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Roles of gall bladder emptying and intestinal
transit in the pathogenesis of octreotide induced
gall bladder stones

S H Hussaini, S P Pereira, M J Veysey, C Kennedy, P Jenkins, GM Murphy, J A H Wass,
R H Dowling

Abstract
Background-Octreotide treatment of
acromegalic patients increases the 0/0
deoxycholic acid conjugates and the cho-
lesterol saturation ofgall bladder bile, and
induces gall stone formation.
Aims-To study the roles of gall bladder
emptying and intestinal transit in these
phenomena.
Methods and patients-Gall bladder
emptying and mouth to caecum transit
was measured in (a) control subjects and
acromegalic patients given saline or 50 Kug
ofoctreotide, and (b) acromegalic patients
taking long term octreotide. In the second
group, large bowel transit was also
measured.
Results-A single dose of octreotide
inhibited meal stimulated gall bladder
emptying, the ejection fraction falling
from mean (SEM) 66-0 (2.3)% to 7.0
(5.3)0/o in controls (p<0'001); from 72-5
(2.1) to 16*6 (5.1)% in untreated acrome-
galic patients (p<0-001), and to 30.4
(9.5)°/0 in acromegalic patients taking
long term octreotide (p<0-001 v untreated
acromegalic group). Octreotide pro-
longed mouth to caecum transit time,
from 112 (15) min to 237 (13) min in
controls (p<0.001), from 170 (13) min to
282 (11) min in untreated acromegalic
patients (p<0.001), and to 247 (10) min in
acromegalic patients taking long term
octreotide (p<0.001 v untreated acrome-
galic patients). The mean large bowel
transit in octreotide untreated compared
with treated acromegalic patients
remained unchanged (40 (6) h v 47 (6) h).
Conclusions-Prolongation of intestinal
transit and impaired gall bladder emptying
may contribute to lithogenic changes in
bile composition and gall stone formation
in patients receiving long term octreotide.
(Gut 1996; 38: 775-783)

Keywords: deoxycholic acid, gall bladder emptying,
octreotide, mouth to caecum transit time, large bowel
transit time, gall bladder stones.

Octreotide, a long acting analogue of somato-
statin, suppresses circulating growth hormone
and insulin-like growth factor (IGF-1) concen-
trations, and is an effective treatment for
acromegaly. However, after 12 months' treat-
ment octreotide induces gall bladder stones in
up to 50/o of patients.1 2

'Conventional' cholesterol gall stones,
unrelated to acromegaly or octreotide treat-
ment, develop when at least three abnormali-
ties coexist - the so called triple defect3: (a)
supersaturation of gall bladder bile with
cholesterol, (b) rapid nucleation of cholesterol
microcrystals, and (c) retention of these
crystals within the gall bladder - in part
because of gall bladder motor dysfunction.
Octreotide treatment impairs gall bladder
emptying4-6 mainly, but not solely, as a result
of inhibiting meal stimulated cholecystokinin
release from the intestine.6-8 Until recently, the
resultant stasis of bile within the gall bladder
was considered to be the principal mechanism
whereby octreotide induced gall bladder
stones.2 However, we showed9 that long term
(>3 months) octreotide treatment induces
lithogenic changes in gall bladder bile - namely
supersaturation with cholesterol and an
increase in the proportion of deoxycholic acid
(DCA) conjugates.
There are several possible mechanisms

whereby octreotide treatment might increase
the O/o of deoxycholic conjugates in bile. Firstly,
it could lead to prolongation of intestinal
transit, the resultant increase in residence time
of bile acids in the intestine favouring bacterial
7 cx dehydroxylation of cholic acid to deoxy-
cholic acid.10-12 Secondly, the impaired gall
bladder emptying might increase the propor-
tion of DCA conjugates in bile as a result of
loss of the gall bladder's reservoir function,
increased enterohepatic cycling of the dis-
placed bile acids, and thus repeated exposure
of the circulating cholate pool to intestinal
bacterial 7 et dehydroxylation'3 - analogous to
that described by some,14 but not all,15 investi-
gators after cholecystectomy.
To date, the effects of octreotide on intesti-

nal transit and gall bladder emptying have
been studied mostly in control subjects given
a single dose of the somatostatin analogue.7 16
There have been only a few studies of the
effects of long term octreotide on gall bladder
emptying,4 17 and none on small bowel transit
in acromegalic patients. Furthermore, with
one exception,18 there have been no studies
of the effects of octreotide on large bowel
transit.

In this report, we describe the effects of
short-term and long term octreotide treatment
on meal stimulated gall bladder emptying and
small bowel transit (mouth to caecum transit
time: MCTT), and of long term octreotide on
large bowel transit time (LBTI), in both con-
trol subjects and acromegalic patients.
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Methods

STUDY DESIGN
The study was designed in two parts. The first
examined the short-term effects of octreotide
in control subjects and acromegalic patients.
The second examined the effects of long term
octreotide in acromegalic patients. Although
the groups of acromegalic patients studied in
each part were similar, five of 11 patients were
common to both parts.

GAIL BLADDER EMPTYING MCTT

Protocol
A subcutaneous injection of either placebo
(saline) or octreotide (50 Kug) was given 30
minutes before the subjects drank a fat-rich
liquid test meal (250 ml 'Ensure') together
with 20 ml of lactulose (a substrate for breath
hydrogen). Thereafter, gall bladder emptying
was assessed from ultrasound measurements
of gall bladder volume,'9 and MCTT was
measured by the breath hydrogen tech-
nique.20 21

For the paired studies, a randomised,
double blind, placebo controlled, cross over
design was used for both the control subjects
and the acromegalic patients. The study was
then repeated one to three weeks later with the
alternative injection - saline or octreotide as
appropriate. In the long term study, acrome-
galic patients treated with octreotide for more
than three months were examined on a single
occasion. As in the paired studies, the
octreotide was injected 30 minutes before the
meal stimulus.

PATIENTS

Paired studies
Ten control subjects (mean (SEM) age 30
(1-7); range 23-40 years) were studied, five of
whom were men. The subjects had a mean
body mass index of 24-7 (1.0) (range
18.2-29.4). Twelve acromegalic patients
(mean age 46 (4.9); range 21-67) were stud-
ied, six of whom were men. The mean body
mass index in the 12 patients was 29-8 (1.5)
(range 22 1-38. 1). All 22 individuals were gall
stone free by ultrasound and none of the
acromegalic patients had been treated previ-
ously with octreotide. One subject from the
control, and one from the acromegalic, groups
did not attend for a second study.

Long term studies
Ten acromegalic patients (mean age 46 (5.3);
range 22-69 years) were studied, four ofwhom
were men. The mean body mass index in these
patients was 29-3 (1.8) (range 19.6-38.1).
They had been treated with 300-600 ,ug
octreotide/day for three to 48 (median 6)
months. These 10 patients were all gall stone
free by ultrasound before octreotide treatment
began, but at the time of the long term studies
two had developed gall bladder stones.

GALL BLADDER EMPTYING
This was assessed from ultrasound measure-
ments of gall bladder volume, using the ellip-
soid method.'9 The volume measurements
were taken at 30 minutes and immediately
before the test meal, and every 15 minutes
thereafter - either until the gall bladder volume
had returned to its pre-meal value, or for a
maximum of 90 minutes after the meal. All
measurements were made in triplicate. Two
experienced ultrasonographers carried out the
measurements although, for any one paired
study, the same operator was used.
The following parameters of gall bladder

emptying were calculated: (a) fasting volume
(FV) - that is, the gall bladder volume
immediately before ingesting the test meal, (b)
residual volume (RV) - the nadir gall bladder
volume recorded after the test meal, (c) delta
volume (DV) or the change in gall bladder
volume (fasting minus residual volume), (d)
ejection 'fraction' - that is, the DV expressed
as a percentage of fasting volume, and (e) rate
of gall bladder emptying - the DV divided by
the time taken to reach the RV - expressed in
ml/min. All the volume measurements were in
ml.

MCTT
The MCTT was measured using the breath
hydrogen technique. In brief, end expiratory
breath samples were collected in a 20 ml
plastic syringe, 30 minutes and immediately
before the test meal, and every 15 minutes
thereafter. The samples were collected until
either a late peak of breath hydrogen (a rise of
10 ppm above baseline on two consecutive
occasions) occurred, or 300 minutes after meal
ingestion. Thereafter, the findings were aban-
doned - even in the absence of a demonstrable
rise in breath hydrogen.

Breath samples were analysed immediately
using a pre-calibrated, hydrogen sensitive elec-
trochemical cell (Key Med), which measures
hydrogen concentrations within 30 seconds, to
an accuracy of 2 ppm.

LBTT

Patients
Three groups of patients were studied: (a) 19
control subjects (14 ofwhom were men; mean
age 34 (2-5); range 23-57 years), (b) 12
acromegalic patients untreated with octreotide
(six men; mean age 50 (4.7); range 21-69),
and (c) nine acromegalic patients (four men;
mean age 46 (5.3); range 22-69) treated with
octreotide in a dose of 300-600 Kzg/day for
three to 48 months (median nine months).

Methods
LBTT was assessed by recording the progress
of radio-opaque marker shapes through the
colon.22 In brief, on three successive mornings
at 9 00 am, the subjects and patients ingested
20, radiologically distinguishable, barium
impregnated, polyvinylchoride marker shapes
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Figure 1: Effect of octreotide (50 ,ug) or saline injections, given 30 minutes befor
meal stimulated gall bladder emptying, asjudged by serial measurements ofgall
volume (mean (SEM)), in control subjects (upper panel) and acromegalic patie
panel). In the acromegalic patients, the effect oflong term (>three months) octre
treatment (300-600 pg/day given subcutaneously) is also shown. These patients
their last dose of octreotide 30 minutes before the meal stimulus.

(small rings, large rings, and rods
maximum size of 6X 6 mm), contai
single gelatine capsule, with breakfa
were asked to eat normally over the t
period and to maintain their normal p
defecation. A plain abdominal radiog
taken on day four at approximately
The mean total colonic transit time,
segmental right, left, and sigmoid col
times, were measured as described by
and colleagues.22

ETHICAL CONSIDERATIONS
The study was approved by the
ethics committee of St Barthc
Hospital and by the ethics comn
Guy's Hospital. All patients gave thei
informed consent.

STATISTICAL ANALYSES
The statistical significance of differences in
results between the patient groups, and in the

Single dose
paired studies, was tested with the non-

octreotide parametric hetroscedastic t test using Excel
software version 5.0 (Microsoft Corporation, 1
Microsoft Way, Redmond, WA 98052-6399).
A p value of <0 05 was considered to be stat-
istically significant.

Saline
Results

GALL BLADDER EMPTYING
Figure 1 shows the results for the fasting and
postprandial gall bladder volume/time profiles
in control subjects (upper panel) and acrome-
galic patients (lower panel), given either saline
or 50 ,ug octreotide 30 minutes before the
liquid test meal. The data for gall bladder
emptying in acromegalic patients treated long
term with octreotide are also shown in the
lower panel of Fig 1.
The data for fasting, residual, and delta

volumes, together with those for the ejection
fractions and the rates of gall bladder emptying
in control subjects and acromegalic patients
after placebo, a single dose of octreotide or

Longterm long term octreotide, are given in Fig 2 (A, B,
octreotide and C).
Single dose
octreotide

Postprandial gall bladder emptying after a saline

Saline (placebo) injectionIn control subjects given saline, the mean
(SEM) fasting volume of 25.7 (7.3) ml fell to a
residual volume of 8.7 (2.7) ml, 30-75 minutes
(mean 41.7 (6 0)) after meal ingestion -
corresponding to a delta volume of 17.0 (5.2)
ml, an ejection fraction of 66.0 (2.3)% and an
emptying rate of 0.70 (0.4) ml/min.

In the acromegalic patients, the mean fasting
gall bladder volume was greater than that in
the control subjects, although the 56% differ-
ence between these groups was not statistically

,e food, on significant. The mean delta volume (29.9 (4.2)
bladder ml) was also greater in the patient group than,nts (lower
ootide in the controls but again, this difference (76%)
s also took was not statistically significant. There were

only small differences between the two groups,
however, in the residual volume (19%), ejec-

with a tion fraction (10%), and rate of gall bladder
ned in a emptying (24%) in response to the fatty meal
LSt. They and again these differences were not statisti-
three day cally different (Fig 2B).
)attern of
raph was
9 00 am. Postprandial gall bladder emptying after a single
and the octreotide injection
n transit A single dose of octreotide essentially abol-
Metcalf ished meal stimulated gall bladder contraction

in both control subjects and acromegalic
patients (Fig 1).

In the control subjects given 50 ,ug of
octreotide, there were pronounced reductions

research in the ejection fraction (a 89% change in the
)lomew's mean value compared with the results in the
nittee of same subjects given saline; p<0 001), the delta
ir written volume (84%; p<0 02), and the rate of gall

bladder emptying (93%) although, given the

U.W1
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scatter results, the difference for the rate of gall
bladder emptying was not statistically signifi-
cant. Moreover, the mean residual volume
after octreotide was more than 250% greater
than that seen after saline (Fig 2A; lower
panel).

In the acromegalic patients, as in the
controls, 50 ,ug octreotide again led to signifi-
cant falls in the delta volume (a 77% decrease
compared with saline), the ejection fraction
(77%), and the rate of gall bladder emptying
(68%), and to a significant rise (over 200%) in
the residual volume when compared with the
corresponding variables after saline (Figs 1 and
2).
The mean residual volume in the acrome-

galic patients given a single injection of
octreotide (33.2 (5.4) ml) was greater than
that of the control subjects given octreotide
(23.2 (4.3) ml; NS). Indeed, the mean values
for delta volume, ejection fraction, and rate of
gall bladder emptying in acromegalic patients
given octreotide were considerably greater
than those seen in control subjects. However,
none of these differences was statistically
significant.

rP <0.001-1

rP < 0.05

S0

Saline

0p< 005
Fp<00015 |

OT Saline

Controls

OT LTOT

Acromegalic patients

Figure 2: (A): Paired datafor defasting (TV and
residua (RV) gall blader volumes in control subjects and
acromegalic patits given a singe injection ofsaline or
octrotide. The shadd bars repre mean values, the
vertical lEs te SEMs, whie te solid circes represent
indivdual data points. As noted in the legend to Fig 1, the
acmegalic patients were also studid during long tem
octeotide treatm (LTO . Uless otere shown, the
dffereces between the groups were not statstcally
signifcant. (B): Comparison ofthe gaU bladder eection
fractions (% EF) and the dela volumes (DVP in control

subects and amegalic patints (see egend to Fig 1).
(C): Comparison ofthe rates ofgall blader emptying in
contrl subjects and acromegali patients (see legend to Fig
1).-

Postprandial gall bladder emptying after long term
octreotide treatment
The most striking difference in the gall bladder
volume-time profile between acromegalic
patients treated long term with octreotide and
those given a single injection of the somato-
statin analogue was in the fasting volume - the
mean value of 50.3 (8.4) ml after long term
treatment being 25% greater than that seen in
the saline (40-2 (4.9) ml), and in the single
dose octreotide (40.2 (6.5) ml) studies,
although this difference was not statistically
significant.
The gall bladder emptying in response to the

fat-rich test meal was again impaired, with
significant reductions in the delta volume, ejec-
tion fraction, and rate of gall bladder emptying,
when compared with the corresponding mea-

surements in untreated patients. The reduction
in quantity of bile expelled after the meal
stimulus (delta volume and ejection fraction),
and the rate of gall bladder emptying, were less
noticeable during long term octreotide treat-
ment than after a single injection - suggesting
possible tachyphylaxis or the development of
tolerance to long term octreotide.
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Figure 3: Mouth to caecum transit time (MCTT), measured by the breath hydrogen
technique, in control subjects (upper panel) and acromegalic patients (lower panel) given a
subcutaneous injection of either saline or octreotide (50 ,ug), 30 minutes before a fat-rich,
lactulose containing liquid meal (see text). The data for acromegalic patients during long
term octreotide treatment are also given (see legend to Fig 1).

As the presence of gall bladder stones is, of
itself, associated with changes in meal stimu-
lated gall bladder emptying, in theory inclusion
of the results in the two patients who devel-
oped stones during long term octreotide treat-
ment, could have influenced the outcome. The
pattern of results was virtually identical, how-
ever, whether or not the data in those two
subjects were included.

MCTT
Figure 3 shows the results for MCTT in the
paired studies (saline v octreotide) of control
subjects (upper panel) and acromegalic
patients (lower panel). The lower panel also
shows the results for MCTT in acromegalic
patients treated long term with octreotide.

After the placebo (saline) injection, the
mean MCTT in the acromegalic patients was

52% longer (p<0 01) than that in the control

subjects. In other words, acromegaly in itself
affected gastric and small bowel transit, as
measured by the MCTT, as well as gall
bladder emptying.

In both the control subjects and the acro-
megalic patients, octreotide given 30 minutes
before the test meal considerably prolonged
the MCTT. Thus in the control subjects, the
MCTT increased from 1 12 (15) minutes after
saline to 237 (13) minutes after octreotide
(p<0 001). In the acromegalic patients, the
corresponding increase was from 170 (13)
minutes to 282 (11) minutes (p<0.001). In
fact after octreotide, seven of 11 acromegalic
patients studied had not shown a rise in breath
hydrogen by 300 minutes after the meal when
the observations were abandoned.

In acromegalic patients treated long term
with octreotide, the MCTT was still signifi-
cantly (p<0 001) prolonged compared with
that in the non-octreotide treated patients
given saline (Fig 3). After long term octreotide,
however, the MCTT of 247 (10) minutes was
significantly (p<0-05) shorter than that in the
acromegalic patients given a single dose of
octreotide (282 (11) minutes) - again suggest-
ing possible tachyphylaxis.

LBTr
Figure 4 shows the results for LBTT in the
control subjects and the acromegalic patients
untreated with octreotide, and treated long
term (>three months) with octreotide. Figure
5 gives the corresponding data for segmental
colonic transit times.

In the control subjects, the mean LBTT was
18 (2) hours (range 2-36). In the non-
octreotide treated acromegalic patients, the
mean value of 40 (6) hours was more than
twice that seen in the controls and despite a
considerable scatter of results (range 2-64
hours), the mean value was significantly
greater than that in controls (p<0 005).

In the acromegalic patients taking long term
octreotide, the mean LBTT of 47 (6) hours
was 161% greater than that in controls
(p<0 005). The LBTT in both the untreated
and the treated acromegalics was similar -
suggesting that octreotide has no consistent
effect on colonic transit. However, paired
studies in larger numbers of patients would be
needed to prove or disprove this conclusion.

Analysis of segmental colonic transit (Fig 5)
showed that the mean time for the right colon
in the untreated acromegalic patients (18 (3)
hours), was three times longer than that in the
control subjects (6 (1) hours, p<0 005). A
similar pattern of results was seen in the left
(12 (3) v 6 (1) hours) and the sigmoid (10 (3)
v 6 (1) hours) segments of colon, although
these differences were not statistically signifi-
cant.

There were no significant differences in
segmental colonic transit times between the
acromegalic patients taking long term
octreotide, and those untreated with octreotide.
Indeed, the pattern of results was quite variable.
Thus, in the right colon, transit was shorter
during long term octreotide treatment than in
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None the less, gall bladder emptying in
response to a fat-rich liquid test meal (as
measured by the ejection fraction, the delta
volume, the rate of gall bladder emptying, and
the residual volume), was not significantly
different in the acromegalic patients from that
in the controls. These results confirm that
octreotide not only abolishes meal stimulated
gall bladder emptying4 17; it also prolongs
small bowel transit.7 16 23-25 However,
octreotide does not seem to affect large bowel
transit time - a finding that confirms the recent
findings of von der Ohe et al.18

EFFECT OF ACROMEGALY ON GALL BLADDER
EMPTYING AND GASTROINTESTINAL TRANSIT

Gall bladder emptying
In this study, the mean fasting gall bladder
volume in the acromegalic patients was greater
than that of the controls. This finding of chole-
cystomegaly in acromegaly has been reported
previously.4 6 17 However, we found that gall
bladder motor function in these patients was
normal. In other words, the residual gall
bladder volume, and the rate and extent of gall
bladder emptying, were similar in the
untreated acromegalic patients to the corres-
ponding results in the controls. The conclusion
that gall bladder motor function is normal in
acromegaly reflects the findings of most,4 6 17
but not all5 investigators.

MCTT and LBTT
Although enlargement of abdominal viscera,
such as the kidneys, liver, and spleen, are

line the known to occur in acromegaly, the function of
lsit and these organs is not thought to be affected.
cts and These results show, however, that acromegalic
tlts also patients have significantly prolonged mouth to
c treat- caecum, right, and total colonic transit times,
)normal when compared with controls. There are at
nal fast- least two possible ways by which acromegaly
negaly). could affect intestinal transit. Firstly, an

increase in the physical length of the bowel
could prolong both the MCTT and the LBTT,
without changing segmental transit rates.
Secondly, the excess circulating growth hor-
mone and IGF- 1 concentrations seen in
acromegaly, could affect local neuro-hormonal

icsNo mechanisms controlling gut motility.26 27 To

ics LT date, neither of these hypothetical mechanisms
has been tested adequately.
The two groups studied, namely control

subjects and acromegalic patients, were
matched for sex but not for age. Women have
longer MCTTs in the luteal phase of the
menstrual cycle, than in the follicular
phase.28 We did not control for this but as the
proportion of women was comparable in the
two groups, the prolongation ofMCTT seen
in the acromegalic patients is unlikely to
result from differences in the ratio of
men:women. Moreover, although the control

Ion and patient groups were not matched for age,
there is no evidence that either small29-32

gnubtec, or large22 bowel transit changes in older
people.
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EFFECT OF OCTREOTIDE ON GALL BLADDER

EMPTYING AND GASTROINTESTINAL TRANSIT

Gall bladder emptying
These findings confirm the results of previous
studies showing that a single dose of
octreotide impairs gall bladder emptying both
in control subjects7 33 34 and in acromegalic
patients.4 6 Other investigators have shown
that long term octreotide treatment increases
both the fasting and the residual postprandial
gall bladder volumes,4 6 17 35 as well as reduc-
ing the speed and extent of gall bladder
emptying.4-6 17 36 37
The mechanism for the increased fasting gall

bladder volume after octreotide administration
is unknown but may be caused by: (a) reduced
gall bladder muscle tone, (b) the absence of
interdigestive gall bladder emptying, or (c)
increased tone in the sphincter of Oddi.38

Cholecystokinin mediates postprandial gall
bladder contraction via cholinergic receptors in
the myenteric plexus of the gall bladder wall.39
Therefore, the influence of the somatostatin
analogue on gall bladder emptying is probably
caused by the combined effects of octreotide
on meal stimulated cholecystokinin release
from the duodenum4 6 7 and a direct action of
octreotide on acetylcholine release from the
myenteric plexus.40

MCTT and LBTT
Although both a single dose of, and long term
treatment with, octreotide, prolonged the
MCTT, the analogue had no consistent effect
on large bowel transit. Therefore, the influence
of octreotide on intestinal motility seems to be
site dependent. Similar site specific and dose
dependent effects have been reported in
animals. Thus, in dogs with an ileus induced
by celiotomy and intestinal abrasion, low dose
octreotide increased gastric emptying and
reduced both small bowel and colonic transit.
At a higher dose, however, octreotide slowed
gastric emptying while still stimulating small
and large bowel transit.41
The effect of octreotide on intestinal motil-

ity is different when patients are fasting, from
that seen after food. Octreotide increases the
frequency of intestinal migrating motor com-

plexes.42 Richards and colleagues43 found that
in six patients with the dumping syndrome,
octreotide increased interdigestive motility.
Moreover, octreotide decreased the duration
of the postprandial 'fed' motility pattern from a

mean of 141 minutes after placebo, to 29
minutes after octreotide. Therefore, octreotide
seems to have a stimulatory effect on intestinal
transit in the interdigestive state, but an

inhibitory one after a meal.
Evidence for a direct effect of octreotide on

intestinal somatostatin receptors comes from
the finding that an intra-arterial infusion of
native somatostatin into canine intestinal seg-
ments, induces phase III migrating motor

complexes.44 However, octreotide may also
affect motility indirectly by inhibiting the
release of intestinal peptides that influence
gastrointestinal motor function - such as

cholecystokinin, motilin, peptide tyrosine
tyrosine (peptide YY), neurotensin, and pan-
creatic polypeptide.7 16

ROLE OF INTESTINAL TRANSIT AND GALL
BLADDER EMPTYING IN THE PATHOGENESIS OF
OCTREOTIDE INDUCED GALL STONE DISEASE
There is a number of possible mechanisms by
which octreotide could induce an increase in
the % biliary DCA, and thus in lithogenic
changes in bile composition and physical
chemistry. Firstly, it could prolong intestinal
transit. The resultant increase in the 'residence
time' of bile acids in the intestine would favour
more bacterial conversion of cholic to deoxy-
cholic acid. Secondly, it could increase the
absolute number of micro-organisms either in
the colon or, by inducing bacterial overgrowth,
in the small intestine. Thirdly, it could increase
in the ratio of anaerobic:aerobic bacteria in the
bowel - both of which changes could increase
the total amount of bacterial 7 a dehydroxylase
activity in the intestine. Fourthly, it could
induce bacterial 7 ox dehydroxylase enzyme
specific activity, while leaving the number and
type of intestinal micro-organisms unchanged.
Finally, the impaired gall bladder emptying
induced by octreotide could result in the
sequestration of much of the bile acid pool
within the gall bladder, with more rapid than
normal enterohepatic cycling of the remaining
pool - analogous to the changes described
after cholecystectomy by some,14 45-47 but not
all15 48 49 investigators.

Despite the many theoretical explanations
for the increase in the % DCA conjugates seen
in bile during octreotide treatment, the results
of this study provide strong indirect evidence
that a major mechanism for the changed
biliary bile acid composition, is prolongation
of intestinal transit. Our findings support
those of previous studies showing that both
native somatostatin,50-53 and its analogue
octreotide 7 16 23-25 prolong the MCTT in
control subjects. Furthermore, we have shown
that a single dose of octreotide prolongs the
MCTT in acromegalic patients. However, the
conversion of cholic acid to deoxycholic acid
occurs predominantly in the caecum and
ascending colon - rather than in the small
bowel.54-56 In our acromegalic patients treated
long term with octreotide, LBTT was not
significantly greater than that in acromegalic
patients untreated with octreotide. However,
given, the small numbers of patients studied
and the wide scatter of results, this apparent
lack of effect could be a type II statistical error.
Alternatively, the conversion of primary to
secondary bile acids could occur in the small
bowel, rather than in the large bowel, of the
octreotide treated acromegalic patients - if, as
postulated above, there were bacterial over-
growth after prolongation of small bowel
transit.

In conclusion, the studies described in this
paper have shown that in acromegalic
patients, octreotide impairs gall bladder
emptying and prolongs intestinal transit.
These findings provide further strong, but still
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indirect, evidence that octreotide induced
changes in intestinal transit may lead to an
increased proportion of biliary DCA. In turn,
the rise in 0/0 DCA induces a complex series of
changes in bile composition and physical
chemistry, which, together with the impaired
gall bladder emptying, favour cholesterol gall
stone formation.
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