUasdming (B) veenyindg B6C3FL Tugiesening

14 Yuvainsanwianuduiiwvesansadin TAM
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4.7 Wavad TAM fan15911971uv89 Natural killer (NK) waa

Tassmsivaaounaes TAM sanshamuues NK wadlasnsuneadinumosmyding
B6C3F1 ilssunistlouseansarin TAM (50, 250 way 500 me/ke) 1uszeziian 14 u wwin NK
activity fmen1sngIvdeuauasalunsdngaduzsatngly in vitro ngu VH control 14
10% DMSO wa vitamin C (100 me/ke) 1 antioxidant control  uenantiy ﬁaﬁﬂduﬁié\’%’u
anti-asialo GM1 antibody fidait1vesviesy 24 v, reuvhngaena tietshasnmeaaeum NK
activity T4 in vitro wamiwmaama@ﬂugﬂﬁ 4.8 nan1snadeu NK activity Wufisnsiaiuaes
responder wad fio WwaduziSuimune (effector to target ratio) 7l 200: 1 mamajumuqmmﬁ%
a1sazany (VH control) finvmansnsalunissinwadidimane 16 20% Fefiodndl NK activity igs
Tunyshd nguiilé¥u anti-asialo GM1 3y antibody flanunsafda NK wadlu in vivo Ief
(Grosso et al., 2004 wag Lopez-Soto, et al,, 2017) @u150an NK activity 1909 72% wing
I§5uansatn TAM 7 50-500 me/ke 3o 163U antioxidant vitamin C 100 me/ke lLiifina

Waguuwlai1sinauves NK wadusegndla (U 4.8)

30+

—— 50 mg/kg

—— 250 mg/kg
—— 500 mg/'kg
——Vit.C

—o— anti-asialo GM 1

% Specific lysis

o+ .
0 25 50 75 100 125 150 175 200

Effector:Target Ratio

sUl 4.8 NK activity vesuyshd B6C3FL (n = 5) filéiSumstieusiae TAM 138 vehicle control

30 vitamin C {Wuan 14 Ju JeyafiuanaduAiade + SE. Anti-asialo GM1 140

naumuauieliwdladinisgniiatevedsaduzisatmunefianiu NK wad
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4.8 wuavad TAM fan15a519 NO vaawad macrophage
4.8.1 nsanelngldlunavas RAW 264.6 wadilasu TAM in vitro
4.8.1.1 MsmUSuafianzauvas LPS uag IFN-g

ADUTIAITNAADUNATBINITIASU TAM in  vitro #9A15a319 NO U89
RAW264.7 wad dndusipamanududuiivinganves LPS uwaz IFN-Y  lunisindeaniile
RAW164.7 wadad1a NO dslulasansisedl Ussifiuvsunames NO medeulne¥ausunas nitrite
Fudu metabolite product Talesves NO unugensld Griess reagent wanisvaaeuild
YU LPS 0.5, 1, 2, 5, 10 hag 20 pg/ml wag IFN-Y 1, 2,5, 5, 10, 20, 30 wag 40 ng/mliuﬂﬂi
nzdu RAW264.7 wiadliadne NO wandluzudl 4.9 A-B iduugdn Uuas LPS figandt 5 pg/ml
LU w0 IFN-Y figand 20 ng/mt lalldifinuSsnames NO Trnntudniiila fedu anideil 3

donldanududuves LPS 5 ug/ml wag IFN-Y 10 ng/ml saufulunisnszdu RAW264.7 wad

(o2}
o

\\

N
o

Nitrite (uM)
w
o

[E
o

o

0.5 1 2 5 10 20
LPS (ug/mL)
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(0]
o

\

Nitrite (uM)
N
o

\o

o

1 2.5 5 10 20 30 40
IFN-y (ng/ml)

Ul 4.9 mymeanduduiivanzauves LPS uay IFN-Y dwuldnsedu RAW26.47 1wad
anseyinlaons plate RAW254.7 Wwadianandudu 2x10° wad so uuazyy
srufuaudtuAiuansnsfiures LPS (05, 1, 2, 5, 10 wag 20 pg/ml) e IFN-Y
(1, 2.5, 5, 10, 20, 30 wag 40 ng/ml) Wuan 24 vl

4.8.1.2 WaYaIN5HSU TAM in vitro #an15a519 NO U89 RAW264.7

Naves TAM #9n13a31a NO 89 RAW264. 7iwaddilaunisnssdude 5
pg/ml LPS 593U IFN-Y 10 ng/ml LLamqiugUﬁ 4.10 A 39¥Fa0 nsbeFuansatn TAM 0.2-200

pue/mt uan 24 v, wiew LPS (5 ug/ml) waz IFN-Y (10 ng/ml) annsadudanisadis NO 7
Funsedlas RAW 2647 lnnnsdudafiadu auanududuvesarsadaiigedu  (dose
dependent) Mmsgfudanisaiia NO Tngansardn TAM finrundudugean (200 pe/ml) agil 68%
Tuauzdl antioxidant control ufia vitamin C (500 pM), vitamin E (141.3 uM) 38 B-carotene
(2.5 pM) annsndudalalndiAesiu Aeegiiuszunm 50% wagnaannisdudanisasns NO Talld
Fuivanudufivresens msizanuuduresaisaia TAM, vitamin C, vitamin E uag p-
carotene fildlunsAnulyllduaniauduiivae RAW264.7 wwad Wieuszidiu % cell viability
drensTd MTT assay snviulunsdives vitmin C flan cell viability lUidntiosuszanns 10% (p<
0.05) (3U1 4.10 B)
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150+ A [ No stimulation
M [ pS + IFN-y
—~
= .
100
2
o
P
=
=
Z 504
0-
S @ O Y D & O &
¢ F§F o TSP
& T &
T. indica (pg/mL) X
150+ . .
B [ No stimulation
- Bl [ PS + [FN-y
=
2z 1004 "
=
2
-
< 504
o
07 -
N R N
o W G -uArb.\n\
@\“ & T.indica (pg/mL) Qe’b

UMl 4.10  msdaasizii NO (A) uaz Sovazveuwadifnsddin (B) vos RAW264.7 wadiivy
Sfvansana TAM finnadudusing q wde vitamin C (500 uM), vitamin E (141.3
uM), %38 B-carotene (2.5 mM) WiauAUNIINTEAUAIY LPS (5 pg/ml) uaz IFN-Y (10

ng/ml) Juan 24wy, adiuanaduduadeu £ SE (0 = 5) USuia nitrite w9

RAW254.7 inszdusng LPS waz IFN-Y \ilsufy naive RAW264.7 (lafl@Sunisnszdu)
AR student’s t test (** uansnsegnaditfuddnydl p< 0.001) nauiildiuans

anim TAM Wiguiu VH control 3AS13%6178 one way ANOVA 131618 Dunnett’s test

'
o v

(** upnsinseg N lidudIfyd p< 0.01 )dmiulsiay antioxidant control vitamin C,

vitamin E wag B-carotene Wigufu media control AT1EAE student’s t test (**

'
Y v a

waNFiNeE1NlledAYN p< 0.001, *** uanasee9litud1A p< 0.0001)
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4.8.2 n158519 NO 9899 peritoneal macrophage Leuaéﬁlé’%’u TAM in vivo

[
LY Y] i

dielduuladnmuaiunsaves TAM Tunisdudanisads NO  LildiAnane
|gadNzL5EEWUG macrophage RAW264.7 MATeiisnsiedeuANaEsaves TAM 1y
nsfudsn1sadne NO weuwad macrophage fiogflutasitas (peritoneal cells) vasvyiind
Tngyin1steuasana TAM (50, 250 way 500 mg/ke) #3e VH control (10% DMSO Tu PBS)
Tunyshdsioideaduszezina 14 3u neudiwadesnaintosiavemyshd Ldonionamns
waafiannsninizde (adherent)  fu culture plate %qﬁu@mauﬁamwwwaﬂmaa’
macrophage fatu 3saansauen adherent wagoona1n non-adherent afuiwaduuull

g8 Aeuihnsnsydu adherent wwad (Baduwad macrophage) #e LPS (5 g/ml), IFN-
Y (10 ng/ml) w3old LPS (5 pg/ml) S/ IFN-Y (10 ng/ml) LileliAnn1sadns NO Tu in

vitro Han1INAaRaRdluIUN 4.11 A-C Fawansdn n1snseRume LPS way/vi3e IFN-Y

v o

#11150n58AU peritoneal macrophage lvia$1e NO “Lﬁt,ﬁmjaéﬁyuasmﬁua Wy ledeusu
culture #ilafléignnszdu uaznnsld LPS saufu IFN-Y awnsansedulsiiAnnisains NO I
findnsldiites LPS wield IFN-y iessdiadiealunsnsedu (p< 0.05) (U 4.11 A-C) A3
npasanu1 Msdudinisadns NO ves peritoneal macrophage 1ng TAM WUSAUAINAIN
it Tne TAM amnsadudanisadne NO Tu in vitro 1iile TAM i dosage gegalu in vivo
7l 500 mg/kg wazidleldfunsnsedunisaine NO in vitro #g IFN-Y w3e LPS $auffu IFN-Y
whiu (U7 4.11 B-O) uazn13uds NO lildiRendestumnuiduiivaes TAM wae % cell
viability 89 peritoneal macrophagecell %aﬁnﬂﬂﬁjuméf%a’ﬁaﬁm TAM laifipnuunneng

NNEU VH control kag % cell viability vesmnnguiiAlnaifeatiumagedis 90% (3U7 4.12)

50
A
1 No stimulation

40
~ B LPS
g
:Q-T 307 * kK
=
X 204
z

e

0

PBS PBS 50 250 500
T. indica (mg/kg)
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50+
B
404 3 No stimulation
E Il [FN-y
Z 30-
3 kK
=
.‘Z: 20 .
104 T
0
PBS PBS 50 250 500
T. indica (mg/kg)
50+
¢ 1 No stimulation
_ 40+ - B [ PS + IFN-y
g
— 30
2
=
= 20+
4
10 -
PBS PBS 50 250 500
T. indica (mg/kg)

gﬂﬁ 4.11 nsase nitrite lnewwad macrophage iuﬂiaﬂﬁawawwﬁwﬁﬁlﬁ%’umﬁﬂaué’w TAM i
50, 250 @z 500 mgzkg WWuan 14 Ju uaznszAu in vitro ¢ LPS (A), IFN-Y (B) %38

LPS 33U IFN-Y tJuaan 24 au. anfiwanaludade + SE (My 5 #a/ngu) Anuuaneg

Yo33¥U nitrite Tu culture YosmynguAmUANTINSEAUME LPS %3 IFN-Y %30 LPS

a

Jfu IFN-Y Wiguiu culture Nlilesun1snsedu naaeume student’s t test (¥**

'
o w a

unnengegeilledfty? p< 0.0001) ANULANAYBUNAARIlUNgUNlATY TAM gy

o

funda VH control #lasun1snseiusie LPS uag/v3e IFN-Y vndeusie one way

a v

ANOVA m1u@78 Dunnett’s test (* uansngeg1aiitiodfgdl p< 0.05, ** upns1sog1ed

'
o v A

gAY p< 0.0001)
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1504 A
s
< 1004
.E
=
g
S S50
0_
PBS PBS 50 250 500
Tindica (mg/kg)
150 B
S
T 100
.-'_E‘
B ]
Z 50
~ PBS PBS 50 250 500
T indica (mg/kg)
1507 ¢
s
z 1004
E
=2
-
& 504
0_

PBS PBS 50 250 500

T indica (mg/kg)
gﬂﬁ 4.12 Sevazventadfiidinveasad macrophage INYBIVBIVBIMY BEC3F1 lezunis
fJouse VH (10% DMSO Tu PBS) w3e TAM 71 dosage #is 9 wazgnnsedu in vitro
fe LPS (A), IFN-Y (B) Wwag LPS $amfu IFN-Y (O Wuna 24 . aianady

ALadY = SE Yoy 5 fy/nay
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dmsunisnaaesiiead macrophage ntosipsyhdntasunisloumeans
anm TAM Wunan 14 Tu wazdniliiAinnisasia NO in vitro sensid TPA wudn nslasu

TAM in vivo @131308u8inisasns NO Avninlae TPA Tawusdenduiunisasns NO Adniilae

LPS waz/w3e IFN-Y laenisdudanisadne NO uufnmelavnssiuanududures TAM 9

s (g‘dﬁ 4.13 A) Toei dosage ¥B3 TAM i 50, 250 Wag 500 mg/kg U TAM @nanTndue
nsase NO fitniilae TPA lgUszanas 39%, 48% uay 55% mIuasu (p< 0.05) GR
auansalumséiudives TAM 1 dosage gegama 500 me/kg dAnlnalAgaiu antioxidant
control vitamin C Asagitusanas 55 % iwufu wazsaanmssussnisadns NO luiRendast
anuidufivues TAM dewwaddasrios sz % cell viability vesmnnguiilédiu TAM laifiaanw

uANA19INNEY VH control usilszmsla (5U7 4.13 B)

Y

i O Non-stimulated
Il TPA-stimulated

Nitrite (uM)

T. indica (mg/kg)
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200+ B

150

100

Cell viability (%)

VHI VH2 50 250 500 Vit.C

T. indica (mg/kg)

SUAl 413 msa¥a nitite (A) uaz SovazvesUBnauvadiiidineg (B) veuwadlutesyios
macrophages 91nMYLd B6C3F1 Algsunstoudae VH1 (10% DMSO lu PBS)
v @nsarin TAM 7 dosage #ing 9 %38 vitarnin C (100 me/ke) Wunan 14 $u ey
n3nsEdun1saiIe NO #ae TPA (0.1pg/ml) in vitro  Anilwanaidurniade + SE (wy
5 fh/ngy) seu nitrite TunguaduAuiinszduse TPA Wiy nuaruauililésy
M3NSEAY NAABUREY student’s t test (** p< 0.0001) &3 culture AlFFuns
n3zdusE TPA 33U nitrite Tungudilé¥u TAM isufungu VH control nageuse
one way ANOVA @Mu#28 Dunnett’s test (** p< 0.01), ﬂﬁjuﬁiﬁ%'u vitamin C gy

U VH2 (media) Al#3unsnsediu naaoude student’s t test (** p< 0.0001)
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A1539158d

WaenuwAauzrmgauludeuiina polyphenolic flavonoids Fsslgniduaysa
DeATEEs @1U15ANTA peroxyl radicals Fiasalag ABTS/H,0,/FeCl; (Fenton reaction) uag
superoxide anions fiagralng hypoxanthine-xanthine oxidase (neotetrazolium) (Pumthong,
1999) flamAfesesiunineiasataayulnsiisignifueyyadaszannsosengrinessuy

ARANAUTINME 11U @UUTENOUAIAYURIEITAUDDNTLATUAIASNALAILNTAIUNITEI VDY NK

U 9

cell, tWNANSUAY tumor necrosis factor, IL-1, IL-6, IL-10 wa cytokines AU 9 AANTITRBDUAUDY

Y9N delayed hypersensitivity reaction wazsunIulusAuiigIvesiu signal transduction

Y 1

pathway Miga7eiun1sNTEAUNMTYINUTDLYaaiANiuAI1e 9 (Bendich, 1999; Chishier et

q

al., 1996; Middleton, 1998; Janeway and Travers, 1996) lagiang dsneauianalselogives
nsUsEENAldanIiUeaTATUN 9 LioduaSuNI5YIuRaENITASYYeRad lymphocytes Tu

luinadninaaes uay luauys sauva luddae HIV/AIDS  fillan1iziiduiuunnses De la

[ Y]

Fuente and Victor, 2000; Singh and Pai, 2015) @ wiuns@nuignavedsusuunessuuninumi

9

al

faflUsinadnin fsie9uinansngu polysaccharide fignafinuenniusmenisiiliusgnsainudn

Y 9

wzvudignimuaunsinuvessadlussuugiauiuly in - vito  lasduaSunisnauiu

9

(phagocytic enhancement) Ua4Lwaa macrophage kagn138ULY leukocyte migration way cell

(%
a =

proliferation voswaaLindenu1? (Sreelekha et al, 1993) #atiu ¢uwidedl Jeauladnuwinis

[y

gangvsvesasainIINdenvuuinusuuseseuu AN

q

a o

lassnsideiifnuguailessiuvesaisadnainifoniiuwdausin wse TAM siens

auessvuugiifuiulagldvysidaneiug B6C3F1 melloduluaa 1lesain B6C3F1 1umny

q

[y v =

Y ca & . . Aa [ A v L% a Y 6 1 A A
WU inbred strain (MufiweullTUNLBIMNBLABINUY) NYLLNELAALAIRIL genotype TINBY

a [y

wilauiu 9il ieandyvinisnevaueseszuuiANuLANA19AUEULTE991A genotype
19U ANULANGNNYBINITRBUAUBRITY LU TIANAUILlaTuiu Uadevesansildnaaouwinty

wenInu nuhd B6C3F1 dudunidluaeiuusnmiieainaneiug C57BU/6 11 US National
Toxicology Program 14lun1smaaeunanssnutedansnig o Tuduindonnsn1si1aueesssuy

QRANAY uazlignudeyaniainemansiiie aweiiednunyaienugnaaes (Luster et al, 1988;

Y
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Luster et al., 1992) dwsuimswanidonianenyshdnadieelglunsfing insglaesssuea

L b4

Wieatigayiid TauiulunsufieIfuy vumeginaziniuies AnLKan1U319N18 Lagn13sod

Y Y
[y J Y a a d' LY = & a v oAl =
ﬂuﬂ@l%Lﬂﬂﬂ'ﬂquﬂﬁﬁJm miL‘UaEJULL‘UaQimU%%Imu FAUUNNTIUNUAIN dUDY AULATEA LAY
JEUUFRS LU HNANTENUKATATUANNITVINNUTBITEUUNHANUY (neuro-endocrine  regulation)

Y

(Pruett, 2003; Sabioncello et al, 2004) fetu lunisnaaeuarsNilfivdoszuuiaAuiu
(immunotoxicology) Fafiealdusvuuidinadislunismaaey sniuasnaInIIAULANAININ
wAEnasaURsuwaINIIRRUaNRIassEUUN ANy lunsaitu dnihnsmesedaslddninaaes

a

3 2 e 1asansil Uszendldiinaaeusig 9 neiiwingseuuginuiuinyssendldnaaeuans

q

(% A

afinniudenduiudauzuiuindgnidessuuglifuiuniely wazidenldianznydmende
B6C3F1 Tunmsnaaauvslu in vitro uag in vivo
nuideillfiwadiwsenainiiu (splenocytes) voanying B6C3F1 Juunaseusad
Qiifuiu ins1wlulhading T wad, B wad, dendritic cell, macrophage 5313 NK wwad lngvialy
Tudhamydihd § T wadussana 30-35% (udwouil 70% 1Ju CD4'-T wwad waz 30% Ju
CD8'T wad) @B wadilussanu 40-50% NK wadiluseana 10% &34 monocytes,
eosinophils  tag  basophils  HsauAUUsENM 10% (https://assets.thermofisher.com/TFS-
Assets/LSG/brochures /1-076357%20cell%20count%20table%20topp WEB.pdf) uanaintiu
¢ Yoo v D24 o = v = 7 ¢ A
MnUsEaUNSalved iy duvemyid 1 dw anansawisugadlauinds 9x10 @ad v3e 90
auwadlaluegein wadansessuwadandu Aamnsanszyiladne dsdulunisfinwgnd
tﬂy ¥ U = L% [ & U a v [y dy = ¥ L3
Uewuvesansainandenvuudnuzud v3e TAM seszuuginuiululasinisi dsldiwadann

Y

ﬁwm“ﬂmméwmL%aaﬂuazwqﬁﬂmu LULALITUNINAGRUN Y INg 1 SEUUNAUAWIILY 7

9 9

Y o 1

fevldwadanduvemydhdduwvawesyadlussuugiauduguiu (Klassen, 2008; Luster
et al 1992; 1993; Burleson et al., 1995a, 1995b)

AeuvihnsfnyInares TAM Aanisviauveseadbussuugiduiu in vitro $18usieq
ymanuddugeanves TAM filiilufiudeieadsihuve sy B6C3F1 usiansarin TAM Sdam
Fasnsazansroudneen Tassnsild 2 annsluwdouansadn TAM wieldlumsveass  Iag
msinwlugiusn azats TAM Ty 10% DMSO AldlusunaasafieafuanudufivseuziSeans

v 6

1 = [d a v 6 = 1 o
WUTAN € nsAnwAaNUlunwludninaass nsAnwlu NK assay Lkaznaniznuaan1TdsIN NO

]

FNsANElUTEEzLsNY9lATINIgIY  Aeunladanain TAM Tua1uisoazaely 10% DMSO
Tovua sl dnIn azdunaInfinenaulenoanU ANty It NOUNINITNARDINEIRN

azany TAM Tu 10% DMSO wiafinznau 39 lddusies deanwmanizaruinla wetdlulu cell


https://assets.thermofisher.com/TFS-Assets/LSG/brochures
https://assets.thermofisher.com/TFS-Assets/LSG/brochures
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culture Tun1snaaemna in vitro viseldleudninaass Tu in vivo winseiu nan1stuansanmy

Y eal

Whdfmeannisnaass Tungu TAM dosage ggn (1,000 mg/kg) Pldsusadondussozinan 14
Su Seanunsanunznouves TAM lusienie Tuugnisnnazneuwes TAM sy nisvaasdlunis
w&wedlasansiviinsAininavesaisadn TAM 1u mitogenesis assay, mixed lymphocyte
reaction uag Mishell Dutton assay léUsuiasuitinienansanaTAM fazaneldunniu Tne
azans TAM lu DMSO #ldllfieaaiiefiu stock solution Udeelazanedn q Tnesaiials
Useanal 2 3. wagyinis vortex ussey Wiold TAM azanglduuanou Favhnisidessan
stock #en1514 complete media wanisnagauadufivues TAM dewadinufinszyilag
2 F3dAnuwandeiy Tnenisniouwuuisnds favately DMsO  Aliides ansadn TAM
aunsoaransldfitu linnpznou uiansafadanudufivgaininiaeisuwuuisusnitazans
TAM T 10% DMSO Tngisusn wuinmnudutugeanves TAM Aldluwad culture laimsifu 20
ug/viay (Useanad 166 pg/ml) is1gandsuna TAM qmﬁ%aiﬁﬁmmmwsﬁuaamaéﬁﬂmﬁﬁu
(5U7 4.2 A-B) dhumsazans TAM Tu DMSO Alsiideans wuianuddugsgaves TAM ogd 20
ue/ml (15197 4.1) Fefienudufiwannniwuuesnuseanm 8 wih Geonadumsizansiy TAM
avansldnty warlifinnsmdnavnousonlumiieufunuuusn daulsznovuisedidluansada
verundensiundnuzvmililinnazneunargnirdneenluieuinilouisusn enafifivse

o w |

¢ v = o v 2 a o X 1 da a v awu & %
LIRIGEMM R]QVIWSLMMWL‘UUWHLWN%U aﬂqﬂiﬁﬂ(ﬂ bUBDIIINUVBAITMNARI € Iﬂﬁ\?ﬂqi'ﬂf\]ﬂu 13J1ﬂ

(%
a 1Y

Foundulurnsmaassidmiumsdneisie q ildnaasaiadunds Tneldsnsazats TAM
I CHRIERAE

nsnegeulu mitogenesis assay Tulasens39eil 19 concanavalin A (Con A) Ju
mitogen iioUsziiunansznuves TAM sen1suuefives T wadlunisnouausise mitogen ng
Unaﬁ% phytohaemaglutinin (PHA) ez Con A mmmmzﬁumsmauauawaﬂ T wwad 39 T
AEMOUALBIRIENITUULYAS 191 mitogen aunsansedy T lwaavatengy (population) T
novauaild lnsnrsnovauendusuulysninig PHA  Huaisiiadnain red kidney bean
(Phaseolus wulgaris) @ Con A Juaisfiafnain jack bean (Canavalia ensiformis)
(Smialowicz, 1995) aevild aganmsansedulsl T wadnevauesld udnmsfnuidesiy

a wvua

(preliminary study) luvesUfufnisil wudn Con A fanuaiunsagendd PHA Tunisnsedu T

v
Ay A = A

waa neaaululasinsideil Judenldianiz Con A mitogen NaA1TNAABINUIT TAM A4

WNTY 0.1 pg/ml-20pg/ml ldnelmannisilasullasesnisnauaussves T waane Con A

mitogen Inglifiisgnsduds e grdduaiun1snouauetved T 1wadse Con A mitogen Wl
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ogdla (M57971 4.2) wenanidy navesmsWIeuiiey culture Alalldld mitogen weiilwadingd
llavy w30 vnsaudvansadm  TAM  Aldldfianuuandisesnisiasyueaead (cell
proliferation) ufu  (liléuansdoya) Fsuurdn ansadn TAM wenanlifiqnidaasunis
MaVALBIBY T Wwadse mitogen Mansanalesilall mitogenic activity wuiu (llausadaasy
nsuUawad) uised lWldnsraeunavesansatn TAM denisnevaunsves B 19ad mitogen
Faanunsanseitldlagyinsvaassegiudeady uild B wad mitogen wnu Con A Taeviily
mitogen ﬁi%ﬂizél:u B lymphocyte léun lipopolysaccharide (LPS) #vafnannuiasadues
WUATILIELATUAY @21 mitogen ﬁawmsanszﬁuieﬁ’ﬁq T uay B lymphocytes #® pokeweed
mitogen 7iafna1ns1nvas Phytolaca americana 3Uszneusie 5 mitosen gaufe Pal-5 i
ﬁy’awmmzéju T lymphocyte @3 PWM Pa-1 a13130n3edu B lymphocyte TikUawaduazaia
immunoglobulin dlod macrophage ez T lymphocyte (Smialowicz, 1995)

N1SNAEOU mixed lymphocyte response %38 mixed lymphocyte (reaction) 3o
MLR Junsinnisnevausswes T wad e allogeneic antigen fiflanuunnsnefuil major

v 6

histocompatibility complex (MHC) allogeneic antigen w1884 antigen UURIYAAVOIER?

[y

species iRgafuiifinmuanAeiumetugnssy @ MHC Wulusiuuuiawadiiunuinddey
Tudesmsliseuunsugndredade MLR ilunismaaeuiivszgndldlusumsdgnanaidaibe
WonsraaeuUndmouauainisidniuls (compatibility) nenisliseuiu (rejection) VB TU
(receipient) ﬁ@L%aéﬁ‘%aLﬁI@L?j@ﬁﬂ@Jﬂﬁw (graft) n1sVedevefEndnnIsIn et lymphocyte
2 nauiifiannuuandnefumeiugnssuannsdss culture) $aufu wad lymphocyte azin
AsRevauedIiuLaziusie MHC antigen fuandnsiu Inowadiivuinvenalugtu  (blast
formation) 1AANISELATITE  DNA  wazulawadedisims? lunisvageunefivinglssuy

1%

piiAuy deuianmsnevausuanzngy lymphocyte fildandninaaesiilasuaisiadiiiieadny

Y

a 44'

Feq ilensirgeuinansiaifivaaeuiinaldsuuuaininuaiuisaves lymphooyte  buns
AoUALOIRE MHC antigen 7innafuwdeld lymphocyte ‘1'7igﬂmmaaummmmsmiumi
MOUAUDILIENTT responder @ lymphocyte ﬁﬂﬂzjwﬁaﬁl,ﬁymémﬁuiu culture %zgﬂé’ugq
awansalunisnevauediaensanedad wioldarsail mitomycin C iledudinsudasad
wadnguiivinuihilduitesdanszduli responder navauoayinty Fonwadiviimiinfinseduin
stimulator N19IAAMNAINITALUNIIAOUALDIUBY lymphocyte 79 allogeneic MHC Hnatfianlu
MLR 138171 one-way mixed lymphocyte reaction #ann1suesisinn1snevaussly MLR 14

3 A a Ao & oA Y . . { a O
[CHITAR  tieRnaain DNA fiduasizvdulmiiu@ediu mitogenesis assay osuleilosnu
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(Smialowicz, 1995) Tasanstl Miwadsinuwes B6C3FL 1u responder @l MHC 1u H-2" dau
Wwadsuvesvy DBA/2 1y stimulator @9l MHC 1u H-2" wagdimnuuandnafufl MHC class |

(%
Y

@iy major histocompatibility complex Tunydhdiiendn H-2 complex wazRtaguy

o w 1

chromosome 9117 @il gene 7dndunavdrdmonisvinuminfiuarn1snouaupIueIsTUY
oiiAuiy 1UsAUN code g gene Tuusuildinduvainyaienieiugnssy (polymorphism)
4980 uazdnvazlannunanues MHC fenuaunsatun1sduiu peptide awinidn Fen1sduiu

v

peptide YuALENTIUINATUWIZYEY MHC Hulpssadafiviufnsesiuiu (interact) Audasus

Y

99 T 1w@ad (T cell receptor) w1z T cell receptor lulaans antigen Iugﬂsuad naive form

o

wiloun159ndN antigen 83 B 1wad umIndn antisen lugUues peptide vwiadnfigniiaue

[
[y 1

(presentation) 571U MHC class | #38 MHC class Il Tng antigen presenting cell ¥u vindu
+ = + 3 ) =
CD4 - %158 CD8 -T wwaa (Janeway and Travers, 1996; Stuart, 2015) mauulmaqamaﬂ MHC 9
)~ ° ) Y sa o v a =
fanudmnziuanuausatunisnseau T waaniiniliifinnsnouauss Msvnagay MLR 34
Junstamiuaunsaves T wadlun1siady e wlawadiionavausseiwadrosynnaduly
. a Y] | = ! & A 2 v T Y]
species gy 1ulunsdlvesnisugnateiiloe Wudy nan1snadeuwadiuiuuiniuans
anim TAM wuinansana TAM langdl 1 pg/ml @131150ann15neuaussves T waane allogeneic
antigen leghaiifuddny Walileuiu VH control (p< 0.05) (3UT 4.4) usirm it duigeiuves
TAM nduldiinasenisnevauaswes MLR laggufl 4.4 Tuugdl N15AoUAURIIRY T L9Adme
allogeneic cell fluudlinanas WeanAududures TAM lu culture o81¢lsAd Asannns
POUAUDITBY T lwaane allogeneic cell Tu MLR reaction agiianudiAgyn1eainen (biological
relevant) visely s1dudpsiims@nwiiinifusdely
Mishell Dutton assay Wumsneaeuanuanunsavesansininansenuly in vitro #ie
NIWAUIVRY B Ladasna antibody AT1mgvselal Mishell Dutton assay dmduisn1snaaeu
A v aa = A Y] B . P ° o ¢ Yo PN
reudnsenIsnils Weoleuiunmaasslu in vivo Ainsevilnedoudninaaedilasuaisnaula
AINYITEELIANMNUANDUNLNTEAUME antisen N1T1LNILAIBNTTAA antigen LIINI9MADA
\dannn (intravenous injection) wag7ieszasialsede 3-4 Ju Uaeulrinsiaiunves B 1waah
a11150a319 antibody 1314W1wsie antigen Ia 118399101 WwadinNeoNINUYLIIINITT AFC
A18n1591 plaque forming cell assay @NANNITINTARLILAINERINAADINLATUAT prime
A28 antigen 3N 19U SRBC 1alasu antigen 8nassnilslu in vitro 18 complement B 1wad

Nanu130a319 antibody NIUN1ZALATIN antibody 911190 antigen #IRU99 SRBC Lo antibody

D.

v v

Juriu antigen 1AAN15739 complement 1ng classic pathway dnaldlinn1suanUasLEaaNinTg
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n3s complement (cellular lysis) Wiuduaslariunarsanfiuunwes SRBC nilndlade 1
plaque %39 1 \wadTiasns antiboey (Janeway and Travers, 1996) Mishell Dutton assay s
naaeuiidniuli B wad Quwaddin)  Avusiu vie Lildunsiufuarsadaldaiuisaads
antibody lalagns prime antigen Tu in vitro AMEUdINITUNTINAU antigen 4-5 Fu Wwadlu
culture 1Usziiiuwadiad1a antibody (antibody forming cell) #2833 plague forming cell
assay wiloufutuneudinszyiilu in vivo Taewdnmisuds lu Mishell Dutton assay @1unsa
nszvildlagiinain naive splenocyte Mialwadinuanuyiihdundsssuailiingld3uaslam
Aol uiiiosan Mishell Dutton assay WWudSnaaeudienn ns1ediadld Mishell Dutton box i
ponuuUanziUIENInaaeull gaingm (critical point) fidrdnludsnmsvaasufededinigld
ausuiiwgandadiluluy Mishell Dutton box Taetamglugiaseezvains prime antigen
Tu in vitro &1 Mishell Dutton box inn1557 Yilmnuduansias wie gryderuslulugag 3
Fuusnvesnisun nsnedeuazliling Fwuneanuinluiufineaeu plaque forming cell assay
lignunsasnusunauadiiasns antibody 16 5eliill plaque intuthues iladlasiudlaym
Fana mitedsadenldeadiuiilésunis prime #1e SRBC luin vivo dranthreutimui
nsnAaesNsInuansarinly in vitro uay prime @98 SRBC antigen 8naSslu in vitro e 910
Uszaunisalvesiide madenliiwadsiudlésuns prime fe antigen dranthununisizuain
waddhuidy naive wad Gn'aal,ﬁuﬂizﬁw‘émwsummwmaaﬂﬁqqsﬁu Iaediduau plaque #3e
wadiasa antibody I¥getu

nan1sAnwlulasinsiedndn anseta TAM finasian1snavANeITaITEUUNNANULUY
a1 (humoral immunity) slananaaauly Mishell Dutton assay (;J‘tJVi 4.5 A-B) Ai¥AIn TAM
7 5 uaz 1 ug/ml @nansadadsu B wadlifade antibody fisuniese SRBC leeafituddy (o
< 0.05) Wlawisuiu VH control 7151 % DMSO winfu lsidnazuansteyaifuwadiasns antibody
(antibody forming cell; AFC) #i@ culture (gﬂ‘ﬁ 4.5 A) vise AFC fie 1 d1uiwaa (;51J1‘7i 4.5 B) il
Fuugin nMansedunisouauesves B wadlunsaine antibody vesansain TAM lalddufunis
fisU3unames plasma cell (wadiduimuinisves B wadilendeuadns antibody) luusday

Y Y v 1 &

1 gj U { U 2 & 6 12 1 U U d
culture W1UU LLWLﬁ@ﬂiUUiM’IML“ﬁaaLﬁu 1x10° Wwaawiniy a1sann TAM a3 UdduaIngaan

v
ISy &

JearunsainUSInausaanannsaad1e antibody 1 1esa1n SRBC Alglunuided dalu T-

(%
[

cell dependent antigen @H8AINIINIINTZAU B L1waAlAS1 antibody Loty dudusies
91fudyauYI89n T-helper 1wad Lagusuusn T-helper 1WagAaeQnNNszAUlaeNI5aNTT

antigen Tusy peptide &u 9 ﬁgﬂﬁ'u,auaéwﬁ“u MHC class Il Iag) antigen presenting cell Ltu
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macrophage %38 dendritic Wadfow N15nTeAU T-helper lwadnalvlinnisasne cytokine way
differentiation factor #13 finule B LwadlaTyar iU (growth and differentiation) 1in
Hu plasma iwadfianunsnadns antibody fisumgld (U 5.1) dafu nalnnsnsedulfiAnised
fiaunsaadns antibody fismizsie SRBC Taeansarin TAM tu o1auinldnanetuney wu ns
ﬂ’isél:um'ﬁﬁ%‘i’m%a\‘i antigen presenting cell Ua4Lwaa macrophage %38 dendritic Lwaalw
thiaue antigen 1 T-helper wadléfdu vio nsedumsvhaiuzes T-helper wadlunisadng
cytokine w3 differentiation factor Wiy Wewiun1siasayves B wad \udu dwnalnfiintu
sswnunalnlady suduflavdedinisinusedontely ol fifedunnin msduasunisadns
antibody ¥04 B Wwadiinfirnududures TAM 71 5 waz 1 pe/ml LLG\'ﬁmmﬁwﬁuqmdﬂ Wi i
AiudduTal Lifinasenisadhs antibody ves B wad dsmsmevausuuiidu biphasic
dose response Fidulva)infuansussiamiidu essential nutrients (Klassen, 2008) 14w N3
163U vitamin feseglutrsmnududuiivianzan d1ann vie desiAuluarliiiana 3o 81a

nolmAnlnuladuduy

Humoral immune response

Bacterium

Macrophage

Peptide
antigen

Class il /
MHC

/ Secreted antibody
Clone of plasma cells molecules

Endoplasmic
reticulum of
plasma cell

Helper T cell

Activated
helper T cell

Clone of memory
Bells

JUN 5.1 wananrsitausinduseninagadtunistninliiingiduiuuuuasun

(http://slideplayer.com/slide/10779254)
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nsAnwgVsE LS esansain TAM nssvinsnadeudedulu in vitro Tnevedeu
pnulufiviowadueissanenugane o lnense (direct cytotoxicity) WANISATIVAOUNUINEIS
afin TAM anunsadniliigadusSemeiudeng q anmsmefioty nelwadusdenetuagd
aullasioansaiin TAM sfu iwaduzieaneiusiinudeansadn TAM wnflandoladuzisly
dadeavvesydid 11210 fenmdudu TAM daus 1-20 pg/viau uananliianansadnils
Aomsmerensad L1210 ud  Sspudeuienududufifivduoes TAM  Suwdlils
waduzinaiylaity whelifauunndenaifededddy  duradundeneiuidndly
wuha B16F10 sesldmnuidudugegaves TAM f9 20 pg/vau tumsdniiliianisangves
waddfindu Wesuiunguauaniililldfuansatn TAM dunavesansatin TAM deiaduside
angiureIRuUNUd WwaruziSwsentuay MCF-7 fiaununiuseansadn TAM adn lngans
affn TAM daust 120 pe/squ laineliAnnismeveseadusiosnsln druwadfamifdluau (human
epidermal  keratinocyte) HaCat  uaglwaauwiianszimzensiual  (human  gastric
adenocarcinoma) Ad27 fiarunduduves TAM daus 520 pg/vau annsadmitliAnnsne
youwad msiwaduziSemeiugieialuny waz Tuauilmnalbennuduiviansewesans
afin TAM safu uaznalnues TAM AdntliAnnsmeveswaduziSsaneiuging «q unnsstu

wseld ogls dudunezdedimsdnwrell  ofls nsAinwmgrdiuuiwesasadtn TAM Tu

) a

au & o & a = oA a Y v ) v
U SIUUNEITESULLTULIA millﬂﬁﬁﬂ‘mm@LUENI@EJLW@JWJ’]@JL“U%J“UH“UENM%EH@ TAM 1‘1/1

(%

é’ tQI d‘ o = gj L4 = 1 vV ¥ a U L2 f-:ll
RO LLﬁ82’1@%3’]ﬂiy}%’j@IUﬂ’]iﬂﬂH’]ﬂN%uq A8 MFIVFBUINAINUVUVULAYINUVDIFTANA TAM 9

(3

biAnnsmeveaduzisaneiuazuansanuluiviowadaeiuiuniviold  Tagenald

(3 v

P ¢ a av 9 1 I3 & = v I3 ad & . s s
wananenusTmssnnwasun® Aldlviwaauzids nislwaaundmilu primary wad 1wy wad

9

'
aaa a

nuteasanelanaen (peripheral blood mononuclear cells; PBMC) Judu wsgnis
UszandldgnimunziSwasasain TAM e lniausslemilaou dudusadnsitaisain

TAM fianudufivsolwaduzisaunniwaduns

dusunisuseiiumnudufivvesansadin TAM Tunyuind B6C3FL LienmuSunauves
arsafanldlunisnaaeslu in vivo nuinnguildsu dose adan (1,000 mg/kg) Huniindianas
wasUszana 3 nfuludun 11 witdmdndqlauSuinunduiugdieduannisvaasduiun 14
%,’ L Y d' dy I 1 I a [ = [ a' (Y] dy 5 d'tu
wuindnanasll e1aldlduavnanuduivresarsada wszdn1sUSuinduauNg o N84
lgSuansannagiasieliion Ay intnuisduiianlvenaduanmgainanueienveinisteuans
ainien1s gavage VN 7 11 NANIATIVERUUMTNTBIR TR 9 Tusenedainaaes

a o [

wuliianuwandegelivedfyainngualuaunlasuaisazalevesalsana  (10% DMSO)

o
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(%
Y o

(p< 0.05) oglsAd Huwilduveamsiiudmingu waznsanvesdminimlalungunaass us
nswasunlasliiuuinmadiudsnuasadandninaaeslasu (1l dose dependent) fiatiu

walduresnsiasunlasidanaiuisldunasidunmsivasuwlaiuiaswasiiniudinny Tuds

S a

$23men (biologically relevant) twinvesilafiduwitiuanas eradunaduidesainmsii
Fenaniila Wethunlinsgsimaafieineuasmedsutuad senslémetanisldiduunuas
fudensenaniilefionmaiiniiin cardiac  puncture  3se1avilFUSIRsTRLERnTiSA
widvogluinlanendsnsiiuidenainalafiuiinaiiunnsiieiu wsfunuuisnsveadeniign
anoandaunnssiuldlunsiudenusiarads Suaunsndssaredutnosilaliuandietu ns
senunalusandinvesUiinaiminvesefoisdedmdndaludninnassazdiedalom

Wnenfudrineteiziiuduludninaasiiiiivindniudy o819l5An wisenunatdudnsndiu

L 13

yoshmtineduzdeumindaiveass Adsnslufnnuuwanaeegedidedfguausznisle Tungu
Alasu TAM  Tud3unaugedai 500 wag 1,000 mg/kg WUMTANEYRIMINg 1 fiuae 2 o
AINEIAU BIN1TAeinTu e1aieatesiunisiasu TAM Tu dosage 189N wazN1THILNATT

anm TAM Tun15vnasddl azatgnswasansann TAM Tu 10% DMSO @eaaanaliasinnenauidu

o
v =

= L2 v ¢ A Yo ¥ [ a < ! ~ [y
Aatiy Jaflunlluiludaiveassilasunsteumeansaialy dose Nige Wunadellosiu 14
Ju driveassuisnonafinmnuduiivduidewinauaudivisnieninvesansaia Aoinainnis
anaznauves TAM Tusinme ianisaadulueieizdrfysng o suoraduanmgnisnieiniu

v o = oA au & v ) aa = ) v ya
ANUU ANFANYINBDLUDIVTINITUIIYU ?‘ni(ﬂaﬂUiUﬂ?\ﬂﬁﬂ'ﬁLmiﬂmaqiﬁﬂﬂiﬁﬁqmqiﬂaﬁaq81@@?1']'1

weallanldegUagiu wu raiintunaunisindnaisiliasaieuireen svannsiufinazaly

Y

ANUAEWATANISWENAIU  (fraction) TUNISHSENAITANA LAZWENLDMANIEAIUTIAZANEU IR

v 1

gonun wiviall visiiy SududeansivdeunaanTinIaginmuesasingindunisuen fraction &

' '
= 14 % A

analdgvsdueuyadase Fainszviladeniinisnaaeunissyuugiduiu dieldluwuimidunis

N . Aa £ =
La®n fraction NUNININVININ

drunan1@neelaining) wuinly dosage MANTIU @13ann TAM  Huualdaing

Sovazaed neutrophil (lifldudAei p< 0.05) wazanissazaes lymphocyte agrsiitiadAgile
175U TAM 1000 mg/kg (p<  0.05) luvmzfiovazvousadiinliony12dufe monocyte,
esosinophil kay basophil Liiinnsiasunvasainnisiasuansana (s1ef 4.7) eealsha 8

YoFUNAIN LUILUNAITALUDY  neutrophil  WazAITLLUEY  lymphocyte 993 innassd

' (% [
aa o L% % v 1

Anuduiusiunqudninaassniuminiianas day Awuildunisidsundasil e1aietes

LY a v ¢ o o a a § & A PN v v
Auan1zimsealudninaass dmsunanislainingveswadladenuns uns1en 4.5 lula
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wansinansana TAM nelviiatynilaineie wiensivdsuntasusui  hematocrit,
hemoglobin w3aUsunasnindensgdided1fyunusznisle wwheiduadvivadnuanvue

= A d' A ] 1 1 1 1 2/
YoflAienundlun13199 4.6 Nlifauunni19YeINgUNAaRRINNENAIUALLAUTENTLA Wil

naunAaeIlasuansain TAM 91 dose #1fie 50 wag 100 mg/kg A1 MCV geninnguaIuny

o w

| A 1 A a 1 v o su a v Ao & v o X
YNUUYEALY (p< 0.05) LL@N@‘V]Lﬂﬂlﬂuﬂ?qmaNWUﬁﬂ‘Uﬂﬁmqmm@ﬁﬁqiaﬂﬂwa(ﬂUWﬂa@\T‘lﬂi‘UL'WllsUu

Aolill dose response relationship n1stUAruLUasItliuddsd A ludswiiner  (non-

IS IS

biological relevant) luvhuesfeiu wans@sudiaiivemydhdnlasuasadn TAM 1Du

szezingl 14 uldinswasunlasvaseuleddaglusu nnsyiauedls wasUsuiawes uric

o

acid wivsznisla Fadu nsveaeaduuedn arsain TAM Sanudufiveinlunydind B6C3FL &
Sano et al. (1996) 16518974731 @15 polysaccharide Masananuanvaszivudanudufiuen
waslifnaaudfiluansnensisslunudhd B6C3FL viamaiuazinadlle annstasuansaia TAM

a <,
‘1/1Nﬁﬂiﬂ@’]‘lﬁ’]’ﬁﬂﬂi%ﬁl%naﬂ&ﬂ’;

NSNAEDUNAYDIENTENA TAM fomuaINisalunseiwaduziswed natural killer cell
nszvilang expose a@sana in vivo lnatouansann TAM %39 VH control #2835 oral gavage lu
viydhd B6C3F1 Wuszeziian 14 Tu wagluiui 15 wisnwadanihuvemuyesnuinagey NK

.. . . cu & . . . N 1 ¢ < ™
activity Tu in vitro Nk wwaadalu innate immunity fdiauanunsalunisangaausisalnglal

| ° ¢ & i v = ¢ & I

AMNRNEA Lazlddinisandy weauzsuduwuneildfe Yac-1l Faduwasuziswes T waa (T
cell lymphoma) WNIINNNSTNUIRIEATS inoculate moloneyleukemia virus Lsﬁ%jmél,ﬁﬂﬁ A/Sn
MAnlnd Yac-1 \WuwaduzSaneiugndenulaienisgnrhatalae NK wadluny (Kiessling et
al, 1975) wanmaaesdtnin n1stasuansann TAM 7 50-500 me/kg Wuan 14 Tu il
HANTENUABNITYINAUYEY NK 19ad (UN 4.8 ) ndnsnduves effector (wadduiil NK ag33u)
| i a v 51 & ' Y
mo target (Yac-1 AnaaInaae ~ Cr) 1wad Asls 200:1, 100:1, 50;1. 25:1 way 12.5:1 HSovazues
nmsvianewadidmingluwadinuvemyilasu TAM vise fvhaganeaiuauiAliunndeegid
HrlpdAny wiin TAM 91 250 mg/ke Snualtunan1svinauues NK was walifanuunnsisogned
v o o oA M Y a [y a A Yo 1
teddgannguiiluansazangrivan  war  Wladuufnreleenssivusunuansilasy (Ll
dose dependent) damndunafie Mslasunisdeusmeansilgradiueyyadasy vitamin C 100
me/ke Aldlaunsadauasunisyinauees NK wadld  fedniunan1sideNsneaumuaIinsnves
vitamin C lunsdaaSunisiauvesssuugiauiuluay  Heuser wag Vojdani (1997) wuin
Mendin1slasu vitkamin C (luguves granulated buffered vitamin C luin) 60 me/kg 1u
SrepiIa 24 ¥ e Uleiilasuasity vitamin C a@nunsaiiun1sinenures NK wad wagyagli
NRaUAUDIYeY T Uay B wansde mitogen NanseduatduiliosanansiunduAuiigseauuni
Ioludthe  wagilduaweinnalnmsnsedugifuiuves vitmain C d1azifianiunsnseu
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protein kinase C fiuansdonansddnlunanedinievesnisdedyaiadeasseniaugad
(mediator of signal transduction pathways) Tusinueafeaiu Toliopoulos et al. (2012) 1g
SENUANLEINIAYES vitamin C lumsanasunsviminiives NK wad Wvislu in vitro waz in
vivo Tunguenditiguammd Alduusgmuboniiu ¢ Ysina 1 adusiody Wuszeznansioilesiy
sy 45 Tu edslsimu wamsEnwinsduaiun1svieuves vitamin C Tudninaassiiniu
uanssaniinuluay Ty Siegel waz Morton (1983) vhnisAnwinaresnisauihiisl 250 me%
94 viamin C luny inbred -3 strains 1Hussziian 4-5 §Ua1mi wudn vitamin C laifinasionisii
WAl ve9 NK iwadlumyshd NZB strain fisluunliulunsidulsagifunueauaznsifnuziss
vowgadifiaidontn suidlumylnifidlentavesmainusdeilumuding Balb/c way DBA/2
Turauedl Ghoneum et al. (1990) $718471131A19AN (Bufo marinus) #l¢%u vitamin C in vitro wag
in vivo asmadiufsnsvihaumes NK wad sau wawes vitamin C siansyieumes NK waddd
euitaudaiussminsnsaneluauasludninaass dmsulasemsisel wud vitamin C 7
100 mg/kglilananisyiaures NK wad wazhildduaSunisiinuves NK wadluvyid
udeaiunainuluasadin TAM flidwala 9 demmihviuves NK wad  dwsungy
dnivnaaafildsu anti-asialo GM1 Fafiu antibody fldlunnsidn NKwad (Yoshino et al,,
2000; Grosso et al, 2018) Tnamufimamnglife aunsnan NK activity ldnnsnsidimves
effector #a target wansI13owazvaINITa1y Yac-1 wadiinrunisvimingives NK wad

1uu55mawﬁaaawﬁL‘flua%aﬁaiz (free radical mediators) findsvonatniwad
macrophage ﬁgﬂﬂizﬁu (activated macrophage) radical gas nitric oxide (NO) L“fJuImaqaw
Fananiidunuimdidadelunssuiunisnieassinea (physiological) waznianen3anIn
(pathological) annsansliiansusyleviuasnusosnenie s JufulSunawes NO findnly
$19me Tuuiunas NO YIYATUALYUIUNITAN 9 NNETTINGIN ) LU N15VLI8FAIVDIALA
Fon (vasodilation) n1sdeanssewinaeaduszay (neural signal transmission) n15tesfunis
inzfveuniniden (platelet aggregation) N13udeiaaseIRYIR (penile erection) NSAIUAN

Y o o

NSMNvesTUUQIANAY AIUANNITINIUYEY NK Wadiagn1suanseean (expression) ¥8s

a

cytokines wu IFN-Y %38 transforming growth factor-3 ﬁqm‘éﬁwmaqaw‘%é (antimicrobial)
wazduszisa antitumon) s egnslsfimilusenitansindeuaznisdniau NO gndinilid
msdaasrzshifintusiuoulel induced nitric oxide synthase (INOS) s¥fuTes NO figeinund
ausaneliinlnenesenieaien1sas19@1sneusiss N-nittoso  compounds  n15LAA

6

deamination 484 DNA base nsiineandiaduueas DNA base n1snanewiug (mutation) M1ty

]

nsinuzlss waznisnelminAudsviesaiiiodamenisiineandadu (Liu and Hotchkiss,

1995; Ohshima and Bartsch, 1994; Tamir and Tannenbaum, 1996; Bogdan et al., 2000;
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v A

Bernstein et al., 2005; Korde et al., 2012) ﬁﬁ’lﬂfgﬂa NO fiagslng rate-limiting enzyme
INOS Thfluansdenans (mediator) ddiiendodunalnvesmaiinlsasneg wilsausds Tsnly
1odnLau (theumatoid  arthritis)  nszualadinluiiy (septic  shock) lsngiiAunuLes
(autoimmunity) saudslsasieg Milertestunssurumssnaudoundu wazises (Karpuzoslu
and Ahmed, 2006; Robbins and Sisson, 1996; Moncada and Rosa, 1991; Kolb and Kolb-
Bachofen, 1992; lalenti et al,, 1992) ananiiu NO Ssanansaviufniendu superoxide iAn
peroxynitrite  (ONOO-) Fadu oxidant ﬁquLLN‘ﬁu (more potent oxidant) wagiiunolead

(Ischiropoulos et al., 1992)

n15a379 NO g activated macrophage gnauAulagdni (stimul) s 9 Wugn

ﬂszéju"[,ﬁa%fmﬁu%uim LPS, IFN-Y, tumor necrosis factor alpha (TNF-QU), IL-12, ATy
U310y cAMP (c AMP-elevating agents), had UV Wag Talau (Lorsbach et al,, 1993; Xie et al.,
1994; Nathan and Xie, 1994) w’%agﬂé’ug’ﬂﬁa%ﬁq NO wewaslmy transforming growth factor
(TGF-B), IL-6 waz IL-10 (Hinz et al., 2000) iJudu flavonoids Fsillassairadu phenolic nane
nauaasnRudtye I (quench) veveyyadaselalaevinliiindu oxidized product Patostu
flanATeununefisneaiuin polyphenolic flavonoids TAAANSTIHYIR WU rutin, quercetin,
apigenin, wogonin, luteolin, tectorigenin, galangin, morin, naringenin (van Acker et al,,
1995; Kim et al,, 1999; Raso et al,, 2001), epigallocatechin gallate 1ntuen (Lin and Lin,
1997; Chan et al,, 1997), Ginkgo biloba extract (Egb 761) (Kobuchi et al., 1997), silymarin
(Kang et al., 2002) ansnsadudanisane NO fatil $11ddel Senseasufnunwaesensainain
Waonwdauzvin TAM Aiflqviddueyyadaszsonisaine NO Tulwad macrophage #ild3uans

TAM 19l in vitro wag in vivo

£ (%

nanIaslulasanIs ITeI ansanm TAM  @unsadugenisasnes NO  uauwaa
macrophage Wialasuasarin TAM sl in vitro uag in vivo (5UW1 4. uag 4. aud1eiv) u in
vitro J1aa wad macrophage fildRawwadaneiug RAW264.7 gamma NO (-) Miuisad aneiug

macrophage 9N%YNd (murine macrophage cell line) M1a11150&319 NO Lilenauauasie

[

LPS %38 LPS 331U IFN-Y n3nszsuwad macrophages Tia31s NO ddusadldniseasdayayio

! o d‘ a

fadeInsa IFN-y  uinszduiidifysonisnovauesandyguninsziulas LPS widyaia

o

Anannnisnsedulee IFN-7 aglaledyanomean winisnseauwad RAW264.7 fng IFN-7 e

¥imAeNauIsatnun A AANISELATIZA NO Tenaiuiu (Scuro et al., 2004) uidedl waanld
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LPS 5 pg/ml uag IFN-Y 10 ng/ml $3ufulunisnsesu RAW264.7 wad aaduduves LPS way
IFN-y AldlunsAnuildannnis titrate wUSinm LPS wag IFN-Y fvsnzaulunsdnwidosiy

damth wagnsidenldng LPS uay IFN-Y sauiulunisnsedu 1lesndisngaudiansviaes
WESUgVBTITULAZY (synergistic effect) lun1snsedu RAW264.7 wadlwdaunsign NO tasninly

wAanslaansuilaiessiiafien (Lorsbach et al., 1993) FawansAnuwluguit 4.11 A-C Buduina

I3

LPS uag IFN-Y asugnanulunisnsedumsdauasied NO vedwasd macrophage lutesvios

v

Weaiulwaa macrophage @gWus RAW264.7

3

MsTausuawes NO Tasnsensevildenn wesn NO fivSunates wasdleiislu in
vitro - asaiinnsdsuslateseniagy  uitvdnlngidifenialiine NO  Taeass
Jaqtu M3¥n NO nsgvildnainuaneds @iy chemiluminescence (Gladwin et al., 2000),
ultraviolet (UV) visible spectroscopic (Kelm et al., 1997) Wag electron paramagnetic
resonance (ERP) (Kuppusamy et al., 1996) 52184 colorimetric assay Fadunsiausunames
NO vn$8ou fiasa1n NO ity cell culture lilades Tuan1izfiffing oxysen A9 NO Han1s
\WasuuUasegesing 1ne autoxidize M7 nitrogen oxides Tugusine 9 fallde (Tarpey et al,

2004)
2NO + O, — 2NO, (nitrogen dioxide)
2 NO + 2NO, — 2N,05 (dinitrogen trioxide)
2N,O5 +2H,0 —> 4NO, (nitrite) + 4H"

luussnuandnves nitrogen oxide #13 fAn91n autoxidation v83 NO Tuansazaned
fl oxgen wanAneaTiadosfie nitrite FaaunsansIvmlag Griess reagent TINaAIUNANTO
sulfanilamide, phosphoric acid ag N-(1-napthyl) ethylenediamine u Griess reaction @n12
MTunsavinlaf nitrite Waswdu nitrous acid Fslsitafios wazogluguves anhydride #o N,O,
MnnUFn3efinansinediu N,O; S101a1inann1sviiufn3ensening NO uag NO, lu  Griess
reaction Ufn3en 2 Funoundnussnsiin diazotization (U7 5.2) fio N,O5 Faudu nitrosating
agent N anansavihn3eniu sulfanilic acid 16 diazonium ion @43ug (couple) fu N(1-
napthyl) ethyl-enediamine Tu Griess reagentlaansuseneu azo G (chromophoric azo

product) figanduuasgsaail 540 nm (Tarpey et al., 2004) Amsganduuasfutfnialasnss
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fuaududues nitrite Faududadnulansstutiinaues NO fignduameitutiuies Fau
Slo1Au Griess reagent adlulushegnediil nitrite FogrsaziAsududvamesnuas wazU3ua
984 nitrite mmsmﬂéﬂmLﬁ&JUﬁUﬂﬂWﬁiﬁi’fmsmmgm nitrite Aiaududusng 9 (Sun et al.,
2003)

+0
- - NO
Sulfanilamide |
HNSO, @—NH; + N203 h N02'

N

*
< > -
e = N-(1-Naphthyljethylenediamine

O
HNSO, N=N NH,
Azo Dye (., = 540 nm) Q

UM 5.2 U§n3e1 Griess @13 nitrosating agent N,O5 viUfn3endiu sulfanilamide laauiiusves
diazonium &wihufinsesiadu N-1 naphthylethylenediamine 16 diazo product 7
AANGULENEIAAT 540 nm (Tarpey et al., 2004)

[
A 1

Hansneaedlugun 4.10 A Ftadn Weldldsuasnszdula 9 wad RAW264.7 dinns

a¥19 NO TuuSinmsnann uag LPS 5 pg/ml 93y IFN-Y 10 ng/ml anansadniilsl RAW264.7
wadas1s NO Tifindusgreiifoddnynitatlu baseline 1fou 100 Wi a1safin TAM nnAaw

NTY RS 0.2-200 pg/vigy a1unsaduganisasne NO 89 RAW264.7 wadegeiltudfisy (p<

¥ [ '
2 =

0.05) lngnsdudaiuunagadu Weanududu TAM sy TAM 91 200 pg/ml ansnsadudanis
dumsiedt NO figndnilae LPS uaz IFN-g lalieu 70% @sgendinisdudalag antioxidant
control vitamin C, vitamin E Way B-carotene fignunsadudin1sdaunsieyt NO lalndlAesiu A

9efUsEI 55% (FUN 4.10A) Bauansinans TAM fdnenngeinlunisdudanisasne NO ves
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wad RAW264.7 Wlognnszdu mwmzansadn TAM filfiduiiesansadtaveny daumsdueyya
Sasziltiiunquauaududuansuians Fuurhasatn TAM Sultuvesmsddneniwlunis
fudannsasna NO figeann uae19gendn antioxidant control wanu Waifisufunuitedud
dnwlu model wes RAW264.TiRenfu 1 100 pg/ml ¥81 TAM @nnsadudanisade NO I
Uszanas 50% Twaauedi Pycnogenol mﬂmiaﬁ@mﬂLué‘@méuﬁ'Lﬂumﬁmﬁmeﬁé’wﬁaﬁa 3o @19
afnanulzing (Ginkgo biloba) anansaduds NO Tu Tuwmaves RAW264.7 wenifuiilduszua

70% Wag 55% mud1au (Virgili et al., 1998; Kobuchi et al., 1997)

nstfudsnsasna NO llldiduraduidesanarnudufivess TAM wsizdrarandudu
Aldlinansenuredesazivadfiidinues RAW264.7 (Ul 4.10 B) ddethdunnin vitamin C 7
ANUANTY 500 pM vilmAnnsAeveLTaa 10% (p< 0.001) Audufivees vitamin C 919
Aeadesiuunumues vitamin C AidsuludmitliAneyyadassiuiy (pro-oxidant
effect) Tlanunsainduldluuisanisile vitamin C frnududugs Fefaudstuunumesanis
Huansiueyyadaseiiruiduduiiues vitamin € wawes vitamin C iy pro-oxidant
anunsatnili RAW264.7 wadiiamudemeiazaiela (Galloway and Painter, 1979; Speit
et al., 1980)

dieliuilaiinissudsnisadna NO lalldiAnans macrophage Mdumadaeiuguos
RAW264. 7uaglalldAnianzn1sldsu TAM v in vitro Wiy su3dei3ansaaeumadiudaves
TAM lu in vivo model Litogaruannsaves TAM lun1ssudsnisduased NO Tuwad
macrophage iw3valfindesiosomysid BsC3F1 fildsunistioumandneansadn TAM

Juszeznan 14 Tu Fewannaesddnin TAM asnsadudinisasns NO lnewad macrophage
INYBWBIVDMYNANIATU TAM in vivo waglaSun1snsedu in vitro a3 LPS e IFN-Y ¥5e

LPS $3ufiu IFN-Y wiaufiu (UM 4.11 A, B waz C audiu) (p<0.05) wagnisdugs NO il
Fuiupuluiivlaenswesasadn wsgyn dose vos TAM Wldliasuudasiosazusunm

AR TNYINVBAYAR macrophage Tuyaaias (3U 4.12)

TAM UaNANA3AFUEINTAUATIZA NO U8a¥aa macrophage Tudasiasuainy

[

WdngnnseRume IFN-Y %38 LPS $3uiU IFN-Y lauad deanunsadugsnisasne NO Nignnsesu

9

1ny tumor promoting agent 12-O-tetradecanoylphorbol- 13-acetate (TPA) 1 in vitro 19 o

mamimmaaﬂugﬂﬁ 4.13 A ¥¥ainvn dosage ved TAM #lakd 50-500 me/kg @1nsadudens
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%19 NO Ifeehafldoddy (p< 0.01) T TAM 7 500 me/ke HgqdlndiAesiu 100 me/ke
vitamin C %18 antioxidant positive control (3Uf 4.13 A ) wagmsdudslaldiunanisdon
Suinanfivresansain TAM e dosage MdldfinaiUasuulasdosasvosl3uanvadfiadin
Y94ad macrophage ANYawiasuany (3Ul 4.13 B) ufinsududin TPA flassadindie
diacylglycerol (DAG) wagaunsnideukuy DAG lun1snsedu protein kinase C (PKC) lUshu
PKC aglu  family @3 serine/threonine protein kinase ﬁmuqmi%l“uﬁu (liped-regulated)
PKC wuseamdu 3 class 0 WuU conventional #3o classic, wuu novel, LLazLLUUﬁLLmﬂﬁm
(atypical PKC) isoform %84 conventional PKC Qﬂﬂizél:uim Ca” w50 DAG  d3u novel
isoform gnnszsulag DAG Wit wa atypical PKC isoform laignnsedulaesis Ca™ wag DAG
dmsu iU phorbol ester TPA mmm%’uuazmséjuﬂgﬂ classic tag novel PKC isoflorm

Y W 1

suadufu nonkinase DAG/phorbol  ester receptors Tnevily  PKC ﬁgﬂﬂimuuﬂﬁ
(transduce) dqyeyraunieluiwaaciiu mitogen-activated protein kinases pathways, c-Jun NH,-
terminal kinase (JNK) %38 phosphatidylinositol 3-kinase (Pl 3-kinase) T transcription
factors @1AgYAY 9 Fieau PKC 1 AP-1 complex, cyclic AMP binding protein (CREB),
nuclear factors (NF)-KB #5® Spl (Miakotina and Snyder, 2004; Deak et al., 1998; Kazanietz,
2000; Krappmann et al., 2001; Ron and Kazanietz, 1999; Vuong et al., 2002; Zheng et al,,
2000) yhlsdmnees TPA sfufedesiunisaiunn gene ddmfetesiunsiaiy wag ns
Wawin1s (differentiaton) vesead wazidudiunisvemareidnwesnsasdyyiuvesead
(signal transduction pathways) Ingianig growth factors wag cytokines #i14 ¢ Han1sVAaBsly
TAsenn5E Aiuanein TAM ansadudesnisadne NO voswad macrophage lugasiosvaauind
Lﬁ@gﬂﬂi%ﬁﬁiﬂﬂ TPA Fuuzdn msfudansadis NO ves TAM snaidnruitimnees protein
kinase C (PKC) Lilaaainniansediu PKC 1ag TPA AolwiAn signal transduction ffiganalunis
wiathnsuanseanyas iINOS TUsiivluwad macrophage Tesdoevios sauva RAW264.7 Faly
\wad macrophage @1gWug (Hortelano et al,, 1993; Paul et al.,, 1995) nalnnsdudanisadng

NO vou%aa macrophage lagansain TAM 9131819947 UN1T8UgINIsHansaanaas  iINOS

(INOS expression)n3® N15M191UV9 INOS (INOS activity) 31¥19N1580NENBHIU transcription

'
a

factors #9 9 NIAIUANNITLARNIDBNYBA cytokines kag lymphokines #14 9 AinuAulUsAY INOS

a v o

dnneanils Fsmrsinsfnwidesensdeluluauan WeswinUsuna NO lugungndniliduasien

Y
[

U (induced NO) lagdianszdu 1y LPS uag/vise IFN-Y vise TPA dUSuaee awnsanelviin

Anudeenulradnseillelfowaziiuaisdenais (mediator)  drdnlunszurunisdniau
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(Korhonen et al., 2005) fistiu a@1safin TAM Nfidnen ngslun1sdudanisasne NO 7ign induced
Jeunazansaeangnastunsnaule saunsenadidnenmludundine e ussnieIns

P v [ v dy v 1 PN 1 I 1
Y04l5ANAYITDINUATONLEULIDS IR i AmsArenisnsiaaeunslilusuian



6.1 #3UNaN15Y

1. ansatin TAM lifinaidsuuiasnisnevaussény innate immunity sauuzlng
lifinaAsundasmsneuauowes T wadluwadinuueaysid B6C3F1 sie Con A mitogen
wagllanunsnnszAun1sInaIuYes NK wad

2. @sann TAM ﬁwam’amsv‘fwmmaaazwgﬁﬁmﬁ’mwuﬁ%wwmaqﬁ”’a T uaz B 1wad
oy TAM flaududu 1 pg/ml BeanANISATEYVes T AR LUNIRDUAUBD allogeneic Lwaalu
mixed lymphocyte response waz TAM fiaudiudu 1 waz 5 pe/ml awnsoduadunisasng
antibody U89 B laalun1sneuausne SRBC Fadu T-cell dependent antigen

3. waduzSsaeiugan o danubseanuduiivuesasain TAM sy

4. ansadn TAM fanudufivsiilumpdind B6C3F1 Tne dosage was TAM # 50,
250 Wag 500 me/ke Izu'memmLﬂuﬁwﬁiamwﬂﬂﬁﬁlﬁ%miﬂaumﬁmﬂi’uazﬂ%’jﬂﬁunm
oo 14 u

5. gvblaawiufianuesansata TAM Fomsdiudamsains NO veuwad macrophage
ARntenslasuansatn TAM lu in vitro wez in vivo wazmstiudsanuisaintuiviead

macrophage Viadaeug RAW264.7 uaziwad macrophage fivaindyesviesveanyding

6.2 UVoLduBLUY

£
av ay v

Y & 1 A L% I3 = | A 14 A
QWU’JQEJUVLWLL?WNI‘MLVU’JWL‘Ua@ﬂ‘VjNLQJ@@N%“U’]&I“’UQLUULLMﬁQVIQﬂNﬁ@JUﬂSﬂﬂﬂW}EJ’d’ﬁVIlI

grsiueuyadasy dgudenisvitnuvesszuugiiduiul lnedwmaiunnseiusenisinaures

a o Y v

wadeswdaiulussuugliduiy nmsfnwgrsidesuvesasainainudeniuudnuzyny

9

WUIEsaindnasan1vnauYesad macrophage lamduiian Weiiguiunisviiuees T

uway B lymphocyte egelsfifl fallnuidefasfnwideseniuduneliugrsnessuugiauiu

[
v

ATNIGIINDEE)
1. AsUsulgrismswseuansainlianusaasanslafvy  wsieanututued

o al Ay O, . a v a o ¢ o w
ansafanldlunuddens in vitro uay Ui dosage vesansadaildludninaass gnininalag
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Auanansalumsazarefivesans fivedliiniazats DMSO Afitedrinveseandidiugs iy
solwaduaziedarinaaes Ssmsuusaisnmeataniaad Idasadafiannsnavansldity ua
lneliAsdamussnisannznou

2. flesenasatn TAM fiueenududy aunsodaadunisadne antibody ved
B lymphocyte T in vitro 3emsvimsnaasssuiledudunaly in vivo T1a13ain TAM @1ansa
da3un158519 antibody w83 B lymphocyte 1a w¥onmradududnuay biphasic dose-response
relationship fiwuly in vitro study

3. Fnwinalnnsdaasunisviiauees B wadlunisadis antibody Jufieades
uN15M191Uvea T helper was  N3uaweved antigen presenting cell %isanseAuNITYINY
909 B wadlilnenss Tnee1ald model a3 Mishell Dutton assay lunis@nwieadunalnd
Antu

4. \fleswnansadn TAM fheduadunisineuues B wadld Sinasfinwniiadiu
Aenfunares TAM sie mitogenesis assay widnelagld mitogen ﬁﬂsz&:umimauauawaﬁ B
wadufisiis 1wy 19 LPS Wudy

5. \iesanguilanuiigauesansain TAM agjﬁmmamwﬂmwé’u&mi
a%19 NO wadiead macrophage waw NO figndntliadrstutl funumAsadestunszuiunis
Sniau Semsinusoseaiienunalnnisdiudanisadne NO Tu RAW264.7 waddensziildazaan
N9IN3AULEaE macrophage 9MNYBITDIVBINY 43U Anwrinalnnistuduinainnisannis
wanseanvasteules] INOS videlil Wialinainnisannisuansesnyes cytokines MRpaTos It
AnwquiFiunsdniauvesansada TAM Wisify iy waNANMIANYINTEUSS INOS AIsfny)
daRuieafunisanseduveseuleyl cyclooxygenase-2 (COX-2) NISAATEAUVDY
prostaglandins sauﬂ’jﬂﬁﬂmmaﬂiwwaﬂLﬂﬁaﬂﬁmuﬁﬂmmma proinflammatory cytokines
A9 9 WU IL-1, 1L-6 wag TNF Judu imfl’j&mmmmiﬂumi%gﬂ transcription factors flona
Aeades 1y nase NF-kB, AP-1 (Judu

6. Anwgyisnumssniaures aisatm TAM Tu in vivo model wied1923
ANUAINTATDY TAM #iansAuQiuil Hasion159inauves cellular immunity iy s
delayed hypersensitivity response, T-cell mediated sensitization Tu Local lymph node
assay Tudslunaludmiveaasiiiedestunissnaudaiendestunisdninisduesizt NO T
GNAITIE 191 carrageenan-induced paw edema, acetic acid-induced vascular permeability

%38 arachidonic-acid-induced ear edema LJu@u
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Abstract

The seed coat extract of Tamarindus indica, a polyphenolic flavonoid, has been shown to have antioxidant properties. The present
studies investigated the inhibitory effect of the seed coat extract of T. indica on nitric oxide production in vitro using a murine
macrophage-like cell line, RAW 264.7, and in vitro and in vivo using freshly isolated B6C3F1 mouse peritoneal macrophages. In
vitro exposure of RAW 264.7 cells or peritoneal macrophages to 0.2-200 ug/mL of 7. indica extract significantly attenuated (as
much as 68%) nitric oxide production induced by lipopolysaccharide (LPS) and interferon gamma (IFN-y) in a concentration-
dependent manner. In vivo administration of T. indica extract (100-500 mg/kg) to B6C3F1 mice dose-dependently suppressed TPA,
LPS and/or IFN-y induced production of nitric oxide in isolated mouse peritoneal macrophages in the absence of any effect on
body weight. Exposure to 7. indica extract had no effect on cell viability as assessed by the MTT assay. In B6C3F1 mice, pre-
liminary safety studies demonstrated a decrease in body weight at only the highest dose tested (1000 mg/kg) without alterations in
hematology, serum chemistry or selected organ weights or effects on NK cell activity. A significant decrease in body weight was
observed in BALB/c mice exposed to concentrations of extract of 250 mg/kg or higher. Oral exposure of BALB/c mice to T. indica
extract did not modulate the development of T cell-mediated sensitization to DNFB or HCA as measured by the local lymph node
assay, or dermal irritation to nonanoic acid or DNFB. These studies suggest that in mice, 7. indica extract at concentrations up to
500 mg/kg may modulate nitric oxide production in the absence of overt acute toxicity.
© 2003 Elsevier Ltd. All rights reserved.

Keywords: Tamarindus indicia; Nitric oxide; Macrophage

1. Introduction

Plant materials have long been used as traditional
medicines for the treatment of a wide variety of ailments
and diseases. Components of Tamarindus indica, a tree
indigenous to India and South East Asia, have been
used as a spice, food component, and snack. According
to Thai traditional medicine, the fruit of 7. indica is
regarded as a digestive, carminative, laxative, expector-
ant and blood tonic. In addition, the seeds of T. indica
are used as an anthelmintic, antidiarrheal, and an eme-
tic, and the seed coat is used to treat burns and aid in

* Corresponding author. Tel.: +44-304-285-5809; fax: +44-304-
285-6126.
E-mail address: bhms@cdc.gov (B.J. Meade).

0278-6915/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.
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wound healing as well as an antidysenteric (Farnsworth
and Bunyapraphatsara, 1992).

Recently, Pumthong (1999) demonstrated the anti-
oxidant activity of the seed coat extract of 7. indica. The
extract is composed of flavonoids including tannins,
polyphenols, anthocyanidin, and oligomeric proantho-
cyanidins. Many of these flavonoids are also compo-
nents of Pycnogenol®, a nutritional supplement which
has been shown to have vasorelaxant activity, increase
capillary permeability and participate in the cellular
antioxidant network as indicated by its ability to regen-
erate the ascorbyl radical and to protect endogenous
vitamin E and glutathione from oxidative stress (Packer
et al., 1999; Rohdewald, 2002). Flavonoids found in
various medicinal plants are natural antioxidants with
free radical scavenging activity and they have also been
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shown to prevent free radical formation via inhibition
of oxido-reductases (Middleton et al., 1986; Chen et al.,
1993; Krol et al., 1995; Carlo et al., 1999).

Based on the reported antioxidant activity of the seed
coat extract of T. indica which contains flavonoids
among its major constituents, and the limited tox-
icological data available, the purpose of the present
studies was to assess the anti-inflammatory potential of
this extract and begin to access its safety. In vitro stud-
ies using 7. indica seed coat extract were conducted to
evaluate the modulation of nitric oxide (NO) produc-
tion by RAW 264.7 macrophages using LPS and IFN-y
as stimulants. Confirmation of the effect in vivo was
tested by orally exposing B6C3F1 mice to 7. indica
extract for 14 days and evaluating NO production by
freshly isolated peritoneal macrophages following sti-
mulation in vitro with lipopolysaccharide (LPS) and/or
interferon gamma (IFN-vy), and in vivo or in vitro with
12-O-tetradecanoylphorbol-13-acetate (TPA). A 14-day
toxicity study and studies to evaluate the effect of T.
indica seed coat extract on components of innate and
cellular immunity were performed to begin to assess
safety.

2. Material and methods
2.1. Chemicals

The seed coat extract of 7. indica was kindly provided
by Dr. Maitree Suttajit (Chiang Mai University).
Tamarind seeds were obtained from ripened tamarind
fruits after removing the edible parts. The seeds were
heated in a hot air oven at 140 °C, for 45 min, cooled
and cracked to separate their outside brown layer. Only
brown-red seed coats were collected and these were then
ground into fine powder. In a separating funnel, 10 ml
of 70% ethanol was added to 0.5 g of the ground
tamarind seed coat. After vigorous shaking for 10 min
the solution was passed through filter paper. This pro-
cedure was repeated until the filtrate became colorless.
Five millilitres of the filtrate was further fractionated
by mixing with 5 ml of chloroform. The mixture was
shaken well and allowed to stand until the 2 layers
were separated. Two millilitres of the upper aqueous
layer was added to 5 ml of ethyl acetate. The mixture
was shaken and left to separate into 2 layers. The lower
layer containing a large amount of ethyl acetate was
removed and the remaining layer was dissolved in 5 ml
of methanol. Thin layer chromatography of the extract
following acid hydrolysis demonstrated 6 distinct com-
ponents each with different Rf values. The UV absorp-
tion spectra and IR spectra of the T. indica extract was
found to be comparable with that of OPC extracted
from grape seed and pine bark (Pumthong, 1999).
Proximate anaylsis (conducted by Midwest Labora-

tories, Omaha, NE) revealed that the dried extract con-
sisted of 89.87% carbohydrates, 0.32% protein and
0.38% fat. Using the Folin-Cicalteau method (Taga et
al., 1984) the extract was shown to contain 247.25 mg/g
of phenolic compounds.

The extract was suspended in 10% dimethylsulfoxide
(DMSO) in sterile complete DMEM (Gibco, Grand
Island, NY) for in vitro exposure or in phosphate buf-
fered saline (PBS) for in vivo studies. IFN-y was
obtained from Research Diagnostics (Flanders, NIJ).
Dye solution 3(4,5-dimethyl thiazol-2-yl) 2,5-diphe-
nyltetrazolium Bromide (MTT) and the Solubilization/
Stop Solution in CellTiter 96 were obtained from Pro-
mega Corporation (Madison, WI). LPS (Escherichia coli
serotype 0111:B4), vitamin C (ascorbic acid), vitamin E
(a-tocopherol), P-carotene, TPA, 2,4-dinitrofluoro-
benzene (DNFB; purity >99%), acetone, o-hexyl-
cinnamaldehyde (HCA; 85% purity), nonanoic acid
(pelargonic acid; purity >97%), anti-asialo GM 1, and
all other reagents were obtained from Sigma Chemical
Company (St. Louis, MO).

2.2. Animals and maintenance

Female B6C3F1 mice were used for in vivo toxicity
and NK studies and as a source of splenocytes for in
vitro studies. Female BALB/c mice were used for local
lymph node and irritancy studies. Mice were obtained
from Taconic Farms (Germantown, NY) or Charles
Rivers Laboratories in Wilmington, MA. Mice were
maintained in the NIOSH animal facility (Morgantown,
WYV) under conditions specified within NIH guidelines
(NIH, 1996) and experiments were conducted under an
approved NIOSH Animal Care and Use Committee
protocol. Mice were housed in polycarbonate ‘“‘shoe-
box” cages with hardwood bedding and were provided
tap water, and Agway Prolab Animal Diet (5% fat) ad
libitum. Animals were weighed, individually identified
by tail mark and assigned into homogeneous weight
groups. Animal rooms were maintained between 18—
26 °C and 40-70% relative humidity with light/dark
cycles of 12 h intervals.

2.3. Cell culture

The murine macrophage cell line RAW 264.7 gamma
NO (—) (ATCC CRL-2278) used in these studies was
kindly provided by Dr. Gabriel K. Harris (National
Institute for Occupational Safety and Health, Morgan-
town, WYV). Cells were cultured and maintained in
DMEM containing 10% heat-inactivated fetal calf
serum (Hyclone, Utah), 100 U/ml penicillin and 100 pg/
ml streptomycin (Gibco, Grand Island, NY) and grown
at 37 °C with 5% CO, in humidified air. Exponentially
growing cells were used for experiments when they
reached 80% confluency.
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2.4. In vivo exposure

B6C3F1 mice (5 animals/group) were administered
increasing concentrations of 7. indica seed coat extract
(50, 250, 500 or 1000 mg/kg) or vitamin C (100 mg/kg)
by oral gavage once a day for 14 days. The dose of
vitamin C was chosen based on the previous studies by
Bagchi et al. (1998). Twenty-four hours following the
final exposure, animals were sacrificed by CO, inhala-
tion and peritoneal macrophages were collected. In
studies where peritoneal macrophages were stimulated
in vivo with TPA, animals were injected intraper-
itoneally with 0.1 pg TPA diluted in 1 ml of PBS 2 h
prior to sacrifice.

2.5. Collection of peritoneal macrophages

Murine peritoneal cells were removed by peritoneal
lavage with 7 ml of ice cold PBS with 10% fetal calf
serum. Differentials of the peritoneal cells indicated an
average of 70% macrophages. Cells were kept cold on
ice until transfer to a complete medium consisting of
RPMI-1640 with 10% FCS, and penicillin (0.05 U/ml)-
streptomycin (0.05 mg/ml). Cells were counted and
2x103 cells were plated in Costar 96-well flat-bottom
plates (Corning, Corning, NY) and incubated for 2 h at
37 °C. Non-adherent cells were removed by washing
with pre-warmed (37 °C) culture medium.

2.6. In vitro exposure

For in vitro studies, peritoneal macrophages or RAW
cells, were plated at a concentration of 2x103 cells per
well and incubated with test article or comparative
controls at 37 °C for 24 h in the presence or absence of
NO stimulants. The following stimulants and con-
centrations were selected based on the references cited;
TPA (0.1 pg/ml, Bagchi et al., 1998), LPS (5 pg/ml, Lin
and Lin, 1997), and IFN-y (10 ng/ml, Virgili et al.,
1997). The following comparative controls and con-
centrations were selected based on the references cited:
500 pm, vitamin C (Sandoval, 1977), 141.3 pum vitamin E
(Bagchi, 1997) and 2.5 um B-carotene, (Murakami et al.,
2000). The concentrations of 7. indica extract tested
ranged from 0.2 to 200 pg/ml.

2.7. Measurement of nitrite and cell viability

Nitrite concentration was determined using the Griess
reagent as described by Padgett and Pruett (1992). Fol-
lowing 24 h incubation with the stimulant and test arti-
cle, 100 pl of cell-free supernatant from each well was
transferred to another 96-well flat-bottom plate. Greiss
reagent (100 pl, 1% sulfanilamide in 30% glacial acetic
acid and 0.1% napthylethylenediamine dihydrochloride
in 60% glacial acetic acid) was added. The absorbance

of samples was measured at 545 nm with a spectro-
photometric microplate reader (Spectra MAX 340).
Nitrite in the samples was quantitated by comparison
with a standard curve. A nitrite multi-point linear stan-
dard curve was generated using known concentrations
of NaNO, ranging from 1.56 pm/ml to 200 pm/ml
added to the complete culture media and analyzed with
Softmax 3.3.3 ELISA software (Molecular Devices,
Sunnyvale, CA).

Once 100 pl cell-free supernatant was removed from
each well to determine nitrite concentration, cell viabi-
lity was evaluated in the original plates by the addition
of 15 pl of Dye Solution-MTT for 4 h. After washing 2
times with DMEM, the supernatant was removed and
the formed insoluble formazan product was dissolved
with 100 pl of Solubilization/Stop Solution. The optical
densities of the culture wells were measured using a
spectrophotometric microplate reader (Spectra MAX
340) at reference wavelengths of 570 and 730 nm. The
optical density of formazan formed in control
(untreated) cells was taken as 100%. Percent viability of
test samples were determined as: % Viability = (average
OD for test group/average OD for control group)x 100.

2.8. Fourteen day toxicity study

Animals were weighed and assigned into homogenous
weight groups. Animals were dosed with 50, 100, 500, or
1000 mg/kg of T. indica seed coat extract in 0.2 ml PBS
per 20 g of body weight via oral gavage daily for 14
consecutive days. Animals were weighed daily and
observed for signs of morbidity and mortality. On the
final day of study, 24 h after the last dose, animals were
weighed and sacrificed by CO, inhalation. Blood was
collected for hematology (white blood cell count and
differential, red blood cell count, hematocrit, hemoglo-
bin, mean corpuscular hemoglobin, mean corpuscular
volume, platelet count and mean platelet volume) and
serum chemistry analysis (alkaline phosphatase, alanine
transferase, aspartic transferase, blood urea nitrogen,
uric acid, bilirubin, and creatine), and selected organ
weights were taken including liver, brain, heart, spleen,
kidneys, lungs, and thymus.

2.9. Irritancy assay

An irritancy study was performed to investigate the
effects of oral exposure to the seed coat extract of 7.
indica on the development of dermal irritation to the
moderate irritant nonanoic acid (NA) and the potent
irritant DNFB. BALB/c mice were administered increas-
ing concentrations of the seed coat extract of T. indica
(50, 100 or 200 mg/kg) by oral gavage once a day for 14
days. On days 12, 13, and 14 separate groups of animals
were dosed dermally with 50 pl of 60% nonanoic acid or
0.15% DNFB in acetone on the dorsal surface of each
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ear (25 pl/ear). Ear thickness was measured prior to the
first dermal exposure (day 11), and 24 h after the final
exposure (day 15) to evaluate the irritant response as
previously described by Woolhiser et al. (1998).

2.10. Local lymph node assay (LLNA)

The LLNA was conducted in female BALB/c mice
following oral exposure to T. indica extract to evaluate
the modulatory effect of 7. indica seed coat extract on
the development of a T cell-mediated contact hypersen-
sitivity response. The assay was conducted as previously
described by Woolhiser et al. (1998). Five mice per
treatment group received vehicle or increasing con-
centrations of T. indica extract by oral gavage for 14
consecutive days. On days 10, 11 and 12, separate
groups of mice were dosed with 50 ul of either 30%
HCA or 0.15% DNFB on the dorsal surface of both
ears (25 pl on each ear). On day 15, the mice were
injected intraveneously via the lateral tail vein with 0.2
ml (20 uCi) of 3H-thymidine (specific activity of 0.2 uCi/
ml). Five h later the mice were sacrificed by CO, inha-
lation. The left and right draining cervical lymph nodes
of each animal, located at the bifurcation of the jugular
vein, were excised and placed into 4 ml cold phosphate-
buffered saline (PBS). A single cell suspension was gen-
erated by dissociating the lymph nodes between the
frosted ends of two microscope slides. Cells were
washed twice with 10 ml PBS and precipitated in 3 ml
5% trichloroacetic acid (TCA) overnight at 4 °C. Fol-
lowing resuspension in 1 ml TCA, the cells were trans-
ferred to 5 ml of scintillation cocktail. *H-thymidine
incorporation was determined with a Packard, Tri-carb
2500TR Beta Counter. Samples were counted for 5 min
each and mean DPM-background was calculated for
each dose group. The stimulation index for each test
group was calculated by dividing the group mean by the
mean for the vehicle control group.

When evaluating the potential immunomodulatory
effect of 7. indica extract following DNFB exposure, the
LLNA and irritancy assays were combined to reduce
animal usage (Woolhiser, 1998). Prior to the first topical
DNFB exposure in the LLNA, animals’ ears were pre-
measured and then post-exposure measurements were
taken 24 h following the final exposure and prior to
injection with 3H-thymidine.

2.11. Natural killer cell (NK) activity

Following 14 days of oral exposure to T. indica
extract or VH (n=35), an in vitro cytotoxicity assay as
described previously (Holsapple et al., 1988; Duke et al.,
1985) was used to evaluate NK cell function. Positive
control animals were administered 0.2 ml of a 1:10
dilution of anti-asialo GM1 by i.p. injection 24 h prior
to assay. All animals were sacrificed and spleens were

collected 24 h following the final exposure. Single cell
suspensions were made and splenocytes were adjusted to
2x107 cells per ml in complete media (RPMI, 10% fetal
calf serum, 50 IU penicillin and 50 pg streptomycin).
Splenocyte and 3'Cr-labeled Yac-1 cells (ATCC, TIB
160, Manassas, VA) were prepared in ratios of 200:1,
100:1, 50:1, 25:1, 12.5:1, 6.25:1 and replicate wells plated
for each concentration. After a 4-h incubation at 37 °C
and 5% CO,, 100 pl of supernatant was transferred to
tubes and counted on a gamma counter (Packard Cobra
II Auto-Gamma). Maximum release was determined by
lysing !Cr-labeled Yac-1 cells with 0.1% Triton X in
complete media. Spontancous release was determined
by incubating Yac-1 tumor cells in complete media. The
results were expressed in percent lysis for each of the
effector to target ratios.

2.12. Statistical analysis

Statistical analysis was performed using Graph Pad
Prism version 3.0 (Graph Pad Software Inc., San Diego,
CA). For multiple comparisons, data were analyzed by
one-way ANOVA followed by Dunnett’s test when sig-
nificant differences were detected (P<0.05). Compar-
ison between two groups was made using a student
t-test. Linear regression was used to determine dose-
responsiveness. Data were considered statistically sig-
nificant at P<0.05.

3. Results

3.1. Modulation of NO production by LPS & IFN-y
stimulated RAW 264.7 cells following in vitro exposure
to seed coat extract of T. indica

To investigate the effect of the seed coat extract of 7.
indica on NO production, the accumulation of nitrite,
the stable metabolite of NO, was measured in the cul-
ture media of RAW 264.7 cells using Greiss reagent.
Resting RAW 264.7 cells were stimulated with LPS (5
pg/ml) and/or IFN-y (10 ng/ml) to stimulate NO pro-
duction. Cells were simultaneously treated with increas-
ing concentrations of the seed coat extract of 7. indica
or with vitamin C (500 pum), vitamin E (141.3 um), or
beta-carotene (2.5 um) for 24 h. As shown in Fig. la, in
vitro exposure to seed coat extract of T.indica at con-
centrations ranging from 0.2 to 200 pg/ml inhibited
nitrite production in a concentration-dependent manner
reaching a 68% suppression at the high dose. An
approximate 54% suppression in NO production was
observed in cells treated with the comparative controls,
vitamin C (500 pm), vitamin E (141.3 pm), or beta-car-
otene (2.5 um). Based on the MTT assay, the observed
decrease in NO production by mice exposed to 7. indica
extract, vitamin E or B-carotene occurred in the absence
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of any effect on cell viability (Fig. 1b). An approximate
10% reduction in cell viability was seen following
exposure to vitamin C.

3.2. Fourteen day oral toxicity study

Prior to accessing the modulatory effects of in vivo T.
indica extract exposure on NO production, a 14-day
toxicity study was conducted to select the doses to be
administered. No deaths or abnormal clinical signs were
observed in any of the mice treated with the seed coat
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Fig. 1. Nitrite production (a) and percent cell viability (b) of RAW
264.7 cells treated with increasing concentrations of T. indica extract,
Vit C (500 pm), Vit E (141.3 pum) or B-carotene (2.5 um) and simulta-
neously stimulated with LPS (5 pg/ml) and IFN-y (10 ng/ml) for 24 h.
Results are expressed as mean=+SE for groups of 5 mice. Nitrite pro-
duction by LPS and IFN-y stimulated RAW cells was compared to
non-stimulated cells by student’s s-test ($3$ represents p <0.0001). For
LPS and IFN-y stimulated cells, data from T. indica extract exposed
groups were analyzed by one-way ANOVA followed by Dunnett’s test
when significant differences were detected (P<0.05), ** represents
P<0.01. Vit.C, Vit.E, and B-carotene exposed groups were individu-
ally compared to the media exposed RAW cells using 7-test (## repre-
sents P <0.001, ### represents P <0.0001).

extract of 7. indica throughout the 14 days of the study.
Exposure of B6C3F1 mice to 1000 mg/kg of the extract
resulted in a decrease in body weight, reaching a
maximum of 14% weight loss on day 11 (Fig. 2a).
Treatment with the seed coat extract of 7. indica
at concentrations up to 1000 mg/kg had no significant
effects on hematological parameters or serum chemis-
tries (data not shown). Furthermore, organ weights
including, spleen, lungs, thymus, brain, kidney and
liver, were not altered by treatment with the seed coat
extract of 7. indica (data not shown). Based on this
data, 500 mg/kg was chosen as the highest dose to be
used in the subsequent in vivo studies using B6C3F1
mice. Given that weight loss was observed in BALB/c
mice exposed to 500 pg/kg for 14 days (Fig. 2b), 200
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Fig. 2. Change in body weight (g) during the 14-day time course of
oral exposure to VH (PBS/10% DMSO) or increasing concentrations
of T. indica extract in B6C3F1 mice (a) or BALB/c mice (b). Results
are expressed as mean=+SE for groups of 5 mice. For each time point,
data were analyzed by one-way ANOVA followed by Dunnett’s test
when significant differences were detected (P<0.05). *represents
P<0.05, and **represents P<0.01 as compared to VH control. $$
represents P <0.01 in both the 50 and 1000 mg/kg groups as compared
to VH control.
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Fig. 3. Nitrite production by peritoneal macrophages from mice trea-
ted with PBS (PBS/10% DMSO) or increasing concentrations of 7.
indica extract and stimulated in vitro with LPS (a), IFN-y (b), or LPS
and IFN-y (c). Results are expressed as mean=+SE for groups of 5
mice. Levels of nitrite from IFN-y and/or LPS stimulated macro-
phages from PBS control animals were compared with levels from
non-stimulated macrophages using student’s z-test ($$$ represents
P <0.0001). Levels of nitrite from 7. indica extract treatment groups
and IFN-y and/or LPS stimulated macrophages from PBS control
data were compared by one-way ANOVA followed by Dunnett’s test
when significant differences were detected (P<0.05). (*represents
P <0.05, ***represents P<0.0001).
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mg/kg was chosen as the highest dose in studies using
BALB/c mice.

3.3. Modulation of NO production by peritoneal
macrophages following in vivo exposure to seed coat
extract of T. indica

To assess the potential for T. indica extract to mod-
ulate NO production in vivo, female B6C3F1 mice were
treated with vehicle, 10% DMSO in PBS, or increasing
concentrations of the extract (50, 250, 500 mg/kg) by
oral gavage for 14 days. On day 15 animals were sacri-
ficed and peritoneal macrophages were collected and
treated with LPS (5 pg/ml), IFN-y (10 ng/ml), or LPS
and IFN-y for 24 h. As shown in Fig. 3a, b, and c,
treatment with LPS and/or IFN-y induced a significant
increase in nitrite production when compared with
unstimulated peritoneal macrophages. Combined expo-
sure to LPS & IFN-y increased nitrite production
greater than exposure to either LPS or IFN-y alone
(P<0.05). Exposure to 7. indica extract dose-depen-
dently inhibited NO production by IFN-y and LPS and
IFN-vy stimulated cells reaching statistical significance in
the highest 7. indica extract exposure group (500 mg/
kg). No effect on the viability of peritoneal macro-
phages due to test article exposure was observed in this
study (data not shown). Cell viability was greater than
90% for all groups.

Following oral exposure to 7. indica extract, when
TPA was used as the in vitro stimulant, NO production
by peritoneal macrophages was significantly inhibited in
a dose-dependent manner reaching 55% inhibition at
the 500 mg/kg dose, a level comparable to that seen
following exposure to 100 mg/kg Vit. C (Fig. 4A). As
shown in Fig. 4B, nitrite production induced by intra-
peritioneal exposure to TPA was also inhibited dose-
dependently by oral exposure to the seed coat extract of
T. indica, reaching statistical significance at 250 mg/kg
dose and showing 70% inhibition at the 500 mg/kg dose.
Cell viability was not affected by exposure to either 7.
indica extract or TPA in either of these studies (data not
shown).

3.4. Modulation of the dermal irritant response to
nonanoic acid and DNFB following in vivo exposure to
the seed coat extract of T. indica

Topical exposure to the moderate irritant nonanoic
acid (60%) induced an approximate 28% increase in ear
swelling in BALB/c mice. Fourteen days of oral expo-
sure to the seed coat extract of T. indica (up to 200 mg/
kg) did not have any modulatory effect on this response
(Fig. 5). Likewise, no effect was seen following 14-day
oral exposure to 7. indica seed coat extract in a similar
study using 0.15% DNFB as the irritant (data not
shown).
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3.5. Modulation of the induction of T-cell mediated
sensitization and NK cell activity following in vivo
exposure to seed coat extract of T. indica

Topical exposure to 0.15% DNFB, a potent sensiti-
zer, induced lymphocyte proliferation in the draining
lymph nodes of BALB/c mice with a stimulation index
of 31. Fourteen days of oral exposure to the seed coat
extract of T. indica, at concentrations up to 200 mg/kg,
or Vit C (100 mg/kg) did not have any modulatory
effect on this response (Fig. 6). A similar study was
conducted using the more moderate sensitizer HCA at a
concentration of 30% with no modulatory effect on

(a) 401
~ 304
§. $88
£ 201
St
: E3
4 HitH

104

0-

& & 2P S &
T.indica (mg/kg)

(b) 40+
~—~ 304
=
2
£ 201
&
z

104

0,

& € S e
T.indica (mg/Kkg)

[ -No stimulation M -TPA stimulation

Fig. 4. Nitrite production by peritoneal macrophages from mice
orally gavaged with PBS (PBS/10% DMSO), increasing concentra-
tions of T. indica extract or Vit.C (100mg/kg) and stimulated in vitro
(a) or in vivo (b) with 0.1 pg/ml of TPA. Results are expressed as
mean=+SE for groups of 5 mice. The PBS exposed (TPA stimulated
and unstimulated) mice were compared using a student’s 7-test ($$$
represents P <0.0001). For TPA stimulated groups, T. indica extract
exposed groups and the PBS exposed group were compared using
ANOVA followed by Dunnett’s post test when significant differences
(P <0.05) occurred. **represents P<0.01. The Vit.C exposed group
was compared with the PBS exposed group using a student’s r-test
(### represents P <0.0001).

lymph node cell proliferation observed following oral
exposure to T. indica extract (data not shown).

NK activity in vehicle exposed B6C3F1 mice demon-
strated a 20% lysis at the 200:1 effector to target ratio.
A 72% suppression in NK activity was observed in
animals exposed to the positive control, anti-asialo
GMI1. Fourteen day oral exposure to the seed coat
extract of T. indica at doses up to 500 mg/kg or to the
comparative control, Vit.C (100 mg/kg), had no effect
on NK activity (Fig. 7).
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Fig. 5. BALB/c mice (n=35) were orally exposed to either VH (PBS/
10% DMSO) or the concentration of the seed coat extract of 7. indica
shown for 14 days. Starting on the 12th day following initial oral
exposure, animals were exposed topically with 60% nonanoic acid for
3 consecutive days. Ear thickness was measured pre-exposure and 24
hrs post-final exposure. Bars represent mean+SE of the calculated
percent ear swelling.
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Fig. 6. BALB/c mice (n=35) were dosed orally with either vehicle
(PBS/10% DMSO) or increasing concentrations of the seed coat
extract of 7. indica as shown. Open bar indicates topical exposure to
vehicle (acetone), and closed bars represent topical exposure to 0.15%
DNFB. Bars represent mean=+SE. **represent P<0.01 as compared
to the open bar by student’s z-test.
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Fig. 7. Natural killer cell activity in female B6C3F1 mice (n=75)
following a 14-day exposure to the seed coat extract of T. indica or
vitamin C. Data are presented as mean+SE. Anti-asialo GM1 was
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4. Discussion

Although individual components have not been iden-
tified, the seed coat extract of 7. indica contains high
amounts of polyphenolic flavonoids which are known to
exhibit strong antioxidant scavenging activity against
peroxyl radicals generated by ABTS/H,0,/peroxidase
and ABTS/H,O,/myoglobin systems, hydroxyl radicals
produced by ABTS/H,O,/FeCl; (Feton reaction) and
superoxide anions generated by hypoxanthine-xanthine
oxidase (neotetrazolium) system (Pumthong, 1999). Due
to the multiple phenolic groups in their structure,
flavonoids are potentially able to quench free radicals
by forming more stable oxidized products. Various
other naturally occurring polyphenolic flavonoids such
as rutin, quercetin, apigenin, wogonin, luteolin, tector-
igenin, galangin, morin, naringenin (van Acker et al.,
1995; Kim et al., 1999 and Raso et al., 2001), epigallo-
catechin gallate from tea (Lin, 1997; Chan et al., 1997),
Ginkgo biloba extract (EGb 761) (Kobuchi, et al.,
1997), silymarin (Kang et al., 2002) and Pycnogenol
(Virgili et al., 1998) have been reported to inhibit NO
production. Therefore, the present studies were
designed to investigate the potential for the seed coat
extract of T. indica in modulation of NO production.

Although first recognized for its role as a vasodilator
and in the regulation of blood flow and pressure, nitric
oxide has been identified as an important intra- and
intercellular regulatory molecule with functions as
diverse as neural communication, the generation of
memory and host defense (for review see, Garthwaite,
1991; Moncada and Higgs, 1993; Rand, 1992; Moncada
et al., 1991; Ignarro, 2002). NO produced by the endo-
thelium and/or platelets inhibits platelet aggregation
and adhesion, inhibits leukocyte activation and mod-
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ulates smooth muscle cell proliferation (Mocada and
Higgs, 1993). In the peripheral nervous system, NO is
released by a widespread network of nerves, previously
recognized as nonadrenergic and noncholinergic. These
nerves mediate some forms of neurogenic vasodilation
and regulate certain gastrointestinal, respiratory and
genitourinary functions (Rand, 1992). NO is also syn-
thesized in neurons of the central nervous system, where
it acts as a neuromediator with many physiological
functions, including the formation of memory, coordi-
nation between neuronal activity and blood flow
(Garthwaite, 1991; Snyder and Bredt, 1992; Prast and
Philippu, 2001). In contrast to its role as an antioxidant
and neuroprotectant, altered NO formation and func-
tion have been shown to play a role in the pathphysiol-
ogy of neurological diseases including Alzheimer’s
Disease, Parkinson’s Disease, cerebral ischemia and
hepatic encephalopathy (Rao, 2002).

Low concentrations of NO from activated macro-
phages are beneficial as, along with other reactive
nitrogen intermediates, they are responsible for cyto-
static and cytotoxic activity against infectious organisms
and tumor cells. In addition, NO plays a regulatory role
in the function of natural killer cells and the expression
of cytokines such as IFN-y and transforming growth
factor-p (Bogdan et al., 2000). However, over-
production of NO has been found to be associated with
various diseases such as septic shock, autoimmune dis-
eases, and chronic inflammation by increasing vascular
permeability and the extravasations of fluid and pro-
teins at the inflammatory site (Moncada, et al., 1991;
Kolb and Kolb-Bachofen, 1992; Ialenti et al., 1992).
Excess NO can react with DNA, causing mutations and
eventually carcinogenicity (Ohshima and Bartsch, 1994;
Tamir and Tannenbaum, 1996). Furthermore, NO can
react with superoxide to form peroxynitrite (ONOO™),
a more potent oxidant and cytotoxic agent (Ischir-
opoulos et al., 1992). Therefore, inhibition of high-out-
put NO production could be a useful strategy for
treatment of various inflammatory diseases.

Several studies have investigated the therapeutic
potential and safety of components of 7. indica. A
polysaccharide isolated and purified from the seeds of
T. indica has been shown in vitro to have immunomo-
dulatory activity such as phagocytic enhancement and
inhibition of leukocyte migration and cell proliferation
(Sreelekha et al., 1993). Tamarind seed polysaccharide
has been tested in B6C3F1 mice with results demon-
strating the absence of carcinogenicity in mice of either
sex following long-term dietary exposure (Sano et al.,
1996).

The in vivo and in vitro studies presented here
demonstrated the suppressive effect of the seed coat
extract of 7. indica on NO production using both a
murine macrophage cell line and freshly isolated perito-
neal macrophages. This effect was dose-dependent and
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occurred at concentrations below which cytotoxicity
occurred in vitro and in the absence of systemic toxicity
in vivo. Additionally, at the concentrations required to
suppress NO production, no effect was seen on NK cell
activity or the development of a T cell-mediated sensiti-
zation response. Results from these studies were com-
parable to those reported for more well known natural
dietary supplements. Using a similar model, LPS and
IFN-y stimulated RAW 264.7 cells, NO production was
demonstrated to be inhibited approximately 70% or
55% by Pycnogenol or Ginkgo biloba extract respec-
tively (Virgili et al., 1998; Kobuchi et al., 1997).

Excess NO production has been associated with many
diseases such as autoimmunity, rheumatoid arthritis,
inflammatory bowel disease and septic shock (Moncada
et al., 1991; Nathan, 1992). The results of these acute
and in vitro studies which demonstrated suppression of
NO production at concentrations of the crude seed coat
extract of T. indica while producing no measured
adverse effects suggests that further chemical analysis,
identification and testing of the active components of
the extract is warranted.
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