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Bile acid absorption kinetics in Crohn's disease on
elemental diet after oral administration of a stable-
isotope tracer with chenodeoxycholic-11, 12-d2 acid
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SUMMARY A non-radioactive tracer, deuterium, incorporated in chenodeoxycholic acid, was
used to study bile acid absorption kinetics employing gas chromatography-mass fragmentography
for its analysis. Eight patients with Crohn's disease and four control volunteers were
administered chenodeoxycholic-11, 12-d2 acid. In order to obtain constant dietary conditions,
they were fed by an elemental diet during the study. There were significant reductions of the
biological half-life of chenodeoxycholic-11, 12-d2 acid, the pool size of chenodeoxycholic acid,
and the total bile acid pool size in patients with Crohn's disease as compared with those in normal
subjects. There was a marked increase in the relative concentration of ursodeoxycholic acid with
a concomitant decrease of deoxycholic acid in patients with Crohn's disease, although such
differences did not reach statistical significance. The present study confirms that there are some
impairments of enterohepatic circulation of bile acids in patients with Crohn's disease.

Crohn's disease has frequently been discussed in
relation to the associated problem of ileal lesions,l
which might be a cause of bile acid malabsorption.2
In 1977, Vantrappen et a13 first determined the bile
acid pool size in patients with Crohn's disease by
using 14C-labelled compounds tracer techniques.4
Oral food intake, however, is diminished in these
patients, because of gastrointestinal disorders, and
that may influence bile acid kinetics.
The aims of the present investigation were: (1) to

study the steady-state kinetics of enterohepatic
circulation of bile acids in patients with Crohn's
disease during constant dietary conditions, and (2)
to develop stable-isotope tracer techniques using
2H-labelled bile acid and gas chromatography-mass
fragmentography (GC-MF) without in vivo radia-
tion exposure.

Methods

SUBJECTS AND EXPERIMENTAL PROCEDURE
Investigations were performed in eight patients with
1 Address for correspondence: Dr T Nishida, Second Department of Internal
Medicine, Faculty of Medicine, Kyushu University, Maidashi 3-1-1, Higashi-
ku, Fukuoka City, 812 Japan.
Received for publication 5 January 1982

Crohn's disease and four healthy volunteers (eight
males and four females), aged between 16 and 50
years as listed in the Table. Informed consent was
obtained in all the subjects. The diagnosis of
Crohn's disease was made by clinical and radio-
graphic examinations using air-barium double
contrast technique. The characteristic features were
linear ulcers, cobblestone mucosal pattern,
asymmetry, skip areas, stricture, fistula formation,
etc. Of the eight patients with Crohn's disease, six
had lesions of the small bowel only and the
remaining two had additional involvement of the
large bowel. Medications were discontinued during
the study in all patients except two, who received
sulphasalazine (The Green Cross Corp., Japan).
Patients with previous surgical treatment, liver
damage, or diabetes mellitus were excluded from
the present study.

In all the subjects, 50 mg chenodeoxycholic-11,
12-d2 acid (2H-CDCA) (Merck Sharp & Dohme
Canada Ltd., Montreal, Canada), which proved to
be of 95% enrichment with deuterium, was orally
administered in the form of a capsule. After
intramuscular injection of 10 ,g caeruletide diethyl-
amine (Kyowa Hakko Co. Ltd., Japan), 2 ml of
fasting bile was obtained through an indwelling
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Table Subjects studied

Subject Age (yr) Sex Extent ofdisease

Patients with Crohn's disease
HK 44 F Ileum
YY 16 F Ileum, caecum
SY 17 M Ileum, jejunum
KM 28 M Ileum, colon*
RT 19 M Ileum, jejunum
OH 26 M Ileum, jejunum
TY 20 M Ileum
IF 25 F Ileum

Mean 24.4

Normal subjects
TM 50 M
NT 21 M
NT 19 M
EM 22 F

Mean 28-0

* Caecum, ascending colon, transverse colon, descending colon,
sigmoid colon.

nasoduodenal tube before and 24, 48, 72, and 96
hours after the administration of chenodeoxy-
cholic-11, 12-d2 acid. Bile was kept at -20°C until
analysed. Biliary bile acid composition and decay
curves of the isotope abundance of chenodeoxy-
cholic-11, 12-d2 acid were determined by gas
chromatography-mass fragmentography. Biliary bile
acid composition was determined in a sample
obtained before the administration of chenodeoxy-
cholic-11, 12-d2 acid. The biological half-life of
chenodeoxycholic-11, 12-d2 acid and the pool size
and synthesis rate of chenodeoxycholic acid
(CDCA) were calculated according to the open one
compartment model. The total bile acid pool size
was estimated by the gas chromatography-mass
fragmentography's ratio of biliary bile acids.
Throughout the investigation, all the subjects

studied were placed on an elemental diet
(Ajinomoto Co., Japan), which provided 17.6% of
its total nutritive values as amino acids, 79.4% as
carbohydrates, and 0.66% as lipids. To overcome
the unpleasant taste, the diet was dissolved in water
and the resultant emulsion was administered
through an indwelling nasoduodenal tube from 8 am
to 12 pm (12 midnight) at a fixed infusion rate. The
diet delivered was 1500 to 1800 kcal/day from 10
days to 92 days, on an average 34.9 days. The time
interval from the initiation of the elemental diet to
sampling was from five days to 27 days, on an
average 10.9 days.

PREPARATION OF SAMPLES FROM BILE FLUID
One hundred ul of aspirated bile fluid was taken in a
screw-cap tube and 1000 gg of 12 keto-chenodeoxy-
cholic acid (12 KCDCA) (Calbiochem-Behring Co.,

USA) was added as an internal standard. Saponi-
fication was performed with 6 ml 4 N NaOH-
methanol (1:1, v/v) at 80°C for 16 hours. After
acidification with 6 N hydrochloric acid, the free bile
acids were extracted three times with 5 ml of ethyl
ether. The ethyl ether was evaporated to dryness in
vacuo, and the residual bile acids were methylated
with 3 ml diazomethane in ethyl ether. After
evaporating the solvent, acylation was carried out by
the addition of 1 ml propionic anhydride-pyridine
(7:3, v/v) at 80°C for eight hours. The solvent was
removed with nitrogen gas stream. The residues of
methyl ester propionate derivatives of bile acids
were dissolved in 0.25 ml methanol-acetone (9:1,
v/v), and were then submitted to gas chromato-
graphy-mass fragmentography measurements.

INSTRUMENT AND CONDITIONS
A JEOL JMS-D 100 gas chromatograph-mass
spectrometer (JEOL Ltd., Japan) was used for gas
chromatography-mass fragmentography measure-
ments. Glass coil column, 100 cm x 2 mm internal
diameter, was packed with 3% OV-17 coated on
80-100 mesh Shimalite (Shimazu Seisakusho Co.,
Japan). The temperatures of the column, injection
port, and enricher were 280°C, 310°C, and 310°C,
respectively. Helium gas carrier pressure was 2-0
kg/cm2. Ionising current was 300 ,uA and ionising
voltage was 75 eV. Under these conditions, methyl
ester propionate derivatives of individual bile acids
were separated completely from each other on a gas
chromatogram of total ion current, as demonstrated
in Fig. 1. The respective relative retention times
compared with deoxycholic acid were as follows:
lithocholic acid, 0.61; chenodeoxycholic acid and
chenodeoxycholic-11, 12-d2 acid, 1-14; ursodeoxy-
cholic acid, 1.39; cholic acid, 1-73; 12 keto-cheno-
deoxycholic acid, 1.93.

QUANTITATIVE ANALYSIS BY GAS
CHROMATOGRAPHY-MASS FRAGMENTOGRAPHY
The mass spectra for methyl ester propionate
derivatives of chenodeoxycholic acid and cheno-
deoxycholic-11, 12-d2 acid are presented in Fig. 2.
The characteristic fragments, m/z 370 (M'
518-2x74) for chenodeoxycholic acid and m/z 372
(M' 520-2x74) for chenodeoxycholic-11, 12-d2
acid represented the base peaks for gas chromato-
graphy-mass fragmentography. Likewise, the
characteristic fragment ions selected for gas
chromatography-mass fragmentography analysis of
individual bile acids were as follows: m/z 368 for
cholic acid; m/z 370 for chenodeoxycholic acid,
deoxycholic acid, and ursodeoxycholic acid; m/z 372
for chenodeoxycholic-11, 12-d2 acid and lithocholic
acid; m/z 384 for 12 keto-chenodeoxycholic acid.
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'bile acids after analysed. The concentration ranges of calibration
g. 3. In order to curves for individual bile acids were as follows:
ak area ratios of cholic acid, chenodeoxycholic acid and deoxycholic
to 4 ,ug/,ul of 12 acid, from 025 to 5.0 ,ug/,u; chenodeoxycholic-11,
determined by 12-d2 acid, from 002 to 1.0 ,ug/,ul; ursodeoxycholic
red ratios were acid, from 01 to 1.0 ,ug/,ul; lithocholic acid, from

0.01 to 005 ,ug/,ul, respectively. Within these
ranges, each calibration curve demonstrated good
linear relationship through origin between peak area

COCA ratios and concentrations of the bile acids. As an

illustrative example, a mass fragmentogram of
methyl ester propionate derivatives of bile acids in
the aspirate from a normal subject is shown in
Fig. 4.
The data obtained by above method were

expressed as mean ± standard error. Student's t test
was used for comparison, and p values of less than

'4L 518 M+ 0.05 were considered statistically significant.
250 300 350 400 450 500 550

372

257

1Al. '357

i 1 -1^«L ..L 111 1 i

200 250 30 350 400
m/Z

Fig. 2 Mass spectra ofmethyl esterprop
ofauthentic chenodeoxycholic acid (CD
chenodeoxycholic-11, 12-d2 acid (2H-CL

Results

2H-CDCA BILE ACID KINETICS

The mean value for the biological half-life of
chenodeoxycholic-11, 12-d2 acid was 1*15±O008 day
in eight cases with Crohn's disease, which was
significantly (p<O.O1) shorter than the 1.95±025
day in four normal subjects (Fig. 5). The average
values for the pool size of chenodeoxycholic acid
were 434*0±60*6 mg in Crohn's disease and

446 520 M+ 673.3±605 mg in normal subjects (Fig. 6), and the
4.l,. ,L mean values for the total bile acid pool size were
L50 500 550 1323*0±173.6 mg and 22909±327.3 mg, respec-

tively (Fig. 7). These differences between the
iionate derivatives patients and normal subjects were of statistical
CA) and authentic significance (p<002). The mean values for the
)CA). synthesis rate of chenodeoxycholic acid were
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LCA

Fig. 3 Mass fragmentogram
showing the separation of
methyl esterpropionate
derivatives ofauthentic bile
acids.

CA
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266.3±40*6 mg/day in Crohn's disease and
256.9±49.0 mg/day in normal subjects. There was
no significant difference in the synthesis rate of
chenodeoxycholic acid.

BILIARY BILE ACID COMPOSITION
The relative concentrations of deoxycholic acid in
bile were 9*1±4-5% in patients with Crohn's disease
and 21.4±7.4% in normal subjects, and the relative
concentrations of ursodeoxycholic acid in bile were
8.8±2 5% and 2-6±1.4%, respectively. There was a

tendency for the decrease in the relative concen-
tration of deoxycholic acid and the increase of
ursodeoxycholic acid in Crohn's disease. Such
differences did not, however, reach statistical
significance.

Discussion

Bile acid kinetics have been extensively studied in
humans by using a radioisotope dilution
technique.3-10 There are difficulties, however, in

CDCA

Fig. 4 Massfragmentogram
ofmethyl esterpropionate
derivatives of bile acids in bile
obtainedfrom a normal
subject.
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Fig. 5 Biological half-life ofchenodeoxycholic-l1, 12-d2
acid. * Patients with Crohn's disease (n=8), 0 normal
subjects (n=4), ** significant difference (p<O.01) between
patients with Crohn's disease and normal subjects. The line
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Fig. 6 Pool size ofchenodeoxycholic acid. * Patients with
Crohn's disease (n=8), 0 normal subjects (n=4),
* significant difference (p<002). The line indicates the
mean ± standard error.

using radioactive tracers with such a long half-life as
14C and 3H. Instead, the recently developed gas

chromatography-mass fragmentography
methods5-11 using stable-isotopes as a tracer 6-18
are useful for these kinetics studies without radia-
tion hazard.19 In the present study, a stable-isotope
tracer with chenodeoxycholic-11, 12-d2 acid was
used for measurement of bile acid kinetics. The
stability of the 11, 12-d2 tracer atoms in the molecule
was described by Balistreri et al. 18

In Crohn's disease, the pool size of chenodeoxy-
cholic acid, the total bile acid pool size, and the
biological half-life of chenodeoxycholic-11, 12-d2
acid were significantly reduced as compared with
those in normal subjects; whereas the synthesis rate
of chenodeoxycholic acid did not differ. Our results
are compatible with those reported by Vantrappen
et al,3 who found a reduction of the bile acid pool
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size in Crohn's disease by using radioactive tracers
such as 14C-cholic acid and 1 C-chenodeoxycholic
acid.

It is known that conjugated bile acids are
absorbed mainly at the ileum.2022 Therefore, the
diminished pool size of bile acid in Crohn's disease is
considered to be due to impaired absorption at the
ileum.2 3 This is the main site of lesion in this
disease, as was demonstrated radiographically in our
patients. Garbutt et a123 described possible associa-
tions between the bile acid malabsorption in Crohn's
disease and several factors such as bile acid deconju-
gation due to small bowel bacterial overgrowth and
short-circuiting of the enterohepatic circulation by
more proximal absorption of the deconjugates.

Rutgeerts et a19 have observed a similar reduction
of the bile acid pool size in patients with isolated
Crohn's colitis. From our results, little information
has been obtained as to whether isolated involve-
ment of the colon in Crohn's disease is related to the
bile acid malabsorption, because there have been no
such cases in our series.

Hepner,24 who found a significant increase in the
pool size of primary bile acids on fat- and protein-
restricted diet, concluded that diet may affect the
enterohepatic circulation of bile acids. To avoid
such dietary effects on bile acid kinetics and to
obtain a constant food intake, we gave an elemental
diet with chemically defined composition and known
alimentative calories through an indwelling naso-
duodenal tube during the study; most patients with
Crohn's disease have severe gastrointestinal signs
and symptoms and are unable to take in a sufficient
diet.
Many studies25-28 have shown that in most

patients who had had ilectomy for various ileal
diseases very little deoxycholic acid was detected in
bile, probably because of a decrease in intestinal
bacteria that may promote 7 ox-dehydroxylation,25 or
because of shortening of exposure time of cholic
acid to the bacteria.28 Changes in the bacterial flora
in Crohn's disease, however, are not always the
same as those in ileal resection: in Crohn's disease,
transmission of intestinal contents may be inter-
rupted by strictures in the intestine, and distur-
bances of the intraluminal environment for the
bacteria may occur because of inflammatory changes
in the intestinal mucosa. The present study revealed
a marked increase in the relative concentration of
ursodeoxycholic acid with a concomitant decrease of
deoxycholic acid in patients with Crohn's disease.
Although such differences did not reach statistical
significance, probably because of the small number
of subjects, these results are in keeping with
observations by Vantrappen et al.3
There have been some reports2932 that an

elemental diet is a promising method of inducing
clinical remission in Crohn's disease. Long-term
studies are needed, however, to discover whether an
elemental diet improves the bile acid malabsorption
in Crohn's disease.

It is concluded that the impaired bile acid absorp-
tion in Crohn's disease is confirmed by GC-MF
method using stable-isotope without radiation
hazard.

Thanks are due to Dr M Fujishima, Second Depart-
ment of Internal Medicine, Faculty of Medicine,
Kyushu University, for his valuable help in prepar-
ing the manuscript.
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