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Abstract. Epidemiologic and experimental studies suggest that consumption of fer-
mented milk products and lactic bacterial cultures that are used to ferment the dairy
products, decrease the incidence of certain types of cancer. The present study was
designed to determine the effect of lyophilized cultures of Bifidobacterium longum (B.
longum), a lactic bacteria, on the azoxymethane (AOM)-induced preneoplastic lesions
such as aberrant crypt foci (ACF) formation in the colon and on fecal bacterial B-gluc-
uronidase activity in male F344 rats. At 5 weeks of age, groups of animals were fed the
AIN-76A (control) and the experimental diets containing 1.5% and 3% lyophilized cul-
tures of B. longum. At 10 weeks of age, all animals received sc injection of AOM
dissolved in normal saline at a dose rate of 20 mg/kg body wt, once weekly for 2
weeks. The animals were necropsied 6 weeks after the last AOM injection, and the ACF
were visualized under light microscopy in the formalin-fixed, unsectioned methylene
blue-stained colons where they were distinguished by their increased size, more
prominent epithelial cells, and pericryptal space. The cecal contents were analyzed for
bacterial B-glucuronidase activity. The feeding of lyophilized cultures of B. longum
significantly inhibited the ACF formation (53%) and the crypt multiplicity in the colon.
A significant decrease in the fecal bacterial -glucuronidase was also observed in the
animals fed the diets containing Bifidobacterium supplements as compared with con-
trol diet. These results demonstrate that B. longum in diet influences the metabolic
activity of certain types of intestinal microfiora that are involved in the production of
B-glucuronidase. Furthermore, the findings also suggest that B. longum supplements
inhibit ACF formation, an early preneoplastic marker of malignant potential in the

process of colon carcinogenesis.

[P.S.E.B.M. 1994, Vol 207]

olorectal cancer is the second leading cause of
cancer deaths in the United States (1). Epide-
miological and experimental studies provide
evidence that nutritional factors play a role in the eti-
ology of colon cancer (2—4). In recent years, there has
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been a growing awareness of fermented milk, yogurt,
and certain bacterial cultures that ferment the dairy
products in human and animal health (5-8). Several in
vitro and animal model studies show that these prod-
ucts may possess antimutagenic and anticarcinogenic
properties (9-12). Bodana and Rao (12) demonstrated
the antimutagenic activity of fermented milk with Lac-
tobacillus bulgaricus and Streptococcus thermophilus.
Goldin and Gorbach (9) showed that dietary supple-
ments of Lactobacillus acidophilus not only reduced
the incidence of 1,2-dimethylhydrazine (DMH)-
induced colon cancer, but also increased the latency
period. These studies indicate that fermentation of
milk may result in the formation of certain inhibitors of
carcinogenesis. In addition to Streptococcus and Lac-
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tobacillus, Bifidobacteria also ferment milk and other
dairy products, and oral administration of live cultures
or the products containing Bifidobacteria colonize in
the colon (13). Several ecological studies also indicate
the existence of Bifidobacteria in the colons of adult
humans (13). The beneficial role of Bifidobacteria per-
taining to the improvement of intestinal flora and its
antitumorigenic property has been reviewed by Ishiba-
shi and Shimamura (13). The major physiological ef-
fects of Bifidobacteria relate to improvement of intes-
tinal flora by preventing colonization of pathogens in-
cluding Escherichia coli and Clostridium. The cell wall
preparations from heat killed B. infantis have been
shown to possess antitumorigenic effect in BALB/c
mice inoculated with syngeneic Meth A fibrosarcoma
tumor cells (14). Pool-Zobel et al. (15) demonstrated
antimutagenic properties of fermented dairy products
containing viable Bifidobacteria. In addition, B. lon-
gum has been shown to have protective effect against
the lethal activity of endotoxin from E. coli in germ-
free mice (16). Furthermore, there are studies to indi-
cate that cultures of B. longum increase the host’s
immune response (17). In our laboratory, studies with
both male and female F344 rats have shown that feed-
ing cultures of B. longum inhibited 2-amino-3-methyl-
imidazo[4,5-flquinoline (IQ)-induced colon, liver and
mammary carcinogenesis (7).

Dietary intake of fermented milk containing lactic
bacteria and pure cultures of L. acidophilus have been
shown to reduce the counts of colonic putrefactive
bacteria, increase the levels of Lactobacilli and de-
crease the metabolic activity of certain classes of in-
testinal microflora as indicated by fecal bacterial
B-glucuronidase (6, 18). Although there is no evidence
that AOM is metabolized by the bacterial B-glucuron-
idase, this enzyme is believed to be largely responsible
for the hydrolysis of glucuronide conjugates in the co-
lon and thus important in the generation of toxic and
carcinogenic substances (19, 20).

Recently, several investigators have identified and
characterized microscopic lesions, namely, aberrant
crypt foci (ACF), in whole mount preparations of co-
lon from animals treated with carcinogen reflecting the
earliest identifiable precursor lesions of colon to indi-
cate the initiation of carcinogenic process (21-23).
ACF appear in the rat colon within 5 days of colon
carcinogen administration (24). Studies in humans
have suggested that colonic ACF are putative precur-
sor lesions from which adenomas and andenocarcino-
mas will develop (25). Although many reports indicate
these precursor lesions as predictors of colon tumors,
there are few studies which did not show a significant
correlation between the number of ACF and alteration
in the incidence of colon cancer (26, 27). However, it
has been shown that four or more aberrant crypts/
focus was a consistent predictor and can be used as a

biomarker with malignant potential to predict the tu-
mor incidence in male F344 rats (28). Furthermore,
animal model studies have shown the inhibition of
ACF by certain candidate chemopreventive agents
suggesting that ACF assay could be used to evaluate
several agents for their potential chemopreventive
properties (24, 29). The purpose of this study was to
determine the effect of cultures of B. longum, a lactic
bacteria indigenous to human intestine, on the colon
carcinogen-induced ACF formation and fecal bacterial
B-glucuronidase activity in the rat.

Materials and Methods

Animals, Diets, and Carcinogen. Male F344 rats
were obtained from Charles River Breeding Laborato-
ries (Kingston, NY). Lyophilized B. longum (BB-536)
cultures were Kindly provided by Morinaga Milk In-
dustry Co., Ltd. (Zama City, Japan). The methods of
culturing, harvesting, and lyophilizing B. longum as
provided by Morinaga Milk Industry were described
(Ishibashi N, Shimamura S. Personal communication).
B. longum was cultured in a medium containing glu-
cose (2.0%), peptone (1.0%), yeast extract (1.0%), and
salts (0.5%). The cells were harvested by centrifuga-
tion and washed using a saline solution. After mixing
with a cryoprotectant solution containing sodium glu-
tamate (1.0%) and sucrose (3.5%), the cells were ly-
ophilized. The lyophilized B. longum culture material
contained about 80% carbohydrate, protein, and
amino acids, and some vitamins (Ishibashi N, Shi-
mamura S. Personal communication). Each gram of
lyophilized material contained about 2 x 10'° live bac-
terial cells. Although fermented dairy products con-
taining Bifidobacteria are not common in the United
States, several bifidus-fermented dairy products and
beverages used in Europe and Japan contain about 10’
bacterial cultures/ml (13). Azoxymethane (AOM), a
colon carcinogen, was purchased from Ash-Stevens
(Detroit, MI). All ingredients of semipurified diets
were obtained from Dyets, Inc. (Bethlehem, PA) and
stored at 4°C prior to preparation of the diets. The
composition of semipurified diet is as follows (30):
casein, 20%; D,L-methionine, 0.3%:; corn starch, 52%;
dextrose, 13%; corn oil, 5%; Alphacel, 5%; mineral
mix (AIN-76A), 3.5%; vitamin mix (AIN-76A), 1%;
and choline bitartrate, 0.2%. Lyophilized cultures of
B. longum were added to the control diet at the
expense of dextrose. Because of relatively small
amounts of lyophilized bifidus cultures added to the
control diet, no adjustments were made to the fat, pro-
tein, and vitamin content of the basal diet. The diets
were prepared weekly and stored at 4°C in air-tight
plastic containers filled with N,.

Experimental Procedure. Four-week-old male
F344 rats were quarantined for 1 week. At 5 weeks of
age, groups of animals were fed the AIN-76A (control)
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and experimental diets containing 1.5% and 3% lyoph-
ilized B. longum cultures. At 10 weeks of age, groups
of animals received sc injection of AOM dissolved in
normal saline at a dose rate of 20 mg/kg body wt, once
weekly for 2 weeks or normal saline alone. The exper-
iment was terminated 6 weeks after the last AOM in-
jection. All animals were sacrificed by CO, euthanasia
and the cecum was removed, tied and stored anaero-
bically under a stream of oxygen-free gas (5% Hydro-
gen, 10% CO,, 85% Nitrogen) at —20°C for subse-
quent analysis of fecal B-glucuronidase activity.

Analysis of Aberrant Crypt Foci. For ACF as-
say, the colons were removed, flushed with Kreb’s
Ringer salt solution, slit open along the longitudinal
median axis and fixed flat between filter papers in 10%
buffered formalin for 24 hr. Each colon was then cut
into 2-cm segments and stained with 0.2% methylene
blue dissolved in Kreb’s Ringer solution for 5-10 min.
They were then placed on microscope slides with the
mucosal side up and aberrant crypts were scored un-
der light microscope at a magnification of x40 or 100
according to the standard procedures (21-23). Briefly,
the aberrant crypt foci were identified from the normal
crypts by their increased pericryptal zone, elliptic or
circular luminal opening, and greater thickness of the
epithelial lining containing one or more crypts, and
were recorded for each colon. Crypt multiplicity was
determined as the number of crypts in each focus and
categorized as those containing one, two, three, and
four or more crypts/focus. Finally, the sum of aberrant
crypts from all the foci represented the total number of
aberrant crypts for each animal.

B-Glucuronidase Assay. The cecum was
weighed and its contents were transferred to a tube
containing prereduced phosphate-buffered saline
(PBS) at pH 7.0. The composition of prereduced PBS
is as follows: 1 g of dibasic potassium phosphate, 1 g
monbasic potassium phosphate, 10 g sodium bicarbon-
ate, and 2 g sodium chloride, all dissolved in 1100 ml
distilled water and autoclaved before use. The samples
were vortexed for 1 min and centrifuged at 500 rpm for
5 min to remove the undigested food materials. The
slurry was transferred to a fresh tube and subsequently
used for enzyme assay. Fecal B-glucuronidase activity
was assayed by the method previously used in our
laboratory (31). Briefly, an aliquot of fecal suspension
was sonicated at 0°C for 30 sec and centrifuged at
20,000g. The reaction mixture consisting of 0.1 ml of
supernatant (enzyme source) preparation, 0.1 ml of 0.1
M phenolphthalein glucuronide (pH 7.0) as substrate,
and 0.8 ml of 0.1 M phosphate buffer (pH 7.0) was
incubated at 38°C for 30 min in a water bath. The re-
action was terminated by adding 2.5 ml of 0.01 M al-
kaline glycine buffer and 2.5 ml distilled water. The
phenolphthalein liberated was measured at 540 nm us-
ing a spectrophotometer, and the enzyme activity was

Figure 1. Mucosal surface view of AOM-induced unsectioned
rat colon stained with methylene blue showing crypt foci with
five aberrant crypts; magnification x100.

expressed as milligrams of phenolphthalein liberated
per hour per gram feces.

Statistical Analysis. The data were analyzed sta-
tistically by analysis of variance and Duncan’s multi-
ple range test.

Results

The body weights of animals fed the control and
Bifidobacterium diets were comparable and no signif-
icant differences among the groups were observed
throughout the study (data not shown). Figures 1 and
2 show the photomicrograph of colonic ACF of ani-
mals treated with carcinogen or normal saline (vehi-
cle). As shown in Figure 1, the ACF were distin-
guished by their increased size, thicker epithelial lin-
ing, and increased pericryptal zone, and were
observed in the AOM-treated animals fed the control
and Bifidobacterium diets. It should also be noted that
Figure 1 shows a focus containing five crypts. There
were no ACF formed in animals treated with vehicle
(normal saline) as shown in Figure 2.

Figure 2. Mucosal surface of normal rat colon treated with sa-
line with no aberrant crypts; magnification x40.
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Table I summarizes the effect of B. longum on
ACF formation and its characteristics. A significant
inhibition in the development of total number of ACF
was observed in animals fed 1.5% and 3% Bifido diets
as compared with those fed the control diet (P < 0.01-
0.001). In addition, total number of aberrant crypts per
colon were also significantly reduced in animals fed
the cultures of B. longum as compared with the ani-
mals fed control diet (P < 0.001). The percentage in-
hibition of ACF ranged from 43 to 53 in animals fed the
Bifidus cultures. There were, however, no differences
between the animals fed 1.5% and 3% B. longum diets.
The crypt multiplicity was analyzed by categorizing
the number of crypts/focus. Among crypt multiplicity
(number of crypts/focus), two crypts/focus were
higher in all three groups as compared with one, three,
and four or more crypts/focus. But the crypt multiplic-
ity (one, two, three, or four or more crypts/focus) was
significantly reduced (P < 0.001) in the animals fed the
cultures of B. longum as compared to those fed the
control diet.

The effect of B. longum on fecal bacterial B-gluc-
uronidase activity is shown in Table II. A significant
decrease in the activity of p-glucuronidase was ob-
served in the animals fed the B. longum diets as com-
pared with those fed control diet (P < 0.001). There was,
however, no difference among the B. longum diets.

Discussion

The present study was undertaken to determine (i)
the modifying effect of cultures of B. longum on early
colonic preneoplastic lesions using ACF formation in a
widely used animal model and (ii) the metabolic activ-
ity of gut microflora using B-glucuronidase as an indi-
cator. The findings of this study demonstrate the pro-
tective effect of B. longum towards the AOM-induced
ACF formation as compared with control diet, sug-
gesting that this lactic bacteria might have an inhibi-
tory effect in the formation of AOM-induced colon
tumors. This was based on the evidence that four or
more aberrant crypts/focus was a consistent predictor

of tumor incidence (35). The results of the present
study, however, could not differentiate whether the
inhibitory effect B. longum on ACF is at the initiation
or postinitiation stage of carcinogenesis because the
cultures were administered before, during, and after
the AOM treatment until termination of the study.
With regard to the modulating effect of tumor promot-
ers and inhibitors on ACF development, McLellan and
Bird (32) have demonstrated that feeding of diets con-
taining 1% disulfiram (DSF) 9 days prior to and 14
days after single injection of AOM or DMH resulted in
complete inhibition of ACF in CF1 mice. DSF has
been shown to inhibit colon cancer in mice given DMH
or its metabolite, AOM (33, 34). Previous studies dem-
onstrated that crypt multiplicity was higher in the an-
imals fed cholic acid, a known colon tumor promoter
suggesting the importance of this parameter of ACF as
an early marker (35). Therefore, this characteristic ap-
pears to be responding to modulating effect of tumor
promoters. Among the aberrant crypt foci character-
istics, crypt multiplicity (number of crypts per focus)
has been considered as one of the consistent predic-
tors of tumor outcome (35). Our results show that the
occurrence of two crypts/focus was higher as com-
pared with one, three or four crypts/focus in all dietary
groups. However, feeding of B. longum cultures not
only reduced the formation of one, two, and three
crypts/focus but also significantly inhibited the forma-
tion of four or more crypts/focus. A number of animal
model studies have demonstrated that dietary L. aci-
dophilus or B. longum inhibit DMH- or 1Q-induced
colon carcinogenesis in laboratory animal models (7,
9). The results of the present study, which indicate
that lyophilized cultures of B. longum a lactic acid-
producing bacteria indigenous to human colon, inhib-
ited the formation and multiplicity of preneoplastic
ACF in the colon, provide some evidence for potential
colon tumor-inhibitory properties of lactic cultures
and fermented dairy products.

Though the mode of action of B. longum is not
completely understood, it is possible that it can alter
the physiological condition in the colon by affecting

Table I. Effect of Bifidobacterium longum on AOM-Induced ACF Formation in Male F344 Rats

No. of foci containin
Dietary Total no. of g 10 OI:tt:)a;r?gﬁt
: r more
regimen ACF/colon 1 Crypt 2 Crypts 3 Crypts orypts crypts/colon
Control diet 101 = 16.07 176 £ 4.9 39.4 £99 25957 19.0 = 5.3 249 + 54
1.5% Bifido 52.9 + 14.6°** 6.6 = 4.5°* 21.1 = 590~ 12.7 + 3.7°* 12,5 + 5.6** 142 + 372
(48)° (63) (46) (51) (34) (43)
3% Bifido 47.1 £ 19.3°*** 5.5 + 530 19.1 + 3.3°** 11.8 £ 1.3° 10.6 = 4.7°** 130 + 46°***
(53) (69) (52) (54) (44) (48)

2 Values are mean = SD; n = 11.

% Significantly different from control diet; *P < 0.05, **P < 0.01, ***P < 0.001.
°Values in parenthesis represent percentage of inhibition when compared with control diet.
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Table Il. Effect of Bifidobacterium longum on the
Fecal Bacterial B-Glucuronidase in Male

F344 Rats
Dietary regimen B-Glucuronidase®
Control diet 33=12°
1.5% Bifido 2.2 + 0.65°
3% Bifido 1.9 = 0.68°

# Values are expressed as mg of phenolphthalein liberated/hr/g
of feces.

® Values are mean * SD; n = 11.

¢ Significantly different from control diet, P < 0.001.

the metabolic activity of intestinal microflora. The
species of Lactobacilli and Bifidobacterium as dietary
supplements have been shown to have a suppressive
effect towards several enteropathogenic organisms
such as E. coli and C. perfringens (16, 36, 37). In this
study, we have shown that B. longum significantly re-
duced the colonic B-glucuronidase activity. From the
reduced activity of B-glucuronidase, it is clear that
there could be a decreased production of active carci-
nogenic metabolites being transported to the colon. In
this connection, Tohyama et al. have shown that ad-
ministration of B. breve reduced the activity of bacte-
rial enzymes such as B-glucuronidase, tryptophanase,
and lysine decarboxylase in feces (38). Furthermore,
Goldin and Gorbach have observed that Lactobacillus
supplements significantly decreased the levels of bac-
terial B-glucuronidase (19, 39). The significance of this
bacterial enzyme should be considered in the light of
its importance in the etiology of colon cancer (40).

In conclusion, the results of this study demon-
strate that lyophilized cultures of B. longum, a lactic
acid bacillus in the colon, inhibit the formation of
AOM-induced preneoplastic lesions in the colon and
fecal bacterial B-glucuronidase. Further studies are re-
quired to corroborate these findings on the inhibition
of AOM-induced colon tumorigenesis in this model
system.
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