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REVIEW

Introduction

   A number of compounds in diet are known to modulate
the development of tumors in experimental animal models
(Slaga, 1980). Epidemiological studies also suggest that
specific, pharmacologically active agents present in the diet
might reduce or increase the relative risk of cancer
development. As to colon cancer, marked variations in
dietary habits among populations of different cultures and
life-styles have been associated with a risk of this malignancy
(Reddy, 1986; Weisburger, 1991). Also, there is an inverse
correlation between the intake of vegetables/fruits and
human colon cancer (Block et al., 1992; Hirayama, 1979;
Steinmetz and Potter, 1991; Steinmetz and Potter, 1991).
Thus, a relationship between the risk of the development of
colon cancer and dietary habits is important (Reddy, 1993;
Tanaka, 1997), although the etiology of colon cancer is
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Abstract

   In addition to mutagens and/or carcinogens a number of modulators of carcinogenesis are present in our
environment. Some of them are contained in our regular foods and therefore dietary factors play a role in the
development of some types of cancers including colon cancer. Epidemiological studies have suggested that a diet rich
in fruits and vegetables is associated with reduced risk for a number of common cancers. There are still many
unknown constituents and/or factors in foods that could either enhance or reduce the possibility of developing cancer.
Animal studies of experimental chemical carcinogenesis have indicated that several non-nutritive components in
foods, belonging to different chemical groups,  protect against certain types of cancers including colonic neoplasms.
These chemicals are known as “chemopreventive agents”. Many of them are antioxidants and might suppress
carcinogenesis through: (I) inhibiting Phase I enzymes; (ii) induction of Phase II enzymes; (iii) scavenging DNA
reactive agents; (iv) suppression of hyper-cell proliferation induced by carcinogens; and/or (v) inhibition of certain
properties of neoplastic cells. With the continuing increase in the incidence of colon cancer, there is an ever increasing
need to determine the most effective means for prevention and to understand the underlying mechanism(s). Previous
studies in our laboratory demonstrated protective effects of several naturally occurring products against rat colon
tumorigenesis. This article will introduce our recent studies in our search for chemopreventive effects of flavonoids
(diosmin and hesperidin) and other phytochemicals in edible plants on rat colon carcinogenesis.
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multifactorial and complex. Among the dietary components,
fiber is found to reduce the risk of colorectal cancer
development (Fuchs et al., 1999; Giovannucci et al., 1994).
Also, green tea could inhibit colorectal tumorigenesis
(Dashwood et al., 1999; Weisburger, 1999; Weisburger,
2000; Williams et al., 1999). However, recently several
epidemiological data have suggested no effects of dietary
fiber or green tea on colon or stomach tumorigenesis (Alberts
et al., 2000; Schatzkin et al., 2000; Tsubono et al., 2001).
   Prevention of disease is an old and important concept. An
essential consideration in cancer research today is that
exposure to pharmacologically active chemicals may play
an important role in reducing the relative risks resulting from
exposure to carcinogenic chemicals. Chemoprevention of
cancer might be defined as the deliberate introduction of
these selected non-toxic substances into the diet for the
purpose of reducing cancer development. Numerous
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epidemiological studies on the relationship between diet and
carcinogenesis have demonstrated a protective effect of the
consumption of fruits and vegetables against various forms
of cancers (Block et al., 1992; Hebert et al., 1993; Steinmetz
and Potter, 1996). Potential chemopreventive agents are to
be found both among nutrients and non-nutrients in diet.
Epidemiological and experimental studies have revealed that
a number of micronutrients may have cancer preventive
properties in several organs including large bowel (Micozzi,
1989). Examples are vitamins A, C, and β-carotene,
selenium, and calcium. We have demonstrated cancer
chemopreventive ability of two xanthophylls without
provitamin A activity in the rat colon and oral cavity (Tanaka
et al., 1995; Tanaka et al., 1995). Most of these compounds
are antioxidants which could serve as an explanation for
their mode of action. The well-known non-nutritive
chemopreventives in colon tumorigenesis is dietary fiber, a
variety of ingestible carbohydrates (Weisburger et al., 1993).
Since the modifying effects of the major dietary factors on
rodents colon carcinogenesis resulted in heterogeneous
(Angres and Beth, 1991), we focus on other non-nutritive
inhibitors derived from vegetables and fruits in experimental
colon carcinogenesis. Wattenberg also suggested that some
minor non-nutrients in the diet have protective effects on
colon tumorigenesis (Wattenberg, 1983). In 1985, he roughly
classified chemopreventive agents into blocking and
suppressing agents based on the time period that agents
appear to have activity in animal models of carcinogenesis
(Wattenberg, 1985). Since then, several naturally occurring
compounds and synthetic chemicals have been intensively

investigated for their chemopreventive ability on chemically-
induced malignant epithelial neoplasms including colon
carcinoma. These include the inorganic and organic selenium
salts, phenolic antioxidants, non-steroidal anti-inflammatory
drugs (NSAIDs), ornithine decarboxylase (ODC) inhibitors,
etc. (Table 1). Our group also found several natural or
synthetic chemopreventive agents against colon
carcinogenesis (Table 2). Indeed food chemists and natural
product scientists have identified hundreds of

Chemopreventive agents                  Mechanisms of action

Dietary supplements
Fiber; wheat bran Decrease fecal diacylglycerol: decrease PKC activation
Calcium Bind bile salts; direct antiproliferative effect on cryptal cells
Vitamin D Normalize differentiation in crypt epithelium
Folic acid Correct DNA methylation imbalance
Selenium Antioxidant activity
Allyl sulfides, isothiocyanates, indoles Induce GST and other detoxifying enzymes
Vitamin C, vitamin E, b-carotene, flavonoids Scavenging oxygen radicals, preventing DNA damage
Inositol, phytic acid Modulate transmembrane signaling
Caffeic acid, other plant phenolics Inhibit nitrosation to form carcinogenic nitrosamines, antioxidants in vivo;

reduce AA metabolism
w-3 fatty acids Reduce AA metabolism, thereby reducing PG activity
Conjugated linoleic acid Alter membrane phospholipids; decrease cryptal cells proliferation: induce

epithelial differentiation

Drugs
Sulindac and related NSAIDs Block PG activity; induce apoptosis
Aspirin Block PG activity
Specific COX-2 inhibitors Block COX-2 activity
DFMO Inhibit ODC
N-Acetyl-L-cysteine Increase DNA repair capability
Oltipraz Induce GST and other detoxifying enzymes

PKC, protein kinase C; GST, glutathione S-transferase; AA, arachidonic acid; NSAIDs, non-steroidal anti-inflammatory drugs; PG,
prostaglandin; COX-2, cyclooxygenase-2; DFMO, DL-α-difluoromethylornithine.

Table 1. Possible Chemopreventive Agents Against Colon Carcinogenesis

Figure 1. ACF in Rat Colon Exposed to AOM. (a) ACF
in Methylene Blue-Stained Colonic Mucosa; (b) ACF in
a Histological Section Stained with Hematoxylin and
Eosin; and (c) Aberrant Crypts Show Weakly Postive
for PPARγ γ γ γ γ Antibody.
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“phytochemicals” that are being evaluated for the prevention
of cancer (Huang et al., 1994; Am, Inst. Cancer Res., 1996).
Among the non-nutrients dietary components believed to
exert a chemopreventive effect are flavonoids, polyphenolic
derivatives of benzo(γ)pyrone that are widely distributed in
edible plants (Formica and Regelson, 1995). There are
several major classes of flavonoids, which may occur as
glycosides or aglycones. Total dietary intake of flavonoids
has been estimated as high as 1 g/day, equivalent to 50,000
ppm in diet (Pierpoint, 1986), although more recent studies
have indicated that intake varies widely (Hertog et al., 1995).
   It has been proposed that aberrant crypt foci (ACF, Fig.
1a and b) being present in carcinogen-treated colons of
rodent and in the colons of humans with a high risk for colon
cancer could be employed to study modulators of colon
carcinogenesis (Table 3) (Bird, 1995; Kawamori et al., 1995;
Pereira et al., 1994), since ACF are putative precursor lesions
for colon cancer in rodents (Bird, 1995) and humans (Pretlow
et al., 1991). ACF possess several biological aberrations
including gene mutations and amplification (Bird, 1995).
Also, alteration (decreased) of hexosaminidase activity is
found in ACF. Tsukamoto et al. found down-regulation of
both hexosaminidase-α and -β in ACF (Tsukamoto et al.,
2001). ACF also have increased cell proliferation activity

compared to surrounding normal crypts (Pretlow et al., 1994;
Yamashita et al., 1994). We recently have confirmed their
results (Table 4). Certain chemopreventive compounds are
reported to reduce such hyper-cell proliferation in ACF (Li
et al., 1998; Zheng et al., 1997) and to inhibit c-myc
expression induced by methylazoxymethanol (MAM)
acetate (Wang et al., 1993). For demonstrating the inhibitory
action of compounds in colon carcinogenesis, we have used
two experimental animal bioassays: (1) a 5-week short-term
bioassay of ACF for screening natural compounds, which
are present in vegetables and fruits, with possible
chemopreventive ability (Fig, 2) and (2) a long-term rat colon
carcinogenesis model for evaluating their inhibitory effects
against colon carcinoma development (Fig. 3). In these
bioassays, several biochemical and morphologic biomarkers
are used (Table 5). Cell proliferation plays an important role
in multistage carcinogenesis (Cohen and Ellwein, 1990;
Lipkin, 1991; Pegg, 1988; Tanaka, 1992). ODC and
polyamines are intimately involved in normal cellular
proliferation and are likely to play a role in carcinogenesis
including colon tumorigenesis (LaMuraglia et al., 1986; Luk
et al., 1986). 5’-Bromodeoxyuridine (BrdU)-labeling index,
proliferating cell nuclear antigen (PCNA)-labeling index,
and silver-stained nucleolar regions (AgNORs) number are
also known to be proliferation biomarkers (Tanaka, 1997).
   Current data suggest that the balance between the Phase I
carcinogen-activating enzymes and the Phase II detoxifying
enzymes is critical to determining an individual’s risk for
cancer (Wilkinson and Clapper, 1997). Human deficiencies
in Phase II enzyme activity, specifically glutathione S-

Table 2. Natural and Synthetic Chemopreventive Agents
Against Colon Carcinogenesis
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Figure 2. Experimental Design for Screening
Chemopreventive Agents Against Colon Tumorigenesis
(a pilot study). At Sacrifice, AFC and Cell Proliferation
Biomarkers’ Expression are Measured. AOM Injection
are Done Once a Week for 2 (20 mg/kg bw) or 3 times
(15 mg/kg bw).

Agents Carcinogens Year

Natural Chlorogenic acid MAM acetate 1986
compounds Magnesium hydroxide MAM acetate, 1989

DMH
Flavoglaucin AOM 1991
Shikonin AOM 1992
Gingerol AOM 1992
Protocatechuic acid AOM 1992
Benzyl isothiocyanate AOM 1994
Benzyl thiocyanate AOM 1994
Astaxanthin AOM 1994
Canthaxanthin AOM 1995
Hesperidin AOM 1995
Diosmin AOM 1995
Costunolide AOM 1994
S-Methyl methane AOM 1995
thiosulfonate AOM 1995
1’-Acetoxychavicol acetate AOM 1995

Synthetic p-Methoxybensenselenol AOM 1985
compounds Disulfiram AOM 1995

Indomethacin 1- 1991
Hydroxyanthra

quinone
KYN-54 AOM 1992
DFMO AOM 1995
Mofarotene AOM 1995

MAM acetate, methylazoxymethnaol acetate; DMH,
dimethylhydrazine: AOM, azoxymethane; KYN-54, 5-hydroxy-4-
(2-phenyl-(E)-ethenyl)-2(5H)-furanone; DFMO, DL-α -
difluoromethylornithine.
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transferase (GST), have been identified and associated with
increased risk for colon cancer (Szarka et al., 1995).
Therefore, Phase II detoxifying enzymes, such as GST and
quinone reductase (QR), might be useful as a biomarker for
chemopreventive studies.
   The present report will introduce our recent data
demonstrating chemopreventive properties of two
flavonoids diosmin (DIO, Fig. 4a) and hesperidin (HPD,
Fig. 4b) (Tanaka et al., 1997) and other antioxidative natural
products 1’-acetoxychavicol acetate (ACA, Fig. 4c) (Tanaka
et al., 1997; Tanaka et al., 1997) and auraptene (AUR, Fig.
4d) (Tanaka et al., 1998; Tanaka et al., 1997), which are
present in vegetables and fruits, in colon carcinogenesis.

Screening of Possible Chemopreventive Agents Against
Colon Tumorigenesis Ability Using a 5-week Short-term
Bioassay of ACF
     As the first bioassay for pilot studies, we investigated the
modifying effects on test compounds DIO, HPD, ACA, and
AUR on the development of ACF. ACF could be induced by
weekly subcutaneous injections of azoxymethane (AOM,
15 mg/kg body weight, 3 times; or 20 mg/kg body weight, 2
times) and test chemicals in the basal diet at various dose
levels were administered to male F344 rats for 5 weeks,
starting 1 week before AOM dosing (Fig. 2). At the end of
the study, ACF were counted and expression of several
biomarkers was examined. The biomarkers assayed included

0 1 2 3 4
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: Test compound in diet

: AOM, 15 mg/kg body wt, s.c. injection

X: Sacrifice
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✔
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✖

✗
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Table 3. Compounds Tested for Inhibition of ACF

Figure 3. Experimental Design for Detecting Chemopreventive Agents Against Colon Carcinogenesis. At Sacrifice,
Colonic Neoplasms and Various Cell Proliferation Biomarkers’ Expression are Measured. AOM Injections are Done
Once a Week for 2 (20 mg/kg bw) or 3 times (15 mg/kg bw).

Anti-inflammatories/Analgesics including NSAIDs Piroxicam, Sulfasalazine, Ibuprofen, Ketoprofen, Indomethacin,
COX-2 inhibitors, etc.

Anti-helminthics Levamisole, Oltipraz, etc.
Organosulfur compounds Diallyl sulfide, Sodium thiosulfate, Mesna, etc.
Minerals Sodium selenite, Sodium molybdate, Calcium, etc.
β-Glucosidase inhibitors Potassium glucarate, Calcium glucarate, β-Sitosterol, etc.
Phenolic antioxidants Ellagic acid, Rutin, Propyl gallate, Butyl hydroxyanisole, Curcumin,

Quercetin, Nordihydroguaiaretic acid, etc.
Indoles/Isothio-compounds Benzyl isothiocyanate, Indole-3-carbinol, Phenylethylisothiocyanate, etc.
Vitamins Ascorbyl palmitate, Follic acid, Vitamin D

3
, etc.

Epicatechins Catechin, etc.
Differentiation agents Dehydroepiandrosterone, Sodium butyrate, 18β-Glycyrrhetinic acid,

Fluocinolone acetonide, Inositol hexaphosphate, etc.
Others Silymarin, Arginin, Purpurin, d-Mannitol, Sodium cromolyn, Rebaudioside

A, Liquiritin, Phyllodulcin, Hydrangenol, Oleanolic acid, Costunolide,
Soyasaponin A2, etc.

NSAIDs, non-steroidal anti-inflammatory drugs.
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ornithine decarboxylase (ODC) activity and polyamine level
in the colonic mucasaY, number of (AgNORs) protein/
nucleus in the colonic crypts, and/or activities of GST and
QR in the colonic mucosa (Table 5).

Evaluation of Chemopreventive Ability of Selected
Compounds Using a Long-term Rat Colon Carcinogenesis
Model
    Based on the results in the pilot studies, the second
bioassay for evaluating the chemopreventive effects of
compounds, which have been screened by a short-term pilot
study, on colon carcinogenesis was conducted. Male F344
rats were given subcutaneously injections of AOM (15 mg/
kg body weight, weekly, 3 times; or 20 mg/kg body weight,
2 times) to induce colonic adenocarcinoma (Fig. 3). For
“initiation” feeding, oral administration of these compounds
in the diets was begun 1 week before the AOM exposure
and continued for 4 or 3 weeks, and for “post-initiation”
feeding, experimental diets containing test compounds,
beginning 1 week after the last dosing of AOM, were given
for 28 weeks (DIO and HPD) or for 32 weeks (ACA and
AUR). Biomarkers used were as follows: polyamine level,
activities of ODC, GST, and QR and in the colonic mucosa,
number of AgNORs protein/nucleus in the colonic crypts,
and/or level of aldehydic lipid peroxidation products,
malondialdehyde (MDA) and 4-hydroxy-2(E)-nonenal (4-
HNE), in the colonic mucosa (Table 5).

Inhibition of Colon Carcinogenesis by DIO and HPD
      Two flavonoids DIO and HES are present in citrus fruits:

0.036 mg DIO and 34.707 mg HPD/g fresh mass of Citrus
unshu Marc. (Nogata et al., 1994). These have several
biological activities including antioxidant property, anti-
inflammatory effect, and inhibition of prostaglandin (PG)
synthesis (Tanaka et al., 1997). Since alteration of PGs
biosynthesis could modulate colon carcinogenesis (Reddy,
1992), these compounds were suspected to affect colon
tumorigenesis.
   In the pilot study using ACF enumeration, male F344 rats
received subcutaneous injections of AOM (15 mg/kg body
weight) once a week for 3 weeks. They were also fed the
diets contained 0.1% DIO, 0.1% HPD, and 0.09% DIO plus
0.01% HPD, respectively, for 5 weeks, starting 1 week
before the first injection of AOM. Two compounds, both
alone (0.1% DIO or 0.09% HPD in diet) or in combination

Table 4. Proliferative Activity of Colonic Pathological
Lesions Induced by AOM in Rats

O O
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(a) Diosmin
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1 '

(c) 1'-Acetoxychavicol acetate

O OO

(d) Auraptene

Table 5. Biomarkers Used for Detecting Chemopreventive Compounds Against Colon Carcinogenesis

Figure 4. Chemical Stuctures of (a) Diosmin, (b)
Hesperidin, (c) L’-acetoxychavicol Acetate, and (d)
Auraptene

Lesions BrdU- PCNA- AgNORs
labeling positive number

index (%) nuclei (%) (/nucleus)

Normal crypts 5.9 18 1.18
(without AOM)
Normal appearing crypts 7.9 20 1.68
(with AOM)
ACF 18.6 31 2.97
Adenoma 21.1 33 3.07
Adenocarcinoma 28.3 58 3.78

AOM, azoxymethane; BrdU, 5’-bromodeoxyuridine, PCNA,
proliferative nuclear antigen; AgNORs, silver-stained nucleolar
organizer regions.

Proliferation biomarkers BrdU-labeling index, PCNA-labeling index, AgNORs number, etc.
Biochemical biomarkers ODC activity, Polyamine levels, GST activity, QR activity, MDA, 4-HNE
Histological biomarkers ACF, Adenoma, Adenocarcinoma

BrdU, 5’-bromodeoxyuridine; PCNA, proliferative nucleaqr antigen; AgNORs, silver-stained nucleolar regions; ODC, ornithine
decarboxylase; GST, glutathione S-transferase; QR, quinone reductase; MDA, malondialdehyde; 4-HNE, 4-hydroxy-2(E)-nonenal; ACF,
aberrant crypt foci.
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(0.1% DIO plus 0.09% HPD in diet), significantly inhibited
the occurrence of ACF induced by AOM (44%-73%
reduction) as shown in Table 6. The combination regimen
inhibited all sizes of ACF. Dietary administration of these
compounds also suppressed colonic mucosal ODC activity
(Table 6). In the subsequent long-term bioassay, “initiation”
(4 weeks) or “post-initiation” feeding (28 weeks) of two
test compounds (both alone and in combination) effectively
reduced the incidence and multiplicity of colonic
adenocarcinoma induced by AOM (Table 7). Expression of
biomarkers for cell proliferation, such as BrdU-labeling
index and ODC activity in the colonic mucosa was also
suppressed by these treatment (Table 7). These data indicate
that dietary administration of two flavonoids DIO and HPD,
both alone and in combination, during either the initiation
or post-initiation phase, significantly inhibited AOM-
induced colon carcinogenesis. Such effects may be partly

due to suppression of cell proliferation in the colonic crypts.
Other mechanisms of action, such as inhibition of PGs
biosynthesis, induction of Phase II enzymes (Boutin et al.,
1993), and antioxidant property, are also considered.
Recently, Ciolino et al. (Ciolino et al., 1998) suggested that
chemopreventive effect of diosmin may be due to the potent
inhibitory activity of diosmetin on metabolic activation. The
combined regimen (0.09% DIO plus 0.01% HPD) used in
the study is based on the constituents of the drug “Daflon”,
which is used for the treatment of venous insufficiency in
Europe (Labrid, 1994). Given the considerable interest in
this drug as a possible chemopreventive agent, it would be
intriguing to know whether chronic use of “Daflon” could
reduce the risk for colon cancer in patients with venous
insufficiency. The tumor data in the study, however, did not
reflect any beneficial effect from DIO and HPD administered
together as opposed to when these compounds were given
individually.

Inhibition of Colon Carcinogenesis by ACA
   ACA is present in seeds or a rhizome of Languas galanga
(Zingiberaceae), used as a ginger substitute and a stomachic
medicine in Thailand. The compound has been reported to
suppress tumor promoter-induced Epstein-Barr virus
activation in vitro (Kondo et al., 1993). ACA is known to
reduce superoxide anion production by inhibiting the
xanthine oxidase and NADPH oxidase system (Noro et al.,
1988) and this activity has been suggested to be partly
responsible for its cancer chemopreventive effects (Pence
and Reiners, 1987).
   In the pilot study, male F344 rats were given three weekly
subcutaneous injections of AOM (15 mg/kg body weight)
and fed the diet containing 0.01% or 0.02% ACA for 5 weeks,
starting 1 week before the first dosing of AOM. Dietary
feeding of ACA at the both dose levels caused significant

Table 6. Incidence of ACF and Colonic Mucosal ODC
Activity in Rats Treated with AOM plus DIO (0.1%),
HPD (0.1%), or DIO (0.09%) + HPD (0.01%): a Pilot
Study

Table 7. Incidence and Multiplicity of Colonic Adenocarcinoma, and Cell Proliferation Biomarkers’ Expression in
Rats given AOM plus DIO (0.1%), HPD (0.1%), or DIO (0.09%) + HPD (0.01%): a Long-Term Study

Treatment No. of ACF/rat ODC activity
(% inhibition) (pmol 14CO

2
/h/mg protein)

AOM 193 ± 27 23.4 ± 11.1
AOM / DIO 108 ± 22*   5.1 ± 1.1***
(0.1% in diet)     (44%)

AOM / HPD   96 ± 13*   4.9 ± 0.8***
(0.1% in diet)     (50%)

AOM / DIO   52 ± 10**   6.1 ± 2.0***
(0.09% in diet) +     (73%)
HPD (0.01% in diet)

*P<0.01, **P<0.001, and ***P<0.05

Treatment Incidence       Multiplicity BrdU-labeling ODC activity
(% inhibition)      (% inhibition) index (%) (pmol 14CO

2
/h/mg protein)

AOM 71%    0.71 ± 0.46 11.5 ± 2.4* 59.7 ± 12.2*
AOM / DIO (0.1% in diet) 21%* (70) 0.28 ± 0.56* (61) 6.9 ± 1.6* 39.5 ± 2.7*
AOM / HPD (0.1% in diet) 5%* (93) 0.05 ± 0.22* (93) 6.4 ± 1.5* 25.1 ± 5.1*
AOM / DIO (0.09% in diet) + 19%* (73) 0.19 ± 0.39* (73) 5.5 ± 2.9* 23.1 ± 3.0*
HPD (0.01% in diet)
AOM → DIO (0.1% in diet) 5%* (93) 0.05 ± 0.22* (93) 5.6 ± 2.0* 15.5 ± 3.1*
AOM → HPD (0.1% in diet) 15%* (79) 0.15 ± 0.36* (79) 3.9 ± 0.8* 13.1 ± 1.6*
AOM → DIO (0.09% in diet) + 5%* (93) 0.05 ± 0.32* (93) 4.3 ± 1.1* 18.7 ± 2.9*
HPD (0.01% in diet)
DIO (0.1% in diet) 0% 0 2.5 ± 1.1 7.6 ± 5.8
HPD (0.1% in diet) 0% 0 2.6 ± 0.1 8.4 ± 5.3
DIO (0.09% in diet) +
HPD (0.01% in diet) 0% 0 2.7 ± 0.3 6.5 ± 4.7
Nonein diet) 0% 0 2.9 ± 0.1 6.9 ± 5.6

*P<0.05
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reduction in the frequency of ACF (41% inhibition by 0.1%
ACA feeding and 37% inhibition by 0.02% ACA feeding)
(Table 8). Feeding of ACA also suppressed expression of
cell proliferation biomarkers, such as colonic mucosal ODC
activity (Table 8), AgNORs number, and polyamine level
(blood). Subsequent long-term study for evaluating the
chemopreventive ability of ACA when fed at dose levels of
0.01% and 0.05% during the initiation (4 weeks) or post-
initiation phase (34 weeks) demonstrated dose-dependent
inhibition in the incidence and multiplicity of colonic
adenocarcinoma induced by AOM (Table 9) . ACA feeding
resulted in low activity of ODC (Table 9) and polyamine
content in the colonic mucosa. In addition, GST and QR
activities in the liver and colon were significantly elevated
in rats gavaged with ACA (Table 10). These finding suggest
possible chemopreventive ability of ACA against colon
tumorigenesis and the effect may be due to its suppression
of cell proliferation in the colonic mucosa and its induction
of detoxifying enzymes GST and QR. More recently, ACA
has been reported to inhibit nitric oxide (NO) production,
apparently mediated by modulation of several transcription
factors (Ohta et al., 1998). Since excessive production of
NO at inflammatory sites is causatively involved in the
process of multistage carcinogenesis (Ohshima and Bartsch,
1994), such activity also contributes to the anticarcinogenic
properties of ACA.

Inhibition of Colon Carcinogenesis by AUR
     A known coumarin, AUR, is present in certain orange
peels: 0.04% in Citrus natsudaidai Hayata, 0.01-0.02% in
grapefruit and 100 mg/100 ml in grapefruit juice. Antiplatelet
action of this compound has been reported (Teng et al., 1992),
but the other biological properties are not known. Recently,
antitumor promoting effect of AUR on mouse skin
carcinogenesis has been found and AUR could suppress
superoxide generation induced by 12-O-
tetradecanoylphorbol-13-acetate (Murakami et al., 1997).
Therefore, possible chemopreventive effect of AUR on colon
carcinogenesis was examined in rats.
      In the pilot study, male F344 rats were given three weekly
subcutaneous injections of AOM (15 mg/kg body weight)
and fed the diet containing 0.01% or 0.05% AUR for 5
weeks, starting 1 week before the first exposure of AOM.
Dietary feeding of AUR caused a significant reduction in

Table 8. Incidence of ACF and Colonic ODC Activity in
Rats Treated with AOM and/or ACA (in diet): a Pilot
Study

Table 9. Incidence and Multiplicity of Colonic
Adenocarcinoma and Colonic mucosal ODC Activity in
Rats Given AOM and/or Dietary ACA: a Long-Term
Study

Treatment No. of ACF/rat ODC activity
(% inhibition) (pmol 14CO

2
/

h/mg protein)

AOM 118 ± 28 65.4 ± 48.6
AOM / ACA   70 ± 10* (41%) 29.9 ± 12.4
(0.01% in diet)
AOM / ACA   74 ± 11* (37%)   4.0 ± 1.6*
(0.02% in diet)
ACA        0 11.9 ± 12.4
(0.02% in diet)
None        0   4.9 ± 3.5

*P<0.05

Table 10. GST and QR Activities of Liver and Colon in
Rats Gavaged with ACA

Dose of ACA        GST-CDNB                 QR
(mg/kg bw)        (mU/mg protein)               (mU/mg protein)

        Liver        Colon       Liver  Colon

0   808 ± 134 145 ± 10 142 ± 23 506 ± 36
50   931 ± 144 156 ± 8* 187 ± 144* 538 ± 32
100 1174 ± 164* 162 ± 6* 227 ± 50* 583 ± 43*
200 1190 ± 146* 166 ± 14* 296 ± 68* 633 ± 95*

*P<0.05

Table 11. Incidence of ACF and Expression of Cell
Proliferation Biomarkers in Rats Treated with AOM and/
or AUR (in diet): a Pilot Study

Treatment       No. of ACF/rat    Colonic mucosal        No. of
                        (% inhibition)       ODC activity         AgNORs/
                                                   (pmol 14CO

2
/h/mg     crypt cell

                           protein)               nucleus

AOM 157 ± 21 59.6 ± 14.2* 2.09 ± 0.28*
AOM / AUR   93 ± 4* 28.7 ± 8.7* 1.43 ± 0.38*
(0.01% in diet)    (41%)
AOM / AUR   69 ± 6* 21.5 ± 8.4* 1.17 ± 0.27*
(0.05% in diet)    (56%)
AUR       0 19.5 ± 9.3 1.16 ± 0.29
(0.05% in diet)
None       0 12.4 ± 5.8 1.12 ± 0.23

*P<0.05

Treatment Incidence Multiplicity ODC activity
(% inhibition) (pmol 14CO

2
/h/mg protein)

AOM 71% 0.71 ± 0.46 60.3 ± 10.0*
AOM / ACA
(0.01% in diet) 33%*(54) 0.39 ± 0.59 (45) 41.1 ± 8.9
AOM / ACA
(0.02% in diet) 16%*(77) 0.21 ± 0.41* (70) 24.5 ± 5.8*
AOM → ACA
(0.01% in diet) 39%(45) 0.50 ± 0.69 (30) 40.2 ± 8.1
AOM → ACA
(0.02% in diet) 5%*(93) 0.05 ± 0.22* (93) 36.4 ± 5.5*
ACA
(0.02% in diet)     0         0   7.1 ± 15.8
None     0         0   6.7 ± 4.6

*P<0.05
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the frequency of ACF in a dose-dependent manner (Table
11). AUR at the both dose levels also suppressed expression
of cell proliferation biomarkers, such as colonic mucosal
ODC activity (Table 11), AgNORs number (Table 11), BrdU-
labeling index, and polyamine content. Subsequent long-
term experiment for evaluating the chemopreventive efficacy
of AUR was conducted using male F344 rats. They received
AOM and were fed at dose levels of 0.01% and 0.05% during
the initiation (4 weeks) or post-initiation phase (34 weeks).
At the termination of the study, dietary AUR caused dose-
dependent inhibition in the incidence and multiplicity of
AOM-induced colonic adenocarcinoma (Table 12). Dietary
administration of AUR also suppressed the expression of
cell proliferation biomarkers, such as ODC (Table 12) and
polyamine content in the colonic mucosa. AUR feeding
could reduce the amounts of MDA and 4-HNE (Table 13).
Increased levels of the products of lipid peroxidation,
including MDA and 4-HNE, were found in colon
carcinogenesis (Deschner and Zedeck, 1986; Kang et al.,
1988). In a different experiment, gavage of AUR increased
GST and QR activities in the liver and colon (Table 14).
These findings suggested that the chemopreventive effects
of AUR on AOM-induced colon tumorigenesis at the

initiation level might be associated, in part, with increased
activity of Phase II enzymes, and those at the post-initiation
stage might be related to suppression of cell proliferation
and lipid peroxidation in the colonic mucosa.

Discussion

    Our recent data on the chemopreventive effects of
naturally occurring compounds, DIO, HPD, ACA, and AUR,
present in certain vegetables and fruits against AOM-induced
colon tumorigenesis are described. All these compounds are
antioxidants. In general, plants are complicated mixtures of
numerous chemicals, and interactions with their components
may affect the effectiveness of the antioxidant. The
effectiveness of tested compounds as in vivo antioxidants
has been reported, but the metabolic pathway and action of
naturally occurring antioxidative compounds is not clear.
Flavonoids compounds, which are widely distributed in the
plant kingdom and occur in considerable quantities, show a
wide range of pharmacological activities other than their
antioxidative properties. These compounds have been used
to treat various pathological conditions including allergies,
inflammation, and diabetes. Experimental data including this
report showing their antitumor activities is accumulating;
their chemopreventive potential, however, has not been fully
proven clinically. Their behavior and fate should be
investigated in vivo.
   As reported, commonly consumed foods contain non-
nutritive compounds capable to inhibit colon cancer in an
animal model. The diet provides a rich abundance of these
compounds which have the ability to intervene in all phases
of carcinogenesis. mechanisms of action include effects of
Phase I and Phase II enzymes activities, interception of DNA
mutating agents, and influences on cell proliferation and
oncogene activation. Each of these mechanisms have been
studies in isolation. For explanation of reduced risk for
cancer in populations with a greater reliance on fruits and
vegetables in the daily diet, future research should focus on
potential combinations of foods and the protective
components within them.

Table 12. Incidence and Multiplicity of Colonic
Adenocarcinoma in Rats Given AOM and/or Dietary
AUR: a Long-Term Study

Treatment             Incidence        Multiplicity        ODC activity
                         (% inhibition)   (% inhibition)     (pmol 14CO

2
/h/

  mg protein)

AOM 59% 0.56 ± 0.48 62.2 ± 10.0*
AOM / AUR 35% 0.40 ± 0.58 32.3 ± 3.9*
(0.01% in diet) (41) (39)
AOM / AUR 20%* 0.20 ± 0.42* 24.1 ± 4.1*
(0.05% in diet) (66) (64)
AOM → AUR 24%* 0.24 ± 0.42* 21.2 ± 4.1*
(0.01% in diet) (59) (57)
AOM → AUR 20%* 0.20 ± 0.40* 19.2 ± 5.0*
(0.05% in diet) (66) (64)
AUR 0 0   7.5 ± 3.4
(0.05% in diet)
None 0 0   5.2 ± 1.8

*P<0.05

Table 13. Amounts of MDA plus 4-HNE in the Colonic
Mucosa of Rats Ttreated with AOM and/or Dietary AUR:
a Long-Term Study

Treatment MDA + 4-HNE
(nmol/mg protein) /
Relative value

AOM 21.3 ± 8.1* / 760
AOM / AUR (0.01% in diet)   3.1 ± 2.2* / 111
AOM / AUR (0.05% in diet)   2.1 ± 0.8* / 75
AOM → AUR (0.01% in diet)   2.5 ± 1.4* / 89
AOM → AUR (0.05% in diet)   5.1 ± 0.9* / 179
AUR (0.05% in diet)   4.6 ± 2.3 / 164
None   2.8 ± 1.1 / 100

*P<0.05

Table 14. GST and QR Activities of Liver and Colon in
Rats Gavaged with AUR

Dose of AUR       GST-CDNB                               QR
(mg/kg bw)       (mU/mg protein)        (mU/mg protein)

      Liver    Colon      Liver     Colon

0 517 ± 125 113 ± 16 127 ± 12 548 ± 69
200 922 ± 146 126 ± 8 214 ± 47* 570 ± 53
400 1266 ± 208* 147 ± 13* 239 ± 23* 680 ± 82*
800 1332 ± 235* 150 ± 20* 298 ± 40* 707 ± 144*

*P<0.05
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   The association of certain malignancies with chronic
inflammation has been recognized for many years (Gordon
and Weitzman, 1993). The link between inflammation and
subsequent malignancy in visceral sites is known. Examples
include large bowel cancer after ulcerative colitis or Crohn’s
disease (Collins et al., 1987; Gordon and Weitzman, 1993).
Central to the concept of inflammation and cancer is the
finding that chronic irritation of squamous or glandular
epithelium will result in migration of inflammatory cells to
the injured site by a mechanism dependent on neutrophil
adhesion molecules. These cells, stimulated to produce
reactive oxygen species (including superoxide radicals, NO
and/or hydroxy radicals) via the respiratory burst and
NADPH activation, can function as facilitators in the process
of carcinogenesis. There is convincing evidence from animal
model systems that prolonged exposure of cells to these
products of activated oxygen can result in cell injury and
play a role in several stages of carcinogenesis. Recently,
up-regulation of COX-2, but not COX-1, gene expression
was reported in human colorectal neoplasms (Eberhart et
al., 1994). New drugs, specific for inhibition of COX-2, may
provide effective tumor prevention with reduced side effects
(Oshima et al., 1996; Reddy et al., 1996; Sheng et al., 1997).
The elevation of COX-2 expression can protect intestinal
epithelial cells from apoptosis (Tsuji and DuBois, 1995).
Certain COX-2 inhibitors can induce apoptosis (Hara et al.,
1997) and inhibit tumor angiogenesis (Tsuji et al., 1998).
Elegant review on chemopreventive ability of NSAIDs
including COX-2 inhibitors against colon tumorigenesis has
been published in this journal (Wakabayashi, 2000). More
recently, synthetic antioxidants have reported to reduce
COX-2 expression PG production, and cell proliferation of
colorectal cancer cells (Chinery et al., 1998). This may
suggest that COX-2 may provide a new chemopreventive
target in colorectal malignancies (Rustgi, 1998), if there are
the natural products being a specific inhibitor of COX-2
expression in edible plants.
   From the evidence mentioned above, our search for
chemopreventives against colon cancer focuses on several
flavonoids and some other compounds possessing certain
biological activities including anti-inflammatory and/or
antioxidative properties present in foods. Approximately
2,000 individual members of the flavonoid class have been
described and the flavonoids are consumed in rather large
amounts through dietary vegetables and fruits.

Other Non-nutritives, Which May Exert Suppressive Effects
on Colon Tumorigenesis, in Edible Plants
   Our recent studies demonstrated that juices rich in HPD
and β-cryptoxanthin could inhibit AOM-induced rat colon
tumorigenesis (Kohno et al., 1999; Tanaka et al., 2000).
Juices rich in HPD and β-cryptoxanthin also inhibit lung
tumorigenesis in mice (unpublished data). Citrus bitter
limonoids obacunone and limonin can suppress AOM-
induced colon carcinogenesis (Tanaka et al., 2001). In
another experiment, a polymethoxyflavonoid nobiletin
isolated from Citrus unshiu was able to suppress AOM-

induced ACF formation in rats in conjunction with reduction
in cell proliferation activity and PGE

2
 content of colonic

mucosa (Kohno et al., 2001). Thus, citrus fruit is a rich source
of cancer inhibiting agents. The rhizomes of Zingiber
zerumbet Smith are used for anti-inflammatory folk
medicine in Indonesia (Elliott and Brimacombe, 1987). A
sesquiterpene zerumbone isolated from the rhizome is potent
inhibitor of 12-O-tetradecanoyl-13-acetate-induced Epstein-
Barr virus activation (Murakami et al., 1999), expression of
inducible nitric oxide synthase (iNOS) and COX-2
expression in RAW264.7 macrophages treated with
lipopolysaccharide and interferon-γ, and NO/O

2
- generation

in leukocytes (unpublished data). We demonstrated that
dietary feeding of zerumbone is able to suppress AOM-
induced ACF formation in rats (Tanaka et al., 2001).  A
polyisoprenylated benzophenone, garcinol (also named
camboginol) is present in Guttiferae. Dried rind of G. indica
(‘Kokum’) containing garcinol (2-3%, w/w) is used as a
garnish for curry and in traditional medicine in India. We
have recently found the inhibitory effects of garcinol on
AOM-induced ACF (Tanaka et al., 2000). On-going long-
term experiments will provide the data showing that these
compounds could modify (possibly inhibit) colonic
carcinoma development. Ferulic acid (FA), widely found in
bran from rice, wheat and barley, vegetables, and other edible
plants, is able to inhibit chemically-induced colon
carcinogenesis (Kawabata et al., 2000). Recently, Tsuda’s
group newly synthesized from the parent compound FA by
adding a geranyl chain. They tested the chemopreventive
efficacy of EGMP and FA in AOM-induced ACF, since the
compound is more potent antioxidant than FA. They
concluded that both compounds are effective in reducing
ACF formation and the effect of EGMP is more potent than
FA (Han et al., 2001).

Future Prospectives
   Yamada et al., recently, found new possible precursor
lesions for colon carcinoma in the whole-mount preparations
of the colon in rats exposed to AOM (Yamada et al., 2000;
Yamada et al., 2001). The lesions are different in their
morphology and location from ACF. In the lesions,
accumulation are different is more prominent than did not
present a ACF-like appearance (Yamada et al., 2000). Cell
proliferation activity estimated by counting the number of
AgNORs/nucleus in the lesions is also greater than in ACF
(Yamada et al., 2001). Thus, we should estimate
chemopreventive efficacy of non-nutritives in edible plants
reported using both ACF and these new lesions as biological
markers for colon carcinogenesis in future studies. Since
ligands for peroxisome proliferator-activated receptors
(PPARs) can inhibit AOM-induced ACF, which weakly
express PPARγ (Fig. 1c) (Kohno et al., 2001; Tanaka et al.,
2001), we are now searching natural compounds acting as a
ligand for PPARs. In the near future, we would like to provide
promising non-nutritive compounds with less toxicity in
Asian edible plants (Tanaka, 1976; Yun, 1999) for use in
clinical colon cancer chemoprevention trials. Also, a new
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