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We have shown that a chlorophyll .sz.ampI: fsrﬁ:a_
ch!ureilﬂ inhibits dirt:ct—act'mg,1rnula.gmu:uyc:1 ney
v Trp-P-2 in the Sabmonella assay and e ¢
droxs. s - the -wing spot formation '“,,D","Sf’Ph““
SUPPTZSS; Trp-P-2 (Negishi et al. 1989). .ln this
Ca“se'mezt, the - chlorophyll sample was gIven to
tl:)xm:-;opl‘iila orally, together with'the mutqu?n;rlt F:h a:
model closer to the. feal setting for humans than

bacterial . assa system. efore, we o
extcn: the sm:y on chiorophylls usmg] the: t]_);z:;s:ﬂz: 7
of. ting -
.say, and now report here the results Of EXplOTS -
?;:aszect of several chlomphyll;pmpgrgporz ;B?‘: |
gcnotoxic action of 4-nitroquinolm§ Irac:)xlrdgr it ;

2. Materials and methods

2.1. General

4ANQO was purchased
(Osaka, Japan). Copper. 'chlqmp}iglllg
product of Nacalai Tesque (Kyoto. Jap

aiwasia

2.2. Chlorophyll samples 0
Finely cut spinach (1 kp) was extracted with
etone-H,0 (8:2, 3.3 e

?vcas sdbje::ted ‘1o 'liquid—llqugd ‘extract

ane (1 litc0): ﬂz'é%;h_c

phylis werg transiet

with acetonePH'iO”(l;: :

rated 10 dryness.to ?{c}an

with hex-

" This sample. (4.5.8)¢
and 3.8% chiorophyll b

e taified’ by mating virgin. fernales (mwh jis spa

from Wako Chemicals

2, 5.5 liters). The acetone solution -

- eotution containing: 3.8 m2 ’
. ﬂirmgum a stock ethanol /Tween 80 (2/1)-sol

/ Muation Revearch 376 (1997} 97160

hyli a and 22.8% chiorophyll b The yizcld 1‘3{5 ntl:;:
I‘)p'ui'i'fied chiorophiylls’ was 035 g from 2 &

chlorophylls’-

O e and purified samples of chlorophylis from

Chiorella pulgaris WeTC prepared similarly

orophyll-a 18- X
“;::ﬁ"::ﬂd ct?loiophylis‘ were chiorophytl 4 60.7%

dbzo’O% B R TR

‘5 3: Drosophila wing spot test

ﬂ—m—r ﬁésay was done with Drosophila

i i in
melanogaster in which wing-hair mutants resulting

i pinations and gene
from somatic chromosomal recot o af 1 .

; fetal, 19
mutations are detected (Gra ore Gb-
- 1984; Wiirgler and Vogel, 1986). Larvae We poly
R - iy

s (fir? / TM3.Ser).as. described previous
and males (fIr” / 1991 These - Tines of ﬁ_qes.,wet‘c
from Dr. Ko Fujikawa of Kinki Uni-

uiturs bete (@ 25 mm X 105 mi): m?im: f\;;a;
-Hlowed fo stand at 25°C in the dark, uni adult 159
emerged. During this period. the Jarvac w,;}r:: fed the
-medium: for 1 or.2 days before pupation. The ¢t
prepared a5

follows: 10 1.5 8 Formula 4-24 Drosophila medivm

of Carolina Biological Supply Co. (Burlington, NG,

j 1 are mottar,with
' ized by being ground n.an. 28 oo
‘apcsdc.'lhisfoodwasthenaddedmas "a':q'inm

ANQO (dispersed

- hiytin, This spect

' 'gtﬁcimmgmﬂwmmgg@_s _

' Methods of Analysis (AOAC 950).

" This.crude sample Was el ,
 resin n-column fractionatioy

l:n ioﬁxshanging Diaj;qn WK

. move polar SUbstz.chS,:g;lﬂ:(Z) ahso)

© " phylis to-a Duolite §-761 col

eluted gnceessively. wnhto ene
phytin) and actone w0 obtain chloro

ol feeding riedia including the one with .

" fion) that had been placed i the culture bottle, and

“'the resulting slurry was,:thm'oughly mixed. Other

- copper chlo hyllit;e(z)l'! agueous sol -2&31:1;.? _'
e llin-was used) were pitd: e norm
' (.:mmAmpl:'lyg “the haiched flies, thase with oo

-+ ghape-wings were harvested. The wings were col-

"~ bic 30 g glycerol 20 ml and chioral hydrate s0gin
< 985 ml water) On glass slides. Mutant

fied semple thus prepércﬂ sontained 63.4% chloro- .- the wings w

LIS A) was adi : lorophyll dissolved na
LUSA was adied 200 mg chlc : e
e s:all) amount of ethanol, and the mixre wiis ho

added 200 g

ored under 2 MICTOSCOPe- The spois.

were classified into three groups, i.c., small singles,
large singles, and twins, according to Graf et al.
(1984). The results were interpreted by using the
statistical analysis described by Frei and Wirgler
(1988).

3. Results and discussion

All the chlorophyll - preparations | showed, it-
hibitory actions toward the spot formation by 4NQO
with statistical significance (2 < 0.01) (Table  1).
There was no significant difference in the. inhibitory
activity among ‘crude’ and ‘purified’ samples of
chiorophyils, and both spinach and chlorelia were
effective ‘to similar extents. Chiorophylfin_ showed
inhibition at an extent similar to- that of chlorophylls.

“With respect to the mechanisms of the inhibition
by chlorophylls and chiorophyllin, there seem to be
several possibitities: (1) trapping of 4NQO by com-
plex formation resulting in an-accelerated passage of
the mutagen through the: digestive ‘tract, and (2)
disturbance of metabolic activation of 4NQO-inside
the body, either through enzyme inhibition or through -
degradation of activated species of the mutagen. In
the case of inhibition against Trp-P-2. we presented
spectroscopic data showing molecular interactions
between chlorophyll and the heterocyclic amine
(Negishi et al., 1989} and suggested that the trapping
‘mechanism would be the one operating in this inhibi-
tion. Our recent experiments using an insoluble
hlorophyllin—chitosan  complex’ {Atimoto et al.

able |

993: and unpublished work) have shown that
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chlorophyllin can adsorb 4NQO, although not as
efficiently as for Trp-P-2.

Chiorophyllin is an inhibitor against P-450 en-
zymes in general (Yun et al., 1995). For metabolic
activation of 4NQO, enzymes other than P-450s are
involved (Bailleul et ol.. 1989). Whether chioro-
phylls and chlorophyllin can interfere with this enzy-
matic activity is subject to future studies. Further-
more, it is also to be studied whether.chlorophyll or

- portions of its molecule are absorbed in the body at

ail. :

As we have shown in this work, preparing. guanti-
ties of crude chlorophylls is possible, although sorme-
wihiat laborious. 1t would be important to study fur-

ther the effects of chiorophylls towards mutagens
and carcinogens.
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hibition of Drosophila wing spols induced by 4-nitroquinofine i-oxide (ANQO) by chiocophylls

featmeant:* Mo. of wings - No. per wing (% inhibition) )
- examincd Swallsingle spot  Largesinglespot | Twinspot  Towl spot
NQO only 13 1.33(0) 2250 L16(0) 5.31(0)
NQO + spinach “crudc chlorophylls” 139 1.37(35) 0.72(69) . 0.24(8]) 232(62)
NQO + spinach * purified chiorophiylls 212 1.38(34) 125 (45) pota6) 327042
ANQO + chlorella ‘erude chiorophyils” . 186 1.21 (46) 1.06 (54 pIVGE)  266(55)
NQO + chilorella ‘purified chlorophylls' 182 1.25(43) L19 (48) pa2(65)  286(51)
hlorophylls only * . 100 033 001 0.02 036
NQO + Cu-chiorophyitin 202 117 (48) 064 (73 03I 215069
o addition 168 040 - 004 o, - 0.47

Furified chiorophylls® from Chilorella vulgaris was used,

- doses of reagents were, 3.8 mg ANQO (20 pmol). and 200 mg g:écn'pigmems per bottle.
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Antigenotoxic activity of natural chlorophylls
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Abstract

Chlorophyllin, 2 man-made waler-soluble form of chlorophyll, is a focus of intensive studies from many laboratores for
its antimutagenic and anticarcinogenic properties. Natural chlorophylls, in contrast, have been little studied in this regard.
Since yellow-green vegetables are-implicated to be protectiv
important to explore the antigénotoxic properties of nutural chlorophylls. Previcusly, we reported that a chlorophyll sample
prepared from Chlorella vulgaris inhibited the mutagenieity of 3-hydroxyamino-1-methyl-5H-pyrido{4,3-5 Endole, a direct-

. acting mutagen, in Safmonelld, and that the chlorophylt also showed inhibition of wing spot formation in" Dresephila
induced by 3—amino—l‘methyI-SH-pyrido[4,3_—b}indole (Trp_-P-Z}. We have now prepared several samples of chiorophyll from
‘spinach and chiorella, and studied their effect on the gemotoxicity of 4-nitroquineline 1-oxide (4NQO) in Drosophila. The
results showed :that the. genotoxicity of orally  given 4NQOD was suppressed by simuitancous administration of the
chlorophylls. The mechanisms of this inhibition are discussed. '

¢ against buman cancers by epidemiological studies, s

Kevwords: Chlorophyll; -i-niuoquina!ine f-oxide; Drosophila wing spots: Antigenotoxicity

Introduction

Epidemiological studies have' shown that inges-
tion of vegetables is’ protective against cancer:in

vino: 1-methyl:S H-pyridof4,3-blindole

u@phi2ews| okayama-ust.jp :

I-50027-5107(97)00030-4 ’

humans (Phillips, 1975). Carotenoids, vitamin E @nd.
fibers in plants have been implicated as anticarcino-. -
genic agents (Committes on Diet, 1982; Hayatsu et -
al,, 1988). Plant cells contain green and: yellow. -
pigments, the” former being chlorophylls and the
latter: being carotencids and xanthophylls. The ratio
the total green to total yellow pigments is approxi- ..
tely 3:1 (Kephart, 1955). The contents of chloro-

Abbreviations: 4NQO, 4-nitroquinoling l-oxide: Trp-P-23-

Comesponding suthor. Fax: +81 (86) 254-2129; c-mail: bay-

phylls in green: vegetables are high: ‘for example;
spinach contains as much as 1% chlorophylls on'a
dry-weight. basis (Chipchase, 1961). Early work by

. Lai et al. (1980) and Terwel and van der Hoeven: = i
(1985) has shown that vegetable extracts containing /= .

. chloropliylls are antimutagenic in bacterial assay sys-~ -
- tems. Chiorophyllin, a swble, soluble derivative of. -
.chlorophyll, has then been intensively studied as an
inhibitor to various rmitagens (see Hayatsu:ét al,

1988 and Sarkar:et al, 1994, for review)."Recenit-:"

work from several laboratories has demonstrated that -
chlorophyllin.protects animals from reagen!

1995; Hasegawa et al., 1995 Park and Surh, 1996).. =

“In’ contrest. 1o -these extensive studies”
* phyHin, little is known about chlorophyli

their actions as antimutagens and ‘anticarciriogeris.

7.5107,/97 /517.00 Copyright © 1897 Elsevier Science B.V. All rights reserved.

. mmorigenesis (Breinhold et al.. 1995 g al,

chloro= =
garding <






