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ABSTRACT

EpidemiolÃ³gica!and experimental studies indicate a strong association
between an elevated colon cancer risk and increased fecal excretion of
secondary bile acids, neutral sterols, and prolonged gastrointestinal
transit time. Starch malabsorption, on the other hand, has been reported
to be a possible protective factor in colon carcinogenesis. To study the
impact of starch malabsorption on these parameters, 12 healthy volun
teers consumed a diet rich in starch for two 4-week periods. During a
double-blind crossover trial they received the a-glucosidase inhibitor
acarbose (BAY g 5421) in one of the study periods and placebo in the
other. During acarbose treatment stool wet weight increased by 68%,
stool dry weight by 57%, and gastrointestinal mean transit time by 30%.
Fecal concentrations (mg/g dry weight) of the neutral sterols coprostanol,
coprostanone, campesterol, 4-cholesten-3-one, and /3-sitosterol decreased
by 36.8, 48.7, 42.1, 34.6, and 39.4%, respectively, under acarbose.
Concentrations of the major secondary bile acids, deoxycholic and litho-
cholic acid, decreased by 59.9 and 52.2%, respectively. In spite of an
increased stool weight, also daily excretion (mg/day) of these two bile
acids was lower under acarbose (47.9 and 36.6%, respectively) compared
to placebo, whereas excretion of the main primary bile acid, cholic acid,
rose from 22.58 mg/day to 379.80 mg/day during the acarbose period.
The changes in fecal bile acid and neutral sterol excretion found during
acarbose treatment may explain a protective effect of starch malabsorp-
tion on colon cancer development.

INTRODUCTION

Cancer of the colon is a major neoplastic disease in the
industrialized countries of Northern America and Europe (1).
Various epidemiologie and experimental studies have indicated
that certain dietary factors, particularly a high intake of fat and
a low intake of dietary fiber, play important roles in the devel
opment of colon cancer (2-5). In the search of diet-dependent
luminal compounds that might act as colonie carcinogens or
cocarcinogens. Hill et al. (6, 7) found increased concentrations
of fecal bile acids, especially of the major secondary bile acid
deoxycholic acid, in both colon cancer patients and populations
at high risk of the disease. This finding has been confirmed by
Reddy and Wynder (8) who reported elevated fecal concentra
tions also for lithocholic acid in high-risk populations. Further
more, it could be shown that rectal instillation of the secondary
bile acids deoxycholic or lithocholic acid increase tumor inci
dence in carcinogen-treated rats indicating their role as cocar
cinogens (9, 10). Nuclear aberration assays of colonie mouse
epithelium have been carried out to assess components of
human fÃ¨cesas possible carcinogens. Using this assay, a cell-
damaging effect has recently been reported for 4-cholesten-3-
one (11), a neutral 3-ketosteroid that has been found in sig
nificantly higher concentrations in subjects at high risk for
colon cancer compared to controls (12).

Whereas a high intake of dietary fat (high-risk Western diet)
increases fecal bile acid and neutral sterol contents, the con-
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sumption of a diet enriched with dietary fiber leads to a decrease
in fecal concentrations of acid and neutral sterols (13). This
effect is mainly caused by the bulking capacity of fiber which
chemically consists of nonstarchy polysaccharides and lignin.
Thornton et al. (14) proposed that "superefficient" starch ab

sorption by the small bowel, leading to a lower colonie carbo
hydrate content, may be another risk factor for colon cancer.
In a study on patients with colonie adenomas they found that
the percentage of malabsorbed starch was considerably lower
in patients (5.3%) than in healthy controls (10.9%). Recently,
it could be shown that starch malabsorption increases fecal
bacterial mass and stool weight (15) which in turn might affect
fecal acid and neutral sterol excretion.

In the present study the malabsorption of starch or starch
degradation products was induced by the Â«-glucosidase inhibi
tor acarbose (BAY g 5421). This substance is primarily used as
an antidiabetic agent delaying starch digestion and, thus, glu
cose absorption from the small intestine (16). As a side effect,
this drug also increases carbohydrate content in the colon. It
was the objective of this study to investigate the potential effects
of starch malabsorption on fecal steroid excretion and colonie
function.

MATERIALS AND METHODS

Study Design. Twelve healthy volunteers (6 men. 6 women; ages 23-
31 years) participated in the study. In a double-blind crossover design
the test persons received the a-glucosidase inhibitor acarbose (BAY g
5421) or placebo in randomized order for 4 weeks. A controlled basal
diet outlined below was given during the two 4-week periods with an
interval of 4 weeks between the study periods. In randomized order,
acarbose or placebo was administered with three daily meals in increas
ing doses from week 1 to week 3 for the purpose of adaptation (1st
week, 50 mg three times a day; 2nd week, 100 mg three times a day;
3rd and 4th weeks, 200 mg three times a day). The volunteers did not
receive any medication, especially antibiotics, for at least 4 weeks before
and during the trial.

Typical German meals, prepared by the dietetic kitchen of the
University Hospital, were given as a controlled basal diet. The same
meals were supplied during both study periods in a cycle of 8 days. In
percentage of caloric intake the diet consisted of 50% carbohydrates,
15% protein, and 35% fat. Energy intake was 10.46 MJ/day for men
and 7.53 MJ/day for women. The source of carbohydrates was mainly
bread, noodles, potatoes, rice, vegetables, and fruits. Fat and protein
sources were pork and beef meats, cheese, vegetable oil, and butter.
Dietary fiber intake was 18 g/day for males and 14 g/day for females.
The starch moiety of carbohydrates was 56% (17). The volunteers
consumed each meal under the supervision of one of the authors (C.
F.) in our metabolic suite.

Written informed consent has been obtained from the study partici
pants. They were all found to be in good health at a prestudy physical
examination. Pregnancy was excluded in the six female volunteers. The
study has been approved by a joint ethical committee of the Department
of Medicine, University of Wuerzburg, and Bayer Pharma, Wuppertal,
Federal Republic of Germany.

Five-day stool samples were collected from day 24 to day 28 of each
study period and immediately frozen at â€”20Â°C.Stool wet weight was

noted and dry weight was measured after freeze-drying with a Gamma
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Table 1 Fecal neutral sterni excretion under acarbose versusplaceboFecal

concentration
(mg/g drywt)Neutral

sterolsCoprostanol

Coprostanone
Campesterol
4-Cholesten-3-one
fi-Sitosterol
Cholesterol
Stigmasterol
Cholestan-30,5a,60-triolTotalAcarbose4.73

Â±0.85a- *
2.21 Â±0.53*
1.03 Â±0.19*
0.51 Â±0.10*
0.43 Â±0.08*

2.30 Â±0.62
0.97 Â±0.51
0.34 Â±0.0713.84+

1.32CPlacebo7.49

Â±1.74
4.31 Â±1.11
1.78 + 0.33
0.78 + 0.11
0.71 Â±0.16
4.95 Â±1.48
0.92 + 0.22
0.41 +0.0821.40

Â±2.19Fecal

excretion
(mg/day)Acarbose249.62

Â±45.34
121.77 Â±26.95
56.21 + 10.01
29.65 + 5.72
28.20 Â±7.76

162.55 Â±52.60
43.20+ 15.46
20.42 Â±5.36766.49

Â±72.96Placebo269.86

Â±62.98
164.25 + 44.04
61.68Â± 10.45
26.91 Â±4.71
25.12 + 5.28

175.92 Â±48.33
35.31 Â±8.76
13.75Â±2.83774.88

Â±84.33Â°
Mean Â±SEM.

*/><0.05.
' P<0.0\.

IA apparatus (Christ, Osterode, Federal Republic of Germany). Oroanal
MTT2 was assessed using radiopaque pellets by the single-stool method

according to the method of Cummings and Wiggins (18).
Analytical Methods. Fecal neutral sterols and bile acids were quan-

titated in the freeze-dried 5-day stool samples of each study period by
GLC. A technique described by Reddy et al. (19) with slight modifica
tions was used throughout. Solvents were obtained from Merck, Darm
stadt, Federal Republic of Germany, and standards from Steraloids,
Inc., Wilton, NH, unless otherwise indicated. Aliquots of l g freeze-
dried stool were saponified with 2 ml of 10 N NaOH in 38 ml of 90%
ethanol:water (3:1) by refluxing on a heater (Electrothermal, Southend,
United Kingdom) for 1 h. Four mg of 5-a-cholestane (neutral sterol)
and nordeoxycholic acid (bile acid) were added to every sample as
internal standards at the beginning of the analysis. The nonsaponifiable
fraction containing neutral sterols was extracted with 6 x 50 ml of
hexane. The pooled extracts were concentrated in an evaporator (Bue-
chi, Flawil, Switzerland) and transferred quantitatively to a test tube
with 10 ml chloroform. The aliquot intended for GLC (200 n\ of this
extract) was evaporated to dryness under a stream of nitrogen, silylated
for 30 min with 200 n\ Silyl 2110 (Macherey & Nagel, Dueren, Federal
Republic of Germany), again evaporated under nitrogen, and dissolved
in 1.5 ml of chloroform. One M!was injected onto the GLC megabore
DB-1 column ( 15 m; inside diameter, 530 ^m; J & W Scientific, Folsom,
CA) using a Hewlett Packard 5890A gas Chromatograph (Hewlett
Packard, Avondale, PA). The following GLC conditions were applied:
helium as the carrier gas with a flow rate of 5 ml/min; temperature of
injection port and flame-ionization detector 300Â°C;column tempera
ture regulated by an individual temperature program from 240Â°Cto
300Â°C.

For the analysis of free bile acids, the aqueous phase (free of neutral
sterols) from the saponified sample was subjected to further hydrolysis
under pressure at 100 kPa for 3 h with 2 ml of 10 N NaOH in an
autoclave (Wolf, Geislingen, Federal Republic of Germany). After
acidification of the samples to pH 2 with 5 ml of HC1 and 25 ml of
methanol, bile acids were extracted with 4 x 50 ml of chloroform,
concentrated in an evaporator, and transferred quantitatively to a test
tube with 10 ml of chloroform. Then 200 n\ of this extract were
evaporated to dryness under nitrogen and methylated with 0.5 ml of an
ethereal-alcoholic solution of diazomethane for 60 min. Following
derivation with 200 Â¡Aof trifluoroacetic acid (Macherey & Nagel), the
aliquots were evaporated under nitrogen and dissolved in 1.5 ml of
chloroform. One p\ was injected onto the GLC column. A megabore
DB-17 column was used (15 m; inside diameter, 530 ^m; J & W
Scientific). The temperature of the injection port and flame-ionization
detector was 300Â°C.Helium was used as the carrier gas at a flow rate
of 5 ml/min. Column temperature was programmed from 230Â°Cto
270Â°C.

Neutral sterols and bile acids were identified by comparison with
GLC behavior of standard reference peaks and concentrations of the
individual sterols were calculated relative to the internal standard.

2The abbreviations used are: MTT, mean transit time; GLC, gas-liquid

chromatography.

Statistical Analysis. Values are given as mean Â±SEM. The non-
parametric Wilcoxon rank sum test for paired data was used throughout
for comparisons. P = <0.05 was considered significant.

RESULTS

Stool Weight and Mean Transit Time. The average stool wet
weight during the 5 days of stool collection was 122.4 Â±17.9
g/day in the control period compared to 200.0 Â±32.8 g/day in
the acarbose period (P < 0.01). Stool dry weight was also lower
in the control phase (37.2 Â±2.9 g/day) than in the acarbose
phase (58.2 Â±6.1 g/day; P < 0.005). MTT was significantly
prolonged under acarbose (55.9 + 3.3 h) compared to the
control period (43.0 Â±5.1 h; P< 0.05).

Fecal Neutral Sterols. Fecal concentrations and mean daily
excretion of various neutral sterols are summarized in Table 1.
During acarbose treatment decreased concentrations could be
seen for total neutral sterols and, in particular, for coprostanol,
coprostanone, campesterol, 4-cholesten-3-one, and ÃŸ-sitosterol.
No significant differences were found in the concentrations of
cholesterol, Stigmasterol, and cholestan-3/3,5Â«,6ÃŸ-triol.Mean
daily excretion was not significantly different under acarbose,
neither for total neutral sterols nor for any individual neutral
sterol. Cholestanone and cholestanol were detectable in only
five subjects during the acarbose (2.15 Â±1.40 and 1.10 Â±0.26
mg/g, respectively) and placebo periods (0.07 Â±0.05 and 0.97
Â±0.17 mg/g, respectively). Therefore, no statistical test was
carried out on these two neutral sterols.

Fecal Bile Acids. The fecal bile acid pattern is shown in Table
2. A significant decrease in concentration and mean daily
excretion of the fecal secondary bile acids deoxycholic acid and
lithocholic acid was found under acarbose. In contrast, daily
excretion of the main primary bile acid, cholic acid, was in
creased during the acarbose period. The changes in mean daily
excretion of secondary and primary bile acids are illustrated in
Fig. 1.

Fecal concentration and daily excretion of total bile acids
were not significantly different in the two study periods. No
statistical test was performed on the concentration and excre
tion figures of 7-ketolitho (acarbose, 0.09 Â±0.08 mg/g; placebo,
0.36 Â±0.1 mg/g) and muricholic acid (acarbose, 0.36 Â±0.13
mg/g; placebo, 0.24 Â±0.23 mg/g) which were excreted only by
2 and 3 volunteers, respectively.

Side Effects of Acarbose Treatment. The severity of abdomi
nal symptoms was recorded by each volunteer and classified
semiquantitatively as mild, moderate, marked, and severe ac
cording to the system of Lasser et al. (20). In the 4th week of
the acarbose period, flatulence was present in all 12 subjects
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(10 moderate, 2 marked) and abdominal discomfort was re
ported by 5 of 12 volunteers (4 mild, 1 moderate), whereas
during the control period these symptoms occurred in 6 (5 mild,
1 moderate) and 3 (2 mild, 1 moderate) subjects, respectively.
Mild diarrhea was present in 2 cases during both study periods.
Severe side effects were not noted by any volunteer, nor have
there been any dropouts due to the reported abdominal
symptoms.

DISCUSSION

In this study starch malabsorption was induced by adminis
tering the Â«-glucosidase inhibitor acarbose (BAY g 5421) to
subjects receiving a basal diet rich in starch. It has been shown
previously that at high acarbose doses starch or starch degra
dation products escape small intestinal digestion and enter the
colon (21). Increased bacterial carbohydrate fermentation dur
ing acarbose treatment has been demonstrated by measuring
end-expiratory breath hydrogen which was four times higher
compared to placebo (22).

Due to the increased carbohydrate content in the colonie
lumen, stool wet weight rose by 63% and dry weight by 57%
during acarbose treatment in this study. Such a stool "bulking
effect" is well documented for fibrous foods with high cellulose

and lignin contents (e.g., wheat bran) (13), but it is also de
scribed for readily fermentable dietary fiber substances like guar
gum or pectin. Cummings et al. (23) reported an increase of
fecal wet weight by 20 and 40%, respectively, when 20 g/day of
guar gum or apple pectin were added to the diet.

Usually, there is an inverse relationship between stool weight
and MTT (24). This negative correlation, however, occurs only
if MTT is high initially. In contrast to this, dietary fiber tends
to increase MTT if it is initially low. In this study MTT was
comparatively low during the control period (43.0 Â±5.1 h) and
showed a 30% increase during the acarbose period (55.9 Â±3.3
h). Similar results have been reported by Spiller et al. (25) who
found an increased MTT in 42 persons after ingestion of pectin,
a completely fermentable dietary fiber substance.

Many studies have been conducted on the effect of dietary
fiber on fecal excretion of acid and neutral sterols (3-5, 13, 19,
26). Most of them demonstrated that fecal excretion of choles
terol metabolites and bile acids, in terms of concentration, was
higher in populations consuming a low-fiber/high-fat diet.
Daily excretion of bile acids, however, was found to be similar
in high- and low-fiber-consuming groups (3, 13, 19, 26). In
contrast to this abundant information about dietary fiber in

DCA LCA CDCA

Fig. 1. Fecal excretion of bile acids (mg/day) during placebo (G) or acarbose
(â€¢)treatment in 12 healthy volunteers. Secondary bile acids: DCA, deoxycholic
acid; LCA, lithocholic acid. Primary bile acids: CA, cholic acid; CDCA, cheno-
deoxycholic acid. *, significant differences (*, P < 0.05; **, P < 0.005).

fecal steroid metabolism, only little is known about the effects
of starch malabsorption on fecal bile acid and neutral sterol
excretion.

The results on neutral sterol excretion presented in this study
are in agreement with the above mentioned findings. Whereas
fecal concentrations of total neutral sterols, coprostanol, co-
prostanone, 4-cholesten-3-one, campesterol, and /3-sitosterol
decreased as a result of acarbose administration, mean daily
excretion remained rather unchanged due to a higher stool
weight during the acarbose period. Concerning bile acid excre
tion, however, acarbose-induced starch malabsorption led to a

fundamental change of the fecal bile acid pattern (Fig. 1).
Interestingly, not only concentration but also daily excretion of
the secondary bile acids, deoxycholic and lithocholic acid, de
creased under acarbose, whereas daily excretion of the main
primary bile acid, cholic acid, increased during acarbose treat
ment. Since total bile acid excretion was not significantly dif
ferent in both study periods, this effect cannot sufficiently be
explained by a dilution effect due to increased stool bulk. In the
light of a recent study showing that starch malabsorption in
creases fecal bacterial mass (15), the observed shift from sec
ondary to primary bile acids might be explained by an altered
bacterial degradation of the primary bile acids cholic and che-
nodeoxycholic acid. A more acidic pH level in the proximal
colon as a result of higher concentrations of short-chain fatty

Total

Table 2 Fecal bile acid excretion under acarbose versus placebo

Fecalconcentration(mg/g
drywt)Bile

acidsDeoxycholic

acidLithocholic
acidIsolithocholic
acidCholic
acidChenodeoxycholic
acidUrsodeoxycholic
acid6-Ketolithocholic
acid7-Ketodeoxycholic
acid12-Ketolithocholic
acid5a-Cholanic
acid-3fi-ol3-Ketocholanic

acidAcarbose1.53Â±0.36Â°'*1.51

Â±0.34C1.26
Â±0.30*5.18

Â±1.970.57
+0.111.11

Â±0.520.17Â±O.I11.12

Â±0.400.12
Â±0.011.24
Â±0.200.47

+ 0.21Placebo3.82

0.743.16
0.631.97
0.390.74
0.350.77
0.270.43

+0.300.32
Â±0.080.59
Â±0.180.29

Â±0,111.61
Â±0.220.50

+ 0.30Fecal

excretion(mg/day)Acarbose79.96+

13.48*81.85
Â±18.39f80.57

Â±25.88379.80
Â±180.58'36.62

Â±9.6975.18
Â±40.959.79

Â±7.1464.45
Â±26.315.21

Â±2.3376.10+
17.9821.59+

10.49Placebo153.35

+37.69129.17
Â±33.0779.15
+20.4722.58
Â±10.2229.09
Â±9.5411.

26Â±7.9311.39Â±
2.9622.73

+6.9911.78
+5.1262.04
Â±11.8612.42
Â±5.24

11.68 + 2.48 13.37+ 1.83 731.95 Â±222.74 520.75 Â±95.78
Â°Mean Â±SEM.
*/><0.01.
c/><0.05.
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acids found during starch malabsorption (22) would decrease
the activity of bacterial 7a-dehydroxylase, an important enzyme

for the degradation of primary to secondary bile acids (27). In
this respect, information about the accurate luminal pH level
of the cecum and ascending colon would be of great interest.
Samples from this part of the colon are, however, difficult to
obtain. Since fecal pH may not accurately reflect intracolonic
pH (28), no attempt was made to measure pH from fresh feces
in the present study. Starch malabsorption may also affect bile
acid conjugation which may have contributed to the observed
changes in bile acid excretion. Due to alkaline hydrolysis of bile
acid conjugates, the laboratory method used in the present
study gives only information about the amount of free bile
acids. These unconjugated bile acids, however, constitute the
largest proportion of the total fecal bile acids excreted by
humans (29).

Ghoos et al. (30) measured bile acid excretion in 51 subjects
with different fiber and starch intake. The daily carbohydrate
intake, estimated by a dietary questionnaire, was 1035 kcal/day
in the low-fiber group (n â€”25) and 1109 kcal/day in the high-
fiber group (n = 26) with starch contents of 68 and 91%,
respectively. In accordance with our data, the high-fiber group

had a significantly higher stool weight, but fecal bile acid
excretion was also higher compared to the low-fiber group.

Since only total bile acids were determined using an enzymatic
method, the authors could not give any information about the
specific bile acid pattern. Recently, the effect of lactulose inges
tion (60 g/day) on duodenal bile composition has been investi
gated (31 ). Being fermented in the colon in a fashion similar to
that of starch, lactulose causes a fall of the pH level in the
proximal colon (32). After 4 and 12 weeks of treatment with
lactulose, the deoxycholic acid pool in duodenal bile samples
decreased from 22% to 13%; the proportion of cholic acid and
chenodeoxycholic acid increased from 36% to 43% and 40% to
44%, respectively; whereas lithocholic acid remained un
changed. An increase in stool weight was also noted in this
study. Although no data on fecal bile composition were re
ported, the observed changes in duodenal bile are in line with
the results of the present study.

To date, there are only few epidemiological data available on
the relationship between starch intake and colon cancer. How
ever, the finding of a superefficient starch absorption in patients
with adenomatous polyps (14) and the low colon cancer rates
in India and Japan, countries with a high intake of starchy
foods (rice) (1, 33), should be emphasized in this context. In a
recent study from Burma it was shown that carbohydrate mal-
absorption from rice occurred in 38.5% of young adults (15-39
years) and in 50% of older adults (40-70 years) (34). As pointed
out by Cummings and Bingham (35), "starch may be the crucial
protective dietary component" in colon carcinogenesis. The

results of this study, particularly the decreased concentration
of the potential (co)carcinogen 4-cholesten-3-one and the di

minished fecal excretion of deoxycholic and lithocholic acid,
known promoters of colon carcinogenesis, may explain how
starch malabsorption may protect against colon cancer.

ACKNOWLEDGMENTS

The authors thank Dr. M. Spengler, Bayer Pharma Research Center,
Wuppertal, Federal Republic of Germany, for kindly donating acarbose
and E. Kelber for technical assistance in steroid analysis.

REFERENCES

1. Waterhouse, J., Muir, C., Schanugaratnam, K.. Powell, J., Peacham, D.,
Whelan, S., and Davies, W. Cancer Incidence in Five Continents, Vol. 4.
IARC Scientific Publications No. 42. Lyon, France: International Agency
for Research on Cancer, 1982.

2. Wynder. E. L. The epidemiology of large bowel cancer. Cancer Res., 35:
3388-3394, 1975.

3. Reddy, B. S., Hedges, A. R.. Laakso, K., and Wynder. E. L. Metabolic
epidemiology of large bowel cancerâ€”fecal bulk and constituents of high-risk
North American and low-risk Finnish population. Cancer (Phila.), 42: 2832-
2838, 1978.

4. Reddy, B. S., Watanabe, K., and Sheinfil, A. Effect of dietary wheat bran,
alfalfa, pectin, and carrageenan on plasma cholesterol and fecal bile acid and
neutral sterol excretion in rats. J. Nutr., 110: 1247-1254, 1980.

5. Watanabe, K., Reddy, B. S., Weisburger, J. H., and Kritchevsky, D. Effect
of dietary alfalfa, pectin, and wheat bran on azoxymethane- or methylnitro-
sourea-induced colon carcinogenesis in F344 rats. J. Nati. Cancer Inst., 63:
141-145, 1979.

6. Hill, M. J., Drasar, B. S., Aries, V., Crowther, J. S., Hawksworth, G., and
Williams, R. E. O. Bacteria and aetiology of cancer of the large bowel.
Lancet, /.-95-100. 1971.

7. Hill, M. J., Drasar, B. S., Williams, R. E. O., Meade, T. W., Cox, A. G.,
Simpson, J. E. P., and Morson, B. C. Faecal bile-acids and clostridia in
patients with cancer of the large bowel. Lancet, /: 535-539, 1975.

8. Reddy, B. S., and Wynder, E. L. Large-bowel carcinogenesis: fecal constitu
ents of populations with diverse incidence rates of colon cancer. J. Nati.
Cancer Inst., 50: 1437-1442, 1973.

9. Reddy, B. S., and Watanabe, K. Effect of cholesterol metabolites and pro
moting effect of lithocholic acid in colon carcinogenesis in germ-free and
conventional F344 rats. Cancer Res., 39:1521-1524, 1979.

10. Summerton, J., Goeting, N., Trotter, G. A., and Taylor, I. Effect of deoxy
cholic acid on the tumour incidence, distribution, and receptor status of
colorectal cancer in the rat model. Digestion, 31: 77-81, 1985.

11. Suzuki, K., Bruce. W., Baptista, J., Furrer, R.. Vaughan, D. J.. and Krepinski,
J. J. Characterization of cytotoxic steroids in human faeces and their putative
role in the etiology of human colonie cancer. Cancer Lett., 33: 307-317,
1986.

12. Lipkin, M., Reddy, B. S., Weisburger. J.. and Schechter, L. Nondegradation
of fecal cholesterol in subjects at high risk for cancer of the large intestine.
J. Clin. Invest.. 67: 304-307, 1981.

13. Reddy, B. S., Engle, A., Katsifis, S., Simi, B., Bartram, H. P., Pirino, P., and
Mahan, C. Biochemical epidemiology of colon cancer: effect of types of
dietary fiber on fecal mutagens, acid, and neutral sterols in healthy subjects.
Cancer Res., 49: 4629-4635, 1989.

14. Thornton, J. R., Dryden, A., Kelleher, J., and Losowsky, M. S. Super-
efficient starch absorptionâ€”a risk factor for colonie neoplasia? Dig. Dis.
Sci., 32: 1088-1091, 1987.

15. Scheppach, W., Fabian, C., Ahrens, F., Spengler, M., and Kasper, H. Effect
of starch malabsorption on colonie function and metabolism in humans.
Gastroenterology, 95: 1549-1555, 1988.

16. Sachse, G., and Willms, B. Effect of the a-glucosidase-inhibitor BAY-g-5421
on blood glucose control of sulphonylurea-treated diabetics and insulin-
treated diabetics. Diabetologia, 17: 287-290, 1979.

17. Paul. A., and Southgate, D. A. T. McCance and Widdowson's The Compo
sition of Foods. Amsterdam: Elsevier/North-Holland BiomÃ©dicalPress,
1978.

18. Cummings, J. H., and Wiggins, H. S. Transit through the gut measured by
analysis of a single stool. Gut, 17: 219-223, 1976.

19. Reddy, B. S., Weisburger, J. H., and Wynder, E. L. Effects of high risk and
low risk diets for colon carcinogenesis on fecal microflora and steroids in
man. J. Nutr., 105: 878-884, 1975.

20. Lasser, R. B., Bond, J. H., and Levitt, M. D. The role of intestinal gas in
functional abdominal pain. N. Engl. J. Med., 293: 524-526, 1975.

21. Caspary, W. F. Sucrose malabsorption in man after ingestion of o-glucosi-
dasehydrolase inhibitor. Lancet, /: 1231-1233, 1978.

22. Scheppach, W., Fabian, C., Sachs, M., and Kasper, H. The effect of starch
malabsorption on fecal short-chain fatty acid excretion in man. Scand. J.
Gastroenterol., 23: 755-759, 1988.

23. Cummings, J. H.. Branch, W., Jenkins, D. J. A., Southgate, D. A. T.,
Houston, H., and James, W. P. T. Colonie response to dietary fibre from
carrot, cabbage, apple, bran and guar gum. Lancet, /: 5-8, 1978.

24. Burkitt, D. P., Walker, A. R. P., and Painter, N. S. Effect of dietary fiber on
stools and transit times, and its role in the causation of disease. Lancet, 2:
1408-1411, 1972.

25. Spiller, G. A., Chernoff, M. C., Hill, R. A., Gates, J. E., Nassar, J. J., and
Shipley, E. A. Effect of purified cellulose, pectin, and a low-residue diet on
fecal volatile fatty acids, transit time, and fecal weight in humans. Am. J.
Clin. Nutr., 33: 754-759, 1980.

26. Reddy, B. S., Sharma, C., Simi, B., Engle, A., Laakso, K., Puska, P., and
Korpela, R. Metabolic epidemiology of colon cancer: effect of dietary fiber
on fecal mutagens and bile acids in healthy subjects. Cancer Res., 47: 644-
648, 1987.

27. Macdonald, J. A., Webb, R., and Mahoney. D. E. Fecal hydroxysteroid
dehydrogenase activities in vegetarian Seventh-Day Adventists, control sub
jects, and bowel cancer patients. Am. J. Clin. Nutr., 31: S233-S238, 1978.

4241

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/16/4238/2445142/cr0510164238.pdf by guest on 19 M

ay 2023



FECAL STEROIDS IN STARCH MALABSORPTION

28. Lupton, J. R., Coder, D. M., and Jacobs, L. R. Influence of luminal pH on 32. Bown. R. L., Gibson, J. A., Sladen, G. A., Hicks, B., and Dawson, A. M.
rat large bowel epithelial cell cycle. Am. J. Physiol., 249: G382-G388, 1985. Effects of lactulose and other laxatives on ileal and colonie pH as measured

29. Setchell, K. D. R., Street, J. M., and SjÃ¶vall,J. Fecal bile acids. In: K. D. R. by a radiotelemetry device Gut, /5- 999-1004 1974
Setchell (ed.). The Bile Acids, Chemistry, Physiology and Metabolism, Vol. â€ž ÃŸingham,S. A. Meat, starch, and nonstarch polysaccharides and large bowel

, 'â€¢UPP-4v "oâ„¢' NeW â€ž"'v PlenUm ^"Ã®"1,8 S0/" â€¢!?f : p T, cancer. Am. J. Clin. Nutr., 48: 762-767, 1988.
30. Ghoos, Y., Rutgeerts. P.. Vantrappen, G., Hiele. M., and Schurmans. P. The . , Â». -effect of long-term fibre and starch intake bv man on faecal bile acid excretion. 34' Kh,n-Maung-U, BolÃn.T. D Pernia. S. P.. Duncombe, V. M Nyunt-

Eur J Clin Invest /*â€¢128-132 1988 " Nyunt-\Vai, Myo-Khm, and Linklater, J. M. Absorption of carbohydrate
31. Van Berge Henegou'wen, G. P., Van der Werf, S. D. J., and Ruben, A. T. H. from rice in Burmese village children and adults. Am. J. Clin. Nutr., 52:

Effect of long term lactulose ingestion on secondary bile salt metabolism in 342-347, 1990.
man: potential protective effect of lactulose in colonie carcinogenesis. Gut, 35. Cummings, J. H.. and Bingham, S. A. Dietary fibre, fermentation and large
28: 675-680, 1987. bowel cancer. Cancer Surv., 6: 601-621. 1987.

4242

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/16/4238/2445142/cr0510164238.pdf by guest on 19 M

ay 2023




