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ABSTRACT

Six groups of azoxymethane treated mature Fischer rats (n=10) were fed the respective diets
different in protein sources such as milk casein, soybean high-molecular-weight fraction
(HMF), yolk protein, wheat gluten and codfish meat, which had been supplemented as a cancer
promoter with 0.2% deoxycholic acid (DCA) except for a DCA-unfed casein group. All rats
were inspected for tumor incidence in the colon at 6 weeks’ intervals between the 10th and 34th
weeks by the use of a bronchus fiberscope. Colonic tumorigenesis was perceived at week 22
only in the DCA-fed casein group and at week 28 in five dietary groups except the DCA-unfed
casein group, and at week 34 in all the groups among which both soybean HMF and yolk
protein groups ranked in tumor incidence as inferior to the DCA-unfed casein group. When
plasma steroid or lipid concentration was plotted against tumor incidence at week 28 or 34,
positive correlations were found at both weeks between plasma bile acid concentration and
tumor incidence. Soybean HMF and yolk protein had something in common with each other in
antitumorigenic aspects, which can be accounted for by their excellent capacities of binding bile
acids. In another experiment, the feces from casein-fed or HMF -fed rats were analyzed for their
nitrogen and steroid contents or amino acid composition in order to ascertain this assumption.
Fecal nitrogen excretion (g/g feces in weight) increased about 3.6-fold a few days after
exchange of casein for HMF in the diet: there was a positive correlation between fecal nitrogen
and bile acid excretions. As a result of HPLC, many kinds of polypeptides were detected in the
water-extracts of feces from HMF-fed rats much more than from casein-fed rats, but their
individual isolation and amino acid sequencing remained further investigated. Soy Protein
Research, Japan 2, 129-137, 1999.
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e 200 Ingredient Milk  Soybean Wheat Yolk Codfish Casein

m casein HMF gluten protein meat (-DCA)
Protein source 10 13.5 10 10 10 10
a-Cornstarch 73.8 738 73.8 73.8 73.8 74
Soybean oil 5 5 5 5 5
Mineral mixture 5 5 5 5 5 5

100 vitamin mixture 1 1 1 1 1 1
Cellulose 5 1.5 5 5 5 5
Deoxycholate 0.2 0.2 0.2 0.2 0.2 0
Abbreviation: HMF, an insoluble "high-molecular-weight" fraction from
microbial protease-treated soy protein; DCA, deoxycholic acid.
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Fig. 1. Variation of body weight in each dietary group and check-points for endoscopy and
blood-drawing. Each group was allowed free access to its respective diet shown in the
inset. Arrows represent the times to endoscopically inspect colonic tumor and to take

blood samples.
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Table 1. Tumor incidence in each group endoscopically inspected at regular intervals

Period Milk Soybean Yolk Wheat Codfish Casein
(week) casein HMF protein gluten meat (-DCA)
10 0/9 0/10 0/9 0/9 0/9 0/10
16 0/9 0/10 0/9 0/9 0/9 0/9
22 2/8 0/10 0/7 0/9 0/9 0/9
28 4/8 1/9 17 2/9 2/8 0/9
34 4/6 3/9 1/6 4/9 4/8 2/8

Each group was comprised of 10 rats at the start. The rats being alive at 10, 16, 22,
28 and 34 weeks were subjected to endoscopic inspection for colonic tumor at stated
periods. Fractional numbers indicate the ratio of tumor-bearing rats to living ones

for each group.

Table 2. Plasma bile acid, cholesterol and triacylglycerol concentrations at 28 and 34 weeks in rats

fed the experimental diets

Dietary Bile acid (uM) Cholesterol (mM) Triacylglycerol (mM)
group 28 wk 34 wk 28 wk 34 wk 28 wk 34 wk
Milk casein 90+ 96 £ 19 32+£01* 35+020 11+01> 12+03°
Soybean HMF 4] =+ &b 202 1.8£02° 18+01¢ 10%+02> 08+01°
Yolk protein 44 = 4b<d 28 +5¢ 21+02% 25+01* 12+01> 13+02°
Wheat gluten 51 £ 5% 73417 22£02* 23+03* 09+01° 08402
Codfish meat 54 £ 4° 52+£13*  19=x01* 25+02* 12+01> 10=+01°
Casein (~DCA) 29 + 3¢ 18+ 1° 25102 24+01> Z'S.i 020 30x03

The rats were fed their respective diets given in the inset of Fig. 1. Values are the means +SE for
living rats at week 28 or 34 ; those not sharing common superscripts in the same column are
significantly different at £ < 0.05 by the Student-Newman-Keuls test.
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Fig. 2. Correlation between plasma lipid concentrations and tumor incidence at 28 weeks (a) or 34 weeks (b). The
plasma cholesterol and triacyglycerol concentrations (mM) given in Table 2 were plotted against tumor
incidence (%) given in Table 1. Four regression equations ant thier correlation coefficients were calculated
according to the least square method. There were negative correlations between two variables in all cases.
Dietary groups are as follows : 1, casein (=DCA) ; 2, soybean HMF ; 3, yolk protein ; 4, wheat gluten ; 5,
codfish meat ; 6, milk casein.
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Fig. 3. Correlation between plasma bile acid concentration and tumor incidence at 28 weeks (a) or 34 weeks (b).
Two regression lines and correlation coefficients were gained as usual from the plots of plasma bile acid
concentration (uM) against tumor incidence (%). There were positive correlations between two variables in
both cases. Numbers in open circles represent the following groups : 1, casein (~DCA) ; 2, soybean HMF ; 3,
yolk protein ; 4, wheat gluten ; 5, codfish meat ; 6, milk casein.
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120~ (1) atweek 34: Y =-3.2 X + 150.6
r=-0.995 (P<0.001)
1ok (2) atweek 28: Y =-43 X +190.2
r=-0.984 (P<0.005)
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Fecal bile acid excretion (umol/day)
Correlation between plasma bile acid concentration and fecal bile acid excretion at 28 or 34 weeks. The

individual amounts of bile acids excreted into the faces were obtained on a daily average for 3 days before
blood collection, which were plotted against their corresponding bile acid concentrations in the plasma. Two
regression lines with high correlation coefficients were drawn among 5 groups excluding casein (-DCA) group.
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Fig 5. Fecal nitrogen excretion after exchange of casein for HMF in the diet (left) and
correlation between amino acid and bile acid contents in the feces (right).
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Feces from casein-fed or HMF-fed rats

Amino acid composition (%)
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Fig. 6. Difference in amino acid composition between

Me le leu Phe Ly Hs Ag

soybean HMF itself and feces on 4

days after exchange of casein for HMF in the diet. The feces collected before or 4

days after exchange of casein for HMF were
which was corrected for fecal N excretion.
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Fig. 8. HPLC profiles of water-extracts of feces before (a) and 4 days after (b) exchange
of casein for HMF in the diet. Water-extracts were treated without (lower) and
with PITC (upper) prior to HPLC analysis.
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