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Abstract: Pentoxifylline (PTX) is a non-selective phosphodiesterase inhibitor with the effects of antioxidation, anti-
inflammation and anti-fibrosis that has been shown to induce damage in liver. The purpose of this study is to inves-
tigate the effects and possible mechanisms of PTX on thioacetamide (TAA)-induced acute liver injury in rats. Male
Sprague-Dawley (SD) rats were divided into four groups: control, PTX, TAA and PTX+TAA treated groups. Rats were
administrated TAA together with or without PTX for a week and sacrificed 24 h after the last intragastric administra-
tion of PTX. Histopathological analysis was carried out. The liver function, the indices of oxidative stress including
malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione (GSH) in liver tissues, and pro-inflammatory
cytokines expressions were examined. The mRNA level of NF-kB p65 in liver was also determined. PTX significantly
attenuated TAA-induced liver injury. The serum transaminase and MDA levels were reduced while the levels of SOD
and GSH were increased, as compared with the TAA-treated group. PTX also remarkably suppressed the secre-
tions of pro-inflammatory cytokines and the nuclear factor-kB (NF-«kB) activation induced by TAA. In addition, the
histopathological analysis showed that the range and degree of liver tissue lesions were improved obviously in PTX
treated group. Pentoxifylline could ameliorate the effects of thioacetamide-induced acute liver injury in rats by inhib-
iting oxidative stress, expressions of pro-inflammatory cytokines and NF-kB activation.
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Introduction

The liver may be considered as one of the most
important organs which regulate the balance of
metabolism [1]. Acute liver injury caused by a
variety of reasons induces inflammation, oxida-
tive stress, and necrosis of liver cells [2].
Thioacetamide (TAA) is widely used to induce
acute-toxic liver injury, and specially causes
membrane damage, oxidative stress and accu-
mulation of lipid droplets in the hepatocyte
cytoplasm to enhance inflammation and liver
injury [3]. Hepatitis usually occurs within few
hours after TAA treatment.

The correlation between inflammation and oxi-
dative stress in the course of liver injury is
indisputable. The systemic inflammatory
response is mediated by activated pro-inflam-
matory cytokines such as tumor necrosis
factor-a (TNF-a), interleukins (IL-13 and IL-6)
and oxygen radicals which may sensitize hepa-
tocytes to the toxicity and damage [4, 5]. In
addition, the nuclear factor-kB (NF-kB) is known

as a cardinal regulator of inflammatory res-
ponse. Multiple studies have shown that it can
modulate the transcription activations of pro-
inflammatory cytokines [6].

Pentoxifylline (PTX), 1-[5-oxohexyl]-3, 7-dimeth-
ylxanthine] is a non-specific phosphodiesterase
inhibitor that has been routinely employed for
circulatory diseases for over 20 years [7].
Recent researches have implied therapeutic
effects of PTX on alcoholic hepatitis, non-alco-
holic fatty liver and liver fibrosis, but its effect
on acute liver injury remains unclear [8-10].
Therefore, these studies prompted us to
observe whether PTX might play a protective
role against acute liver injury induced by TAA
in rats and to investigate its possible
mechanisms.

Methods
Animals

Male Sprague-Dawley (SD) rats purchased from
the Animal Centre of Xi'an Jiaotong University
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(Shaanxi, China) weighing 180-200 g were
housed in a standard animal laboratory with
free access to food and water in this study. The
rats were adapted in a standard temperature at
20-25°C, 45-55% relative humidity and a 12-h
light/dark cycle, and acclimatized for 1 week to
use. This experiment was carried out in accor-
dance with the National Institutes of Health
(NIH) Guide for the Care and Use of Laboratory
Animals. The protocol was approved by the
Institutional Animal Care and Use Committee of
Xi'an Jiaotong University (Permit Number:
SCXK2007-001). All efforts were made to mini-
mize animal suffering and the number of ani-
mals used.

Experimental design

Forty male SD rats were randomly divided into
four groups (n=10 per group): (1) control group:
treated with appropriate vehicles (distilled
water); (2) PTX group: treated with saline via
intraperitoneal injection on the first day and
PTX (100 mg/kg dissolved in distilled water, St
Louis, MO, USA) by intragastric administration
daily for a week [11]; (3) TAA group: treated with
TAA (300 mg/kg dissolved in distilled water, St
Louis, MO, USA) via intraperitoneal injection on
the first day and appropriate vehicles (distilled
water) by intragastric administration daily for a
week [12]; (4) TAA+PTX group: treated with TAA
(300 mg/kg) on the first day and PTX (100 mg/
kg) daily respectively (the oral administration of
PTX was given 2 h after TAA treatment). No ani-
mals died during the experiment. At the end of
the week and 24 h after the last intragastric
administration of PTX, animals were anesthe-
tized with chloral hydrate. Inferior caval vein
blood was collected and centrifuged at 4,000
rom for 15 min. The serum was stored at -80°C
for biochemical estimation and ELISA analysis.
Liver was rapidly excised and cut into two speci-
mens. One was fixed in 4% paraformaldehyde
for histological examinations, and another was
stored in liquid nitrogen until analysis.

Serum liver functional assay

The activities of alanine transaminase (ALT)
and aspartate transaminase (AST) were mea-
sured in all groups using a biochemistry auto-
analyzer (Olympus AU2700, Japan).

Assessment of oxidative stress

Liver samples which collected from each group
were homogenized with cold phosphate buffer
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(pH 7.4) and centrifuged at 4,000 rpm for 30
min at 4°C. The supernatant was used to assay
malondialdehyde (MDA), superoxide dismutase
(SOD) and glutathione (GSH) activities. The lev-
els of MDA, SOD and GSH were measured using
a MDA, SOD, GSH assay kit (Boshide of
Biological Science, Wuhan, China) respectively
following the manufacturer’s instructions.

Determination of inflammatory cytokines

Serum was collected from each group as above.
The levels of tumor necrosis factor-a (TNF-a),
interleukin-1B (IL-1B) and interleukin-6 (IL-6)
were measured by Enzyme-linked immunosor-
bent assay (ELISA) kits (R&D Systems,
Minneapolis, MN, USA) respectively according
to the manufacturer’s instructions.

Histological examination

The liver tissues of each group fixed in 4% para-
formaldehyde and processed by routine histo-
logical procedures, were embedded in paraffin
and 5 uym sections were cut from the blocks.
The paraffin-embedded liver sections were
stained with hematoxylin-eosin (H&E) for histo-
pathological examination to evaluate the
degree of inflammation in the liver parenchyma.
Each sample was examined in a blinded man-
ner with light microscopy (Leica TCS SP,
German) and observed at 200x magnification.

Quantitative real-time polymerase chain reac-
tion (PCR)

Total liver RNA was extracted by TRIzol kit
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer's suggested protocol. The RNA
was then reverse transcribped wusing a
RevertAidTM First Strand cDNA Synthesis Kit
(Fermentas, Lithuania). The mRNA expression
level of nuclear factor (NF)-kB was measured by
Quantitative RT-PCR. The primer sequences
used were as follows: NF-kB p65, 5-TCCC-
CTGTACGATAGTCGGCTC-3’ (forward) and 5'-G-
AGCGTTGCTTTGGATCAAGG-3’ (reverse); and
B-actin, 5-CCTCATGCCATCCTGCGTCTG-3’ (for-
ward) and 5-TTGCTCGAAGTCTAGGGCAACAT-
AG-3’ (reverse). The expression level of the
transcript was normalized to the mean B-actin
MRNA expression in the same tissue sample.

Statistical analysis

The experimental data were expressed as the
mean + SD and analyzed using IBM SPSS 17.0
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Figure 1. Changes in liver function in each group. The serum levels of ALT and AST are displayed on different groups
exposed to PTX and/or TAA administration. Control rats receiving normal diet and water. All values refer to mean
+ standard deviation (SD). A. ALT. B. AST. "P<0.01 as compared with control group. #P<0.01 as compared with TAA
group.
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Figure 2. Levels of MDA, SOD, and GSH in liver tissues in different groups. Levels are displayed on different groups
exposed to PTX and/or TAA administration. Control rats receiving normal diet and water. All values refer to mean *
standard deviation (SD). A. MDA. B. SOD. C. GSH. "P<0.01 as compared with control group. #P<0.01 as compared
with TAA group. #*P<0.05 as compared with TAA group.

statistics software (IBM, Armonk, NY, USA). group were much lower (P<0.01) (Figure 1).
Statistical significance among the groups was Thus, these statistics suggested that PTX could
analyzed using one-way analysis of variance ameliorate the TAA-induced liver injury.
with the Student-lVewman-Keuls test. P<0.05
was considered statistically significant. Effects of PTX on oxidative stress
Results In order to evaluate liver oxidative stress, we
measured the levels of malondialdehyde (MDA),
Effects of PTX on liver function superoxide dismutase (SOD), and glutathione
(GSH) in liver tissues. The level of MDA was sig-
For assessment of the liver damage, the serum nificantly elevated in TAA-treated group while
was obtained to measure transaminase (ALT contents of SOD and GSH were decreased com-
and AST) activities. Statistics showed that pared with the control group (P<0.01). In the
there was no difference between PTX group group receiving PTX and TAA, SOD and GSH
and control group. In TAA group, serum levels of were increased almost at a normal level while
liver enzyme activities were significantly the level of MAD was preserved (P<0.05)
increased compared with controls (P<0.01), (Figure 2), which suggested PTX could inhibit
whereas the levels in PTX and TAA co-treatment the activation of oxidative stress.
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Figure 3. Serum levels of TNF-q, IL-1B3, and IL-6 in different groups. Levels are displayed on different groups exposed
to PTX and/or TAA administration. Control rats receiving normal diet and water. All values refer to mean + standard
deviation (SD). A. TNF-a.. B. IL-1B. C. IL-6. "P<0.01 as compared with control group. #P<0.01 as compared with TAA
group.

Figure 4. Effect of PTX on the histologic changes in liver. Liver sections are displayed on different groups exposed
to PTX and/or TAA administration by H&E staining (histopathology; original magnification 200x). A. Control group:
normal cell structure and lobular architecture. B. PTX control group: normal cell structure and lobular architecture.
C. TAA-treated group: significant hepatocellular damage with severs inflammatory cell infiltration. D. PTX and TAA
co-treated group: mild inflammation.

Effects of PTX on pro-inflammatory cytokine TNF-q, IL-13 and IL-6 levels. As shown in results,
response the levels of TNF-a, IL-18 and IL-6 in serum were

significantly elevated in TAA rats as compared
To determine whether PTX suppressed inflam- to that of the control group (P<0.01). In con-
mation caused by PTX, we examined the serum trast, PTX treatment attenuated these pro-
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Figure 5. The expressions of mMRNA for NF-kB p65
in liver tissues by quantitative RT-PCR analysis. Lev-
els are displayed on different groups exposed to PTX
and/or TAA administration. Control rats receiving
normal diet and water. The mRNA levels were nor-
malized to B-actin. Mean values + SD are provided.
“P<0.01 as compared with control group. #P<0.01 as
compared with TAA group.

inflammatory cytokines levels, which suggest-
ed that PTX inhibited the inflammatory response
induced by TAA administration. However, PTX
per se had no effect on pro-inflammatory cyto-
kines levels in serum (Figure 3).

Effects of PTX on liver histopathological chang-
es

To evaluate the effects of PTX on hepatocellu-
lar inflammation, histological changes in liver
were observed by hematoxylin-eosin (H&E)
staining. Liver sections from the control and
PTX control groups, demonstrated a normal
lobular architecture with radiating hepatic
cords and clear central veins, without inflam-
mation or necrosis (Figure 4A and 4B). In con-
trast, TAA-treated group showed significant
changes in liver structure with severe infiltra-
tion of inflammatory cells around the central
vein and centrilobular regions (Figure 4C).
However, treatment with PTX and TAA demon-
strated only moderate inflammatory cell infiltra-
tion involving the liver interstitial areas and
maintained a rather normal morphology (Figure
4D). These data clearly indicated that PTX sig-
nificantly diminished the degree of liver injury.

Effects of PTX on activation of NF-kB

It has been demonstrated that NF-kB is a key
player in the progression of liver inflammation
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and its activation is essential for pro-inflamma-
tory cytokine production. To elucidate whether
PTX could modulate NF-kB, we detected the
expression of NF-kB subunit p65 mRNA level.
Compared to the control group, the mRNA level
of NF-kB was significantly increased after TAA
treatment. In the PTX and TAA co-treated group,
the expression of NF-kB revealed an effective
decrease at the mRNA level (Figure 5). All of
these results suggested that PTX was able to
inhibit NF-kB in acute liver-injured rats induced
by TAA administration.

Discussion

The present study showed that PTX effectively
attenuated TAA-induced histological changes
and the serum transaminase levels were
improved. Moreover, the oxidative stress acti-
vation and NF-kB with pro-inflammatory cyto-
kines (TNF-«, IL-1B and IL-6) regulated by this
factor were inhibited. Taken together, our study
indicated that PTX could protect against the
acute liver injury in rat model induced by TAA.

TAA proves highly useful as an experimental
liver injury model. It has been used for years
because the lesions caused by this hepatotoxic
drug replicate these seen in most cases of liver
disease in human, which makes it be a nice
model to study the mechanism in vivo. In previ-
ous researches, the pathological roles of high-
does TAA is mainly restricted to acute liver inju-
ry instead of direct damage to other organs,
and is known to induce oxidative stress, lipid
peroxidation [13], as well as to cause a
decrease in antioxidant status [14].

Pentoxifylline (PTX) is a phosphodiesterase
inhibitor that is widely used in peripheral vascu-
lar disease treatment, and for which a wide
range of reported immunomodulatory, antioxi-
dant and anti-inflammation activities have
been described [15]. Recently, the protective
effect of PTX in rat liver injury was demonstrat-
ed where PTX administration inhibited serum
aminotransferase activities, including ALT and
AST [16]. These enzymes which released from
damaged hepatocytes into the blood, have
been utilized as very important indicators to
judge the severity of hepatic injury [17]. In our
study, data revealed that oral administration of
PTX attenuated the elevations of ALT and AST
in serum induced by TAA. Meanwhile, we used
histologic methods to reveal the cell inflamma-
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tion as supportive means also indicated that
PTX could diminish the degree of liver injury.

The level of MDA which is a product of lipoper-
oxidative processes is known to be an impor-
tant indicator in terms of oxidative stress [18],
however, SOD and GSH as primary defenses
can reduce the oxidative stress and inhibit the
activation of inflammatory mediators. This
study showed that the oxygen-derived free radi-
cals major role in the pathophysiology of TAA-
induced acute liver injury in rats was possible.
In rats with TAA-treated, decrease in liver SOD,
GSH and increase in MDA liver level were deter-
mined. By PTX administration, these levels
were concluded to be normalized as control
groups. Therefore, these results suggested
that PTX could prevent oxidative stress induced
by TAA.

On the other hand, the liver resembles a central
organ of cytokines activity; the production of
cytokines in liver often depends upon the initial
induction of early-response pro-inflammatory
cytokines released from tissue-resident macro-
phages (Kupffer cells) [2, 19]. Hepatotoxins
such as TAA could quickly induce pro-inflamma-
tory cytokines by Kupffer cells. TNF-«, IL-13 and
IL-6 are considered to be such inflammatory
biomarkers [20, 21]. These cytokines which
usually lead to tissue destruction, play an
important role in inflammatory conditions.
Furthermore, they have been shown to antago-
nize hepatocyte proliferation in previous stud-
ies [22, 23]. Our results obtained that PTX
administrated rats demonstrated lower serum
levels of TNF-«, IL-13 and IL-6 compared to the
TAA control group. In this study, PTX has been
shown to possess strong beneficial effects
against inflammation in acute liver injury.

NF-kB plays a critical role in the transcriptional
control of expressions of pro-inflammatory
genes in various cells [24]. Several lines of evi-
dence suggest that the induction of NF-kB
dependent gene expression in Kupffer cells
contributes to TAA-induced liver injury [25].
Although PTX is known to suppress the activa-
tion of NF-kB and inhibit inflammation [26, 27],
it has been the first time to show that PTX pre-
vents activation of NF-kB on acute liver injury.
In the current work we observed that compared
with the control group, TAA led to increased
NF-kB activity, however, PTX could inhibit the
activation of NF-kB in TAA-treated rats.
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Consequently, this research suggested that the
protective effects of PTX were mediated
through the suppression of the NF-kB system in
acute liver-injured rats.

In conclusion, the present study demonstrates
that administration of PTX can reduce liver inju-
ry in rats induced by TAA. The protective effect
of PTX may be due to the block in oxidative
stress, the expression of pro-inflammatory
cytokines, and the activation of NF-kB. Our
studies suggest that antioxidant and anti-
inflammatory action of PTX are possible mech-
anisms to improve liver injury. Since the pro-
inflammatory cytokines exists in Kupffer cell,
which is the target of PTX is still unclear; study
in vitro is needed in the future.
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