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olites that act as carcinogens may be an important step in
colon carcinogenesis. (c) Diet also influences mixed-func
The effect of high-protein (beef or soybean protein) and tion oxidases that could play a role in modifying colon
high-fat
(beeffat,corn oil,
or land)
dietson largeintestinalcarcinogenesis (9, 20, 23, 25).
It has been apparent in recent years that studies on the
bacterial and intestinal mucosal f3-glucuronidase was stud
ied in female F344 rats maintained on these diets for two effect of diet on the composition of fecal bacterial flora have
generations. Animals fed a 20% corn oil or 20% lard and produced contradictory results (4, 8, 9, 11, 17). However,
20%casein diet had a higher f3-glucuronidaseactivity in the the overall metabolic activity of the intestinal bacteria rather
contents of cecum and colon than did rats fed a 5% corn oil than the actual numbers or types of bacteria in the intestinal
or lard and 20% casein diet. The cecal bacterial j3-glucuron
tract may be important in evaluating the relationship be
idase activity was higher in animals fed diets with high tween diet and the intestinal flora (6, 15, 18). Since the
levels of beef protein (40%) and beef fat (23%) or with high intestinal bacteria contain many inducible enzymes, the
levels of soybean protein (39%) and corn oil (24%) than it metabolic activity of the bacteria can be modified apprecia
was in rats fed diets containing 18.5%beef protein and 6.5% bly by diet or other environmental factors. We have investi
beef fat or 19% soybean protein and 5.4% corn oil. Animals gatedthe effects
of a high-fat,
high-meat,mixed Western
fed diets containing high levels of beef protein and fat or diet and of a balanced non-meat, low-fat diet on the meta
high levels of soybean protein and corn oil had a higher
bolic activity of intestinal bacteria by use of bacterial @3small intestinal mucosal f3-glucuronidase activity than did glucuronidase as an inducible enzyme, since this enzyme is
the other groups. No significant difference was observed in not only associated with many components of the gut bac
the colonic mucosal f3-glucunonidase activity among the tenia but is also necessary to release active metabolites from
animals fed beef and soybean diets. It is concluded that their glucunonide conjugates in the lower gut (6, 15, 18).
dietshighinfatand highornormalinprotein
areassociated Intestinal
microfloraof subjects on a high-fat,high-meat
with elevated levels of bacterial /3-glucuronidaseactivity in diet were more able to hydrolyze glucuronide conjugates
the large intestine of rats.
than were those of individuals on a non-meat diet (15, 18).
In the animal models it was found that rats fed a high-fat
diet
and treated with 1,2-dimethylhydrazine or azoxy
INTRODUCTION
methane had a higher incidence of colon tumors than did
diet(12,13).Similarly,
ratsfeddietscon
Epidemiobogical data on the distribution of barge bowel ratsfeda low-fat
cancer and studies of migrants to the United States and of taming high levels of beef protein and fat or high levels of
soybean protein and corn oil had a greater incidence of
dietary habits of various population groups with different
colon tumors than did rats fed diets with normal levels of
risks indicate that dietary factors, particularly high dietary
fat and beef, are of major importance in the etiology of large such components and treated similarly (14).
Since high intake of fat and meat, which are linked as
bowel cancer (1, 2, 3, 7, 24). Although the effect of a diet
causative
factors in colon carcinogenesis in humans, has
high in fat and beef in the etiology of barge bowel cancer is
been shown to modify the fecal bacterial activity, we ex
unclean, the following hypothesis on the etiology of colon
cancer has been suggested. (a) Dietary fat changes the tended our studies to investigate the effect of high-protein
concentration of bile acids and cholesterol metabolites and (beef or soybean protein) and high-fat (beef fat or corn oil)
diets on cecal bacterial and small and large intestinal mu
also the concentration and metabolic activity of the bacteria
cosal /3-glucunonidase activity in rats. The present study
in the colon, which may produce tumonigenic compounds
also describes the effect of a diet high in lard or corn oil on
from bile acids and cholesterol metabolites. (b) Conversion
cecal and cobonic bacterial /3-glucuronidase activity in rats.
of cholesterol and dehydrocholestenol, which are normally
present in cobonic contents and mucosa, to reactive metab
MATERIALS AND METHODS
SUMMARY
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Inbred weanling male and female F344 rats obtained from
Charles River Breeding Laboratories, Wilmington, Mass.,
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Table 1
were randomly divided into 4 groups and housed in plastic
cages with filter tops in a temperature- and humidity-con
trolled room. They were fed ad !ibitum one of the diets
composition
dietsCorn
of
containing corn oil or lard at 5 or 20% level (Table 1). In a
oilLard5%20%5%20%Casein,
2nd series, weanling male and female F344 rats were ran
domly divided into 4 groups and fed ad !ibitum with one of
Ingredients%
the diets (D,, D2,D3,and D4)with varying amounts of protein
vitamin-free20202020DL-Methionine0.30.30.30.3Sucrose58.743.758.743.7C
and fat (Table 2). Beef and soybean protein, beef fat, and
corn oil were the sources of dietary protein and fat. The
diets were analyzed for protein and fat and contained on the oil520Lard520Alphacel5555Salt
average the following: D,, 39% protein and 25% fat; D2, 19%
protein and 5.4%fat; D3,40% protein and 23% fat; D4,18.5% (20)7777Vitamin
mixture
protein and 6.5% fat.
mixtureÂ°4444
At puberty female rats were mated with males and reared
a The
vitamin
diet
fortification
mixture
was
obtained
commer
on their respective experimental diets. The litter size from
cially from ICN PharmaceuticalsInc., Cleveland,Ohio.
each mother was reduced to 8, and rats were weaned to the
Table 2
same experimental diets consumed by their mothers.
At 30 weeks of age, all 2nd-generation female rats were
killed under ether anesthesia. The cecum or colon was dietsD,D2D3D4Beef
of
excised immediately and, after the end was tied with a
Ingredients%composilion
string, slit open under anerobic conditions. The contents
(freeze-dried)60.325.0Soybean
hamburger
were transferred quantitatively and frozen at â€”40Â°
until
analysis for bacterial f3-glucuronidase activity. The small protein40.020.0Corn
oil25.05.0Beeftallow5.0Lysine0.30.3DL-Methionine0.30.3Corn
intestine was also excised immediately, freed of adhering
material, and slit open with scissors. The small intestine and
colon were washed with ice-cold 0.9% NaCI solution, blot
starch22.962.923.563.5Alphacel5.05.05.05.0Salt
ted gently to remove mucus and other adhering intestinal
contents, and used for the analysis of mucosal @3-glucuroni 20)4.54.54.54.5Vitamin
mixture (Ref.
dase activity.
mixturea2.02.02.02.0a
All preparative procedures for the enzyme determination
5@ Table 1 Footnote a.
were carried out in a cold room at 4Â°.All determinations
were performed in duplicate from each sample.
for 30 mm at 4Â°.Mammalian /3-glucuronidase activity in the
For the determination of enzyme activity from the cecal
supennatant fraction was measured as described above for
and cobonic contents, a portion of the well-mixed sample
the cecal contents except that the mammalian enzyme had
was diluted with phosphate buffer (pH 7.0) and centrifuged
apHoptimumof4.5.The
reaction mixturecontaining0.1
ml
at 100 x g for 15 mm at 4Â°to remove undigested food
of supernatant fraction, 0.8 ml of 0.1 M acetate buffer (pH
particles and other coarse materials. The supennatant,
4.5), and 0.1 ml of 0.01 M phenolphthalein glucuronide (pH
which contained bacteria, was sonicated for 1 mm at 0Â°and
4.5) was incubated for 1 hr at 38Â°.The reaction was stopped
centrifuged at 10,000 x g for 30 mm at 4Â°in an ultracentri
by adding 1 ml of 5% TCA solution, 2.5 ml of 0.1 M alkaline
fuge. Bacterial fJ-glucunonidase activity in the supernatant
glycine solution, and 1.5 ml of distilled water.
fraction was assayed as described (5, 15, 18). For the meth
The protein in the samples was determined by the method
ods described below, the rates of reaction were linear with
of Lowry et a!. (10). Results of each experiment were ana
respect to time, substrate used, and amount of supernatant
lyzed statistically with the Student's t test.
protein in the reaction mixture. The reaction mixture con
taming o.i ml of supernatant fraction, 0.1 ml of 0.1 M
phenolphthalein glucunonide (pH 7.0), and 0.8 ml of 0.1 M RESULTS
phosphate buffer (pH 7.0) was incubated for 4 hr at 38Â°in a
Table 3 summarizes the activity of bacterial fJ-glucuroni
constant-temperature water bath. The reaction was termi
nated by adding 2.5 ml of 0.1 M alkaline glycine solution, 1 dase in the contents of cecum and colon of rats fed semipu
rified diets (Table 1) containing corn oil or lard at 5 or 20%
ml of 5% TCA,2 and 1.5 ml of distilled water. Alkaline glycine
levels. Animals fed a 20% corn oil or a 20% lard diet had a
solution was made so that a mixture of 2.5 ml of this solu
higher f3-glucuronidase activity in the contents of cecum
lion, 1 ml of 5% TCA, 1 ml of phosphate buffer, and 1.5 ml
and colon than did rats fed a 5% corn oil or 5% lard diet. The
of distilled water had a pH between 10.2 and 10.4 (5). The
phenolphthalein liberated was measured at 540 nm in a type of fat (corn oil versus lard) had no major influence on
the f3-glucunonidase activity in the cecum and colon.
spectrophotometer.
Table 4 summarizes the f3-glucuronidase activity in the
For the determination of enzyme activity in the small
cecal contents as well as in the mucosa of small intestine
intestine and colon, @he
tissues were homogenized sepa
nately in 1.15% ice-cold KCI and centrifuged at 10,000 x g
and colon of rats fed semipunified diets (Table 2) containing
high or normal levels of beef or soybean protein or high or
normal levels of beef fat or corn oil. No difference was noted
2 The
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abbreviation

used

is:

TCA,

trichloroacetic

acid.
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Diet and Intestina! f3-G!ucuronidase
Table 3
Bacterial frglucuronidase low-fatdietsCecumColonActivity/mgActivity/mgActivity/mg
activityÂ°in the contents of cecumand colon of rats fed high- or

Activity/mgDiet5protein
drysampleproteindry

sample20%comoil186OÂ±3O4c.@
95@10d1@@205d75@9d5%cornoil880Â±140

55Â±8945Â±18040Â±520%lard1708Â±145e
110Â±lle1465Â±95e88Â±9@5%lard1040Â±100

40Â±5825Â±6545Â±5
a

@gphenolphthalein

b Number
C Mean

@

of
Â±

liberated

rats/diet,

per

4 hr

at

38Â°.

20.

S.E.

d Significantly

different

from

5%

e Significantly

different

from

5% lard

corn

oil

group

group

(p

(p

0.01).

0.001).

Table 4
Cecal bacterialand intestinal mucosal 15-glucuronidaseactivity in rats fed diets high in
originDietNo.
protein and fat of vegetableand animal
contentsSmall
activitya/mg

protein

Cecal bacterial

of

Activityb/mg

ratsMucosal
contentsD1
intestine

Colon

66Â±3.4
20
D2
81Â±4.6â€•
18
D3
58Â±4.8
D420 2586Â±6.7c.d

2260Â±406'

71Â±3.3
68Â±5.0
62Â±4.5

1010Â±177
2050Â±250'
1179Â±94

a

@gphenolphthalein

liberated

per

1 hr

at

38Â°.

b

@g phenolphthalein

liberated

per

4

at

38Â°.

D,

C Mean

@

69Â±4.3

Â±

d Difference

hr

dry
91 Â±10.9@

48Â±10.9
122Â±17.7'
50Â±6.4

S.E.

and

D2

or

e Significantly

between

different

D,

from

D,

(p

0.01).

and

â€S̃ignificantly

different

from

D4 (p

0.001).

in the colonic mucosal /3-glucuronidase activity among the
animals fed different diets. However, animals fed diets con
taming high levels of beef protein and fat or high levels of
soybean protein and corn oil had a significantly higher
enzyme activity in the mucosa of small intestine than did the
other groups. The cecal bacterial f3-glucuronidase activity
was significantly higher in animals fed diets with a high
content of beef protein and fat on a high amount of soybean
protein and corn oil than it was in rats fed normal amounts
of such components.
DISCUSSION
The aim of this investigation was to delineate the effects
of type and amount of dietary fat and protein on the meta
bolic activity of intestinal microfbora to understand the nela
tionship of colon cancer to the type and amount of dietary
fat and protein and to diet-mediated changes in the intes
tinal
bacteria.
Our recentresults
(14)indicate
thatratsfeda
20% corn oil or a 20% lard diet or rats fed diets containing
high levels of beef and fat or high levels of soybean protein
and corn oil and treated with 1,2-dimethylhydrazine had a
higher incidence of colon tumors than did rats fed diets that
had normal levels of such components and were treated
similarly. The type of fat had no major influence on the
incidence of colon tumors. Biliary excretion of total bile
acids as well as cholic acid, /3-municholic acid, ursodeoxy
cholic acid, deoxycholic acid, lithocholic acid, and 12-keto

OCTOBER

Activityb/mg

protein

D4

is

significant

(p

0.05).

lithocholic acid was higher in rats fed a high-fat diet than it
was in rats fed a low-fat diet (16).
The results of this investigation indicate that dietary corn
oil or lard at 20% level and high dietary beef protein (40%)
and beef fat (20%) or high dietary soybean protein (40%)
and corn oil (20%) markedly increased the activity of bade
nab fJ-gbucuronidase of the cecal and cobonic contents in
rats.
Thiswould suggestthathighdietary
faton highprotein
and fat increases the metabolic activity of the large bowel
microflora. Weinstein et a!. (21) showed that a change from
a grain diet to a beef diet produces alterations in the types
and concentration of bacteria in the colon of rats. Goldin
and Gorbach (6) reported that rats fed a meat diet had
higher levels of fecab bacterial j3-gbucuronidase activity than
did grain-fed rats. Their data also suggested that the in
crease in f3-glucunonidase activity was not simply an induc
lion of enzyme synthesis but was rather a change in the
composition of the flora. The present investigation confirms
our previous studies in humans (15, 18) as well as the
studies of Gobdin and Gorbach (6) and extends the observa
tion that not only a meat diet but also a high-fat diet or high
protein, high-fat diet changes the bacterial /3-gbucuronidase
activity in the large intestine, which is indicative of the
metabolic activity of the large bowel flora.
Results of the present study also indicate that feeding of
high-fat
and high-protein
dietsto ratshad an effecton the
small intestinal mucosal fJ-glucuronidase activity; however,
no effect was observed on colonic mucosal enzyme activity.
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Enzymatic Analysis, pp. 8969-8974. New York: Academic Press, Inc.,
Additionally, one should also consider the effect of ca
1965.
Ionic intake on f3-glucuronidase activity in the contents of
6. Goldin, B. R., and Gorbach, S. L. The Relationship between Diet and Rat
large bowel and in the mucosa of small intestine. In our
Fecal Bacterial Enzymes Implicated in Colon Cancer. J. Natl. Cancer
Inst., 57: 371-375, 1976.
study the caloric density of Diets D1and D3was higher than
7. Haenszel, W., Berg, J. W., Kurihara, M., and Locke, F. B. Large Bowel
that of Diets D2and D4(Table 2); also diets with 20% corn oil
Cancerin HawaiianJapanese.J. NatI.CancerInst.,51: 1765-1799,1973.
8. Hentges,D.J., Maier,B. R., Burton,G.C., Flynn,M.A.. andTsutakawa,
or bard had a higher caloric density than did diets with 5%
R. K. Effectof a High-BeefDieton the FecalBacterialFloraof Humans.
corn oil or lard (Table 1). Consequently, the caloric con
Cancer Res., 37: 568-571 , 1977.
sumption for those fed a low-fat diet was probably reduced
9. Hill, M.J., Crowther,J. S., Drasar,B. S. Bacteriaand Etiologyof Cancer
of the LargeBowel.Lancet,1: 95-100,1971.
inrelation
tothosefeda high-fat
diet.
Inthepresentstudy,
10. Lowry, 0. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. Protein
although variations in caloric consumption of different
Measurementwith the Folin PhenolReagent.J. Biol. Chem.,193:265groups of animals may not exert an influence on /3-glucu
275,1951.
11. Moore, W. E. C., and Holdeman, L. V. Discussion of Current Bacteriolog
ronidase activity in the contents of large bowel, this factor
ical Investigations of the Relationships between Intestinal Flora, Diet,
cannot be discounted from the available data; however,
and Colon Cancer.CancerRes.,35: 3418-3420,1975.
12.
Nigro,
N. D., Slngh. D. v., Campbell.R. L.. and Pak, M. S. Effect of
more information is needed.
Dietary Beef Fat on Intestinal Tumor Formation by Azoxymethane In
Glucuronide formation is a major detoxification mecha
Rats.J. NatI.CancerInst.,54: 429â€”442,
1975.
nism in mammals. Many exogenous compounds that are 13. Reddy, B. S., Narisawa, T., Vukusich, D., Weisburger, J. H., and Wynder,
E.L.Effectof QualityandQuantityof DietaryFatandDimethylhydrazine
excreted in the bile as glucuronide conjugates are deconju
in Colon Carcinogenesis in Rats. Proc. Soc. Exptl. Biol. Med., 151: 237gated by bacterial /3-glucuronidase and modified further by
239, 1976.
intestinal bacteria in the large bowel (22). Since the intes
14. Reddy, B. S., Narisawa, T., and Weisburger, J. H. Effect of a Diet with
High Levels of Protein and Fat on Colon Carcinogenesis in F344 Rats
tinal microflora are changed by diet, these changes might
Treated with 1,2-Dimethylhydrazine. J. NatI. Cancer Inst., 57: 567-569,
alter the biological activity, toxicity, excretion, and reab
1976.
15. Reddy, B. S., Weisburger. J. H.. and Wynder, E. L. Fecal Bacterial $sorption of many of the endogenous and exogenous corn
Glucuronidase: Control by Diet. Science, 183: 416â€”417,
1974.
pounds such as carcinogen and/or cocarcinogen metabo
16. Reddy.B. S., Weisburger.J. H., and Wynder,E. L. Effectof DietaryFat
lites. Since the microflora have high metabolic potential in
Leveland Dimethylhydrazineon FecalAcid and NeutralSterolExcretion
and Colon Carcinogenesisin Rats.J. NatI. CancerInst., 52: @07-511,
populations on a high-fat, high-meat, mixed Western diet,
1974.
these reactions including the release of tumonigenic or
17. Reddy, B. S., Weisburger, J. H., and Wynder, E. L. Effects of High-Risk
and Low-RiskDietsfor Colon Carcinogenesison FecalMicroflora and
other toxic components would more probably occur in the
Steroids in Man. J. Nutr., 105: 878â€”884,
1975.
intestine of populations on a high-fat, high-meat diet.
18. Reddy. B. S., and Wynder, E. L. Large Bowel Carcinogenesis: Fecal
Constituents of Populations with Diverse Incidence Rates of Colon Can
cer. J. NatI. Cancer Inst., 50: 1437-1442, 1973.
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