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Available data indicates potential effectiveness of pre-
biotic therapy in alleviating inflammation and prolong-
ing the remission in inflammatory bowel disease. Docu-
mented successes of such therapies were the basis for 
this study. So far, there is no data related to the effec-
tiveness of inulin application in symptomatic or severe 
pouchitis in humans or in animal model. The aim of the 
study was to determine the effect of inulin supplemen-
tation on the expression of intestinal inflammation and 
feeding efficiency in rats with induced pouchitis. Twenty-
four Wistar rats were operated. After induction of pou-
chitis animals were randomly divided into control and 
supplementation groups receiving, respectively, semi-
synthetic diet with or without inulin (in a lower (LD) or 
higher (HD) dose: 2.5 % or 5 % of total dietary content 
of mass) for a period of 6 weeks. Selected nutritional 
parameters were assessed throughout the study. His-
topathological and immunohistochemical analysis of 
pouch mucosa specimens was also performed. The en-
ergy intake, weight gain, feeding efficiency, quality of 
stools were comparable in all studied groups. The in-
tensity of inflammation (Moskovitz scale) and adaptive 
changes (Laumonier scale) did not differ between com-
pared groups. The tissue expression of pro- and anti-in-
flammatory interleukins (IL-1α, IL-6, IL-10 and IL-12)  was 
not different either. Inulin supplementation does not im-
prove the quality of stools or the expression of intestinal 
inflammation in rats with induced pouchitis. It has no 
impact on the intensity of pouch adaptation or on feed-
ing efficiency. 
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InTRoDucTIon

Restorative proctocolectomy carries the risk of post-
operative complications. The most common complica-
tion following construction of the intestinal reservoir is 
pouchitis, which occurs in 5–60 % of operated patients 
(Hoda et al., 2008). Typical symptoms of pouchitis com-
prise abdominal pain, loose stool mixed with mucus and 
blood, fecal incontinence and an elevated body tempera-
ture. However, diarrhea is the most difficult problem, 
since it can quickly lead to severe dehydration (Ferrante 
et al., 2008). The etiology of the inflammation in pou-
chitis is still unknown. Among the factors likely to in-
fluence its course are stasis of intestinal contents with 
subsequent proliferation of bacteria, mucosal edema and 

its loss of proteins. Additionally, a role of bile acids and 
short-chain fatty acids is considered. More commonly, 
the profile of intestinal flora and the role of both an-
aerobic and aerobic bacteria are emphasized. In support 
of this concept, the use of metronidazole in post-opera-
tive reservoir rinsing and probiotic application have been 
documented to significantly reduce both the incidence 
and severity of inflammation (Pari & Sndborn, 2006). 

Prebiotics are non-digestible food ingredients that 
can selectively stimulate the growth and activity of ad-
vantageous bacterial strains, and improve the health of 
the host by a favorable change in intestinal flora com-
position. One of the most popular prebiotics is inulin, 
a soluble polysaccharide and a part of dietary fiber. It 
stimulates growth and activity of bifidobacteria and lac-
tobacteria (Novak& Katz, 2006). Use of animal models 
dominates studies evaluating the effect of prebiotics in 
non-specific inflammation of the bowel (Hoentjen et al., 
2005; Lara-Villoslada et al., 2006). The impact of differ-
ent prebiotics (inulin, fructooligosaccharide, lactulose) 
on colitis induced by chemical substances or expressed 
under the influence of certain genetic modification has 
been evaluated. Enrichment of the diet with prebioti-
ocs alleviated symptoms and improved biochemical and 
histopathological parameters (Hoentjen et al., 2005). The 
supply of prebiotics also leads to a significant reduction 
in myeloperoxidase activity and a decline in tissue con-
centrations of inflammatory mediators TNF-α and leu-
kotriene (LTB4) (Lara-Villoslada et al., 2006).

So far, there have been only few clinical trials evalu-
ating the effect of prebiotic application in patients with 
inflammatory bowel disease (IBD). All of them cov-
ered the combination of conventional therapies with 
the supply of prebiotics showing potential interesting 
results (Lindsay et al., 2006; Leenen & Dielman, 2007). 
According to the PubMed database, only one random-
ized controlled trial evaluating the effect of prebiotics on 
the inflamed intestinal mucosa of the J-pouch has been 
published (Welters et al., 2002). Welters and coworkers 
studied a group of 20 patients with asymptomatic pou-
chitis. Patients were treated with inulin for 3 weeks with 
a dose of 24 g/day. Significant reduction in the severity 
of the disease when compared with placebo, both in the 
endoscopic and histological assessment using pouchitis 
disease activity index (PDAI), was stated. So far, there 
is no data related to the effectiveness of inulin applica-
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tion in symptomatic or severe pouchitis in humans or in 
animal model.

The experimental model of pouchitis is applicable to 
investigating several key etiologic mechanisms purport-
edly related to pouchitis and to the future development 
of new therapeutic modalities. Ileal pouch-rectal anasto-
mosis in rats is a confirmed and accepted model for the 
study of pouchitis (Lichtman et al., 1998; Shebani et al., 
2002).

The aim of the present study was to assess the effect 
of inulin supplementation on the expression of intestinal 
inflammation of the J-pouch and feeding efficiency in 
rats with induced pouchitis.

MeTHoDS

After a seven-day period of adaptation and 24-hour 
fasting, twenty-four animals underwent restorative proc-
tocolectomy with the creation of J-pouch. In all animals, 
feeding was stopped 24 hours before surgery. After 
an intraperitoneal injection of pentobarbital anesthesia 
(pentobarbital sodium, 50 mg/kg body mass) a 3–4 cm 
midline laparotomy was performed. Total proctocolec-
tomy was performed by resecting the colon and ligating 
the mesentery with 4–0 silk. The intestinal segment was 
excised from 0.1 cm proximal to the ileocecal junction. 
The rectum was resected at the level of the pelvic floor, 
with a 0.5 cm rectal stump. Small-intestine contents was 
washed with 0.9 % warm saline and a 2-cm ileal J-pouch 
was created by duplication of the distal end of the small 
intestine by a single-layer interrupted 6–0 prolene suture. 
The pouch anal anastomosis was performed with a sin-
gle layer interrupted 6–0 prolene suture. The sufficiency 
of the anastomosis was controlled by injection of 3–5 ml 
of 0.9 % warm saline through the anus. 

After one day of fasting (exclusive supply of 8 % glu-
cose solution), the animals received semi-synthetic diet 
without fiber (AIN-93) in increasing doses for 10 days 
(respectively 5, 8, 10 and 12 g/day in the following days, 
up to 25 g/day). The semi-synthetic diet AIN-93 was 
composed of casein (20 %), sunflower oil (7 %), wheat 
starch and sucrose (53.2 % and 10 %), potato starch 
(5 %), l-cystine (0.3 % ), vitamin mixture (1 %) and min-
eral mix. For the following 11 days rats received the 
same diet (up to 25 g/day). Subsequently, the inflamma-
tion of J-pouch was induced. For that purpose for the 
next 7 days all animals were administered feed AIN-93 
supplemented with fiber (in growing quantities, 1 % on 
the first day, 2 % in the second, up to a maximum of 
4 %).

Subsequently, rats were allocated by body mass and 
randomly divided into three equal subgroups (the con-
trol group and two supplementation groups). Animals 
from the control group were fed ad libitum the AIN-93 
diet for a period of 6 weeks. The high dose (HD) group 
of rats received semi-synthetic AIN-93 diet enriched in 
inulin (Hortimex, Konin, Poland) at a dose of 5 % of 
total dietary content by mass. The low dose (LD) group 
received semi-synthetic AIN-93 diet enriched in inulin at 
a dose of 2.5 % of total dietary content. The quality of 
stools, body mass gain and energy intake were assessed 
throughout the period of the study. The feeding effi-
ciency (ratio of daily energy intake to the average daily 
mass gain) was also calculated. At the end of the study 
animals were sacrificed and specimens of J-pouch mu-
cosa were obtained for histopathological and immuno-
histochemical analysis.

All surgical procedures were conducted by one quali-
fied surgeon in accordance with the guidelines of the 
European Community Council directives (86/609/
EEC) and with approval of the Local Ethic Committee 
(42/2006).

The quality of stool. For the assessment of stool qual-
ity a 5-point scale was used (1 — lack of stool, 2 — di-
arrhea, 3 — blob of stool, 4 — textured stool, 5 — nor-
mal stool). Since such an assessment was expected poten-
tially to be subjective, the observer was “blinded” (MT). 

Histopathological examination. Microscopic assess-
ment was performed according to standard histological 
techniques (hematoxylin and eosin staining). In addition 
to routine histopathological examination, the collected 
specimens were evaluated for the intensity of inflamma-
tion (Moskowitz scale) and the adaptation changes with 
intestinal villous shortening (Laumonier scale) (Sandborn 
et al., 1994).

Immunohistochemical examination. Tissue expres-
sion of selected pro- (IL-1α, -6, -12) and anti-inflammato-
ry (IL-10) interleukins was evaluated with the use of ABC 
technique (Avidin-Biotin Complex) using LSAB PLUS kit 
Kit/HRP (DakoCytomation, Glostrup, Denmark) (Nagle 
et al., 1983). Preparations were contrasted with Mayer’s 
hematoxylin. The presence or absence of cells with im-
munohistochemical reaction was assessed (assuming that 
honey-brown cytoplasm staining is equivalent to positive 
reaction). Colonic histopathological preparations of pa-
tients with active ulcerative colitis (UC) served as positive 
control. Preparations in which the addition of first anti-
body was omitted, during the immunohistochemical stain-
ing, served as a negative control.

Both histological and immunohistochemical assess-
ment was performed by a blinded histopathologist (PM).

Statistical analysis. For the parametric values means 
and standard deviations (S.D.) were calculated, while for 
the nonparametric ones  ranges (and for the quality of 
stool — 1–3 quartile) were given. For both, medians 
were provided. Statistical analysis of data was performed 
using the Kruskal-Wallis test.

ReSuLTS

The changes in energy intake, body mass and feeding 
efficiency were comparable in all studied groups (Ta-
ble 1). 

Table 1. Average body mass gain (BWG), energy intake (eI), 
feeding efficiency (Fe) and quality of stools (QS) during the sup-
plementation period of the study

Parameter
Group

HDG LDG Control

BWG (g/day)
mean ± S.D.
[median]

1.9 ± 0.6
[1.7]

1.9 ± 0.5
[1.9]

1.9 ± 0.5
[1.8]

EI (kcal)
mean ± S.D.
[median]

101.4 ± 7.1
[101.9]

102.7 ± 8.4
[99.9]

98.5 ± 8.0
[99.1]

FE (kcal/g)
mean ± S.D.
[median]

58.7 ± 20.6
[54.4]

56.5 ± 11.1
[54.7]

54.8 ± 14.4
[53.9]

QS
range
[median]

2–4
[4]

2–4
[4]

2–5
[4]
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The quality of stool during the whole study did not 
differ between studied groups  (Table 1). However, the 
quality of stool was worse in the HD group than in the 
control group in the 4th week of dietary modification 
(Table 2). 

The severity of inflammation expressed in the Mos-
kowitz scale was greater in HD than in the control 
group. The intensity of the intestinal adaptive changes 
in the reservoir as assessed by the Laumonier scale did 
not differ between the groups. The tissue expression of 
pro-inflammatory interleukins (IL-1α, IL-6 and IL-12) 
and anti-inflammatory interleukin IL-10 assayed in pouch 
samples was not different either (Table 3).

DIScuSSIon

The impact of inulin supplementation on the effec-
tiveness of feeding and induction of inflammation of 
the pouch mucosa of rats subjected to restorative proc-
tocolectomy was assessed in the study. The use of inu-
lin as a factor potentially modulating inflammation was 
suggested by the promising results obtained by Welters 
et al. (2002), who showed that the supply of inulin in as-
ymptomatic patients with pouchitis reduces the severity 
of disease as compared with placebo. However, we failed 
to document a positive impact of inulin supplementation 
on the induced pouchitis in the rat model.

Restorative proctocolectomy demands the removal 
of the entire large intestine. For a period of about 3 
months, patients are given temporary decompressive il-
eostomy. In rats, this phase of the surgical treatment is 
omitted and immediately after the operation the pouch 
is exposed to feces, which results in severe diarrhea. Fe-
ces of rats  in the present experiment underwent gradual 
normalization. However, the quality of the stool was 
worse in the HD group than in the control group in the 
4th week of dietary modification. Our results differ from 
the data obtained in the human study (Welters et al., 
2002). In 20 patients who underwent restorative procto-
colectomy, a 3-week dietary inulin supplementation did 
not change the frequency of bowel movements or the 
frequency of the presence of blood in the stool. Patients 
received 12 g of inulin twice daily, irrespective of sex or 
body mass. However, it should be noted that none of 
the patients had any symptoms of pouchitis. Therefore, 
this clinical situation was different from that analyzed 

in the present animal model. The dose of inulin in our 
study, although somewhat lower than typical for healthy 
rats, seems to be slightly higher than that applied in the 
above human study. It might have affected the qual-
ity of feces in the test groups. As an osmotically active 
substance, inulin leads to softening of fecal mass and 
in consequence changes the consistency of stool. Addi-
tionally, inulin has the ability to increase fecal mass by 
stimulating the growth of intestinal microflora. Hydro-
gen, methane and carbon dioxide appearing as a result 
of bacterial fermentation soften the stool as well. In the 
case of excessive fermentation, there may be a deteriora-
tion in the stool quality (Badiali et al., 1995; Macfarlane 
et al., 2006). 

The quantification of cytokines in patients with pou-
chitis has become more common recently. Laboratory 
evaluation provides information on the etiology and 
pathogenesis of pouchitis, and it also helps practicing 
clinicians with accurate diagnosis, differential diagnosis, 
disease stratification, and management of ileal pouch 
disorders (Leal et al., 2008; Navaneethan & Shen, 2009). 
For example, quantification of mucosal proinflamma-
tory cytokines, such as IL-1b and IL-8, differentiates in 
a simple and objective way between irritable pouch syn-
drome and pouchitis (Schmidt et al., 2007).

Some of the best known pro-inflammatory cytokines 
are interleukins, whose levels were determined in the 
rat intestinal biopsies of the reservoirs for the purpose 
of the present study. An increased production of pro-
inflammatory IL-1α and IL-6 in patients with pouchitis 
has been documented, as compared to that in subjects 
with non-inflammed ileoanal pouch (Gionchetti et al., 
1994; Patel et al., 1995). Similarly, a relationship between 
IL-10 levels and intensity of pouchitis has been shown 
(Bulois et al., 2000). Therefore, we assessed in the pres-
ent study the expression of four selected interleukins as-
suming that their levels reflected the intensity of inflam-
mation. Tissue levels of pro- (IL-1α, IL-6 and IL-12) and 
anti-inflammatory (IL-10) cytokines were comparable in 

Table 2. changes of stool quality during supplementation

The quality of 
stool

Week of sup-
plementation

Group

HD LD Control

Median [range]
(1–3 quartile)

1 3 [2–3]
(3–3)

3 [2–3]
(3–3)

3 [3–3]
(3–3)

2 3 [2–3]
(2–3)

2.5 [2–3]
(2–3)

3 [2–3]
(3–3)

3 2.5 [2–3]
(2–3)

3 [2–3]
(2.75–3)

3 [2–3]
(3–3)

4 2 [2–3]*
(2–2.25)

3 [2–3]
(2–3)

3 [3–3]*
(3–3)

5 3 [2–3]
(2–3)

3 [3–3]
(3–3)

3 [3–3]
(3–3)

6 3 [2–3]
(2.75–3)

3 [3–4]
(3–3)

3 [3–4]
(3–3.25)

*p<0.01

Table 3. Severity of inflammation (Moskowitz scale — MS), de-
gree of pouch adaptation (Laumonier scale — LS) and tissue ex-
pression of pro-inflammatory and anti-inflammatory interleukins 
in pouch samples

Parameter
Groups

HD LD Control

Histopathological  
assessment

MS
median
[range]

3.5*
[3–5]

4
[2–5]

2*
[2–3]

LS
median
[range]

2
[1–4]

1
[1–2]

1
[1–2]

Intrerleukin  
expression

IL-1α
median
[range]

1.5
[1–2]

1
[1–2]

1
[1–1]

IL-6
median
[range]

1
[1–2]

1
[0–1]

1
[1–1]

IL-12
median
[range]

1.5
[1–3]

2
[1–2]

1
[1–2]

IL-10
median
[range]

3
[1–3]

2
[1–3]

2
[1–2]

*p<0.01
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all analyzed rat groups in the present study. The avail-
able evidence on the influence of prebiotic supplemen-
tation on interleukin expression is sparse. Four weeks 
of fructooligosaccharide supplementation (at doses of 
2.5 % and 7.5 %) in a mice model did not significantly 
affect the function of the immune system (Hosono et al., 
2003). However, ex vivo culture of immune cells isolated 
from Peyer’s patches in mice fed with diet supplemented 
fructooligosaccharide and Bifidobacterium pseudocatenulatum 
showed an increase in total IgA, IFN-γ, IL-5, IL-6 and 
IL-10 levels as compared to control mice without the 
supplementation.

The determination of the appropriate inulin dose was 
based on the results of Józefiak et al. (2005). They doc-
umented that dietary content of 10 % of inulin caused 
loosening of stool in healthy rats through an increase in 
water content. Such an effect was not recorded with a 
diet containing of 5 % of inulin. Considering the differ-
ences between the Józefiak and coworkers and our study 
model, including the presence of the intestinal reservoir, 
diets with lower inulin content by mass (5 % and 2.5 % 
of the total dietary content) were adopted. The prebiotic 
dosage in different human studies assessing the impact 
of inulin supplementation on the health status of adult 
patients ranged from 7 to 40 g per day (Lindsay et al., 
2006; Leenen et al., 2007). Relating it to dry mass (as in 
the present model), the higher dose of inulin in the pres-
ent study seems to be larger than those applied in pa-
tients with IBD.

The analysis of available published data and our re-
sults points to a need of further research on the prebiot-
ic therapy in the treatment of pouchitis, potentially with 
lower doses of oligosaccharides. It should be underlined 
that although the quality of the stool was worse in the 
HD group, the increases in body mass, energy intake 
and feeding efficiency in the present study were similar 
in all studied rat groups.

Inulin supplementation does not improve the quality 
of stools and the expression of intestinal inflammation in 
rats with induced pouchitis, neither has it an impact on 
the intensity of pouch adaptation or feeding efficiency. 
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