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SUMMARY

The effect of L-arginine on growth of rat mammary
tumors induced by 7, l2-dimethylbenz(a)anthracene was
studied. Growth of induced tumors was inhibited by feeding
rats an arginine-enriched diet containing 5% L-arginine in
addition to the necessary components for rats, including
15% milk casein. The diet significantly reduced both the rate
of tumor induction and the number of tumors induced per
rat. Histological examination showed that the tumors
induced were more benign in rats fed the arginine-enriched
diet than in those fed the control diet. A possible mechanism
of the inhibitory effect of L-arginine is discussed.

INTRODUCTION

The effect of arginine on the growth of experimental
tumors has been reported by several workers. As early as
1942, Beard (2) reported the inhibition of growth of tumors
by amino acids, while Levy et a!. (6) reported that the
growth-inhibiting effects of arginine on the UCLA fibrosar
coma and the Jensen sarcoma depended upon the experi
mental conditions. Weisburger et a!. (1 1) found that argi
nine glutamate completely prevented the carcinogenic effect
of acetamide in rats. Moreover, Nakanishi (7) reported that
arginine is the most effective amino acid for inhibiting the
growth of transplanted Walker 256 carcinosarcoma in rats.
Very recently, Kojima et a!. (5) demonstrated a remarkable
antitumor effect of arginine on Sarcoma 180 in mice.

This paper investigates the inhibitory effect of arginine
enriched diet on growth of rat mammary tumors induced by
DMBA.2

MATERIALS AND METHODS

Female Sprague-Dawley rats from the Breeding Station
for Laboratory Animals, Osaka University, Osaka, Japan,
were used throughout the study. DM BA (15% oil emulsion,

1 This work was supported in part by a grant from The Cancer Research

Foundation, Tokyo, Japan.
I The abbreviation used is: DMBA, 7,l2-dimethylbenz(a)anthracene.
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25 mg/kg body weight, kindly provided by the Upjohn
Company, Kalamazoo, Mich.) was administered to rats i.v.
Tumor induction was examined by palpation.

Rats were fed powdered ration (Oriental Yeast Co.,
Suita, Osaka, Japan) and were given free access to water.
The special ration fed to the experimental groups (arginine
enriched diet) contained the following components: L-argi
nine, 5%; milk casein, 15%; cornstarch, 43%; wheat starch,
10%; oil, 6%; sugar, 5%; vitamins, 2%; minerals, 6%; and
cellulose powder, 8%. The control diet contained cornstarch
instead of L-arginine.

Rats were divided into 6 groups of 20 animals that were
fed an arginine-enriched diet and 6 groups of 15 animals
that were fed a control diet. Thus, a total of 120 rats were
fed an arginine-enriched diet and 90 were fed the control
diet. Feeding of the arginine-enriched diet was initiated 7
days before DMBA administration. When the rats were 50
to 60 days old and weighed 140 to 200 g, they were given a
single i.v. injection of DMBA, 25 mg/kg, as a 15% oil
emulsion. Two rats fed the arginine-enriched diet and 9 rats
fed the control diet died within a few days after DMBA
administration.

RESULTS

Charts 1 and 2 show results of the 118 surviving rats in the
arginine-enriched diet groups and the 81 surviving control
rats. As reported previously (9, 10), the period required for
tumor induction varied considerably in the rats on both
diets. The average periods for tumor induction also varied
in different groups on the same diet. Chart 1 shows the
percentages of rats with tumors at various times after birth.
In rats on the control diet, the 1st tumors were found in
13-week-old rats, and almost 90% of the rats had mammary
tumors at 16 weeks of age. On the other hand, in the
arginine-enriched diet group, tumor induction was signifi
cantly delayed and reduced. The 1st tumor was observed in
a 14-week-old rat, and at 21 weeks of age, only about
one-quarter as many arginine-fed rats had tumors as in the
control groups.

Chart 2 shows the numbers of induced tumors/rat in
animals on the 2 diets. At 20 weeks of age, control rats had
an average of about 5 mammary tumors per animal and
some had more than 10 tumors. On the other hand, rats on
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Bodywt(g)Age

(wk) Control dicta Arginine-enricheddiet'16

177.2 Â±l6.8c 180.6 Â±10.5
18 201.6Â±20.1 198.8Â±15.3
20 231.9 Â±14.8 221.7 Â±14.0
22 245.2 Â±15.0 242.0 Â±15.6a

A total of 30 rats were examined.

C A total of 40 rats were examined.

C Mean Â± S.D.Table

2
Dietary intake by experimentalratsMean

dietary intake/day/rat(g)Age

(wk) Control dicta Arginine-enricheddietb10

14.17 15.21
12 14.18 12.93
14 18.74 14.14
16 12.15 13.38
18 12.82 13.42
20 12.17 13.46
22 11.61 13.66

--@2 6 20242832
Ag. of rats (weeks)

Inhibition by Arginine oJDMBA-induced Rat Mammary Tumors

About 60 tumors from rats on each diet were examined
histologically. Adenocarcinomas were graded as described
by Hilf et a!. (4) As show in Table 3, all the tumors induced
in rats on the control diet were adenocarcinomas and almost
90% were Grade II or Grade III. On the other hand, about
15% of the tumors induced in rats on the arginine-enriched
diet were fibroadenomas. Moreover, about 25% of the
adenocarcinomas were Grade I. These results indicate that
the tumors induced in the arginine-enriched diet group were
more benign than those induced in control rats. The typical
histological features of the fibroadenomas induced in the
arginine-enriched diet group and of the adenocarcinomas
(Grade III) induced in the control group are shown in Figs.
1 and 2, respectively.

Table I
Effect ofdiet on the body weight of rats

C

a-

Chart I . Effect of arginine-enriched diet on the rate of tumor induction
by DMBA. An arginine-enriched diet was fed to 118 rats, and the induction
of mammary tumors by DMBA was examined, as described in the text. A
control diet was fed to 8 1 rats. Percentages of rats with tumors are shown;
., arginine-enriched diet; 0, control diet.

C

C

Age of rats (weeks)

Chart 2. Effect of arginine-enriched diet on the average number of
tumors induced per rat by DMBA. The average numbers oftumors per rat
shown were calculated from values of the same experiments as for Chart I;
., arginine-enriched diet; 0, control diet.

the arginine-enriched diet had an average of less than I
tumor/animal.

The arginine-enriched diet did not decrease the body
weight of rats significantly (Table 1), although rats without
induced tumors tended to be lighter than those with tumors.
The amounts of dietary intake by the control group and by
the arginine-enriched diet group did not vary significantly
(Table 2).

To confirm the inhibitory effect of arginine-enriched diet
on tumor induction, 15 rats were fed on the arginine
enriched diet for 3 months and 15 rats were fed on the
control diet. As shown in Chart 3, the rate of tumor
induction in the control group was similar to that in other
experiments, while no tumor induction was observed in the
arginine-enriched diet group. When the rats were 20 weeks
old, the arginine-enriched diet was replaced by the control
diet and observations of the animals were continued.
Induction of tumors was 1st detected in these animals at 27
weeks of age and, subsequently, tumor induction increased
steadily, 80% of the animals having tumors at 30 weeks of
age. This indicates that the arginine-enriched diet inhibits
the growth of tumors but does not affect the initiation of
tumor induction by DMBA, so that when supplementation
of arginine was discontinued, growth of tumors increased
significantly.

14 6 8 20 22

Age of rats (weeks)

12 4 6 8 20 22

a A total of 30 rats were examined.

0 A total of 40 rats were examined.

E

a.

Chart 3. Effect of control diet on the induction of tumors by DMBA.
Fifteen rats were fed control diet (0). The other 15 rats were fed an
arginine-enriched diet for 3 months and then the control diet (â€¢).Arrow,
time when the arginine-enriched diet was replaced by the control diet.
Percentages of rats with tumors are shown.
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Histological
gradingTumors

induced
in control

groupTumors

induced
in arginine-enriched

dietgroupNo.%No.

%Fibroadenoma009

14.5AdenocarcinomaGradel610.316

25.8Gradell4679.431
50.0GradeIll610.36

9.7Total58100.062

100.0

Y. Takeda et a!.

polyamine metabolism. Recently, evidence has accumulated
that poiyamine synthesis is necessary in rapidly growing
tissues, including tumor cells (I, 3, 8), and the preliminary
experiments in this laboratory have shown that polyamine
synthesis is significantly depressed in rats on an arginine
enriched diet. If polyamine synthesis in rats is inhibited by
excess arginine, this might result, in turn, in inhibition of the
syntheses of nucleic acids and proteins. Further studies of
this possibility are now in progress in our laboratory.
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DISCUSSION

Arginine has been found to inhibit the growth of several
experimental tumors. Weisburger a a!. (1 1) demonstrated
that arginine glutamate inhibited the induction of liver
tumors in rats by acetamide and proposed that the inhibi
tory effect of arginine was specific to the carcinogenicity of
acetamide. They discussed the effect of arginine in relation
to the metabolism of ammonium ions. However, the
inhibitory effect of arginine on tumor growth is not specific
to rat liver tumors induced by acetamide, since similar
effects of arginine have been observed with Emge sarcoma
in rats (2), UCLA fibrosarcoma, and Jensen sarcoma in rats
(6), Walker carcinosarcoma 256 in rats (7), and Sarcoma
180 in mice (5). The present work provides additional
evidence of the inhibitory effect of arginine on tumor
growth.

With regard to the mechanism of the inhibitory effect of
arginine on tumor growth, Nakanishi (7) proposed that
inhibition of pyrimidine biosynthesis by arginine resulted in
a shortage of nucleic acids for growth in tumor tissues.
However, this seems unlikely, since the biosynthesis of
pyrimidine is not controlled only by arginine.

In this study, the effect of arginine was examined on rat
mammary tumors induced by DMBA. This experimental
system seems very useful for elucidating the mechanism of
the inhibitory effect of arginine, since a single injection of
DMBA into rats of about 8 weeks of age results in tumor
induction in almost all the animals within 16 weeks. This
study does not give any information on the mechanism of
the inhibitory effect of arginine. However, several prelimi
nary experiments in this laboratory have suggested the
attractive hypothesis of a relationship between arginine and
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Fig. I. Fibroadenoma induced in a rat fed an arginine-enriched diet H & E, x 200
Fig. 2. Adenocarcinoma (Grade III) induced in a rat fed on control diet. H & E, x 200.
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