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Nutrition, Physical Activity and the Prevention of
Cancer WAYAININENLAINATLA LEASALNNE
usesazandlsausiiaitanunsotiaainlnlngnis
AANNNAINTE maéﬁummﬂmzmimu@Ni’fmﬁn
T 4 Uszina Ae UszimAdsnguuazanigewing
LﬂuﬁqLmu“nmﬂizmﬂﬁﬁmﬂﬁ?@q (high-income
country) ﬂizmﬁmﬁ@Lmzmmim%ﬁﬂﬁémwﬁu
dusaunuaeslszmaniianglasmauielunan
(low and middle-income countries) FasBAazIBL A

Tum13799 1

A7 1 Percentage of cancers that could be prevented via healthy diet, regular physical activity and

healthy weight’

Cancer us UK Brazil China
1. Endometrium (lining of the uterus) 70 56 52 34
2. Esophagus 69 75 60 44
3. Mouth, pharynx & larynx 63 67 63 44
4. Stomach 47 45 41 33
5. Colon 45 43 37 17
6. Pancreas 39 41 34 14
7. Breast 38 42 28 20
8. Lung 36 33 36 38
9. Kidney 24 19 13

10. Gallbladder 21 16 10

11. Liver 15 17 6

12. Prostate 1 20 N/A N/A
These 12 cancers combined 34 39 30 27

N/A = not available




88  115a1slsAnziSe

anA9it 1 uaaalaiiuonlsanziie
Lﬂuiiﬂ‘ﬁmmmﬂmﬁuvl,r;hﬂ@xmmwﬁ*gﬂLsﬁm
Uszanne 1 W 3 Ay mﬂqazﬂfmmﬁammimjmﬁu
o 1 s08IAY 45 Tesnziieala wazsaeiaY 38 T4
uzi3aA mmimjmﬁuvl,gimmﬁ”nmaumq@
189n9UjRAU 3 wANNIT Ae 1. mﬁmuauﬁwﬁﬂ
(healthy weight) 2. N197UAW1T (healthy diet) Laz
3. N7RANNIAINIE (physical activity) sdi}\‘i‘m\i WCRF/
AICR louuziinazaney iesnuaunageenis

UfIRAU 3 wdnnng ientsdesriulsanzde® Al

1) mMsAruANwnn (healthy weight)
nmzauusanund1AnyreIn1nalsAn 19
UnunssaNdelsANEFIANY Ao UIME AN
NIMIFIU 29U uare‘uaInedu udunsene
sanneuesnsds wagladuasuniuaznszeu
Tnsenislaasaasiuuiizanad walnay w0

! P ° bt ! ~ o i ~

gnszuaiaannluluseniaiseauans luunga

L 2 4 -
NNNUNA TeazidunIsiiuANNLdsalun1sna
T2Anz39 TReanNZes NS ENNLITIAIUN WanannTl

o = = ' A o a dl
flafnsAnE N1 N3N Az ANLE e
nzauasnsiuuladeiiasulngannanas
growth hormone aanuININNAUNA Tan9dl
growth hormone aanunludFuriininnandng
WIun19A NlBN4LE B9aE19NINAanITN AlIA
NI NN9IAFIRADLALLEND1DY TUNIITBIU 1TD
a o ! aal ] o o
nannulivzely IneRan12nAe NsANUINIGT
{2ang (body mass index: BMI) %d@jmﬂumi‘
AUInY BMI = dwtin (Alaniu) / aauge” (wme)
BMI fiA1uansla anlAuesndn 18.5 wanaqn
UIMINFAININNDN ANTZINN 18.5-22.9 Ruwin
TunaunUnia A19enang 23-24.9 FUUENN W

s v v ' "y

WA (MIH) LAZDININNT 25 LAANINAIL

191 29 QUUN 3 NINYIAN-AKE1EH 2552

2) n1sAuaMIs (healthy diet) lumosniu
299N lwsTuge Asiudn naluan Soyne uay
o = = X X o c
f0 wanaealawns, a1mnsutlsgdanniiieden
LATANA NLBANAHAAA DIUNTTNIALANAA LAY

NABAUNLATNRINNT

3) msaanfasne (physical activity)
m’mmmwm INIEN ZW‘LI‘JELI ﬁ”w"]\immmwm‘lq
mumu‘ﬂmiwmwﬂm finsAn®INL2INIS
aanfndaniefinananisana i aelunisiia
Taanzie Tnelannzusiiunun uziiela Aos
2ANNNAINIENNTU viseatwen 3 AxmedUanm
a¥aazlumnngn 30 WiF AMseeniIdante A
AvslAantszinnaasianssufimananfusaae
mumﬁqﬁuﬁﬂmwmwmﬂmﬁuﬂgﬁumwmu
mﬂmw{mqﬂm Mznnsaanganiafinn i
ynauAnlilenariveenigua§ele

@fmmwzﬁ"ﬂﬁmm@qnﬂa‘ﬂjmﬁuimmﬁq
asAnsaunsalan (World Health Organization,
WHO) 1&g International Union Against Cancer
(Uicc) arvaludud 4 qumﬁuﬁ aaanil W
Funziselan (World Cancer Day) Tagluseaizinan
5 1 founil w.a. 2550-2554 azapunnlunsaaay
’Lﬂ;LﬁﬂLmzmmwﬁmiﬁuLﬂﬁlﬂquﬁnﬁu e
anAMIIA Bl A AlsANTIS IR auA TN 39
dledudl 4 nunius 2551 Uszmelneflasan
sunand AT uuzSTanTuiY Anelauamig
WRsINfL A "Today's Children, Tomorrow's World"
dnlusuil Aemnuudullsedlanluiumin e
a‘ma\aﬂfm?m;wmmLﬂjyul,vﬁqr;ﬁummwélu
A9t 09Ul AL IUN B NILATLENTY 84La5y
mm;ﬁmuQ@sluﬂ%“l%wﬁqmulufﬁmﬂ@m"ﬁu
WUNNTARNTNAANE ARDIMNTlTUA LA 1
waniagdlsnean megwmﬁwglﬁm‘sﬂm"ﬂm
Fneeneflnanuga’



U35U18nN19

aaznanlagagy Tsanzifadulsad

K o ¥ = a va ¥
annsadesiule wndnisdfumnulnmanzas
Tuig avgeanisiueunslugnuaninguinisg

% oy g ¥¥ = a
nasaauANtninlumesunsenaniuly uas
NTRANNNAINIEAELNANLANS LAzAINd1ATYR
114 WCRF/AICR ut uanainni1sdjianu
AINANNUNAULAY AB NNTINQUYUT Ava9an
Tanmalunisiialsanzifela winaunsainiem
UJUAlAAINaNuaIAMNINE T AL BNAT WAL

anunsndesnulaanuanalsaluanizlonuziia

W1

89

LanN#15219849

1.

Food, Nutrition, Physical Activity, and the Preven-
tion of Cancer: a Global Perspective. Available at:
http://www.aicr.org/site/Pagesaver?pagename=
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Abstract Induction of Apoptosis by Purified Compound from Jatropha Curcas in Breast Cancer Cell
by  Jarunya Ngamkham', Waree Naengchomnong’, Mati Rienkitjakarn' and Porntipa Picha’
'Section of Experimental Oncotherapy, Research Division, National Cancer Institute, Bangkok
10400 Thailand, *Department of Chemistry, Faculty of Science, Burapha University, Chonburi
20131 Thailand.

Medicinal plants or herbs from tropical regions are found to be one of the potential sources for
screening of the anti-cancer agents including a Thai medicinal plant, Jatropha curcas. The purified
compound from this plant has been extensively investigated for the anti-cancer activity on cancer cells.
In this study, the effects of purified compound from roots of J. curcas, Curcusone C, underlying
anti-proliferation activity and apoptosis induction in human mammary carcinoma; MCF-7 was investigated.
The anti-proliferation was undertaken with MTT (3-(4,5-dimethythiazol-2-yl)-2,5 diphenyltetrasodium
bromide) assay. The apoptotic bodies and death cells were demonstrated by Hoechst & PI staining and
confirmed by DNA fragmentation. Also, the apoptosis-related gene expression was analyzed by using
semi-quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) method. It has been
observed that Curcusone C exhibited anti-proliferation against MCF-7 and its median effective dose (ICSO)
shown value was 0.73 + 0.31 UM (IC50 + SD). It also induced apoptotic changes in a dose-dependent
manner which was investigated by Hoechst & PI staining and DNA ladder formation. The results from
semi-quantitative RT-PCR assay showed that the expression of p53 and Bax mRNA were increased,
whereas that of Bcl-2 mRNA was decreased.

Our finding demonstrated that the purified compound from roots of J. curcas potentially exhibited
the effectiveness of its anti-cancer activity and apoptosis induction. It thus, holds the promise of being a

potent and selective anti-cancer agent that deserved further exploration. (Thai Cancer J 2009,29:90-101.)
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g < dl ? a o
waauziFanlalunisdssiluAnaninaes
ANIANALTANIANIINTAIAUALYAIABITAAN LT

BN (human mammary carcinoma, MCF-7) g9l
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FUAYNNBILATIEIAN Dr. Fumiaki Koizumi 410
‘J’ﬂx‘iﬂﬁﬂ/ﬁﬂ’]i Shien quﬂfmﬁumlqmﬁmm
Usznpieju wazensilalunsnzAetan
uzdamuuAe MEM Ay 10% FCS Tatimnz
A eslumnd e gaaNANARNIIA 75 A9
|uRAT (Nunc, Denmark) wazUaUgINZRE
(Shellab, USA) ApauANAYAT 1 gunnil 37°

eleaniag 5% co,

mswﬂaauqmam}'ﬁﬁ’ﬂuwa5343!30

st s AN EANATAANIS AN
(MCF-7) mﬂqmmﬁmu’%qmﬁf@mmﬂmgﬁi’ﬂuizﬁu
MARANARAIAIELAE 3-(4 5-dimethythiazol-2-y1)-2,5
diphenyltetrasodium bromide (MTT) assay lagl
ANTNNZIA BT AR LT ST AR AN AT Y
‘ﬁgmqm? (2x10° cells/well) A11491 180 laulasdmns
11 96-well plate (Corning, USA) LquﬁMuéLWﬁz
Lr?i”mﬁmuqumm%u 0 oUUNH 37°%1 Meln
annz 5% CO_ uluszeziaan 16-24 g aanthy
Lﬁummﬁmu?‘zgw%rﬁgmmmmmuﬁ'ﬂmmgu%u
A7 Tusau 20 Tulasams vl lugmnziaes
maaanafausyazioan 72 dalu L‘ﬁ@@m@ma
ﬁu&qmim?mm@wﬁ@@rmﬁqLfgmmﬂ?ﬂmﬁw
ﬁunzglum‘u@u'ﬁmﬁ:lﬁmmmﬁmu?am%rmnmn@ﬁﬂ
TUNNMAGEUNANNIEUS G NanIA LA TAZAE
MTT awan 20 lailasans wluusd 37°0 Whunan
4 alug At plate Anageuhusesfinanm
139 1500 saL/dl uaan 15 Il geeITuey
ANTAZANUDANAUNNAUAZLFAN DMSO a1UU 200
lulpsdng wanlviniuilusanisganiuuas
(OD) ;'Jf_lm'?lm"i’mmﬁ‘@.mﬂﬁuum (Spectronic,

USA) N1AMNENIAAY 570 W l1LHmT

s 9N uazAns 93

M3 IMARMswANinYasany DNA
(DNA fragmentation)
TP T TIRE TY S (L RIT R uey
ANUANZLRLTAD (Corning, USA) ﬁﬁLguﬂiﬁ@uﬁ
naeIwne 10 wuiwes TaefliBunuiman 1x10°
cells/plate WAZIAENITARAIY MEM LAy 10%FCS
ilduaiginsiaedduanias 379, 5% co, ulu
svazinan 16-24 dalug ARBIUITLANBBNAUNNA
z;NLsﬁmirng;l phosphate buffer solution (PBS) 2
R LﬁummﬂgmLeﬂm;ﬁmummﬁmﬁ@wﬁmn
mnmm@&f’nﬁmmmﬁu%usﬁm LAZUNAUINN
devlluaigunsidadluaniaz 379, 5% co,
Anafaiuszasionn 24 $alue waaaia DNA
@fmLﬁﬁ@@rum?qﬁ'mmmwﬁqummﬁm"qL?qgﬂ
(Qiagen, USA) AATZINANNTUANTNTBIA1 DNA
U 2% agarose gel (Research organics, USA) ﬁ
1 lun2ueNIUIATEY DNA (electrophoresis) Pt
Lﬂdﬁiﬂ\umﬂ@’ﬁ‘ﬁu@ﬂﬁu (Bio-Rad, USA) uaztiay
A28l ethidium bromide wadtlsziiunanelaugs

UV Taeila densitometer (SYNGENE, England)

mssraaqLwaéﬁgnmﬁmﬁ'ﬂﬁlﬁﬂ apopto—
tic bodies 6;"321 Hoechst Pl staining
ynnsmaziAsamas Nz umunly 24-
well plate (Corning, USA) ANEIVNSLAENITARTIIA
MEM TneiisessmnumaaGuay 2x10° cellsiwel
sruau 450 ulasans ihlluuiinwizid sl
annz 37°1, 5% CO, iluszaizioan 16-24 Falua
el TaaINNEAANLEN I8N TUE ANNTAURNANS
mﬁmu?zgm%rmmmmmgumgﬁﬁﬁlﬁmwﬁmw
wnaume s1uu 50 lulasang shilusfigng
weluaniag 37°, 5% CO, uluszaziaan 24

dalie wansanraangnilanrluiia apoptosis

TALLANANTAZANYYAY Hoechst & Pl (8RIN&IU
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Hoechst:Pl:11 = 10:100:190 T TA3aMT) a11493 10

10IRsamns U lusi 37% wWhinan 15 wii wasizn

nanelanaasgeaisaaun WEaumeuiungw
ALANTH lanpaaUTUANIATR

ﬂ']‘.i‘l.]i"’t&lﬂﬂﬂ?.lﬂ']‘ﬂ?laﬂa’]iﬂﬂﬂ‘tﬁﬂ‘ﬂﬁ
mnsﬂn‘uaamuaummamsuamaanwaa
p53, Bax L.ag Bcl-2 mRNA
Uszifiudnaninaesansaiauigniann
mﬂmm;mgﬁﬂwﬁaﬁmﬁqL;mw;ﬂﬂmﬁ'w?ﬂ
A3 I847=A Y MRNA 9587 IRE9T99TY
miﬁnwfmlfﬁm@xﬁ‘\il,l,uu apoptosis R p53, Bax
LAY Bol-2 ptiAa semi-quantitative RT-PCR™ uy
two-step method 1A8NTTIAT EALTAR NS ST
PeININAROL A AN NI uLlsza s 1x10°
TR ADTARANT YIRS T AT INN A el
AN RO (Corning, USA) fiflensides
aatiin MEM uasillunlugmnsiasasaad
Cco, Lﬂua‘xﬂ”mm 16-24 %faim

X v

‘Q’]ﬂuuﬁ] mmma‘m F;I\'iLsﬁ@@ Lﬂ’]@@ﬂ 'Z\]’NLGIT@@W]EI

faamnu 37%, 5%

PBS 2 A HNDVMNTIAENITARTIHANENARAAN
mﬁﬁi’ﬁﬁmm";u%uﬁﬁﬂ i i lusigmnsiaes
08 24 dalug mﬂuumLsnafoirvi”l,;mnmiwm@u
AN3ERANNGTA total RNA ANUARNsARATILLLINN
ﬁ’u@mﬁmwm Roche (Roche protocol, USA) lag
$P1fBUNIANNILTLEEY total RNA Tiafnlanae
Lﬂ'?lmfi’mmi@mﬂﬁuumﬁmwmqmf?i'u 260 WAy
280 unTuiams 11 total RNA 81uau 11 nSuiara
TpannLTaa Nz N mage L& 28 AAN
mumwmmm”m%wﬁm mmmmmmﬁ comple-
mentary DNA (cDNA) mf;mﬁma‘zw,mmwmm
SuperscriptTM Il RNase H Reverse Transcriptase

(Invitrogen, USA) lazigne1ea cDNA Ailagunsn

v
o

1l uTugnafanulunimegaaumnaais PCR
ne

191 29 QUUN 3 NINYIAN-AKE1EH 2552

&1 primers Flalunmageuneis
PCR 204Eutnvanefimeanismadeuie ps3, Bax
uay Bel-2 mu%\iﬁummﬁmﬁlﬂu house-keeping
gene; pB-actin ﬁ@"m”mmﬁﬁ p53F; 5'-
TCAGTCTACCTCCCGCCATAA-3', p53R; 5'-
TTTCTTACATCTCCCAAACATCC-3' (326bp),
BaxF; 5'-AGGATCGAGCAGGGCGAATG-3', BaxR;
5'-AGGGCCTTGAGCACCAGTTT-3' (280bp), Bcl-
2F; 5'-TTGCCACGGTGGTGGAGGAGC-3',
2R; 5'-GAGACAGCCAGGAGAAATCAAACAG-3'
(261bp), B-actinF; 5'-GACCTTCAACACCCCAG

CCA-3' uay B-actinR; 5'-AGGCTGGAAGAG

Bcl-

TGCCTCAG-3' (411bp) TN INAGALIT NATN
Asthansuansnay 20 lulasansiilaannnis
NANTAY 1.5 mM l\/IgClz, 200 },U\/l dNTPs, 10X PCR
buffer, 10 pmole 283 primer LL[ﬂI@:Lgu wae 0.5 U
489 0.5 Tag polymerase (Intronbio, Korea) kag
YNt A MARELINA 119138 DNA lilasas PCR
(Eppendrof, Germany) Tmméuma‘ﬁmmmn hot

start \NaLENA2AT89 CDNA 71 95°4, 5 U171 AN1iu

£ '
o

mem‘;mun’mﬁmw DNA annlalsunsusail

=)

denaturation ‘Vl 95%, 30 f;mw prlmer annealing "

568°1, 30 3T Uax polymerization 7 72°1, 30 3w
uazaiunatisunsusiuiy 26 seu ludume
zﬁﬂﬁﬁﬂ%lﬁu re-polymerization ﬁ 72%% (fugeey
18 10 17 anntiuin PCR products il ltluein
“ﬁ‘aﬂ‘ﬂ’ﬂ\‘i@’]‘iﬁuﬁqﬂﬁwiﬂF;Iﬂﬁ‘:LL@bLWVQ\Ij’] (electro-
phoresis) U 1.2% agarose gel (Research
organics, USA) g‘)mﬂ%ﬂumﬂma‘ﬁuﬁqﬂﬁm (Bio-
Rad, USA) lay gfr]w;]/faﬁl ethidium bromide
Lantsziiuuas Aameina anelauas UV taels
densitometer (SYNGENE, England) wazlunig
Vlm@m‘ﬁ/rl;a'ﬁ/ﬂi‘; B-actin \luFa normalize u

NITILAANEANUBIANT ﬁuﬁqm‘mﬁﬁ’]mwmmu
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o
A1FILAIITHENIIA R
28387 lAaNnIIMAae LA ENTRAY

WA NZIFILanINalugluedA NI N ULD
ansanan anuradudanisiaiylaaTaniles
PLTENILIL Wmsgm (IC + SD) ALz
ANENINIRIANTAT AR ANITLAASRENLRIE UA
N9 UILIUNNG apoptosis wandAlugilues
' dl 1 d| v
AORE + ANDEULUNIATEIM (mean + S.D.) uad

d p ¥ ! o '
WiausunanlaainngunaassiunguALAN
el student's t-test Tun19unAT P LaznvunAn

P # 0.05 WluadadAnyn9ais

=
HNANIIFINWN
ANSLAS 8N msaﬁhu%qw%mnsﬂnwamu
CAlley

v

AINNNTATAGNTLTENEAINTINTVRIAY

' v
o

AUAN (Jatropha curcas) ANLILENIERY WLINRNTANH

a Qrd' ¥ o o A
megmm"lm’mmm@:mmaﬂmum Curcusone C

Ao ' = . @ a A
N@ﬂ‘]ﬂmiLﬂuLLW\iﬂ?aﬁN (prlsm) AUIALAN ALNAR

291 AAUAINIWMAILIZNI 204-205%0 WniIN

YT N uazAms 95

Tuianatlszanu 312 uaziignslasaaseniaai
P C H O

20 24 3

msﬂsmﬁuﬁnﬂmwwaamsaﬁ'mu‘%qwémn
s'mleml;;'uay:ﬁ'l (Curcusone C) man1s
l;;’ﬂun'litﬁl%cy?laawaérawﬁa
‘luma‘mmmmmmﬂﬁ;ﬁumm?zymm
AANZIEUANL (MCF-7) ;fmmmﬁmu?qw%rmﬂ
mﬂ‘umf;umy:ﬁﬁ (Curcusone C) W‘]_I'JI’] Curcusone

C arunsndudenisaiyreimaanzifunIunle

agNdUse@nsnngs Tnalanannuinauaesans

afpausndudiniaaayrasiaanzifalaiy

< &
ATINU

(50%) LﬁﬂLﬂ?ﬂULﬁﬂUﬁUﬂf\iNﬂ’]UﬂﬁJ
¥TeA1IC_ 13z 0.73+ 0.31 UM(IC_ + S.D))
T TP AnuELIUREnsagLsale 90% e
Lﬂ?‘ﬂULﬁﬂUﬁUﬂéNﬂ')U@N (ic,) axfipilezann
344+ 141 UM(IC_ = S.D.) Taianuananan’lu
ma‘ﬁugqma‘m?mmmmmhuﬁmmn%mﬁmﬁu
mmﬁu%ummmmﬁm (dose-dependent) A4

wanalugili 1

1.2 -
c 17
Ke)
S 0.8
°
£
o 0.6 A
3
5 0.4 4
©
o 0.2 1
©°
w
0
0.p1 0.1
0.2 -

Concentration (LLM)

10 100 1000

JU7 1 naUARSNANNSTUEINN9IA3 IR AANTITIUAIUN (MCF-7) ANEIRNTATALTANTAINTINTL

v v '

muagcﬁﬁ (Curcusone C) ﬁmmmmumﬂ
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mswiienilwinnswaninyassns DNA
(DNA fragmentation)
ANNNINAFELANIATALFENEA1NTN
mq_ljﬁi”l (Curcusone C) ﬁiﬂmﬂmnﬁﬂmmma DNA
Tumaa NS UALN WU el nAL LTy
18981787TA §IHALINTUANT L9478 DNA
Lﬁ'umnﬁu ﬁ“uﬁﬂ Band 78448l DNA finmagew
AILANAIINTY 3.44 um (c, ) Az mmmma
mmmmmw (denature) mnm']mﬂnmmuw
ALY 0.73 um(c_) LL@:ﬂQNﬂQU@N ©) 7

Hlanagauiuansaindinais Awuanalugili 2

IC50

1CS0

gﬂﬁ'Z uanegiinsuaniinaedans DNA luisan
uzSaAua (MCF-7) Anadaunuansara
u?a;w%r@’]ﬂﬁ‘ﬁﬂ“ﬂ@\‘i;u@gﬁ’] (Curcusone C)
fipnaenruresansaiafiamnsnduds
AN9LAT Y ILTARNZITY 50% (IC_; 0.73
M) Uaz 90% (IC_; 3.44 M) ulseriiten
r’funrq'umqu’ffﬁigmmuﬁummﬁ”m

(control)

il 29 RUUTI 3 NINGIAN-UE18% 2552

> g 4 oq¥a

msﬂauwaa‘ngnmumm‘lmnn apoptotic
bodies l;'w Hoechst PI staining

AINNMAARLANTATALTANG 4NN
’&‘];I:ﬁ'] (Curcusone C) AanMIMTEan ez
AU AN IR B apoptosis LAZENITAR
Lﬁ@@ﬂ’mﬁm apoptotic bodies 1neR% Hoechst &
Pl LﬁﬂULﬁﬂuﬁun@:umuau (control group) e
NARBUFUENIETA AINNIINAGOUNLIN F138RA
mnifmmafﬁi”]mmmmﬁmﬁﬂﬁ;lﬁmrmmml,uu
apoptosis lAIftetnsaaluduaneaTaazing
ﬁgwmm LAZANUIULA apoptotic bodies VB
UITAATANE NN AN TR
ansara saudndlugUil 3 teeflansesazaesnns

§UEN (%Inhibition + S.D.) Uszutuw 6.51+ 1.92
WAL 68.46+ 20.36 NANNLINTL0.73 um (ICSO) LR

3.44 UM (IC ) muanaL

nﬂsﬂsztﬁuﬁnﬂmwwaamsaﬁ'ﬂu%qné
mns'mleaos;'uay:ﬁﬂ (Curcusone C) @
N15LEAIYAY p53, Bax Lhas Bel-2 mRNA

lunisdssiudnanintesansann
13403 (Curcusone C) mnsfmm@mumﬂumm
AT UENIUABN U AIRONTDIITAY P53,
Bax Ua% Bol-2 mRNA lusaauzifaimus (MCF-7)
£ WU mmﬁmﬁqnémmmmniwﬁmgﬁwm
053 uAZ Bax MRNA findu Tngianizdiaan
3y 3.44 um (c ) mmmﬂizéu p53 MRNA
Lﬁmﬁu@ﬂﬁqﬁﬁﬂm°ﬁﬁmWﬂqmﬁﬁ (P<0.05) e
Wieuieuiunguasunuidlanaaauiuans
anm LLﬁfLﬂuﬁﬁﬂﬁqmm"]mmﬁmmnﬂﬂmgﬁi’q
mmmm:;mxﬁmm Bax mMRNA AiA9"8 3y
0.73 UM(IC_ )”memmmmmmua 44 um(c,)

LL@wslu‘Hvaﬂil’)ﬂu@’]ﬁ‘@ﬂﬂﬂ\iﬂ@’]']ﬂ\‘iﬂﬂﬂi‘ﬂﬂﬂﬂ\i
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= o . . o ¥ = . o
NIRAATEALNITUAANRANTURN anti-apoptoic MRNA Nalpen 9iAUTUILANYLATAY densitometer A

104 Bel-2 tndsuanslugii 4 uazannisfmszy  uanslugi 5

Hoechst Pl

Control

IC50

IC90

ﬁjw 3 mewﬂm@@mmmuu (MCF- 7) ‘mrm apoptOS|s (ﬂﬂﬁi“’]]) memmumwmmnmmmmmn
?Wﬂ“ﬂ@ﬁmu@‘u@’] (Curcusone C) ‘VW’YJ’]NL‘llN’ﬂu‘ﬂ‘ﬂ\‘i@’ﬁ‘ﬁﬂﬁ%@’m’]i‘ﬂﬂ‘].lﬂdﬂ’]ﬁ‘m?m’ﬂ‘ﬂ\‘iL‘ﬁ@ﬂNuLN
50% (IC_; 0.73 M) Uaz 90% (IC_; 3.44 M) fiszezinnn 24 falnauazthangenmy Hoechst&
P Lﬂ?ﬂumﬂmun@ummu (Control group) wu”l,mwmmuﬂummﬂm el Hoechst ﬂmmm
Lsm'mnmam LL@mmwmm apoptotic bodies Iummxm Propidium iodine (PI) ﬂ@ummmmmﬂm
apoptosis LL@wnm;ﬁmﬂ

P53 Bel-2 Bax Beta-actin
c IC50 IC90 C IC50 IC90 - C IC50 ICS0 C IC50 IC90

;ﬂﬁ 4 A band 289 PCR product 484 p53, Bel-2, Bax waz Internal control (B-actin) mRNA Wenmgay
ARLIANIANALITENTAINIINTIBIAUALAT (Curcusone C) APNNYNIULBIRNTAR AN ANNTDETUET
NITLATEYURLTAANZITI 50% (IC.;0.73 UM) Uaz 90% (IC_; 3.44 UM) WhsuiauiunguALAN

) N lAnARaUiUANIANA
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191 29 QUUN 3 NINYIAN-AKE1EH 2552

1.2

0.8
0.6

Fold of induction

0.4
0.2 "1

7

Control

0.73

Concentration ( LLM)

O p53
E Bcl-2
B Bax

3.44

7U7 5 WU RUTNUARIANENNLDIANTATALFANE (Curcusone C) ANINUBIAUAYAIADITALNTUAN

v '

AANUBNTEAL P53, Bax Way Bcl-2 Tugaanzifam un (MCF-7) APHAINTUAY 0.73 um (|C50)

LAz 3.44 UM (IC_) Tn2i35 semi-quantitative RT-PCR (*P < 0.05 ulssuiieuiunguacunn)

o o

AR IRER
TeanziFadulymiansisngandnAny
we9tlszinalng Teluunazdariuuunaasyilon
. X v e o o
NrduiNuNnTu wazlutaqiiuegnlalunisind
fnunlspnzifanidusNnesinananafelssmna
MR Aaiuasgana inddaLaziinangAans
WHNUINARAY 98 WASWRNUINA BN NAIN
sesugAvIeayulngunlalunistinine e
ussmienisdasaase Uaanzifauazdanu
NI NYAAIIDINA AT UNAINTITHENE 1D
anszmalnauiunnassesigvsoayulnei
as3InA N INENIAWuNIN® Tneanizayulng
o o o o a < @ =
NUsedRlun1dugInNIe I IaIaa NTITY B
ayulnsantiuraziiunnadanuieiiasnnsm
YNHIANHITTaNT AWM UIZ1IUN T AT 9N

arusonusamnzlgnielutlszmalng lae

aypfduayulnsdnadauideaiuraulauaci
AMANLR LN LN TIATEYUATNITUNINIZANE
ypamaaNziiala
luTaatfumanueanuayan (Jatropha cur-
= o o ¥ a 9; o a
cas) Hunumaranylumunisudaminsululesioa
= o a ~ a a < g
Falunasnuniaaannuiaulaanaianie® lu
YU A Fus g kUL el ssin Al
T304 (Tropical countries) Besannadszmalne
AlnIsgaune 2eeay s lalunisiiin
fnuleanie u loidusounaneesnfuen
Tunssnunlsatiouilavizalsanandulaee (theu-
matic) Mfnu1lsa3adm09 laluni3tninsnen

& s & o) & o 10-11
Lu'ﬂ\?ﬂﬂmummq\ij saurielsAnzLFY

A1AN"3
NAGBLANIANALIENE (Curcusone C) A1N3IN

wenuay A luasaipiduaniunamaaNzise
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AU (MCF-7) lun1sAnmfinuan ansada
cvﬁﬂ@'mmmmﬂ”uﬂzqm@w?aﬂmLsﬁ@@rmﬁq
wualed uaznansfugaIfnnTwil el
AN 1T 1D IANTETA WATATNNIATFIUNNS
fauaauTufisne masuz§aeannunzige
UM UseinAaniganinn @xqﬁﬂaﬁimﬁm
LTIt poniTuR wneimaanziianes
ﬁmmLgmju*’ummmﬁmﬁmmmﬁugﬂmmﬁm
AOLIAAle A3l (50%) A 4 wg/mi LA
mqm%u%wnm Curcusone C ﬁmwmmﬁmﬁ”\mw
m?m’?f 50% ‘Lua‘mmuﬁﬁhf]ﬂa‘:mm 0.73 ul\/l
(ﬂawmm 0.23 [Lg/ml) ﬁmuﬂﬂnfmmmmuﬂ@u
193011 memmmnmmnmummmmﬂuww
mmmumumumhﬂumng
ANl uA nanInaaIaTai A
138 Vl%r (Curcusone C) mnmmnm*’ummﬂ DNA
TunsAnmiingen Curcusone C @nunsnwmiien
v lnrans DNA Tumasuzidamuifanisunnsin
Infiszzinan 24 dalus Taentsgay@ednnaes
"8 DNA aztfinunndwifiefiuaanuiauauses
A1341A (dose-dependent) wrnanladlifaay
9011 uszezinanlunimageANTaTA 81a
azaanalsang DNA AiansumnIinuzagnyinans
Faauiiay uaziileteumaauzane Hoechst &
PI Lﬁ'@@Lsmzirmﬁqﬁgﬂmﬁmﬁﬂﬁﬁm apoptotic
bodies #1271 Curcusone C @NAsaIMTasil
aanziFafia apoptotic bodies fetaunas
Hoechst WazaNNNseiaxme Pl w133 nITes
TaRALAA apoptotic bodies LazTaaNSTine
Rty Welinanu s Tuesansaia (dose-
dependent) AL uAsaEaanAeile
AARINNTZLAUNNT apoptosis e 1iesanndl

n191AiA apoptotic bodies TuitaaNzIFLNe LN

ANUWNTUR DU LA UIUIAA N ANE WAZANN

T N uazAls 99

NANIINARBLNLAN NITANLIALTAANELTINNA
an ¥ a . = a T X N
flafinan apoptosis WatiaAza feilaadl
o A4 d 4 ea¥ e oo
nalnn1vua U wdaai lnisaan s iUy
gnvinanela 11 necrosis LHagaINAITATRAIN
"o & ~ ~ ! <
A1A1 178 Curcusone C LAnuunEneLTaa
NEFUANUNTLNHINAFDLABULNEY
AINNITUTLIN UANENINTRIANTAN A
1i7gN3 (Curcusone C) AMNINIBIAUAYAINBNIT
LAANAANUAITLAL MRNA 289 tumor suppressor
gene; p53, pro-apoptotic gene; Bax WAy anti-
apoptotic gene; Bcl-2 WU @194NAAINAD
ANNNTONILAUITAL MRNA T p53 uay Bax Wiu
PR LA RN TR UEIN1TUA AR BNV
Bcl-2 mRNA ieianUes Bauandan Curcusone
C anunsnwilantilwiia apoptosis 1a Tnelanie
nanszauly Bax gene WU NIAdNIaNAL 0.73
UM (IC5O) Curcusone C mmmmzamzﬁumi
uAAIRaNTBY Bax mRNA laAnaiaanuianay 3.44
A . -
UM (IC ) fivtianaiinasnandnmuenieianin
(genetic background) PRUTAANZLTIN LN
NAGEL HisanitaaNziTann1eriatuenaluug
NNTLAANBBNUBIANTWUENTINUANR AU
Wi AN UEI8NA TURANITLARIDANTD

719 30 luman

ANINUGNITHANINANN LN LG
NETIUNTHARNIRATNTEA UNITUARITBIUBNANT
o Yo ¥ ° 18 X a
WugnasulaanAuaNIue® wananiaiinang
= A o - o Y
A3UTRLNUININAZDUNTBIZLZLIAN 1 LN T
NARDLANANHARANITUAAIDANTDAITHUGNITN
Aefu
X v .
anuan1meaesiiagdlingn ansain
174

ANUNIWIUNITAIUNNTLAT YBRILTAANELES LAY

7% (Curcusone C) mnmmmmumwﬁﬁ

AN a2t N ANNTANEWLL apoptosis

< v
GIN‘IJ@N@V]iﬂ@’]ﬂﬂ'\?ﬂﬂ‘tf’]ﬁ?\?uﬂﬁw’]?ﬂu’ﬂﬂi‘ﬂ
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Wusayaiiasnulunisdnm auaa 39aansain
anauaya tuniuaieaell iewmwduen
wieanstnanzse dmiulalunistndainm

yilauziiamnaly

ARRANSSNUSEAA

v v !

m@m‘uﬂmmmmﬁmnﬁmﬂﬁﬁﬁmi
Shien AusiuzSuneAtlssmadiu a1fiu Dr.
Fumiaki Koizumi ﬁﬂgmﬂﬁmmwmmxﬁmm{
AN @ﬂmmﬁmzm‘?‘;@\iﬁwﬁﬂ lunsmagey MTT
assay WAz Hoechst & PI Staining AABAAATLLZYN
wazfitnenlunisaiulasinisie 2BUDLAN
Dr. Taguchi Fumiko LLag Dr. Fukui Tomoya ﬁﬂa;mq
InAunzhuaremeansazaanlunmagey
MTT assay Wa¢ Hoechst & Pl Staining ATNATAL
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Aflatoxin-albumin (AF-alb) adduct asaanylaluilagnay 1nu @en uwaziiefedy 7 {91897
W‘ummﬁmwuﬁ?”mwmﬂmTummw alflatoxin B, (AFB) ) fulsanzifesiuatia hepatocellular carcinoma
Iuﬂa”Lwﬂvngmaﬂﬂaﬂuwqummim?um?ww AF mnwzﬁm‘l.umqmwa 199897 QUATITNT] Faelvn A
MAZUATIVIANN ANENEL 15H0u AF AiRsaanUagssang 52510 mg AF-equivalentiml wAflamwwsEan
nadnsansfislwining FofunsinmiiisngUsrasniienoudfiauSanm AF-alb adducts tunguidin
UnFauiilgfisunnneiu lefusesadenesinGouiien luaanganm 2 Tredew waTuunuay
waTeueEnweas 2 Treleu s 6 e dndeuiilslunsineniengszmns o-16 T whuindeume
133 978 TFenmiee 117 218 ey LanNgann 125 318 IRTULNUAZTNELALEN 125 798 AnnnsmeaauL iy
AF-alb adducts Iu%ﬁ‘;mwﬁﬂﬁﬂﬁﬂu;ﬁ 250 5781 A lany AF-alb adducts 1 918 8n 249 98 ATIANL
‘Emﬂwmvmw 1.2-59.0 pg/mg LAt 18.8 pg/mg LL@”LN@Lﬂ?‘ﬂULVlﬂUﬂ?‘Nﬂm AF - alb adducts ludiniinFew
2 nqu Ae nquiRnRsnlungamwe funquiiegunTuLMuAzINELAL WuENTnEowi 2 nqulafuans
AF-alb adducts luisnnilauananaiu (P=0.068) (a17anslsAnzfe 2552:29:102-107.)

Abstract Comparison of Aflatoxin-Albumin Adduct Levels in Sera of School Children from Bangkok and Rural

Area
by  Siripat Chutimataewin', Srisurang Jitchinakul®
" Research Division, National Cancer Institute, Bangkok, ZP/anning Division, Department of Medical

Service, Ministry of Public Health, Thailand

Aflatoxin-albumin (AF-alb) adduct can be detected in urine, breast milk, serum and tissue of
human. Correlation of aflatoxin B1 exposure with hepatocellular carcinoma (HCC) has been reported. In

Thailand, the highest AF exposure was observed in Bangkok residents followed by Ubonrachthani, Chiangmai,

TUBNYWINE NQNNLITE ADITUNZITUMNTNR NI
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Songkla and Nakornratchasima of which the AF levels were between 5-2510 mg AF-equivalent/ml.

However, no report on AF-alb adducts in sera of school children has been revealed. Therefore, this study

aimed to compare the level of AF-alb adducts in sera of school children from Bangkok and rural area.

Sera of school children were collected from six schools : two in Bangkok, two in rural area and the other

two in bordered area. The study group comprised 133 boys and 117 girls. Their age ranged from 9 to 16

years, and 125 children resided in Bangkok and the other 125 ones in rural and bordered area. The

exposure of AF-alb adducts among the 250 school children was determined. No exposure of the AF-alb

adducts was found in one child, but it was found in the other 249 children with levels between 1.2 and

59.0 pg/mg, averaged 18.8 pg/mg. When compared the AF-alb adduct levels between the two study
groups, no statistical difference was demonstrated (P=0.068). (Thai Cancer J 2009;29:102-107.)
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[ALANE saturated ammonium sulphate AL 1 M
acetic acid AntAsAL BN albumin luusazane
Tmfﬂf; BioRad assay18 LL5QﬁW 2 mg 2843 albumin
Lw{ma"mmmﬁmm AF-alb adduct ’ﬂ’ﬂmﬂb’:']ﬂ
proteinase K Wa¥ bovine serum albumin WAZYIN
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Abstract Correlation between Serum AFP Level and HBsAg, Age and Sex in Subjects of the National Cancer

Institute, Thailand
by Aree Prasitthipayong, Anant Karalak, Vichuda Triratapichat, Phongphan Romhirun

Pathology Division, National Cancer Institute, Bangkok

Hepatocellular carcinoma (HCC) is one of the most common cancer in Thailand. Serum alpha-

fetoprotien (AFP) is widely used for HCC screening and has been suggested as a tumor marker for
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monitoring and diagnosis of hepatocellular carcinoma (HCC) in high-risk population. In this study, we
aimed to demonstrate the correlation between serum AFP level and HBsAg, age and sex in HCC and
normal subjects of the National Cancer Institute, Thailand. The laboratory data from computerized records
of the laboratory information system (LIS) were collected. Two groups of sample comprised 545 non-HCC
subjects as control group (215 with viral hepatitis B infection and 330 without viral hepatitis B infection) and
61 patients with HCC. Elevation of serum AFP level (>20 ng/ml) was detected in 0.9% in controls and
62.3% in HCC patients. In addition, high serum AFP levels were found in 2.3% of controls who were
infected with hepatitis B virus. Mean age was higher in controls who had high serum AFP levels, and male
had higher serum AFP level than female. In HCC patients, no correlation of serum AFP level with HBsAg
with age and sex was found. From our findings, 2.3% of the HBsAg carriers had elevation of AFP level,

therefore, these carriers should be further investigated for early detection of HCC. (Thai Cancer J

2009,29:108-114.)
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Abstract Association between GSTM71 Gene Polymorphism and Oral Cavity Cancer in Suratthani Province

by Danai Tiwawech', Somjin Chindavijak >, Sudjit Tongnun® and Takafumi Ishida*
'Research, and “Otolaryngology Divisions, National Cancer Institute, Bangkok 10400, Thailand.
Suratthani Cancer Center, Suratthani province 84000, Thailand
‘Unit of Human Biology and Genetics, Department of Biological Sciences, School of Science,

University of Tokyo, Tokyo, Japan

Oral cavity cancer (OCC) is a serious malignant disease in Thailand, particularly in the South, including
Suratthani province, with a trend to increase in the number of its death yearly. However, patients with
early stages of OCC are treatable. Hence, a mass screening for early stages of OCC patients without
cancer-related symptoms is urgent. GSTM1 gene (GSTM1) that produced enzyme for detoxification of
carcinogens has been reported to be polymorphic and associated with the risk of several cancer develop-
ments. The purpose of this study is to investigate the association between GSTM1 polymorphisms and the
risk of OCC development in Suratthani province population. The frequency of GSTM1 genotypes [GSTM1
normal (GSTM17+) and GSTM1 null genotype (GSTM1-)] was detected in DNA extracted from peripheral
white blood cells of 200 cases of OCC patients and 200 healthy controls using the polymerase chain
reaction (PCR) assay. Overall, the frequency of GSTM1 genotypes between OCC and healthy control
groups was significantly different (P<0.001). Individuals with GSTM7- had increased risk about 1.95-fold
for OCC development as compared with those GSTM7+ [Odds ratio (OR) = 1.95, 95% confidence interval
=1.31-2.90]. In addition, GSTM1 polymorphism was found to be associated with an increased risk of OCC
development in cigarette smokers, alcohol drinkers, and betel-nut chewers. In conclusion, the findings of
this study suggest that GSTM1 polymorphism is associated with the risk of OCC development and the
GSTM1- is the key factor for increasing the risk of OCC. Therefore, the detection of GSTM1 polymorphism
is a useful tool in screening for the high-risk group that may be lead to identification of early stages of OCC

in population who reside in Suratthani province. (Thai Cancer J 2009;,29:115-125.)

Keywords: GSTM1 gene, polymorphism, oral cavity cancer, Suratthani province, PCR
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Oxidative stress imposed by reactive oxygen species (ROS) plays a crucial role in the pathophysio-
logy associated with cancer and atherosclerosis. The ROS-induced development of cancer involves
malignant transformation due to altered gene expression through epigenetic mechanisms as well as DNA
mutations. The phenolic antioxidants play an important role in the chemoprevention of diseases especially
cancer by reduced excess ROS. This article reviews the classification of major phenolic compound such as,
phenolic acids and flavonoids, and the role of phenolic compound in cancer prevention. Future studies are
not only elucidated mechanism related to direct antioxidant of phenolic compounds, but also to their ability
to bind cellular receptors and transporters and influence gene expression, cell signaling, and cell adhesion
(Thai Cancer J 2009,29:126-134.)

phytochemicals, antioxidant, phenolic compounds, cancer prevention

asauayyaddsznauiuasdniunslasiunnsa
lng amsun galasoy
AnuzAnenAansuazmatulad Nwanendasainasugiing

A9z Oxidative stress Insnqueaniaufinadlananiavinljisavie ROS fhu lunalndndnymnanen
#352AnenT R a1 eeiunzuarTsavaenideniala ROS vinluiAanziselnanislasuutlasnisuans
panve9fu0uTaaLIng mir;’]u'a%m%zﬁi:ﬂzglmﬂwa@aﬂmmmﬂmﬁumaﬂ,ﬁmiiﬂﬁqnéwig‘imﬂmﬂ?mm ROS
fifnniAulllusenig unaaailananaianmsdunansnguitueadninuues iy Aueadnueda uas
WanTouees aaensunalnnnstesiulsanzse msAneluewmaniuay llapuasmnalnaesanstueadniy
maesiulsansiselnensafienasnaien nuafmuiernuaiinsntesiiueadnlunissuiudaiu wassn
IUAITBNTAS THHARBNTUAAIBANTDIEL, mi@laz{n;cywma:w:‘wmz{ warnsiinRnfuLesEan (219477
TsAnsify 2552;29:126-134.)
fuaadn, Wanlauesa, lsauzids, qw%r;mﬂ%@'ﬁm:

Faculty of Science and Technology, Suan Sunandha Rajabhat University, Bangkok

126



Plant-Derived Phenolic Antioxidants and Cancer Prevention

Introduction

Lipid peroxidation, a radical chain
oxidation of unsaturated fatty acids, causes not
only food deterioration but also DNA, cell
membrane and tissue damages in human body.
Antioxidants have been widely used to delay or
prevent oxidation of fats and oils. Butylated
hydroxyanisol (BHA) and butylated hydroxytoluene
(BHT), the most commonly used synthetic antioxi-
dants, show high efficacy, but their use in food has
been partially restricted due to their undesirable
effect on the enzymes of human organs. Natural
antioxidants, such as tocopherols and ascorbic
acid, are also practically used but less active than
synthetic ones. Consequently, there is currently a
strong worldwide interest in searching for new and
safe antioxidants from natural sources'”. There are
multiple lines of evidence that oxidative stress
imposed by reactive oxygen species (ROS) plays
a key role in carcinogenesis. Oxidative modifica-
tion of cell signal transduction by ROS may result
in dysfunctional cell growth, differentiation, and
death - often together with DNA mutations - that
ultimately lead to the development of cancer.
Epidemiological studies have revealed that a high
consumption of antioxidant-rich fruits and
vegetables is inversely correlated with the inci-
dence of cancer™”.

The National Cancer Institute of the
United States has identified approximately 40

plant-based foods that exert cancer-preventive
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effects, including green tea, red wine, soybean,
ginger, onion, cabbage, cauliflower, Brussels
sprouts, and turmeric ®. The most promising
findings have been associated with antioxidant
vitamins and their precursors, which are abun-
dant in dark, green leafy vegetables, and yellow/
orange fruit and vegetables. Polyphenols or
phenolic compounds, a family of phenolic
phytochemicals, are among the most prevalent
antioxidants in fruits, vegetables, grains, and some
beverages, and have been proposed as primary
chemopreventive agents.

Considerable attention has been focused
on identifying naturally occurring antioxidative
phenolics that are able to reduce excess ROS.
However, it has been suggested that the consump-
tion of large amounts of a single dietary antioxi-
dant supplement is deleterious to human health®.
The current consensus from epidemiological and
human studies is that a low risk of cancer is more
strongly related to a diet rich in multiple antioxi-
dants than to one supplemented with an individual

antioxidant™ "',

I. Phenolic compounds

Phenolics are compounds possessing
one or more aromatic rings with one or more
hydroxyl groups and generally are categorized as
phenolic acids, flavonoids, stilbenes, coumarins,

and tannins. Phenolics are the products of

secondary metabolism in plants, providing essen-
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tial functions in the reproduction and the growth of
the plants; acting as defense mechanisms against
pathogens, parasites, and predators, as well as
contributing to the color of plants. In addition to
their roles in plants, phenolic compounds in our
diet may provide health benefits associated with
reduced risk of chronic diseases. Among the "
common fruits consumed in the United States,
cranberry has the highest total phenolic content,
followed by apple, red grape, strawberry, pine-
apple, banana, peach, lemon, orange, pear, and
grapefruit’®. It is estimated that flavonoids
account for approximately two thirds of the
phenolics in our diet and the remaining one third

are from phenolic acids.

A. Flavonoids

Flavonoids are a group of phenolic com-
pounds with antioxidant activity that have been
identified in fruits, vegetables, and other plant
foods and that have been linked to reducing the
risk of major chronic diseases. More than 4000
distinct flavonoids have been identified. They com-
monly have a generic structure consisting of two
aromatic rings (A and B rings) linked by 3 carbons
that are usually in an oxygenated heterocycle ring,
or C ring (Figure 1). Differences in the generic
structure of the heterocycle C ring classify them as
flavonols, flavones, flavanols (catechins),
flavanones, anthocyanidins, and isoflavonoids

(Figure 2). Flavonols (quercetin, kaempferol, and

Volume 29 No.3 July-September 2009

myricetin), flavones (luteolin and apigenin),
flavanols (catechin, epicatechin, epigallocatechin,
epicatechin gallate, and epigallocatechin
gallate), flavanones(naringenin), anthocyanidins,
and isoflavonoids (genistein) are common
flavonoids in the diet (Figure 3).

Flavonoids are most frequently found in
nature as conjugates in glycosylated or esterified
forms but can occur as aglycones, especially as a
result of the effects of food processing. Many
different glycosides can be found in nature; 80
different sugars have been discovered bound to
flavonoids *°. Anthocyanidins give the red and blue
colors in some fruits and vegetables. Human
intake of all flavonoids is estimated at a few
hundred milligrams™ to 650 mg/d °. The total
average intake of flavonols (quercetin, myricetin,
and kaempferol) and flavones (luteolin and
apigenin) was estimated as 23 mg/d, of which
quercetin contributed 70%; kaempferol, 17%;

myricetin, 6%; luteolin, 4%; and apigenin 3%°.

B. Phenolic acids

Phenolic acids can be subdivided into
two major groups, hydroxybenzoic acids and
hydroxycinnamic acids (Figure 4). Hydroxyben-
zoic acid derivatives include p-hydroxybenzoic,
protocatechuic, vannilic, syringic, and gallic
acids (Table 1). They are commonly present in the
bound form and are typically a component of a

complex structure like lignins and hydrolyzable
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Figure 1 Generic structure of flavonoids

Flavonols Flavones
|
OH
0
Flavanols (Catechins) Flavanones
0
0
TR
0
™ om
Anthocyanidins Isoflavones

Figure 2 Structures of main classes of dietary flavonoids.
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Figure 3 Chemical structures of common dietary flavonoids.
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Figure 4 Structures of common phenolic acids: (a) benzoic acid and derivatives; (b) cinnamic

acid and derivatives.
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Table 1 Benzoic acid derivatives and substitutions
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Benzoic acid derivatives Substitutions

R1 R2 R3
p-Hydroxybenzoic H OH H
Protocatechuic H OH OH
Valnilic CH30 OH H
Syringic CH30 OH CH30
Gallic OH OH OH

tannins. They can also be found in the form of sugar
derivatives and organic acids in plant foods.
Hydroxycinnamic acid derivatives include
p-coumaric, caffeic, ferulic, and sinapic acids
(Table 2). They are mainly present in the bound
form, linked to cell-wall structural components,
such as cellulose, lignin, and proteins through ester
bonds.

Ferulic acid occur primarily in the seeds
and leaves of plants, mainly covalently conjugated
to mono- and disaccharides, plant-cell-wall
polysaccharides, glycoproteins, polyamines,
lignin, and insoluble carbohydrate biopolymers.
Wheat bran is a good source of ferulic acids, which
are esterified to hemicellulose of the cell walls.

Free, soluble-conjugated, and bound ferulic

acids in grains are present in the ratio of 0.1:1:
100", Food processing, such as thermal process-
ing, pasteurization, fermentation, and freezing,
contributes to the release of these bound
phenolic acids'™.

Caffeic, ferulic, p-coumaric, protocate-
chuic, and vannilic acids are present in almost all
plants. Chlorogenic acids and curcumin are also
major derivatives of hydroxycinnamic acids
present in plants. Chlorogenic acids are the ester
of caffeic acids and are the substrate for enzy-
matic oxidation leading to browning, particularly
in apples and potatoes. Curcumin is made of two
ferulic acids linked by a methylene in a diketone
structure and is the major yellow pigment of

mustard.

Table 2 Cinnamic acid derivatives and substitutions

Cinnamic acid derivatives Substitutions

R1 R2 R3
p-Coumaric H OH H
Caffeic OH OH H
Ferulic CH30 OH H
Sinapic CH30 OH H
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Il. Phenolic compounds and role of
cancer prevention

Cells in humans and other organisms are
constantly exposed to a variety of oxidizing agents,
some of which are necessary for life. These agents
may be presentin air, food, and water, or they may
be produced by metabolic activity within cells.

The key factor is to maintain a balance
between oxidants and antioxidants to sustain
optimal physiological conditions. Overproduction
of oxidants can cause an imbalance, leading to
oxidative stress, especially in chronic bacterial, vi-
ral, and parasitic infections ¥ Oxidative stress can
cause oxidative damage to large biomo- lecules
such as lipids, proteins, and DNA, resulting in an
increased risk for cancer and cardiovascular dis-

eases '*?'

. To prevent or slow the oxidative stress
induced by free radicals, sufficient amounts of
antioxidants need to be consumed. Fruits, veg-
etables, and whole grains contain a wide variety of
antioxidant compounds (phytoc- hemicals), such
as phenolics and carotenoids, and may help pro-
tect cellular systems from oxidative damage and
also may lower the risk of chronic diseases™ " ™.

Carcinogenesis is a multistep process,
and oxidative damage is linked to the formation of
tumors through several mechanisms'®*'. Oxidative
stress induced by free radicals causes DNA
damage, which, when left unrepaired, can lead to
base mutation, single- and double-strand breaks,
DNA cross-linking, and chromosomal breakage
and rearrangement21. This potentially cancer-

inducing oxidative damage might be prevented

or limited by dietary antioxidants found in fruits and
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vegetables. Studies to date have demonstrated
that phytochemicals in common fruits and veg-
etables can have complementary and overlap-
ping mec- hanisms of action (Table 3), including
antioxidant activity and scavenging free radicals;
regulation of gene expression in cell proliferation,
cell differentiation, oncogenes, and tumor sup-
pressor genes; induction of cell-cycle arrest and
apoptosis; modulation of enzyme activities
in detoxification, oxidation, and reduction;
stimulationof the immune system; regulation of
hormone metabolism; and antibacterial and

antiviral effects '# %252,

lll. Future directions

Considering that the role of dietary phe-
nolic compounds or polyphenols in cancer
prevention has only attracted real scientific inter-
est about a decade, this field has seen a remark-
able rate of progress. One of the most crucial
results from epidemiological and human studies
is that a low risk of cancer is more closely related
to a diet rich in multiple antioxidants than to one
supplemented with an individual antioxidant. The
toxicity of polyphenols beyond normal dietary in-
take levels as well as their bioavailability, metabo-
lism, and interactions with various dietary compo-
nents still need to be investigated. One of the in-
novative approaches that can be applied in di-
etary chemoprevention is combining agents with
different modes of action to increase efficacy and
minimize toxicity. Future studies should also
attempt to elucidate the important mechanisms

of polyphenoals that are not only related to their
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Table 3 Proposed mechanisms by which dietary phytochemicals may prevent cancer

Antioxidant activity

Scavenge free radicals and reduce oxidative stress

Inhibition of cell proliferation
Induction of cell differentiation
Inhibition of oncogene expression

Induction of tumor suppress gene expression

Induction of cell-cycle arrest
Induction of apoptosis

Inhibition of signal transduction pathways

Enzyme induction and enhancing detoxification

Phase Il enzyme

Glutathione peroxidase

Catalase

Superoxide dismutase
Enzyme inhibition

Phase | enzyme (block activation of carcinogens)

Cyclooxygenase-2
Inducible nitric oxide synthase
Xanthine oxidase

Enhancement of immune functions and surveillance

Antiangiogenesis

Inhibition of cell adhesion and invasion

Inhibition of nitrosation and nitration
Prevention of DNA binding

Regulation of steroid hormone metabolism

Regulation of estrogen metabolism
Antibacterial and antiviral effects

direct antioxidant activity but also to their ability to

bind cellular receptors and transporters and
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Legalon® 70/140

Improves liver function
Protects against liver damage

Legalon®

Contains

Silymarin MZ 80

A special milk thistle
(Silypbum marianum)
fruit extract

Activated into Produces
Silibinin
Active ingredient

Lega|0n® has been clinically proven to exert significant
hepatoprotective effects due to its high silibinin content.

e Clinically proven hepatoprotective effects in:
Acute and chronic hepatitis
Toxic metabolic liver damage
Fatty liver

Liver cirrhosis

e Good safety record’ %
® Minimal side effects '

Legalon 70 1 FESa|0n 149 ‘

Prescribing information

Composition
| cap Legalon® 70 contains 70 mg silymarin
| cap Legalon® 140 contains 140 mg silymarin

Mode of action Indications Side effect

The liver has several vital functions in the human body such as For acute and chronic hepatitis, hepatic cirrhosis, toxic metabolic liver damage A mild laxative action has been observed in isolated cases.
metabolism of sugar, proteins and fats, bile secretion during digestion (eg, alcoholic fatty liver, drug-induced liver damage, poisoning and radiation exposure) Presentation

and detoxification of waste products. Any form of liver damage causes

change in the liver cell membrane and impairs the functional capacity Recommended dosage Legalon®70 cap 70 mg x 10 x 10'.

of the liver. Silymarin, the active ingredient of Legalon®, acts as a cell Legalon® 70 mg capsule Legalon® 140 mg capsule Legalon®140 cap 140 mg x 4x 10's.
membrane stabilizer and protects the hepatic outer cell membrane. It also Therapeutic dose 2 cap, 3x daily | cap, 3x daily Store medicines carefully.

blocks lipid peroxidation and counteracts the liver damage caused by Maintenance dose | cap, 3x daily | cap, 2x daily Keep out of the reach of children.
free radicals. Moreover, silymarin stimulates protein biosynthesis and

regeneration of damaged liver tissue, reduces inflammation (by inhibiting References

the production of inflammatory mediators such as leukotrienes) and has 1 Saller R, Meier R, Brignoli R. The use of silymarin in the treatment of liver diseases. Drugs 2001;61:2035-2063.

antifibrotic effects (slows down progression of fibrosis and restores

camaged liver cels). Tueunalamsoniaefl A 008/48






