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Is there a therapeutic window for pentoxifylline after the onset of acute pancreatitis?1

Existe uma janela terapêutica para a pentoxifilina após o início da pancreatite aguda?
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Abstract
PURPOSE: To investigate the effects of pentoxifylline (PTX) in experimental acute pancreatitis (AP) starting drug administration after 
the induction of the disease. 
Methods: One hundred male Wistar rats were submitted to taurocholate-induced AP and divided into three groups: Group Sham: 
sham-operated rats, Group Saline: AP plus saline solution, and Group PTX: AP plus PTX. Saline solution and PTX were administered 
1 hour after induction of AP. At 3 hours after AP induction, peritoneal levels of tumor necrosis factor (TNF)-α, and serum levels 
of interleukin (IL)-6 and IL-10 levels were assayed by Enzyme-Linked Immunosorbent Assay (ELISA). Determinations of lung 
myeloperoxidase activity (MPO), histological analysis of lung and pancreas, and mortality study were performed. 
Results: PTX administration 1 hour after induction of AP caused a significant decrease in peritoneal levels of TNF-α and in serum 
levels of IL-6 and IL-10 when compared to the saline group. There were no differences in lung MPO activity between the two groups 
with AP. A decrease in mortality was observed in the PTX treatment compared to the saline group. 
Conclusions: Administration of PTX after the onset of AP decreased the systemic levels of proinflammatory cytokines, raising the 
possibility that there is an early therapeutic window for PTX after the initiation of AP.
Key words: Acute Pancreatitis; Pentoxifylline; Inflammation; Cytokines; Systemic Inflammatory Response

RESUMO
OBJETIVO: Investigar os efeitos da pentoxifilina (PTX) na pancreatite aguda (PA) experimental administrando a droga após a indução 
da doença.
MÉTODOS: Cem ratos machos Wistar foram submetidos à indução da PA através da infusão de taurocolato de sódio e divididos em 
três grupos: Grupo Sham: sham-operated ratos, Grupo Salina: AP e solução salina, e Grupo PTX: AP e PTX. Solução salina e PTX 
foram administradas 1 hora após a indução da PA. Três horas após indução da PA os níveis de fator de necrose tumoral (TNF)-α no 
líquido peritoneal e os níveis séricos de interleucina (IL)-6 e IL-10 foram analisados pelo método de Enzima Imunoensaio (ELISA). A 
atividade da mieloperoxidase (MPO) foi analisada no pulmão e foram realizadas análises histológicas do pulmão e pâncreas, além do 
estudo da mortalidade.
RESULTADOS: A administração de PTX 1 hora após a indução da PA reduziu significativamente os níveis de TNF-α peritoneal e os 
níveis séricos de IL-6 e IL-10 quando comparado ao grupo salina. Redução na mortalidade foi observado após o tratamento com PTX 
comparado ao grupo salina.
CONCLUSÃO: A administração de PTX após a indução da PA diminuiu os níveis sistêmicos de citocinas pró-inflamatórias, sugerindo 
a possibilidade de que existe uma janela terapêutica para PTX após o início do PA.
Descritores: Pancreatite Aguda; Pentoxifilina; Inflamação; Citocinas; Resposta Inflamatória Sistêmica
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Introduction

Severe acute pancreatitis (AP) is a disease related to 
high morbidity and mortality. It is associated with an increase in 
inflammatory mediators that induce the systemic inflammatory 
response syndrome (SIRS) and can lead to distant organ 
dysfunction1,2.

Serum levels of proinflammatory cytokines such as 
interleukin (IL)-1, IL-6, IL-8, tumor necrosis factor (TNF)-α, 
platelet activating factor (PAF), and nitric oxide (NO) increase 
early during the course of AP and these levels directly correlate 
with the severity of pancreatic inflammation3. In addition, 
TNF-α, a cytokine produced mainly by activated monocytes and 
macrophages, seems to play an important role as a mediator of 
inflammation and cellular immune responses in AP through the 
initiation of a cytokine cascade4,5.

Administration of agents that antagonize or diminish 
the production of TNF-α is associated with a decrease of the 
systemic effects of AP6-10. Pentoxifylline (PTX), a methylxanthine 
derivative, exhibits marked anti-inflammatory properties through 
the inhibition of nuclear factor (NF)-κB and consequently blocks 
TNF-α production11-12.

Treatment of AP with PTX has shown to be beneficial 
in the experimental management of this disease13-16. Studies from 
our group have demonstrated that administration of PTX in rats 
with taurocholic acid-induced AP reduced local and systemic 
inflammatory responses and decreased pancreatic infection and 
mortality rate16. However, administration of this drug in these 
studies was done at the time of AP induction, which is unrealistic in 
a clinical setting where patients already have developed systemic 
inflammation. 

In the present study we attempt to elucidate the presence 
of an early therapeutic window for PTX as an anti-inflammatory 
drug after the onset of AP in an experimental animal model.

Methods

The experimental protocol was approved by the Ethics 
Commitee for Animal Research from the Medical School of São 
Paulo University. All animals received care in accordance with the 
Guide for the Care and Use of Laboratory.

One hundred adult male Wistar rats weighing 240 
to 260 g, housed in individual cages in a 12-hour dark light-
controlled environment, were used for the experimental protocol. 
Temperature was kept at 21 to 22oC and all rats were fed with a 
standard rat chow and ad libitum water. 

Reagents
All chemical reagents were purchased from Sigma-

Aldrich (St. Louis, MO). TNF-α, IL-6 and IL-10 were assayed 
with corresponding kits from BioSource International (Camarillo, 
LA, Calif).

Induction of acute pancreatitis
Surgical anesthesia was induced with ketamine chloride 

50 mg/ml (0.2ml/100g body weight) (Ketalar; Parke-Davis, São 
Paulo, Brazil). AP was induced in anesthetized rats by retrograde 
intraductal injection of 0.5 ml of 2.5% (w/v) sodium taurocholate 
in 0.9% (w/v) NaCl into the main pancreatic duct for 1 minute at 
a constant rate using an infusion pump (KD Scientific, Holliston, 
MA). The proximal part of the hepatic duct was clamped during 
the injection17,18.

Experimental groups
Animals were randomized to the following experimental 

groups:
Group Sham: twenty sham-operated rats submitted to 

operative procedure without induction of AP.
Group Saline: forty rats submitted to AP plus 

intraperitoneal administration of saline solution.
Group PTX: forty rats submitted to AP plus intraperitoneal 

administration of PTX. 

Pentoxifylline and saline administration
Intraperitoneal administration of PTX, at 25 mg/kg of 

animal weight (1.25 ml/Kg) (Trental™, Sanofi Aventis Pharma, 
São Paulo, Brazil), was performed one hour after induction of AP 
and the same dose was repeated after 12 hours.

Intraperitoneal administration of saline solution, at 1.25 
ml/kg of animal weight, was performed one hour after AP induction 
and was repeated after 12 hours. In previous experimental studies 
we have demonstrated that in this rat model of AP using sodium 
taurocholate the highest levels of inflammatory cytokines occurs 
between 2 and 4 h after AP induction therefore 1 hour is an 
appropriate length of time to start the treatment16.

Sample Preparation
At 3 hours after AP induction, animals were anesthetized 

for blood sampling through cardiac puncture and killed by 
exsanguination. Peritoneal levels of TNF-α and serum levels of 
IL-6 and IL-10 were assayed by a solid-phase sandwich enzyme-
linked immune absorbent assay (ELISA). Lung myeloperoxidase 
activity (MPO) was analyzed in lung homogenates. A portion of 
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the pancreas and lungs were fixed in 10% (v/v) buffered formalin 
for histological analysis.

Lung myeloperoxidase activity
MPO activity was used as an indicator of neutrophils 

infiltration into tissues. Samples of lung tissue were homogenized 
with a Polytron homogenizer using a homogenization buffer 
containing 0.5% of hexadecyltrimethyl ammonium bromide, 5 
mmol/L EDTA, and 50 mmol/L phosphate at pH 6.0. Homogenized 
samples were sonicated and centrifuged (3.000xg, 30 minutes) at 
4ºC. MPO activity in the supernatant was assayed by measuring 
the change in A460 resulting from the decomposition of H2O2 in 
the presence of O-dianisidine. Results were expressed as optical 
density (OD) at 460 mm19,20.

Histological analysis
Fragments of pancreas and lungs were harvested, fixed, 

embedded in paraffin, sectioned, and stained with hematoxylin 
and eosin for light microscopy. Histological evaluation of the 
pancreas and lung sections was performed by the same pathologist 
in a blinded way.

Severity of necrotizing pancreatitis was determined by a 
scoring system that includes the graded assessment of pancreatic 
edema, inflammatory infiltration, pancreatic necrosis, pancreatic 
hemorrhage, and extrapancreatic fat necrosis, on a scale of 0 to 421. 

Lung injury was assessed using a 0 to 4 scoring system 
to evaluate the following lesions: intersticial cellular infiltration, 
intra-alveolar neutrophilic infiltration, intersticial and alveolar 
edema, hyaline membrane formation, capillary congestion, type II 
pneumocyte hyperplasia and intra-alveolar hemorrhage22.

Mortality study
Thirty animals from each group with AP were observed 

for a period of 7 days after AP induction to evaluate the mortality 
rate. These animals were maintained in individual cages with 
access to regular rat chow, and received PTX or saline solution as 
determined by the experimental protocol.

Statistical analysis
The groups were compared using ANOVA test and 

results are presented as mean values ± SEM. Histological analysis 
was performed by the Mann-Whitney test. Survival was evaluated 
using the Kaplan-Meier method and was analyzed for significance 
with the log-rank test (Cox-Mantel) and Wilcoxon test. The 

level of P<0.05 was considered statistically significant. The data 
were analyzed using Graphpad Prism® 4.0 software (San Diego, 
California).

Results

PTX effect on systemic inflammation in AP
We observed formation of ascitic fluid in the AP groups 

when compared with animals of the sham-operated group. PTX 
administration significantly reduced TNF-α levels in peritoneal 
fluid compared to the saline group (p=0.04) (Figure 1A).

\Levels of IL-6 and IL-10 were undetectable in the serum 
of sham-operated animals. A significant decrease in IL-6 (p=0.027) 
and IL-10 (p=0.037) levels was observed after PTX administration 
when compared to the saline group (Figures 1B and 1C).

Together, these data indicate a reduction of systemic 
inflammation after PTX administration in AP.
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Figure 1: Inflammatory cytokines levels after AP induction. AP 
was induced in rats by intraductal injection of 0.5ml of 2.5% taurocholic 
acid. Saline group received saline solution administration 1 hour after 
AP induction and PTX group received PTX treatment 1 hour after AP 
induction. Concentration of peritoneal TNF-α (A); serum IL-6 levels (B); 
and serum IL-10 (C). Data are expressed as mean ± SEM of 10 animals 
per group.   *p<0.05

Serum IL-6/IL-10 ratio
The serum IL-6/IL-10 ratio was calculated to determine 

possible imbalances in serum inflammatory activity. The serum 
IL-6/IL-10 ratios were 7.3 in saline AP rats, and 3.8 in AP rats 
treated with PTX. Accordingly, results indicated that there was 
a prevalence of anti-inflammatory activity in PTX treated rats 
compared with the saline group.

PTX effect on lung MPO activity
To assess lung inflammation by neutrophil infiltration, 

MPO activity was measured. At 3 hours after AP induction, MPO 
activity was increased in the pulmonary tissue. There was no 
statistical difference between the PTX and saline  treatments after 
AP induction (Figure 2). However, the results show a trend toward 
a reduction in lung inflammation in the PTX group (p=0.094). 

Figure 2: Myeloperoxidase activitiy in the lung after AP induction. 
AP was induced in rats by intraductal injection of 0.5ml of 2.5% 
taurocholic acid. Saline group received saline solution administration 1 
hour after AP induction and PTX group received PTX treatment 1 hour 
after AP induction. Data are expressed as mean ± SEM of 10 animals per 
group.   *p<0.05 comparing sham-operated group with the AP groups; 
p=0.094 comparing PTX and saline groups

PTX effect on lung and pancreatic histology
We also evaluated the severity of pancreatitis by 

histological analysis of lung and pancreatic lesions. Histological 
scores found in animals with AP compared to the sham-operated 
group, did not differ between the PTX and saline treatments after 
AP induction.

PTX effect on mortality study
After AP induction, mortality rate was evaluated. A 

decrease in mortality was observed in the PTX treatment (5/30, 
17%) compared to the saline group (11/30, 37%), (p=0.07) (Figure 
3). There was no mortality in the sham-operated group (data not 
shown).
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Figure 3: Animal survival. AP was induced in rats by intraductal 
injection of 0.5ml of 2.5% taurocholic acid. Saline group received saline 
solution administration 1 hour after AP induction and PTX group received 
PTX treatment 1 hour after AP induction.  The Kaplan-Meier curve for 
the two groups is shown. Mortality was observed for 7 days after AP 
induction (p=0.07)

Discussion

Acute pancreatitis involves a complex cascade of events, 
including pancreatic inflammation, destruction of pancreatic 
tissue, and a systemic inflammatory response, mediated by IL-1, 
IL-6, IL-8, TNF-α, NO, reactive oxygen species, and PAF, which 
are markedly increased early after the onset of the disease.

The levels of proinflammatory cytokines seem to 
correlate with morbidity and mortality associated with AP23 .The 
use of drugs that block the activation of these cytokines could 
attenuate the severity of AP. Among these drugs, PTX exhibits 
marked anti-inflammatory properties through the inhibition of 
TNF-α production after shock, acute endotoxemia, and cerebral 
ischemia in rats 11,24,25. The mitogen-activated protein kinases 
(MAPK) and NF-kB are integral components of many signal 
transduction pathways. Hofken et al.26 and De Campos et al.14 have 
demonstrated the role of MAPK activation in AP-induced acute 
lung injury (ALI) with the observations that MAPKs are activated 
early in the course of AP and inhibition of their phosphorylation can 
ameliorate the effects of the disease, indicating that PTX is capable 
of attenuating key signaling events in the inflammatory cascade. 
In addition, they observed a reduction in the phosphorylation of 
cytoplasmic I-kB and nuclear p65-NF-kB, which its activity in both 
the pancreas and distant organs has been shown to correlate with 
degree of illness, whereas inhibitors of NF-kB have been proven 
effective in reducing systemic inflammation in severe AP14,26. 
The suggestion is that PTX regulates cytokines transcription and 
neutrophil recruitment, at least in part, via MAPKs and NF-kB 

signaling pathway.
Treatment of AP with PTX has shown to be beneficial 

in the experimental management of this disease, however 
administration of this drug in these studies was done at the time 
of AP induction13-16. In an experimental model of severe AP, 
evaluating the effect of administration of PTX after the onset of 
AP, no changes of the hemodynamic parameters and mortality rate 
were observed however, in this study inflammatory parameters 
were not evaluated27.

Therefore, in the present study, and according to 
clinical practice, we utilized treatment with PTX after the onset 
of AP and observed reduction of peritoneal and serum levels of 
proinflammatory cytokines.

As has been previously described, TNF-α is considered 
the trigger of an inflammatory cascade in AP because it induces 
the synthesis and release of other cytokines4. Some authors have 
shown the beneficial effect of the pretreatment of AP through 
the inhibition of TNF-α by using an antibody against TNF- α6,7. 
Our group has also demonstrated the beneficial effect o PTX 
administration at the time of AP induction16. In the present study we 
observed that PTX administered after the onset of AP effectively 
inhibited the production of TNF-α and IL-6, which are AP markers 
and whose levels correlate with the severity of the disease. 
Inhibition of TNF-α production, at least in part, via MAPKs and 
NF-kB signaling pathway may explain the marked PTX anti-
inflammatory properties11,24,25. In addition, PTX increases blood 
cell deformability, decreases platelet aggregation, lowers blood 
viscosity, and reduces thrombus formation, therefore improving 
microvascular flow28. In addition, PTX treated rats exhibited a 
prevalence of anti-inflammatory activity compared with the saline 
AP group, as indicated by serum IL-6/IL-10 ratios. The suggestion 
is that the proper production/release of proinflammatory and anti-
inflammatory cytokines might be an importante effect of PTX 
treatment. 

Pulmonary complications are the most critical distant 
event in severe AP, being the most common cause of death during 
the initial phase of the disease29. Previously, it was reported that 
PTX administration at the time of AP induction was capable of 
attenuating pulmonary inflammation and histological lung injury 
in a model of severe AP14. In the present study, we also observed a 
clear tendency to reduction of pulmonary neutrophil sequestration, 
evaluated by MPO levels, in PTX treatment compared to the saline 
group.

Histological scores in lung and pancreas from animals 
with AP, compared to the sham-operated group, did not differ 
between the PTX and saline treatments after AP induction. The drug 
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may be effective however, to ameliorate histological parameters in 
mild edematous pancreatitis (13) or when administration of this 
drug is done at the time of AP induction16.

To further evaluate the effects of PTX treatment, we 
also studied mortality rates after attenuating systemic levels of 
proinflammatory cytokines. The results showed a reduction of 
mortality with PTX treatment compared to the saline group.

In conclusion, this is the first study that demonstrates 
the potential therapeutic effects of PTX administered after severe 
AP induction. Reduction of systemic levels of proinflammatory 
cytokines by this drug might be useful in the clinical practice 
for the management of early phase AP. In fact, clinical studies 
have shown that inflammatory mediators reach the highest 
serum concentration on day three after the onset of AP30. Further 
studies are still needed to fully understand the effects of PTX on 
proinflammatory mediators and other aspects of severe AP. Our 
observations raise the hypothesis that an early therapeutic window 
exits for PTX treatment after the onset of AP, which should be 
object of future studies. 

Acknowledgment: We thank Sandra Sampietre and 
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