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Primary bile acid diarrhoea without an ileal carrier
defect: quantification of active bile acid transport
across the ileal brush border membrane

A J P van Tilburg, FWM de Rooij, JW 0 van den Berg, M van Blankenstein

Abstract
Unexplained bile acid malabsorption associa-
ted with diarrhoea that responds to chole-
styramine was first described in 1973 but
convincing evidence of the proposed mech-
anism - a defective active ileal bile acid
transport - has never been substantiated.
Active bile acid transport was quantified in
vitro using brush border membrane vesicles
prepared from terminal ileal biopsy specimens
from 10 patients who fulfilled the criteria of
idiopathic bile acid diarrhoea. They were

recruited from 181 patients with bile acid
malabsorption of various causes. Transport
was quantified as in vitro Na+ dependent bile
acid transport (INBAT), expressed as pmol
taurocholate/mg brush border membrane pro-
tein/I5 seconds, and in vitro Na+ dependent
bile acid local transport capacity (INBALTC),
expressed as pmol taurocholate/g ileal biopsy
tissue/15 seconds. The lowest INBAT and
INBALTC values in the 10 patients with idio-
pathic bile acid diarrhoea were weli above the
10th centile values of a control group of 132
patients. Both INBAT (mean (range) 88 (30-
136)) and INBALTC (158 (85-268)) values were
significantly higher in the 10 patients than in
the control group (INBAT: mean (range) 63
(1-244), INBALTC: mean (range) 98 (1-408)).
Quantification ofactive ileal bile acid transport
in these 10 patients with idiopathic bile acid
malabsorption suggests that a genetic (carrier)
defect is rare in adults.
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Increased faecal bile acid loss occurs in most
patients with terminal ileal disease and after ileal
resection. This is called bile acid malabsorption
type 1.1 2 Hess Thaysen and Pedersen described
three patients with chronic diarrhoea of un-

known aetiology, increased faecal bile acid loss,
and a response to cholestyramine treatment.34
Several more patients with idiopathic or primary
bile acid malabsorption (type 2) have now been
described,5'7 since determination of bile acid
excretion has been facilitated by the introduction
of `4C and later 75Se labelled bile acids and the
75selenium homocholic acid taurine (75SeHCAT)
test has gained wide use in the analysis of chronic
diarrhoea.

Various other conditions accompanied by
increased faecal bile acid loss (bile acid mal-
absorption type 3) have been reported. These
include postcholecystectomy diarrhoea;89 post-
vagotomy diarrhoea;'` diabetic diarrhoea;" 12

medullary thyroid carcinoma;'3 cystic fibrosis;'4
and use of various drugs such as colchicine and

neomycin,16 17 theophylline,'8 biguanides," man-
nitol,20 and various laxatives. 8
The aetiology of primary bile acid malabsorp-

tion is unknown. In 1973 Hess Thaysen and
Pedersen proposed a genetic defect of active ileal
bile acid transport but were unable to confirm
this in their (adult) patients. Recently, in three
patients with primary bile acid malabsorption,
distinct morphological changes were described in.
terminal ileal biopsy specimens. These changes
were crypt hyperplastic villous atrophy, colonic
metaplasia, and increased mononuclear cell infil-
tration of the lamina propria.2' The patients also
showed evidence of abnormal immune function,
as shown by the presence of autoantibodies and
complement activation. The authors therefore
postulated that the patients had an autoimmune
disorder, with the ileum as a target organ,
resulting in bile acid malabsorption. These find-
ings have not been confirmed by other authors.
Heubi et al reported a defective in vitro ileal bile
acid uptake in two boys with lifelong diarrhoea
and steatorrhoea who had an ultrastructurally
normal terminal ileum.`2 The technique used in
this study, however, which was based on an
incubation of whole ileal biopsy tissue in a bile
acid containing medium for two minutes, could
not discriminate between active absorption,
passive absorption, or binding.
We recently described the results ofan in vitro

assay performed on brush border membrane
vesicles derived from terminal ileal biopsy tissue
which allowed the selective quantification of
active Na+ dependent bile acid transport. As a
genetic carrier defect could be expected to be
present anywhere in the distal ileum, we used
this technique to investigate the role of the brush
border membrane in primary bile acid mal-
absorption. Bile acid transport was quantified as
in vitro Na+ dependent bile acid transport
(INBAT) and in vitro Na+ dependent bile acid
local transport capacity (INBALTC) in brush
border membrane vesicles derived from terminal
ileal biopsy specimens obtained at colonoscopy
with retrograde ileoscopy in 10 patients with bile
acid malabsorption of unknown cause. The
results were compared with those from a group of
132 patients without disorders known to affect
active bile acid transport in the distal ileum.2'

Methods

PATIENTS
Ten patients referred to our hospital between
1981 and 1988 for chronic diarrhoea were found
to have bile acid malabsorption, defined as 3a-
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TABLE I Clinical data of 10 patients with primary bile acid malabsorption in relation to bile acid excretion

'5SeHCAT
Duration (yrs)l Faecal Recovery of25 markers

Patient no, Age character of weight FBAL WBR,O FL4D Effect of
sex (yrs) diarrhoea (giday) (mmol/day) (days) (%) Day I Day 2 Day 3 Chol

1, F 37 >7/Cont 290 3-3 1-3 79 23 2 0 ++
2, M 39 ±5/Int 290 3-7 1-1 83 24 0 1 +
3, M 34 2/Int 250 1-5 1-6 77 7 18 0 +
4, M 56 >5/Cont . 32 1-0 96 . +
5, F 38 5-10/Cont 280 3-3 0-1 99 . ++
6, F 31 4/Cont . 33 1-5 85 7 18 0 +
7, F 55 5-10/Int . 13 1-7 77 . ++
8, M 55 >10/Cont 270 1-8 1-8 78 . +
9, M 53 >10/Int 240 2-2 2-1 75 20 4 0 +

10, F 44 >20/Cont 260 2-7 1-2 89 . +

Chol=cholestyramine; + =marked response; + + -complete response; . =not done. FBAL-faecal bile acid loss (normal < 1-2 mmol/
day), WBR,0=whole body retention half life (normal >2.8 day, abnormal <1-8 day), FL4D: fractional loss in four days (normal <58%,
abnormal >72%), Cont=continuous, Int=intermittent.

hydroxy bile acids -1 2 mmol/day,2>27 for which
extensive analysis failed to show a cause. There
was no history of food intolerance, appreciable
weight loss, alcohol abuse, or use of laxatives or
other medication possibly related to the diar-
rhoea. Routine blood tests including erythrocyte
sedimentation rate, full blood count, creatinine,
urea, electrolytes, total protein, albumen, bili-
rubin, alkaline phosphatase, alanine aminotrans-
ferase, and glucose were normal.

Patient characteristics, the duration and
nature of the diarrhoea, faecal weight, faecal bile
acid excretion, and the 75SeHCAT test results,
including recovery of radio-opaque markers
administered to five patients are presented in
Table I. Simultaneous administration of these
markers with the 75SeHCAT dose as a control on
the accuracy of faecal collection was routinely
performed from 1983 onwards. The age and sex

distribution of the 10 patients (mean (SD) age 44
(9) years, men:women 1.0) was not different
from that of the group of 132 control patients
(mean (SD) age 39 (15) years, men:women 0.69).
All patients were thoroughly investigated and
other causes of diarrhoea were excluded. Results
of the investigations performed to determine the
cause of the diarrhoea are presented in Table II.
Small bowel x rays, colonoscopy with retrograde
ileoscopy, and microscopy of terminal ileal
biopsy specimens were normal in every patient.

CONTROL GROUP
INBAT values of 132 patients undergoing
colonoscopy for conditions not associated with

altered active ileal bile acid transport23 were used
as control values. INBAT values of normal
subjects were not available because of the in-
vasive nature of colonoscopy with terminal ileal
biopsy.

CHEMICAL BILE ACID ANALYSIS
Total 3a-hydroxy bile acids were determined
enzymatically in duplicate in pooled faeces,
collected over four or five days.2"26

BIOPSY PROCEDURE
In all 10 patients, a colonoscopy with retrograde
ileoscopy was performed. The terminal ileum
was endoscopically normal in all patients. Biopsy
specimens were taken 5-10 cm proximal to the
ileocoecal valve for light microscopy, and five
additional specimens (25-50 mg) were directly
frozen for bile acid transport studies.

INBAT DETERMINATIONS
Determination of active bile acid transport,
quantified as INBAT, was performed as des-
cribed in detail previously.23 The two main steps
of the proced4ire are the isolation of brush border
membrane vesicles and bile acid transport meas-
urements in the isolated vesicles. These steps will
be briefly described below.

BRUSH BORDER MEMBRANE VESICLE ISOLATION
Frozen ileal biopsy specimens, thawed in iso-

TABLE II Laboratory investigations related to the exclusion cntena for secondary bile acid malabsorption

Faeces

Blood Urine Biochem Microb Intestinal function test Jejunal
biopsy

Patient no, sex T, Vit 5-HIAA Lax Fat ai-ch Ob Cult Par LB ST GC specimen

1,F n n n n n n . n n
2,M n . . n - n
3,M n n . n .n
4,M - - n n*
5,F n n -
6,F n n n . n n n n
7,F . n n - n . . n*
8, M
9,M . n . n . n n

10, F n n n n n n . n n*

n=normal result, -=negative result, not done.
Vit=serum vitamin concentrations (folic acid, vit B,, iron, vit D,, and vit A); Lax=laxatives, Fat=fat excretion on a diet containing 70
g fat (n<7 g); Cult= culture for Salmonella, Shigella, Yersinia, Campylobacter; Par= repeated microscopic examination for parasites;
cc-ch-=c-chymotrypsin; Ob=occult blood; LB=H,-breath test after 50 g lactose; ST=Schilling test, GC= "C-glycocholate breath test.
*Including establishment of normal disaccharidase activities.
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tonic buffer, were disrupted using a Vibro mixer.
After addition of MgCl, the suspension was
centrifuged twice at 500 g. The two combined
supernatant fractions were then centrifuged at
27 000 g to spin down the brush border
membrane vesicles, and the pellet was resus-
pended in buffer.

TRANSPORT MEASUREMENTS
Incubation of the brush border membrane
vesicle suspension was performed with a trans-
port buffer containing 4gM 3H(G)-taurocholate
in the presence of a 108 mmol/l Na+ gradient.
Incubation was stopped by addition ofsamples of
the incubation mixture at fixed time intervals
(after 15, 30, and 45 seconds) to ice cold litho-
cholate saturated stop buffer. Samples were
filtered and washed four times with the same stop
buffer. Radioactivity on the filter was measured
in a liquid scintillation counter and corrected for
non-specific binding. The increase in TC uptake
between 15 and 30 seconds was used as an uptake
parameter, combining uptake quantification,
minimal non-specific binding, and a low intra-
assay variation. INBAT was expressed as pmol
taurocholate/mg brush border membrane pro-
tein/15 seconds as described previously.23
The bile acid transport capacity of the ileal

tissue (INBALTC), which is not represented by
the calculated INBAT values, was determined by
quantifying taurocholate uptake velocity per unit
of ileal biopsy tissue (and not per unit brush
border membrane vesicle protein). INBALTC
could therefore be calculated easily from INBAT
(INBALTC=INBATx brush border membrane
vesicle yield) and was expressed as pmol
taurocholate/g ileal biopsy tissue/15 seconds.

CHOLESTYRAMINE TREATMENT
All patients were treated with cholestyramine. In
general, the starting dose was 2 g twice daily, and
the dose was increased to 4 g three times a day
depending on its effect and acceptance by the
patients. All patients reported either a consider-
able decrease in defaecation frequency and
improvement in the consistency of stools or a
return to normal of defaecation, and even con-
stipation (scored as marked or complete response
in Table I).

TABLE III Active ileal bile acid transport parameters and brush border membrane vesicle
(BBMV)yieldfound in patients with primary bile acid malabsorption (n= 10) compared with
control subjects (n= 132)

INBAT INBALTC BBMVyield
Patient no,sex (pmollmgprot) (pmol/g tissue) (mg prot/g tissue)

1, F 85 183 2-15
2, M 30 229 7-63
3, M 74 268 3-62
4,M 43 117 2.71
5,F 111 109 0-98
6,F 40 120 2 99
7, F 136 91 0-67
8, M 135 134 0-99
9, M 117 243 2-08

10, F 112 85 0-76
Patients mean (range) 88 (30-136) 158 (85-268) 2-46 (0.67-7.63)
Control mean (range) 63 (1-244) 98 (1-408) 1-69 (0-45-7-61)

INBAT=in vitro Na+ dependent bile acid transport (pmol taurocholate uptake/mg brush border
membrane protein/15 seconds).
INBALTC-in vitro Na+ dependent bile acid local transport capacity (pmol taurocholate uptake/g
ileal biopsy tissue/15 seconds).

Results
Bile acid malabsorption was considered to be
present when total faecal bile acid excretion was
-1-2 mmol/day.2'2' The `SeHCAT whole body
retention half life was abnormal (<1. 8 days)
in eight and equivocal (1.8-2.8 days) in two
patients, while the fractional `SeHCAT loss after
four days was abnormal (>72%) in all patients.
The five patients given radio-opaque markers
excreted virtually all their markers within 48
hours. In a sixth patient (no 10) carmine red was
found in the faeces 21 hours after administration.
The results of active bile acid transport studies in
our patients are presented in Table III and
compared with the transport values obtained in
control subjects. In none of the patients were
values suggestive of a transport defect found.
The lowest individual values found for INBAT
and INBALTC corresponded with the 19th and
52nd centiles respectively of the range ofINBAT
and INBALTC values found in the control
group. Moreover, mean INBAT (p<005) as
well as mean INBALTC (p<005) were signifi-
cantly increased (Wilcoxon signed rank test)
compared with values in the control patients.
The brush border membrane vesicle yield in the
10 patients with idiopathic bile acid malabsorp-
tion did not differ significantly from that in the
control group.

Discussion
Primary bile acid malabsorption, as described by
Hess Thaysen and Pedersen in 1973 and 1976,`
is characterised by chronic diarrhoea with in-
creased bile acid loss that is not caused by any of
the conditions known to be associated with
abnormal bile acid loss and which responds to
cholestyramine. Supplying bile acid binding
agents such as cholestyramine is an effective
antidiarrhoeal treatment in most conditions
associated with bile acid malabsorption. A lack of
response to cholestyramine, by definition,
excludes bile acid malabsorption as the cause of
the diarrhoea, but not the presence of increased
bile acid excretion.28 A positive response, how-
ever, provides no information about the cause of
bile acid malabsorption. As dihydroxy bile acids
can induce electrolyte and water secretion by
increasing cyclic adenosine monophosphate,293'
measuring faecal aqueous dihydroxy bile acid
concentrations can provide additional informa-
tion about the role of bile acids in the aetiology of
the diarrhoea.3 These measurements, however,
are technically more difficult to perform and may
not reflect the actual concentrations in the
proximal colon as water and bile acid absorption
are different processes and bacterial dehydroxy-
lation continues after defaecation.
Merrick et aP suggested that primary bile

acid malabsorption is probably not as rare as
originally thought. 3 4After seven years ofevaluat-
ing almost 200 patients with bile acid malabsorp-
tion we encountered 10 patients who fulfilled the
criteria of primary bile acid malabsorption. In
none of these patients were histological abnor-
malities seen in terminal ileal biopsy specimens,
distinguishing them from the three patients
reported by Popovic et al. In our opinion their
three patients described do not strictly fulfil Hess
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Thaysen and Pedersen's criteria' and should, in
fact, be labelled as suffering from type I bile acid
malabsorption as their ileal biopsy specimens
were morphologically abnormal.

Hess Thaysen and Pedersen proposed a
genetic defect in active bile acid transport as the
cause of the unexplained bile acid malabsorption
in their patients. Active bile acid transport in the
ileum is a Na+ dependent process which can be
seen and quantified in brush border membrane
vesicles derived from ileal biopsy tissue.23 32 We
did not find defective active ileal bile acid
transport in any of our patients. In fact, if
anything, active bile acid transport, quantified as
INBAT and INBALTC, was increased com-
pared with that in the control group. These
findings confirm earlier results in eight patients
with bile acid losing diarrhoea ofvarious causes.23
The present results support our hypothesis that
active bile acid transport is regulated by the
availability of bile acids to the ileal enterocytes.23
As a defect in active bile acid transport cannot be
shown, the aetiology of primary bile acid mal-
absorption remains unclear. The net amount of
bile acids escaping ileal reabsorption is probably
dependent on the amount and concentration of
bile acids entering the terminal ileum, the pres-
ence of other intraluminal contents such as
fibre,33 non-absorbed fat,34 the intraluminal pH,3"
the frequency of enterohepatic cycling, the ileal
transit time20 (availability factors), and the num-
ber of bile acid carriers per ileal surface area and
the total ileal surface containing these carriers
(capacity factors). Although no information is
available on the length of distal ileum capable of
active bile acid transport in primary bile acid
malabsorption, it seems unlikely that this seg-
ment is effectively shorter in affected patients
than in normal subjects. No data are available on
the composition and size of the bile acid pool in
this condition, which could in theory be altered,
leading to higher concentrations of dihydroxy
bile acids in the colon.
The most likely explanation for the bile acid

malabsorption in these patients seems to be
motor disturbances of the ileum resulting in an
extremely short ileal transit time which does not
allow time for normal reabsorption.728 30 The
oroanal transit time data, available in six of our
patients, largely reflect a rapid colonic transit, as
found in bile acid malabsorption of other causes
by various authors,737 and do not allow con-
clusions on the ileal transit time, which was not
measured as it was not the subject of this study.
Primary bile acid malabsorption based on a

defect in active ileal bile acid transport, if it exists
in adults, is probably very rare.
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