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Effects of Miso and NaCl on the Development of Colonic
Aberrant Crypt Foci Induced by Azoxymethane in 344 Rats

Yoshiyuki Masaoka, Hiromitsu Watanabe, Osamu Katoh, Akihiro Ito, and Kiyohike Doki

Abstract: The present study was designed 1o invesrigate the
effects of dietary miso™ and NaCl supplementation. on the
development of aberrant crypt foci (ACF) induced by
azoxymethane (AOM) in male F344 rats. A 1otal of 76 rais,
six weeks of age, were divided into seven groups and given
weekly subcutaneous injections of AOM (15 mglkg body wi)
for three weeks 1o induce ACF. The animals were placed on
diets one wecek before the first AOM dosing. Group 1 was
:d @ normal diet as a contrel. Groups 2—4 were fed diets
containing 5%, 10%, and 20% miso, respectively, and
Groups 5 and 6 were fed diets containing 2.2% and 4.4%
NaCl, respectively, for five weeks. Group 7 was fed a normal
dret withou! carcinogen exposure. Dietary miso inhibited the
development of ACF in a dose-dependent manner (y =-3.9%
+ 140, v = —0.94). Thus rthe mean numbers of ACF per colon
were significamly lower in Groups 3 and 4 than in Group 1
{p < 0.01), and there were fewer aberrant crypts per colon
in Group 4 than in Group 1. NaCl supplementation was
associated with fewer ACF, but this was not staristically
significans. 5-Bromo-2'-deoxyuridine labeling indexes in the
colonic epithelium were significantly lower in Group 3 than
in Group 1 {p < 0.05). The present results indicate that
dietary miso could act as a chemopreventive agent for colon
carcinogenesis.

Iniroduction

Colorecial cancer is the second most frequent cause of
cancer mortality in the United States and the third most
common cancer worldwide (1). Recently, the progressive
introduction of Western dietary habits has been paralleled
by an increase in colon and breast cancer. Miso is fermented
from soybeans, rice, wheat, or oats, and its major constitu-
ents are vitamins, microorganisms, salts, minerals, plant pro-
teins, carbohydrates, and fat. It has wraditionally been used
in the daily diet as a flavor for food in Japan and some other
parts of Asia and is still one of the essential ingredients for
Japanese-style cooking. We earlier reporied chemopreven-

tive effects of miso against intestinal injury in X-irradiated
mice (2). Tt has also been reported that misc reduces the
occurrence of liver and gasiric tumors 1n expenmental ani-
mals (3). Aberrant crypt (AC) foci (ACF) are putative
prencoplastic lesions of colon cancer that are uilized cur-
rently as biological end points to evaluate modulation of
colonic carcinogenesis. Generally, 100% miso paste includes
about 2.2% NaCl, and we have reported that 2 2.2% NaCl
supplement promeles gasiric lwmnorigenesis afler initiation
with N-methyl-N'-nitro-N-nitrosoguanidine in rats (4). How-
ever, if the miso diet has blocking and suppressing effects
against azoxymethane (ACM)-induced ACF, it may be a
possible chemopreventive agent against increasing colon
cancer. In this study, we have examined the chemopreven-
tive potential of miso and NaCl supplements in the colon.

Maierials and Methods

Animals

Male F344/DuCrj rats, six weeks of age al commence-
ment, were purchased from Charles River Japan and housed
five 1o a polycarbonate cage under constant conditions of
1e'mpcralur¢: (24 * 2°C) and relative humidity (55 = 10%),
with a 12:12-hour light-dark cycle. The animals were main-
tained according te the “Guide for the Care and Use of
Laboratory Animals” established by Hiroshima University.
All rals were fed a commercial diet (MF, Oriental Y east,
Tokyo, Japan} (Table 1) alone or with added miso and NaCl.
Miso was supplemented into biscuits at 5%, 10%, and 20%
dry red miso (Miso Central Institute, Tokyo, Japan) (Table
1). The 10% miso diel comresponds 1o lwo or three bowls
of Japanese-style miso soup per day. Similarly, NaCl was
supplemented inlo biscuits al 2.2% and 4.4% NaCl (special
grade, Wako Pure Chemical, Osaka, Japan). The concentra-
tion of 2.2% NaCl corresponds to the concentration of pure
10% miso paste. Normal lap water was also provided ad
libitum. Constituents of miso are shown in Table 1.
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Table 1. Composition of Miso and MF Diet*

thesia, at which time the body and major organ weighg
were measured.

Dry Red Miso MF Diet
Water 18 5.6 Visualization and Histological Examination
Protein 210 24.0
Fat 12.1 51 L .
Carbohydrate 386 54.0 At the termination of the studies, the colon was removed,
Fiber 23 34 flushed with saline, slit open lopgitudinally from cecum 19
Ash 241 59¢ anus, placed on a paper towel, and fixed in 10% buffered
Salt 21.9 0.32 formalin for 24 hours. Foliowing the protocol, cited by Birg
Jsoflavone 0.05 ND and Magnuson (5), the fixed colons were stained with 0.5%

a: Values are expressed as percent. Dry red miso (357 keal/100 g) was
obtained from Miso Central Institute and MF diet (357 keal/100 £)
from Onental Yeast. ND, not determincd.

b: 0L0B% Ca and 0.08% Mg.

e 1L.11% Ca and 0.24% Mg.

Carcinogen

AOM was purchased from Sigma Chemical (St. Louis,
MO).

Experimental Procedure

A total of 76 rats were divided into seven groups. Starling
at seven weeks of age, they were given weekly subcutanecus
injections of AOM (15 mg/kg body wt) for three weeks to
induce ACF. The rats were fed the following diets for five
weeks, starting one week before the first AOM dosing. The
animals were sacrificed two weeks after the last AOM injec-
(ion.

Experimental Groups

The animals in Groups 1 and 6 were injected with AOM.
The animals in Groups 1 and 7 were fed the normal MF diet
throughout the experimental period as controls. The animals
in Groups 2—4 were fed diels containing 5%, 10%, and 20%
miso, respectively. The animals in Groups 5 and 6 were fed
diets containing 2.2% and 4.4% NaCl, respectively.

Autopsy of Animals

One hour before the termination, 5-bromo-2'-deoxyurni-
dine (BrdU) was injected into the peritoneal cavity (0.005
mg/kg body wi). Auvtopsy was performed under ether anes-

Table 2. Mean Body and Liver Weights**

methylene blue for 15-30 minutes. The stained colons were
then placed on a glass slide with the Juminal side up. By
viewing ihe stained colons with the light microscope at a
magnificalion of x20-30, the colons were assessed for the
presence of ACF. The number of ACF per colon, the number
of AC per colon, and the number of AC per focus were
determined. Immunchistochemical analysis of BrdU label-
ing was performed for colonic mucosa from rats at random
in Groups 1-6. The BrdU staining method was as foliows.
After deparaffinization, anti-BrdU clone Bu20a (Dako-
patts) was applied lo the specimens, and they were stained
by Vectastain Universal quck kit (Vector Laborato
Burlingame, CA). BrdU-positive cells in the colonic mu-
cosal epithelium were counted under the microscope at a
magnification of >400. Addilionally, longitudinal-sectional
arcas of the descending colonic epithelivm per visuval held
were recorded al a magnification of %200 using the same
section used by the color image analyzer. Statistical signifi-
cance was determined with Dunnett’s method for mulliple
comparisens using logarithmic transformation and Student’s
I-lest.

Resulits

General Observations

Diet intake and intake of drinking waler were not differ-
cnt among groups (data not shown). The mean body and
liver weights in each group are shown in Table 2. Average
body weights of rats were significantly lower in Groups 3-5
than in Group 1 (p < 0.05-0.01), associated with dianfl
Liver weights in AOM-treated groups were significantly in-
creased compared with nontreated control values (Group 7).

Body Liver Relative Body Weight,
Group No. n Weight, g Weight, g £/100 g body wt
1 (AOM) 17 2457+ 124 8.77+£1.03 356 + 038
2 (AOM + 5% miso) 10 2414+ 6.7 8.58+0.21 3.55 2005
3 (AOM + 10% miso) 10 2338+ 11.0* 862+ 0.88 3702023
4 (AOM + 20% miso) 10 2133+ 68 7911043 a7 =009
5 (AOM + 2.2% NaCh 10 2329+ 697 324+ 029 3.50 £ 015
6 (AOM + 4.4% NaCl) 10 2371 B3 858+ 042 3.63 006
7 (Nontreated) 9 2663 %121 8161023 323 20490

a: Values are means & SD. AOM, azoxymethane.
b: Statistical significance is as follows: significantly different from Group 1D *, p < 0.05: 1, p < 0.01.
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Table 3. Effects of Dietary Miso and NaCl on AQM-Induced ACF in Rat Colons»

Group No. Incidence ACF/Colon AC/Colon AC/Focus
] (AOM) 17117 137.88 + 43,98 25370+ 7380 1.06 £ .77
2 (AOM + 5% misa) 1%/10 13410 £ 52.20 24090+ 9290 183 £ 0.88
3 (AOM + 10% miso) . 10/10 85.60 + 70.50* 163.00 & 130.80 194 £ 096
4 {(AOM + 205 miso) 1010 66.30 £ 62.90* 12440+ 7790+ 1.88 + 0.9]
5 (AOM + 2.2% NaCl) 107110 115.90 + 65.20 199.50 = 9260 182+ 085
6 (AOM + 4.4% Na(C)) 10410 100.40 62,20 159.80 = 95.60 1.61 £ 0.79
7 (Nontreaied) 09 0 G

a: Values are means + SD. ACF, aberrant crypt foci; AC, aberrant erypts.

b Statistical significance is as follows: *, significamly different (p < 0.01) by using Dunnen’s method of moltple comparison.

Liver and relative liver weights did not differ significantly
among the AOM-ireated groups.

Colonic ACF

Table 3 summarizes data for the mean number of ACF
per colon, total number of AC per colon, and mean number
of AC per focus. The rats treated with AOM {Groups 1~6)
showed a 100% incidence of ACF. The average number of
ACF per colon was significantly decreased by feeding 10%
miso (Group 3) and 20% miso (Group 4) compared with
Group 1 (p < 0.01). AC per colon were significantly de-
creascd by feeding the 20% miso diet (Group 4) compared
with Group 1 {p < 0.01). NaCl-supplemented groups showed
fewer ACF, but this was not siatistically significant. There
were no significant differences in number of AC per focus
among the groups.

BrdU Labeling Indexes

BrdU labeling indexes of the colonic mucosal epithelium
were significantly lower in Group 3 than in Group 1 (p < 0.05)
(Table 4). Height of the colonic mucesal epithelium was not
significantly changed in any group (data not shown), but the
longitedinal-sectional areas of the descending colon epithe-
lium were significantly smaller in Group 5 (88,177 + 12,741
Bm?®) than in Group 1 (101,354 £ 16,201 um?, p <0.05). ~

Discussion

ACF are putative preneoplastic lesions of colon cancer
that are currently utilized as a biological end peint 10 svaly-

Table 4. BrdU Labeling Indexes in Colonic Epitheliumet

Group No. " Labeling Index
P (AOM) 40 0.55+ 017

2 (AOM + 5% miso) 17 0.53%0.15

3 (AOM + 10% miso) 7 039 0.11*
4 (AOM + 20% miso) 13 0.50+ 0,15

5 (AOM + 22% NaCl)y 10 0.48 + 0.17

6 (AOM + 4.4% NaCl) 14 047 £ 0.14

a: Values are means = SD; s, number of samples. BrdU, 3-bromo-2°-
deoxyuridine.

b: Siistical sigmficance is as follows: *, significanty differcnt from
Group 1 (p < 0.05).,
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ate colon carcinogenesis and its modulation (5). In the pres-
ent study, dietary administration of miso inhibjted the de-
velopment of AOM-induced ACF in a dose-dependent
manner in the rat colon (y = —3.9x + 140, r = -0.94). Spe-
cifically, the average number of ACF per colon in animals
supplemented with 10% or 20% miso and the AC per colon
in the 20% miso group were significantly decreased ( pP<
0.01). NaCl-supplemented groups also showed a Irend to-
ward a lower incidence of ACF and AC per colon, but this
was nol statistically significant. Ito and co-workers (6) ear-
lier reported that miso reduced spontaneous or fission neu-
iron-induced liver tumors in mice. Watanabe and colleagues
(7) found that miso reduced N-methyl-N-nitro-N-nitroso-
guanidine-induced gastric tumors in rats (7). Recently, Go-
toh and associates (8,9) described an inhibitory effect of
miso on the occurrence of rat mammary carcinogenesis in-
duced by N-nitroso-N-methylurea. Thus miso supplementa-
lion may exert inhibitory effects against various cancers.
Colorectal and maminary cancers were uncommon in Ja-
pan i the past, but recently there has been an increase
because of the progressive introduction of Western dietary
habits. Hirayama (10) reported that frequent miso 50Up con-
sumption is strongly associated with a reduction in gastric
cancer montality, and Watanabe and colleagues (7) provided
supportive experimental evidence. Asahara and others (11)
found that the induction of mutations by Trp-2 was blocked
by miso when an Ames assay was performed. Herman and
co-workers (12) found an inhibitory effect of soy foods, i.e.,
miso, on spontaneous and chemically induced mammary
carcinogenesis. Soy foods contain significant amounts of
two isoflavones, genisiein and daidzein, which have various
biological activities and antitumorigenjc effects. These
isoflavones, especially genistein, have been proposed to in-
hibit tyrosine-specific protein kinases (13), DNA topoisom-

-erases | and 11 (14), angiogenesis (15), and the growth of

coltured human gastric cancer cell lines (16) and to cause
cell eycle arrest at G,-M (17). Recently, Fukutake and col-
leagues (18) reported that genistein is present at higher levels
in miso than in other soybean-related products, such as 50y
powder, soy milk, tofu, natto, and soy sauce. Genistein has
been proposed as the most effective constituent to inhibit
mammary cancer, also possessing anficstrogenic activity
(9,19-21). Gotoh and associates (8) reported that adminis-
tration of biochanin A, a genistein precursor, inhibits the
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development of rat mammary tumors. However, we pre-
viously found that its administration did not reduce colenic
ACF in rats induced by ACM (22). Thus inhibitory effects
of a miso diet against colorectal and mammary cancer may
be due to different constituents. Kawamori and others (23)
reported thal a saponin in soybean inhibited ACF induction
by AOM in rals. Calcium has been hypothesized as being
a regulalor of cell proliferation in the colon, and dietary
intake of calcium inhibits experimental carcincgenesis (24).
It is considered that the inhibitory effect of miso against
ACF induced by AOM is not due to genistein in soybean
NaCl, but rather to minerals or other constituents that are
generated in the process of fermenltation.

In the present study, the BrdU labeling index of the 10%
miso-supplemented group was significantly lower than that
of the control group. In addition, the longitudinal-sectional
arcas of descending colon were significantly smaller in
Group 5 (2.2% NaCl) than in Group 1. However, BrdU
labeling indexes and longitudinal-sectional area did not di-
rectly correlate with the results of ACF and AC induction.
Thus it was suggesied that the development of ACF is in-
hibited by miso but is not dependent on depressed cell pro-
liferation in the colonic epithelium.

In conclusion, the results of the present study indicate that
dietary miso supplementation is useful for colonic cancer
prevention. Further experiments are required Lo evalvate the
effects of individual components, including minerals, in miso.
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