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Abstract:

Background: The frequency of gastrointestinal ulcerations is higher in cirrhotic patients than in the normal population. It has been

shown that pioglitazone exhibits gastroprotective actions. This study was designed to investigate the effect of pioglitazone, on the

gastric mucosal lesions in cirrhotic rats.

Methods: Different groups of bile duct-ligated and sham animals received solvent, or 5, 10 or 15 mg/kg pioglitazone, for 5 days in

the last days of 28-day period of cirrhosis. On day 28, rats were killed 1 h after oral ethanol administration and the area of gastric le-

sions was measured. The serum of rats was also collected to evaluate serum concentrations of TNF-a and IL-1b. Histopathologic ex-

amination of liver specimens was also done with hematoxylin-eosin to show possible toxicity of pioglitazone in cirrhosis.

Results: Pretreatment with pioglitazone dose dependently attenuated gastric lesions induced by ethanol in both sham and cirrhotic

rats, but this effect was more prominent in cirrhotic ones. L-NAME, a non-selective inhibitor of nitric oxide synthase, decreased

pioglitazone-induced gastric healing effect in cirrhotic rats, while aminoguanidine, a selective inducible nitric oxide synthase inhibi-

tor, increased pioglitazone-induced gastric healing effect in the same group. The protective effect of pioglitazone was accompanied

by a fall in serum IL-1b level.

Conclusions: Chronic treatment with pioglitazone exerts a more prominent gastroprotective effect on the stomach ulcers of cirrhotic

rats compared to control group probably due to constitutive nitric oxide synthase induction or inducible nitric oxide synthase inhibi-

tion. Suppression of IL-1b could be another mechanism in pioglitazone-induced healing effect of gastric ulcers in cirrhotic rats.

Key words:

pioglitazone, cirrhosis, gastric ulcers, nitric oxide, IL-1b, rat

134 Pharmacological Reports, 2013, 65, 134�143

Pharmacological Reports
2013, 65, 134�143
ISSN 1734-1140

Copyright © 2013
by Institute of Pharmacology
Polish Academy of Sciences



Introduction

The prevalence of gastric ulcers in patients with liver

cirrhosis is increased compared with that in the gen-

eral population [26]. This prevalence ranges between

4.6 and 21% in patients with cirrhosis [12, 24, 38, 41,

46, 55]. However, the pathogenesis of this finding is

far from being elucidated, and different factors have

been proposed in relation to increased ulcer preva-

lence in patients with cirrhosis. Furthermore, the

prevalence of duodenal and gastric ulcers in patients

with liver cirrhosis increases with disease progression

[58]. Gastric mucosal defense is reduced in liver cir-

rhosis, especially production of prostaglandins which

play a role in the gastric mucosal defense decreased in

the gastric mucosa of patients with liver cirrhosis

model. Although Helicobacter pylori is strongly asso-

ciated with peptic ulcer disease and chronic gastritis,

several studies showed a lack of relationship between

Helicobacter pylori infection and gastroduodenal ul-

cer or the infection and congestive gastropathy in

liver cirrhosis. On the other hand, reduced gastric mu-

cosal defense may account for the pathogenesis of

gastrointestinal lesions in liver cirrhosis [16]. Some

investigators reported that portal hypertension may be

an important factor contributing to the increased

prevalence of gastric ulcer observed in patients with

liver cirrhosis [11], nevertheless, no study has clari-

fied the pathogenesis of peptic ulceration in cirrhosis.

Peroxisome proliferator-activated receptor gamma

(PPAR-g) is a component of the nuclear hormone re-

ceptor superfamily whose activation has been linked

to transcriptional control of numerous cellular pro-

cesses and implicated in control of cell cycle, carcino-

genesis, inflammation, atherosclerosis and immuno-

modulation [3]. Pioglitazone, a specific ligand for

PPAR-g, was implicated in the control of inflamma-

tory processes and the modulation of the expression

of various cytokines. For instance, the activators of

PPAR-g inhibited the generation of proinflammatory

cytokines, such as TNF-a and IL-b, by monocytes

[22]. There is also evidence that the PPAR-g ligands

block the synthesis of the proinflammatory cytokines

by inhibiting the activation of nuclear factor kappa B

(NF-kB) [48].

PPAR-g is predominantly expressed in the adipose

tissue and colon, whereas stomach, small intestine,

liver and pancreas express lower, but significant lev-

els [5]. The broad pattern of its distribution indicates

its possible involvement in multiple biological pro-

cesses. Studies have demonstrated that PPAR-g

ligands reduced mucosal damage and prevented the

inflammatory response of intestinal inflammation [35,

47]. The role of PPAR-g has also been implicated in

the control of gastric mucosal damage induced by

ischemia/reperfusion injury and chronic gastric ulcer

[28, 29]. This study was designed to determine the ef-

fect of pretreatment with pioglitazone, the specific

PPAR-g ligand, on the gastric lesions induced by etha-

nol in cirrhotic rats. To elucidate the mechanism of

action of pioglitazone on the gastric lesions, the at-

tempts were made to elucidate the role of nitric oxide

and pro-inflammatory cytokines such as IL-1b and

TNF-a in pioglitazone effects.

Materials and Methods

Chemicals

The following drugs were used throughout the study:

pioglitazone; L-NG-nitro-L-arginine methyl ester hy-

drochloride (L-NAME), a non-selective inhibitor of

nitric oxide synthase (NOS); aminoguanidine, a selec-

tive inhibitor of inducible NOS (iNOS); ketamine hy-

drochloride; xylazine hydrochloride; ethanol; forma-

lin; carboxymethyl cellulose.

Pioglitazone, L-NAME and aminoguanidine were

purchased from Sigma (USA). Ketamine hydrochloride

was obtained from Rotex medica, (Trittau, Germany)

and xylazine hydrochloride from Alfasan (Holland).

Ethanol and formalin were purchased from Merck

(Germany). Pioglitazone suspension was prepared in

0.5% sodium carboxymethyl cellulose. L-NAME and

aminoguanidine were dissolved in sterile isotonic sa-

line solution. L-NAME, aminoguanidine, ketamine

hydrochloride and xylazine hydrochloride were admi-

nistered intraperitoneally (ip) in a volume of 10 ml/kg

of the mice body weight. Pioglitazone and ethanol

were administered orally by gavage.

Animal manipulations

Male albino rats weighing 200–250 g were used in

this study. All animals were given free access to food

and water. The protocol for this project was approved

by the Ethics Committee of the University, and all ex-

periments were performed according to the institu-

Pharmacological Reports, 2013, 65, 134�143 135

The enhanced anti-ulcer effect of pioglitazone in cirrhotic rats
Leila Moezi et al.



tional guidelines for animal care and use. The rats

were divided into 16 groups randomly; each group

consisted of 6–7 rats. Laparotomy was performed

under general anesthesia induced by an ip injection

of ketamine HCl (50 mg/kg) and xylazine HCl

(10 mg/kg).

The bile duct was isolated and double-ligated using

the method of Cameron and Oakley [9]. Sham opera-

tion consisted of laparotomy and bile duct identifica-

tion and manipulation without ligation. Twenty seven

days after the operation, all groups of sham and cir-

rhotic rats were fasted for 24 h but were permitted

free access to water. The rats were housed in individ-

ual cages with a wire-mesh floor to prevent copro-

phagy in this 24-h period.

Drug administration

There were 16 groups in this study which received

different drugs as follows:

1. Two groups of sham and cirrhotic animals received

solvent for 5 days during days of 23–27 after the sur-

gery by gavage.

2. Six different groups of sham and cirrhotic animals

received 5, 10 or 15 mg/kg pioglitazone, daily during

days of 23–27 after the surgery.

3. Two groups of sham rats received L-NAME

(10 mg/kg), a non-selective inhibitor of nitric oxide

synthase, alone or along with 5 mg/kg pioglitazone

for 5 days during days of 23–27 after the surgery by

gavage.

4. Two groups of cirrhotic rats received L-NAME

(10 mg/kg) alone or along with 5 mg/kg pioglitazone

daily during days of 23–27 after the surgery.

5. Two groups of sham rats received aminoguanidine

(150 mg/kg), a selective inhibitor of inducible nitric

oxide synthase, alone or along with 5 mg/kg pioglita-

zone for 5 days during days of 23–27 after the surgery

by gavage.

6. Two groups of cirrhotic rats received aminogua-

nidine (150 mg/kg) alone or along with 5 mg/kg pio-

glitazone for 5 days during days of 23–27 after the

surgery by gavage.

On day 28th (24 h after fasting), the rats were given

1 ml of 96% ethanol by gavage with a standard feed-

ing needle [18]. One hour after ethanol administra-

tion, animals were anesthetized by an overdose of

ketamine and xylazine and blood samples were col-

lected for measurement of TNF-a and IL-1b concen-

trations in serum. We allowed blood samples to clot

for 2 h at room temperature before centrifuging for

20 min at 1000 × g. We then removed serum immedi-

ately and stored samples at –20°C before assaying.

The TNF-a serum level was determined with Rat

TNF-a/TNFSF1A Immunoassay kit (R&D Systems,

Inc., USA) and the IL-1b concentration in serum was

quantified by Rat IL-1b/IL-1F2 Immunoassay kit

(R&D Systems, Inc., USA).

Measurement of gastric mucosal lesions

After collecting serum samples, the stomachs were re-

moved and inflated by injection of 10 ml of formalin

2% to fix the inner layers of the gastric wall. After

20 min, the stomachs were incised along the greater

curvature [19]. The area of the erosions in mm2 was

calculated by measuring the width and length of ero-

sions. Autocad software, 2010 was used to measure

gastric mucosal lesions.

Histological study

The livers were fixed in a buffered-formaldehyde solu-

tion (0.4% sodium phosphate monobasic (NaH2PO4),
0.64% sodium phosphate dibasic (Na2HPO4) and 10%

formaldehyde in distilled water) and were embedded

in paraffin. Formalin fixed paraffin embedded section

of the liver lobes were cut into 3–5 µm sections for

histological staining. Slides were stained with hema-

toxylin-eosin (H&E). H&E stained liver specimens

from control and cirrhotic animals were evaluated by

light microscopy for architectural evaluation of liver

tissues. In this step the following parameters were as-

sessed: lobular architecture was evaluated in order to

see whether it was well preserved or not? Also, the

status of portal spaces and the type and the severity of

any inflammatory cell infiltration were assessed. The

presence or absence of portal ductular proliferation

and its severity was evaluated. Based on these find-

ings four categories of change were made:

1. Normal: No architectural distortion, no inflamma-

tory cell infiltration, no ductular proliferation.

2. Mild chronic hepatitis: Preserved lobular architec-

ture. Infiltration of one or two portal spaces by

chronic inflammatory cells with absence of invasion

to parenchyma.

3. Moderate chronic hepatitis: Infiltration of > 50% of

portal spaces by inflammatory cells as well as inva-

sion to parenchyma and single hepatocyte necrosis.
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4. Cirrhosis (which means biliary type of cirrhosis): Is

diagnosed when there was severe bile ductular prolif-

eration and fibrosis with architectural distortion.

Histopathologic examination was done by a single

pathologist who was blind to the treatment groups and

laboratory data.

Statistical analysis

All data are presented as the mean ± SEM. Statistical

evaluation of the data was performed with an analysis

of variance (ANOVA) followed by the Tukey test for

multiple comparisons, and a p-value less than 0.05

was considered statistically significant.

Results

Gastric mucosal damage

The gastric mucosal damage was significantly more

severe in cirrhotic rats than in sham animals, 216.8

± 35.59 mm2 and 126 ± 12.8 mm2, (p < 0.01), respec-

tively (Fig. 1).

Effect of pioglitazone administration on gastric

mucosal damage

Pretreatment with pioglitazone attenuated gastric le-

sions induced by ethanol in sham rats (p < 0.05 in

5 and 10 mg/kg or p < 0.001 in 15 mg/kg). Moreover,

chronic treatment with different doses of pioglitazone

(5, 10 and 15 mg/kg) decreased ethanol-induced gas-

tric lesions in cirrhotic rats (p < 0.001). As shown in

Figure 1, the attenuating effect of pioglitazone on gas-

tric ulcers was more prominent in cirrhotic rats be-

cause without pioglitazone pretreatment, there was

a significant difference between gastric ulcers of

sham and cirrhotic groups (p < 0.01); after pretreat-

ment with pioglitazone (5, 10 and 15 mg/kg) there

was no difference between gastric ulcers of sham and

cirrhotic groups.

The role of nitric oxide in attenuating effect of

pioglitazone administration on gastric mucosal

damage

Simultaneous chronic treatment of cirrhotic rats with

pioglitazone (5 mg/kg) and L-NAME, a non-selective

inhibitor of NOS (10 mg/kg) for 5 days, decreased

pioglitazone-induced gastroprotective effect com-

pared to cirrhotic rats only received pioglitazone

(5 mg/kg) (p < 0.05), while in sham rats, L-NAME

(10 mg/kg) did not change the gastric healing effect of

pioglitazone (Fig. 2).

Chronic treatment of cirrhotic or sham rats with

pioglitazone (5 mg/kg) along with aminoguanidine,

a selective inhibitor of iNOS (150 mg/kg) for 5 days,

increased pioglitazone-induced gastroprotective effect

compared to cirrhotic or sham rats only received pio-

glitazone (5 mg/kg) (p < 0.001 in cirrhotic or p < 0.05

in sham rats). In cirrhotic rats, the gastric healing ef-

fect of simultaneous administration of aminogua-

nidine (150 mg/kg) and pioglitazone (5 mg/kg) was

significantly greater than the gastric healing effect of

aminoguanidine alone (p < 0.05) (Fig. 3).

Serum concentration of TNF-a and IL-1b

Serum concentration of IL-1b in cirrhotic rats is sig-

nificantly higher than sham rats (p < 0.01). Chronic

treatment with different doses of pioglitazone de-

creased IL-1b serum concentration in cirrhotic rats,

which was significant only in pioglitazone (15 mg/kg)

(p < 0.05). Chronic treatment with different doses of

pioglitazone did not change IL-1b serum concentra-

tion in sham rats (Fig. 4).

Serum concentration of TNF-a was not different

between cirrhotic and sham rats. Chronic treatment

with different doses of pioglitazone did not change
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Fig. 1. Effect of different doses of pioglitazone [(Piog) 5, 10 and
15 mg/kg] on ethanol-induced gastric lesions of cirrhotic and sham
rats, 1 h after ethanol administration. Each point represents the mean
± SEM for 6–7 rats. ** p < 0.01 in comparison with corresponding
Sham group



TNF-a serum concentration in cirrhotic or sham rats

too (Fig. 5).

Histology results

The histopathologic findings of liver were as follows.

In the control group, no abnormality was detected in

either the architecture or the inflammatory cell infil-

tration pattern. The hepatic lobules were intact, and

the portal triads were unremarkable. In control

groups, which received pioglitazone (5, 10 or 15 mg/

kg), in some rats (25, 37.5 or 40%, respectively),

a mild focal chronic hepatitis was detected, but most

of rats showed normal histology.

In cirrhotic groups, which received chronic solvent

or pioglitazone (5 or 10 mg/kg), severe ductular pro-

liferation and thick portal-portal fibrosis were de-

tected in livers of all rats. In cirrhotic group, which re-

ceived chronic pioglitazone (15 mg/kg), 50% showed

severe ductular proliferation and fibrosis, 25%

showed moderated portal and peri portal inflamma-

tion and 25% showed normal histology (Fig. 6).

Discussion

Herein, for the first time, we showed that the ethanol-

induced gastric mucosal damage was significantly

more severe in cirrhotic rats than in sham-operated

ones. Pretreatment with pioglitazone dose depen-

dently attenuated gastric lesions induced by ethanol in

both sham and cirrhotic rats, but this effect was more

severe in cirrhotic ones. L-NAME, a non-selective

inhibitor of nitric oxide synthase, decreased pioglita-

zone-induced gastric healing effect in cirrhotic rats,

while aminoguanidine, a selective inducible nitric ox-

ide synthase inhibitor, increased pioglitazone-induced

gastric healing effect in the same group. The protec-

tive effect of pioglitazone was accompanied by a fall

in serum IL-1b level.

The ethanol-induced acute gastric mucosal injury

model is considered to be one of the widely used ex-

perimental models of ulcer disease. Intragastric appli-

cation of absolute ethanol is a reproducible method to

produce gastric lesions in experimental animals [40,
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Fig. 3. Comparison of ethanol-induced
gastric damage between cirrhotic
or sham rats given chronic treatment
of aminoguanidine (Aminog) (150 mg/
kg) during chronic administration of
pioglitazone [(Piog) 5 mg/kg]. Each
point represents the mean ± SEM for
6–7 rats. * p < 0.05 or *** p < 0.001 in
comparison with corresponding cir-
rhotic or sham group only received
pioglitazone (5 mg/kg) and # p < 0.05
in comparison with cirrhotic group only
received L-NAME (10 mg/kg)

Fig. 2. Comparison of ethanol-induced
gastric damage between cirrhotic or
sham rats given chronic treatment of
L-NAME (10 mg/kg) during chronic
administration of pioglitazone [(Piog)
5 mg/kg]. Each point represents the
mean ± SEM for 6–7 rats. * p < 0.05 or
** p < 0.01 in comparison with corre-
sponding cirrhotic or sham group only
received pioglitazone (5 mg/kg)



50]. Ethanol, being a necrotizing agent, damages the

superficial epithelial layers and inhibits the release of

mucosal prostaglandins [33]. Gastric lesions can be

observed only after an hour of administration of alco-

hol. In general, severity of mucosal involvement has

been assessed by counting the number of hemorrhagic

spots or by scoring the mucosal lesions, but alcohol

induced lesions appear as blackish lesions grouped in

patches of varying size, usually parallel to the major

axis of the stomach [57].

Gastric ulcer is a multifactorial etiological disease.

Several factors which play a significant role in gastric

ulcerogenesis include stress, trauma, sepsis, hemor-

rhagic shock, burns, Helicobacter pylori, steroidal

and non-steroidal drugs etc. [43]. Free radical genera-

tion [2, 37] and inflammatory mechanisms [10] also

play a major role in the pathogenesis of gastric ulcer.

Several endogenous factors which are also related to

the pathophysiology of gastroprotection include pros-

taglandin, ATP-sensitive K+ (KATP) channels and ni-

tric oxide compounds [43].

Many authors reported an increased prevalence of

peptic ulcers in patients with cirrhosis [24, 38] and it

was shown that cirrhotic patients have an increased

risk of developing gastric or duodenal ulcers during

a period of one year compared to non-cirrhotic ones

[45]. The prevalence of peptic ulcers ranges between

4.6 and 21% in patients with cirrhosis [12, 24, 38, 41,

46, 55]. Furthermore the prevalence of duodenal and

gastric ulcers in patients with liver cirrhosis increases
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Fig. 4. Serum level of IL-1b in cirrhotic or sham rats given chronic dif-
ferent doses of pioglitazone [(Piog) 5, 10 and 15 mg/kg] by gavage.
Each point represents the mean ± SEM for 6–7 rats. ** p < 0.01 in
comparison with sham group only received solvent and # p < 0.05 in
comparison with cirrhotic group only received solvent
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Fig. 5. Serum level of TNF-a in cirrhotic or sham rats given chronic
different doses of pioglitazone [(Piog) 5, 10 and 15 mg/kg] by
gavage. Each point represents the mean ± SEM for 6–7 rats
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Fig. 6. Liver histopathology. A – Normal
(H&E ´ 100), B – Mild chronic hepatitis
(H&E ´ 150), C – Moderate chronic hepati-
tis (H&E ´ 150), D – Cirrhosis (H&E ´ 250).
Representative slides from different groups
of sham or cirrhotic rats are shown (See
text for more information)



with disease progression [58]. We also showed that

the ethanol-induced gastric mucosal damage was sig-

nificantly more severe in cirrhotic rats than sham-

operated ones, which is in agreement with previous

results.

Konturek et al. [28], for the first time, showed that

administration of pioglitazone was associated with

a dose-dependent acceleration of ulcer healing in

acetic-acid induced ulcers of rats, and this was ac-

companied by a significant increase in the gastric

blood flow at the ulcer margin. The most pronounced

inhibition of the ulcer area was observed at a dose of

40 mg/kg of pioglitazone. Konturek et al. [29] also

showed that pioglitazone reduces the acute erosions

and deeper gastric lesions induced by ischemia/reper-

fusion in rat. The gastric healing effect of pioglitazone

was also reported in other studies [8, 30]. These data

are in agreement with our results showing that pre-

treatment with pioglitazone (5, 10 and 15 mg/kg) at-

tenuated gastric lesions induced by ethanol in sham

rats. Moreover, for the first time, we showed that

chronic treatment with different doses of pioglitazone

(5, 10 and 15 mg/kg) decreased ethanol-induced gas-

tric lesions in cirrhotic rats too. We also showed that

the attenuating effect of pioglitazone on gastric ulcers

was more prominent in cirrhotic rats.

One of the important mechanisms by which piogli-

tazone attenuates acute gastric lesions and accelerates

ulcer healing in cirrhosis could be its modulatory ef-

fect on nitric oxide. Based upon the previous studies,

the contribution of nitric oxide has been revealed in

different functions of thiazolidinediones [1, 20, 25].

Since 2000, when Heneka et al. suggested the thera-

peutic role of PPAR-g agonist in Alzheimer’s disease

by preventing iNOS expression and neuronal cell

death [32], many other studies have focused on role of

nitric oxide in the beneficial effects of thiazolidine-

diones in different disorders including Alzheimer’s

disease [21, 49], stroke [36], Parkinson’s disease [6,

44] and multiple sclerosis [14]. In cardiovascular sys-

tem, PPAR-g activation increases the bioavailability

of nitric oxide [4]. PPAR-g analogues significantly in-

creases nitric oxide release from pulmonary endothe-

lium cells and enhance calcium dependent nitric oxide

release from umbilical vein endothelial. Previous

studies also reported that PPAR-g ligands inhibit the

expression of iNOS and gelatinase B, in part, by an-

tagonizing the activities of the transcription factors

such as NF-kB, implicated in the mechanism of ulcer

healing [39, 51]. In this study, we attempted to clarify

the possible nitric oxide contribution in anti-ulcer

effect of pioglitazone in cirrhotic rats. The trials of

interactions with different nitric oxide modulators

(L-NAME, as a non-selective NOS inhibitor and ami-

noguanidine, as a selective iNOS inhibitor) have been

conducted in this study. Simultaneous chronic treat-

ment of cirrhotic rats with pioglitazone (5 mg/kg) and

L-NAME decreased pioglitazone-induced gastropro-

tective effect compared to cirrhotic rats only received

pioglitazone (5 mg/kg).

Chronic treatment of cirrhotic rats with pioglita-

zone (5 mg/kg) along with aminoguanidine increased

pioglitazone-induced gastroprotective effect com-

pared to cirrhotic rats only received pioglitazone

(5 mg/kg). The gastric healing effect of simultaneous

administration of aminoguanidine and pioglitazone

(5 mg/kg) was significantly higher than the gastric

healing effect of aminoguanidine alone. Therefore,

these results showed that chronic treatment with pio-

glitazone exerts a potent gastroprotective effect on the

stomach ulcers of cirrhotic rats probably due to con-

stitutive NOS (cNOS) induction or iNOS inhibition.

According to our results in sham rats, L-NAME

(10 mg/kg) did not change the gastric healing effect of

pioglitazone, while Brzozowski et al. [8] reported that

L-NNA (10 mg/kg), another non-selective nitric oxide

synthase inhibitor, attenuated the protective and hy-

peremic activity of pioglitazone in control animals.

This difference between results might be because of

different models of gastric lesions were investigated.

While Brzozowski et al. [8] determined interaction

between L-NNA and pioglitazone in the water immer-

sion and restraint stress model; we investigated inter-

play between L-NAME and pioglitazone in the etha-

nol model of gastric lesions. Other possible reason of

this discrepancy might be because of difference in the

doses, and the types of drugs were used. Chronic

treatment of sham rats with pioglitazone (5 mg/kg)

along with aminoguanidine increased pioglitazone-

induced gastroprotective effect compared to sham rats

only received pioglitazone (5 mg/kg). This finding is

in agreement with Konturek et al. [28], which re-

ported that pioglitazone accelerates the healing of pre-

existing gastric ulcers through different mechanisms

including suppression of iNOS.

Nitric oxide was proposed as a putative mediator of

splanchnic vasodilatation in portal hypertension in

1991 [56]. There is evidence of increased endothelial

NOS (eNOS) [13, 52], iNOS [31] or neuronal NOS

(nNOS) [59] upregulation in the systemic circulation
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of cirrhotic subjects and patients with cirrhosis have

increased plasma levels of nitrites and nitrates, the ni-

tric oxide degradation products [17]. Therefore, the

difference in data of chronic treatment of pioglitazone

between sham and cirrhotic rats might be dependent

on overactivity of nitrergic system in cirrhosis. The

improved effect of pioglitazone in cirrhotic rats com-

pared to sham rats also might attributed to nitric oxide

overproduction in cirrhosis and the effect of nitric ox-

ide in pioglitazone effects.

One other possible mechanism in gastroprotective

activity of pioglitazone in cirrhosis could be the at-

tenuation of gene expression of important pro-

inflammatory cytokines, such as TNF-a and IL-1b.

These cytokines are expressed during inflammatory

states and may contribute to the formation of ethanol

and WRS-induced gastric lesions, as well as to the de-

lay in ulcer healing via the inhibitory effect on the cell

proliferation, angiogenesis and gastric microcircula-

tion at the ulcer margin [7, 34]. In the present study,

pioglitazone (15 mg/kg)-treated cirrhotic rats exhib-

ited a fall in serum IL-1b level. There was also a trend

of lower serum TNF-a level in pioglitazone (15 mg/

kg)-treated cirrhotic group which did not reach statis-

tical significance.

Elevated blood levels of TNF-a and IL-1b have

been demonstrated in patients and animals with

chronic liver disease and cirrhosis [42, 53]. In the cur-

rent study, cirrhotic rats had decreased level of serum

IL-1b level. There was also a trend of lower serum

TNF-a level in cirrhotic group which did not reach

statistical significance.

While there are some evidences showing that pio-

glitazone can cause hepatotoxicity [15], there are also

some reports about liver safety in patients with type 2

diabetes treated with pioglitazone [54]. There are

even some reports about the anti fibrotic effect of pio-

glitazone, i.e., it may retard the progression of hepatic

fibrosis in cirrhosis [23, 27, 60]. In the current study,

we were trying to find out the effect of chronic piogli-

tazone administration on liver histology to clarify the

possible toxic or non-toxic effect of pioglitazone in

cirrhosis. We reported that some control rats, which

received pioglitazone (5, 10 or 15 mg/kg), presented

a mild focal chronic hepatitis, while others were nor-

mal. In cirrhotic groups, which received chronic sol-

vent or pioglitazone (5 or 10 mg/kg), severe ductular

proliferation were detected in livers. Interestingly, in

cirrhotic group, which received higher doses of

chronic pioglitazone (15 mg/kg), about half of livers

showed either normal histology or mild hepatitis. This

significant improvement in liver histology during

5 days treatment with pioglitazone (15 mg/kg) in cir-

rhotic rats is in agreement with previous reports men-

tioned above [23, 27, 60]. These results are helpful to

show that pioglitazone does not aggravate liver

pathology in cirrhosis during chronic treatment for

relieving stomach ulcer.

In conclusion, we showed that chronic treatment

with pioglitazone exerts a potent gastroprotective ef-

fect on the stomach ulcers of cirrhotic rats. For the

first time, we illustrated that this effect of pioglitazone

was enhanced in cirrhotic rats compared to control

ones. The mechanism of this enhanced anti-ulcer ac-

tivity of pioglitazone is probably due to cNOS induc-

tion and iNOS inhibition or suppression of IL-1b

level production. Chronic treatment of cirrhotic rats

with pioglitazone (15 mg/kg) has not detrimental ef-

fect on liver pathology, but even may improve liver

histology in cirrhosis.
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