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Chemoprevention of N-Nitroso-N-methylurea-induced Rat Mammary
Carcinogenesis by Soy Foods or Biochanin A
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We examined the effects of soybeans, a soy product (miso) and hiochanin A, an isoflavone deriva-
tive, on N-nitroso-N-methylurea (MNU)-induced ral mammary carcinogenesis. Seven-week-old
female CD/Crj rats reccived a single Lv. dose (40 mg/kg body weight) of MNU. Afier administra-
tion of MNU, rats were fed diet containing 0% (control), 2% or 10% soybeans, or 10% miso as a
soy-supplemented dict, or 310 or 50 mg/kg biochanin A. All rats were observed for 18 weeks after
MNU adminisiration. At 1§ weeks, the mnltiplicity (mean tumors/rat} of palpable mammary
tumors was significantly decreased in the 10% seybean (1.1) and 10% mise (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 ruts with tumors) was significantly decreased in the 50 mgfkg (32%) dict
group compared 10 the control (80%) (P<0.01), and the multiplicity was significantly decreased in
hoth the 10 mg/kg (0.7) and 50 mg/kg (0.5) diet groups compared to the contrel (2.2} (P<0.01 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 lo the con-
trol. The present results indicate that soybeans, miso, and hiochanin 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 cffect of soy-
in Japan, and this cancer is predicled 1o become the major beans, miso and biochanin A on N-nitroso-N-methylurea
cancer among females in Japan in the near future.” An (MNU)-induced rat mammary carcinogenesis, and al the
epidemiological siudy recommended thatl excess intake of same time, we examined cell proliferation of mammary

fat, especially animal fat, and calories be avoided.” There- tumors in rats given specified diets. Biochanin A is an
fore, there has been an increasing public demand for  .isoflavone derivative and a precursor of genistein.
imformation on healthy foods that may help in the primary

prevention of cancers. Anmimal studies have revealed a pro- MATERIALS AND METHODS

lective effect of soy foods against radiation- or chemical- '

induced rat mammary carcinogenesis.>? A similar conclu- Animals Female CD/Crj Sprague Dawley (SD) rats were
sion was reached on the basis of epidemiological -studies purchased from Charles River Japan, Inc. (Hino) and used

in Hawaii by Nomura er al.” and in Japan by Hirayama®; in the presem study. Four or five rats were housed 10-
both studies found that the fermented soybean product, gether in autoclaved cages with sterlized wood chips and
miso, appeared to have an inhibilory effect on mammary kept in a room under controlled temperaiure (24+2°C) and

cancer in premenopausal women. We have previously homidity (55£10%), with a regular 12 h-light, 12 h-dark

shown that miso has a protective effect against radiation cycle. All rats were given food and tap water ad Iibitum.
njuries, ™ and also reduces liver and gastric tumornigene- Rats were maintained under the guidelines set forth in the
sis in experimental animals.”’ The optimum level of miso ‘Guide for the Care and Use of Laboralory Animals’ es-
in the diet was 10%. Miso contains a vanety of biologi- tablished by Hiroshima University.

Supplement of specified diets and chemicals Rals were

cally active subsiances, including botanic proteins, vila-
fed a commercial control diet MF (Oriental Yeast Co.,

mins, fals, enzymes, carbohydrates, saponins, isoflavones,

phvtosterols, and lectins.® " Among these, two iscfla- Tokyo) supplemented with soybeans, miso or biochanin
vones, genisiein and daidzein, are known 1o have various A. The soybean diets were made by mmxing 2% and 10%
biological activities 1% powdered soybeuns provided by Hiroslhima Soy Sauce Co.

{Hircshima) with 98% and 90% powdered MF, respec-
vvely, and formed into biscuits. The miso diet was simi-
larly prepared by mixing 10% dry red miso provided by
Miso Central Institute (Tokyo) with 90% powdered MF,
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and its composition wag 7.69% water, 24.3% prolein,
6.23%% fat, 2.53% salt and a mixwre of microoreanisms,
flavors and aromatic compounds, unsawrated fatly acid-
ethylester, glycosides, isoflavones, and saponins. The
numpber of calories was 336 keal per 100 g. The 10% miso
diet corresponds to two or three bowls of Japanese-siyle
miso soup per day. Biochanin A (5,7-dihydroxy-4"-me-
thoxyisoflavone) was obtained from Sigma Chemical Co..
St. Louis, MO. Biochanin A was mixed into powdered
MF at a dose of 10 mg/kg or 50 mg/kg and the feed was
formed mto biscuits. The doses of biochanin A were cho-
sen on the basis of previous experiments in mice.'> ¥
MNU was obtained from Sigma Chemical Co., and-dis-
solved in 0.9% NaCl solution.
Experimental procedure Under light ether anesthesia,
seven-week-old female SD rais received a single dose (40
mg/kg body weight) of MNU via the right jugular vein,
which was directly exposed by the cui-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 A
diet groups. Rats were maintained on control or specied
diets until the termination of the experiment. Body
weights were measured every 2 weeks. Beginning al 4
weeks after MNU administration, the location and number
of palpable mammary tumors were recorded, and the size
was measured with calipers under light ether anesthesia
every 2 weeks until the termination of the experiment. All
rats were observed up to 18 weeks and killed at 19 weeks
aflter MNU administration. All gross palpable mammary
lesions were excised, fixed in 10% phosphate-buffered
neutral formalin, embedded in paraffin and serially sec-
tioned at 3 um. Sections were routinely stained with he-
matoxylin and eosin and examined. Organs were weighed
and processed for histological study as described above.
For the determination of proliferating cell nuclear anti-
gen (PCNA) in mammary tumors, 42 sections of mam-
mary tumors that developed were randomly selected in
each group, deparaffinized and incubated for one hour ai
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 technigue was carried out using
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-
beled nuclei of 1,000 cells in randomly chosen carcinoma
foci. All slides were scored in a blinded manner by one
person.
Statistical analysis Statistical analysis of the tumor inci-
dences was performed by using the ¥? 1es1, while body
and organ weights, twsmor multiplicities, sizes, and PCNA
index were compared by using Student’s 1 test. The results
were considered statistically significant if the P value was
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0.03 or less. All P values reported were derived from 1wo-
sided statistical 1ests.

RESULTS

General observations The growth curves of rais during
the observation period are shown in Fig. ]: Although the
rals in the biochanin A-supplemented groups showed
slightly reduced body weights compared to the control
group throughout the observalion period, there weré no
significant intergroup differences. The mean body and rel-
ative organ weights al the termination ars_summarized in
Table 1. There were no significant intergroup differences
in the body, liver, uterus, ovary, or adrenal weights.

Effects of soybeans, miso and biochanim A on the oc.
currence of mammary tumors The cunwlative incidence
and muliplicity of palpable mammary tumors are shown
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Fig. 1. Sequential changes in body weights afier MNU adminis-
tration. A, Soy-supplemented groups. @& Control diet, © 2% soy-
bean diet, O 10% soybean diet, A 10% miso diet. B, Biochanin
A-supplemented groups. @ Control diet, A 10 mg/kg diet, 050
mgp/ke diet. Each point is a mean vale.
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Table 1. Body Weights and Relative Organ Weights” in Each Group

factiv . | iar e Uherus wi. Ovary wi, Adrenal v
Group Effective no. Bm'_l) wi. - Liver w1, o (me/i0 o (me/100 o (me/100 o
of rats (&) (g100g BW) gy © Bwy Ew)
Control 20 208+35% 3.0+0.4 20568 54.6+£16.9  20.616.4
Say foods
2% soybean 18 299426 2.9+0.2 203464 5134120 21.6x29
10% soybean 18 202+32 3.0+03 204182 52.629.30 18.844.1
109% miso 20 294229 31203 181248 56.0x17.5 206159
Biochanin A
10 mg/kg 15 291430 3.020.7 202174 45.1%19.3 21.547 4
50 mekg 19 289428 2.9+03 230468 47.0£19.5 4129
BW: Body weight.
a) Relative organ weights were calculated per 100 g of body weight.
k) Valoes are meantSD.
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Fig. 2. Cumulative incidence of palpable mammary wamors afler
MNU administration. A, Soy-supplemented groups. @ Control
diet, © 2% soybean dict, D 10% soybean dier, 4 0% miso dict.
B. Biochanin A-supplemented grovps. @ Comrol diet, A 10 mg/
kg diei, 050 mg/kg diet. Euch point 38 & mean percent inci-
dence. 5# Significantly different from the control a1 P<0.01.
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Fig. 3. Cumulative multiplicity of palpuble mammary tumors
after MNU administration. A, Soy-supplemented eroups. @ Con-
ol diet, © 2% soybewns dier, O 10% soybean diet, A 10% miso
diet. B, Biochanin A-supplemented zrovps. @ Contro} diet, A 10
mg/kg diet, 1050 mg/kg diet. Each poinl is a mean value. #, s#,
+4# Significamly differemt from the control a1 P<0.05, P<0.01
and £<0.001, respectively.
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Table 11, Palpable Mammary Tumor Data at 18 Weeks in Each Group
Mammary turnors
Group Effective no. Toral . PCNA den
of rats Incidence? Ge Dtlu.?mrzfr’;c o Multiplicity® '%m ex
Control 20 16/20 80 43 204187 8.742.]
Soy foods
2% soybean 13 13/18 72 28 1.6%1.9 7.0£1.7
10% soybean 18 11718 61 20 1.141.4% 6.3%1.4
10% miso 20 12/20 60 23 1.24).2% 7.230.4
Biochanin A
10 mg/ke 19 11/19 58 14 (.740.8” 5.6+1.67
50 mp/kg 19 6/19 327 9 0.520.8" 4.542.50

@) Tumor incidence was expressed as number of rats with tumor per effective number of rats.
5) Tomor naultiplicity was calculaled as number of tumors per effective number of rats.

€) Values are meaniSD.

d) Significantly different from control, P <0.05.
¢) Significantly different {from control, P < 0.01.
S} Significaniy different from conirol, P < 0.001.
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Fig. 4. High-performance liquid chromatogruphy (HPLC) profiles of genistein in a serum sample of a rat given 10% miso diet (A),
control diet (B), and 2 standard sample (C). The samples were injected into a packed column of C-18 (5 um panticle size, 4 mm
i.d.x1 50 mm). The mobile phase was a gradient of 0-60% acetonitrile in 0.1% trifluoroacetic acid during 45 min, pumped al a rate of
1.5 ml/min, and the elution profile was monitored at 262 nm. All chromatographic procedures were performed at ambient temperature.
A pezk fraction corresponding 10 genistein in a standard sample was detecled ot the relention time of 20 min. A peak fraction (*) coin-
ciding with the retention time of genistein was detected in 2 sample from a rat given 10% miso diet, but not in a sample from a rat

given the contro) diet.

in Figs. 2 and 3, respectively, and those observed at 18
weeks are summarized in Table H. There were no signifi-
cant inteygroup differences in the incidence of palpable
mammary tumors in the soy-supplemented groups during
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the chservation period (Fig. 2). However, umor multiplic-
ity in the 10% soybean and 10% miso diet groups were
significantly lower than that in the control group at 18
weels (P<0.05, respectively). At 18 weeks, the tumor in-




cudence 10 the 50 mg/kg biochanin A diel group was sig-
niticamly lower than that in the control aroup (P<0.01),
and the twmor multiplicity in both the 10 mg/ke and 30
meg/ke biochanin A diet groups was significantly lower
than that 19 ihe control group (P<0.01 and P<0.001, re-
spectively). Inhibition of wmor muliplicity in the biocha-
nin A-supplemented diet groups showed a dose-response
relationshep.

All of the MNU-induced rat mammary temors in the
present study were histologically non-invasive papillotu-
bular carcinomas. The PCNA mdex in mammary tmmors
was significantly decreased in the biochanin A-supple-
mented groups compared 1o the control (£<0.001, respec-
tively). There were no significant differences in PCNA
index between control and soy-supplemented proups
(Table I1).

DISCUSSION

We have previously reported that the soy product miso
reduced spontaneons or fission neutron-induced liver
lumorigenesis 1 mice,”  N-methyl-N'-nitro-N-niiroso-
guanidine-induced gastric wmorigenesis in rais,'™ and
azoxymethane-induced colonic abervant crypt foci in
rats."” Several animal studies have also shown an inhibi-
tory effect of soy foods on spontaneous and chemically
induced manumnary carcinogenesis.'® Soy foods contain
significant amounts of wwo isoflavones, genistein and
daidzein, which have various biological activiiies and anti-
tumorigenic effects. These isoflavones, especially geni-
stein, have been proposed to inhibit tyrosine-specific
protein kinases,' DNA topoisomerases 1 and 11, angio-
genesis,”? the growth of cultured human gasiric cancer
cell lines,' and cell cycle amrest at G,-M.*® Recently, i
was reported that genistein was found at higher levels in
miso than in other soybean-relaled products, such as soy
powder, soy milk, tofu, natto, and soy sauce.®® Likewise,
in our preliminary experiment, we clearly identified the
presence of gemistein in serum of rais given 10% miso
diet, but not in serum of rats given control diet (Fig. 4), by
high-performance liguid chromatography (HPLC). Geni-
stein hus an antiestrogenic activity. It compeles with 17)-
estradiol in receptor-binding assays,™ ™ and inhibits the
estrogenic effects of estrone, estradiol and diethylsul-
bestrol.*77 The role of estrogen in the initiation and
promotion of mammary cancer has Jong been recognized.
The growth of mammary cancer can also be inhibited by
the deprivation of estrogens via blockade of symhesis of
estradiol or its precursors.™ Thus, it is likely that the
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