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Moringa oleifera Lamk (%238 Moringaceae) iiufiwilfifuayulnsuarlfifusmnsvesnulng Tu
nsfinwil fmeildgniiuuasuendiusenitu 3 duddde Tu iln uazmenuzsy muddu Mnduihidluadn
Tnelfueanesedfeiinmsatauuurenudn (Soxhlet extraction) ansafinmeny (crude extract) fildiilunagey
grsmsfufinsiulnvenradusSunsdedildvg Ineldiiveaeu MTT assay uamdlethansafaneivanii
nsuenliu3anstusieds Gel filtration lneldian Sephadex LH-20 nudransnsausnansaraveuldidundulun g
16 3 nau fie pflse MLOL), pf2 (MLO2), uag pf3(MLO3) lagwuin fansiteengrdduinnasyiulaves
waduzSedinldvajinges (HCT116 cell line) Insfnwinalnmssussniaaiapiuliluszdumad nofnaviliiaad
e eldinsguanms Cell cycle waznunssumudyaalusiiunelusad pERK MAPK pathway 7idudyayias
anlumaiuinueedundaldvg liunlduieimunasddaiiasdislunissud weadueidalalu

BUNAR

UNAREDINTWIDINGE

Moringa oleifera Lamk (Family: Moringaceae) is used plant as a herb and food for Thai people. In
this study, Moringa plants are collected and separated into 3 important parts: leaves, Drum, and Moringa
flowers, respectively. Then, plants are extracted using Soxhlet apparatus by alcohol extraction. The crude
extract has been tested to inhibit the growth of human colorectal cancer cultured cells by using the MTT
assay method. The crude extracts were purified by gel filtration using Sephadex LH-20 gel, it was found that
the crude extracts can be separated into 3 large groups: pfl (or MLO1), pf2 (MLO2), and pf3 (MLO3),
respectively. It was found that the active purified obtained from column inhibited the growth of human
colorectal cancer cells (HCT116 cell line) by studying the inhibition mechanism of growth at the cellular
level. The cells died under the cell cycle process and there was a signal interfering with the protein inside
the pERK MAPK pathway, which is an important signal in colon cancer cell proliferation. The conclusion of

this study was confirmed to develop important substances that will help to stop cancer cells in the future.
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3511591 8UN15938 (Material and Method)

v
P~

Tasen1339ell un1svinidelameass (Experimental research) Tagvinisiiasiziing qvidvesansaiin
uzguiwenly senisiunisasyivinveagadimzidewssayed nelianziemeasinnisnisnagey MTT

assay WazmTIRdeuUMsHudIiMsasyvonTadlusziuwad wuslaldu 2 Ysszezdidny Ao nsvmadeunIsIUNIY

o

dygraumaasylustinvesvaduzids wagnissuniunmsasdygrunmeluaaugise

aunsalinldlun1side

- \dasiloauniaineauieu Hot air oven (Aaizindveand uninerdedaling)
- i3asflensarinans Soxhlet extractor (AandrAaRs uvAInendudaling)
- ipdeseflilunsszmeansiiesns 9niATessEveaaINA (Rotary vacuum evaporator)
_ Foudsueadimzans uay Laminar Air flow (Aaindurans uminendedauins)
- §oU 5% CO2 (incubator) AUANEMMA dWIuINZIAILEAd
- Lﬂ%‘laﬁmmigﬂﬂauum UV-spectrophotometer
- flssnudle dmsusSeugunsniuas Sand miuimsideasad
- Lﬂ%aﬁ’?@ﬂ’ﬁ@ﬂﬂauuﬁﬁ Micro plate Reader @115 96-wells plate
_ Foudsueadimziss Cell culture with camera
- YANAFOY Electrophoresis/Protein Transfer (Semi-dry) Set
- \3e381uaa Gel document (UV) machine
- fuguds -20°C, -80°C
- fufuwadimsdswuudnlulasiauan
- gUnsalfidesdaviiiisniu
—‘qrﬂWﬂaa“uqwéﬂﬁiﬁvgﬁmﬁw%ﬁg%mLeliaé MTT-assay anti-proliferation assay
-wouAvaAnelUsAungluad p38, Akt, MAP kinase
-mimﬁ?iw] wu Cell lysis solution, Dye, PBS, D-MEM, FBS, antibiotic, Trypsin etc.

- gunsaldmiunisvnaey Western blot analysis

L

ASIiUNBLazanna1saAey

v

nmafivdiusing vesiirlunsinedies fwiauasusy idausndudin uasvhmséisheihazen
Fluadnas Wiethlusuuiaruaiulugunais wivlufivis gamafivies destuanudy esedmiums
wisunsataansdfty ndniuinsatnasdidalnedenisnmeatinansuuy Soxhlet extraction Tagldias
ueslumsannans 1Wgamgiuszann 50-60 ssmwadeadunm 3 fu vndunurumsatawasiilyssmews,
usaeenIuvLA  Uasifiuasanalifigunll 20 eswwa@eaiiensiiuinu  Tasvhms@nunadnuases

asdAgvaisania lngn1svinisnsaaeunguuesasdfymeauauiAnguasnangnuailluiy
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g o g a =1
NNSNAFDUANSNITIULINTITLITYVDUYAAULLTUNIZLAL

waduzSumeaeildnaaou Il 3 wlafte 1) HCT116 and 2) HT29 f L“UaaKLWWZLgENmL%Qﬁ’ﬂﬁLWQSJHHé
(Human colorectal carcinoma cells tag Human colon adenocarcinoma) 3) Hel.a cells A® L%éLW’]%L?:ENmﬁQ
U’mmgﬂu‘gwé (cervix adenocarcinoma) la5u31n American Type Culture Collection, ATCC, (Manassas, VA)
wadiz AR e ssssaduiln Dulbecco's Modified Eagle Medium (D-MEM medium (Gibco
BRL Life Technologies)) finas 10% heat-inactivated fetal bovine serum (FBS) wag 100 U/ml penicillin, and
100 mg/ml, streptomycin (Sigma) Leadimeideaiingn dedufimzndsagad fonmgfl 37°C sseaifua

meldenianivsunumsueulaeanlan (5% CO2/air)

NSNAFBUNITLISEVDILYARNLTUNIZIABIR85 MTT assay

NSNAERU MTT assay dudnn1slagas MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) da3enin tetrazole HuAdeuAndosiiazaneild wavargniudeulungnoudihnes formazan Tae
loullas] mitochondria reductase MNITAGTETTAN (xX) 9niiuans formazan aggnazanslu DMSO Aiuadluiile
ihluindimaganduuadutag 500-600nm Tnsnsnaaeuaruibufivesasmadoudewadinizidiesns induoy
wadTsenviesliinegndsduiiatuansvaaey (asadavesiivazsy) semsgmsanasuesans MTT Adewdy

formazan W3guieunvanelidasnadau

/@ mitochondrial
©_<P|_N reductase _NH
| N
N=N I

=N N
S Y,

U1 wamansiUaeunYasars MTT [ukilu Formazan Inenaulval mitochondria reductase

nsnAREUEIs MTT assay Buamnnsvadeugqvdlusadinizides lnsinsdossadunseilduywd
Uszanal 3,000 cells/well Tuownsiasais D-MEM medium 7iiia FBS 10% uag Antibiotic luanadsswaduila
96-well tissue culture plate Ui zieadauadnfivauasusad agnslion 24 Halus ndsnishasaaneiu
usazausnazaely DMSO feanududures DMSO fisiign anduthluidentsie sterile water lldam
WUt AN TataveTuYetEyulng auaNdunieg Tneneidiasdi 37°C meld 5% co2 e 24-
48 éi'j"’ﬂm ﬁ]’]ﬂﬁ?ut.‘ﬂ?ilEJuE]’]WliLgENL“Uaa(IﬂEJWI @1sazany MTT solution (Sigma, St. Louis, MO, U.S.A) 1‘148’1‘1/1’13L§EN
\To D-MEM medium finmududu 1 me/ml dumnzwadsaiiostn 4 Hluaneldansiu Saeadinnziboe

Sterile PBS wazazaneiwansie DMSO wavtinluinnspaniuueassieinied Bio-Rad Coda microplate analyzer at
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a wavelength of 450 nm (reference wavelength: 600 nm) LAIUNTIAANINTIVABUNTTOATINVDLTAS 108
Wisuiflsuansadavenuluanidudusing 4 Taefinguenuasnuans DMSO finnudududeiuiflumsadavenn
wazldans Cisplatin Wuansiflinadudimsnsyreseadinzdes

N13ATUIY

% inhibition by calculate = [1- (OD treated cell/ OD non-treated cell)] x100

N15U8NE15aNANYIUAY Gel filtration chromatography

ndnldasataveruuegy Aldnnnisafaudniy  asatameulihuuendeifiaainety  (Gel
filtration chromatography) Tnaidenlfiiornasiin Sephadex LH-20 FanSeuunan hydroxypropylation of
Sephadex G-25 \Jufindinfiinaniassasisvesansfinunsy (a bead-formed dextran medium) 1Sunansii
(stationary phase) wagldasazansiusiuea (Methanol) azma‘iuﬁw?qmé (Methanol in purified water) Tu

v

Sns1aIuAN9e U Aaus 0-100% (Juaindouil (mobile phase) Ingyhnsiassulaauazin3suAsduANITUENALT

wugluenansannusem a1 Exclusion Umit Usyanas 4,000-5,000 tnaduiuansazaeflslumaindaun

Exclusion limit (M)

Sample loading:

adsorption mode
molecular sizing

partition mode

Matrix

Particle form

Particle size range (dry)
Average diameter (dry)
Particle size range [methanol)
Average diameter (methanol]
Max. linear flow rate

Rec. linear flow rate

pH stability

working

cleaning

Chemical stability

Autoclavable
Operating temperature
Shelf-life

4000-5000 ( depends on solvent)

depends on resolution required
< 2% total bed volume
< 1% total bed volume

Hydroxypropylated, cross-
linked dextran

Spherical, porous

18-111 pm

70 pm

2/-163 pm

103 pm

720 cm/hour

60 cm/hour

2-13

2-13

Stable in most aqueous and
organic eluent systems. Not stable
below pH 2 nor to strong oxidising
agents.

20minat+121°C

+4to+40°C

5 years

7U 2 myuaasnnautiveuiena Sephadex LH-20
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nsnAdauNITasayyIuntelugaa

manageunsasdygunslugas (Cell signaling) ansaviilalagyinnismageunisanasveslusiiu
meluad Tagldinaiin Westemblot analysis Tnsfindnnismusy WesiurimaidsasadusSameidesdldlug
(HCT116) Tumumguaunm 6-well plate TutSuaumad 1x10° cells/well Yuimsiwadatelu 24 Falus ndsni
msneaeulneldansataiiuenldainaedus (pofl, pf2, pf3) Unmzwadsewdeing 24 alusaz 48 alus
it awadae Sterile PBS uazyinns Lysis cells AILEANIALAIBLINIIFIU Lysis buffer (with 1 mM Na3vO4
and 1 mM NaF inhibitor) gasgil 4°C Wunan 15 Wit ivansazaefiléiainnig Lysis cell figamgd 4°C shly
Hunennzneuseinieamsuwios 7 12,000rpm gaumgdl 4°C iuasaraednilaiigumni -20°C wlehlunaaey

Usunalusiuwaznisagausaly

Gel cassette
| Anode Cathode Hamilton
buffer yringe
P —— buffer

Negative

electrode O @ i
L chamber Sample

Anode (+) — Cathode ()
(UL
Tank Power source X
Separate protein
bands

3U 3 msnaaey SDS-page lagvannisialy nlduenlusauluaisazarginhumaasy wiorhlunaaeuludusely

harserarvaiulandinnnsnageuiuaIsnige  wvegeumnUsunalusiunisnsilisuiisuiulusiu
910 Bovine Serum Albumin (BSA) Tagmsin3euansaratsannsgiues BSA fimuidudu 1-10 microgram/ml
wazIsasaraneiifeinsaaeuUsinaldsiuluvansmudiudu mntunauaisazanedie Bradford reagent
(BioRad Protein Assay Solution) ansazaeiiliflusiuegaslvidinniaunduaniiznsa defiasavanefiflusiu
otasinnaAsuudadiansihidy faunsataldfianuenedou 595 wiluwes (595nm) Tnsluduneusely
inlunaaeudie s Westemn blot

nMsvagoy  Western blot ilusAufivarundudusviinisTvanadluvaiaa  Ysinadutng 5-25
lulasnsudenaalasnaudiuaisazans loading buffer Insthlududiuuien 100°C Wunamwnu 5 witdeulvanas
Tunquiaaluaasfanlus (Acrylamine) 8 — 12 % SDS-PAGE ldnszualviil 110 Tadidunaruszanas 90 wiil
anthninaaludieasg PVDF membrane nsatsagans Transfer buffer iuian 1 Falusitgungd 4°C

TUsAufidnegfl PVDF membrane azgnudensieansazans 5 % BSA Tu TBS-T buffer 1unaium 1
Fluadedostunsiuiuredusiuiilidunzsiaeas dmsuniseseaeusnalusivlugad fddydmsuns
dsdyerauneluad TdueuRued pERK1/2 polyclonal antibody #9101 #se Akt antibody #9272 %30 p38 MAPK
antibody #9212 (Cell Signaling Technology) tieansluasazans 5 % BSA lu TBS-T buffer figamgil 4°C 1Tu

a1 12 Falus udntufuLeuAuef NIwzaswauRuandisn lagly horseradish peroxidase-conjugated
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secondary antibodies deygansduresieudived wnlaeldasazats chemiluminescence (ECL) Wuran 1-5

A a v i Y as a ¢ v
W9l Ngaumniivies aredefiduuazineiselsunsy ImageJ (open source software)

- N

™)

]
R : E 8 ; S
5: 1 h-_—'____"‘x_.’ - E-_—_,_.--'—--_' =t E
%ij & T 5 o
Run gel ) Transfer gel to blot Wash blot 3 times, Develop blot
electrophoresis paper, incubate with incubate with
primary for approx. secondary for approx.
30-45 mins 30 mins, wash blot 3
more times

FU 4 msandunisnaaeuluy Western blot analysis laglduauduedninniziatgasnulusquisdein)snaaey

NIINAFBUNITIIIYVaILaanIula Cell cycle

MsnadeuNasrensad Meldnestinveasad 1935ms Araandiisumeiuweuiived dusnie
anti-caspase-3 antibody warlduoufivesiiaes fe Alexa-Fluor 647-conjugated with anti-rabit IgG antibody
uazld Propidium iodide (P dmiunisindvesiidute wdnilunaaeuluieios Flow cytometry Ingsu Guava
easyCyte Flow Cytometer (Merk Millipore) Tneldfninueindud 488nm uag 7 640nm ‘ﬁa;&aﬁlé’ﬁwlﬂﬂmwﬁ

pglusunsy Flowing Software version 2.5.1

N19NA8aUlATIE51999a1981AYA8 NMR/MS spectroscopy

Mass Spectrophotometer lfnrusiuflonnamsindmans uvninerdedus Usemediu (EOL
AccUTOF-T100LP spectrometer (Japan) uwazieded 1H NMR Spectrophotometer i:u ECA 600 spectrometer
(JEOL, Tokyo, Japan) fmedusiiléidusiin silica gel PSQ 1008 or ODS Chromatorex (Fuji Sylisia, Kasugai,
Japan) or SephadexLH-20 (GE Healthcare Waukesha, WI, USA)

YDULVAVBINIFIVY

mAdelafnwnisainansaniivuesy tngldaeine wu Tu een waz Hn Wethaisadaluneaeuriu
wasuziSunzdesdanie Ingagyinisainansdrfyaindiuvesity meaisavarsiumiuea (Methanol) wazvin
N3TTMELDIATATAENTLEARENIUNNA L lAaTavateiutu (Crude extracts) AnwiAndnuyazvesasain lng

Bnsmeaeunnguall ndsntuiilunaaeuauaunsatunig
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]
= o

T28219819191N15998 wazdaauiiinimaaas Adudeya/ s1891uKE

1A59M5398 andunisniglu 2 9- 4 U

1. Sumeumsdamiiur sy wasniounsain/ wisuansatnainusg (Aasndvmans umninendofaling)

2. %umaumamaaqu%ww?zgLauimmaaLsuaémﬁnéﬂﬁwwé uarnNIIVIRERUNTAsdy Nl uTAaNIY

TUshusneg (Auzindaenans unninendefauing a.uasugy)

3, Juneumsmaseumsdyaunelumad u Cell cycle Vniiussmadiu (ruzindvmans uninededue)

4. Tumeumsiigtlassasiavesansdrfey mewmaia NMR iiivssmagdu (auzindvmans umnine1detue)
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NAN15728Laz3915al (Result and Discussion)

n. Nsafina1INNYNLIUA875 Soxhlet extraction

nsainansnadAyvesivuzsy Nseyly 3 dwde Tu n waveenuesy ldminvesansadaneu
WERINan1URNS1e tnenuinlaansainvenu (Crude extract) vesiiwuysy awnseanalaainlu dn uazaen Sosas
10.46, 22.65, waz 22.69 MUEIRU Wua1sananeuNladanwaEAteIwaza nganeRansanane1untaainin

uggu wAoutamileaninansiafliaindiudun

MITN 2 UaRSHANITAARNTISVINTvN U Uaza13ananeIUiilanInds Soxhlet extraction

duveINY thfmdeun | dainans minge dwnihansarin | % ansataileusu
FEPH] aziden ann+ilesEe | Semy vegnuiilsl Wydzgd 300gm
(@) (b) c = (a)-(b) (sum(c)/300)*100
Tu 50gm x 6 93 = 71.4888 54,7828 16.7060 10.46%
300 gm 73.3353 58.3198 15.0155
67.3456 50.9757 16.3699
Hn 50gm x 6 )3 = 118.402 90.1363 28.2665 22.65%
300 gm 78.1811 57.5967 20.5844
73.9618 54.8589 19.1029
AN 50gm x 6 83 = 112.2790 89.5692 22.7098 22.69%
300 gm 103.7816 83.3014 20.4802
105.7536 80.8569 24.8967

. N13NFIFAUAMENTANGUAITNIINgNEANUNY (Phytochemical screening)

thansafaveuiiléandiuresizsy 3 dau wmadeumnguansangnueadl Wesiu finmmageusian
soluil

1. miﬂisﬂaUﬂdu flavonoids @$73@UAY Cyanidin’s test, ferric chloride test wag Molisch’s test

2. @15Usznaungu coumarins avndeunsdeadiudiddansililowni 365 uiluns

3. a’liﬂﬁzﬂaumjm tannins MIIABUALE gelatin solution, lead acetate solution, ferric chloride test,

lime water wag vanilin’s reagent

4. ansUsenaungy anthraquinones A3IvdBUME modified

5. a’liﬂizﬂaumju terpenoids M529@0UMIY Liebermann-Burchard test, Kedde’s reagents, modified

Killiani test Way foam test

6. miﬂisﬂaumju alkaloids @519@®UAY Dragendorff ’s reagent
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I3 3 UdANNITATIAOUAITANAN TUNL T DINNTSNATOUNG WAL IUAY

asafaildan | nguvesansiingiadou
Flavonoids | Coumarins | Tannins Anthraquinones | Terpenoids | Alkaloids
Tu +/- + + - - +/-
Hn +/- + +/- - - +/-
BN + + + - - +/-
NHYLIR + vinefis wuanslunguaanans - vuneds lunuanslungudsnan

+/- wuvisalinu arstunguadsnaniilesanlinanisadeuuinuasay

A. N1SUBNETENANYIUAIY Sephadex-LH20

MenaInlaasatiaveIuaInNguee 9 vasiivaegy 3 @ dnwhmsienansiemainaeduniasun
Tnsns il (Gel filtration chromatography) Tneidentdf Sephadex-LH20 Tunsuenansiifinuadniiduansdiday
\esmnlaldosnislianeaillumadsunasanmansddgfiadaldndiuesiviieangnd udsanmaveaeulu
wadunSumsaswd  wanlumstusunamstumansddlaeiliasuadaseadwesasinududy
nanRapsfilsndsanuenansdfyandruvesiivazgy  dhmveslunuininisuendnildinindndug  vesiiy
uzgy Fuanssaluam dumsadadldanin dnsuenansiilifuaginsuendaulden dumsainanaend
Vinalliliemeldesnn  Usinaidaiunnilldfsmedensihmsuenaisiinasn  dailshluneaeuly

Jumausall

'
v A

nsunansanansavilddumsaianeiildanduvedlunesy  Tasaansouenlfidududdyiideen
quidld Ao dw pf2, pf3 Taensldansazaneiusiuea (MeOH Solution) Tnensldnsladdumnuiduduves
ansazangwsuealui (eradient mixture of 0-100% methanol in H20) lusywinefidauwes pf3 QNYEANBANAMN
podus ansavangegszrisauduturesasaraesuealuth fisosaz 30 (30-100% methanol in H20)

nsnlfdiusingg muulaturesnisuenatsuds asusazvasavaaedlignimnguauguiuuiiny
&N InsY UV spectrometer 7 260nm Litesausinaiugoss (Fraction) Inewudn ansfiuenldlungy pf2
(Useana 40 fadnsy) wazthlunaaeuse thin layer chromatography (TLC) I§amunsan 38 fractions (F1-16)

Tngordeanwazvesguuuuinuly TLC pattermns
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L3 ¥
g. wamsmaaqusmiwsmﬂmwaémﬁqumﬁm

g %3
(1) Nan1INAdauUaNsINNAITANARYIU

HANSNAABUVSNNTASYUDIYaaINIZIABSd lduywe 2 ¥ila (HT29 uay HCT116) wazluimaduziss
wnzidesUnuegn (Hela cell) Inemaaeuivansaiaveuiilanniivugsy 3 diudrdny Ao Tu aon uagiinuzsu 7

van 24 Flusuaz 48 TalNa lanailaasuniunin IngisaudiunlaainansainneIu nugnsn1sguginIsasyves

WadUzSwNEaeisauvia

Moringa oleifera Lamk

2) flower

HCT116  HT29

“ Qaan

70 { m4BR M 89 1 gagn v

%5 Inhibition

%9 Inhibition
9% Inhibition

pvso P B2 PR

Anti-proliferative effects in cancer cell line

U 6 KanIsMAFeUgVENITUSNTasUS U Izaealy 3 wad vnasanave vETa ety nen uagiln

dethansafnfiuenldumedeunisdudimsiesyressadimzdounsieldlvg Tnedenwad HCT116
cell line lasnifuadinaaouudufiunanisnnaosdniauiing 24 uaz 48 $9lus wadeiiaiitnsiasayiidne
wdsadu 2 wih (Doubling time) Tosninaaduszuan HT29 cell line usnantu Suduwaduzaiinuining
naneWuSsE U Ras viliARnsResoensnuugise Mewemaina1 Sadenisad HCT116 wvhnsine

Tudupawsoly evnanuduiusveinisdugaimsaigveseasuzsldlvgluszauluanasiely

(2) wan1sNAEaUINETANARYIUNLENEIY

Y Y = Y oAy - N @ %
nnswenansatiaveuils wazdenlddnilannlu Weswndvsunamdminuenlauings uwaraiunse
wendusneg eanunlailudus (Fraction) Adaauldunngn dwmeaevdudunaiuwasuzisamzdosmdanty

AowaduzSealduywd HCT116 wul ansafaneruiuenliaindiu pf2 uaz pf3 uanwwan1sdudansasaes
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waduz v lduywd 1aandndwd pfl waz pfa Wewflsuluanududuiildlutiafiesiui 0.005-0.050 me/ml ag

aunsaduginisiaiyessaaasnlauiunaounin 50-60% Aaududu 0.025-0.050 me/ml

160 - 24hr
140 -
120 -
100 -
80 -

60 -
40 -
20 -
0 -

Cell viability (%)

7.

Concentration (mg/ml)

140 - 48hr

B pfl
Opf2
Bpf3

120 A

e
LS,

100
0 @ pfa

DMSO Clsplatln 0.001 0005 0 010 0025 0.050 0.10 0.25 0.50
0.5%

40 -

20

Cell viability (%)
o 8 8
e -

,

Concentration (mg/ml)

3U 7 wanIsmmaeun s uguTadinIzdeezsIalanguyye (HCT116) vnarsanaiuenlaamnlusess pfl, pf2,
pf3, wax pfd Mikaa 24, 48 ¥l

P IegeuMsiudainisaigueuvaduziisaldlng HCT116 cell line wuansainuszunmn pfl-pf3 gndduds
maasentaauztisaldlugsiall Tneldaududunuszunn 0.050 mg/ml Tnenuansannuszan pf2-pf3 9
Tinadluaududuiiudy Negsening 0.01-0.025 mg/ml uenaniasadnvia pfd Tinadugainsiasaues

waduuSsdldlnguiled Annnududiugs 1inndi 0.25 me/ml
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3. NaNIIVAdBUNEINUAYYIUn18TuLYad

MnansaeuNsiudimaniauensaduniedlduyud wuh asasasunmumsinumeluead
Tnefinadensdedyaunieluead Tnswglusiu Caspase-3 finuindinsusnaans (Cleaved caspase-3) #afi
wulunsgmeléindesganssemingloisadu Wleldansadnvin pfl waz pf2 usilinuluansafniuenldly pf3
donAdasiuNaNISIAdaURELA3as Flow cytometry Wuinansain pfl anunsaviilwadiAinnisunnaaiaes

Tshu iunfiaadloeuiisuiunguaiuay Inensldansagaes DMSO

. DMSO pf1 pf3
*kk _UC'&,Q
100 1 23
e 3%
3 2
9 75 °8
o=
23
S g 50 * g
32 3
2@ 25
o8
0 1
0 =
O L & & @
@ © ¢ &
& v
()
&

gl/ 8 KaNITNAARUAIE Flow cytometry UaznIsdouaivaan e immunofluoresence

2. Han1sngadlaseaiieasdrAniae NMR

a13Usznau (compound A and B) tluansfididnuwaznsdivdes (yellow amorphous powder) #&391n
uenlagly column chromatography lagldasazarsnelaReulanlasunisusulinugan wazidsthaisninan
wmagouluwiu TLC mudBnnsues Tuzimski, 2002. 903U wandliiudniauinansuszneu (Compound A or B)

annsausnniuld lnglidndiuvesansazarswsueasouiludndiu 60:40 (MeOH: H20 =60:40) a15@aNa1IYN

Wumeasavarensadansniinnududuiosas 50 (50% H,SO,) waztluaufigamgil 90-100 °C wuansuszneau

NEWEDY WarasUszNoUNInu compound A wag compound B fiA1 Rf= 0.393 wag Rf= 0.464 #1ua19U
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{ s compound B

g
"w.
4
1

l_ !\ > » compound A

o2 pf3

3U 9 mavaaeusag TLC iensIadeusumiavesasiuenlannarsannmeu

— - - -
Pl P2-1 P22 P2 P3 P3 A2l B9 astra Isoq Kaem Chlor
: )p -

U 10 Wiyuiigudumisvesarsanniuenla Ty TLC 1iguivaIsunsgmiviaIuiln

il

i 16



PnMsMedeuNIlastaisvesansaifeniosio NMR spectrometer Tnenudn 1H NMR spectra of
A and B wansdnuazvesnsimueglungurlanliuesdndelaled (flavonoid glycosides) tnwtinlanaves
aslszneu A uay B @wnsassulednl CuHyOp  Wag  CyHyOpp  9NNa1dy dlonpaeuseriasin
MassSpectrometer wurhminvesansiengs 7 m/z 447 and 463 [M-H]

wenani nulassadsvesansusznou A uay B Sdnvarvsshminuardnvarvesanadiuiiny (mass
and 1H NMR spectra) é’uﬂ’uﬁ‘ﬁ’ué’ﬂwmwmmiﬁuyjﬁﬁmaﬁaiz (sugar moiety) AnlATIEEIITINULAZNS
Wisuiisuiuansnsgiuiindsteyamsiaiidfny wuin Tassaiavesansusznou A uag B e ans kaempferol 3-

o-glucoside (astragalin) wag quercetrin 3-o-glucoside (isoquercetin) ANAIAY

Astragalin: yellow amorphous powder, Molecular formula: CyHy,Oq5. LC-MS: m/z 447 [M-H]-. 1H NMR (600
MHz, CD30D): & ppm 7.92 (d, J=8.8, 2H, H-2[ ], 6[1), 6.75 (d, J=8.8, 2H, H-3[ |, 5[]), 6.21 (d, J=2.1, 1H, H-8),
6.03 (d, 2.1, 1H, H-6), 5.08 (d, J=7.2, 1H, H-1[] of Glc). (Aishan et al., 2010)

Isoquercetin: yellow amorphous powder, Molecular formula: C,;H,004,, LC-MS: m/z 463 [M-H]-. 1H NMR (600
MHz, CD30D) & ppm 7.70 (d, J=2.3, 1H, H-2[]), 7.58 (dd, J=2.3, 8.5, 1H, H-6]), 6.86 (d, J=8.5, 1H, H-5[]),
6.35 (d, J= 2.1, 1H, H-8), 6.17 (d, J=2.1, 1H, H-6), 5.23 (d, J=7.7, 1H, H-1L] of Glc). The peaks assigned in 1H
NMR corresponded to those Refs. (Kazuma et al, 2003)
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d5UNan15398 uazdalauauue

(Conclusion and Recommendation)

1) MsNAFBUAITENANEIVNZTH AUgNSAIUNITRIYRUTAvaLTARNZISUINISIAES 3 Biia

]

asataneunzgn Muenldainluuzsy aenuzgu waziinuzsu Jgvddunsadyvesvaduzsaldle

(HCT116) Miwn1snaaey MTT assay tngansaianeuiiwenlaanluuegy imhlunageulutunsudaly

2) nsugnasananetuitaainluussu wasnsnagaugndiunsiasyvaagasuziseanld

Ingiuywd

asaianeunesn Auentiaintutesy Wethluenliusgvzuntumeds Column chromatography
ausousnansanneanule 3 nauddny waslethluveaeunisialyveasadunsaaldlvgnuin Sgvddudanis

Winreagaduzsdldlvg) lauandneiu Tneonguilnenlanguusn pfl danddudenisiadayveasadlan

3) MsnagaunalnsERueas Yasasananetuuenliainluuzsy

ansataneIunzgn Muenldainluesy wazdlethlunageunisiasyveusaduzsetdlngwudn pfl &

o
LYY

UBIUEINTILRSYURITad AR HUlUSAU Caspase-3 Tunismsveawas wazinaselusiuliitveawadniele

Heyy1ad MAPK kinase d@annaasfiunis

SudansiasqueseaduziSeldlve)

[

4) laseairsvasarsdrfginsuluansainainluuzsy

v

v
LYY

nan1FIveMlAsIEs e sa Ay Aflgvddudinsaiguentaauniealdlvg  Inuannsiasiein
lA59a519en5UTans wudn dansegnees 2 vliafinu Aa Astragalin wag Isoquercetrin Ainsaanuludiuvesansann

Meongns nansanavenulsanluuesy (bioactive fractions of M. oleifera leaves) wagt1agdin1s@nyds

P o

anszddivhasimunduelifiuiiy anansataneruuzsuledn

o

i 18



UTIIUNIU (Bibliography)

1. AMZNTTUNILAIIAAIUEN. TYTOMaNLnaF w.e. 2542 (ﬂ’ig%ﬁnmﬂagul‘m). ATHNNUAEIUAT 159
RuiyLUainIalnsinuaswisUsswalng 9110, 2543,

2. goniim ausUsedR. wesy anlvdudesiuueise. nueyatiuy, 2007. 338: 1245,

3. ngy. Tunfu yaissUseas Tu aslng Butu (3). nqamme, Udssvudntn, 2501: 693-694.
4. Caceres, A, et al., Pharmacological properties of Moringa oleifera. 1: Preliminary screening for
antimicrobial activity. J Ethnopharmacol, 1991. 33(3): 213-6.

5. Eilert, U., B. Wolters, and A. Nahrstedt, The Antibiotic Principle of Seeds of Moringa oleifera and
Moringa stenopetala. Planta Med, 1981. 42(5): 55-61.

6. Chuang, P.H., et al,, Anti-fungal activity of crude extracts and essential oil of Moringa oleifera
Lam. Bioresour Technol, 2007. 98(1): 232-6.

7. Bose, C.K,, Possible role of Moringa oleifera Lam. root in epithelial ovarian cancer. MedGenMed,
2007. 9(1): 26.

8. Chumark, P., et al., The in vitro and ex vivo antioxidant properties, hypolipidaemic and
antiatherosclerotic activities of water extract of Moringa oleifera Lam. leaves. J Ethnopharmacol, 2008.
116(3): 439-46.

9. Mahajan, S.G. and A.A. Mehta, Effect of Moringa oleifera Lam. seed extract on ovalbumin-induced
airway inflammation in guinea pigs. Inhal Toxicol, 2008. 20(10): 897-909.

10. Debnath, S. and D. Guha, Role of Moringa oleifera on enterochromaffin cell count and serotonin
content of experimental ulcer model. Indian J Exp Biol, 2007. 45(8): 726-31.

11. Hoffrann, E.M., S. Muetzel, and K. Becker, Effects of Moringa oleifera seed extract on rumen

fermentation in vitro. Arch Tierernahr, 2003. 57(1): 65-81.

12. Sayeed S and Ahmed K. Hypocholesterolemic effect of sterol of Colocasia leaves. Bangladesh J.
Biol. Sci, 1979. 8: 17-21.
13. Dayrit F M, Alcantar AD and Villasena IM. Studies on Moringa oleifera seeds. Part I. The antibiotic

compound and its deactivation in aqueous solution. Phillipp J. Sci, 1990. 119: 23-32.
14. Caceres A and Lopez S. Pharmacological properties of Moringa oleifera three effects of seed

extracts in the treatment of experimental pyodermia. Fioterapia, 1991. 62: 449-450.

15. NI Tunde. grisiuatnvestinue sy, 189U, Auzndvaans unnInetdedediui 2539. 25
ni
16. Eloff JM. A sensitivity and quick microlate method to determine the minimal inhibitory

concentration of plant extracts for bacteria. Planta Medica, 1998. 64(8): 711-3.

17. U5y DIAUEIED. 81geny. AALA, 2551. 24 (11): 1013-17.

18. Mahmood, T., & Yang, P. C. (2012). Western blot: technique, theory, and trouble shooting. North
American journal of medical sciences, 4(9), 429-434. https://doi.org/10.4103/1947-2714.100998

N 19



A1ANuIn (Appendix)

I o

[y va
MaRuIn . UseiRgae
AAKUIN V. NANUITETHYWNT 3 1509

AARWIN A. FUANUTENBUTIONWITY (iisLRY)

97 20



x4

va
W398
Y

v

UseI6

WAYNT AS.WIBA NNTARAUSITY

anuivinen eansndveans uvninerdeRauing (uwdund) 2.uasusy

Inséwvi 034-255800  Insans 034-255801

E-mail address (G’l’aﬂizq) Pamonsinlapa_P@su.ac.th

UszTRnsfne
- Ggyaesanvnndueanstndia an1unmine deusens Uiiau we. 2541
- Byainanvndeenansumingio (ndyemansanm) antusmiverdefiauing Iiiau w.e.2548
- Y3gygytenanan Biomedical and Pharmaceutical science @n1tu University Rene Descartes (U.

Paris V), FRANCE Tiau w.¢. 2551

Indnusszrutudfiafne @oL5eyAnantunis mseaudsyglnlazU3gaen)

£% Y o

- seiuUig v Feises msuszliunaiuulndiaTu(PADRE-ASREAK) wisldiluansnszfugiduiuiide

q

ysio Group A Streptococcal (GAS) Ufidniiiunns 2546-2547

- seaudSgeyien 0304 Studies of interaction RasGAP/CAPNS1 and development ihibitior of
domain SH3 of RasGAP ﬂﬁ@?%ﬁumﬁ 2548-2551

auAnfisianadngiiey Wenseyuaudin
[ avineimansiaduazndy Usenaumenguin
Fuedl  wwuiveyBrinenvesad
LETTINN uvuRndygranelused
[ avnnaluladansaumeuaslvaans Usenaumenguiv

asaunAEns kR NsTaesliananneNines

ATl S UN SRS SEFULILIYIR (Recent International publications)

1. Pamonsinlapatham P, Hadj-Slimane R, Raynaud F, Bickle M, Corneloup C, Barthelaix A, Lepelletier
Y, Mercier P, Schapira M, Samson J, Mathieu AL, Hugo N, Moncorgé O, Mikaelian |, Dufour S, Garbay
C, Colas P. A RasGAP SH3 peptide aptamer inhibits RasGAP-Aurora interaction and induces caspase-
independent tumor cell death. PLoS ONE. 2008 Aug 6; 3(8):2902.

2. Pamonsinlapatham P, Gril B, Dufour S, Hadj-Slimane R, Gigoux V, Pethe S, L'hoste S, Camonis J,
Garbay C, Raynaud F, Vidal M. Capnsl, a new binding partner of RasGAP-SH3 domain in K-Ras(V12)
oncogenic cells: Modulation of cell survival and migration. Cell Signal. 2008 Aug 13.

3. Pamonsinlapatham P, Hadj-Slimane R, Lepelletier Y, Allain B, Toccafondi M, Garbay C, Raynaud F.
P120-Ras GTPase activating protein (RasGAP): a multi-interacting protein in downstream signaling.
Biochimie. 2009 Mar 91(3): 320-8.

4. Dourlat J, Liu WQ, Sancier F, Edmonds T, Pamonsinlapatham P, Cruzalegui F, Garbay C. A novel

0 21



non-phosphorylated potential antitumoral peptide inhibits STAT3 biological activity. Biochimie.
2009 Aug; 91(8): 996-1002. Epub 2009 May 24.
5. Hadj-Slimane R, Pamonsinlapatham P, Herbeuval JP, Garbay C, Lepelletier Y, Raynaud F. RasV12
induces Survivin/AuroraB pathway conferring tumor cell apoptosis resistance. Cell Signal. 2010
Aug;22(8):1214-21.
6. Allain B, Jarray R, Borriello L, Leforban B, Dufour S, Liu WQ, Pamonsinlapatham P, Bianco S,
Larghero J, Hadj-Slimane R, Garbay C, Raynaud F, Lepelletier Y. Neuropilin-1 regulates a new VEGF-
induced gene, Phactr-1, which controls tubulogenesis and modulates lamellipodial dynamics in
human endothelial cells. Cell Signal. 2012
7. Satiraphan M, Pamonsinlapatham P, Sotanaphun U, Sittisombut C, Raynaud F, Garbay C, Michel
S, Cachet X. Lupane triterpenes from the leaves of the tropical rain forest tree Hopea odorata
Roxb. and their cytotoxic activities. Biochemical Systematics and Ecology 2012 Volume 44: 407-
412
HaLA el SunsAfuikeunss2fUTA (Recent local publications in Thailand)
1. Pamonsinlapatham P. Mucosal Immunity and Vaccine Development. Journal of Health Science
2003; 12: 635-44.

2. Pamonsinlapatham P and Pengrungrangwong K. Mother to Child HIV transmission. Thai Journal
of Hospital Pharmacy (TJHP) 2003: 2: 142-49

3. Sithisombat C and Pamonsinlapatham P. Calanolide A and its derivative for anti-HIV. Silpakorn
University Journal 2004; 23 (2): 36-55.

4. Pamonsinlapatham P and Pengrungrangwong K. Vaccine Development for Group A Streptococcus
pyogenes (GAS) Infection. Journal of Health Science 2006; 15: 163-175.

5. Pamonsinlapatham P and Intralapairoj T. Targeting the Epidermal growth factor receptors (EGFR)
pathway for cancer therapy. PharmaTime 2007; (8) 110: 5-15.

6.  Pamonsinlapatham P and Intralapairoj T. Cancer Vaccine. PharmaTime 2008; (8) 115: 5-16.

7. Pamonsinlapatham P, Pamonsinlapatham K, Thangwirai W. Limitation of anti-HIV drug and new
drug development. Thai Journal of Hospital Pharmacy (TJHP) 2009: 19(3): 247-259.

8. Pamonsinlapatham P. Focal adhesion kinase (FAK): a new target in cancer therapy Thai Journal

of Pharmacy 2010; (5) Jan-Dec: 139-150.

PN 22



ATCC Number: HTB-38
Designation:  HT-29

e

I

Low Density - S-I:ahz Bar = ‘]l]lD High ns . Scale Bar = 1pm

N 23



ATCC Number: CCL-247
Designation:  HCT 114

L S g 5 = . 5
Low Density Scale Bar= 100pm High Density Scale Bar = 100pm

ATCC Number: CCL-2
Designation:  Hela

_.f ", i

Density Scale Bar = 100pm High Density o ] Scale Bar = 1pm

P 24



H NMR of flavonoids
[1] Kaempferol; CAS: 520-13-3

Y. K. Qiu, et al., J Shenyang Pharm Univ, 2000, 17(4), 267-268
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[2] Astragalin (Kaempferol 3-O-gluceside); CAS: 480-10-4

T. Okuyama, et al., Chem Pharm Bull, 1978, 26, 3071-3074
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[3] Quercetin; CAS: 117-39-5

L. ¥. Foo, et al.. Phytochemistry, 2000, 54, 539-548

CO,00, 500 MHz
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Isoquercitrin (Quercetin 3-0-glucoside); CAS: 482-35-9

K. Kazuma, et al., Phytochemistry, 2003, 62(2), 229-237 [PDF] (CD;0D, 'H-NMR, '3C-NMR)
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Abstract

Purpose: To investigate the in vitro anti-proliferative effect and mechanism of action of Moringa oleifera
Lam. leaf extract on human colon carcinoma HCT116 cell line.

Methods: M. oleifera leaves were extracted with methanol. It was fractionated by Sephadex LH-20
column chromatography. Several fractions were identified by thin layer chromatography (TLC), proton
nuclear magnetic resonance (1H NMR) and mass spectrometry (MS). The growth inhibitory activity and
mechanism of action of the extracts in HCT116 colon cancer cells were investigated by 3-(4, 5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) assay and Western blotting.

Results: Successive fractions from M. oleifera leaf crude extracts by column chromatography were
combined into four pooled batches (MOL1 - MOL4) according to their absorbance at 260 nm and TLC
pattern. MOL2 and MOL3 contain astragalin and isoquercetin, respectively. The results from MTT assay
indicated that cell proliferation was significantly (p < 0.05) inhibited in a concentration-dependent
fashion, especially by MOL2, MOL3 and MOL4. MOL2 and MOL3 exhibited a stronger cell growth
inhibition than their major ingredients. The anti-proliferative activity of MOL2 - MOL4 in HCT116 colon
cancer cells was mediated by downregulation of ERK1/2 phosphorylation.

Conclusion: M. oleifera leaf extract has a strong anti-proliferative activity which is exerted by
decreasing ERK1/2 phosphorylation. Thus, the extract has a potential for use in cancer
chemoprevention.

Keywords: Moringa oleifera, Anti-proliferation, Colon cancer, AKT, ERK1/2 phosphorylation,
Chemoprevention

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus,
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Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals
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INTRODUCTION

Cancer is one of the leading diseases that results
in hundreds of thousand deaths among Thais [1-
3]. Many of the naturally derived anti-cancer
drugs successfully became current drugs such

as placitaxel, vincristine, and vinblastine. Several
wild edible plant species in Thailand have played
a prominent role in traditional medicine [4,5].
Moringa oleifera Lam. (M. oleifera) is one of the
most common plant found in Southeast Asia that
has been widely used [6]. It is also a valuable
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plant because it is rich in vitamins, protein,
carbohydrate, fatty acid, fiber and phytochemical
components. The phytochemical components
present in M. oleifera such as glycosides,
alkaloids, flavonoids and phenolics are thought to
have anti-oxidant and anti-cancer effects [7].
Each part of M. oleifera showed different effects
on cancer cells [6,8-10]. Moringa root extracts
inhibit epithelial ovarian cancer growth [11].
Extracts of M. oleifera leaves have been found to
elicit anti-oxidant, anti-inflammatory,  anti-
bacterial and anti-fungal activities [12,13].
Moreover, M. oleifera leaf extracts inhibit human
epidermal carcinoma (KB) cell growth analyzed
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyte-
trazolium bromide (MTT) assay [14].

Recently, astragalin, isoquercetin and
cryptochlorogenic acid were discovered to be
major active components in M. oleifera leaf
extract [15]. Both astragalin and isoquercetin
have been shown to possess anti-oxidant and
anti-inflammatory activities [16,17]. Isoquercetin
has been studied and found as a major bioactive
component in St. John’s wort or Klamathweed
(Hypericum perforatum L.) [18]. Furthermore,
isoquercetin and astragalin are present in
vegetables and fruits such as broccoli, onions,
cherries, apples [19].

The major cellular functions known to be
mediated by mitogen-activated protein kinases
(MAPKs) are cell differentiation  and
transformation, cell proliferation, cell death and
survival. MAPK proteins are serine-threonine
kinases that include extracellular signal-regulated
kinase (ERK), p38, and c-Jun NH2-terminal
kinase. The PI3K/AKT and RAS/RAF/MEK/ERK
signaling pathways are frequently mutationally
activated in human cancer. AKT and ERK
signaling pathways have been shown to
coregulate several proteins promoting cancer cell
survival and tumor growth [20]. Thus, the direct
inhibition of AKT and ERK signaling pathways
may provide a potential strategy for cancer
therapy.

A previous study showed that bioactive fractions
from column chromatography separation of M.
oleifera leaf extract exhibit apoptotic induction
activity in HCT 116 colon cancer cells [21].
However, the bioactive compounds from M.
oleifera leaves have not been clarified.

The present investigation was undertaken to
identify the phytochemical compounds from the
bioactive fractions and to elucidate the
mechanism that may be responsible for the anti-
proliferative activity.

EXPERIMENTAL
Plant material and extraction

Fresh M. oleifera Lam. leaves were collected
during January 2012 - December 2013 from
Amphoe Mueng, Nakhon Pathom, Thailand.
Leaves were cleaned and subsequently dried at
50-60 °C for 2 - 3 days. The dried leaves were
blended by homogenization and extracted in 100
% methanol for 3 days using a Soxhlet extractor.
Alcohol solvent was completely removed from
total extraction solution by using an evaporator.
The crude extracts were kept in a light protected
glass ware at < 4 °C until used.

Column chromatography on Sephadex LH-20

The dried crude extract of M. oleifera leaves was
dissolved in 70 % (v/v) ethanol at 1 mg/mL and
then filtered with 0.45 pm filter membranes
(Merck Millipore, Bedford, MA, USA) immediately
before use. The fractionation of crude extract
was conducted by size exclusion
chromatography as described previously [21].
Briefly, the extract was separated into fractions
with 2.5 x 37.5 cm glass chromatography column
(Bio-Rad Laboratories, Richmond, CA, USA)
filed with expanded Sephadex LH-20 gel
particles (10 - 25 um; GE Healthcare, Waukesha,
WI, USA) in 70 % (v/v) ethanol. The column was
eluted with 70 % (v/v) ethanol. Collected fraction
of 5 mL each was monitored by SmartSpec™
3000 spectrophotometer (Ayax = 260 nm; Bio-Rad
Laboratories, Richmond, CA, USA). Based on
spectral readings, four pooled, combined,
fractions (pfl-pf4) were collected. The four
combined fractions were evaporated and freeze-
dried. Then, they were stored under refrigeration
(-20 °C) and in a dark container.

General procedure

Optical rotations were measured with a
JASCOP-1020 polarimeter (Tokyo, Japan). MS
was measured on a JEOL spectrometer (JEOL,
Tokyo, Japan). ‘H NMR spectra were recorded
on an ECA 600 spectrometer (JEOL, Tokyo,
Japan) with deuterated solvent. Silica gel
presqualene (PSQ) 100B or ODS Chromatorex
(Fuji Sylisia, Kasugai, Japan) or Sephadex LH-20
(GE Healthcare Waukesha, WI, USA) were used
to carry out column chromatography. Thin layer
chromatography (TLC) was done with glass pre-
coated ODS RP18 F,y4 plates (Merck,
Darmstadt, Germany), developing with gradient
methanol-H,O  (40:60-80:20). Spots  were
detected using UV absorbance at 254 and 365
nm and by spraying with 50 % H,SO,, then, the
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plate was heated at 90 — 100 °C for at least 2 - 3
min.

Extraction and isolation

Dried methanol extract of M. oleifera leaves was
subjected to gel filtration on Sephadex LH-20
with four pooled fractions (MOL1 - MOL4)
collected. The bioactive fractions, MOL2 and
MOL3 were resuspended in methanol and then
subjected to octadecylsilyl (ODS) column with
different mobile phases. MOL2 was eluted with a
gradient mixture of 0 - 100 % methanol in H,O
while the MOL3 was eluted with a gradient
mixture of 30 - 100 % methanol in H,O. The
dried MOL2 (40 mg) was eluted, collected and
then analyzed by TLC, giving 38 fractions which
were pooled into sixteen fractions (F1 - F16)
based on the TLC patterns. Fraction F6, a yellow
color spot on TLC plate, was concentrated using
a rotary evaporator, yielding approximately 2.6
mg of dried extract. F6 (2.6 mg) was further
separated by gel filtration, Sephadex LH-20
column, eluted with 80 % methanol and then
analyzed by TLC. Based on the TLC patterns,
the eluted subfractions were combined into
thirteen subfractions (sfl - sf13). The sf13 (0.9
mg, compound A) was identified using ‘H NMR
and MS. The dried MOL3 (10 mg) was subjected
to ODS column and eluted with similar

procedures. The collected eluates were
monitored using TLC to obtain 29 fractions (F1 -
F29). F9 (1 mg, compound B) with a yellow color
spot on TLC plate was identified using "H NMR.
The scheme of isolation is shown in Figure 1.
The isolated pure compounds were identified by
comparing their 'H NMR and MS with published
data.

Cell culture

Human colorectal carcinoma cells (HCT 116)
were kindly provided by collaborators. The cells
were propagated in Dulbecco's Modified Eagle
Medium (DMEM medium (Gibco, Carlsbad, CA,
USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS), 100 U/mL penicillin,
and 100 mg/mL streptomycin (Sigma). Cells
were cultured in a humidified CO, incubator at 37
°C with 5 % COg/air. Cells were assayed during
the exponential phase of growth.

Cell proliferation assay using tetrazolium salt
(MTT)

Cell proliferation was measured by MTT assay
(Sigma-Aldrich). Briefly, cells (1.2 x 10" cells)
were seeded in a 96-well flat-bottomed
microplate in 100 yL medium overnight before
treatment.

M oleifera leaves
Crude extract

Sephadex LH-20 column, 70% ethanol

MOLI MOL2

MOL3 MOL4

(3574 mg) (80 mg) (10 mg) (<1 mg)
OD5 column
Methanel : water (gradient)
0% | 40% |5U°o 50% 50% [ s0% 70% lso% | 00%
Fi F2F4 5 F6 | F ‘ ‘ F8.F10 ‘ | F11 [ Fi2 j l FI3-F16 J
(2.6 mg)
ODS column
Methanel : water (gradient)
| 30% 40% 50% 50% |50% | | 700 [ 500 | 100r%
I F1F4 [ | B ‘ l E8 9 [ FIO-FI2 ] ‘ F13-Fi8 ‘ ‘ F19.F24 ‘ | F25.F28 J [ F29.F32
(1 mg)
Sephadex LH-20 columm, B0% methanol

Kaempferol-3-O-glucoside
(0.9 mg)

Quercetrin-3-O-ghicoside

(1mg)

Figure 1: Separation scheme of M. oleifera leaf extract with gel filtration on Sephadex LH-20 after getting four

pooled fractions
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After 24 h, the media were removed and
replaced with fresh complete medium. Cells were
exposed to graded concentrations of test
compounds (4 - 5 dilutions in triplicate; MOL1,
MOL2, MOL3, MOL4, astragalin, and
isoquercetin) for 24 and 48 h. 0.5 % DMSO-
treated cells was used as a negative control.
Both astragalin and isoquercetin were obtained
from Sigma-Aldrich. After the incubation period,
each well was washed with phosphate-buffered
saline (PBS) and replaced with 1 mg/mL MTT for
4 h incubation. The resulting crystals produced
from the MTT assay was dissolved in 100 pL of
100 % DMSO and quantified at 550 nm using a
microplate reader (Model No; AOPUSO1 and
A153601; A Packard bioscience company). The
proportion of cell viability was calculated as
previously described [14].

Cell extraction and western blotting

HCT116 cells were plated at a density of 1 x 10°
cellssmL onto a 6-well plate and incubated
overnight. Varying concentrations of the M.
oleifera pooled fractions were added into the
cells for 48 h in triplicate cultures, compared with
positive and negative controls. After treatment
with the samples, cells were washed with PBS,
pH 7.4 and lysed with lysis buffer (with 1 mM
NazVO, and 1 mM NaF inhibitor) on ice for 15
min. Cell lysates were centrifuged at 13,000 g for
10 min at 4 °C, and protein concentrations of
supernatants were estimated by Bradford protein
assay. Equivalent amounts of total cellular
proteins (5 - 25 nug) were separated by 8 — 12 %
SDS-PAGE. Each protein sample was added
with sample loading buffer, boiled for 5 min and
kept on ice immediately prior to electrophoresis
through a 8 — 12 % SDS-PAGE at 110 volts for
90 min. Proteins were then transferred onto
PVDF membranes. The process was carried out
for 1 h on ice. For immunodetection of the
proteins, membranes were blocked in 5 % BSA
in TBS-T buffer for 1 h. Probing of PVDF
membranes with primary antibodies (pERK1/2
polyclonal antibody #9101, Akt antibody #9272 or
p38 MAPK antibody #9212) at 4 °C overnight

and horseradish peroxidase—conjugated
secondary antibodies was performed, and
signals  were  detected by  enhanced

chemiluminescence (ECL). All primary antibodies
were purchased from Cell Signaling Technology.
The chemiluminescence reagent was poured into
the membrane and incubated for 1 - 5 min at
room temperature and then excess
chemiluminescence reagent was removed. The
membrane was placed and covered with plastic
wrap. The imaging film was put on top of the
membrane for 5 - 10 min depending on the signal

of the protein. The film was developed and
analyzed with ImageJ® software.

Statistical analysis

All experimental measurements were tested in
triplicate. The results are expressed as mean +
standard deviation (SD). Statistical analysis of
data was evaluated using one-way analysis of
variance (ANOVA). Significance level was set at
p < 0.05.

RESULTS
Anti-proliferative activity

Our preliminary results suggested that the crude
extract from M. oleifera leaves shows inhibitory
effect on cell growth in HCT 116 cells. The crude
extracts from M. oleifera leaves were separated
by size exclusion chromatography with
Sephadex LH-20 as described previously [21].
The pooled fractions, MOL1 - MOL4, from the
crude extract, were assessed against HCT 116
colon cells for anti-proliferative activity in 24 h
(Figure 2a, 2b) and 48 h (Figure 2c, 2d) using an
MTT assay. After 24 and 48 h treatment with
individual pooled fraction, it was shown that HCT
116 cell growth was significantly inhibited in a
concentration-dependent  fashion, especially
when treated with MOL2, MOL3, and MOLA4.

MOL2 and MOL3 from M. oleifera leaf extract

The bioactive MOL2 and MOL3 were subjected
to further isolation and identification analysis due
to their drastic anti-proliferative activity, while
MOL4 was not done because of recovery yield
limit. Compound A from MOL2 and B from MOL3
were got as a yellow amorphous powder. The *H
NMR spectra of A and B showed the
characteristic signals of flavonoid glycosides.
The molecular formula of A and B were indicated
as C,1H001; and C,1H»001,, respectively by MS,
which gave molecular ion peak at m/z 447 and
463 [M-H] -. In addition to the mass of compound
A and B 'H NMR spectra showed signals
corresponding to a sugar moiety. Thus, the
structure of A and B was determined as

kaempferol  3-O-glucoside (astragalin) and
guercetin 3-O-glucoside (isoquercetin),
respectively.

Astragalin:  yellow  amorphous  powder,

Molecular formula: C,1H»001:. LC-MS: m/z 447
[M-H]. *H NMR (600 MHz, CO;0D): & ppm 7.92
(d, J=8.72, 2H, H-2', 6"), 6.75 (d, J=8.98, 2H, H-
3, 5), 6.21 (d, J=2.05, 1H, H-8), 6.03 (d, 2.05,
1H, H-6), 5.08 (d, J=7.18, 1H, H-1" of Glc) [22].
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Figure 2: The anti-proliferative activity of each pooled fraction (MOL1-MOL4) on HCT116 cells at different
concentrations for 24 h (a, b) and 48 h (c, d). Each value represents the mean = SD of the triplicate of cultures,
*p<0.05, significantly different from the negative control treated with 0.5 % of DMSO

Table 1: Toxicity of each pooled fraction (MOL1 - MOL4) in HCT116 and NHF cells at 24 h and 48 h

IC40 (approx, ug/mL)

Sample 24 h 48 h
HCT116 NHF HCT116 NHF
MOL1 517.54 > 500 462.60 >500
MOL2 25.84 106.19 19.02 51.52
MOL3 41.38 52.50 44.02 39.20
MOL4 9.50 17.04 5.04 17.70
Astragalin > 500 NA > 500 NA
Isoquercetin 68.52 NA 5.41 NA
NA = not determined
Isoquercetin: yellow amorphous powder, from their major compounds and may have a

Molecular formula: C;1Hz0012, LC-MS: m/z 463
[M-H]. *H NMR (600 MHz, CO,0D) & ppm 7.70
(d, J=2.31, 1H, H-2"), 7.58 (dd, J=2.31, 8.46, 1H,
H-6"), 6.86 (d, J=8.46, 1H, H-5'), 6.35 (d, J= 2.05,
1H, H-8), 6.17 (d, J=2.05, 1H, H-6), 5.23 (d,
J=7.69, 1H, H-1" of Glc).

The peaks assigned in *H NMR corresponded to
previous studies [23,24].

Cell proliferation inhibitory effect

In order to confirm that the anti-proliferative
activity of M. oleifera leaf extracts may come

different effect on normal and cancer cells, the
determination of cytotoxicity in normal human
fibroblast (NHF) and HCT116 cells was done at
24 and 48 h (Table 1). Because insufficient
protein lysate obtained when ICs, was used in
the cell, 1C4 was used instead in Western blot
analyses.

The results showed that the cytotoxic effect of M.
oleifera leaf extracts in HCT116 cells was higher
than that in NHF cells. Although, MOL2
contained astragalin, the cytotoxicity of MOL2
was likely higher than its major component. In
contrast, MOL3 contained isoquercetin, the
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cytotoxicity of MOL3 was higher than its major
component in 24 h of treatment but less than that
in 48 h. Moreover, the cytotoxicity associated
with M. oleifera leaf extracts in HCT116 was
higher than that in the NHF normal cell line,
demonstrating that normal cells are more
resistant to the extract than cancer cells.

To clarify the anti-proliferation mechanism of M.
oleifera leaf extracts in 48 h treated HCT116
cells, the protein expression of ERK, AKT, and
p38 MAPK was further examined using the total
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protein from cells treated with various
concentrations (two-fold of 1C4, IC4 and one-half
fold of 1C4 value). Two anti-cancer drugs,
adriamycin, and cisplatin, were used as positive
control. Our results showed that HCT116 treated
with M. oleifera leaf extracts resulted in
drastically decreased p-ERK1/2 and little
decreased AKT expression, but not p38 MAPK in
a concentration dependent manner. Moreover,
both adriamycin and cisplatin treatment showed
a similar effect (Figure 3).
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Figure 3: Effect of each pooled fraction (MOL1-MOL4) in HCT116 cells at 48 h of treatment on AKT (upper
panel), p38 MAPK (middle panel) and phospho-ERK1/2 (lower panel) expression using western blot and ImageJ®
software analysis. Tubulin was used as loading control. Adriamycin (0.1 ug/mL) and cisplatin (125 pg/mL) were
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DISCUSSION

In Thailand, colon cancer is considered the most
common cancer in men and the third in women
[3]. The development and invasion process of
cancers including colon cancer is correlated with
PI3K/AKT and RAS/RAF/MEK/ERK pathways
[20]. The concomitant activation of AKT and ERK
pathway leads to enhanced cancer progression
and metastasis. Chemoprevention by natural
products to inhibit or prevent tumorigenesis is a
new strategy for cancer control [25]. M. oleifera
has long been used in Thai cuisine. Its leaves
are a good source of nutrients and bioactive
compounds [26]. There are many reports
suggesting that M. oleifera leaves possess anti-
cancer properties with their anti-oxidant activity
[8,9,11,14] or by down-regulating NF-kB [27].

The present study focused on anti-proliferation
activity and mechanism of action of four pooled
fractions from M. oleifera leaf extract against
HCT116 colon cancer cell line. In accordance
with previous study, this method of extraction i.e.
column chromatography is also effective in
separation of major flavonoid glycosides,
astragalin, and isoquercetin in M. oleifera leaves,
[15]. Both astragalin and isoquercetin are shown
to have antioxidant and anti-proliferative activities
[28]. Therefore, the presence of astragalin and
isoquercetin in M. oleifera leaf may be
responsible for the promising property in
chemoprevention. That was suggested by a
significant ~ suppression of HCT116 cell
proliferation with the pooled fractions, especially
MOL2-MOLA4.

As mentioned above, ERK and AKT pathways
are important for proliferation and survival of
cancer cells. Furthermore, there are few studies
on the effect of M. oleifera leaf on these
pathways in colorectal cancer. The results show
that the phosphorylation of ERK1/2 was
dramatically inhibited by M. oleifera leaf fractions,
along with a small reduction in AKT expression,
but not p38 MAPK.

Taken together, the results show that M. oleifera
leaf extract inhibits HCT116 cell proliferation
through downregulation of ERK1/2
phosphorylation.

CONCLUSION

Column chromatography has successfully been
used for the separation of two flavonoid
glycosides, astragalin, and isoquercetin, from
bioactive fractions of M. oleifera leaf extracts.
The bioactive fractions exhibit anti-proliferative
activity against colon cancer cells that is different

from standard compounds. A likely mechanism of
action of the anti-proliferative activity is pERK1/2
downregulation. Further studies are necessary to
investigate the precise components as well as
other molecular mechanisms of action.
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Introduction

Cancer is the first cause of death™ and it continues increasing death in Thai population during
2006-2011.° Many naturally derived anti-cancer drugs have been successfully developed to a current drug
such as placitaxel, vincristine, and vinblastine. Moringa oleifera Lam. (MO) is commonly found in Southeast
Asia. It is widely used for food due to its nutritional value and is applied in traditional medicine formula.*®

MO is a species of Moringaceae family. It is a short, slender perennial tree. It is widely cultivated and
naturalized in many countries including India, Africa, Sri Lanka, Mexico, Malaysia, the Philippine Islands4’6,
and Thailand. MO leaves contain natural compounds with anti-bacterial” and anti—fungal8 properties.
Moreover, various parts of MO have many other activities. For instance, the extracts from its leaves, bark and
seeds exhibit anti-cancer activity.g’10 MO root extracts inhibit epithelial ovarian cancer grow’(h.11 MO leaf
extracts also show anti-inflammatory effect.’> MO pod extracts possess an anti-diabetes activity."

Although MO has been used for a long time in many countries, there are few toxicity reports from this
plant. Recently, in Sprague-Dawley (S-D) rat toxicity test, the leaf extracts from MO is genotoxic at
supra-supplementation level of 3,000 mg/kg body weight. However, intake is safe at levels < 1,000 mg/kg
body weight.14 Oral administration MO of leaf crude extract at the dose of 10 g/kg reveals that MO has no
acute toxicity in mice." Study of MO leaf extract given by oral route (dose 6,400 mg/kg) in Wistar albino mice
and by intraperitoneal route (dose 2,000 mg/kg) has no effects to sperm quality, hematological and
biochemical parameters, respectively.

Although there are many studies seeking for new anti-cancer drugs from natural sources which may
be less toxic and have higher activity, the new ones are few. Although MO has demonstrated a variety of
biological activities, the studies on the activity related to colorectal cancer inhibition are limited. Therefore,
the present investigation was undertaken to elucidate the anti-proliferative activity of various parts from MO
on colon and cervical cancer cells. Moreover, to mimic metastasis, the colony formation assay was performed
as well.

Methods
Plant material and extraction method

Fresh MO was collected from Nakhon Pathom province, Thailand during January-2013-November
2014. Plants were cleaned and separated into different parts as follows: leaf, L; flower, F; pod or fruit, P; root,
R; bark, B; and wood, W, respectively. They were cut into small pieces, and dried under incubator at 50-60°C
for 3-5 days. Dried plants were powdered by homogenizer, and then each part of the plant powder was
extracted with methanol using Soxhlet apparatus for 3 days at 50-60°C. Methanol was removed by evaporator
and the crude extracts were protected from light and kept in glass container at 4°C until used.

Cell proliferation by MTT assay
The human colorectal carcinoma cell-lines, HCT116 and HT29, and human cervical adenocarcinoma
cell line, HelLa cells, were obtained from American Type Culture Collection, ATCC (Manassas, VA).
1
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Cells were cultured in Dulbecco's Modified Eagle Medium (D-MEM) (Gibco BRL Life Technologies)
supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/ml penicillin, and 100 mg/ml,
streptomycin (Sigma). Cells were grown in a humidified incubator at 37°C under 5% CO,/air and used for
assays during exponential phase of growth. The MTT (3-(4, 5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide) assay was carried out as recommended by the manufacturer. Briefly, cells were plated at 3,000
cells/well in 96-well flat bottom microplates overnight. Cells were exposed to 100 pg /mL of tested compound
for 24 h and 48 h. Then, all solution was removed and cells were washed three times with sterile phosphate
buffered saline (PBS). After adding fresh medium, the MTT solution (Sigma) were added at a final
concentration of 1 mg/ml, and incubated at 37°C for 4 h. Cells were then lysed with 50 pL dimethyl sulfoxide
(DMSOQO). The optical density was measured with a Bio-Rad Coda microplate analyzer at the wavelength
of 450 nm. The assay was done in triplicate. Data were expressed as % inhibition of cell proliferation which
was calculated according to the following formula: [1- (OD treated cells/fOD untreated cells)] x 100.
The positive and negative controls were 50 ug/mL cisplatin treated and non-treated cells, respectively.

Colony formation assay

In vitro colony formation assay was conducted according to the standard protocol.” Briefly, cells were
seeded at 1,000 cells/well in 6-well plates (multiple 60-mm plates). Then, they were treated with 100 pg/mL
pod extract, using 50 pg/mL cisplatin and 1% DMSO treatment as the positive or negative control,
respectively. Forty-eight hours after treatment, the media were replaced with fresh media, and the plates were
incubated at 37°C. After three weeks, cells were washed with PBS solution, fixed with 4% para-formaldehyde
solution, and then stained with a 0.1% crystal violet solution. The number of colonies, defined as >50
cells/colony, was counted and plates were photographed.

Statistical analysis

Data are expressed as means + SD of three independent experiments. Statistical analysis of the
experimental data was performed by one-way analysis of variance (ANOVA) and p-values less of than 0.05
were considered to be significant.

Results

MO methanol extracts obtained from six parts (L, F, P, R, B and W) of the plant were subjected to
preliminary phytochemical screening using standard procedures (Data not shown).
Cell proliferation assay: The extracts from MO were tested for anti-proliferative activity using MTT assay
against three different human cancer cell lines (HCT116, HT29 and HelLa cells).

100 HCT116 100 HT29 100 Hela

= 80 80 80

S B0 60 &0

£ 40 40 40

= 20 20 20
0 0 0
@q}ow‘c'ﬁ@%q\ e’onQ%%\x\ LH v L T 0B
& S Qe

Figure 1. Anti-proliferative effect of various MO extracts (100 pg /mL) on three human cancer cell lines at 24 h ({()and
48 h (m) of treatment. Graph represented % inhibition of cell proliferation compared to 1% DMSO as a negative control,
L, leaf; F, flower; P, pod; R, root; B, bark and W, wood.

As shown in Figure 1, the extracts from leaf, flower and pod showed a significant anti-proliferative
effect on HCT116, HT29 and Hela cells after 24 h (more than 30% inhibition) and 48 h (more than 60%
inhibition) treatment compared to 1% DMSO as a negative control (p<0.05). HT29 and Hela cells treated
with extracts of root, bark, and wood for 48 h also exhibited anti-proliferative effect.

Since MO pods are used as a vegetable in Thai cuisine and the extract also showed strong inhibitory
effect on cancer cell growth, the pod extract was selected for further experiment. The anti-proliferative effect of
the pod extract was tested on HCT116, HT29 and HelLa cells compared to a well-known anti-cancer drug,
cisplatin.

Figure 2 shows the anti-proliferative effect of pod extract at different concentrations after 24 h
treatment on three types of cancer cells, compared to cisplatin. It was clear that the extract from MO pods
could inhibit cell proliferation comparable to cisplatin.
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Figure 2. Anti-proliferative effect of five concentrations of Moringa pod extracts (ug/mL) on HCT116, HT29 and Hela cells
after 24 h treatment, using 50 pg/mL cisplatin as the positive control.

Colony formation assay: The cytotoxicity of the pod extract was further investigated using longer contact
time (48 h) in colony formation assay. After 24 h pretreatment with the pod extract, cells that survived were
allowed to grow for 3 weeks in fresh medium without extract or cisplatin (as a positive control). The results
showed that the extract at the concentration of 100 ug/mL significantly decreased cell proliferation in all cell
types (Figure 3).

HelLa cell

| )
® 9
1

Control  Cisplatin Pod extract

HT29 cell

HCTLL6 cell |

Figure 3. Colony formation assay using three different human cancer cell lines. Cells were treated with 100 pg/mL
Moringa pod extract or 50 ug/mL cisplatin for 48 h. After replacing fresh medium, cells were allowed to grow for three
weeks. Then, they were stained with crystal violet. The untreated cells were used as a control.

Discussion

MO extracts contained major phytochemicals such as flavonoids, coumarins, tannins and phenolic
compounds except anthraquinones and alkaloids. It has been reported that major phytochemicals found
in MO were flavonoids and coumarins.*'®

It had been regorted that MO leaf extracts can inhibit the growth of pancreatic cancer cells™, lung
adenocarcinoma cells®, and alveolar epithelial cancer cells.?" In the present study, we also discovered that
leaf, flower, and pod extracts of MO possessed high anti-proliferative effect on three types of human cancer
cells (2 colorectal cancer cells: HCT116, HT29 and a cervical cancer, HelLa cells). The growth inhibitory effect
of the extracts could be correlated to the incubation or contact time. After 48 h exposure to the extracts, nearly
100 % cell death was observed. The mechanism underlying of this activity might be relevant to the activity of
MO leaf extract 2%, which should be further clarified.

Conclusion

In summary, we showed that MO extracts had anti-proliferative effect and could inhibit colony
formation in colorectal and cervical cancer cells. Therefore, MO extracts may be a potential source to discover
anti-cancer compounds.
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