ONCOLOGY REPORTS @ §13-616,

8% 3

2002

Inhibition by long-term fermented miso of induction of gastric
tumors by N-methyl-N'-nitro-N-nitrosoguanidine in CD (SD) rats

MASAYUKI OHARA, HUIMEI LU, KATSUTOMO SHIRAK], YDSHIYUKI ISHIMURA,
TOSHIHIRO UESAKA, OSAMU KATCH and HIROMITSU WATANABE

Department of Environment and Mutation, Research Institute for Radiation Biclogy and Medicine,
Hiroshima University, Kasumj 1:2-3, Mmaml ku, Hiroshima 7?4-85‘6 Japan

Recei\'ed December 17, 2001; Accepted January 23, 2002

Abstract. The present siudy was designed Lo investigate the
effects of fermented miso in Lhe diet on the induction of gastric
wmors by N-methyl-N'-pitre-N-nitrosoguanidine (MNNG) in
male CD (SD) rats: A towal of 120 animals, 6 weeks of age,
were divided into 6 groups and given MNNG (100 ppm) in
the drinking water for 16 weeks. Starting 1 week before the
careinogen treatment the rats- werc fcd a norimal control
MF solid diel, or the same diet containing 10% long-term
fermented, medivm- or short-term fermented miso, or 1%
NaCl unti) the end of the MINNG exposure period. They were
then muintained on the MF conirol diet and normal tep water
until the autopsy time point at 52 weeks. The long-term
fermented miso significantly rcduced the size of the gastric
twmors ay compared with the other ‘groups. The present
resulls thus indicate that digiary supplementation with long-
term fermented miso could act as a chcmoprevenuve agent
:lor gastric carcinogenesis.

Inlrod uct_i on

Miso is produced t{y fermentation of soybeans, rice, wheat or _

oais and its major constiruents are vitamins, enzymes, micro-
organisms, salts, minerals, piant proteins, carbohydrates and
far. It has traditionally been used in the duily diet as 2 flavor
for food inJapan and somo-other parts of Asia and is still one
. of the cssential ingredients reguired for Japanese-styls conking,
Recenty, there has been an increasing demand for so-celled
health faods, with primary prevention of cancer as one of the
expected effects. Epidemiological studies.in Japan by Hirayama
{1) indicated that this fermented soybean product might have
an inhibitory effect on gastric cancer. It has also been found
to reduce the risk of liver tumors occurring spontaneously (2)
or induced by neviron irradiation alone or in combinztion
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with diethyInitrosamine (DEN) (3). Furthermore, inhibition
has been reported for N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG) induced gastric tumorigenesis (4.5), development of
azoxymethane-induced aberrant erypt foci (ACF) (6), and N-

- pitroso-N-methylurea (MNU)-induced rat mammary carcine-

genesis (7-9). Recently, our experimental studies provided
evidence that long-term fermented miso is quite effective in
aiding sccovery of stem cclls in the small intestinal erypt
after rradiation damage (10), also decreasing development of
szoxylmeihane-induced ACF (11). To determine whether
soybeans themselves or the fermentation process may be
imporam, the present study was conducted to assess the effects
of miso at various fermentation-stages on the ‘injtiation’ phase
of MNNG-induetion of rat glandular stomach tumors. .

Materials and methods

Animals. One hundred and twenty, s:x-week-old male Cr_;
CD (SD) rats (Charles River Japan Inc. Hino) were used in the
present study. They were housed 3 or 4 to a polycarbonate
¢age and kepl under consiant conditions of temperature
(2422°C) and relative humidity (55+10%) with a 12.h Jight/
12-h dark cycle. The animals were maintained under the
guidelines set forth in the ‘Guidelines for the Care and Usc of
Laboratory Animals’ established by Hiroshima University.

MNNG (N-methyl-N'-nitro-N-nitrosoguanidine). The
carcinogen was purchased from Aldrich Chemical Co. Inc.
Milwaukee, W1 and dissolved in distilled water at a
concentration of 100 meg/l just before use. This solution was

-given to rats ad libinum for 16 weeks from light-opague bottles

exchanged at 2 or 3-day intervals,

Diet. All rmis were fed a commercial diet {(MF; Oriental Yeast
Co., Tokyo, Japan) alone or with added miso or NaCl Dry
red miso afier short- (3-4 days), medium- (4 months) and
long-term fermentation (6 months) was supplemented into
solid biscuits at 10% (Miso Central Institute, Tokyo, Japan).
Similarly, NaCl was added at [% (special grade,- Wako Pure -
Chemical, Osaka, Japan), this concentration corresponding
to the concentration of £alt achieved with the 10% miso paste
was also provided ad libitum. The diets were supplied with
normal tap water ad [ibirum for 1 week previously and
throughout the period of MNNG exposure, and then the MF

control diet and normal tap water were provided unul the
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Table 1. Intake of diet and MNNG.

Group Diet MNNG (water, Diet+ water
(¢/day/animal) mi/day/animal)
MF 150408 17.6x04 32.6
Short-term 14.020.7 19.4%].8 35.4
Medivm-term . 13.131.2"  [B.5:2.4 1.6
Long-term 14.140.7 19.7%1.7 33.8
NaCl 13.90.8 18.81.9 32.7
Conrol 231212 30.2+12.0 533

" Control (without MNNG) values are significantly diffcrent from
other groups (P<0.01). “Significantly different from the MF value
(P<0.05). *"Significantly different from the MF value (P<0.01),
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Figurc 1. Bedy weight curve: », WT; 0, early; 4, middle; =, Ion;:: o, N;Cl.

autopey time point at 52 weeks. Diet and drinking -warer
consumpiion was measured at the beginning and cnd of
'MNNG treatment. . -

Pathology.. Animals were sacrificed and autopsied if they
became moribund and all remaining ras were sacrificed 12
months afier the commencement of MNNG weaunent. The
stornachs were rernoved, opened along the greater curvature
and extended on cardboard for inspection. The small and
large inleblines were similarly processed. The location of
individual tumors in the small intestine was recorded by

Table I1. Body and organ weizhts (gj. _
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messuring the distance from the pyleric ring, Number and

© size of individual tumors in the large intestine were recorded

and their locations were noted by measuring the disiance
from the anus. All tissues were fixed in 10% neutral Tormalin.

- Tumors in the stomach were classified into two types:

adencomas and adenocarcinomus, the latter teing either well
differentiated (100% well differentiated adenocarcinoma
cells in the tumor) or poorly differentiated (over 70% of the.
wmor consisiing of poorly differentiated adenocarcinoma
cells), invading the muscularis mucosa or further.

Statistical significance. Statistical significance was determined
with the Dunnett method for multiple comparisons, ¥* and
Student’s r-1est.

Results

Intake of diet in medium-term miso group was significantlv
decreased as compared with the MF value, MNNG intake §
the controls was significantly lower than in the shorl-term
fermented (P<0.05) and long-term’ fermented (P<0.01) groups
(Table D). Intake of diet plus MNNG was 31.6 to 33.8 without

. any significant vatiation. . :

Body weight curves are shown in Fig. 1. One month after
the commenccment of MNNG treatnent the body weights in
the MF gzroup were significantly greater than in the other
groups, this continuing until day 94 (P<0.01), and for the

.medivm-term fermented, long-term fermented and NaCl .
. ‘groups untl day 119 (P<0.05). There were no significant
-inter-group differences in body weights.from 150 ¢ays until

the end of the experiment. _ , i

Since small intestinal wmors appeared at 154-days after
the first MNNG treatment, rats which survived beyond this
point were counted in the effective numbers. Mean survival, -
body, sbsolute and relative organ weights did not significantly
vary among the groups (Tables I and III).

Table TV summarizes data for tumor induction. Incidences
of total and single site tumors, as well as cumulative incidences
did not significantly differ among the groups. However.
average size of pastric tumors in the long-term fermented
group was significantly emaller than the MF value (P<0.05)
and this also extended 10 gastric adenocarcinornas (P<0.05).
Values for the early-stage fermented miso group were

* significantly higher than for the medium-term fermenied, MF

(P<0.05) and long-term fermented cases (P<0.01). Sizes of
gastric tumor per ml MNNG intake are shown in Table V.

‘Group Mean survival . Body Liver Kidney Testis Adrenal Spleen ‘Heart
MF 348138 - 6l4x114 17.034.0 ~ 5.05%0.35 3.56z0.28 0.073+0.036 . 1.002032 - 1.80:0.20
Short-1erm 521555 612597 200834  3.23%0.40 3532026 0.081#0.030 < 157:154 1832042
“Medium-term 348446 . 631283 1BJ332 3072039 3.5020.27 0.081:0.045 1182029 1.73:0.18
Long-term 343146 €213112 201440 3312053 3562037 0.06740.021 1262069 1.7620.27
NaCi © 347435 631383 18.4%L4  3J22040 3561033 00670047 1254072 1.6920.15
Control 36943 715572 21.6437  3.42304] 3.4420.17 0.06420.01]1 0.892027  1.690.33
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Table 111 Relative organ weights.
Group Liver Kidney Testis Adrenal Spleen . Eeart
MF 27.352.2 4.7620.55 5.59+0.75 0.11740.061 1.55+0.30 2.8120.35
Shori-term 20.142.6 4.7520.69 5.190.68 0.1180.049 2.2021.96 2.6420.38
Medium-term 20.1%2.9 4.81=0.39 5.54=0.76 0.129+0.071 1.86+0.51 2.7340.35
Long-term | 30.5+7.4 4.98+0.72 5.3720.57 0.101£0.030 1.66%1.25 '2.65=0.40
NaCl 28.232.2 4.8020.59 5.4820.65 0.302£0.067 . 1922101 2.60:0.2)
Contral . 303252 4.85+0.59 4.89£1.07 0.0010.009 1.2740.46 2.4920.48
Table IV. Tumor incidence data.
Group Effective no.  Incidence  No. of tumor/rat Gastrie tumor ~ Duodusum Ciher

' ATP.  Ad-Ca Total T
MF 20° 18 (90.0) 1.55+0.50 3(15.0) 11(55.0) 14(70.0) ‘11(55.0)' 6 (30.0)
Early-term 19 1.6 (84.2) 1.10+0.74 2(10.5) -6(31.6) ‘B (42.1) 5 (42.1y 5(26.3)
Medium-term .19 17 (89.5) 1.2920.69 B(42.1) 6(316) 14(737)  6(316) 3(158)
Long-term 19 16 (84.2) 1.1540.67 1 (53) '9(474) 10(526) .7(368)  4(2L1)
NaCl . 19 112 (78.9) 1.00+0.56 3(159) B(420) 11(57.9) 5(263) 1 (52 °

Table V. Sizes of gastric mmor (mm). *

. Gastre lumort

' Adeqocar_cinoma no.? Average size

" Group .

MF 5.17£4.45 (0.29) 1n 80329 (0.45)
Early-term 3.6246.79 (0.19) 6 11517.6  (0.59)
Mecdium-term 24242 68 (0.13) 6 4323.64 (0.23)°
Long-term 1.7843.34° (0.09) g 2944 69 (0.15)
NaCl 3.2324.08 (0.16) 8 514,19 (0.27)

“Including negative animals. *Positive animal valves. *Significantly diflerent from the MF value (P<0.05). “Significantly different from the-
easly-term volue (P<0.05), <Signiticantly different from'the early-term- value (P<0.01). Numbers in brackets indicate size/MNNG intake/day.

Discussion

In the present experiments, while tumor incidences were not
significantly different among the groups, gastric umor size
in the animals treated with long-lenm fermented miso was
significantly decreased. Iio and colleagues have previously
repuried that the miso reduces spontaneols or fission newiron-
or DEN and nevtron-induced liver tumors in mice (2,3), as
well 15 azoxymethanc—induced colon aberrant crypt foci in
“rate (6). Lffects on MNU-induced mammary wmors in ras
{7-9) have also been reported. Soy foods contain significant
amovnts of the.isoflavone, genislein, which has various
biologica) activities and antitumorigenic effects (10,11), as
well as antiestrogemic activity (12,13). Recently we found that

prolonged fermentation might be very important for
protection agringt radiation effects, being issociated with
prolongation of animal survival and decrease in oxicity to
small intestinal crypts {14} and for decreased of ACF (15).
However, to our knowledge there have been no reports
regarding the cffective substances in miso of different
fermented siages. Further study is now nteded for theu
elucidation. :

In conclusion, the results of the present study indicute that
fermented miso supplementation of the diet might be vseful
for gastric cancer prevention. Further experiments are required
to evaluate the effects of individual compenents, including
minerals, in miso. :
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