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Abstract

AN EXPERIMENTAL STUDY ON THE CHEMOPREVENTIVE EFFECT OF CHLOROPHYLLIN
IN HAMSTER CHEEK POUCH TUMOR INDUCED BY 7, 12-DIMETHYLBENZ[A]JANTHRACENE

Kyu-Ho Yoon
Department of Oral & Maxillofacial Surgery, College of Medicine, Inje University.

Carcinogenesis is a multi-stage process that generally consists of at least three steps; initiation, promotion, and progression. If one of
these carcinogenic steps were suppressed or delayed, the cancer could be prevented. Cancer chemoprevention is defined to be inhibi-
tion or reversal of the carcinogenic process by the specific chemical agents and is a novel approach to cancer management alternative
to conventional chemotherapy. Chlorophylin(CHL), a water-soluble derivative of chlorophyll, containing sodium and copper, has been
known to be strong antimutagen in several test systems, but its mechanism of antimutagenic action is unknown.

In the present experiment, the possibility of CHL as chemopreventive drugs on 7,12-dimethylbenz[aJanthracene(DMBA)-induced ham-
ster buccal pouch carcinogenesis was investigated by mutagenicity test, carcinogenicity test, and frequency or spectrum of H-ras muta-
tions in the both of DMBA-induced and chlorophylin-pretreated-DMBA induced tumor by polymerase chain reaction and non-isotopic

restriction fragment length polymorphism.

The treatment of CHL reduced the yields and multiplicity of the 0.5% DMBA-induced tumor, 86% to 62.5% and 3.7+0.6 to 1.4+0.3,
respectively. The occurrence of histidine revertant by 20#mole DMBA was inhibited 25.6 to 81.7% by 1 to 5¢M CHL in a dose-depen-
dent manner. The mutation rates of H-ras gene in DMBA-induced and CHL-pretreated-DMBA induced tumor were 96%, 94% of which

the most mutations were in codon 12/13.

These results suggest that CHL inhibits the carcinogenic action of DMBA by the formation of complex between CHL and DMBA or
the inhibition of the activation of DMBA in vivo. But CHL did not affect the mutation rates or its spectrum in already formed tumor.

Key words: Chemoprevention, DMBA, Mutation, Non-isotopic restriction fragment length polymorphism Tumor yield
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Avold & AAgT Y Bystglon, o8 g el
FE7 & 50l v 9529 A 2 #do] vy
sttt 1y &M AEAE B8 017] Wi F84
F = A £ sodium -copper &g 7FA 2 91+ chlorophyllin(CHL)©]
22 Alo] A AR A H 00, 829 vhTIA 2
CHLS th3h4 HHak= Ehsl4= 4 (polycyclic aromatic hydrocarbons),
22 heterocyclic amines™?), aflatoxin B1%22, 37| 3}gH&%, o] &3}
HAbA®, theket 8 T bR ERO S 22 Tt S/ 34
HHEA Y 4 540l DNA A5& A g} olegh 3
WA WA SdRo] 4 5] CHLY 47 594
(inactive complex)S & A1 317] o} F-o] m®o, o] 9}= 2] non-pla-
narst EAH o] EZ S0 A= CHLY dEdwolA a3t ol
. 2 Aol A benzofalpyrene ] 2 F X124 A et
&9l benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide(BPDE), ure-
thaned] = XA AEE Q] vinyl carbamate epoxide, 4-
nitrophenyl vinyl ethere] = I AAA thAFAEE©1 2 -(4-nitro-
phenoxy)oxirane2] =<1 o] A, BobAl @ DNA Z 35 % CHLO
oJ&] JA| =i+ dl, o]+= CHLo| BPDES] A 5919} 214 2
3= Al AAbEHTO, o] A Y CHLE: thgsh & ek
ojif o] 59| HF AR Azl teted = dhE AR o]
ojuf gakehd 9 DNA adduct 374 58& JAIskes 20E B

DAz

Clo

<]

T BAEE G52 AAZHNOZREYH dE0E oy
7174 o @A 9 W3t A AXE H, ¢z A3 A
of AeHAl Wl b ute] W0 2 AJ2E = 97 B
uf ol gre] 27 o] Tk stok Wk 44 WA 17.5%¢ A
AHAI A EAFOZ o] =, WulFo] 2AT}HOZ o]F
A (dysplasia) o] 51 7 9ol = A Eo] A Eo} 36%¢ o]
2o, ek prhdete] Mukze AF Y5 Ao B EE
e aol HlEte YFH SR Foh) 7|7} folsh] Wil o
d i Ao 7o) F3 gon, AR ZHFe| M= ghdn A
o) U2 pR e Mg wo] Asle FAolth 18

o P F

9
dakion, CHLE & Agdte] el o 75 HA3A L,
7,12-Dimethylbenzjajanthracene(DMBA) 2] & <11 0] A& CHLo] ¢
Aldh= Aok GeldAl A7t F42 Fde] B s F
ol ofm g wlAE Aol 3l APatAT 5 & AW
212 DMBAZ #2¥l 28 Hidetol ek CHL) ol Al

138

2M9 7k e e Atk

Y

PN

AdM EF THAE G BE Fol AS3 34T
E4 B 9|(specific pathogen free) Cricetulus larabensisA 2]
Chinese hamster 471 75l 277 A FEA A 45
717+ AA 65 8 As ARl A3

2 d3AE

7,12-Dimethylbenz[a]anthracene(DMBA)2 Sigma Chemical
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Table 1. H-ras Amplification and Sequencing primers

Name Exon DNA strand DNA sequence 5 —3'

Ras 1 2 Sense CTAAGCCTGTTGTTTTGCAGGAC
Ras 2 2 Antisense GCTAGCCATAGGTGGCTCACCTG
Ras 3 2 Antisense TACTGATGGATGTCCTCGAA

Ras 4 2 Sense ACTGGACATCTTAGACACAGCAGTT
Rex 1 1 Sense TGTGCTTCTCATTGGCAGGTG

Rex 2 1 Antisense CTCGTCCACAAAGTGGTTCTGG

7F A ZZ HF A3 Al CHLo] g Ake) wo]
oot 32 o} B7) g3le, B A2 P45 f52Y
I el FELE FA Ao A e A Y {FES
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AAQ Az AH g T g4 A genomic DNAE =
371 Yate] Al EL3] 9389 (50mM Tris-HCI, pH8.0, 0.2M
NaCl, 0.IM EDTA, 1% SDS) 0.5mle] proteinase K& 0.4pg/ml<] 5%
2 49 x# 5 27 2} 37°C shaking water batholl A 16A] 7+ =
o we¥alglth. 1 thS phenol/chloroform . & 3w wHE X2 &k
3 absolute ethanol= DNAE Z A A7) 7 94 £2]3}e] vacuum
ovenol A 10 F<t A e-&S SHAZ & Ao TE 45§
o} (10mM Tris-HCI, ImM EDTA, pH8.0)¢l] 5o =91t}

b. 72 =Wl A=

H-ras 74 2+¢] codon 618 E§3}= exon 2 £9S Z=Z A7)
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MgClz, lunit Tag DNA polymerase(Promega)= -4 ® HF-2-9 o
0.01M Ras 4 primer<} 0.014M Ras 2 primer(Table 1), genomic DNA
05ugS &3+3te] = 10 2 23 % DNA Thermal Cycler 9600
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% 12} PCR (95C 30sec denaturation, 55°C 1min annealing, 72°C
1min, extension, 10cycle)S 43 519t} 11} PCR WS-l of] 0.54M
Ras 4 primer$} 05¢M Ras 3 primerE Yol & 12 204 & &7,
Hhg-ol 229] MgCRRE ImM=E %30 23} PCR (95C 30sec, 55C
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A] 1087} v ¢ksl 2 stop solutionS- o] denaturations} it ©]
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Table 2. Effects of Chlorophyllin on Tumor yield and Table 3. Effect of Chlorophyllin on the Mutagenicity of

Tumor mutiplicity of DMBA-induced Hamster DMBA
buccal pouch Tumor Treatment Histidine revertant positive o i
Experimental Groups Tumor Yield Tumor Muttiplicity (Hist)/plate
(%) (Mean + Std. Error) DMBA(20zmole/plate) R
Normal(No treatment) 0 0 DMBA + 1ymole CHL 239+ 27 256
Solvent only (Mineral oil) 0 0 DMBA + 3pmole CHL 154 +31 517
DMBA® 86.0 37+ 06 DMBA + 5umole CHL 58 £ 11 817
CHL® + DMBA 625 14+ 03
CHL 0 0
20.5% 7,12-Dimethylbenz[ajanthracene in mineral oil (twice/week topical 2. CHLE| =Q4H#0| | A=
application)
©0,1% chlorophyllin in water was treated 10min before DMBA topical application. DMBAZ} A Aol A wrekAdS vbehlield wA AW diA}
¢ All animals were sacrified at 22week. o] Folat= ole 1A F20) 98 HE AR YAER

238 %, DNAS} A3sle] adducts 345 1, Huf% 1°ﬂ
DNA A& A& #4 T A& 4

U AUEES MEE YehlE TPUABEmOYRESF A g fud TNE CHL Y ks é—% 7] °1 W%
5= T L e AFEE HE s UEE £F 29l dAAEE B, & 2 g DMBAY o8] fi
#8373 & (tumor multiplicity) & 125k 3=Hl, DMBAR $¢<= ¢ = w04 plate T histidine+ revertant7} %< 3177 ©]
3 Ao AHEE = 86%ol| A 17] o] Ake] §FE ko] e} RO}, Lemole CHLE: 2 A 2] Al 2397]], 5umole CHL 7 2]
on, I EL P 37709 o, CHLE A2 e 73—‘%011—5— Ao = 587] 7kA] & A =] A eh(Table 3) .

THINED 250 FaEom, THINER LVIE 7

/\E]‘}j\ A

-

A AFREE §7) S o uE A AR = 2ok 3. CHLE| H-ras XA} E49H{0| EAM
ol o 3FS 2] YokrH(Table 2).
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Fig. 1. Strategy for analysis of H-ras activating point mutations at codon 61 by a PCR-based, non-isotopic restriction fragment length polymorphism(RFLP)
method. A. Sequence codon 61 in exon 2 and location of primer(Ras 2, Ras 3, and Ras 4) used for H-ras mutation analysis. Amplification of the
sequence around codon 61 was performed as described in material and methods. B. Mutation profile of codon 61 of H-ras. Mutation of the first
base of codon 61 from C to A would give rise to Mse | site. Mutation of the middle base of codon 61 from A to T would give rise to an Xba |
site. Mutation of the middle base of codon 61 from A to G would give rise to a Taq | site.
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Fz2 o) A &L genomic DNAE PCRE ©]-&-31¢{ codon 615 7350l = 8%bpE HERATH £ A FH ol A= codon 61 F-9] 9] &<
ghat exon 25918 SZ A A 1320p2] DNA A& A3, o17] wolz A A A hotor, T Mse lof €]t 107bpe] &
of Mse I, Xba I, Taq 12.2 #]2]5}e] RFLP &8} S ¥.9kt}. Codon Aok A2 4 ) ATHFig. 2) .

612] CAAZ} I = 9l= wild typed] 7%= Mse |, Xba |22 2 Codon 12/139] &M o= A& Mnl 1S 0] &-3Fef ZA}a}
& 1320pe] S veplu, BNV e Afde 9137, codon 13¢] &¢I W o] = Hinf 12 0] &3} th. Rex 13} Rex 2
Fig. Lofl 4 ¢ 7o) thFat T/ 9 A& vrebd o gt 5, CAA primer(Table 1)Z o]-&-5}¢] 1520p¢] DNA A% & Al o1, o] A
o AWA G712 C7F AR WEe 7ol = Mse | siteS 27| =] =2 Mnl | = Hinf &% 37ColA 2417k b uhg- A A A
0] 107bp¢] A A< Feh} 27, codon 61¢] FHA) 97]¢1 A7} T RFLP & €] codon 613 7+& Wi o2 s
H3hel 7 9ol = Xba | sites 7 =lo] 105 bpe] S Bl A3k 7ol PCRE &2 1520pui el = o] Alga Aol oJ3h &
3 Taq 122 A5hS w= 5%% DNA F9f codon 61 9] 9] 91 7F A 5te] 86bpst 66bpe] HH S A& F 2
o &= T2 Taq | site7} $lo] wild typee 115bp, 1w o) 7} &= Fa 2o ofg dPH2(GAGC)T o szt S ol7t

2
£
1y
=
=1
i

e
32
!
=
[
L

< 132bp

<— 107 bp

Fig. 2. Restriction fragment length polymorphism of DMBA-induced or CHI-DMBA-induced hamster buccal pouch tumor.

152 bp
Mutant -
86 bp
Normal —
GGA GGC GAGG

152 bp

Bk L TR SR L L bl 36 1p

- - - - 66 bp

Fig. 3. A strategy for detection of Mnl I restriction fragment length polymorphisms created by mutations in codon 12 or 13 of H-ras-1. Wild type
Mnl | restriction sites (@) near the first exon are indicated. The position of the polymorphic Mnl | site (GAGG) relative to the sequences of
the normal codon 12 (GGA) and codon 13 (GGC) is shown.
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12 13 14
GGA GGC GTG
Mutant = =
152 bp 12 13 14
GGA GGC GTG
Normal = il =
97 bp 55 bp

152 bp

!‘F-l-------------------
h..
L

55 bp

Fig. 4. A strategy for detection of Hinf | restriction fragment length polymorphisms created by mutation at codon 13 of H-ras. PCR amplification of
DNA using Rex-1 and Rex 2 gives rise to a 152 bp containing exon 1. Mutation of the middle base of codon 13 from G to T would give
rise to a new Hinf | site within 152 bp, generating mutation-specific fragments of 97 and 55 bp.

Table 4. Frequency and Profile of Activating H-ras Mutations at the Codon 12/13 and 61 in DMBA-induced Hamster
buccal pouch Tumor.

Profile of H-ras mutation
Treatment ras mutation frequency Codon 12/13 Codon 61(CAA)
AAA: C'GA CT'A
DMBA 48/50(96%) 47 1 0 0
DMBA + CHL 47/50(94%) 46 2 0 0

*Adenine, "Cytidine, “Guanine, “Thymine

doet o= of ARz QA HA gon 152bptt & Wes & 5 AATHFig. 4).

A £ A9 Ao o AgdaLd oste A9 BE F DMBAZ fratel gl ME Has F371e] Eduo)7t A
FEEAM AA §lo] 12bp7t A H= AR Hop A BE o YEton, $2 codon 12/139] 4 7 5 91 © 14, codon 610]
TGl Ew o] Fel 12/13 codonel] vebe S & = 3l A CAAZFAMAR = qidoldl 95 lglor, CHL A A2 %
ATHFig. 3). &3 Hinf I(GGAGT) 2. = e Al = 13% codon®] FFEE Aolls Sao] TR =Y Fel 2 2kl 7t §l
ol A H717F Goll M T2 Sdwiel7) dojwt Aotk 3iri(Table 4).

A4 H 22 wild types] 7ol = AeH 2] g3 EAM7}F

ot 7350l 7 Q1 4] 0] 5] o] 9Tbp2} 55 bpd ] aa; 2 % sl V.o =

& A3l A 12/13 codonel] EH W7 et A T B2 A

7} o] Agra e o) Aro] HE ACE W }12/13 codon CHLo| th & Thofst Bwo] B 9] $4.& A2 wi=
EqHole] -2 13%codonel A G7F T= =W )7} o] A Areeng Fato] Aot el e 49
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Ade A Gtk A2 Aol Nelson®E CHLo] # ol A
dimethylhydrazine © 2 =% o geke] A S FH71shoy Bl
SR o, o] 9k= 2y Imai S0 aflatoxin B1o. 2 f-HHE £=0]
o] 7+l A CHLo] ZhhEAl S AIgThal Hstglon,
O TRl e ol & A Y TG AN E
CHLE: 75 24 dAs ZaAZ T, CHLE: 2 ol
pyrrole ring systems- $HR-3k2L Qlol A ThFg EtEd I vy
f 234 = &4 3} interceptor molecule 2 2-&-3}o] 9o wt &
#= el = Ao 2 A5, £3] planar aromatic ring struc-
tures Zte THEE 7P ARt E AR AT
58k CHL-2 non-planargt WH¢HE 2 Q1 vinyl carbamate ] 2 Hd &
A sl= AFLE o] E T 7]do] A& 7t Sl
Ao E BT,

CHLE o5 7}A] &tEA o) 23 DNA adduct 342 <A 3
oppzan B A& o A = CHLo] DMBAS] &M o] A& oA 5=
A2 DNA adduct F4-S A8t dojt 2342 4= =H),
CHLe] =84 ¢]7] w0l WaAd sIFEEF 5FAE F43)
M 2840l R AES {A WA 4 gl7] wjEolt}h CHL
I Egd E4 Abole] B9A P42 wdEd ] 438 44
S A8, CHLa H % AAAA At S4 SdEAd e 4
e g Ao AR B2 S B oz o5 et
BAo] A 2184 220 DNASH 2E3l= AL 7HAA 71t
w9, o]y gk §h-&-2 ellagic acid7} TetE 2 3} At BEA4Q
EAE FAste AF 22 Fgolo. 4+ E g (molecular
trapping) = 53 WtE A o] &4 35} 9ol = CHLE 29d &
Aol A FAAA YAl FAEAR HHE A TS =

(

N

2 9lthy AZte & 9l 2, CHLS 93} #ALAlo] ulo] 22 %
o &3t aminopyrine N-demethylases} aniline hydroxylase &
A g7do] 7HAam, hexobarbital 2 3 FH AI7HE 974
A0, CHLS) o) 2] oAl el Eae) Bak 23
hemoprotein®] A} 84S 7+ 7w, A4 0 2 cytochrome?]
o] Zra¥th Cytochrome o] 7Ha= Wb of tiatgAof
o] 3l cytochrome P-450 45 ZHAA7|E 2 HoE4 o) o
AF &Ado] ZFAaEA Hrh HE AFelA CHLE cytochrome
P4501AS} P4S0IEL} st #A# o] l= T7-ethoxyresorufin O-
deethylase<} N-nitrosodimethylamine N-demethylase &4 84S
oA 5}m, &3] NADPH-cytochrome c reductase®] & 4841 o] 7}
A 2 gepg W=, T8 Yun S92 CHLo| cytochrome P-450
FASHS US| O R AT Hstith

st o] &8 49 ol 71E9] kAl g A
|59 A b2 A2 NEY S AE Ao EA 2
oA olell #gt AF7F AEHI Jlom, AF7HA] A
Tes] I kA Y] g AT B
At A& Aoz 7 AHg3 2474
Ve A A gskeh @A 7HE B9l AT ol
2L HEk A9 FEA4 9l retinoide] d], o]& Wt
e AAHAE Bk £33 28 AU E 31 5A]17]7]
I gt Ag Ao B Rel A g

E;:,N:
5 o

il
oz
12
)
il
m,
il
lo

O
-

o2
12 X
2

B o o rlo 12 it 1 Ao
oo 2!
ku ol
Ho rir
;e
o,
]
Y
rO

o]
ol
=
rO
a
=
Ch
2
o
ojn M

A S A gD, Qre kA o HAol RS FE A
T e AALFEE B o] FoiAH, TS AAE = &
et ol Aol 71 %5 ER, 15 do] YAAS oAstE AL
& & o, I 71 dEiME 2 LEA A ek g
A7F 2 QA i TAFTNAM FALES BRE 6
B2 oy gh ofEo] FEFHA v A= A A Q] Tl uj st
o] Arg et gtk

AAAEE A EZ WPA T = SHAA A3} 7112
A Uro] Sake] 444 wstel 34 WslE Us &
=), SR A4 M &8k A2 Hras #4074 5
o] = codon 12, 13,59, 61 5] & w ool whe} ofn| oAbl
3ho] Aol dA 3] 7ras)

u23, ol upe} GTP 7h-al
2

=

A

9

A

A3 A

=7 AF}A O 2 G proteind} GTP7F A& 02 Adsy 9)7]

ol p21e] 437t A&H 07 A FH G EZ M-S
YO 7A Ak £ AR AFEH CHLE o] 23t 5 -7k
A Wt = HoE WSt 74 &dth 5, CHLo| ke
4% EFAE st A, TaEA Y 43S dAlste] o
& 7best HF WA DAEAY FS FARAA I
DNASLS] A9he A A7l A3E f 5543 22 =
= ZOAl Hu, CHL ZHA| 7} 75 W TS Ake] el
BN T o} Pl FFS FA Bos & T AU

Vi.g &

B A= e EA Q] CHLo] T B ol mA &= F3F
3 EAMe] Al MR GFE B, TE A9
TERAAL HYA Wt & TS ZARIA Y=
2 9497 DMBAZ JAH Yol FFEde fFustdon,
CHLS A AHgste] tha3t 22 23E AUk
1. 05% DMBAE Z9FS fratAlol] Z4 52 86.0% )10

5

o, 2PN EL 37406 o]

= ZgUAEo] 625%F HAH A

0322 dAA3 s AT
2. 20pmole DMBA®] 9] 3t Ew o] S ZALSH 23} histidine+

revertant 4~+= 317+320] %1 91} 1~5umole CHL ] 2] A] <]l

dose-dependent %40 2 25.6~8L.7%71A] & o] A o] A

= A
3. DMBAZ ¥ 75 A HfAdA] Hras R ol =

96%, CHL A 2] 2] 3 %0l = M%z Edw o)z} yehton,

T 73 HE 52 (DMBA 739 47/48, CHL %) 2] A] 46/47)

codon 12/13¢]] &1 o] 7} YElST)

olo] A3 AFE CHLE HdE2 2 DMBASE B34 &
3to] DMBAS] 43} 24 & oAl st 224 A A DNASH 2 g
4 9l AT AAAA A SREAY] A4S TN,
webA o] & 7he e wekEdo] 7HAE Z 3= DMBA-DNA
adduct 3/go] AL, old] wat FHW ol de] JAEH, &
Amolo] Aaw g iAol AAaH ZAiE G ads

w = e

143



CH8IA]: Vol. 26, No. 2, 2000

A= ok
H-ras 70 21e] Edol o] BN == Y-S T4 131
o, Edulo] JE & WA FA g o
webA] CHLE :73¢te] et iiA| 2 A 9] 7HeA S &
o, 5 et EA T 9ol A CHLY /34 A &oll ti et Al
&2l A7} Hupetop & A0 E A7t T

X =
S

ol

1. Weinstein IB. Cancer prevention: Recent progress and future oppor-
tunities. Cancer Res, 1991,51:5080s-5085s.

2. Henderson BE, Ross RK, Pike MC, et al. Endogenous hormones as a
major factor in human cancer. Cancer Res, 1982,42:3232-3239.

3. Henderson BE, Ross R, Berstein L. Estrogens as a cause of human
cancer: The Richard and Hinda Rosenthal Foundation Award
Lecture. Cancer Res, 1988,48:246 -253.

4. Sporn MB. Approaches to prevention of epithelial cancer during the
preneoplastic period. Cancer Res, 1976,36:2699-2702.

5. Lippman SM, Hittelman WN, Lotan R, et al. Recent advances in can-
cer chemoprevention. Cancer Cells, 1985,3:59-65.

6. Wattenberg LW. Inhibition of neoplasia by minor dietary con-
stituents. Cancer Res,(Suppl), 1983,43:2448s-2453s.

7. Sporn MB. Carcinogenesis and cancer: Different perspectives on the
same disease. Cancer Res, 1991,51:6215-6218.

8. Wattenberg LW. Chemoprevention of cancer. Cancer Res, 1985,45:1-
8.

9. Wattenberg LW. Inhibition of chemical carcinogenesis. J Natl Cancer
Inst, 1978, 60:11-18.

10. Garewal HS, Meyskens FL Jr. Chemoprevention of cancer. Hematol
Oncol Clin North Am, 1991,5:69-77.

11. Wattenberg LW. Inhibition of chemical carcinogenesis by minor
anutrient constituents of the diet. Proc Nutr Soc, 1990,49:173-183.

12. Block G, Patterson B, Subar AF. Fruit, vegetables, and cancer pre-
vention: A review of the epidemiological evidence. Nutr Cancer,
1992,18:1-29.

13. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. I.
Epidemiology. Cancer Causes Control, 1991,2:325-357.

14. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. II.
Mechanisms. Cancer Causes Control, 1991,2:427-442.

15. Dorant E, Van Den Brandt PA, Goldbohm RA. A protective cohort
study on Allium vegetables consumption, garlic supplement use,
and the risk of lung carcinoma in the Netherlands. Cancer Res,
1994,54:6148-6153.

16. Ziegler RG, Subar AF, Claft NE, et al. Does beta-carotene explain
why reduced cancer risk is associated with vegetable and fruit
intake? Cancer Res, 1992,52:2060s-2066s.

17. Fontham ETH. Protective dietary factors and lung cancer. Int J
Epidemiol 19(suppll), 1990,532-s42.

18. Dragsted LO, Strube M, Larsen JC. Cancer-protective factors in fruits
and vegetables: Biochemical and biological background.
Pharmacol Toxicol 72(suppl 1), 1993,116-135.

19. National Research Council, Committee on Diet and Health, Food
and Nutrition Board, Commission on Life Sciences. Diet and
Health:Implication for reducing chronic disease risk. National
Academy Press, Washington DC, 1989.

20. Weisburger JH, Nutritional approach to cancer prevention with
emphsis on vitamins, antioxidants, and carotenoids. Am J Clin Nutr,
1991,53:226s-237s.

21. The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study
Group. The effect of vitamin E and beta carotene on the incidence
of lung cancer and other cancers in male smokers. N Engl J Med,
1994,330:1029-1035.

22. Lai C-N, Butler MA, Matney TS. Antimutagenic activities of common
vegetables and their chlorophyll content. Mutat Res, 1980,77:245-250

144

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

Terwel L, van der Hoeven JCM. Antimutagenic activity of some nat-
urally occuring compounds towards cigarette-smoke condensate
and benzo[a]pyrene in the Salmonella/microsome assay. Mutat Res,
1985,152:1-4.

Romert L, Curvall M, Jenssen D. Chlorophyllin is both a positive and
negative modifier of mutagenicity. Mutagenesis, 1992,7:349-355.
Negishi T, Nakano H, Kitamura A, et al. Inhibitory activity of chloro-
phyllin on the genotoxicity of carcinogens in Drosophila. Cancer
Lett, 1994,83:157-164.

Guo D, Dashwood R. Inhibition of 2-amino-3methylimidazo[4,5-
flquinoloine (1Q)-DNA binding in rats given chlorophyllin: dose-
response and time-course studies in the liver and colon.
Carcinogenesis, 1994,15:763-766.

Dashwood RH, Breinholt V, Bailey GS. Chemopreventive properties
of chlorophyllin: inhibition of aflatoxin B1(AFB1)-DNA binding in
vivo and antimutagenic activity against AFB1 and two heterocyclic
amines in the Salmonella mutagenicity assay. Carcinogenesis,
1991,12:939-942.

Breiholt V, Schimerilik M, Dashwood R, et al. Mechanisms of
chlorophyllin anticarcinogenesis against AFB1: complex formation
with the carcinogen. Chem res Toxicol, 1995,8:506-514.

Whong WZ, Stewart J, Brockman HE, et al. Comparative antimuta-
genicity of chlorophyllin and five other agents against aflatoxin B1-
induced reversion in Salmonella typhimurium starin TA98.
Teratogen Carcinogen Mutagen, 1988,8:215 -224.

Sarkar D, Sharma A, Talukder G. Differential protection of chloro-
phyllin against alastogenic effects of chromium and chlordane in
mouse bone marrow in vivo. Mutat Res, 1993,301:33-38.

Olvera O, Zimmering S, Arceo C,et al. The protective effects of
chlorophyllin in treatment with chromium(VI) oxide in somatic cells
of Drosophila. Mutat Res, 1993,301:201-204.

Abraham SK, Sharma L, Kesavan PC. Role of chlorophyllin as an in
vivo anticlastogen: protection against gamma-radiation and chemical
clastogens. Mutat Res, 1994,322:209-212.

Renner HW. In vivo effects of single or combined dietary antimuta-
gens on mutagen-induced chromosomal aberrations. Mutat Res,
1990,244:185-188.

Ong TM, Whong W2z, Stewart J, et al. Chrlorophyllin : a potent
antimutagen against environmental and dietary complex mixtures.
Mutat Res, 1986,173:111-115.

Camoiano A, Balansky RM, Bennicelli C, et al. Experimental data-
bases on inhibition of the bacterial mutagenicity of 4-nitroquinoline
1-oxide and cigarette smoke. Mutat Res, 1994,317:89-109.
Espinosa-Aguirre JJ, Reyes RE, Rubio J, et al. Mutagenic activity of
urban air samples and its modulation by chilli extracts. Mutat Res,
1993,303:55-61.

Sarklar D, Sharma A, Talukder G. Chlorophyl and chlorophyllin as
modifiers of genotoxic effects. Mutat Res, 1994,318:239-247.

Hayatsu H, Negishi T, Arimoto S, et al. Porphyrins as potential
inhibitors against exposure to carcinogens and mutagens. Mutat Res,
1993,290:79-85.

Arimoto S, Fukuoka S, Itome C, et al. Binding of polycyclic planar
mutagens to chlorophyllin resulting in inhibition of the mutagenic
activity. Mutat Res, 1993,287 :293-305.

Tachino N, Guo D, Dashwood WM, et al. Mechanisms of the in vit-
ro antimutagenic action of chlorophyllin against benzo[a]pyrene:
studies of enzyme inhibition, molecular complex formation and
degradation of the ultimate carcinogen. Mutat Res, 1994,308:191-
203.

Park KK, Surh YJ, Miller JA. Chemoprotective properties of chloro-
phyllin against vinyl carbamate, p-nitrophenyl vinyl ether and their
electrophilic epoxide. Cancer Lett, 1995,94:33-40.

Park KK, Surh YJ. Chemopreventive activity of chlorophyllin against
mouse skin carcinogenesis by benzo[a]pyrene and benzo[a]pyrene-
7,8-dihydrodiol-9,10- epoxide. Cancer Lett, 1996,102:143-149.

Surh YJ, Park KK, Shlyankevich M. Inhibitory effects of chloro-
phyllin on chemically induced mutagenesis and carcinogenesis. Ann
NY Acad Sci, 1995, 768:246-249.



44,

45,

46.

47.

7, 12-dimethylbenz[a Janthracene(DMBA)E 8+l SIAE] &5Hot0fA chiorophylin®] 2t0Y|EFE Tfof Eist MEA o1

Siverman S, Gorsky M, Lozada F. Oral leukoplakia and malignant
transformation, A follow-up study of 257 pateints. Cancer,
1984,53:563.

Maron DM, Ames BN. Revised methods for Salmonella mutagenicity
test. Mutat Res, 1983,113:173-215.

Nelson RL. Chlorophyllin, an antimutagen, acts as atumorpromoter
in the rat-dimethylhydrazine colon carcinogenesis model. Anticancer
Res, 1992,12:737-740.

Imai K, Arimoto T, Sato M, et al. Effects of sodium metachloro-
phyllin on the activity and components of the microsomal drug-
metabolizing enzyme system in rat liver. Chem Pharm Bull,

48.

49,

50.

51.

1986,34:4287-4293.

Sayer JM, Yagi H, Wood AW, et al. Extremely facile reaction
between theultimate carcinogen benzo[a]pyrene-7,8-dihydrodiol-
9,10-epoxide and ellagic acid. J Am Chem Soc, 1982,104:5562-5566.
Yun CH, Jeong HG, Jhoun JW, et al. Non-specific inhibition of
cytochrome P450 activities by chlorophyllin in human and rat liver
microsomes. Carcinogenesis, 1995,16:1437-1440.

Sporn MB, Robert AB. Role of retinoids in differentiation and car-
cinogenesis. Cancer res, 1992,43:3034-3040.

Sporn MB and Newton DL. Chemoprevention of cancer with
retinoids. Fed Proc, 1979,38:2528-2534.

145





