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Liver and biliary

Intestinal transit, deoxycholic acid and the cholesterol
saturation of bile - three inter-related factors
S N MARCUS AND K W HEATON

From the University Department of Medicine, Bristol Royal Infirmary, Bristol

SUMMARY There is considerable evidence that the level of deoxycholic acid in the bile influences
biliary cholesterol saturation. Deoxycholic acid is formed in the colon and absorbed slowly.
Hence changes in colonic transit rate might influence biliary deoxycholic acid and the cholesterol
saturation of bile. When 14 constipated subjects took standardised senna tablets for six weeks in a
dose sufficient to lower mean whole gut transit time from 134 to 54 hours, deoxycholic acid as a
proportion of biliary bile acids fell from 25.9±8.6 to 17.2+8.3% (p<0.0001) and deoxycholic acid
pool measured by isotope dilution fell from 0-64±0-34 to 0.45±0*29 g (p<0-0001). In those
subjects (n=8) whose bile was initially supersaturated with cholesterol, the saturation index fell
from 1.40±0.22 to 1-20±0*19 (p=0-02). Conversely, when 12 normal volunteers took loperamide
capsules sufficient to cause symptomatic constipation and to prolong mean transit-time from 48 to
103 hours, the deoxycholic acid pool increased from 0-40±0.24 to 0-57±0-17 g (p=0-008). The
percentage deoxycholic acid did not alter significantly, because the estimated total bile acid pool
expanded (from 1-98±0.61 to 2*81±0.48 g; p<0.001), presumably because of loperamide slowing
down small bowel transit. Despite this expansion of the bile acid pool, loperamide increased the
cholesterol saturation index from 1.10±0.31 to 1*20±0*32 (p=0-01). Changes in colonic transit
rate alter the size of the deoxycholic acid pool and bile cholesterol saturation. These findings
suggest that constipation or slow colonic transit might increase the chance of supersaturated bile
and hence of gall stones.

Several lines of evidence suggest that a raised
level of deoxycholic acid in the bile is a risk factor
for gall stones. Patients with gall stones tend to have
raised levels of deoxycholic acid in relation to the
two other major bile acids, cholic, and cheno-
deoxycholic,' -6 though this is not a universal
finding.7-10 In patients with gall stones a correlation
has been shown between % deoxycholic acid in the
bile acid pool and the cholesterol saturation index
of bile." 12 When the proportion of deoxycholic
acid in the bile was raised in normal subjects by
feeding physiological amounts of this bile acid,
100-150 mg/day for two weeks, there was a significant
rise in the molar percentage of cholesterol in bile. '3
The same results can follow the feeding of cholic
acid, the precursor of deoxycholic acid. 14 When
deoxycholic acid has been fed in pharmacological
doses, 750-1000 mg/day, there has been no rise in
the' cholesterol saturation of bile'5-17 but at this
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dosage deoxycholic acid has toxic effects on the liver,
raising serum transaminase concentrations, and
possibly on the intestine. The percentage of deoxy-
cholic acid in the bile can be reduced by diverse
measures - by administering metronidazole'8 or
ampicillin,14 by feeding bran,1921 lactulose22 or a
preparation of Streptococcus faecium, 23 or by
treating hypothyroidism with thyroxine.24 With all
six of these manoeuvres there is a simultaneous
reduction in the cholesterol saturation of bile.

Deoxycholic acid is the main secondary bile acid
in bile. It is produced in the colon when anaerobic
bacteria remove the 7a-hydroxyl group from any
cholic acid which has escaped absorption in the
terminal ileum. This dehydroxylation process is
almost complete as faeces normally contain minimal
amounts of cholic acid.25 26 About 30% of newly
formed deoxycholic acid is absorbed and trans-
ported to the liver27 together with any previously
formed and recirculated deoxycholic acid which
enters the colon. In the liver, deoxycholic acid is
conjugated with glycine and taurine and secreted
into the bile alongside glyco- and taurochenodeoxy-
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cholate. Conjugated deoxycholates are handled by
the liver and small intestine in the same way as the
other dihydroxy bile acids, the chenodeoxy-
cholates.27 In particular, they are efficiently re-
absorbed with less than 5% escaping into the colon
at each turn of the enterohepatic circulation. The
circulating deoxycholic acid pool is about 0-66 g
(1.7 mmol)27 28 and about 30% of the pool is turned
over each day (fractional turnover rate 0-3, equi-
valent to a half-life of 2-8 days). Input into the pool
consists of newly formed deoxycholic acid absorbed
from the colon.

Absorption of deoxycholic acid from the colon is
probably slow, occurring only by passive diffusion.
When radioactive cholic acid is injected into the
colon at laparotomy most of it is absorbed and re-
secreted in the bile (largely as deoxycholate) during
the first 24 hours but absorption continues for
several days.29 30

If deoxycholic acid is absorbed slowly and in-
completely then slowing down colonic transit might
well increase its absorption and cause expansion of
its circulating pool. This in turn would be expected
to lead to increased saturation of bile with
cholesterol. Conversely, speeding up colonic transit,
at least in subjects with slow transit, should reduce
the absorption of deoxycholic acid and lead to a
reduced pool of this bile acid and perhaps to
reduced cholesterol saturation of bile. This study
was designed to test these predictions by examining
the results of administering a constipating agent in
effective doses to normal subjects and of administer-
ing a chemical laxative in effective doses to people
with spontaneous constipation. Because the risk of
forming cholesterol gall stones depends in part on
the saturation of bile with cholesterol these studies
also test the hypothesis that constipation or, at any
rate, slow colonic transit, is a risk factor for gall
stones.

Methods

SUBJECTS AND DESIGN OF STUDY
Constipated and normal subjects were recruited in
response to posters in local chemist shops and health
centres, in the waiting areas of the Bristol Royal
Infirmary and Dental Hospital and in WRVS stalls.
Advertisements were inserted in the university
newsletter and health authority gazette. Letters of
appeal were sent to members of the hospital
voluntary service, St. John's Ambulance Brigade
and Red Cross Society.
The constipated group consisted of 12 women and

two men aged 38-69 years (mean 48), with body
mass or Quetelet index 20-3-27-3 (mean 23.6), who
admitted to three bowel actions per week or less or

who often strained to pass scybalous faeces and
whose whole gut transit time was around three days
or longer. Volunteers admitting to alternating
constipation and diarrhoea were excluded. Those
who were already taking laxatives or bran-
containing cereals were instructed to stop them for at
least four weeks before entering the study. Six
subjects were taking other drugs (two diuretics, two
hypnotics, one each lithium, ranitidine, oestrogen
replacement and non-cyclical progestogen) but the
dosages remained unaltered during the study. Base-
line measurements of transit time, bile composition,
and deoxycholic pool size and kinetics were carried
out. Dietary intake was assessed by an experienced
dietitian using a questionnaire and a 48 hour
weighed record. Subjects were then provided with
sennoside B tablets (Senokot) and instructed to take
them in a single daily dose sufficient to relieve their
constipation (15-60 mg sennoside B daily) for six
weeks, the effect being monitored by one of us
(SNM) by regular telephone calls. At the end of this
period the transit time, biliary studies and dietary
assessment were repeated.
The group with normal bowel function consisted

of 10 women and two men aged 38-62 years (mean
45), with body mass index 20*9-27-7 (mean 24-0)
who claimed to have a normal bowel habit and
whose whole gut transit time was shorter than three
days. Baseline measurements of transit time, bile
composition, and deoxycholic acid pool size and
kinetics were carried out. Subjects were then
provided with loperamide capsules and instructed to
take them in divided doses sufficient to induce
constipation (4-20 mg daily) for six weeks, the effect
again being monitored by regular telephone calls.
No other drugs were taken by subjects in this group.
Dietary intake was monitored as above. Two
additional women who entered this group were later
excluded because they could not tolerate an effective
dose of loperamide. At the end of this period the
transit time, biliary studies, and dietary assessment
were repeated.
A third group consisted of six healthy members of

staff (two women and four men aged 30-60 years,
mean 43) in whom mouth-caecum transit time and
gastric emptying time were measured after two
doses of placebo or loperamide (2 mg) in a random-
ised, double blind comparison. On a separate
occasion, mouth-caecum transit time was measured
in the same six subjects after two doses of sennoside
B 7.5 mg. Test and placebo capsules were taken at
midnight and four hours before the test breakfast.
Volunteers in the first two groups had blood taken

for liver function tests and these were normal.
Fasting lipids were also measured and these were
normal or only slightly raised. Ultrasound scan of
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the gall bladder showed the absence of gall stones
in all subjects except for one non-constipated
volunteer who had stones in a functioning gall
bladder on oral cholecystogram.

WHOLE GUT TRANSIT TIME
Transit time was measured by the single stool
method31 with two modifications. Subjects with
constipation (spontaneous or drug induced) ingested
a gelatine capsule containing 20 radio-opaque
Portex markers at breakfast time on alternate days
for one week (rather than on three consecutive
days) and then collected their next two stools. Each
day the markers were of a different shape and were
taken in a predetermined order. Stools were ex-
creted directly into gussetted polyethylene bags
which were sealed and stored at -20°C until
radiographed. Whole gut transit time was calculated
from each stool by counting the two most abundant
markers and applying the formula:

tlsl +t2s2
Whole gut transit time (h) = s1+s2

where tl and t2=time in hours from the ingestion of
the two markers and sl and s2=the number of each
marker present. The mean value from the two stools
was taken.

BILE COMPOSITION AND THE POOL SIZE AND
KINETICS OF DEOXYCHOLIC ACID
Three hours after the last meal of the day 0-37MBq
[10 pCi] 24-14C-deoxycholic acid (Radiochemical
Centre, Amersham) was injected intravenously and,
after an overnight fast, bile-rich duodenal fluid was
collected by means of duodenal intubation and
cholecystokinin injection. The period of fasting was
standardised for each volunteer.32 33 In seven con-
stipated volunteers and in nine normal ones 5 ml
aliquots of duodenal bile were collected on four
consecutive mornings to enable determination of
deoxycholic acid pool size, input and fractional
turnover.34 In the other 10 subjects who were

unwilling to have repeated intubations, deoxycholic
acid pool size was determined by a slightly modified
version of the 'one shot' technique.

Total bile salt, phospholipid and cholesterol
concentrations were measured 6 and the cholesterol
saturation index of bile was determined by the
method of Thomas and Hofmann37 according to the
criteria of Hegardt and Dam.38 In the small number
of samples in which the total lipid concentration was

<20mmol/I phospholipid concentration was meas-
ured using an enzymatic method.39

After enzymatic deconjugation and thin layer
chromatographic separation of the dihydroxy bile

Marcus and Heaton

acids,40 deoxycholic'acid mass was determined by
subtracting the 7a- from the 3a-hydroxysteroid
dehydrogenase results (Sigma Chemical Co.).41 The
mass of the separated cholic acid was also deter-
mined using 3a-hydroxysteroid dehydrogenase.
Radioactivity was measured by liquid scintillation
counting. The counts were corrected for any effects
due to quenching using quench curves calculated
from external standards of 14C.
From these data the pool size, half-life and input

of deoxycholic acid were determined as well as the
relative proportions of the three major bile acids. By
combining these data the size of the total bile acid
pool was estimated, accepting that a slight system-
atic underestimate of the cholate pool is likely using
this method.

GASTRIC EMPTYING TIME
The half-life of gastric emptying was determined by
adding 12MBq [324 [iCi] of 11 In to a liquid test meal
and measuring the disappearance of radioactive
counts over the surface of the stomach every 10
minutes for up to three hours using a gamma
camera.42 43 The test meal consisted of 30 g lac-
tulose, 40 g glucose, 20 g corn oil and 15 g Casilan
made up to 300 ml with water44 and flavoured with
vanilla essence.

MOUTH-CAECUM TRANSIT TIME
Mouth-caecum transit time was measured by
analysing expired air samples for hydrogen con-
centration at 15 minute intervals using a breath
hydrogen machine (Moogstraat Medische Techniek
NU, Kampen, Holland) and was defined as the time
from taking the above liquid meal to the first
sustained rise in breath hydrogen concentration.45

STATISTICAL ANALYSIS
Student's paired t test was used for determining the
significance of differences. A p value of <0 05 was
taken as significant. Results are expressed as
mean±SD.

Results

DIETARY INTAKE AND BODY WEIGHT
The dietary intake of all volunteers remained
unaltered during the study, in particular there was
no change in the fibre content of their diet. In the
constipated group treated with senna laxative there
was a slight increase in body weight from 63-9±9.6
to 64-3±9-9 kg (p=0-02) but this was of doubtful
biological importance. The increase in body weight
in the normal group prescribed loperamide, from
63-9±15*6 to 64-4±15*3 kg, was not significant.
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Intestinal transit, deoxycholic acid and the cholesterol saturation of bile

WHOLE GUT TRANSIT TIME (Fig. 1)
With senna laxative the transit time fell in all
subjects from a mean of 134±55 to 51±21 hours
(p<0-OOOl). With loperamide the transit time rose in
all subjects from a mean of 48±11 to 103±31 hours
(p<O-0001).

DEOXYCHOLIC ACID POOL (Fig. 2)
With senna laxative deoxycholic acid pool fell in all
but one subject, the mean decreasing by 30% from
0-64±0-34 to 0*45±0 29 g (p<0-0001). Conversely,
with loperamide deoxycholic acid pool rose in all but
three subjects, the mean increasing by 43% from
0*40±0*24 to 0*57±0-17 g (p=0-008).

RELATIVE PROPORTIONS OF BILE ACIDS IN BILE
The proportion of deoxycholic acid fell in all senna
treated subjects (Fig. 3), from a mean of 25-9±8-6
to 17.2±8*3% (p<0.0001), whereas in the loper-
amide group (Fig. 3) there was no consistent change
(18-9±10.3 to 19.7±6-9%).
The proportion of chenodeoxycholic acid rose

with senna laxative in all but one subject (Fig. 4),
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Transit 160
time
(h) 11.0
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Fig. 1 Whole gut transit time in constipated subjects (n=
before and after senna laxative and in normal subjects
(n= 12) before and after loperamide.
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Fig. 2 Deoxycholic acid (DCA) pool in constipated
260 subjects (n= 14) before and after senna laxative and in

normal subjects (n= 12) before and after loperamide.
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the mean increasing from 36-5±7-7 to 43-7+8-0%
220 (p<0.0001), while in the loperamide group there

was no consistent change (44-0±10-7 to 43-5+5.5%).
200 The percentage of cholic acid did not alter

significantly with senna laxative (37.6±6.5 to
180 38.7+6.0%) nor with loperamide (37.6±6.1 to

36-8+4 8%).
160

TOTAL BILE ACID POOL (Fig. 5)
110 Senna laxative had no significant effect on the total

bile acid pool (2.38±0-90 to 2-47±0-77 g), whereas
120 the pool increased in all subjects treated with

loperamide, the mean increasing by 42% from
1oo 1-98±0-61 to 2-81±0-48 g (p<0001).

80 CHOLESTEROL SATURATION INDEX (CSI)
(Fig. 6)

60 In the eight constipated subjects whose bile
was initially supersaturated with cholesterol

40 (CSI> 1.0), the index fell significantly with senna
laxative from a mean of 1-40±0-22 to 1-20±0-19

20 (p=0-02). Out of the whole group, the CSI fell in 10
of the 14 subjects, yet the reduction was not

14) significant (1.1±0.39 to 1.0±0.33). This was because
of one subject, Mrs OM, whose pretreatment CSI of
0*55 was surprisingly low for a multiparous middle
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aged woman on oestrogen replacement therapy. To
verify this, a further sample of bile was obtained
three months after completion of the experiment
and on this occasion the CSI was 0-99. If the data of
subject OM are excluded from analysis as a 'rogue'
result the CSI of the group is significantly reduced
by senna laxative, falling from 1-20±0-37 to
0-99±0-33 (p=0.004).

In the normal subjects made constipated with
loperamide the CSI rose in all but two, the mean
increasing from 1-10±0-31 to 1-20±0-32 (p=0-01).

DEOXYCHOLIC ACID KINETIC STUDIES
The half-life of deoxycholic acid fell with senna
laxative in all seven subjects in whom it was

measured, from a mean of 4-4±2-1 to 2-4±0-72 days
(p=0-02) and was lengthened in all but one of the
nine loperamide treated subjects, increasing from a

mean of 2-1±0-76 to 5-1±2-9 days (p=0-006).
Deoxycholic acid input was not significantly altered

by senna laxative (0-14±0-08 to 0-17±0-08 g/day)
nor by loperamide (0-11±0-08 to 0-10±0-05 g/day).

Fig. 4 Percentage of chenodeoxycholic acid (CDCA) in
the bile acid pool in constipated subjects (n= 14) before and
after senna laxative and in normal subjects (n= 12) before
and after loperamide.

CORRELATIONS (Table)
Correlations between changes in transit time and
changes in bile composition with senna laxative and
loperamide were determined. There was a significant
positive correlation between ACSI and Awhole-gut
transit time (WGTT) which became stronger when
subject OM was excluded. Similarly there was a
significant positive correlation between ACSI and
Adeoxycholic acid pool, again becoming stronger
when this subject was omitted. A significant positive
correlation between ACSI and Adeoxycholic acid%
and between ACSI and Atotal bile acid pool existed
only when subject OM was removed from analysis.
Significant positive correlations also occurred be-
tween AWGTT and Adeoxycholic acid pool,
between AWGTT and Adeoxycholic acid% and
between AWGTT and Atotal bile acid pool. There
was a significant negative correlation between
Achenodeoxycholic acid% and Adeoxycholic acid

Senna
Before

30-

DCA
(*/.) 20-

10l

0-

70

60

50

40

-30
p <0-0001

Fig. 3 Percentage of deoxycholic acid (DCA) in the bile
acid pool in constipated subjects (n= 14) before and after
senna laxative and in normal subjects (n=12) before and
after loperamide.
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Fig. 6 Cholesterol saturation index (CSI) in constipated
subjects (n= 14) before and after senna laxative and in
normal subjects (n= 12) before and after loperamide. The p
value given is that obtained without subject OM (see text).
Shaded area represents bile which is unsaturated with
cholesterol.

MOUTH-CAECUM TRANSIT TIME

In all six subjects given loperamide mouth-caecum
transit time was lengthened, the mean increasing
from 88±23 to 160±40 minutes (p=0 002).
In contrast, senna laxative had no overall effect
(88±23 to 98±50 minutes).

_Lopramide
Before After -5 0

NS p<0001

Fig. 5 Total bile acid pool in constipated subjects (n=
before and after senna laxative and in normal subjects
(n=12) before and after loperamide.

pool and a negative correlation between Acheno-
deoxycholic acid% and ACSI.

GASTRIC EMPTYING TIME

In one of the six volunteers the data were incon-
sistent and uninterpretable and were therefore
excluded. In the other five subjects, loperamide had
no effect on gastric emptying half-life (126±30
versus 124±34 minutes on placebo).

Table Correlation coefficients

ACDCA% ACA% ADCA pool A Total pool ACSI ADCA%

ACA% -0 263
ADCA pool -0O727: -0 216
ATotal pool -0-403* 0-078 0-716T
ACSI -0-483* 0.403* 0.401* 0-380

(-0-616t) (0-666t) (0.422*)
ADCA% -0-837t -0-296 0-838t 0-342 0-285

(0-595t)
ATransit time -0.447* 0-058 0-648t 0(570t 0-553t 0.439*

(0-708t)
* p<0.05
t p<0.01
T p<0-001
The results in parenthescs arc thosc which apply whcn subjcct OM is cxcludcd.
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556 Marcus and Heaton

Discussion

As predicted, speeding up colonic transit by the
administration of senna laxative reduced the deoxy-
cholic acid pool and the cholesterol saturation of
bile, while slowing down transit by the administra-
tion of loperamide had the opposite effects.
Changes in whole gut transit time, deoxycholic acid
pool and cholesterol saturation all correlated with
each other. These findings support the concept that
the amount of deoxycholic acid in circulation
influences the cholesterol saturation of bile and
hence the risk of forming cholesterol gall stones.' 3
They also provide the first objective evidence that
slow colonic transit may be a risk factor for gall
stones. Many years ago, physicians commented
upon the commonness of constipation in patients
with gall stones46 47 but no data were given nor were
controls studied.

Recently it was observed that the input of
deoxycholic acid varied significantly with gut transit
in young people but not in older subjects.48 These
authors did not report on correlations between
transit time and deoxycholic acid pool size or per
cent deoxycholic acid.

In acute experiments in man, replacing the bile
acid pool with deoxycholic acid causes the liver to
secrete bile which is more saturated with chol-
esterol, probably because of the more hydrophobic
character and hence greater detergency of this bile
acid over the other major bile acids so that it leaches
out more cholesterol from the canalicular mem-
brane.49 If this effect of deoxycholic acid on
cholesterol secretion occurs in real life, and if it is
sensitive to changes in deoxycholic acid pool of the
order we have found, it could explain our findings.
Another way in which increased circulating deoxy-
cholic acid could make bile more saturated is by
displacing chenodeoxycholic acid from the pool, as
increasing the pool of chenodeoxycholic acid by oral
administration, as in gall stone dissolution therapy,
lowers the cholesterol saturation of bile.511 We did
find a negative correlation between change in per
cent chenodeoxycholic acid and change in deoxy-
cholic acid pool. Deoxycholic acid could displace
chenodeoxycholic acid by suppressing its synthesis51
or by competing with it for absorption. 2
The increase in cholesterol saturation index with

loperamide was modest despite a substantial rise in
the deoxycholic acid pool. This may be because the
pool of chenodeoxycholic acid increased in parallel.
The fact that the cholic acid pool expanded too, as
judged by the relative proportions of the bile acids,
is probably irrelevant because, in another study in
which cholic acid was administered, subjects who
responded by increasing their deoxycholic acid pool

suffered a rise in the cholesterol saturation of their
bile even if the cholic acid pool expanded too.14
Despite the parallel expansion of the chenodeoxy-
cholic acid pool, loperamide did increase the chol-
esterol saturation of bile. This suggests that the
deleterious effect of deoxycholic acid on cholesterol
saturation may be greater than the beneficial effect
of chenodeoxycholic acid.
The present findings raise the possibility that the

beneficial effect of chenodeoxycholic acid treatment
on bile cholesterol saturation may in part be due to
its laxative effects, with consequent reduction in
deoxycholic acid absorption and pool size.
The expansion of the primary bile acid pool by

loperamide can be attributed to slowing down of
small intestinal transit because both these effects
have been noted with administration of propanthe-
line bromide.53 Conversely, when small intestinal
transit was accelerated by administration of sorbitol
the total bile acid pool contracted.54 Slowing of
small bowel transit cannot explain our finding of
expansion of the deoxycholic acid pool since such an
expansion did not occur with propantheline. Loper-
amide has previously been shown to prolong small
bowel transit only in subjects with chronic
diarrhoea55 or with irritable bowel syndrome56 but a
recent Vreliminary report of a study in normal
subjects 7 agrees with our findings.
The prolongation of deoxycholic acid half-life

with loperamide can be explained by slower small
bowel transit leading to more efficient absorption.
The shortening of this half-life with senna laxative is
less easy to explain. Senna is normally considered to
act only after bacterial formation of active meta-
bolites in the colon.58 We detected no shortening of
small bowel transit time with senna in acute studies
of normal subjects but cannot rule out the possibility
that it has such an effect with chronic usage or in
constipated subjects.

In conclusion, the present study supports the
notion that constipation may be a risk factor for gall
stones, but epidemiological studies are necessary to
prove this.

This work was made possible by generous support
from Tricum AB, Hoganas, Sweden, and from
Sanofi-Labaz UK Ltd, Manchester. We are in-
debted to Tina Felton, BSc for her technical help
and to Pauline Emmett, for her dietetic expertise.
We are grateful to Heather Andrews, for scanning
the gall bladders of our subjects.

References

1 Pomare EW, Heaton KW. Bile salt metabolism in

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.27.5.550 on 1 M

ay 1986. D
ow

nloaded from
 

http://gut.bmj.com/


Intestinal transit, deoxycholic acid and the cholesterol saturation of bile 557
patients with gallstones in functioning gallbladders. Gut
1973; 14: 885-90.

2 Fisher MM, Youssef IM. Sex differences in the bile
acid composition of human bile: studies in patients with
and without gallstones. Can Med Assoc J 1973; 109:
190-3.

3 Hepner GW, Hofmann AF, Malagelada JR,
Szczepanik PA, Klein PD. Increased bacterial degrada-
tion of bile acids in cholecystectomised patients.
Gastroenterology 1974; 66: 556-64.

4 Arnesjo B, Bodvall B, Stahl E. Bile acid patterns of
gallbladder and hepatic bile in patients with and
without cholesterol gallstones. Acta Chir Scand 1975;
141: 135-8.

5 McDougall RM, Walker K, Thurston OG. Bile acid
alterations in patients with cholesterol gallstones. J
Surg Res 1976; 21: 233-7.

6 Kajiyama G, Fujiyama M, Yamada K, Horiuchi I,
Miyoshi A. The influence of aging upon gallstones -
changes in serum lipids, lithogenicity of bile and cross-
sectional views of stones with age. Hiroshima J Med Sci
1981; 30: 165-74.

7 Vlahcevic ZR, Bell CC, Buhac I, Farrar JT, Swell L.
Diminished bile acid pool size in patients with gall-
stones. Gastroenterology 1970; 59: 165-73.

8 Vlahcevic ZR, Bell CC, Gregory DH, Buker G,
Juttijudata P, Swell L. Relationship of bile acid pool
size to the formation of lithogenic bile in female Indians
of the South-West. Gastroenterology 1972; 62: 73-83.

9 Carulli N, Ponz de Leon M, Zironi M, et al. Hepatic
cholesterol metabolism in subjects with gallstones:
comparative effects of short-term feeding of cheno-
deoxycholic acid and ursodeoxycholic acid. J Lipid Res
1980; 21: 35-43.

10 Ahlberg J, Angelin B, Einarsson K. Hepatic
3-hydroxy-3-methyl-glutaryl coenzyme A reductase
and biliary lipid composition in man: relation to
cholesterol gallstone disease and effects of cholic acid
and chenodeoxycholic acid treatment. J Lipid Res
1981; 22: 410-22.

11 Van der Linden W, Bergman F. An analysis of data on
human hepatic bile. Relationship between main bile
components, serum cholesterol and serum triglycer-
ides. Scand J Clin Lab Invest 1977; 37: 741-7.

12 Hofmann AF, Grundy SM, Lachin JM, et al. Pre-
treatment biliary lipid composition in white patients
with gallstones in the National Cooperative Gallstone
Study. Gastroenterology 1982; 83: 738-52.

13 Low-Beer TS, Pomare EW. Can colonic bacterial
metabolites predispose to cholesterol gallstones? Br
Med J 1975; 1: 438-40.

14 Carulli N, Ponz de Leon M, Loria P. Iori R, Rosi A,
Romani M. Effect of the selective expansion of the
cholic acid pool on bile lipid composition: possible
mechanism of bile acid induced biliary cholesterol
desaturation. Gastroenterology 1981; 81: 539-46.

15 Ahlberg J, Angelin B, Einarsson K, Hellstrom K, Leijd
B. Influence of deoxycholic acid on biliary lipids in
man. Clin Sci Mol Med 1977; 53: 249-56.

16 Carulli N, Ponz de Leon M, Zironi F, Iori R, Loria P.
Bile acid feeding and hepatic sterol metabolism: effect
of deoxycholic acid. Gastroenterology 1980; 79: 637-4 1.

17 LaRusso NF, Szczepanik PA, Hofmann AF. Effect of
deoxycholic acid ingestion on bile acid metabolism and
biliary lipid secretion in normal subjects. Castro-
enterology 1977; 72: 132-40.

18 Low-Beer TS, Nutter S. Colonic bacterial activity,
biliary cholesterol saturation, and pathogenesis of
gallstones. Lancet 1978; 2: 1063-5.

19 Pomare EW, Heaton KW, Low-Beer TS, Espiner HJ.
The effect of wheat bran upon bile salt metabolism and
upon the lipid composition of bile in gallstone patients.
Am J Dig Dis 1976; 21: 521-6.

20 Watts JMcK, Jablonski P, Toouli J. The effect of added
bran to the diet on the saturation of bile in people
without gallstones. Am J Surg 1978; 135: 321-4.

21 McDougall RM, Yakymyshyn L, Walker K, Thurston
OG. The effect of wheat bran on serum lipoproteins
and biliary lipids. Can J Surg 1978; 21: 433-5.

22 Thornton JR, Heaton KW. Do colonic bacteria con-
tribute to cholesterol gall-stone formation? Effects of
lactulose on bile. Br Med J 1981; 282: 1018-20.

23 Salvioli G, Salati R, Bondi M, Fratalocchi A, Sala BM,
Gibertini A. Bile acid transformation by the intestinal
flora and cholesterol saturation in bile. Effects of
Streptococcus faecium administration. Digestion 1982;
23: 80-8.

24 Angelin B, Einarsson K, Leijd B. Bile acid metabolism
in hypothyroid subjects: response to substitution
therapy. Europ J Clin Invest 1983; 13: 99-106.

25 Wynder EL, Reddy BS. Metabolic epidemiology of
colorectal cancer. Cancer 1974; 34: 801-6.

26 Moskovitz M, White C, Barnett RN, Stevens S, Russell
E, Vargo D, Floch MH. Diet, fecal bile acids and
neutral sterols in carcinoma of the colon. Dig Dis Sci
1979; 24: 746-51.

27 Hepner GW, Hofmann AF, Thomas PJ. Metabolism of
steroid and amino acid moieties of conjugated bile
acids in man. II. Glycine-conjugated dihydroxy bile
acids. J Clin Invest 1972; 51: 1898-905.

28 Einarsson K, Hellstrorm K. The formation of deoxy-
cholic and chenodeoxycholic acid in man. Clin Sci Mol
Med 1974; 46: 183-90.

29 Samuel P, Saypol GM, Meilman E, Mosbach EH,
Chafizadeh M. Absorption of bile acids from the large
bowel in man. J Clin Invest 1968; 47: 2070-8.

30 Morris JS, Heaton KW. The fate of labelled bile salts
introduced into the colon. Scand J Gastroenterol 1974;
9: 33-9.

31 Cummings JH, Wiggins HS. Transit through the gut
measured by analysis of a single stool. Gut 1976; 17:
219-23.

32 Williams CN, Morse JWI, MacDonald IA, Kotoor R,
Riding MD. Increased lithogenicity of bile on fasting in
normal subjects. Am J Dig Dis 1977; 22: 189-94.

33 Bloch HM, Thornton JR, Heaton KW. Effects of
fasting on the composition of gallbladder bile. Gut
1980; 21: 1087-9.

34 Lindstedt S. The turnover of cholic acid in man. Acta
Physiol Scand 1957; 40: 1-9.

35 Duane WC, Adler RD, Bennion LJ, Ginsberg RI.
Determination of bile acid pool size in man: a simpli-
fied method with advantages of increased precision,

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.27.5.550 on 1 M

ay 1986. D
ow

nloaded from
 

http://gut.bmj.com/


558 Marcus and Heaton
shortened analysis time and decreased isotope
exposure. J Lipid Res 1975; 16: 155-8.

36 Bolton CH, Low-Beer TS, Pomare EW, Wicks ACB,
Yeates J, Heaton KW. A simplified procedure for the
analysis of cholesterol, phospholipids and bile salts in
human bile. Clin Chim Acta 1978; 83: 177-81.

37 Thomas PJ, Hofmann AF. A simple calculation of the
lithogenic index of bile: expressing biliary lipid
composition on rectangular coordinates. Gastro-
enterology 1973; 65: 698-700.

38 Hegardt FG, Dam H. The solubility of cholesterol in
aqueous solutions of bile salts and lecithin.
Z Ernahrungswiss 1971; 10: 223-33.

39 Werner D, Emmett PM, Heaton KW. Effects of
dietary sucrose on factors influencing cholesterol gall-
stone formation. Gut 1984; 25: 269-74.

40 Thornton JR, Emmett PM, Heaton KW. Diet and
gallstones: effects of refined and unrefined carbo-
hydrate diets on bile cholesterol saturation and bile
acid metabolism. Gut 1983; 24: 2-6.

41 Wicks ACB, Yeates J, Heaton KW. Bran and bile:
time-course of changes in normal young men given a
standard dose. Scand J Gastroenterol 1978; 13: 289-92.

42 Ostick DG, Green G, Howe K, Dymock LW, Cowley
DJ. Simple clinical methods of measuring gastric
emptying of solid meals. Gut 1976; 17: 189-91.

43 Read NW, Miles CA, Fisher D et al. Transit of a meal
through the stomach, small intestine and colon in
normal subjects and its role in the pathogenesis of
diarrhea. Gastroenterology 1980; 79: 1276-82.

44 La Brooy SJ, Male P-J, Beavis AK, Misiewicz JJ.
Assessment of the reproducibility of the lactulose H,
breath test as a measure of mouth to caecum transit
time. Gut 1983; 24: 893-6.

45 Read NW, Cammack J, Edwards C, Holgate AM,
Cann PA, Brown C. Is the transit time of a meal
through the small intestine related to the rate at which
it leaves the stomach? Gut 1982; 23: 824-8.

46 Hertz AF. Constipation and allied intestinal disorders.
London: Oxford University Press, 1909.

47 Kraus J. 1896. Cited by Hertz (1909).

48 van der Werf SDJ, Huijbregts AWM, Lamers HLM,
van Berge Henegouwen GP, van Tongeren JHM. Age
dependant differences in human bile acid metabolism
and 7a-dehydroxylation. Eur J Clin Invest 1981; 11:
425-31.

49 Carulli N, Loria P, Bertolotti M, et al. Effects of acute
changes of bile acid pool composition on biliary lipid
secretion. J Clin Invest 1985; 74: 614-24.

50 Hofmann AF, Paumgartner G. Chenodeoxycholic acid
therapy of gallstones: update. Stuttgart, New-York:
Schattauer Verlag, 1975.

51 Pomare EW, Heaton KW. The selective inhibition of
chenodeoxycholate synthesis by cholate metabolites in
man. Clin Sci Mol Med 1975; 48: 315-21.

52 Hofmann AF, Lachin JM. Biliary bile acid composition
and cholesterol saturation. Gastroenterology 1983; 84:
1075-7.

53 Duane WC, Bond JH. Prolongation of intestinal transit
and expansion of bile acid pools by propantheline
bromide. Gastroenterology 1980; 78: 226-30.

54 Duane WC. Simulation of the defect of bile acid
metabolism associated with cholesterol cholelithiasis by
sorbitol ingestion in man. J Lab Clin Med 1978; 91:
969-78.

55 Corbett C, Holdsworth D. The effect of loperamide in
chronic diarrhoea: comparison with placebo, pilot
comparison with other antidiarrhoeal agents, and effect
on small bowel transit time. In: Gough D, ed. The
control of diarrhoea in clinical practice. London: The
Royal Society of Medicine, 1978; 15-20.

56 Cann PA, Read NW, Holdsworth CD, Barends D.
Role of loperamide and placebo in management of
irritable bowel syndrome (IBS). Dig Dis Sci 1984; 29:
239-47.

57 Barbara L, Roda A, Festi D, Roda E. The influence of
gallbladder and intestinal motility on serum bile acid
level. In: Falk Symposium No. 42. Enterohepatic
circulation of bile acids and sterol metabolism. Lan-
caster: MTP Press (In press).

58 Hardcastle JD, Wilkins J. The action of sennosides and
related compounds on human colon and rectum. Gut
1970; 11: 1038-42.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.27.5.550 on 1 M

ay 1986. D
ow

nloaded from
 

http://gut.bmj.com/

