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Abstract

Faecal bile acids are associated with both colorectal cancer and serum cholesterol levels. We investigate whether dosing with
ispaghula husk affects the faecal bile acid weights and concentrations in healthy adults. Sixteen healthy volunteers consumed 7.0
g/day ispaghula husk, containing 5.88 g/day Englyst-determinable dietary fibre, for the middle 8 weeks of a 12-week period.
Stool samples were collected, analysed for faecal bile acids and their form and dry weight determined. Correlations between the
faecal bile acids, the stool parameters and the dietary intake were tested. Ispaghula husk treatment significantly lowers faecal
lithocholic and isolithocholic acids and the weighted ratio of lithocholic acids to deoxycholic acid. These effects revert towards
their initial states at the end of the treatment period. These changes in the faecal bile acid profiles indicate a reduction in the
hydrophobicity of the bile acids in the enterohepatic circulation. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Some soluble fibres are known to be efficacious in
reducing total serum cholesterol [1-4]. One particular
soluble fibre (ispaghula husk) is being used to treat pri-
mary hypercholesterolaemia. Its mechanism of action
remains to be proven although it has been explained
[5] mainly in terms of bile acid binding by the fibre
resulting in increased excretion and synthesis from
cholesterol. In addition, there may be possible contri-
butions from the propionic acid produced by fermenta-
tion, inhibiting cholesterol synthesis and causing a
reduced adsorption of cholesterol from the gut.

Dietary fibre is also thought to help prevent colorec-
tal cancer, which caused the deaths of 55,000 people in
the USA in 1995. Most evidence is epidemiological,
however, and there is little direct evidence [6-9]. Ispa-
ghula fibre has shown anticarcinogenic effects in rats
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[10]. Tt is thought that the fibre may attenuate its
effects by reducing gut transit time, thereby causing a
reduction bile acid metabolism by the gut microflora,
dilution of the bile acids by stool bulking, alteration of
microbial bile acid metabolism due to fibre fermenta-
tion, reduction of the pH and production of short
chains fatty acids [11], or by direct binding to the bile
acids and hence preventing their metabolism.

It has been promulgated that it is the secondary bile
acids, deoxycholate and lithocholate, and in particular
their ratio that is responsible for promoting this cancer
[12]. Evidence of this is epidemiological, direct and
indirect [13]. As examples, there is a correlation
between colorectal cancer and faecal bile acid concen-
trations, bile acids are cocarcinogens in rat colon
where they affect the mucosa, and colorectal cancers
have binding sites for bile acids that are absent other-
wise.

Ispaghula husk is the mainly soluble, Englyst-deter-
minable non-starch polysaccharide from Plantago
ovata, also known as psyllium. Analysis has shown
that a variety of heterogeneous structures are possible,
depending on the method of purification and nature of
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the source material [14-17]. The main feature of the
structure is a B-1-4-xylopyranose backbone with about
a third of its residues substituted with o-L-arabinofura-
nose side chains. It is known that peripheral residues
are removed in the colon and fermented [10], whereas
the remaining arabinoxylan core gives the stools form
and extra water-holding capacity [17].

In this study, we aimed to investigate whether dos-
ing with ispaghula husk affects the faecal bile acid
weights and concentrations in healthy adults. A sec-
ondary objective was to investigate the relationship, if
any, between the food intake, faecal form, bile acid ex-
cretion and ispaghula fibre.

2. Methods

The study, which was approved by the local ethics
committee before recruitment commenced, was con-
ducted in accordance with the Declaration of Helsinki
and the EC Note for Guidance on Good Clinical Prac-
tice. All the volunteers were white Caucasians and
gave informed written consent to the study protocol.
All the volunteers were examined by the study Medical
Investigator prior to the study and complied with a
number of criteria, such as good health, not on special
diets, alcohol consumption within government guide-
lines, non-smoking and compatible concurrent medi-
cation, to ensure that they could be considered to have
normal bowel habit, diet and gut metabolism. They
were allowed a free choice of their diet throughout this
study.

2.1. Preliminary study

A preliminary study was undertaken in order to
establish the natural variability of the bile acid output
in healthy adults. Six volunteers were used (three male,
three female, age range 23.3-27.1 years, mean 24.8
years, SD 1.37 years; body mass index (BMI) range
21.4-26.7 kg m 2, mean 23.3 kg m~2, SD 2.0 kg m~?).
The design required 24-h stool samples to be collected
once a week from each volunteer for 8 weeks. Bowel
habit diaries and diet diaries were kept. The stool
samples were analysed for bile acids by HPLC and
enzyme assay. Power calculations based on this study
indicated that 16 volunteers would be sufficient to
detect appropriate differences in bile acid weights
between treatment and non-treatment periods.

2.2. Experimental subjects

The target structure for this study comprised eight
male, eight female volunteers, aged between 20 and 30
years and with BMI in the range 18-28. In the event,
22 healthy volunteer subjects were recruited into the

study, of whom two withdrew consent, one failed to
fulfil the screening criteria and one was withdrawn for
non-compliance. The remaining 18 volunteers com-
pleted the study and, as per protocol, the stools from
the first 16 volunteers to complete (6 male, age range
23.7-30.7 years, mean 27.4 year, SD 2.8 year, BMI
range 22.5-28.5 kg m~2, mean 24.8 kg m~2, SD 2.1 kg
m~> and 10 female, age range 22.4-36.4 years, mean
26.7 years, SD 4.1 years; BMI range 18.1-28.4 kg m =,

mean 24.2 kg m~2, SD 3.1 kg m ™) were analysed.
2.3. Experimental design

This was a single Centre study over a single 12-week
period consisting of a 2-week pre-treatment phase im-
mediately followed by an 8-week treatment phase and
a 2-week post-treatment phase. Eighteen 24-hour stool
samples were taken for analysis from each volunteer
(Tuesdays in Weeks 1, 2, 5-10 and 12; Sunday, Tues-
day, Thursday and Saturday in Week 3; Tuesday and
Friday in Week 4; and Monday, Wednesday and Fri-
day in Week 11). If no stool was produced on a par-
ticular collection day, then the product of the next call
to stool was utilised. This occurred 18% of the times;
in 2% of the cases (6/288) the overlap with the next
sample required meant that a sample was not available
for analysis. Complete weighed (+1 g) dietary records
were kept for the Sunday—Tuesday of each week and
analysed using a validated dietary analysis program
(Compeat 4) to estimate the week’s intake [18]. Bowel
habit diaries (frequency and form) were kept for all 84
days of the study period. Stools were scored when pro-
duced, by the pre-trained volunteers, on a 5-point
scale (1, loose/watery; 2, mushy/heaped; 3, snake-like
or sausage shape with smooth surface; 4, sausage
shape with deep cracks; 5, fragmented/pellety). The
average score for each call to stool was used. Stools
were collected and sealed in a purpose-designed bag,
stored immediately at —20°C and transported frozen
to a —70°C freezer. Stool weights were corrected for
the number of calls to stool each week, although this
had no qualitative effect on the results. During the 8-
week treatment phase (Weeks 3—10 inclusive) each vol-
unteer was required to take 3.5 g of ispaghula husk (in
the form of one sachet, of Fybogel®™ Orange, Reckitt
& Colman Products, which contained 2.94 g of Eng-
lyst-determinable total dietary fibre of which 80% is
classified as soluble) mixed in 150 ml of cold water,
twice a day after breakfast and after the evening meal.

2.4. Analytical methods

The stool samples were analysed at a rate of 12
samples/week according to a coded randomised plan
that ensured that (a) the samples produced in any
week were stored before analysis, on average, for
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about the same period as any other week, (b) the ana-
lytical programme was started as soon as possible after
the first sample donations, minimising the storage
time, (c) any effect of the co-analysis of samples had
minimal effects on the grouped data and (d) there was
no operator bias. The methodology was based on pre-
vious work [19-25] and was validated prior to use by
using spiked faecal samples. The mean bile acid recov-
ery determined from faecal samples (n =3 x 2) from
an ispaghula treated volunteer, spiked with a mixture
of bile acids, was 102% with a standard deviation of
20%. Repeated analyses showed a 7% average stan-
dard deviation of recovered bile acids (n = 6). Pro-
cedural losses were compensated by the use of the
internal standard. The procedure was shown to pro-
duce a linear response with respect to the bile acid
concentrations over the range encountered.

Stools from a particular collection day were com-
bined and quantitatively transferred to a single Stoma-
cher bag. A Stomacher 400 bag was used if the faeces
weighed less than 200 g and a Stomacher 3500 bag
was used if the faecal weight was more than 200 g. A
weight of 10.0 mM HCI equal in weight to the trans-
ferred stools was added and the samples were thawed.
Samples were homogenised, using the appropriate Sto-
macher. Weighed samples of faecal homogenate (about
2 ml) were transferred to labelled freeze-drier flasks.
Two millilitres internal standard ((R)-12-hydroxy-Cis-
9-octadecanoic acid (Sigma); 1.0 mg/ml in 50 mM
NaOH) was added to each flask and lyophilised over-
night. Samples were extracted with methanol/chloro-
form by (a) suspending the dry faeces in 24 ml
(HPLC-ECD grade, Fisons) methanol with the aid of
a triangular (disruptive) stirrer; (b) refluxing for 110
min, using a stirrer isomantle; (c) adding 6 ml pure
water through top of condenser and continuing the
reflux for 10 min; (d) cooling and transferring to a
labelled centrifuge tube; (¢) removing solids by cen-
trifugation at 926 g for 10 min retaining the super-
natant; (f) transferring the pellet back into the
appropriate labelled reflux vessel; (g) adding 30 ml
(HPLC grade, Fisons) chloroform/methanol (50 : 50 v/
v) and resuming the reflux for 2 h; (h) removing solids
by centrifugation at 926 g for 10 min retaining the
supernatant. The two matched supernatants were com-
bined and evaporated to dryness using a centrifugal
evaporator.

The residue was dissolved in methanol and washed
out into a graduated test tube to give 5.0 ml. Two 0.5-
ml aliquots were evaporated to dryness using minimal
heat and stored at —20°C for analysis using a ‘bile
acids’ enzyme assay kit (Sigma) using cholic acid
(Sigma) as the standard [24]. This assay is specific for
3-a-hydroxy-bile acids and gives equal molecular re-
sponses for these but no response for 3-keto- or 3-f-
hydroxy-bile acids such as isolithocholic acid. The sol-

utions used in this assay were also used as a measure
of the extractable colour from the stools (As¢onm ml/g
dry weight). To the remaining 4 ml methanol sample,
6.0 ml of 0.1 M sodium phosphate (HPLC-ECD
grade, Fisons) pH 7.5 was added. Any precipitate pre-
sent was removed by heating the stoppered tubes
briefly to 60°C to dissolve any co-precipitated bile
acids and centrifuging at 926 g for 20 min, or until
clarified. Samples were cleaned up using methanol-pre-
conditioned Sep-Pak CI18 cartridges by washing with 5
ml of 40 : 60 v/v methanol : 0.1 M phosphate pH 4.5
buffer followed by 2 ml water and eluted with 2 x 2.0
ml HPLC grade methanol which were evaporated to
dryness and refrigerated at —20°C until analysis. Bile
acids were analysed by HPLC [25] after dissolving the
evaporated sample in 0.4 ml of HPLC-ECD grade
methanol, adding 0.02 ml of 50% NaOH (HPLC-ECD
grade, Fisons) and 0.60 ml water, followed by heating
the stoppered tubes briefly to 60°C. Bile acid solution
(100 pl) was injected onto the column using a gradient
mobile phase (4.5-20% acetonitrile (HPLC-ECD
grade, Fisons), 0.7 M sodium acetate (HPLC-ECD
grade, Fisons), 0.1 M NaOH (HPLC-ECD grade,
Fisons), 0.8 ml min~') at 60°C. In two cases (out of
the 251 analyses), where the peaks for lithocholic acid
and isolithocholic acid were poorly resolved, the peak
was split in the overall ratio found. The effect of this
on the overall analysis was found to be negligble, but
this was thought better than ignoring these points.
Glycine and taurine conjugates were analysed but were
present in such low, often zero, amounts that their
variations were not statistically meaningful.

2.5. Compliance and validation

Adherence to consuming the ispaghula husk was
checked by counting the returned sachets at the end of
each week. Four volunteers consumed three sachets
less than they should (109/112) have, and one volun-
teer consumed one extra sachet. Double manual data
entry, computer validation and consistency checks
were incorporated. Randomised quality control checks
were made on a number (23.4%) of the bowel habit
and food diaries. The bile acid data was independently
audited.

2.6. Statistical methods

For statistical analysis, five treatment periods were
identified: (1) pre-treatment, Weeks 1 and 2, containing
two stool collections from the Tuesday of each week;
(2) begin treatment, Week 3, containing three stool col-
lections from the Tuesday, Thursday and Saturday; (3)
mid treatment, Weeks 5, 6 and 7, containing three
stool collections from the Tuesday of each week; (4)
end treatment, Weeks 8, 9 and 10, containing three
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stool collections from the Tuesday of each week; (5)
post-treatment, Weeks 11 and 12, containing three
stool collections from the Wednesday and Friday of
Week 11 and the Tuesday of Week 12. Preliminary
examination of the data using the one sample Kolmo-
gorov—Smirnov test strongly suggested that the log
transformation was appropriate for all bile acid
measurements, including ratios. The bile acid data for
cholic acid (3/220 zero values) and chenodeoxycholic
acid (80/220 zero values) were transformed using the
function Log. (data +¢) where ¢ was half the lowest
determinable amount. A square-root transformation
was appropriate for the wet and dry weight data. The
remaining data, including the dietary data did not
require transformation. All data was back-transformed
after processing. Where databased values were shown
to be statistical outliers, the sensitivity of the results to
these data points was explored. In no case did this
change the qualitative outcome of the analyses. Due to
the number of parameters involved and since the effect
of treatment is estimated within subjects, the relation-
ship between food intake, bowel habit and faecal bile
acids was investigated in a pairwise fashion by asses-
sing within-subject changes using a stepwise multiple
linear regression model with a significance level for
entry of 0.10. Pooled within-subject (WS; 63df) and
between-subject (BS; 14df) correlations were also
investigated by use of the Pearson correlation using
the combined and transformed data.

3. Results

There were no adverse events noted that could be
attributed to the treatment.

3.1. Diet

Treatment had no significant effect on the energy
intake or the protein, fat, carbohydrate, alcohol or

Table 1
Variation of the dietary intake with the study periods®

water content of the diet (Table 1). There was a signifi-
cant drop in non-ispaghula dietary fibre throughout
the study (p = 0.02) with a 15% drop between the pre-
treatment period and mid treatment (p = 0.01) and a
19% drop between the pre-treatment period and post-
treatment (p = 0.004). The dietary NSP intake showed
positive pooled within-subject correlations with the
energy intake (+0.35, p = 0.004), protein (+0.41, p =
0.0007) and carbohydrate (+0.48, p =0.0001) intake
but no such between-subject correlations were evident.

3.2. Bowel habit parameters

Investigation of the covariate effect of the food
intake parameters failed to show any effect on the
bowel habit parameters except that water consumed
influenced the % water in stool (p =0.01) and dry
weight (p = 0.02) but had no significant effect on wet
weight (p =0.013). However, adjustment for water
consumed made no qualitative difference to the treat-
ment effect. There were increases in the mean faecal
wet (26 g/day, +21%) and dry weights (5 g/day,
+18%), and the water in the stools (+1%), between
pre- and end treatment but these were not found to be
statistically significant (Table 2). There was a signifi-
cant difference between treatment periods in the
extractable colour (Asgonm ml/g dry weight) in the
stools (Table 2). Mean extractable colour levels were
about 19% lower during treatment than at pre- and
post-treatment and there was a statistically significant
difference between mid- and post-treatment. Stool wet
weight was revealed as a statistically significant covari-
ate for the mean appearance score (p = 0.03), but this
had no qualitative effect on the treatment effect follow-
ing adjustment. There were no statistically significant
changes in the time between calls to stool or faecal
form during treatment. However, during the post-
treatment period, the time between calls to stool was
longest and the faecal form lowest (Table 2).

Faecal form showed negative correlations with stool

Period n Energy (Cal) Protein (g) Fat (g) Carbohydrate (g) Alcohol (g) NSP (g) Water (g)
Pre-treatment 32 2148 78 91 245 13 17 2302
95% CI 1875-2420 70-87 75-107 213-277 8-17 15-19 1956-2649
Begin treatment 16 2051 77 81 241 14 16 2272
95% CI 1738-2364 65-90 66-96 197-284 6-23 13-19 1690-2853
Mid-treatment 48 2182 81 93 248 11 14 2188
95% CI 1995-2369 75-88 83-104 226-269 7-15 13-16 1963-2413
End treatment 48 2028 76 81 237 14 14 2317
95% CI 1898-2157 70-82 74-88 221-253 10-18 13-15 2125-2510
Post-treatment 32 2102 72 97 229 9 14 2260
95% CI 1838-2365 65-79 76-119 207-252 5-13 12-15 2035-2485

#95% confidence intervals (CI) are based on un-transformed data.



Table 2

Variation of stool parameters with study period

Faecal form; daily mean

(n)

Period for call to stool; weekly mean

(n) (b)

Extractable colour
(A560 nm ml/g)

Water in stool

(%)

Dry weight
(g/day)

Wet weight
(g/day)

Group

3.40 (187)
3.26-3.55

21.8 (32)
18.8-25.4
24.3 (16)
19.4-30.5
22.0 (48)
19.6-24.6
21.8 (48)
19.7-24.2
24.8 (32)
21.8-28.1
0.06

0.02

1.38

29.7 73.5

121

32

Pre-treatment

95% CI*

1.19-1.58

1.17

71.1-76.0

75.1

24.2-35.8
33.8

93-153
147

3.33 (93)
3.15-3.51

47

Begin treatment

95% CI
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1.00-1.35

1.12

73.2-77.0

74.4

27.7-40.4

32.7

115-182

136

3.48 (277)
3.37-3.60
3.30 (293)
3.19-3.42
3.26 (177)
3.11-3.40

0.06

48

Mid-treatment

95% CI

1.00-1.25

1.17

72.4-76.3
74.4

27.1-38.8

349

109-167
147

48

End treatment

95% CI

1.05-1.29
1.46

72.7-76.1
72.6

29.1-41.2

31.9

116-183

126

45

Post-treatment

95% CI

1.31-1.60

0.02

70.7-74.5
ns

25.3-39.2

ns

95-161
nsh

ANOVA (p)

0.008

0.005

p (Mid—Post)

%95% CIs are based on transformed data where appropriate.

® ns: not significant (p > 0.05).

wet weight (BS —0.61, p =0.01; WS —0.23, p = 0.07)
and water content (BS —0.68, p = 0.004), these being
much weaker with respect to dry weights (BS —0.47,
p=0.06; WS —0.21, p =0.09). The interval between
calls to stool showed borderline negative correlation
with the 24-hr stool wet (BS —0.50, p =0.05; WS
—0.22, p=0.07) and dry weights (WS —0.32,
p = 0.01). The stool wet and dry weights showed stat-
istically significant positive within-subject and between-
subject correlations with the majority of the bile acid
weight measurements (e.g. total bile acids vs. wet
weight, BS +0.69, p =0.003; WS +0.64, p =0.001;
total bile acids vs. dry weight, BS +0.70, p = 0.002;
WS +0.63, p =0.001). However, apart from between-
subject correlations with cholic acid concentrations
(e.g. wet weight vs. cholic acid concentration relative
to dry weight, BS +0.77 p = 0.0005), no bile acid con-
centrations relative to wet or dry weight showed any
significant correlation with stool wet or dry weight.

3.3. Faecal composition

Investigation of the covariate effect of food intake,
bowel habit parameters and stool storage time revealed
no statistically significant treatment covariates (p >
0.05) on the bile acid parameters, except water on cho-
lic acid levels and NSP on chenodeoxycholic acid levels
but these had no qualitative effect on the treatment
effect following adjustment. Most of the faecal bile
acid output consisted of deoxycholic acid, lithocholic
acid and isolithocholic acid (Table 3). The enzyme
assay analyses for total 3-o-hydroxy bile acids (these
have not been tabulated) showed low response of
about half that expected from the HPLC analysis.
Analysis of bile acids using the enzyme assay corre-
lated with analysis using HPLC (BS +0.69, p = 0.003;
WS +0.40, p=0.001), but they clearly measured
different parameters due possibly to unknown ma-
terials interfering with the enzyme assay. In particular,
it was observed that the enzyme assay values for the
pre-treatment period were particularly low and the
difference between periods was statistically significant
when the data were adjusted for an apparent covariate
effect of the protein consumed. This result could not
be fully explained but indicated the presence of inhibit-
ing substances in the stool samples.

The amount of bile acids determined by the enzyme
assay positively correlated with the water content in
the stool (BS +0.90, p <0.0001; WS +0.39,
p =0.001). The recoveries, using the enzyme assay
relative to HPLC, were higher during treatment, and
appeared to show positive associations with cholic acid
content and wet weight and negative associations with
deoxycholic acid, faecal form and the times between
the calls to stool. This may indicate that the unknown
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inhibitory substance(s) are produced in greater
amounts during longer transit times.

There were drops in the amounts and proportions of
the lithocholic acids during treatment (Table 3). There
were statistically significant decreases in the lithocholic
acid and isolithocholic acid concentrations relative to
wet (lithocholic acid, —39%, isolithocholic acid,
—54%) and dry weights (lithocholic acid, —37%; iso-
lithocholic acid, —53%) between pre-treatment and
end treatment. These decreases appear to depend on
the duration of the treatment.

Most bile acid parameters started to return to their
initial values subsequent to treatment, with some
changes being marginally significant between the end-
and post-treatment periods (per wet weight, lithocholic
acid, p = 0.05, isolithocholic acid, p = 0.03). The ratio
of the total lithocholic acids to deoxycholic acid
weighted by the total bile acid weight showed highly
statistically significant differences between treatments
(p = 0.005) with a significant 59% reduction between
pre-treatment and end treatment (p = 0.002). All these
ratios appear to start returning to their initial levels
after treatment. Although there was a drop in the total
amount of bile acids and an initial rise in the deoxy-
cholic acid content, neither of these was statistically
significant. There was however a significant drop in
the concentration, relative to both wet and dry weight,
of the total bile acids by the end of the treatment
period, changes which again appeared to start to be
reversed when treatment was terminated.

There was a negative pooled within-subject corre-
lation between the lithocholic acid/deoxycholic acid
ratio and the faecal cholic acid content (—0.26, p =
0.04) and wet and dry weight cholic acid concen-
trations (—0.36, p =0.003 and —0.35, p =0.004 re-
spectively). There were strong positive correlations
between the amounts of the bile acids, between their
wet concentrations and between their dry concen-
trations.

4. Discussion

Analysis of the data in this study shows a number
of compatible trends between the bile acids and stool
parameters.

4.1. Food intake

There was a general downward trend in the non-
ispaghula NSP intake by the volunteers throughout
the study. This resulted in a maximum reduction of
2.5 g (—15%) during ispaghula husk treatment, with a
reduction of 3.2 g in the post-treatment phase relative
to the pre-treatment phase. It may be that the volun-
teers, who were not restricted in their diet by the pro-

tocol, partially compensated, consciously or
subconsciously, for the increased dietary fibre in the
ispaghula husk by reducing their intake of other diet-
ary fibre; this effect on their diet continuing after the
treatment phase had ended.

There was no significant variation in any of the
other nutrient intakes, in general agreement with a
published study [26] that found that a higher daily
intake of ispaghula husk was necessary to reduce per-
ceived hunger.

4.2. Bowel habit parameters

There was a slight effect of ispaghula husk treatment
on the time between calls to stool and the mean score
for the stool appearance. Although the overall differ-
ences were not statistically significant, the period
between calls to stool increased by 14% subsequent to
the end of the treatment phase. There was also a drop
in the mean appearance score (looser stools) at that
time. These changes may be expected due to the re-
duction in fibre intake reducing the structure and form
of the stools whilst the gut biomass remains elevated.
The lack of any major change in the form of the stools
during treatment may be ascribed to the fibre tending
to produce wet well-formed stools.

There were higher mean wet and dry stool weights
during treatment with ispaghula. The wet weight
dropped to close to its initial value after treatment but
the dry weight only returned to a weight corresponding
to about half of the increase. These changes, due to
the partially fermentable nature of ispaghula husk [11],
were not statistically significant but agree with pre-
vious work [11].

4.3. Faecal bile acids

The enzyme assay is designed to determine the total
concentration of 3-o-hydroxysteroid bile acids but not
3-B-hydroxysteroid bile acids such as isolithocholic
acid. Its inclusion in this study was in order to confirm
any overall trends shown by the HPLC assay. This
assay, which was originally developed for cleaner and
more hydrophilic serum and bile analyses, unfortu-
nately appears to consistently underestimate the total
3-a-hydroxysteroid bile acids in our faecal samples.

Lithocholic acid and isolithocholic acid are both
reduced during the ispaghula husk treatment. The
daily amount of lithocholic acid produced decreased
throughout treatment eventually to a value of 73% of
the starting values, then showed indications of return-
ing to the initial level. Although this was not statisti-
cally significant, there were similar, but statistically
significant, trends with the concentration of lithocholic
acid relative to the stool wet and dry weights. The
daily amount of isolithocholic acid produced decreased
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during treatment to a value of 55% of the starting
values, then showed indications of returning to the in-
itial level. The differences were statistically significant
and there were similar, statistically significant, trends
relative to the stool wet and dry weights. The decreases
in total bile acids and the ratio of lithocholic acid to
deoxycholic acid during treatment are not surprising
given the marked reductions in the lithocholic acids. It
is clear that the simplistic argument that the lowering
of serum cholesterol by ispaghula husk is due solely to
the removal of bile acids in the faeces has not been
sustained by this study. This is unsurprising as the
control mechanisms involved are complex and, to
some extent, compensatory [27].

The ratio of lithocholic acid to deoxycholic acid [28]
and the product of this with the bile acid concen-
tration [29] have both been put forward as risk factors
in colorectal cancer. This study shows that the ratio of
lithocholic acid to deoxycholic acid tends to be
reduced during treatment with ispaghula husk and
there are also statistically significant reductions in the
ratio of total lithocholic acids to deoxycholic acid mul-
tiplied by the total bile acid output.

The mechanism for the effect of ispaghula husk
treatment on the lithocholic acids can be explained in
terms of their metabolism [27]. Ispaghula acts as a sub-
strate for the colonic microflora. Fibre fermentation
reduces the 7-o-dehydroxylase activity [12]. The re-
duction in the proportion of secondary bile acids
(deoxycholic acid and lithocholic acid) being formed
and reabsorbed, reduces the hydrophobicity of the bile
acids feeding back to the liver. This alters the balance
between two pathways [30,31], involving the hepatic 7-
a-hydroxylation and blood vessel 27-hydroxylation of
cholesterol, for the production of the primary bile
acids (cholic acid and chenodeoxycholic acid) with a
consequential decrease in the relative amounts of che-
nodeoxycholic acid to cholic acid being produced.
When these bile acids are themselves 7-a-dehydroxy-
lated in the colon, they produce a lower amount of
lithocholic acid. As isolithocholic acid is made from
lithocholic acid by the gut flora, any reduction in litho-
cholic acid is expected to also reduce isolithocholic
acid. In addition, undigested dietary fibre increases
stool bulk and its water-holding ability, thereby dilut-
ing the concentrations. The tendency of increased diet-
ary fibre to produce large stools having a lower
proportion of lithocholic acid relative to the level of
deoxycholic acid has been reported previously [32].

The unfermented fibre forms a viscous network,
which will reduce diffusion of the bile acids to the
colonic surface. It will essentially hide the bile acids
within the fibre and lower bile acid absorption. It is
also likely that the fibre may bind bile acids and
directly or by partition, or by reducing their ionisation
and hence their solubility. Dietary fibre stimulates

colonic motility by mechanical effects [11], thereby
reducing whole gut transit time [33]. Quicker through-
put lowers bile acid absorption and the consequential
deoxycholic acid pool size [34]. It should, perhaps, be
noted that the ispaghula husk is given as a dispersion
rather than a solution; its description as ‘soluble fibre’
depending on the capability of 80% of it being dis-
solved under conditions (100°C, pH 7, 1 h) far harsher
than those physiologically achieved.

The considerable effects that ispaghula husk treat-
ment has on the levels of the lithocholic acids may
have significant therapeutic benefits. There exists a
considerable body of evidence linking lithocholic acid
with colorectal cancer initiation and progression.
Lithocholic acid strips the protective mucus layer [35]
increases the proliferation of normally non-replicative
mucosal surface cells [36] is comutagenic in rats [37]
causes DNA damage in human cell lines [38] stimulates
carcinogen production in the microbial flora, inhibits
detoxifying enzymes [39] and reduces the normal
defence mechanisms in the mucosa [40]. The level of
lithocholic acid relative to deoxycholic acid has been
found to be raised above unity in the faeces of patients
with large adenomas [41] and colorectal cancers [42—
44].

Dietary fibre from ispaghula husk lowers serum cho-
lesterol in hypercholesterolemia [45,46]. As it has been
reported that lithocholic acid elevates serum choles-
terol [47], an interesting consequence of the reduction
in faecal lithocholic acid is the subsequent reduction in
serum cholesterol by the stimulating effect of the more
hydrophilic bile acid pool on bile acid synthesis and
the reduction of cholesterol ester export from the liver.
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