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REVIEWS 

Vegetables, Fruits and Cancer Prevention 

Wannee R. Kusamran, Nopsarun Tanthasri, Nuntana Meesiripan, Anong Tepsuwan 

Biochemistry and Chemical Carcinogenesis Section, Research Division, National Cancer Institute. 

Abstract 

Cancer chemoprevention is a new promising strategy for cancer prevention by the use 
of either synthetic or naturally occurring chemicals. At present, there are a large number of 
chemicals found to exhibit anticarcinogenic potentials in animals and several of them are 
under clinical trials. 

The International Committee of World Cancer Research Fund/ American Institute for 
Cancer Research have evaluated the chemopreventive potentials of some factors in food from 
the published data and found that the relationship between the consumption of vegetables and 
fruits with the decreased risk of cancer can be divided into 3 groups: convincing, probable 
and possible. The first group includes the consumption of vegetables and fruits with the 
decreased risk of cancers of the mouth, pharynx, esophagus, lung and stomach, and that of 
vegetables with cancers of colon and rectum. The probable group includes the relationship 
between the consumption of vegetables with the decreased risk of cancers of larynx, spleen, 
breast and urinary bladder, while the possible group refers to that of vegetables and fruits 
with the decreased risk of cancers of cervix, ovary, uterus and thyroid, and that of vegetables 
with cancers of liver, prostate and kidney. It was further found that the risk of some cancers 
may be reduced by the consumption of various kinds of vegetables and fruits, for examples, 
cancers of the mouth and pharynx by all vegetables and fruits, carrots, green-leaf vegetables 
and citrus fruits; esophagus cancer by all vegetables, tomatoes and citrus fruits; lung cancer 
by vegetables and/or fruits, green-leaf vegetables, tomatoes and carrots; stomach cancer by 
green-yellow vegetables, tomatoes, cruciferous vegetables, allium vegetables, citus fruits and 
vegetables and/or fruits; colon and larynx cancers by all vegetables and fruits, and rectal 
cancer by cruciferous vegetables, carrots and citrus fruits. 

At present, there are many studies investigating cancer chemopreventive agents and 
found vegetables and fruits contain various kinds of chemicals possessing chemopreventive 
potentials, but most of them are non-nutrients constituents. In this communication, we briefly 
review some cancer chemopreventive agents which received much attention and may have 
potentials to prevent cancer in humans, such as isothiocyanates, indole-3-carbinol, 
organosulfur compounds, ,&.carotene, tea and epigallocatechin gallate, curcumin, lycopene, 
isoflavones, limonene and 1-perillyl alcohol. 

Key words: vegetables, fruits, cancer chemoprevention, cancer chemopreventive agents, 
isothiocyanates, indole-3-carbinol, organosulfur compounds, ,&.carotene, green tea, 
epigallocatechin gallate, curcumin, lycopene, isoflavones, limonene, 1-perillyl alcohol. 
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m11'ililaiil 

m>Ull1num>Lnlil hfl:1m~11!ilu 111'1.lTlLflii (cancer chemoprevention) L \'Junm~l'IITT 'H:l-IL Unl'lUll1flU 

M'l lla Iii m1:1-1 L~s1.;" m> Lnlil t >fl"" L~111ilu 1 il'm> Lflii~1v•L \'Jmn>a1 Lf111•'lf M'i llm>~Lnlillil1:1-1511:1-1111&\i\1iil 
~11 u ih1vuu w ui1 ii m1 Lfl ii m nm u-11 aw11il1i1~il fl ru ;rnu&\il ll~ num1L Fi Iii :i.J•L ~" 1 ua\>rl l'llil a"" trn •iirn1 

' ' 
11illillll'IL IJ'l•Mi11m1flmm1numw1 um1il ""nu m1Li'im1•L~11 u flU • 

• .,J • ~ .,J • ,- " 1 ·- 1 ~ • -~ • ' 1 flru•i;i L111'111flt)J1•1i1UIJ1Ul1lllilln1'110U lll'Hl'llla• ''jfl:l,J•L 11 lilu1•L:i.JUflOl'JillW1Jll1u'J'Jl'lm1 1 u 

ll1m11 um>il ll1num1Li'ililt1fl:i.J• L~1 v1nNam1fln1-11m11•rnviil'lm~~w:1-1wwui1mm1u LL u1 m1:1-1 

a:1-1wufi1•Mi11m1fou1•1'11Uirn-N<l 1:U'num1alilf11l:l-J\~1'11vlllnl'lLfilil:i.J•L~1lllJO 1iil'L \'Ju 3 mi:i.J flll na:i.J~ 
' ' 

iim1:1-1il1i1L'JU (convincing) 1iiltLri il'mLa•Na 1:U'villn11alilf111m~l'l11Jll1:1-J•L~1u1mrn•flll'lllll'I Malllillllm'l 

Ulllil LLa•m•LWl•lll'llll Lta•il'nvill:1-J•L~1a11.rl myLta•ih hi'ibuuail'J ci1un~:1-1~iifl1l:1-JLl'Ju 1 u1!ill'illuil11 

mn (probable) 1!ilttri m1:1-1a:1-1wuii'1rn1irnvillm1alilf111m~u111lJ1:1-1•L~1nall1Lam tiluallu L!il1u:1-1 Lrn• 

m•L w1•umn1• Lm•na:1-1~lll'il\ \'Ju 1u1iil (possible) 1iilLLri m1:1-1a:1-1wuii'11ll1il'mrn•Na 1:U'villm1alilm1:1-1 
' 

L~1'1~1Jll1:1-J•L~1u1n:1-1vian 'l11li :i.Jlilan vlll:i.J 11'11lll'lvl Lta•11ll1il'nvill:1-J•L~1tilu vilJ:1-1anmnn LLa• 11il ullnv1n . . . 
ii'umwui1m1:1-1 L~m11 ll1 :1-1•L~1rn111illilmm1ualil11i1'11i1um1m1fou1•mu irmLa• Na 1:U'Mais11ilvi L liu 

:1-1•t~1u1mrn•flll'lllll'I alil 1!iliil1uirmrn•mi 1:Urn11illil LLmlll'I irn 1mfilmLrn•Na1:U'1i11•naa:1-1; :1-1•L~11rnlllil ' . 
ll1m1iil1uirnrn11ilvi :i.J•LillJL l'lfl Lm•Na 1:U'm•naa:1-1; :1-J•L~-:1tlll1i1iil1uirmm•IM'lmrn 1:U irn 1 mfilm LLfl1lll'I . . . 

""I ~ IV .., ~ "'° ... ""I <V o .., 

Lta•:i.J•L1Jll\'Y!fl; :i.J•L1101•L Wl•ll1'11111i111'1NOci\1Jl'J1-\'llalJ1 :i.J•L1Jll\ l'lfl N01i11•Qanrna1 NOlill•Qa 

m•tiiu:1-1 Na 1:Uvi1•Qa'1:1-1 LLa•irmm•1M'illNa 1:U; :1-J•L~1a11.rl myLLa•nall1tamiil1sirmLa•Na 1:Uiin'lfillil 

ci1u:1-1•L~1ih1aci1utlaiulllvalil 11i1Llill'I m1'lutl1•mu irnmrna n•M ~i LLflwmrn•Na 1:Uvi1•naa:1-1 L \'Ju iilu . . 
lm'.lv~uuiim1flnH1i111LfliiUll1nU:i.J•L~1 (cancer chemopreventive agents) numn Lrn•wui1lu 

irn-Na hriim1Lflii~iil"lnumw 1 u m1il ll1nuM'illiiu~1011 ti'i1i1:1-1•L~1mnmuMaiu11il1i1 ~1a1u 1 Maj1:1-1'1 li 

il11lll'lll1 (non-nutrient constituents) L UUl'lf111lJii'v•na11 li1 il11Lfliiil ll1flU:i.J•L~1U111lillil~iim1fl01-11 
fi'umn LLa•lll'J'il•iirl numw 1 uil ll1 num1Lnlil:i.J•L~~1 u fl!J\ iu isothiocyanates, indole- 3 -carbinol, 

organosulfur compounds, fl-carotene, °lflL~t.11, epigallocatechin gallate, curcumin, lycopene, isoflavones, 

limonene \La• 1-perillyl alcohol Ll'Jul'iu 

i;ha1i'i!!J: il'n Na 1iJ m1illl~num1Lnlil:1-J•L~11lill'lil11Lflii il1'lLfliiUll1flU:i.J•L~1 isothiocyanates, indole-

3-carbinol, organosulfur compounds, fl-carotene, 'l11, epigallocatechin gallate, curcumin, lycopene, 

isoflavones, limonene, J-perillyl alcohol 
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mnh 

'! 'iA1J"L~1Lilut'iA~ria1iLiilllu11J1>rnn 
01'iru~'lf ~<i1~11J 11JljflD'i"L 1'1A'i1!J~11.l'i"L 1'1A 1 'Vlu 
d 1 _, ~ " 
'lf1 IJU'il'lUIJ (W.A. 2544) LUIJ!f1l'l1'!fl1'j\lJ1U 

\!1~\il 1u1.l'i"!f1m 11'1u lllluiialll'i11il1U 68.4 llia 
~ t ,J ""'QJ ' 
u'i"lJ1fl'i'V11J1 LL<llJAIJ L WA!f1UIJB\il'i1\il1U51fl11 • 
L WAmjJ1

1 IJ"L~1~iifllil'j1fl1'j\il1U515\il 1 mwA .. 
!11U lvi'mi IJ"L~1lllU IJ"L~1Dil\il LLa"IJ"L~1a11J 

1my lll11Jtl1vlU llil"IJ"L~1~iiflllJ'j1fl1'j\il1U515\il .. 
1mwAmjj11lliLLn IJ"L~1lllU IJ"L~1DB\il lll'\" 

IJ" L~1 IJ\ili'\ nm1Ja1lliu' a1u auiiim'ilJa1 '!,,A • • 
IJ"L~11ui.J'i"L'V1A11'1U ~1<1l\iiici1<1ll111JtJ 2536 • 
wui1LwA!f1mlJ1J1J"L~1 151.3 llia1.l'i"!l1fl'i'V1d1 

LL<llJAIJ LWAmi]1Lll1J 123.8 llia1.l'i•!flm'V1d1 

LL51JAIJ
3 

LrndlLLm t u1Ji1aumm'ilJa1 t'iAIJ"L~' • 
51~1rnfltiLrn"wu11Jll1U~UilUi'\1 hAIJ"L~1~WU • • • 
1fou 1ui.J'i"l'VlA1 'Vlu lvi'LLn IJ"L~1lllU IJ"L~1Dil\il 

l-i"l~1D1fl1Jlllilfl IJ"L~1Llll11JIJ LLa"IJ"L~1a11J • 
1 mylll11Ja1vi'u ~'1J"L~1mri1d'V1mu!fillllL ll1J 

IJ"L~1~iiA111J'jlJLLWlfllfl 1 imUlJ1\il lvi'mn .,, • 
~IJfl1'iUil101J~1iiu'VlU11'1R1~1]J11Jfl1'iA1UAIJ • 
'i" d & ,.,.,. QJ 

''iAIJ" L 'i1 L w ili'\ \il 'l u \il fll'j LLi'\ "i'\ \il il\il'i1fl1'i\il1U 

lll1U hAIJ"L~11ui.J'i"!flfl'i11'1U 

Cancer chemoprevention ~el nT':ii'.ltJ~ 

nm1~ilfl1'ii'llllfl1'iL~mlli ilfl1'iLiilll '[ 'iA1J"L~1 fau 

1!V .... ,J .o;:l1 QJ .. "" 

!151'iLAIJ 'lf1 Bl'il'il"L u!J !f1'i5'Ll'J'i1"1'11'1'ia!f1'i 

LA ii~ L ii llJ llN \ill IJ fi'j'j IJ'lfl iii nl \ii !fl 'i LA ii~ ii A ru 
' "'""!'l .., d" 1 vJ' ..,, ' '""J'l .., 

ll1JU\iluil1fl!JIJ"L'i1 \illJ L'i!Jfl11 !f1'iLAIJuil1fllJ 

ll!::L~~ (cancer chemopreventive agent) 

1 lJu 'il'ilUlJiilll'i LA iim fllJ1U'V1i'\1U!IU\il~ 
' 

wui1ii11ru<11Ju&iua1n1J'V1~aauC1m'iLiilll1J"L~' 
1mtlll11'1llli'ICM Lrn"iim,!fillll~ri1a'a~1m"'V1i1' 
fll'iA fl1'!1m1A~ilA1),v1' flumw 1 JJ m'iil a1 n1Jfl1'j 

Liilll hAIJ"L~' 11JA1J4-6 
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!fl'iLAiiiJ a1 OlJIJ"L ~1mh aa fl 1lliL llu 3 

fl~IJ4-5 \il11Jij rui;l!Juiii11Jfl1'iauC, LLllii'l"~IJ\ilillJ 
11JlJU11Jfl1'iLiillllJ"L~1 ~1LL5lll,1mi.J~ 1 vl,;j' • 

Category I Inhibitors preventing car­

cinogen formation and/or absorption 

.91 QJ Q T .J' QJ .r.: "°' 
lll'iu il' fl!J IJ"L 'i' fli'I IJlJUUU' fll'iLfl\il 

' 
IJ•L~' '!11rnm,,iJuC1m'iLiilllin'ina1J"L~1 LlilJ m,, 

Liilll!fl'ifl~IJ 1lJllil'i'lf1iimrn"11J 1lll'i'lf1 l1Ji1l'il1fl!f1'i 

iJa, nlJ fl1'illllll:ii1J!f1'jn a1J"L~1 L'li1a~11 mu ll1'1 . . 
ilU1"11'iUil101JIJ"L~1fl~IJd LWlJ 1illl1i11J:ii 1i 

lll1i11Jli !fl'jD'j"flilUWlJili'\ LLa"u!lJlu Lll\.llll\.I 

Category II Blocking agents 

51'i iJ il1 n IJ IJ" L ~1 fl i'\0

1Jd au c, fll'j L ii llJ 
' 

IJ"L~' faum'iU a1 n1.1i11 i !fl'in il1J"L~111ll'h1.l{l 

fl~mnu1milf)i'ILU11'11J1U LW\.I DNA ~1\l"Lll!J 
fl1'iUa,n1.1i1hi'Liilllfl1'iflmu'111J~ 1'1~ilfl1'iii1 l i 
DNA 1llll1lfliii LlllJllllJ !fl'iLAiiLLllii'l"!fillll11.1flri1J . ' 
il'il"iifli'I lnm'iila1nmLlllfllli11nlJ Lli1.1 

.... .t: " .,( • d 

- fl1WUU' fll'jfl'i"'! \.I q'Vlolll'ifl illJ"L "1 

(preventing carcinogen activation) 
.,: .... "" "' 0 1 ;d d 

- fl1'iLWIJ'i"lliU'V1'iil'lffl\.11Lil\.I 'lflJ'VllflU1 
.., .... 0 .... " "' ' d 
ll a' flUfl1'im mu w1'1LLi'l"fl1'illll !fl'j fl a IJ"L 'i1 a an 

;a1n~1~n1u (increasing carcinogen detoxifica­

tion enzymes) 
.... ' d .J "' - fl1'i'i1Ull1'ifl illJ"LH'Vlilllflq'Vlo 

(trapping reactive carcinogenic species) 

- fl1'iU a' n1.1m'iLiilll lll!l;Jillill'i"'V1'iBfl1'i 

~1.Jtl'l-!~aDa':i~ (preventing oxygen radical for­

mation or trapping free radicals) 

ll1'1ari11in,,iJa,n1.11J"L~' 11.1na1J~ 2 d 1vi' 
' 

LLri isothiocyanates, indoles, dithiolthione, 

organosu]fur compounds, 1ycopene, /3-caro­

tene, !fl'iD'i"flilUW\.lili'I LLa"!fl'illll\.lillJIJi'\Bll'i" .. 
L lJIJllllJ 
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Category of inhibitors Seqnences leading to neoplasia 

Precursors 
I. Inhibitors preventing carcinogen 

formation and/or absorption 
Vit C, vit E, phenols, fiber, etc. 

Carcinogens 
Phenols, flavones, ellagic acid, 
isothiocyanates, diallylsulfide, etc. 

II. Blocking agents 

Isothiocyanates, diallylsulfide, 
S20 3, glutathione, etc. 

Activation to 
Ultimate carcinogens -":...•Detoxification 

+ DNA damage, Mutagenesis 
III. Suppressing agents I 

,B-carotene, retinoids, terpenes, DHEA, 
tamoxifen, protease inhibitors, NSA!Ds, Ca++, 

Cell prolifetration, promotion, progression 

Tumor formation 

Category III. Suppressing agents 

."I ..... d ' .: "'OJ :; 
lfl~u fl~ 11u IJ" L ,~ 11')IJ\Jflfl11qvmaua~ 111, 

di !i1IJ"L~~10l V f11, 1UUU8~ l1~fl 11!i11111L U~V\J 
.I ;.lQ :\ .I Q ~ <d 

LLull~L'lilllll'llJ DNA w!ilul101 l1,flL'lillll!111lllV 

~uilLL<i1 1 uL llm'llaaJJ•L~~ 0i'1fl£i1~lfl1ml1Jil'hi . . 
url ~-carotene, 13-cis-retiiloic acid, 

antihormone, ODC inhibitors, protease 

inhibitors, non-steroid anti-inflammatory drugs 

(L'liu sulindac, piroxicam Lill• aspirin LU\Jvl'U) 

LLll•lfl1U1•11flUW\Jflll L'liu EGCG •111'1i1Ltim 

L tluvi'u 

iJ' fl 11m:~it131' nu ll1'>U a~ nu 111-;1ii i;i :irnt ~~ 

1uu•~uu1~~1111fl11~1A11a111w~fl~N11 

LLo•r.Ja 1lY 1u1111i:lfl~ii'u1111Ln!il t 1!i11J"L~~ii'um11 
.l Q • ' Qt ~ 1 • 
L\Jfl~•ll11Ji:11W~l\J1lf111U1 f1!i1flf1LLll"fJll IJ 

l1i1m11w1•N11mrna11"l1~1 LLll•N11-r.Jo 1lYiltiim • 
LLll•L l1lifl~••n11lim11J t~a~vi flf111L tlui.w L~~ 1 u 

Q 11-10 J ........ 
1"uum~LOlu01m11rn•ma •· ufl11•111um1J 

1W~1u11N11 - r.Ja 1lYL l1 li1il' ill m1uiiu8~ 1111 tfi Ol 
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llo•lm 11u Blil~ lOWill fl 1mri BlJ•l114 - (methyl­

n i tro amino )-1-( 3 -pyridyl )-1 - bu tan one 

(NNK) ~1tl'lum11u1m'lnihJ1u1umau14 

• 
1utl vu1. 2540 Aru•il't~m111ru1•11'iu 

• v 

u1u1111iihfis1nuaT1111trn"11AlJ•t1111a1 World 

Cancer Research Fund/ American Institute for 

Cancer Research 1i;lu1•dlu0numw11a1ifll,ju 

vi1111umm11 um1ila1num1tii11J L1AlJ•t11 
~ <>. J;; !V CV Ill n t.ia m1r1 ni;1m11•mmvmTYM ll uuuaunau 

(case control study) llll• 1 u!m1nh (cohort 

) .J~ ~ " • "' ' study 'l'llilWlJ'l1L\J'l'l\J1~atrn•111"11111111 WU 

i1m1'.iuu1rn1uirnm•Qllfl•l1~1 m••nslJ­

'l'IBJ.J irn1rniim ttA1B'l'I J.J•tiimm1 tta•t.ia1iJ 

1111•QilfllJ i1A11lJ ai.Jwu5nu m1a11JA11J.J t1ls1vi a 

ni1tii11J LlAlJ•t111 u'l'lmua1u1• tliu m•t '111• 

a1m1 a11ITT!'laj 'l'lll8lil"1'1'111 Ulntlll•AB'l'IBU 

ualil a11ari1uums tta•vluaau t1'iui;i'u 1
' tta• 

t~a<11ul1'1'n~1uvi111~u1tm1J.Jai.Jwuii'1•'l'li11 
irn-t.ia 1iJ num1a11Jm1mils1vi am1tiiVJJ.J•t11 

u11n!]i1mm1mtu1aan1vltl'lu 3 ntji.J i'ia 

mii.J~i1m1J.Ji1VJt\l\J (convincing) 1i;lttri irn 
' 

tto•t.ia 1iJcimm~1u1mrn•Aa!'lau mrnVJa1m1 

. . ' 
fl1l!HllJW\Jll 

illilt\1\.1 (Convincing) il'n tta• ua 1:il' 
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1'1'1ajtrn•a11ari1uumu ri1untjlJ~i1m1m \'Ju 1 u 

Ml'iauil11lJ111 (probable) 1i;Jttri mli.Jffi.JWuil 

11a1irnviam1 a VJA11 J.J t~s111 a1J.J•t11 mi a1 l i:lm 
•• • -~ ,.J 111uaau ll111UJ.J ttarn1•tWl•ul1"11• llo•Ooi.J'l'I 

' 
a1\li1m1m\'Ju 1u1i;i'th1 (possible) 1i;lttriA11J.J 

ai.Jwuii'11a1i:imtarna 1iJviam1aVJm1m1lm11a1 

J.J•t11u10J.J11Jao '.i11li J.JVJao vialJ1mauoi' """ . . 
11a1irnviai.J•t11vlu vicii.J~o!'lmn ttad111 (1111111 

~ 1) 

u a 0\11oifIllo011u>"tiJu11 a1 A ru• 

o nlJ 111 >llVJ il'w m
0

1lJ"t11 u1 n tta" A a !'I au 
' 

mm1uaVJ 1VJ1VJum1fou1•m1.1i'Jn-t.ia 1iJ'it11u 

ttma!'I r.rn1iJ1111•Qofli.J trn•iro1rniim J.J•t11 
!'loaVJmm1mllaVJ 1VJ111Jsi:in'it11u J.Jniim'l'll'l 

tta•t.ia 1iJ1111•Qaai.J lJ•t1,uaVJmllaVJ 1VJ1VJsi:in 

tto•l'l'l~at.ia1iJ i'Jn1rniiu1 J.J•tiim'l'll'l """ ttfl-

""* ... ... "' : "' rnm-t!'laa1 J.J•tl!m'l'll'l t.in111>•Qofl•'l'lm t.io 
~ 1 • • • m•nam•mui.J t.ia J.J1111•na<1lJ tta•t.imta•I ,. . 

'l'l~at.ia 1iJ ri1ulJ•t11a11at myttarncia1ti:ls1m\I 

alil 1VJ111luil'mrn•r.Ja 1iJ'it11 1 u tto•J.J•t~1a1 la 
ri1uumsmllaVJ 1VJ1VJsm1'l'uu1•m1.1i'Jnm•Qo 

• 1 IV IV ~I ., 15 n•'l'lm llfl1B'l'I tto•t.ia lJl111•()ill1J.J tuu1111.1 

- lia1u1mta•Aa!'lau 'l'loa11Jmm1 uaVJ n1•tw1•a1m1 

il'o 
- a11at mJ]tta•a11acl1uua1u 

l'iauil11tt l.i1.1a1.1 (Probable) il'n ttil• t.iil 1:il' 
- ncimt1lu1 li'iuaa1.1 tl'i'11.1J.J n1•tw1•il<1m1• 

il'n ua• ua 1:il' 
- u111lJVJon '.i11li J.Jlilao vialJ1mauoi' . . 

il'n 
- vlu @iai.Jao!'lmo 1111 • 
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1 ml' 'J ~ u 'W ii fl1 1 i'I 01'11 a l'H A jHJ iN i\' 'W 
0 • ' 1 • 1 ".,. .,..,J.,. imo,O'WIJln LLa"WU11 'Wl'JO-Na IJ1Jal1LAIJ!11J 

if nsmw 1 'Wm>il <M i\'m1'.llliiut1m1tnlil11"t~1 
111n1J1ffl1 ms'llil lil ~1fl1'W 1 my11111lill~il1m1 
(non-nutrient constituents) LLVl1'WU'Vlfl11lJif'<\l:; 

mi 11li'511 LA iiil "' i\'1w" L ~~ Ul''llil lil~ii fll> 

i'I mnn'WIJl n Lta" ill'J'J•iiA nw11w 1 'W \) "' n'W fll) 

LiiVllJ:;L~~ 11.lflhl L°li'W isothiocyanates, indole-3-

carbinol, organosulfur compounds, /3-carotene, 

'lf1L~tl1 Ui;'l:; epigallocatechin gallate, curcutnin, 

lycopene, isoflavones, limonene ua~ 1-perillyl 

alcohol LU'Wiil'W 

1. Isothiocyanates 

a11nci11il'wu111n 1 m1'n111~•nan"11~1tli'W • • 
n•11~11Hi n•11~1111iln miln LA~ A•1h trn" 

n•!1~1UIJ (Brussels sprouts) LU'Wiil'W 'llUlil~WU 
mn 1!ilttri benzyl isothiocyanate LLa" phenethyl 

isothiocyanate ~1 mm> au il' fll>LOlillJ•L~' 1 'W 

i'l'lill!'llilail' M11ai1rnl'u1• tli'W m•tw1•mm1 

!1alllilmm1 tii11tJ11 'lilllil lll'u il11ti'Liln il11a 

1my trn•m•tw1•llaa11• Vi'lfmhvi'1um1rill 

IJ"L~' 4
-'·

14
"'-

21 tta"trlll 1iitJ1tJmil' ii~wum1 • 
isothiocyanate 'llUlil 111ii~a sulforaphane ~1ii 

'li~mru\p 1tJman 11'1~ 22 trn"iiilnumw 1'Wm> 

iJ a1i\''W11'.1 ll ii u t1nnLfllil1J• L ~1 m''llil Iii t li tJ 

1J"t~1 tvi'1tJ1J 2 'lrn•1J•t~,11 illil t ll'W !iltJ21 

al':Hfliii:J fl~ fllJtJ:;L~~ fltj lJ isothiocyanates 

il'ii11rua1Ju&i!inil1rntJ h111tJntj1J phase II tli'W 

glutathione S-transferase Lla:; quinone 

reductase22
'
24 ~1l U'Wlil'W 1'1flf~~ll U'Wvillfl11 

• ... ... " <V ' d • 
!11 a1uvnrn>ll fll'J lil m1n a1J" t 11 ll ll n'J1m1' mu 

trn"iiA111Ja1J'11tJn'1lilum,villm>illl1ntJ1J•t~1" 

trn"a11111mTu81m1Yi111tJllil1lil'W1 'lflJ1 tJntj1J 

phase I (cytochrome P450 dependent-mixed 
.J .J ., <V IV 

function oxygenases) 'IMl081llil'num1m.v!'W 
.f I W' o' .f I d ""'26 

ql'lnnana1uwtJ~lta•ql'llinll1J•l>'llil1m~Lfl1J 

~.,, d • ...J ... 
'l.lilO'JlO'l.ll'J1allJ11U l WIJlJU1'\.lfl11\'llall'J l 'llaa\'llJ 

Wannee R. Kusan1ran 

l~il,'J1nm1nri11if tli'W phenethyl iso-
' 

thiocyanate iiilnumw 1um~illl1n1.1m1tnlil 
d nl .J4' O IV I d d ~I IJ•l>,ull\il!'l'lfO'Wllil11'Ji'll10lllJ•l11 NNK 'll'lu'W 

11 ~d 1. d '111 'I.I \il1'llllJ'W!'IWUlilW1" 'WA1'Wlj!11 
.:<$ q IV 

(tobacco-specific nitrosamine) 'lJnt~'U'V\llJ'j 

n1t\','11(iljmt vi a 1'll't ti tJm1il "' ntJ1J•t~1'11alil11.1 
2} 28 d 1 I .: Q IV 0 !05 1'11.1 ' lla•llJil IJ'Wl'l.llJl'W IJl(j!1lfl11r1m:11m1 

""' I f .J 
1"Ullil1!11'JlWU1 lOa IJA'\.1!1\il11'JWU'111 • 
isothiocyanates 11.1ll am1•iia\il11m1tfllil1J" t11 

U illil ~lOllO ri IJ~1ii WU m1iJ il' n'WIJ•t~1nri11if 29 . . 
.J I Q Q.I 4' ,/ 
'll'll5\il111 isothiocyanates ill'JIJl'l111Jil1JW'Wli 

i\'um1a\ila,'lfil~m11Jt~u1villm~tfllil1J•t~1'lilllil 

2. lndoles 

m1ntj1Jil'wu1J1n 1 m1"nm•aan•1-1~1tli'W 
t?il'J1n'Wilum1n~1J isothiocyanates 'llillil~WU 

1• ' :win viun indole-3-carbinol, indole-3-aceto-

nitrile ua~ 3, 3' -diindolylmethane 51".i~\I 3 
... .: ,.,,t .,,, d 

'll'Wlil'Wi'll IJ11 U l'JUl'J' fll~l n lillJ•l 1' n>•l Wl" ill!111 

1um,it1J1a~'lfnil1vi'1um1rill1J•l~1 B(a)P
13 

il u'111~i\m1J'llil lil~i'I n 1:11n'W1J1n(ii'a1J11vi'u ri 
,d 4'.t .,,, d 

indole-3-carbinol 'll1"11Jl1fil'JUl'l1fl11lnlillJ•l 11 

tvl'11..1:w 13
•
30 :w~L~\ltJavi 31 :w~L1\ltv'fu 32 ua~:w:a1\la1 

151 my" ~'lfnil1vi'1um1ria1J"l~1 a11-1fo 11.1m1 

ii~oll'J,J'l.lll indole-3-carbinol YJl 1 ll1"UULIJ 

m1ullil a1Jllll"rnf!111.1rna 1m1t'Jm vl1J~1.1 34 ~1'1i' 
~ll'J"YJl 1 ll A111J l~l'J,vj il fll1l0 Iii IJ"l ~' liill'l.llJalil 

a' ;iamo!'llilall,if mhui\'u~wu 11.1m&!'llilail1~ 

d .r' ' . """ l111'W11 mdole-3-carbmol "11Jl>U'll•all!11il 

!11jlil11ii'llil (cell cycle) llil,l'llaa1J"l~'liil11rn 

~' i1 ;i ari11 it 'llaa 1J•t1'1-1ijlil m1tt 'Ii' t 'llaatta• 

m>L'J1iyt&iu11il" ~,;iam1i'lmnil'u1~i1 in­

dole-3-carbinol ill'Jil•"11J10fili1u 1 'WnWlO'lfl 

indole-3-
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G "1 .J' "' d 

"" L 1-:i tm 1u 1J L vn• taa.:i~ fl.:J a11n1;iii•t 1-:i 

;f ,.! of"" <>;j QJ 1· tamoxifen '1.:J~!JllJfilu'laUll'IBUnum1 ti ta-
" 

moxifen ll~lWEMBUl.:Jl~a1" 1m1rudljj~ii1i\'.:i 
flmflAflamw 1 um1i1a.:inum1tfi1111J•t~.:i1 uriu 

1111a li!Wl•lJ• l~.:J Lm11JlJ
36 

lndole-3-carbinol <11m1a\lunUBIJ!.JO . " 

3. Organosulfur compounds 

a 11 n ~· ii d w u ii 1fl1uwt1Nflm1" Q a 

m•tYiaii-l'IBIJ (allium family) t'li!J n1•tYiaii 

11oiiti'11my 11aiitt111.:i tl'lumu ~.:ijj11a.:i1u'il1fl 
m 1flfi'/'.!11'/1.:J1•Ul11111'1alll011-i'u tl 1•1'11 IJ Wtl 

"" .:: 41 ,::; • 1 • m1tn111ii•t1.:im•tw1•fllm1 tta•ii•t1.:im a 

1my" tta•1uu 1997 Ernst 1m-.,1m1ul'!am1 

' ..... QJ ""* 
l'IUl'l11J1'>'> ru n'l'lm1 Wtll'I fl m'>•Q a n1•t l'laii fll'il 

'il•fll lJl'l aiJ B'i fl 1J nl'H fi 111lJ•l ~.:J 1 m•UUl'/1-:J t&i!J 

film'> 1m" 1mlvri'l'l111aa.:injj~wui1tl1iJu 
"" .... ,?:: ... .:: 1 

n'l•t l'Jamta•1'1BlJfllm'laaua.:im'ltnmii•t 'l.:i u 

'U1~81tJ1::: 1~ 44
-
45 

fll'>lrtjjmilJ organosulfur dtl'lul'laml'!a • 
'illflm1ama\ii1~B.:Jfll'l allicin ~.:ijjn~mta•tl'lu 
fl~!Jli!Wl•'llB.:Jnl•LYialJ-l'IBlJ 1111mi!Wl•l~fl 

.. I ..i .,, QI 

L'llllllltmn (tt1miiam•tl'laii11'1BlJ~m1u u111mfl 

ii'u) <111fl~iiifjj11a1t1t1il111 t1il111~wui1jj.lfla 
mw 11m1'li1B.:inuii•t~.:i 1mttn diallyl sulfide, 

diallyl disulfide, diallyl trisulfide, ally! methyl 

disulfide, ally! methyl trisulfide llll• S-allyl-J­

cysteine t l'lumu 1majj'l1a.:i1ui1 diallyl sulfide 

a1 l.11'> a if uC.:i m'l tfi 111ii"L~.:ifl1• t w1" Bl m.,••-•' 

1J•t~.:ia115lmy" ii•t~.:i,,,aa11101m.," ii•t~.:i 

UBl11
46
'" llll•lJ•l~.:i\i(u 51 ci11J diallyl disulfide jj 

11a.:i1ui1 a1 m'l ailu&.:i m'>tfi1111m~.:ia1151 my" 

diallyl 

trisulfide lrn• ally! methyl trisulfide fllm'la 

151 

.,, ~ "' ,::; 1 "'46-47 
aUt1.:Jnl'llnl111J•l'l.:Jfl'l•lWl•Bl1'111 111 llll• 

d!'1~.J ~1. 
s-allyl-J-cysteine tl.:Jlu1Jtl1J1111'1ll•mam 111llll• 

1iJjjn~u n il'l1a.:i1ui1mm1ailu&.:i m'lLfi111 

ii•t~.:ia11«lmiJ1mL'liunu" ua•1m1'il1uu s­
a11y1-1-cysteine ii1ti'.:i M'i'um'll'll11'1flUAfl81llW 

1 um'lila.:i nu ii• L~.:im.:iriail n" 

!l111fona 1nm'li1a.:inum'lLn111ii•L~.:i1111a 

m•tYitllJ-l'IBlJ Llll• <111 organosulfur com­

pounds tmhdifuil.:i 1iJm1unmuJil'111 LL~fll'il'il• 
~ ..... ~ ... Q.J 1 ,., • 

Lu 1J m'laUS.:J1'1'lBlll11'l•l11ULB1J tl1Jl'lfi'l•m1Jm1 • 
.t ' r:l 4 .... 1' BBflql'lil'llB.:J<ll'lfifllJ•l'l.:J m'lLWlJ1•111ULB1J 'lllJ 

.J 0 ""- <!I 0 QJ I <=J I 

l'll'lllllaW'l!!1'1'lB fil'ill11'11'lfl BlJ•L 1.:J Bfl fi'ill 011.:J 
.oil .., • "' ,J 4 

ma Llll•ll'l'lB m1'ilU'111fiBlJ•l'l.:Jl'/Bflnql'lil 
..i .,, g, ' "" ' .J' ... 

L 1J B.:J'illfllJ l'l 118.:J11J1 llll'l Lr\ lJ L l'lll11J Ul.:Jtl1J111 
" 

.... ~ ..... QJ 54 
fllm'laaua.:Jl'l'l<llll111•111U cytochrome 2El 

Lrn•Lvim•li1'rnauhii1umiii phase II L'liu • 
glutathione S-transferse, gluthathione per-

oxidase, UDP-glucuronosyltransferase LL'l::: 
. ?'I "' 46,49,52 55 epox1de hydrolase Lu1Jm1J ' 

4. P-carotene 

L um1 - LL rt 1'lYim1'I mn1llt 1'1i:iB.:i1 u fl cimLrt • 
hYiuaavi' ( carotenoids) Lmci.:i~wrn uvi'i-LLrt h 

~ .J 1 • ' ~ 1 ·.i~,, ~ " l'/1JIJ1fil'/~111 111Llfl l'lfi-l'lll IJl'llJ~ll'lllB.:J'1111Llll•~ 

<lii L'liu LLmBl'I Wfll'IB.:i ii•arnmm iJml'llil • 
ii•il1.:ian LLriumau Ll'lumu uan'il1ndnwumfl . " 
1u1uNn~mMimLiiii L'liu 11hli.:i mantriii ri•tl'1 

.., ~I" d" 'i"""'..J' 
Lta•l'ln~ii L u1J1111J llJBL U1111-LLrt •11'1mmo'll.:J 

" 
ma ui.:ici11J'il•~mtl~au 1t!L1'iu b1111:ilma ~ 

~ d "' .J 1 ' 4 "1·' ll'lllBtl.:Jlu1Jo11J l'll)!'il•9fl~l11'1fmm ull•'1lJ1111lJ 
3 "'1~1· • ,~ .• L1JBlt/B ~lJ1J 1J'll.:JmtllU1111-LLl1 <'ll'l1J'ilrn11'11Jl 

.J fll .... ... . .... 
l'/lu1J<ll'ln1Jl'l1J (anttoxidant) Llll•!f11Jl10'i!U 

BBn'ilL'il1J'Wa.:ia.:i (singlet oxygen) ~.:ijj!'l'l!!~B 
" 

fll~l'il.:J11J~B.:JL'1fllfl' Jil.:iif uii.:il'i11 !fL~Btl1JllL U 

ml-Llrl hYi1J'il•jjtl'l• 1at111iiiam1ila.:inu hriti11'il 

Llll• hriii•L~.:J 

Nan 1 '>fl n '1!111'11.:J.," ui 11111'1 al ii'.:i LL u u 

d • ~ 1 case-control Llll• cohort t1.:imm'li1fi1fl 1Jl'lll18 

- I • '1 v ' vd ~ • I ~ 1 vd ~ u'l•ll'li1'1~u 111111'11'11Uu'l•l'l11JfJfi-l'lll lJl'llJ . " 
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• • t ... ..... ,,..,J.,,, "' ,, 
1•\llUlU\lll-LLl'l 1Vl1J<N ma1>JVJIJ1"\llUlU\lll-LL\ll . . 
t 1fi1J 1 lJ La fl \ii ~~'il" jj\ll11 IJ LiJl'I~ vi fl n11 L l'J lJ IJ"L ~1 
ti ' ' .... ti • 1 • ' .r. B\ll\ll1n111(!V11u 1"V111J1>Jn-1>Ja 1Jma11J1JBl'I 

11''fo~~jj1"tii'rnulli'1-LL\ll hfilJ 1 mi:'iavi~1 JJan 

.l'v ' .J ' ~I " ' ti 'il1n1JmVllJ111'1111JLlll'l1\lliln11LuUIJ"L11!fil1 in 

11aavia11111 m"LVl1"mm1 mtLVl1"ifain1" 

<111.rt my a11aa11Jtla11'1 tlin1J\ll~n Lrnd'11?H\ 

awia~e11al ti'Wfl'U 56
-

60 

d ... ,,!5.., ,, tq 
LIJBIJ i:i•1n1flflfll'lll1Vl~B1L U\lll-LL\ll 1VIU 

.J~,., Q"'1 ,,. 
VIL u!Ji'll>tN L\ll11"'11Lta"i'll1U1~Vl5 1Jn11uB1fllJ 

m1L1'11J1J"L~11mm tl11n!Ji1Lum1-LLl'l hfiu 1ii 

i'lllJ110U fl1 OIJ n11L l'JlJIJ"L~~ fJ1'11U1
61 LLll"IJ"L~1 

·1"1 •62 .r.q " .J 
al llL'11!)j 1Jilfl'il1fllJU11J11U111J\l1fln1l>1n'l:llVI 

1ifmi1JLL wria!f1a!f11 aL1J°'lnu~jjm11J Lilm vi a 
' 

fll'lL UUIJ"L~1tlavi~1 fotl1"Vll1JL um1-LLl'l hfiu 

1ua" 50 i:iaiin-i'IJ 1m1u1u Ll'lunin 12 i'.J 

[Physicians' Health Study, PHS] i1LUm1-LLl'lh 

Yiu 11ii:i1>Jattvi mh11viviaallmm>t l'Ju1J"L~1tlavi 

L~m tl'Jl'JUlVJUUOuna1J~hi1mfot um1LLl'l hfiu" 
' 

ttvi~u1a1J htrn"1hi\llnmn 1lli'ttrl1>Jam1?lm,n1 u 

tl1" L Vlf!WlJLLlllJlll (Alpha-Tocopherol/Beta-
a4 .J • • 

Carotene trial, ATBC study) 'IMVllJ11fl'!IJ!f1U 
.J .J v.Jq .J ' ~I d ti 
Vl~Ul.l'l11 (i:!VllJl'l111JLllU1\lliln11LuUIJ"L11 il\ll 

"ti • t"'"""'"' ~1) LL!l"1U 1"V111JLU\ll1-LLl'l 1VJIJU1~Vl5 1\Jil" 

20 i1alln-i'1J11ni'utl'lunm 5-8 i'.J jj.J\ll11m1 

""ti ,,.J doq• Lu U1J"t>1 avia1n11na1Jriauu11>t!f1JL\lla1nu 
.., • \J • 

ttvi1iihifot11"mm ulli'1-LLl'l hViu(n~1Jl'l1Ul'\1J) 
"'l ... q) I "" .J I 

01 18 % LL!l"IJB\ll11\llll'l~1n11M 8 "/o !f1ll11J 

1 mil• l'lum1vi1l'I L i1a1•1n1J"t~1tl a vi trnd 1f111'11 \l 

u an•1ndr.rnm1iinmm1il a1 nu1J"'~~tl avi 1 u 
n a' 1J ~~au u 11'\l LL a" l'l 1J1llJ~1 lli-i' u1 l'I il u . " .., . 
(asbestos) 1ua11-i';Jm1J'im (/J-Carotene and 

Retinal Efficacy Trial, CARET) f\1iui'imrnm1 

An 1'11 tiJ1na°11ll11llf1J fa l'I VlUi 1B\ll11 n11 L tJ U 

"tl 1 '.J1.. • t q. IJ"L11 B\ll !Jfl'!IJVI \ll1UlU\ll1-LLl'l 1VJIJ11J!l" 30 

i:iaiin-i'IJ trn"11\ll1jjurn 1ua" 25,ooo ru ~1 

ni1n~m tl'il'lrn Vil'lu~1iiM-i'rnum1-LLl'l hfiu ii1 

2 8% u Bfl'vlnUi'i1 wui1a\ll11\ll11'11una1J?l nmn • 
~1ll1J 17% lli'1a" ~11>Jam1ilmnilvh11hrn1uu 

WanneeR. Kusamran 

Qo "'"".Jfl1"t 1J"L>~LLm!f1&i a111Jimmm!f1Lu1JL\l1~a1 1'111 

m1iii'ailma~m!vi tl'l11nwYluVi~1t1'11Jna1 21 

"'I ' 
0 

.J 1· -· 1 • L\llBIJflillJn1'11U\llVJ111LLl>JIJ 1 LLil"l'lrn"i:!11lU \ii 

tt~1111'1.h"mmna1Ji1nm~1111J\ll 11Jrin 1l'l11m1 
' . 

~?lmfl1>Ja~a1 L ulli'1-LLl'l hfiu1vifotl1"mm u 

m1-LLl'l hV\UVJIJVJ 1J Bfl\llfl;j'i>J!lfl11A m11tii'1 na11 

ii11mu (PHS, ATBC LL!l" CARET) i'i11h111' 

l'l111JllU h 1 um11ii'L Ullll-LL\ll t 1Vi1J L vlail B101J 

IJ"L~11Taunau 1 tl~i'll>L Ulll1-LLl'l t 1Vi1JB1>1J!fl&i 

1uwm1'n-1>Ja 1l!\ll11Jt&i1J 

5. Epigallocatechin gallate (EGCG) LLll"1f1 

ti'ia1 

llln1>Jam1/1m;1m11"u1\llirim ttl!i11l" 

i'f11iiif vi L \lU U fl LL vi OU1lli1 n11~ IJ!f1 L 'iia111'ia!f1 

i111m\l\l"i'll1J11 ail B1 nu n11LO\ll1J"L~1 Lm11JIJ a1 

1.rtm\] a11ffa1utlina ~1tl1&i liiu tlavi 11fi1 

LLll"l>Jan11i1nH1V1111"U1\lliVJU1LLUU 
~ 1 ti .J_,, .J 

prospective '111B cohort U 1"LVll'l!)J'!U1f111U 
d d .J'c:::1 • d ... ..... 

~11JLIJm 111 UflVllJ11n11\lllJ!flL~l'l111Jil" 10 

ttti'1111Jam nni1 'l'h 1 'l1a\ll11 m>tiivi1J"L~1avia1 

~11 lJL Vll'l'11tjj1LL!l"L Vlfl!f11'1 1\lll'ILUVll"IJ"L~1UB\ll 
1a1a1m1tii'Ltri 1J"'~1a11il11aj 1J"•~1a11ffa11J 

tla11'1 1J"L~11iiu Lta"1J"L~1n1"tw1"a11111 \llllJ 
o "' 67 .J'"' • ..J :i'I d 1 
lll\llU Uilfl'il1flUl'l1VllJ11"1~VIL uUIJ"L11 IJ 

mi1J~~1Jtl1!f1mnni1 10 ttn1via11J a1ni11u . . 
fl~ IJ L tl'Jl'JU L fil'IU fl B11jjiJmhrl!)JVl11 al\&i!in m11'1 

tta"il'niii'an~1Jil'!mtl'll'l>1m1umrla1Ji1m1~1J 
tl11f11vimi!Vl1"1J1nflill1Jll" 5 LL01 vh111'am1 

m1narn \Ju 1 m.i (recurrence) ~a11J"L~1tlli'1u1J 
... ., ., 68 

!l\ll!l1 LLll"Ln~!flll1\ll11'1 

Epigallocatechin gallate (EGCG) LUU 
Q ,J.J 1 q ~I 

polyphenol !fU\ll11\J1VIVlUIJlfl IJ!f1L~l'l1 LL!l"LuU 

a1~tl1rnau11an~a1 polypheno11u!f1t'iil'l1 m1 

iinv11mt\lllVJ\ll!lB1VlUil ~11flL~l'l1 polyphenol 
d ..... ""' ,,, ,?: 
Villn\ll\llfl!f1L~l'l1 LL!l"il11 EGCG il11Jl101'1Ul'l1 

m>Ln\ll1J"L~11vi1 u11ml'lai'l'l1" tilu tlavi filu 

n1"LVll"ill'l111 '11!lil\ll"1'1111 a11atamhumu a1 
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1m'Ylaj L~1u1J ii'\'uililu m•Lvnd'.lmn1• liiil3J~n 

'Ylmn LL0"1l1mh Lllu~u"·',_,0 uilnil1nii'u1 

w u11mm1uuu81ni1 L il'iqJ L&i u hrn il1 L 'lio i'i' 
cl 3 d 1 Vd 

3J•t11 m1umm'Wat£Jil n;;itriu1 trn•m1m••1u 
' ' 

11il1L'lioa1J•t~11~an~1u"·" 

n;;i 1n 1um1Uil'ltl'WlJ•l~'l'l!il'I EGCG lLiOI• 

in (t!imtrn•v11) m•il1~'Ylmutl1•m1t'li'W 011 
"-' J; t I IV "" 

uum11m'Wm1m11 L'lilJ m1<1111mp;Jom'l1• 

0111'i1111J'l!il1 LillJ l'lfiJ ( L'lilJ omithine decar­

boxylase, cyclooxygenase ua~ protein kinase c 
Lllu~u) m1Ltu1t'lioa m1<im•'Yli11m1riil 

3J•L~1nu DNA (1rium1uu81rnu hiJ cyto­

chrome P450 LLom11Lvim•vlULil'W h3J1un~3J 
' 

phase II Li'W glutathione S-transferase, quinone 
~I ,., "" i:: reductase Lu'WOl'W) 011ll'1'11il8fi'l!ilWIJ3J•L11 

lli:l•n11Ll'1'11ililn'l!il'IU'W TNFa (tumor necro­

sis factor) LUU~IJ Uiln•1nii'u1wui1 EGCG 

Lli:I" 1f l'W <ltl '1\!1 fi'lil '113J11Ulvi3J fi11~il '111 

".iZVli1'3L"l.fa'Gf (gap junction intercellular 

communication) ua~ff1l.J1".it1-lf'ntl1 apoptosis 1111' 
Bn!il1as3, 10-11 

'l!il1ill'W<ltl'1illn'li1lii£11 polyphenol il1fi'li1Liim 

lli:l•'li1vi1 lli:I• EGCG 1'Wm1Uil'ltl'W3J•L~'11'W 

6. Curcumin 

Curcumin 

ti 1• nil U 'YI fl n 1uL'Y1.J'n1'lil11 fi'l! il'l '11 jj' Uif'W 

'" d "' (Curcuma Jonga L.) curcumin Lu!Jlrl1il1l'Ylffl'I 

1il'num n 1 u m1LLlii1llLLo•n~'W mm1 'Wilnil1nii' 

u1lil'-l'm:11mm1iJm<1ulii111 LLWo~iil'YIU1 Llo• 

lJ~L~'3lJ1'3"dil~ 73 

011 ii nm if n umw 1'W011il il1n'W011 LOOI 

11rl3J" L ~11'Wif01-f 'YJ '1 '1 il1Wui1m3J11Uuu81011 

LOlillJ•L~111il'11J'Yl'11£Jill£11• L'li'W Nl'YIU1 iii la 
1my a1h\\amb1J~1J 01•LW1•1ll'Yl11 lLo•vlU1'W 

'Yl\jL3Jlll LLO•lJ•L~1a11mmy L~11JIJ ~'W lli:I• 

liiillJ 1mJ'u 1 U'Yl1JLL1'Yl L uu~u 73
-

77 ill'i11 h~.illJ 
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curcumin himm1uuu81011tii.ilJ•l~'ll~11JlJ 
LL'1" 3J" l ~1tiillil1 u 'YI 'W llJl a~if n U 1 ~fl £1 '111 fi il 

" 
lJ•L~'I 11il"'

5 

1um1uu81m1tii.ii.J•t~1if'W wui1 cur­

cumin <lllJ11UUU811~it11•£J•l~lJ~'W (initia-

) 

4 .(, cl ( ) tion 1•£J•l'11lJq'YlunillJ•l1'1 promotion lLo• 

1•£1• progression 
78 

1 'WU1'1011Amnwui1 

curcumin tf'UB'3n1'lLilt91)J~l~'31tJ"j~fJ~t~lJm''W1~~ 
ni1 11ilmilWl•Lijil hl' curcumin ltrifi'.ii''Yllilllil'I 

1 IV d I rj I rj 

'W1•£J•n1•\i) 'W q'Ylun il IJ• t 1111 il1 m1n ill.I• L 11 

(metabolic activation) 
73 

n;;i 1n 1 'Wm1i'.la1nu1J•l~'l'lf il'I curcumin 

mi!ilM'Ylmutl1•m1 il~11u11'Wi1 curcumin il 

l'l!U<llJU&iL U'W'111~1'Wn11ii'nwu~&i (~'lfll'ilil• 
' d "" .?: ~ 

l!Jil'l3Jlil1n curcumin <lllJ11U£JU£1'1011'Yl1'11'W 

'l!il'ILillJ hiJ cyclooxygenase, lipoxygenase lLll• 

phospholipase A,) lli:lelU'W<l11~l'Wffljl;j'1~ll1• 

curcumin tfllJ11f'lE1''Urf"'l cytochrome P450 ua~ 
Lvim•vi'Urn'WhlJ1un~lJ phase II L'liu gluta-

.r.,, .ct v ' 
thione S-transferase 1JBfi'illn1JmlJ~11a11m1 

.,,:!; .f, .,, .. 
curcumin mm1uuua~q'YIBnilnmuwu~LLll•m1 

1'i11 'Yl1ri11lJ hmiilill'llllJilliltln&i ( clastogenesis) 

Ltiu c-jun, c-fos, c-1nyc Ol";iYil"'ll'Utlfl"'JLB'U 1'ln1 
omithine decarboxylase LLa~ epidermal growth 

~I v 53 73 75 d .:1 d' .ct v 
factor receptor LulJOJIJ ' ' LLll•LlJ1lL111 'W3J~ 

11u11'Wi1 curcumin mm1u'lln!l111m'Wm1 

apotosis 1m1malJ•L~1rn1'lfillil11il"'' ~'lljfll<llJU&i 
vl'I mi11L mil if illilL UIJ0'11n'Ylti'l'l!il'ln11U il'ltl'W 

tl~L~"'ltlB"'l curcumin 

11 ru•ii' fi1f11ilit111m1ii n 1-11il n am W'l! il~ 
" . 1 "' - cl 1 53,73 curcum1n 'Ufll'iuB"'JO'Utl~l'i"'l 'UYl'U 

7. Lycopene 

"' ~ "' "' . Lycopene L u!J carotenoid 'IJ!Jlil'Yl'W'l'li~'Yll 

1il'ffn-wll1:Jililttlil'I wumn 1 ui.J•t~m'Yll'I ili'W 

LLlil1 LL'11llJ cJ~'l(R'lilJ\:!) '1'111lLUil~ lLll• 

rosehip ffn-wll 1:iJ~ilaLLlil'llJ1n~il•il lycopene 

tl~mru<11 ~1ifmL'Ylci1mm1~il lycopene mn~ • 
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5Ll11.i'Llfi IJ"L'ii m 'Yll'lLLa"f.Jl\Lllilru~\llf11J"L'iim'Ylr1 • ' ' 1 " ' ~ 1 •~d LLLl\BUl~ 'lf1Llllml~f11U\l"l(JL1l'lflJ lycopene Ll\Ll\'Yl 

5L1lfii md m'.i n- f.Ja 13JL miiii'1uJ1uTiu1um1tln . . 
mm> Lliu m> 1'11'~1111Jfau Lrn"m>N51Jnutl1 

"'~l ... .,,~..i1· ~· IJlJ Lu1JL111J Ll\~1J1JL'Vrn 1'I lycopene ~fll()Lll'IJIJLm 

' d ~ vtl ~ 1 
11~mumn'Yl~Ll1 il~m»u ""'YlltJ1J"rnBmr1 u 

~tlTIB~tl11J"L'iim'Yll'1 LWIJ Lla"'IJB5 [LlitJ 'IJB5 

;;htt-i'UW'IJ'lfl 'IJB5fl11'1-i'U5tl1LnL1l~ Lla"'IJC!5'1JUL1\ 
., ~I "' ..J ~I z'I 

TIU (ketchup)] LulJLlllJ LL'YllJ'Yl\l"LulJIJ"LTim'Ylrl 

5Ll\ Lta"L~m l'lut11"1mii1fiiB~l~f11Uii~LL lJ"lhh • 
..! :' "' ' "' ,,.. ., 

1'11'lLl\IJ1JllJ"LTim'Ylr1Bm11JBa11Ja" 2 LLf11 

1u~11muwu lycopene 1utl1LttiiB1LLa" 

.l' d ' ' ' ' 1 L\JBLUBLlll11 L'IJlJ LllBIJ\jfi1'1lJlfi Lll111J1'11J1fi Lll 

lilu tlBLll a11m my ilru~· LLa"i11wu1 Lta"WU 
I <>. ..i I /3 8Q-8} 

lJ1f)f111 carotenoid 'lilJVlB'U L'lf'U -carotene 

Lycopene iiij!lJ5lJUmLl'ium1i;l1umHJall5>" ii 

1'11llJLL'l1Ll'JtJ 2 LvJl~B1 /J-carotene LL<'\" 

tl1•mrn 10 Lvi1TIB1bi;i1i:iuli tJBn\11nii'ua1 

m1J1>omu111Jm>~Bm»"wil1L'lfaa'l.lani;l1u 
\1111 m>fl m:nm11•mL1l'l'Ylmwui1 m> 

fotl>"'Yl11J11lln'l~iitl~mrn lycopene 51 1L1lu • "' .,. .,, ... "' .... 
LilWl•lJ•L TilH 'YJl'lLLa"NoLllil rn~\11 filJ"L TI m 'Yll'l lJ 

1'111lJil'lJW1J ;{nu fll 'lo L1l <11TICl~1111 lJL~U1 fii B fll 'l 

L 1'iu1J"L~1fii BlJa ntt m n" vi1ii'utl'n'l~u~151tli1 . . 
lycopene LLo•i'll>Ul1'1filLll 11JlJ"L'iim 'Ylrlil1'11llJ 

il'lJW1Jil nu fll'j;;\ Lll o1TI 111 m1m~u1 Iii Bfll'l LU lJ 

carotenoid 'lfi1Vl~'WL'lf'W fl-carotene, a-caro­

tene, lutein LL~~ fJ-cryptoxanthine 1tiii'"111lJ 

il'1Jwuilnum1L l'Ju1J"L~1'1Jil Llld u Bn\11 mf um> 

Wuliim.nwui1n~lJl'11J~ii1"lilu lycopene 1utl1 

L tt 1i 11151\l•ii ml lJ L~U1IiiBf)l'jL\'J1J lJ" L~1 fii B lJ an • • 
ttmn~1ni1n~lJl'11J~il1"viu lycopene 1utl1 

rn1i111~183 -84 1utl 1999 Giovannucci M11u 

ti 
~ d ~ ~ 

'l1lJLLa•51 'll!J111J fll'jYJ mfl Lfi!JlfiU lJ• L TI m 'Ylrl 

nuvi11m~mfii Bfll'lL U 1JlJ"L~11uB1u1•fii111 
wui1Nam1flmfl\111111u'l~utl1"mrn 50% 11" 

~i 1m1-i'u ti ""'Yll lJ lJ" L 'ii 11 L 'YI l'1 LL;;\" N l\ Lll ii rn~ \11 n 

lJ•LlilH'Yll'llJlfl LLa"m>ii>•vlU lycopene 1utl1 

Wannee R. Kusamran 

L tt l'! "' ~1il vi111Jil'1Jwuci' num1aLl\ a1~B1 m11J 

L~U1IiiBf)l'jL\'J1J lJ"L ~1TI <M Iii BlJ a fi1'1 lJlfilJ1 f1~5Lll . . 
1 •. "ti " 'l111o1lJ1 Ll\LLfl IJ•L'l1 C!Ll\ LLa•lJ"L'l1f1'l•LWl" 

85 "1 ~ .J.J" d 111m1 1J"L>1 umu1•11tJ'YIB1\llJ¥111m<1maL1l 

a11vimi LllUBBlJ a11m my-a11Ja1utla1u 

1'1oC!Ll\Blln'l li111tl1n LvlllJlJ Lta"tllfilJLll\jfi LLfii 

Bci11hnLllllJa11:i.iiim1'n~l1JU1~LLiiiiL1l 
1uil'Llli''YIL1laB1 ii11m1ui1 lycopene 

511Jl'l o!J U 81 fil'l L fi Lll lJ• L ~1ti11Ll111Jtt1JLlJl.f' 6 

• 
" v 1 87 ' 1 " "" LLa•lJ•L'l1LllU tJWl,JLL'l'YJ 11Ul1 'lfiLllllJf11J'll!J111J 

11 lycopene himm1oauC1m1LnL1llJ"L~1m" 
'IJULl\ LlitJ fl'l•LWl•U5511• LLo•a11mmy1Ll1"'

8 

TI rn"d fi 1 a1 ii iJ •th m> fl mn¥1111J Lil u wi; 
LLornl'lfl'l•illULll1~B1 lycopene 1tl!l'11ii111J\jfi 

ttmn Lta•l'11 L1lilA1il•ii f11'lAf11'11AnumwTI111 

1 " ~ " 1 1 " .l'40 lycopene 1Jf11'lu111fi1JlJ•L'l1 1Jl'11J 1JL'l111J 

8. lsoflavones {genistein) 

1 u51mi!iB1 iim>Ll'1ii~iir\'numw 1um> 

UB1n1JlJ"L~11vi'ttol!J'IJUL1l LlitJ isoflavones (geni 

'lJstein, daidzein, lignans), protease inhibitors, 
~I v phytosterols, saponins Lli:i::: phytic acid lu'UWl'U 

'lfil Ll1~1"1-i'u vi111J51J hmn~~Lll 1 tJTI rn•d1iLLri 

isoflavones T~t.1L1.ll\t1::: genistein 

Genistein LiJ'U isoflavones ~5"3Lfl";}1:::l11'W 

51m~B11u~tlTIB1i'll'ltl'l"fi11U glucoside TI111 

genistein L1an11 genistin vl"1U''U~'\IVllU genistin 

lJlf) 1u51L,.,i;111 LL a• N l\ i;ii\' ru~\11f)51L,.,i;111 L iiu 
Lvi1ij Lrn• tt11mu\11n51m1i111 cl1u 1u51m1i<M 

m!mlimLil1L;ff U1 il•WU genistein (1:i.iii glucose) 

fa u tin Gi L~ o-i'utl1•mu 51L,.,~111 tt'l" Na i;ii\' rn~ 
\lln51Ltt1iB1 genistin il•~mtl~uml'lu genistein 

famou 1 'lfifil1mL ul'1Yh'lu 1 ua1 M'LLa1:.ij1onL11Ll1WlJ •• 
Lli1111mu LdB1\llf1 genistein ii~mt¥111af11 
A<i'l!Jll11'lllJ1J L B51Lll'lL \llJ LLa•i'lllJl'lU~U nuli11fo 

L1151LllWil1J (estrogen receptor) 1vi ~1~m'luni1 

phytoestrogen ( LB51Lll'lL\11J\llfi'W'IJ) 

m1lJ51J1i111Jf11'lAnmi1 genistein il•il 

r\'numw 1um1ilB1ntJ1J•L111i;ltt'lB 1:i.i 1J1\11nc.ia 
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m1i'ln1;im11"rn\il'l'Vlm~wui1nwl'utl1"mu 
111m1LL uu ta L ~a~jj 8'1L11i!ia1 L ti mhutl1"n ciu 

mnjjm1l.Jal.Jwu5num1a\ilcH1Ja1am1m1Luu 
"41 oi.J.J.,.,, 

lJ"L 11Ul1'lfU\il \il!JlilW1"l.J"L 11'VlLO!J11J a1nu 

©fl1Ll.JUL iiul.J"L ~1 L~1u mm "l.J" L~1 vi mmn11lJ1n • 
l\il tJ L tJ"fou L Via U 0 U fl \il11011 LUU l.J" L~1L11 a1 d1 U 

tl1"L'VlflLWU1iid'U1iin"·
91 uamnndifojj~wui1 

rl'~fotl1"mufl1m11i1'1na11jj1"iilu genistein • 
1utl1Ll1afl1

92 lMni1N'~futl1"\'11Ufl1'1'111LLUU • • 
lil"1uliln LL a" l~jj ~01tl'n ii'1L11a fl1 Lrn"011t\iljj 

1ui\'1L11 afl1ll1l.J110U fl10Un11LO\illJ"L~1 l~1UlJ 
1~ rl'1fotl1"mu~1 LLvi1 uii111'aiu11'! flri flu1a 

L ~~ru-w't.15<'91,93 
v ' 

.... :: ... d ,., 

Genistein ll11J110!JU!J1011Ln\ill.J"L11 L\il1 

ul.J1umcl1~ rl'11li'nu~1LLviLt1n\ilafl\il (neonatal) 

11'lfl ri flu1m ll'lruwwf" ·" Lta"m1LOlillJ"L~1 vi al.J 
v ' 

~nmnn" LLvilihnm1a1iuB1m1Lnlill.J"L~1cl1 lc.1 

genistein l11lJ11a1iuB1011L\l'ltyL~u 11i11JflWlfaa 

1J"L~11 u11aa\il'Vl\ilaa1 l~11ma'lfillil Liiu l.J"L~1 
,., 98 d • 99 d 0 1 • 

L\il1UIJ l.J"L111iial.J~n11mn LLa"1J"L11m o 

1 •100 .... :: .,. ' .... .... :: 1 
11ty \il1UU genistein \11U1\1"1JflntJll1W'Vl1 U 

m1il fl10Un11l0\ilLLa"m11iuB1m1L\l'ltyL~U 11ii 
0 

1Jfl1l.J"L11 

5111funa ln 1 um1ilfl1num1LO\ilLLarn11 

.J .... ,.,.,.. <"ii 1 
\110n11'Vl genistein IJ'Jrulll.JU\ill'lll.JflULflll \il1 

1 
~ d .,, 

L\IU lta" UU11n>ru111\l\l"LUfl1l.J1\110n11'Vl 

genistein jju!'1U1!'1~1Ulflo11i11l\IU (estrogenic 

antagonistic effect) 'UilO'"'l1nd genistein ilTOJiJ 

U!'1U11'1~hi Lfim'lifl1 nrnao llil>L \!Utaa Liium1jj 

\ilruol.JU~LUUll11~1UflUl.Ja!lo1" Lta"m1uuB1 ' ,. 
llmum1vi111 Liiu m1Yi111u1Jfl1tm11m1 

tyrosine-specific protein kinase (~1\1"111111'1 tl 
.... .?; I o' .,, d 

mm1 m1LL uw11aa) m1Lllllil1flanllfl1tJUl.J"L11 

u11'lfil\il m1of11tc.l'mafl\il (angiogenesis) m1 
.... .. ..... .. 
o1l\il11"11 DNA n11o1L\il11"11 prostaglandin 

01'lvi1'>ll'U"llfl~Lfl'U l'lfaf omithine decarboxylase, 
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. ~' 
topo1somerase LLa::: cytochrome P450 qYJOOB 

na1!JWU~/ql'lllvi1111'1fl1 l1J h1JLO\il\il11l.JN\ilun~ 
1Jfl1011ria1J"L~1 LUu~u uan\11nil'u1ii11a11u 

i1 genistein 01l.J110L\1daitl11 li'11\11~'llilllfl1 

L'lfaa111!\ila1 Lta"ll11J11ailntl11Jmum1 apop-

1 ... ., 101 ' 1 • 
tosis \illil1tJ LLa"lilfllJ1 Fritz Lta"\ilru" \il11tJ 

' ·1· ~.1 11U11 genistein m 11m1LLo~Mflfl01JflWU!'l 

a~L\il11"i( 1i1'1fm1aftl.JUllflU 1m1L\1Ulta"Lflo1m 

4 ,, "' 1 d 1 1\111ru11fl1\l\l"LuUna 011U11Jfl1 genistein u 

m1iJ fl1nu m1tn\ill.J"t ~1vi al.Ja n111J1n • 
do::i;f .... .:,,,,, OJ 

LIJflL111Ull01UUIJ"L11LL\11'lf1\illJfl1i;l\11:J 

4 1 ·4 d ~ "' flLl./101 \ilW\111ru1LWflW(i)lU1 genistein LuUll11 

ila~ nu1J"L~1 Lta"mfoml.J"t~1 101 

9. Monoterpenes (d-limonene ua::: 1-perillyl 

alcohol) 

d-limonene Lta" J-perillyl alcohol LUU 

cyclic monoterpene wu1uw'lfl1ll1tJ'lfU\il tiiu 

' 1 • • ll"1"LL\1U lavender, perilla c.Ja l.Jlil1"Qalll.J-
~1 ., i.::1 CJ .. 

IJ"U11 luU\ilU J-perillyl alcohol LuUflljWUil 

uaanB'f'.ftla' 11fl'3 d-limonene 
.... ~ ... d 

d-limonene ll1l.J110tJU!J1n11LnVll.J"L11 

.I "1 .< o • ~ .1~ • • ufl\il Ul1\jtl.J1~Llll"l.J"L 11 Llil1UIJ!'11!'1'lf nm ma 

011rifll.J"L~1 103 LLarn11lli1iul.J"t~1 v-Ha-ras 

t'1i11 tJ1 Ul'lfl'lllL~l'tJl.J 104 llil"l.J"l~11i1'U 105 11111\j 

LL1!'1 
c::I 1061 v.,. v ,.J 

1JU1\iltana1 \ilflO\il1tJ ~111 J-perillyl alcohol 

01m1auu81 m>LOlill.J" t11a11o'1 my' trn"cl1 lc.1 

Lan 107 iJ:::L1'1ei''U 108 ua:::iJ:::L~'1ei'ufieu 109 ua::: 

lll1J110UU81 nlWil'ltylmU llil1rn11J"L~1iiluei flU 

tta,Yi11 li' IJ"t ~1 t~1111JjjlJU1\ilL~na1 10' u flmnn 

J uu101m1auu81 m1tll'lty i~u 11iitifl1l.J" t~~ 
vifll.J\jOl11J10lJ!MVIU~!l11tltl\jmha111 nude 

110 c::I .... I .. .J G 

mice lta"IJ"L 11\ilU fl flUlJ fl1111;JLUll.JoL\ilfl1!'11Jl 

1 tltla n riw 1u11mt©l.Jllllilafl~iin~1a 10' . . 
..J . ... .... 

LUfl1\11n J-penllyl alcohol mrnamw 

1J1nni1 d-limonene 1um1ilfl1num1tOlill.J"t~1 

l~lUl.J tlll"IJ"L~1a1ld'lmy (5-10 Lvil) llil" 
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d ' <>, .... "" "" "" .J 
IJ"L .,, LL 1N'1f11il'lf B"o'l'l'llj BllJ'lfl1\1'1'~\11'l!ll11'1\J" 

.... fl 2'1 "' d 
W\il/IJ1 1-perillyl alcohol Lu1Ji'll'luB101JlJ"L'l" 

1 d ... .,J ~ ,,. d !l' 

\Jl'l!J IJ"L 'l1'1f!JlilLL 'l01'1\J"v1fflflflillJ"L 'l"Llil11JIJ 

ua"a1Jol'uviB 1 tlf'iB1J"L~"viB1J~mrn10 IJ"L~" 
"·1~ ' d""' d .J' tlBlil 1J"L11m o«my LLo"lJ"L'l,lilUBBIJ '1f"'lfru"IJ 

01.11111 m1iloi;1m" fl~il o Bzj 
10

' 

d-limonene LLO" 1-perillyl alcohol Uil" 

n IJ 01'H fi Iii LLo "fo 1'11 IJ"L ~111ilLlil s nl'l~ !l1\J\J" 

LU~SIJi'lll1WtlJIJ perillic acid LLO" dihydro­

perillic acid ~"!l1JW1Jfiir1aB~if1dtliiu81'1fU11J • • 
d • < •~ o • Id '.I ~ fl 

fl1'l1'1'1'11lllSIJIJ"L'l" ras LuoS!Jl'lfol'lunlilLulJ 

L'lfo<flJ"L~" (ras transforming activity) IJ!J0\110 

if1Jii1wui1 1-perillyl alcohol LLO" d-limonene 
... "'<>.°' ,"t: I o' .J o 

1J~rua1Julilsumm1LtrnL'lfol'l mm1m1rnmm 

'lfU11J01'lLU~SIJoll1W (differentiation) 'lfil~ 

Wannee R. Kusamran 

L'lfo<f LLO"'llU11Jfl1o apoptosis LLo"L~lJfl1o 
TI1111J'lf!l" cytochrome P450 LLl'l"LiJ!Jh!J' 

107 ,J .,,.,, ' .J' 
glutathione S-transferase 'lf"~ruolJUlilL'H011J 

01\JLthrna 1rrnd,'lfB1fl11U!l~tllJLLo"foi;1!J"L~1 
'lfil11-perillyl alcohol LLl'l" d-limonene 

fl!'I 1nn1">U<MOUa.J~t~~ 

o a lo 1 ll moil"" n1J 'H°iJBiiu8,'lf m1J mo 

L fi lillJ" L ~"'lf 1Mi'l11Lfl iJiJ !l1 tl!JIJ" L ~"\110 r1° 0- ~rn 1iJ 

m11il1vi''Hmstl1•rn> '1"~1iKmh1mu11mh 1 IJ 
..J .J.J I" .., "" ' "" d 
o11J1'1Lnm'lfB"oum>LflmLlilo•'1f!Jlil lil1>1"1'1 2 

vfi' !l lJir, vl1il81" 511 Lfl iJ iJ !l" tl IJ IJ• L ~" 1 IJ !l1'1'11'l 

~" 1iK!l1m111nU'l'lf111lJ~L?iSIJ 11ils Kell off LLO• 

Mechanism Possible molecular targets Representative agents 

Antimutagenesis 

Inhibit carcinogen uptake Bile acids (bind) 

Inhibit formation/activation Cytochromes P450 (inhibit) 
of carcinogen 

Calcium 

PEITC, tea, indole-3-carbinol, 
soy iso:flavones 

PG synthase hydroperoxidase, Curcumin 

Deactivate/detoxify 
carcinogen 

Prevent carcinogen-DNA 
bindiing 

Increase level or fidelity of 
DNA repair 

5-lypoxygenase (inhibit) 

GSH/GST (enhance) 

Cytochromes P450 (inhibit) 

Poly(ADP-ribosyl)transferase 
(enhance) 

NAC, garlic/onion disulfides 

Tea 

NAC, protease inhibitors 
(Bowman-Birk) 
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Mechanism Possible molecnlar targets Representative agents 

Antiproliferation/antiprogression 

Modulate hormone/ Estrogen receptor (antagonize) Soy isoflavones 
growth factor activity 

Steroid 5-a-reductase (inhibit) Tea 

IGF-I (inhibit) Soy iso:flavones 

Inhibit oncogene activity Famesyl protein transferase Perillyl alcohol, limonene, 
(inhibit) DHEA 

Inhibit polyamine ODC induction (inhibit) Retinoids, curcumin, tea 
metabolism 

Induce terminal TGF p (induce) Retinoids, vitamin D, soy 
differentiation isotlavones 

Restore immune response Cyclooxygenases (inhibit) Tea, curcumin 

T, NK lymphocytes (enhance) Selenium, tea 

Langherans cells (enhance) Vitamin E 

Increase intercellular Connexin 43 (enhance) Carotenoids (lycopene ), 
communication retinoids 

Induce apoptosis TGF p (induce) Retinoids, soy isoflavones, 
vitamin D 

RAS famesylation (inhibit) Perillyl alcohol, limonene, 
DHEA 

Telomerase (inhibit) Retinoic acid 

Arachidonic acid (inhibit) Curcumin, tea 

Inhibit angiogenesis FGF receptor (inhibit tyrosine Soy isoflavones 
kinase) 

Thrombomodulin (inhibit) Retinoids 

Correct DNA methylation CpG island methylation Folic acid 
imbalances (enhance) 

Inhibit basement membrane Type IV collagenase (inhibit) Protease inhibitors 
methylation 

Inhibit DNA synthesis Glucose 6-phosphate DHEA 
dehydrogenase (inhibit) 

vl1tla: PEITC, phenethyl isothiocyanate; PG, prostaglandin; GSH, glutathione; GST, glutathione S­

transferase; NAC, N-acetyl-L-cysteine; IGF, insulin-like growth factor; DHEA, dehydroepiandro­

sterone; ODC, omithine decarboxylase; TGFp, transforming growth factor p; NK, natural killer; RAS, 

ras oncogene product; FGF, fibroblast growth factor 
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