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Abstract Ileal pouch-anal anastomosis (IPAA) is the
operation of choice following proctocolectomy for patients
who suffer from ulcerative colitis and familial adenoma-
tous polyposis. The aim of this study was to morphologi-
cally examine the neurons, endocrine cells and mast cells
in the ileum of rats subjected to proctocolectomy followed
by three different types of ileoanal anastomosis. Rats were
subjected to either sham operation or proctocolectomy
followed by ileoanal anastomosis end-to-end, side-to-end
or IPAA (J-pouch). In comparison to sham-operated rats,
the body weight was reduced in rats that underwent proc-
tocolectomy with end-to-end or side-to-end, but not IPAA
procedure. In all three models of ileoanal anastomosis, the
ileum displayed crypt hyperplasia with a chronic inflam-
matory infiltrate located in the interstitium, hyperplasia of
goblet cells, but reduced protein gene product 9.5 (PGP
9.5)-immunoreactive neurons in the mucosa as well as
submucosa. Numbers of endocrine cells in the mucosa
(chromogranin A immunostaining) and mast cells in the
mucosa and submucosa (Astra blue staining) were
unchanged after proctocolectomy. In conclusion, neurons,
but neither endocrine cells nor mast cells, were reduced in
the ileum of proctocolectomized rats followed by either of
three different types of ileoanal anastomosis.
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Introduction

Proctocolectomy is a definitive therapy for ulcerative colitis,
reducing symptoms and removing the risk of colonic adeno-
carcinoma. Proctocolectomy with end ileostomy or continent
ileostomy (Kock pouch) was the common procedure. As
clinical experience accumulated, ileal pouch-anal anastomo-
sis (IPAA, J-pouch) has become the most common operation
up to date. Potential complications after the surgery are pelvic
sepsis, intestinal obstruction, fistulas and pouchitis [1-3].
Pouchitis, which is a symptomatic inflammation in the res-
ervoir, is the most frequent complication. In the long term,
40-50 % of the IPAA patients have one or more episodes of
pouchitis [4—12]. Severe pouchitis may be accompanied by
disabling symptoms and sometimes requiring proximal faecal
diversion or reservoir removal [2, 13].

Dysplasia in the reservoir and carcinoma in the ileal
pouch mucosa have been described [14-17]. Chronic
inflammation displaying persistent severe atrophy in the
pouch mucosa has been suggested to be at an increased risk
for development of neoplastic transformations in the res-
ervoir [15], although others reported that the risk of
developing dysplasia and cancer might be low [17, 18].

The mechanisms behind the developments of pouchitis
and of dysplasia have been studied mostly in man with
respect to inflammatory mediators, adhesion molecules,
matrix metalloproteinases, substance P, vasoactive intesti-
nal polypeptide, neutrophils and mast cells, but not yet
neurons and endocrine cells [19-25]. In the present study,
we wanted to establish animal models of pouchitis in rats
that underwent proctocolectomy followed by three types of
ileoanal anastomosis, i.e., end-to-end (EEA), side-to-end
(SEA) and IPAA, and then examine the ileum with focus
on morphological changes in inflammation, neurons,
endocrine cells and mast cells.
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Materials and methods
Animals and experimental groups

Male Sprague-Dawley rats were purchased from Mglleg-
aard (Skensved, Denmark), and housed in plastic cages (4
in each cage) under controlled conditions: 12 h/12 h light/
dark, 20 °C and 40-60 % humidity. They were fed a
standard rat food pellets (B&K universal, Norway) and had
access ad libitum to filled tap water.

Forty rats were randomly divided into four groups: sham
operation (controls), proctocolectomy with EEA, SEA, and
IPAA (J-pouch) (Fig. la—c). Animals were operated and
killed at 1 month postoperatively under anaesthesia with a
subcutaneous injection of 0.02 ml/kg of a solution con-
taining 2.5 mg/ml fluanison, 0.05 mg/ml fentanyl (Tamson
Animal Health, Buckinghamshire, UK) and 1.25 mg/ml
midazolam (Alpharma AS. Oslo, Norway). The animal

Fig. 1 Surgical drawing of rat A
models of proctocolectomy with
end-to-end ileoanal anastomosis
(EEA) (a), side-to-end ileoanal
anastomosis (SEA) (b) and ileal
J-pouch-anal anastomosis
(IPAA) (c), and body weight at
1 month postsurgery (d).

Mean + SEM, *p < 0.05,

**p = 0.01; NS not significant
in comparison with sham-
operated controls

End-to-End (EEA)

experiment was performed after approval by the Norwe-
gian National Animal Research Authority.

Histology and immunohistochemistry

At euthanization, the tissue samples (ileum) were taken
at 0.5-1 cm proximal to the ileocecal valve [26] and
fixed in 4 % paraformaldehyde for 12 h at 4 °C. For-
malin fixed samples were dehydrated and embedded in
paraffin. Sections were cut at 4 pm thickness in a
microtome and thawed onto Poly-L-Lysine-coated glass
slides and allowed to dry over night. Goblet cells were
stained by Periodic acid-Schiff (PAS) method. The
sections were then incubated with periodic acid (Ban-
croft) for 2 min. After rinsed in distilled water the sec-
tions were incubated with Schiff’s reagent for 8§ min and
then rinsed in running tap water at 37 °C for 15 min.
Sections were then incubated in hematoxylin for 2 min,
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Fig. 2 Representative
micrographs of ileums after
sham-operated (a),
proctocolectomy with end-to-
end ileoanal anastomosis (EEA)
(b), side-to-end ileoanal
anastomosis (SEA) (c) and ileal
J-pouch-anal anastomosis
(IPAA) (d), H&E staining. Bars
100 pm

rinsed in water for 5 min and then mounted in Assistent-
Histokitt mounting media (Germany). Neurons and
endocrine cells were examined by immunohistochemistry
with antisera against PGP 9.5 and chromogranin A [27].
Immunohistochemistry was performed by the avidin—
biotin complex (ABC) method using commercially
available Vectastain® ABC kit (Vector Laboratories Inc.,
CA94010, USA). Slides were first dewaxed in xylen and
rinsed in graded alcohol and then rehydrated in distilled
water. Thereafter, antigen retrieval was performed using
a commercial pressure cooker, boiling the sections for
1 min in 0.01 M citrate buffer (pH 6.0). Endogenous
peroxidase activity was then blocked with 0.3 % hydro-
gen peroxide applied on the sections for 30 min and then
rinsed in water for 5 min and washed in PBS buffer for
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5 min. The sections were then incubated with normal
serum from the ABC kit for 30 min and then incubated
overnight with primary antisera: PGP 9.5 (code no.
75116, DAKO, Denmark) in a final dilution of 1:30 and
chromogranin A (code n0.20086, DAKO, Denmark) in a
final dilution of 1:500. The primary antibodies were
diluted in PBS containing 0.25 % Triton X-100 and
bovine serum albumin and incubated overnight at 4 °C.
After washing in PBS for 10 min, the sections were
incubated with a biotinylated antibody from the ABC-kit
for 30 min, and then rinsed in PBS for 10 min and
incubated with the ABC reagent for 30 min. After
washing in PBS for 10 min the sections were incubated
with 3-amino-9-ethylcarbazole (AEC, Vector Laborato-
ries) as chromogen. The section was rinsed in water and
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Fig. 3 Representative
micrographs of PAS staining in
rats subjected to sham operation
(a), proctocolectomy with end-
to-end ileoanal anastomosis
(EEA) (b), side-to-end ileoanal
anastomosis (SEA) (c) and ileal
J-pouch-anal anastomosis
(IPAA) (d). Note: example
goblet cells indicated by arrows
in a and d. Bars 50 pm.
Numerical density (e) in rats
subjected to sham operation,
EEA, SEA and IPAA.

Mean + SEM, **p < 0.01,
*#%p = 0.001 in comparison
with sham-operated controls
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counter-stained with hematoxylin for 1 min and rinsed in
water for 5 min before mounting in mounting media
(PBS:glycerol,1:4, DAKO) and examination under light
microscope (Zeiss, Germany). The mast cells in mucosa
and submucosa were stained with Astra Blue. Samples
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were incubated with Carnoy fixative for 2 h and then
kept in 80 % alcohol overnight, dehydrated, paraffin
embedded and then cut at 4 pm thickness in a micro-
tome and thawed onto Poly-L-Lysine-coated glass slides
and kept in a heating shelter over night at 37 °C to dry.
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Fig. 4 Representative micrographs of PGP 9.5 immunostaining in
rats subjected to sham operation (a), proctocolectomy with end-to-end
ileoanal anastomosis (EEA) (b), side-to-end ileoanal anastomosis
(SEA) (¢) and ileal J-pouch-anal anastomosis (IPAA) (d). Bars
50 um. Note: example neurons indicated by arrows in a. Bars 50 pm.
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Volume density in the mucosa (e) and in the submucosa (f) in rats
subjected to sham operation, EEA, SEA, and IPAA. Mean + SEM,
*#p < 0.01, ***p =0.001 in comparison with sham-operated
controls
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Fig. 5 Representative
micrographs of chromogranin A
immunostaining in rats
subjected to sham operation

(a) and ileal J-pouch-anal
anastomosis (IPAA) (b). Note:
endocrine cell in the mucosa
indicated by arrows in a and

b. Bars 50 pm. Numerical
density in the mucosa (c) in rats
subjected to sham operation, in
rats subjected to sham operation
(Sham), proctocolectomy with
end-to-end ileoanal anastomosis
(EEA), side-to-end ileoanal
anastomosis (SEA) and IPAA.
Mean £+ SEM, NS not
significant in comparison with

A

sham-operated controls C NS
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Sections were incubated with 1 % Astra blue solution
(pH 0.3) for 30 min, rinsed two times in 0.7 M HCI to
decrease the background colour, and then counter-stained
with 0.5 % Safranin O in 0.125 M HCI and mounted in
Assistent-Histokitt mounting media (Germany).

All sections were examined under the light microscope
(Zeiss) and minimum 5 randomly selected fields displaying
full wall thickness were selected for morphometrical ana-
lysis. The number of immunoreactive cells at magnification
10x or 40x was counted and expressed as number of cells
per visual field or volume density in percentage of the
mucosa and submucosa.

Statistical analysis
The values are expressed as mean == SEM. Statistically
significant difference between sham-operated control and

each of proctocolectomy procedures (EEA, SEA or IPAA)
was determined by a one-way ANOVA followed by
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Dunnett’s test using SPSS version 15.0 (SPSS Inc., Chi-
cago, IL, USA). A p value of <0.05 was considered sta-
tistically significant.

Results

In comparison with sham-operated control rats, rats that
underwent proctocolectomy with EEA or SEA, but not
IPAA, had less body weight (Fig. 1d). The rats with less
body weight suffered from diarrhoea.

The proctocolectomized rats with EEA or SEA showed
mild villous atrophy and numerous immune cells in the
lamina propria in the area adjacent to the anastomosis. In
IPAA rats, there was severe villous atrophy, mild crypt
hyperplasia with a chronic inflammatory infiltrate located
in the interstitium. Some neutrophils scattered around in
the lamina propria were seen. The glandular structures
were not infiltrated with immune cells. Muscularis propria
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Fig. 6 Representative
micrographs of Astra blue
staining in rats subjected to
sham operation (a) and ileal
J-pouch-anal anastomosis
(IPAA) (b). Note: mast cells in
the mucosa and submucosa g =
indicated by arrows in a and
b. Bars 50 pm. Numerical
density in the mucosa (c¢) and
the submucosa (d) in rats
subjected to sham operation,
proctocolectomy with end-to-
end ileoanal anastomosis
(EEA), side-to-end ileoanal
anastomosis (SEA) and IPAA.
Mean + SEM, *p < 0.05; NS
not significant in comparison
with sham-operated controls
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was increased. The IPAA rats displayed macroscopic
changes with great dilatation of the ileum proximal to the
anastomosis (Fig. 2a—d). The ileal reservoir of IPAA con-
tained large amounts of faeces.

The goblet cells were increased in all proctocolectom-
ized rats (Fig. 3). The volume density of PGP 9.5-positive
neurons in the mucosa as well as submucosa was markedly
reduced in all proctocolectomized rats (Fig. 4). The num-
ber of endocrine cells (chromogranin A-immunoreactive
cells) in the mucosa was unchanged after either procedure
of proctocolectomy (Fig. 5). The numbers of mast cells in
the mucosa as well as submucosa were unchanged after
either procedure of proctocolectomy, except for the number

Submucosa

of mast cells in the mucosa which was statistically reduced
after EEA (Fig. 6).

Discussion

This report describes rat models of three different fashions
of ileal-anal anastomoses for studying ileal mucosa adap-
tation to proctocolectomy. The proctocolectomized rats
with EEA or SEA, but not ileal J-pouch-anal anastomosis,
suffered from diarrhoea and had less body weight, which
could be explained by an adapted absorption in the
J-pouch. The histological changes including villous
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atrophy and crypt hyperplasia with mild chronic inflam-
mation were similar to the changes in the ileal mucosa in
the reservoirs of patients who do not have symptoms of
pouchitis.

Goblet cells are known to be important contributors to
the mucosal defence barrier with their secretion of the
protective sialomucin. In the present study, the IPAA
postoperative morphological changes and the increase of
goblet cells in the mucosa are in line with the observations
in patients [28-30].

PGP 9.5-immunoreactive neurons (but not PGP 9.5-
positive epithelial cells) were markedly reduced in the
lamina propria of the ileal mucosa and the submucosa,
including the submucosal nerve plexus and the myenteric
nerve plexus. Mechanisms by which the neurons in the
ileum were reduced after proctocolectomy are unknown,
but this observation is of interest in further studying the
risk of tumorigenesis in the reservoir. Very recently, we
and others have demonstrated that innervation plays an
important role in tumorigenesis in stomach [31] and pros-
tate [32], and that denervation reduces the risk of tumori-
genesis [31]. This may explain the observation that despite
of chronic inflammation in the pouch mucosa, the risk of
developing dysplasia and cancer seemed to be low proba-
bly due to the reduced neurons [17, 18]. The reduced
neurons in the ileum after proctocolectomy may not be
related to postsurgical diarrhoea as it did not occur after
IPAA. However, the role of enteric nervous system in the
functional disturbance that leads to diarrhoea should be
better studied using the whole mount sample of tunica
muscularis [33].

Endocrine cells in the intestine secrete a number of neu-
ropeptides with a wide variance of functions. In the present
study, there was no significant change in chromogranin
A-immunoreactive endocrine cells in the mucosa after
proctocolectomy. Possible functional link between the mast
cells and neurons in the mucosa as well submucosa has been
suggested [34, 35]. In the present study, the mast cells
seemed to be unaffected after proctocolectomy, which was in
line with clinical report of pouchitis [23]. The number of
mast cells in the mucosa was statistically reduced after EEA,
but it is unlikely to show any biological significance.

In conclusion, the establishment of these animal models
of proctocolectomy helps us to better understand the
postsurgical physiology and pathology. IPAA was better
procedure than EEA or SEA as it did not result in diarrhoea
and body weight loss. Neurons, but neither endocrine cells
nor mast cells, were reduced in the ileal reservoir of
proctocolectomized rats regardless of different anastomotic
procedures.
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