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Project Code : MRG4780018

Project Title :  In vitro studies of Immunomodulatory and antitumor activity of piperine and
piperic acid

Investigators :  Siriporn Chuchawankul ef al., Innovation Center for Research and Development
in Medical Diagnostic Technology Project, Department of Transfusion Medicine,
Faculty of Allied Health Sciences, Chulalongkorn University

Email Address : siriporn.ch@chula.ac.th

Project Period : 2 years

Piperine, an amide isolated from piper species, was reported to displayed immunomodulatory
and anti-tumor activity towards mouse carcinomas. Our study is the first to investigate an in vitro
immunomodulatory activity of piperine on human PBMCs after PHA stimulation and anti-tumor activity
of piperine on various human tumor cells. Viability of stimulated-PBMCs with 100 yg/ml of piperine
remained at 92.9 % after 24 h treatment. After 72 h, viabilities of stimulated-PBMCs with 10 and 100
pg/ml of piperine were significantly decreased to 86.8% and 62.3%, respectively. Piperine seemed to
exhibit an IC_, value of >100 ug/ml against stimulated-human PBMCs. However, mechanisms
underlying piperine’s effect are being performed. In addition, human cancer cells derived from
different organs were employed, and their growth affected by piperine was determined by MTS assay.
We found that cancer cells derived from colon (HT-29), larynx (HEp-2) and cervic (HelLa) were less
sensitive to piperine even at a high concentration tested (200 pg/ml). Interestingly, low concentration of
piperine markedly inhibited the proliferation of cancer cells derived from leukocyte, H9 with IC_ of
14.7+ 2.1 pg/ml. Moreover, piperine from 20-100 pg/ml inhibited Jurkat proliferation with similar degree
observed where cell viability remained at 43.1 + 2.85%. On the contrary, piperine did not show any
toxicity towards Jurkat at all. Flow cytometric analysis for DNA content after 24, 48 and 72 h indicated
that piperine at 100 ug/ml induced G,/G, arrest. We found that cells in G/G, population increased from
46.55%, 43.79% and 32.47% to 56.09%, 62.50% and 63.53% compare to control. After 48 h treatment,
AO/EB staining revealed condensed nuclei cells with 40 pg/ml of piperine exposure, resulting in 1%
apoptotic cells. Additionally, annexin V-FITC staining for PS exposure on Jurkat was determined by
flow cytometric analysis. No apoptotic cell was detected after piperine treatments for 3, 6, 9, 12 and 24
h. In conclusion, piperine’s anti-tumor effect involved induction of G./G, arrest but not apoptosis.

Nevertheless, further investigation to confirm G /G, arrest will be performed.

Keywords : piperine, human tumor cells, human peripheral blood mononuclear cells, anti-tumor

activity, Immunomodulatory activity
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1.2 mimfmmqu“ﬁrﬁmﬁLW@?‘uELumiﬁu{”T\mmmqﬁwmLsn@zﬁ”tm MTS assay

1.3 ﬂﬁ?ﬁl?ﬁ@@‘ﬂuq%%‘ﬂmﬁLWﬂ?usluﬂW?Ffl/‘Ué/\‘mW?LL‘Li\‘iﬁ')"ﬂmLaﬁ@ﬁLf}ng@mﬂﬂﬂﬂa"ﬂ‘ﬂ\‘i

Njurel

WP 2 mimm@muqm'ﬁfmmﬁLW@?uluﬂﬂiﬁue%QﬂﬁiLLﬂqﬁqmmmmﬁ‘mmf?ammﬁmﬁm&hm

2.1 iadnzisean 1&gy (HT-29) nzifanaewden (HEp-2) uazuzidainuagn (Hela)

2.2 inaNIF IR AT TR HO Uay Jurkat

7 3 nsfnnalnniseangnaresiinesusie HI uaz Jurkat

2
=

3.1 nMsAnEANNuREFead (Cytotoxicity)
3.1.1 N19M9’9A Lactate Dehydrogenase (LDH) activity
3.1.2 N1973239A Cell viability At Trypan blue dye exclusion method
3.2 miﬁmsmNmﬂizmummﬁL‘W@?Wifﬂmim?fymmLsn@@wlmmwmj (Cell cycle analysis)
3.3 ﬂﬁiﬁﬂﬂﬂq%é‘ﬂ@ﬂﬁLW@?‘uﬁi’ﬂﬂ’lﬁ‘Lﬁﬂ Apoptosis
3.3.1 m3ageudnigUINe119ad (Cell morphology) H1w Fluorescent
Microscope
3.3.2 A7948U DNA fragmentation Ine Gel electrophoresis
3.3.3 M999@aLTu104 Phosphatidylserine (PS) LU TaATAELATES Flow
cytometer

AUN 4 N9AATITITRYANNATR

szlaminlasy

Tunsfneaial  fAdanuesdrniluafiuansdniimesulioms lunisdugensasaed

wadNsdyEdrtinfe  luszduiuandaiu  Inefmweruasdudanisiasyreanaduziduio

[~3 1

A v 1 3 @ -:lld 1o a o d‘ ! 3 @ o 14
L@’ﬂﬁ‘l‘ﬂ’]f.}iﬂﬁﬂ'}’usﬁ@@um?\w}ﬂLLM@\?ﬂ’]LHﬁ@Wﬂ@QE’J%@H‘] ()% L‘?J@@NZLN@’]VL@ (HT-29) dziNnans
X

v
o A a

@8N (HEp-2) uaznzidvinuagn (HelLa) lnsnaniamaassntraulagalunisdineain As fiwe

v
a o o = o

Sududenisasnyaesasuziudaiaanann H9 uay Jurkat IdednedidadAnyneada  Taenng

o
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o o a

Y Ao = 2y o P o A
UENNITEITEYUBN H9 uuN@ﬂEmzLﬂu dose-dependent manner DNAMNLANLIUTIDIWLNDTUN

¥

aunsndufaniaRsyaeaduzise HO Ifasanils (IC,) JAN 14.7 + 2.1 pg/ml Samndaan s

X



YNAUBNANITITEFINA17 INTANTEN AN ATIANT TN ET WA szna g (Chuchawankul et al.,

k7

2006) dauarnuidudusasiinesusiaus 20 ug/ml auld awnsadudansasyaes Jurkat 1alae

o o

iafausinaaniTindensilan 43.1 + 2.85% uddnanuidudusasiiinesuazges 100 ug/mi

dyin o o ¥ o =2 a = ! @ A a Ce
uananigRaudslsvinnisAnmuaresiwesusio masidaidanaaUnfaesuyse (Human
PBMCs) n1eimdanisnszsiusiaog PHA @il mitogen 1iansnaaaumnuanzaesiinesulunig

£
o o a & 1 s

fudiniseanyaetasuzifadadenvinagy annimeaesnudn Wetnmadiduna 24 dalus

a

WUI1 Anasunanudndy 100 pg/mi denaldfilefimudisasnidinandu 92.9 % Wamsy 72
uI/ 1A = all ¥ ¥ val '8 & rdldda 1 =
dalag wudiwasunaudindy 10 way 100 pg/ml dsnalididasinudiiasniainanasneingg
ednAtyn1eania Aaldu 86.8% WAz 62.3% AuanaL neiliuualiind) arududunasinesun
anunndudenisRsrasaslalRannalng ifeseuile (1C,) WW  HAwINNg 100 pg/ml
1 [~ a’f [~ = = a o d’lj k% [ Y4 o =8 QI a ]
azslafimunimagautiiluiesnsdnenidadesds anfasinnisAnsuiumnludiuaenaln

1 s

nseangvsresiineIuseLTadLINAve s Lﬁ'@slﬁvl,é"*ﬁmg@ﬁLﬁmwwifamm@ﬂmmﬁﬁﬁ IH
‘mnwudﬁﬁLW@?uﬁqm§§u§QﬂwaL@?mm@q PBMCs l@agnaliadAtun1eadinsiog n1sdanenalnlu
miﬁmi‘imm?a&mm PBMCs Ineiitwaiufiaziinaug ”m;am'w@laLﬁ@ﬂizﬂ@un’nﬁm%u%dﬁmaé
e susn i lunnsineusialudiaeviall uazvinnudnimesulaiiluiesia PBMCs foauda

o

Adaudulilsannaiislunisinfmesy snldilszTamilunisasuaunisneuauesmagRAnm
3\// ‘if é’ [ = < a ol 1 a v o qI/ ya =
VIl et iunanIIAnEgMETeINneTusanTIReLAuen N IANTuIues  Tnaenaldime
\{l1 Immunosuppressive agent LaNANT9ARLANBINNYRANTWIMNINTRaLaLeIN 1AL
wsaldilszlamilunslgnarwedunssiall  wazannisfneddelunyeelnanislinimesulsunn
20 mg FaxfuenlnsnsTuaea Alefadu videN lulndy (Bano et al., 1991, Pattanaik et al., 2006)
visaldmesi 5 mg fudulaeuldAcmuiraiwsualsnudunen 14 JuRnseiu (Badmaev et
[ ¥ a a ] | | 1 XK =
al., 1999, Badmaev et al., 2000) ralfiAnauiduissaseniausaiiels asiilenagelunng
e susn g sy ol lunywesial]
aql1idn Winesududsnisastyaes Jurkat Taenisininliiia cell cycle arrest Nszay
Gy/G, wiilsidiniinl¥ifin apoptosis wsietiela naannisAnsddeluaisilainisaldidunugiuly
nsAnsnalnlunsdudanisiasyreataduzidulnaentilniie) wazn1mAaeLnvEIesasse
& < a dll al a = =® < a ol | o % < a i’/ o
wadNziItaew]  WaAn  mnldfansAnwngniresimesudaniuensiunsds  Bnviedaiu

wUINe NI N aRiugduAT s iresinesu g mEn1aTan nangean. wananaziunig

'
a ' a
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Uz I udiannawingy  422,000.99 11N (RLAUADIMNUABIAULMLANRLLAN
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= a o dl % % o e‘dl = ° o VYo
naAneIdeieduadAuants  wastsslemivainuanazesiaayulnstinasliiuananla
agaialunane Uszmerialan Tnaenizedwdslsamalve dslinidssmaluanfeuaudama iy

A A a a aaf o A o a o & 1 A= ! ¥
wanvateresianEsydnialiluenil daquiinisinaadmeisne layunsiudaulsznauunld

°© a a1

Tuidmszanduiueteuninans Heluisesesniaainaiegunin anun waznsinenlsasieldisy

AANLTRAN] reaiaayuingiandrAyuazldfuannuanlaetnedislusenisdnemansnisunng  §

o

senurangatiiaiiayud ey ns LT ial AUANITR 1uN13N LA UN9YINUIBeT L UL R AR E

guaunsuansaiuhl - rayulnsunsriadoanseaunismauaueasnlguiu  (Immunostimulation)

VNIRRT UEIN1IAaLIALDB4)NANTY  (Immunosuppression)  anaziflunisiinvizeantsc@nann

o o

NNINNUIRILIAANTINUTN T sz RANTY duldun wadidadens1a Lymphocytes Tin T uaz B

lymphocytes, Natural Killer cells, Spleen cells ag Macrophages ﬁmmguvl,w?M‘?’ﬂ@’]mﬁmmﬁmﬂﬁﬂj

=3

wand  aldFuannaulatiafiasanignanifiduaisiaunmacuauuazliunisnauauesedsyLL

ay o v 1 | A 1 d’jd o 1 | = a

niAnAuls Ganduflu Immunomodulatory agent Alunguilinansilsziny anfaatiadu nesias I
Ao o oo o o o o = @

waznung) wadnacuaianldlsznavamnslutinue wananiifalsznavlildas thun weawndanex

Anpussns azionduine fen 41018m Tan wznaieuy siueusn wneten anFesi degosTo

v ¥
nunzdu nesinag Inguawih Tan Huiin wzdos wazengu wenanil dalisraenuddanainenmans

<, Ay o a

entuansainanfieningnafessuL)RANTuEnuINane Niaulame fy Teuenanaziuganin

q

Wilndn fadseeunisdiun ddssTomilunianisunne’ Tnaanietivialudszmaanizamisni GRRY
n19tneuugIa9ansainaINit TN (Delta-9 tetrahydrocannabinol 158 THC) taeid@iaizeindn Dronabinol
WAZANIAUAILIFTaNTAENN19N12A19 Marinol® 11 lddanlunssnunauldisaend warauldlsanzids

Tnadgnanszgulierinaimis (Chopra et al., 1957) uavdazanainisrauld andeuduiunadiufes

v '
o

anneinefagen (Chemotherapy) Tuaulduzida wananil THC felignadudanisiasyuiiasiau

v 1%

ANUIULBAUTARLHNBONNTZHUARE lipopolysaccharide (LPS), T cell mitogens Waz B cell mitogens (Klein

a 9

v
o o

et al.,, 1985) ¢lleN Costimulation activity 2989 Murine peritoneal exudated cells Tunaaanaaes
(Chuchawankul et al., 2004) Tungassiudn THC Aponududusn (Luo et al., 1992) nAuNszFuNg

WLNADLANAIUAUYEY  lymphocytes AINUUNAABILATNYEtlAENI1INIZAUAIE  monoclonal anti-CD3

o

antibody @4l mitogen Tnanflunnmaaeuluvaannnaes (Pross et al., 1992) WINANATUBNTRANTL

o

o o

= VYo a ' - o A = A [ a . .
mmmim‘ummuﬂmmwﬂuﬂﬁuu AR 1AL WUIINANIANUBYYARATY  (antioxidant) 1w

daueznavdediunuamlunistleaiulsasine MiaanAndenllauiewzds wenanil adaadady

(%
o o 1

immunosuppressive  agent ABELITIN1TULNFANRNLINLE lymphocyptes Tunaaanaaes

(Wilasrusmee et al., 2002) 1l
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a o

JIURETUU ﬂngwmﬁﬂ@ﬂﬂwﬁQmmuummwmmu 1138 Piperine (1-piperoyl peperdine) i3
{lugng alkaloid NlsannAda (Piper longum Linn.) kag winmemn vi3e Black pepper (Piper nigrum
, oo 4 a g oo o a L - .
Linn.) Tngin#sinldluntsiyasaeiuns seasiisaidaguileaunainatsiinesutives luginims1ee 189
Tan Insannzesnadadsemaluiaue@auddin wu awne In1sudanin el lunsinenlsaunenin
. o a4 o - , X
i viuasli annstaatlszanmeu dndsa waznisiadalussuuniunumiala (Singh, 1992) uanainil
o a o o 1 =S U dy a
fantszlamiilunisineieiniston  nistudieilaanne  aANNIFNIRINANIUNE  LASLITINIRINITIAN
(Singh and Blue Menthal, 1997) ﬁuﬁﬂgmmﬁmmm@mé“mmud’] MNeTUAINNTRTUTIN TN UTRS
szuyLlszdndaunane uazananisanaulsl (Virinder et al., 1997 uaz Mittal et al., 2000) Anviagegiud
N13NNNULAY P450 isoenzymes (Atal et al., 1985) fluglan19d9iAsnzif prostaglandin Wae leukotriene i
WABANARSY (Stohr et al., 2001) AMWIAEA1GA IUARTNARBINLITNINETUNEME Immunomodulatory
WAz antitumor activity Tudninaaes TnamudiinesunszsunIsufuna I uIuTedaaLlAAe A0
sagaINlanszAn NIzFunITaiuauRLeAseLdAReALAILNE NITINAIUIULEY plaque forming cells
Tudu uasfudaniaesnyuemaduziiy Dalton’s lymphoma ascites cells (DLA),  Ehrlich ascites
carcinoma cells (EAC) waz Mouse fibrosarcoma cells (L929) lunannanaaed LasdanLdINmesu
ATNTDARTUIALATNNTIATLBUTARNEIT DLA uaz EAC Tudndnaaed (Sunila et al., 2004) uazigms
antimetastatic activity (Pradeep, 2002) uanannil Wmwerudalaaguegan1sa519 nuclear factor-kB (NF-
kB), c-Fos, CREB, ATF-2 LLas proinflammatory cytokine 14 B16F-10 melanoma cells (Kuttan, 2004)
agalsfinn Gelaifisnaeulac na190ie Immunomodulatory activity 284iinesusamaALNALEY
mg:wf WAz Antitumor activity U84 piperine AalEasnzidy H9 (Human T cell lymphoma) : ATCC HTB-176
ARsZERATAN sz asfazIINIMAgaLAMANTTR  Immunomodulatory activity a89ansainanwsninenn
(piperine) WLaz@98UATIZY  (piperic acid) Faanmdidlu degradation form 989 piperine Ingay
NINIANHINANTENLURIANTH D Peripheral blood mononuclear cells (PBMCs) Lﬁ@gﬂﬂixﬁuﬁw
mitogens Uaz antigen lunaannnaes uazAnumaLe Uiy antitumor activity 1esanssioimaguzise HO

Tunannnmnand
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1. WWAANENATRIRINETULAZAN389LANZY piperic acid ARNNTABLIANANURY Peripheral

blood mononuclear cells (PBMCs) lunaannnaad (MAgaLiumasaa nAvUnfuazigasann

gl laFasudniaud lnavinnisnsadnlag MTS assay)

2. aANENATIRINETULAZATALATZY piperic acid AANIIUEINNATYTDUTARNZLT

H9 (Human T cell lymphoma) Tunaaanaaad

[ %

myUszaeAlua

1. iaANEHATRININEIURaNITIa3ty U84 Peripheral blood mononuclear cells (PBMCs) lu

PARANAARY TALNNNNTAIIATATAL MTS assay

2. \eAnHNaTesinesusenisfudinisayresaadusfaysdniinsne) lunaeanaasy

Tun aduziialnungn (Hela) nzifanaeades (HEp-2) nzifaan1&lun) (HT-29) uzids

WAaan19 (H9 wax Jurkat)

3. Wednmnalnniseengmazesiimesulunisdudaniaasyresaasuziiuliagenang

(Jurkat) Tuuaannanand

3\// if ya a a o 1 dll dl o Y a o g -;/ ¥ !
i IFdRunuddzannunasuauiian ldsanlulasanisddeaduil 1iun
o o o . o : i o
AN | ADUAN PHRIEGS WAL Unla
1 Wantin Immunomodulatory activity of | Asahi Glass Foundation | Thutlsean
TA39Ng Piperine on Human Peripheral (209,150 1) 2550
Blood Mononuclear Cells
2 Wiant gmpresiinesulunisdiudanig | nesuanizannaAans | Teudszann
Tazens | @sryaeaasnziiudadanaia | (64,000 Un) 2551
Nywelrinsige
3 Wanti NIANEINALEIAIATAAN NugANUNIINInen - | Teudszunn
TAsanns | winlneen  (piperine)  Tunng | Anud szAuTifinAnen 2548
(@1an3e | dugeniaasyreqitaduzis (20,000 LN)
inw) | afissiner] Tuvaeanaaes
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2

P aaa o v a o o o & a o al
FELUEUIBINE dlﬂllﬂﬂ\?ﬂ"li')']ﬂuwuﬂ”liqqg_l LAZAIALAUADUNITIAE (AN)

4 69 o - o . Y ! o X
LW@IMU??QQ&]Q?J?X@W’] QWHQ@EI@&Q‘HLLUQ@@ﬂLﬂuﬂum@uﬁI’Nﬂ ANU

°f|’$u‘17i 1 m@mmﬁ@uqm%mmﬁLW@?‘W]'@M?L@?‘O&PH@\‘] Peripheral blood mononuclear cells (PBMCs) Tu
NRAANAAD
1.1 MsiAsaNLTaaLinRanu19UnR (Peripheral Blood Mononuclear Cells, PBMCs)
WANNG

TunsuenimadidaRena19tinfity andavdnnig Density gradient centrifugation (Bunn et al.,
2002) Tasinnsanziaamsiaatinaanniduannsnldluy EDTA tube antuAeadendiatiiadag PBS T
oandaw 1:1 el 800 g Wiunan 15 Wil wdsntiugndautinGEen (plasma) RegdnuLu
28N AN PBS lHwinAudsunnd plasma ﬁ@m'ﬂ@ﬂ panlsidnfureudnelidlumaanidl Ficoll-Hypaque
(Density = 1.077) TnansTlnfidenasidluirend daesandiumeadensartnenming 4:3 i
7l 400 g lunan 20 w1 mn&u@mﬁu@hu PBMCs %qfaga‘wdw%umm Ficoll-Hypaque fiu PBS (A4
gﬂﬁ' 1) tiluTudnadne PBS 7400 g 1flwiaan 5 unfl 2 19U g9 superatant Aalaludn resuspend

AR ARV TIRLNTAR 1-2 ml WdamaiuAae Trypan Blue Exclusion Method (Strober, 1991)

i
400 g 20 W%
— PBS

Blood-PBS

PBMCs

Ficoll-Hypaque —|——

red blood cell Lag -
granulocyte
9171 1 nsuanida@ansna PBMCs

1.2 MengradaugnaTasitnesulunssusInNIsuLNAaRTaatinf1e ) Tag MTS assay
UANNIS

aAeann1IM ARG (colorimetric method) lmaifiansisznan MTS vi3e tetrazolium (3-(4,5-
dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl) -2-(4-sulfophenyl)-2H-tetrazolium) HluanssiasuLay
phenazine ethosulfate (PES) vinuthfiillusiniudianmsen  ansszneu MTS azgnasadlagiaadneas
Ao | a = Ry X - o
dnagliiflunanadn formazan Gefluansniduazaunmazaeliluenmaasasas 198N3R
Ussnnunanan formazan MAnauls TaanisdnAinisganauLAY (Absorbance) 189413N1ANEINIARAL

492 W hwms  ANgganaLLEsnda ldaviiudndoulaenseiua oI a A NHTI6 nsulasuans



v

tsenay MTS  Minanewdunan@s  formazan 1w adan1snnaureseulnislalnsana
(dehydrogenase) 1113 Nicotinamide Adenine Dinucleotide (NADH)  tinenaianmsauliiun PES 1ae
PES ﬁgﬂ?ﬁqzﬁ'@ﬂﬂ?‘am‘maﬂi:ﬂ@u MTS ldinanenilunae@an formazan ’Luﬁzﬂ;m (ﬁagﬂ‘ﬁ 2) (Riss and
Moravec, 1996) TnenuAdeasaiildingn CellTiter 96° AQueous One Solution Cell Proliferation Assay

(Promega, @1133214301) Tun1smsaagew

Dehydrogenase
Substrate / \ Product
Viable cell ";%DH

ETR-reduced ETR

MTS Formazan

U7 2 nezuaunsmUeAaNTemasi Iiasszneay MTS wlaswilu formazan

1.3 nsmsradaugnarasiwedulunisfiusinisutedarangasifiniaanaralnivas
Nl

pRaanueniSiadentnnAldude Nz TadifaAenI199uIN 1 x 10° 1madse 200 ul
siavigu Tu 96-well plate Tnanszdunisutsiaecinidansnafag Phytohemagglutinin (PHA) 5 ug/ml
funan 24 dalus  flensunaiudaiilinageudas 1) 0.5% DMSO (Favinavanadns) 2) Rumeduf
RIS T R Faus 0.1 — 100 pg/ml 3) &1 Actinomycin D 1 ug/ml (positive control) uag 4) lu
anazilifiansmagan (negative control) tilta (incubate) ugtaiafnaenfueulaganlas 5% 7
qounfl 37 °C fluiean 24, 48 waz 72 Falus mnﬁuﬁﬁmmm%@quﬁfmqﬁLwa?u'lumiﬁm%qm?

Kl a

wLFTesEadTinsne Ine MTS assay Mna1anndnesuy

2. MeATIARaLNEIRIRINETUIUNTELEINISULIAI TR TR N TINYHETRA NG
4 @ o ] < 1 = [
21 asuziFaaldlug (HT-29) wsisanaaadas (HEp-2) uazuzisalinumgn
(HeLa)
wiranaanauinnimaasuiunan 24 4alue TnemnzideaaduziEiuim 5x 10° wadie

200 pl siangu 1w 96-well plate  Wrhinagausag 0.5% DMSO (Favinazanaiinesy) Ninasu Ax



\indusings slausl 0.1-100 pg/mi &1 Paclitaxel 30 nM (positive control) wazluganaziliiansmaasy

'
¥ 1 AdA ey Iy

(negative control) tilutnluguinfififaanfualneanlad 5% figuupi 37 °C ifuaan 72 dala

2.2 NzifdlnAanNTin H9 wae Jurkat

SRITARNLIS HO Was Jurkat luenvnsidsaiaadive (fresh media) 24 dalue TnemziAes
EIARNIINANUIN 5 x 107 adsie 200 pl siangu i 96-well plate Nagausae 1) 0.5% DMSO (B9
@zmﬂﬁmfﬂ?u) z)ﬁLWfa?umwﬁmﬁuﬁmﬂ] r%mm' 0.1-100 pg/ml  3) &N Paclitaxel 30 nM (positive
control) uaz 4) luaniazitlifianmeasy (negative control) tilduinlugunfinfnaafueulneenlas
5% ﬁlqmmﬁ 37 °C flwaan 72 Falu

Lﬁﬂm‘i_u,famm?%mmu WX MTS reagent (CellTiter 96° AQueous One Solution Cell

Proliferation Assay) 20 pl asluusiazugy tuifunan 4 daludlugunfififnaenfueulaeenlad 5% i
aaigfl 37 °C ilensuiagn ThanumnzasasadiUiud 1500 rom 5wl wasnfugausinldluay
LW”]ngﬂﬂmJL‘ﬁlﬂﬁ”ﬂﬂﬁl?%@'ﬁvﬂﬁ’m’]i@mﬂauum (Absorbance) finanuenapau 492 wiluiums  Ineld 96-
well plate reader avnifufuann (IC,, ) vesiimeiu vdarmpuididusesimeiuiianansadudonig
\WstyreagadiindananLnAuasma ANz iFayEeiase) 16 50 wadimusd Lﬁmﬁﬂuﬁummﬂumju
ﬂ')‘l_l@NﬁLW’lngﬂﬂuﬂ’m%‘Lgﬂ\‘lLsﬁ@ﬁﬂﬂa mmmz‘(uﬁuﬁ’amdwmiﬂ“uﬁzqmm?fymmLéﬁ@a’ﬁumm

dnduaesimaiuainnanszunsaruiduduassiimesunazAnisganauuas (Barmett et al., 2002)

3. meAnwnalnmsaangnarasiinasusa H9 uaz Jurkat
3.1 nMsAnEANUTuRNRFAaLEas (Cytotoxicity)
3.1.1 NM19M5999M Lactate Dehydrogenase (LDH) activity
WANNIS
Lma'mw%wmzﬁlﬁ'@ﬁuLeﬁ@ﬁgﬂﬁﬁmﬁ azildes LDH eenunluemnaiasuaad dedansn

maadnladanlfjisen coupled enzymatic reaction mel tetrazolium salt azgnamadiliflunanas

1
o oal

£ o = o e = =
formazan salt TINALAI (ﬂ\?ﬁ“ﬂ‘lﬂ 3) ANUIUEAANAEUTALLAANLED

al

Soe

Naadgninany azdanaliiiEFunn

2Dy o

184 LDH zgq%u wazfludndaulnenasiunaudn formazan sty a0 ldnAInIsgANALLAY
(Absorbance) 171' 492 WnTwums tneld 96-well plate reader

NN9NARDY

ABUTARNE HO uaz Jurkat 411 5 x 10° Lradse 100 Fauqu TUan19zsina-] ol
1) 0.5% DMSO 2) fwnesuaauidudusie s 0.1-100 pg/ml 3) &1 Paclitaxel 30 nM ua
Camptothecin 145 nM (positive control) Way 4) ‘Luzﬁquﬁiﬁiﬁmwmmulm (negative control) il
ﬁuiuéﬂuﬁﬁﬁwm§u@u1m@@n1%ﬁ 5% ﬁ@qmmﬁ 37 °C (fluaan 24 dalae  dlepsunanudatinun

nsadaulng g cytotoxicity detection kit (Roche, WagN) BN Reaction mixture 100 i Al uAas
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=

wgn  ldngumnR 1525 °C  fluean 15 Wl antwsin Stop solution 50 pl adluusiazugy

]

o

weilidni dpAinnsgeanauuas (Absorbance) W1 492 wiluwms  Taeld  96-well plate reader

AIMNUUATUINE %cytotoxicity 1ag

— Absorbance x 100

%cytotoxicity = __ Absorbance_, . ow control

Absorbance — Absorbance

high control low control

1pel low control  UNNEDY  LIAS a9z Il NdNedan
. = Ay o
high control ¥anadla  @ad uanazilidarsmeaauuazgninans

fingl lysis buffer

Pyruvate

Lactate
N

OCH,COOH NAD NADH OCH,COOH

CH;
g
CH3

Formazan salt tetrazolium salt

-dl a 6 o 2% N dl
gﬂ‘w 3 N9TUAUNITNANLDAANTBIIAANT 1 tetrazolium salt wlaguiily formazan salt

3.1.2 N19M5229A/ Cell viability Aasl Trypan blue dye exclusion method

NNSNARRY
INZIARIARNEITN (HO UaT Jurkat) a1uau 2.5 x 10° wiadsie 1 mi sieviaan Tuaniazsine A
Fad 1) 0.5% DMSO 2) Awnasuanuidudis 20 ug/ml 3) 1 Paclitaxel 30 nM (positive control) was 4)
Tugnaziliiansmasenla (negative control) Wnlidnluguunifinaasuaulaeanlas 5 % Ngoumni
37 °C Wunan 24, 48 uaz 72 F2lue anntuiuauinasnNainuasiaaan llaan lne
% v s 'ﬂl o o 1 o v a 1
Hemocytometer N lgndesqanssrilassunn  Annasaane 400 WinuazAwnfasazAuilufise

AR (%cytotoxicity)

¥aenzAdUNEABITAR (%Cytotoxicity) = _ AIUIULTART WINTIR  x 100

RVUIULTARTIINNA



WANANUEIMNIIAIIATLAUIWIARNNEUAININAFELTWANITFANNT] FoEl ULATAIWIMAIUIY
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3.2 MSANENANTZNLUIAIRLNDZ UADNISLATUUDILTAA LUszazane ) (Cell cycle
analysis)

WANNIS

Propidium iodide (PI) ifluansGesuasniionils annnsodenndmsueld aannisnsedasedy
nsieauds iU B s ueuazsusumad luusazszaz & Tneldieias Flow cytometer

NNSNAADY

AININBINUNNTATETRNNINAGEUIRE AN Cell  oycle  analysis WU ANEATE Y
nonsynchronized  Wa¥ synchronized cells %ﬂ“ﬁ;ﬁﬁﬂ%’ﬁ’mﬁiﬁnwﬂumﬁ%& 2 uuy lunnswiTew
nonsynchronized cells FlElnansmnziaes Jurkat Tuanvnaasadlug (fresh media) 24 T
AeuinnnmageLERa N IMAgaLTREUIN  dou synchronized cells wrenlnanislales
AN9RIMNTUNLEASN IAEINI9NN serum  starvation flunan 24 Falianewinniamagey ( Safadi-
Chamberlain et al, 2005) Wsiilunnales synchronized cells  @1x13am lduaneds Inendunns
synchronize  Wlfimadniasoyer luszaziiaatu u n1slden arsiail sandle serum  starvation
( Manguikian and Barbour , 2004, Ramos-Morales et al., 2000, Gao and Dou., 2000) %QLﬂﬁ%ﬁdﬁmL@z
mmﬂﬁ'zgmiumi synchronized 1agd  wan1snagey ldnudaunnm1esezndinansld nonsynchronized

o |

Waz  synchronized cells Laagngla anvadatineunaniennmeaalaeld synchronized cells 814
WualilndiRasiuniasiyrensadaulni lunmageviliisaadenld nonsynchronized  cells
dwiAgafunmaaeudu dredu

FnnswnzAEs Jurkat 4119u 2.5 x 10° iiadAe 5 mi savguluanazdiil 1) 0.5% DMSO 2) i
WaTuANNNd 20-100 ug/ml 3) 81 Camptothecin 145 nM (positive control)  Laz 4) Tugnneiill

!
a A ey e

flansnaaay (negative control) i lthinlugnfiifaenfueulaeanlas 5% Agnmai 37 °C luaan
24, 48 uaz 72 2l WeAruan dadlliud 1500 rpm 5 Wi Fagan supernatant udatTudnadas
PBS aMntiuiAia 35% ethanol 1 m %ﬂifﬁﬁfqmmﬁ 4 °C fhuaan 4 dalis antiutinaniudnedan PBS
2 A% dlandagl 50 pg/ml propidium iodide/ 100 pg/ml RNase A solution a1191 500 Aelam
grunniviaauiogn 1 daludluiifln  dnlUAiezifaneies FACSCalibur flow cytometer (BD
Bioscience, auigawini)  Ausndedinudretad luuiavsrazaaellsunsy CellQuest  (BD

Bioscience, a#igaLaann) (Center et al., 2004)



3.3 NMsANHIVBIRIRLWEIUARNITIAA Apoptosis
3.3.1 A5IANAUAMUFIUINEIURILAS (Cell morphology) WY
Fluorescent Microscope

NSNAAAY

NNAETRE Jurkat S1uU 2.5 x 10° EadEa 5 m AeNQN luannaziia 1) 0.2% DMSO  2)
WaTuANNd gL 40 pg/ml 3) 81 Camptothecin 2 ua 10 UM (positive control)  uaz 4) Tugnnilad
aremaaay (negative control) i liinlugnfiifaansueulaeantas 5% figuund 37 °C i
24, 48 uay 72 F2lus aasuiaa thludui 1500 rom {waan 5 Wi Fadon supernatant tugramad
gl cold PBS way resuspend fagl cold PBS 25 i mnﬁuﬁ@mmﬁﬁw Acridine orange / Ethidium
bromide (AMdNdU 100 pg/ml) 2 pl wazdsziliudugwinenresaadinglindeangeeisaimus
(Olympus Optical, m’jﬂu) fndaaeng 400X 18l Live cells vialadni@inasnuiamasanansousiy
HalRenfuuasdauRadiden Apoptotic  cells asifeaaavaflufeuie it udiuaesaifue

= o

v a a A . aa a o Aj a o A dldda
melu danmndlanizadu uaz Necrotic cells aziiamauaaneuziiluilaifgfuulau T aan LD e

a a

usflanAnAdu (Ribble et al., 2005)

3.3.2 ms22@auU DNA fragmentation Tng Gel electrophoresis
WANNIS
msmmmmzwwim%LﬂugﬂLL‘uumafmﬂﬁﬁmﬂmnﬁﬂmmﬁLﬁumiqméﬁ’fm ANN1TNATIA
Aszdinisuaniinaesiidueldlaenisaiaiifuie wazilunmadndudauuuusiuiueznilsadaeds
Blanlnslnada

nsANARLAULE

WEREs Jurkat 4119t 3 x 10° LradAe15s mi luanazid 1) 0.2% DMSO 2) Auneduaana
Wnd 40 pg/ml 3) 81 Camptothecin 2 Waz 10 pM  (positive control) Laz 4) M@mfsz‘ﬁlia\iﬁma?
y0a8L (negative control) tilildlugtafififapfuaslnaanlad 5% fignugi 37 °C ifluian 48
dalua  ilemsuinan ‘ﬁnLﬁmﬁmﬂu‘gmﬁum@ﬁmﬁLﬁumimﬂ%ﬁmﬁwmﬁmﬁLﬁum Flexigene DNA kit
(U319 QIAGEN GmbH, 1weshy)  Insnsilunnaznewsas shgadnidldluaanaun 1.5 m i
Buffer FG1 100 yl asliludananlaanistliulmiuas annthufiy Buffer FG2 /QIAGEN Protease 100 ul

a

naslaenisnduvaenllan 3 Ak ﬁﬂiﬂﬁﬂuﬁfmmuau@mmu (heat block) ﬁ@mmﬁ 65 °C wilu
A1 10 W LAN 100% isopropanol 200 pl waquaniagn1snaunaen llun auiunznaumiawe (DNA
orecipitate) 1l 10,000x g unan 3 W9 wdau supernatant Al At maenaeLUNIZAN
fi \Fin 70% Ethanol 200 pl uazngnlngldiatestnuan 5 fundl i luiTud 10,000x g iwnan 3
W7 ndau supernatant 1'7”1\‘1LLz’hméqm@mmuummmﬁﬂﬁﬁgmu@mqﬁm 5 Wil anntuiluueating
Yoe 51nf AN Buffer FG3 304l wanlaeldieseqtnnanfinnnugosn 5 3und v ludad

guugd 65°C  uean 30 Wi WeasuwaANEINgy 70 pl - asluAdulenannld Bn Sodium



acetate AN 3 mol/l A uan 10 pl uaz 100% Ethanol 220 pl - wanina lfiaraseuan sanaldn

anuNRTed 30 w1 1l 13,000 rpm iunan 10 w wndau supernatant Raudatiugnedog 70%

Kl a

'
al

Ethanol A ntiumndau supernatant v T ldiTuufeudamnsnngu 20 pl dugominl 65°C uiaan

q a

v 1
10w ansuilldpeonduduresniduenainliuasindinalnsWsiauuuiniuezniloasely

NN9IAANNLTNT UL DIALAULD

1 1 v
Famnududurediduanainls lnanisdnAinisganauuasi 260 nm (OD,,) AMNUUAILIN.

260

AT ueIBEUaNaTAl#a1NgRs (Sambrook et al., 1989)

AN NdUeeAIEue (ug/ml) = OD,. x dilution factor x 50

260
° a @ d|9/ ' o 1 v ¥ ¥ ! o dl o o a
AT UTRSALERIENANNTT IULAR AR N IR AT NT WY LWT’JM’]VL‘]_]VI’W@L@?W

TnsWsgavuuiuiuaznilsa

n1svinalanlasIWsEauuwEuuasnlsd (Agarose Gel Electrophoresis)
W 1% agarose 11 0.5X TBE buffer Tnain1sd9 agarose 1491 1 g lAx 0.5X TBE buffer 191

fifFumsgarinawindu 100 mi wehlidniu udaazanslaaldiraslulasnd ainiuseliguugianas

'
o a

Uszanny 5 w1fl Aan 1% agarose avluninamiag 919%We (comb) uazdaasliiaaudasnngumngiivies
Waaudeiuds intWulefasllidnidey Aess Avdviean wntwimaslivonwiwaa Ingliganile
welnianlszinny 1-2cm  nanaWuenaialdiudden (loading dye) ridniu neanaslurguaagusiu
fuaznlsansironld Tnafunguusndwiuvaensdueirseansng  (DNA marker) ainiulinszualn
1u1m 90 Taasidnluazeadungn 50 wan AdueazindaudeldfdoweTuaminauinresiauin
Twana  WeAsunan donmduieunLEuaadag Ethidium Bromide {uinan 20 w1l d19@dauifiuean
% %’l 0'/ P o 1 dl 1 k74 % a ¥ N v dl

faetnau wean 5 wil dhulwaafidiunisfienudalinmaseuniduenialiuasgifoniATednsaa

A1siugnasnsanszualvin (Gel Documentation System)

3.3.3 msrasaulsuie Phosphatidylserine (PS) UURILTAALALLATAY Flow

cytometer

UANNIS

rd' o aal . dl &
N1IAIIAEALLTAAT membrane QNYINANEAINNIOATIAGALIALAERE Annexin V assay LHaL@as
2 oA , e 4 s I s WY d e .
Buin  Apoptosis  azdwmald  PS  Gvagiulusesdiavumasinaeui hilfisuuenaeatiaiuiad
Annexin V GaflulilsAunaiunsaduiulszqavaes PS 165 (high affinity) Asgniunldlunisnsasay
AT HBLTAN annexin V fU@1339ua4 (fluorescein) 1w FITC fanfiunsld Pl Ssanunsndonmnmifuie

azdnglunisnmageunssnauLuesnenialeeliiisesalalnivesls  Inomasnegluded 1

10



sl Al ol

(Annexin V "= PI ") munedaadndion iaanetlutdedl 2 (Annexin V "= PI ™) unnalamasn
agluszar Early Apoptosis 1iaaneglutasl 3 (Annexin V ° = PI *) unnaiamasnetluscay Late

Apoptosis UALIARTIANELAY (9317 4) (Koopman et al., 1994, Martin 1995, Vermes et al., 1995)

<
)

% 4 3
_ 2
o |

= 1 2

o |

o : :

700 107 102 103 104

Annexin V
U7 4 uanaLFnsTad ezazsinge

NNSNAADY
NINNINIZLALN Jurkat 41191 2.5 x 10° wadse 5 ml 1uan19end 1) 0.5% DMSO 2) Ainadu

ANLddY 20 - 100 pg/ml 3) 81 Camptothecin 145 nM (positive control) kA 4) Tuanienludfians

'
a

nadaL (negative control) vhlduinlugusiiafaanfuaulneantas 5% fguund 37 °C ilunan 24,
48 uaz 72 alus  dlensuinan Fanstienimad@aetings Annexin v staining (BD Biosciences,
anigalaini) TaeTufi 1500 rpm 5 W flu&1adae cold PBS 2 A udn resuspend A28 1x binding
buffer 100 pl anFs Annexin V-FITC 5 bl 4a propidium iodide 5 i Aeer] HaNlidniu AalsT
arvniveailuna 15 uiiluiida dis 1x binding buffer 400 pl anuuwinlAAszidaeiies

FACSCalibur flow cytometer (BD Bioscience, #153814301) Auanuilefiaufaedsad luAazsvasaae

Tsunsn CellQuest (BD Bioscience, @13gaLaann)

4. MSIATESUTRYANNADA

mﬁi&’\’mnmamm@m:ﬁﬁLmuﬂiugﬂmmmLfﬂ?}lﬂLL@:zﬁ'quLﬁmmummgm (mean + SD) Aa1NN19
nAGELEN (Tripicate) LAZFNNNINAREIEN e AN ARIILLARLNNINAREY NTAATLINNER ALY
nsaAsziALlILsIuILLLNNGAEY (one-way analysis of varience, ANOVA) el lunnsiinsed
%@H@Lﬁ@ﬁﬂmmmmeﬁmiwd'\m@:mmmuumm Ngu UAY Post Hoc test 984 Dunnett lagiAn p-

1 A o

value < 0.05 A4RzDANNIHANATUNIIAD B

o
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NANTSARE

1. naaasiwaiulunisduainisiaigarasdasiinidanualnfeaauyed

a a o & a s & a a L4
WLW@iuﬂUﬂﬂﬂ’]‘iLﬁimjﬂ’ﬂﬂL‘ﬂ@ﬂLNﬂL@’ﬂﬂ‘ll’]’Jﬂﬂ[ﬁ]‘ll’a\‘iN‘léHﬂ (PBMCs) Tunaannnaag
ANNNIINAFDLNANIENUADINNETUSBNTIAs Ty adLlAaanT19LnAvasuyee (PBMCs) Ty

Aa o X Aaa o ¥ w o
ANNITNH mitogen LL@:VI'm’]‘J?LW’]:L@FNLsﬁﬂzﬂu’aﬂﬁ%wmwL‘W@?u%ﬂmmﬂmmumﬂ nu Lﬂqu@q 24,48

' '
o ol alala

uaz 72 Falig ANTRAIIREeLIARNNTAR TALAT MTS assay NANTNARES WLANANETUAINTOEUES

'
a I

n3La3tya8d PBMCs 16 fauanalugiln 5

a

welidatiumadidungn 48 uaz 72 d2lus wudiwesuiaaududis 100 pg/mi Sudsnisiasny

o

ARTFAMAATIN 70.0% WAy 62.3% ANNAGL

299 PBMCs I@ataliadAun1eans Inadidefimusfiaad

! ¥ 1
o o aa 4

Tuansefinasunaududu 10 ug/ml aunsndudinisiasyans PBMCs tdatnediadAnyneaisiie

rall IS

wnziaeaiiung 72 dalne Inefnlefiaudiaadniaginandu 86.8%  Nnasunanudndugganldly

naMmARaLAe 100 pg/ml Te@nunsadudannsiasyaes HO alpafilefinudioadnidinandy 17.7 +

2.9% (37 7) wazduganiaiasoyans Jurkat Walasdnlefinusfias

aNNTIMAAIEIN 43.1 + 2.85% T9aan

s iAndIniseengnadiudanisiasyes PBMCs (U 11) mozgadenidsatluszudnanisfinenaln

Tunnseengnavesiinesusia PBMCs

140
—3o
01
120 - I —1
T —1 10
_ 100
s e *
c T
8 0
- *
o = *
(=]
< 6o 0
>
b
§ 40 -
>
20 -
01— r ; r ; r ;
24 48 72

FTazLaa (TAlNa)

717 5 uaasnavasinesulunsdudinssyaeEssdaaanaLUnRAvasNyEe WziAeNEadt x 10°
IARRENQN MU culture plate 2UIA 96 YN IRENITAUNITULNFRTRY PBMCs fivgl PHA 5 pg/ml Lag

nagaLfefinaTunANdndusie faus 0.1-100 pg/mi flwaan 24, 48 uaz 72 daluaiiensunan

12



P

ol Aaa A o - - PP o Ay iaa =
M?Q’ﬂmﬂUL‘*ﬁ@@WNmmeﬂ’aﬁ MTS assay LLﬂzmuquLﬂ@’;‘L"numL‘*ﬁ@@‘wmmrﬂLN@LVIHUHU@ﬂW%ﬂNNWLWﬂ?u

D

| A A ~ ! ' LA
ﬂ’Wlmeﬂ@mL’ﬂ@ﬂLL@%MHL‘UHQLUi&NWITﬁﬁu (mean + SD) * AN P < 0.05 LAANAINNLANFNNDLNH

HadnAyneaiis

2. narasiinasulunnsgusanisias e taauzisrincg o

a = o & a ] [~

NNDTULULINTLA3EUUDY HT-29, HEp-2 uax Hela lalaaianias
HANNINAABLANTIBININETWIWNIELEIN91A3 Ty 189 HT-29, HEP-2 uay Hela Tuviaaannaas

mMavasnrdumagilunan 72 4alue waznedaunaieTyIeaTas 1neRs MTS assay nanlaudanelu

U 6

120

[ HT-29
[ HEp-2
100 1 T I - ‘I’ Hela
= T
= %* [ I
£ 801 T * [ %
s * T I T
[3) T T
[T
o 60 -
S
2
= 404
o
8
>
20 -|
0 T T T T T
0 25 50 100 200

Piperine concentration (ng/ml)

1 v ¥
217 6 wansuazesineTulunNsdudannasuaes HT-29, Hela uaz HEp-2  INIZIALNITARAIUIY

al o

5x 10° wadsangu 1 culture plate 211A 96 MaN ANzl Nwasuaduidudusing faus 25-

sl Aaa

200 pg/ml 1unan 72 $alae WenTLnaInIRdeLmadNNTInlaeds MTS assay  waTA WML B FTU6

A = A i i

saNa A A o A A = ) ~
Lsﬁ@@'ﬂiﬂm"lmLN@LWﬂUﬂU@ﬂqqgmiﬂJNWLW@?H m‘v}LL@ﬂ\‘iﬂ’amszmﬂLL@:MHLUHQLUHN’]M‘S’M (mean = SD)

RINNNINARBITN 3 AFY LA lHLAAZATIAZNNNIINARDLE (tripicate) *ATP < 0.05 WAANAIN

o o

wanFnsed N Tad Ay neai

AINNIINARBINLIN MNETUSUEINTLa30Y289 HT-29, Hela uwaz HEp-2 lAaaiantiasiiie

nagaufafwasunAMNdude 200 pg/ml woudndimsiidefaumiaasnNdinAnlu 76.4 %, 69.1% uaz
o o dgja = i’/ Z// a

89.8 % ANANAL NelnaIumawsAududu 25-200 pg/ml arungndugeniaiaanyans HEp-2 1fasinedl

©

b

al

HedAyneatmilemeuiunguasuan atalsfiniuniseanynazesiinesusie HEp-2 ladldnaauniu

v Y 1 1
AN NTLFREN 1
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3. AwasugUgEIN1sLasaas H lunaannaaaslaadeldad AN eann
NIAFeLNBIeIneTUNANNdNI RS 0.1-100 pg/ml lunisdudenisiasnyaes HY u
vaaanaaeg laatiuaadiilunan 72 9alue uaznIagaunTiasyaesad 1nens MTS assay Wadils

wanslugii 7

120

110 4
100 T

©° 90 -

=

5 80 - *

o 70 4 T

[5)

§ 60 -

2 50

5 40 A

©

g 30
20 A #
10 4
0 : : : :

0.1 1 10 100

Piperine concentration (ug/ml)

gﬂﬁ? mmmﬁLW@?uslum?ﬂ"ué\imm?mmm HO sRBuTadaIWIL 5x 10° \raanangH 11
culture plate 111A 96 NQH ”Lummfazﬁ'ﬁﬁLW@?'?ummLﬁTwﬁuﬁiw] Faust 0.1-100 pg/ml ilunan 72 Falus
M9IRQALNNIIATYINTAR AL MTS assay mmﬁ%’umﬂugﬂmmﬁhm?immm'qmﬁmmummﬁsm
(mean + SD) “ﬂ’mﬂ’)ﬁ?‘wm’&@u%ﬁ 3 ﬂ%\i LLZ\]::sluLL[Ei@zﬁ‘%‘:\‘i@lzﬁ’]ﬂ’]?ﬂ/]@@‘ﬂugﬁ (tripicate) * A1 P < 0.05
LAAIANNLANANE NN TE A ATUNeaD A

annageLli H9 WUdiweIuTiALEdady 100 ug/ml mmmﬁuﬂ%mm’?mmm Ho 14
TneflmadsandinAndly 17.7 + 2.9% Wetumadifuna 72 dalus  wenanifenudnnnseudanis
\styaed HO Hanmeiily  Dose-dependent effect Tmmz@@nqm’éﬁﬁwﬁmﬁummL%’u%’ul,mzﬁm IC.,
Wwiniu 14.7 + 2.1 pg/ml %IaLﬂuma‘ﬁ’uwuma‘@@ﬂqw%rmmﬁLWﬂ?uslum?ﬁuéqmm?mmmLémzi’uzﬁmﬁm
Aesmnafiuniousn veiRmeIuinudsduies 5 pgml fasnsadudensaiyes Ho 1detnad]

o o o

WedATyneadin Fagii 8
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120

110 A
100 o —
—
3 i *
2 90 T
T
8 80 1 *
S . T
o
2\‘1 60
2 50 - *
2 40 H
8
s 30 |
20 A
1 -
0 * %
0 T T T 'J-_|
0 5 10 100 Paclltaxel CPT

30 nM 145 nM
Piperine concentration (ug/ml)

gﬂﬁ' 8 mmmﬁLW@?u‘lum?ﬁu&mm@?mmm HO ziABTada WL 5x 10° \IARFANGN
lu culture plate 1WA 96 qN ‘Lumquﬁﬁﬁm@?ummLﬁuﬁuﬁmq Faus 5100 pg/ml e 72
dalue  pavageumaadyIenTasiatia MTS assay mﬁ”l,ﬁl,l,@m‘lugﬂmmﬁiwaa'm,mzzﬁqul,ﬁﬂuuu
N1MTF U (mean + SD) ANNmeeLEn 3 A% uaFluusazASRTRINIMARELEN (tripicate) * A1 P <

o o

0.05 uAAIANNLANGANBLNINUEAATYNI9alA  CPT Munane Camptothecin

2. pan1sAnANNtuNEsaLEas (Cytotoxicity)
2.1 fnasultluiesa HO
2.1.1 psragaUANNItuNEsAa H9 Taan1smnsaadn LDH activity

1 1 % 1
iaanElaumasgninany azilaee LDH aanuininay  LDH lwewlmilyl

dael lactate IAHARAITEIY Formazan salt MAAE fariul DH activity a9RAwL M
3unm Formazan salt 7ARTYW uazasNTARTIAAAINTRANALIAS (Absorbance) T84
NANAAT 492 W TNATUAZATUINS %eytotoxicity TAanngunng

%cytotoxicity = ___Absorbance — Absorbance, x 100

ample low control

Absorbance — Absorbance

high control low control

Ipel low control  MNEDN LEAA lWaN19en NN edan
. = Ay A o
high control “anaie  ad luaniazililarmaaauuazgninans

fingl lysis buffer
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ANNIMARBINLIRINETURAN NNy 20, 40 uaz 100 pg/ml FAauiluis
Aawas  AALY 16.0%, 22.3% WAz 27.3% cytotoxicity AMNAAL IaeiaNINTuAN
AMNdNduLasiNeTW wansdfneTuduRese HO del¥i LDH activity NnnTu wafl

Iaasuanslugin 9

120
110 -

100 +
90 +

2 80
)
. 70 -
3
‘B 60
g‘ 50
X 40 %*
*

30 - * T T

20 T

10 1

0 . — . . T T T
0] 5 10 20 40 100 high control

Piperine concentration (ug/ml)

UM 9 wazesiwesusie LDH activity 289 H9 twziaeiadauan 5 x 107 wmaasiengy T culture
plate 111n 96 vgN  luanazRRRweTuAHdRduse faws 0-100 pg/mi st 24 Falug
m3sada LDH activity Taeld LDH Cytotoxicity Detection Kit (Roche, teie9siu) uanlauanslugiang

\
] N

mm@ﬂme'qul,ﬁmmumma?gm (mean + SD) AMNN1INARBLTN 5 AT WAL MILAAZATIATNININARDL

[
o o

11 (tripicate) * A1 P < 0.05 WAANANNUANFNSRLNIHTRIANATYNNATRA

2.1.2 AsIAFAUANNIT UNEEE HO TneAE Trypan Blue Exclusion Method
nsAnsAiuiEasineTusie HO M ldlaenismnzidesaananiazsine unan 24, 48

P PR o

way 72 falng annidudiesimadaae trypan blue stain STUSNUAUMTASNNTIALALITART MNTIN LAy

ANINIRNUIMTAANNTIRLaTS e Az AT URARLTAR (%Cytotoxicity)
AUITARNNTIR (cell/ml) = LIARNNTIA x dilution factor x10° cell/ml

SptarANTUNHFARIEAR =  IAANMETIR  x 100

RNUIBTARTIINNA
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anuansmeaeudfletiumadidung 72 $alie Swan H9 ARFARlusnnaRlldans
nagauAnily 227 + 2.31 x10° 1A doufieiufianudiudu 20 pgiml denalfauaumadRaTse
anaslatfipwingy 6.6 + 1.97 x10'wad Sudulfinfneiuinarnlisunusadanas (Fauanslugli
10A)

Senagay HY uazfesuiinnududy 20 pg/ml flunan 24, 48, 72 dlug Wi
%cytotoxicity NANANAL 12.5 + 5.19%, 26.6 + 2.1% WAL 40.7 + 0.58% AINANFL wamnalFinI1fne Iy

faauiinsa HO NNINTWEBAWNIY (time-dependent effect) (s31l7 10B)

30
—@— control
=@— piperine 20 mg/ml
—~ i —g— paclitaxel
\’g 25 R Vand s:;;f:;ecin
g
= 20 -
<
o
~
x 15 4
)
g 10 A
g
& 5
=
£ L
« 04 4
0 24 48 72
<
FTazLIan (TAlNa)
120
[ 24h
[C148h
100 * * * % 1 72h
*
o
2 80 -
2
X
8
o 60 -
s
9) % *
X 40
*
20 -
*
0 T I:::l III T |I| T

C+R C+P 20 pg/ml C + Paclitaxel C + Camptothecin
30 nM 45 nM

U7 10 wamanan maaey H9 luaniazsine Wiun 1) Awedu 20 pg/mi 2) 1 Paclitaxel 30 NM waz

a

Camptothecin 145 nM (positive control) Wag 3) Tuzﬁﬂﬁqzms\iﬁm?wmmﬂm (negative control) i
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81 24, 48 az 72 dalug mmé{mmﬂugﬂmmmLﬂaﬂLL@zaﬁfauLﬁmmummﬂm (mean + SD) Aa1NN13
ool Ay

NARALIIN 4 ATY * AN P < 0.05 LAANAMNLANFANAENITTRANATUN9ATA A) LARISTUILLTARNINT LR L1

ANIZFANNT NEUAINNINARAL B) ULARY % cytotoxicity quﬁmf;:ﬁmj NYUVRININARDL

e L 12NN NARAUNITIIUE wudngaa HO malinsiuanue gaaelisanisaniiaa

H9 uvinsnaaassalaadtlaauldvinisnagaun Jurkat wnw **

4. MwasudUEIN1sL1as a2 Jurkat TunaaanaaaslaattedidadiAniedin
HAN1INAAeLnNaTesineIuNANIdNduATUA 0.1-100 pg/ml Tunsdiudanisiaseyaes Jurkat
lunaaaneans Inatugasidungn 72 4alue uazATeaaLNIaayITaalALas MTS assay WU

aTURAMNEdNdW10 pg/ml @nunsadugeniaasyaes Jurkat IRad e Nilad1Aun1eata uasiilasimst

agnNEInAnu 69.6 + 1.82% Azl 11

120
110 4 [
100 -

90 A
80 A

H %

70
60
50
40 -

— %

30 A
20 4
10 4

O T T T T
0.1 1 10 100

Viability (% of control)

Piperine concentration (ng/ml)

1 v ¥
UM 11 nazesimesulunIsfudinisasyaes Jurkat INZRENIARAIWIN 5x 10° madsengn lu

al o

'
aaa = ¥

culture plate 211A 96 1N TuanIENRNNETUANNITNTUFANS] Faus 0.1-100 pg/ml 1uaan 72

d9Tue meraaaUNIIaTIILTAdlALdD MTS  assay nad lfuansluglaasredsuazdouiaaiuu

v
o

N1MTFIU (mean £ SD) ANNIAReUEn 3 AT uazlulAarAfazinnNIMAAeLT (ripicate) * A1 P <

o o

0.05 WAAIANLANANEENNTEAATUN AN A
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120

110 -
100 - —

=
g 90 *
S 80 - —
o *
— 70 - T
o *
é 60 - I "
> 50 - *
= *
2 40
8
S 30 -

20 - *

*
10 | ’l‘
O T T T T
0 5 10 20 40 80 100 Paclitaxel CPT

30 nM 145 nM
Piperine concentration (ng/ml)

gﬂ‘ﬁ 12 mmmﬁLW@?‘uéluma‘ﬁu&qmm?mﬂm Jurkat IWzABIEARS WAL 5 x 10° IARGIANRN 11
culture plate 1WA 96 QN ”Lummfa::ﬁﬁﬁLwa?ummﬁm%uﬁiw] Faust 5-100 ug/mi Wluiaan 72 dalus
AFINADLNITAIYIASIARIALAT MTS assay m@ﬁiﬁmmiugﬂmmmLfaﬁ'ﬂLl,azquw,ﬁmmummgm
(mean + SD) anMIMAgeLdn 3 X uazluuAazAXAiNmMARELE (tipicate) * A1 P < 0.05
wapIANLANANae NTRAATYneadsa  CPT unnaile Camptothecin

nanaganli Jurkat WoIRIEILR AL 5 ug/mi mmmﬂ“u&anm@?aﬂm Jurkat 181

1 1 v v v 1
aenliladAnyneana adnelafmuliaiuanududuaunus 20-100 ug/ml Tdwudnnsdudafuunn

JumuA NN uAnadey Tnanudnfwedunanududu 20, 40, 80 uaz 100 ug/mi denalddilasimus

P PR

TRAANNTIRAALTIW 51.9 + 9.22%, 44.7 + 4.50%, 40.3 + 1.08% WAL 43.1 + 2.85% MINAAL BAN19EIE

1 v 1 1
nNgIastyrad Jurkat NAanmdndu 20-100 pg/mi sildumnsnaiuilanaaauAnieansa aegdn 12

v a

2.2 Avnasuliifuinsa Jurkat
2.2.1 psragauAnALiluissa Jurkat Inan19mg9a3m LDH activity

Watnmasiduinan 24 49lue 1Mn1smsaadn LDH activity ANNTNARBINLIGN
LDH activity dAaudaududusasiinesuazgans 100 pg/ml wanalimiudimasu

Tifimonafluiiesie Jurkat nailFeuanslugln 13
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120
110 A

100 1
90 4
80
70 4
60 -
50

% Cytotoxicity

40 -
30
20
10 -

[0} T T T T T T
0 5 10 20 40 100 high control

Piperine concentration (pg/ml)

31l 13 uafineIusaszil LDH activity 789 Jurkat wziaBtedauaY 5 x 10° i alzGY IS
culture plate 211A 96 QN Iumquﬁ'ﬁﬁLW@?uﬂmmﬁuﬁuﬁmj Faud 0-100 pg/mi Liunan 24 Falus
n3a@al LDH activity m@ﬁvl,é’l,mﬂugﬂmmmm?iﬂu,@:zdfgw,ﬁw,uummgm (mean + SD) Aa1NN?
wmmu%ﬁ 4 m?@ LL@ﬂuLLﬁi@:ﬂ%\Wzﬁ’mﬁ’iVIm’&fr]‘]_l"%’] (tripicate) * AN P < 0.05 WAAIAMNBANFIGRENIH

@ o o

WA ATYN AT A

2.2.2 psragauAnALiluinsa Jurkat IneR Trypan Blue Exclusion Method
Anmauduieesingsusie Jurkat tnetgasnanizsine fuduwnan 24, 48 uaz 72

Folig vnnsffenimaddng trypan blue stain WATATIATAISIUIUITARTITANULAITART I TR 1H
niasqanssAl FuansnuTadRiiTInLasesazanulufivsemad  (%oytotoxicity)  AIANAN3
Hradu naillduanesagl 14

AnMIMAaeINLT detinmadluannsilifianmeseuuazlugniozhiifmeiu 20 pg/mi

o

A1 72 F9TH9 ANTUIUIARNNTIMRANANTL 44.5 + 6.76% WAZ 21.8 + 4.50% AINANGL LAAITALND
Fuinavn A uugadanas (Fagii 14)
X ' ' sl A = X - | o
wananifanudnluynanioznimagey Tlwuadn Wd@in  uazll %Viability winiy 100 Tu

NNANaE uansirimesuiinannldinsesyretadanasine il ifiiuivsomadusiasngla
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60

—&— control

—@— piperine 20 mg/ml
50 4 —¥— paclitaxel

—{A— camptothecin

40 A

30 4

20 +

daa ( x 107 1188)

ATUIUL

o

T T T T

0 24 48 72

SLALLIAT (FALNA)

UM 14 uansR A INTIReY Jurkat luanazsine ldud 1) Rwesu 20 pg/ml 2) 81 Paclitaxel 30
nM ez Camptothecin 145 nM (positive control) ay 3) slu@m%mﬂﬁmwmmﬂm (negative control)
fluan 24, 48 uay 72 dalng naiilduanslugtlaesradauazdauieiuunnnggiu (mean + SD) AN

° o

¥ v
NINAFALTT 4 ATY * A1 P < 0.05 LAAIANNLANANNR L&Ay 19alis

agllidn WanaaaumanwesunAudndy 20 ug/ml avdenaliaiuay HI anad wasRNaTw
- -~ PO S oo e o A v o~ o A
Hanudluiese H9 v ldadnnefintuieszaznaiindy TuniensaiuduilenagausaiineTun
AN N LA AUNLGNRNK Jurkat anaduiRwekldiduiese Jurkat wrieeala WwRsaiy
N1928N51a284 Paclitaxel WAz Camptothecin WudNenTvaesiinansndudansiasoyaes Jurkat 1 wsi

v o

Tidlunmriemadusiadnila  faduaamiinisfneddunansenuaesiinesusianalnnisiasyaes  Jurkat

a a '

1PEINTTATIIRAALNANTENLURIN meuwamm?mﬂmmm“lmmzﬁ’mﬂ

3. HANTENLUIAINLNAIUADNITLAZ UTDILTAR LUTEELHG 9)
P 4 - e~ P X g

annaadaudedunudnfimesudugeniaaians Jurkat telaeldiflufssamad vellatadle
HAEINIAINNIEAEINsIRTTIemas lWndAnsaad  (Cell cycle) Tamsageauldlnanisngaadn
J3u1niaue (DNA content) 28988 teinnistiniaad uan1azsne] luaan 24, 48 uay 72 alug
A9 ALFNN UALEULBLAZ AU WA R ARz ITZA8NaIN3Eiansag  Propidium lodide IneldiAzas
Waltindimas

=2 1 dl 1 & G nl/ a Gl dl Y v

anMsAnENLIlatNEaaidunat 24 dalue AwmesunAadndy 20, 40, 80 waz 100

ug/ml vgAgaNIsEsTyaed Jurkat 16 denaliaadluszey GG, Winawilu 50.54%, 52.02%, 50.86%

WAz 56.09% PNNAAL MUY 46.55% luan1azacuan (Aaguil 15) Wetnmadasy 48 daluanud #

1 v
iwasunANIdNdU 20, 40, 80 waz 100 pg/ml MeAgaNIgLastyaas Jurkat I denalinisiasoyansad
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luszeir G/G, st 46.05%, 65.57%, 63.11% Uaz 62.50% ANAIAL WLy 43.79% luana
ﬂquan(ﬁhgﬂﬁ'16)quxﬁalhuﬁ@ﬁhill72 Falua wudineuiipnandadi 20, 40, 80 waz 100 pg/ml
A9a N9 IBTAR szt G /G, sl 45.49%, 62.63%, 66.26% AT 63.53% AMAAL
Weuiu 32.47% luaninzacunu (ﬁqgﬂ‘?‘i 17) aziiulddnfinan 72 dalue fmeTuiiaonudiudu 20, 40,
80 uaz 100 pg/ml weyAanNA3yaes Jurkat Wszes GG, 14 13.02%, 30.16%, 33.79% uaz 31.06%

ANNANAL
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3.1 HAUDINLWAZUADNITIATYUDILTAR LUFZAZAS ] NLIAT 24 Falaa

A) control B) 0.2% DMSO

SubG, = 0.68%
G0/G1 = 46.55%

S =18.23%
G2/ M =35.31%

SubG,=1.01%

GO/G1 = 47.71%
$=17.8%

G2/ M =34.35%

Counts
Counts

0 200 400 600 800 1000 0 200 400 600 800 1000
Propidium lodide Propidium lodide

C) 0.5% DMSO D) WiWe3u 20 pg/ml

SubG, = 0.49%
GO0/G1 = 45.43%

S =18.09%
G2/ M =36.76%

SubG,=1.16 %
GO/G1 = 50.54%

S =17.65%
G2/ M =31.53%

Counts
Counts

0 200 400 600 800 1000 0 200 400 600 800 1000

Propidium lodide Propidium lodide
E) Aewe 7w 40 ug/mi F) Wwa3u 80 pg/ml
o
m.
™

SubG, = 0.56%

GO/G1 = 52.02%
S =17.29%

G2/M =30.81%

SubG, = 1.87%

GO/G1 = 50.86%
S =16.99%

G2/ M =30.27%

Counts
Counts

0 200 400 600 800 1000 0 200 400 600 800 1000

Propidium lodide Propidium lodide

G) Awadu 100 pg/ml H) Camptothecin 145 nM

o o

Ly : ] 0

™ SubG, = 1.21% B SubG, = 3.85%
0 GO0/G1 = 56.09% 9 GO0/G1 = 64.81%
= =
3 S =16.09% 3 $=22.13%
&) &)

G2/ M =27.36% G2/ M =9.93%

0 200 400 600 800 1000 0 200 400 600 800 1000
Propidium lodide Propidium lodide

7N 15 uspmanisasaadaLEunumdwesaanisdian propidium iodide LATANMIAUIWEAR lWUFAY
sveznaesasinalalanimes nanlduandlugtrestlafinudaaduusavszas annmmagey 1 lu 2

A
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3.2 HATAIRLNDIUADNISLAZ UADILTARN LUTEELAS ] NLIAN 48 dalag

A) control

SubG,=0.71%

GO/G1 = 43.79%
S =20.43%

G2/ M =3574%

Counts

0 200 400 600 800 1000

Propidium lodide

SubG,=1.10%

GO0/G1 = 41.82%
S =16.52%

G2/ M =41.07%

Counts

0 200 400 600 800 1000

Propidium lodide

E) Wiwa3i 40 pg/ml
o
O
8y SubG, = 1.30%

GO0/G1 = 65.57%

S =15.14%

G2/M =18.81%

Counts

0 200 400 600 800 1000

Propidium lodide

G) Awasw 100 pg/ml

o

O

Ny SubG, = 2.25%
@ GO/G1 = 62.50%
3 S =14.02%
&

G2/ M =21.31%

0 200 400 600 800 1000
Propidium lodide

B) 0.2% DMSO

o
i
ol

SubG, = 0.78%

GO/G1 = 49.48%
S =17.16%

G2/ M =32.90%

Counts

0 200 400 600 800 1000
Propidium lodide

a =
D) WeWagw 20 pg/ml
o
i
& SubG, = 0.62%
GO/G1 = 46.25%
S =20.82%
G2/ M =32.71%

Counts

0 200 400 600 800 1000
Propidium lodide

F) Wwa3u 80 pg/ml

SubG, =2.79%

G0/G1 =63.11%
S =12.22%

G2/ M =2211%

Counts

0 200 400 600 800 1000
Propidium lodide

H) Camptothecin 145 nM

o
O
8y SubG, = 6.65%

G0/G1 =13.12%
S$=73.37%

§ ‘ G2/M =6.93%
o! WO,

0 200 400 600 800 1000
Propidium lodide

Counts

917 16 uanINaNI9IRIIRdRLBNNUAERRAEN19EaN propidium iodide LATANHIAUIULTAR lWusAL

srezsneeradinalalnived nanlduandlugtresafinufaaduusavszas annimagey 1 lw 2

o
AT
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3.3 NAUDINLWAZUADNITIATYUDILTAR LUFZAZAS ] NLIAT 72 Fataa

A) control

SubG, =2.01%

o | GO/G1 = 32.47%

§ 3 S =13.19%

o G2/M =51.12%
OZ

0 200 400 600 800 1000
Propidium lodide

C) 0.5% DMSO

SubG, = 0.98%

GO/G1 = 43.25%
S =17.84%

G2/M =38.17%

0 200 400 600 800 1000
Propidium lodide

E) Anesu 40 pg/ml
o
O
™ SubG, = 2.06%

GO/G1 = 62.63%

$=17.02%

G2/ M =18.60%

Counts

0 200 400 600 800 1000
Propidium lodide

G) Wiwaau 100 pg/ml

-
Al
o
Ln.
ol

SubG, = 3.47%

GO/G1 = 63.53%
S =15.22%

G2/ M =18.56%

Counts

0 200 400 600 800 1000
Propidium lodide

B) 0.2% DMSO

SubG, = 0.83%

GO/G1 = 47.15%
$=19.21%

G2/ M =33.16%

Counts

0 200 400 600 800 1000

Propidium lodide

D) AwWes 20 ug/ml

SubG, = 0.99%

Counts

GO0/G1 = 45.49%
$=20.11%
G2/M =33.711%

0 200 400 600 800 1000

Propidium lodide

F) Wewaau 80 ug/ml

SubG,=2.51%

G0/G1 = 66.26%
S =18.65%

G2/ M =13.18%

Counts

0 200 400 600 800 1000

Propidium lodide

H) Camptothecin 145 nM

o
O
o SubG, = 5.26%
GO0/G1 = 29.73%
S =50.76%

G2/ M =15.13%

Counts

0 200 400 600 800 1000

Propidium lodide

71U 17 uansnan1InsadnBuunduasaanisdian propidium iodide WATANHIANUILLIAR lWUFAL

szezinepredinalainimes nanlduansluglaeslefisudiaad luusazszas annismagey 1 1u 2

o
AT
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o

A) 24 G2Tag

Q

wn

N SubG, = 0.68%
o GO/G1 = 46.55%
g $=18.23%
3 G2/M =3531%

=
0 200 400 600 8O0 1000
Propidium lodide

<
B) 48 Talag
o
3
o SubG,=0.71%
@ GO/G1 = 43.79%
= S =20.43%
8 G2/ M =35.74%
[ ] — S —
0 200 400 60O0  BOD 1000

Propidium lodide

C) 72 falaq

=]

=3

N SubG,=2.01%
@ GO0/G1=32.47%
= $=13.19%
;3 G2/ M =51.12%

o

0 200 400 600 800 1000
Propidium lodide
control

Counts

Counts

Counts

250

250

[

250

O b

0

200

200

200

SubG,=1.16%

GO/G1 = 50.54%

S =17.65%

G2/M =31.53%

400 600 8O0 1000
Propidium lodide

SubG, = 0.62%

GO/G1 = 46.25%
S =20.82%

G2/M =32.71%

400 600 800 1000
Propidium lodide

SubG, = 0.99%

GO0/G1 = 45.49%
$=20.11%

G2/M =33.71%

400 600 800 1000
Propidium lodide

WNETU 20 pg/ml

250
250

SubG, = 0.56%

GO/G1 = 52.02%
$=17.29%

G2/M =30.81%

Counts
Counts

[ r— S— o

0 200 400 60O  BOO 1000 0

Fropidium lodide

250
250

SubG, =1.30%

GO/G1 = 65.57%
S=1514%

G2/M =18.81%

Counts
Counts

O ——aa o

[=]

Propidium lodide

250
250

SubG, = 2.06%

G0/G1 =62.63%
$=17.02%

G2/M = 18.60%

Counts
Counts

o
0 200
Propidium lodide

WNETY 40 pg/ml

600 800
Propidium lodide

200 400 600 800 1000 O

2 o
400 600 800 1000 0

400 600
Propidium lodide

WNETU 80 pg/ml

SubG, = 1.87%
GO/G1 = 50.86%

$=16.99%
G2/M =3027%

SubG, =2.79%

G0/G1=63.11%
$=12.22%
G2/M =22.11%

400 600
Propidium lodide

SubG,=2.51%

G0/G1 = 66.26%
S =18.65%
G2/M =13.18%

1000

800 1000

800 1000

Counts

Counts

Counts

250

250

=}

250

o
0 200

0 200 400 600 800

SubG,=1.21%

GO/G1 = 56.09%
S =16.09%

G2/M =27.36%

800 1000
Propidium lodide

SubG, =2.25%

G0/G1 = 62.50%
§=14.02%

G2/M =21.31%

S cm——————
200 400 600 800 1000
Propidium lodide

[=]

SubG, =3.47%

G0/G1 = 63.53%
§=15.22%

G2/ M =18.56%

400 600 800 1000
Propidium lodide

MNETU 100 pg/ml

317 18 uanHaNIIRIIATTURB WA propidium iodide UAzANENATWINLIAS LLAAsztzfaAse WAl iniees IHaLinmad luan1og

pinee] iluiaan A) 24 dalue B) 48 dalus C) 72 dalus wanliuansluglrestlefiudiaadluusiazszay anniamagey 1 T 2 A3
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I a a a o Y a o rall d”v 1 dll ] &
LL@@\‘]Q’]‘WL‘Wﬂi‘uNN@quﬁLﬂﬂﬂW?MﬂﬂﬂgﬂﬂﬂﬂﬂL"T]ZQ@‘V]‘J‘ZEIZ GO/G1 UBNANULINLINNALNLTRN

Y a = o o = ) < o \ ~ X
AINLNETL 100 pg/ml uinan 24, 48 Way 72 dolus & Apoptotic cells m'ﬂmfyﬂmxm Sub G1 PANTU

W1 1.20%, 2.25% WAL 3.47% ANNANAL

4. HIANNTANENONEURINLNDTUABNISLAA Apoptosis
4.1 uamfa‘mqqmuﬁ’mgﬂu%wmmmLsrm'é (Cell morphology) W11 Fluorescent
Microscope
nsANEINaTesiineTusedniguAnenves Jurkat Mnldlnenisdensadsiag Acridine
orange/Ethidium bromide MavadansLintadmafweTudungn 24, 48 waz 72 dqlug uaz
AsAdeUglisuazanszandriasnels Fluorescent Microscope W4 Live cells gitas
A e @ a A Ao X o o Y a aa y . @
NNTIRAziutedsatdneziulamaaiuuasdanmndilian (L) dau Apoptotic cells aziiiu
a = a o v A dz 1 a < [l v a aa A 9
Haasaiansuzuaduieuzeaizudiuresndueegnialy  danmndlevredn (A) uas
. @ a = a o X o o P el Aala 5% a ay
Necrotic cells Wiutpasatansuziluilainaafuulautaanugin innustauaadadu (N)
Wethugadidungn 24, 48 waz 72 daluefiaafinesu 20 pg/ml lawu Apoptotic cells
wiatinele (ldlduansdaya) waziamumnuiduduaesimasudu 40 pg/ml ol a0 24 dalua

fldny Apoptotic cells [wRgaf wrlainaie 48 uay 72 daluanudnil Apoptotic cells

AT 1% Waz 3% ANNANAL (ﬁqgﬂﬁ 19-21)
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4.1.1 HATRININBTUABALFIUINEN VDY Jurkat WatNEaastuaan 24 99luq

" ¢
L

A) control

B) 0.2% DMSO

C) MWaTU 40 pg/ml

D) Camptothecin 2 uM

717 19 uannatesiineTUsAUg IWINE109 Jurkat B11 Fluorescent Microscope
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412 NmmﬁLwa?uﬁiﬂﬁ’mg'\uawmmm Jurkat LHDUNCIAALLIULIAN 48 FaTHg

A) control

B) 0.2% DMSO

-

U7 20 uansnaTesTiNeTUsRAnug1WINENT8Y Jurkat WIU Fluorescent Microscope
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4.1.3 HarRININBTUADAUFIUINENURY Jurkat WaUNEaaLtluaan 72 dalug

A) control

0.2% DMSO

C) MWaTwU 40 pg/ml

D) Camptothecin 2 yM

U7 21 uansnaTRsiNeTU B4 1WINENT89 Jurkat B Fluorescent Microscope
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4.2 n1smAsadaU DNA fragmentation Tne Gel electrophoresis
WWemsaaaugraresinesilunisdniniiin - apoptosis  Tnanismsaaaeunisiin - DNA
fragmentation Tngl gel electrophoresis MNLAN NIMNITANZIAEN Jurkat A119% 3 x 10° LA AN
1 1) 0.2% DMSO 2) Wnesu 40 pg/ml 3) a1 Camptothecin 2 kaz 10 UM (positive control)  Uaz 4)
lugnenlaifianmegey (negative control) 1unan 6, 12, 18, 24 way 48 d4lug afasdwewazinly
AFIAADL AMNNANNINAASL NUdIHTUdIUIBIALEWE (DNA fragment) Tuynaninzaesnismaaaiisos
BIGR positive control wrae19la wazliddnasiiuszazinatuasAnududuaeg positive control Tunng
naaauudiny vdenaflumzmatinvdedainanainsdule Flexigene DNA kit (QIAGEN, 1a95iu)
dl A 1 ;j ] a @ dld [3 v =® 1 o/ : a @
Naendldarunsonnaznauiudiunidweniamanls  addarnnsanmadadudineesnisueldlag
P ) o X 2 o 2o = a a o = A ad ¥ p
watadna1 el AnggRdpazldiinisAnsininiaanisUuasumaiiadsuavinenildlunis

anmaduLasalil

4.3 N19mM529d8aU Phosphatidylserine (PS) UURLTRA

N19AIIREAL PS LUREARLIAY Annexin V-FITC staining Lﬁfaauﬁum?lﬁm Apoptosis %'q'mmm
mavaaaulAudluszazuan) 209n13ifin apoptosis vinldlaenistngadiuaniazsine s 3, 6, 9,
12, 24, 48 upz 72 Falu flauTadAng Annexin V-FITC staining (BD Biosciences, #13gaLuInn)
pawadeL PS UuAa Jurkat lngnismsaadndaniesedivalalafines AMNNANNINAABINLIINNNETUIN

AR dunnaaaulidntinltiiia Apoptosis usiaginala (sagiin 22-24)
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4.3.1 NaN15As934al Phosphatidylserine (PS) UUREARL e LNITAA LT UIaN 24

C 1PN

A) control
0.28% 0.72%

98.17%

Pl
2100 10" 102 103 104

00 10! 102 10% 104
Annexin V

C) Awaau 20 pg/mi

<

=

= 0.07% 0.76%

o |

2

% 98.50%

=

o M | oet%

700 101 102 103 10%
Annexin V

E) Anasu 80 pg/ml

=T

=3

= 0.12% 0.78%

g

=)

% 97.92%

El

o | 1.18%

700 10" 102 103 104

Annexin V

B) 0.5% DMSO
0.05% 0.48%

98.80%

__0.67%

Pl
2100 10" 102 103 104
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Anti-proliferative effect of Piperine on Human
Tumor Cells

Siriporn Chuchawankul'*, Siratchana Ajsonjorn®’, Nantaka Khorana’
and Yong Pooworawon’
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Abstract

Piperine, a major alkaloid of most Piper species, was an amide isolated and
reported to exhibit central nervous system depression, anti-pyretic and anti-inflammatory
activity. Several studies showed immunomodulatory and antitumor activity of piperine
towards mouse carcinomas. Our study is the first to investigate whether piperine has
those effects on human tumor cells. Human cancer cells derived from four different
organs were employed, and their growths affected by piperine were determined by MTS
assay. We found that cancer cells derived from cervix (Hel.a), larynge (HEp-2) and
colon (HT-29) were less sensitive to piperine even at a high concentration (200 Ng/
mL) where cell viabilities were remained at about 90%, 70% and 66%, respectively.
Interestingly, the proliferation of cancer cells derived from leukocyte (H9) was markedly
inhibited by piperine even at a low concentration (40 Ug/mL). We also demonstrated
a concentration dependent effect of piperine on H9, with 509 inhibition (IC_) of
proliferation at 17 Jg/mL. These studies suggest the effect of piperine on inhibiting
the growth of cell line derived from specific origin, indicating that the inhibition by
piperine is selective. However, further studies should be carried out to explore the

biological activities of this compound.

Key words : Piperine, antitumor activity, H9

*corresponding author, Tel.: 02-218-1082; Fax: 02-218-1083

E-mail address: siriporn.ch@chula.ac.th

49



1498

Introduction

Piperine (1-piperoyl piperidine, as
shown in Figure 1} is a major alkaloid found
in Piper nigrum (black pepper), Piper longum
(long pepper) and several plants in the
Piperaceae family. It is an amide derivative
which was demonstrated the neurodepressant,
analgesic, insecticide, anti-pyretic, anti-aller-
gic and anti-inflammatory activity."™ The
compound exhibited in vitro inhibitory activity
on prostaglandin and leukotriene synthesis."’
Anti-microbial and anti-parasitic activities with
piperine have also been reported.” Others
effects of

reported  immunotoxicological
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piperine in mice when administered at a high
dose. Sunila and Kuttan showed that piperine
at the dose of 1.14 mg could inhibit the solid
tumor development in mice induced with
Dalton’s lymphoma ascites (DLA) celis and
increase the life span of mice bearing Ehrlich
ascites carcinoma (EAC) tumor to 37.3% and
58.8%, respeclively.m However, piperine at
the dose of 1.12 mgskg might be taken as
a no observed adverse effect level (NOAEL)
for animal."” In addition, Kuttan also reported
that piperine could inhibit the metastasis in-

duced by B16F10 melanoma cells."'”

Y
N

Fig. 1 The chemical structure of piperine (1-piperoyl piperidine).

Cancer is the major cause of death in
both men and women around the world.
Therefore, research and development of more
effective and less toxic drugs by the pharma-
ceutical companies have been constantly in-
creased in the past few years. Many com-
pounds derived from dictary and medicinal
plants are known to be effective chemopre-
ventive and anti-tumor agents in a number
of experimental models of carcinogenesis.
Dietary fibers, vegetables and fruits have been
shown to induce a chemopreventive action

on the gastrointestinal tract’"’ and mammary

organ.""” Epigallocatechin gallate (EGCG) as
the major polyphenolic constituent of green
tea, has been claimed to provide protective
effects against gastrointestinal cancer.'”
Grape seed extract given with genistein is
chemopreventive in an animal model of breast
cancer."” A high consumption of fruits and
vegetables has been shown to reduced the

risk of various cancers such as oral cancer®™

4 ¥
Y and prostate carcinoma, the most common
tumor in men.""* Therefore, anti-proliferative
screening models in vifro should provide

important preliminary data to help selecting
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plant exiracts or compounds with potential
anti-neoplastic properties for future study.
The reports of piperine as an anti-
cancer agent have been rising. Additionaily,
piperine could effectively inhibit B(a) P-in-
duced lung carcinogenesis in albino mice. by
not only offering protection from protein
damage, but also suppressing cell prolifera-
tion."” However, no anti-tumor activity of

- piperine towards human tumor cells has been

eported. Therefore, we are the first to inves-
te-an in vifro anti-proliferative activity of

using various human tumor cells.

. and Methods

Compound was dissolved in dimethyl
sulfoxide (DMSO, Sigma) as 2 mg/mL stock
golution, and further diluted to the desired

concentrations with culture medium.

Chemicals and reagents

Piperine was obtained from Fluka
(Buchs, Switzerland). 0.25% Trypsin-EDTA
(HyClone Laboratories, Inc.; Logan, UT),
Ca*Mg* -free Dulbecco’s phosphate-buffered
saline (Promega Corp.; Madison, WI1), 0.4%
Trypan blue dye (GIBCO, Invitrogen, NY).

Cell lines and culture conditions

Hgo (Human T cell lymphoma: ATCC
HTB-176) was a gift from Dr. Pornthep
Tiensiwakul (Viruses and Cell Culmres Re-
pository Center, Faculty of Allied Health

Sciences, Chulalongkorn University, Thailand).

1499

Cells were mamtained n RPMI-1640 (GIBCO,
Invitrogen, NY) containing 2 mM glutamine,
10% heat-inactivated fetal bovine serum
(HyClone Laboratories, Inc.; Logan, UT), 50
units/ml of penicillin , 50 lig/ml of strepto-
mycin and anti-mycotic (GIBCO, Invitrogen,

NY) in a humidified atmosphere at 37°C with

5% CO.

Hela (cervix carcinoma: ATCC CCL-

2), HT-2g (colon carcinoma: ATCC HTB-38) -

and HEp-2 (larlynge carcinoma; ATCC CCL-
23) were kindly provided by Dr. Apiwat
Mutirangura (Faculty of Medicine, Chula-
fongkorn University, Thailand). Cells were
maintained in DMEM (HyClone Laboratories,
Inc.; Logan, UT) supplemented with 109 fetal
bovine serum, 2 mM glutamine, 50 units/ml
of penicillin, 50 Hg/mt of streptomycin and
antimycotic in a 5% CO2 humidified incubator
at 37°C. Tumor cell numbers and cell viability
were determined by hemocytometer counting
and viability was assessed by trypan blue dye

exclusion method.""”’

MTS assay

The procedure for MTS assay fol-
lowed the method described in CellTiter 96%
Non-Radioactive Cell Prolifearion Assay Tech-
nical Bulletin #TB112 (Promega Corp.; Madi-
son, W) with only minor modifications. Cells
were seeded into 96-well plates (Corning
Costar; Corning, NY). Adherent cells were
allowed to afttach overnight. The next day,
cells were exposed to DMSO (19, as vehicle)

or with different concentrations of piperine for
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72 h. After treatment, MTS tetrazolium com-
pound (Owen’s reagent) 20 WUl were directly
added to 100 Wl culture wells and incubate for
4 h.in a 5% COQ humidified incubator at
37°C. The MTS tetrazolium compound was
bioreduced by metabolically active cells into
a colored formazan product that was soluble
in tissue culture medium. In this assay, the
quantity of formazan product formed is
directly proportional to the number of viable
cells in the cultures. The colored formazan is
correlative with the metabolic state of the cells
and cell viability.""” Absorbance was recorded

at 490 nm by ELISA reader (Anthos, model

zenyth 340).

Determination of piperine’s effect on the
inhibition of tumor cell proliferation

All human tumor cells were treated
with culture medium containing different con-
centrations of piperine (5-200 Jlg/mL}). DMSO
was used as a (vehicle control) solvent dis-
solve the compound tested. The DMSO con-
centration (1%) was held constant in all ex-
periments, and this concentration does not
cause any cytotoxicity on tumor cells. Cell
viabilities in samples treated with piperine
were normalized to percent of control and
the mean and standard deviations were calcu-

lated.

Siriporn Chuchawankul et al

Determination of the in vitro cytotoxic
activity of piperine to Ho

Ho (1x10° cells) were incubated with
various concentrations of piperine (10-200 [lg/
mL) in a final volume of 1 mL at 37°C
overnight. After incubation the viability of
cell were determined by the trypan blue dye

exclusion method."”

Statistical analysis

Each experiment was performed at
least three times and the results are presented
as the mean * S.D. The Student’s unpaired
~test was used to comparc the means of two
groups. Differences were considered stafisti-

cally significant when P < 0.05.

Results
Effect of piperine on tumor cell prolifera-
tion

As shown in Figure 2, piperine slightly
affected the viability of Hela, HEp-2 and
HT-29 cells even at a high concentration (200
Lg/mL) where cell viability still remained
at about 90%, 70% and 669%, respectively.
Results were expressed in percentage of cell
viability in treated cells to that of untreated

cells.
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Cell viability (% of control)

25 50

100 200

Piperine concentration (lLg/ml)

Fig. 2 Effect of piperine on the proliferation of HeLa, HEp-2 and HT-29 tumor celis. Cells

grown in 96-well plates were cultured in various concentrations of the compound for

72 h. Cells growth was assessed by MTS assay. The results are presented as mean

+ S.D.

Interestingly, piperine at low concen-
tration (40 [g/mL) markedly inhibited Hg
proliferation where cell viability remained at
only 36% (p < 0.05). Our result demonstrated
that piperine provided differentiat anti-prolif-
erative property on the cervix, larynge, colon

and leukemia cell lines. Among these cell

lines, Ho was the most susceptible to piperine
treatment while HeLLa was the least. Moreover,
piperine was shown to inhibit H9 proliferation
in a concentration-dependent manner (Figure
3), and the concentration found to reduce 50%
proliferation (IC_) was about 17 Hg/mL

(Figure 4).
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Fig.3 Effect of piperine on the proliferation of H9. Cells grown in 96-well plates were cultured
in various concentrations of the compound for 72 h. Cell growth was assessed by MTS

assay. The results are presented as mean = S.D. * A< 0.05.

Cytotoxicity of piperine towards H9 cell onstrated to be toxic was at a concentration
in culture of 10 llg/mL and piperine al a concentration

Piperine was found to be cytotoxic of 200 flg/mL (maximal dose tested) induced

towards He in culture. The compound dem- the cell death 909% (data not shown).
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Fig.4 Effect of piperine on the proliferation of H9. The percentage of cell viability was

assessed by MTS. The results are presented as mean + S.D.
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Discussion

Although many of herbal products have
been used traditionally for cancer treatment for
a long time, few scientific reports are available
about their efficacies, active principles, modes
of action, side effects and possible adverse
interactions with conventional anti-tumor drugs.
Therefore, investigation the effects of herbal
compounds in vifro on cancer cell lines is the
preliminary study to help understanding their
mechanisms of action and maybe helpful for
further study using animal model.

The main objective of this study was
to focus on the in vitro anti-tumor activity of
piperine. We found that piperine ineffectively
inhibited proliferation of HelLa, HEp-2 and
HT-29 tumor cells even at a highest concen-
tration tested (200 Mg/mL). In our studies,
the maximal concentration of piperine was
limited due to its solubility. Also, percentage
of vehicle (DMSO) solubilizing the compound
could not exceed 1% for all concentrations
tested. To overcome this limitation, we have
tested tumor cells with piperine in numerous
types of solvent. None of them gave a better
solubility with non-toxicity to the cells them-
selves. Therefore, the maximal dosages of
piperine selected in our model were on the
basis of its solubility. Higher concentration
of piperine (>200 [lg/mL) might efficiently
inhibit the three tumor cell proliferation or
maybe toxic to those cells.

Researcher reported that the in vitro
inhibitory effect of fagopyrum cymosum

(fago-c) from Fagopyrum cymosum (Trev.)

1503

on tumor growth is selective.""”’ The growth
of cancer cells from lung, liver, colon, leu-
kocytes and bone is inhibited by Fago-c.
However, cancer cells derived from prostate,
cervix, ovary and brain are not sensitive to
Fago-c. Current studies show that piperine
inhibits the growth of cell line derived from
specific origin, leukocyte. On the other hand,
cancer cells from cervix, larynge and colon
are less sensitive to piperine. Therefore, the
mechanism and the celiular target of piperine
should be further investigated.

As shown in Figure 3, piperine inhib-
its H9 proliferation in a dose-dependent manner
with the concentration required to reduce 50%
of the growth is about 17 Lg/mL. In studies
the compound’s cytotoxicity, treatment of the
Ho cells using piperine at 10 Wg/mL and 20
Hg/mL overnight resulted in the cell death
18% and 249%, respectively, indicating this
compound is in fact cytotoxic to Hg.

These results may be beneficial for
the search of new herbal product for T cell
lymphoma treatment. Moreover, additional
studies on other tumor cells derived from
leukocyte and immunomodulatory activity of
piperine such as the effect on lymphocyte
proliferation, cell-mediated cytotoxicity and
cytokine production is undergoing in our [abo-

ratory.

Conclusion
In conclusion, our experimental evi-
dence shows that piperine exhibits interesting

anti-proliferative effect on several human umor
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cells. Our works showed differential anti-pro-
liferative effect on tumor cells derived from
different organs; cervix, larynge, colon and
leukemia cell lines, with the highest activity
on H9 lymphoma. The exact mechanism of
action responsible for the anti-tumor prolifera-
tion and the effects of a substance targeted
specific organs in the body should be studied
further. In summary, these findings suggest
that piperine may be useful as a cancer
chemopreventive and chemotherapeutic agent,
and may justify [urther investigation of other

possible beneficial biological properties.
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ABSTRACT INTRODUCTION

Black pepper (Piper nigrum) is one of the most
common spices highly consumed worldwide, Peppers have been used
traditionally due to their various biological activities. A major alkaloid and
active component of most Piper spp. is piperine. Black pepper and piperine were
reported to exhibit CNS depression, anti pyrctnc and anti-inflammatory mmy
Several studies showed their i y and anti-f activity
mouse carcinomas. In our study on various human tumor cells evaluated using
MTS assay, anti-proliferative effect of tested cell lines was revealed by piperine
at dxﬂimmt degree of inhibition, Interestingly, the proliferation of human
leukemic cell lines including H?, Jurkat, Molt-4 and K562 were inhibited by
piperine with 50% inhibition (1C.,) of proliferation at 17, 19, 33 and 57 pg/mL,
respectively, These cell lines were more ibl d

ptible to p as o
HEp-2, Hela and HT-29 (IC,, > 200 pg/ml) Addmonally, crude extracts of
black pepper were mvestigated for their mm-mnilfmve effect towards human
wmor cells. We found that I fiethylether extracts inhibi

Piper plants and piperine have been repored to exhibit a variety of biological activities
including central nervous system depression, anti-pyretic activity, anti-inflammatory
activity, anti-oxidant activity.!'# Piperine (1-piperoyl piperidine, as shown in Figure 1)
is a major alkaloid found in Piper nigrum (black pepper). Piper longunt (long pepper)
and several plants in the Piperaceas family. Several studies showed immunomadulatory
and anti-tumor activity of piperine and black pepper towards mouse carcinomas. 4
Sunila and Kuttan showed that piperine at the dose of 1.14 mg could inhibit the solid
‘tumor development in mice induced with Dalton™s lymphoma ascites (DLA) cells and
increase the life span of mice bearing Ehrlich ascites carcinoma (EAC) tumor to 37 3%
and 58.8%, respectively.’®) In addition, they reported that piperine could inhibit the
metastasis induced by B16F10 melanoma cells 57 Our previous study showed the
anti-proliferative effect of piperine on various hunmn wmor cells ® Interestingly, the
proliferation of human leukemic cell ling, H9 was markedly inhibited by piperine (IC,,

ITus-’mL) In this study, we performed a Non-Radioactive Cell Proliferation Assay to

proliferation of Molt-4 more effectively as compared to K562. In conclusion,

certain tested compounds were evident to suppress all human leukemic cells.

F\mllermalymnnmepmglesslm of the cell cycle and npop%nucnmhmlm is
10n of the fulatory role of p 1

mhusmnPBMCslsmgomg

OBJECTIVE

piperine and black pepper extracts on various human leukemic cell lines,

To investigate an in vifro anti-proliferative activity of

Piperine
was dissolved in DMSO0 as 2 mp/ml. stock solution, and further diluted to the desired
concentrations with culture medinm.

Black pepper extraction

Black pepper sceds from Mueng Mai Market, Chaing Mai, Thailand, were grounded
and subsequently macerated with water, methanol, dichloromethane, hexane or di-
ethylether for 24 h. The filrates were collected and maceration process were repeated
twice. Finally, all filtrates were collected and evaporated to result in crude extracts.

Figore 2: Pepper plants

Cell lines and culture conditions Jurkat, K562 and Molt-4 were maintained in RPMI-
1640 (GIBCO, Invitrogen, NY), supplemented with 10% FBS, 2 mM glutamine, 50
units/ml of penicillin, 50 pg/ml of streptomycin and anti-mycotic in a 5% CO,
humidified incubator at 37 °C.

M'i'S mywepufomﬂﬂfollﬂmﬂgﬂmnﬁhod deseribed in CellTiter 96% Non-
Assay Technical Bulletin #TB112 (Promega Corp.:
Madison, WI) Iﬂﬂ: only minor modifications.  Cells were seeded into 96-well plates
(Coming Costar, Coming, NY) and exposed to DMSO (0.5%, as vehicle) or with
different concentrations of piperine and Black pepper cxtracts for 72 h. After
MTS 20 pl were directly added to 100 pl culture
wdlsandmuﬂnlefot4hmamm,hunumﬁedmwmulﬂ“c The colored
ive with the bolic state of the cells and cell viability.
Ahsorbanuwasmorﬂedn@!mbyﬂl&hrudu(ﬁﬁhmmm}

MATERIALS AND METHODS

ACKNOWLEDGEMENTS

igate piperine’s effect on varicus human leakemic cells including Jurkat, Malt-4
and KS62. Additionally, the anti-proliferative effects of black pepper extracts on
leukemic cells were examined.

e
Figure I: The chemical structure of piperine I
o

RESULTS AND DISCUSSIONS

Anti-proliferative effect of piperine on varions human leukemic cells
As demonstrated in Table 1, our previous report showed that piperine slightly
affected the viability of HeLa, HEp-2 and HT-29 cells even at the highest concentration
{200 pg/mL) tested where cell viability still remained at about 90%, 70% and 6%,
respectively. ™ On the contrary, 17 pg/ml. of the compound inhibited 50% of HY
lifecati

‘Table 1: IC;, values of piperine on a variety of human tumor cells

In this study, we examined
pipering’s effect on additional human
leukemic cells. As shown in Table 1,
Jurkar, Molt-4 and K562 were treated
with piperine. Proliferations of tested
cell lines were observed by MTS
assay. We  demonsirated  that  the
d at 19, 33 and 57 pg/ml

S Jurkat, Molt-4  and

Tespectively.

Table 2: 1C,, wlucs of black pepper extracts on human leukemie cells
e We also investigated inhibitory
Gy, effect of black pepper extracts on

K562,

Black pepper (grimi) human lenkemic cells. As shown in
| extracts Moits | sez | Table 2, methanol and diethylether
) .. T | extracts inhibited  proliferation  of
Meathanol 11 | 48 Molt-4 more effectively as compared

| Di-ethylether 23 | to K562,

of action responsible for the anti-tu

cell eyele and apoptotic mechanism is underway. I

== inhibited 50% proliferation of

i shows that piperine and black pepper
extracts exhibit lmetuung anti-proliferative effect on human leukemic cells. The exact
i ion should be studicd furiher,
11|eseﬁndmgssuggmum p!pcrHIcand blackp:ppcrutmdsmbvuwfulasm
ic agents, and may justify further mvestigation of
other pos.snhle heueﬁnnj biological properties. Further ana!ysm un ll'ec pmgrmsmn ofthc

of the modulatory role of piperine in human PBMCs is ongoing.

This work was supported by Thailand Research Fund 2005 (grant number MRG
4880027) and partly d by Grant for Devel of New Faculty Staff and
Research Grant from Faculty of Allied Health Sci Ch Universi

Firobonay] J, Nowwrsecs Larr 1987 4 b
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maunﬂ-umhm—-m» o,
Pradeyy 38 mnd Kinthan (3. for Sspuarsmicod 3004, 4 17751381,
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Black pepper (Piper nigrum) is one of the most common spices highly consumed worldwide.
Peppers have been used traditionally due to their various biological activities. A major alkaloid and
active component of most Piper spp. is piperine. Black pepper and piperine were reported to exhibit
CNS depression, anti-pyretic and anti-inflammatory activity. Several studies showed their
immunomodulatory and anti-tumor activity towards mouse carcinomas. In our study on various
human tumor cells evaluated using MTS assay, anti-proliferative effect of tested cell lines was revealed
by piperine at different degree of inhibition. Interestingly, the proliferation of human leukemic cell
lines including H9, Jurkat, K562 and Molt-4 were inhibited by piperine with 50% inhibition (IC,,) of
proliferation at 17, 19, 33 and 57 pg/mL, respectively. These cell lines were more susceptible to
piperine as compared to HEp-2, HelLa and HT-29 (IC,, > 200 ug/mL). Additionally, crude extracts of
black pepper were investigated for their anti-proliferative effect towards human tumor cells. We
found that methanol and diethylether extracts inhibited proliferation of Molt-4 more effectively as
compared to K562, In conclusion, certain tested compounds were evident to suppress all human
leukemic cells. Further analysis on the progression of the cell cycle and apoptotic mechanism is
underway. Importantly, thorough investigation of the modulatory role of piperine in human PBMCs is
ongoing.

244

60



NANUIN 3
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ABSTRACT RESULTS
Piperine, on amide. isolated from piper species, was reported +o displry centrol nervous o e
system depression, antipyretic and anti-inflammatory activity. Severol studies showed As shown in Figure 2, cancer cells 0 e
immunomodulator and antitumor activity of piperine towards mouse corcinomas. Our study is the derived from colon (HT-29) and larynx | r— —— — |
first to investigate whether piperine has those effects on human fumor cells. Humen concer cells {HEp-2) were less sensitive To piperine even | I |
derived from different orgons were employed, and their growths affected by piperine were at a high concentration (200 pa/ml) where 1.
determined by MTS assay. We found that cancer cells derived from colon (HT-29) and karynx cell viabilities were remained at about 70% | *
(HEp-2) were less sensilive fo piperine even at a high concentration (200 pg/ml) where cell and 66%, "BSPMT“'CE)'- The results were '- ' I
viabilities were: remained af cbout 70% and 66%, respectively, Interestingly, the proliferation of preseed in percertage of ool vidbility ia | . > e o= =
compincells dartoud friomn Millocy 6, 119 dod Jurit, were mosiiedly it by s then ol treated cells to that of untreated cells, i 2 Cfoct of ppario o0 the probfatin of WE-290 and W02
a low concentration (20 pg/ml). Tn oddition, piperine was shown to inhibit H9 proliferation in a mmar o ?mem-h-_-;
concentration dependent manner, with S0% inhibition (ICy) of proliferation at 17 pg/ml In = — s sl g e AL e o
contrast, cell viability of Jurkat was remained ot about 43% even at a higher concentration (100 | wl ! -
pg/ml). This study sugge<ts the effect of piperine on inhibiting the growth of cell lines derived i 5 - i
from specific origin, indicating that the inhibition by piperine s selective. Further experiments i; : ; ; In iy, e pomeratio
should be studied to explore the mechanism of anti-proliferative effect of piperine on H3 and i l | ﬂ oF ncer  wlls: derved. from
Skt = - m “| leukocyte, H9 and Jurkat, were
= | markedly inhibited by piperine even
INTRODUCTION ,".':.*":'.'.‘,'.:'..":."...’:"..':::.".’..."..'..:" “* af alow concentration (20 wg/mi).
~ o T ] = 2 "’“.-.’.‘L«'ELE be-villr-aaid it In addition, piperine was shown to
Cancer is one of rhe major couse uf M in Thullmd The lunlxr of people with cancer —— inhibit H9 proliferation in a

i increasing everyday, There ore various concer freatment but they afl have side effects that |

: : ] 5 =| concentration  dependent  manmer
decrease the quality of life of patients. Current research has concentrate on extroction of |! | . (Figure 3), with 50% inhibition (ICs;)
medicinal plonts fo prevent and treat cancer becouse those plants are eosy to find, inexpensive B " f proli i + 17 ol In
and have less side effects when compare to froditional theropy. Fiperine (CH:NO, , as shown !! o L - 3| efp "'1““'"’." o) H
in figure 1) is an amide isolated from Pper igrum (black pepper) , Aer fongum (ong pepger) [ = H HJ I Somfralt. ecll Viebiiny of Jurbhar s
and some plants in Piperaceae fomily, Piperine stimulates the body's natural ability to generate sl o . ~ ma‘m{l at about 43% even at 100
heat, assists in the absorption of selenium, vitomin B ond f-corotene and encble more ef ficient L = g/ml (Figure 4).
absorption of needed or targeted nutrients during the digestive process.i® Piperine was %‘:'—" -'&T;--;kur' " Yoo e 8
reported to display central nervous system depression, antipyretic and onti-infk y e To wram
activity, Several studies showed immunomodulator and antitumor activity of piperine towards
mouse corcinomas ™ Furthermore, piperine could inhibit the metastasis induced by BI6F-10
melanoma cells*= Our study is the first to investigate whether piperine has those effects on DISCUSSION & CONCLUSION
Ihuman tumer cefls. — S

Medicinal herbs are increasingly being used for cancer therapy, therefore
investigations into the effects of herbal compounds on tumor cells and their mechanism
will be beneficial. The objective of this study is to focus on the in vitro anfitumor
activity of piperine on human tumor cells. We found that HT-29 and HEp-2 tumor cells

° were less sensitive to piperine even at a highest concentration (200 pg/ml) which was
Figure 1. The chemical structure of piperine limited by its solubility. In our research, the percentage of vehicle (DMSO) could not
exceed 1% for all test because higher concentrations may be toxic to cells.

Researcher reported that the in vitro inhibitory effect of fagopyrum cymosum

OBJECTIVE (fago-c) from Fagopyrum cymosum (Trev.) on tumor growth is selective.!®) The growth of
== cancer cells from lung, liver, colon, leukocytes and bone is inhibited by Fago-c. However,
s S 5 z cancer eells derived from prostate, cervix, ovary and brain are not sensitive to Fago-c.
To study inhibitory effect of piperine on proliferation of human fumor cells. Currently, our studies show that piperine inhibits the growth of cell line derived from
specific origin, leukocyte. In contrast, cancer cells from colon and larynx are less
sensitive to piperine.
MATERIAL-S AND METHODS As shown in figure 3, piperine inhibits H9 proliferation in a concentration-

— — i lent manner and a ation of 17 pg/ml reduced growth by 50%. In contrast
to Jurkat cell viability which remained at about 43% in a higher concentration (100

Piperine was obtained from Fluka (Buchs, Switzerlond). 0.25% TrypsinEDTA (Hyclone pg/ml) of piperine. This study suggests the selective effect of piperine on inhibiting the

Loboratories, Inc: Logan, UT), Co™ Mg ~free Dulbecce’s phosphate-buffered saline (Promega

Corp- Madisan, WI) growth of cell lines derived from specific origins. Further experiments should be
i studied to explore the mechanism of anti-praliferative effect of piperine on H9 and
H9 and Jurkat (Human T cell lymphoma) were cultured in RPMI-1640 (GIBCO, Invitrogen, Jurkat.

NY), while HT-28 {colon corcinoma) and HEp-2 (larynx corcinoma) were cultured in DMEM
{Hyclone Laboratories, Inc: Legan, UT). All media were supplemented with 10% FBS (Hyclone
Laboratories, Inc: Legan, UT). 100 Wml of penicillin, 100 pg/ml of streptomycin and

antimycotic (FIBCO, Imitrogen, NY) at 37°C in S%E0; incubator, ACKNOWLEDEEMENTS
MT5 assay i T

The procedure followed the method described in CellTiter 96 Non-Rodicactive Cell This work was supported by Thailand Research Fund 2005. (grant number MRS 4880027) The
Froliferation Assay (Promega Corp Modison, W), Cells were seeded info 96-well plates (Corning authors sincerely thark Dr. Parnthep Tiensiwakul for providing H® and HEp-2 tumor cells, Dr. Wesra
Costar: Corping, WY) ond adherent cells were ollowed to attach overnight. Then cells were wongkhom for providing HT-28 timor cells, Dr. Apiwat Mutiranguen for providing Jurkat tumer cells,
exposed to DMSO (1%, as vehicle) or different concentration of piperine (3-200 pg/ml) and Dr. Montoka Korana and Dr. Tewin Tencomnao for their kind help and valuoble suggestions,
incubated for 72 h. After incubation, MTS i d 20 ul were odded 1o 100 .l
culture wells and incubate for 4 h nt 3T *C in SLCO, incubator. The MTS fetrazalivm
compound was bioreduced by metabolcally active cells into a colored formarzan product that
directly propartianal to the rumber of vioble cells in the cultures and onalysed on o microplate | |- REFERENCES
reader at o wavelength of 490 nm. 3 Sy B, Y iyt ¥
Statistical analysis ot e T e ‘ﬁ--\-w—u-..- }M—;ﬂ‘#ﬁhn“w

The experiments were repeated at least three times and the results were presented as A, Prosiesy, £B: ot &, PF af ke s gre e T
mean + S0. The Student's unpaired Atest was used fo compare the means of twe groups. "?“‘..;"..“‘_,_""“"_':_‘;L‘;"‘,_“__.__.‘““‘"“;;‘:';',;‘;',!;"“H“m"”-‘""—‘“m-w =
Differences were considered statistically significant when P« D.05. e 3 Life 55 2000; 72 S48,

61



£ o 4 0
£ UUNARE
MU aEateOw IS AR W e Asei 6
The 6" National Symposium on Graduate Research

8 IMSUARBLUAT PR aNTHINI N
i 13-14 nan 2549

UEUNadaNgNae WavNSAIKIANG 14
_ sounu

nUs:guANIUAUUINAONEaY
NH1ONg1a889v$T(NAUS.)

62



Title

Author
Adyvisor

Affiliation

E-mail Address
Keywords

Abstract

Sciences and Technology

PIPERINE’S INHIBITION ON PROLIFERATION OF HUMAN
TUMOR CELLS

Siratchana Ajsonjorn”

Siriporn Chuchawankul’

"M Se. program in Clinical Biochemistry and molecular medicine,
*Department of Transfusion medicine Faculty of Allied Health Sciences,
Chulalonglkorn University

dao_aj@yahoo.com

Piperine, H9, Jurkat

Piperine, an amide isolated from piper species, was reported to
display central nervous system depression, antipyretic and anti-
inflammatory activity. Several studies showed immunomodulator and
antitumor activity of piperine towards mouse carcinomas. Our study is
the first to investigate whether piperine has those effects on human
tumor cells. Human cancer cells derived from different organs were
employed, and their growths affected by piperine were determined by
MTS assay. We found that cancer cells derived from colon (HT-29) and
larynx (HEp-2) were less sensitive to piperine even at a high
concentration (200 pg/ml) where cell viabilities were remained at about
70% and 66%, respectively. Interestingly, the proliferation of cancer
cells derived from leukocyte, H9 and Jurkat, were markedly inhibited by
piperine even at a low concentration (20 pg/ml). In addition, piperine
was shown to inhibit H9 proliferation in a concentration dependent
manner, with 50% inhibition (ICs,) of proliferation at 17 pg/ml. In
contrast, cell viability of Jurkat was remained at about 43% even at a
higher concentration (100 pg/ml). This study suggests the effect of
piperine on inhibiting the growth of cell lines derived from specific
origin, indicating that the inhibition by piperine is selective. Further
experiments should be studied to explore the mechanism of anti-

proliferative effect of piperine on H9 and Jurkat.
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