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Faecal bile acid excretion in children with
inflammatory bowel disease

J Ejderhamn, J J Rafter, B Strandvik

Abstract
Faecal bile acid excretion and intestinal transit
time were studied in 18 children with inflamma-
tory bowel disease in clinical remission and
with normal stools: 16 with ulcerative colitis,
two with Crohn's colitis, mean age 14 years
(range 10-17 years). Five healthy children,
mean age 12.4 years (range 10-17 years), were
studied as control subjects. Most patients
were taking sulphasalazine, but none were
taking steroids. Transit time was determined
by carmine and did not differ between groups.
Faeces were collected for 72 hours, and faecal
water was prepared by centrifugation of faeces
at 15 OOOxg for two hours. Bile acids in total
faeces and faecal water were studied using
capillary gas-liquid chromatography-mass
spectrometry. Faecal excretion of total bile
acids, unconjugated bile acids, and glycine and
taurine conjugates were significantly increased
in patients as was faecal water excretion of
total bile acids, particularly the taurine conju-
gates and cholic and chenodeoxycholic acids.
Total concentrations of bile acids in faeces and
faecal water were two to five times higher in
patients. The children with inflammatory
bowel disease in clinical remission had high
excretion and concentration rates of bile acids,
especially taurine conjugates, in both total
faeces and faecal water, a finding of consider-
able interest in the pathogenesis ofmalignancy
in these diseases.

in total faeces and in the aqueous fraction - that
is, the faecal water - in children with inflamma-
tory bowel disease during clinical remission.

Patients
Eighteen children with inflammatory bowel
disease, mean age of 14 years (range 10-17
years), were studied. The diagnosis of inflamma-
tory bowel disease was based on generally
accepted criteria.'3 14 Twelve had ulcerative
colitis of the total colon, in four it affected the
distal colon only, and two had Crohn's colitis
including involvement of the small intestine in
one (ileum). The average duration of inflamma-
tory bowel disease was 2-7 years (range 0 5-5
years). Almost all patients were taking sulpha-
salazine and none were taking steroid drugs. The
patients had been off local steroid treatment for
at least three months before entering the study.
Stools were well formed in all patients except
four, whose stools were slightly less formed but
not watery. The mean frequency of stools was
1 5/day (range 1-3). The patients were in good
clinical condition and biochemical markers
of inflammation were normal: mean (SEM)
erythrocyte sedimentation rate was 5 (1-2)mm in
the 1st hour and serum concentration of oroso-
mucoid 0.6 (0. 1) g/l (reference values being 1-20
mm in the 1st hour and 0 3-1 -0 g/l, respectively).

Five healthy children ofthe medical staffacted
as controls, their mean age being 12.4 years
(range 10-17 years) and all had normal stools.
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Many studies support the hypothesis that faecal
bile acids play a part in the pathogenesis of
colonic cancer.' More recently, increased con-
centrations of soluble faecal bile acids have been
suggested as a risk factor in colonic carcino-
genesis.6 7 Patients with a long duration of
inflammatory bowel disease and total colitis are
known to run a high risk of developing colonic
cancer even when in remission.8-'0 It has been
suggested that high concentrations of faecal bile
acids are associated with dysplasia and car-
cinoma in ulcerative colitis." Conservative treat-
ment of inflammatory bowel disease in children
has in many cases a beneficial effect and causes
remission of severe symptoms, but duration of
disease or genetic factors, or both, have been
considered a major risk factor for colonic
cancer,8 12 suggesting that factors present during
remission might be important. The remission
phase of the disease will be important in the long
term for the risk of developing colonic cancer,
since if the patient does not remain in remission
or has a severe disease which does not respond to
medical treatment a colectomy will be per-
formed. The aim of our study was to investigate
the concentration and composition of bile acids

Methods
Faeces were collected over 72 hours and frozen at
-20°C until analysis. The samples from each
patient were pooled, mixed, and homogenised
using a Stomacher Lab Blender 3500 and divided
into aliquots for analysis of total bile acids and
bile acids in the aqueous phase.

ANALYSIS OF TOTAL BILE ACIDS
Analysis of total bile acids was performed
according to Breuer et al'` with slight modifica-
tion. Some 2.5-3 g faeces were lyophilised and
bile acids and neutral sterols extracted by
sequential refluxing in organic solvents. The
extracts were then purified and the bile acids
separated according to Alme et al'6 into uncon-
jugated, glycine conjugated, taurine conjugated,
and sulphated bile acids. Glycine, taurine, and
sulphated effluents were lyophilised. After
enzymatic solvolysis and hydrolysis according to
Hedenborg and Norman,'7 the bile acids were
converted to methyl esters using fresh diazo-
methane and further derivatised to trimethylsilyl
ethers.'6 Since coprostanol was eluted in the
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TABLE I Totalfaecal andfaecal water excretion rate (mglday) ofunconjugated, glycine
conjugated, taunine conjugated, and sulphated bile acids and cholic acid, chenodeoxycholic
acid, deoxycholic acid, and lithocholic acid in inflammatory bowel disease patients (n= 18) and
healthy control children (n=5)

Faeces Faecal water

Bile acids Patients Control subjects Patients Control subjects

Unconjugated
Mean 159.9* 68-1 10.4* 2-1
Median (range) 136 (342-431-4) 83-9 (47.3-98) 5 6 (10-43) 2-3 (0 7-44)

Glycine conjugated
Mean 3.2* 0.4 0-2 0.06
Median (range) 20 (04-17-2) 0.3(0 1-1 0) 0.1 (0.01-09) 005 (0.03-01)

Taurine conjugated
Mean 30.8t 1-3 0 6t 0.003
Median (range) 17-9 (2-185-3) 0.7 (0.3-2.7) 0.3 (0.02-46) 0.003 (0 0-001)

Sulphated
Mean 2-1 0.9 0-2 0.01
Median(range) 0.9(0 1-11 7) 0.4(0-2-3-1) 0-02(0.003-2 5) 0.01 (0-004-0 02)

Cholic acid
Mean 48-9 1-6 5.7* 01
Median(range) 7-2(0 1-286) 1.0(0.2-3.6) 1.1(0.02-32) 0 1(0-01-03)

Chenodeoxycholic acid
Mean 27-7 1-3 0.8* 0.03
Median (range) 10-1 (04-160.1) 1.3 (0.5-1.9) 0.2 (0.002-45) 0.04 (0.004-0 09)

Deoxycholic acid
Mean 43.9 20-3 1-8 0.7
Median(range) 32-4(1-7-103-6) 18-1(35-46 3) 1-5(0 1-7.1) 0.5(0 1-1 6)

Lithocholic acid
Mean 37-8 31-4 0.3 0.5
Median (range) 35.0(04-155.6) 32.9(145-44) 02(040-20) 0-4(03-08)

Significance levels compared with respective controls *p<0.05, tp<0.01.

neutral fraction before the unconjugated bile
acids (data not shown), coprostanol was used as
the internal standard. Isolation and quantitation
of bile acids were performed by gas-liquid
chromatography (HP 5830) using splitless
injection on an 18 m capillary column (OV-101).
Helium was used as the carrier gas and the flow
rate was 2 ml/min. A temperature programmed
operation from 50°C to 200°C in 4 minutes was

used, followed by an increase to 266°C at 5°C/
min and then an isothermal period of60 minutes.
Injection temperature was 325°C and the tem-
perature at the detector was 250°C. Identification
was carried out by gas chromatography-mass
spectrometry, using the same chromatographic
conditions as in the gas-liquid chromatography
analyses. An LKB 2091 instrument with a dual
jet separator was used. The energy of the bom-
barding electrons was 22.5 eV. Quantitation of
individual bile acids was achieved by computer-
ised integration of peak areas and a comparison
with known amounts of internal standards and
the response factor of standard bile acids. The
separation of bile acid conjugates was checked by
thin layer chromatography according to Ganshirt
etal.'8

SOLUBLE BILE ACIDS
Preparation of faecal water was performed by
centrifugation of faeces at 15 000xg for 2 hours
at 20°C in a Sorvall ultracentrifuge.'9 Centrifuga-
tion at a higher g or for a longer time did not give
higher yields (data not shown). The supernatant
was decanted and then frozen at -20°C until the
analyses were performed. Analysis of bile acids
in faecal water followed the same procedure as
for total faecal bile acids but started with passage
through a Sep-pak C18 cartridge.

TRANSIT TIME
The transit time of carmine was estimated at the
time of faeces collection by giving each child

0.5 g carmine orally and noting when the stools
changed colour.20

STATISTICS
The Mann-Whitney U test and Wilcoxon
matched pairs signed rank test were used for
statistical analyses. Variation was indicated by
standard error of the mean (SEM) if not other-
wise indicated.
The study was approved by the local ethical

committee of Karolinska Institutet and informed
consent was obtained from parents and patients.

Results

EXCRETION RATE OF BILE ACIDS

Faeces
The mean (SEM) total bile acid excretion rate in
the patients with inflammatory bowel disease
(196.1 (34) mg/day) compared with control
subjects (707 (14.6) mg/day) was significantly
increased (p<0 05). Unconjugated bile acids
predominated in faeces in both patients and
control subjects. The daily faecal excretion
(mean (SEM)) ofunconjugated (159.9 (25.8) mg/
day) and glycine (3-2 (0.9) mg/day) and taurine
(30-8 (9.9) mg/day) conjugated bile acids was
significantly increased (p<0 05, p<005, and
p<0-01, respectively) in the patients compared
with the control subjects (68.1 (14.4), 04 (0.2),
and 1-3 (0.5) mg/day, respectively) (Table I).
Sulphated bile acids accounted for a minor part
in both groups of children. The secondary bile
acids, deoxycholic and lithocholic acids, pre-
dominated in healthy children, but excretion was
only slightly greater than the primary bile acids,
cholic and chenodeoxycholic acids, in patients
(Table I).

Faecal water
The daily faecal water excretion (mean (SEM)) of
total bile acids in patients (11 5 (3.2) mg/day)
was significantly increased compared with
control subjects (2.2 (0.7) mg/day) (p<005),
and unconjugated and taurine conjugated bile
acids were significantly increased in patients
compared with control subjects (p<005 and
p<0 01, respectively) (Table I). The primary bile
acids, cholic and chenodeoxycholic acids, were
each excreted in faecal water in significantly
higher amounts in patients than in control sub-
jects (p<005, respectively) (Table I).

CONCENTRATION OF BILE ACIDS

Faeces
In patients the concentration of total bile acids in
faeces (Fig 1) as well as the faecal concentrations
of unconjugated and glycine and taurine conju-
gated bile acids were significantly increased
compared with control subjects as were the
concentrations of cholic and chenodeoxycholic
acids (Table II). In addition, the concentration
of deoxycholic acid in dried faeces was signifi-
cantly higher in patients than in control subjects.
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Figure 1: Concentrations oftotalfaecal bile acids in faeces in children with inflammatory bowel disease and control children.
Median values are indicated by lines.

Faecal water
A similar pattern was found in faecal water with
significantly higher concentrations of total bile
acids in faecal water in patients compared with
control subjects (Fig 2). The concentrations of
soluble unconjugated, glycine and taurine con-
jugated, and sulphated bile acids as well as that of
cholic, chenodeoxycholic, and deoxycholic acids
were significantly increased in the faecal water of
patients compared with control subjects (Table
III). In faecal water as well as in faeces, a
pronounced increase was seen in taurine conju-
gated bile acids (Tables II and III).

PERCENTAGE DISTRIBUTION OF BILE ACIDS

Faeces
The percentage distribution of conjugates
showed significantly higher fractions of taurine
conjugated bile acids in patients compared with
control subjects (p<0O05). There was a tendency
to higher percentages of primary bile acids in
concordance with a significantly smaller fraction
of lithocolic acid in patients (p<0O05) (Table II).
The ratio of glycine to taurine conjugated bile
acids did not differ between patients and control
subjects (Table IV).

Faecal water
The pattern in faecal water was similar to that in
faeces with a significantly higher fraction of
taurine conjugated bile acids and a significantly
smaller percentage of lithocholic acid in patients
compared with control subjects (p<001 and
p<0 05, respectively). The ratio of glycine to
taurine conjugated bile acids in the soluble phase
was significantly lower in patients compared
with controls (p<0 01) (Table IV). Moreover,
the glycine-taurine ratio was only increased three
to fivefold in faecal water compared with total
faeces in the patients (p<0 01), the correspond-
ing increase being 20 to 40-fold in the control
subjects (NS).

PERCENTAGE SOLUBLE BILE ACIDS
There was a non-significant higher fraction of
soluble faecal bile acids in patients than in
control subjects, 6% v 3% (Table V). Unconju-
gated, glycine conjugated, and sulphated bile
acids showed a similar distribution in patients
and control subjects, but taurine conjugated bile
acids were significantly increased in the soluble
fraction in the patients (p<OO1). Primary bile
acids were present in higher concentrations in
faecal water, soluble cholic and chenodeoxy-
cholic acids showing four to sevenfold higher
levels in patients than in control subjects (not
significant, respectively). Deoxycholic acid
showed a similar distribution in the two groups
and the lithocholic acid was less in the soluble
fraction in the patients (p<005) (Table V).

TABLE II Mean (SD)faecal concentration ofunconjugated,
glycine conjugated, taurine conjugated, and sulphated bile
acids and cholic acid, chenodeoxycholic acid, deoxycholic
acid, and lithocholic acid in inflammatory bowel disease
patients (n= 18) and healthy control children (n=5)

Bile acids Patients Control subjects

Unconjugated
mg/g wet faeces 1.7 (0.8)* 0.7 (0.3)
mg/g dry faeces 8-7 (3.2)t 2-8 (1-3)

Glycine conjugated
mg/g wet faeces 0.03 (0.04)* 0.005 (0.005)
mg/gdry faeces 0-15 (0 )t 0-02(002)

Taurine conjugated
mg/g wet faeces 03 (03)t 0-01 (0-01)
mg/g dry faeces 1-4 (1 1)t 0.05 (0.04)

Sulphated
mg/g wet faeces 0-02 (0`02) 0-01 (0.02)
mg/g dry faeces 0-1 (0-1) 0.05 (0.08)

Cholic acid
mg/g wet faeces 0 3 (0.5)* 0-02 (0-01)
mglg dry faeces 1-8 (2.6)* 0.07 (0.05)

Chenodeoxycholic acid
mg/g wet faeces 0-2 (0.2)* 0-01 (0.005)
mg/g dry faeces 0 9 (1l-I)* 0.05 (0.02)

Deoxycholic acid
mg/g wet faeces 0-6 (0.6) 0-2 (0.2)
mg/gdryfaeces 2-8(2-1)* 0.8(0.6)

Lithocholic acid
mg/gwetfaeces 05(04) 03(0-1)
mg/g dry faeces 2-2 (1.5) 1.3 (0.5)

Significance levels compared with respective controls *p<0 05,
tP<0-01.
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Figure 2: Concentration ofbile acids infaecal water in children with inflammatory bowel disease and in control children. Median
values are indicated by lines.

TRANSIT TIME
There were no significant differences in the
transit times ofcarmine between the patients and
the control subjects, the mean (SD) being 2-1
(0 8) and 2-0 (0.7) days, respectively.

Discussion
The faecal bile acid concentration in the healthy
control children corresponded to that found in
earlier reports from adults, although the children
had smaller fractions ofprimary bile acids (mean
4.6%, range 1 6-66%) and sulphated bile acids
(mean 1.8%, range 0-2-6-1%). Breuer et all'
reported that these fractions were 10.4% and
4.4%, respectively in adults. Both in faeces and

TABLE III Mean (SD)faecal water concentration of
unconjugated, glycine conjugated, taurine conjugated, and
sulphated bile acids and cholic acid, chenodeoxycholic acid,
deoxycholic acid, and lithocholic acid in inflammatory bowel
disease patients (n= 18) and healthy control children (n=5)

Bile acids Patients Control subjects

Unconjugated
mg/g wet faeces 0 1 (0-1)* 0-02 (0.02)
mg/ml faecal water 0 1 (0O1)* 0.03 (0.02)

Glycine conjugated
mg/g wet faeces 0-002 (0.002)* 0-0006 (0.0003)
mg/ml faecal water 0.003 (0.003)* 0-001 (0.001)

Taurine conjugated
mg/g wet faeces 0-006 (0.007)t 0.00004 (0.00004)
mg/ml faecal water 0.007 (0.009)t 0.0001 (0-0001)

Sulphated
mg/g wet faeces 0-002 (0.003)* 0-0001 (0-0001)
mg/ml faecal water 0-002 (0.004)* 0 0001 (0-0001)

Cholic acid
mg/g wet faeces 0.04 (0.07)* 0-001 (0-001)
mg/ml faecal water 0-06 (0.08)* 0-002 (0-001)

Chenodeoxycholic acid
mg/g wet faeces 0.005 (0.006)* 0.0004 (0.0004)
mg/ml faecal water 0-006 (0.007)* 0.0004 (0.0004)

Deoxycholic acid
mg/g wet faeces 0-02 (0.02)* 0.007 (0.006)
mg/ml faecal water 0.03 (0.03)* 0 009 (0 009)

Lithocholic acid
mglg wet faeces 0-006 (0.01) 0 005 (0.002)
mg/ml faecal water 0-008 (0.02) 0-006 (0.003)

Significance levels compared with respective controls *p<0.05,
tp<0 01.

in faecal water the patients with inflammatory
bowel disease had significantly higher concentra-
tions of cholic and deoxycholic acids than cheno-
deoxycholic and lithocholic acids. A similar
trend was seen in the faecal water from control
subjects but not in the total faecal bile acid
concentration, where chenodeoxycholic acid and
its transformation product lithocholic acid pre-

dominated in the healthy children (Tables II and
III). This might indicate differences in bile acid
synthesis or absorption - that is, differences in
the metabolism within the enterohepatic circula-
tion in patients with inflammatory bowel disease.

In contrast to the findings in the healthy
subjects, the fraction of glycine conjugates was

smaller than that of taurine conjugates in faecal
water from patients. The mean total concentra-
tions of bile acids in faeces and faecal water were
approximately two to five times higher in the
patients than in the control subjects (p<0-01 and
p<005, respectively), although the patients
were in remission. This was unexpected, since
only active inflammatory bowel disease has been
found previously to be associated with increases
in faecal bile acid concentrations.2' Thus
although the patients were in good clinical
condition with normal stools and normal transit
times of carmine, they had high faecal concentra-
tions of bile acids including the soluble fraction.
Bile acid malabsorption has been reported in
patients who were asymptomatic or had mild
disease activity, but colonoscopy showed that
many of these patients had a high degree of
inflammation in the mucosa of the right colon.22
Our findings are of interest with regard to the
suggestion that bile acids are a factor in the risk
of developing colonic cancer."23 The fact that
our patients had significantly higher concentra-
tions of soluble bile acids in their faeces is also of
considerable interest in light of recent data which
indicate that it may be the soluble fraction of the
faecal bile acids rather than the total concentra-
tion which constitutes the real risk for colonic

Inflammatory
bowel
disease

0. 00
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TABLE IV Ratio ofglycine (G) to taurine (T) conjugated bile
acids expressed as percentage in faeces andfaecal water of
patients with inflammatory bowel disease (n= 18) and healthy
age matched children (n=5)

Ratio GIT

Patients Control subjects p*

Faeces
Mean 20 90 Not
Median (range) 10 (2-141) 33 (6-367) significant

Faecal water
Mean 80 1610 <0 01
Median (range) 50 (7-391) 1310(708-1790)

*Significance compared with controls.

cancer.67 Soluble bile acids are toxic and can
induce cell proliferation in colons of experi-
mental animals.2425 In a recent study the aqueous
phase of faeces (faecal water) from patients with
colonic tumours contained significantly higher
concentrations of secondary bile acids than that
from healthy control subjects.23 The high con-
centrations of deoxycholic acid in the faeces of
the patients in our study are also interesting since
it has been suggested that the high concentra-
tions of secondary bile acids in the bile acid pool
and in faeces after cholecystectomy2t28 might be a
risk factor for colonic malignancy,29 thus indicat-
ing that cholecystectomy may be a predispos-
ing factor for the development of colorectal
cancer. 3032
The most interesting finding was the signifi-

cantly increased faecal excretion of taurine con-
jugates in the patients in clinical remission,
which to the best of our knowledge has not been
reported before. In addition, the faecal water
excretion of total bile acids and particularly the
taurine conjugates was increased in the patients.
This is in line with the observation of Tanida et
al,2' who found high concentrations of taurine
conjugated bile acids in faeces and also in faecal
water in patients with inflammatory bowel

TABLE V Percentage soluble bile acids recovered infaecal
water of the totalfaecal bile acids in patients with
inflammatory bowel disease (n= 18) and healthy age matched
control children (n=S)

Ratio: soluble bile acidsltotalfaecal bile
acids

Soluble bile acids Patients Control subjects

Total bile acids
Mean 6 3
Median (range) 6 (0-9-13-7) 3 (1-5-4-4)

Unconjugated
Mean 5 2-9
Median (range) 5 (0-8-12-6) 3 (1-4-4-3)

Glycine conjugated
Mean 01 01
Median (range) 0-09 (0 01-0-3) 0 07 (0-06-0 2)

Taurine conjugated
Mean 0-3t 0-005
Median (range) 0-2 (0 02-1 0) 0-004 (00-0-01)

Sulphated
Mean 0 07 0-02
Median (range) 0-02 (0 002-0 46) 0 01 (0-004-0 09)

Cholic acid
Mean 2 0 3
Median (range) 1-8 (0 01-7 5) 0 3 (0-02-0 6)

Chenodeoxycholic acid
Mean 0 3 0 07
Median (range) 0-2 (0 02-0 8) 0 05 (0-006-0-18)

Deoxycholic acid
Mean 1 1
Median (range) 1 (0 02-2 7) 1 (0-4-1-6)

Lithocholic acid
Mean 0.3* 0-8
Median (range) 0 1(0 0-3 2) 0-6(0-5-1-5)

*p<0.05, tp<0 01, patients v control subjects.

disease in the active phase. Taurine conjugates of
bile acids have been reported to induce a pro-
liferative response both in the colonic mucosa
(H Ohgaki, personal communication) and in the
gastric mucosa33 of the rat. The influence of
sulphasalazine treatment could not be specific-
ally evaluated because it was impossible for
ethical reasons to give healthy children this drug
or, alternatively, to stop treatment with the drug
since the patients had gone in to remission with
sulphasalazine and had no side effects from the
treatment. It is unlikely that sulphasalazine
might influence the conjugation pattern to
explain the differences in this series since no
consi§tent results have been reported on the
effect of the drug on the faecal flora in patients
with ulcerative colitis or control subjects. West
et al34 found a small but significant decrease of
total numbers of anaerobes and of enterobacteria
during medication. Hazenberg et al3' reported
that patients taking sulphasalazine had an
intestinal flora that was completely resistant to
sulphapyridine, one of the two components of
the drug. No changes of the faecal anaerobes
were noted in healthy subjects treated for two
weeks with sulphasalazine.36

It is also unlikely that methodological factors
would explain our results since thin layer
chromatography confirmed the accuracy of the
separation procedure. Further studies are
required to determine whether the observations
made in this study are relevant for an aetiological
role of bile acids in the risk of colonic cancer in
this patient group. A proven relation between an
increase*in taurine conjugates and malignancy in
clinical practice would have serious conse-
quences since taurine is presently given as
supplements both to healthy infants and to
patients with gastrointestinal diseases to increase
the taurine fraction of bile acids to improve fat
absorption.

This work was supported by grants from The Swedish Medical
Research Council (4995), Karolinska Institutet, Axel Thielman's
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