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SUMMARY

The effect of intestinal microflora on colon carcinogene
sis by 1,2-dimethylhydrazine and azoxymethane was stud
ied, with the use of germ-free and conventional female
Fischer rats. At 7 weeks of age, germ-free and conventional
rats were treated with 20 weekly intrarectal 1,2-dimethyl
hydrazine (20 mg per kg body weight per week) or sub
cutaneous azoxymethane (10 mg per kg body weight per
week) doses and were autopsied 15 weeks later. Tumors
were induced in the small intestine and colon of germ-free
and conventional rats treated with intrarectal 1,2-dimethyl
hydrazine; the number of rats with colon tumors and the
multiplicity of tumors were decreased in germ-free rats,
compared with conventional animals. Azoxymethane given
subcutaneously increased the incidence and multiplicity of
colon tumors in germ-free rats, compared with conventional
controls. It is concluded that the intestinal microfbora alter
the carcinogenic and/or cocarcinogenic effect of different
compounds in the large intestine.

INTRODUCTION

Within the past few years, an experimental animal model
has been developed to study colon carcinogenesis by the
administration of DMH,2 AOM, and N-methyl-N'-nitro-N-ni
trosoguanidine (3, 8, 15). The spectrum of lesions obtained
and the distribution of tumors are similar to various types of
neoplastic diseases observed in the large bowel of humans
(8, 12-15). The animal models are being used to study the
multiple environmental factors involved in the pathogenesis
of large bowel cancer.

The contribution of intestinal bacteria to colon carcino
genesis in experimental animals was emphasized by La
queur (7). Cycasin, the f3-glucoside of methylazoxymetha
nob, was not active in germ-free rats, since the hydrolysis of
the glucosidic bond occurs in the large bowel only when f3-
glucosidase from bacteria is present (7). However, its agly
cone methylazoxymethanol or its acetate ester was carcino
genic in germ-free rats by several routes of administration
(7). Reddy et a!. (10, 11) have shown that the germ-free
conditions reduced the incidence but did not eliminate the
colonic tumors in Fischer rats by repeated s.c. injection of
DMH. Similar results were obtained by Pozharisski et a!. (9).
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On the other hand, the number of colonic tumors were
higher in germ-free than in conventional Fischer rats ex
posed to i.r. AOM or N-methyl-N'-nitro-N-nitrosoguanidine
(10, 11).

We have now extended our studies to investigate the
effect of intestinal microflora on the colon carcinogenicity
of DMH given i.r. or AOM administered s.c. These experi
ments would indicate whether the route of administration
alters the carcinogenicity of either compound in germ-free
animals.

MATERIALSAND METHODS

Weanling female Fischer conventional and germ-free rats
were obtained commercially (Charles River Breeding Labo
ratory, Wilmington, Mass.) and fed ad libitum steam-steri
lized, fortified Purina laboratory chow 5010C. Germ-free
rats were maintained in Trexler flexible plastic isolators,
and the conventional rats were housed in a temperature
and humidity-controlled clean room. The germ-free status
of the rats was determined at biweekly intervals and also at
the termination of the experiment.

At 7 weeks of age, germ-free and conventional rats, except
controls, received 20 weekly i.r. instillations of DMH at a
dose level of 20 mg per kg body weight per week. In another
series, germ-free and conventional rats, except controls,
were given s.c. injections of AOM at a dose level of 10 mg
per kg of body weight per week for 20 weeks. Prior to
injection, DMH dihydrochloride or AOM was dissolved in
0.9% NaCI solution and adjusted to pH 6.5. Control animals
received weekly an equal volume of 0.9% NaCI solution for
20 weeks. All animals were autopsied 15 weeks after the last
injection, and all organs including the intestines were ex
amined grossly and histologically for the number and types
of tumors. Tissues were fixed in 10% buffered formalin; the
sections were stained with hemato,@ylinand eosin.

The data were analyzed statistically by Student's t test.

RESULTS

Tumor Incidence with DMH. Tumor incidence in germ
free and conventional rats treated with i.r. DMH is shown in
Table 1. Neoplasms of the ear duct, which were squamous
cell carcinomas, were observed in 14 of 28 conventional
animals and in 2 of 28 germ-free rats. Kidney tumors of
mesenchymal type were induced in conventional animals
but none were induced in germ-free rats.

Neoplasms were induced in the small intestine and colon
of germ-free and conventional rats; the number of rats with
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Animals with tumorsClassification and multiplicity of colontumors (perrat)Ear
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Chart 1. Percentage distribution of tumors in the colon of germ-free and
conventional rats treated with i.r. DMH or s.c. AOM. The results are based on
the total number of tumors produced in the colon.

the intestine (3, 12). The current study shows that DMH
administered i.r. induced both small intestinal and large
bowel tumors in germ-free and conventional Fischer rats.
This observation can mean that DMH or its metabolite
reaches the liver after absorption, and is possibly trans
ported via bile or blood stream to various organs. The data
obtained by various investigators also (2, 4-6, 16) suggest
that DMH or its metabolites may reach the intestine via the
biliary route and fecal stream and also via circulation.

In the present study, a low incidence of DMH-induced
colonic tumors was found in germ-free rats, compared with
conventional animals. This study confirmed a previous
study, in which DMH was injected s.c. (10, 11), that mdi
cated that the intestinal microfbora played a modifying role
in increasing colon tumor induction by DMH. Pozharisski et
a!. (9) also found that germ-free conitions reduced the mci
dence of cobonic tumors in rats caused by repeated s.c.
injections of DMH. However, Asano et a!. (1) showed that
weekly p.o. administration of DMH (30 mg/kg body weight
for 10 weeks) induced colonic tumors in Sprague-Dawley
germ-free rats; there were no comparative data in conven
tional animals to assess the possible modifying role of intes
tinal bacteria in colon carcinogenesis.

In contrast to DMH carcinogenesis between germ-free
and conventional rats, the bacteria of the gut seem to ex
hibit a significant inhibiting effect on AOM-induced colon
tumor incidence and tumor multiplicity. We found previ
ously (10) that i.r. instillation of AOM appreciably increased
the multiplicity of colonic tumors in germ-free rats. The
difference in susceptibility between germ-free and conven

Co!on Carcinogenesis in Germ-free Rats

Table 1
Tumor incidence in germ-free andconventional Fischer rats treated with i.r. DMH

â€˜INumbers in parentheses, number of rats.

b Mean Â± SE.

Significantly different from conventional group, p < 0.05.

intestinal tumors was decreased in the germ-free group,
compared with the number in conventional controls. There
were also significantly fewer neoplasms/animal in the colon
of germ-free rats, compared with conventional animals. The
percentage of distribution of adenomas and adenocarcino
mas in the colon was similar in both germ-free and conven
tional rats.

In germ-free rats, small intestinal tumors were localized in
the duodenum at about 2 to 4 cm from the gastroduodenal
junction, whereas, in conventional animals, 80% of them
occurred in the duodenum and the remaining 20% occurred
in the proximal jejunum. The colonic tumors were found
throughout the colon in both germ-free and conventional
rats but occurred more frequently in the distal half of the
colon in conventional animals (Chart 1).

Tumor Incidence with s.c. AOM. There was no difference
in the incidence of AOM-induced neoplasms of the ear duct,
kidney, and small intestine between germ-free and conven
tional rats (Table 2). Multiple cobonic tumors were induced
in all germ-free rats and in 60% of conventional rats. The
number of tumors/rat (adenocarcinomas and adenomas)
was significantly higher in germ-free rats, compared with
their conventional counterparts.

In germ-free rats, small intestinal tumors occurred at
about 2 to 4 cm from the gastroduodenal junction, whereas,
in conventional animals, 75% of them were localized in the
proximal duodenum and the remaining were in the proximal
jejunum. The colonic tumors were localized throughout the
length of the colon but more were in the distal one-half of
the colon in both germ-free and conventional rats (Chart 1).

Histopathology. Microscopically, tumors of the small in
testine and colon in rats treated with DMH were similar to
those given injections of AOM. Small intestinal carcinomas
were well-differentiated adenocarcinomas, and some tu
mors were mucinous adenocarcinomas with extensive inva
sion. Large-bowel carcinomas were polypoid or plaque
shaped and adenomas were pedunculated or sessile types.
In the distal part of the colon, most carcinomas were well
differentiated adenocarcinomas while, in the proximal co
Ion, mucinous adenocarcinomas were prominent. The ear
duct tumors were keratanizing squamous cell carcinomas,
and kidney tumors were of the mesenchymal type.

DISCUSSION

It is well known from studies in experimental animals that
DMH administered s.c. or p.o. is an effective carcinogen for
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Tumor incidencc in germ-freeand conyentional Fischer rats treated with s.c.AOMAnimals
with tumorsClassification and multiplicity of colontumors (perrat)Ear

canal. Small in

KidneytestineColonStatusNo.

%No. % No. %No. %TotalAdenocarcinomaAdenomaGerm-free
(20)Â°

Conventional (28)6
30

7 252
10 11 55

5 18 13 4620
100

17 6074b.
C@ 0.8 2.7c Â± 0.5

1.1 Â±0.2 0.43 Â±0.14,7c
Â±0.6

0.64Â± 0.1

Table 2

I' Numbers in parentheses, number of rats.

h Mean Â± SE.

CSignificantly different from conventional group, p < 0.01.
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tional Fischer rats produced by treatment with DMH and
AOM suggests a key difference in the process of metabolic
activation between these 2 metabolically related colon car
cinogens.

The results of experiments thus far indicate that, in germ
free Fischer rats, the colon carcinogenicity of DMH,
whether administered i.r. or s.c., was reduced, whereas,
with AOM, the carcinogenicity was enhanced. Although the
mechanism needs elucidation, the potential usefulness of
indigenous microfbora to alter the effects of chemical car
cinogen has been demonstrated.
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