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Chemoprevention ofN-Nitroso-N-methylurea-induced Rat Mammary
Carcinogenesis by Soy Foods or Biochanin A
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Department of Cancer Research, Research Institute for Radiation Biology and Medicine, Hiroshima
University anc?Second Department of Surgery, Hiroshima University School of Medicine, 1-2-3 Kasumi,
Minami-ku, Hiroshima 734-8553

We examined the effects of soybeans, a soy product (miso) and biochanin A, an isoflavone deriva-
tive, on N-nitroso-N-methylurea (MNU)-induced rat mammary carcinogenesis. Seven-week-old
female CD/Crj rats received a single i.v. dose (40 mg/kg body weight) of MNU. After administra-
tion of MNU, rats were fed diet containing 0% (control), 2% or 10% soybeans, or 10% miso as a
soy-supplemented diet, or 10 or 50 mg/kg biochanin A. All rats were observed for 18 weeks after
MNU administration. At 18 weeks, the multiplicity (mean tumors/rat) of palpable mammary
tumors was significantly decreased in the 10% soybean (1.1) and 10% miso (1.2) diet groups com-
pared to the control (2.2) P<0.05, respectively). In the biochanin A-supplemented diet groups, the
incidence (percentage of rats with tumors) was significantly decreased in the 50 mg/kg (32%) diet
group compared to the control (80%) P<0.01), and the multiplicity was significantly decreased in
both the 10 mg/kg (0.7) and 50 mg/kg (0.5) diet groups compared to the control (2.Rx0.01 and
P<0.001, respectively). The proliferative cell nuclear antigen labeling index of mammary tumors
was significantly decreased in both biochanin A-supplemented diet groups compared to the con-
trol. The present results indicate that soybeans, miso, and biochanin A are useful for the preven-
tion of mammary cancer.
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The incidence of mammary cancer has been increasing In the present study, we investigated the effect of soy-
in Japan, and this cancer is predicted to become the majbeans, miso and biochanin A d&fnitrosoN-methylurea
cancer among females in Japan in the near fdtuke. (MNU)-induced rat mammary carcinogenesis, and at the
epidemiological study recommended that excess intake cdame time, we examined cell proliferation of mammary
fat, especially animal fat, and calories be avoitidthere-  tumors in rats given specified diets. Biochanin A is an
fore, there has been an increasing public demand foisoflavone derivative and a precursor of genistein.
information on healthy foods that may help in the primary
prevention of cancers. Animal studies have revealed a prayaTERIALS AND METHODS
tective effect of soy foods against radiation- or chemical-
induced rat mammary carcinogenésfA similar conclu-  Animals Female CD/Crj Sprague Dawley (SD) rats were
sion was reached on the basis of epidemiological studiepurchased from Charles River Japan, Inc. (Hino) and used
in Hawaii by Nomureet al® and in Japan by Hirayafia in the present study. Four or five rats were housed to-
both studies found that the fermented soybean producgether in autoclaved cages with sterilized wood chips and
miso, appeared to have an inhibitory effect on mammarykept in a room under controlled temperaturet@4€) and
cancer in premenopausal women. We have previoushhumidity (55:10%), with a regular 12 h-light, 12 h-dark
shown that miso has a protective effect against radiatiortycle. All rats were given food and tap wadel libitum
injuries® ” and also reduces liver and gastric tumorigene-Rats were maintained under the guidelines set forth in the
sis in experimental animats. The optimum level of miso ‘Guide for the Care and Use of Laboratory Animals’ es-
in the diet was 10%. Miso contains a variety of biologi- tablished by Hiroshima University.
cally active substances, including botanic proteins, vita-Supplement of specified diets and chemicalsRats were
mins, fats, enzymes, carbohydrates, saponins, isoflavonefed a commercial control diet MF (Oriental Yeast Co.,
phytosterols, and lectirfs!® Among these, two isofla- Tokyo) supplemented with soybeans, miso or biochanin
vones, genistein and daidzein, are known to have variou8. The soybean diets were made by mixing 2% and 10%
biological activities*? powdered soybeans provided by Hiroshima Soy Sauce Co.

(Hiroshima) with 98% and 90% powdered MF, respec-
Present address: Department of Surgery, Gotoh Hospital, 1-g-28vely, and formed Into biscuits. The miso diet was simi-
Higashi-chuo, Kure, Hiroshima 737-0052. larly prepared by mixing 10% dry red miso provided by
4To whom correspondence should be addressed. Miso Central Institute (Tokyo) with 90% powdered MF,
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and its composition was 7.69% water, 24.3% protein,0.05 or less. AIP values reported were derived from two-
6.23% fat, 2.53% salt and a mixture of microorganisms,sided statistical tests.
flavors and aromatic compounds, unsaturated fatty acid-
ethylester, glycosides, isoflavones, and saponins. The&gsuLTs
number of calories was 356 kcal per 100 g. The 10% miso
diet corresponds to two or three bowls of Japanese-styl&eneral observationsThe growth curves of rats during
miso soup per day. Biochanin A (5,7-dihydroXyrde- the observation period are shown in Fig. 1. Although the
thoxyisoflavone) was obtained from Sigma Chemical Co.rats in the biochanin A-supplemented groups showed
St. Louis, MO. Biochanin A was mixed into powdered slightly reduced body weights compared to the control
MF at a dose of 10 mg/kg or 50 mg/kg and the feed wagroup throughout the observation period, there were no
formed into biscuits. The doses of biochanin A were cho-significant intergroup differences. The mean body and rel-
sen on the basis of previous experiments in Afid®. ative organ weights at the termination are summarized in
MNU was obtained from Sigma Chemical Co., and dis-Table |. There were no significant intergroup differences
solved in 0.9% NaCl solution. in the body, liver, uterus, ovary, or adrenal weights.
Experimental procedure Under light ether anesthesia, Effects of soybeans, miso and biochanin A on the oc-
seven-week-old female SD rats received a single dose (4€urrence of mammary tumors The cumulative incidence
mg/kg body weight) of MNU via the right jugular vein, and multiplicity of palpable mammary tumors are shown
which was directly exposed by the cut-down method.
After MNU administration, rats were divided as follows;
control diet group, 2% and 10% soybean diet and 10%
miso diet groups, and 10 mg/kg or 50 mg/kg biochanin 2
diet groups. Rats were maintained on control or specifie
diets until the termination of the experiment. Body 300 | A
weights were measured every 2 weeks. Beginning at
weeks after MNU administration, the location and numbe
of palpable mammary tumors were recorded, and the siz
was measured with calipers under light ether anesthes 250 -
every 2 weeks until the termination of the experiment. All
rats were observed up to 18 weeks and killed at 19 weel
after MNU administration. All gross palpable mammary
lesions were excised, fixed in 10% phosphate- buffere<
neutral formalin, embedded in paraffin and serially sec 2
tioned at 3um. Sections were routinely stained with he-
matoxylin and eosin and examined. Organs were weighe ,9 150 -
and processed for histological study as described above. 2

For the determination of proliferating cell nuclear anti- s, 300} B
gen (PCNA) in mammary tumors, 42 sections of mam- g
mary tumors that developed were randomly selected i @
each group, deparaffinized and incubated for one hour
room temperature with monoclonal mouse anti-PCNA
(Dako-PCNA, PC10, Dakopatts A/S, Denmark) at a dilu-
tion of 1:50. Visualization of stained cells by the three-
stage immunoperoxidase technique was carried out usir 200 -
a Histofine Sab-Po(M) Kit obtained from Nichirei Co.
(Tokyo). The percentage of cells with PCNA incorpora-
tion (labeling index) was determined by counting the la-

200

250

beled nuclei of 1,000 cells in randomly chosen carcinom 180~ 0 2 4 6 8 10 12 14 16 18
foci. All slides were scored in a blinded manner by one . .
person. Weeks after MNU administration

Statistical analysis Statistical analysis of the tumor inci- Fig. 1. Sequential changes in body weights after MNU adminis-

dences was performed by using tkietest, while body  yaton. A Soy-supplemented groups.  Control diat, 2% soy-
and organ weights, tumor multiplicities, sizes, and PCNApean diet, 0 10% soybean diet, 10% miso diet. B, Biochanin
index were compared by using Studemtiest. The results A-supplemented group#® Control diet, 10 mg/kg diet, 50
were considered statistically significant if tRevalue was  mg/kg diet. Each point is a mean value.
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Table I. Body Weights and Relative Organ WeiglitsEach Group

Uterus wt. Ovary wt.  Adrenal wt.

Effective no.  Body wt. Liver wt.
Group of rats (9) (9/100 g BW) (mg(/lvt)JO 9 (mg(/lvt)JO 9 (mg(k())O 9
Control 20 29a&35” 3.0t0.4 20568 54.616.9 20.66.4
Soy foods
2% soybean 18 2926 2.90.2 20364 51.312.0 21.62.9
10% soybean 18 2932 3.:0.3 20482 52.69.30 18.84.1
10% miso 20 29429 3.1#0.3 18148 56.@17.5 20.&5.9
Biochanin A
10 mg/kg 19 29130 3.G:0.7 20274 45.#19.3 21.57.4
50 mg/kg 19 28928 2.90.3 2368 47.219.5 19429
BW: Body weight.
a) Relative organ weights were calculated per 100 g of body weight.
b) Values are meas$sD.
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Fig. 2. Cumulative incidence of palpable mammary tumors afterFig. 3. Cumulative multiplicity of palpable mammary tumors

MNU administration. A, Soy-supplemented groups.  Control after MNU administration. A, Soy-supplemented grou@s.  Con-

diet, © 2% soybean dietl 10% soybean diet, 10% miso diettrol diet, © 2% soybean dieta 10% soybean diet, 10% miso

B, Biochanin A-supplemented group®.  Control digt, 10 mg/diet. B, Biochanin A-supplemented grougs. Control diet, 10

kg diet, O 50 mg/kg diet. Each point is a mean percent inci-mg/kg diet, 0 50 mg/kg diet. Each point is a mean vallé&L]

dencel[T]Significantly different from the control #<0.01. (I Significantly different from the control &<0.05, P<0.01
andP<0.001, respectively.
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Table Il. Palpable Mammary Tumor Data at 18 Weeks in Each Group

Mammary tumors

Group Effective no. -
of rats Incidence % Totf%g?é of Multiplicity PCN&lndex
Control 20 16/20 80 43 2.8 8.7+2.1
Soy foods
2% soybean 18 13/18 72 28 189 7.x1.7
10% soybean 18 11/18 61 20 n4) 6.3t1.4
10% miso 20 12/20 60 23 w22 7.20.4
Biochanin A
10 mg/kg 19 11/19 58 14 otD.&) 5.6t1.6
50 mg/kg 19 6/19 32 9 0.5:0.8 4,529

a) Tumor incidence was expressed as number of rats with tumor per effective number of rats.
b) Tumor multiplicity was calculated as number of tumors per effective number of rats.

¢) Values are mea&D.

d) Significantly different from controP < 0.05.

€) Significantly different from controP? < 0.01.

f) Significantly different from controR> < 0.001.
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Fig. 4. High-performance liquid chromatography (HPLC) profiles of genistein in a serum sample of a rat given 10% miso diet (A),
control diet (B), and a standard sample (C). The samples were injected into a packed column of alBatbcle size, 4 mm

i.d.x150 mm). The mobile phase was a gradient of 0-60% acetonitrile in 0.1% trifluoroacetic acid during 45 min, pumped at a rate of
1.5 ml/min, and the elution profile was monitored at 262 nm. All chromatographic procedures were performed at ambientéemperatu
A peak fraction corresponding to genistein in a standard sample was detected at the retention time of 20 min. A pedR fraiction (

ciding with the retention time of genistein was detected in a sample from a rat given 10% miso diet, but not in a sampl from a
given the control diet.

in Figs. 2 and 3, respectively, and those observed at 1fhe observation period (Fig. 2). However, tumor multiplic-
weeks are summarized in Table Il. There were no signifi-ity in the 10% soybean and 10% miso diet groups were
cant intergroup differences in the incidence of palpablesignificantly lower than that in the control group at 18
mammary tumors in the soy-supplemented groups duringveeks P<0.05, respectively). At 18 weeks, the tumor in-
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cidence in the 50 mg/kg biochanin A diet group was sig-consumption of soy foods containing genistein may
nificantly lower than that in the control group<0.01), provide some protection against mammary cancer. In the
and the tumor multiplicity in both the 10 mg/kg and 50 present study, the multiplicity of mammary tumors was
mg/kg biochanin A diet groups was significantly lower significantly inhibited by a 10% soybean or 10% miso
than that in the control grouf?€0.01 andP<0.001, re- diet, indicating that soy-supplemented diet does have a
spectively). Inhibition of tumor multiplicity in the biocha- preventive effect against mammary cancer.
nin A-supplemented diet groups showed a dose-response Biochanin A is a genistein precursor, that is not present
relationship. in soy foods. Structurally, it differs from genistein only in
All of the MNU-induced rat mammary tumors in the a single methoxy group at the gosition, but it inhibits
present study were histologically non-invasive papillotu-tyrosine-specific protein kinase activity 30-fold less effec-
bular carcinomas. The PCNA index in mammary tumorstively than genisteif® On the other hand, we have previ-
was significantly decreased in the biochanin A-supple-ously reported that biochanin A and genistein inhibited
mented groups compared to the cont®¥@.001, respec- human gastric cancer cell growth approximately equally in
tively). There were no significant differences in PCNA cell culture, buin vivo, when equal doses of biochanin A
index between control and soy-supplemented groupsind genistein were administered to BALB/c athymic nude

(Table II). mice into which human gastric cancer cells had been
transplanted, biochanin A significantly inhibited tumor
DISCUSSION growth, whereas genistein did iétin addition, biocha-

nin A was reported to decrease the incidence and multi-
We have previously reported that the soy product mislicity of benzof]pyrene-induced lung tumors in miég.

reduced spontaneous or fission neutron-induced livein the present study, administration of biochanin A signifi-
tumorigenesis in  mic® N-methylN'-nitro-N-nitroso-  cantly decreased the incidence of mammary tumors at a
guanidine-induced gastric tumorigenesis in ttsand  dose of 50 mg/kg, and the multiplicity of tumors at the
azoxymethane-induced colonic aberrant crypt foci indose of either 10 or 50 mg/kg, and it also significantly de-
rats!” Several animal studies have also shown an inhibicreased the mammary tumor PCNA index at both doses.
tory effect of soy foods on spontaneous and chemicallyThe inhibitory effect of biochanin A on tumor multiplicity
induced mammary carcinogene$isSoy foods contain was dose-dependent. These results suggest that biochanin
significant amounts of two isoflavones, genistein andA could be a useful chemopreventive substance for mam-
daidzein, which have various biological activities and anti-mary cancer, and may also be carcinostatic for mammary
tumorigenic effects. These isoflavones, especially genicancer.
stein, have been proposed to inhibit tyrosine-specific In summary, the results of the present study indicate
protein kinase$? DNA topoisomerases | and #, angio- that soybeans, miso, and biochanin A are all useful for
genesig? the growth of cultured human gastric cancermammary cancer prevention. Further investigation will be
cell lines?® and cell cycle arrest at,®1.?2 Recently, it  required to evaluate the usefulness and mechanism of bio-
was reported that genistein was found at higher levels ichanin A as a carcinostatic drug for mammary cancer
miso than in other soybean-related products, such as sdyeatment.
powder, soy milk, tofu, natto, and soy satie.ikewise,
in our preliminary experiment, we clearly identified the AckNOWLEDGMENTS
presence of genistein in serum of rats given 10% miso
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