
Gut, 1977, 18, 730-735

Bile acid studies in uncomplicated Crohn's disease
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SUMMARY The pool size and composition of bile acids were studied in 13 unoperated patients with un-
complicated Crohn's disease, 10 patients with ulcerative colitis, and 10 normal subjects. Many
patients with Crohn's disease had in their bile a significantly increased amount of ursodeoxycholic
acid. The bile acid pool size was significantly decreased and the ratio of glycine to taurine conjugates
was significantly increased in the Crohn's disease patients. The reduction in bile acid pool size was
related to the activity of the disease. The disorders of bile acid metabolism suggest that the intestinal
involvement in Crohn's disease is much more extensive than can be demonstrated by careful radio-
logical examinations.

In most patients with Crohn's disease inflammatory
lesions involve the ileum, which is known to be the
site of bile acid absorption. Therefore, effects on bile
acid metabolism are to be expected in these patients.
Previous investigations have shown changes in size
and composition of the bile acid pool in several
groups of patients in whom the ileum was resected or
involved by some disease process (Austad et al., 1967;
Hofmann, 1967; Meihoff and Kern, 1968; Bruus-
gaard and Thaysen, 1970; Dowling et al., 1972).
Recently, the bile acid metabolism of patients with
Crohn's disease was studied more specifically but the
series comprised both operated and unoperated cases
and it was not indicated whether or not the disease
was complicated by fistula formation or obstruction
(Lenz, 1975). The purpose of our investigations was
to carry out a systematic study of bile acid composi-
tion and pool size in a group of unoperated patients
with uncomplicated Crohn's disease in order to deter-
mine the disorders of bile acid metabolism which are
apparently associated with the disease process itself.

Methods

SUBJECTS
Thirteen patients with Crohn's disease were studied,
nine males and four females, aged 17 to 50 years
with a mean age of 27-6 years. The diagnosis of
Crohn's disease was based on generally accepted
clinical, radiological, and pathological criteria.
Patients who had been treated surgically for Crohn's
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disease or in whom the disease was complicated by
intestinal fistulas or obstruction were excluded from
the study. The radiologically demonstrable ileal
lesions extended over a length of 5 cm to 50 cm
(mean 28-5 cm). In all but one of the patients the
colon was involved as well. The activity of the
disease was evaluated by means of the activity index
proposed by the American National Cooperative
Crohn's Disease Study Group (Best et al., 1976).
This index is based on three clinical features (number
of liquid stools, abdominal pain, general well-being)
and on five objectively measurable items (systemic
involvement, use of diphenoxylate or opiates, abdo-
minal mass, haematocrit, and body weight). The
numerical value of the index has been found to be
proportional to the degree of illness: values of 150
and below are associated with quiescent disease,
values above that indicate active disease, whereas
values above 450 are seen with extremely severe
disease. To correlate disease activity with para-
meters of bile acid metabolism a mean activity index
was determined in each patient. This mean index was
calculated from data recorded during the two or
three clinical examinations that were performed in
each patient during the two months preceding the
bile acid studies. Some pertinent data on these
patients are summarised in Table 1.
The control groups consisted of 10 normal sub-

jects, six males and four females, aged 19 to 63 years
(mean 35 years) and, of 10 patients with ulcerative
colitis, six males and four females, aged 26 to 58
years (mean 34 years). The diagnosis of ulcerative
colitis was confirmed histologically in all patients.
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Table 1 Clinical and laboratory data on series ofpatients with Crohn's disease

Patient Age Sex Extent Other Activity Bile acid Sed. Leucocyt. Ser. Ser. Ser.
(yr) of ileal localisations index pooi (g) rate (x 10'1) alb (gli) cholest. carot.

lesions (mm/h) (iAmoIfI) (vsmol/r)
(cm)

VDV 36 M 50 Rectum, anus 243 1-4 25 6-2 29-8 3-8 04
DA 18 F 25 Entire colon 426 0 7 65 15-4 27-1 5 0 0-8
NJ 22 M 15 - 46 1-8 13 6-1 39-1 3-4 1-5
GN 26 F 15 Colon segments, rectum 526 0-6 68 6-8 25-0 6-4 1 4
JR 17 M 25 Rectosigmoid 112 13 44 104 350 4-5 1 3
AL 26 M 20 Caecum rectosigmoid 276 1 7 26 8-4 22-7 3-3 0-9
VM 22 M 30 Right colon 361 1 6 25 14 6 30 5 4-2 1-7
PA 40 M 30 Right colon 144 2-1 10 10-5 356 3-5 1-4
JF 35 M 10 Colon segments, rectum 348 0 9 17 10-9 42-2 4-4 1-6
BJ 21 M 45 Caecum 140 1 7 24 12 9 29-2 3-8 1.0
VMJ 20 F 25 Colon segments 69 2-4 27 8-0 41 4 4-1 1.1
MR 22 F 50 Caecum 465 0 9 42 8-6 28-9 3-8 1.1
CE 50 M 30 Caecum, rectum 217 2-2 22 4-4 24-8 3-6 1-3

The degree of illness of these patients was at least as
severe as that of the Crohn's patients. Application of
the previously mentioned disease activity index to
this group of patients indicated that the index was
less than 150 in two, between 150 and 45.0 in six, and
more than 450 in two patients.

MATERIALS
Ninety-nine per cent pure (14C)-cholic acid and
(14C)-chenodeoxycholic acid were purchased from
Radiochemical Centre (Amersham, Eng.). The
chemical purity was checked by thin-layer chromato-
graphy on silica gel G-plates (Merck, Germany) in
the solvent system isooctane/ethylacetate/acetic acid
(5:5:1) (Bruusgaard, 1970). The radiopurity was
controlled by radioscanning (Berthold, model LB
2723; Erlangen, Germany) and was found to be
greater than 99%. All other radioactivity measure-
ments were made with a liquid scintillation counter
(Packard. model 2450; Downers Grove, Ill, USA).
Quenching was corrected by external standardisation.
The enzyme used for bile acids assays (3 alfahydroxy-
steroiddehydrogenase) was obtained from Worthing-
ton (Freehold, USA). Ursodeoxycholic acid, used as
reference in the gas chromatographic analyses, was
obtained from Steraloids (Pawling, NY, USA).

ASSAYS
Quantitative measurements of total bile acids and of
individual bile acids after separation by thin-layer
chromatography were performed enzymatically
according to the method of Koss et al. (1965). For
gas-liquid chromatographical analysis, the bile acids
were subjected to alkaline hydrolysis, methylated
with diazomethane and separated as methylester-
acetates on 3% OV-1 or 3% OV-17 columns in a Pye
Unicam gas chromatograph, model 104. Nordeoxy-
cholic acid was used as internal standard. Bile acids
were gained from fresh bile by liquid-solid extraction

on Amberlite XAD-2 (Servachrome XAD-2, 100-200
nm, Serva Heidelberg, Germany) according to the
method of Schwarz et al. (1974). Taurine conjugates,
glycine conjugates, and total unconjugated bile acids
were separated by thin-layer chromatography on
silica gel G-plates (Merck, Darmstadt, Germany) in
the solvent propionic acid/isoamylacetate/propanol/
water (15:20:10:5) (Hofmann, 1962). Individual bile
acids were determined by thin-layer chromatography
in the solvent system isooctane/ethylacetate/acetic
acid (5:5:1).
The duodenal and ileal contents of four patients

with Crohn's disease were submitted to the pro-
cedures described by Parmentier and Eyssen (1975)
and Eyssen et al. (1976) in order to determine
whether or not sulphated bile acids were present
and, if so, to determine their concentration.

Results were statistically analysed using Student's
t test and standard correlation techniques. Data are
expressed as mean values ± SEM.

POOL SIZE MEASUREMENT
The pool size was measured according to the method
of Austad et al. (1967). After an overnight fast a
radio-opaquecatheterwas positioned in theduodenum
under fluoroscopic control and 5 ,uCi (14C)-cholic
acid was administered intravenously. Three hours
later gallbladder evacuation was stimulated with
1 U/kg body weight of pancreozymin (Boots Comp.,
Nottingham, Eng.), the duodenal contents were
collected for 40 minutes, and the total volume was
measured. Ten millilitres of bile were taken for
analysis and the remainder was reinstilled into the
duodenum.

SPECIAL INVESTIGATIONS
In the course of the study we found that patients with
Crohn's disease have a significantly increased amount
of ursodeoxycholic acid in their bile. To investigate
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this observation 5 ,uCi (14C)-chenodeoxycholic was
administered intravenously to three Crohn's disease
patients with a high level of ursodeoxycholic acid.
Twenty-four hours later gallbladder evacuation
was stimulated, the duodenal contents were aspirated,
and the nature of the labelled bile acids was deter-
mined. The sensitivity of the detection procedure was
2% of the administered dose.

Results

BILE ACID POOL SIZE
The bile acid pool size of the 13 patients with Crohn's
disease was 1-48 (± 0 16) g. A significantly larger pool
was found in the normal subjects (3 09 ± 0 27)g and
in the patients with ulcerative colitis (2-92 ± 0A40) g
(p < 0-001 and P < 0-01 respectively). There was little
overlap between the values of Crohn's disease
patients and normal controls, but the overlap with
ulcerative colitis, was considerable (Fig. 1).
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Fig. 1 Bile acid pool size in patients with Crohn's
disease, patients with ulcerative colitis, and normal
subjects.

COMPOSITION OF BILE ACID POOL

The ratio of glycine to taurine conjugates, the per-
centages of unconjugated bile acids and the relative
amounts of the various cholanic acids in the bile
acid pool of Crohn's disease patients, patients with
ulcerative colitis, and normal controls are sum-
marised in Table 2. In two patients with ulcerative
colitis an unidentified bile acid was found which
constituted 38-2% and 24-6% respectively of the
bile acid pool. The most striking feature, however,
was the increased amount ofursodeoxycholic acid in
the bile of many patients with Crohn's disease

(6-60% ± 1P93%) as compared with 139%
(±0-12%) in normal subjects and 0-72% (±0 34%)
in patients with ulcerative colitis (p < 0-02) (Fig. 2).
Unconjugated bile acids constituted 4-64%
(± 1.64%) of the pool in Crohn's disease patients,
2-59% (± 1P17%) in the normal subjects and 7-02O%
(±+270%) in patients with ulcerative colitis. Only
traces of sulphated bile acids were found in the
Crohn's disease patients (less than 0 5% of the pool).
The ratio of glycine to taurine conjugates was
markedly greater in Crohn's disease patients than in
normal subjects (5 15 ± 0 39 and 2 35 ± 0-17
respectively; P < 0-001). Patients with ulcerative
colitis had a glycine to taurine ratio which was not
different from the normal controls (2-22 ± 027)
(Table 3).

Discussion

Previous investigations have shown bile acid loss in a
variety of pathological conditions of the ileum in-
cluding ileal resection and Crohn's disease (Austad
et al., 1967; Hofmann, 1967; Meihoff and Kern,
1968; Bruusgaard and Thaysen, 1970; Dowling et al.,
1972; Lenz, 1975). However, until now no systematic
study has been performed of the bile acid composi-
tion and pool size in uncomplicated Crohn's disease
-that is, without intestinal fistulas, radiologically
demonstrable obstruction or ileal resection, condi-
tions which are known to produce disorders of bile
acid metabolism. Our studies were carried out in
order to determine the disorders that are associated
with the disease process itself.
We used the single duodenal intubation technique

of Austad et al. (1967) to determine the bile acid pool
size. In this method (14C)-cholic acid is administered
intravenously; three hours later gallbladder evacua-
tion is stimulated by cholecystokinin and bile is
aspirated from the duodenum. If the injected label is
homogeneously mixed with the gallbladder bile with-
in three hours, the bile acid pool size can be calcu-
lated from the concentration of total bile acids and
the dilution of the label in the bile sample. This pro-
cedure has been validated by Pomare and Low-Beer
(1974) and by Duane et al. (1975). The latter authors
used a longer time interval between administration
of the label and duodenal sampling in order to allow
more time for the label to mix with the gallbladder
bile. The single intubation method will overestimate
the pool size in conditions in which the fractional
turnover rate is accelerated, such as in bile acid
malabsorption (Duane et al., 1975). Our data indi-
cate that, even if a method is used which possibly
overestimates the pool size in patients with Crohn's
disease involving the ileum, the bile acid pool of
these patients is significantly reduced. As in patients
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Table 2 Size and composition of bile acid pool in patients with Crohn's disease, patients with ulcerative colitis, and
normal subjects

Patients BA pool % unconj. BA GIT % LC % DC % CDC % UDC % C

Crohn's disease
VDV 1-4 0 4-5 1-8 1-2 63-4 1-5 32-4
DA 0-7 2-2 5-4 1-2 6-3 38-0 0 54-5
NJ 1-8 0 4-8 1-3 26-5 44-4 1-3 26-5
GN 0-6 16 8-3 3-3 13-2 60-4 2-1 21-0
JR 1-3 8-3 4-0 1.1 2-9 58-9 1.9 35-1
AL 1-7 0 55 0 3-8 43 0 53-2
VM 1-6 13 3-6 2-6 27-2 35-2 10.9 24-1
PA 2-1 11-4 3-1 1-3 9-4 49-1 7-6 32-7
JF 0-9 0 6-7 1-3 3-5 56-4 5-1 33-7
BJ 1-7 0 51 0-5 3-1 30-2 20-0 46-4
VMJ 2-4 8-4 6-0 19 2-3 65-9 6-0 23-9
MR 0 9 1 6-0 1 1-3 656 9 0 23-2
CE 2-2 0 3.9 0 1-1 58-1 20-4 20-4
Ulcerative colitis
JG 3-4 7-6 1-2 0-7 24-1 32-0 0-3 42-7
VP 4.9 0-0 1-8 0-5 0-0 39-8 0-0 597
BL 2-8 0-0 10 0-5 14-8 527 03 31-7
BN 3-3 5-0 2-0 2-0 16-0 44 0-0 38
DJ 5-1 9-8 3-1 0-0 45 45.4 0-0 50-1
SM 1-4 0-0 2-1 0-5 0-0 52-3 !-7 45-4
BJ 1-6 0-0 2-10 1-2 7-2 45 4 2-0 45-2
EV 2-0 25-0 3-6 3 5 16-0 51 7 0-0 28-8
MF* 2-1 18-0 2-0 0-0 0-0 355 0-0 27-0
VC* 2-6 4-8 3-3 0-0 7-7 252 2-9 39- 6
Normal subjects
RJ 3-00 0 2-0 1-4 16-1 42-3 1-7 37.9
SP 1-50 7-7 1*80 0 13-8 38-5 1-5 46-2
VR 4-10 9-7 2-30 0 12-3 48-2 0-8 38-7
VD 3-00 4-5 3-10 1-8 16-8 45-9 1-3 35-3
WJ 2-80 0 1-80 2-3 4-1 54-6 1-4 37-7
VH 2-60 0 3-10 1-8 17-2 51-1 1-2 28-7
VM 3-20 0 2-60 1.9 14-0 42-6 1-1 40-5
DP 3-3 0 2-00 2-0 13-1 41-8 2-2 40-9
VH 2-7 4-0 1-90 2-5 30-5 40-3 1-4 25-3
VG 4-7 0 2-90 1-0 14-8 46-0 1-3 36-8

BA: bile acids, G/T: ratio of glyco/tauro conjugates, LC: lithocholic acid, DC: deoxycholic acid, CDC: chenodeoxycholic acid, UDC:
ursodeoxycholic acid, C: cholic acid. Bile acids are acpressed as per cent of total bile acid amount.
*Patients with an unidentified bile acid.
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Fig. 2 Ursodeoxycholic acid in patients with Crohn's
disease, patients with ulcerative colitis, and normal
subjects.

Table 3 Correlation of Crohn's disease activity index
with various parameters

Parameter Correlation coefficient Statistical significance

Extent of disease 0 NS
Serum -carotene 0-29 NS
Leucocyte count 0-21 NS
Serum albumin 0-48 NS
Serum cholesterol 0-62 p < 0-05
ESR 0-66 p < 0-01
BA pool size 0-79 P < 0-001

ESR: erythrocyte sedimentation rate; BA: bile acid; NS: not signifi-
cant.

with Crohn's disease or other disorders of the ter-
minal ileum the bile acid pool size tends to become
smaller as the day progresses (van Deest et al., 1968),
it should be emphasised that we measured the size of
the fasting pool. Gallstones are common in Crohn's
patients (Heaton and Read, 1969; Dowling et al.,
1972), and gallstone disease is often associated with a
reduced bile acid pool (Vlahcevic et al., 1972). The
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decreased bile acid pool observed in this series of
patients with Crohn's disease is not due to associated
gallstone disease because none of the patients had
gallstones on x-ray examination. It seems logical,
therefore, to assume that the decreased bile acid pool
size is related to an exaggerated loss of bile acids by
the diseased ileum. As we did not culture the bacterial
contents of the upper small intestine, we do not
know whether the increased glycine to taurine ratio
is caused by an interrupted enterohepatic circulation
of bile acids (Garbutt et al., 1969), or to bacterial
overgrowth (Tabaqchali, 1970; Mallory et al., 1973),
or to both. The presence of unconjugated bile acids
in the patients with Crohn's disease also points to the
possibility of bacterial colonisation of the small
intestine.

Impaired absorption of bile acids in the ileum can
be compensated within certain limits by an increased
bile acid synthesis (Hofmann and Poley, 1972). In
Rhesus monkeys bile acid pool size is lowered only
by ileal resections ofmore than one-third of the small
bowel (Dowling et al., 1970). In man diarrhoea is
observed with small ileal resections of 40 to 200 cm
(Hofmann and Poley, 1972) but a decrease of bile
acid pool size (as evidenced by decreased jejunal bile
acid concentrations after a test meal) is observed
only with resections of more than 100 cm (Hofmann
and Poley, 1969). In our series of patients with
Crohn's disease the radiologically demonstrable
lesions were limited to the distal 5 to 50 cm of the
small bowel. The reduction of their bile acid pool
size to half the value of that found in normal sub-
jects, therefore, strongly suggests that the intestinal
segment in which bile acid absorption was impaired
was much more extensive than the lesions demon-
strated by careful radiological examinations. These
data are in accordance with the observation of others
who showed that Crohn's disease is a much more
widespread intestinal disease than is generally be-
lieved (Goodman et al., 1976; Dyer et al., 1970;
Ruddell et al., 1976).
An unexpected finding in the patients with Crohn's

disease was the increased level of an unusual bile
acid-that is, ursodeoxycholic acid, which is the
epimer of chenodeoxycholic acid. Ursodeoxycholic
acid, a major constituent of bile in bears, is only
rarely found in measurable amounts in human sub-
jects beyond the period immediately after birth
(Murphy and Signer, 1974). Studies of Makino et al.
(1975) have shown that orally administered ursode-
oxycholic acid can be used in mantodissolvecholes-
terol gallstones. Ursodeoxycholic acid was found in
considerable amounts in the bile of patients who had
been treated for long periods with chenodeoxycholic
acid for the dissolution of gallstones (Salen et al.,
1974; Stiehl et al., 1975; Bremmelgaard and Pedersen,

1976). The studies of Salen et al. (1976) indicate that
ursodeoxycholic acid, administered as (14C) ursode-
oxycholic acid to five male subjects, may be trans-
formed into chenodeoxycholic acid. The reverse
reaction, however-that is, from cheno into urso-
has not been demonstrated in man. Our observation
that significant amounts of radioactive ursodeoxy-
cholic acid could not be detected in the bile 24 hours
after the intravenous administration of (14C) labelled
chenodeoxycholic acid is not in favour of the assump-
tion that the increased levels of ursodeoxycholic acid
in our Crohn's patients are due to transformation of
cheno- into ursodeoxycholic acid. The origin of this
bile acid remains unexplained.

Increased levels of ursodeoxycholic acid were
found in Crohn's disease and not in ulcerative colitis.
However, other pathological conditions such as ex-
aggerated bile acid formation caused by ileal resec-
tion, bacterial overgrowth, and involvement of the
ileum by other pathological conditions have to be
studied before a high level of ursodeoxycholic acid
can be accepted as a hallmark of Crohn's disease.
The activity of Crohn's disease was evaluated by

the activity index proposed by the American
National Cooperative Crohn's Disease Study

Table 4 Correlation of bile acid pool with other
laboratory data

Laboratory data Correlation coefficient Statistical significance

Serum 9-carotene r = 0 06 NS
Leucocyte count r = 0-29 NS
Serum albumin r 0-23 NS
Serum cholesterol r = 0-68 P < 0 01
ESR r= 072 p < 0 01

0
0)

Fig. 3 Crohn's disease activity index (CDAI) and bile
acidpool size.
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Group (Best et al., 1976). Talstad and Gjone (1976),
using a different index, found that the erythrocyte
sedimentation rate was fairly well correlated with the
activity of Crohn's disease. In our studies both the
erythrocyte sedimentation rate and the serum
cholesterol level correlated with the activity of the
disease (Table 4). However, the parameter which
correlated best with the activity index was the bile
acid pool size: the more active the disease, the lower
the pool size (Fig. 3).
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schappeliik Geneeskundig Onderzoek van Belgie,
Brussels, Belgium.
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