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Gut hormone responses after reconstructive surgery
for ulcerative colitis
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From the Departments of Medicine and Surgery, University of Toronto, Toronto, and Department of
Physiology, University of British Columbia, Vancouver, Canada

SUMMARY After colectomy, continent ileal reservoirs are an accepted alternative to conventional
ileostomy for patients with ulcerative colitis. To assess the effect of these reservoirs on digestive
function, circulating and morphologic gut endocrine responses were measured in patients with a
continent ileostomy or with a pelvic pouch and compared to patients with conventional ileostomy,
with active ulcerative colitis and healthy controls. Eight subjects were studied in each group. Basal
and postprandial plasma gastrin, enteroglucagon, neurotensin, vasoactive intestinal polypeptide,
insulin, pancreatic glucagon, and pancreatic polypeptide in both groups with ileal reservoirs were
equivalent to controls. Basal plasma motilin and postprandial plasma gastric inhibitory polypeptide
were raised in ileal reservoir patients, but similar changes also occurred in ulcerative colitis patients
and those with conventional ileostomy. In one half of patients, cell populations of enteroglucagon,
peptide YY, and neurotensin were decreased in pouch mucosa that corresponded with the presence
of mucosal inflammation. On the other hand, with pouch inflammation vasoactive intestinal
polypeptide immunoreactive nerves were increased and a proportion of the fibres were moderately
coarsened. Mucosal concentrations of vasoactive intestinal polypeptide did not, however, exceed
that of controls. After an ileal reservoir sufficient reserve remains for gut hormone release into the
circulation, suggesting compensation for the presence of a reservoir and the absence of a colon;
circulating hormone changes do occur but are consequent upon previous ulcerative colitis.
Reservoirs may show neuromorphologic alterations that appear to be related to mucosal
inflammation.

Recent advances in the surgical management of
ulcerative colitis now give patients who require
colectomy the option of having intestinal continence
restored. Although two different surgical techniques
have been developed to achieve this goal, both share
the common feature of creating a permanent internal
pouch from distal ileum. In the first procedure, the
continent ilcostomy or Koch pouch, an abdominal
small bowel reservoir and nipple valve is constructed
from 45 cm ileum, primarily for patients who have
previously undergone proctocolectomy.' Stool is
emptied from the pouch at regular intervals by
catheter intubation. Alternatively, in the second
procedure, the pelvic pouch, all but a few centimetres
of colon is removed and a mucosal proctectomy or
Aidre.ss for correspondcnce: L)r G R Greenherg, 6356, Medical Sciences BIdg.
Uiii versity of orotito, Toronto. Onitario, Canada MSS A8.
Acrepted tor publication 4 April 1989.

stripping of the remaining rectal mucosa is under-
taken. A small bowel pouch is then constructed in
the pelvis and the distal end anastomosed to the anus,
thus maintaining intestinal continuity. Both pro-
cedures eliminate the need for an appliance and after
several surgical modifications, complication rates are
acceptably low and patient satisfaction generally
high.3

Notwithstanding these encouraging clinical
results, up to half of patients may develop within the
ileal reservoir, histological abnormalities that include
chronic inflammation with subtotal villous atrophy.4
Similar changes in the proximal intestine, as for
example in coeliac disease, cause several abnormali-
ties in digestive functions, partly because of altera-
tions in gastrointestinal hormone release.5 In the
ileum and colon, many of the gut hormones also play
integral roles in the regulation of secretory, motor,
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metabolic and trophic functions of the gut, yet the
possible effects of an ileal reservoir, with or without
inflammation, on gut hormone profiles are unknown.

Therefore, in the present study, the circulating gut
hormone responses to a standardised meal were
determined in patients who had undergone one of the
two types of ileal reservoir procedures. To ensure
that differences would not be consequent upon the
absence of a colon or previous active colonic inflam-
mation, patients with conventional ileostomy and
those with active ulcerative colitis were also studied.
In addition, the immunocytochemical distribution
and concentrations of gut peptides, that included
vasoactive intestinal peptide, were assessed on
mucosal biopsies obtained from ileal reservoirs. The
particular interest in vasoactive intestinal polypep-
tide stems from observations that a subgroup of ileal
reservoir patients develop acute ulceration of
unknown aetiology within the pouch (pouchitis) and
coarsening of nerve fibres containing vasoactive
intestinal polypeptide has been described in
abnormal intestine of other idiopathic inflammatory
bowel diseases, notably Crohn's disease.6

Methods

SUBJ ECTS
Five groups each comprised of eight subjects partici-
pated in the meal study. Included were patients with
(i) active ulcerative colitis in whom pancolitis was

diagnosed by endoscopy and histology, (ii) a conven-
tional ilcostomy, (iii) a continent ileostomy or Koch
pouch constructed from 45 cm ileum, (iv) a pelvic
pouch of the J-shape type constructed from 40 cm

ileum, and (v) healthy control subjects without a
previous history of gastrointestinal disease. All 24
postoperative patients had undergone colectomy for
pathologically proven ulcerative colitis and studies
were performed at least three months after their last
abdominal operation. None had had a previous small
bowel resection. Before the meal study all medica-
tions were discontinued with the exception of
prednisone (mean daily dose of 25 mg) in the group
with active ulcerative colitis. Table 1 summarises the
clinical features of each patient group.

On separate occasions endoscopic evaluation and
biopsies were obtained in 27 patients with either a
Koch pouch or pelvic pouch, 15 of whom had also
undergone test meal studies. The patients were
categorised as to whether the pouch was normal
endoscopically and on conventional histology (Koch
pouch n=6; pelvic pouch n=9) or whether there was
endoscopic and histological pouchitis (Koch pouch
n=6; pelvic pouch n=6). In those patients who also
had participated in the test meal study pouchitis was
identified in three patients with a Koch pouch and
four patients with a pelvic pouch. For comparison,
mucosal biopsies were taken at the time of colono-
scopy from the terminal ileum of six patients without
intestinal inflammation. These patients had either
carcinoma of the colon or a colonic adenomatous
polyp. The research protocols were approved by the
Human Experimentation Committee, University of
Toronto on 15 July 1982 and informed consent was
obtained from each subject.

DESIGN
All subjects fasted overnight and then ingested a

palatable standardised test breakfast composed of
orange juice, two eggs, toast and jam (18 g protein,
22 g fat, 66 g carbohydrate, 530 calories). During
each meal study, blood samples were taken at -30,
-15, 0, 15, 30, 45, 60, 90, 120, 150, and 180 min
through an indwelling catheter placed in an ante-
cubital vein. All blood samples were taken into tubes
containing 500 KIU of aprotinin (Trasylol, FBA
Pharmaceuticals, Pointe Claire, Quebec, Canada)
per ml of blood and 10 U heparin, immediately
centrifuged and the plasma deep frozen at -20°C
until hormone determinations were performed.

Biopsy samples were taken through an Olympus
CFP 10 L colonoscope with FB-24U biopsy forceps.
Two biopsies were placed in Bouin's solution for a
period not exceeding 90 min and then transferred to
absolute ethanol until processed for morphological
analysis. Two further biopsies were weighed and
placed in 0-5 ml 0-5 M acetic acid for extraction and
subsequent determination of protein and hormone
concentrations.

Table 1 Clinical features ofpatient groups*

Ulcerative Conven1tional
Cottrolts (olitis ileaostony Koch pouch Pelvic pouch

Age (yr) 32 (22-58) 36 (22-61) 39 (20-56) 37 (21-49) 38 (20-56)
Sex (m/f) 5/3 4/4 5/3 5/3 5/3
Weight (kg) 62.7 (535- 88.0) 68.5 (545-102.0) 5666(45 5-68.1) 69.3 (550-70.8) 61.5 (39.6-71.4)
Postoperative time (mo) - - 33 (7-38) 31 (9-70) 11 (4-2t))
Stool weight (g/24 h) 574(479-631) 683(54(0-836) 718(489-994)

*Values gisen are mean and range.
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Internal reservoirs and gut hormones

LABORATORY PROCEDURES

Blood glucose was measured by the glucose oxidase
method using standard automated techniques
(Beckman glucose analyser method II). Plasma
hormone concentrations were measured by specific
radioimmunoassays described in detail previously for
gastrin,7 motilin,' gastric inhibitory polypeptide,9
insulin,9 pancreatic glucagon,9 pancreatic polypep-
tide,"' vasoactive intestinal polypeptide,9 and entero-
glucagon.9 The vasoactive intestinal polypeptide
antiserum, V-9, is directed more towards the central
sequence of vasoactive intestinal polypeptide but
reacts with the whole molecule." Plasma entero-
glucagon (glucagon-like immunoreacpivity of
intestinal origin) was derived by subtraction of values
obtained using an antibody (RCS5) specific for
pancreatic glucagon' from values obtained using
antibody K4023 (Novo Research Institute, Copen-
hagen, Denmark) which has been shown to give
linear dilution curves with crude pork gut glucagon-
like immunoreactants and with purified gut
glucagon-like immunoreactants.12 The values are

expressed as equivalents of glucagon. Neurotensin
was measured by radioimmunoassay following the
methods of Blackburn and Bloom'3 using a
C-terminal directed antibody (Cambridge Research
Biochemicals Ltd, New York, New York) at a final
dilution of 1:45 000. Synthetic neurotensin was
iodinated by the lactoperoxide technique and the
[" 5I-labelled tracer was purified by gel permeation
chromotography to a specific activity of 1.7 nCi/fmol.
The assays were capable of detecting the following
plasma changes with 95% confidence: gastrin
2 pmol/l, gastric inhibitory polypeptide 3 pmol/l,
motilin 3 pmol/l, pancreatic polypeptide 2 pmol/l,
insulin 5 pmol/l, pancreatic glucagon 2 pmol/l, en-

teroglucagon 5 pmol/l, neurotensin 4 pmol/l, and
vasoactive intestinal polypeptide 2 pmol/l and
showed no crossreaction with each other or any of
the other known hormones.

Biopsies were weighed, placed in 0-5 ml 0-5 M
acetic acid and boiled in a water bath for 10 minutes.
Solids were removed by centrifugation and the super-
natants stored at -20°C for subsequent analysis.
Protein concentrations were measured on super-
natant aliquots of 100 Ill by the Bio-Rad method
(Bio-Rad, Richmond, California) with bovine serum
albumin used as a standard. Vasoactive intestinal
polypeptide and neurotensin were measured by
radioimmunoassay on aliquots not exceeding 25 iil of
neat supernatant. Each sample was assayed in
duplicate and at three different dilutions. Hormone
concentrations are expressed as pmol/g wet weight
tissue and pmol/mg extracted protein.

Biopsy samples for morphological analysis were
dehydrated and embedded in wax. Conventional

Table 2 Characteristics ofantiseralantibodies for
immunocytochemistry

Peptide Source Specificity Species Dilution

Neurotensin RPG C-terminal Mouse 1:100 tcm
VIP RPG N-terminal Mouse Neat tcm
Enteroglucagon Gregor (Berlin) N-terminal Mouse 1:100 tcm
PYY Polak (London) N-terminal Rabbit 1:1000 serum

RPG: regulatory peptide group; tcm: tissue culture supernatant.

histologic sections were stained with haematoxylin-
eosin and mounted for assessment of inflammatory
changes. For immunocytochemistry, serial 5 [i
sections were immunostained with antisera/anti-
bodies (Table 2) to neurotensin, vasoactive intestinal
polypeptide, enteroglucagon, and peptide YY'4
localised by the biotin/avidin method. The number
of immunoreactive cells/mm epithelium, cell size
([tm2), and mucosal depth (mm) were calculated
with a videoplan/MOP (Zeiss, Canada) morpho-
metrics system.

STATISTICAL ANALYSIS
Values are given as the mean (SEM). The post-
prandial integrated response for each hormone was
calculated as described previously.9 Statistical
significance was determined by use of Student's t test
for paired values to assess the significance of differ-
ences within groups for parameters with normal
distribution and the Mann-Whitney U-test for
parameters with a skewed distribution. Differences
between groups was tested by ANOVA. When
ANOVA was significant, the differences between
two groups was examined by the Newman-Keuls
technique. A p value of 0-05 or less was considered
significant.

Results

MEAL STUDIES
Mean basal (fasting) plasma concentrations, peak
postprandial rise and integrated postprandial
responses for blood glucose and for each of the gut
hormones measured during the meal studies are
given in Table 3. Values are expressed as mean
(SEM).
GASTRIN AND MOTILIN
The fasting, peak postprandial and integrated release
of plasma gastrin were equivalent in both groups with
continent reservoirs and not significantly different
from controls (Fig. 1) or from ulcerative colitis
patients and those with conventional ileostomy
(Table 3). By contrast, as shown in Figure 2 basal
plasma motilin concentrations in Koch and pelvic
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Table 3 Hormone release and blood glucose in patient
groups

Conven-
Ulcerative tional Koch Pelvic

Controls colitis ileostomny pouich1 pouichI

Gastrin
B 5(1) 10(2) 8(3) 8(1) 9(2)
P 42 (7) 40 (6) 54 (13) 39 (5) 49 (13)
IR 4.5(0.9) 3.9(0.5) 5.0-(1.2) 3.9(0.7) 5.1 (1.5)

Motilin
B 35 (7) 89 (18)t 92 (17)t 103 (25)t 90 (18)t
P 50(9) 1(K0(15)t 108(15)t 143(30)t 131 (25)t
IR -1.3 (0.7) -3.4 (1.6) -2.7 (1.9) -1.0 (1.6) -1.9 (1.8)

GIP
B 15 (3) 16 (3) 17 (4) 12 (5) 12 (3)
P 40(2) 79(7)t 66(9)t 86(7)4 71 (4)4
IR 3.0 (0.4) 6.9 (0.9)t 4-8 (0(78)t 6 4 (0.5)t 6-4 (0.7)4
Enteroglucagon
B 9 (2) 24 (3)4 15 (2) 16 (2) 16 (2)
P 31 (7) 47 (7)t 31 (3) 26 (2) 29 (3)
IR 2-3 (0-7) 2-2 (0.7) 1-7 (0.4) 1-3 (0.2) 1.5 (0.4)
Neurotensin
B 7 (2) 9 (2) 8 (2) 7 (1) 6 (1)
P 20 (3) 23 (4) 19 (2) 16 (3) 20 (3)
IR 1-7 (0.3) 2-2 (0.5) 1-5 (0.3) 1-4 (0.3) 1-8 (0.45)

Pancreatic polypeptide
B 14 (4) 19 (4) 25 (7) 18 (5) 14 (2)
P 179 (30) 225 (33) 185 (26) 149 (18) 157 (24)
IR 19 (4.0) 20 (4.3) 20 (3.8) 15 (2.3) 15 (2.7)

Insulin
B 35(6) 54(14) 30(8) 38(4) 32(11)
P 551 (87) 575 (94) 465 (74) 511 (38) 496 (87)
IR 46 (9.3) 41 (5.6) 33 (5.0) 40 (3.1) 45 (9.4)

Glucose
B 4.5(0.3) 3.9(0.2) 4-1 (0.2) 4.4(0.2) 4-8X(0)4)
P 7.0 (0.5) 7.5 (0.9) 6.1 (0.5) 7.2 (0(2) 7.3 (0(6)
IR 113 (32) 280 (67)* 100 (34) 196 (33) 193 (48)

Hormone levels (B: basal; P: peak response) given as pmol/l (mean
(SEM)); blood glucose concentrations given as mmol/l (mean
(SEM)). Integrated incremental response (IR) over 18(1 min with
hormones as nmol/l and glucose as mol/l (mean (SEM)). Statistical
significance versus controls: *p<)-)5; tp<)t-)1; *p<t).-M)1.

pouch patients and in conventional ileostomists and
ulcerative colitis patients were significantly higher
than controls (p<O01 for each patient group). After
ingestion of the meal, the early rise of plasma motilin
was greater in absolute terms for all patient groups
but the incremental elevation and the integrated
response were not different from controls (Table 3).

GASTRIC INHIBITORY POLYPEPTIDIE, INSUILIN,
AND GLUCOSE
Mean basal plasma gastric inhibitory polypeptide
concentrations in all patient groups were equivalent
to controls (Table 3). After the meal, a significantly
greater peak postprandial rise and integrated release
of plasma gastric inhibitory polypeptide occurred in

60 _
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2
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C

30h

20 _-

u L- pTestmeal
-30 0 30 60 90 120 150 180

Time (min)
Fig. 1 Plasma gastrin response to a test vvzeal int Koch pouch
and pelvic pouch patients.

patients with a Koch pouch (p<0-()1) or pelvic
pouch (p<O0-O) than in control subjects (Fig. 3).
Similar significant postprandial plasma gastric inhibi-
tory polypeptide rises were observed in ulcerative
colitis patients (p<0-001) and patients with a conven-
tional ileostomy (p<O-(01) compared with controls
(Table 3). Notwithstanding these differences in the
meal gastric inhibitory polypeptide response, fasting
and postprandial rises of plasma insulin in both
groups with ileal reservoirs (Fig. 4, upper panel) and
in conventional ileostomists and ulcerative colitis
patients (Table 3) were similar and equivalent to
controls. Fasting and peak postprandial plasma
glucose concentrations were also similar in all post-
operative groups compared with controls (Fig. 4,
lower panel and Table 3). In ulcerative colitis
patients, however, the postprandial plasma glucose
rise was somewhat more prolonged, and thus the
integrated response was significantly greater
(p<O-05) than in control subjects (Table 3).

ENTEROGLUCAGON AND NEUROTENSIN
Ulcerative colitis patients had significantly (p<0-001)
greater mean basal enteroglucagon concentrations of
24 (3) pmol/l as compared with control subjects with
values of 9 (2) pmol/l (Fig. 5). The postprandial
elevation of enteroglucagon was also greater in
absolute terms in ulcerative colitis patients but was
proportionally similar to controls. By contrast, in
both groups with an ileal reservoir (Fig. 5) and
in patients with a conventional ileostomy (Table 3),
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Fig. 2 Plasmna motilin response to a test meal in patients
witll conventional ileostomy and active ulcerative colitis
(upper panel) and in Koch pouch and pelvic pouch patients
(lower panel).

mean basal and postprandial enteroglucagon levels
were equivalent to controls. There were no signifi-
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Fig. 3 Plasma gastric inhibitory polypepuide response to a
test meal in Koch pouch and pelvic pouch patients.

cant differences in basal or postprandial plasma
neurotensin concentrations between ulcerative
colitis patients, or the postoperative groups and
controls (Table 3).

PANCREATIC POLYPEPTIDE, PANCREATIC

GLUCAGON, AND VASOACTIVE INTESTINAL
POLYPEPTIDE
Fasting and postprandial plasma concentrations of
pancreatic polypeptide in all patient groups did not
differ significantly from those of controls (Table 3).
In control subjects, basal plasma pancreatic glucagon
concentrations were 5 (2) pmol/l and basal vasoactive
intestinal polypeptide concentrations were 4 (1)
pmol/l; there was no increment of either hormone
after ingestion of the meal. Equivalent values were
observed for pancreatic glucagon and vasoactive
intestinal polypeptide in ulcerative colitis patients
and in all postoperative groups.

MORPHOLOGIC STUDIES

Immunohistochemistry
Continent reservoir patients with pouchitis irrespec-
tive of origin (Koch pouch or pelvic pouch) showed a

ni

1
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Fig. 4 Plaismya insulin (uperI)epaniel), and plasmna glucose
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significant decrease in the number and size of entero-
glucagon, neurotensin, and peptide YY cell types
(Fig. 6, Table 4). By contrast, there was a moderate
increase in vasoactive intestinal polypeptide
immunoreactive nerve fibres associated with the
epithelium and a proportion of these nerve fibres
were notably coarse (Fig. 7). The mucosal biopsies

Q5
c
0
CO)
cc

10
01)C7w

Time (min)
Fig. 5 Plasmca enteroglucagon response to a test meal in
patients with a Kochl Iouchl, patients with a pelvic pouch and
active ulcerative c.olitis patients.

from pouchitis patients also showed sub-total villous
atrophy and crypt hypertrophy (Table 4). In ileal
reservoir patients without pouchitis, there was no
significant difference in any of the parameters
measured, all of which were similar to control
subjects (Table 4).

Tissue content
The concentration of vasoactive intestinal polypep-
tide in both pouch groups with normal endoscopy and
conventional histology was equivalent to that in
control patients with a normal terminal ileum (Table
5). In both groups of pouchitis patients, the mucosal
vasoactive intestinal polypeptide concentrations
tended to be lower than controls but the difference
was significant (p<)-05) only in patients with a pelvic
pouch (Table 5). Mucosal concentrations of neuro-
tensin were equivalent in pouchitis patients and
normal pouch patients and the values did not differ
from those of controls (Table 5). The concentration
of extractable protein in the mucosa of patients with
pouchitis did not differ from that of the control group
or of patients with normal pouches.

Discussion

The present study has showed that after construction
of a continent ileal reservoir, basal levels and the
postprandial release of several hormones found in
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,_.!~~~~~~~~~~~~~~~~~~~~~~A ., i

Fig. 6 Left: A normal Kochl pouch stained witli antibodies to enteroglucagon localised by the atidin-biotin peroxidase
methlod and counterstained witli /laematoxylin. Note the size of the enteroglucagon-containing cells (alrrows). T/ie cells run

thlrouglh thle epitlielium from the lumen to basement membrane. Right: A similacr section from a Kochl pouch wit/i pouc/iitis.
Note the smaller size of the enteroglucagon cells (arrows).

different regions of the gut and pancreas are compar-
able with those of healthy subjects. There were,
however, certain exceptions that unexpectedly
occurred in the profiles of two upper gastrointestinal
hormones.

Basal and postprandial plasma motilin levels were
significantly increased in patients with both types
of continent reservoir. Notably, similar rises were
observed not only in the conventional ileostomy
group but also in patients with active ulcerative
colitis. These latter findings confirm previous
observations on motilin profiles by Besterman et al`
in ulcerative colitis patients and by Kennedy et all' in

subjects with an ileostomy. Raised plasma motilin
concentrations therefore appear to be a characteristic
feature of ulcerative colitis which is not reversed
either by removal of the diseased colon or by
restoration of continence. This concept is supported
by our preliminary studies in familial polyposis
patients who have undergone an ileal reservoir where
basal concentrations of plasma motilin are normal
(unpublished observations). Several lines of
evidence now suggest that motilin is an important
peptide modulator of intestinal motor activity.
Plasma concentrations of motilin cycle with, and can

initiatc,s interdigestive migrating motor complexes.

Table 4 Morphological quantification

Neurotensini Enteroglhcagoni Peptilde YY C'ell area Mucosal (dep(th1
Samttple (c/17111- (/1t? C/ti - t1- MM1

Control ileum 22 (2) 29 (3) 23 (2) 11 (0.6) 0.6 (0.01)
Normal Koch 25 (3) 33 (1) 24 (2) 9 (0.7) 0.6 (0.02)
Normal pelvic 24 (4) 25 (1) 19 (4) 11 (0.4) 0(5 (0.04)
Koch pouchitis 9(2)* 11 )t 6 (1)t 6 (0.2)* 0.4 (0.05)
Pelvic pouchitis 8 (2)t 8 (1 )t 4 (1 )t 5 (0. 1)1 0(4 (0(02)

Statistical significance versus controls: *p<0.05; tp<00(1.
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Fig. 7 Left: A normal Koch pouch stained with antibodies to tasoactit'e intestinal poly)eeptide localise(l 1) tiefluorescein
method. The nertefibres around tle blood tessel and in thle mucosa are fine varicose fibres (alrrows). Right: A si,lnilr se.ctiont
from a Kocli pouclh wit/ pouchitis. Note thlat tl/efibre.s appear moder-ately (coarsene(land the v'arico.site.s latgerl titat in tile
normal pouch.

Furthermore, infusions of motilin enhance gastric
emptying' and reduce small intestinal transit time.s
Thus, raised plasma concentrations of motilin could
contribute to the accelerated intestinal transit which
has been described in both ulcerative colitis patients
and in certain patients with continent reservoirs."

Although circulating concentrations of peptide YY
were not determined in the present study, low basal
plasma PYY concentrations have been recently
reported in patients who have had a previous pro-

tocolectomy. " As PYY is putative candidate for
the regulation of the 'ileal brake' mechanism

diminished plasma levels of PYY may operate in

concert with raised plasma motilin concentrations to
facilitate the enhanced intestinacl motor activity
observed in continent reservoir patients.
Whereas basal and postprandial glucose and

insulin levels were normal, mean plasma galstric
inhibitory polypeptide increments after ingestion of a

meal were substantially greater in ileal reservoir

Table 5 Peptide content in mucosal biop.sies

Koch p)ouiChi P/lviti P)im(h

Controls Norttzal lnflatnwd Normal InJlamtod

Vasoactive intestinal polypeptide
pmol/mg protein 44(0(8X)'.X (1 1) 2.7 (0.7) 31)(0)8)2X2 ()
pmol/gwetwseight 178(32) 121 (47) 117(30) 126(34) 92 (20)*
Neurotensin
pmol/mg protein 0(7 (0.2) (0. (0.2) 0(4 (0.1) 0(. (0)2) 0*5 ((03)
pmol/g wet weight 28(8) 22(7) 17(4) 21(6) 21 (9)

Statistical significance cersuscontrols: *p<0.05.
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patients. The same magnitude of rise in postprandial
gastric inhibitory polypeptide also occurred in ulcera-
tive colitis patients, howcver, and we have previously
noted a similar pattern of higher gastric inhibitory
polypcptide responses after a meal in patients with
Crohn's disease.' In accord with the results of this
study, Besterman et al"' also found that circulating
gastric inhibitory polypeptide concentrations are
greater in ulcerative colitis patients. Therefore, as
with motilin, the enhanced gastric inhibitory poly-
peptide response we observed in ileal reservoir
patients seems to be associated primarily with a
history of inflammatory bowel disease. The factors
that account for this finding are not entirely clear. A
failure of the proposed insulin feedback on gastric
inhibitory polypeptide release is unlikely because
insulin levels were normal. Raised motilin concentra-
tions might play a role since clinical settings associa-
ted with acccierated gastric emptying can result in
greater plasma gastric inhibitory polypeptide
responses.2' This dissociation between gastric
inhibitory polypeptide and insulin levels has been
observed after jejunoileal bypass24 and leads to the
conclusion that incretins apart from gastric inhibitory
polypeptide exist, likely located in the distal small
intestine. Whether higher gastric inhibitory poly-
peptide concentrations in our patients reflect a
compensatory rise in response to a selective reduc-
tion of an unidentified circulating incretin arising
from the ileum remains to be determined. Nonethe-
less, our results do indicate that in ileal reservoir
patients, the enteroinsular axis is well preserved
without abnormalities in the enteric regulation of
glycemia.

In agreement with previous studies,4 histopatho-
logical assessment of mucosal biopsies taken from
ileal reservoirs demonstrated abnormalities in nearly
one-half of patients. The type of reservoir (Koch
pouch or pelvic pouch) did not influence these
findings. Although morphological reductions in
enteroglucagon and neurotensin cell types were
observed within inflamed pouch mucosa, basal and
postprandial plasma concentrations of both peptides
were normal in all of the ileal reservoir patients.
Thus, there appears to be sufficient ileal reserve in
distal gut hormone release that compensates for and
adapts to not only the loss of a colon but also the
construction of an ileal reservoir.
The pathogenesis of the acute mucosal inflamma-

tory changes associated with pouchitis has not been
entirely elucidated. A portion but not all patients
respond to antibiotics. and yet there is no evidence to
support the presence of a stagnant loop syndrome.4
Selected patients with pouchitis exhibit an endo-
scopic appearance within the reservoir that may
resemble Crohn's disease and morphologic abnor-

malities in ViPergic nerves that include increased
numbers and fibre coarsening have been described in
intestinal mucosa involved with Crohn's disease." We
have found an increase in the number of vasoactive
intestinal polypeptide-immunoreactive fibres associ-
ated with the epithelium in patients with pouchitis.
Although this increase was not as marked as that
which occurs in patients with Crohn's disease, an
additional notable feature was a moderate thickening
of a proportion of the fibre bundles supplying the
epithelium. The vasoactive intestinal polypeptide
concentrations measured in the mucosal extracts
from the pouchitis patients were, however, if any-
thing decreased when compared with normal sub-
jects. This discrepancy between the histologic picture
and the vasoactive intestinal polypeptide tissue con-
tent has also been reported in Crohn's discase"&" and
might be explained by edematous mucosa associated
with the inflammatory changes. The mechanisms that
account for these neuromorphological changes in
pouchitis are not entirely clear but probably reflect
the effects of mucosal inflammation rather than any
direct association with Crohn's disease.

In conclusion, basal and postprandial gut endo-
crine responses in patients with ileal reservoirs are
well maintained. Rises in plasma motilin and gastric
inhibitory polypeptide concentrations in continent
reservoir patients appear to be a residual conse-
quence of ulcerative colitis. Neuromorphologic
changes do occur within ileal reservoirs of some
patients that corresponds with, and are likely a non-
specific effect of, mucosal inflammation. Though gut
hormones are representative of only one functional
parameter, our findings suggest that the presence of a
continent reservoir (and absence of a colon) do not
compromise digestive functions of the gut.
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