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Abstract

AIM: To further elucidate the pathogenesis and
mechanisms of the high risk of gallstone formation in
Crohn'’s disease.

METHODS: Gallbladder bile was obtained from patients
with Crohn’s disease who were admitted for elective
surgery (17 with ileal/ileocolonic disease and 7 with
Crohn’s colitis). Fourteen gallstone patients served
as controls. Duodenal bile was obtained from ten
healthy subjects before and after the treatment with
ursodeoxycholic acid. Bile was analyzed for biliary lipids,
bile acids, bilirubin, crystals, and crystal detection time
(CDT). Cholesterol saturation index was calculated.

RESULTS: The biliary concentration of bilirubin was
about 50% higher in patients with Crohn’s disease than
in patients with cholesterol gallstones. Ten of the patients
with Crohn’s disease involving ileum and three of those
with Crohn’s colitis had cholesterol saturated bile. Four
patients with ileal disease and one of those with colonic
disease displayed cholesterol crystals in their bile. About
1/3 of the patients with Crohn’s disease had a short
CDT. Treatment of healthy subjects with ursodeoxycholic
acid did not increase the concentration of bilirubin in
duodenal bile. Several patients with Crohn’s disease,
with or without ileal resection/disease had gallbladder
bile supersaturated with cholesterol and short CDT and
contained cholesterol crystals. The biliary concentration
of bilirubin was also increased in patients with Crohn’s
colitis probably not due to bile acid malabsorption.

CONCLUSION: Several factors may be of importance for
the high risk of developing gallstones of both cholesterol
and pigment types in patients with Crohn’s disease.
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INTRODUCTION

The prevalence of gallstone disease in patients with Crohn’
s disease is about two-fold higher than that in general
population“"g]. This is true not only for patients with ileal
disease/resection but also for patients with Crohn’s colitis.
No large studies of gallstone composition are available in
patients with Crohn’s disease but in two small series, while
both pigment stones and cholesterol-rich stones have been
reported”’. The pathogenesis of gallstones in patients
with Crohn’s disease still remains to be elucidated.

One hypothesis for the increased prevalence of gallstone
disease in patients with Crohn’s disease is that the bile
acid malabsorption in patients with diseased or resected
ileum may lead to cholesterol supersaturated bile. In fact,
supersaturated bile has been reported in some!" ™ but not
all studies of patients with ileal disease or resection’™ ">,

Another hypothesis for gallstone formation in patients
with Crohn’s disease is that patients with ileal disease or
resection develop pigment stones as a consequence of
increased spillage of malabsorbed bile acids into the colon
where they solubilize unconjugated bilirubin and promote
its absorption and thereby increase the rate of bilirubin
secretion into the bile. In support of this hypothesis,
an increased concentration of bilirubin in gallbladder
bile or duodenal bile of patients with chronic ileitis or
previous ileectomy has been reported "', Brink e a/. "
demonstrated that bile acid malabsorption after ileectomy
of rats induces enterohepatic circulation of bilirubin
and doubles the secretion rate of bilirubin into the bile.
The same research group has also shown that adding
ursodeoxycholic acid to the diet of mice and rats can
increase the cecal bile acid levels and bilirubin secretion
rates into the bile probably by inducing enterohepatic
cycling of bilirubin®"

The aims of the present study were to determine
the biliary lipid composition, occurrence of cholesterol
crystals, crystallization time, and bilirubin concentration
in gallbladder bile of patients with ileal Crohn’s disease
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Patient group n Sex (M/F) Mean age (range) (yr) Previous surgery Present surgery Medical treatment
Crohn'’s disease
Tleitis or ileocolitis 17 8/9 38 (23-70) Ileal or ileocolonic Ileal,  Colonic or ileocolonic Steroids (n =11)
resection (n = 12) resection (n = 15) Azathioprine (1 = 4)
Cholecystectomy (1 = 2) Nitromidazole (n = 6)
5-ASA (n=2)
Colitis 7 5/2 42 (28-57) Partial colonic Partial colonic resection or  Steroids (1 = 5)
resection (1 = 3) colectomy (1 =7) Azathioprine (n = 1)
Nitromidazole (n = 3)
Gallstone disease 14 1/13 47 (27-57) Cholecystectomy (1 = 14)

with or without the involvement of colon and especially
patients with Crohn’s colitis in comparison to patients with
cholesterol gallstone disease undergoing cholecystectomy
served as control group and to study the influence of
treatment with ursodeoxycholic acid on the duodenal
concentration of bilirubin in human subjects.

MATERIALS AND METHODS
Patients and healthy subjects

Twenty-four patients with Crohn’s disease admitted
for elective surgery were included in the study. Clinical
details are given in (Table 1). One patient had slightly
elevated serum alkaline phosphatase level and three had
slightly elevated transaminase and/or gamma glutamyl
transpeptidase (GGT)-level. All other patients had normal
laboratory tests of liver function including serum bilirubin.
Seventeen patients had ileal or ileocolonic disease and 7
patients had Crohn’s disease confined solely to the colon.
Two patients with gallstones were cholecystectomized, one

of them simultancously underwent colectomy. All other
patients were admitted for ileal, ileocolonic or colonic
resection due to the failure of pharmacological treatment.

Fourteen consecutive patients with cholesterol gallstones
admitted for cholecystectomy served as controls (Table 1).

In another experiment, 10 healthy subjects (6 men and 4
women, mean age 44 years) were studied before and after
the treatment with ursodeoxycholic acid.

Informed consent was obtained from all the participants.
The ethical aspect of the study was approved by the
Ethical Committee of Karolinska Hospital Huddinge.

Experimental procedures

After the abdomen was opened, bile from the gallbladder
was obtained by needle aspiration. The bile was collected in
sterile tubes surrounded by foil and sent to the laboratory
for analysis.

The healthy subjects were treated with ursodeoxycholic
acid (Ursofalk® in 250 mg capsules, obtained from Dr Falk
Pharma, Freiburg, Germany) at a daily dose of 15 mg/kg
for 3 wk. Before and after the treatment, the bile was
collected with an oroduodenal tube in the morning after an
overnight fast. Gallbladder contraction was stimulated by
an intravenous injection of cholecystokinin and 5-10 mL
of the concentrated bile was obtained through the tube.
The bile was collected in a test tube surrounded by a foil
and was sent to the laboratory for analysis. Serum samples

were also collected for analysis of bilirubin.

Biliary bilirubin concentration

An aliquot of the bile was immediately diluted with
saline and the bilirubin concentration was determined by
a similar procedure as for serum bilirubin as described
previously“sj. The biliary concentration was expressed as
mmol/L in gallbladder bile and as micromoles of bilirubin
per millimole bile acid in duodenal bile.

Biliary lipids and bile acid composition

A portion of the gallbladder bile was immediately
extracted with 20 volumes of chloroform—methanol 2:1
(vol/vol) and analyzed for cholesterol and phospholipids.
Cholesterol was determined by an enzymatic method™”
and phospholipids by the method of Rouser ez al®" The
total bile acid concentration in one aliquot of the bile
sample was determined using 3-alpha-hydroxy steroid
dehydrogenase assayml. The relative concentration of
cholesterol bile acids and phospholipids was expressed
as molar percentage of the total biliary lipids. The
cholesterol saturation was calculated according to Careylzs].
Bile acid composition was determined using gas-liquid
chromatographym.

Analysis of cholesterol crystals and crystallization time
(CDT)

Gallbladder bile samples were examined for typical
rhomboid monohydrate cholesterol crystals by polarizing
light microscopy on pre-heated slides. CDT was
determined by the method of Holan e a/”" with minor
modifications™., After centrifugation of about 6 mL. bile
at 100 000 g for 2 h, 3 mL from the middle phase was
transferred into a sterile glass vial and sealed with a cap
equipped with permeable silicon membrane. The vial was
stored in darkness in an incubator at 37 ‘C. About 3 pL
from the top, middle and bottom portions was aspirated
each day, mixed and placed on a pre-heated slide and
viewed thoroughly by polarizing light microscopy. CDT
was defined as the number of days until the appearance of
typical thomboid monohydrate cholesterol crystals.

Statistical analysis

Data were given as mean + SE. Comparisons of the data
between patients and healthy subjects were calculated using
Mann-Whitney’s rank sum test and Wilcoxon’s sum of
rank test. P < 0.05 was considered statistically significant.
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Table 2 Biliary lipid composition and cholesterol saturation (mean + SE)

Crohn’s disease ileitis Crohn’s disease

Crohn’s disease

Gallstone disease

or ileocolitis (n = 17) colitis (n = 7) all patients (n = 24) (n = 14)
Cholesterol (molar%) 7.4+0.7 6.4+0.9 71+0.6 9.8+1.2
Phospholipids (molar%) 22312 250+18 231+1.0 25118
Bile acids (molar%) 703+1.6 68.6+24 69.8+1.3 65.1+3.0
Cholesterol saturation (%) 103+9 83+9° 97+£7 138 +£18

°P < 0.05 vs patients with gallstone disease.

Table 3 Biliary bile acid composition (mean * SE)

Crohn’s disease ileitis Crohn’s disease

Crohn’s disease Gallstone disease

or ileocolitis (n = 17) colitis (n = 7) all patients (n = 24) (n =14)
Cholic acid (%) 445+33 432+£22 441+24° 35427
Chenodeoxycholic acid (%) ~ 43.0+2.9° 453+3.8° 437423 31224
Deoxycholic acid (%) 8.4+23° 10.7 £3.2° 9.1+1.8° 30.7+4.3
Lithocholic acid (%) 0.10 + 0.09° 0.01 +0.01° 0.07 +0.07° 1.5+02
Ursodeoxycholic acid (%) 3.6+1.8 0.7+£0.5 27+13 12+03

P <0.05,%P < 0.01, °P < 0.001 vs patients with gallstone disease.

Table 4 Bilirubin concentrations in bile (mean + SE)

Crohn’s Crohn’s Crohn’s Gallstone
disease ileitis disease diseaseall disease
or ileocolitis  colitis (n = 6) patients (n = 14)
(n = 15) (n = 21)
Bilirubin (mmol/L) 4.6 +0.7° 59+1.6 5.0+£0.7 26+0.2

* Significantly different from corresponding value of patients with gallstone
disease. "P < 0.05 vs patients with gallstone disease.

RESULTS

Gall bladder bile composition

Data on biliary lipid composition are given in (Table 2).
The cholesterol saturation of bile was significantly lower
in patients with Crohn’s disease confined to the colon
than in patients with the gallstone. In contrast, 10 out of
17 patients with Crohn’s disease involving the ileum had
cholesterol-saturated bile. Nevertheless, all patients with
CD as a group tended to have lower cholesterol saturation
compared to patients with gallstone (P = 0.055).

Bile acid composition is shown in (Table 3). Cholic acid,
chenodeoxycholic acid and deoxycholic acid were the
dominant bile acids both in patients with Crohn’s disease
and in patients with gallstone. The patients with Crohn’s
disease had significantly lower proportions of deoxycholic
acid and lithocholic acid than the patients with gallstone.
The proportions of cholic acid and chenodeoxycholic acid
were concomitantly increased.

The biliary bilirubin concentration was about 50%
higher in patients with Crohn’s disease than in patients with
gallstone (Table 4). No difference was obtained between
patients with Crohn’s disease confined to the colon and
those with ileal involvement. The bilirubin concentration
tended to be higher in patients with Crohn’s disease
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confined to the colon in patients with ileal involvement but
the difference did not reach statistical significance.

Cholesterol crystals and CDT

Cholesterol crystals were present in four gallbladder
samples of the 17 patients with Crohn’s disease involving
the ileum. One of the patients with cholesterol crystals
also had gallstones and was cholecystectomized. The
gallbladder bile was saturated with cholesterol. Only one
of the patients with Crohn’s colitis displayed cholesterol
crystals. Also this patient had gallstones in saturated bile
and was cholecystectomized. Most of the patients (9 out
of 14) with cholesterol gallstones displayed cholesterol
crystals.

CDT was measured only in patients with Crohn’s
disease. Six out of sixteen patients with ileal involvement
had a short CDT (mean 4 d, range 1-7 d). Two of six
patients with Crohn’s colitis also had a short CDT
(4 and 5 d, respectively).

Treatment with ursodeoxycholic acid

The results are summarized in (Table 5). Ursodeoxycholic
acid accounted for (0.5 = 0.5)% of the total biliary bile
acids before the treatment. Treatment with ursodeoxycholic
acid increased the bile acid to (54.8 £ 3.8)%. Cholic
acid, chenodeoxycholic acid, and deoxycholic acid were
concomitantly decreased. Treatment with ursodeoxycholic
acid decreased the cholesterol saturation from (101 + 10)%
to (52 £ 5)%. The biliary bilirubin concentration expressed
as mmol/mol bile acid did not change after the treatment
with ursodeoxycholic acid. The serum concentration of
bilirubin also did not change after the treatment with
ursodeoxycholic acid.

DISCUSSION

Several studies have shown that patients with ileal Crohn’
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Patient Sex Age BMI Cholesterol Cholesterol Bile acids UDCA i Bile acids Bilirubin Bilirubin/bile
s (yr) saturation (%)  (molar %) (molar %) (%) (mmol/mL) (mmol/L) acids (mmol/mol)
A B A B A B A B A B A B A B
1 F 39 222 103 31 6.6 1.7 745 828 0.0 499 57.1 100.9 490 1058 8.6 10.5
2 F 40 244 74 38 4.8 24 758 79.2 0.0 653 92.8 95.6 1466 571 15.8 6.0
3 F 30 26.8 116 46 9.1 3.4 65.8 727 00 - 754 65.8 1031 798 13.7 12.1
4 F 58 26.3 32 42 24 2.8 717 76.1 0.0 558 117.8 73.6 1265 667 10.7 9.1
5 M 33 29.4 125 51 7.4 3.8 762 714 52 551 52.1 117.4 1045 1111 20.0 9.5
6 M 30 24.0 104 60 6.1 3.7 776 782 0.0 665 97.9 321 1301 418 13.3 13.0
7 M 34 249 128 38 8.9 2.5 705 76.7 0.0 543 52.3 26.3 993 375 19.0 14.3
8 M 73 26.2 118 55 8.9 4.3 67.5 68.6 0.0 357 31.0 61.9 1168 1497 37.7 242
9 M 49 23.2 77 79 5.6 49 71.3 77.7 0.0 413 33.5 12.8 662 365 19.8 28.5
10 M 55 243 135 77 9.8 49 68.6 76.7 0.0 697 16.4 8.5 568 197 345 23.3
Mean 44 25.2 101 52° 7.0 3.4° 72.0 76.0° 05 54.8° 62.6 595 999 706 19.3 15.1
SE 45 0.7 10 5 0.7 0.3 1.26 1.3 05 3.8 10.3 121 104 130 3.1 24

A = before UDCA feeding; B = after UDCA feeding; °P < 0.05, °P < 0.01 vs before UDCA feeding.

s disease and/or previous ileal resection have elevated
bilirubin levels in the bile!"”"*""* Animal experiments
showed that ileectomy-induced bile acid malabsorption
increases bilirubin secretion into the bile™, suggesting that
the increased bilirubin levels in patients with ileal disease
and/or resection may be due to induced enterohepatic
cycling of bilirubin because of bile acid malabsorption.
Orally given ursodeoxycholic acid can compete with ileal
absorption of endogenous bile acids and cause bile acid
malabsorption in rodents as well as in human subjectsm’j”.
Meéndez-Sainchez ef a/ *" also showed that oral
administration of ursodeoxycholic acid to rodents induces
biliary secretion of bilirubin and increases cecal bile acid
levels as well as bilirubin concentrations. In the present
study however, oral administration of ursodeoxycholic
to healthy subjects did not increase the bilirubin
concentration in bile, which makes it unlikely that bile acid
malabsorption increases bilirubin secretion into the bile
in human beings. This is further confirmed by our finding
in the present study that patients with Crohn’s colitis but
without the involvement of the distal ileum and apparent
bile acid malabsorption also had elevated bilirubin levels
in the bile. In fact, bilirubin concentrations tended to be
higher in patients with Crohn’s disease confined to the
colon than in those with ileal involvement. In contrast to
our results, Brink e o/ "" and Pereira et a/ " have shown
that bilirubin level is normal in the gallbladder bile of
patients with Crohn’s colitis.

If the increased bilirubin concentration in the bile of
patients with Crohn’s disease is not due to an enhanced
enterohepatic circulation of bilirubin because of bile
acid malabsorption, what could then be the explanation?
Theoretically increased bilirubin content can be explained
by an increased formation and excretion into the bile and/
or a decreased metabolism of bilitubin in the intestine
with subsequent absorption and enterohepatic circulation
of bilirubin. An increased formation of bilirubin may
originate from hemolysis. However, none of the patients
in the present study had hemolysis or hyperbilirubinemia.
Therefore, the most likely explanation for the increased
biliary content of bilirubin in the patients is an increased

intestinal absorption. Normally, bilirubin is deconjugated
and degraded to urobilinogen and other products in the
colon™. In Crohn’s disease, an altered colonic bacterial
flora may enhance the deconjugation with a subsequently
increased absorption of unconjugated bilirubin from the
intestine and an increased excretion of bilirubin into the
bile™.

Two patients with Crohn’s disease, one with the
disease involving the ileum and the other one with Crohn’
s colitis were cholecystectomized. The gallbladder bile
in both of them was supersaturated with cholesterol
and contained cholesterol crystals, indicating that the
stones are cholesterol type. Another three patients with
ileal involvement but with out Crohn’s colitis displayed
cholesterol crystals in the gallbladder bile. About 1/3 of
the patients with Crohn’s disease with but without the
ileal disease had a short CDT. Half of these patients had
unsaturated gallbladder bile. This finding is in agreement
with a recent report by Keulemans ez a/ "l who showed that
patients with Crohn’s disease have an increased tendency
to form cholesterol crystals. They have also found that
the crystallization behavior is the same in patients with
ileal disease as in those with the disease confined to the
colon and is caused by increased cholesterol crystallization
promoting activity.

Several of the patients with ileal disease but without
gallstones displayed cholesterol saturated gallbladder bile
(Table 5). However, the mean value of the cholesterol
saturation in this group of patients was the same as that
obtained in the healthy subjects, which is in agreement
with our previous finding that patients with ileal resection
due to Crohn’s disease have a normal saturation of the
bile" """,

In conclusion, patients with Crohn’s disease involving
the ileum and those with Crohn’s colitis have elevated
concentration of bilirubin in the gallbladder bile. Oral
administration of ursodeoxycholic acid to healthy subjects
does not increase the biliary concentration of bilirubin.
These results speak against the previously described
hypothesis that the increased concentration of bilirubin
in the bile samples from patients with Crohn’s ileitis
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or previous ileal resection is due to malabsorption of
bile acids that spill into the colon where they solubilize
unconjugated bilirubin and increase its absorption and
enterohepatic circulation. In some patients with ileal
disease/resection, the gallbladder bile is supersaturated
with cholesterol and contains cholesterol crystals. About
1/3 of the patients with Crohn’s disease with but without
the ileal involvement have a short CDT probably because
of increased cholesterol ctystallization promoting activity
in the gallbladder bile. Thus, several factors including
cholesterol supersaturated bile, short CDT and increased
bilirubin concentration, may be of importance for the
high risk of developing gallstones of both cholesterol and
pigment types in Crohn’s disease.
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