
INTRODUCTION

Non-specific inflammatory bowel disease (IBD), including
ulcerative colitis and Crohn`s disease, is a chronic non-
infectious inflammation of unknown etiology. Its incidence is
increasingly high, particularly in the developed countries, and it
is a serious clinical problem. Our knowledge regarding the
pathogenesis, course and treatment of IBD is increasing.
Genetic, environmental and immunological factors are known to
be involved in the complex etiopathogenesis of IBD. The
individual stages of the inflammatory process in non-specific
IBD have already been well described; however, the major IBD
causative factor is still to be conclusively determined. Research
on the mechanisms of IBD development is being continued.

Recently, thiazolidinediones (glitazones) - PPAR-γ
(peroxisome proliferator-activated receptors gamma) agonists
have been implicated to effectively control the inflammatory
processes of the gastrointestinal tract (1-5). Three subtypes of
peroxisome proliferator-activated receptors (PPARs) were
identified in humans, i.e. α, β (also called δ or NUC-1) and γ.

They belong to the superfamily of nuclear steroid hormone
receptors, which act as the transcription factors regulating the
expression of genes (6-8). PPARs-γ are characterized by the
widest spectrum of action and are present in many organs, e.g.
the heart, liver, kidneys, bone marrow, pancreas, small and large
intestine. PPARs-γ affect the body’s immune response, mainly
the course of inflammatory reactions. Thiazolidinediones such
as rosiglitazone and troglitazone show extremely high
specificity and act selectively through PPARs-γ (9-11). High
hopes are associated with the use of PPARs-γ to control the
inflammatory processes; therefore, numerous ongoing studies
focus on application of their agonists for the treatment of such
diseases as asthma, atherosclerosis, rheumatoid arthritis,
pancreatitis and non-specific inflammatory bowel diseases (3).

The effects of PPAR- γ agonists on the course of IBD are
very intriguing. Although still not fully elucidated, they are
hoped to improve the quality of life of millions of people
worldwide. In the literature available, studies regarding the
prophylactic use of thiazolidinediones are less numerous than
those describing their therapeutic effects. Since the study
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findings about the effects of PPAR-γ agonists on colitis are very
promising, the potential benefits associated with their
prophylactic use seem worth considering. The present study was
to analyse the prophylactic effects of PPAR-γ agonists
rosiglitazone and troglitazone administered 2 weeks before and
during development of colitis on inflammatory reactions in rats.

Research studies on effective methods of IBD treatment have
used various experimental animal models of colitis, which imitate
the processes occurring in the inflammation-affected human large
intestine. In the two most commonly used models colitis is
induced by intrarectal administration of 2,4,6-trinitrobenzene
sulfonic acid (TNBS) or by adding dextran sodium sulfate (DDS)
to the drinking water. The above two models were earlier
compared by Celinski et al. (12) in their study concerning novel
methods to control IBD pathogenesis. In the present study, the
1.5% DDS model was applied. Previous studies by Celinski et al.
(13) focused on therapeutic properties of thiazolidinediones
administered to rats in several different doses after the induction
of colitis. The present study considered the prophylactic use of
PPAR-γ agonists at a concentration of 0.01% administered in
food 14 days before and on induction of colitis.

The aim of present the study was to analyze and compare
possible prophylactic effects of PPAR-γ agonists, rosiglitazone
and troglitazone administered 2 weeks before and during 1.5%
DSS administration on increased resistance of colonic tissues to
the damaging factor. Moreover, to assess their effects on
inflammatory processes in a more detailed way, intestinal
specimens were microscopically evaluated and concentrations of
Th1- (IL-2, INF-γ) and Th2-dependent (IL-4, IL-10) cytokines
were determined in the serum and intestinal homogenates.

MATERIAL AND METHODS

Animals

Experiments followed the protocol approved by the local
Animal Ethics Committee in Lublin no. 23/2008 and was carried
out in Wistar male rats weighing 200–220 g. Animals were
assigned randomly to study or control groups and examined
simultaneously. Colitis was induced with 1.5% DDS
administered in the drinking water ad libitum for 14 days. In
various studies available in literature, experimental colitis was
induced by administering DDS for several to twenty days in
concentrations of 1% to 5%, or even 9% (14-23).

Animals received the food with 0.01% rosiglitazone or
troglitazone for 4 weeks (during the final two weeks, 1.5% DDS
was additionally administered in the drinking water). Rats were
decapitated using a guillotine and the blood was sampled for
clotting testing; the large intestine was retrieved, longitudinally
sectioned and faecal residues were removed. The intestinal
specimens for histopathological evaluation were fixed in 10%

formalin and the samples for enzyme-linked immunosorbent
assay (ELISA) were homogenized and frozen at –80°C. The
levels of IL-2, IL-4, IL-10 and INF-γ were determined in the
serum and large intestine homogenates. The division into groups
(8 rats each) and methods of administration of the substances
used were presented in Table 1.

Histopathologic evaluation

The large intestine was divided into segments: S1 - the
rectum up to 2 cm, S2 – 2 to 5 cm, S3 – 5 to 10 cm, S4 – from
10 cm to the caecum, S5 – the caecum. From each segment,
sections for microscopic evaluation were collected from the
places with visible lesions (ulcerations, erosions) or every 1 cm
on average when macroscopic lesions were invisible. Tissues
were fixed in 10% buffered formalin, pH 7.4 for 3 days and
rinsed for 4 hours. The sections were dehydrated by passing
through a series of alcohols of incremental concentrations,
equilibrated in xylene for 10–15 min and embedded in paraffin;
paraffin blocks were cut into about 2-micrometer sections using
a microtone. The prepared specimens were stained with
haematoxylin and eosin according to the Baginski and Masson
method (fibrosis) or with mucicarmine (mucus).

The following scales were used for microscopic evaluation
of individual parameters: (24-26).

– Extent of inflammation, atrophy of crypts, ulceration: 0 –
lack, 1 – focal, 2 – segment-confined, 3 – involvement of
more than 1 segment.

– Depth of injury: 0 – lack, 1 – superficial, 2 – moderate
(involving the muscularis mucosae), 3 – severe (involving
the intestinal muscularis).

– Severity of inflammation (mononuclear cells and multi-
segment cells): 0 – lack, 1 – slight, focal, 2 – moderate, 
3 – marked, diffuse.

– Lymph follicles: 0 – lack, 1 – sporadic, not in all
segments, 2 – sporadic, in all segments, 3 – intensified,
distinct, in all segments.

The histological specimens were evaluated using the light
microscope Axiostar plus (ZEISS).

Enzyme-linked immunosorbent assay (ELISA)

Immediately after decapitation, the blood, about 10ml, was
sampled for clotting testing. After centrifugation at 5000 rpm,
the serum was frozen at –80°C. The large intestine parts for
immunoenzymatic assay were homogenized by adding 2 ml of
phosphate-buffered saline (PBS) without Ca2+ and Mg2+ ions
(Biomed Lublin, Poland). The solution was centrifuged at 2000
rpm, and the supernatant was frozen at –80°C. The
concentrations of IL-2, IL-4, IL-10 and INF-γ were determined
in the individual groups in the serum and intestinal
homogenates. The results were read using the ELISA Victor 3

588

Group N Substances and routes of their administration 
A 8 Control group- access to food and water ad libitum
B 8 1.5% DSS in drinking water ad libitum for 14 days 
I 8 0.01% rosiglitazone in food for 4 weeks 
J 8 0.01% troglitazone in food for 4 weeks

K 8 0.01% rosiglitazone prophylactically in food for 4 weeks
and 1.5% DSS for the last 14 days 

L 8 0.01% troglitazone prophylactically in food for 4 weeks
and 1.5% DSS for the last 14 days 

Table 1. Substances and routes of their administration.



reader (PERKIN ELMER USA). The protein concentrations in
the samples tested were calculated with KCJR software.

Statistical analysis

The Kolmogorov-Smirnov, Student’s t, Cochran-Cox and
Levene`s tests were used for calculations of descriptive
statistics, i.e. a mean, variance and standard deviation (S.D.).

The results were quantitative, thus the variables were
described using an arithmetic mean and standard deviation
(S.D.) as the numerical data had normal distribution (checked
with the Kolmogorov-Smirnov test). The intergroup
comparisons of parameters were carried out (groups A-L) once
intergroup variances were checked using the Levene’s test. In
cases of equal variances, the Student’s t test was used (“t”

denoting the test function); otherwise, the Cochran-Cox test was
applied (“C” denoting the test function).

The error risk was assumed at 5%, which means that the tested
hypothesis was rejected at p>0.05 and the alternative hypothesis
was true (–). The intergroup differences were considered
significant at p<0.05 (*); at p<0.01, the differences were more
significant (**) whereas at p<0.001 highly significant (***). The
calculations were performed using Statistica 9.0 software.

RESULTS

In the control group, the microscopic picture of large
intestine sections was normal. The architecture and structure of
intestinal mucosal crypts were preserved with the proper amount
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Fig. 1. Control group. Normal bowel
wall; mucosal, submucosal and
muscular layers. A single lymphatic
follicle visible in the submucosa.
H+E × 200.

Fig. 2. DSS (Group B). Ulceration,
oedema and active inflammation of
the mucosa reaching the muscular
layer of colon. In the inflammatory
infiltration - numerous neutrophils
with crypt abscesses. H+E × 200.



of mucus in the lumen. A few mononuclear cells, mainly
lymphocytes, were observed in the lamina propria whereas
dispersed, fine lymph follicles were found in the submucosa.
The epithelium did not show defects and was covered with the
mucous layer. The submucosal, muscular and serous membranes
of the large intestine were normal. (Fig. 1)

In the study groups receiving 0.01% rosiglitazone (group I) and
0.01% troglitazone (group J), the microscopic picture was similar
to that in the control group. Occasionally, slightly enhanced focal
mucosal oedema was observed. The structure of intestinal mucosal
crypts was preserved with the proper amount of mucus. Dispersed,
fine lymph follicles typical of the large intestine were observed in
the lamina propria. The epithelium did not show defects and was
covered with the mucus. The submucosal, muscular and serous
membranes of the large intestine were normal.

In all animals of the group receiving 1.5% DSS (group B),
the microscopic picture revealed changes in all segments of the
large intestine (Fig. 2). Numerous ulcerations and full-wall
thickness inflammation of moderate and marked severity, in the
form of inflammatory infiltrations consisting of mononuclear
cells, such as lymphocytes and plasmocytes (although less
abundant), were present in all intestinal segments. The
mononuclear cells were observed in the mucosal, submucosal
(focally), muscular and serous membranes of the large intestine.
The inflammation was characterized by substantial activity with
the presence of neutrophils. The oedema of the mucosa and
submucosa was noted in all intestinal segments in all animals.

In the majority of animals, the mucosal crypts were
atrophied in all segments and the amount of mucus in their
lumen was reduced. In 5/8 animals, ulcerations and erosions of
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Fig. 3. Rosiglitazone + DSS (Group
K). In the colonic mucosa - focal,
moderate inflammatory infiltrations
with lymphocytes, plasmocytes and
dispersed neutrophils. The lymphatic
follicles visible in the submucosa.
H+E × 200.

Fig. 4. Troglitazone + DSS (Group
L). In the colonic mucosa - focal,
slight inflammatory infiltrations with
lymphocytes, plasmocytes and
dispersed neutrophils. H+E × 200.



the mucosa were visible in several segments, most pronounced
in the distal intestine (S1). In 3/8 animals of this group,
ulcerations affected the intestinal lamina propria and muscularis
mucosae. In the remaining 5/8 animals, ulcerations were focally
full-walled involving also the intestinal muscularis mucosae.
Focally, the mucosal and submucosal lamina propria was
characterized by slight thickening and slight fibrosis at the site
of ulcerations. In all animals receiving 1.5% DSS, dispersed, yet
distinct lymph follicles were found in all colon segments; in one
animal, they were distinct and numerous.

Both rosiglitazone and troglitazone administered
prophylactically before the induction of colitis enhanced the
colonic tissue resistance to the damaging factor, which was
confirmed by histopathological findings. Histopathological
evaluation of intestinal sections from the group K – animals

receiving 0.01% rosiglitazone for 4 weeks plus 1.5% DSS for the
last 14 days (Fig. 3) and those from group L – administered 0.01%
troglitazone for 4 weeks plus 1.5% DSS for the last 14 days (Fig.
4) revealed comparable microscopic lesions of slight severity.

In both (K+L) groups, the following changes were observed:
segmental slight oedema confined to the intestinal mucosa, focally
increased number of mononuclear cells in the lamina propria
(compared to controls), focally dispersed, not numerous
neutrophils in the lamina propria. Moreover, the architecture was
disturbed; intestinal crypts were focally and slightly atrophied.
There were no ulcerations or defects of the mucosal epithelium.
Lymph follicles in the intestinal wall were observed in all animals.
The epithelium was covered with the layer of mucus. (Fig. 5, 6).

The levels of IL-2, IL-4, IL-10 and INF-γ were determined
in the serum and intestinal homogenates using ELISA. The
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Fig. 5. Rosiglitazone + DSS (Group
K). In the colonic mucosa - slight
oedema and moderate inflammatory
infiltration with lymphocytes,
plasmocytes and few neutrophils.
Architecture of intestinal crypts
slightly distorted. H+E × 200.

Fig. 6. Troglitazone + DSS (Group
L). In the colonic mucosa - slight
inflammatory infiltration with
mononuclear cells consisting of
lymphocytes, plasmocytes and
focally dispersed neutrophils. The
epithelium covered with the layer of
mucus. H+E × 200.



comparison of serum and homogenate concentrations in
individual groups was presented in figures (Fig. 7-10).

The rats receiving 0.01% rosiglitazone and 0.01%
troglitazone showed significantly reduced levels of IL-2 and
increased levels of anti-inflammatory IL-4 and IL-10 in intestinal
homogenates (IL-10 was also increased in serum) compared to
the control group. In groups receiving both rosiglitazone and
troglitazone for 2 weeks before the administration of DSS and
together with DSS for another two weeks, concentrations of pro-
inflammatory cytokines (IL-2, INF-γ) were markedly lower (Fig.
7, 10), whereas concentrations of anti-inflammatory cytokines
(IL-4, IL-10) were substantially higher in comparison to controls,
both in the intestinal homogenate and serum. (Fig. 8, 9).

The comparison of groups receiving only 0.01% rosiglitazone
and 0.01% troglitazone with those given rosiglitazone and
troglitazone for 2 weeks and DSS for the last 14 days
demonstrated higher levels of Th1 and Th2-dependent cytokines
in the serum and intestinal homogenates in the latter groups.

Compared to the group receiving 0.01% rosiglitazone and
DSS for the last two weeks, the group given prophylactic
troglitazone with DSS for the last 14 days had significantly
lower levels of IL-2 in the serum and of INF-γ in the serum and
intestinal homogenate. The concentration of IL-2 in the
intestinal homogenate, however, was significantly lower in the
group receiving rosiglitazone. In those groups, the effects of
troglitazone on the expression of IL-10 in the serum and
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Fig. 7. Mean serum and intestinal
homogenate concentrations of IL-2 in
pg/ml in study (8 animals each)
groups: control group (A), DSS (B),
rosiglitazone (I), troglitazone (J),
rosiglitazone + DSS (K), troglitazone
+ DSS (L). p<0.05 – significant
differences; p<0.01 – more significant
differences; p<0.001 – highly
significant differences.

Fig. 8. Mean serum and intestinal
homogenate concentrations of IL-4 in
pg/ml in study (8 animals each)
groups: control group (A), DSS (B),
rosiglitazone (I), troglitazone (J),
rosiglitazone + DSS (K), troglitazone
+ DSS (L). p<0.05 – significant
differences; p<0.01 – more
significant differences; p<0.001 –
highly significant differences.



intestinal homogenate were stronger as compared to
rosiglitazone. The level of IL-4 was slightly higher in animals
receiving rosiglitazone and DSS for the last 14 days.

DISCUSSION

This study confirms the usefulness of prophylactic, prior-
colitis administration of PPARγ agonists for attenuating the
macroscopic and histopathological features of colitis. Most of
the available studies are concerned with therapeutic use of
PPAR-γ ligands after induction of colitis and only a few discuss
the prophylactic use of thiazolidinediones. Given the promising

results of the studies evaluating the effects of PPAR agonists on
the course of colitis, the potential benefits resulting from their
prophylactic use are worth considering. The present paper
analysed and compared the effects of PPAR-γ ligands,
rosiglitazone and troglitazone, on the resistance of colonic
tissues to the damaging factor. The results of immunoenzymatic
determinations confirm the suppressive effects of activated
PPAR-γ receptors on Th1-dependent processes, with the shift of
immune system activity toward the activation of Th2-dependent
immune processes. Our paper confirms earlier findings by
Saubermann et al. (27). In their experimental murine model of
colitis induced by 2.5% DSS administered in the drinking water,
they used rosiglitazone, pioglitazone and troglitazone. The
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Fig. 9. Mean serum and intestinal
homogenate concentrations of IL-10
in pg/ml in study (8 animals each)
groups: control group (A), DSS (B),
rosiglitazone (I), troglitazone (J),
rosiglitazone + DSS (K), troglitazone
+ DSS (L). p<0.05 – significant
differences; p<0.01 – more
significant differences; p<0.001 –
highly significant differences.

Fig. 10. Mean serum and intestinal
homogenate concentrations INF-γ in
pg/ml in study (8 animals each)
groups: control group (A), DSS (B),
rosiglitazone (I), troglitazone (J),
rosiglitazone + DSS (K), troglitazone
+ DSS (L). p<0.05 – significant
differences; p<0.01 – more
significant differences; p<0.001 –
highly significant differences.



authors demonstrated beneficial inhibitory effects of PPAR-γ
receptors on the large intestine inflammatory reaction
manifested in reduced concentrations of pro-inflammatory
cytokines TNF-α and INF-γ as well as increased levels of Th2-
depedent anti-inflammatory cytokines IL-10 and IL-4. The use
of PPAR-γ agonist resulted in decreased concentrations of Th1-
dependent pro-inflammatory cytokines (TNF-α and INF-γ).
However, the authors emphasize that this decrease was
accompanied by increased activity of Th2-dependent processes,
evidenced by enhanced expression of GATA-3, the key
transcription factor of Th2-dependent immune response.
Moreover, concentrations of Th2-dependent IL-10 and IL-4 after
the activation of PPAR-γ receptor were found to be increased.

The results of the experiment carried out by Sanchez-
Hidalgo et al. (26) were similar to our findings. In their
experimental model of colitis, rosiglitazone was used in the
doses of 4 and 8 mg/kg b.w. Colitis was induced by intrarectal
administration of TNBS and rosiglitazone given in three doses
before induction of colitis and in a single daily dose after TNBS
administration. The intestinal specimens of animals receiving
TNBS revealed substantial injury to the mucosa, epithelial
necrosis, focal ulcerations and diffuse infiltration with
inflammatory cells. In the group receiving rosiglitazone 8 mg/kg
b.w., there were no inflammatory cells in the lamina propria,
ulcerations were small, not numerous, showing the features of
re-epithelialisation, and the epithelium was partially intact.

Furthermore, the potentially therapeutic, anti-inflammatory
action of thiazolidinedione drugs was confirmed by Takaki et al.
(25). In their experiment divided into the prophylactic and
therapeutic parts, 1% DSS in the drinking water was used to
induce colitis and PPAR-γ agonists pioglitazone and
netoglitazone in the doses of 10, 50 and 150 mg/kg/day were
administered. In the prophylactic part, pioglitazone and
netoglitazone were given two days before the use of DSS. In the
therapeutic schedule, the PPAR-γ agonist was administered two
days after DSS administration. The evaluation of effects of
thiazolidinediones activating PPAR-γ was based on the clinical
scale (weight loss, faeces consistency and gastrointestinal
bleedings), histology (severity and extent of inflammatory
reactions, injuries to the intestinal mucosae) and the large
intestine length. The findings demonstrated significant anti-
inflammatory action of both substances, more potent in the case
of pioglitazone. The best anti-inflammatory effects, both in the
therapeutic and prophylactic model, were exerted by
pioglitazone in the dose of 150 mg/kg/day.

In recent years, the first attempts were undertaken to use
PPAR-γ ligands for the treatment of non-specific inflammatory
bowel diseases in humans (28-30). The results of the trials raise
hopes that in the nearest future PPAR-γ ligands will be used for
therapy of non-specific inflammatory bowel diseases in clinical
practice. Moreover, the results of the present study about
prophylactic use of PPAR agonists are promising. However, the
studies on this issue are not numerous and possible uses of
rosiglitazone and/or troglitazone for IBD prevention require
further research, in particular, their possible cardio- and
hepatotoxic effects (31, 32).

Rosiglitazone and troglitazone administered prophylactically
exerted beneficial effects on the course of colitis markedly down-
regulating the macroscopic inflammatory parameters.
Rosiglitazone and troglitazone administered before the induction
of colitis comparably and significantly reduced the
concentrations of pro-inflammatory cytokines and enhanced the
expression of inflammation-limiting cytokines. Results of
immunoenzymatic determinations of cytokine levels in
individual groups confirm down-regulatory effects of activated
PPAR-γ receptors on Th1-dependent processes, with the shift of
the immune system activity towards the activation of Th2-

dependent immune processes. In future, thiazolidinedione drugs,
such as rosiglitazone and troglitazone used in our experiment, are
likely to be used for the treatment and prevention of non-specific
inflammatory bowel diseases. However, the prophylactic use of
PPAR ligands requires further studies and observations.

Conflict of interests: None declared.
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