
Inhibition by Chlorella of N-Methylnitrosourea-induced
Aberrant Crypt Foci in Rat Colon*
Tomio Narisawa', Yoko Fukaurat, Hiroshi Sansawa2, Teruo Yokokura2,
Kazuo Ohtomo', Makiko Hasebe', Michiko ltol, and Rika Aizawar

Summary. An inhibitory effect of heterotrophically grown
Chlorella reguloris (green algae) against the formation ofaber-
rant crypt foci (ACFs), putative precursors ofcolon cancer, was
evaluated in rats, Six Sprague-Dawley rats in each group re-
ceived three intrarectal doses of 2 mg N-methylnitrosourea in
week I for inducing ACFs, and were killed at week 6 for quan-
tifying ACFS. Treatment with a daily intragastric dose of l0 mg
chlorella powder during weeks l-5 and weeks 2-5, but not
during week l, resulted in a significant reduction of ACF for-
mation, whereas tleatments with a daily dose of 50mg or 2 mg
chlorella, or with 25tng, 2.5m9, or 0.25m9 sodium copper
chlorophyllin during week l-5, were less effective. The results
support a protective effect for an optimum dose of chlorella
agaiDst ACF formation and carcinogenesis inthe colon, by the
potent inhibition ofthe promotion phase lather than the initia-
tion phase. The inhibit ion is presumably due to the combined
eflect of the large amounts of chlorophyll (2.4%) and caro-
tenoids (0.6%) irr the chlorella used.
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lntroduction

It has been hypothesized that the ubiquitous pigment sub-
stances of vegetables aud fruits, such as carotenoids and
chlorophylls, have a protective role atainst carcinogenesis.
Chlorophyll and its derivative chlorophyllin exert profound
arltinrutatenic activities in studies in vitro and in vivo against
a wide range ofcarcinogens Il-7]. The mechanisms which have
beer postulated include tight complex formation with carcino-
gen, scavenging oIactive oxygen species, and interference with
|retabolic activation of carcinogen. It has been demonstrated
that colonic aberrant crypt foci (ACFS), which consist ofone or
rlore abetrant crypts (ACs) and can be quantitated on the
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surface of the unsectioned and whole-mourrled nonrral-
appearing colon mucosa under a l ight nicroscope, are putative
precursors of colon cancer in animals ard hunrans I8,91. I 'he
formation of carcinogen-induced ACFs can be enharced and
inhibited by known tumor-promoting and -irhibit ing sub-
stances, respectively, in anirnal rnodels [t0]. These findings
have led to the proposed use of ACFs as a sensitive iDterrnedi-
ate biomarker ofcolon cancer for short-term assay oIcarciDo-
genic and anticarcinogenic compounds.

The present srudy was designed to eramine the protective
effect of a powder of chlorella (heterotrophically grown green
algae Chlorella regularis\, rich in naturally occurring chloro-
phyll, agaiirst the induction of ACFS by the carcinogel N-
methylnitrosourea (MNIJ) in the rat colon. Also, the effect
of sodium copper chlorophyll in (Cu-CHL) was t$ted for
comparison.

Materials and Methods

Female Sprague-Dawley rats (Shizuoka Laboratory Animal
Center, Hamamatsu, Japan), seven weeks of age at lhe start of
experiri lents, were used. They were housed in plastic cages witl l
steri l ized woodchip bedding in a speci6c-pathogen-free anirnal
room under constant environmental conditioos, with free ac'
cess to standard laboratory chow CE-2 (CLEA, Tokyo, Japan)
and drinking water, All rats in three separate experirDenls re-
ceived three intrarectal insti i lations of 2 mg MNU dissolved in
0.5 ml of disti l led water in week 1, using a metal feeding tube
inserted into the colon lumeD through the anal orif ice.'fhey
were given a daily intragastric gavage of tbe indicated dr)se ot'
chlorella (Nihon Chlorella Co., ' l i ,kyo, Japan) or Cu-(l l l l .
(Nakarai Tesque, Kyoto, Japan) suspended oI dissolved iu
0.2 ml of distilled water with a metal feediDg rube during the
indicated period. All six rats in each group were sacrif icetl
under CO, euthanasia at week 6, when the colon was exciseci,
cut open along its length, str€t.hed und llattened on l i l ter pa-
per, and 6xed ir 4% neutral formalin solution. 'l'hereafter, the
colon was staiqed with 0.20lo methylene blue solutio| fbr
l0min, and the number of ACFS aDd the toral lumber of ACs
were counted under a l ight nticroscope by tvvo of the authot s.

The presence of an AC was identif ied by an enlurged crypt
opening, ihicker surface epithelial cell l ining, antl widcued


