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Summary
Bile acid, neutral sterol and faecal fat excretion was
studied over a period of 9 weeks in a group of 16
healthy subjects before, during and after administra-
tion of fenfluramine. Statistical analysis revealed a
significant increase in bile acid excretion during the
drug phase (P<0.02); and during recovery period of
3 weeks (P< 0-05). Faecal neutral sterol, as the total
of coprostanol and cholesterol elimination was also
enhanced after fenfluramine. Coprostanol was re-
placed by cholesterol in 12 subjects. Faecal fat was
studied in 6 subjects, the excretion increased during
the drug phase (P< 005), and remained elevated
during the post-drug period (P< 001). The com-
position of the bile acids remained unaltered in all the
subjects except 3 who had a fenfluramine-induced
watery diarrhoea; and these excreted chenodeoxy
and cholic together with smaller amounts of secondary
bile acids. A higher excretion of bile acids was
found in the 8 overweight subjects (P<0.01) before
ministration of fenfluramine.

These results are discussed in an attempt to cor-
relate the effect of fenfluramine with changes in bile
acid and neutral sterol excretion, and its relationship
to fenfluramine-induced diarrhoea.

Introduction
Obesity presents a major nutritional and medical

problem. Its complications are well documented
such as increased morbidity and mortality due to
cardiovascular disorders, hypertension, diabetes and
cholelithiasis. Dietary restriction on its own by
personal effort is not always effective in the manage-
ment of simple, exogenous obesity. Controlled trials
on the use of appetite suppressants such as amphet-
amines have shown a variety ofundesirable side effects
including central nervous stimulation, addiction,
toxicity, euphoria and even ineffectiveness. The use
of amphetamines has been discouraged but fen-
fluramine, an analogue of amphetamine, has become
widely used as an anti-obesity agent devoid of central
nervous stimulation (Munro, Seaton and Duncan,
1966; Le Douarec and Niven, 1970). There are

reports of its beneficial effects on hyperlipidaemia
(Pawan, 1969; Bliss, Kirk and Newall, 1972), on
hypercholesterolaemia (Tomlinson, Lines and
Greenfield, 1975), and on hyperglycaemia (Turtle,
1972). However it has been reported that some
patients on the drug complain of frequency of
bowel motions amounting to diarrhoea. The
incidence of diarrhoea reported by Munro et al.
(1966), Hollingsworth and Amatruda (1969) and
Sedgwick (1972) was 40, 44 and 67%/ respectively.
The cause of this diarrhoea consecutive to the
treatment with fenfluramine is obscure. No direct
correlation has been reported between the onset of
diarrhoea and serum levels of fenfluramine. Dietetic
survey in people with frequency of bowel motions
suggest an interaction between nutrients (fish) and
the drug. Studies by Duhault and Verdavainne
(1967) suggested that diarrhoea may be related to the
decreased absorption of triglycerides in the intestinal
tract, to the release of serotonin or to the alteration
in gut motility. Some of these views were supported
by Garattini (1971) who reported that the lipid-
lowering effect of fenfluramine was related to the
inhibition exerted by the drug on gastric and
intestinal motility. In another study Dannenburg
and Ward (1971) demonstrated that, in vitro,
fenfluramine inhibited pancreatic lipase and they
suggested that this reduces the intestinal absorption
of fat. But fat balance studies carried out by Evans
et al. (1975) revealed that the apparent digestibility
of fat in healthy students was unimpaired, and there
was no evidence of reduction of intestinal fat
absorption.
One line of study which interests the present

authors is the examination of the effect of fenflur-
amine on bile acid metabolism, and in this investiga-
tion they set out to examine the effect of fenfluramine
on total faecal bile acid and neutral sterol excretion
in healthy subjects before, during and after ad-
ministration of fenfluramine and to evaluate the
changes in bile acid excretion to fenfluramine-
induced diarrhoea. The second purpose of the study
was to examine the effect of fenfluramine on the
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Faecal excretion after fenfluramine

composition of faecal bile acids and neutral sterols
excreted by the subjects before and after a course of
fenfluramine.

Subjects, experimental design and methods

Subjects
Sixteen healthy subjects who were members of the

hospital staff kindly participated in the study.

Design of study
The study was conducted over a period of 9

weeks, consisting of 3 consecutive periods of 3 weeks
in the sequence of: 1 pre-drug, 2 drug, 3 post-drug.
Each subject was his or her own control to minimize
intersubject variation. In an attempt to eliminate
the influence of dietary change, all subjects were
asked to make no deliberate alteration in their diet.
The subjects were ,;een once a week when they were
supplied with tablets for the following week.

After an initial pre-drug period, oral fenfluramine
was instituted at a dose of 40 mg/day in the first
week, 60-80 mg/day in the second week, and
reduced to 40 mg/day during the third week before
stopping.

In order to observe the pattern of faecal bile acid
excretion in the overweight indi viduals as compared
to subjects of normal weight, the 16 subjects were
divided into 2 groups. Eight subjects were within 10%
of their ideal body weight for age, sex and height
according to the Statistical Bulletin (1959). Eight
subjects were between 11 and 80% above their ideal
body weight.

Analytical methods
Collection and processing offaeces

Total stool collections were made over 3-day
periods in 6 subjects during the 3 phases of the study.
The remaining 10 subjects collected faeces from one
day at a time and provided 9 collections over the
study period. Faeces were collected into plastic
containers and stored at -20°C until analysed.
Before analysis the stool was thawed and homo-
genized. A 50-g aliquot was freeze-dried for all
analyses.

FaecalJbt analysis
Faecal fat was analysed for the subjects with

3-day stool collections by the method of Van de
Kamer, Huinink and Weijers (1949). Freeze-dried
faeces were used because it has been shown that such
samples yield more consistent results (Weijers and
Van de Kamer, 1953).

Analysis of bile acids and neutral sterols
The freeze-dried samples of faeces were extracted

using a method based on that of Evrard and Janssen

(1968), with subsequent analysis of bile acids and
neutral sterols by gas chromatography (Eneroth,
Hellstrom and Sjovall, 1968). The degree of conjuga-
tion of bile acids was determined using thin layer
chromatography (Huang and Nichols, 1975).

Statistical analysis
Student's t-test was used to compare the bile acid

and neutral sterol excretion in the 16 subjects during
the 3 phases of the study.
The reproducibility of bile acid analysis was

studied in one individual over the 9-week experi-
mental period. The coefficient of variation of
replicate analysis (n=15) was 7-6% during the pre-
drug period. The mean faecal bile acid excretion
during this period was 9.3±+0.4 mg/g dry weight
faeces (range 8.9-9.9). After the administration of
the drug the coefficient of variation was 9.8% and
the mean bile acid excretion was 110 0-5 mg/g
dry weight faeces (range 10-3-11-7).

Results
Bile acids
The mean bile acid excretion for the 16 subjects

during the pre-drug period was 9.3 ± 3-1 mg/g dry
weight faeces compared to 12.1 ± 4.5 mg/g dry
weight during the drug period (P<0-02). The bile
acid excretion remained elevated after the withdrawal
of fenfluramine (11-6 + 3.4 mg/g dry weight)
(P<0O05). There was no statistically significant
difference between the excretion during the drug
phase and the post-drug phase (12-1 + 4-5 mg/g dry
weight compared to 11-6+3 4 mg/g dry weight).
This implies that the drug effect persisted for at least
3 weeks after the withdrawal of fenfluramine.

Bile acid excretion in the subjects with normal
body weight (Fig. la) was compared with the
excretion in the overweight subjects (Fig. 1 b).
During the period before the administration of
fenfluramine the bile acid excretion in the over-
weight subjects (10-8 ±3.8 mg/g dry weight) is
significantly higher (P<0-01) than the bile acid
excretion in those of normal weight (7.7 + 0.7 mg/g
dry weight). The excretion remained high in
the overweight subjects (137 ±+5-3 compared to
10.5+3±1 mg/g dry weight) during the drug
period (P<0O01); and also during the post-drug
period (12.9±3.8 mg/g dry weight compared to
10-3+2.6 mg/g dry weight; P<O001).

In 7 subjects bile acid excretion reached a peak by
the end of the second week on the drug. In 4 subjects
excretion dropped during the first week and then
increased in the second and third week of medica-
tion. Three subjects had diarrhoea, and limited
quantitative data only were obtainable because of
the problem of 24-hr faecal collection in these
subjects.
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(a)

* Bile acids Total faecal Dry wt faeces
L Neutral sterols f steroids (mg/g)

Pre-drug mean Drug mean Post-drug mean
+s.d. +s.d. +s.d.

* 7-7 0-7 10-5 3-1 10-3 2-6
O 14-4 3-4 24-0 7-7 21-7 8-8

Total 22-1 3-9 34-5 10-4 32-0 10-8

Level of significance (P) < 001 (pre- v. drug mean) < 0-01
(pre- v. post-drug mean)

50 (a)

40-

30

20

10

Subject 2345678 12345678 12345678

-Pre-drijg- . -Drug --, Post- drug..
period period period

(b)
Pre-drug mean Drug mean Post-drug mean

+s.d. +s.d. + s.d.
* 10-8 5-4 13-7 5-3 12-9 3-8
D 19-0 3-8 22-6 10.0 26-6 9-3

Total 29-8 7-6 36-3 11-7 39-5 11-6
Level of significance (P) <0-02 (pre- v. drug mean) < 001
(pre- v. post drug mean)

60 (b)

50-

I0

Subject 12345678 12345678 12345678

4 -Pre-drug- " Drug- Post-drug
period period period

FIG. 1. (a) Total faecal steroid excretion during 3
phases of the study in 8 subjects with weights within
10% of ideal body weight.

(b) Total faecal steroid excretion during 3 phases
of the study in 8 subjects overweight between 10 and
80% above ideal body weight.

Neutral sterols
The neutral sterol excretion, as the total of copro-

stanol and cholesterol, also indicated a similar
increase. The mean neutral sterol excretion for the 16
subjects was 167 + 49 mg/g dry weight during
the pre-drug period. The excretion increased to
23-3 ±86 mg/g dry weight during the drug period
(P<0-02). The excretion remained elevated at
241 + 9-0 mg/g dry weight during the post-drug
period (P<0-01).

Total faecal steroids (bile acids and neutral sterols)
The mean excretion of total faecal steroids as

the sum of bile acids and neutral sterols was
260 + 70 mg/g dry weight during the pre-drug
period. The excretion increased to 352 ± 10-7 mg/g
dry weight during the drug period (P<0-01), and
to 36-7 ±11-5 mg/g dry weight during the
post-drug period (P<0-01) (Fig. la and b).
The excretion of total faecal steroids in the over-

weight subjects was 29-8 + 7-6 mg/g dry weight as
compared with 22-1+39 mg/g dry weight in the
subjects of normal weight. This failed to reach the
5% level of significance.

Faecalfat
The mean faecal fat excretion in 6 subjects during

the pre-drug period was 2-61 ± 0-39 g/day. There
was a significant increase in the excretion during the
drug period (3-86+ 109 g/day; P<0O05): and also
during the post-drug period (3.14+0-46 g/day;
P<0-01), (Fig. 2).

Qualitative analysis of faecal bile acids and neutral
sterols
Bile acids
The qualitative composition of faecal bile acids in

the subjects without diarrhoea remained basically
unaltered. The major components were secondary
bile acids lithocholic, isolithocholic, deoxycholic and
smaller quantities of other dihydroxy bile acids and
bacterial oxidation products as shown in Table 1.
The subjects with fenfluramine-induced diarrhoea

excreted increased amounts of primary bile acids,
i.e. chenodeoxycholic (3cc, 7a) and cholic acid
(Tri-OH) (Fig. 3). In these subjects the excretion of
primary bile acids increased from 2-8 + 1-5 mg/g dry
weight, during the period before the administration
of fenfluramine, to 7-3 + 5-6 mg/g dry weight during
the drug period (P<0-05).
Thin layer chromatography of faecal bile acids

revealed that bile acids excreted before and after
the administration of fenfluramine were in the
unconjugated form (Fig. 4). However, if there were
conjugated bile acids in the faeces, these would be
present in quantities less than 1 mg/100 g wet faeces
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Faecal excretion after fenfluramine 183

Mean 2-61 g/day 3-86 g/day 3-14 g/day
s.d. 0-39 1.09 0-46
P < 005 (pre- v. drug) < 001 (pre- v.

post-drug)
5-

4

o

LLi

Subject 2 3 4 56 234 5 6 23 4 56

4-Pre-drug-* 4*--Drug -- *Post- drug*
period period period

FIG. 2. Faecal fat excretion in 6 subjects during the
3 phases of the study. Faecal fat during the pre-drug
period differs significantly from the drug period
(P<0-05) and from the post-drug period (P<0-01).

if the sensitivity of the TLC system is taken into
consideration.

Neutral sterols
The analysis of faecal neutral sterols revealed that

coprostanol was the major neutral sterol excreted
during the pre-drug period (Fig. 5). The pattern of
neutral sterols excreted was markedly altered during
the drug period. Coprostanol was replaced by
cholesterol which then became the predominant
sterol in the faeces of the 12 subjects. Cholesterol
elimination in the faeces was prolonged in 3 subjects
with fenfluramine-induced diarrhoea.

Discussion
Alterations in total faecal steroidpatterns

In the present study, the authors have attempted to
correlate the effect of fenfluramine with changes in
total faecal steroids, individual bile acids and
neutral sterol excretion. Results of the study reveal
an increased elimination of faecal bile acids after fen-
fluramine, which coincides with elevated excretion
of neutral sterols and faecal fat.
The pattern of faecal bile acid excretion in the

subjects without fenfluramine-induced diarrhoea
consisted mainly of deoxycholic, lithocholic and
isolithocholic acids. These are secondary bile acids
present in normal faeces and are produced in the
gastrointestinal tract as a result of bacterial de-
gradation of primary bile acids (Hill and Drasar,
1968). The primary bile acids are composed of
chenodeoxycholic and cholic acid derived from
cholesterol metabolism in the liver.
The pattern of bile acid excretion in the sub-

jects with fenfluramine-induced diarrhoea consisted
mainly of primary bile acids with smaller amounts
of secondary bile acids (Fig. 3) and cholesterol
replacing coprostanol. Studies by Rubulis, Rubert
and Faloon (1970) revealed similar observations and
reported an increased excretion of primary bile
acids, cholesterol and faecal fat in patients treated
with antibiotics. They suggested that the replace-
ment of secondary bile acids by primary bile acids
and the appearance of cholesterol in place of
coprostanol may simply reflect increased transit
through the bowel with less exposure of bile acids
and cholesterol to bacterial action. Similar findings
were also reported by Mitchell and Eastwood
(1972) in patients with ileal dysfunction.

Studies carried out by Kirwan et al. (1975) have
demonstrated a direct relationship between the
colonic motility and faecal bile acid excretion. They
reported chenodeoxycholic to be the principal factor

TABLE 1. Qualitative analysis of faecal bile acids in subjects treated with fenfluramine

Bile acid detected Normal subjects Subjects with diarrhoea

3[3-hydroxy-53-cholanoic + + +
3a-hydroxy-53-cholanoic + + +
33, 12a-dihydroxy-53-cholanoic + +
3(3, 7a-dihydroxy-5(3-cholanoic + +
3ac, 12ao-dihydroxy-53-cholanoic ++ +
3ac, 12p-dihydroxy-5p-cholanoic trace +
3a, 7a-dihydroxy-53-cholanoic trace + +
3a, 7p-dihydroxy-5p-cholanoic trace +
3a, 6a-dihydroxy-53-cholanoic trace trace
3(3, 12 keto-53-cholanoic trace trace
3ac, 7oa, 12ac-trihydroxy-5p-cholanoic trace + +

'trace' represents a GC peak of <4% full scale deflection on GC recorder.
+ represents a GC peak of 4-20% full scale deflection on GC recorder.
+ + represents a GC peak of > 20% full scale deflection on GC recorder.
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FIG. 3. Gas chromatographic separation of bile acids as methyl esters. Peak identifi-
cation of main bile acids: secondary bile acids, 3P = isolithocholic; 3c = lithocholic; 3p,
12 = dihydroxy bile acid; 3a, 12a= deoxycholic. Primary bile acids: 30, 7a= cheno-
deoxycholic; tri-OH=cholic; i.s.=internal standard (23-nor deoxycholic). During the
pre-drug period secondary bile acids are predominant in the faeces. During the period
of fenfluramine-induced diarrhoea the excretion of primary bile acids increases
(P < 005).

responsible for the changes in motility. In perfusion
studies of the human colon Mekhjian, Phillips
and Hofmann (1971) demonstrated that cheno-
deoxycholic was a potent inhibitor of water and
electrolytes from the colon and had a greater effect
on diarrhoea.
The pattern of neutral sterols in the faeces was

altered after the administration of fenfluramine.
Normally coprostanol is the predominant neutral
sterol with small amounts of cholestanol and plant
sterols. These neutral sterols are metabolites formed
from cholesterol in the gastrointestinal tract by the
action of intestinal micro-organisms (Eneroth,
Hellstrom and Ryhage, 1964). These metabolites
are poorly absorbed from the gut and, therefore,
constitute major neutral sterols in normal faeces.
This form of pattern of neutral sterols was observed
in the present study during the pre-drug period.
After the administration of fenfluramine the
excretion of coprostanol was replaced by cholesterol
in the faeces (Fig. 5). Similar observation was made

by Meihoff and Kern (1968) in patients with man-
nitol-induced diarrhoea. They reported a decrease in
intestinal transit from a mean of 26 hr before the
study to 4-6 hr during the period of diarrhoea and
demonstrated alterations in faecal steroid patterns
together with an increase in bile acids, neutral
sterols and faecal fat excretion in their subjects.
They suggested that rapid transit through the gastro-
intestinal tract was the major factor which decreases
the normal absorption of bile acids, neutral sterols
and faecal fat, hence the excretion of these increases.

Bile acid excretion pattern in the overweight subjects
Bile acid excretion was significantly higher in the

overweight subjects. This observation is in agreement
with the findings of Miettinen (1971) who reported
a higher bile acid and neutral sterol excretion in
obese normolipidaemic subjects as compared to
non-obese normolipidaemic subjects and demon-
strated that the greater the body weight the higher
was the excretion of bile acids and neutral sterols.
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FIG. 4. Thin layer chromatographic separation of
faecal bile acids in a subject without fenfluramine-
induced diarrhoea. For TLC conditions see text.
A=authentic bile acids and neutral sterols. TC=
taurocholic; TLC= taurolithocholic; LC = lithocholic;
CL=cholesterol; CP=coprostanol. Primary bile acids
are not detected in the pre-drug faecal samples (1, 2 and 3)
but are detected in samples (5 and 6) during the drug
period and also during the post-drug period (7, 8 and 9).

The value of 7.7 ±0-7 mg/g dry weight for bile acid
excretion in the subjects with normal weight is
similar to that of 6.13 mg/g dry weight for 20
subjects reported by Aries et al. (1971) and that of
8.72 mg/g dry weight for 5 normals reported by
Evrard and Janssen (1968). Similar observations
were also reported by Nestel and Hunter (1974)
in studies of bile acid excretion in the overweight.
The pattern of bile acid excretion in the overweight

subjects compared to those of normal weight
differed only in the levels of cholic acid excretion.
This was 5% by weight of the bile acid excretion in
the over-weight group compared with 2% in the
normal group (P<0-05).

Bile acid and neutral sterol excretion (cholesterol-
lowering effect)

Results of the present study reveal a significant
increase in excretion of bile acids, neutral sterols and
faecal fat after fenfluramine. In studies of cholesterol

production in obesity Miettinen (1971) reported a
direct relationship between body weight and serum
cholesterol and faecal excretion of bile acids and
neutral sterols. In later studies using the sterol
balance technique Miettinen (1973) also reported
that the removal of cholesterol as bile acids in the
faeces is the primary factor which determines the
level of serum cholesterol. Rubulis et al. (1970)
studied the effect of neomycin and colchicine on
serum cholesterol and reported an increase in
excretion of bile acids, neutral sterols and faecal
fat. Coincident with these changes there was a sig-
nificant decrease in serum cholesterol and lipids.
Therefore the observation of increased excretion
of bile acids and neutral sterols after fenfluramine
suggests an increased catabolism of cholesterol
and possibly a decrease in the level of serum
cholesterol pool.
The lipid-lowering effect of fenfluramine has been

reported to be related to the inhibition exerted
by the drug on gastric and intestinal motility
(Garattini, 1971). The lipid-lowering effect ofthe drug
is of particular interest in the obese patient where
endogenous production of cholesterol is normally
increased (Miettinen, 1971). The present results
are consistent with the previous observation made
from this laboratory, that fenfluramine caused a
small but significant decrease in serum cholesterol
(Bliss et al., 1972). The cholesterol-lowering effect
of fenfluramine was also observed by Dannenburg
and Chremos (1971), and by Tomlinson et al.
(1975) who also reported a decrease of 14% in the
level of serum cholesterol in hypercholesterolaemic
patients within 2 weeks.
From their study it appears to the authors that the

increased faecal bile acid and neutral sterol excretion
observed after administration of fenfluramine sug-
gests enhanced removal of cholesterol. This could be
beneficial in obesity and related metabolic disorders.
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