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Background:  Prophylaxis  of  spontaneous  bacterial  peritonitis  with  norfloxacin  has  been  associated  to
development  of  antibiotic  resistance.  We  investigated  whether  pentoxifylline  compared  to norfloxacin
reduces  bacterial  translocation  and spontaneous  bacterial  peritonitis  in  rats  with  CCl4-induced  cirrhosis
and  ascites.
Method:  After  development  of cirrhosis  and  ascites,  animals  were  randomly  allocated  to receive  pentox-
ifylline  (16  mg/kg/d  every  8 h,  oral  route,  n  =  13)  or placebo  (n =  12)  for 15  days.  An  additional  group  of
8  cirrhotic  rats  was  given  norfloxacin  (5 mg/kg/d  for 15  days).  Six  healthy  rats  served  as  controls.  Cecal
flora and the  prevalence  of  bacterial  translocation  and  spontaneous  bacterial  peritonitis  were  analysed.
Serum and  ascitic  fluid  levels  of  TNF-alpha  and  cecal  levels  of  malondialdehyde  were  also  measured.
Results:  Pentoxifylline  in  comparison  to  placebo  reduced  intestinal  bacterial  overgrowth  (21%  vs. 67%,
p  = 0.04),  bacterial  translocation  to cecal  lymph  nodes  (23%  vs.  75%,  p =  0.03)  and  prevented  spontaneous

bacterial  peritonitis  (0%  vs.  33%,  p =  0.04)  by  Enterobacteriaceae. Norfloxacin  administration  induced  sim-
ilar results.  Pentoxifylline  (0.18  ± 0.10 nmol/mg),  but  not  norfloxacin  (0.25  ±  0.13;  p =  0.02),  significantly
reduced  cecal  mucosal  levels  of  malondialdehyde  compared  to placebo  (0.33  ± 0.16;  p =  0.03).
Conclusion:  In cirrhotic  rats  with  ascites:  (a)  pentoxifylline  as well  as  norfloxacin  reduced  intestinal
bacterial  overgrowth  and bacterial  translocation  and  prevented  spontaneous  bacterial  peritonitis;  (b)
pentoxifylline,  but  not  norfloxacin,  reduced  oxidative  stress  in cecal  mucosal.

 Gast
© 2011 Editrice

. Introduction

Cirrhotic patients are highly predisposed to the development
f bacterial infections. Bacterial translocation (BT) is one of the
ain events in the pathogenesis of spontaneous bacterial peritoni-

is (SBP) and other infections in these patients [1,2]. Some of the
actors involved in BT are bacterium-dependent, such as virulence

nd overgrowth, whilst others are related to intestinal hypomotil-
ty and permeability, mucosal oedema and structural changes in
he intestinal wall and mucosal peroxidation. Selective intestinal
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decontamination with poorly absorbable antibiotics decreases
intestinal bacterial overgrowth (IBO) and BT in experimental and
human cirrhosis, and is highly effective in the prevention of SBP
[3–6]. However, this strategy has been recently associated with the
development of antibiotic-resistant Enterobacteriaceae [7–9]. There
have been increasing reports of quinolone-resistant and extended-
spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae in
infections occurring in cirrhotic patients submitted to long-term
norfloxacin prophylaxis [9–11]. Alternative strategies for the pre-
vention of SBP are therefore needed.

The modulation of the inflammatory response may  be one
of these alternative strategies. BT is associated with increased

local production of TNF-alpha in cecal lymph nodes (CLNs) [12].
This cytokine has pro-apoptotic and pro-inflammatory effects that
in turn could be involved in the pathogenesis of BT. Cytokine
blockade with anti-TNF-alpha monoclonal antibodies has been

 Ltd. All rights reserved.
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bserved to decrease the incidence of BT in cirrhotic rats with
scites [13]. Moreover, it has been recently demonstrated that
xidative damage is involved in the pathogenesis of intesti-
al mucosal barrier changes observed in experimental cirrhosis,
herefore favouring BT [14]. This uncontrolled immune system
ctivation results in the sustained overproduction of reactive
etabolites of oxygen. Reactive oxygen species cause impairment

f cellular membrane stability and cell death by lipid peroxida-
ion [15]. Malondialdehyde (MDA) is an end-product of the lipid
eroxidation process [16] and a marker of oxidative stress [17]. Pen-
oxifylline (3,7-dimethyl-1-[5-oxohexyl]-xanthine), a non-specific
hosphodiesterase inhibitor, inhibits TNF-alpha and NF-�B and
hus exhibits important anti-inflammatory properties. Further-

ore, pentoxifylline has important antioxidant and rheological
roperties [18–21].  Several studies have demonstrated that pen-
oxifylline administration reduces BT in experimental models of
aemorrhagic shock, intestinal obstruction and acute pancreati-
is [22–25]. However, so far, no studies have evaluated the effects
f pentoxifylline on BT in experimental models of cirrhosis and
scites.

The aim of the present study was to test whether oral pentox-
fylline as compared to norfloxacin can prevent BT and SBP in rats

ith CCl4-induced cirrhosis and ascites.

. Materials and methods

All animals received humane care in compliance with the “Prin-
iples of Laboratory Animal Care” formulated by the National
ociety for Medical Research and the “Guide for the Care and Use of
aboratory Animals” prepared by the National Academy of Sciences,
SA, and was approved by the Ethical and Research Committee of

he Hospital Clinic.

.1. Animal preparation

A total of 31 spontaneously breathing Wistar rats weighing
00–225 g from the Charles River Breeding Laboratories (Sant
ubin les Elseuf, France) were initially studied. Animals were caged
t a constant room temperature of 21 ◦C in a 12/12-h light/dark
ycle for 20 weeks for induction of cirrhosis and ascites. Water
ontaining 0.3 g/L phenobarbital was given ad libitum and animals
ere fed 20–25 g/day standard rat chow (A04, Panlab, Barcelona,

pain). Cirrhosis was induced by CCl4 inhalation as previously
escribed [26,32]. Briefly, compressed air was passed at 1 L/min
hrough a flask containing CCl4 and was conducted in a gas chamber
70 cm × 25 cm × 30 cm). Rats were exposed to CCL4 three times a
eek. The initial exposure time of 1 min  was increased by 1 min

very 10 days up to a maximum of 10 min. This animal model
as been extensively used to evaluate the mechanisms involved

n pathogenesis of BT and SBP in cirrhosis [26–30] and the effi-
acy of different prophylactic strategies [31–36].  The diagnosis of
scites was performed using abdomen palpation [26]. After the
evelopment of ascites, animals were randomly allocated to receive
entoxifylline or placebo. The total amount of pentoxifylline corre-
ponding to 16 mg/kg/day was divided into three daily doses that
ere administered every 8 h for 15 days, as required by the pharma-

okinetics of the molecule (this dose is equivalent to 1200 mg/day
n adult patients, 75 kg body weight). Pentoxifylline was diluted in
aline (1 mL)  and given by gavage. Animals in the placebo group
eceived saline (1 mL,  orally) every 8 h for 15 days. A group of 6
ealthy rats was also studied.
In a second phase of the study, another set of 8 Wistar rats
as studied. After CCl4 exposure and the development of cirrho-

is and ascites, animals received norfloxacin 5 mg/kg/day orally for
5 days.
r Disease 44 (2012) 239– 244

2.2. Experimental protocol

Twenty-four hours after the last dose of treatment, animals
were anaesthetized with ketamine [25 mg/kg i.m. (Parke-Davis,
USA)] and inhaled isofluorane (Abbott, USA). Surgery procedures
were performed in spontaneously breathing animals. A laparotomy
was performed under sterile conditions and the global amount
of ascites was measured. Samples were immediately inoculated
into blood culture bottles (BacTec, USA). Portal and vena cava cul-
tures were also obtained. Ascitic fluid and blood samples, from
portal and inferior vena cava, were collected in a non-additive ster-
ile interior vacutainer (Becton–Dickinson Vacutainer Systems Eur.,
Meylan Cedex, France).

CLNs from the ileo-cecal area were aseptically dissected,
removed and weighed. Finally, the cecum was  excised and 1 cm
of the cecal wall was  obtained, weighed and immediately frozen in
liquid nitrogen until measurement of MDA.

2.3. Measurements

Blood samples obtained from portal vein and inferior vena cava
and sampling of ascites were seeded in culture media to assess the
prevalence of bacteraemia and SBP. A part of ascitic fluid and blood
samples were also collected, centrifuged and stored for TNF-alpha
measurement.

CLNs and cecal content were analysed, and the prevalence of
BT to CLNs and IBO was assessed. CLNs were homogenized in
a glass grinder with 1 mL  of brain–heart infusion (Difco), and
150 �L of each homogenate/dilution were plated on Columbia
agar containing 5% sheep blood (BioMérieux, France) and Mac-
Conkey agar (Oxoid). The remaining homogenate was  inoculated
in 5 mL  brain–heart infusion. Broth tubes were incubated aerobi-
cally and subcultured daily. The theoretical detection limit of these
microbiological methods was 7 cfu/CLN complex for agar plates
and approximately 1 cfu/CLN for broth cultures. Two hundred mil-
ligrams of cecal content was  homogenized in 2 mL  normal saline
and serially diluted. Samples of 100 �L of appropriate dilutions
were inoculated onto blood agar (media to evaluate total aerobic
colony count) and MacConkey agar (media to assess total Enter-
obacteriaceae count). Blood agar and MacConkey agar plates were
incubated aerobically at 37 ◦C for up to 3 days. The identification
of bacteria was performed using conventional methods (quote a
reference).

The formation of MDA  was  determined by the thiobarbiturate
reaction as previously described [14]. Immunoassays for quantita-
tive determination of serum and ascitic fluid levels of TNF-alpha
were performed using TNF-alpha Quantikine rat immunoassays
(R&D Systems, Abingdon, UK), according to the manufacturer’s
instructions [13].

2.4. Definitions

BT was  defined as the presence of a positive culture of CLNs (agar
plates or broth cultures) [26–36] and SBP as culture-positive ascitic
fluid [30,32,34,35].  Intestinal bacterial overgrowth with Enterobac-
teriaceae was  defined as a cecal enterobacteriaceal count higher
than the mean count plus two standard deviations in healthy rats
[27,32].

2.5. Statistical analysis

Normality of data was tested using the Kolmogorov–Smirnov

test with Lilliefors’ correction. The Levene median test was used
to evaluate the homogeneity of variances. If both conditions were
satisfied, one-way ANOVA was used followed by Tukey’s test. To
compare non-parametric data, one-way ANOVA on ranks followed
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Fig. 1. Prevalence of intestinal bacterial overgrowth (IBO), bacterial translocation
(BT), and spontaneous bacterial peritonitis (SBP) caused by Enterobacteriaceae in
the study groups: cirrhotic rats receiving pentoxifylline (open bars), cirrhotic rats
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y Dunn’s post hoc test was selected. Parametric data are expressed
s mean ± SD, whilst non-parametric data are expressed as median
interquartile range). Analyses were performed with the SPSS sta-
istical package, version 15.0.

. Results

In the first protocol of 31 rats, 29 survived to the point of
eveloping ascites and were allocated to placebo (15 rats) or oral
entoxifylline (14 rats). The mean time required for the develop-
ent of ascites induced by CCl4 inhalation was 21 ± 3 weeks and

0 ± 3 weeks (mean ± SD), respectively (p = ns). Three rats in the
lacebo group and one rat in the pentoxifylline group died after
andomization (p = ns). Therefore, 12 rats in the placebo group and
3 rats in the pentoxifylline group were available for analysis. Just
efore sacrifice, body weight (480 ± 53 g vs. 478 ± 48 g; p = ns) and
he amount of ascites (6.0 ± 3 vs. 15.9 ± 3.2 mL;  p = ns) were similar
etween groups.

The second protocol (norfloxacin group) included 9 rats. One
nimal died before the development of ascites. Ascites developed
fter a median of 19 ± 2 weeks. At sacrifice, median body weight
as 494 ± 40 g and the amount of ascitic fluid 5.5 ± 2.9 mL.

.1. Blood and ascitic fluid cultures

In the healthy group there were no positive blood and ascitic
ultures. In the cirrhotic group, portal blood cultures were posi-
ive in 3 out of 33 cases (9% of all cirrhotic rats) without significant
ifferences between treatment groups (2 in the placebo group, 1
nimal in the pentoxifylline group and none in the norfloxacin
roup, Table 1). Inferior vena cava blood cultures were negative
or all cirrhotic animals included in the study.

Six rats out of 12 in the placebo group presented positive ascitic
uid cultures compared to 0 rats in the pentoxifylline and nor-
oxacin groups (50% vs. 0%; p = 0.005, Table 1). Pentoxifylline and
orfloxacin administration prevented the development of SBP. This
rotective effect of pentoxifylline persisted when only SBP caused
y Enterobacteriaceae was analysed (0% vs. 33%; p = 0.04, Fig. 1).

.2. Intestinal bacterial overgrowth and bacterial translocation

Cecal bacterial colony counts and the prevalence of IBO at

he end of the study are shown in Table 1 and Fig. 1. Mean
otal cecal bacterial colony count was significantly lower in the
ealthy rats compared to placebo group (p = 0.025). Pentoxifylline
nd norfloxacin administration significantly decreased mean total

able 1
ntestinal bacterial overgrowth, bacterial translocation and spontaneous bacterial periton

Healthy rats (n = 6) Pl

Cecal flora
Total aerobic bacteria (log cfu) 8.7 ± 0.1 

Total  Enterobacteriaceae (log cfu) 5.9 ± 0.5 

Intestinal bacterial overgrowth (%) 0 6
Bacterial translocation to CLNs
No organism on agar plates (%) 17 7
Enterobacteriaceae on agar plates (%) 17 5
No  organism in broth cultures (%) 17 10
Enterobacteriaceae in broth cultures (%) 17 7
Blood  cultures
No organism (%) 0 1
Enterobacteriaceae (%) 0 

Ascitic  fluid cultures
No organism (%) – 5
Enterobacteriaceae (%) – 3

fu: colony-forming units; CLNs: cecal lymph nodes.
* p < 0.05 vs. healthy rats and pentoxifylline and norfloxacin groups.

** p < 0.05 vs. healthy rats and pentoxifylline group.
receiving norfloxacin (grey bars), cirrhotic rats receiving placebo (black bars) and
healthy animals (grated bar). Pentoxifylline and norfloxacin administration signif-
icantly decreased IBO, BT and SBP caused by Enterobacteriaceae (*p < 0.05 vs. the
placebo group).

aerobic and Enterobacteriaceae cecal colony counts in comparison
to placebo (p < 0.05), to levels similar to those observed in healthy
rats. Consequently, IBO was reduced in the treatment groups com-
pared to placebo group (21% vs. 67% in the pentoxifylline group and
25% vs. 67% in the norfloxacin group; p < 0.005, Fig. 1). No IBO was
detected in healthy animals.

BT rate in healthy rats was significantly lower than in the
placebo group (17% vs. 100%, respectively, Table 1). In the healthy
group, Escherichia coli was  isolated from the CLN homogenate
plated on agar plates in only one animal. BT to CLNs was  observed
in 70% of cirrhotic animals (n = 23) and was  caused by Enterobacte-
riaceae in 14 (42%) (Table 2). The prevalence of BT to CLNs was  100%
in the placebo group (12/12 animals), 54% in the pentoxifylline
group (7/13 animals) and 50% in the norfloxacin group (4/8 animals)
when broth cultures are considered (p = 0.01). When the analysis
is restricted to agar plates, BT rate was 75% in the placebo group,
23% in the pentoxifylline group and 25% in the norfloxacin group
(p < 0.05). E. coli was by far the most frequent bacterium isolated in
the study (Table 2). BT by Enterobacteriaceae was markedly reduced
by pentoxifylline and norfloxacin administration to levels compa-
rable to those observed in the healthy group (Table 1 and Fig. 1).

3.3. TNF-alpha and MDA levels
Serum TNF-alpha levels did not differ between healthy rats and
placebo, pentoxifylline and norfloxacin groups. No differences were
also observed in ascitic fluid TNF-alpha levels between groups.

itis in healthy, placebo, pentoxifylline and norfloxacin groups.

acebo (n = 12) Pentoxifylline (n = 13) Norfloxacin (n = 8)

9.2 ± 0.4* 8.7 ± 0.6 8.8 ± 0.5
7.1 ± 0.9* 5.6 ± 0.9 5.8 ± 0.7
7* 21 25

5* 23 25
0* 0 0
0* 54 50
5* 23 25

7 8 0
8 0 0

0* 0 0
3** 0 0
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Table  2
Type and total number of bacteria isolated in cecal lymph nodes.

Healthy rats (n = 6) Placebo (n = 12) Pentoxifylline (n = 13) Norfloxacin (n = 8) Total (n = 39)

Escherichia coli 1 6 2 2 10
Proteus mirabilis 0 2 0 0 2
Acinetobacter spp. 0 2 1 0 4
Lactobacillus spp. 0 1 1 0 2
Streptococcus viridans 0 0 1 0 1
Staphylococcus aureus 0 3 2 1 6
Enterococcus spp. 0 1 0 1 2
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acterial translocation was  polimicrobial (2 bacteria) in 3 rats in the placebo grou
scherichia coli and Acinetobacter spp.

MDA  levels in the cecal mucosa were significantly lower in
ealthy rats compared to placebo group. The levels of MDA  in the
ecal mucosa were significantly higher in the placebo group com-
ared to pentoxifylline group (0.33 ± 0.16 vs. 0.18 ± 0.10 nmol/mg,
espectively; p = 0.03) and comparable to those observed in the
ealthy rats. No significantly differences were observed between
lacebo and norfloxacin group (0.33 ± 0.16 vs. 0.25 ± 0.13 nmol/mg,
espectively; p = ns) (Table 3).

. Discussion

SBP is the most frequent and one of the most severe infections
n cirrhosis, with hospital mortality rates ranging from 10% to 20%
1,2,8]. Long-term oral norfloxacin effectively prevents this infec-
ion, but is associated with quinolone-resistance. In the present
tudy, we found that a non-antibiotic alternative, oral pentoxi-
ylline, effectively decreased BT rate and prevented SBP in cirrhotic
ats with ascites with similar results compared to norfloxacin
roup. These findings are in line with those of previous studies
howing that pentoxifylline is able to prevent BT in experimen-
al models of haemorrhagic shock, intestinal obstruction or acute
ancreatitis [22–25].

We  found that 70% of cirrhotic rats had viable bacteria in CLNs.
his rate of translocation is higher than that observed in some stud-
es [28,31],  but similar to that reported by other authors in cirrhotic
ats with ascites (70–80%) [13,27]. Nevertheless, as shown by the
ow translocation rate in healthy animals, the high prevalence of BT

as not likely the result of technical bias, but probably rather of the
ery low bacterial detection limit (approximately 1 cfu/CLN com-
lex), obtained by inoculating approximately 85% of homogenate

nto brain–heart broth media. This technique, previously reported
y our group [32], is much more sensitive than others. In fact, more
han one third of the BT episodes (39%) were diagnosed only by
roth inoculation. If only positive agar plates were considered, the
umber of cirrhotic rats with BT would drop to 14/33, that is, 42%.

An important finding in our study was the reduction in IBO
y Enterobacteriaceae observed in cirrhotic rats treated with pen-
oxifylline. Mean total and Enterobacteriaceae cecal colony counts

ere similar in pentoxifylline-treated animals, norfloxacin-treated

ats and healthy animals and significantly lower than that those
ound in the placebo group. The prevention of IBO was probably
he main mechanism involved in the decrease in BT rate observed

able 3
ecal mucosal levels of malondialdehyde and serum and ascitic fluid TNF-� concentratio

Healthy rats (n = 6) Pl

MDA  (nmol/mg protein) 0.36 (0.16–0.45)* 0.
TNF-�  (pg/mL) Serum 9 (5–43) 24

Ascitic fluid – 19

ata are expressed as median (25th–75th percentile); MDA: malondialdehyde; TNF-�: tu
* p < 0.05 vs. healthy rats and pentoxifylline group.
cherichia coli and Staphylococcus aureus, Escherichia coli and Lactobacillus spp. and

in pentoxifylline-treated animals since IBO plays a major role in
BT process [1,2,27,28,37,38]. In experimental models, BT is almost
always associated with IBO of the translocated organisms [27]. Nev-
ertheless, this study was  not designed to evaluate the mechanisms
preventing overgrowth. Gastric hypoacidity [39,40] and delayed
intestinal transit time [41] are known to induce IBO in cirrhosis.
The effects of pentoxifylline on these facilitating factors deserve
further investigations.

As previously stated, we  observed that pentoxifylline adminis-
tration reduced BT and prevented SBP. Norfloxacin administration
induced similar effects on BT and SBP prevalence. Previous studies
have reported the efficacy of pentoxifylline in the prevention of BT
in other disorders in which the translocation of enteric bacteria to
the systemic circulation is extremely prevalent, such as haemor-
rhagic shock (from 63% to 0%), intestinal obstruction (from 100% to
20–40%), or acute pancreatitis (from 60% to 10%) [22–25].  More
importantly, in this study pentoxifylline, as well as norfloxacin,
completely abolished the development of SBP, the most frequent
and characteristic bacterial infection in cirrhosis. This finding is
encouraging and suggests that pentoxifylline could be an alter-
native to norfloxacin in the prophylaxis of SBP. In this sense, a
multicenter French study has recently demonstrated that oral pen-
toxifylline (400 mg  three times daily) prevents the development of
bacterial infections in the short term in patients with advanced cir-
rhosis. No specific data on SBP were reported [42]. Interestingly,
no serious adverse events related to pentoxifylline administration
were described in that trial. Taken together, these findings support
the evaluation of pentoxifylline in randomized clinical trials for pri-
mary and secondary prophylaxis of SBP in cirrhosis. The pros and
cons of the use of pentoxifylline in the treatment of patients with
SBP should also be explored.

The present study also showed that pentoxifylline administra-
tion decreases MDA  levels in cecal mucosa in cirrhotic rats with
ascites, suggesting an attenuation of intestinal oxidative stress by
the drug. Remarkably, norfloxacin administration did not induce
significant changes in MDA  levels. It is well known that increased
intestinal oxidative damage impairs gut permeability [14], an alter-
ation that plays a major role in promoting BT [1,2,37,38,43].  The

attenuation of oxidative stress observed with pentoxifylline could
have led to an improvement in intestinal permeability.

Recent reports have shown that pentoxifylline also attenuates
activation of the tight junction structural protein myosin light chain

n.

acebo (n = 12) Pentoxifylline (n = 13) Norfloxacin (n = 8)

15 (0.07–0.19) 0.1 (0.06–0.32) 0.27 (0.16–0.37)
 (12–46) 20 (14–43) 25 (15–30)
 (16–25) 25 (16–46) 25 (14–69)

mour necrosis factor-alpha.
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inase (MLCK) in experimental models of severe burn [44,45] and
estores the levels of other important structural proteins, such as
ccludin and zonula occludens protein-1 in immunoestimulated
aco-2 intestinal monolayers [46]. These effects result at least

n part from the ability of pentoxifylline to decrease local TNF-
lpha synthesis and NF-�B activation, preventing intestinal barrier
reakdown and histological gut injury [44–47].  Improvement in
owel microcirculation associated with pentoxifylline treatment
ould also contribute to restore gut barrier function [48–50].  Future
tudies should define the effects of pentoxifylline on intestinal
ermeability and tight junction structural proteins in this specific
odel of BT.
Finally, in our study serum and ascitic fluid TNF-alpha levels

id not differ between pentoxifylline and placebo-treated rats.
his apparently surprising finding is in agreement with previous
eports showing the failure of pentoxifylline to decrease serum
NF-alpha levels in patients with advanced cirrhosis [42] or in the
ost-operative setting [51]. It is known that BT is associated with

ncreased local production of TNF-alpha in the gut and its asso-
iated lymphoid tissue, including CLNs [12]. Several studies have
lso recently shown that pentoxifylline administration downregu-
ates iNOs activity and decreases NF-�B activation and subsequent
roinflammatory mediator synthesis (TNF-alpha and IL-6) in mod-
ls of shock [45,47]. These data suggest that the inhibitory effects
f pentoxifylline on cytokine production are more local than sys-
emic. Regretfully, in the current study IKK-beta phosphorylation
nd NF-�B p65 and TNF-alpha levels were not measured in CLN and
ecal mucosa.

Recent data indicate that the inhibition of IKK and NF-�B pre-
ents not only local and systemic inflammation and therefore
ultiple organ dysfunction syndrome and acute respiratory dis-

ress syndrome in models of gut ischemia-reperfusion injury, but
lso increases intestinal apoptosis. In that sense, the NF-�B system
eems to have a dual role, regulating both tissue protection and
ystemic inflammation. Therefore, caution is recommended when
sing NF-�B and IKK inhibitors [52].

.1. Limitations

This study has some limitations. First, we used a specific experi-
ental model of cirrhosis and ascites in rats. Therefore, our results
ay  not be extrapolated to other experimental models of cirrhosis

nd ascites. Secondly, we cannot provide a mechanistic explanation
or the protective effects of pentoxifylline except for the decrease
n IBO and the attenuation of intestinal oxidative stress. Third, we
xamined only serum and ascitic TNF-alpha, and thus the role of
ther systemic and local inflammatory mediators requires further
nvestigation.

. Conclusions

Our results demonstrated that pentoxifylline decreased IBO and
T and successfully prevented SBP in cirrhotic rats with ascites.
urther studies are needed to evaluate the precise mechanisms by
hich pentoxifylline exerts these beneficial effects and its efficacy

n the prophylaxis of SBP in cirrhotic patients.
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