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Abstract

Project Code: MRG5380076
Project Title: Effects of methanolic fruit extract in human oral cancer cells
Investigator: Asst.Prof.Dr. Warangkana Chunglok
Walailak University

E-mail Address: cwarang@wu.ac.th
Project Period: 14 June 2010 — 14 June 2113

It has been documented that antioxidants from vegetables, fruit, and herbs were
the major sources of chemopreventive agents. However, the toxicity and mechanisms of
actions of the chemopreventive agents remain to be elucidated. The purpose of these
studies was to investigate anticancer properties, cytotoxicity, and mechanisms of actions
of methanolic fruit extracts and natural compounds from herbs as well as their analogs
in human mouth carcinoma cell line (CLS 354). Methanolic extracts were from seed of
Tamarindus indica Linn., fruit of Punica granatum Linn., seed and pericarp of Litchi
chinensis Sonn., seed and pericarp of Nephelium lappaccum Linn, fruit of Scaphium
Macropodum Beaum, pericarp of Garcinia mangstana Linn. and leaf of Psidium guajava
Linn. Methanolic extracts from seed of Tamarindus indica Linn. exhibited potent
anticancer activity and less cytotoxic effect than did 5-FU and other fruits. The extract
could induce apoptosis in CLS 354 cells by ~10%. However, cathechin and procyanidin
B2 from Tamarindus indica Linn extract did not have any effects on cancer cell
proliferation. For natural compounds from herbs and their analogs, natural compounds
from Curcuma longa L., Zingiber officinalis, Murraya koenigii, Curcuma comosa,
Andrographis paniculata, Hyptis sauveolens, and Trigonostemon reidioides were chosen
for anticancer testing in CLS 354 cells and in human colon carcinoma celsl (Caco-2).
Among them, natural compounds from Murraya koenigii were found to possess potent
anticancer activity than other herbs. They were designed as ASWK023-25. ASWK024
revealed the greatest apoptosis induction ~47% and caused G1 arrest in CLS 354.
ASWKO023 and ASWKO025 could induce apoptosis ~37 and 32%, respectively. Thus,
methanolic extracts from seed of Tamarindus indica Linn. and natural compounds from
Murraya koenigii may provide promising sources of anticancer bioactive agents which
need to be further investigated in the near future

Keywords: Fruit extract, Bioactive compounds from herbs, Anticancer activity, Apoptosis
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Effects of methanolic fruit extract in human oral cancer cells
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2. AnE1a UL WY IRIIRNAINNNA LG LLUNIRDANT 7 THAAINNLUAR
2N HANUNY LURAAKD LWAALINE HWARITA Iuﬁaqm wazlup Ty damsiTevasLTan
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miaﬂm’mNavl,wﬂlﬁf]ﬂﬁ@ﬂq@ﬂal%ﬂn ICs, asngauaziianuiiluiudaimadlndvasy
dl ada . ﬁ dq‘
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193 Iusnuagn uazlaanzud danissuslTaaNzlSIa lauazTasuziSITasinlasniy
.. v a & o { Y Y ] [ {
NaRay cytotoxicity test #2875 MTT assay FINNINARUNANULTNT UG 9 NN
WIAIAMNLT NI U DIRIINRINI TN LI TRRNLLSI L Ta8as 50
5. ANEINA MM THULILTAS NS ITaIUNNVaIFII’RNAINNNA LT 8L Iwaalag
dnsna lnnsansuuueznawlnGalasnisganeas Annexin V-FITC/PI staining W&
IANEABLATDI flow cytometer
= o & 6 =1 o % 6 I3 1 Aa Qs 6
6. ANBINA INMITULILTARNZISIA LRULASLTARNZISITAIUNYDIRITINNNAAN U]
a a nfdl Y nfd > > Aa 6 = d! (% ad
T AUIgn TN lhgnsdluntingaiginsiiavengadunSideaznasaudieis
propidium iodide staining kaznIARa AR IANBVBILTRRNLLTILLU BT WON INT &

¢183T Annexin V-FITC/PI staining Waz3laTeiaeiasad flow cytometer

AR IWIDY

1. Jaguszasa
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Q€ s v v g: a w a
1) ﬂﬂiﬂ"lﬁ]‘ﬂﬁ“ﬂﬂ\‘lﬁ”ﬁﬁﬂ(ﬂ‘ﬂ’]ﬂNﬂVLN@Y]ULEJ‘YI’]%@N‘YI\‘J 7 5hafe LURANZIIN NAaNUTN

=

WHAAKY AaWz Had1Tad ludliga wazludss demsdudaimaduziTetasthn (human
mouth carcinoma cell line; CLS-354) uaznagauanuiduivdawasiiaiion1Und
Qg a 0’ a a
2) AnmgnvessnnuiaduyisTIumauazuewiaananiayuing 5 wia
ldur 2iin 39 unadnan nanuwn Amzarolas Sudnuagn uazlaanzus dan1sduds
6 =3 o v 6 =3 1
EraaNzLTIAN lFuazirasNsiSITasLn
3) ﬁﬂwﬂﬂmawﬂmumilﬂu transformed cells (anchorage independent growth) \Wa
NARAUAILFITINANNA b ThadNd g
= v o  Aa & & o @ & & A Y A9 o
4) FnwInInsBievesraaNziSIa lfuazirasuziSitosihnilonagauaausnsn e
Q€9/ =3 Ui ~Q . . . . . .
ANIUNz3Ib6a lae3T propidium iodide staining
5) @nwna lnmMIansuuuezwenIndavadsasuziSstestnilanagaualioansinla

&

aANnIeuuzIe laaes3T Annexin V-FITC/PI staining
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2. 1M INAas
1) ﬁzu@laum'il,wwl,gmLsﬁaﬁmﬁdﬁadﬂ’m Human oral squamous carcinoma (CLS-
354 cells)

11 (RpLTadusi5978917n (passages 24-36) lsovnsian9Lmas RPMI 1640
fnsuLTasuI3I8 1§ Caco-2 1aesluems DMEM Ham's F12 @98 asddsznauaas 10%
fetal bovine serum W8z 1% penicillin/streptomycin L8 2 mM glutamine lungqu
gunndl 37 asrLTaLTus UTNaiT CO, 5% uas AT 95 % lagdsuaniwas 1 x
10° 1madly flask GITAUA 75 aroaudwas aoslfandUSumoaguinnin 90%
confluency Aauflazynnneassuanuduivuasmianaanus lidoias

1.2 LaNLTAREaNN flask 1a8A3lE 0.25 % trypsin/EDTA

1.3 il uiienuisrsay 2500 rpm twnan 10 wi

1.4 T80T 0.25 % trypsin/EDTA fialuudihaznewaadd laun
Fardnamsluififiesdusznausns g asy

2) TUABUNITAZIALILTASIIALABA117UNE (normal white blood cells)

2.1 @T@LﬁanmmaﬁmgﬁﬁqmmwuﬁaLLiaﬁﬁ’lmu 4 % ualzinea Y3nnas
12 ml lasuys lalunsaafifzsniuwdoauds EDTA U5u1as 3 m (Iassmslaniunis
FuseslasanznysumIessumTidslunyed aninsnduiauansol W87l 52/036)

2.2 hidsafilassiwdsauiandensdisavnsiasasas  RPMI1640 713
p9fAUsznauvad 10% fetal bovine serum 1% penicillin/ streptomysin L8z 2 mM
glutamine lugasin 1:2 azlavSuassandn 24 mi

2.3 138y 4 ml 289 Ficoll-Hypaque gradients (IsoPrep) adlunaaananes centrifuge
tube 2@ 15 ml udadan 9 IaEeafisenlilude 2.2 adlulunasaiid IsoPrep ating
T

2.4 ¥ lUiTui 3000 rpm 1Hwiaan 15 wfl

2.5 wan peripheral blood mononuclear cells (PBMCs) %da%ﬂu%u interphase
sonunlanasalniiaziasamsIaLILTasEn 2 A9

26 Wusas l8luasiassaad RPMI-1640 71X asfUsznaudneg asu

3) TUAIBMIUUIIWILLTAS

3.1 meldamednmnnide dmssisSefieionnnds 1) usmsddiadeauming
fieduuande 2) w1 20 w 1&lu waaa microcentrifuge tube T9% PBS aglSunas 70
WA Ldn A

3.2 \@u trypan blue U331@3 10 pl adlUlunaaa microcentrifuge tube Tudaf 3.1
waznaulagnstiaing

3.3 YINANURZa16 hemacytometer
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3.4 ¥n cover slip WTumeimIaanvnala aw cover slip Ut chamber lUdunas
uazewntn 1dnsee lasnaing aunsznaia Newton's refraction ring (M89LAMIS
LLmumﬁau%:omﬂléT cover slip)

3.5 L@ cell suspension a4l chamber N9&@99N9 Ueunms 5-10 pl UAZHBININ

Y v 4 v A o @ ]
muldndasgansrentuuulduss Afasuens 200 1w

(2
a

o o ca A = ' el 1A o v A o
3.6 HUIUIULTASNNTIN (NBIAURTI) wazaad WRTIa (Qﬂmaulmﬂuamwu)
3 ') & { ~ @ )
/523704 200-500 cell/0.1 mm~ AYT%U 2 maLﬁaqummgnmawaommuma&?
o d vA o 4
3.7 fwiSauNaTued suspended cells LNBARTIUIUTARNLLTI 3 x 10 LTRBULAL
~ 5 1 ¥ { =) v =)
LTARIAREAINLUNG 1 x 107 1768 AaWwi 1.88 MTILTUALNAT (24-well plate) LRGN
mmsl,ﬁml,énaﬁmvlﬂmguax 500 pl @wsuisaaNziSsuuassIidunan 48 tlus naw
PNIINAFAUNURIIRNG  §IWLTasINaL 800110 NGYNMINagaunUsNIaENa lalay  Lad
W lUdun 37 aseioaiGus USNNming CO, 5% Waz ANNTW 95 %
4) PuaaunINasaUgUFNLa lunIduNziTitestnuazanuduissdalaaile

\HaaTNUNEUaIETRNANNG LNTRAR19 9

4.1 $IRITRNAMNLNAANLUNN WANUNAN L NAALAZLURONAKI wWaawaziUfen

A % o < d' o v =) v v v
We Wlendena wadTaILAE TuTs NINAFIBLNNIBAINILIBI A LG 4 ANUT VT

v o 1 =) e 6 = 6 & =} a =} =1

LRNLARZNNTLF 09N NARAUNULTAA NS LS ILAzLTas LA ALl Raau11UNG laudSouriay
@ & A ea W v a [
AuimadnIugy Aatwaad L ldduasariaasly

4.2 ildduludarvquamnnil 37 asaoaiBus Usanmiis CO, 5% uaz
AMUTH 95 % 1WA 24 TILNY RRIINBUINNNIANEINIINTINTaaTadLTaslay3 T
MTT assay

& =< Ada ad

5) UYUABUMIANENNINTINTONVBILTAR LA8ID MTT assay

5.1 NAIIINATUNIAN 24 T LNITINTUNENIINANNA b 1udaf 4.2 LA
0.5 mg/ml w84 MTT luawsdedmas wadnanliidnnuarsiassaas lwainasonly
TS U NN LA W KLTEEIINENT M TANNAIAD

5.2 IR e L TaseanwaILEN 0.5 ml wad 0.5 mg/ml MTT aﬂmwiaz%@u

5.3 ﬁﬂﬂﬁm‘luﬁmuquqm%gﬁ 37 adenEalTaR USNNoaim CO, 5% WazANNTH
95 % iwan 4 Tlug tenazli MTT gniwnmualad

5.4 WHaaTunasnanvisiassaaand MTT aanlUudain plate a9UMNTZAN BT
A A A
WNaLaNaIrIINRAaaaN

5.5 1N 1000 pl 284 DMSO Walazane formazan (MTT metabolic product)
AANUILAINEY formazan NaanyIny DMSO TN

5.6 ﬁﬂﬂi’@mmsg@ﬂﬁuumﬁ 560 nm LLé’aﬁ'ﬂaumﬁ"lﬁaaﬂmﬂmmig@ﬂﬁu
L&IN 670 nm
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5.7 FiMINAanTNsn 3 A9
6) msﬁm:r’]qmauﬂa"lla\‘iﬂ’l‘ilﬁﬁmﬂua’m’]‘iﬁdmm (anchorage independent growth)
YpILTaanziTaTaIln CLS-354
6.1 NMILAILY 5 % agar (L8N 25 aAANT)
6.1.1 79 beacto agar 1.25 n3% 1§ Duran bottle
6.1.2 Liutinaw 25 Jaaaas
6.1.3 %a0¥ agar Lla8N"3 autoclave
6.1.4 1¥du agar 7 50 asrnaidus lu water bath auninazianlfiesoy
mixture
6.2 N13L6 383 Bottom agar (0.5% agar)
6.2.1 1031 mixture (USNNA3 50 Ra5aaT §W5L 7 911 RRVMIaLFUHIN
ARENA19 60 UaFINAT)
6.2.1.1 103NWaaAUTIAINNIED IWA 50 HadaAT
6.2.1.2 Thiasunauesdl
-2 1111 RPMI 1640 5 {aff¢3
- FCS 5 #a’aa7 (final concentration = 10% FCS)
- 100 i1 P/S 0.5 #a’aa7 (final concentration = 1X P/S)
- 1171 RPMI 1640 34.5 Nafaq7
Total = 45  {aRAAI
6.2.1.3 dudiunautnadu 1371 50 sveiaaifos lu water bath
6.2.2 L@383 Bottom agar layer
6.2.2.1 %1 mixture Wz 5% agar ﬁ@;uvﬁ 28N37N water bath

6.2.2.2 T 5% agar USu1as 5 Fa8a0T HaNadly mixture U3u1as

]
=

45 §a8aas Na3oyld ( Final concentration = 0.5 % agar)
6.2.2.3 "TJL‘]Jmhuwamﬂummwwu%amm@Lﬁumuquﬁﬂmo 60
83807 USN1a3 7 Ta8aas b6 7 0%
6.2.2.4 384 agar U9 ‘ﬁlqmﬂgﬁﬁao wIae1380 luAuliaundnee
ﬁ’lﬂ’liﬂ@]aauﬁqm%{]ﬁ 37°c lu@q: incubator
6.3 NMILAILY Top agar 0.33 % agar
6.3.1 @384 Mixture (USu1a3 25 Ta8a7)
6.3.1.1 @384 sterile tube VUIA 50 VARANT
6.3.1.2 Thiaswnauesil
- 2X RPMI 1640 2.5 {a8a®T
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- FCS 2.5 #afa®7 (final concentration = 10 % FCS)
- 100X P/S 250 dadd®3 (final concentration = 1XP/S)
- 1X RPMI 1640 (only)17.25 Ua88a7
Total = 225 NANANT
6.3.1.3 g% mixture 137 37 asaimaiFos 1u water bath LR HEw
U 5 % agar U30103 2.5 adaas
6.3.2 @384 cell suspension (1 IaRaAT &1%3U duplicate)
6.3.2.1 FIMILENLTAS0BNINANNITWWIZLREILTAS
6.3.2.2 USuswrmeaalitlaanuidudu 2 x10 ° cells /ml
6323 fwinSunarvesaasnasdlsliisuinoss 1x10°cells/ml
lu 3 38805
6.3.2.4 Y1 mixture War 5% agar 88na1N water bath uatide 2.5
i8530 289 5% agar wWawluw mixture USanas 225 [sdaesiesoaly (final
concentration = 0.5 % agar) Q'u‘ﬁ' 37 a9ALTALTHR
6.3.2.5 Tila mixture AWy agar wENTuaaui 6.3.2.4 adlu cel
suspension Miasea3lunaaa centrifuge tube TWa 15 Ta5aAT NAAS: 2 NaRaNT WEW
I#inu@ (final concentration = 0.33 % agar)
6.3.2.6 Thuagiunauasluauiisl 0.5% agar bottom layer 1Sauaz 1.5
ERGIZR
6.3.2.7 U agar plates lilugaiuguamnnil 37 asaiwaifos Uinim
fm CO, 5% Uas AMNTL 95 %u1n 3 §UMY uaztdinesaLILTas RPMI-1640 Ad)
29A1U32NaUeA199 AU USWNaT 500 ul UwiRIWIYed agar nn 9aUaA
6.3.3 Hudwnlaladivasmas N wImas NN RSN 20 wmas 1flu
1 lalafi
7) mymasniuosdlsznaunanaas5s Thin Layer Chromatography (TLC)
7.1 1@3835:ULvadavazaud@ RS U L I uaiwn13e mobile phase laswaa
dichloromethane: ethylacetate: methanol lugasIw 3:12:1 U‘Jiﬁﬂmmdﬁ TLC
72 @auHs TLC 2w1ande 5 ou. g9 10 o, UdIaI’NaNNHEAAUN
ﬁssumﬂaﬁaulaﬁ;@aduuLLNu TLC (witavouusn TLC 3uan 1 o) lasldwaaaunlas
3 awnfqummwmgmaﬂﬂmwwﬁnﬂ@‘i’nmmLwﬂﬂszmm 1 oy, 70149020981 7L%
LN TLC Wid
7.3 s TLC @Tﬁuﬁﬁﬁmmadmiéf\‘iﬂﬁmﬁjuaovlﬂlué'aﬁﬁaza’m‘l,w,l,mﬁ TLC 7

wispn 'l (avliyavasasegniiodiviazain) nuusaliaiazasimwiasinfan
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%ugol,l,siu TLC e'fiaa:mmmLﬁumswawLmﬂaanmnﬁ'mﬂu@@mrmdmﬁag@ oy
waawludseu TLC 3ndnn Teiusn TLC sananunssuazdaaswui
7.4 81373 chromatograms ﬂﬁﬂlﬁLLadg%ﬁﬂ’n&lm’mﬁu 254 U\ 365 nm LAz
ﬁuﬁnﬁ;@ﬁl,ﬁummlﬁum UV et u s unudiun iz adgnsnna g
8) msw@aaqu’ﬁgﬁmm%oﬁaammaaa'riu‘%agw%f cathechin LLaZ procyanidin B2
8.1 ﬁ’]ﬁ’]iﬂ%qﬂ“ﬁf cathechin Was procyanidin B2 811383191416 6 anaidudn
LAINLAREANTIRBN AT LN UL TRaNZLSITaILN I@mﬂ%ymﬁﬂuﬁmmﬁmuqu R
waanlaladauansasly
8.2 ﬁﬂﬂﬁuluﬁmuquqmwgﬁ 37 avmaalTus Usunmine CO, 5% uas
AT 95 % 1Hwaan 24 52lug wasINENsNhNEnsnsiTinTenasTadlagds
MTT assay uasvndaluduaanil 5) Tuaaunsansmididaseavesaaslagds MTT
assay
9) NMINTIIRILUIUM total phenolic content
9.1 Tias13azanuunasgin gallic acid #Ias13@88719 Uuas 125 ul u 96

well microtiter plate UAZLANINNAWAANAZ 50 pl

=

9.2 Thila Folin-Ciocalteau phenol reagent wauaz 12.5 ul uaztufigmnniivias
1Jwaan 6 win

9.3 T 7% of sodium carbonate WAZUANEM MVLU%Q?JE% 125 pl wag 100 p
ANNEIAL ﬁ"lﬂ’ﬁﬂw‘ﬁQM%{]ﬁ 45 °C W1 45 Wl

9.4 i'mmmig}@ﬂﬁmmwaamm:mU%‘Wﬁﬁmmmaﬂﬁu 765 nm G18LATa S
micro plate reader

9.5 839NTINYNATZM gallic acid ﬁmwrﬁm‘fu@hm lassuuawny y 1w OD
WAz x LUANNTNTULIFNTNIATFIN

9.6 MuwimmTunmiuadnlualadlaginnfsunus1sunasgiw gallic acid
uaziaasnsvasiuaaandn gallic acid equivalent (mg GAE) ¢ia&7 1 N3

10) mimaaquﬁgﬁma%a%m: ABTS

10.1 ¥ansazansadan ABTS+ fta3oulindoansdasiingn IRfdngandn
WRIWIRL 0.7 £ 0.02 ANENIAEY 734 wluiuas

10.2 Tilasnsazaounasgnuniaaladnd Usunas 20 pl adlu 96 well microtiter
plate nuudiaansazans ABTS+ Aasen'ly Usunas 180 ul HENNUA2DE9

10.3 ﬂuﬁqm%gﬁﬁaﬂuﬁﬁmﬂunm 10 WA LL&Jﬁ’]@Jﬁ'@@hﬂﬁ@@ﬂﬁmLm‘ﬁ
ANUEIATY 734 nm

10.4 /1WIDk % inhibition INFA3

% inhibition = (1 — OD sample/OD blank) x 100
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105 8519 TWNAI3% Trolox Aaudududrag Tasinuaunn y 1w %
Inhibition kaz WA x {HUAMVLTNTULEIFNTNIATZIH Trolox

10.6 @‘iflmmmmmmsnlumsﬁﬁ@m&m%m:mﬁﬁmamaam‘smguvl,wsa'm
FUMILEUAIIVBINIINNAIZ% Trolox laesin mJaamwmmsﬂumsﬁﬁ@a%a%as:
dNesuraadwniiig mg Trolox /1 g extract (Trolox equivalent antioxidant capacity;
TEAC)

11) msmaauqﬁﬁgﬁma%aamz DPPH

11.1 Lawmsazmmmmg’m%‘%amiagﬂmﬁL@l‘%mu"lf;”ﬂ%mm 75 pl 11 96 well
microtiter plate 9MNUWLANETAZANE DPPH Anwiduds 0.2 mM asluUnaui/Sanas 150 ul
LL&?’;ﬁﬂVLﬂﬂwVL'j”ﬁqmwgﬁ 25 °C 1Jutaan 30 wf

11.2 ﬁmﬁ'@@iwms@@nﬁuumﬁm’mm’m‘é"u 515 nm

11.3 Lﬂai%uﬁm’mmmmlumsﬁﬁ@awa%m: DPPH 813130f i asanugas

% inhibition = [1-(OD sample/OD blank)] x 100

11.4 a9n5Wanasgn ascorbic acid Ainudutudag lassmuauny y 1iu
% inhibition LLAZLLNY X u‘jumwLﬁuﬁumaamsmmpu ascorbic acid

11.5 ﬁ'lmmmwummmiunﬁﬁﬁ@amg;&aﬁmz DPPH maamiaguvlm 2N
FUNILEUAIIVBINTINNIAIPIN ascorbic acid LABWUILVAIANUEINIINLUNIITIG
a‘lwaamz DPPH uaadtduniie mg vitamin C/ 1 g extract (Vitamin C equivalent
antioxidant capacity; VCEAC)

12) msﬁﬂmqw%gﬁmmL%dé"nvl,éfmadmswamﬁmﬂﬁﬁumamﬂmgu"lwwﬁ@ﬁus]

12.1 ﬁnmiwﬁ@ﬁméﬁﬁsumaﬁnﬂmg‘u"l,w*sﬁgmm 5 w5 lun ufw 39 uuadne
RONLUN LAANZWI NNFDIIALG 4 AN TUTH waLAazNTI309 198 NaFa LN
iadNz T ld lasSouifisuiuimadaiugy Aowasn ldduanyaaly

12.2 ﬁﬂﬂﬂwluﬁmuqmqm%gﬁ 37 adraaldes USunuing CO, 5% uac
AT 95% 1Hwan 24 Talud waINEUESINENEINITEnTaavesTadlas3E
MTT assay wazvihealudunawil 5) 4uaounsanunsisinseavoaaslasis MTT
assay

13) ms‘n@ﬁﬂﬂﬂﬂ?ﬁwuw:L%oﬁaaﬂﬁﬂmaamswﬁmﬁwﬁﬁﬁwmamﬂayuvl,wwﬁ@%‘u6]
LazZULawIaaN

13.1 'ﬁ,’lmswﬁ@ﬁ'wﬁﬁﬁm’]aﬁnﬂayu"lmﬁgmm 6 w5 lefun 1% wasdnan 7
nzaolay NUTNUAZN HaNUBN WRZlAANTUY LAY LAWIAEN W335 A L 6 AW
WNTW LaILAazNN5R N INaRaUNULITRaNs STl TlasdSouisunuisas
AL Aowasn lladuanyasly
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13.2 ﬁﬂﬂﬂw‘luﬁmuquqm%gﬁ 37 aventralTos YINNmie CO, 5% LWas
AMUTH 95 % 1WA 24 TILNY WRIINHUINNUIANEINIINTINTaaTadLTas lay3 D
MTT assay hazvindalutunauil 5) TuaaunsansInsiTInTeaveTaalasis MTT
assay

= cfsv = o % 6 1= 1 a o 6 a
14) MIANENTAUNTIAN lFLasrad Nt SITaIUNVaIRNTNAAA U BITNINGN
RONLUNULAZLAUIRAN
141 YIRIINFON U TITHTIAIINADUUINUIZLOWINANNIRNA 6 THe bawA
ASWKO023-ASWK028 1112897191 16 5 @nutdudis uaiiueazn13iiaasuinagauny
& & o o & & = a o & A e M v a
LERRNZISIAN LAz TAR NS ITaILN I@mﬂmumﬂmmmamuqu fAataan la'leadu
8138914
14.2 ﬁﬂﬂﬂulu@muquqmwgﬁ 37 agAanTaLsed USumine CO, 5% uas
& - ) @ &< a2 o = Ada as
AMUTH 95% LTIULIRT 24 TN RRIINNBUIIIIVIANEINIINTINTOAVaIL TR LALIT
MTT assay Lazvindalutuaaui 5) Tuaaunsan¥InsisInTaauedlTaalasids MTT
assay
15) MIANBIYINITINVDITAR NI LFuaziasuz Tt Nilenagauaaans
ANRBNUNGILID propidium iodide staining
15.1 LRpLraa N I bauasiTaavzisITa9tn lua1misiassioas DMEM Ham's
F12 waz RPMI 1640 1u<g:fmu<-1uqm1ﬁgﬁ 37 a9aLTaLTed USuanng CO, 5% Was
¥ ° 5 ' g { ¥ )
AMUTH 95% LAuRINUINLTAR 1.5x10° LTARAANUA 9.6 @3.1. 11 6-well plate LA b
48 139
' a ~

15.2 UuR1ITINRANLYN 2 Thafa ASWK023 way ASWK024 %38 DMSO 9l
o o a A A @ ' o & & & L%

ARz AURT IS INN LYY SaunULTaaNstSIL w1 24 T lad

15.3 LAUDIRITLAUILTRA LA URRDANANAIVUIA 15 HRERAT WAILGN PBS
138195 250 pl LLé/’JﬂNvLﬂu@Tﬂ’JUQqu%Qﬁ 37 23 TaLT o L wa 5 win Livartln

v ¥ o v 1 v U é/
NNIAN9DIWNITLRLILTARDONINNLTAE YN IARINIID L aLLTRRAEILa% beral Lad18T1h

15.4 iU PBS lalunasanaasismwa 15 Faaans ludaf 15.3 waa trypsinization
lasmaduiawlad trypsin-EDTA 13ana3 250 i udrdwlilugaivquamnni 37 asem
VraLpes Lwan 5w Lﬁaﬁﬂﬁvﬁaﬁﬁlﬂ’lzﬁuagﬁ TLNANARAANIINNK LATELWAT
lﬁLmaﬁﬁq@%m

q€ . a ‘g . 2
15.5 RYAONT trypsin TaonstduaInIlaudLsas RPMI 1640 medium USu1913
{ £ . v & & A . L. . ‘
250 ul LN anyanNDd trypsin LAAULTRANELSINNIWBANT trypsinization m‘l,aluma@
NANDITWA 15 NaRAATIUTaN 15.3

15.6 Liin PBS U3u1a3 250 pl 1Au PBS lalunasanaaadumwia 15 Jadaasbude
A A = eda A o
71 14.3 WNalnuLITaaNAaagniwwan
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157 Wimaaanaassuwia 15 Sasaasludef 15.6 "lﬂﬁulum’%aoﬁumuqu
oUNNH fin1u157980 3,000 rpm punnd 4 aseniwaifos (uan 10 wil nawlafia
WARDATNDWLTAR b

15.8 1§ cold PBS 1,000 pl U&7 resuspend lAiduansasansuainaas uaenels
microcentrifuge tube ﬁ'}"l,ﬂﬁuslum%aaﬁumuquQm%gﬁﬁmmﬁ’;‘sau 5,000 rpm
paennil 4 sveniaidos uan 5 wif wnawlafs indenznawsadly

15.9 1§in cold PBS 300 pl wanl¥idniuuds @a 70% ethanol 700 ul Luf -20
ssenaiBos 1Huam 24 Galug @Eansniulildum 1 dlansd)

15.10 mnifuﬁu‘lum‘%aaﬁumuquqnmgﬁ #ia1u152391 5,000 rpm guannil 4

I | /=)
NFLTaLTYR LTWIR1 5 wn

P

15.11 L@W cold PBS 1,000 pl Tudsiradlutedasduniuquamnpll Annuii
38U 5,000 rpm gunnNX 4 asriaidus Wuia 5 wifl g@mﬂaﬁﬂﬁm@
15.12 L@u&1382818 propidium iodide ASaMudntn 10 lalasnsudedasans
WAz RNAse ANttty 100 lulasnsudeladaaslua1sazais PBS  yUSuna 500
lalasdas uaztudatduiian 30 wf luﬁﬁ@ﬁqmwgﬁﬁm
15.13 1 lUaT97aSunoe DNA %GLLﬂiﬁumaﬁumwLﬁuﬁuumw:ﬂaanmfﬁu@?
289% propidium iodide lwimadeoiaioslnalalafinad Tasusiwinwirasninue
20,000 LTaE
16) NINARBLNNIANBVBILTARRULBzWaNW I NTFluirasuztTiTadUnlas3d annexin
V-FITC/PI staining
16.1 MIL@IBY annexin V-FLUOS labeling solution
NN131389719 annexin V-Fluos labeling reagent (Roche, Germany) U167
24 14 incubation buffer USu1as 1,152 lulasaas wazi@a propidium iodide solution
153105 24 lulasdas adlwanliidnnusmiualatng 12 a1t
16.2 MIdauFTaaNztTITaILN
16.2.1 1Ava A Tadldlunaanasasuwa 15 Haaaas udLiy PBS
U3u1a3 500 pl udrtia lilugaivquamngil 37 ssaioaifos 1uwnan 5 wif el
MydsemIsIAsaLITasaananTas vnldaansageamasaoiawlml et
16.2.2 1fiu PBS ldlunssanasssauia 15 Hasaes ludafi 2 wdd

v

trypsinization lasn1TL@NLa ba] trypsin without EDTA U3u1a5 500 pl waaunilu

@ a a & a A . @ & o Al
g}muquqm%{]w 37 2IALALTYR LHiAa1 10 wIN LWﬂﬂqlﬁLsﬁaaﬂLﬂWZﬂuﬂgﬂ WLWATN
%q@aaﬂﬁ]’mﬁu Lﬂ’]ZLWﬂﬂlﬁLsﬁﬁﬁﬁf‘g@ﬁﬂJ@
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£ . a ¥ .
16.2.3 nganns trypsin laun1sLaNe 5L a8Itas RPMI 1640 medium
a { A€ . v { H . . . '
U311@3 500 pl LWaRyAONT trypsin U NALLTAANZLTINNIUNIT trypsinization xldlu
NRDANARBIVUIA 15 Fafaaslutan 16.2.2
16.2.4 1@y PBS 1U381a3250 pl iy PBS ldlunasananasawia 15
daddasluden 16.22 tNaiuwaandaagnriuwan
16.2.5 e aANAaaIIWIA 15 Aaaaasiudan 3.1 "lﬂﬂulum%aaﬁumqu
9unNN NANNLTITAL 3,000 rpm gaunndl 4 aseniwalBos WAl 10 wi indulais
ARDATNOULTAR bT
16.2.6 L& cold PBS 1,000 pl resuspend LALIURITRZAOUVINGDE LA7
fnel& FACS -tube ﬁﬂﬂﬂﬂum‘%aoﬂumquqm%gﬁ #n110132381 3,000 rpm gaMNE
=) I =} U : = v
4 avenuaaidos ium 5 wifl gesulais iniaaznawsas |
16.2.7 l&1181 annexin V-FLUOS labeling solution U3u1a35 100 tulasans
ni A 2 % v 6 v Q/dl a v I = d'd
fe3owldnnda 2 wawldimasudinelingunniveauduina 15 wift lunida
16.2.8 ARINUWLE incubation buffer LANBNLINAT 400 TulATAAT L&D
i ldananuiraseonIadlwalolniiaasaioly 1 73109 launuI I wInLTAaNInNa
15,000 LTRE
17) Myeseidoyaniaia
= = v AAa 6 = 1 dl v lﬂl
Wisuieusasazn13iTiaveavediaasuzii9teddininareua18813NAw
dindudrs g Aunlaildidussana Wadayanizasdnuudndlasldaid One-way
ANOVA uazdmiudayaninszansduunlaidn@ldatid Mann whithey U test 13nuiiluy

TeniasuaazanuENTwnun L ldduans

3. HANINARDY
1) ANBMULVBILTARNLLTITIUN (CLS-354 cells) uastTaatiaifaarUnd Miaoalu
dq, 6 a
R RPN R
lugnzundimaauziS9ta9Un (passages 24-36) dau‘lmyjﬁé’nungﬂiwﬂﬁm
epithelial cells (epithelial-like morphology) WRZLUNILTRARNANHMEIARELTAS fibroblast
(fibroblast-like morphology) anwmzaasdilafaanans duvad brlanaiaNazuHasne
A a & & v A A &
aan iwandalaanmeluias iwasinninszansaliseaasnds monolayer culture way
2 A o kg 2 o e A aa . ¢ & A ~ .
Dafanuatwwiziass uaasdiansmzaadmaaniiiia druwmsdlaioniiizlienay
A Ao & a o g
2001380 DanwmeINla Las IEafanuawnIzIRe
L Qg']/ (=3 1 s v a 1
2) MIAANITBIONDMBULLTITAILNTBIRTRAAUMBERINNKNA IThadNd 9
FIANANNINEANZIY NaNLTY luAadud iWieniiga wazludssnldnaseauiy
imadNziTuazirasidaiianvaglugianudutuasud 17.5-175.0 pg/ml §1m3uas
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afeanaanans 1Waenn: Wwian: waznad1ses anududuiilinasouny
mjaﬁwzﬁsLLa:LmaﬁLﬁ@Lﬁamn’sagﬂumammlﬂuﬁu&ulﬁi 87.5-350.0 pg/ml
2.1 FIIRNANNLNAANZVY (tamarind seed extract)
gssnanwaanzenlugsanududuinagoufia 17.5-175.0 ug/ml

o @

msaﬁ'@mﬂLwﬁwmmmnﬂmmLﬁuﬁuﬁmaauﬁﬂﬁmﬁmﬁaa@aaamaﬁﬁfﬂmﬂmma

AaAa A =) A o {d‘ 1 £3 % [ % v Ao &
&0@ (p<0.05) WalUSuuAsuNULTAan b laNaFaUMuFITENA LasANNLTNTWNTUE
wraaNzi5IlaTesaz 50 fafl 103.0 pg/ml (IC5=103.0 pg/ml) (AILEAILUAWA 1) KITENA

=

= v o A | A o € & A
nnwdanznannanuduinineseylifinadaninfswudasiwwasdiiaiaas
Un@agilnpdaynIana

140
120

100
80
60

% Viability

40

20

0 I I I I I I I I 1

0 20 40 60 80 100 120 140 160 180

Concentration (pg/ml)

*, p<0.05 vs. 0 pg/ml

A:I v Ada 6 & =) a 6 =3
AINN 1 728R2VINNINDINIDAVDILTARLNALRAUIUNG (A ) LRSLTRRNZLIY (H) VB3

FIFNAINLNRANZUY

2.2 1IFNAMNNANUAN (pomegranate extract)
ssananHanufivnnanuduiuinaseuiliizadidaiiaawniUnd
1 a o o o aa dll a 04 Fd‘ 1 [ % =
aaadag el nyMAYNIeEna (p<0.05) WalflsunuLaan b lanagauaIsaIIana ez
ANUTNTUNRTU I TARNLTI L Tesas 50 Aaf 108.0 pg/ml (IC5=108.0 pg/ml) (AIuaadlu
nMwi 2) sseianeanuiinynanuduiuinaseuilidioadid aildaasidndae

FNWINRIDEWRRURANWEDA (p<0.05)
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140 -
120 -
100
80
60
40
20

% Viability

0 20 40 60 80 100 120 140 160 180

Concentration (ug/ml)

*, p<0.05 vs. 0 pg/ml
MNN 2 Se8avaeiMIlTInTeauedTaslialfenr1IUnd (A ) uazirasuzi3e (M) Vo9

FIFNAINNNANUNANY

¥
a A

2.3 RIIRNAINLNAAAUA (litchi seed extract)

FIIFNAINLNAAABANANULTNDY  35.0-175.0 pg/ml §I1NITOEUEY
wraauziS9Tast i ldaasuziSoaaavedeinedayneaia (p<0.05) Walfisuny
ea W o Y o v o Ao & & < vy A A
waad W lanaseudisasana wazanudutuingugssaauzisilasasas 50 Aaf 135.0
ug/ml (IC5;=135.0 pg/ml) (Fauaaslunwi 3) asariaanwiaauaInnanuduiuinasey

| \ A o ¢ & A a
Lidnadamalauniadsnwinioasidaiiaaanilng

140
120 H
100

80
60

% Viability

40
20 A

0 T T T T T T T T

0 20 40 60 80 100 120 140 160
Concentration (pg/ml)

*, p<0.05 vs. 0 pg/ml
ai v Ada € & A a ¢
AN 3 3288 VBININTINTOAVBILTRALUALROATIUNG (A ) BRSLTRANZLIN () VB

FIFNAINLNAAAND
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2.4 gryenaniUfenaul
Y A = A v o A A Lo & & & o o
ssanannidfenduannanaduiuinaseufigndudusasunadn|d
o v 6 = [l a v o @ aAa A ~a o (d‘ ] v
dlasvinlimasuzTiaaasat it unwada (p<0.05) Waisunuiwasn kilanasay
FOENTENG warANNTNTUNIUEITaaNLS IdTesar 50 Aafl >350.0 pg/mi (ICs>350.0
% d' 3 A c? d' v v d' ra 1 3
pg/mi) (@usaslumni 4) asanannifenfvannanuduiunnaseslilnadaduom

=3 A A
LALRAVIIUNG

140

120

100

80

60

%Viability

40

0 T T T T T T 1
0 50 100 150 200 250 300 350

Concentration (pug/ml)

*, p<0.05 vs. 0 pg/ml

ci v Ada 6 & =) a 6 [~
AINN 4 T28R2VDININTINTOAVDILTARLNALRAAUIUNG (A ) WRSLDRANSLIY (H) VDI

FIRNAINNLUIONAKD

2.5 FIRNAIMNLUAALINZ (rambutan seed extract)
ssaneaniaIzianudutuiinagoudia 175.0 -350.0 pg/ml vinld
LRRNZLIIAARIaEI B A Y NNEDa (0<0.05) TasausnsudsmasuzslaSasas 50
finnuidutu 308.0 pg/ml (ICx=308.0 pg/ml) (Gaugaslumndl 5) agslsfiawasania
ﬁnmuﬁ@mz‘qﬂmmLﬁwﬁuﬁmaauﬁﬂﬁwa&ﬁ@Lﬁa@mnﬂﬂaa@maﬂwaﬁﬁfﬂﬁ’]ﬁryma

8§06 (p<0.05)
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140

120

100
80

60

% Viability

40

20

0 50 100 150 200 250 300 350

Concentration (ug/ml)

*, p<0.05 vs. 0 pg/ml
NNN 5 SauazradnNsNTInsenvadTasiiaRear UG (A ) LazlTaauziss (M) 189

FIRNANLUAALIN
2.6 13anaanLUfentene (rambutan rind extract)
gyananuasnsienudutufinageuas 175.0 -350.0 ug/mi vl
LTRRNZIIINNRI DR TIRANIED@A (0<0.05) Tesmansasusaimaduziseldsosas 50
finaTudn 290.0 pg/ml (IC5=290.0 pg/ml) (Gaugaslunnd 6) agslsiausisana

A ¥ v dl o v 6 & A a 1 =
‘ﬂ"lﬂiﬂﬂLﬂaaﬂL\‘l’W‘Y‘lﬂﬂ’J"I&JL‘?JSJ“]J%‘VWI@K?JU‘YIW&L‘WLgﬁﬂaLN@Laa@T’]'}ﬂﬂ@]ﬂ@ﬂd?JU'NEJ

WRAYNIENG (p<0.05)

140
120
100
80
60
40
20

% Viability

0 I I I I I I 1

0 50 100 150 200 250 300 350
Concentration (ug/ml)

*, p<0.05 vs. 0 pg/ml
ai v Ada € & A a & =
AN 6 J2URZVDINIINTINIDAVDILTRALNALRAVIIUNG (A ) RSLTRANSLIY () VB

[ A
gIEN@aNLU[aNLNE
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2.7 §IFNNAMNNARITE (malva nut extract)
fIRNANANAFITEIlUTHA NN NTUANaFaUAa 262.5-350.0 ug/ml ¥in

IfmasuziTanadad BN 9ada (0<0.05) lasgansndugmasuzislasonns
50 NANULTNT 300.0 pg/ml (IC5,=300.0 pg/ml) (AILFAILUMNN 7) ENTENANNHARITA

nnanudntuldldiliisasidafaarndndaastadiitoidynieed

140 -
120
100
80
60
40
20 H

% Viability

0 50 100 150 200 250 300 350

Concentration (ug/ml)

*, p<0.05 vs. 0 pg/ml
ci U Ada 6 & A a 6 3
AN 7 7088VININTINTEAVDILTANLUALRDAUNUNG (A ) LWRSLTRANSLIY (H) VB

FIIRNAINNATITDS

2.8 miaﬁ'@ﬁnmﬂﬁaﬂﬁoﬂ@ (mangosteen rind extract)
ssanaanilfeniiaannanududuninesay 17.5-175.0 pg/ml vinld

6 = l a o o o aa L & 6 I3 vy
LTRRNLIAARI DA REIAINNEDRG (0<0.05) lasa 1IN IULILTARNLLTI [a 3088 50
nanudindu 57.0 pg/ml (1C5=57.0 pg/mi) (asuaadlunini 8) asanaanifandga

v o A | \ = o & & A a
nﬂﬂ?quTNTu‘ﬂﬂ@aﬂUvLNNNﬂ@]aﬂ’ﬁl’ﬂﬂEJ%LL‘I.IE‘NQ’]%')%LTQQL@J@]Laa@ﬂl’nﬂﬂ@]
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140
120
100

80

60
40
20

%Viability

ﬂ

0 20 40 60 80 100 120 140 160 180

Concentration (pg/ml)

*, p<0.05 vs. 0 pg/ml
ci U AdAda 6 & A a 6 =
MNN 8 SauazradinsiTinseavedsasiiaifearUng (A ) uaziTasuziss (M) 289
a’ﬁaﬁ'@a’ml,ﬂﬁanifaq@
2.9 a3&naN U9 (guava leaf extract)
mmﬁ'@mnlud%’mnm’mLﬁuﬁuﬁﬂ@aau 17.5-175.0 pg/ml ¥inl#
LTRRNLIAARI DL WA REIAINNEDNG (0<0.05) lasa 1IN dULILTARNLLTY [a 3088 50
Aanudads >180.0 pg/ml (ICs>180.0 pg/ml) (A9ILFAIIBATNA 9) LazFIFNANNIUATI
v o A | \ a ° ¢ & A a
nnmwwmuwmaaﬂwma@amiLﬂauuLLﬂaammuLeﬁaammaammﬂﬂm

160
140

120
100
80

%Viability

60

40
20

0 T T T T T T T T 1

0 20 40 60 80 100 120 140 160 180
Concentration (pg/ml)

*, p<0.05 vs. 0 pg/ml
A v Ada € & A a & =
AN 9 708 VAINTINTINIDAVDILTRALNALRAVIUNG (A ) LRELTRANELIY (H) VDI

R1IRNAINIUNTI
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wa =) & .

3) ﬂ’liﬁﬂ1:#’1({]ma&lll@nla\‘iﬂ’l‘il,ﬁ]imﬂua’lﬂﬁimmm (anchorage independent
growth) vadlaaaziS9taIn CLS-354

nmsAnsIauaNiaveIn1saTyluaIni1INamag (anchorage

independent growth) UaLTaRNLLTIT0INN CLS-354 wudwaauziss ldaunsatatyle

23N ld wufeliliquaniiAvas anchorage independent growth 1aLfluumiy

. A @ & & & A =2 ' a
positive control TaldimaduziTaiiialians1 (HL60) Fslaimunsanasaunisgyiiogm

[

UAKINATIINA ﬂmsaﬂ@meuaaﬁ]mNa"l&mlﬂmmmg@"l,@

(A) (B)
AN 10 nswasulalaivasimaauzSadalaanvd HL60) T9lgidu positive control (A)

waztraavziSetastnluamsde lisunsanesulalaiilalua1nisnana B)

4) NMINTINIATLAU phenolic compounds AIBENRITRNALNNIUEAINNNE b3
THAAN 9
NANNIAIIIATZAU phenolic compounds THAIBENRITRNALNNIUEAINN
Nalang 8 akalas3T Folin-Ciocalteau reagent lagldansazans gallic acid (GAE) 1Ju
§13019331% WUI132@U phenolic compounds 13893 nunlkesfe senaniddan
o A = < = & 4 A 2 A A Y < A
NUAN >LuAauzay >LuH3I >lWaeaud > wWiandul > waanwege > waae > waan

WIT > WARTIDY ﬁx‘]LLﬁ@NI%@]’]‘J'}\‘]ﬁ 1
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@397 1 NANIANBTZAU phenolic compounds IMNFITANANE LIAILLUNIUOA

ANTEANAINNA LS LAV phenolic compounds (mg GAE/g)
LWAANZVY 501.95+3.40
Waannunia 512.13+11.49
WEAAWI 341.00£26.16
Waensua 254.63+5.48
LUAALNE 114.25+1.41
Waanwng 97.50+0.71
NARNTDY 36.13+1.59
\waangdsna 204.13+4.77
Tur5s 465.00+2.83

5) AnwMsANsuULazwanlndalasnnsdaueie Annexin V-FITC/Pl 289013
A9 o o o A9 o Lad
nasaunlimsanadoiuniweanlionsange
= g: nq( v A [ v Y d' v ng & A
lunsansassilanalfienasanana lWarstunuwaanligniauazsea
A A & A ) ¢ & A A | v o A A A
ngauszlufianuduisdaadidaianrniUndlutnenuduiunnasauin 2 silada
RIIFNANNLUAANSVINUAZFNTHFNANNLNAATUI WANEIMIANBLLLazWaN I NTalasid
AnnexinV/PI staining tanagaumstnitesin b iloasusiSsasuuuaswan ndauasans
% = A v w A = v v Ao & & = o
RFNAMNLNAANZVNNNAMULTUTY 75 pg/ml ToduanududungusILTasuzLIle
Uz msauas 45 WUINENTRNANANNLTNIUAINa NN LALTAd VLTI 8LUL Bz NaW LN
Fadszunm 10% (Muwi 11C) WaldSeuisuduiadaiuqui ldldnaseudisaniana
{ ' [ & & dd v o A v o Ao [y
(MANN 11A) FIMENIRNANNURANUINANND DY 135 pg/ml Taduanuidutunyinla
wrassziTeanelaTesar 50 wuinlavinldioaausiSeasuuuazwanlnds (Awh 11D)
&% positive control 1581 camptothecin NANULTUTH 12 UM WINARDLAVLTAANLLTS

8310 WU irasusiSaansuuuasnan InGaUssaniasas 19 (AWA 11B)
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control ANXY-P1.001

camp 12ub ANXY2-P12ul .001

104

0.49%

103
aul

64.08% ;

100 10 104 101 10
Anexin ¥ FITC Anexin ¥ FITC

(A) (B)

Tam75ugiml ANXY-P1.001

Litchi135ugiml ANXY-P1.001

104
104

103
1073

10 0 10
Anexin ¥ FITC Anexin ¥ FITC
(C) (D)

ania 1 ﬁ”aﬂa:mamaﬁﬁmwuua:wawIﬂ%alumaﬁmL%wﬁaqmﬂmuqu (A)
L rasuzIS9TIl N inegouaBEn 12 uM camptothecin (B) 88 W13 9T st hnfineseu e
FEeTNIE AU eI 75 pg/ml (C) wasias w5 st asLhniinageudgsnsan an
WRARYA AT 4 135 ug/ml (D)

6) My Nl uaInlsenaunanaNNEIRNANLNEANZINALIT TLC
Q€ e v Y { v Q€ {

NNNIANBNNTVBITNIANANNKA T uaanlignidngadass
RNANLNRANZVINUAZENITRNANLNAAAUT  IUaTanaadnaIv1nia1snils

& o o 2 v ad o A a &
avAtsznaunan lagmsihandnuned03s TLC lagldasunasgniaedinosruwinda

& o o = = & 4 a a A .
29RUITNOURAN IMFITANANNLNRANEVINUAINAAARIN YT BUiBUfAe cathechin
quercetin L&z procyanidin B2 HaMIANEINLIN asanaaniuaauzany bidasddsznay

2Y2IFNIAINGING 3 THaAa cathechin quercetin LAz procyanidin B2 NMwA 12 aendls
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<3 a o o & I £ = P & & P g 1 v

ﬂ@quﬂ’]ﬁlwﬁqﬁﬁqﬂfysﬁﬁLﬂ%a’]iﬁ]aﬂﬂﬂﬁﬂ’m%'ﬂﬂq‘wa%6] Lﬂ%aﬁﬂﬂﬁzﬂﬂﬂﬂﬂqdﬁjﬁlﬂqwqﬂ
A | P o ¥ 1A a

Naray Luﬂ\'i'i]']ﬂlel3Jﬁqiwqﬂiﬂqu'ﬂ‘ﬂzquqlﬁl&hﬂﬂLV]EI‘LI

AR 12 mImansdsznaunanlugsanaanwiauzawlasds TLC Tagld mobile
phase Ao CH,Cl,: AtOAc: MeOH (3:12:1) ®1341@331% quercetin (1)  &170710331%
procyanidin B2 (2) R13119337% cathechin (3) 81I&NANNLNAANTVIN (4) LATEIIRNA
MNWEAARUS (5)

£ a £ . . e kg
7) ﬂ’liﬁﬂi&’]{]ﬂﬁ%ﬂdﬁ’]iﬂiqﬂﬁ cathechin L8z procyanidin B2 Tunivenu
LERANZLSITAILNN
=2 £ A £ A A L& & )
ﬁ]’mmiﬂﬂmz‘mﬁmaamiﬁﬁq‘ﬂﬁ“nLﬂmli’lslmm’nﬂuamﬂizﬂw%aﬂu
% =3 = & { . - £ o
FIRNAINLNAAUTINNLAZLNAARUIAS cathechin LAz procyanidin B2 4 MMagaUnNdIa %
= ' ' £ o & ' v o A o
mLi\‘l“ﬁadﬂ’lﬂwm’]vl,wflfmﬁmmﬁmﬁmLiwadﬂ’miumaﬂ’nuLmu"uuﬁ‘ﬂ@aau R GRIN
MWD 13 waz 14
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% viability

*, p< 0.05 vs. 0 pg/ml

140 ~
120 A
100 A
80 -
60 -
40 ~
20 -

O0DMSO
B Catechin

L

0

0

T T T T T

80 160

20 40 pg/ml
0-08ncentrdfth (ugmth08 0.16

DMSO

320
0.32 %

10
0.01

AN 13 3882NIUDINTOAVBILTRANLSITIUNNLUaNAROLUAILRIT cathechin

% viability

*, p< 0.05 vs. 0 pug/ml

140 -
120 A
100 ~
80 -
60 -
40 ~
20 1

ODMSO
@PB2

| %

1%

0
0

pg/ml
DMSO

100
1.0%

10 20 40 60 80
0.1 0.Zoncentr&ign (ug/ml)0.6 0.8

P o Ada & s P 1y .
AINN 14 T2 NINTINTDAVAILTRNNLIITOIUNINONOROUAILRIT procyanldln B2

A€ v a a s a a {
8) ﬂ’]i?lﬂiﬂ']f]ﬂﬁ@l’]%ﬂ%%laﬂﬁizﬂl BIRTIN EW]ﬂm%ﬁii&lﬂﬁ@]ﬁnﬂﬁ&!uﬂ%ﬁ’ﬁuﬂ%% |

A a d > £ o a £ o =
'i]']ﬂﬂ’]?ﬁﬂ‘]ﬂ"]L‘W&lL@l&lLﬁﬂ?ﬂﬂﬂ‘ﬂﬁ@]’]%ﬁ]%ﬂﬂﬂﬁiumzf}ﬂﬁ@nu“ﬁﬂﬂrwuid

a e a a 1 & s a
°11aclmswa@mmﬁmmmmmna&gﬂwwu@ma6] ‘HGVL@]SU@]’J’ISJE’]%L@]TW'W{%’]T] f.973.0NT16

§2819% MnamMANDmnaat annInmasnudiung laglfissduniiildndnsunu
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Y o £

WraaNzi ST aIn wuitansanainlignd
{ [ ' 1Y £ o

@l'ﬁ'ﬁﬁ 2 ﬁ'ﬁ"iﬂﬂLLﬂJ\‘laﬂﬂWWU']'TELﬂf]YI'ﬁU‘]J

v
o

L%

HUHIBUUR
9

HIDUNR
qq

v
o

3872 ABTS "léfﬁﬁq@ aanaadlu

S&32 DPPH "lﬁaﬁq@ ANT9N 3

A £ o a Aa o 6 a A £
MN1319N 2 E]Y]ﬁ@]’]uﬂ%}ﬁlaﬂﬁﬁ$ ABTS °uaamswa@mmmmsmmmqmmﬂmgu"lm

asuAnAmIisIsuzAUIansonayulng TEAC™ IC,, values
%amﬁmu FoIngndans (mg Trolox/ 1 g extract) (ug/ml)
Tﬁu Curcuma longa Linn. 1512.30+29.99 16.73+1.08
WAIANAN Hyptis suaveolens (L.) Poit. 1383.28+11.44 32.28+1.43
24 Zingiber officinale Roscoe. 1099.85+11.14 44.67+1.81
Taanes Trigonostemon reidiodes Craib. 1104.09+64.16 50.52+1.27
RaNLUN Murraya koenigii (L.) Spreng. 865.08+56.07 62.50+2.04
Hnzanelas Andrographis paniculata 23.24+2.68 NA*
NURY \Ra@  Jatropha gossypifolia L. 13.43+6.26. NA*
’i’lu"fi'ﬂ&lmiﬂ Curcuma zanthorrhiza Roxb. 6.20+2.68 NA*
Nzi:"fuﬂ Momordica charantia Linn. NA* NA*

NA*= no activity, TEAC ** = Trolox equivalent antioxidant capacity

ni £ o a a o 6 a A £
A1989N 3 NS ']uﬂ%%lﬂaﬁi$ DPPH °1Ja<1mswamnmmmwm@uatqnmmmgu"lm

miwﬁmﬁmﬁﬁiwmaﬁqﬂ%Faﬁnaagulws VCEAC™
%am:ﬁzy FoINuAEEns (mg vitamin C/ 1 g extract)
LIIANAN Hyptis suaveolens (L.) Poit. 584.41+18.17
TR Zingiber officinale Roscoe. 538.47+42.29
RauLLUN Murraya koenigii (L.) Spreng. 494.38+24.75
i Curcuma longa Linn. 369.99+58.28
1aanzud Trigonostemon reidiodes Craib. 147.69+£31.47
’j’]ueﬁ'numﬁn Curcuma zanthorrhiza Roxb. 60.90+22.34
URY \a@  Jatropha gossypifolia L. NA*
Hnzanelas Andrographis paniculata NA*
msx?ﬁuﬂ Momordica charantia Linn. NA*

NA*= no activity, VCEAC** = Vitamin C equivalent antioxidant capacity
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qul o v a et a a {
9) ndnmgnIduuziiii ldvassInAad s dnaywlnsriiaaug
qu/ 1 A‘y { v v
IINNINAFOUNNTOUNLTINLINRIINVIUNANULTUTY 5-40 pg/ml &
& a ' 3 = A o & Aa 6 < o ' v ' A
anutilufwdatrasuziiilasinagugsnisaiyvasiaasusiioanlaing laag1ed
WIFAYNIRDaA (p<0.05) uazlnadudINM eIy vaILTaaNsiSIa L bng lasaaas 50 N

AMULTUTH 16 pg/ml (ICs=16 pg/ml) Tag DMSO SeuluRmAsssnitoy mwd 15

*, p< 0.05 vs. 0 pg/ml

P o Ada & = o ' A Y
AINN 15 mUazmiwmmammaau:mmvléjl,my (Caco-2 cells) LUBNARDUAILRITINN
231 (M) ez DMSO (@)

a A v v a & a ' 6 < a
§139 TN aNULd N 5-40 pg/iml Fanudufsdaisasuzisilagling
o & a 6 & o iV v 1 A e o aa 1 1 o &
FUFINTLI Y RITaaNzI S lng ldadslinadannesdia (p<0.05) ue luInaduss
M3t radTasNzsIa ldlva Tasaz 50 lutvanududuinasey lag DMSO &
. a A &  w P
anuilufmisadnias nwi 16
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*, p< 0.05 vs. 0 pug/ml
c; [ AAa 6 & o ] A v
AN 16 SapazMINTIAVDILTRRNZISIR LT lRD) (Caco-2 cells) LAANARALAILFITINN

29 (M) uaz DMSO ()

F1INUAIANANAAMNLTUTY 5-40 pg/ml lidnadusINTaSy Va9
raaNz9a dlna las DMSO Januiduimisaanias nwn 17

*, p< 0.05 vs. 0 pg/ml

P @ AAda & & o \ A o
AN 17 SasaznsiTiauaasuzi s ldlna) (Caco-2 cells) LlanagauaI8&1397N
LNIaNAT (M) uaz DMSO (@)
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R1IINRBNUINNANMULTNTY 5-40 pg/ml FanuduRsdaisasuziSilas
A o & a & & o M v A e o Aa A
Inadugimaasyraasasusia ldlna laadslinedanneaiia (0<0.05) waziing
gugImsiasvaTasuziSa ldlng latesas 50 Ninnududu 5.80 pg/ml (ICs= 5.80

ug/ml) Tag DMSO FanadluRsisadnitas nwi 18

140 -
120 +

100

60 +

40 +

%Viability

20 + ¥ * * %

0 10 20 30 40
Concentration pg/ml

| |
: 1 - | | o pmso

0.17 0.35 0.70 1.04 1.40

*, p< 0.05 vs. 0 pg/ml
ci [ AAa 6 = ) ] A %
ANN 18 iaﬂazmm"mmaaLsrjaau:l,iomvléil,my (Caco-2 cells) LUBNARDUAILRITINN

wauuwn (M) waz DMSO (®)

dl v v = I a 1 6 =3 =
813NN AN WINANULTNTY 30 pg/ml HanulluRudaimasuziilasd

a g: a 6 =3 ° 1 £3 1 a o o s aa 1
NROUBIN ISy TadTaaNs i ldlny laadslinedmamniaiia (p<0.05) lugasaana
IuTwinasouud lWAnagusINM IS yvadTasuziia ldney lasasaz 50 lag DMSO &

& A a & v A
AMNLLUNWLNLILRNDEY ATNN 19
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*, p< 0.05 vs. 0 pg/ml
c; % AAda 6 I3 o [l A [
AN 19 SagaznIiTiavesaasuziTaa e lna (Caco-2 cells) LianagauaI8&13aN

laanzus (M) uaz DMSO ()

10) miﬁnmqwfgﬁmmL‘%ﬁiaaﬂﬂnmaammﬁmﬁmsﬁﬁiwma u’%qﬂ%(uamam
aanmna&;ﬂwsmﬁ@ﬁuq
miﬁ'@mamﬂ'ﬁgﬁmmﬁa"ﬁaqmﬂmaam‘su’%qw%fﬁnﬂmgﬂwsﬁga 6 Tha Ao
mﬁu (Curcuma longa L.) iﬁu“ﬁ'ﬂuﬂg}ﬂ (Curcuma comosa) #adlun (Murraya koenijii),
WAIANAN (Hyptis sauveolens) Hnzanelas (Andrographis paniculata) waLlanNzw
(Trigonostemon reidioides) ﬁﬁ‘hmumsﬁqwﬁamamaanﬁmaaumwﬁmm 36 ®13
waesluanei 4 ﬁ]’lﬂ@]’li’]GWU’j’la’ﬁU%qﬂ%{%’m%mJLL‘llﬂsLﬁ/r]‘l’l%{ging‘]Lﬁﬁaa{NZL‘%\‘i"ﬁa\‘lﬂ’m
79l@ CLS-354 cells vlﬁﬁﬁqm lasan1zans ASWK024 1@ ICy, ﬁaﬂﬁq@ﬁaﬂizmm 10
uM
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A19199 4 LansAtANduduesatsanayulnsiunn 6 afin Nan1sanisduds

VIARNZLINTUA human oral squamous carcinoma (CLS-354 cells) 1A5aeay 50 (Ic,,)

Compound IC,, value IC,, value
Thai Herbs
(code) (Lg/ml) (1M)
ASWK-001 10.0 29.56
Curcuma longa L.
ASWK-002 18.0 58.38
(Ka-min-Chan)
ASWK-003 NA NA
ASWK-004 20.0 59.64
ASWK-005 NA NA
ASWK-006 25.0 68.61
ASWK-007 14.0 41.87
ASWK-008 22.5 73.93
ASWK-009 3.0 10.33
ASWK-010 8.5 27.75
ASWK-011 13.0 40.58
ASWK-012 5.0 14.27
ASWK-013 5.0 13.68
ASWK-014 4.8 14.27
ASWK-015 3.5 10.86
ASWK-037 NA NA
ASWK-038 14.0 42.64
ASWK-039 7.0 29.38
ASWK-040 9.0 37.08
ASWK-023 4.0 11.52
ASWK-024 3.5 10.08
Murraya koenijii
ASWK-025 4.0 11.01
(Hom-khag) ASWK-026 9.0 25.92
ASWK-027 NA NA
ASWK-028 NA NA

AN 32



Compound IC,, value IC,, value
Thai Herbs
(code) (Kg/ml) (1M)
ASWK-041 7.0 19.98
ASWK-042 NA NA
ASWK-043 NA NA
Andrographis paniculata ASWK-044 NA NA
(Pha-ta-lai-chone) ASWK-045 NA NA
ASWK-046 NA NA
ASWK-047 NA NA
ASWK-048 NA NA
Hyptis suaveolens
ASWK-030 NA NA
(Mang-Lak-ka)
Curcuma comosa
ASWK-049 >40.0 >125.7
(Wan-chak-mod-luke)
Trigonostemon reidiodes
ASWK-051 NA NA
(Lode-ta-nong)
Anti-cancer drug cisplatin - - 17.0

NA: No activity

£ o & o @ &
11) ﬂqiﬁﬂ‘]ﬂ"lﬂ‘ﬂﬁ@nuuzlﬁ\‘]a’]vLaLLazLT@&NZL?GmaGﬂWﬂTaGa’]?‘ﬂqﬂcﬂauLL“IJﬂ

MnMsEnEEIFuRLI I nReNwni Nt S U asuz 5 edn 18l
mﬂﬁq@ é’afu%ﬁwmwmaqu%}aamsmﬂmmmnﬁaﬁu6] LazLanIRaNLRNLHA
1euAg1s ASWK023-ASWK028 WUINRITINNRBNLINITAY ASWK023 ASWK024 WA
ASWK025 l¥enanuiduduiianansadussimasuzi39é1d Caco-2 Ie3nnas 50 (ICs) Ao
fianaududu 17 12 uaz15 uM ausau wazldnanudnd s TnsusamasuziSs
Bo91n (CLS-354) lé7ianududu 12 10 waz 11 uM anusan (Wil 20, 21 uaz 22)
§ua15 ASWK026 ldranududufisnansasussimaduzidodnlduasimaduziSotas
thnlaléddonns 50 Annaududu 32 uaz 26 UM @ WEIGL  (MIWA 23) §IURNT

ASWK027 LazASWK028 wuin lifignslunmseiuuziss (a199h 5) §%sualvinazans

DMSO (0.17-1.33%) wunianuiiufsdaiosasinasianios
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* p<0.05vs 0 uM

ANN 20 AN TURBVEIENT ASWK023 ABLTaaNiSIsn bd (Caco-2) WAl TaaNziSITes
11n (CLS-354)

2NN 21 AN TURBV0IaNT ASWK024 ALraaNztSIan bd (Caco-2) WaslTaayziIITas
1n (CLS-354)
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AN 22 AN TuRBVaIaNT ASWK025 ABLTaaNsiSIan bd (Caco-2) WaslTaaaziITas
1hn (CLS-354)

AN 23 aNnULIuRU8I81T ASWK026 Aaisaauzi5id 1§ (Caco-2) wazioaansi3izad
11n (CLS-354)
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A13199 5 IC5p VBIRNTAIINWRBNLLYN ASWKO023-ASWKO028

Compound IC,, (uM)
code Caco-2 CLS-354
ASWKO023 17 12
ASWKO024 12 10
ASWKO025 15 11
ASWKO026 32 26
ASWKO027 NA NA
ASWKO028 NA NA

NA; no activity

=S > Aaa 6 & o % 6 = I A v
12) NMIANBIPINITINVDITRANZLTIE LFLaziraauziTITasl nlanage Uy
]1INRDNUDN
= . o A : ~ Lo & & =
INMIANHINURINRNWLIIET ASWK023-024 UNnDIUgILTaauLI
8; a qzdai [ 8; =S Y o g: a o 6 I3 dl' = [
1 2 sllaldanga dauudsldiiasng 2 slauneseuiuimaduziianefnmiping
Tiavadwan a3 ASWK023 Wanagauluiaasuzi3ean & Caco-2 NanaLtudn 17 puM
\unian 24 Trlusazwuiadluizoe S phase §93% T99:U4TRINIRYATPINTTINT8S
LIRS IZEE S phase WONINUBEINLINAMULTNTUVDIETT ASWKO23 17 Uaz 23 pM
o v J ' o o @ aa d o a
aildwuimadluizez Sub G1 geluadARBEATYNIFAE (1WA 24) EmTuans
{ v v J ] s o o a aa
ASWK024 aMandaudu 17 uM wulsadluszss Sub G1 geluatediudayniiaia
A A 1 d‘yd a o [t 6 < [}
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{ s a a 1 { Q€ v
Wadwafisuvinuaazaisniaigwlandudwuimsayulnsnigniduayaa
a oA A a Y A [y A =
8a3z DPPH ld@ngaiissanannlldasfa a131nunsana > 44 > nanuwn > 2lu >
laanzug > ’jﬂwffﬂllﬂﬁﬂ fuasanineanslay weszdun LLaz’jmaijﬁa@wud’fLﬂﬁ
af';/ a s 1 1 a‘y s Q‘W
gnIduenyadaIzay lasanuan1sAnmaInaInyeiinuazuasanaddonsdu
a U { o Qs & o aaa 1 { Aqu
auuadaIz ABTS waz DPPH lddfigaauday Sensvihlisensenianndondu
a Q a J 1 v g; a
auuABFIZAUERYADEIZ ABTS Uaz DPPH Zuagiulassainazainiaes lasauyadas:
ABTS uaz DPPH fuauyadaszlungy reactive nitrogen species (RNS) 1#a431niiny)

AN 41



53
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wuiwawsu%qwﬁam@aﬁqm%fﬁma%a'ém: ABTS 'léiSawnz 50 finnuidutu 44.67+1.81
ug/ ml LLazﬁqw‘ﬁfﬁma%aamz DPPH LﬁaLﬁﬂuﬁ'ummLiuﬁumaamsmmgm%mﬁu%
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ABSTRACT
It is of interest that seeds and pericarps of tropical fruits contain phytochemicals being the
components of various biological activities for beneficial health effects. This study was
aimed to evaluate antioxidant and anticancer activities of the methanolic extracts from seeds
and pericarps of three selected tropical fruits including Rambutan (Nephelium lappaceum L.),
Litchi (Litchi chinensis Sonn.) and Tamarind (Tamarindus indica L.) Total phenolic content
was determined by using the Folin-Ciocalteu method. Antioxidant capacity was evaluated
based on the ability of the fruit extracts to scavenge ABTS and DPPH radicals. MTT
reduction assay and Annexin V-FITC/PI staining were carried out for cytotoxicity and
apoptosis induction, respectively. Total phenolic contents of the seeds and pericarps of the
tropical fruits ranged from 104.60 to 501.95 mg/g DW. All extracts were found to have
significant antioxidant activities. Among them, tamarind seed extract contained the highest
total phenolic contents and possessed the highest antioxidant capacities. Tamarind seed
extract showed the highest cytotoxicity to human mouth carcinoma (CLS-354) cells and had
no toxicity to PBMCs. Staining with annexin V-FITC/PI revealed that this apoptosis occurred
early in this cell type with 10.0% of the cells undergoing apoptosis. Tamarind seed extract
might have potential anticancer activity which could be attributed, in part, to selectively
inhibit the growth of CLS-354 cells and induce apoptosis. This research would be the
valuable information to identify major constituents of the extracts and mechanisms
underlying anticancer activity which could be attributed to dietary health supplements or

cancer chemoprevention from fruits.



INTRODUCTION

Oral cancer accounts for 2% to 3% of all cancers. Incidence rates of oral cancer vary
internationally worldwide. In developing countries, incidence and mortality had been ranked
as ninth and tenth, respectively (Jemal et al. 2011). Epidemiological studies have shown that
high incidence rates were documented in Asian regions, including the South and Southeast
Asia (Warnakulasuriya 2009). Life style behaviors and socio-cultural habits have been
associated with oral precancer and oral cancer (Zain 2001; Petti 2009). The habits of tobacco
smoking, betel-quid chewing, and alcohol consumption have been shown as major risk
factors of oral cancer (Ko et al. 1995; Petti 2009). Other factors include poor nutritional
status, low intake of fruits and vegetables, and drinking beverages at high temperatures
(Islami et al., 2009; De Stefani et al., 2005). The exposure to those risk factors induces
oxidative stress, a high level of reactive oxygen species (ROS) status, which implicates oral
carcinogenesis (Zain 2001; Petti 2009; Ko et al. 1995). ROS such as superoxide anion
(O2+—), hydroxyl radical (OHe) and peroxyl radical (ROO¢) causes cellular macromolecule
damages, including DNA, lipid, and proteins, resulting in mutation, changes in cell
physiology, and subsequent cancer formation (Lopaczynski & Zeisel 2001).

It has been documented that plant antioxidants can help scavenging free radicals and
oxidants against oxidative stress-related diseases including cancer. Fruits contain a variety of
phytochemicals which mainly are polyphenolic compounds, such as flavonoids and phenolic
acids (Ka"hko™nen et al. 1999). Many fruit phenolic compounds have been a considerable
attention for being the components of antioxidants (Lotito & Frei 2006). Interestingly,
antioxidant compounds vary in different parts of fruits such as non-edible (seed and peel) and
edible parts and also vary among cultivars and species (Abeysinghe et al. 2007; Singh et al.
2002; Khanizadeh et al. 2008). Currently, discovery of natural products exerting high

antioxidants in order to search a powerful chemotherapeutic agent is rising interested.
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Rambutan (Nephelium lappaceum L.), Litchi (Litchi chinensis Sonn.), and Tamarind
(Tamarindus indica L.) are the tropical fruits that have been widely consumed in Thailand
and Asia countries. It is of interest that non-edible parts of these tropical fruits contain
antioxidant compounds and possess anticancer activity. Peel extracts of rambutan had been
documented to have high antioxidant capacity, antimicrobial activity and cytotoxicity against
colon cancer cells (Khonkarn et al. 2010; Thitilertdecha et al. 2008). The peel extract of litchi
could inhibit proliferation of hepatocellular carcinoma cells (Wang et al. 2006). Tamarind
seed extract contained phenolic substances and possessed antioxidant activity (Sudjaroen et
al. 2005). However, there has been no report of anti-oral cancer activity from the seed and
pericarp of these tropical fruits. The aim of this study was to investigate antioxidant capacity
and anticancer activity of the fruit extracts in human oral cancer cells Cytotoxicity to normal
peripheral blood mononuclear cells was also investigated for screening non-toxic fruit
extracts in order to select a potentially chemopreventive agent against oral cancer in the

further study.

MATERIALS AND METHODS

CHEMICALS

2, 2- diphenyl-1-picrylhydrazyl (DPPH) was purchased from Calbiochem (Germany).
Folin—Ciocalteu reagent, 2,20-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), sodium carbonate, gallic acid, ascorbic acid, and Trolox were purchased from
Sigma—Aldrich (USA). Dimethyl sulfoxide (DMSO) was obtained from LAB-Scan
Corporation Ltd. (Thailand). Ficoll-Hypaque gradient reagent (Lymphoprep) was purchased
from Robbins Scientific Corporation (Norway). Fetal bovine serum (FBS) was obtained from

Biochrom AG (Germany). 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl tetrazolium bromide



(MTT), RPMI 1640, Phosphate buffer saline, trypsin—-EDTA, and penicillin—streptomycin
were purchased from PAA (Austria).
PREPARATION OF TROPICAL FRUIT EXTRACTS

Three species of tropical fruits including Rambutan (Nephelium lappaceum L. cv.
Rong Rean), Litchi (Litchi chinensis Sonn. cv. Hong Huay), and Tamarind (Tamarindus
indica L. cv. Thailand Sweet) were collected from local markets in Thailand. Fruit pericarps
and seeds were separated and air-dried. Dried materials were blended to power before
extraction. Extraction of fruit materials was modified previously (Sudjaroen et al. 2005). Air-
dried material (50 g) was extracted with hexane in a soxhlet apparatus (3 h) to remove lipid.
After drying, the solid was extracted with methanol (3x3h). Organic solvent was removed by
rotary evaporation at 35°C in vacuo. The extracts of methanolic fraction were dissolved in
DMSO and kept at -20 °C until use.
MEASUREMENT OF TOTAL PHENOLIC CONTENT

Total phenolic content was measured using Folin-Ciocalteau assay modifying by the
method of Singleton VL, 1999 (Singleton et al. 1999). Folin-Ciocalteau reagent
(phosphomolybdic phosphotunstic acid reagent) together with fruit extracts (1.0 mg/ml) were
added into 96-well plate. The mixture was incubated at room temperature for 6 min. After
incubation, 7% sodium carbonate were then added and further incubated at 45 °C for 45 min.
The absorbance was taken to 765 nm by using microtiter plate reader. The standard curve was
linear between 50-250 mg/L gallic acid. Total phenolic content was expressed as milligrams
of gallic acid equivalent (mg GEA) per 1 g of dried extract.
DPPH RADICAL SCAVENGING ASSAY

The DPPH radical scavenging assay was performed by using DPPH assay kit. The 2,
2- diphenyl-1-picrylhydrazyl (DPPH) was dissolved in methanol to a final concentration of

0.2 mM. The extract solutions (0.2-0.25 mg/ml) were mixed with 150 ul of DPPH solution in
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96-well plate. The mixture was incubated at room temperature for 30 min. Then the
absorbance was taken at 515 nm using a microtiter plate reader. The standard curve was
linear between 2-10 mg/100 ml ascorbic acid (vitamin C). The percentage of DPPH
discoloration was calculated following below equation. DPPH radical scavenging activity
was expressed as millgrams of vitamin C equivalent antioxidant capacity (VCEAC) per 1 g of
dried extract.

_ ODsample )X
ODblank

% radical scavenging activity = ( 1 100

ABTS CATION RADICAL SCAVENGING ASSAY

2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) solution was prepared
following the method of Re R, 1999 (Re et al. 1999). Briefly, the stock solution containg 7.4
mM ABTS and 2.6 mM potassium persulfate was prepared in deionized water and was
allowed to stand for 12 h in dark at 4 °C before performing experiment. The working ABTS "
solution was prepared by mixing the stock solution with deionized water until the absorbance
was 0.7£0.02 at 734 nm. Fruit extracts (0.1 mg/ml) were mixed with 180 ul of working
ABTS" " solution. The mixture was incubated in the dark for 3 min. Then the absorbance was
read at 734 nm using a microtiter plate reader. The standard curve was linear using Trolox
between 0.5- 5.0 mg/100ml. The percentage of ABTS radical scavenging activity was
calculated. The unit of radical scavenging activity was defined as Trolox equivalent
antioxidant capacity (TEAC) per 1 g of died extract.
CULTURE OF HUMAN MOUTH CARCINOMA CELLS (CLS-354)

CLS-354 cells (Cell Line Service) at passage number 28-33 were cultured in complete
media containing RPMI-1640 supplemented with 10% fetal bovine serum, 1%

penicillin/streptomycin  and 2 mM stable glutamine for 48 h at 37 °C in humidified 5% CO,



atmosphere. Cells were then trypsinized and plated at a density of 1.6 x 10" cells/cm® in order
to perform cytotoxicity test.
PREPARATION OF PERIPHERAL BLOOD MONONUCLEAR CELLS (PBMCs)

EDTA blood was collected from 4 healthy volunteers. All the subjects consented to
take part in the study. This project had been reviewed and approved by Committee on Human
Rights Related to Researches Involving Human Subjects, Walailak University (No. 52/036).
Peripheral blood mononuclear cells (PBMCs) were isolated by using Ficoll-Hypaque
gradients technique and cells were suspended in complete media. PBMCs were then seeded at
a density of 5.0 x 10* cells/cm’ and incubated at 37°C in humidified 5% CO, atmosphere for
cytotoxicity test.
CYTOTOXICITY TEST

CLS-354 cells and PBMCs were treated with crude methanolic extracts at various
concentrations. For vehicle control, cells were treated with varied volumes of DMSO. Cells
were incubated for 24 h at 37°C in humidified 5% CO; atmosphere. After treatment, spent
medium was removed and replaced with complete RPMI-1640 for overnight. Cell viability
was performed by MTT assay based on the conversion of 3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) to formazan crystals by mitochondrial dehydrogenases
from viable cells. Briefly, MTT was dissolved in cultured medium to a final concentration of
0.5 mg/ml. After spent medium was removed, 500 pl of MTT solution was added into each
well and incubated at 37°C in CO; incubator for 4 h. The solution was removed and 500 ul of
DMSO was then added to dissolve the formazan crystals. Absorbance was read at 560 nm
with subtraction of background at 670 nm using a microplate reader.
APOPTOSIS ASSAY

Cells at a density of 2.4 x 10* cells/cm” were incubated with Tamarind seed extract at

75 pg/ml for 24 h. All adhering and floating cells were harvested and washed twice with PBS
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before transferred to a sterile centrifuge tube. The cell pellet was then suspended in binding
buffer at a concentration of 0.5 x 10° cells/ml. A sample of this cell suspension (2 x 10° cells)
was transferred to a 5 ml tube, the cells were stained with annexin V-FITC and PI according
to the manufacturer's instructions (Roche, Germany). The cells were gently vortexed and
incubated for 15 min at room temperature in the dark. Fluorescence intensity was
immediately determined by flow cytometry (BD, USA). For each measurement, at least
15,000 cells were counted. The results were analysed using CellQuestPro software.
STATISTICAL ANALYSIS

All measurements were performed in three-independent experiment in triplicate. The
results were expressed as the mean + standard deviation. One-Way ANOVA was analyzed by
using SPSS version 16.0. Significant differences were considered at p < 0.05.

RESULTS AND DISCUSSION

Oral carcinogenesis is associated with oxidative stress, induced by the exposure to
risk factors, such as tobacco, smoking, alcohol drinking, and betel-quid chewing (Zain 2001;
Ko et al. 1995; Petti 2009). The increasing risk of oral cancer has been related to low intake
of fresh fruits and vegetables (De Stefani et al. 2005; Cartmel 2005). Consumption of fruits
and vegetables has been possessed reduction in the risk of developing a variety of cancers
(Surh 2003; Kris-Etherton et al. 2002). Currently, it is of interest that a number of non-edible
parts of fruits contain antioxidant compounds that possess anticancer activity (Ka"hko™nen et
al. 1999; Akhtar et al. 2009; Xiao et al. 2009).

In this study, methanolic extracts from seeds and pericarps of three selected tropical
fruits including Rambutan, Litchi, and Tamarind were subjected for their antioxidant and
anticancer properties. The percent yield of methanolic extracts from Tamarind, Litchi and
Rambutan were shown in Table 1. The highest yield (12.93 %) was obtained from Tamarind

seeds, while the lowest yield (5.47 %) was obtained from Rambutan pericarps.
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Table 1

Phenolic compounds were purposed to be major constituents of fruit extracts.
Tamarind seed extract contained the highest levels of total phenolic content (501.95 + 3.40
mg GAE/g) (Table 2) using Folin-Ciocalteau assay. Rambutan pericarp extract showed the
lowest levels in phenolic content (104.60 £ 0.87 mg GAE/g), while others showed moderate
levels of total phenolic content.

Methanolic fruit extracts potentially possessed free radical scavenging activity, which
was an important mechanism of antioxidants. As compared among each other, Tamarind seed
extract contained the highest antioxidant activity, which was determined by ABTS assay
(1105.49 +£17.45 mg TEAC/g) and DPPH assay (535.85 + 5.88 mg VCEAC/g) as shown in
Table 2. Rambutan pericarp extract showed the lowest antioxidant activity (167.17 + 6.86 mg
TEAC /g and 334.77 £ 1.51 mg VCEAC /g). In this present study, it was found that the
amount of total phenolic content was consistent with yield of extract and antioxidant
activities. This result indicated here that phenolic compounds may play an important role in

antioxidant capacity of the extracts.

Table 2

The effects of methanolic extracts from fruit seeds and peels on the growth of
CLS-354 and PBMCs were examined by MTT assay. The percent viability of CLS-354 cells
exposed to the extracts was decreased in a dose-dependent manner (Figure 1). The Tamarind
seed extract had the highest cytotoxicity against CLS-354 cells with the lowest I1Csy value of
100 pg/ml, followed by Litchi seed extract (135 pg/ml) (Table 3). The extracts from seeds of
Tamarind and Litchi showed lower 1Csy values than 5-FU (Table 3) indicating a potential

cytotoxicity. Rambutan pericarp, Rambutan seed, and Litchi seed showed weak cytotoxicity
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against CLS-354 cells. Moreover, the effects of the extracts on the growth of human
peripheral blood mononuclear cells (PBMCs) were investigated. The results showed that
PBMCs were not significantly decreased upon the exposure to the extracts from Tamarind
seed, Litchi pericarp, and Litchi seed (p<0.05), whereas the extracts of Rambutan seed and
pericarp significantly reduced PBMCs viability (p<0.05) (Figure 1). It was indicated that the
extracts of Rambutan had toxicity to PBMCs. Among the extracts tested, Tamarind and

Litchi seed extracts appeared to be selectively cytotoxic to oral cancer cells.

Figure 1 and Table 3

Cells in early and late apoptosis have been extensively distinguished by using the
combination of annexin V-FITC with propidium iodide. During early apoptosis,
phosphatidylserine, which is usually located in the inner membrane of cells, is transported
into the outer portion of the membrane, and this can be detected by its strong affinity for
annexin V-FITC, a phospholipid binding protein. While, the dead cells can be detected by the
binding of propidium iodide to the cellular DNA in cells where the cell membrane has been
damaged. Viable cells were negative for both annexin V and PI (lower left quadrant); early
apoptotic cells were positive for annexin V and negative for PI (lower right quadrant); late
apoptotic displayed positive annexin V and PI (upper right quadrant); necrotic cells were
negative for annexin V and positive for PI (upper left quadrant). Treatment with Tamarind
seed extract at 75 pg/ml obviously increased the proportion of cells in early apoptosis with
values of 11% compared to camptothecin, pro-apoptotic drug with values of 12% (Figure 2).
The total apoptosis was increased up to 43% and 54% in Tamarind seed extract and
camptothecin treatments, respectively. No significant apoptosis was demonstrated in
Tamarind treated cells with ICsy values of 50 pg/ml (data not shown). This result suggested

that the cytotoxic effect of Tamarind seed extract was mediated by the induction of apoptosis.
10



Figure 2

Polyphenolic compounds are the major bioactive components responsible for
antioxidation and antiproliferation. Natural antioxidants have been proved to inhibit tumor
growth selectively, because of different redox status between normal cells and cancer cells
(Nair et al. 2007). Methanolic extract of Tamarind seed contained many flavonoids such as
(+) -catechin, procyanidin B2, epicatechin, and polymeric procyanidins (Sudjaroen et al. 2005).
These compounds have been demonstrated to inhibit cell growth of many cancer types
(Miura et al. 2008; Al-Hazzani & Alshatwi 2011; Wang et al. 2008) and mediate apoptosis
induction (Miura et al. 2008; Al-Hazzani & Alshatwi 2011). The changes in cellular redox
status has been shown to influence cancer growth through activation of signaling pathways
leading to proliferation or apoptosis (Owuor & Kong 2002; Jiang et al. 2011). These
polyphenolic compounds may play a role in modulating cellular redox state via regulating
signaling pathway mediated apoptotic induction. The major components of Litchi pericarp
extract were condensed tannins, epicatechin, and procyanidin A2, that possessed anticancer
activity on human breast cancer and hepatocellular carcinoma (Wang et al. 2006a, b).
Ethanolic extract from Rambutan peel possessed free-radical scavenging power and exhibited
non-toxic activity to both PBMCs and Caco-2 cells (Okonogi et al. 2007). Ethyl acetate
fraction from Rambutan peel crude extract contained the highest levels of phenolic content
(2.28 = 0.02 GAE mg/ml) among other fractions and possessed antiproliferative property in
KB and CaCo-2 cells with non-toxicity to PBMCs (Khonkarn et al. 2010). However,
antioxidants and cytotoxic activities in different fruit extract materials were varied among
cultivars (Rupasinghe & Clegg 2007), species (Abeysinghe et al. 2007), and extraction

methods (Sun et al. 2002).
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CONCLUSION

In conclusion, Tamarind seed extract contained the highest levels of total phenolic
content and possessed the highest potential antioxidant capacity, but low levels obtained from
the extracts from Rambutan seed and pericarp. The amount of total phenolic content in
investigated fruit extracts was related to their antioxidant capacity and cytotoxicity to oral
cancer cells. The extracts of Tamarind and Litchi seed could inhibit CLS-354 cell growth
with low ICsy values and had less toxicity to normal PBMCs. Moreover, cytotoxic effect of
Tamarind seed extract was mediated by the induction of cells in early and late apoptosis. The
materials of these fruits will be potential source of antioxidant and chemopreventive agents.
However, compound identification and mechanism(s) underlying antiproliferation have to be
elucidated by our further investigation.
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Abstract

Fruits and vegetables are major sources of antioxidants that have been documented for the treatment and
prevention of some cancers. The aim of this study was to determine anticancer activity against human mouth
carcinoma cell line and cytotoxicity against normal lymphocytes of litchi seed extract. Percentage of cell viability was
determined by MTT assay. The half maximal inhibitory concentration (IC, ) of the litchi seed extract was 135.0 [g/ml.
Cell viability was decreased significantly at a concentration range of 35.0-175.0 Llg/ml (p<0.05). The extract from
litchi seed did not significantly decrease the viability of normal lymphocytes except the highest concentration at 175.0
Hg/ml. This indicated that methanolic seed extract of litchi specifically inhibited cancer cells and caused minimal
effects on normal lymphocytes. Thus, anticancer activity of the extract would be the preliminary information for the

development of these recipes to anti-oral cancer modern medicines.

Keywords : Litchi seed extract ~ Anti-oral cancer activity
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