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Effect of long term lactulose ingestion on secondary
bile salt metabolism in man: potential protective effect
of lactulose in colonic carcinogenesis
G P AN BERGE HENEGOUWEN, S D J VAN DER WERF,
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From ilhe Department ofInternal Medicine and Gastroenterology, Municipal Hospital, Wagnerlaan, Arnhem,
The Netherlands

SUMMARY This study investigated whether colonic absorption of secondary bile acids, especially
deoxycholate in patients with adenomas could be decreased by oral lactulose. Bile acid metabolism
was studied using bile sampling and '4C-deoxycholate kinetics in patients with colonic
adenomatous polyps before and after four and 12 weeks of lactulose, 60 g/day. The results indicate
that lactulose decreased the deoxycholate pool size from a mean of 22-0 (SD: ±13.8) to 14-3
(±7.6) ,umol/kg (p<0-025). Deoxycholate absorption fell from 3-8 (±2.3) to 2.9 (±1-4 ,umol/kg/d
(ns). The biliary bile acid composition decreased significantly in deoxycholate after four and 12
weeks with a rise in primary bile acids. There was a highly significant correlation between the
%-change in DCA input and the %-change in DCA pool size (r=0 89). Intestinal transit measured
by the pellet method (4-1±1.9 to 2-4±0-6 day; p<O.01) and faecal pH decreased, while stool
frequency and weight rose significantly. Significant correlations between the %-change in gut
transit time and the %-change in DCA pool size or %-change in DCA input were absent. The
results show that it is possible to lower colonic secondary bile acid absorption by long term lactulose
feeding. This effect can be mediated by accelerated transit and the acidification of the colonic
contents.

Epidemiological findings suggest environmental
influences play an important role in the development
of large bowel cancer.`'+ Among other factors a low
intake of dietary fibre has been considered signifi-
cant.4 The hypothesis that secondary bile acids may
act as promotors of colonic carcinogenesis and that
their formation may be enhanced by an alkaline pH
due to a high fat, low dietary fibre diet, has received
attention more recently.5"

This concept is in agreement with early observa-
tions of high faecal bile salt concentrations in the
presence of some species of anaerobic bacteria able
to dehydrogenate the bile acid nucleus in high risk
populations.7" Slow gut transit time has been pro-
posed as an additional promoting factor, but this
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remains controversial.' "' Further supporting
evidence in favour of a promoting role of secondary
bile acids has been produced: faecal 7ca-dehydroxyla-
tion, the initial step in bile acid nucleus conversion,
and the ratio of faecal anaerobic to aerobic bacteria
proved to be increased in patients with colonic
adenomas."'X A tumour promoting effect and
mutagenicity of secondary bile acids has been
shown.'""' In our studies using colonic deoxycholate
(DCA) absorption as an in vivo marker of mucosal
exposure to secondary bile acids in man, we found a
higher DCA-absorption and a more anaerobic gut
flora in patients with colonic adenomas at high risk of
colon cancer as compared with matched subjects.'7 18
Stimulation of cell proliferation by secondary bile
acids (lithocholic and deoxycholic acid) in the colon
can be shown."'

Alterations of secondary bile acid metabolism in
675
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patients at high risk for colon cancer have not been
explored, because the data reported are confined to
changes in primary bile acid pool sizes and biliary bile
acid composition. In view of the intimate relationship
of colonic exposure to secondary bile salts, the
colonic microenvironment (pH, flora) and gut
transit, it is important to evaluate such changes
induced by oral feeding of fermentable non-absorb-
able carbohydrates such as lactulose, causing acidifi-
cation and dilution of colonic contents,22 in patients at
high risk for colon cancer. Lactulose is metabolised
to organic acids by the colonic flora and reduces the
pH in the right colon to less than 5.0,22 whereas in in
vitro experiments the 7a-dehydroxylation of bile
acids is inhibited below pH 6-0-6.4.2-25

It could therefore be predicted that lactulose will
reduce the 7a-dehydroxylation of bile acids and
evidence for this has been presented by Thornton and
Heaton,26 who showed that oral feeding of lactulose
could reduce biliary DCA. The protocol of the
present study was designed to find out whether pool
size and absorption of the secondary bile salt DCA, a
risk factor for development of colon cancer,'7 could
be reduced by lactulose.

Methods

PATIENTS
Eight female patients (mean age 57-4 years;
SD± 12-2) with histologically diagnosed colonic
adenomatous polyps were investigated. All patients
were within 10% of ideal body weight. In all the risk
of colon cancer was increased because the removed
polyps showed dysplasia, the size was more than 2 cm
in diameter, or more than two adenomas per patient
were present. None of the patients was taking any
medication or was aware of any other illness. Ultra-
sound showed no abnormality of liver and gall
bladder.
Food intake in the week before the studies was

assessed so that individual consumption was known.
Subjects were asked to maintain their eating habits
unchanged during the 12 weeks of the study.
Informed consent was obtained from each patient
and approval for the study was obtained from the
Ethical Committee on Medical Research in the
Municipal Hospital at Arnhem.

EXPERIMENTAL PROCEDURE
The patients were studied before, after four weeks,
and after 12 weeks of oral lactulose feeding.
Lactulose treatment was given in three doses of 20 g
per day as lactulose syrup, containing 670 g lactulose
per litre (Duphalacg, Duphar, Amsterdam, The
Netherlands). During the first week three times 15 ml
was given with meals; then each dose was increased

to 30 ml, giving a daily dose of 60 g lactulose for a
period of 12 weeks. It was the aim to obtain one to
two soft stools per day. Two patients developed
diarrhoea and the dose had to be reduced to 30 g per
day. Duodenal bile samples after cholecystokinin
(CCK; Kabi Vitrum, Stockholm, Sweden) stimula-
tion for the analysis of biliary bile acids were obtained
before, after four, and after 12 weeks of lactulose
treatment.

Bile acid kinetic studies for measuring deoxycho-
late pool size, turnover rate and input rate and
intestinal transit and faecal pH were measured before
and after 12 weeks of lactulose treatment.

BILE ANALYSES
To study deoxycholate kinetics 10 [tCi (24-'4C)-
sodium deoxycholate (Radiochemical Centre,
Amersham, England) was injected iv. On the next
four mornings less than 2 ml fasting duodenal bile was
collected after gall bladder stimulation with CCK. Of
each bile sample 1 ml was taken and diluted with
isopropanol (1:9) immediately after sampling. All
samples were stored at -20°C. Bile acid analyses and
deoxycholate kinetics were done as described pre-
viously with the isotope dilution technique.2728
We calculated the input into the bile acid pool of

newly formed DCA from the colon (which is colonic
synthesis minus loss of newly synthesised material in
the faeces) as the pool size of DCA multiplied by its
fractional turnover rate (FTR). The FTR is the
fraction of the DCA pool that is replaced daily by
newly synthesised material.

INTESTINAL TRANSIT AND FAECAL pH
Gut transit time and faecal pH were measured before
and after 12 weeks of lactulose treatment. Gut transit
time was defined as the period between ingestion and
excretion of 80% of 25 pellets ingested on the
morning of day 1, day 2, and day 3 of the study. On
each consecutive day a different kind of pellet was
given and all stools were kept frozen on dry ice the
next five days. After radiography of the faecal bags
the mean transit time of the three markers was
calculated. This is a modification of the method
described by Cummings et al.29 Stool weights and
stool frequency were recorded daily and the pH was
measured immediately after defecation. Faecal pH
was measured after saline dilution (v/v:1/1) using a
pH electrode (Radiometer Copenhagen). Of each
defecation three samples were analysed and repro-
ducibility of faecal pH measurements yielded good
results within stool samples.

STATISTICAL ANALYSES
The statistical significance of the results was calcu-
lated using the Student's t test for paired values.
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Fig. 1 In the left panel colonic deoxycholate input (individual and mean values±SD) is shown before and after 12 weeks of
lactulosefeeding. In the right panel deoxycholate pool size is shown before and after 12 weeks oflactulose in eightsubjects with
colonic adenomas.

Correlation coefficients were calculated according to
the method of least squares with Spearman's rank
correlation test.

Results

EFFECTS ON GUT TRANSIT TIME, FAECAL pH,
FAECAL WEIGHT AND STOOL FREQUENCY
Measurements of gut transit time before and after 12
weeks of lactulose showed a significant reduction of
4*1 (±1.9) (mean±SD) to 2-4 (±0-6) day (p<0-01).
Faecal pH was slightly but significantly decreased in
our subjects (p<001). The mean pH decreased from
7-3 (±0-6; SD) pretreatment to 6-8 (±0-5) after 12
weeks of lactulose. Stool frequency increased from
1*3 (±0.4) (mean±SD) to 2-0 (±0-6) bowel move-
ments per day (p<001). Wet faecal weight increased
from 156 (±69) to 232 (±98) g per day (p<001).

EFFECT OF LACTULOSE ON DEOXYCHOLATE
METABOLISM

Deoxycholate pool size decreased significantly from
22-0 (±SD 13.8) [tmol/kg to 14-3 (±7-6) after 12
weeks (p<0025). In two patients the pool size was

not decreased. One patient had a very low DCA pool
size (Fig. 1). In three of the eight patients no reduc-

tion in colonic DCA input was observed. Although in
three others a reduction was observed, the total re-
sult did not show a significant difference between pre-
treatment and 12weeks oflactulose treatment (Fig. 1).
The mean value for DCA input was 3-8 (±2-3)

,umol/kg/d before and 2*9 (±1-4) imol/kgId after
lactulose treatment. Fractional turnover rate of DCA
was unchanged. The mean (±SD) pretreatment level
was 0*217 (±0.114)/d and the mean FTR after
lactulose was 0-233 (±0.106)/d. This trend in
reduction of DCA input did correlate well with the
shrinkage DCA of pool size during lactulose treat-
ment.
The correlation between A% DCA input or

colonic absorption and A% DCA pool size was
highly significant (n=8; r=0*89; p<0-01), as would
be expected. No significant correlation was detected
between the change in gut transit time (A%) and
A% DCA pool size (r=0-21) and A% DCA input
(r=-0-17), if pretreatment values were compared
with those after 12 weeks of lactulose feeding.

BILIARY BILE ACID COMPOSITION
For the secondary bile acid DCA biliary bile acid
composition showed a similar type of reduction after
lactulose treatment as observed for DCA pool size
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Fig. 2 Individual and mean values (±SD) of biliary bile acid composition (%) before, after four and after 12 weeks of
lactulose feeding in eight subjects with colonic adenomatous polyps are shown.

(Fig. 2). The mean biliary DCA composition showed
a reduction from pretreatment levels of 22 0±13 8
(mean %±SD) to 13-5+11-9% after four weeks and
15-0±11 5 after 12 weeks of lactulose feeding (Fig.
2). The other secondary bile acid, lithocholic acid
(LCA) did not change significantly. The mean pre-
treatment LCA proportion was 2-5% (± 0); This
proportion was 2-8% (±1.0) after four weeks and
2-8% (+0.8) after 12 weeks of lactulose feeding.

In association with the reduction of DCA in biliary
bile acid composition, a significant rise of the primary
bile acids cholate (CA) and chenodeoxycholate
(CDCA) was observed.
The mean CA (±SD) increased from the pretreat-

ment level of 35-9% (±6.8) to 42.6% (+8-7) after
four weeks and to 39-5% (±7.7) after 12 weeks
lactulose treatment (Fig. 2).
Chenodeoxycholate increased from pretreatment

levels of 40-0% (+13*8) to 43-7% (±10.9) after
four weeks and 44-5% (± 11-7) after 12 weeks (Fig.
2). Both changes in mol% of CA and CDCA were

statistically significant at four and 12 weeks in
comparison with pretreatment levels.
The trend to a reduction of gut transit time during

lactulose did not correlate well with the change in
biliary DCA. The correlation between A%Yo DCA in

bile and A% gut transit time was not significant
(r=0.34).

Discussion

In this study a significant reduction in secondary
DCA pool size was obtained by oral feeding of
lactulose, a synthetic, non-absorbable disaccharide.
A significant reduction in DCA input was not
obtained, but this may be because of the small
number of subjects studied. The change in DCA
input, however, did correlate well with the change in

DCA pool size. A reduction in the proportion of
biliary DCA in contrast with an increase in the
proportion of CA and CDCA after lactulose has
previously been described by Thornton and Heaton"
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who fed lactulose in similar doses, but only for six
weeks, to healthy women preferably with highly
supersaturated bile.

Although total pool size was not measured, one
could assess individual bile acid pool sizes from the
DCA pool size and biliary bile acid composition. As
the proportion of CA and CDCA in bile did increase
significantly during lactulose at the expense of DCA,
similar changes can be expected in individual bile
acid I ol sizes.

Altl *ugh reduction in DCA pool size could be
becaus of the established accelerated colonic
transit, where the time available for the formation or
absorption of DCA is reduced, no significant correla-
tion was found between the change in gut transit time
and the change in DCA pool size or DCA mol%/o in
bile or DCA input. Previously we have seen that the
input of DCA varied significantly with gut transit in
young people but not in older subjects."S Marcus and
Heaton" on the other hand were able to expand or
reduce DCA pool size in a larger group of normal
subjects by treating them with respectively
loperamide and senna laxative. They were also able
to show a significant positive correlation between the
change in DCA pool size and the change in gut transit
time. On the other hand acidification of the colon
below pH 6-0 over at least 12 hours per day could also
reduce DCA formation considerably. Furthermore
the availability of free DCA for colonic absorption
will be reduced due to precipitation and absorption to
solid matter at a lower pH in the right colon.
The lack of an appreciable effect of lactulose on the

proportion of biliary lithocholate could be caused by
the very low degree of luminal solubility of this bile
acid, even at the normal pH level of the colon.

If we assume that a more alkaline pH in colonic
microenvironment can augment the risk of colonic
cancer" then long term treatment with non-absorb-
able disaccharides capable of acidifying colonic con-
tents could have potential for the prevention of
colonic cancer. It is possible to study patients with
adenomas after polypectomy to find out if the
addition of lactulose or other fermentable carbo-
hydrates to the diet can prevent a recurrence of
adenomatous polyps. Lactulose seems a suitable
compound to be examined. Its laxative effect caused
by acidification of colonic contents in patients with
portosystemic encephalopathy has been well docu-
mented."2'4 Patient compliance can be easily moni-
tored by breath hydrogen excretion or faecal pH
measurements. Its long term effects on secondary
bile acid metabolism can now be monitored using 24-
"3C-deoxycholic acid kinetics as recently described.35
One disadvantage in the chronic use of lactulose

could be the described adaption phenomenon.36 A
chronic load of a non-absorbable sugar can induce an

increase in number or in activity of lactic acid
metabolising bacteria, resulting in a better efficiency
of the colonic flora to digest the non-absorbable
carbohydrate. On the other hand caecal fluid pH fell
more quickly after a chronic load of lactulose than
after an initial load. Also colonic hydrogen produc-
tion did increase after a chronic load of lactulose. "

In our study the effect of lactulose on biliary bile
acid composition, although more pronounced after
four weeks, was sustained up to 12 weeks of lactulose
feeding.

In conclusion secondary bile acid metabolism can
be modified by long term lactulose ingestion, reduc-
ing colonic exposure to DCA. Both colonic intra-
luminal acidification and faster gut transit could be
responsible for this effect. The results justify further
studies on the potential protective effect of lactulose
or other non-absorbable fermentable carbohydrates
on the recurrence rate of colonic polyps.

We are grateful to Dr J K Kutsch Lojenga, hospital
pharmacist and Dr D Palsma, head of the Depart-
ment of Nuclear Medicine for excellent technical
assistance and to Mrs Ineke Janssen-Volman for
expert secretarial assistance.
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