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138 (TRAIL, TNF-related apoptosis inducing ligand) tJu lola lasinwdariliiiansansuuvuazwenlng
FOHIT NI ADLTAANZLSING YN AT Und asnudsdmaimnsannlgdnsdaslunssnsnass egrelsnany
WUINGITasNSInasTRaNAadan sRe I I AGMINEaEmTs  INaRILIINIILNNIWA I BNE WIS IN

o '

uMzdaLTaRUZLIT d’aifmmﬁﬁ'ﬂ‘f:ﬁﬂﬁﬁﬂmqw%ﬂa:ﬂavl,ﬂmiaanqw%fﬁmmﬁwaomiﬁm”tymﬂﬁmquvlws
#uthw Ao do9vn (Clausena harmandiana) lavldasdatyaeanguia gunTu leun dentatin waz nordentatin uaz
gnIngu ansinlaa leuni heptaphylin uaz 7-methoxyheptaphylline dianisanuadisasuzisadld (HT29) ﬁgﬂ
whehdnmIn NMInaseUNATaIEIIAYdsaTINIi T asunSIE 1§ HT29 uaz wadanldnd (FHC
colon normal cells) @835 MTT assay %é’amnifuﬁnmgﬂs’wLsﬂaa‘l,mzé'nﬂmzmsmwawmﬂ@ﬂlﬁna”aa
fgaﬂiiﬂﬁ phase contrast microscope {81 doxorubicin Lflua’lim@lig’lu f%mﬁmavl,nmsaaﬂqwﬁgm‘“ﬂmaqamaa
ssdenyldimyiansusasesnvaslusduiifisatasiunsmouuuaznanlndadiuds Western blotting uazdnm
MILEAIBENTAY mMRNA @2895 RT-PCR uaz Real time RT-PCR WaMINA8aIWLINEIRIAL  dentatine
nordentatine L&z 7-methoxyheptaphylline mmmmﬁmﬁ’]lﬁﬁﬂﬂ’ﬁmEJLL‘U‘Uaz‘waWIﬂ%amadL‘ﬁaame%dﬁﬁvlﬁ HT29
Ieuanudutuussmsiiuiulagliuaasenudufisdomading (FHC cells) lwumed hepataphylline uses
anuduwisdaaasUndudriliioasmediniidasas i R UL Tas AT LazaINNIINARINLIN heptaphylline
Tuanududuin liiduisdamasUndmunsameiilfiiamimovssssuzsd i intrinsic pathway ia
¥minasaslagld dentatin was heptaphyliine 333 TRAIL Tumsmiieasiimasuzseildviiansesuuuazwan
InGa Wuin dentatin L&z heptaphylline vlajﬁwaﬁﬁﬁfmﬁ'm”ty@iamsmﬁmﬁﬂﬁﬁ@mimmlaa HT29 @18 TRAIL U
Wombehiaasuziseildeas nordentatin uas 7-methoxyheptaphylline $3fL TRAIL WudisansaLunnsany
maamaa‘u:ﬁaﬁ‘sElmil,ﬁwmiﬂim?u cleavage Y84y caspase-3 Was PARP-1 G'Iii\‘il,flu marker U84 apoptosis mﬂ"fu
Lfial,ﬂ%'ﬂmﬁamn”umjumuqu lunsdnena’lnawad nordentatin ua 7-methoxyheptaphylline T2UNU TRAIL 6an3
A8UBd HT-29 cells WU nordentatin L8y 7-methoxyheptaphylline mmmn‘sz@ju’lﬁﬁmmmmaan*’ua\‘l TRAIL
receptor %38 death receptor 5 (DR5) mRNA W&z protein gaﬂfuimﬁnavlmhuﬁﬁmm INK udsaitdumuin
ssdatyangaiwifia 7-methoxyheptaphylline Wwaz nordentatin finnilumafnanyhvsnsasunsoilddens

Wle1e7s TRAIL MM INIZEUNTURAIBDNTEI DR5 Tasfina ltuin JNK
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Abstract

Project Code : TRG5780035

Project Title : Sensitizing Effects of Active Constituents of Clausena harmandiana on TRAIL-
mediated Colorectal Adenocarcinoma Cells Death

Investigator : Pornthip Waiwut, Faculty of Pharmaceutical Sciences, Ubon Ratchathani University

E-mail Address : pwaiwut79@yahoo.com, porntip.w@ubu.ac.th

Project Period : 2 June 2014 to 1 June 2016

TRAIL (TNF-related apoptosis inducing ligand) is a cytokine that can selectively induce apoptosis in
cancer cells without damaging normal cells. Regarding current research finding, a number of cancer cells are
resistant to TRAIL-induced apoptosis. This study was designed to investigate the molecular mechanisms of
antitumor activity of active constituents of Songfa (Clausena harmandiana), including two coumarin based
compounds (dentatin and nordentatin) and two carbazole based compounds (heptaphyllin and 7-
methoxyheptaphylline). The molecular mechanisms of antitutmor activities of these compounds in TNF-related
apoptosis-inducing ligand (TRAIL) were investigated in HT29 colorectal adenocarcinoma cells. The quantification of
cell viability was performed by using cell proliferation assay (MTT assay) and the cell morphology was investigated
by phase contrast microscope. The molecular mechanisms were studied by Western blotting, RT-PCR and Real
time RT-PCR. The results showed that dentatine, nordentatine and 7-methoxyheptaphylline induced cancer cell
death in concentration dependent manner without cytotoxic effect to normal colon FHC cells, while hepataphylline
showed cytotoxicity to normal cells but not lower than 50% cell viability. Heptaphylline alone induced apoptosis of
cancer cells via intrinsic pathway. In combination with TRAIL, dentatin and heptaphylline had no significantly effects
to TRAL-induced HT-29 cell death. While, the cleavage of caspase-3 and PARP-1 were increased when combined
nordentatin and 7-methoxyheptaphylline with TRAIL. The investigation of mechanism of nordentatin and 7-
methoxyheptaphylline combined with TRAIL on HT-29 cells found that nordentatin and 7-methoxyheptaphylline
increased TRAIL receptor, death receptor 5 (DR5) mRNA and protein through JNK pathway. The findings
suggested that 7-methoxyheptaphylline and nordentatin of Songfa (Clausena harmandiana) sensitized TRAIL-

induced human colon adenocarcinoma cell death by increasing expression of DR5 via the JNK pathway.

Keywords: Clausena harmandiana, TRAIL, DR-5, coumarin, carbazole
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1. unayUldad1wIVHUINT (Executive Summary)

ﬂ%ﬁ;ﬂumﬁaLﬂuﬂyzymmmimqmﬁﬁﬂﬂ?yluiaﬂLLazlunﬂQﬁmﬂ‘naaﬂszmﬂ"lmmﬁaamnLﬂumm@maami
Wuthouszmsanoluduaudug LLazﬁLLuﬂﬁuﬁauﬁugaﬂfm‘%asJ6] sziafennmuaiydolasinglimniugy
°1Jaomaﬁdawaﬁﬂﬁmaﬁm‘%tyazhosam%’mazmmmiwmmummsn;ﬂgwLf:al,ﬁ'a"ﬁ’m,ﬁm uazuwinszanelddsadene
aule m%'ﬂmmﬁdmﬂuﬂ%ﬁlﬁuﬁﬂmmﬁ@ﬁmmsmﬁ'uﬁiusnaﬁmﬁavlﬁl,l,@iﬁ'ﬂﬁ"ﬁmﬁmﬁmﬁ@Naiﬁalﬁm@iamaa(ﬂﬂa
msfefueTuinSiiidgnisuwsiuimasunsilas lddnadaiasundsednnusnduagredslunmsmiuuanms
$nuaSsllssauanudss  §31e9unuIn s (TRAIL, TNF-related apoptosis inducing ligand) Gaiwlala
laviisnansnssngnisumnziuimssunsilaslifnadaisasund dlasnnuuiasdunSelasufisimeniu
TRAIL 8 DR5 (death receptor 5) G9azuaasaanianzlurasuziiudliuansaanlwaasung agnelsfauwuii
fifimasuziSeBnnansfiafiqedamaniteinliiiamsmevaimaseny  TRAIL S mansfigaorinlw
wasuznSehdanamisaidhs TRAIL Ssfianuidylumsmenfldnutunsaiamuiugnslummiteil
\anmsansagsdnmzdalrasuzse *3'1mmﬁ'ﬁ'mmﬂﬁaawmwﬁ‘*ﬁmﬂﬂwwmU"nﬁmﬂmmdwaum@T’mmﬁaﬁ
{7

g9 (Clausena harmandiana) Lf]umaluvlmv"wfuﬁmﬁﬁaﬁwsﬂmmum‘mmﬂ"ﬁﬁ@ Wiw wnthewa untheviag
wazutls wananiisanuindgnimanduing AaduauyadaI: fudan @ HIV wazduuzss nuiseid
i’mqﬂizmﬁlﬁaﬁnmnﬂﬁmznavl,nmiaamm%iuaamsﬁm”zymnﬁaaﬂwiamimﬁmﬁﬂﬁlﬁﬂmimwaamaa‘uu%&
o TRAIL  wduwsnuesminassadumsfinsgnivesmsdanansaari (f3nga coumarin lduri dentatin
W8z nordentatin WAZENINGN carbazole 1@un heptaphylline waz 7-methoxyheptaphyliine) diadasnmMIddinvadioas
§118Un& (FHC colon normal cells) wazfinsanivatansimaganaasnidemsamuvasassuzsiild (HT29) uas
maﬁu:ﬁdé’ﬂﬁﬁgﬂmﬁmﬁwﬁﬁmia (TRAIL) Ham33sumnuin ienaseuanuiuiisvssmssayandasnin 4
afali FHC colon normal cell 813 dentatin nordentatin Waz 7-methoxyheptaphyliine 'lifanuiduRudairasdnd
Tuwuefl  heptaphyline  usasnnuduisdomasUndudlirliiosdonafinv 50 % & wsuwamInasasly
maﬁmﬁawudwmimju coumarin 113 dentatine Uz nordentatine HuavnliiTasuzSIE lFawauANUTITUA
gﬂifuaﬂwﬁﬁﬂﬁwﬁ'ﬁy #WIUENINGN  carbazole l@un  heptaphylline uaz 7-methoxyheptaphylline WU
heptaphylline W&z 7-methoxyheptaphylline  usadiduNudaimasnziSdldlas  heptaphyline ﬁqw%}gan'jﬂ 7-
methoxyheptaphylline  uaLilolF37ui TRAIL Wu3n dentatin waz heptaphyline lifinaissunns TRAIL lunns
witehlwiRamimeasassuzsild luvmedl nordentatin waz 7-methoxyheptaphylline  snansnLRaEasINT
muraTasuzsIE ldatstanuuazitodmedeldswny TRAL  lumsinsnalnnseengnivesansidn
ﬁnndauﬂﬂumimﬁmﬁﬂﬁLﬁ@ﬂ']i@l’]mJaomaﬁmL%déi']"lﬁl,l,awﬁaﬁmﬁdﬁ'lvlﬁﬁgnmﬁmﬁ'l ¢ae  TRAIL W&
MIANIEINGN coumarin wuidatuimasads nordentatin 3unY TRAIL ﬁwaﬁumsm:ﬁumsﬁﬂiﬂiﬁu
caspase-3 uaz PARP-1 Guiludyaafiddnuainizuiunsazwanlnds HunInszgulls@u Bid uAzdudY o
FLIP @sidulis@uiidu inhibitor 789 DR5 13U dentatin wuinlaifinasa caspase-3 Waz PARP-1 CAVETIGARIGIY
carbazole WU datuimasaa8 heptaphylline uaz 7-methoxyheptaphyliine L9881 9Ld 87 ﬁwam:ﬁumsé’miﬂsau
caspase-3 lalag heptaphyline §qn3anin 7-methoxyheptaphyliine uaziilodnmnalnmysangniiiudunuin
heptaphylline vhlsifianszuiunsazwanlndavadisaskn intrinsic patway lasniinazdulisdu Bid WazEUs
MINFYYIUIU Akt Wz NF-KB (p65)  uasmfladinmnalnmseangniuesadans nordentatin uaz 7-
methoxyheptaphyline  lumswilsaihliAanmsaeasaaduzSidldfisns TRAL  wuimsvissasfiadng
igrhnuanIaanuesdIsivas TRAIL fio DR5 119 mRNA wazlus@usinuia INK ﬁaaEUVL@T'j’]msﬁ'm”tymnaaa
#fa nordentatin Waz  7-methoxyheptaphyliine Fualumaingnizas TRAILlwmMamiterinliiiensmeaas

LraaNzLSI HT-29 @Twmsmz@jumﬂmmaarmaa DR5 {439 JNK
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IiﬂuzﬁammmLﬁ@‘*’}fuvlﬁﬁunﬂa’i’mﬂummu ToomasuziSsasiisnsasiasfiuandsanaasUndna
ﬁaﬁmim’%zyLauimﬁiajawuwsnﬂauquiﬁ (Uncontrolled growth) ¥nlsinmsiasaifivlaegrasaaisans: uazmsugy
ATTUIUNNTANLVRILTARUULBZWANINT® (apoptosis) msm‘%tyf:ﬁ'ﬂ@ﬂmu"lﬂﬁ'aLﬁaLﬁaﬁagu‘%Lamimﬁm (Tissue
invasion) vﬁammmLLwimzms‘lﬂﬂ'@afmzﬁue]“?iag'vlnaaaﬂvlﬂ (Metastasis) wonanniaaduziSosadanumansalu
mysvaeatdenlng (Angiogenesis) litatinasoNTNABITAS AN ﬂ%quﬁmmﬁaﬁmﬂuﬂvﬁgmmmsmqmﬁ
meyszavlan dsnndeyazesesdmsawiivlan wuidfihelsaunFonolnigeds 14.1 duaulud 2555 uazlud
LaﬂﬁﬂuuﬁQﬂUUQQﬁd 8.2 fuanfiiodiaainlsnuzss e?m%’uﬂi:mﬂvlﬂUwuﬁﬂiﬂmﬁuﬂumm@;a"’u@"’umﬁwaami
Fodsaludszannaded wa. 2553 8 O 2555 uazfumwi lduAnannduides glundasd  (Fuinulonouszunm
ENTANRGT NITNTHAIDIIUFY, 2556) ms%‘m:rﬂsﬂu:L%dsluﬂq%qu”uamﬁnﬁ'lvlﬁ%a'lﬂ"?% laidrezidunseindga ms
o398 mltaasluu nIamsltuuadintalunssne 5150mmﬁﬂm”@mﬁuﬂ}alﬁmfuﬁﬁaﬂﬁ'uvimﬂﬂi:m‘n ue laj
usznnlafieny sunaiidtesnialumslifaseiudonsnananezignirasmasuziiiudsimunsainay
wasdn@le sonaliiinenmslinodszasdang aww 1w pnamIvhauadlunszgn udu Farmuna liuns
w”@ummmﬁﬂm‘"@ﬂuﬂ}qﬁuﬁaajﬂﬂﬁmsﬁ@ﬁumlwﬂ%?aw‘”@umm@ulﬁﬁmwaﬁwaszmﬂumsﬁmeLsnaﬁmﬁa
windulaglivaoasdung lasfidmansmssnelwitmsssdsnanalunszuanmaasyiiulavesass \eduds
ATTUIBN UL TARLALLTINTZLIRMIAN UL L NN INTRUBILTAR mi‘ﬁmmmﬂi:ﬁum:mumsa:wawiwﬁaﬁd
dudisulalunmshanldnaunuenduaziss (Hanahan D, Weinberg RA., 2000, Hanahan D, Weinberg RA., 2011)

Tunszuaumsezwenlndafinalnafisdnde nalnfiknudasuuufiaerag (Extrinsic pathway) uasnalnfiu
lulnaamasonsanalnmeoluaasd  (ntrinsic  pathway) lumswiionsihldioasiianmsansuuuezwenlndariin
intrinsic pathway m’sdaé’zytywmmmlumaﬁazﬁﬂﬁﬁaﬁuvl,uimaum%'ﬂLﬁ@mnﬂﬁﬂmmaaﬁﬂﬁﬁmﬂ”u cytochrome
C aanun d{lwalﬁﬁmiﬂi:@j/u procaspase-9 LA caspase 3 LLazﬁﬂlﬁLﬁ@ﬂ’ﬁ@l’mLLUUU@:WQWIﬂ%ﬁIuﬁq@ (Fulda
S ,Debatin KM., 2006) lun3zuIUMT extrinsic pathway L%"ummfia death ligands AUNY death receptors éur Fas
tumor necrosis factor receptor 1 (TNF-R1) L8z TNF-related apoptosis-inducing ligand (TRAIL) receptor DR4/5 3¢
sunIanszdulfiianisanovassadtiiu death receptors ‘Lot

in38 (TRAIL, TNF-related apoptosis inducing ligand) Iwlalalesifmfgasinsemauuuezwenlngsln
maa‘mlﬁmmwﬁwhw”a%’uﬁﬁm”@ 2 7@ Ao DR4 uaz DR5 %&a:m:@fnmzmumia:wawIw’EmhuIﬂiﬁuluﬂa;w
Bcl-2 family 1o% Bid §%5ulUs@u Bid Lﬂua;@L%au@iaﬂga mitochondrial pathway was death receptor pathway lasnns
nizgululnaauiaioritulilséin Bax wia Bak ﬁLﬁaﬁuvlwIﬂﬂaum%'ﬂ Bid lulolnwaaduazgnnizdulas caspase-8
nanedlu  truncated form of Bid (tBid) &9Havinli cytochrome ¢ gndusanunanlulnaauaiouazsaatyyimld
lUsfuainaly Aa caspases LT caspase-3 LLa:v‘h‘Lmﬁm:wawIw%a‘Luﬁ'q@ (Kantari C, Walczak H., 2011, Chen X.,
et. al.,2006, Perez D, White E., 2000, Stevenson HS., et. al., 2007, Pei Y., et. al., 2007) LL&:I‘iJiau Pro-caspase-3
sunInnnnIzdulas caspase-8 lanasslaitunu naanmanszgulusdn caspases flazdonalilusdin caspases 99
ﬁ'mﬁ'lﬁLﬂmauvl,enﬂwnaﬂﬂm:@ju‘[ﬂsﬁuﬁﬂmﬂmmﬂ \Tw poly (ADP-ribose) polymerase-1 (PARP-1) @aifu
DNA repair protein ﬁﬂﬁgﬂé’@]%ud’m"l,&immisﬁauusnuﬁl,ﬁmavlﬁ (Alvarez S., et. al., 2011) lumsssso M09
Caspase cascade mmingﬂﬁugﬂﬁﬁiﬁ anti-apoptosis proteins L% clAP1/2 Bcl-xl Mcl-1  Survivin taz XIAP
(Thorburn A., et. al., 2008) 1%msns:@jumm’1wawnaa‘@hU TRAIL Wu791 TRAIL ﬁqmawﬂ'ﬁﬁmmﬁaﬁmaﬂa
fasnnsanamdsrihldifansasvenssduniilanliifefiudawadindloofimssangnitiunalniisdnyda
MINTZGUNNIABVBUTAANL death receptor fia DR5 SanvlumasuzSoud liwuluaasing (Allen JE et al.,
2012 Ashkenazi A et al., 1999) aghglsfimumsin TRAIL Tl#luneadnfindiditesnafiasaniasuzSafans
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fadensa (Krammer PH, 1999) esiumsdumn3smnianalnfisunsarinliimasuzsshdomsalasodwihnung
sagluwmsi TRAIL T ulunssnsnuzds msld TRAIL saunbenduwuzi3s 1% doxorubicin wag 5-flurouracil
dowaLaﬁuqﬁ‘[umsmﬁmﬁ'ﬂﬁl,ﬁﬂﬂ'nmwaamaé{mﬁa (Gliniak B., et. al.,1999 and Keane MM., et. al., 1999) 13
fuasuiomasiaynneiasuisumadieiiultlesfidmanedaitnseengnizesnsawaznsvhainy
drlanalnnssangnisedanudanlunmsduaiimmduuziSe (Gliniak B., et. al.1999 uaz Keane MM., et. al.,
1999) Wluinuiuwiwiadmeisrsumaduunamidguessfiuyueiinllsnmlseds gnuidsaunse deah
@9%38 Clausena harmandiana (37‘]_]"7‘1. 1) Dudrayulnslnaluaszns Rutaceae luthzinalnawusnnlume
aziusanidsaniie Javswguneen Ao THumssnmemadutis wu udld thavies wazthewy dudu
(Aouacheria A., et. al., 2002) Tasdunnuesiasieidsznaudisans alkaloids N§a carbazole uaz coumarins Tu
USonn (Thongthoom T., et. al., 2010) uazaangndlansvinemsisgniasuunss FUMINENGNBINER
Ban duanani3e dumssniay i HIV uas dmida (to C., et. al., 2000, Yenjai C., et. al., 2000, Tanticharoen
M., 2011, Songsiang U., et. al., 2011, Wu TS., 1999) mq@ﬁﬁzmuiwmsn@;wawwwufmaa carbazole 13 TH® AN
16 BHA uaz coumarin 2 THRAIN 3 BhA AENAINIINTaIFBIRaIIANInaangnITwNS IdlasriliRnaa

Juiwsalmas NCI-H187 cell line Lmﬂumg'uakkﬁ'ufmm carbazole WU71 heptaphylline 1Laz 7-methoxyheptaphylline

(U7 2) danuduiindaimaduziigegalanddn ICs, L¥AL 1.32 WAz 1.67 UM aui1ay

;J‘Llﬁ 1 Augpavi (Clausena harmandiana)



| e

N
o E HO H
HsC CHs
HaC CHa
Heptaphylline T-methoxy-heptaphylline

gﬂ‘ﬁ 2. Tassa319209 heptaphylline LLaz 7-methoxyheptaphylline

lunguas coumarins Wi dentatin sz nordentatin (3U 3) dauiduiindains NCI-H187 cell line lasil

f1 ICs LHNY 45.41 uaz 11.81 UM aNdnay

OH

H,C - 0 0
H,C
H,C—|.__~CH,
CH,
Dentatin Nordentatin

gﬂﬁ 3. la398319%89 dentatin Laz nordentatin

symasfiadanuduRsenluemasUnd (Vero cells) (Thongthoom T., etal., 2011)3s8anudnlyledans
ﬂfe};&l carbarzole (heptaphylline Was 7-methoxyheptaphylline) Lae miﬂﬁiu cumarin (dentatin L8 nordentatin) ‘ﬁlaﬁ'@]
9N&a9WNa9 Clausena harmandiana =snaNTD sensitize LwaduzISoda TRAIL asiunuisitssauladnunaln
im”uiuLaqasl,umiaaﬂmﬁgﬁmmﬁwmmsﬁwﬁ%ymndmﬁmwiaLsnaa(ml,%aé'lvléjlmy' (HT29 colorectal
adenocarcinoma cells) FadwaaduzSifiaede TRAIL Tagdnm NRTBIFNIRIAYAINEED TRAIL-induced apoptotic
pathways tawaw lunsldsaunuimsauss sensitize LasuziSidamss Lm:ﬁm:nﬂavl,ﬂmsaanqw%%m”uimaqamm
ssEdandasdanIEIRY Y N TAdeRISULRAITAsIKISIAa DR5 (death receptor 5) luifiazwanlnda
o3 pmEnTeuunSifsangnidaimasuzilas lidonadaimasung

3. Jnniszasavaslasins
1. Lﬁaﬁﬂmwam:@jmaamié'm”tuﬁ'mdaaﬁ'l (813N§X coumarin léun dentatin W8z nordentatin Laza13
Nga carbazole & heptaphylline W&z 7-methoxyheptaphylline) @88a3NSRTIAVBILTAANZLTIEN L&
(HT29)


http://www.ncbi.nlm.nih.gov/pubmed?term=Thongthoom%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21641693

2. Lﬁiaﬁﬂﬁwaﬂi:ﬁu‘ummiﬁﬁﬁ'tymﬂdmﬂﬂ (mimju coumarin leilirl dentatin L&z nordentatin Laz&13
N§a carbazole &uA heptaphylline waz 7-methoxyheptaphylline) #aansnmsiTIavadTasuzTIen &
(HT29) figniniletindan TRAIL

3. Lﬁaﬁﬂmrmvl,nmiaanqw%%za”ulumqaiumsmsaanqw%%mmﬁwaamsém”tgmﬂdaaﬂwm@iams
uuUDazNanlndauaTas HT29

4. Lﬁaﬁﬂmrmvl,nmiaanqw%%za”ulumqaiumsmsaanqw%%mmﬁwaamsém”tgmﬂdaaﬂwm@iams
uuUDazNanInTauaTas HT29 ﬁgnmﬁmﬁﬁﬁw TRAIL

5. walkld new molecular basis TumsnaweduuzSINIMIERAIINSTINTRNTUsE AN N d el

Tuawaa

4. 295N INAADY

1. &1INadaY: sIE1AYINFINIAY (Clausena harmandiana) §13N§A coumarin l&un dentatin
LLAE nordentatin LLaxa’l‘iﬂf,jsJ carbazole o heptaphylline ae 7-methoxyheptaphylline)
ﬁ"am:@j’uazwawi“ﬂ*"ﬁa 1R TNF-related apoptosis-inducing ligand (TRAIL)(Peprotech Recombinant Human

sTRAIL/Apo2L) mi‘ﬁlﬁﬂu positive control & doxorubicin (Sigma-Aldrich)

2. MSIABITAs
Besrasaldnd FHC normal colon cells (ATCC® CRL-1831") uastaaduzi59dnld HT-29 cells
14 Dulbecco’s modified Eagle’s medium (high glucose) ﬁﬁ 10% fetal calf serum penicillin 100 units/ml L&
streptomycin 100 [g/ml ﬁqmwgﬁ 37°C Sl,uﬁmi“uauvlman"bm’ﬁﬁ 5% CO2 MYIA8ATMIATIAVDITAR LTS MTT
(3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) assay lagsioas HT-29 cells mL‘W'l:Lgalﬂu 96-well
microplates luanuiduTusaswas 6x10° cells/wells ﬁé‘umnifuﬂﬂuﬁmi‘uauvlmaan%@ﬁﬂunm 24 F1l39

3. NAAROAIINIINTINVDILTAS HT29 uazizaa HT29 ﬁgnmﬁmﬁ’nﬁ'm TRAIL.
msansranaduiisaainas (Cell cytotoxicity) A2835 MTT assay
LAIUNENINARAL dentatin, nordentatin, heptaphylline, 7-methoxyheptaphylline momsazasli dimethyl
sulfoxide (DMSO) W&IaNNIULNLTARI 8 INAFELANNERTUAI 9 (1, 10, 100 uM) §13W1A33U (doxorubicin 10
ug/ml) uaz 1 % DMSO (nguauaw) adldlwaad HT29 mi duaan 24 il fnTuNFuLTaN HT29 Amdieaihee
TRAIL LAURIINAFOUAMNINTUAI ) F1TN0337% waz DMSO tunan 30 wfi wasaniwdn TRAIL 200 ng/ml
Hwnan 24 Falus Sasannsifinvesmasnasaudinmiin MTT Reagent (5 mg/ml) 10 pL shuaasnasayllua
vnluganivaulasanladidunm 2 o 4 T2la9 AUEUTONBIAUAZNAULTASANI AZAUALNDULTAREY DMSO
100 I/ well v\é’dmmfuﬁﬂﬂi'ﬂmmi@@ﬂﬁuumﬁmmmaﬂﬁiu 570 nm ﬂ"wmmmai%uﬁmiﬁ%ﬁmagmmmaﬂ(ﬂﬂ

Ifgmﬂ‘”wi a bl

% Cell viability = Absorbance of treated cells x 100

Absorbace of control (untreated cells)

ﬁ%'am@lgﬂi'wuawnaﬁ (cell morphology) waztnanwlagld Phase contrast microscope.


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBwQFjAA&url=https%3A%2F%2Fwww.peprotech.com%2Fen-US%2FPages%2FProduct%2F310-04&ei=O7VjVcLYMYK1uQTBiIOgAg&usg=AFQjCNHDM-Hv_fXLkdj_1NP7bJmmji3-Ag&sig2=8elpiG0aj9e-pIs7xtMVwQ&bvm=bv.93990622,d.c2E&cad=rja
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBwQFjAA&url=https%3A%2F%2Fwww.peprotech.com%2Fen-US%2FPages%2FProduct%2F310-04&ei=O7VjVcLYMYK1uQTBiIOgAg&usg=AFQjCNHDM-Hv_fXLkdj_1NP7bJmmji3-Ag&sig2=8elpiG0aj9e-pIs7xtMVwQ&bvm=bv.93990622,d.c2E&cad=rja

4. uacadnaznanIndalwiaas HT29 uazioas HT29 ﬁgnmﬁmﬁ'lé’f’m TRAIL
4.1 msanaawilsznavanimas

Tumsdinsnalnniseangnivesssdaifinisaouunaswanlndsvasisas HT29 ﬁgnmﬁmm
dan TRAIL 1eSouimas HT29 shandudsminaseufienaududs 1 10 uaz 100 pM uazaIuNATIn
(doxorubicin) #8331 NTiwAn TRAIL 200 ng/ml Lgﬁdvlﬂuﬁﬂwﬂﬁuauvlmaaﬂvl,smﬂ‘l,ﬂunm 4 $2lug nasINw
\TARNNRNAMIE buffer (25 mM HEPES pH 7.7, 0.3 mM MgCl,, 0.2 mM EDTA, 10% Triton X-100, 20 mM B-
glycerophosphate, 1 mM sodium orthovanadate, 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 mM dithiothreitol
(DTT), 10 pg/ml aprotinin, and 10 Llg/ml leupeptin) 1NUA881917 whole cell lysate V[ﬂﬂuil,m’ilm‘ﬁl 14,000 rpm 1)

1281 10 w171 LAY cell lysate 3MN&7% supernatant

4.2 @nwldsanludfoznanlndaan2895 Immunoblotting
W cell lysate AAldanmssiawadunuendiuss SDS-PAGE w391t transfer Iﬂﬁﬁmj
Immobilon-P-nylon membrane (Millipore) %1 membrane ﬁvl,@ivmﬂuﬁ’m BlockAce (Dainippon Pharmaceutical Co.
Ltd, Suita, Japan) LazATIIRaL IsANeY primary antibodies (anti-caspase-8, caspase-3, caspase-9, PARP, BCL-
XL, BID, MCL-1, survivin, XIAP, DR5 Lz anti-actin antibodies) %5\1%’111{!?%‘1_111@7’38 horseradish peroxidase-
conjugated anti-rabbit, anti-mouse, LAz anti-goat 1IgG (DAKO, Glostrup, Denmark) uazuaaINalasls enhanced

chemiluminescence system (Amersham Biosciences)

4.3. @ s1 mRNA expression Tnal295 RT-PCR waz Realtime RT-PCR

LR BAN BN INENINARE LN IOANMILEAIaBNTaY death receptors (DR5) mRNA
wiald thuwas HT29 andudsasneseuluanudutudrsgiduing 30 wf %é’ammfum:@juﬁm
TRAIL 200 ng/ml 1fluiasn 4 Talag uaziamsuaasaanuas DR5 mRNA §g3% real-time PCR lagviiaas
NARBINIENG nuclear extracts (Sakurai H., et. al., 2003) ﬁmzu@lauima@ﬂ A WLTRaNARINNLEN buffer A
(10 mM HEPES (pH 7.9) 420 LU, 10 mM KCI, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 1 mM PMSF, 20
mM [-glycerophosphate, 0.1 mM sodium orthovanadate, 10 plg/ml aprotinin and 10 [lg/ml leupeptin) 420 LI
mavniwianutiudadunm 15 wii 1@ 10% Nonidet P-40 25 i 1h'lyl votexed 1119 10 Fwil
82A8 nuclear pellets @8 buffer B (20 mM HEPES (pH 7.9), 0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM
DTT, 1 mM PMSF, 20 mM B-glycerophosphate, 1 mM sodium orthovanadate, 10 pg/ml aprotinin and 10
pg/mi leupeptin) 50 i tAvswaanlwiudaduna 15 min wiaunuen 1@3sa nuclear extracts lanti
srunanlUhwwissd 15,000 rom 1Jwan 5 w1l La3uu Total RNA lagld Mini kit (Qiagen) #3LaT1z%ans
cDNA @28 SuperScript Il reverse transcriptase (Invitrogen) L‘ﬁlm‘]’ﬁu’m cDNA ¢28 Premix Ex Taq
(Chemoscience) lagld primers @ﬁﬁ: DR5 sense: 5-GCACCACGACCAGAAA-3’; antisense:
5'CACCGACCTTGACCAT-3 @¥38aL PCR products #1830 agarose gel eletrohporesis Waz @131
Real-time RT-PCR laglt ABI Prism 7300 sequence detection system (Applied Biosystems, Foster City, CA)
lagl® GAPDH mRNA iuanasgiu3auiiioy



5. NAN1329Y

5.1 HAYBIAIINGA coumarin (dentatin WAz nordentatin) Aaan1N1ATINVaILARAHUNGA (FHC colon

normal cells)

iwanaseuaNnuduinrasmdAyndaswngs coumarin dawmasildnd dvlavihnamizvasassld

Unfiduinan 24 12lus nasanuuldans dentatin Lag nordentatin AT UANIGAIUA O §19 100 pM as lulwimas

wnzlRgatnfald 24 s udasanmiifinteaveisasesdt MTT assay WANNINARBINLIN dentatin LAz

nordentatin laiiJufindaimadinldng (U 4)
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60

40
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10

100

Nordentatin (pM)

3171 4 waz 4 dentatin (N) WAz nordentatin (2) ABAAIINIINTINVBILLAR FHC colon normal cells

5.2 WAZ@IE1INGN carbazole (heptaphylline Waz 7-methoxyheptaphylline) Gadns1n13ATInVaIBAR

a1l&1UnG (FHC colon normal cells)

A a o @ \ o , \ o Vo a1V oo & €0 V| ¥
LWEW]@’I@B‘U@T]']&JLﬁ‘qu‘lsﬂlﬂda’]ia’]ﬂiyﬁ]']ﬂaﬂdwqﬂiﬂu carbazole @IBL‘Hﬂﬂa']vLﬁ‘LJﬂ@] "ﬂﬂvl,@'ﬂ'm'ﬁLWWZLﬂEl\‘lL‘Hﬂﬂﬂ']vl,ﬁ

dn@iduan 24 92lu9 nasaniuldans heptaphyline  waz 7-methoxyheptaphylline A NNLTNTUAN 9AdUe 0 A

100 uM adlulumasinsidostnnald 24 $las uSIeanMIRNTInTeavaTaaaI83s MTT assay HANNINARSI

WU 7-methoxyheptaphylline ‘lifanuidufudainasné uaz heptaphylline LaasnNaduNsdairaaUn@ud livin

IWdanmafi#iadnit 50 % (U7 5)
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o
o
1

80 4
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1

% Cell viability
3

% Cell viability _,
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(=] (=]

(4]
o
1
(2]
(=]
1

[=]
1

heptaphylline (uM) o | heptaphylline (uM)

120 -

100 4

40

% Cell viability

20 4

0 - T-methoxyheptaphylline (pM)

gﬂ‘ﬁ 5 Wa2avg heptaphylline (n) Ltag 7-methoxyheptaphylline ()

1 v asa 6
MaaAINIINDINYDILBAA FHC colon normal cells

5.3 HAYBIEIINAN coumarin (dentatin AT nordentatin) ABDAIINISANBINVDILTS HT29 uaziHaa HT29

nanwheiiaan TRAIL

\NafnEnaad dentatin uaz nordentatin lumswiigihldifamImevesimaduzss HT29 wWisufisuniy
Loas HT29 ﬁgﬂmﬁmﬂiwﬁm TRAIL  MINARESSNNMILNIEasee dentatin W58 nordentatin A uLRd 1 10
ez 100 pM I@]ml,i_iuﬂumjwﬁﬁmﬁwaﬁasml,ﬁmuazn@uﬁﬁumss’mﬁ‘u TRAIL AM3LTNT% 200 ng/ml Lwiaan 24
Falus masaniwiasannsifiavesmaneasds MTT LLa:ﬁﬂ‘mmimﬁuuuﬂmgﬂi"]wawﬁaﬂmiﬁnﬁaa phase
contrast microscope HANINARBIWLIN dentatin uaasnNUIduAudaiTas HT29 mumwmﬁuﬁuﬁgaﬁu uazUaLTas
e dentatin tuaan 30 wf waseNTAY TRAIL waztsduaan 24 $alus wudn dentatin anadudi 10 uas
100 pM a5ugns TRAIL TumandienihldifeminevessasusSetedisiaydewSoifioutumsld dentatin
TRALAYY (p-value < 0.05 Uz 0.01 @INE1AL) (g'ﬂﬁ 6) &MU nordentatin wuindgnindiaihlwifanmsaievas
Loas HT29 mumﬁwﬁmi”uﬁgaifu wazfinuidudu 100 M nordentatin 1&3ugM3 TRAIL lumandieasliifants

BT TARNZITItN I dimATY (p-value < 0.01) (3UN 7)



[} Dentatine
Dentatine + TRAIL 200 ng/ml
O

120 - b

100
bb

]

80 -

60 -

%Cell Viability

40 -

20 1

D h T T T -I 1 DEI"ItE“r'IE
0 1 10 100 (uM)

3111 6 Ha2dJ dentatin ABAMIININTINVDILTAS HT29 uazinas HT29 ﬁgnmﬁmﬁ’nﬁw TRAIL
"* p < 0.05, p < 0.01

a = a «oAq o .
= L‘l]iill]LY]EJUﬂﬂqNY]IﬁﬁTiﬂUﬂQ&Iﬂ’JUQ&I

a, aa, bb

ugeviayadIuA1 meant SD (n = 3),
b= Lﬂ?tmLﬁﬂﬂﬂajwmﬁaﬁaﬂ"mLﬁmﬂ”umjwsl,dmi‘imﬁ'u TRAIL

[ Nordentatine
120 - [ Nordentatine + TRAIL 200 ng/mi

100 - b

=)
=
1

ad

=1
=)
1

%Cell Viability
Fy

[t
=

0 - T T T » Nordentatine
0 1 10 100 (HM)

317 7 wawag nordentatin AaaAsININBINVAIITAS HT29 uazimas HT29 NlasU TRAIL

aa,

L&§AITaYAeILA1 mean+SD (n =3), “p <0.05, *°p<0.01
a a a L oAq % '
= WSsufisunguilassnunguaiugu

b= Lﬂ%ﬂm,ﬁyuﬁ'urwajuﬁiamia s'w@mﬁ'umju’l,amﬁmﬁ'u TRAIL

§ =~ ' . . ' . o v a <
Lﬁaﬁﬂﬂ’nﬂ%ﬁuLﬁil‘.l_lﬂ“nﬁi:wn\‘i dentatin L&z nordentatin WU dentatin ¥inlWiAamsansvadimasusiss
aldodalispdmannanuduts 10 uaz 100 pM luwmizf nordentatin ugasaNuLTnAveaITarUZITI0EN9E]

wpdAyAanududy 100 uM QU 8 1) uaziinarldizaduziSedalinauazdzdinmnan waesesuszlidain:
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g P 4 2 [ & . . A a ~
MTuIzIaed (JUA 8 n uniuw) uwazilaldiannl TRAIL WL dentatin WAz nordentatin 100 uM SinaaSunNT
TRAIL lumunfipiilMifansemsvesaasainsfitbieyly (GUA 8 2 uaz 3UN 8 n umid) aamuduaasi

Ar 1
dentatin ﬁf]“nﬁﬁﬂ’n nordentatin

M

2.
[ Untreated
120 - O + TRAIL 200 ng/ml
b
100 A a ’7 bb b
=y b ’7
— 80 -
3 a
> w0 aa
©
;UE 40 -
2{) -
D b T T T T T 1
Control 10 100 10 100 ' Doxorubicin

Dentatine (4M)  Nordentatine (uM)  (10pg/ml)

gﬂﬁ 8 watl38auIig Uz dentatin LAz nordentatin AaN1IAVDI
Laa HT29 ﬁgnmﬁmﬁﬂﬁw TRAIL
n. miLﬂﬁmLLﬂmgﬂs’wwaaLmaﬁﬁnﬂmsﬁnmﬁa 835 phase contrast microscopy
C: control, T: TRAIL 200 ng/ml, D: dentatin, ND: nordentatin, Dox: doxorubicin
4. 8ATMNINTIVRILTARINNNTANENG8TF MTT
uaasTayadne1 meant SD (n=3), “p<0.05 "’ p < 0.01
(°= Lﬂ%‘ﬂuLﬁﬂUﬂéjuﬁldaﬁiﬁuﬂﬁjuﬂ’suqu,"= Lﬂ‘%‘ﬂuLﬁﬂuﬁmsjwﬁldmsamuﬁmﬂ”unEjuldmiéwﬁu TRAIL)



5.4 WAaPBIA1INGN carbazole (heptaphylline W&z 7-methoxyheptaphylline) Giadn31n13dTInVaIBAR
HT29 uazizas HT29 igninieiiinas TRAIL.
luns@nunavas heptaphylline Laz 7-methoxyheptaphylline #anIaneuadtsaanzi3s HT29 Wisuiisuny
LIAR HT29 ﬁgﬂmﬁmﬁn@hﬂ TRAIL  NINARBIININNMILNLTARAIE heptaphylline L8z 7-methoxyheptaphylline
AMULTUTH 1 10 waz 100 pM I@]mm’aLﬂumjuﬁﬂuﬁ’mmiazhoLﬁmuaznéjwﬁﬂumﬁ’mﬁu TRAIL a3 TuT% 200
ng/ml 1Junan 24 Tlad nRsnBwIaeaNNIATInvadmasmads MTT wazdnmadfsuulagUinsvesad
v v 1 A{ { o v Aa
lagldndas phase contrast microscope WNaN1INARDINLIN heptaphylline ﬁfmﬁmﬁmu’ﬂﬁLﬂ@mi@nwadmaa{ HT29
v o a { v o 4 v o ' . ' a ~
agnallipdmanNanuaude 100 pM uazilaldsiuny TRAIL wudn heptaphyline lifinawaSugns TRAIL lums
P o v a & & o o A = a o o . ' a A | A
whonhliiianmsnevausssuzisiddidlawSouiouiunsls heptaphyline ag1aiden (3N 9 n)  udfianw
@ & a o = a ' a A v o K | @ o )
Wuldldumasanaifanmsansibiasangnivesassinesainadenenaududuis ldirunavasmslesiuny TRAIL
o o 4 =~ . a =~ o @ . v @ { 5 A
aaniNanazaugniued heptaphylline lumsiaSugnd TRAIL lasusuld heptaphylline @MU TNTWAGa9 fa 6.25
@ o @ ' = ' ) VA a a5
12.5 25 WAz 50 M TINAL TRAIL Audugs 200 ng/ml - a1 lsianuwuin hepaphylline laifinatasugns TRAIL 1u
A o v a & = A o o . A & A o v a
mundghliiianminsvesasunis (U 9 ) SmTUKaLad 7-methoxyheptaphylline wuhiigniiwiioiliine
ﬂl U U dl J 1 ~ o o L dl v v
MINBVITAN HT29  iAwaweNuduTungiiuatadindayussienududu 10 uaz 100 uM a3 7-

a ~a { ° v a ' o o o {
methoxyheptaphylline xaia3unnd TRAIL lumunsshldiiansansvesasuziSiainilividy (Ui 10)

[ Heptaphylline

120 [ Heptaphylline + TRAIL 200 ng/mi

100 -

w
o
I

%Cell Viability
B (=]
o o

]
=]
'l

. Heptaphylline
0 1 10 100 (LM)

3171 9 wawag heptaphylline Aadn3IN1ATIAVBITAN HT29 uazieas HT29
nanwheiinae TRAIL 1Twtaan 24 Blas
uFaITDYaIUA1 meant SD (n=3), “p < 0.001

("= Wisuifisunguilaasnunguaiugw)



120 . Untreated

O + TrRAIL 200 ng/mi
100
80

60

40

%Cell Viability

20

0 Heptaphylline
0 6.25 12.5 25 50 (UM)

3171 9 (@) WAL heptaphylline AodATINSRTIAVBILAN HT29 Uazimas HT29

fgnwheiinae TRAIL WRA9TBYAGILAN mean+ SD (n = 3)

Bl 7-methoxy-
heptaphylline
[ 7-methoxy-
120 - heptaphylline + TRAIL 200 ng/ml
100 - a b
2 80 4 ’7
E aa
S 60 -
=
o
O 40 4
S
20 -
0 - - r r v 7-methoxy-
0 1 10 100 heptaphylline

(uM)
31]“?; 10 Had9 7-methoxyheptaphylline A8aAI1N1SABINVDILGASN HT29 Uazioaa HT29 ﬁgnmﬁimﬁ'\
A28 TRAIL (L8eviaYasaLAn meant SD (n = 3), “p <0.01, b <0.001)
°= Lﬂ%ﬂuLﬁUUﬂQNﬁidaWiﬁ'uﬂa;Mﬂaqu

b= LiﬁsmLﬁﬂﬂﬂ”ﬂﬂ@jumdmiashmﬁmﬁ'umjﬂdmﬁmﬁu TRAIL

tﬂ‘ = = Qg 1 . . i 09” .
L&Jaﬁﬂ‘lﬁl,ﬂismmslmm'ﬁimj’m heptaphylline Was 7-methoxyheptaphylline WU 719 heptaphylline uae 7-
methoxyheptaphylline finNaLTuT 100 uM FlkiiamIinsvassasuziid ldainlioiay U 11 2) uas
~ o § o & c | & P . | 2 & a
finariWisaduzSelaidinasuazdlinmnan naesasuazlidoimezmouaiwizios GUA 11 0 unow) la
P~ « o, ' . 4 o (% '
heptaphylline  fignfaioaauzi3ild@nin  7-methoxyheptaphylline  uaziiloldsiuny  TRAIL  Wui1  7-
a a { ° v a ' o o a {
methoxyheptaphyline  dnawadugnd TRAIL lumawdeashliifamsasueaaasadadvoianluumen
a Qg { o v Aa = o v { {
heptaphylline lifnaigiugng TRAIL lunawfishldifansanovesasduzioi ld U 11 2 uaz U 11 n

LD2A13)



ng/m
- o '_’A\‘\

120 - O + TrRAIL 200 ng/mi

100 + b b

)

o]
o

60 -

%Cell Viabillity

20 +

Control I'-Ieptaphylline' 7-methoxy- "Doxorubicin
(100 pM)  heptaphylline (10pg/ml)
(100 M)

gﬂ"?'l 11 wat38utiau3e% 19 heptaphylline Wag 7-methoxyheptaphylline @A9N13A182D9
LHaa HT29 ﬁgnmﬁmﬁﬂﬁm TRAIL fiutan 24 s2lae
n. mnﬂﬁwuﬂaagﬂi’wwmL%ﬁﬁhﬂﬂﬁﬁﬂﬁﬂ@%ﬂ?ﬁ phase contrast microscopy
C: control, T: TRAIL 200 ng/ml, H: heptaphylline, HM: 7-methoxyheptaphylline, Dox: doxorubicin
2. 8ATIMINTIAVBITARNNNIANENG83T MTT
uFATYAIEA1 mean+ SD (n=3), “p <0.05, b <0.01
o= Lﬂ’%ﬂuLﬁﬂunéjwﬁidmsﬁumjumqu

b= nJ‘%m_lLﬁﬂﬂﬂ“’umjuﬁlamiamaLﬁmﬁ'unq;\flamsi’mn”u TRAIL
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5.5 navlnmsaanqvn%{szﬁufmmqamaamimju coumarin (dentatine LLa nordentatine) AanN1INY
wuvaznanlngazasisad HT29 figniniteanidne TRAIL

Lﬁaﬁnmnavl,ﬂmiaﬂm%:naamsmju coumarin %9léuri dentatin waz nordentatin AalTasNzI59 HT29 uas
LIRS HT29 ﬁgnmﬁmmﬁw TRAIL 393 a8uNLNe18 dentatin wae nordentatin ANJLTNTH 100 UM LTwiIa 4
Flug I@]alm.icuﬂunaq'uﬁﬂuﬁmaﬁﬁwﬁ'mvL'ﬁmasmLﬁmua:ﬂwéﬁﬂﬁﬁﬁﬂﬂ"{giwﬁ'u TRAIL @2130LTNT% TRAIL 200
ng/ml TRAIL 200 ng/ml ﬁé’qmmfué'am@m'ﬁmzéjmauvlsnﬁ caspase 3 uazlis6u PARP-1 #2835 Western blot Ha
msmaam”mamlugﬂﬁ 12 LfiaLaJ%UULﬁﬂuﬁunsjumuqu (lane 1) WUINTRSNUNAIL dentatin W&z nordentatin
AMULTNTYH 100 UM atnaidin (lane 2 waz 3) lifinalunInizdu caspase-3 uaz PARP-1 éﬂ%%’u‘lunﬁjwﬁaﬁﬁﬂu
&8 dentatin W&z nordentatin AMALTUTW 100 UM 33870 TRAIL 200 ng/ml WU LEas 7 be3L TRAIL 200 ng/ml
\We9aEn91aeY dHanIzdu caspase 3 WAz PARP-1 Lﬁnﬁaﬂﬂﬂ@"l,ﬁﬁnn%udmmaﬂﬂiﬁu caspase-3 Waz PARP-1
(cleaved) ﬁgﬂﬁ@lmds] (lane 4) luwm:ﬁ nordentatin ﬁNaLﬁlumiﬂi:ﬁumiLﬁﬂ cleavage 184 caspase-3 LAY
PARP-1 agnitatanluiaasnlesy TRAIL (lane 6) #IuWauad dentatin 32u1L TRIAL @on1sifia cleavage 189
caspase-3 Laz PARP-1 (lane 5) WU'jﬁ"L&iLL@m@i'mmnmjwLmaﬁfﬁvlei”%‘u TRIAL Wigatnaifisn mansnasasiuaasli

1A% nordentatin ﬁwaLw"umiﬂi:@jum:mumia:wawiﬂ%maama&i‘mﬁwﬁﬂ TRAIL

TRAIL (200ng/ml)

C D ND C D ND
ST ...
- . - » &

- W Cleaved

el
' 4 Cleaved

3171 12 wa2@9 dentatin WAz nordentatin Ga caspase-3 uaz PARP-1 luizaa HT29 lasu TRAIL

Lane 1 (C)= control, Lane 2 (D)= dentatin 100 uM, Lane 3(ND) = nordentatin 100 uM, Lane 4 = TRAIL 200 ng/ml,
Lane 5 = dentatin 100 yM 200U TRAIL 200 ng/ml LLae Lane 6 = nordentatin 100 uM 20N TRAIL 200 ng/ml

Lﬁmmﬂwamimamlugﬂﬁ 12 ugasin n13l4 nordentatin 320U TRAIL ﬁwmﬁumsm:ifu caspase-3
waz PARP-1 dadulisdufidanluifuasnszuiunisazwanlngs ainlunsmanssdenniadunsinunauas
nordentatin 373nU TRAIL dalusduluifimaiiaezwanlnGsves TRAIL @A DR5 (death receptor 5) c-FLIP
(cellular-FLICE inhibitory protein) &z Bid (BH3 interacting-domain death agonist) #2835 Western blot HaN13
NARBINLIN Lﬁam%ymﬁmuﬁmqumuqu LRaNIASY nordentatin 1RBIagadsIdnalumaAndSunallsdn
DR5 uazaaUSunmlusiu c-FLIP waz Bid 1&n%ay (lane 2 vs. lane 1) Loasn b3y TRAIL Wasagnadios wuind
J2AUVad DR-5 Lﬁugaifuua:gaﬂdwLmaﬁﬁvlﬁ%'u nordentatin 8&19LE8Y FRSULTRSNLASL nordentatin 327U
TRAIL WU EnTRNT U109 DR5 atnstalauuaziszeulisan cFLIP uas Bid aasstalawdaifiounuimadd
651 nordentatin #38 TRAIL LiNe988n49L@E (gﬂﬁ' 13 lane 4 vs. lane 2/3) HamINAaadRtuaAslHIHWIN nordentatin

Waldimny TRAIL FrsiRunInszguniziiunsazwenlndaruldsdunagluifiezwanlngavas TRAIL



TRAIL (200 ng/ml)
C ND C ND

- Pr

a == 3= e
R —

51113 NaPaINI3 1T nordentatin 324N U TRAIL aalisfiwlwddaznaninsalwisas HT29

Lane 1 (C) = control, Lane 2 (ND) = nordentatin 100 uM, Lane 3= TRAIL 200 ng/ml
L8z Lane 4 = nordentatin 100 uM 324U TRAIL 200 ng/mi

INNITWLIT nordentatin Lﬁumﬁm:@um:mumia:wawIw‘fjaﬁ’m TRAIL fhuldsduiiduarsuves

TRAIL @Aa DR5  m1Inaaedhiefnwniiong nordentatin dian1suaadinanaadts DR5 lulwana1835 reverse

transcription PCR WaN13NaAaadWud1 nordentatin 138 TRAIL Lﬁ'mashaLﬁmﬁwaslumsm:@jumsamaan*’uaaﬁu

X . e e ; v

DR5 uaziinnigadaanuadfiv DRS gwuammmﬁmslumguﬁlm nordentatin $2uMU TRAIL (3UN 14) Han1INAaBI%

uaaslfiAinin nordentatin LRNNINIEAUNIZLIUMINBVBNTARAIE TRAIL HIUNINITZGUNIIAAIEaNIHU DRS
2 a o [~ o o A &
FeiluarilAinsuzainanvasarsu DR 5 1Ra9%

C T C+T ND+T

DR5

GAPDH

311 14 wapa9 nordentatin i@ DR5 mRNA zasinas HT29 ila3L TRAIL 3 3laig
Lane 1= control (C), Lane 2= TRAIL 200 ng/ml (T), Lane 3= nordentatin 100 uM (ND)
W8 Lane 4= nordentatin 100 uM 20U TRAIL 200 ng/ml (ND+T)

é Qs 1
5.6 navlnmsaammﬁsmu'[uLaqamaaminqu carbazole (heptaphylline Lag 7-methoxyheptaphylline)
famsanauuUaznaninGavasisas HT29

5.6.1 Ha2aJ hetaphylline LLaz 7-methoxyheptaphylline AanszuInNITaTNaNINTaVaILTas HT-29

a’mwamimaaﬂumwﬁ 4 G'fiqamd'] hetaphylline L8z 7-methoxyheptaphylline ﬁﬂﬁﬁumiﬁﬂﬁﬁ@mimﬂ
wuvazwanlnrvesmaguziss HT29 la hetaphylline §nn3anin 7-methoxyheptaphyliine sdttwiRenasaunaDa
gsdneydalysdufidu marker fisndAnpasnszuIumMIaznanlnds Sevihniyialuséu caspase-3 uaz PARP-1
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61830 Western blot Namiﬂﬂaama@ﬂ%gﬂ‘ﬁ' 15 WU hetaphylline 7-methoxyheptaphylline LLaz positive control
fa doxorubicin a’m’]iﬂﬂizﬁjumiﬁﬂiﬂiﬁu caspase-3 ez PARP-1 lag heptaphylline ﬁqw%%?ﬁq@ %é’amﬂifmﬁa
LwMIHUEUNANITNARBITILULTARGRE heptaphlline ANULTNTH 0 12.5 WAz 25 uM WU7N heptaphylline R
NMILN@ cleavage U84 caspase-3 Lay PARP-1 Idenuanudidudiindn (gﬂﬁ' 16) HaMINAReIRLEaslRFWIN

hetaphylline uaz 7-methoxyheptaphylline infignvihliiianmsasvasiradiiunszuIumsasnawlnga

Caspase-3

— . = <«— cleaved

31]“?1 15 wawaamimju carbazole (hetaphylline Lta& 7-methoxyheptaphylline)
@a caspase-3 Az PARP-1 Tloaa HT29

0 12.5 25.0 Heptaphylline (nM)

Caspase-3

<« cleaved

Parp-1
<«cleaved

g‘ﬂﬁ 16 Hetaphylline nszéj‘% caspase-3 lLlaz PARP-1 TwiInazwanlnda
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1 a @ a
5.6.2 HaP@J heptaphylline @alisAnlwiIdnisanavasmasuziSonuvaznanlnda

INNAMINAREITIEU  1ileaIn  heptaphylline ﬁnw%%iﬁq@lumsm:@fnmzmumsa:wawim‘}mlad
imasuzss sariuluduaandeluiaidumswinalnnnsaangnives heptaphyline luifazwenlngs 3savraseums
wgesaanvaslusauiioitasluifiosnanlnds ldun Bid Bak Bcl-2 BolxL Mcl-1 XIAP uaz survivin ¢ap33
Western blot wamsmaaagﬂﬁ 17 0 WU hepataphylline auuT% 25 pm vildiAiansdaldséin Bid  waz
gunninumaadSinmlUsiuaeslysin - Bak  luneasenutau  heptaphyline  fnavnldmIuaaseanvas
antiapoptotic proteins JaUWA  XIAP Bcl-xL W&z survivin anadie biinada Bel2 uae Mc-1  1uifazweanlnda
NF-KB/p65 (rel) ﬁﬂmm'ﬂﬁwﬁmiumsmuqummmaamjaq apoptotic proteins Wa18THA LT Bel-xL  survivin LAz
XIAP sriulunmenssdesniadunsinelusiuiifisadaslunmsdodyameiu pes domadunaana ldud
Akt IKKOL JNK U8z Erk NAN1INARAIWUIN hepataphylline fnagusamaaunasinauas Akt IKKO, Laz p65 A3l
ﬂ’n&llﬂi’mj”uﬁ;gai‘iru ua i aInadamsdunamWatas JNK uaz Erk (gﬂ'ﬁ' 17 2) HamInaaasiLaasliifiuin

heptaphylline wileinlfifianszuaunmyszwanInGariuwda Bid uaz AKUNF-KB (p65)

n. .

0 125 25.0 Heptaphylline (uM)

0 12.5 25.0 Heptaphylline (nM)

Bid
« cleaved

-

Bcl-xL

BAK

Survivin

Mcl-1

Bcl-2

Actin

311 17 wa2@9 heptaphylline Aalys@nluitazwanlnavasimaduziSe HT29
N. a4 heptaphylline dian13lLaAsaanuad apoptotic proteins
2.W8Va4 heptaphyliine danssssaNmaslisdin

ﬁm‘uqummam 28nNVUaJ apoptotic proteins
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5.7 HaYdJ nordentatin Ltae 7-methoxyheptaphylline fa TRAIL receptor (DR5) Twnisansuuuazwan
Indavadizas HT29 (Han133981un29 13-18 Liaw) )

mnmatﬁnmqw%iuadmina;w carbazole W8z coumarin ‘Wi_l?hmsﬁﬂﬁ'tuuﬁﬁwaﬁﬂﬁmaﬁmL%dﬁmmvb@iarm‘
witsahldiAemsmeuuuezwanIngs las TRAIL § 2 ofia lefuri nordentatin uaz 7-methoxyheptaphyliine #9164
lumgumau@iavlﬂﬁaLﬁumiﬁnmnavl,nmiaamﬂ%%:ﬁuiwLaqa I@ﬂﬁﬂ‘mwama\‘imiﬁﬂﬁ'zyﬂ%aawﬁmiamma@maan
289 DR5 @aiflu TRAIL receptor @aamuﬁﬁmimuqummamaan"uao DR5 I@ymiﬁmﬁyﬂgﬁaawﬁﬂ Tuduusn
1uwnsAn¥INaTad nordentatin LAz 7-methoxyheptaphylline AMULTUTH 10 UM @ansuEadaanuad DR5 mRNA
expression 1aul43% Real time RT-PCR Namwﬂaama@ﬂugﬂﬁ 18 UEAIAN relative DR5 mRNA expression
wm%fial,ﬁﬂmﬁﬂuﬁ'umju control 8138167y nordentatin L&z 7-methoxyheptaphylline gansnniieinlifie DR5

mRNA expression laland positive control fa doxorubicin 17 UM

1.55 4

1.5 - a a T

1.45 - T T

1.35 4

1.3 4 T

1.25 4

DR5 mRNAI/GADPH

1.2 -

1.15 v v v .
c HM MD Dox

zﬂ‘ﬁ 18 WAV nordentatin Lz 7-methoxyheptaphylline danT3lLaaIaanyad DR5 mRNA
C=Control, HM=7-methoxyheptaphylline, ND=Nordentatin, Dox=Doxorubicin
uFA9TaYadILA1 meant SD (n =3), “p < 0.05

\avnnItinisasais  7-methoxyheptaphylline A20uTUA199 uf230USanos DR5 mRNA
expression #1830 RT-PCR (19 n) Waz Real time RT-PCR (19 o) WuI1 7-methoxyheptaphylline gasameiin
LNAMILEAIaanvad DR5 mRNA mumwmﬁwﬁuﬁ'gﬁu a;ﬂvl@‘ﬁ'l 7-methoxyheptaphylline s1anInidisiliAans
uEAsaanUad DR5 |
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7-methoxy
0 0.625 1.25 2.5 5 10 Heptaphylline (uM)
O E R s S e T
aa
Fin
I
o
(=]
<
[}
<
=
o
£
wn
o
(=]
7-methoxy

0 0.625 1.25 25 5 10

Heptaphylline (uM)

gﬂ"?i 19 WA 7-methoxyheptaphylline #an13llaaI0anuad DR5 mRNA
N. 831N RT-PCR 2.0831N Real time RT-PCR
UWRATDYREIUAN meant SD (n=3), “p<0.05, * p<0.01
%ﬁ'dmmfmﬂumiﬂ@aauwamm nordentatin 8% 7-methoxyheptaphylline @anT1ILaaIaaNYD
DRS protein wazlusfuluitivas DR5 laud Phospho-JNK (pJNK), Bid, WLas cleaved caspase-3 NANINARBILEAS 1
gﬂﬁ' 20 WU nordentatin WAz 7-methoxyheptaphylline aansnmieiinlid DR5 protein expression gai‘fuamuﬁﬂﬁ
salasi/Suuiauny positive control @a doxorubicin LAZNAREAAREINL DRS MRNA expression wanaNHLINLIN
nordentatin Waz 7-methoxyheptaphyline susnnszqulusduluifives DR5 da Bid linanudu tBid dwaldifa
cleaved caspase-3 Wazliiq cancer cell apoptosis GaNN LLa:ﬁﬁm@miw%aawﬁ@mminmmj’umsnﬁuwaaw\lmlﬁ
Tal3éis INK srssindardulilenn nordentatin uas 7-methoxyheptaphylline saIALAY DR expression M35 JNK
C HM ND Dox
-_ —

pJNK
-

e ——— A e
3171 20 HaV8I nordentatin Waz 7-methoxyheptaphyliine diansuaaiaanvad DR5 uazlysduiiieatas

C=Control, HM=7-methoxyheptaphylline, ND=Nordentatin, Dox=Doxorubicin
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Tudunaudalserinns knock-down JNK gene lwaaduzi5s HT-29 ¢y Si-RNA da JNK
(SIINK) a391nsis dnsnisusasaanaaslisin JNK waz DR5 waiugﬂﬁ 21 ug@dlilAnIn SIINK aunsanams
wgesnanaad JNK ladssannsdasiumInamiuaniaanuas DRE uaasinMILaaiaanuas DR5 gadasnudi JNK
Namsmaaaf:uam'jw nordentatin W& 7-methoxyheptaphylline ﬂizéjuﬂi::‘i_l'mﬂ’ﬁ apoptosis I@ULﬁwﬂ‘ﬁmm DR5 L&z
HIWIT JNK

Control SiINK

-
- cin
E‘].Iﬁ 21 N3 SiINK @iaﬂ’]sua@ﬂaﬂﬂ"ﬂaﬂ DR5 ae JNK

6. a‘gﬂwamﬁﬁﬂ

1. min@;u coumarin ﬁzd dentatine a2 nordentatine JnavinlkiiansanuvadTasuziSId b HT29
1ag dentatine ﬁqw%?ﬁﬂ’i’] nordentatine laglaidunsdaisassn l@Uné (FHC colon normal cells)

2. &3N§N carbazole Ha heptaphylline &g 7-methoxyheptaphylline uaadidunsdaimasuzisai ld
lag heptaphylline ﬁqw%raﬂ’i’] 7-methoxyheptaphylline 7-methoxyheptaphylline Tiugasnnudn
AudoiwasUnd lavoed heptaphyline ugasanuiduRsdarssunivalivlvsasmiidiasen
PaTasend 50 % ﬁmmm‘fmj"uguq@ (100 pM) uazluanusutuiliidwisdowssund (25
uM) wuin hetaphyliine ¥nlwamansaliAanseansuasmasuziSiegedinodaguazinalniin
intrinsic pathway

3. ®13N§W coumarin ¥4 dentatine Uz nordentatine ﬁwam’%qu?TRAlL TumsmigalwiAans
mevasaasuzsildanstaan Ty dentatine §qnianin nordentatine

4. msnaﬁ'u carbazole ﬁzd heptaphylline Waz 7-methoxyheptaphylline Lﬁﬂfﬁ’mﬁu TRAIL ®13
heptaphylline lifuaisdugns TRAIL lumawiisviliifansmevasoasuzsoild  Tuamed
7-methoxyheptaphyliine  1falf37uriy TRAIL sansarusammimsvamssuzisd ldadng
TALI%

5. &13§1A7Y nordentatin W&z 7-methoxyheptaphylline LAy DR5 expression lalasdnalnrudd INK

Mﬂ’]iﬁﬂw’mﬂﬁinaamsﬁ’]ﬁ'@ﬂ% 4 whaangasinleun dentatin, nordentatin, heptaphylline uaz 7 —
methoxyheptaphylline @iaLénaa‘ml,%aﬁﬁvlﬁﬁgﬂmﬁmﬁw‘hﬂ TRAIL Lﬁmﬂ%ﬂmﬁwﬁ’umimmgm #a doxorubicin 71
frsnuheusassugnd TRAIL  lumsildifansesasmssuzisold  wuiammasouisansnssugns
TRAIL  TumambeahldiAeamimevesnnseildled 3 ofla  @a  dentatin, nordentatin  usz 7 -

methoxyheptaphylline 1ae dentatine ﬁqw%ﬁﬁqﬂ
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lumiﬁﬂmnavlnmiaaﬂmﬁiuawaamivﬁiaadnzﬁulunﬂimﬁmﬁﬂﬁﬁﬂmimmjmLcﬁaﬁuzﬁaﬁﬂﬁ WaY
maﬁuu%aéﬂﬁﬁgﬂmﬁmﬁwﬁy TRAIL lagfnwinisdfouutssas signaling proteins ln apoptotic pathways
#1835 Western blot Wu1 nordentatin sanandsannu TRAIL lunsrinlwiineznenwlndsuaimasuzi3s HT29 Hiw
MIANMILEAIaaNVad TRAIL receptor fia DR5 nazguldsfiu Bid Wwazgusa c-FLIP %ad&wasl,ﬁl,ﬁ@mimzéju
caspase-3 Uz PARP-1 Tunmusl dentatin lifnalusaasnan

&MU heptaphylline W&z 7-methoxyheptaphylline wm’wmsﬁm”zyﬂ%aawﬁﬂﬁwamz@;fu caspase-3 WAy
PARP-1 lag heptaphylline ﬁqwﬁ?ﬁniw 7-methoxyheptaphylline lag heptaphylline ﬂi:@:Tu caspase-3 Uar PARP-1
HIWAT Bid uaz AKUNF-KB (p65) B9dsmaliiiamimouuuaswanlndauasiaas HT29 Glu'ﬁ'q@

miﬁﬂﬂ”rymﬂﬁmﬁﬁﬁmmmaaﬂqwﬁiﬁwmmvlwaal,snaa‘m%@iamiﬂizﬁulﬁl,ﬁ@mimﬂﬁw TRAIL
1@un nordentatin uaz 7-methoxyheptaphylline WuaTNIsesTiiaaanIaRnUSIN s TRAIL receptor fia DR5
expression lalasinalnuuisl JNK

7.10N&1391999

ﬁ’]ﬁfﬂuiﬂumua:qmmaﬁ NITNTWETITUGL. agﬂaﬁaﬁﬁﬁﬂ”ty W.A.2556. sunulounauas
q%ﬁﬂﬂﬁ@]g ﬂi:ﬂi’sda’]ﬁﬂimq‘ﬂ. 2556. 71-72.

Allen JE, El-Deiry WS: Regulation of the human TRAIL gene. Cancer Biol. Ther. 13: 1143—-1151,
2012.

Alvarez S, Blanco A, Fresno M and Mufioz-Fernandez MA: TNF-O Contributes to Caspase-3
Independent Apoptosis in Neuroblastoma Cells: Role of NFAT. PLoS One 6:¢16100, 2011.

Aouacheria A, Néel B, Bouaziz ZR, Dominique N, Walchshofer J, Paris H, Filion G, Gillet:
Carbazolequinone induction of caspase-dependent cell death in Src-overexpressing cells. Biochemical
pharmacology.64: 1605-1616, 2002.

Ashkenazi A: Safety and antitumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104:
155—-162 , 1999.

Chen X, Ding WX, Ni HM, Gao W, Shi YH, Gambotto AA, Fan J, Beg AA, Yin XM: Bid-
independent mitochondrial activation in tumor necrosis factor alpha-induced apoptosis and liver injury. Mol
Cell Biol 27: 541-53, 2006.

Debatin KM, Krammer PH: Death receptors in chemotherapy and cancer. Oncogene. 23: 2950-66,
2004.

Dimberg LY, Anderson CK, Camidge R, Behbakht K, Thorburn A, and Ford HL. On the TRAIL to
successful cancer therapy? Predicting and counteracting resistance against TRAIL-based therapeutics.
Oncogene 32: 1341-1350, 2013.

Evan GlI, Vousden KH: Proliferation, cell cycle and apoptosis in cancer. Nature 411: 342-348, 2001.

Fulda S, Debatin KM: Resveratrol modulation of signal transduction in apoptosis and cell survival: a
mini-review. Cancer Detect Prev 30: 217-23, 2006.

Gliniak B, and Le T: Tumor necrosis factor — related apoptosis - inducing ligand’s antitumor activity
in vivo is enhanced by the chemotherapeutic agent CPT- 11. Cancer Res 59: 6153 — 6158, 1999.

Hanahan D and Weinberg RA. The hallmarks of cancer. Cell 100: 57 - 70, 2000.

Hanahan D and Weinberg RA. Hallmarks of cancer: the next generation. Cell 144: 646-674, 2011.


http://www.ncbi.nlm.nih.gov/pubmed/21298033
http://www.ncbi.nlm.nih.gov/pubmed/21298033
http://www.biomedexperts.com/Abstract.bme/12429350/Carbazolequinone_induction_of_caspase-dependent_cell_death_in_Src-overexpressing_cells
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ding%20WX%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ni%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gao%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shi%20YH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gambotto%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fan%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beg%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yin%20XM%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Cell%20Biol.');
javascript:AL_get(this,%20'jour',%20'Mol%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fulda%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Debatin%20KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16872757

26

Irene GM, Thomas EW, Alex AA: Targeting Apoptosis Pathways in Cancer Therapy. CA Cancer J
Clin 55:178-194, 2005.

Ito C, ltoigawa M, Katsuno S, Omura M, Tokuda H, Nishino H, Furukawa H: Chemical constituents
of Clausena excavata: isolation and structure elucidation of novel furanone-coumarins with inhibitory effects
for tumor-promotion. J Nat Prod. 63:1218-1224. 2000.

Keane MM, Ettenberg SA, Nau MM, Russell EK, and Lipkowitz S: Chemotherapy augments TRAIL
- induced apoptosis in breast cell lines. Cancer Res 59: 734 — 741, 1999.

Kantari C and Walczak H. Caspase-8 and Bid: caught in the act between death receptors and
mitochondria. Biochim Biophys Acta 1813: 558-63, 2011

Krammer PH: CD95 (Apo - 1 / Fas) — mediated apoptosis: liveand let die. Adv Immunol 71: 163 —
210, 1999.

Luk SC, Siu SW, Lai CK, Wu YJ, Pang SF: Cell Cycle Arrest by a Natural Product via G2/M
Checkpoint. Int J Med Sci 2: 64-69, 2005.

Mahalingam D, Szegezdi E, Keane M, de Jong S, and Samali A. TRAIL receptor signalling and
modulation: are we on the right TRAIL?. Cancer Treat Res 35: 280-288, 2009.

Okada H, Mak TW. Pathways of apoptotic and non-apoptotic death in tumour cells. Nat Rev
Cancer 4: 592-603. 2004.

Pei Y, Xing D, Gao X, Liu L and Chen T : Real-time monitoring full length bid interacting with Bax
during TNF-alpha-induced apoptosis. Apoptosis 12: 1681-90, 2007.

Perez D, White E: TNF-alpha signals apoptosis through a bid-dependent conformational change in
Bax that is inhibited by E1B 19K. Mol Cell 6:53-63, 2000.

Songsiang U, Thongthoom T, Boonyarat C, Yenjai C: Claurailas A-D, cytotoxic carbazole alkaloids
from the roots of Clausena harmandiana. J Nat Prod 74: 208-212, 2011.

Stevenson HS, Fu SW, Pinzone JJ, Rheey J, Simmens SJ, and Berg PE: BP1 transcriptionally
activates bcl-2 and inhibits TNFalpha-induced cell death in MCF7 breast cancer cells. Breast Cancer Res
9: R60, 2007.

Thongthoom T, Promsuwan P, Yenjai C. Synthesis and cytotoxic activity of the heptaphylline and
7-methoxyheptaphylline series. Eur J Med Chem 9: 3755-3761, 2011.

Thongthoom T, Songsiang U, Phaosiri C, Yenjai C, Arch. Pharm. Res. 33 : 675-680, 2010.

Thorburn A, Behbakht K and Ford H: TRAIL receptor-targeted therapeu-tics: resistance
mechanisms and strategies to avoid them. Drug Resist Updat 11:17-24, 2008.

Ye Y, Hui Wang, Jian-Hong Chu, Gui-Xin Chou, Si-Bao Chen, Huanbiao Mo, Wang-Fun Fong, Zhi-
Ling Yu: Atractylenolide Il induces G1 cell-cycle arrest and apoptosis in B16 melanoma cells. Journal of
Ethnopharmacology 136: 279-282, 2011.

Yenjai C, Sripontan S, Sriprajun P, Kittakoop P, Jintasirikul A, Tanticharoen M, Thebtaranonth Y:
Coumarins and carbazoles with antiplasmodial activity from Clausena harmandiana. Planta Med. 66: 277-

279, 2000.


javascript:AL_get(this,%20'jour',%20'CA%20Cancer%20J%20Clin.');
javascript:AL_get(this,%20'jour',%20'CA%20Cancer%20J%20Clin.');
http://www.ncbi.nlm.nih.gov/pubmed?term=Ito%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11000023
http://www.ncbi.nlm.nih.gov/pubmed?term=Itoigawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11000023
http://www.ncbi.nlm.nih.gov/pubmed?term=Katsuno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11000023
http://www.ncbi.nlm.nih.gov/pubmed?term=Omura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11000023
http://www.ncbi.nlm.nih.gov/pubmed?term=Tokuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11000023
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishino%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11000023
http://www.ncbi.nlm.nih.gov/pubmed?term=Furukawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11000023
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tokuda%2C+H.%2C+Nishino%2C+H.+%26+Furukawa%2C+H.+(2000).+J.+Nat.+Prod.+63%2C+1218-1224.
http://www.ncbi.nlm.nih.gov/pubmed/21295084
http://www.ncbi.nlm.nih.gov/pubmed/21295084
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luk%20SC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Siu%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lai%20CK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20YJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pang%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okada%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mak%20TW%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Nat%20Rev%20Cancer.');
javascript:AL_get(this,%20'jour',%20'Nat%20Rev%20Cancer.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pei%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xing%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gao%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20T%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Apoptosis.');
http://www.ncbi.nlm.nih.gov/pubmed/10949027
http://www.ncbi.nlm.nih.gov/pubmed/10949027
http://www.ncbi.nlm.nih.gov/pubmed?term=Songsiang%20U%5BAuthor%5D&cauthor=true&cauthor_uid=21302964
http://www.ncbi.nlm.nih.gov/pubmed?term=Thongthoom%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21302964
http://www.ncbi.nlm.nih.gov/pubmed?term=Boonyarat%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21302964
http://www.ncbi.nlm.nih.gov/pubmed?term=Yenjai%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21302964
http://www.ncbi.nlm.nih.gov/pubmed/?term=J.+Nat.+Prod.+74+(2011)+songsiang
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stevenson%20HS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fu%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pinzone%20JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rheey%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simmens%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berg%20PE%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Breast%20Cancer%20Res.');
http://www.ncbi.nlm.nih.gov/pubmed?term=Thongthoom%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21641693
http://www.ncbi.nlm.nih.gov/pubmed?term=Promsuwan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21641693
http://www.ncbi.nlm.nih.gov/pubmed?term=Yenjai%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21641693
http://www.ncbi.nlm.nih.gov/pubmed/21641693
http://www.ncbi.nlm.nih.gov/pubmed?term=Yenjai%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10821058
http://www.ncbi.nlm.nih.gov/pubmed?term=Sripontan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10821058
http://www.ncbi.nlm.nih.gov/pubmed?term=Sriprajun%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10821058
http://www.ncbi.nlm.nih.gov/pubmed?term=Kittakoop%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10821058
http://www.ncbi.nlm.nih.gov/pubmed?term=Jintasirikul%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10821058
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanticharoen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10821058
http://www.ncbi.nlm.nih.gov/pubmed?term=Thebtaranonth%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10821058
http://www.ncbi.nlm.nih.gov/pubmed/?term=Planta+Med.+66+(2000+yenjai

27

8. Output mn‘[mamﬁﬁ'sﬁlﬁ%’un%mn &@na.
1. WHRNWARNNLWNTITITIMIIIINTIA (i:q%a@rum F0509 Toims O 1dud taud LazWin) w8
nasuaufianaliludynilasins
Boonyarat C, Yenjai C, Vajragupta O, Waiwut P. Heptaphylline Induces Apoptosis in Human Colon
Adenocarcinoma Cells through Bid and Akt/NF-kappa B (p65) Pathways. ASIAN PACIFIC JOURNAL
OF CANCER PREVENTION, 2014, 15 (23), 10483-10487.

2. mshweanwiselulguszlond
- @t @nehldsiaanomeldifensle w%aﬁmiﬁ,ﬂﬂﬂi:qnmﬂ‘ﬁ’[@smﬂgiﬁﬁ]/qﬂﬂa"n‘”ﬂﬂ)
- Bauleune (ﬁnﬁﬁwu@ﬂﬂmﬁSaamﬁﬁ'ﬂllﬁﬂmmmﬂv\1i/L1J5sluu,ﬂadizl,ﬁwﬁaﬂ"aﬂ”w%aﬁ'ﬁ'
Ndw)
- @emnmrae (JeSertnsanunudaananuaanuaulaluianing
- @AM @mswamnsseunsrewananniaslnd)

finmsihdeyantaluldlunsSeunisaewividueiuazen@iive 2 ee 1dnTveaead sxnanlnda
waiugeansuziSuazdunznse wasihdayafilddudeyaluns@inndmsudndnuldn asiinus
ALNAYANENS UNINEIREQUATIYSIH

3. 5%6] (L% HANWARURLWNTANTITIM TN S21Ne mil,auammuluﬁﬂs:qu‘?mms WikFe NMI9A
aNTUN9)

1. Heptaphylline induced colon adenocarcinoma cell death by regulation apoptotic proteins.
The Joint 7th AOHUPO Congress and 9th International Symposium of the Protein Society of Thailand
(7th AOHUPO/9th PST). The Protein Society of Thailand and The Chulabhorn Research Institute,
Miracle Grand Convention Hotel, Bangkok, Thailand, 6-8 August, 2014

2. Synergistic Effect of Coumarin Compounds from Clausena hamandiana on TRAIL-Induced
Colon Adenocarcinoma Cell Death. The 7th Annual Northeast Pharmacy Research Conference of
2015 “Challenges and Opportunities of the Pharmacy Profession in Post-Millennium Development
Agenda’. AMSLNRTANRAS URNINLIRLVAKUAS, 7-8 FuAN 2558

3. Carbazole Compounds of Clausena hamandiana Sensitized TRAIL-Induced Colon
Adenocarcinoma Cell Death. The 6th International Conference on Natural Products for Health and

Beauty (NATPROG6). Pullman Raja Orchid Hotel, Khon Kaen, Thailand, 21St— 23rd January, 2016.



AMAANWIN

28



29



XXXIX

Abstract PP283-125 Helena Rehulkova
Quantitative proteomic analysis of hypertrophic cardiomyopathy plasma samples.......193

Abstract PP287-126 Zhu Yunping
PhosphoDistiller: A workflow of the phosphorylation quality control based on the
tandem mass SPectrometry data............ooveiiiiienrnernnreiieitii e 192

Abstract PP288-127 Pornthip Waiwut
Heptaphylline induces human colon adenocarcinoma cell death by regulating
APOPLOIC PrOEINS. ..euuirrniiiniiaiaassn e s e rr e aas s s st s s st s s s 195

Abstract PP291-128 Zhaoyu Qin
Transcriptomics, proteomics and metabolomics research revealed TKT plays an
important role in hepatocellular carcinoma. .........couovvveiiiiiiiii 196

Abstract PP293-129 Lili Cai
SUMOyprot: a database of SUMOylated proteins...........cooveiiiiiiiiiiiiimiian 197

Abstract PP295-130 Pitak Chuawong
Overproduction, biochemical characterization, and NMR study of the N-terminal
anticodon-binding domain of the non-discriminating aspartyl-tRNA synthetase from
the human pathogen Helicobacter pylori..............ccooiiiiiiiiieniiiiienneneniniaon 198

Abstract PP296-131 Jian Wang
Identification of GIT2 as a regulator to protect against colitis by functional research of
a protein-protein interaction NEtWOrk...........oooivviniiniiei 199

Abstract PP297-132 Juthamath Komvongsa
Single point mutations at tryptophan residue 243 increase Os9BGlu31
transglucosidase activity on hydroxyl groups of kaempferol ...................c...... 200

Abstract PP303-133 Adisak Romsang
Iron-sulfur cluster: a key prosthetic group modulates regulatory mechanisms of

20

transcriptional regulator ISCR in Pseudomonas aeruginosa. ..............ooovvvvenne = 01

Abstract PP304-134 Sameh Magdeldin
New proteomic insights on the role of NPR-A in regulating self-renewal of embryonic
ST OIS 5 v 3 3 o A S R AR S K S T H A M S NN e e v e v O

* Abstract PP307-135 Apanchanid Thepouyporn
Characterization and cloning of anti-HIV-1 protein from Canna indica I. leaves....203

Abstract PP321-136 Piengchai Kupradinun
' Effect of methanolic extract of neem flowers on mouse colon proteome during
apoptosis in aom/dss-induced carcinOEeNEsIs. ........uierivnmmiiii 204

| Abstract PP334-137 Ubon Cha’on
' Proteomic analysis of the kidney in monosodium glutamate treated rats......... S, | 2

30



31

195

Abstract PP288-127

Heptaphylline induces human colon adenocarcinoma cell death by
regulating apoptotic proteins
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Faculty of Pharmaceutical Sciences, Ubon Ratchathani University, Ubon Ratchathani 34190,

Thailand, Tel: +66-45-353632; Fax: +66-43-288384

E-mail: phpornwa@ubu.ac.th
ABSTRACT

Heptaphylline is a carbazole in Clausena harmandiana, known as “Song Fa" in Thai, a
health-promoting herb. Tt is used for treatment of illness, stomachache. and headache. In this
study, we investigated the effects of heptaphylline on apoptosis of human colon
adenocarcinoma cells (HT-29 cell line). The quantification of cell viability was performed by
the 3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl tetrazolium bromide (MTT) assay. Prowein
expression was observed by sodium dodecyl sulfate polyacrylamide gel electrophoresis
'SDS-PAGE) and visualized by immunoblotting. The results indicated that heptaphylline
significantly induced HT-29 cell death through activated BH3 interacting-domain death
agonist (Bid), a pro-apoptotic protein, and suppressed X-linked inhibitor-of-apoptosis protein
(XIAP), the inhibitor of apoptosis protein. These actions resulted in the activation of caspase-
3 and poly(ADP-ribose) polymerase (PARP-1). All results demonstrated that heptaphylline
induced human colon adenocarcinoma cell death by regulating Bid and XIAP proteins.
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Synergistic Effect of Nimbolide on TNF-Q - Induced
Human Colon Adenocarcinoma Cell Death

Thanadkit Kanabut', Chittrarin Chuasoong’, Chavi Yenjai’,
Chantana Boonyarat®, Pornthip Waiwut'

Introduction: Tumor necrosis factor (TNF-Q) is an
nflammatory cytokine that plays an important role in the control of
<&l proliferation, differentiation, and apoptosis. TNF-Q  has
oreviously been used in anti-cancer therapy. However, the
erapeutic application of TNF-Q was largely limited due to its
general toxicity and anti-apoptosis. To overcome this problem, the
present study investigated the effect of four active constituents
'solated from the medicinal plants, on TNF-Ql-induced apoptosis in
human  colon adenocarcinoma (HT-29) cells. Materials and
Method: Four active constituents from medicinal plants, including
Suartin and violanone from Dalbergia parvifiora, nimbolide from
Azadirachta indica and zerumbone from Zingiber zerubet, were
evaluated for Cytotoxicity by using methyl tetrazolium 3-[4,5-
Dimethyithiazol-2-yl}-2, S-diphenyltetrazolium bromide (MTT) assay
and phase contrast microscopy. The effect of test compounds on
apoptotic signaling proteins was investigated by using Western
Slot analysis. Results: The results exhibited that nimbolide
showed the highest cytotoxicity towards HT-29 cell that was
significantly different from the control group (p<0.01). HT-29 cells
were treated with nimbolide at various concentrations; 0, 0.1, 1,
and 10 pM, in the combination with TNE-Q 80 ng/ml comparing
with  nimbolide alone. Nimbolide at concentration 10 pMm
significantly induced cell death (p<0.01). In combination group,
nimbolide significantly enhanced TNF-Ol-induced cell death. In
apoptotic pathway, nimbolide activated c-Jun N-terminal kinase
- 1INK) phosphorylation and BH3 interacting-domain death agonist
(Bid). In combination group, nimbolide markedly sensitized TNF-O-
nduced JNK, Bid and c: -3 activation. Concl As a
rasult of all findings, our findings indicated that nimbolide showed
e synergistic effect with ‘I_'NF-G on cellular proliferation inhibition
through enhancing cell apoptosis of HT-29 cells via JNK pathway.

|
|

Keywords: TNF-QI, apoptosis, HT-29, Nimbolide, JNK pathway
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Synergistic Effect of Coumarin Compounds from
Clausena hamandiana on TRAIL-Induced Colon

Adenocarcinoma Cell Death

Binsukhon Nuthammachot', Kwankamon Buranakit', Chavi Yenjai?,
Chantana Boonyarat’, Pomthip Waiwut™*

Introduction: TRAIL (TNF-related apoptosis inducing
ligand) is a cytokine that can selectively induce apoptosis in
cancer cells without damaging normal cells but a number of
cancer cells are resistant to TRAIL-induced apoptosis. This study
aimed to investigate a synergistic effect and a mechanism of
coumarins from Clausena harmandiana on TRAIL-induced colon
adenocarcinoma cell death. Materials and methods: The percent
cell viability of HT-29 colon adenocarcinoma grade Il cell line
treated by coumarins combined with or without TRAIL was
measured using MTT assay and the cell morphology was
investigated by phase contrast microscope. The synergistic
mechanism was studied by western blotting and reverse
transcription PCR. Results: Dentatin and nordentatin at 100 UM
combined with TRAIL showed cytotoxicity in MTT assay (p-value
<0.01 and 0.001, respectively). The cleavage of caspase-3 and
PARP-1 were presented when 100 HM of Nordentatin was
combined with TRAIL. Cell viability of nordentatin at 10 UM alone
and combination with TRAIL were not different from the control
group. The study of synergistic mechanism of nordentatin at 100
HM combined with TRAIL showed the presentation of DR5 and
the reduction of c-FLIP and Bid protein. The expression of DR5
was strongest when nordentatin was combined with TRAIL.

Conclusion: Nordentatin enhances TRAIL-induced HT-29 colon

adenocarcinoma apoptosis by increasing DR5 receptor expression.

Keywords: Dentatin, Nordentatin, TRAIL, DRS, Apoptosis
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Carbazole compounds of Clausena hamandiana sensitized
TRAIL-induced colon adenocarcinoma cell death
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ABSTRACT

_ TRAIL (TNF-related apoptosis inducing ligand) is a cytokine that can selectively induce
| apoptosis in cancer eells without damaging normal cells. Regarding current research findings, a
number of cancer cells are resistant to TRAIL-induced apoptosis. This study aimed to investigate the
| effect of carbazole derivertives, including heptaphylling and 7-methoxyheptaphylline from Clausena
| harmandiana on TRAIL-induced colon adenocarcinoma cell death. The percent cell viability of HT-29
colon adenocarcinoma grade Il cell line, treated by carbazoles, and combined with or without TRAIL,
was measured using MTT assay. The cell morphology was investigated by phase contrast microscope.
The sensitizing mechanism was studied by Western blotting and Real-Time gRT-PCR (Real-Time
Quantitative Reverse Transcription PCR). The results showed that heptaphylline and 7-
methoxyheptaphylline at 100 uM in combination with TRAIL showed cytotoxicity on HT-29 cells
correlating with the presence of the cleavage of caspase-3 and PARP-1 by 7-methoxyheptaphylline
was more potent than heptaphylline. The study of sensitizing mechanism of 7-
methoxyheptaphylline at 10-uM on TRAIL-induced HT-29 cell showed that 7-methoxyheptaphylline
increased the TRIAL receptor- (death receptor 5, DR5) expression. This study indicated that 7-
methoxyheptaphylline, a carbazole derivative enhanced TRAIL-induced HT-29 colon adenocarcinoma
apoptosis through DR5 up-regulation.

Keywords: Carbazole, Clausena hamandiana, TRAIL, DR-5, apoptosis, cancer
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RESEARCH ARTICLE

Heptaphylline Induces Apoptosis in Human Colon
Adenocarcinoma Cells through Bid and Akt/NF-zB (p65)
Pathways

Chantana Boonyarat!, Chavi Yenjai’, Opa Vajragupta’, Pornthip Waiwut**

Abstract

Heptaphylline derivatives are carbazoles in Clausena harmandiana, a medicinal plant that is utilized for
headache, stomach ache, and other treatments of illness. The present study examined the effects of heptaphylline
and 7-methoxyheptaphylline on apoptosis of human colon adenocarcinoma cells (HT-29 cell line). Quantification
of cell viability was performed using cell proliferation assay (MTT assay) and of protein expression through
immunoblotting. The results showed that only heptaphylline, but not 7-methoxyheptaphylline, significantly
significantly activated cleaved of caspase-3 and poly (ADP-ribose) polymerase (PARP-1) which resulted in
HT-29 cell death. We found that heptaphylline activated BH3 interacting-domain death agonist (Bid) and Bak,
proapoptotic proteins. In contrast, it suppressed X-linked inhibitor-of-apoptosis protein (XIAP), Bel-xL and
survivin, inhibitors of apoptosis. In addition, heptaphylline inhibited activation of NF-zB/p65 (rel), a regulator
of apoptotic regulating proteins by suppressing the activation of Akt and IKK«, upstream regulators of p65.

The findings suggested that heptaphylline induces apoptosis in human colon adenocarcinoma cells .

Keywords: Heptaphylline - colon adenocarcinoma cells - Bid - XIAP - Bel-xL - Akt - p65

Asian Pac J Cancer Prev, 15 (23), 10483-10487

Introduction

Cancer is a disease of deregulated cell proliferation and
inhibition of apoptosis. The deregulated growth found in
cancer cells is frequently attributed to the loss of control
in proliferation and program cell death processing (Evan
and Vousden, 2001). The treatment of cancers has broadly
been unsuccessful because of its uncontrolled growth.
Therefore, it is highly required for the improvement
of novel and effective chemotherapeutic agents, which
contains a capacity to target various signaling pathways
to interfere cell growth signaling, to promote the death
of cancer cells.

Apoptosis is a programmed cell death that occurs
during multiple important physiological conditions, for
example, embryonic development, tissue remodeling, the
maintenance of homeostasis, and immune repertoires. The
deregulation of apoptosis is the cause of diseases, including
cancers, autoimmune diseases and neurodegenerative
disorders (Okada and Mak, 2004; Sankari et al., 2012).
Apoptosis is also considered the basis for cancer treatment
to target cancerous cells but not normal cells in order to
limit the cytotoxicity from chemotherapy (Debatin et
al., 2004; Irene et al., 2005; Millimouno et al., 2014).

Induction of apoptosis causes the activation of Bid protein
and Bid can activate mitochondria via direct interaction
with Bax or Bak. Cytosolic Bid is cleaved at the amino
terminus to generate a truncated form of Bid (tBid) that
mediates eytochrome C release from mitochondria, which
serves as an amplification signal by activating downstream
effectors, including caspase-3 lead to cleaving of cellular
proteins, such as poly (ADP-ribose) polymerase-1 (PARP-
1) (Perez and White, 2000; Chen et al., 2006; Stevenson et
al.,2007; Peiet al.,2007; Alenzi et al., 2010; Kantari and
Walczak, 2011; Alshammariiet al., 2014). Caspase cascade
can be blocked by antiapoptotic proteins, for instance,
cIAP1/2, Bel-xl, Mcl-1, survivin and XIAP (Thorburn
et al., 2008). One mechanism of cancer cells to escape
apoptosis is overexpression of antiapoptotic proteins.
The efficacy of many chemotherapeutics is due to their
capacity to induce the death of tumor cells by apoptosis.
Apoptosis-inducing compounds are commonly regarded
as candidate anticancer agents (Hanahan and Weinberg,
2000; Debatin and Krammer, 2004; Hanahan and
Weinberg, 2011; Meiyanto et al., 2012; Pan et al., 2014).

Clausena harmandiana, known as “Song Fa” in Thai,
belongs to the Rutaceae family widely distributed in
Southeast Asia. In Thailand, especially in the northeastern

{Faculry of Pharmaceurtical Sciences, *Center of Nanwal Products Research Unit, Center for Innovarion in Chemisory, Department
of Chemistry, Faculry of Science, Khon Kaen Universiry, Khon Kaen, *Center jor Excellence for Innovation in Drug Design and
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part, the young leaves are accounted as a vegetable in Thai
traditional foods and as ruminants feed. C. harmandiana
1s regarded as the herb for health and it is utilized for the
headache, stomachache, and illness treatment. It had been
reported that the roots of this plant included plenty of
carbazole alkaloids together with coumarins (Aouacheria
et al., 2002; Thongthoom et al., 2010). Carbazoles
and coumarins have been isolated and evaluated for
antimalarial, antifungal, and anti-TB. Carbazole alkaloids
were a main component of the Clausena genus, especially
Clausena excavate, Clausena anisata and Clausena
harmandiana. It had been found that carbazole alkaloids
showed various pharmacological properties, consisting
of anticancer, antiplatelet aggregation and vasorelaxing,
antimycobacterial, anti HIV-1, antiplasmodial,
antimycobial, anti-inflamatory, and cytotoxicity against
the leukemia cell line , through inhibiting topoisomerase
II and antidiabetes activity (Ito et al., 2000, Yenjai et
al., 2000; Songsiang et al., 2011). The major carbazole
components in C. harmandiana were heptaphylline and
7T-methoxyheptaphylline (Figure 1A), which showed
cytotoxicity against the NCI-H187 cell line (Thongthoom
et al., 2001). This study investigates the apoptotic effects
of heptaphylline and 7-methoxyheptaphylline from C.
harmandiana on HT29 colorectal adenocarcinoma cells.

Materials and Methods

Cell culture

HT-29 cells are maintained in Dulbecco’s modified
Eagle’s medium (high glucose) supplemented with
10% fetal calf serum, 100 units/ml penicillin and
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Figure 1. Effects of Hetaphylline and
7-methoxyheptaphylline on Viability of HT-29 Cells. A)
Chemical structure of hetaphylline and 7-methoxyheptaphylline.
B) HT-29 cells were treated with 100pM, heptaphylline
7-methoxyheptaphylline and 10pg/ml doxorubicin (reference
compound) for 24 and 48h. Cell proliferation was determined
by MTT assay. *p<0.001

100pg/ml streptomycin at 37°C in 5% CO,. The
quantification of cell viability is performed by using the cell
proliferation reagent MTT (3-(4, 5-dimethylthiazolyl-2)-2,
5-diphenyltetrazolium bromide). HT-29 cells are plated
in 96-well microplates at 6x10* cells/wells, and then
incubated for 24h.

Cell cytotoxicity assay

Cells are treated with heptaphylline, 7
-methoxyheptaphylline (Yenjai, 2000) at different
concentrations and reference compound (doxorubicin)
for 24 and 48h. Add 10pl MTT Reagent (Smg/ml). They
are incubated for 2 to 4 hours until purple precipitate is
visible. The absorbance at 570 nm is measured. Percentage
calculation of cell viability uses the following formula;

% Cell viability=Absorbance of treated cells x 100
Absorbace of control (untreated cells)
Cell morphology is examined by Phase contrast
microscope.

Preparation of cell extracts

In order to investigate the mechanism of the compounds
on apoptotic pathway in HT29 cells, cells are treated with
the test compounds at different concentrations for 4h.
‘Whole cell lysates are prepared with lysis buffer (25mM
HEPES pH7.7, 0.3mM MgCl,, 0.2mM EDTA, 10%
Triton X-100, 20mM [3-glycerophosphate, 1mM sodium
orthovanadate, lmM phenylmethylsulfonyl fluoride
(PMSF), 1mM dithiothreitol (DTT), 10pg/ml aprotinin,
and 10pg/ml leupeptin). Cell lysate is collected from
supernatant after centrifugation at 14,000 rpm for 10min.

Immunoblotting

Cell lysate is resolved by SDS-PAGE and transferred
to an Immobilon-P-nylon membrane (Millipore).
The membrane is treated with BlockAce (Dainippon
Pharmaceutical Co. Ltd, Suita, Japan) and probed
with primary antibodies (anti-caspase-3, PARP-1,
phosphor-P65, P65, Bel-2, BID, survivin, XIAP, and
anti-actin antibodies). The antibodies are detected by the
use of horseradish peroxidase-conjugated anti-rabbit, anti-
mouse, and anti-goat IgG (DAKO, Glostrup, Denmark),
and visualized by the enhanced chemiluminescence
system (Amersham Biosciences).

Results

Effects of hetaphyiline and 7-methoxyheptaphylline on
viability of HT-29 cells

To examine whether carbazole extract of C. harmandiana
inhibited viability of HT-29 cells, the cells were treated
with 100 xM hetaphylline, 7-methoxyheptaphylline
and 10 peg/ml doxorubicin (reference compound) for 24
and 48h then cell viabilities were determined by MTT
assay. Both hetaphylline and 7-methoxyheptaphylline
showed cytotoxicity on HT-29 cells by hetaphylline
showed more stronger than 7-methoxyheptaphylline.
Cell viability at 24h was decreased to 59.92% with
7-methoxyheptaphylline and 23.37% with heptaphylline,
In addition, heptaphylline caused significantly decreased
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Figure 2. Effects of Hetaphylline and
7-methoxyheptaphylline on HT-29 Cell Apoptosis.
A) Cells were treated with 100 pM, heptaphylline
7-methoxyheptaphylline and 10pg/ml doxorubicin (reference
compound) for 24 h. Cell morphology was investigated by phase
contrast microscope. B) Whole cell extract was prepared, and
analyzed by Western blotting using anti-caspase-3 and f-actin
antibodies. Arrows indicate cleaved forms of caspase-3

in cell number at 48h (Figure 1B). This result indicated that

hepaphylline strongly induced death of HT-29 cancer cells.

Effects of hetaphyiline and 7-methoxyheptaphylline on
apoptotic responses of HI-29 cells.

To test the effect of the compounds on HT-29 cell
morphology, cells were treated with 100 M of hetaphylline
and 7-methoxyheptaphylline or doxorubicin (positive
control) for 24h and morphological changes were observed
by phase contrast microscopy. The result showed that
hetaphylline, 7-methoxyheptaphylline and doxorubicin
induced morphology change of cell death consisting
of rounding and shrinkage of cells by heptaphylline
exhibited strongest effect on HT-29 cells (Figure 2A). The
result indicated that heptaphylline markedly induced cell
death morphological changes. As shown in Figure 2B,
heptaphylline, 7-methoxyheptaphylline and doxorubicin
induced cleavage of caspase-3, cellular pro-apoptotic
responses by heptaphylline showed strongest apoptosis-
promoting activity in HT-29 cells. To confirm the effects
of heptaphylline on HT-29 cell proliferation, cells were

treated with various concentrations of heptaphylline
for 24 and 48h and the cell viability were examined
by MTT assay. Heptaphylline significantly inhibited
cell growth at concentrations 25, 50 and 100pM in a
dose- and time-dependent manner with 50 % growth
inhibitory concentration (IC,;) value of 60.67 pM at
24h and 46.72pM at 48h respectively (Figure 3A). The
apoptotic effects of heptaphylline were investigated by
determining the cleavage of caspase-3 and PARP-1 using
‘Western blot analysis. The result in Figure 3B showed that
heptaphylline markedly induced the cleavage of caspase-3
and PARP-1 in a concentration-dependent manner. The
results indicated that hepaphylline has apoptotic effect
to HT-29 cells.

Heptaphylline induced bid activation and inhibited
phosphorylation of Akt/NF-xB(p65) pathway

To understand the mechanism by which heptaphylline
exerts its apoptotic effects, we next examined the effect of
heptaphylline on the expression of key proteins involved
in apoptosis regulation including Bid, Bak, Bel-2, Bel-xL.,
Mcl-1, XTAP, and survivin by using immunocblotting assay.
The results in Figure 4A showed that hepataphylline at
concentration 25pM markedly induced cleavage of Bid
correlation with increasing in Bak protein. Incontrast, the
expression of XIAP, Bel-xL. and survivin, but not Bel-2
and Mcl-1 was inhibited. It has been reported that the
nuclear transcription factor, NF-#B/p65 (rel) has important
role to control expression of many anti-apoptotic proteins
consisting of Bel-xL., survivin and XTAP. Therefore, we
further observed the proteins involved in p65 signaling

9% Viability

100  Heptaphylline (M)

B. o 12.5 25.0 Heptaphylline (uM)
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Actin

Figure 3. Apoptotic Effect of Hetaphylline in HT-29
Cells. A) HT-29 cells were treated with various concentrations
of heptaphylline for 24 and 48h. Cell proliferation was
determined by MTT assay. B) Cells were treated with various
concentrations of heptaphylline for 4 h. Whole cell extract was
prepared, and analyzed by Western blotting using anti-caspase-3,
PARP-1 and [5-actin antibodies. Arrows indicate cleaved forms
of caspase-3 and PARP. *p<0.01
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Figure 4. Heptaphylline induced Bid Activation and
Inhibited Akt/NF-xB (p65) Pathway in HT-29 Cells.
Cells were treated with various concentrations of heptaphylline
for 4h. Whole cell extract was prepared, and analyzed by
Western blotting utilizing Bid, Bak, Mcl-1, Bel-xL., survivin,
XIAP, Bel-2, phospho-p65, IKKa, Akt, INK, Erk and f-actin
antibodies. A) Effect of heptaphylline on apoptotic regulating
proteins. B) Effect of heptaphylline on Akt, IKKa, p65, INK
and Frk phosphorylation

pathways and found that hepataphylline suppressed
Akt, IKKa and p65 phosphorylation in the dose
dependent manner but it has no effect to JNK and Erk
phosphorylation (Figure 4B). This result indicated that
heptaphylline induced apoptosis by induced Bid activation
and inhibited Akt/NF-#B (p65) pathway.

Discussion

Heptaphylline and 7-methoxyheptaphylline are
a carbarzole isolated from the roots of Clausena
harmandiana which exhibited cytotoxicity against
NCI-H187 (human small cell lung cancer cells) and KB
cells (human epidermoid carcinoma of oralcavity cell

lines) (Ito et al., 2000; Yenjai et al., 2000; Thongthoom
et al., 2011; Wangboonskul and Yenjai., 2012). In this
study we test the apoptotic effects of heptaphylline and
7-methoxyheptaphylline on human colon adenocarcinoma
cell line (HT-29). Heptaphylline showed more stronger
apoptotic effects than 7-methoxyheptaphylline by
induced cell death morphology change of HT-29 colon
adenocarcinoma cells. In order to control cell proliferation
or in response to stimuli, cells undergo death through a
process called apoptosis or programmed cell death. The
understanding of apoptosis has provided the basis for
new targeted therapies that can induce death in cancer
cells. Most of the cytotoxic anticancer agents in present
use have been shown to induce apoptosis in cancer cells
such as etoposide, capsaicin, berberine, gomisin N and
doxorubicin (Ghobrial et al., 2005; Wong, 2011). The
anti-cancer drug etoposide is able to induce caspase-8
processing and apoptosis in cancer cells, capsaicin
induces apoptosis through cellular stress, involving
mitochondria and endoplasmic reticulum in several
human cancer cells, berberine, an isoquinoline alkaloid,
has several pharmacological properties and can affect in
different levels the mitochondrial functions, gomisin N ,
a dibenzocyclooctadiene lignan, isolated from Schizandra
chinensis Baill induced apoptosis of human leukemia
U937 cells and doxorubicin also induces apoptosis in
many cancer cells (Kim et al., 2010; Liu et al., 2011; IP
et al., 2012). In apoptotic pathways, the Bcl-2 family
of proteins are significant regulators of apoptosis and
include both anti-apoptotic members (such as Bel-2,
Mecl-1, survivin and Bel-x1.) and pro-apoptotic members
(for example, Bax, Bak, Bad, Bid, and Bik) (Wong,
2011). Antiapoptotic proteins acts as suppressors of
apoptosis by blocking the activation of cytochrome-C and
caspase-3, whereas proapoptotic members act as apoptosis
promoters and are overexpressed in massive malignancies.
In response to apoptotic stimuli, proapoptotic proteins
undergo posttranslational modifications that include
dephosphorylation and cleavage resulting in activation
of Bid, which oligomerizes Bak or Bax into pores that
result in the release of cytochrome C. Cytochrome C, once
released in the cytosol, interacts with Apaf-1, leading to
the activation of caspase-9 proenzymes. Active caspase-9
then activates caspase-3, which subsequently activates
the cleavage of PARP-1 and leads to apoptosis. Increased
expression of antiapoptotic proteins causes resistance to
chemotherapeutic drugs, while decreasing antiapoptotic
Pproteins expression may promote apoptotic responses to
anticancer drugs. In this study, heptaphylline activated
cleavage of caspase-3, PARP-1 and proapoptotic proteins,
Bid, Bak. In contrast, it inhibits antiapoptotic proteins
including Bel-xL., XIAP and survivin (Korsmeyer et al.,
2000; Thorburn, Behbakht and Ford, 2008). It has been
reported that the extrinsic and intrinsic apoptotic pathways
are regulated by proteins, for instance, the p53 and NF-
®B pathways. NF-#B is a nuclear transcription factor
that regulates expression of many genes involved in the
regulation of apoptosis, the activation of NF-#B induces
resistance to apoptotic stimuli through the activation of a
number of complex proteins including Bel-xL, survivin,
and X-linked IAP (XIAP). Moreover, previous reports
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have shown that NF-#B also suppressed Bid activation
through incresase TRAF resulting in inhibition of Bid
activation via TRAF expression induction (Shukla, et al.,
2004; Dai, et al., 2005; Mendoza. et al., 2005; Namba et al.,
2007). To investigate the role of NF-#B in heptaphylline-
mediated apoptotic regulators regulation, we treated cells
with heptaphylline in various concentrations and assessed
Akt, IKKa and NF-#B/p65 (rel) phosphorylation. We
found that heptaphylline acts as Akt/NF-#B (p65) pathway
inhibitor in concentration-dependent manner. According to
all of above, heptaphylline activates proapoptotic proteins
(Bid and Bak) and suppresses expression of antiapoptotic
proteins including Bel-xL, XIAP and survivin that lead to
apoptosis of HT-29 cancer cells and the regulation may
involve in Akt/NF-»B (p65) pathway. Indicating that
hepataphylline acts as apoptotic inducing agent which
could be developed to be a potential anticancer agent.
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