Gur1993;34:1219-1224

Gastrointestinal Surgical
Research Group, Yale
University School of
Medicine and VA
Medical Center, West
Haven, Connecticut,
USA

T E Adrian

G H Ballantyne

W E Longo

A ] Bilchik

S Graham

M D Basson

R P Tierney

I M Modlin

Correspondence to:

Professor T E Adrian,
Department of Biomedical
Sciences, Creighton
University School of
Medicine, Omaha, NE 68154,
USA.

Accepted for publication
21 December 1992

1219

Deoxycholate is an important releaser of peptide YY
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Abstract

Peptide YY (PYY) and enteroglucagon are
hormonal peptides found in endocrine cells of
the distal intestinal mucosa. Although it is
known that plasma concentrations of both
peptides increase in response to feeding, the
mechanism by which ingested food causes
release of colonic hormones is not understood.
The release of PYY and enteroglucagon was
measured in response to intraluminal stimuli in
176 patients having investigative colonoscopy.
Introduction of air, saline (isotonic and hyper-
tonic), glucose (isotonic and hypertonic), oleic
acid (without bile salts), and casein hydroly-
sate all failed to release PYY but glucose
caused a small but significant increase in
enteroglycagon concentrations. In contrast
with the lack of effect of nutrients, infusion of
deoxycholic acid produced a rapid and marked
dose responsive increase in plasma PYY con-
centrations when introduced into the sigmoid
colon. PYY release was statistically significant
at doses between 33 mM to 30 mM; for
example 10 mM deoxycholate caused a sixfold
increase in plasma PYY concentrations.
Infusion of 10 mM deoxycholate into the
transverse colon or caecum produced an
increase of PYY that was similar to the
responses in the sigmoid colon. There was also
a significant release of enteroglucagon in
response to infusion of this bile salt into the
sigmoid colon at doses between 3-3 mM and
30 mM. The enteroglucagon response to 10
mM deoxycholate was similar in all three
colonic regions. When oleic acid was added to
deoxycholate as an emulsion, the release of
PYY and enteroglucagon was similar to that
seen with the bile salt alone. These findings
suggest that bile salts may play an important
part in the control of colonic endocrine func-
tion and may explain the increased circulating
concentrations of colonic regulatory peptides
that are seen in malabsorption states and after
small bowel resection in humans.

(Gut 1993; 34: 1219-1224)

Peptide YY (PYY) and enteroglucagon are
regulatory peptides localised to the endocrine
cells of the mucosa of the distal intestine.'?
Several reports have showed the coexistence of
these two peptides in the same endocrine cell
type, which has been named the L cell.>* The
genes producing these peptides are quite distinct
but it is not clear whether both peptides are
produced in all L cells, as dual localisation is only
seen in a proportion of them.®’ Indeed, tissue
concentrations of enteroglucagon are highest in
the terminal ileum, with smaller concentrations

in the colonic mucosa, whereas by contrast PYY
content increases distally with highest concen-
trations in the rectosigmoid region.*®

Concentrations of PYY and enteroglucagon
increase in response to feeding and the amount of
increase in both hormones reflects meal size and
content.®® Ingested fat and carbohydrate seem
to be the most potent stimuli for these two
peptides, and fatty acids introduced into
the small intestinal lumen elicit a marked
response.®*”> When nutrients pass rapidly
through the alimentary tract, as in the post-
gastrectomy dumping syndrome, there is a very
rapid and substantial release of both PYY and
enteroglucagon.”?" Similarly, circulating con-
centrations of both peptides are increased in
conditions associated with malabsorption, such
as sprue, or after small bowel resection.'” In the
healthy and intact gastrointestinal tract, it is
unlikely that substantial amounts of unabsorbed
nutrients ever reach the colon in humans, and it
is therefore likely that some other mechanism
exists for the release of hormonal peptides from
this region.

This study was designed to investigate the
release of PYY and enteroglucagon, in response
to a variety of intraluminal stimuli introduced
endoscopically, to identify the mechanism for
release of these colonic hormones in humans.

Methods
Studies were undertaken in 176 male patients
who were having investigational colonoscopy
and who were found to have a normal colon. In
general, patients included in the study were
either being screened because of guaiac positive
stools, other symptoms of colonic disease, or for
family history of colonic cancer, or as a follow up
examination in patients with previous colonic
polyps. Patients with abnormal findings at endo-
scopy or who had had previous surgery were
excluded from the study. In particular, no
patients with inflammatory bowel disease or
cancer were studied. Informed consent was
obtained from all participants, and the study had
approval from the institutional human ethics
committee. All patients received a traditional
two day bowel preparation and were given clear
liquids during this time. Patients drank a bottle
of magnesium citrate each night and also
received tap water enemas until the return was
clear. If necessary, patients also received enemas
the morning of the procedure. After an overnight
fast of at least 10 hours, an 18 gauge catheter was
placed in an antecubital vein for blood sampling.
This was kept patent with heparinised isotonic
saline (10 units/ml 0-85% saline).

All colonoscopies were performed under the
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supervision of an experienced endoscopist. The
position of the colonoscope was judged by topo-
graphical landmarks. The caecum was con-
sidered to be reached only if the light of the
instrument was seen in the right lower quadrant,
the base of the appendix was visualised, and the
ileocaecal valve was seen. Similarly, the trans-
verse colon was recognised by its characteristic
triangular folds and the sigmoid colon by its
circular folds. Infusions into the transverse colon
were performed with the colonoscope about
10 cm proximal to the splenic flexure, while
those into the sigmoid colon were done with the
colonoscope about 10 cm proximal to the recto-
sigmoid junction. In an additional group of
subjects (n=4), the endoscope was passed
through the ileocaecal valve into the terminal
ileum for perfusion of oleic acid (24%). Fluoro-
scopy was not used. In circumstances where the
topography was not clear, patients received only
sigmoid colon infusions. This was done particu-
larly in patients where it was difficult to confi-
dently identify the caecum.

Examination was begun without sedation.
Patients were given meperidine (Demerol) or
diazepam (Valium), or both intravenously if they
experienced discomfort. Of the 176 patients who
took part in the study, 67 received no drugs
during endoscopy, 49 received Valium (mean
dose 54 mg, range 2-5-10-0), 18 Demerol
(mean dose 27 mg, range 10-50), and 42 Valium
(mean dose 57 mg, range 2-5-10-0) and
Demerol (mean dose 38 mg, range 10-100).
Neither atropine nor glucagon were used in any
of the patients. No antifoaming agents were used
in the irrigation fluid.

One blood sample was taken before endoscopy
and the patients then had a colonoscopy to the
caecum. After their diagnostic procedure the
colonoscope was positioned at site of infusion
and a second blood sample collected. After a 10
minute period, a third blood sample was taken
and 200 ml of the air or respective test solution
was introduced into the colon by steady infusion
over a 10 minute period (20 mI/min). The test
solutions were prepared in emulsion form by
vigorous agitation of the components before
administration. Test agents were infused
through the biopsy channel of the colonoscope
(F10I 133 cm, Olympus). The lumen was kept
constantly in view so that the position of the
instrument did not change. Further blood
samples were collected at 10, 20, and 30 minutes
after the start of the infusion. After the last
sample was collected, the colonoscope was
removed and the patient allowed to recover from
the procedure. Only one test was conducted in
each patient. Patients were randomly allocated to
groups for each test substance.

Table I shows the number of subjects who
received each test substance, mean age, and the
site of colonic infusion. Blood samples were
collected into chilled tubes containing sodium
EDTA (2 mg/ml) and aprotinin (Novo 400
KIU/ml). Tubes were centrifuged within 15
minutes, and the plasma was decanted
and stored at —20°C for subsequent radio-
immunoassay.

Plasma PYY and enteroglucagon concentra-
tions were measured by well characterised radio-

immunoassays, which have previously been
described in detail.*® Briefly, PYY was measured
using an antibody (Y21) raised to pure uncon-
jugated PYY. The antibody is N terminally
directed and shows no significant cross reaction
with the related peptides, pancreatic poly-
peptide, and neuropeptide Y. Antiserum at a
dilution of 1:160 000 bound approximately 50%
of the 1 fmol monoiodo-PYY, which was used as
tracer. The tracer, prepared by conventional
chloramine T oxidation, was purified using
isocratic reverse phase high pressure liquid
chromatography. The assay detected changes
between adjacent samples of 0-4 fmol/tube
(equivalent to 2:0 pM in plasma) with 95%
confidence (IDsg; 8 fmol PYY/tube).

Enteroglucagon was measured using an anti-
body (R59), which fully recognises pancreatic
glucagon and enteroglucagon, the antibody
being N terminally directed. Pancreatic
glucagon concentrations were measured using a
specific C terminal antiserum (RCSS). Entero-
glucagon concentrations were therefore derived
by subtracting pancreatic glucagon concentra-
tions from the total glucagon concentrations
measured with R59. The assays show no signifi-
cant cross reaction with other related peptides
(secretin, VIP, PHI, GRF, and GIP) and
detected changes between adjacent samples of
0-2 fmol/tube with 95% confidence (equivalent
to 1 pM enteroglucagon in plasma). The IDsq of
R59 for glicentin and glucagon are 4-4 fmol/tube
and 4-6 fmol/tube respectively. The IDsy of
RCSS5 for glucagon is 35 fmol/tube. Monoiodo-
glucagon was prepared and purified as described
above for PYY.

Statistical analysis of incremental hormone
responses after test stimuli was carried out by
two way analysis of variance (ANOVA), with
substance and site as the two factors. The
incremental area under the curve was calculated
for the 30 minute period of stimulation in each
individual patient by the trapezoid method, after
subtraction of the mean basal for that patient.
Planned comparisons of means of incremental
areas were carried out using the multivariate

TABLE I  Details of test substance, mean age of patient, and
site of colonic infusion

Age

(mean

Infusion Site n (SEM))
Air Transverse colon 13 65(2)
0-9% Saline Transverse colon 14 71(2)
2-7% Saline Transverse colon 13 64 (3)
5% Glucose Caecum 8 65(2)
5% Glucose Transverse colon 8 62 (3)
5% Glucose Sigmoid colon 6 64 (3)
20% Glucose Caecum 8 63 (3)
20% Glucose Transverse colon 11 61(2)
20% Glucose Sigmoid colon 5 64 (4)
7-2% Casein Caecum 9 61(4)
7-2% Casein Transverse colon 7 65 (4)
7-2% Casein Sigmoid colon 6 64 (3)
8% Oleate Sigmoid 7 65 (2)
24% Oleate Caecum S 68 (3)
24% Oleate Transverse colon 5 66 (2)
24% Oleate Sigmoid colon S 67 (3)

24% Oleate+10 mM

deoxycholate Transverse colon 6 70(2)
10 mM Deoxycholate Caecum 7 65(3)
10 mM Deoxycholate Transverse colon 6 67(2)
1-0 mM Deoxycholate ~ Sigmoid colon S 65 (3)
3-3 mM Deoxycholate  Sigmoid colon 7 64 (3)
10 mM Deoxycholate Sigmoid colon 6 63(4)
30 mM Deoxycholate Sigmoid colon 5 65 (3)
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TABLEI1 Plasma PYY concentrations (pM, mean (SEM )) before and after endoscopic
infusion of 200 ml of test substance into the caecum, transverse, or sigmoid colon in human

volunteers
Before Before 20 min after
Infusion Region colonoscopy infusion infust
Air Transverse 12:5(1:7) 11-8(1-9) 13-7(2-3)
0-9% Saline Transverse 11-5(2:0) 12-:3(2-1) 13:6(2:2)
2-7% Saline Transverse 9-4(2-5) 9-7(2-8) 12:8(3-3)
5% Glucose Caecum 11-8(3-4) 13-7(3-1) 16-0 (2-7)
5% Glucose Transverse 10:6 (2-8) 10-4 (3-0) 10-1(2:2)
5% Glucose Sigmoid 12:0 (3-4) 12:0 (2-5) 10-2(1-8)
20% Glucose Caecum 11:0(3-1) 13-1(2:3) 14:4(2'9)
20% Glucose Transverse 11-0(2-4) 12-:2(2'9) 11-1(2'9)
20% Glucose Sigmoid 10-5(1-8) 11:5(2-3) 11-6(1'9)
7-2% Casein Caecum 10-6 (3-5) 12:2(3-8) 14:6 (2-9)
7:2% Casein Transverse 10-4 (3-4) 9-8(2:4) 12:0(2°1)
7:2% Casein Sigmoid 116 (3-2) 12:0(2-7) 12-:0(4-0)
8% Oleate Sigmoid 11-6 (2-8) 10-7 (2-8) 11-7 (2'5)
24% Oleate Caecum 9:3(3-2) 12:2(3-2) 12:1(2-8)
24% Oleate Transverse 9:2(2:6) 9:0(2-0) 12:2(3'9)
24% Oleate Sigmoid 9-8(2'1) 7-5(1-5) 10-0(2-4)
24% Oleate+10 mM deoxychol =~ Transverse 10-0(1-5) 10-2(1-1) 52:7(8:2)
10 mM Deoxychol Caecum 9-1(1-5) 10-2(1-4) 49-9(5-9)
10 mM Deoxychol Transverse 10-2(2:2) 12-1(2-4) 66-0 (10-7)
1-0 mM Deoxychol Sigmoid 12-:2(2'9) 13:6(3-4) 33-6(11:9)
3-:3 mM Deoxychol Sigmoid 13:4(2:7) 14-7(2-7) 52-5(23:2)
10 mM Deoxychol Sigmoid 9-3(1-8) 10-8(1:7) 665 (7-4)
30 mM Deoxychol Sigmoid 86(2:3) 9-4(1-0) 62:4(10-5)

TABLE 111 Plasma enteroglucagon concentrations (pM, mean (SEM )) before and after
endoscopic infusion of 200 ml test substance into the caecum, transverse, or sigmoid colon in

human volunteers
Before Before 20 min after
Infuston Region colonoscopy infusion infusion
Air Transverse 18-8 (2-6) 16:2(3-0) 17-4(3:1)
0-9% Saline Transverse 21-6(2+6) 23:6(2-2) 22-4(2-5)
2-7% Saline Transverse 20-0(1-8) 20-5(2-2) 19-8(2:0)
5% Glucose Caecum 21-5(1-7) 20-9(2-2) 27-0(33)
5% Glucose Transverse 18-4(3:1) 19-1(2-9) 26:4(3-1)
5% Glucose Sigmoid 24:0(3'9) 22:0(43) 286 (4-4)
20% Glucose Caecum 22-3(3°1) 22:9(249) 26:0(2-2)
20% Glucose Transverse 17-7 (3-0) 16:8(3-3) 20-9(3-2)
20% Glucose Sigmoid 19-0(2-8) 19:5(3:0) 26:0(3-0)
7-2% Casein Caecum 18-8(1-2) 17-4(1-4) 18:2(1-8)
7-2% Casein Transverse 20-0(2-6) 18-2(2-8) 207 (3-1)
7-2% Casein Sigmoid 18-8(2:4) 18-:0(2-8) 19-1(3:0)
8% Oleate Sigmoid 24-0(3-2) 236 (4'7) 24:6 (3-7)
24% Oleate Caecum 20-0 (4-9) 201 (4-7) 21-0 (4-8)
24% Oleate Transverse 21-4(4-9) 22:4(5-3) 20-8(3-9)
24% Oleate Sigmoid 19:2(2-7) 23-2(4-5) 22-8(5'4)
24% Oleate+ 10 mM deoxychol Transverse 18-:0 (1-6) 18-0 (4-1) 32:3(3:5)
10 mM Deoxychol Caecum 19-9(3-3) 18-4(3-4) 32:1(4-6)
10 mM Deoxychol Transverse 18-2(4-3) 17-7 (2+6) 31-5(3-7)
1:0 mM Deoxychol Sigmoid 23-6(1-4) 23-4(1'9) 23-8(2-3)
3-:3 mM Deoxychol Sigmoid 19-9(1-4) 20-3(1-4) 27-0(1-2)
10 mM Deoxychol Rectum 20-8 (4:7) 22-1(4°4) 38-8(6-2)
30 mM Deoxychol Sigmoid 21-6(1-4) 20-6(1-4) 34-4(0-7)
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Figure 1: Plasma PYY concentrations during intracolonic infusion of 10 mM deoxycholic acid
into caecum, transverse colon (trans), and sigmoid colon respectively. Bile salt solution (200 ml)
was introduced into the colon over a 10 minute period through a colonoscope, beginning at

0 minutes. PYY concentrations were significantly increased by deoxycholate infusion at all three

sites.
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general linear hypothesis to determine the sub-
stances that caused a significant increase in PYY
and enteroglucagon concentrations from basal.
The dose effects of deoxycholate on the incre-
mental responses of PYY and enteroglucagon
were analysed by one way ANOVA, with signifi-
cant individual dose effects determined by the
multivariate general linear hypothesis. The dose
effects of deoxycholate on the incremental
responses of PYY and enteroglucagon were
further analysed by linear regression analysis.

Results

Although the subjects could sense that the
infusions were taking place, these were all
tolerated well without significant side effects.
Plasma PYY and enteroglucagon concentrations
after air insufflation and intracolonic perfusion
with saline, glucose, oleic acid, and amino acids
(casein hydrolysate) are shown in Tables II and
III respectively. There was no significant
increase in concentration of either peptide after
intracolonic infusion of any of these test sub-
stances, either given as isotonic or hypertonic
solutions, except for a small effect of glucose on
enteroglucagon concentrations. In contrast
infusion of 10 mM deoxycholate caused a
substantial rise in circulating PYY and entero-
glucagon concentrations (Figs 1 and 2). There
were no significant differences in plasma PYY or
enteroglucagon concentrations between patients
who received sedation and those who received
none (data not shown).

Because of the two factor experimental design
(substance and site), two way analysis of variance
(ANOVA) was carried out on the incremental
hormone responses after the test stimuli.
ANOVA showed a significant main effect of sub-
stance for PYY (F45;=119-5, p<0-00001) and
for enteroglucagon (F4g;=19-4, p<0-00001),
but not for site. Analysis of the effect of indi-
vidual test substances showed that PYY was
released significantly by deoxycholate (PYY
incremental response (SEM) 36-7 (3-6) pmol/l/
min, F; g;=602-7, p<0-00001) but not by any of
the other test substances. Enteroglucagon was
also released significantly by deoxycholate
(incremental response 9-8 (1-6) pmol/l/min,
F, s;=131'1, p<0-00001) and glucose (5%
glucose: incremental response 43 (0-6) pmol/l/
min, F,g;,=28-8, p<0-00001; 20% glucose:
incremental response 3-1 (0-4) pmol/l/min,
F, s7=15-2, p<0-0002), but not by casein or
oleate.

The incremental integrated release of PYY
and enteroglucagon stimulated by infusion of
deoxycholate into the sigmoid colon was dose
dependent (Figs 3 and 4). A statistically signifi-
cant release of PYY was seen only with the three
highest doses of deoxycholate (3-:3 mM: incre-
mental response 32:3 (9:1) pmol/l/min, F; ;o=
18-9, p<0-0004; 10-0 mM: incremental response
464 (7-7) pmol/V/min, F, 19=33-4, p=0-00001;
30-0 mM: incremental response 46-4 (7-1) pmol/
Vmin, F,9=28'1, p=0-00004) (Fig 3).
Similarly, statistically significant incremental
responses of enteroglucagon to deoxycholate
were found only for the three highest doses
(3:3 mM: incremental response 4-9 (1-2) pmol/l/
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Figure 2: Plasma enteroglucagon concentrations during intracolonic infusion of 10 mM
deoxycholic acid into caecum, transverse colon (trans), and sigmoid colon respectively in human
volunteers. Bile salt solution (200 ml) was introduced into the colon over a 10 minute period,
through a colonoscope, beginning at (0 minutes. Enteroglucagon concentrations were
significantly increased by deoxycholate infusion at all three sites.

min, F; ;0=6-8, p<0-02; 10-0 mM: incremental
response 10:7 (3-4) pmol/Vmin, F,9=278,
p=0-00004; 30 mM: incremental response 10-1
(1-6) pmol/V/min, F, ;o=20-9, p=0-0002) (Fig
4). The dose response areas under the curve were
further analysed by linear regression analysis,
which showed dose dependent effect for PYY
(F1,21=82, p=0-009) and enteroglucagon (F, ;;
=136, p=0-001).

When a high dose of oleic acid (24%) was
emulsified with 10 mM deoxycholate, there was
no significant difference in the magnitude of the
PYY or enteroglucagon response from that seen
with bile salt perfused alone (Tables II and III
respectively).

Infusion of 200 ml oleic acid (24%) into the
terminal ileum of four patients was without
significant effect on plasma PYY and entero-
glucagon concentrations. PYY concentrations
were 155 (4-4) pM before the infusion and 16-8
(5-8) pM 20 minutes after the infusion began.
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Figure 3: Incremental integrated response of plasma PYY
concentrations representing the dose resp to infusion of
deoxycholate into the sigmoid colon during colonoscopy. PYY
responses, measured as the incremental area under the curve,
were significantly increased over basal at the three higher doses
tested (3:3 mM, p<<0-0004; 10 mM, p=0-00001; 30-0 mM,
p=0-00004).

Enteroglucagon concentrations were 17-3 (1-5)
pM pre-infusion and 13-8 (4:0) pM 20 minutes
after the infusion began.

Discussion

High concentrations of PYY and enteroglucagon
are found in the colonic mucosa of humans and
other species.*'* " The potent effects, particu-
larly of PYY, on proximal gastrointestinal
function would suggest an important hormonal
role for these colonic peptides." ' ** The
mechanism by which they are released after the
ingestion of food is, however, not understood. It
is perhaps surprising that circulating concentra-
tions of both peptides rise within 15 minutes
after eating.®® Even if this early rise reflects
release from the distal small intestine, it would
seem too rapid to be as a result of the presence of
unabsorbed nutrients. The secretion of these
hormonal peptides, particularly from the colon,
is therefore likely to involve other mechanisms.
This study suggests that bile salt stimulation of
the open type endocrine cells (L cells) containing
these peptides may represent such a mechanism.
Indeed, the reported release of PYY and entero-
glucagon by fat in the small bowel may be
accounted for by the effects of the bile salts with
which the fat was suspended. " It should be noted
that in the dog PYY release has been seen in
response to intracolonic oleic acid in the absence
of bile salts.* In these studies, however, the rise
in PYY concentrations was not detectable until
the end of a one hour infusion of oleate in the
colon, and the highest PYY concentrations were
not seen until one hour after the infusion had
finished.* In contrast, intraduodenal oleate
caused a substantial release of PYY at 30 minutes
which reached a peak during the infusion at 60
minutes.” These findings of a late response of
PYY to intracolonic oleate suggest an indirect
mechanism, rather than stimulation of the
enteric endocrine cells directly by the luminal
contents. Infusion of oleic acid into the ileoanal
pouch in humans had no effect on circulating
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Figure 4: Incremental integrated response of plasma
enteroglucagon concentrations representing the dose response to
infusion of deoxycholate into the sigmoid colon during
colonoscopy. Enteroglucagon responses, measured as the
incremental area under the curve, were significantly increased
over basal at the three higher doses tested (3-3 mM, p<<0-02;
10 mM, p<<0-00004; and 30 mM p<<0-0003).



Deoxycholate is an important releaser of peptide YY and enteroglucagon from the human colon

PYY concentrations, although a similar infusion
did increase the PYY response to an oral mixed
meal in these patients.” Thus, species differ-
ences may exist in the mechanism of release of
this peptide. Furthermore, studies in the
isolated perfused rabbit colon have failed to show
release of PYY by oleic acid, although this
stimulus released enteroglucagon, and bile salts
caused an appreciable increase in PYY concen-
trations.” Oleic acid administration, at different
doses, had no more effect on PYY release than
the bile salt alone.*

The concentration range of deoxycholate used
in these studies spans that normally found within
the colonic lumen. Deoxycholate is the most
abundant bile salt in the human colon and
concentrations of 3-5 (0-5) mM have been
reported in normal human stool.* Furthermore,
the higher concentrations used in this study
reflect total bile salt concentrations in human
colon.”

The concentrations of nutrients used in these
studies are substantially higher than those which
would normally be seen in the colonic lumen. It
was felt that high concentrations would be more
likely to cause direct stimulation of the enteric
endocrine cells and thus to be effective. Addi-
tionally, it has been reported that circulating
PYY concentrations are raised in patients with
malabsorption and it was possible that high
colonic fatty acid concentrations may be respon-
sible for this exaggerated PYY release." The
oleic acid concentrations used are in the range
encountered in patients with steatorrhea. It is
unlikely that low concentrations of nutrients
would cause PYY release when high concentra-
tions are without effect.

The magnitude of the rise in circulating PYY
concentrations after deoxycholate perfusion in
the human colon was similar to the rise reported
after a normal meal.® In healthy subjects the rise
in plasma PYY was 4 (1) pM after a 530 calorie
breakfast, 24 (5) after a 1200 calorie meal, and 49
(10) after ingestion of a large dinner.® These rises
were similar in magnitude to the effects of
intracolonic deoxycholate in this study. The
magnitude of the enteroglucagon response
elicited by deoxycholate was similar to that
reported for a test breakfast, measured using the
same assay system.’

The release of colonic regulatory peptides by
bile salts does make physiological sense. PYY
slows gastric emptying and mouth to caecum
transit in humans, and there is considerable
circumstantial evidence to suggest that entero-
glucagon is trophic to the small intestinal
mucosa.” # Release of these peptides by bile salts
would thus tend to slow transit and increase
absorptive mucosal surface area and would
therefore lead to increased bile salt absorption in
the terminal ileum. Thus a bile salt dependent
release mechanism could represent a sensitive
and important mechanism for controlling intes-
tinal absorption by motor function and mucosal
growth. The large increases in plasma concentra-
tions of PYY and enteroglucagon that accom-
pany such conditions as sprue or short bowel
syndrome may represent an important adaptive
response to malabsorption. It is likely, however,
that factors other than bile salts are responsible
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for the massive rise in PYY and enteroglucagon
that accompany coeliac sprue as bile salt mal-
absorption is not a feature of that disease.

Finally, manipulation of this potent release
mechanism for PYY may ultimately prove to be
clinically useful in patients who would benefit
from slower intestinal transit, including patients
with short bowel syndrome or major colonic
resection.

The authors are grateful to Dr R D Reidelberger who provided
expert advice on the statistical analysis of these studies.
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