
Potential Role of Flavonoids 
in the Prevention of Intestinal Neoplasia

A Review of Their Mode of Action and Their Clinical Perspectives

Harald P. Hoensch1 and Wilhelm Kirch2

1Department of Internal Medicine, Section of Gastroenterology, Community Hospital of Gross-Gerau, Wilhelm-Seipp
Strasse, D-64521 Gross-Gerau, Germany; and 2Technical University of Dresden, Medical Faculty, Institut of Clinical

Pharmacology, Fiedlerstrasse 27, D- 01307 Dresden, Germany

Abstract

Intestinal neoplasia (adenomas and carcinomas) can possibly be prevented by a diet rich in vegetables
and fruits, treatment with aspirin and other nonsteroidal antiinflammatory drugs, and early colonoscopic
removal of adenomas. Ballast, fiber, and secondary plant products could play a major role in colon cancer
prevention.Recently there has been much experimental work in vitro and in vivo about flavonoids as induc-
ers of bioprevention. Flavonoids are secondary plant products with a wide variety of beneficial biological
properties, and they possess anticarcinogenic, antimutagenic, and antioxidative modes of actions. Flavonoids
are the main components of a healthy diet containing fruits and vegetables and are concentrated especially
in tea, apples, and onions. We will focus this review on flavonoids which are derived from tea products such
as proanthocyanidins (green tea) and flavons (camomille tea). Oral supplementation with bioflavonoids
derived from tea could be used in humans to prevent growth of intestinal neoplasia such as adenomatous
polyps of the colon. Flavonoids are a large group of natural compounds of which only a few have been used
in animal models, cell cultures, and enzyme studies to inhibit mutagenic and carcinogenic events. Their
clinical mode of action was evaluated by epidemiological studies, but no intervention studies in humans
have been performed so far.In vitro flavonoids can bind electrophils, inactivate oxygen radicals, prevent
lipid peroxidation, and inhibit DNA oxidation. In cell cultures they increase the rate of apoptosis, inhibit
cell proliferation, and angiogenesis. In vivo they can induce the activities of protective enzymes (conju-
gating enzymes such as glutathione transferases and glucuronosyl transferases) of the intestine and the liver.
In models of intestinal polyposis, flavonoids suppress polyp formation. Some epidemiological studies show
a protective effect of flavonoids contained in fruits, vegetables, and tea.Flavonoid mixtures of tea origin
supplied as nutritional supplements could be studied as a new way of bioprevention of intestinal neoplasia
(colon adenomas and cancer). Therefore, a controlled, randomized clinical study should be performed to
evaluate the efficacy of flavonoids.
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Clinical Scope of the Problem

Colon adenomas and colon cancer are very
common in developed countries and cause a sub-
stantial burden of mortality, morbidity, and health
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expenditures on the population. We urgently need
new ways to reduce the incidence and prevalence of
intestinal neoplasia because only limited success
was reached by dietary measures, chemical com-
pounds, screening and surveillance colonoscopy, and
endoscopic polypectomy. Dietary antioxidant sup-
plementation with beta-carotene and vitamins A, C,
E is not only ineffective in terms of prevention of
gastrointestinal cancers but seems to increase the
overall mortality as shown by meta-analysis using
the Cochrane methodology (1). Cancers of the ali-
mentary tract could be prevented by dietary supple-
mentation with protective compounds such as
phytochemicals, which inhibit cell proliferation and
induce apoptosis (2). Secondary plant products such
as glucosinolates and flavonoids could act as antimu-
tagens by stabilization of the genome, which seems
to be a better method of cancer protection than elim-
ination of dietary carcinogens such as N-nitroso com-
pounds, heterocyclic aromatic hydrocarbons, and
heterocyclic amines (3).

The following report highlights areas in which
progress has been made but also points to new ther-
apeutic options that could become important in the
future. The use of biological agents of vegetable,
fruit, and tea origin for bioprevention appears to
offer realistic promise. This new goal could be
achieved by studying the experimental and clinical
evidence of compounds such as tea flavonoids that
have not yet been investigated by clinical interven-
tional trials for cancer protection. A project with
dietary flavonoid supplementation of tea origin might
be useful to obtain clinical evidence on outcome and
endpoints about the role of flavonoids on biopre-
vention of intestinal neoplasia.

The group of flavonoids comprises about 4000
species (Table 1), but among them we will focus on
proanthocyanins (flavanols such as cathechines) con-
tained in green and black tea and on flavons (e.g.,
apigenin) contained in chamomille tea because these

compounds are water-soluble, nontoxic, and thor-
oughly investigated (4–6). Description of other
important flavonoids from soja (isoflavonoids),
apples, onions, citrus fruits, and berries (flavonols
such as quercetin and flavanons such as myrecidin
and naringin) is beyond the scope of this report.

Available Results of Prevention Trials
Suppression of intestinal neoplasia (adenomatous

polyps and colon cancer) can be achieved by dietary
components (folic acid, calcium, selenium) (7,8) or
drugs such as nonsteroidal antiinflammatory drugs
(NSAIDs) (9–12) or biological agents such as
flavonoids (13,14) and ursodesoxy cholic acid (15).
These methods of primary and secondary chemo-
prevention have to be investigated carefully before
their acceptance in clinical routine practice.

On the other hand, prevention is needed urgently
because colon polyps are precursors of colon cancer
in 70–80% of patients. Colon cancer incidence is
high in developed countries (30–40 in 100,000 per-
sons per year) and the life time risk of colon cancer
is 6% (16). Colon cancer mortality among cancer
patients is the second leading cause of death (about
30,000 cases per year in Germany) and 50% of colon
cancer patients die after being diagnosed with colon
cancer.

By screening colonoscopy of asymptomatic per-
sons over 50 yr of age, precancerous polyps can be
detected and by their removel cancer growth can be
prevented. In 10% of screend persons advanced neo-
plastic polyps and in 30% adenomatous polyps were
detected (17). Colon polyps recur in 40% of patients
after endoscopic polypectomy within 3 yr of follow
up (18,19) and are found at high frequency after
curative surgical resection of colon cancer (12). The
colon cancer recurrence after colon cancer resection
overall is about 30–40% within 5 yr of follow up
(20).

Colonic neoplasia can develop in several high risk
groups of patients such as patients with chronic ulcer-
ative colitis and Crohn’s disease as well as in genet-
ically determined cancer syndromes [familial
adenomatous polyposis coli (FAP) and hereditary
nonpolyposis colon cancer (HNPCC)]. Relatives of
patients with colon cancer who are younger than 60
yr old and patients with polyps who are younger than
50 yr old are at increased risk of colonic neoplasia
compared to the general population (16).

Table 1
Classification of Flavonoids

• Flavonols Quercetin, Kaempferol
• Proanthocyanidins Flavanol, Catechine
• Isoflavonoids Genistein (Soja-Products)
• Flavons Apigenin, Luteolin
• Flavanons Myricetin, Naringin
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For all these persons means of primary and sec-
ondary prevention have to be developed that are
effective, without side effects, and that can be taken
over years with good compliance. Numerous in vitro
and in vivo studies with experimental and biologi-
cal agents have been performed (21,22). Epidemio-
logical investigations and randomized clinical trials
with chemopreventive compounds are now reported
with valuable clinical information for application
outside of clinical controlled studies. However, the
results with interventional trials such as vitamins
and other dietary constituents (calcium, selenium)
are not convincing (23,24) and have not been
accepted by national committees as clinical guide-
lines. Cox inhibitors and aspirin can reduce the recur-
rence rate of neoplastic polyps in the colon (9–12)
but their unfavorable gastrointestinal safety profile
(bleeding,ulceration) and the risk of COX II
inhibitors on coronary and cerebrovascular events
prevents their long-term use especially in elderly
patients. Moreover, the positive effect of aspirin van-
ishes over time and is not dose-dependent. A cost-
effectiveness analysis of the prevention of colorectal
cancer by aspirin indicates that surveillance
colonoscopy is more effective than aspirin treatment
(25.)

Ursodeoxycholic acid is expensive and has been
shown to be effective only in patients with ulcera-
tive colitis and primary sclerosing cholangitis (15).
Tea flavonoids are a promising alternative for pre-
vention because for these biological compounds
there are almost no safety risks, they are inexpen-
sive, show good compliance, and can be taken on a
long-term basis. As tea products they can be given
as nutritional supplements.

Human Studies With Flavonoids

Tea flavonoids were studied in the Far East by
epidemiological methods and were found to have a
favorable risk ratio between 0.5 and 0.9 for the pre-
vention of intestinal neoplasia (26). In these coun-
tries cohorts with high and low consumption of green
and black tea were compared. Dietary flavonoids
can reduce the prevalence of some malignancies such
as colon cancer (13) and have the potential of cancer
prevention (27). Witte et al. postulated that dietary
flavonoids from vegetables, fruits, and grains can
lower the incidence of adenomatous intestinal polyps
(28). Green tea diminished the risk of chronic gas-

tritis and stomach cancer (29). Onions, which con-
tain large amounts of flavonoids such as quercetin,
clearly reduced the risk of stomach cancer (30).

Amore recent population-based study from Iowa,
which investigated postmenopausal women, demon-
strated that the prevalence of rectal cancer was
reduced on high intake of tea catechins and the preva-
lence of upper GI cancer was lower on increased
consumption of fruit (apple) catechins (31).

However, not all of these epidemiological trials
confirmed the positive association between con-
sumption of bioflavonoids and cancer protection.
For example, in the large Zuitphen study from the
Netherlands, no convincing effect of dietary
flavonols and flavones on cancer mortality and
cancer incidence was found (32) and Goldbohm et
al. could not prove an association between flavonol
intake and the risk of cancer in a prospective cohort
study (33).

On the other hand, in a prospective study with
high fruit and vegetable intake the incidence of col-
orectal cancers was reduced (34), while vitamins
were not useful in this respect (35). In addition to
the colon, other organs such as the bladder and the
lungs could also be protected by a fruit-rich diet (36).

This dietary effect on cancer could not be con-
firmed for neoplastic colon polyps, which are pre-
cursors of colon cancer. Studies by Alberts et al. and
Schatzkin et al. (18,19) failed to show beneficial
effects of high fiber supplement and a diet with high
vegetable and fruit content on the recurrence rate of
adenomatous polyps after polypectomy.

The fiber content and the dietary composition
might not be crucial for prevention of neoplasia and
cancer. Although natural fibers seem to be benefi-
cial, artificial fibers could be harmful (37). There is
much controversy on the protective function of bal-
last and fiber and some recent epidemiological stud-
ies support the concept that higher oral intake of
ballast is correlated with lower rates of colon cancer
incidence (38) and a lower risk of colon adenomas
(39).

Certain types of fiber might be associated with,
or could carry, biological active compounds that are
responsible for prevention. There is a wide variety
of candidates for biological prevention such as
flavonoids, indols, saponins, isothiocyanates, glu-
cosinolates, allylics, and terpenes (7).

A recent enzyme study of the human gastroin-
testinal mucosa in patients with various gastroin-
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testinal disorders investigated the relation between
consumption of vegetables and fruits and the con-
tent and the activity of protective enzymes in dif-
ferent parts of the gastrointestinal tract. A
vegetable-rich diet was capable of inducing the glu-
tathione S-transferase (GST) content and activity,
selectively in the duodenal mucosa (by induction of
type GSTA and GSTP). Diets rich in fruits induced
the GSTT type of these enzymes only in the stom-
ach mucosa (40). Previously we have demonstrated
that cytochrome P-450–dependent enzymes were
maintained in human small intestinal mucosa by a
conventional Western diet but were depressed on a
formula diet that did not contain secondary plant
products (41). However these effects cannot neces-
sarily be related to dietary flavonoids.

Flavonoids from green tea such as catechins (e.g.,
epigallocatechins) have been investigated in humans
for various physiological functions (6,14,42).
Numerous beneficial responses were observed:
restoration of the fecal flora with lactobacilli and
bifidum bacteria, suppression of ammonia produc-
tion within the gut, and increased production of
butyrate within the colon (43).

Animal and In Vitro 
Studies With Flavonoids

Quercetin and anthocyanins were used to sup-
press the development of adenomatous intestinal
polyps in the MIN mice which suffer from a hered-

itary mutation of the APC gene. The polyp load was
strikingly reduced in these animals (44). Colon can-
cers produced by experimental carcinogens
(nitrosamines and azoxymethane) in rodents were
inhibited by feeding high amounts of flavonoids from
green tea (epigallocatechin gallate) (45).

The impact of flavonoids on various mechanisms
and functions relevant for the molecular biology are
listed in Table 2. The biological properties of citrus
flavonoids are extensively described by Manthey et
al. (22) and the effectiveness of polyphenolics from
tea in terms of cancer prevention and induction of
apoptosis were published by Galati et al. (21).
Flavonols from brussels sprouts and flavones can
induce protective enzymes such as conjugating
enzymes, e.g., UDP-glucuronosyl transferases, glu-
tathione S-transferases in gut and liver (46,47). These
enzymes inactivate electrophils, free radicals, and
reactive oxygen species thereby preventing them
from becoming mutagens (42).The potential mech-
anisms of inhibition of carcinogenesis by flavonoids
are demonstrated in Fig. 1. Many of these mecha-
nisms are still hypothetical and not yet proven.

Figure 1 illustrates the inhibitory effects of tea
flavonoids on the main biological events that can
lead to mutagens and shows how the carcinogenic
neoplastic processes (initiation, promotion, and pro-
gression) are influenced. These flavonoids can have
an upstream effect in this cascade of carcinogene-
sis by trapping and inactivating reactive oxygen
species, electrophils, and free radical compounds.
Other flavonoids are also effective further down-
stream by inhibiting enzymes that mediate inflam-
matory reactions (COX 2, LOX 2) (48). Experimental
evidence suggests that tea polyphenols also suppress
enzymes of cell division and proliferation such as
ornithine decarboxylase, tyrosine kinase, telomerase,
and topoisomerase (42).

Comet assays with single cells have shown that
the oxidation and fragmentation of genomic DNA
by cytotoxic chemicals can be reduced by quercetin
and myricetin treatment (49). Even the formation of
oxyguanidine DNAby oxidizing agents and the DNA
adducts formation by electrophils are diminished by
apigenin and quercetin (50). Interesting experiments
with tumor cell lines have indicated that apigenin
and quercetin enhance the rate of apoptosis and
induce caspase enzymes, thereby inhibiting cell
growth (51). Colon cancer cell lines such as CaCo2

and HT29 cells express higher activities of caspases

Table 2
Biomolecular Activities of Flavonoids

• Antioxidative effects: 
inactivation of oxygen radicals

• Binding of electrophils

• Induction of protective enzymes: 
phase 2 enzymes with conjugating activities 
(GT, GST)

• Apoptosis rate increase

• Cell proliferation inhibition

• Lipidperoxidation inhibition

• Angiogenesis inhibition

• H-Donation (e.g. GSH-peroxidases)

• DNA oxidation inhibition

GST, glutathione s-transferases; GT, glucuronosyl trans-
ferases; GSH, glutathione.
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and their growth is arrested at the level of G2/mito-
sis of the cell cycle by apigenin and quercetin (48,52).

Rational for Flavonoids 
to Prevent Intestinal Neoplasia

There is a large body of epidemiological studies
that show, in general, that fruit and vegetable con-

sumption should be encouraged (7). Adherence to
this natural diet has been linked to a reduction of the
rate of colon cancer by about 50%. However, this
type of diet did not significantly reduce the recur-
rence rate of adenomatous colon polyps (18,19),
which are precursors of colon cancer in about 80%
of patients. On the other hand, only about 10–20%
of all adenomatous colon polyps develop into cancer.

Fig. 1. Hypothesis of inhibition of carcinogenesis by flavonoids (FN).
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We still do not know who of all the polyp patients
(30% of the population older than 50 yr) will develop
colon cancer by turning a benign adenomatous neo-
plasia into cancerous growth. There is much evi-
dence that specific genomic aberrations (germline
and acquired) within the colonocytes will lead to
cancer (53). APC- and mismatch repair gene muta-
tions as well as activating mutations of oncogenes
(K-ras) and mutations of other repair genes (p53
gene) could be responsible for initiating cancer cells
from adenomas. However, even adenomas harbor
genomic defects in their DNA material (e.g., APC
gene). Most likely, critical targets such as genomic
DNAare damaged by oxidation or adduct formation
leading to mutations of intestinal stem cells that in
turn, produce neoplastic cells. At the same time the
functions of repair genes (including missmatch repair
enzymes) are diminished and defects caused by muta-
tions cannot be corrected.

Genotoxic events caused by reactive and aggres-
sive chemical compounds could be inhibited when
polyphenols such as flavonoids could trap and
quench oxidizing agents or alkylating compounds
before they reach their critical targets. The advan-
tages of bioflavonoids as opposed to compounds of
chemoprevention (NSAIDs, e.g., aspirin and COX-
inhibitors) are quite convincing.

1. Tea flavonoids are mostly nontoxic, whereas the
chemopreventive agents such as NSAIDs can
cause severe forms of gastrointestinal toxicity
such as bleeding, erosions, ulcerations and stric-
tures as well as coronary and cerebrovascular
atherothrombosis. Because chemoprevention
has to be applied preferentially to the elderly
and on a long-term basis and because this pop-
ulation is especially vulnerable to gut lesions
and atherothrombosis, the practicability of the
concept of chemoprevention is questionable. On
the other hand, bioprevention seems to be more
reasonable because only huge amounts of
flavonoids such as apigenin and quercetin (in
the gram range) show undesirable side effects
such as autooxidation and formation of homo-
cysteine as well as carcinogenic alterations in
cell culture models (54). However, long term-
effects of higher doses of flavonoids have not
been established.

2. Intake of tea flavonoids as nutritional supple-
ments does not cause compliance problems
because no ballast has to be ingested (Table 3).

High amounts of food rich in vegetable and fruit
content have to be ingested for cancer preven-
tion (19) and frequently large amounts of bal-
last can lead to bloating, flatulence and
abdominal discomfort especially in elderly per-
sons. The cost of fruits and vegetables is quite
considerable, whereas bioflavonoids extracted
from tea are relatively inexpensive.

3. Tea flavonoids can act protectively before muta-
gens and inflammatory cytokines are released.
NSAIDs such as aspirin cannot prevent the for-
mation of mutagens, which subsequently induce
toxic cytokines; they act mainly by inhibiting
the COX I, COX II, and lipoxygenase enzymes
(42). These flavonoids can prevent the forma-
tion of mutagens by inducing protective enzymes
(GT, GST) and by inactivating free radicals, elec-
trophils, and reactive oxygen species before they
become mutagens (Fig. 1).

Mechanistic evidence from molecular biology (55)
indicates that flavonoids bind to the Ah-receptor in
the cytosol of the cells, and this complex is trans-
ferred to the nucleus where it binds to an antioxida-
tive response element of the promoter region initiating
gene transciption of GT, GST, and GCS (Fig. 2).
Whereas studies from the far east suggest that tea
flavonoids are beneficial for colon cancer prevention
(13,26–28), European trials did not support these con-
clusions (32,33).

The discrepancy of the results of these epidemi-
ological studies relating to the beneficial effects of
flavonoids cannot easily be resolved.However, in

Table 3
Composition of Tea Bioflavonoid 

Nutritional Supplementation

mg/tablet

(+)-Catechin 0.3

(–)-Epicatechin 1.4

(–)-Epigallocatechin 2.1

(–)-Epigallocatechin gallat 10.4

(–)-Epicatechin gallat 4.0

Apigenin-7-glucosid 10.0

Myricetin 0.2

Kaempferol 0.0

Quercetin 0.6
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addition to the differences of design, study popula-
tion, type of study, and statistical methods of these
investigations, interventional prospective trials with
specfic nutritional compounds (e.g. specific
flavonoids, selenium, calcium, allium) would be
more valuable and reliable. Up to now, no results of
interventional clinical studies with oral flavonoid
supplements have been published.

As mentioned before there seems to be a differ-
ential effect of nutrition on colon cancer and colon
polyps; while nutrition rich in vegetable, fruits, and
fiber seems to suppress colon cancer (34), the same
does not hold true for colon polyps (18,19). There-
fore, it is possible that only polyp patients who
progress to cancer derive a benefit from healthy nutri-
tional factors. On the other hand, interventional stud-
ies with aspirin and COX inhibitors have shown that
the growth of adenomatous colon polyps can be effec-
tively suppressed (6,10– 12). But so far, these stud-
ies have not been able to demonstrate that this type

of chemoprevention could effectively inhibit cancer
formation.

Earlier interventional studies with minerals and
vitamins were not successful and the guidelines of
gastroenterological organizations do not generally
support their use to prevent colonic neoplasia (35).
However, calcium, folic acid, and omega-3 fatty acid
supplementation should be examined further for their
potential antineoplastic effects because earlier results
had shown a small benefit for treated patients (24).
It is possible that the protective effects of vegeta-
bles on the colon mucosa could be caused also by
their galactose content (56). In addition to dietary
factors, there are behavioral influences that increase
the risk of colorectal carcinomas such as overeat-
ing, low physical avtivity and sedentary life style
(57).

The in vitro effects of flavonoids are quite remark-
able. They can bind electrophils, inactivate oxygen
radicals, inhibit DNA oxidation, lipidperoxidation,
and angiogenesis (6,14,21,22). In cell cultures they
increase the rate of apoptosis and inhibit cell pro-
liferation (48,51). In vivo they can induce protec-
tive enzymes (GT,GST) and glutathione content in
gut and liver and inhibit experimental carcinogene-
sis (45–47).

However, the concentration or the amount of
flavonoids used in these in vitro experiments is far
beyond what can be used in humans in vivo.
Flavonoid concentrations in human plasma are in
the range of 0.01–10 µM (58), but in the gut mucosa
much higher values are possible.The bioavailabil-
ity of flavonoids in various natural products might
be different and could be also differ on flavonoid
supplements. It is conceivable that a combination of
a flavon (apigenin) with a catechin (EGCG) has com-
plementary synergistic effects. Catechins induce
preferentially glucuronosyl transferases and inhibit
telomerases while flavons induce glutathione S-
transferases and inhibit COX II enzymes. Catechins
have little influence on apoptosis but flavons strongly
enhance apoptosis and its enzymes (6,14).

We suggest that, in general, bioprevention should
replace chemoprevention and targeted biopreven-
tion with selected flavonoids or other secondary plant
products should become the preferred preventive
approach. With this type of bioprevention, genomic
and biomolecular damage could be prevented (pri-
mary bioprevention) and the intestinal mucosa would
be treated before neoplasia is developing.

Fig. 2. Molecular mechanisms of enzyme induction
by flavonoids [according to Hayes (55)].
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We believe that such controlled and randomized
investigations are very much needed, as they would
provide a definitive evaluation of the usefulness of
dietary supplementation, e.g., with tea flavonoids.
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