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Modulatory effects of beer consumption on azoxymethane
(AOM)-induced rat colonic carcinogenesis in male Fischer
344 rats were investigated. Single cell gel electrophoresis
assay indicated that DNA damage of colonocytes, induced by
a single AOM injection (15 mg/kg body weight), was signifi-
cantly reduced in rats fed beer or malt extract for 2 weeks.
Examination of aberrant crypt foci (ACF) formation in co-
lonic mucosa, induced by AOM (15 mg/kg body weight; twice
weekly), revealed that feeding of beer during the whole ex-
perimental period of 5 weeks significantly reduced the num-
ber of ACF by 35%. In the post-initiation protocol, a reduc-
tion in ACF formation by 26% was not significant. The
efficacy in inhibition of ACF formation varied with the brand
of beer. ACF formation was significantly reduced in rats
treated with freeze-dried beer (FD Beer), but not with eth-
anol, suggesting that nonvolatile components of beer are
responsible for the reduction. Significant suppression of ACF
formation was observed in groups treated with hot water
extract of malt, especially with extracts of colored malts,
although no reduction was observed by feeding with hops
extract. A long-term experiment of 42 weeks indicated that
intake of beer decreased tumor incidence by 22% and de-
creased the number of neoplastic lesions, including adeno-
carcinomas and adenomas, by 44%. These results suggest
that components of beer have chemopreventive effects on
colonic carcinogenesis induced by AOM and that intake of
beer may contribute to a reduction in the risk of cancer
susceptibility.
© 2003 Wiley-Liss, Inc.
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Epidemiological and experimental studies have indicated that
environmental factors and diet are important determinants of hu-
man cancer. Although the genetic background of individuals may
affect the probability of suffering neoplastic disease, this is not of
overriding importance in the majority of cases and attention must
be given to daily foods with chemopreventive activity to reduce
cancer risk. Epidemiological studies have shown an association
between alcohol consumption and mortality from coronary heart
disease and cancer as J-shaped: the relative risk of mortality
decreases for moderate drinkers compared to nondrinkers and then
increases with higher alcohol intake.1,2 Several epidemiological
studies showing an association between beer consumption and
cancer risk have been published. Some suggest a positive relation-
ship between beer intake and colorectal cancer3,4 or prostate can-
cer.5 However, some reports indicate that moderate intake of beer
is not associated with an elevated risk of colon or prostate can-
cer.6–8

Colon cancer is one of the most prevalent neoplastic diseases
and may be related to intake of a high fat/low fiber diet and dietary
carcinogens. Dietary consumption of vegetables and fruits is con-
sidered to lower the risk of colon cancer9 and natural components
from plant sources have been shown to have inhibitory effects on
the initiation, promotion and progression stages in experimental
colon carcinogenesis models.10–14 Some plant constituents, includ-
ing antioxidative vitamins and phenolics, possess many biological
functions, such as anti-inflammatory,15 anti-oxidative,16 anti-mu-
tagenic,17,18 and anti-angiogenetic19 actions, which may be in-
volved in cancer chemopreventive activity. It is important to

examine the efficacy of dietary factors in the multistages of car-
cinogenesis, especially in short-term and long-term in vivo exper-
iments, in order to evaluate chemopreventive potential.

The single cell gel electrophoresis assay (comet assay) can be
used to monitor DNA damage in individual organs of rodents
exposed to mutagens.20,21 This assay is based on the ability of
denatured DNA fragments to migrate out of the nucleus to form
comet tails during electrophoresis under alkaline conditions
(pH�12.6) and has been used to examine the efficacy of chemo-
preventive agents in the initiation stage of carcinogenesis.22–24

Aberrant crypt foci (ACF) are early morphological changes or
hyperproliferative lesions found in the colon of humans and car-
cinogen-treated rodents; they are considered to be putative preneo-
plastic lesions for colon cancer.25–27 Azoxymethane (AOM)-in-
duced colonic ACF in rats have been used to identify chemical
agents that prevent colon cancer, including many dietary factors,
especially those derived from plant sources.28,29

Two previous reports investigate the cancer preventive efficacy
of beer in experimental carcinogenesis: one report indicated that
chronic intake of beer can decrease gastrointestinal tumors induced
by dimethylhydrazine in a rodent model.30 The second report
documented evidence of a decrease in incidence of AOM-induced
tumors with beer intake.31 The authors in the latter report suggest
that the effect was due to alcohol rather than other beverage
constituents.31 Beer is a low-alcohol beverage brewed from natural
ingredients rich in vitamins, amino acids, minerals and micronu-
trients, such as ferulic acid and polyphenols, which may be in-
volved in the prevention of carcinogenesis.32–35 Beer has anti-
oxidative effect in vivo36 and anti-mutagenic effects against
several mutagens in Salmonella mutation assays.18 The intake of
beer also reduced the number of DNA adducts in the liver of mice
administered Trp-P-2.18 Prenylflavonoids, from hops, inhibited
metabolic activation of heterocyclic amines by a P450 enzyme,
CYP1A2, in the Ames Salmonella assay, and showed cytotoxic
effects in human cancer cell lines.37–39 Humulone, also from hops,
was shown to have anti-tumor promotion activity and inhibit
angiogenesis.40,41 It also suppressed expression of cyclooxygen-
ase-2 (COX-2),42 one of the key enzymes involved in carcinogen-
esis. It was demonstrated that xanthohumol, several other chal-
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cones and lupulones from hops inhibit LPS/IFN-�-induced NO
production in murine macrophage RAW 264.7 cells.43 Therefore,
it is important to clarify if beer has cancer preventive activities in
experimental carcinogenesis.

In our study, we investigated the modifying effects of beer on
AOM-induced rat colonic carcinogenesis using in vivo single cell
gel electrophoresis assays, ACF analysis and pathological analysis
of colon tumors in a long-term experiment. We demonstrate that
intake of beer reduced the formation of colorectal tumors and
preneoplastic lesions in AOM-induced experimental carcinogene-
sis in male Fischer rats.

MATERIAL AND METHODS

Materials
AOM was purchased from Sigma Chemical Co. (St. Louis,

MO), 10% neutral-buffered formalin, ethanol and methylene blue
was from Wako Pure Chemical Co. (Osaka, Japan) and piroxicam
was from ICN Biomedicals, Inc. (Costa Mesa, CA). Low melting
point agarose (Agarose-LGT) and normal melting agarose (Aga-
rose GP-42), for use in the comet assays, were obtained from
Nacalai Tesque Co. (Kyoto, Japan). Frosted glass slides were
purchased from Matsunami Glass Co. (Tokyo, Japan). Four types
of malts, Pilsner, Munich, Chocolate and Caramel malts, and
Aroma hops (Saaz) were obtained from a brewery. Pilsner malt,
popularly used for brewing of pilsner-type beer, is produced by
kilning (drying) germinated barley for shorter periods of time and
at lower temperatures than darker malts. Munich, Chocolate and
Caramel malts are dark roasted, kilned for a longer period and at
a higher temperature than pilsner malt, in order to produce a dark
brown color and a special flavor to the malt. Four types of
commercial beers (beer A, B, C and D), purchased in a liquor shop,
were used in the present study. Beer A was brewed from Munich
malt, Pilsner malt and hops. Beers B and C were brewed from
Pilsner malt , hops, rice and cornstarch. Beer D was brewed from
Pilsner malt, Caramel malt and hops.

Experimental samples
Beers were degassed by stirring at room temperature before

aliquoting into feeding bottles. Five percent (v/v) ethanol, which
was the same concentration as the alcohol content in the beers
used, was also aliquoted into feeding bottles. Ground hops and
malt were mixed with hot water (hops 1%, malt 5%, w/v) and
extracted for 30 minutes at boiling point. Filtered solutions were
aliquoted into feeding bottles. Hot water extracts of hops at higher
concentrations could not be used since rats did not drink them and
reductions in body weights were observed. FD Beer was mixed
with the AIN-76A (AIN) basal diet (Dyets, Inc. Bethlehem, PA) at
various concentrations. For the experiments using FD Beer, corn-
starch was added to the control and experimental diets to mimic
isocaloric conditions since most of the calories in the solid com-
ponent of beer are derived from carbohydrates. Piroxicam was
used as a control to compare the efficacy in the inhibitory effect
and was added to the basal diet at a concentration of 200 ppm, as
used in a previous report.29

Treatment of animals
Male Fischer 344 rats at 4 weeks old were purchased from

Charles River Japan and maintained in wire cages in an air-
conditioned room under constant conditions of temperature (22�2
OC) and humidity (55�10%). The animals were allowed free
access to a basal diet [CE-2; CLEA Japan (Tokyo, Japan) or AIN]
and were randomized into experimental groups after 4 days of
acclimatization. The animals were treated in accordance with Kirin
Pharmaceutical’s ethical guidelines for animal care, handling and
termination.

Single cell gel electrophoresis assay (Comet assay)
Rats were fed a basal diet (CE2) and experimental drinks (beer,

1% hop extract solution and 5% malt extract solution) or a control

drink (water) ad libitum for 2 weeks (Fig. 1a). Each treatment
group consisted of 4 animals. They received subcutaneous injec-
tions of AOM at a dose of 15 mg/kg body weight at 16 hr before
sacrifice. Three animals used as the vehicle controls were admin-
istered an equal volume of saline. Immediately after the sacrifice,
colons were excised and washed with Hanks’ balanced salt solu-
tion Ca-Mg-free (HBSS). They were then filled with HBSS con-
taining proteinase K (17 units/ml) and incubated at 37°C for 30
min. The resultant cell suspensions were passed through a 70 �m
mesh and used for slide preparation.44 Comet assays were con-
ducted according to an established procedure.20,45 Comet lengths
of 50 nuclei per slide and 2 slides per rat, for a total of 100 nuclei
per rat, were measured using an image analysis program (Keio Co.,
Japan).

Experimental procedures for ACF assays
ACF formation was investigated by 3 protocols over 5 weeks, as

indicated in Figure 1. Test samples were given to the animals
during the whole experimental period of 5 weeks initiation and
post-initiation (I/PI), during initiation phase (I) and during post-
initiation (PI) phase. For the initiation (I) protocol, experimental
diets were given for 17 days from the beginning of the experiment.
For the post-initiation protocol, experimental diets were given 3
days after the second AOM injection until the end of the experi-
ment (Fig. 1b). In all protocols for 1 week after the start of
experiments, rats were treated with subcutaneous injections of
AOM (15 mg/kg body weight) once a week for 2 weeks. Experi-
mental drinks, beer, 5% (v/v) ethanol and water were fed ad
libitum with the basal diet. FD Beer was mixed in the basal diet,
AIN, at various concentrations. Ingested amounts of the experi-
mental diets and drinks were recorded to estimate the consumption
of the test materials. All rats were weighed weekly until the end of
the experimental period, at which point the animals were sacrificed
and colons were excised for subsequent analysis of ACF. After
fixation in 10% buffered formalin, colons were stained with 0.2%
methylene blue and ACF were scored under a light microscope at
40� magnification. ACF were distinguished from normal crypts
by their increased size, more prominent epithelial cells and their

FIGURE 1 – Experimental protocols for the treatment of animals
used. Five-week-old male F344 rats were used and sacrificed at the end
of the experimental periods. Animals received subcutaneous injections
of AOM at a dose of 15 mg/kg body weight at the indicated time
points, shown by arrows in each experiment. In the ACF experiments,
rats received experimental diets for the whole 5 week period (I/PI
protocol), 17 days from the start of the experiment (I protocol) or for
18 days from 3 days after the second AOM injection until the end of
the experiment (PI protocol).
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increased pericryptal area.25 The number of ACF and the number
of aberrant crypts (ACs) per rat were quantified.

Long-term experiment
Ninety-three rats were randomly divided into 3 groups, 40 rats

for the AOM�water group, 40 rats for the AOM�beer group and
13 rats for the AOM untreated group (Saline�water group). Rats
received the basal diet (CE2) with water or beer ad libitum during
the experimental period (Fig. 1c). Rats in the AOM�water and
AOM�beer groups received 2 subcutaneous injections of AOM
(15 mg/kg body weight per week), rats in the Saline�water group
were injected with saline. Six rats each were taken from the
AOM�beer and AOM�water groups for the analysis of ACF at 5,
16 and 24 weeks. At 42 weeks, all rats were sacrificed and colons
were excised and examined for the presence of neoplastic lesions
after fixation in 10% neutral-buffered formalin. Each colon was
divided into 3 parts: rectum colon (3 cm from anus), middle colon
(3 cm to 15cm part) and proximal colon (rest of the colon includ-
ing cecum). The locations of all lesions were scored and these
lesions were embedded in paraffin blocks, sectioned and stained
with hematoxylin and eosin (H&E) for histopathological analysis.
Tumors were classified into carcinomas and adenomas according
to published criteria.46

Statistical analysis
Data are expressed as the means�SD. The data in the comet

assay and in the ACF experiment were analyzed by 1-way
ANOVA followed by the Dunnett’s test or Kruskal-Wallis test
followed by the Bonferroni Correction. In the long-term experi-
ment, ACF and tumor multiplicity were compared by the Mann-
Whitney-U-test. Tumor incidence was compared using �2 test and
Fischer’s exact probability test. Significant differences were con-
cluded when the p value was less than 0.05.

RESULTS

General observations
The body weights of rats in the control and experimental groups

in the short-term experiments were not significantly different. In
the long-term experiment, rats in the AOM-injected groups had
significantly reduced body weights compared to the saline-injected
controls at the time of sacrifice. There were no differences in body
weights between the AOM�beer and AOM�water groups (see
Table VII). Chronic administration of beer was not associated with
any gross changes or signs of toxicity.

Prevention of DNA damage in colon cells
Figure 2 shows the result of a single cell gel electrophoresis

assay with colon cells. Comet lengths of the colonocytes from
untreated control animals were, on average, 40 �m. AOM treat-
ment induced significant DNA damage in colon cells: comet
lengths in the group receiving water were 2-fold longer than those
in the saline-treated control. Comet lengths in the groups fed either
beer or malt extract were significantly shorter than those in the
AOM-treated rats (37% and 36%, respectively), suggesting beer or
malt extract inhibits AOM-induced DNA damage. A reduction in
comet length of only 15% was observed in the hops extract group:
this was not significant.

Inhibitory effects of beer on AOM-induced ACF formation
Daily ingestion of beer (Beer A) during the whole experimental

period of 5 weeks (I/PI) significantly reduced the number of
ACF/colon by 35%, the total number of ACs/colon by 40% and the
number of ACF with 4 or more crypts/focus by 67% (Table I). The
inhibitory effect was less pronounced when beer was introduced
after the second AOM injection (PI): 26% reduction in ACF/colon,
33% reduction in ACs/colon and 62% reduction in ACF with 4 or
more crypts/focus. In the post-initiation protocol, a reduction in the
total number of ACF was not significant. Intake of 5% ethanol in
both protocols slightly reduced the number of ACF/colon, ACs/
colon and ACF with 4 or more crypts, but these effects were not

significant. Inhibitory effects of several pilsner-type beers on ACF
formation were examined (Table II). The results indicated that the
extent of inhibition of beer on AOM-induced ACF formation
varied among the brands of beer. Although feeding of Beer A
significantly inhibited ACF formation (54% reduction), almost no
reduction in the number of ACF was observed with Beer C. The
reduction in the number of ACF with Beer B (29% reduction) and
D (21% reduction) were not significant.

Inhibitory effects of solid constituents of beer on AOM-induced
ACF formation

Since ethanol had only a small effect on AOM-induced ACF
formation, the inhibitory effects of beer were thought to be attrib-
utable to the solid components. We evaluated the effects of various
concentrations of FD Beer on AOM-induced ACF formation (Ta-
ble III). Animals were fed the AIN basal diet containing 0.1, 0.25,
0.5, 1, 2 or 4% FD Beer for 5 weeks (I/PI). There were no
significant differences in the daily consumptions of diets and final
body weights among the experimental and control groups. A
significant decrease in the number of ACF was observed by
feeding FD Beer at 1, 2 and 4% in the basal diet (28, 31 and 20%
reduction, respectively). Diets containing 0.1, 0.25 and 0.5% FD
Beer were less effective with the same protocol (Table III), sug-
gesting the optimal effective dose to be between 1% and 2%. We
then compared the inhibitory effect of FD Beer on AOM-induced
ACF formation with that of piroxicam, a nonsteroidal anti-inflam-
matory drug, in the 3 different protocols (I/PI, I, and PI in Table
IV). Results indicated that feeding of 1% FD Beer in the basal diet
during the whole experimental period (I/PI) and initiation phase (I)
significantly suppressed ACF formation; the total number of ACF
was decreased by 28% and 30%, respectively. A weak suppressive
effect was observed when the experimental diet was fed in the
post-initiation phase (PI) (14%). Piroxicam exhibited strong inhi-
bition of ACF formation in the (I/PI) and (PI) protocols, the total
number of ACF was decreased by 46 and 53%, respectively: no
significant inhibition was observed in the (I) protocol.

Inhibitory effects of raw materials on AOM-induced ACF
formation

To investigate the nature of the inhibitory components in beer,
AOM-injected animals were given malt or hops extracts during the
experimental period of 5 weeks (I/PI). Treatment of animals with
5% malt extract significantly reduced the number of ACF, no
decrease was observed in the group treated with 1% hops extract
(Table V). In addition, 4 different types of malt, Pilsner, Munich,

FIGURE 2 – Effects of beer (Beer A), malt extract and hops extract
on DNA damage in the rat colonocyte induced by AOM. Experimental
drinks were fed to the animals (n�4 for AOM treated and n�3 for
saline treated) for 2 weeks and colons were excised 16 hr after AOM
injection. One hundred nuclei were analyzed for each animal in the
Comet assay. Bars indicate means�SD values. Significantly different
from the AOM control at *p	0.01.

406 NOZAWA ET AL.



Chocolate and Caramel, were examined for their ability to inhibit
ACF formation. While all types of malt extract significantly re-
duced the number of ACF, dark roasted malts were more effective
than pilsner malt in reducing the number of ACF: Munich, Choc-
olate, and Caramel malts exhibited 28%, 28% and 29% reduction,
respectively (Table VI).

Effects of beer on colonic carcinogenesis
The results of colon tumor development examined at week 42

are summarized in Tables VII and VIII. Tumors in the colon were
classified as adenomas or adenocarcinomas. The incidence of
adenomas and adenocarcinomas, and total tumor incidence in the
entire colon were lower in the beer-fed rats than in the control
group (41%, 18% and 22% reduction, respectively) (Table VII). A
decrease in the incidence of adenomas was detected in the proxi-

TABLE I – EFFECTS OF BEER A ON AOM-INDUCED ACF FORMATION IN THE (I/PI) AND (PI) PROTOCOLS

Group Incidence Body weight (g) Number of ACF/
colon Number of ACs/colon Number of

ACs/focus
Number of ACF

� 3AC/colon

AOM � Water 8/8 221.4 � 6.61 97.9 � 25.7 213.3 � 54.0 2.2 � 0.1 8.8 � 3.5
AOM � 5%Ethanol (I/PI) 8/8 217.5 � 8.2 92.6 � 25.4 186.0 � 46.4 2.0 � 0.2 5.6 � 2.4
AOM � Beer A (I/PI) 8/8 212.5 � 14.6 63.3 � 12.73** 126.6 � 28.64*** 2.0 � 0.2 2.9 � 1.73**
AOM � 5%Ethanol (PI) 8/8 219.4 � 7.4 95.3 � 23.0 193.8 � 47.2 2.0 � 0.1 5.5 � 3.3
AOM � Beer A (PI) 8/8 217.6 � 9.8 72.4 � 18.7 142.8 � 39.62* 2.0 � 0.2 3.3 � 2.63**
1Values are given as mean � SD–2–4Significantly different from the AOM � Water group.–*p 	 0.05.–**p 	 0.005.–***p 	 0.001.

TABLE II – EFFECTS OF 4 TYPES OF BEERS ON AOM-INDUCED ACF FORMATION IN THE (I/PI) PROTOCOLS

Group Incidence Body weight (g) Number of ACF/
colon

Number of
ACs/colon

Number of
ACs/focus

Number of ACF �
3AC/colon

AOM � Water 6/6 222.1 � 6.01 145.5 � 35.5 339.2 � 90.0 2.3 � 0.1 18.0 � 8.1
AOM � Beer A (I/PI) 6/6 221.3 � 6.1 67.2 � 17.32* 139.3 � 44.93** 2.1 � 0.3 4.8 � 5.02*
AOM � Beer B (I/PI) 6/6 217.6 � 15.9 103.3 � 36.3 230.0 � 95.0 2.2 � 0.3 10.8 � 5.4
AOM � Beer C (I/PI) 6/6 220.3 � 4.6 142.5 � 16.9 323.2 � 39.0 2.3 � 0.1 11.8 � 3.3
AOM � Beer D (I/PI) 6/6 212.2 � 8.9 114.3 � 30.4 249.2 � 73.3 2.2 � 0.2 9.0 � 3.8
1Values are given as mean � SD.–2,3Significantly different from the AOM � Water group.–*p 	 0.05.–**p 	 0.01.

TABLE III – EFFECTS OF FREEZE-DRIED BEER A ON AOM-INDUCED ACF FORMATION IN THE (I/PI) PROTOCOL

Group Incidence Body weight (g) Daily diet
intake (g/rat)

Number of ACF/
colon

Number of
ACs/colon

Number of
ACs/focus

Number of ACF �
3AC/colon

AOM � AIN 8/8 217.4 � 14.51 12.2 97.5 � 16.1 222.1 � 40.7 2.3 � 0.2 10.3 � 4.2
AOM � 0.1% FD Beer A (I/PI) 8/8 210.1 � 12.7 11.8 100.9 � 17.6 208.9 � 31.9 2.1 � 0.2 5.9 � 4.3
AOM � 0.25%FD Beer A (I/PI) 8/8 216.7 � 14.3 12.1 86.3 � 16.3 187.4 � 34.9 2.2 � 0.2 7.0 � 3.7
AOM � 0.5%FD Beer A (I/PI) 8/8 218.9 � 13.5 11.7 83.9 � 17.3 173.9 � 42.02* 2.1 � 0.1 5.4 � 3.22*
AOM � 1%FD Beer A (I/PI) 8/8 214.3 � 12.7 12.1 69.8 � 10.93** 150.1 � 23.53** 2.2 � 0.1 3.8 � 2.43**
AOM � 2%FD Beer A (I/PI) 8/8 213.1 � 11.4 11.3 67.0 � 19.32* 139.0 � 39.13** 2.1 � 0.2 3.1 � 1.13**
AOM � 4%FD Beer A (I/PI) 8/8 212.2 � 6.0 11.5 77.8 � 10.02* 159.6 � 18.23** 2.1 � 0.2 4.6 � 2.53**
1Values are given as mean � SD.–2,3Significantly different from the AOM � AIN group.–*p 	 0.05.–**p 	 0.005.

TABLE IV – EFFECTS OF FREEZE-DRIED BEER A AND PIROXICAM ON AOM-INDUCED ACF FORMATION IN THE (I), (PI) AND (I/PI) PROTOCOLS

Group Incidence Body weight (g) Number of
ACF/colon

Number of
ACs/colon

Number of
ACs/focus

Number of ACF �
3AC/colon

AOM � AIN 8/8 217.4 � 14.51 97.5 � 16.1 222.1 � 40.7 2.3 � 0.2 10.3 � 4.2
AOM � 1%FD Beer A (I/PI) 8/8 214.3 � 12.7 69.8 � 10.93** 150.1 � 23.53** 2.2 � 0.1 3.8 � 2.43**
AOM � 200ppm

Piroxicam(I/PI)
8/8 205.2 � 6.3 44.8 � 16.44*** 94.4 � 38.74*** 2.1 � 0.2 3.3 � 2.43**

AOM � 1%FD Beer A (I) 8/8 217.3 � 13.8 68.3 � 17.43** 136.1 � 32.83** 2.0 � 0.3 4.8 � 4.12*
AOM � 200 ppm

Piroxicam(I)
8/8 209.2 � 8.3 89.9 � 17.1 189.1 � 35.7 2.1 � 0.1 6.6 � 3.3

AOM � 1%FD Beer A (PI) 8/8 214.7 � 9.0 83.9 � 16.9 172.1 � 34.22* 2.1 � 0.1 3.9 � 1.63**
AOM � 200 ppm

Piroxicam(PI)
8/8 209.7 � 6.5 46.9 � 14.24*** 96.6 � 31.34*** 2.1 � 0.2 1.6 � 2.64***

1Values are given as mean � SD.–2–4Significantly different from the AOM � AIN group.–*p 	 0.05.–**p 	 0.005.–***p 	 0.001.

TABLE V – EFFECTS OF HOT WATER EXTRACTS OF HOPS AND PILSNER MALT ON AOM-INDUCED ACF FORMATION IN THE (I/PI) PROTOCOL

Group Incidence Body weight
(g)

Number of ACF/
colon

Number of ACs/
colon

Number of
ACs/focus

Number of ACF �
3AC/colon

AOM � Water 6/6 236.9 � 5.61 153.5 � 19.5 350.5 � 63.0 2.3 � 0.2 15.7 � 8.0
AOM�Hops (I/PI) 6/6 229.0 � 10.6 174.3 � 60.8 380.2 � 142.9 2.2 � 0.1 12.7 � 7.2
AOM � Pilsner Malt (I/PI) 6/6 240.6 � 10.9 91.7 � 23.52* 221.7 � 65.4 2.4 � 0.2 11.8 � 5.0
1Values are given as mean � SD.–2Significantly different from the AOM � Water group.–*p 	 0.05.
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mal, middle and rectum colons. The incidence of adenocarcinomas
was not reduced in the middle and rectum colons, while there was
a slight reduction in the proximal colon. Tumor multiplicity in the
entire colon was significantly suppressed, by 44%, in the group
given beer (Table VIII). The tumor multiplicity of adenocarcino-
mas in the proximal colon was significantly reduced by beer
intake. A decrease in the number of ACF was observed at weeks
5, 16 and 24 in the beer-fed group (by 31, 26 and 20%, respec-
tively), and the decrease was significant at week 16 (Fig. 3).

DISCUSSION

In our study, 3 experimental protocols, in vivo single cell gel
electrophoresis assay, 5 week ACF assays and a 42 week colon
carcinogenesis experiment, were employed to investigate the effect
of beer on AOM-induced rat colonic carcinogenesis. The results
indicated that beer components, possibly derived from malt, have
chemopreventive effects, particularly at the early stage of carci-
nogenesis induced by AOM injection.

The single cell gel electrophoresis assay (Comet assay) was
used to monitor DNA damage in the colon of rat induced by AOM
treatment in order to evaluate the anti-mutagenic activities of beer
and raw materials. The comet assay indicated that treatment of rats
with a single AOM injection significantly induced elongation of
the comet tail, which corresponds with its strong mutagenicity in
colonic mucosa, detected by DNA adduct analysis.11,47 The results
shown in Figure 2 suggested that intake of beer and malt extract
protected against DNA damage induced by AOM in the colonic
mucosa. These results are consistent with the results of the ACF
experiment, i.e., the inhibitory effects of beer or FD Beer on ACF
formation were greater in the initiation phase (I) than in the
post-initiation phase (PI) (Tables I and IV).

Daily ingestion of beer (beer A) significantly reduced the num-
ber of ACF and the ACF with 4 or more crypts/focus (Table I).
However, the result using several brands of beers as experimental
samples indicated that there are considerable variations in inhibi-
tory actions on ACF formation among brands of beer (Table II).
This variation may be due to the contents of components respon-
sible for the preventive functions on ACF formation. The result
that malt extract reduced ACF formation in the 5 week ACF assay
(Table V) with the above observation suggests that malt extract
may be one source of the protective components in beer. Malt,
which is germinated barley, contains several phytochemicals,
which may have cancer preventive activity, such as ferulic acid,
catechins, proanthocyanidines, folate, GABA and soluble or insol-
uble dietary fiber.32–35 Several reports demonstrated that ferulic

acid prevents colorectal and oral cancer in rodent carcinogenesis
models.29,48–50 Although ferulic acid may partly contribute to the
inhibitory action of beer, it is likely that other components con-
tribute to the inhibitory effects of beer on AOM-induced rat
colonic carcinogenesis since the concentration of ferulic acid in
beer (0.5–2.5 ppm) was not sufficient to account for the inhibition.
In our study, hot water extracts of dark-colored malts, including
Munich, Chocolate and Caramel, exhibited stronger effects in the
inhibition of ACF formation than that of Pilsner malt, suggesting
that components produced during the kilning process at higher
temperatures may be important for inhibition (Table VI). It was
reported that the antioxidant activities of malts, which affect the
efficacy of cancer chemoprevention, were produced at least partly
by the Maillard reaction and were altered by kilning conditions.51

It should be noted that inhibition of ACF formation by dark-
colored beer (Beer D), in which dark-colored malt (Caramel malt)
was used, was weaker than that by pilsner-type beer (using Pilsner
and Munich malts). This suggests that components in Beer D
generated from brewing process, other than those rich in dark-
colored malts, are responsible for the adverse effect on ACF
formation.

While treatment with hops extract did not exhibit any significant
inhibition of AOM-induced ACF formation, there have been sev-
eral reports that components from hops may have chemopreven-
tive potential. For example, prenylflavonoids exhibit cytotoxic
effects in human cancer cell lines,39 humulone suppresses the
expression of cyclooxygenase-2 (COX-2)42 and inhibits angiogen-
esis,41 xanthohumols inhibit the LPS/IFN-�-induced production of
NO in murine macrophage RAW 264.7 cells.43 It has also been
reported that many nonsteroidal anti-inflammatory drugs
(NSAIDs) reduce the number of AOM-induced ACF,29,52–55 and
these agents exhibit their chemopreventive activities mainly in the
post-initiation phase, consistent with our results for piroxicam
(Table IV). Treatment with beer in the postinitiation phase also
reduced the number of ACF, suggesting that components with
anti-promotion activity exist in beer. It remains unclear whether
the concentration of hops extract at 1% was suitable for treatment
and it is possible that hops extract at lower doses might inhibit
AOM-induced ACF formation in the animal experiments, since
suppression of COX-2 and angiogenesis were observed at low
concentrations.41,42

In the long-term experiments, the number of colon tumors,
including adenocarcinomas and adenomas, was significantly re-
duced by feeding with beer. Beer also decreased the number of
ACF at weeks 5, 16 and 24 (by 31, 26 and 20%, respectively).
These results suggest that the cancer chemopreventive effects of

TABLE VI – EFFECTS OF HOT WATER EXTRACTS OF 4 TYPES OF MALTS ON AOM-INDUCED ACF FORMATION IN THE (I/PI) PROTOCOL

Group Incidence Body weight
(g)

Number of
ACF/colon Number of ACs/colon Number of

ACs/focus
Number of ACF �

3AC/colon

AOM � Water 8/8 218.3 � 4.91 171.3 � 27.0 390.1 � 70.2 2.3 � 0.2 20.1 � 8.9
AOM � Pilsner Malt (I/PI) 8/8 218.9 � 14.9 139.3 � 15.32* 309.8 � 29.52* 2.2 � 0.1 11.5 � 4.4
AOM � Munich Malt (I/PI) 8/8 213.6 � 12.9 123.3 � 30.33** 267.0 � 70.43** 2.2 � 0.1 11.9 � 4.9
AOM � Chocolate Malt (I/PI) 8/8 212.2 � 8.6 124.0 � 20.73** 287.9 � 62.23** 2.3 � 0.3 16.0 � 7.2
AOM � Caramel Malt (I/PI) 8/8 212.1 � 9.6 121.5 � 21.43** 256.3 � 43.54*** 2.1 � 0.1 9.1 � 5.5
1Values are given as mean � SD.–2–4Significantly different from the AOM � Water group.–*p 	 0.05.–**p 	 0.01.–***p 	 0.005.

TABLE VII – EFFECTS OF BEER A ON AOM-INDUCED TUMOR INCIDENCE IN THE COLON OF F344 RATS

Group Animals
(n) Body weight (g)

Tumor incidence(%)

Rectum Middle colon Proximal colon Entire colon

AD ADC AD ADC AD ADC AD ADC total

Saline � Water 13 416.2 � 21.51 0 0 0 0 0 0 0 0 0
AOM � Water 22 393.7 � 24.72* 14 9 32 64 9 32 46 82 86
AOM � Beer A 22 385.2 � 22.82* 0 9 53** 59 0 18 54*** 64 64
1Values are given as mean � SD.–2Significantly different from the Saline � Water group.–3,4Signficantly different from the AOM � Water

group.–*p 	 0.05.–**p 	 0.05.–***p 	 0.01.
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beer in the initiation phase are related to a reduced number of ACF
in the later phases (weeks 16 and 24) and a reduction in colon
tumors. The present results indicate that tumor incidence and
multiplicity in the proximal colon (right colon) was reduced by
intake of beer, similar to a previous observation by Hamilton et
al.31 They reported that tumor incidence in the left colon increased
in groups given diets containing low alcohol (LO-BEER or LO-
EtOH). In our study, the incidence and multiplicity of adenomas in
the middle and rectum colon (left colon) was reduced and no
adverse effect was observed by beer intake.

AOM is metabolized to methylazoxymethanol (MAM) by
CYP2E1 in the liver;56,57 ethanol is also partly metabolized by
CYP2E1.58 Therefore, the slight reduction in the number of ACF
with ethanol feeding found in our experiments may be attributable
to inhibitory effects on AOM metabolism. There are conflicting
reports on the influence of dietary ethanol on colon carcinogenesis
in experimental animal models, with tumor promotion found in
one study59 and an inverse relationship in another.31 It is worth
noting that ethanol was given as 36% of the total calories in the
former experiment and as 18% (Hi-EtOH group) in the latter
experiment. Ethanol intake differed between the 2 experiments and
it has been suggested that the influence of dietary ethanol con-
sumption on the incidence of tumors varies with the concentration
of ethanol in the liquid diet.31

A significant decrease in the total number of ACF and ACs/
colon in animals fed diets containing FD Beer indicated that
nonvolatile components are responsible for the inhibition of co-
lonic carcinogenesis (Tables III and IV). It was estimated that the
solid content of the beer used in this experiment was approxi-
mately 3% (w/w) and the average amount of daily diet intake by
rats was about 12 g (Table III). Therefore, the intake of beer by
animals fed diets containing 1 and 2% FD Beer, the most effective
concentrations, could be calculated to be approximately 4 and 8
ml/day/rat. Although it is difficult to estimate the effective dose of
beer for humans from the animal experiments, one can estimate the
daily dose for humans on the basis of body surface area. Supposing
the effective dose is proportional to the size of body surface
[approximately calculated as (body weight value)0.7 and the body
weights of rat and human are 0.15 kg and 60 kg, respectively, the
daily intake of 4 and 8 ml/rat could be estimated as 265 and 530
ml for humans.60 The intake of beer in the experiments in which
beer was fed ad libitum by feeding bottles was approximately 10
ml/day, indicating that the amount of beer constituents taken by the
rats with reduced number of ACF were not so different between
the solid and liquid forms. It should be noted that the number of
ACF in the group with 4% FD Beer in the diet was higher than
those with 1 and 2% diets, suggesting adverse effects on ACF
inhibition may be due to high amounts of beer constituents. These
complicated effects on ACF formation may be attributable to the
complexity of beer ingredients. Beer may contain some compo-
nents that enhance ACF formation and the fluctuations of those
contents as well as the contents of components with chemopre-
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FIGURE 3 – Effects of beer on AOM-induced ACF formation in the
long-term experiment. Six rats were taken from the water- and beer-
fed groups at 5, 16 and 24 weeks after the start of the experiment. Bars
indicate means�SD values. Significantly different from the water-
control at *p	0.05.
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vention activity may cause the variation in the ACF inhibitory
activities among beers. It should also be emphasized that excess
intake of beer may increase the cancer risk due to the disadvan-
tageous effects of alcohol.

In conclusion, the cancer preventive effects of beer were
observed using an AOM-induced colonic carcinogenesis model.
A significant decrease in the number of adenomas in animals
treated with beer, together with the reduction in the number of
developed ACF with more than 4 aberrant crypts in the beer-fed
group in the post-initiation phase, may suggest that the com-

ponents of beer inhibit the growth of initiated cells. Further
studies are needed to clarify the components responsible and the
underlying mechanisms. The results suggest that daily moderate
consumption of beer may reduce the risk of cancer susceptibil-
ity in colon.
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