
Gut, 1987, 28, 1495- 1499

Liver and biliary

Biliary lipid metabolism in chronic pancreatitis:
influence of steatorrhoea
K EINARSSON, B ANGELIN. AND C JOIIANSSON

From the Departments of Medicine, Karolinska Institute at Huddinge University Hospital and Karolinska
Hospital, Stockholm, Sweden

SUMMARY Kinetics of 124-'4C] cholic acid and [24-'4Cl chenodeoxycholic acid and biliary lipid
composition were determined in patients with chronic alcoholic pancreatitis with (n=8) and
without (n=8) steatorrhoea. Pool sizes, syntheses and fractional catabolic rates of the two bile
acids were not significantly different from corresponding values in healthy controls. Biliary lipid
composition was normal in patients without steatorrhoea. Patients with steatorrhoea, on the other
hand, had lower cholesterol saturation of bile than corresponding controls. This is probably
because of malabsorption of cholesterol.

Patients with severe exocrine pancreatic insufficiency
display steatorrhoea - that is, malabsorption of fat.
The steatorrhoea has been considered to be the result
of impaired lipolytic activity in the duodenal juice.

Regan et al,' however, have suggested that reduced
intraluminal bile acid concentration and impaired
micellar solubilisation postprandially may also
contribute to the fat malabsorption. These authors
have shown that patients with advanced pancreatic
insufficiency have a normal biliary secretion of bile
acids but a low micellar concentration of bile acids
because of precipitation of bile salts in the abnorm-
ally acidic contents in the duodenum. According to
previous studies," the faecal excretion of bile acids is

increased in adults with chronic pancreatitis and
steatorrhoea. Nothing is known about the kinetics of
individual bile acids, however, or the lipid composi-

tion and cholesterol saturation of bile in patients with
chronic pancreatitis.
The aim of the present study was to determine the

kinetics of the two primary bile acids, cholic acid and
chenodeoxycholic acid, and the lipid composition
and cholesterol saturation of bile in a series of
patients with chronic pancreatitis because of alcohol
abuse, with and without steatorrhoea. Great care was

taken to exclude patients with coexisting diabetes
mellitus and/or liver damage, because it is well
known that both these clinical conditions may
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influence bile acid metabolism and biliary lipid
composition.S

Methods

PATI FNTS
The present study comprised 16 non-obese, normo-
lipidemic patients with chronic alcoholic pancreatitis.
The diagnosis was based on pathological findings at
ERCP and/or abnormal exocrine pancreatic function
test, except in one case in whom a peroperative
biopsy of pancreas was obtained, see Table 1. Half of
the patients had steatorrhoea (defined as faecal fat
exretion >5 g/day). Four patients had previously
undergone cholecystectomy and one had gall stones.
None of the patients showed evidence of diabetes
(defined as fasting blood sugar >6-() mmol/l),
hepatic, or intestinal disease. They were not receiv-
ing drugs known to affect lipid metabolism. Informed
consent was obtained from each patient.

[24-'4Cl cholic acid (specific radioactivity. 138
[tCi/mg) and [24-'4Cl chenodeoxycholic acid (specific
radioactivity, 138 tCi/mg) were obtained from New
England Nuclear Corp, Boston, Mass. 3 Alpha-
hydroxysteroid dehydrogenase (Sterognost) and
cholesterol oxidase (Nycotest Kolesterol) were
purchased from Nyegaard A/S, Oslo, Norway.

EXPERIMENTAI PROCEI)URE
The patients were hospitalised during the study
period and fed the regular hospital diet containing
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Table I Cliniical data of the paitienits

BodY weight l)iagiSio% l)ased oil

Paetieit Sex Age kg '% ofideatl' l?(R Pancreatic Operation Faec(ltli (Gallstxone
nianittber (Yrea rs) Secretioin hoI (g dayv) di.sease

Without stcatorrhoca
I M 71 73 85 + + - <5
2 M )67 49 70 + - <5
3 M 52 66 94 + + - <5 Cholccystcctomily
4 M 50 72 87 + - <5 Cholccystcclomy
S M 62 72 1(00 + + - <5 -

6 F 48 40( 63 + - <5-
7 F 53 62 9'1 + + - <5 -

8 F 55 57 85 + + - <5 -

Mcan±SEM 57±3 61±4 84±4
With stcatorrhoca
9 M 34 55 89 + + 7-6 -

I ( M 54 52 69 + 5 9 -

11 M 43 64 76 + + 11.5 -

12 M 45 54 72 +± 12 ChIolccystcctonlly
13 M 50) 89 93 + 31
14 M 62 8(0 91 + + 3(0 Cholecystcctomlly
15 M 48 51 72 + + 1 8
16 M 68 69 82 + + 5.() G.,lkstoncs
Mcan±SEM 51±4 644 5 81±3

'Calculated body weight (kg)
k (cm)ulslted x100%.height (cm) 11111)(

about 0(5 mmol cholesterol per day. They received
orally the sodium salts of ('4C) cholic acid (4 tCi) and
(C4C) chenodeoxycholic acid (4 iCi) dissolved in
water in the morning before breakfast. Samples of
fasting duodenal bile (about 5 ml) were obtained
after intravenous injection of cholecystokinin each
morning for four days. The pool size, synthesis and
fractional catabolic rate (FCR) of the two primary
bile acids were determined. Also, the composition of
biliary lipids and the cholesterol saturation of con-
centrated fasting duodenal bile (obtained after
cholecystokinin administration) were determined.
The ethical aspects of the study were approved by the
Ethical Committee at Huddinge University Hospital.

DETERMINATION OF EXOCRINE PANCREATIC

FUNCTION
The exocrine pancreatic function was determined by
a meal test according to Lundh" modified to include
the infusion of a duodenal dilution marker to correct
for incomplete sampling of intestinal contents."' The
corrected mean outputs of amylase, trypsin and
lipase during 5x20 minutes after the test meal were
expressed as percentages of outputs in healthy con-
trols and the average enzyme output calculated.
Faecal fat was determined according to van de Kamer
et al. ''

MEASUREMENT OF BILE ACID KINETICS
The duodenal bile samples were hydrolysed with 1 M

KOH in closed steel tubes for 12 hours at 11()C. The
deconjugated bile acids were extracted with ethyl
ether after acidification with 6 M HCI to pH 1. The
bile acids were methylated and separated by thin
layer chromatography. One aliquot was then quanti-
fied with gas liquid chromatography after prepara-
tion of the trimethylsilyl ether derivatives. A 1%/.
HiEff BP8 column was used. Another aliquot from
this extract was analysed for radioactivity by liquid
scintillation counting. On the basis of the specific
radioactivity curves, the pool size, daily synthesis and
FCR for cholic acid and chenodeoxycholic acid were
calculated as described by Lindstedt."

BIl IARY LIPID COMPOSITION
For determination of cholesterol and phospholipids,
a portion of the bile sample was immediately
extracted with 20 vol of chloroform - methanol, 2:1
(vol/vol). Cholesterol was determined by an enzy-
matic method'. and phospholipids by the method of
Rouser et al. '4 The total bile acid concentration in one
aliquot of the bile sample was determined using a 3
alpha-hydroxysteroid dehydrogenase assay''

CAt.CUt ATION OF CHOLESTEROL SATURATION
OF DUODENAI BIltE
Cholesterol solubility was calculated as a percentage
of the predicted cholesterol solubility at the respec-
tive biliary lipid composition, as described by
Carey. " The total lipid concentration was assumed to
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Table 2 Bileac(id kineticsins )patients with chroniic p)atcreatiti!s

(hoic a((1i (Cheodeoxvcholic acid Total bile acidt s ithe(six

P'oai(enti numoiber Poolsize SIvnuhesiS FCRI l'oo1Ize .1'111hess CI? mlvio I101 kg
t11o101 Moinolldalv (dav 7mn7nol 1mnmol d"av dav dav b6w1da'

Without stcatorrhoca
3-74 0-46 0P12 160 023 0-14 0)69 9'4

2 12(2033 ()-26 1-(07 02) 00)26 0-61 12-4
3 186 12*9(9-69 1*76 0-86 0-49 2 15 32-6
4 (05(0 083 1-65 0(41 0(49 1-20 1 32 18X3
5 1.38 1.05 (0.76 1.19 0.89 0(71 1'90 26)4
6 0)67 0953 0(79 0(96 09(0 0()52 1 03 25 8
7 1*16 0-52 0-45 0-53 0(53 1-(00 1-05 16-9
8 1 26 0(26 021 1 32 (149 0(37 0(75 13 2
Mcan ±SEM
Mcn (n=5) 1-75+()054 ()79±+()018 ().7()+0().27 1 21 ±0+24 0(54±+)13 ()056±0+19 1-33+±031 198±+4-3
Womnlcn(= 3) 1-()3±()018()144±()()'9 ()48+()-17 ()94±().-'3 0-51 +0-01 ()-63+1()91 (1'94+±01) 186+3-7
Witlh stcatorrhoca
9 3.48 152 (0115 I ' (10-360-016 0-88 16-)

1() 2.31 0-18 0-0) - - - - -

I1 5()5 0-66 0-13 1 99 (-55 0-28 1-21 18-9
12 (-.3(0 (-19 0-63 197 1-13 (0.57 1 32 24-4
13 139 1.0)3 (-74 2952 08-2 0-32 1*89 20(8
14 1-61 -'9() 0-56 2-45 () 49 0(2( 1.39 17.4
15 158 (0-47 0-3(0 3-57 1*17 (-33 164 32-2
16 32 () 3.41 1.()7 3 1(0 1 16 (138 4-57 66.2
Mean ±SEM 2-37±0-53 ()192±+()137 ()046±() 12 2254122 0(81 +1113 0(32+10)5 184+±0)47 280()+6-7
Con1trolsuh jccts* (Mean+SEM)
Mcn(n= I) 2.37±0128 (0191±0112 ()41+()()4 1j94+(±022 09561)006 0.30+()0()3 1-46±1-17 18-8±2-1
Woilcn (n =7) 1890+-34 ()153±()-()8 ()-3(0+1()()3 1-86+0.25 (-47+(0-05 0(29+-04 11-((0±1(-1 16-6 1-6

DLi.tD from refcl-cncc 18.

be 10 g/dl in concentrated fasting
bladder) bile.

duodenal (gall

STATISTICAI ANALYSIS
Data are presented as means±SEM. The statistical
significance of differences was evaluated by
Wilcoxon's rank-sum test."7

Results

Bile acid kinetic data are presented in Table 2.
Patients with steatorrhoea had normal pool sizes and
fractional catabolic rates (FCR) of both cholic acid
and chenodeoxycholic acid. Also the synthesis rate of
cholic acid was normal. The mean values of cheno-
deoxycholic acid formation and total bile acid
synthesis tended to be higher than corresponding
values of healthy controls, but no significant differ-
ences were obtained.

Patients without steatorrhoea had normal syn-

thesis rates of both cholic and chenodeoxycholic acid.
The mean values of the pool sizes, especially that of
chenodeoxycholic acid, tended to be lower than
corresponding control values but the differences
were not statistically significant. The mean values of
FCR for the two bile acids tended to be increased,
which probably reflects the fact that two of the
patients were cholecystectomised.

Data on biliary lipid composition and cholesterol
saturation, obtained from the gall stone free patients
(four without and seven with steatorrhoea), are
presented in Table 3. As cholesterol saturation of bile
increases with age," it was necessary to relate the

Table 3 Biliarv lipid composition and cholesterol
saturationi in patienits with chronic p)ancreatitis
l'otieti (Chole.sterol Bile acids Plhospholipins Cholesterol
nuobher mnol(ar ¾, mnolar ¾ inolar %, sitiratiotl

Without stcatorrhoca
669 79-3 138 131

3 64 73.7 19'9 95
5 7.2 79 2 13 6 141)
8 78 688 234 1(03
Mcan+SEM 71 ±+03 75.3+2.5 177+24 118+11
With stcatorrhoca
9 7.2 71 6 21 2 1(02

1 1 2-3 79 5 182 38
12 26 847 127 54
13 4-4 67 7 27 9 56
14 4*4 766 188 69
15 3.3 7911 17.7 54
16 5-2 73 2 21 6 74
Mcan+SEM 42+±0)6 76(1+2 1 19'7+1-8 64+8
Control subjects* ( Mcan+SEM)
Mcn(n=31) 56+±0)3 73-9+019 2')()15+().7 84+4
Womcn

(n =29) 5-6+113 73.1+1±-9 21-()+()07 88+5

*D.ita from refcrcncc 18.
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data of our patients to data from coni
ponding age (Figure). The cholestero
the patients without steatorrhoea M
normal limits of the controls of corre
On the other hand, all patients but on
hoea had cholesterol saturation of bile
The patients with steatorrhoea ha
lower cholesterol saturation than the

aged 30-70 years (p<0)05).
The total concentrations of lipids ir

samples of patients without (50.7±+14
well as with steatorrhoea (52.0+ 15 3
not different from those seen in cc

(men 67-5+9-9 Ftmol/ml and wom

[tmol/ml). IS

Discussion

The results of the present study indicai
with acquired pancreatic insufficiency
tially normal bile acid synthesis. This
for patients with and without steato
data are at variance with those of t
studies,-` in which faecal bile acid

reported to be increased in patients
pancreatic insufficiency and steat(

apparent discrepancy between our res

of the other studies may have several
the most likely of which is the selecti
We selected only patients with alcohol
None of them had evidence of concon
mellitus and/or liver disease since it

today that such disorders may affect c

bile acid metabolism.'` In contrast

patients studied by Pasanen et al ha(

three of their patients had exocrine pancreatic
0 insufficiency of unknown aetiology. Roller and Kern'

* studied nine patients with acquired pancreatic
00 insufficiency which in only three cases was caused by

00 excessive alcohol intake. Although Dutta et al stated
0 that there was no difference between insulin treated

and noin-insulini treated patients in their study, it is
0 not clear how many of their subjects actually haid
* diabetes (defined as raised blood sugar).

°0 Regan et al' have previously shown that patients
0 0 with severe pancreatic insufficiency, caused by

alcohol abuse, have normal postprandial bile acid
secretion rates but reduced micellar concentrationis
of bile acids in duodenum. Treatment with cimeti-

75 dine, which reduces both gastric acid and volume
outputs, increased total bile acid and micellar bile

v/0satiuration of acid concentrations and also improved micellar
ld i/ale pati'eltts solubilisation of dietary lipids. These results were

ithsteatorrhoea interpreted by the authors to indicate that bile acids
precipitate in the abnormally acidic duodenal con-
tents often seen in chronic pancreatitis because of

trols of corres- reduced pancreatic secretion of bicarbonate. If so, it
I saturation of is possible that precipitation of bile acids in the upper
vas within the small intestine may cause malabsorption of cheno-
~sponding age. deoxycholic acid, which is partly reabsorbed in the
e with steatorr- proximal small intestine by passive diffusion.' This
below normal. may explain the slightly increased formation of
d significantly chenodeoxycholic acid found in some of our patients.
male controls Using an enzymatic assay for faecal bile acids, Dutta

et al reported high excretion rates in their patients,
n the duodenal with a reduction of steatorrhoea but not of bile acid
-.7 tmol/ml) as malabsorption during cimetidine therapy.4
Ftmol/ml) were To our knowledge, this is the first report on the
)ntrol subjects lipid composition and cholesterol saturation of bile in
en 65.2+ 10(7 chronic pancreatitis. A major finding was that

patients with pancreatic insufficiency and steatorr-
hoea have subnormal cholesterol saturation. In fact,
all but one of our patients with steatorrhoea had
unsaturated bile, well below the range seen in the

te that patients healthy controls. A low relative concentration of
have an essen- biliary cholesterol may be caused by a decreased
was true both secretion rate of cholesterol aind/or increased secre-
trrhoea. These tion rates of bile acids and/or phospholipids. " Biliary
three previous lipid secretion rates were not determined in the
excretion was present study. As discussed above, patients with
with acquired advanced chronic pancreatitis probably have normal
orrhoea. The secretion rates of bile acids. It is therefore likely that
sults and those the low cholesterol content of bile observed in our
explanations, patients was the result of decreased cholesterol
on of patients. secretion. This may be the consequence of a reduced
ic pancreatitis. cholesterol synthesis or be related to a decreased
nitant diabetes absorption of cholesterol. As only patients with
is well known chronic pancreatitis and concomitant fat malabsorp-
holesterol and tion had low cholesterol saturation of bile, it is
t, six of nine likely that these patients also had malabsorption
d diabetes and of cholesterol. Some experimenital evidence for
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cholesterol mialabsorption in patients with exocrine
pancreatic insufficiency has previously been given by
Pasanen ei (dl.'

In conclusion, this study has shown that chronic
pancreatitis is aissociated with essentially normal bile
acid metatbolism. Patients with severe exocrine
pancreatic insufficiency (fat mialabsorption) display
reduced cholesterol saturation of bile, probably
because of decreaised secretion of cholesterol.

The skillful technical assistance of Ms Ann-Christine
Andersson, Ms Lisbet Benthin and Ms Ingela
Svensson is gratefully acknowledged. This study was
supported by grants from the Swedish Medical
Research Council (0)3X-04793).
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