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Cancer Chemoprevention by Dietary Phytochemicalis:
Rationale and Mechanisms

Young-Joon Surh* and Jong-Min Lee
College of Pharmacy, Seoul National University Seoul 151-742, South Korea

ABSTRACT : Chemoprevention refers to the use of non-toxic chemical agents to prevent the neoplastic
development by inhibiting, delaying, or reversing a multi-stage carcinogenesis. The primary goal of chemopre-
vention research is to identify or produce effective agents and strategies for clinical trials for applications to nor-
mal or high risk human populations. A large number of compounds have been tested for their possible chemopre-
ventive activities, and it is of interest to note that many of them are naturally occurring substances. Thus, a var-
jety of plant and vegetable constituents, particularly those included in our daily diet, have been found to possess
substantial protective properties against experimental carcinogenesis. These substances, collectively known as
dietary phytochemicals, exert their chemopreventive effects by influencing specific step(s) of multi-stage car-
cinogenesis: some inhibit metabolic activation or enhance defoxification of carcinogens, others interfere with
covalent interactions between ultimate eloctrophilic carcinogens and the target cell DNA and still others may
exert anti-promofing or anti-progressing effects. Mechanism-based interventions by use of safe dietary phy-
tochemicals may provide one of the most practical and promising cancer chemopreventive strategies.

Key words : Chemoprevention; Phytochemicals; Carcinogenesis; Anticarcinogenesis; Metabolic activation;
Detoxification
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(Guengerich, 1993; Miller, 1994a, 1994b). 3 B> A3 4
S2HE, Y4FUFdx(protooncogene)t FF AAFA
(tumor suppressor gene)s-2] hot spotol] A ARA] et
DNAte) 3% A% whgo 2 R7lE(adduct)o] A4 ¥ o]
ok Ao ANBTE AL 4 5 Atk W wrgAo
ghol B3o] Y& WhEAlo] F HF et AR vhHle
Lo o] At €4 SH(metabolic activation)z} FHct.
AL S 8E Haliste] wheAe] 2 HE A Lt
A (ultimate carcinogen)?] A43-& Zh= M2 33HA b
o F2& A FEoz AAH g, FUF Ao
Aehe oy F79 38 FEEH 1 FA FreAEe] o9
7} 3EHy wok 2359 A} E4sE Addhs Aos u
EFITH(Yang ef al., 1994; Guengerich, 1995). =2tof &8}
epigallocatechin gallate®} 72 polyphenol#} vlEo] S09l&=
diallyl sulfide, 7130 0|9l capsaicin, 72 A Eof S0
o cramin5 & 1 G E E5 e, ol @ HA e A
BEL $4 o7te) AX o gol YA 2 glon £33 o
FE 2o A9A web 3o tiE R aRE Y
1 ATH(Dragsted et al., 1993; Yang et al., 1994; Guengerich,
1995). cytochrome P4507] 4+3} g A4Eo] thbgt 8}8H4 wWeb
279 )} AT 24H 02 F28 AL 32 o)
wa 28 T4 AT 2o B39 AR wasol Yok

EA% cytochrome P450 E40 A &A 7129
me} got 4T 229 W84S 371 A% FE W
4+ ok olsh Tl Wok £ 52 BT
Re) F30] Ao 2 ol 88 ek 34 Ave] @
7HA 982 ¢1Asx r}. Glutathione S-transferase, sul-
fotransferase, uridine diphosphate glucuronyl transferase<}
epoxide hydrolase9} & phase-Il 1538 4v T2 24 &
Aol 25A4E wAdEy] & AFA LR v AT of
W 5 Ao E 22 phasell 53} 400 o) 2t A
T A9 whgAe] ks BE%E ithMiller and Surh,
1994). ¢}2 EW9, glutathione conjugate’} 2318 1,2-di-
bromoethane, 1,2-dichloroethane@} 7+ vicinal halodialkane 2]
=4 g0l 28 4TE A% Boh T g 259 3
$oll slolq 53 a0l o8 A S-haloethylglu-
tathione conjugate™ DNA9} 2-& 21384 &3¢ alkylating ¥t
$& 907 4 gy AAAA episulfonium ion FHAE T
Eo} i 4 9t} o] gox F§H(coujugation) W02 3
=4 #Ago] YJehe dEo] #o] nuHy vt (Miller
and Surh, 1994). Sulfo-conjugation& 9% B2 9] tjAle] 9o
N F2 5z B8 Aoz ANEHT o, B &
2o 9loJA¢] sulfonation WH-&-0] malignant transformation,
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Edo], fetal abnormality 3-8 E3stE TS 54 28-S
B o) suffuric acid ester® THEO] = Ao g 4EA 1 8]
. He oy dAFA tidA WEESFES] benzylic
alcoholo] sulfonatione A A% sulfuric acid ester7} 78
g Edwo] sy 4 AFHE e ALE dEA
9 tHSurh and Miller, 1994; Surh, 1996). % 5-hy-
droxymethylfuraldehyde®} hydroxytamoxifen® 722 ZHE
allylic 22 9] sulfotransferase-dependent esterification 3+ T
2 WA T E FEELS UEY Ue AR B HI
2JtH(Surh, 1998). ©]2 3 benzylic %= allylic alcohol+<] sul-
furic acid ester %23} o}L]@} ester glucuronides- 3}18H3, =43
oz nheAo] & 3§HEolr}. o2e o|FE U ¥
£ 8.9 acidic compound®] 4] &go], vh3-Alo] & acyl glu-
curonideo]] 213 Ao AAX T Qi o|EH upAIIAR
epoxide hydrolase =& 2ot E43 98 49 gl 310}
A olFA4L JeET At W3S Bl EX3 A
Z galrad A2 Q8 AHHE epoxider o2
dhg-Ado] 2w, B Aol glojA ME AL, EAWe] §
d, ok, 718 ¥4 59 =4 A&E YeEhiE JF 3%
A A7 ey g o|ef ¥ whgAdo] & oxianE
FRoM A o datEed 239 wg o2 dihydrodiol
A3E] 7)1 &} o] epoxide?] hydratione &4 9] E&0)

o] dojut 4 9JA|h, epoxide hydratase(!£= epoxide hy-
draset} W He} 22 b5 B3 40 o o 21 2
T & ot guby o 2 oxirane?] H3 2 o1& HAEE dihy-
drodiol & HHg-A 7} EAjo] AFAAuE Hof 5 o=
AATIE % 55 49 ol dinydrodiole A3} W]
o Z3)= o] parent oxiraneRr} t] & whgAel F3t F3ol
AR 7|z gl 1 92 benzo[alpyrene S 2 H-E g
benzo[a]pyrene-7,8-dihydrodiol S & 4~ Ql=H] ©] FFEL 9
Fo) u9-0F ‘bay-region’ diolepoxidez} i Balx HE wet
549 7,8-dihydroxy-9,10-0x0-7,8,9,10-tetrahydrobenzo[a)
pyrene AV E $r) o9 22 A8 JM5AE nHE
o, 98 22 gA 249 F 7H] 71T dEe] At E48E
A&t A%S FAATNE AL ZR2 I oA E
ol AL o4 Aulzt ot st 54 Uk B3
o] that &4 ste] A7} FA o SHEEY 5

Adl 5 A7) Rtk o)}l & F %o T 2

b
O

o]

o X

52 KU M 2L

L~

- 9 tha} Ao 5L 2R A douA 9] 2HE

NHe ARaFE shiel ETAR, B FeBAE 2o}
Wz Fehet o &5joAE e} ST ol9} Bl F
A= & 2 E ol B 4 9t} (Yang et al., 1994; Pao-
lini and Legator, 1992; Paolini et al., 1995, 1996).
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retinoid © "FR7HR| 2 B9 £ AN wdi) xlete
E4 o] YFEEZ FolE: Aoz FelHgIck(Stinson ef al,
1981).

Dietary phytochemicals
@<, 9 phytochemical £-0] 72 ¢ hefHt
AARA L glovt, 2R e A& A7

3} ot
EhEN %‘:} B2
<y 3

et 1ol 4

ol B7to] BYFUE IFLoR FFH AREAANE 238 ¢
48 AFEEE EHETE 7] "ot e d=
Finlando}| A} 29,1339 9] 50-6941¢] &4 G4 & ooz 4
A) 5 Alpha-Tocopherol, Beta-Carotene(ATBC study)o]2til &
gl d77 29 randomized, double-blind, placebo-controlled!il
ool AGAEAA ol & 4 gtk vF Ty GAT
(National Cancer 1nstitute)9]— Finland =¥ X 7 ¢(National Pub-
lic Health Institute)o] LE 02 AX|3 o] AR A, 515
20 mg2] beta-carotene 1.7 (supplementation)o] EHAE 2]
oF dhale] oisl B3 g3} glled, 9o giE (placebo
group)} H| & off Ht HAEY AEEC] 0313 o £
v}ebtth(The Alpha-Tocopherol, Beta-Carotene Cancer Pre-
vention Study Group, 1994). o] x| %38} ZA}e} 7]x AT
Al B3l B-carotene®] elHl Fyhol ATBCH[A S A+ 2
e A2 ute = Ao|dth 12fut Bcarotened] B o]
7F w2 97 BlolN ZXGAE 253813131 (Chen et
al., 1993), B-Carotene-2- post-initiation THA|o A 22| g& o
AAFY FFY(mammary cancer)E F7HAZh=(Edes et
al.,, 1993) EolA & F %o, o] ddsA £ éﬂrt—
a8 =AY 98 42 oplth ofejdt AT AREL B-
carotene-s TYFHA Y] Fulkio| FAA, &5 SAgE AAZ
= S ol A3} §loe RS AAME ol e W
s 11’:’1 ol.cq B “H ATBC«] u}b]' q])\]-x} = olH‘— 0])\]- A
g A o]l ojn] Wt mA o] FF3] F1EH Aefo]ofA
grolul el xute] Fab7b 9)g HWOE 7]UEE B-carotene
< o A™dMe o Z#st Jepdr] ofdE Aol
(Bloomberg, 1994; Edes, 1995). oju}, ml-¢- @& Hekol B-
carotene>- WHE A ZH3= AE9 AT 875 UNEAAF
Ae Aol old) we} FFahe A2 AL dAEe A
o] olet 93a ZAd Ao BAIXTH(Edes, 1995).
ATBCS] A7 A3} B-carotened} H7}o] 93|78 H2& + 3
= 7F5AE BolFQR T o] YA 4 FE Bcarotene:
otoll QlojA] Al ©A| o] Rl M= ghelute] st At
3ot BAo] ARE7] Mol gl 237} Qloke AHE
HEs Ao (Mayne, 1996). B-caroteneo]2]e} tiE

1 =2

or1

o}

o
dofjA] fe] ARE W7lE 4ok o
e = 38 e A8 AR g 27X
7}. Indole-3-carbinol
Indole-3-carbinol-& 4w, B 227, cauliflowers} 242 4
A3tz Aol Wol EAE JROZ o] JFEL 4P
ol 2o glojxe] gntel i3 o] AFHU 2 2
e N2 YAEHA o 3l B2 8 EHoA indole-3-
carbinol 2 3}8HA Wbl o2 FES Wt A dis) B
98 Jeln 1 28 7]A e shuE Egk B diat
43l A9 8% B I £ YHGrubbs er al,
1995; Shertzer and Sainsbury, 1991; Vang et al., 1990). Es-
tradiol 2-hydroxylationS #5¢tat &bZ Ujgetd] djs) H35
2HE 7= Aoew 4dA leul(lesko er al, 1985;
Michnovicz et al., 1986), indole-3-carbinol estradiol 2-hy-
droxylase®} 845 F7M71E ALE2 VeI o] w4
9] f-5FoHmammary cancer) ¥ A& U] 2HoHendometrial canc-
e AAFE ZH9 =& ARl Qe AR BAY
(Bradlow et al., 1991; Kojima ef al., 1994). 18] 3L A}ghel] 9]
o}A %  indole-3-carbinol& 7T FoJ3lH estradiol 2-hy-
droxylase®] &4do] dH3 Frkste LT U
(Michnovicz et al., 1990, 1991). o|H H.& & 3lo}= ‘%‘l’tﬂi F
344 Ratel] glojA WIEA9] dimethylhydrazine g 2] 3
Z7} Ex 39 indol-3-carbinolE €& Q& t}]’g-‘,’.}% =
7WN71E Ao =yt om(Pence et al., 1986), T2 7] S0
of YoIM%= 7HA] TA o]F-¢ indole-3-carbinol A2l o}&
FENOZ $538 749 (hepatocellular carcinoma)S 9] A
o2 F7MAFIE AR Y, st E 7jA] ©A) o)A
indole-3-carbinol- 2 A 2lald £ AAo] A HoE W
T HAckBailey et al, 1987). Ej¥HE glutathione S-
transferase %A fociS AY WA A ER o] &3 Y9 2
71 7 = AFAAME  indole-3-carbinol-  N-diethyl-
nitrosoamine 2} preneoplastic foci @Al thaf Fof Al w}
2} Autg E9E JeEMIATHKIm et al, 1994). welA
indole-3-carbinol & 7} A] @A # 8} A (anti-initiator) 2. & 243
T A1, % XA (tumor promoten) 2= AHE-3 4= 9t} 3
Atk o} o]2& AutP s FE FHAEE indole-3-carbinol &

|

doft}.
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olg2o] 4 EXEE, TY X7 WY FdH dle
polyamine A2 &% AA T A¢] omithine decarboxylase
¢} S0} Z7tElE Ao R B nETHBirt ef al., 1985).

L. Diallyl sulfide

Diallyl sulfidel= vlso] £53 WA E viv #LA 343t
FEZ, 53] U B M) do Al B, oA F
Aolld £F AARE Adshe Aoz vertt of# diallyl
sulfide] 3}3H4 ¢tel} g7 HF SUEAY =9
¥l glutathione S-transferase®] T4 &4 FW3 #do] lu
(Haber et al., 1995; Maurya and Singh, 1991; Sparnins et al.,
1988), o] ¢} tj&o] CYP2E13} Zo] et B g43}e} 3
ol BAY P450 isozyme o] 4 W& 7|3l oz
AZ%) 3 $IrH(Brady et al., 1991a, 1991b; Chen et al., 1994;
Dragnev et al., 1995; Pan et al., 1993a, 1993b). o|2{3+ B3 &
Ao 28 F2o 97 A3, N-diethylnitrosoamine 0.2
T8 71t RdoA diallyl sulfide7t AY #WAiol AF
(preneoplastic marker)3] El¥H3 glutathione S-transferase po-
sitive foci& F7HA71 1, 3 T4 £ AsaHA A<
ornithine decarboxyase®] &4 Z715 Fkdles A2 Vet
THTakada et al, 1994a, 1994b; Takahashi et al, 1992).
Methyl propyl disulfide, propylene sulfide, S-methylcysteinex}
& U E thioeters N-diethylnitrosoamine © 2 X 31 7kekol|
&l 23 39E JYehe Aog =eydti(Matsuda et al,
1994; Takada et al., 1997).

c}t. Capsaicin

Capsaicine 11%(Capsicum annum L, Solanaceae)2] A=A
9l g & HEoa o HMEE tamor initiator Hgtolu]
2} co-carcinogen £-& tumor promoterZ 2|4l Hol g rH(Surh
and Lee, 1996). o]z 9] B2 FE AF Ayl capsaicino]
N A5 TF AAEE 1oy olEg FAE0] AL
A goiAe] B g dFete FuE FAE HA X
olgt: W2 A2 AT AT A, capsaicing Y A3
Al (anticarcinogen) Z-& &= #olA & (antimutagen)Z 2}
L= o2 HAZTHSurh and Lee, 1995, 1996; Surh,
1997), sh& $AL 237)7) HoHE N7 ez
W3 FsAE 21 AR YT T, capsaicin
N-methyl-N'-methyl-nitro-nitrosoguanidine 0 £ FZ3F F o4
9 g FA7IE Ao YebGtHKim et al, 1985). 1
#1} azoxymethane 0 2 f 53 Y RddM= capsaicin-&
¥ &3 295 JehhA ekko ™ (Kang ef al., 1992), 7}
ZoA F83 AFME EL 1159 capsaicind 23]
Huk Eado] i B 35 YehiArh(Kang et al., 1995,
1995b; Yeoh et al., 1995). o|9} B x| F71A] Er]2 & A}

e A71E AT FHUNAAN 22 v&Z HAG
Uepe) of= opmt: ddjdoz A ke 13 AFHd 9
& Ag #do] gle X3t o9 e Wgog HE 3o
capsaicin®] 9o g B3 EHe AR £ FH ofu)
grtel M ot & 5 QlEd), 2 RAXE peppers] HHF
o] ATk i) Bzt R oz v} o)9} tjEo] chili
peppere] Anl7E £3 Qe vFAME A9 Ner) 7As)

2 Qe A EH FEY D,

A0| g MES 0183 Sard
ool HiEXE D e

G Yot A Fol thdAt HA o vIA= Gl & of
] B& A7t Hojgiet A4, wet 22 gALE WA
1, 2% DNA 27129 ARE Fol& 2ol F8E 3htel
FHo= cAsoigont, oF B4 di} Za9 0TS
23fe] & o 54 wer 2o A S5} A7t T4
A53 248 A € 5 Y, 13 HE T4 HAY
FRo] FAA B =g 2R R 22 diX e Qg
S VA e R BaHgo] g 4 & Ao|tH(Paolini
et al., 1995, 1996). wehA] H2o] 3}3H4 okt 2= J)
Al BAE A5t anti-initiatorS ZE= o] ol A3}
o e A Ao AErt o FEeg S A
1.

T > o

al

2

)

P

Agkd 4+ 9l antiproliferative, antiprogressive 24
E3E Roha st Atk ol F WF L3l
G AZ = HEY AT AL AAE VY A T 3
(o): glycymhetinic acid), £ FAxe] A3 %
(dl: p21 ras Gl A o} famesylationg 53 FA 52 |
ko] &g A= D-limonene), polyamine UjALS A 8)3}
£ E3A(4: ornithine decarboxylase2] A& A< retinoic acids}
EAE), ME 7+3(gap junction)o) A o] HEZH AT HES
23= EZ(e): cantaxanthined} retinoid), ¥ ApH
(apoptosis) F =4 (<] ellagic acid, curcumin, polyphenol), 3 3
A X (angiogenesis) A A)(ol]: genisteinyso] 2 THKelloff et
al., 1995).
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