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Summary

 Background: This study sought to define the mechanism by which PPAR-g ligands affect the course of experi-
mentally induced colitis in rats.

 Material/Methods: Inflammation was induced in Wistar rats by a single rectal administration of 2,4,6,-trinitrobenzene 
sulfonic acid (TNBS). The antagonist of PPARg antagonist, bisphenol A diglycidyl ether (BADGE), 
was administrated intraperitoneally 120 mg/kg 4 times every other day. Rosiglitazone 8 mg/kg was 
administrated by gastric tube 4 times. Body weight was measured daily. After killing, the large in-
testinal tissue was weighed and collected for histopathologic and immunoenzymatic tests. Levels of 
IL-6, IL-10, and myeloperoxidase (MPO) were determined in serum and in intestinal homogenates.

 Results: Rats receiving rosiglitazone had higher body weight, whereas large intestine weight/length ratio 
was lower; histology showed fewer inflammatory markers. Rats receiving TNBS and TNBS along 
with BADGE had more intensive inflammatory changes. Rosiglitazone alone decreased expres-
sion of IL-6; used with TNBS it decreased expression of MPO in intestinal tissue, yet did not in-
crease the expression of IL-10. Decreased levels of MPO indicate reduced neutrophil-dependent 
immune response. The antagonist of PPAR-g increased IL-6 in serum and decreased IL-10 in intes-
tinal homogenates. Bisphenol A diglycidyl ether administrated to healthy animals increases serum 
IL-6 levels.

 Conclusions: Rosiglitazone inhibits experimental inflammation; administration of its selective antagonist abol-
ishes this protective influence. Rosiglitazone inhibits expression of proinflammatory IL-6 and does 
not affect IL-10. Agonists of PPARs-g are possibilities for inflammatory bowel disease prevention. 
Exogenous substances blocking PPARs-g may contribute to development or relapse of nonspecific 
inflammatory bowel diseases.
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Background

Peroxisome proliferator-activated receptors (PPARs) be-
long to the group of nuclear steroid receptors acting as tran-
scription factors, which regulate the expression of genes. 
Recent studies have shown a wide spectrum of PPAR action 
[1–5]. They have been demonstrated to be involved in dif-
ferentiation, proliferation, and programmed death of ad-
ipocytes [6–8], metabolism of lipids [9–12], regulation of 
insulin sensitivity, and conversion of monocytes into mac-
rophages [13–15]. Moreover, PPARs play a crucial role in 
the development of immune response, mainly by affecting 
the inflammatory reaction [16–19]. The highest concen-
tration of PPAR-g protein is observed in the large intestine 
[20]; lower concentrations are found in the kidneys, liver, 
small intestine, and bone marrow [21]. The PPAR-g protein 
is also found in immune system structures such as red and 
white pulp of the spleen [22], Peyer patches [22], T lym-
phocytes, monocytes [23–25], macrophages [26–29], hema-
topoietic stem cells of bone marrow [13], and numerous 
accessory cells [29]. Recently, the relevance of these recep-
tors in alimentary diseases has been suggested in numer-
ous reports [2,3,5,9,16,17].

The exact mechanism of action of PPARs-g remains unknown. 
They may affect the inflammation process via the regulation 
of transcription of genes responsible for encoding cytokines 
involved in interactions between cells, adhesive factors, and 
other inflammatory mediators. Moreover, activated PPARs-g 
likely block expression of iNOS, metalloproteinase, or scav-
enger receptor A (SR-A) genes, thus inhibiting synthesis of 
mRNA of the aforementioned factors. Most likely, PPAR-g in-
hibits expression of these genes by blocking the transcription 
factors such as AP-1, STAT, and NF-aB [14,30,31], which are 
essential for regulating the immune response in many cells 
[30,31]. Expression of PPARs-g increases significantly during 
the differentiation of monocytes into macrophages [25]. The 
activation of PPAR-g in macrophages inhibits formation of 
cytokines IL-1b, IL-6, and TNF-a [32], and may cause their 
apoptosis by blocking the NF-kB pathway [31]. Moreover, it 
leads to increased expression of their surface receptor CD36+, 
involved in phagocytosis of the cells that underwent apop-
tosis. Inhibition of selectin E expression in the vascular en-
dothelium, responsible for recruiting of immune-competi-
tive cells to the site of infection, depends on the activation 
of PPARs-g [33]. In the initiation of the secondary immune 
response, the IL-2-dependent activation and differentiation 
of T lymphocytes is essential. The presence of PPAR-g mRNA 
has been confirmed in T lymphocytes in peripheral blood 
[32]. Ligands of PPAR-g inhibit production of IL-2 and pro-
liferation of T lymphocytes by blocking the NF-AT transcrip-
tion factor crucial for activation of IL-2 gene transcription 
[34,35]. Thus, the immunosuppressive action of PPARs-g oc-
curs at the level of the initiation of immune response, as well 
as inhibition of T lymphocyte recruitment to the inflamma-
tion site [31]. According to some studies, PPAR-g ligands also 
are likely to block proliferation of B lymphocytes or induce 
their apoptosis (cytotoxic effects) [36,37].

PPAR-g agonists down-regulate synthesis of monocyte chemo-
tactic protein 1 (MCP-1) and are involved in production of 
interleukin 8 (IL-8) by endothelial cells. Agonists of PPAR-g 
(eg, troglitazone and 15d-PGJ2) decrease the cytokine-in-
duced expression of VCAM-1 and ICAM-1. Consequently, 

chemotaxis, adhesion, and permeation of monocytes to the 
endothelium decrease, and the severity of inflammation is 
limited [37]. Therefore, PPARs-g is a relevant immunoreg-
ulatory factor, and its ligands may have therapeutic poten-
tial for the treatment of inflammatory diseases.

In the present study, to evaluate the effects of activated 
PPARs-g on colitis in rats, rosiglitazone (a thiazolidinedi-
one), their agonist, was used. Rosiglitazone has already 
been used to treat or prevent nonspecific inflammatory in-
testinal diseases. The results of experimental studies in rats 
were published by Sanchez Hidalgo et al in 2005 and 2007 
[38,39], demonstrating that the anti-inflammatory proper-
ties of this drug resulted from blocking of NF-aB signaling 
pathway (reduced expression of TNFa and concentration of 
MPO). Rosiglitazone markedly improved the general health 
status of animals with rectal TNBS-induced colitis. The drug 
was used by Adachi et al in models of transgenic mice de-
prived of the PPAR-g gene, revealing that PPARs-g played a 
key role in endogenous prevention of experimental colitis 
[40]. The first clinical trials with rosiglitazone were present-
ed by Lewis et al in 2009, demonstrating its efficacy in mild 
and moderately severe ulcerative colitis [41].

Because the incidence of inflammatory bowel disease (IBD) 
in highly developed countries is high and increasing, the 
search for environmental factors involved has become crit-
ical. Among the factors implicated in the pathogenesis of 
IBD are substances inhibiting the activity of PPARs-g. In 
our study, the antagonist of PPAR-g – bisphenol A diglyc-
idyl ether (BADGE), earlier used for production of plas-
tic food containers and aluminum cans, was administered. 
According to the Directive of the European Committee of 
2000, BADGE is included on the list of toxic substances that 
should not be found in food [42]. At the end of the 1990’s, 
numerous reports were published indicating that BADGE 
from plastic containers and internal layers of cans perme-
ated food products [43,44]. Radioimmunologic assays dem-
onstrated that BADGE was the PPAR-g ligand (antagonist) 
of micromolar affinity. The above data acquire new signifi-
cance when confronted with increasingly accurate informa-
tion concerning the effects of PPARs on proper function-
ing of many tissues and organs.

The aim of this study was to determine the mechanism of 
action of PPARs-g activated by rosiglitazone and inactivated 
by BADGE in experimentally induced colitis in rats.

Material and Methods

Experimental animals

The experimental study was done on 96 Wistar rats weigh-
ing 200–220 g, in accordance with approval No. 23/2008 
given by the local bioethics commission. Rats were put into 
laboratory hutches, 4 animals each. Ambient temperature 
was 22°C to 24°C, and humidity was maintained at 70% to 
75%. A 12-hour day-light cycle was used. Animals had un-
limited access to water and feed.

Induction of colitis

Animals were anaesthetized with intraperitoneal ketamine 
50 mg/kg. Inflammation was induced by a single rectal 
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administration of TNBS 10 mg (Sigma-Aldrich Corp. St. 
Louis, MO, USA) diluted in 50% ethanol up to the volume 
of 0.25 mL. 2,4,6,-trinitrobenzene sulfonic acid was admin-
istrated by a rectally-introduced catheter (2 mm in diame-
ter) to the depth of 8 cm from the rectal sphincter. To eval-
uate the effects of PPAR-g agonist, the study groups, which 
received rosiglitazone at the dose of 8 mg/kg/bw, were 
created. Rosiglitazone, diluted in 0.9% NaCl up to the vol-
ume of 1 mL, was administrated by gastric tube, without 
previously induced sleep. To evaluate the effects of PPAR-g 
antagonist, BADGE was given intraperitoneally 4 times at 
the dose of 120 mg/kg/bw. One group of animals was giv-
en rosiglitazone along with TNBS, and another group re-
ceived BADGE along with TNBS. Additionally, the control 
group was given 50% ethanol (TNBS solvent) up the vol-
ume of 0.25 mL, administrated by rectal probe. In the last 
group of animals, rosiglitazone, together with BADGE and 
TNBS, was administrated. Animals were under daily obser-
vation of behavior patterns, changes in body weight or di-
arrhea. Rats were decapitated.

Division of experimental groups (12 rats, each)
I.  Control group received only feed and water. Rats were 

killed after 7 days.
II.  Received rosiglitazone – 8 mg/kg/bw diluted in 0.9% 

NaCl (up to the total volume of 1 mL) – given in 4 
doses, on days 1, 2, 3, and 4 of the experiment. Rats 
were killed on day 7.

III.  Received intraperitoneal BADGE in 4 doses (120 
mg/kg/bw) on days 1, 3, 4, and 5. Rats were killed on 
day 7.

IV.  Received TNBS by single rectal administration at the 
dose of 10 mg/kg/bw diluted in 50% ethanol up to 
the volume of 0.25 mL. Rats were killed on day 7.

V.  Received TNBS and rosiglitazone – 8 mg/kg/bw 48, 
24, and 1 hour before the induction of inflammation 
(rectal administration of TNBS) and 24 hours after 
induction. Rats were killed on day 7.

VI.  Received TNBS and BADGE – 120 mg/kg/bw admin-
istrated intraperitoneally in 4 doses on days 1, 3, 5, and 
6. The last dose was given on the day of rectal admin-
istration of TNBS. Rats were killed on day 8.

VII.  Received TNBS, BADGE, and rosiglitazone. BADGE 
– 120 mg/kg was given on days 1, 3, 5, and 6. 
Rosiglitazone – 8 mg/kg/bw was administrated on 
days 2, 3, 5, and 7. 2,4,6,-trinitrobenzene sulfonic acid 
along with BADGE was given on day 6. Rats were killed 
on day 8.

VIII.  Received 50% ethanol (TNBS solvent) by single rec-
tal administration in the volume of 0.25 mL. Rats were 
killed on day 7.

Evaluation of colitis

Macroscopic evaluation was carried out in accordance with 
the procedures described by Sanchez Hidalgo et al. The in-
testine was divided for the purposes of histopathologic exam-
ination and enzyme-linked immunosorbent assay (ELISA).

Histopathologic examination

Tissue sections for microscopic examination were sampled 
at 2.5 cm, 5 cm and 7 cm from the colon and stained with 
hematoxylin and eosin stain, mucicarmine, and Masson’s 

trichrome. The following parameters were evaluated: ede-
ma of the mucosa, extent and depth of inflammation, in-
flammatory activity, follicle aggregates, ulceration, mucosal 
necrosis, and crypt blunting. The above parameters were 
determined according to the following scale: 0 (lack of 
changes); 1 (slight focal and superficial mucosal lesions); 
2 (more diffused, moderate lesions reaching the muscular 
lamina); 3 (severe changes affecting more than 1 section, 
reaching the muscular layer).

Enzyme-linked immunosorbent assay

Immediately after decapitation, 8–10 mL of blood was sam-
pled. Blood samples were centrifuged at 5000 r/minute for 
15 minutes, and the obtained serum was frozen at –80°C.

The large intestine section used for immunoenzymatic anal-
ysis was weighed and ground using Medicons (Consul TS). 
The material was diluted with 2 mL of Ca2+ and Mg2+-free 
PBS. The solution was centrifuged at 2000 r/minutes for 5 
minutes, and the supernatant was frozen at –80°C. Levels 
of IL-6, IL-10, and MPO were determined in serum and in 
intestinal homogenates. IL-6 and IL-10 levels were evaluat-
ed using ELISA plates (R & D Systems Inc., Minneapolis, 
MN, USA); ELISA plates (Hycult Biotechnology b.v., The 
Netherlands) were applied for MPO determinations. Results 
were read using the ELISA Victor 3 scanner (Perkin-Elmer, 
Waltham, MA, USA).

Statistical analysis

The Kolmogorov-Smirnov test was applied to check for nor-
mal distribution of variables. Since normality was not dem-
onstrated, the Mann-Whitney test was used to compare 2 
groups and find significant differences.

The 5% error risk was assumed; thus, P<.05 was considered 
statistically significant (*); P<.01, more significant (**); and 
P<.001, highly significant (***).

results

Histopathologic results in groups I, II, and III

No microscopic lesions in the intestinal wall were observed. 
In the mucosa, signs of inflammation or edema were not 
found, and the structure of intestinal crypts was preserved. 
Infiltration of neutrophils and mononuclear cells was not 
demonstrated (Figures 1, 2).

Histopathologic results in group IV

Transmural inflammatory changes were observed in 
most parts of the intestinal surface. Marked epitheli-
um necrosis and intestinal wall edema were visualized. 
Diffuse, intensive, inflammatory infiltration of neutro-
phils and less-intensive infiltration of mononuclear cells 
were found within the mucosa, submucosa, and muscu-
lar layer. Moreover, crypt abscesses and numerous deep 
ulcerations, exceeding the muscular lamina, were noted. 
Slight fibroma within the submucosal layer, local atrophy 
of crypt structures, and decreased amounts of mucus also 
were observed. The mucus layer covering the epithelium 
was lacking (Figure 3).
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Histopathologic results in group V

Compared with group IV, inflammatory changes in group V 
were less severe and less extensive. Slight, focally moderate 
edema of the intestinal mucosa and submucosa was observed. 

Moreover, slight focal inflammatory infiltrations of nucleus 
cells were noted. Slight atrophy of intestinal crypts also was 
visible. Single neutrophils in the lamina propria and a few 
aggregates of lymphatic follicles were found. No ulceration 
within the mucous membrane was noticed; the mucus lay-
er covering the mucous membrane was visible (Figure 4).

Histopathologic results in group VI

The presence of transmural inflammatory changes locally 
reached the serous membrane within the entire intestine. 
Intensive necrosis, edema, and numerous infiltrations of 
neutrophils, lymphocytes, and monocytes within the muco-
sa and submucosal layers were observed. Furthermore, ex-
tensive ulcerations with fibroma in the submucosal layer ex-
ceeding the muscular mucosal lamina were found. Marked 
structural abnormalities of intestinal crypts, with decreased 
amounts of mucus, were also noted. The submucosal layer 
was found to be thicker, particularly in substantially changed 
intestinal crypts (Figure 5).

Histopathologic results in group VII

Histopathologic changes corresponded to the intensity of 
inflammation observed in groups IV and VI.

Figure 1.  H+E ×100. Regular histopathological picture of the large 
intestine in group I (control group).

Figure 4.  Histopathological picture of the large intestine in group 
V (TNBS + rosiglitazone). H+E ×200. Few neutrophils 
detected in the lamina propria, single cells penetrating into 
the epithelium of intestinal crypts.

Figure 5.  Histopathological picture of the large intestine in group VI 
(TNBS + BADGE). H+E ×200. Extensive ulceration of the 
intestinal mucosa along with total necrosis of the mucosal layer.

Figure 2.  Histopathological picture of the large intestine in II group 
(Rosiglitazone). H+E ×50. Regular mucosa, submucosa and 
muscular layer of the large intestine. Structure of intestinal 
crypts preserved. No infiltrations of neutrophils and nuclear cells.

Figure 3.  Histopathological picture of the large intestine in group 
IV (TNBS). H+E ×200. Ulcerations of intestinal musoca 
covered with the fibrin pseudomembrane reaching its 
muscular lamina, very intensive inflammatory neutrophil 
infiltration, submucosal oedema.
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Histopathologic results in group VIII 

Slight focal inflammatory changes and superficial erosions 
of the mucous membrane were noted. Within the mucosa, a 
slight local inflammatory infiltration of neutrophils and lym-
phocytes was observed. The submucosal layer was character-
ized by focally minor edema; structures of intestinal crypts 
with proper amounts of mucus were found to be preserved.

Findings concerning body weight changes and large 
intestine length/weight ratios

The body weight slightly decreased in the group receiving 
TNBS and TNBS along with the PPAR-g antagonist – BADGE. 
Rosiglitazone administrated together with TNBS had pro-
tective effects, reflected by the increased body weight ob-
served in this group. Animals receiving only rosiglitazone 
showed a significant increase in body weight without devel-
oping inflammation.

The intestinal length/weight ratio was analyzed. Its in-
crease, when compared to the control group, is a relevant 
factor and marker of the severity of inflammation. The ratio 

found demonstrates that rosiglitazone had a positive effect 
on histopathologically confirmed inhibition of rats’ colitis.

Table 1 presents the detailed results of changes in body 
weight in individual groups, and values of intestinal 
length/weight ratios.

IL-6, IL-10, and MPO levels

The level of IL-6, which is the major proinflammatory cy-
tokine involved in the pathogenesis of IBD, and the level 
of its antagonistically acting IL-10, were determined in se-
rum and large intestinal homogenates. Additionally, con-
centration of MPO, a marker of neutrophil infiltrations in 
the colitis-affected intestine, was evaluated. Table 2 presents 
serum levels of the these variables.

Statistical analyzis

Statistically significantly increased levels of IL-6 were ob-
served in groups IV, V, VI, and VII; that is, those receiving 
TNBS (the inducer of inflammation). The highest level of 
IL-6 was found in group VI, in which TNBS was administrated 

Group n Body weight changes (g) Colon weight/colon length (g/cm)

I Control 8  15.375±2.97  0.103±0.016

II Rosiglitazone 8  19.75±5.062  0.122±0.0182

III BADGE 8  11.75±2.252  0.142±0.032

IV TNBS 8  –28.37±13.091  0.35±0.0561

V Rosiglitazone + TNBS 8  10.375±4.752,3  0.202±0.0351,3

VI BADGE + TNBS. 8  –38.00±14.12*,1  0.37±0.052*,1

VII Rosigl. + BADGE + TNBS 8  –17.00±8.55*,1  0.349±0.064*,1

VIII Ethanol 50% 8  8.125±2.641,3  0.149±0.0241,3

Table 1. Body weight changes and colon weight/length ratios in the experimental groups.

Data are expressed as a mean ±SD. 1 P<0.001; 2 P<0.05 significant compared to control group; 3 P<0.001 significant compared TNBS * P<0.001 
significant compared to rosiglitazone + TNBS.

Serum concentration of cytokines

Group IL-6 pg/ml IL-10 pg/ml MPO ng/ml

I. Control  11.424±3.19  6.27±2.32  931.39±194.04

II. Rosiglitazone  6.895±4.652  9.882±2.402  814.56±168.78

III. BADGE  27.908±12.90  10.806±1.23  1010.04±178.44

IV. TNBS  26.109±8.361  11.081±3.41  977.24±124.73

V. Rosiglitazone +TNBS  21.271±11.231  11.654±1.683  987.001±280.26

VI BADGE + TNBS.  48.010±12.423,*  14.286±5.121  967.54±220.83

VII. Rosig. + BADGE + TNBS  29.296±13.93  11.416±4.23  1024.71±175.33

VIII Ethanol 50%  16.466±11.11  11.902±5.68  900.73±149.18

Table 2. Serum concentrations of IL-6, IL-10 and MPO in the experimental groups.

Data are expressed as a mean ±SD. 1 P<0.01; 2 P<0.05; 3 P<0.001 significant compared to control group.
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along with BADGE. In group V, receiving rosiglitazone with 
TNBS, the IL-6 level was not significantly lower compared 
with group IV. IL-6 was decreased in group II (treated with 
rosiglitazone) and increased in group III (receiving BADGE), 
and in both of these groups colitis was not induced.

Besides increased levels of IL-6 in groups receiving TNBS 
compared with controls, no significant intergroup differ-
ences were demonstrated in the concentration of this cyto-
kine in intestinal homogenates. Figure 6 presents the lev-
els of IL-6 in colon homogenates.

No relevant effects of rosiglitazone and BADGE on serum 
IL-10 levels were observed in groups IV, V, VI, and VII. 
Compared with controls, a statistically significant increase 
in IL-10 was found in group II (rosiglitazone).

IL-10 levels determined in intestinal homogenates did not 
show positive effects of rosiglitazone administrated con-
currently with TNBS on significant increase in IL-10 ex-
pression. Compared with the group receiving only TNBS, 
BADGE administrated along with TNBS decreased the lev-
el of IL-10. Figure 7 shows the levels of IL-10 in colon ho-
mogenates. In individual groups, no significant changes in 
serum MPO levels were observed.

Anti-inflammatory effects of rosiglitazone were confirmed 
by MPO determinations in colon homogenates. In group 
V (receiving TNBS together with rosiglitazone), neutrophil 
chemotaxis was found to be inhibited, which was reflected by 
the decreased level of MPO compared to group VI (TNBS). 
Figure 8 presents the MPO levels in colon homogenates

discussion

In recent years numerous studies have focused on immu-
nologic mechanisms involved in colitis, and the findings of 
such studies should result in better management of the im-
munologic processes of the pathogenesis of IBD. The de-
tection of PPARs and their potential immunomodulatory 
function in inflammations make PPARs potentially useful 
tools in the treatment of ulcerative colitis and Crohn’s dis-
ease. Our findings regarding the effects of rosiglitazone 
and BADGE on experimentally induced colitis demonstrate 
that the course and severity of inflammation may be modu-
lated using the PPAR ligands. Rosiglitazone administrated 

concurrently with the colitis-inducing substance decreased 
the severity of inflammation, which was confirmed by analy-
sis of changes in animals’ body weights, colon weight/length 
ratios, and histopathologic findings. A statistically significant 
loss in body weight resulting from intensive diarrhea and 
decreased feed intake was observed in group IV (TNBS), 
VI (BADGE + TNBS), and VII (rosiglitazone + BADGE + 
TNBS). Animals receiving the PPAR-g agonist along with in-
flammation-inducer (TNBS) gained not much less weight 
than healthy controls. The most significant decrease in body 
weight was observed among rats from the group given the 
PPAR-g antagonist together with TNBS, which is likely asso-
ciated with higher sensitivity to destructive effects of TNBS 
resulting from inhibited basic activity of PPARs-g induced by 
numerous endogenous ligands. The beneficial influence of 
rosiglitazone on inhibition of inflammation was confirmed 
by the intestinal weight/length ratio, which usefully reflects 
the intensity of inflammatory intestinal infiltrations. In the 
group with TNBS and the antagonist of PPAR-g receptor, 
no increase in the above variable was noted.

Our results concerning the effect of rosiglitazone on rats’ 
acute colitis agree with data published by Sanchez-Hidalgo 
et al in 2007, demonstrating positive effects of rosiglitazone 
on both macroscopic inflammatory parameters (such as 
changes in body weight, presence of abdominal adhesions, 
increased diarrhea) and on the microscopic condition of 
the large intestine and concentrations of TNF-a and MPO. 

Figure 6.  Colon homogenate IL-6 concentrations in the experimental 
groups.

Figure 7.  Colon homogenate IL-10 colon concentrations in the 
experimental groups.

Figure 8.  Colon homogenate MPO concentrations in the experimental 
groups.
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Additionally, the effect of activated PPAR-g on limited ex-
pression of COX 2 and PGE2 was observed. The authors sug-
gested that the inhibition of expression of proinflammatory 
factors results from blockage of NF-kB and MAPK-signaling 
pathway by PPARs-g, which was confirmed by decreased con-
centrations of p65 and p38 proteins [38]. Positive, anti-in-
flammatory effects of rosiglitazone were also reported by 
Sanchez-Hidalgo in 2005 in a study focused on the influ-
ence of PPAR-g agonist on acute colitis [39].

Studies conducted by Takaki et al., based on the different-
ly induced colitis model (DSS) and the use of different thi-
azolidinedione derivatives (pioglitazone, netoglitazone), 
demonstrated the anti-inflammatory properties of PPAR-g 
activators [45]. In their study of troglitazone administrated 
as the PPAR-g agonist, no differences were found in animal 
body weight between the control group, the group receiv-
ing DSS, and the group treated with troglitazone. However, 
histopathologic examinations revealed less severe inflamma-
tion in the group receiving troglitazone along with DSS [46].

The efficacy of troglitazone in the anti-inflammatory treat-
ment of IBD was questioned by Ramaker et al, who dem-
onstrated that prophylactic administration of rosiglitazone 
over several days before induction of colitis can intensify the 
course of inflammation. Their observations were associated 
with higher permeability of the intestinal mucosa membrane 
resulting from prolonged administration of rosiglitazone [47].

The majority of the available literature confirms positive an-
ti-inflammatory effects of PPAR-g agonists on colitis; how-
ever, the mechanism of their action is disputed. According 
to most of authors, the crucial mechanism reducing the in-
flammation is the inhibition of expression of proinflamma-
tory factors. Some authors suggest that higher expression 
of anti-inflammatory factors results from the activation of 
PPARs-g. The effects of the PPAR-g antagonists on inflam-
mation have not been elucidated. To clarify the doubtful is-
sues, the present study analyzed the effects of both agonists 
and antagonists of PPAR-g on the expression of proinflam-
matory IL-6, anti-inflammatory IL-10 and MPO.

Interleukin-6 is the major factor responsible for control-
ling immunologic protection. Interleukin-6 is primarily 
produced by monocytes and macrophages, and the essen-
tial factors inducing its formation are IL-1, INF-g, TNF-a, 
and LPS. Interleukin-6 stimulates differentiation of B lym-
phocytes toward plasmatic cells and production of acute-
phase proteins found in the initial stage of inflammation 
[48,49]. In the pathogenesis of IBD, IL-6, as the derivative 
of Th2 lymphocyte subpopulation, plays an essential role in 
the development of ulcerative colitis and Crohn’s disease.

Our findings do not confirm the positive effects of rosigli-
tazone on IL-6 expression in animals with induced colitis. 
Although in the group with colitis receiving rosiglitazone, 
the mean level of IL-6 was markedly lower than in the group 
receiving TNBS, the difference was not statistically signif-
icant. Inhibition of IL-6 expression by activated PPAR-g is 
shown by a 2-fold increase in IL-6 after the PPAR antago-
nist administration.

The results reported by Takaka et al., investigating the 
prophylactic and therapeutic effects of netoglitazone 

and pioglitazone on DSS-based colitis, are promising. 
Immunoenzymatic analysis of IL-6 levels in intestinal ho-
mogenates, as well as Western blot immunoassay for the 
expression of STAT3, the factor that activates transcrip-
tion of proinflammatory cytokines and whose expression is 
PPAR-g activation-dependent, showed a significant reduc-
tion in these parameters after administering pioglitazone 
at a dose of 150 mg/kg [45].

According to Ramakers et al, the PPAR-g agonist had no fa-
vorable inhibiting effects on expressing IL-6. Despite a sig-
nificantly intensified inflammation observed in the group 
of animals treated with rosiglitazone, levels of TNF-a and 
IFN-g in intestinal homogenates were decreased. This ap-
pears to confirm the immunomodulatory effects of induced 
PPARs-g on the expression of proinflammatory cytokines, 
and suggests sensitization of the intestinal mucosa as the 
destructive factor induced by long-term administration of 
rosiglitazone [47].

Yamamoto et al implicated inhibited expression of IL-6 
genes resulting from the induced PPAR-g. Based on this 
model, positive effects of 4-OHDHA on colitis intensity were 
reported. Additionally, 4-OHDHA has been demonstrated 
to inhibit IL-6 expression and induce synthetase of nitric 
oxide (Nos2/iNOS) in lipopolysaccharide (LPS)-activated 
macrophages [50].

The relations between PPAR-g ligands and expression of 
IL-10 seem to be crucial in explaining the mechanisms con-
trolling the inflammatory process. The main function of 
IL-10 is inhibition of the production of cytokines produced 
by Th1 lymphocytes – IFN-g and IL-2, in particular. Moreover, 
it inhibits the production of IL-1a, IL-6, IL-8, IL-12, G-CSF, 
GM-CSF, TNF-a, as well as oxides and nitric oxide. It also 
limits expression of class II MHC on monocytes and their 
capacity to present antigens [51,52].

Analysis of serum IL-10 levels did not show its intensified 
expression resulting from activation of PPARs-g by rosigli-
tazone. Compared with the control group, serum levels of 
IL-10 significantly increased in groups with induced coli-
tis (groups IV, V, VI, and VII). However, no differences in 
its levels between those groups were reported. Thus, in-
creased concentration of IL-10 was not associated with ac-
tivation or blockage of PPARs-g after administration of rosi-
glitazone or BADGE. Most likely, the increase in IL-10 was 
caused by activation of anti-inflammatory factors, which 
counterbalanced the effects of cytokines enhancing the in-
flammatory response.

The key role of IL-10 in the pathogenesis of IBD was de-
scribed by Lytle et al., who studied transgenic mice with-
out IL-10 genes but with spontaneous colitis. Rosiglitazone 
inhibited expression of mRNA for TNFa, INFg, IL-17, and 
induced synthetase of nitric oxide. Lack of IL-10 genes 
did not impair the immunomodulatory properties of the 
PPAR-g-inducing substances. The authors suggested that 
IL-10 was essential for maintaining intestinal immune bal-
ance [53]. Our findings did not confirm the effects of rosi-
glitazone on increased expression of IL-10.

Effects of PPAR-g agonists such as rosiglitazone, pioglitazone, 
and troglitazone on lymphocyte Th1- and Th2-dependent 
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immunologic processes involved in inflammation were stud-
ied by Saubermann et al. Administration of PPAR-g agonist 
resulted in reduced concentrations of proinflammatory 
Th-1-dependent cytokines (decrease in TNF-a and INF-g) and 
increased concentrations of Th-2 based cytokines such as IL-10 
and IL-4. According to these authors, activated PPARs-g limits 
Th-1-based processes and stimulates Th-2-based immunologic 
mechanisms [54]. Further studies involving determinations 
of IL-1, IL-2, IL-4, and IFN should allow us to assess the re-
sults of Saubermann et al. Myeloperoxidase is an enzyme be-
longing to the family of peroxidases, which is characterized 
by potent antiviral and antibacterial action. Myeloperoxidase 
is found mainly in azurophilic granules of neutrophils, and 
its determination is therefore an important marker of neu-
trophil infiltrations in the affected tissue [55,56].

The results of immunoenzymatic examinations of intestinal 
tissues revealed increased concentrations of MPO in groups 
with the most severe symptoms of inflammation. Levels of 
MPO in intestinal homogenates from animals with exper-
imentally induced colitis treated with rosiglitazone were 
substantially lower than in the group without the PPAR-g 
agonist, which demonstrates less intensive neutrophil infil-
trations, which in turn is likely to result from limited expres-
sion of neutrophil chemotactic factors. This is confirmed 
by histopathologic results in the group treated with rosigl-
itazone, which revealed only single neutrophils in the lam-
ina propria of mucosa.

Sanchez-Hidalgo et al. in their studies of 2005 and 2007 
showed the correlation between the concentration of MPO 
and administration of rosiglitazone in acute and chronic 
experimental models of colitis [38,39]. Rosiglitazone (re-
gardless of the dosage administered) was found to reduce 
infiltrations in intestinal tissues (MPO level) in both mod-
els. Their results correspond to the results obtained in the 
present study.

Similar observations, that is, reduced inflammatory infil-
trations, were reported by Cuzzocrea et al. [57] (decreased 
MPO concentration and expression of intracellular cell ad-
hesion molecule [ICAM] involved in adherence of leuko-
cytes to the vascular endothelium and their migration to 
the site of inflammation).

Our results concerning the influence of rosiglitazone on 
neutrophil infiltration in the affected large intestine (MPO 
concentration) differ from those published by Ramaker et 
al., according to whom there were no differences in MPO 
levels in intestinal homogenates and serum between an-
imals with experimentally induced colitis provided only 
with feed and those who received feed with the PPAR-g ag-
onist [47]. The administration of PPAR-g antagonist along 
with TNBS compared with TNBS alone did not result in in-
creased levels of MPO.

conclusions

1.  Rosiglitazone reduced severity of experimental colitis in 
rats, improving their general status as well as macro- and 
microscopic parameters of the large intestine.

2.  Rosiglitazone administered to animals with colitis did not 
decrease expression of proinflammatory IL-6, but limited 

neutrophil infiltrations, which was shown by decreased 
tissue levels of MPO.

3.  Anti-inflammatory properties of rosiglitazone were not 
associated with increased expression of anti-inflamma-
tory IL-10.

4.  The PPAR-g antagonist (BADGE) given to rats with colitis 
enhanced the serum expression of Il-6; histopathologic 
inflammatory parameters, however, were not increased.

5.  The application of BADGE along with rosiglitazone in-
hibited anti-inflammatory action of PPARs-g.
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