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Abstract
AIM: To investigate the mechanism of pentoxifylline 
(PTX) improvement in liver regeneration.

RESULTS: Rats were randomized into 4 groups: Con-
trol rats; Sham - sham-operation rats; Saline - 70% 
hepatectomy plus saline solution; PTX - 70% hepatec-
tomy plus PTX. At 2 and 6 h after hepatectomy, aspar-
tate aminotransferase, alanine aminotransferase, tumor 
necrosis factor (TNF)-α and interleukin-6 (IL-6) serum 
and hepatic tissue levels were determined. Tumor 
growth factor (TGF)-β1 gene expression in liver tissue 
was evaluated 24 h after hepatectomy by quantitative 
reverse transcriptase polymerase chain reaction analy-

sis. Proliferation was analyzed by mitotic index and pro-
liferating cell nuclear antigen (PCNA) staining 48 h after 
hepatectomy. 

RESULTS: TNF-α and IL-6 serum levels increased at 
2 and 6 h after hepatectomy. At 2 h after hepatectomy 
serum PTX was reduced but not hepatic levels of TNF-α 
and IL-6. A decrease in liver TGF-β1 gene expression 
and an increase in mitotic index and PCNA after hepa-
tectomy were observed in the PTX treatment group in 
comparison to the saline group.

CONCLUSION: PTX improves liver regeneration by a 
mechanism related to down regulation of TNF-α pro-
duction and TGF-β1 gene expression. 
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INTRODUCTION
Liver regeneration in small-for-size liver grafts and in sub-
total hepatectomies may be suppressed, thereby increas-

BRIEF ARTICLE 

Online Submissions: http://www.wjgnet.com/1948-9366office
wjgs@wjgnet.com
doi:10.4240/wjgs.v4.i6.146

World J Gastrointest Surg  2012 June 27; 4(6): 146-151
ISSN 1948-9366 (online)

© 2012 Baishideng. All rights reserved.

146 June 27, 2012|Volume 4|Issue 6|WJGS|www.wjgnet.com



ing the morbidity and mortality in these situations[1,2].
The regenerative capacity of  the liver has been known 

for a long time although the mechanisms of  this complex 
physiological process are not completely understood. 
This process has been reported to be regulated by cy-
tokines [interleukin-6 (IL-6) and tumor necrosis factor 
(TNF)] and growth factors[3,4]. TNF-α and IL-6 blood 
levels increase after partial hepatectomy and are strong 
promoters of  hepatic regeneration after hepatectomy[2,5]. 
Indeed, inhibition of  TNF-α production retards liver re-
generation after partial hepatectomy[6].

TNF-α regulates the initial phase of  liver regenera-
tion after partial hepatectomy by enhancing the mitogenic 
effects of  hepatic growth factor (HGF) in vivo and in vitro 
and through the release of  IL-6 which activates Stat 3[7,8]. 
However, TNF-α and IL-6 are recognized as initial phase 
cytokines in inflammatory response to systemic infection 
or injury, and play a pivotal role in liver damage follow-
ing hepatectomy or ischemia/reperfusion injury[9,10]. Its 
excessive production after 90% hepatectomy has been 
associated with adverse effects on the hepatic microcircu-
lation and liver regeneration[11]. It has also been recently 
demonstrated that pentoxifylline (PTX), an inhibitor of  
TNF-α production[12], reduces liver injury and improves 
liver regeneration in a model of  small-for-size liver trans-
plantation through a mechanism thought to be related 
to interruption of  TNF-α signaling[13]. Indeed a recent 
randomized controlled trial demonstrated the beneficial 
effects of  PTX in major liver resections[14]. However the 
mechanisms of  the effect of  PTX on hepatic regenera-
tion have not been completely evaluated.

Tumor growth factor (TGF)-β1 is an anti-inflamma-
tory cytokine and also a potent growth inhibitor that sup-
presses the production of  HGF and, when administered 
in high doses, reduces the peak of  DNA synthesis at 24 h 
after partial hepatectomy[15-17]. TGF-β1 is produced dur-
ing hepatic regeneration and released in the peripheral 
circulation after partial hepatectomy[18]. There are sev-
eral pieces of  evidence suggesting that TNF-α induces 
TGF-β1 expression in many cell types[19-22]. 

The aim of  the present study was to test the hypoth-
esis that PTX could improve liver regeneration through 
inhibition of  TNF-α synthesis and reduction of  liver 
TGF-β1 gene expression

MATERIALS AND METHODS
Animals
One hundred and twelve adult male Wistar rats weigh-
ing 230-270 g were housed in individual cages and kept 
under standard conditions (12 h of  light-dark cycle and 
temperature between 22 ℃ and 28 ℃) with free access to 
a standard rat chow and water ad libitum. The experimen-
tal protocol was approved by the Ethics Commission of  
the Hospital das Clínicas: São Paulo University. 

Surgical procedure
The partial hepatectomy was carried out under general 
anesthesia with intraperitoneal ketamine chloride (Ketalar, 

Parke Davis, São Paulo, Brazil) (100 mg/kg) through an 
upper abdominal midline incision. A 70% hepatectomy 
was performed using the technique described by Hig-
gins and Andersen[23]. No mortality was observed in this 
model.

Experimental design
Animals were randomized into the four experimental 
groups: Group control - twenty four animals were not 
submitted to hepatectomy; Group sham - twenty four 
sham-operated rats underwent laparotomy and liver ma-
nipulation; Group saline - thirty two animals submitted to 
70% hepatectomy and saline administration; Group PTX 
- thirty two animals with 70% hepatectomy and PTX ad-
ministration.

PTX 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 immediately 
after the operation and the same dose was repeated after 
12 h.

Intraperitoneal administration of  saline solution, at 
1.25 mL/kg of  animal weight, was performed immedi-
ately after the operation and was repeated after 12 h.

Sample preparation
At 2 and 6 h after hepatectomy animals were anesthetized 
for blood sampling through cardiac puncture and killed 
by exsanguination. Serum levels of  aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT), as well 
as TNF-α and IL-6 serum and hepatic tissue levels were 
determined. TGF-β1 gene expression was evaluated 24 h 
after hepatectomy in remnant liver tissue. Proliferation was 
analyzed in remnant regenerating liver by mitotic index 
and proliferating cell nuclear antigen (PCNA) staining 48 h 
after hepatectomy. 

AST and ALT
Serum levels of  AST and ALT were assayed by using opti-
mized ultraviolet kit from Roche (Rotkrenz, Switzerland).

TNF-α and IL-6
Serum and liver tissue levels of TNF-α and IL-6 were de-
termined using an enzyme-linked immunosorbent assay 
kit from Biosource International Cytoscreen (Camarillo, 
California - USA).

TGF-β1
Livers were rapidly removed and were immediately fro-
zen in liquid nitrogen. All tissues were stored at -70º 
C until use. Total RNA was isolated from fresh-frozen 
liver tissues from the two groups using Trizol reagent 
(Invitrogen, Life Technologies, USA) according the 
manufacturer’s protocol. RNA quality was analyzed with 
an aliquot of  500 ng on a 1% agarose gel. Samples were 
kept at -80 ℃ until processing by quantitative reverse 
transcriptase polymerase chain reaction (qRT-PCR). qRT-
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PCR analysis for TGF-β1 gene was performed in the 
Rotor-Gene RG-3000 (Corbett Research, Sidney, Aus-
tralia) using a SuperScriptTM III Platinum SYBR Green 
One-Step qRT-PCR kit (Invitrogen, Life Technologies) 
with 100 ng of  total RNA and 0.2 mmol/L sense/anti-
sense primer per reaction, according to the manufacturer’s  
recommendations. The reaction was carried out under 
the following cycling conditions: 10 min at 50 ℃, 5 min 
at 95 ℃, followed by 35 cycles of  15 s at 95 ℃, 30 s at 
55 ℃, and 30 s at 72 ℃. To verify amplification reaction 
specificity, melting curves were determined using the fol-
lowing conditions: 72 ℃ ramping to 99 ℃ at 0.2 ℃/s. A 
primer set was designed to amplify two separate intron-
spanning regions, enabling us to assess the possible 
genomic DNA contamination: TGF-β1 sense 5'-CG-
GCAGCTGTACATTGACTT-3' and antisense 5'-AGC-
GCACGATCATGTTGGAC-3' β-actin sense 5'-TGT-
CACCAACTGGGACGATA-3' and β-actin antisense 
5'-GGGGTGTTGAAGGTCTCAAA-3'. Primers were 
designed using primer 3_www.cgi v 0.2 program.13. RNA 
template concentrations (500, 100, 20, 4 and 0.8 ng/µL)  
were used to generate a standard curve to evaluate the 
amplification efficiency of  the TGF-β1 gene in compari-
son to β-actin. The content of  TGF-β1 RNA was deter-
mined as the number of  transcripts relative to those of  
β-actin and additionally normalized to the mean value of  
control liver tissue. Quantification was obtained accord-
ing to the ΔΔCT method.

PCNA and mitotic index
Hepatocyte proliferation was assessed by PCNA and by 
mitotic index staining. Liver specimens were fixed in 2% 
formalin solution and stained with hematoxylin-eosin for 
histological analysis. The PCNA-labeling index was ob-
tained by measuring the number of  PCNA-positive he-
patocytes in 20 consecutive high power fields (HPF: 400 
×). For mitotic index evaluation mitotic hepatocytes were 
counted in 20 consecutive high power fields (HPF: 400 ×). 

Statistical analysis
Results were expressed as a mean ± SD. Statistical analysis 
was conducted with one-way ANOVA and post hoc test-
ing with Tukey-Kramer multiple comparison test. Mann-
Whitney’s test was performed for histological data. P val-
ues less than 0.05 were considered significant. Graph pad 
prism 4.0 Software was used for statistical data analysis.

RESULTS
PTX effect on AST and ALT after hepatectomy 
Transaminase levels were not significantly reduced in rats 
treated by PTX (data not shown).

PTX effect on serum and liver tissue levels of TNF-α 
after hepatectomy 
Serum levels of  TNF-α were undetectable in control and 
sham operated groups but increased at 2 and 6 h after 
partial hepatectomy. Administration of  PTX significantly 

decreased serum levels of  TNF-α at 2 h but not at 6 h 
after hepatectomy, when compared to non-treated ani-
mals (Figure 1A).

Liver tissue levels of  TNF-α increased after hepatec-
tomy when compared to Control and Sham operation 
groups. However no difference was observed between 
Saline and PTX groups at 2 and 6 h after liver resection 
(Figure 1B).

PTX effect on serum and liver tissue levels of IL-6 after 
hepatectomy 
Serum levels of  IL-6 were undetectable in Control and 
Sham operated groups and increased at 2 and 6 h after 
liver resection in group saline. Administration of  PTX 
significantly decreases serum levels of  IL-6 at 2 and 6 h 
after hepatectomy (Figure 2A).

Compared to control group, liver tissue levels of  IL-6 
increased in laparotomy and liver resection groups. How-
ever no differences were observed among these three 
groups (Figure 2B).

PTX effect on gene expression of liver TGF-β1 after 
hepatectomy 
A significant reduction in TGF-β1 mRNA liver tissue 
levels was observed in group PTX when compared to 
group Saline (Figure 3).

PTX effect on hepatocyte proliferation after hepatectomy 
The pathological results obtained 48 h after the hepatec-
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Figure 1  Serum (A) and liver tissue (B) levels of tumor necrosis factor-α 
after partial hepatectomy at 2 and 6 h. Group saline and Group pentoxifylline 
(PTX). Data are presented as mean ± SD of 10 animals per group. aP < 0.05.
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tomy showed an increased PCNA labeling index (12.1 ± 
3.8 core/20 HPF) and mitotic index (2.9 ± 1.2 core/20 
HPF) in animals treated with PTX compared to saline 
treated rats (PCNA: 6.1 ± 2.2 core/20 HPF; mitotic in-
dex: 1.7 ± 0.5 core/20 HPF) (Figure 4).

DISCUSSION
In the present study, PCNA expression was used as an 
indicator of  hepatic cell proliferation since there is a per-
fect correlation between this method, liver weight and 
5-bromo-2-deoxyuridine incorporation[24].

After resection or injury the remaining hepatocytes en-
ter into the G1 phase. Several previous studies demonstrat-
ed that cytokines, mainly TNF-α and IL-6, are involved in 
liver regeneration after partial hepatectomy[1,6,10,25].

TNF-α is recognized as a regulator of  the initial phase 
of  hepatic regeneration after liver resection and injury, 
given that it is able to increase the activity of  DNA 
polymerase-α and the incorporation of  [H3] thymidine 
into DNA in the liver cells of  intact adult rats[26].

TNF-α also induces IL-6 production through NF-κB 
activation[27]. IL-6 is a strong promoter of  liver regenera-
tion in rats after 70% hepatectomy[28]. Antibody against 
TNF-α inhibits IL-6 production and liver regeneration, 
and the administration of  suppressive agents against 
TNF-α also inhibits hepatic regeneration[6,26].

However, TNF-α and IL-6 are recognized as initial 

phase cytokines in the inflammatory response following 
systemic injury, stimulating the expression of  chemoa-
tractants which induce neutrophil accumulations and tis-
sue injury[9]. Indeed TNF-α is involved in liver injury due 
to galactosamin, and endotoxin[11,29]. 

It has been demonstrated that excessive production 
of  IL-6 in 90% hepatectomized rats is associated with 
adverse effects on liver regeneration. Indeed reduction of  
initial cytokine response in extensive hepatic resection in 
rats improves liver regeneration[11].

In the present study we demonstrated that the admin-
istration of  PTX reduces TNF-α and IL-6 serum levels 
but not liver tissue levels (Figures 1 and 2). It has also 
been demonstrated that PTX administration increases the 
production of  anti-inflammatory and growth promoting 
factors (IL-6 and IL-10) in a small-for-size liver transplan-
tation in mice[13]. It was concluded that these effects were 
related to inhibition of  the TNF-α signaling pathway[13]. 
However, in the present study we did not find a reduction 
in TNF-α levels in liver tissue following the administration 
of  PTX, suggesting that the production of  TNF-α in the 
liver tissue follows a different signaling pathway from that 
of  macrophages. Indeed it has been demonstrated that 
the bile duct and the portal and central veins are major 
producers of  TNF-α in regenerating livers[30]. Depletion 
of  Kupffer cells by gadolinium chloride does not reduce 
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liver TNF-α and actually enhances liver regeneration after 
partial hepatectomy[31]. This complex relationship between 
hepatocytes and non parenchimal cells was also under-
scored by findings that blocking nuclear factor (NF)-κB 
activation in hepatocytes increases NF-κB activation and 
TNF-α production in non parenchimal cells, augmenting 
proliferative response following partial hepatectomy[32]. It 
is, therefore, possible that PTX blocks TNF-α production 
specifically in Kupffer cells, thereby increasing the produc-
tion of  TNF-α by parenchimal cells.

TGF-β1 is a strong inhibitor of  hepatocyte regenera-
tion. It inhibits proliferation of  hepatocytes in culture 
and suppresses the production of  HGF[16,33]. TGF-β 
expression increases in liver tissue after hepatectomy in 
response to the regenerative process[34]. It has been also 
demonstrated that TNF-α influences TGF-β1 expression 
in many cell types[19-21]. There is also a correlation between 
TNF-α mRNA expression and TGF-β1 mRNA expres-
sion in vivo[22]. Therefore, suppression of  TNF-α may also 
suppress TGF-β1 production, thereby enhancing liver re-
generation. Indeed, in the present study we demonstrated 
that PTX administration reduces TGF-β1 expression in 
liver tissue and also improves liver regeneration. Recently 
it was demonstrated that liver regeneration is inhibited in 
small-for-size liver grafts and that this effect is prevented 
by over-expression of  smad 7 which blocks TGF-β 1 in-
duced activation of  smad 2/3[24]. Suppression of  TGF-β1 
expression may be one of  the mechanisms related to the 
beneficial effect of  PTX in liver regeneration.

After extensive hepatectomy, gut-derived endotoxins 
cause increase production of  TNF-α and IL-1, stimu-
lating the production of  other cytokines, and further 
amplifying the inflammatory response, thereby possibly 
contributing to hepatic injury[35]. Therefore reduction of  
cytokine serum levels could also be beneficial for liver 
regeneration, particularly in extended hepatectomy or 
small-for-size liver transplantation.

As demonstrated in the present study (Figure 4), the 
decrease of  TNF-α and IL-6 serum levels without chang-
ing TNF-α and IL-6 liver tissue levels (Figures 1 and 2), 
and the reduction of  liver TGF-β1 expression (Figure 3) 
may explain some of  the beneficial effects of  PTX in liv-
er regeneration. Reduction of  serum levels of  cytokines 
seems to be crucial for the improvement of  liver regen-
eration. Indeed, in rats that had undergone subtotal hepa-
tectomy, serum cytokines levels were persistently elevated 
and associated with decrease in liver regeneration[11]. 

We can speculate that suppression of  TNF-α liver tis-
sue levels is deleterious for liver regeneration. However, 
reduction of  cytokine serum levels without change in 
liver tissue levels, as observed both in the present study 
and by others, enhances liver regeneration[6,26,36].

In conclusion, our results demonstrate that PTX de-
creases the systemic inflammatory response and reduces 
liver TGF-β 1 mRNA expression, thereby enhancing liver 
regeneration. This may be useful to improve the func-
tion of  small liver remnants in extended resection and in 
small-for-size liver grafts. 

COMMENTS
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Liver regeneration in small-for-size liver grafts and following hepatectomy may 
be suppressed, thereby increasing mortality. The complex physiological pro-
cesses of liver regeneration are not completely understood. Cytokines, such 
as tumor necrosis factor (TNF)-α, play a pivotal role in this process and in liver 
damage following hepatectomy or ischemia/ reperfusion injury. 
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