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The present study aimed to investigate the effects of pentoxifylline (PTX) on the carrageenan (CG)-induced paw oedema and on the
endogenous levels of cell enzyme and non-enzyme antioxidants in rat liver, 4 and 24 h after CG injection. PTX (50mg kg�1, i.p.),
administered 30min before CG, decreased the paw oedema, 2–4 h after CG administration. The drug protected CG-induced decrease of
glutathione (non-enzyme antioxidant) and had no effect on CG-unchanged activities of superoxide dismutase, glutathione peroxidase
(enzyme antioxidants) and glucose-6-phosphate dehydrogenase (enzyme, important for the activity of GSH-conjugated antioxidant
enzymes). The drug showed a good antioxidant capacity in chemical systems, generating reactive oxygen species. The present results
suggest that the antioxidant activity of PTX might contribute to its beneficial effects in liver injuries. Copyright# 2010 John Wiley & Sons,
Ltd.
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INTRODUCTION

Pentoxifylline (PTX), a phosphodiesterase inhibitor, is a
methylxanthine compound that inhibits the tumour necrosis
factor-alpha (TNFa) production.1–3 The enhanced pro-
duction of TNFa (one of the primary events in many types
of liver injury) starts a formation of pro-inflammatory
cytokines, which destroy hepatocytes and induce fibrogen-
esis.4,5 The possible hepatoprotective role of PTX in several
liver diseases, characterized with increased levels of
TNFa6,7 is widely studied. Beneficial effects of PTX have
been found in the treatment of nonalcoholic steatohepati-
tis,6,8–10 several alcoholic hepatitis and hepatorenal syn-
drome,11,12 hepatic ischemic damage,3,13 experimental
hepatopulmonary syndrome,14 etc.
PTX is gaining acceptance for conservative treatment of

Peyronie’s disease and neuropathic injuries. The drug shows
an antihyperalgesic effect on experimental inflammatory
pain15 and possesses a therapeutic potential as anti-
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inflammatory agent.16,17 The treatment with combined
PTX-Vit.E plus clodronate has a significant effect on
necrosis, by completely reversing severe progressive
osteoradionecrosis (a late terminal sequel of irradiation that
does not resolve spontaneously) and the associated
radiation-induced fibrosis.18 Administered in conjunction
with vitamin E (a strong antioxidant), PTX reduces the
extent of fibrotic lesions, induced by radiation therapy for
breast cancer.19

There are many data that the oxidative stress (OS) is a key
catalyst in development of liver diseases and that different
substances, incl. drugs are able to reduce it. A few data
concerning the antioxidant capacity of PTX were found in
the literature. The findings in the both experimental
models—D-galactosamine-induced hepatotoxicity20 and
carbon tetrachloride-induced liver toxicity21 suggest that
the hepatoprotective role of PTX might be determined to its
antioxidant properties.
A model, often used in the experimental practice, is the

acute peripheral inflammation, induced by carrageenan
(CG). This inflammatory model is associated with a
production of reactive oxygen species (ROS). Using this
model, PTX has been studied in a view of its potential anti-
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inflammatory activity16 and its use as a cytokine modulating
anti-inflammatory agent.22 The drug is found to inhibit
the mechanical hypernociception in rats induced by the
intraplantar CG-injection, suggesting that the antinocicep-
tive activity of PTX is associated with the inhibition of the
release of both TNFa and IL-1b.15

CG-model is appropriate for testing the anti-inflammatory
action and the antioxidant efficacy of different substances,
including drugs.23–28 However, we fail to find data regarding
PTX antioxidant activity in this inflammatory model. The
present study aimed to investigate the effects of PTX on both
CG-induced paw oedema and levels of antioxidants (enzyme
and non-enzyme) in rat liver, using the CG-model of acute
peripheral inflammation. The antioxidant capacity of PTX in
chemical systems, generating ROS was also tested.

MATERIALS AND METHODS

Materials

The chemicals (g-CG, PTX, NADPH, glutathione (GSH),
riboflavin, potassium phosphates, etc.) used in the present
study were purchased from Sigma–Aldrich (Germany).
Their solutions were freshly prepared with over-glass re-
distilled water.

Male ‘Wistar’ rats (130–150 g) were used in the present
experiments. The animals were housed in a room with
controlled temperature (22� 1 8C), humidity (60� 10%)
and light (12 h per day) for a week before being used. Food
and water were available ad libitum.

All experiments were performed according to the ‘Rules
for care and experiments on laboratory animals’ of the
Ethics Committee of the Institute of Neurobiology, Bulgarian
Academy of Sciences.

Experimental design

The acute inflammation was induced by intraplantar
injection (i.pl.) of 0.1ml CG (1% w/v) into the right hind
paw. PTX (50mg kg�1) was administered 30min before the
induction of CG-inflammation. The following experimental
groups were created: controls (injected with saline), CG-
treated, PTX-treated and PTX/CG-treated. The paw volume
was measured plethysmographically immediately before the
injection of CG or saline (0-time), 2, 4 and 24 h after CG
injection and just before euthanasia. For the biochemical
experiments, the animals were sacrificed under light ether
anaesthesia 4 and 24 h after CG or PTX administration.

Preparations

Liver and spleen were carefully removed and washed with
cold 0.15MKCl. Liver, perfusedwith cooled 0.15MKCl and
spleen were saved at low temperature (�70 8C) before the
experiments. Both tissues were homogenized in cold 0.15M
KCl by a Potter-Elvehjem glass homogenizer with Teflon
pestle. The biochemical parameters were measured in the
supernatants obtained after centrifugation of tissue homogen-
ates at 9000g for 20min.
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Analytical procedures

Protein content was measured by the method of Lowry
et al.29

Total GSH level, measured according to Tietze30 was
expressed in ngmg�1 protein, using GSSG as a reference
standard.

Glutathione peroxidase (GPx) activity measured by the
method of Gunzler et al.31 was expressed in nmoles NADPH
oxidized per min per mg protein, using a molar extinction
coefficient of 6.22� 106M�1 cm�1.

Glucose-6-phosphate dehydrogenase (Glu-6-P-DH)
activity determined after Cartier et al.32 was expressed in
nmoles NADPþ reduced per min per mg protein, using a
molar extinction coefficient of 6.22� 106M�1 cm�1.

Superoxide dismutase (SOD) activity determined accord-
ing to Beauchamp and Fridovich33 was expressed in Umg�1

protein (one unit of SOD activity is the amount of the
enzyme, producing 50% inhibition of nitro-blue tetrazo-
lium-reduction).

Hydroxyl radicals (.OH) were generated in Fenton system
(20mM potassium phosphate uffer, pH 7.2; 0.1mM FeCl3;
0.1mM EDTA; 0.1mM ascorbic acid; 0.5mM H2O2 and
3.4mM deoxyribose). The degradation of deoxyribose (a
detector of .OH radicals) was measured in terms of the
formation of thiobarbituric acid reactive substances
(TBARs).34 After 30-min incubation at 37 8C, in the
presence of increasing PTX concentrations, the absorbance
at 532 nm was read against blank sample (without drug);
A600, a non-specific base-line drift, was subtracted from
A532.

Superoxide anion radicals (O�
2 ) were generated photo-

chemically in medium containing: 50mM potassium
phosphate buffer, pH 7.8; 1.17� 10�6M riboflavin;
0.2mM methionine; 2� 10�5M KCN and 5.6� 10�5M
nitro-blue tetrazolium (NBT). The O�

2 -produced NBT
reduction was measured in the presence of increasing
PTX concentrations.33

Statistical analysis

The data were statistically analysed by one-way ANOVA
(Dunnett post-test), p< 0.05 being accepted as the minimum
level of statistical significance of the established differences.

RESULTS AND DISCUSSION

The intraplantar CG-injection in rat hind paw leads to
oedema and produces an acute peripheral inflammation. The
inflammation is accompanied with an increased formation
of ROS, such as superoxide (O�

2 ), hydroxyl (.OH) and
peroxynitrite (NOOO�) radicals.35–37 O�

2 participates in
the prostaglandin phase swelling (2–4 h) of CG-paw
oedema35 and, together with NOOO� and .OH is of
significance for the acute inflammation and inflammatory
pain.28,37,38

According to Abdel-Salam et al.,16 the intraperitoneal
(i.p.) administration of PTX (36 and 72mg kg�1), 30min
Cell Biochem Funct 2010; 28: 668–672.



Table 1. Effects of PTX on antioxidant enzyme activities in rat liver and
spleen after CG-induced paw inflammation: PTX (50mg kg�1, i.p.) was
administered 30min before the induction of CG-inflammation. Antioxidant
enzyme activities were measured in 4 and 24 h. Values represent the
mean� SEM of five animals in each experimental group

Experimental groups

Enzyme activities

SOD GPx Glu-6-P-DH

Rat liver

I. Control animals
Controls 69.1� 6.89 238� 19.1 31.1� 2.86
Pentoxifylline (50mg kg�1)
4 h after PTX 71.1� 6.60 238� 8.9 37.6� 2.37
24 h after PTX 62.4� 4.80 218� 16.9 37.3� 4.48

II. Carrageenan (CG)—treated animals
4 h after CG 63.3� 2.69 209� 14.3 34.4� 6.16
24 h after CG 70.2� 6.87 197� 12.2 27.0� 1.14

Pentoxifylline (50mg kg�1)
4 h after CG 73.2� 4.05 197� 11.9 33.5� 2.17
24 h after CG 71.8� 7.13 200� 11.3 33.9� 2.53

RAT SPLEEN
I. Control animals
Controls 9.6� 0.33 99� 5.8 26.3� 4.18
Pentoxifylline (50mg kg�1)
4 h after PTX 10.9� 0.49 90� 4.4 28.4� 1.75
24 h after PTX 10.8� 0.43 105� 6.6 31.1� 2.84

II. Carrageenan (CG)—treated animals
4 h after CG 11.1� 0.60 86� 3.1 28.1� 4.25
24 h after CG 10.8� 0.51 84� 4.1 25.8� 3.49

Pentoxifylline (50mg kg�1)
4 h after CG 10.9� 0.56 93� 7.0 26.3� 1.54
24 h after CG 11.3� 0.80 98� 5.8 32.3� 1.06
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prior to CG, reduces the paw oedema response with 18.9 and
40.1%, respectively, at 2 h post-CG. The authors observe a
more pronounced anti-oedema effect with higher doses of
PTX (144–300mg kg�1, i.p.). The present findings were
similar: (1) the intra-plantar CG-injection led to a time-
dependent increase in the paw volume of the right hind paw,
the maximum being at 2–4 h and (2) PTX (50mg kg�1 i.p.),
administered 30min before CG decreased paw oedema
(Fig. 1). Therefore, PTX (in appropriate high doses) would
be useful as an anti-inflammatory agent.
Using CG-model of inflammation, we studied PTX effects

on the levels of enzyme and non-enzyme antioxidants in rat
liver. The results, presented on Table 1, showed that 4 and
24 h after CG administration, the activity of enzyme
antioxidants (SOD and GPx) and the activity of Glu-6-P-
DH (enzyme, important for the activity of GSH-conjugated
antioxidant enzymes) were unchanged; PTX, alone had
also no effect. By this reason, the finding that PTX/CG
combination did not change the enzyme activities was
expectable. In other experimental models—D-galactosamine-
induced hepatotoxicity20 and carbon tetrachloride-induced
liver toxicity21 however, a reduction of the enzyme
antioxidants SOD and GPx is established; it is suggested
that the pretreatment of animals with PTX (50 or 100mgkg�1

for 7–21 days) might prevent the oxidative damage by
increasing antioxidant enzyme levels.
The present study showed that, CG (4 and 24 h after its

administration) led to a decreased level of non-enzyme
antioxidant GSH in rat liver and that the pretreatment with
PTX had a protective effect (Fig. 2). GSH is in excess in the
cells and presents almost exclusively in its reduced form
(GSH). Since GSH plays a key role in defending against
Figure 1. Effects of PTX on CG-induced acute inflammation: the edema
volume was measured in 2, 4 and 24 h after CG administration. Values
represent the mean�SEM of 5–10 animals for each experimental group.
Statistically significant differences versus controls at: �p< 0.05

Figure 2. Effects of PTX on total GSH level in rat liver after CG-induced
paw inflammation: PTX (50mg kg�1, i.p.) was administered 30min before
the induction of CG-inflammation. Total GSH level was measured in 4 and
24 h. Values represent the mean�SEM of five animals in each experimental
group. Statistically significant differences versus controls at �p< 0.05
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Figure 3. Effects of PTX in O�
2 -generating (A) and .OH-generating (B) systems: values represent the mean�SEM of nine independent experiments.

Statistically significant differences versus controls at �p<0.05
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oxidative damage, the PTX protection on liver GSH level
might be due to an antioxidant capacity of this drug. Acting
as antioxidant, PTX, having no effects on the levels of the
studied antioxidants, would have a protective effect only in
the case of OS-induced changes in endogenous levels of the
cell antioxidants. Thus, PTX protected CG-decreased GSH
level, but not CG-unchanged enzyme activities, incl. GPx
activity the cofactor of which is GSH.

Using CG-inflammatory model, we carried out additional
experiments regarding the effects of PTX on spleen
antioxidant status, but the levels of enzyme (Table 1) and
non-enzyme antioxidants (data not shown) in CG-, PTX- and
PTX/CG groups were unchanged compared to the controls.

In order to evaluate PTX efficacy as antioxidant,
we studied its effects in simple chemical systems
generating

.
OH or O�

2 radicals where increasing drug
concentrations (1� 10�6–5� 10�3M) were used. In PTX
concentrations higher than 10�5M, the O�

2 -provoked
NBT-reduction was decreased by about 30% (Fig. 3A)
and the

.
OH-provoked DR degradation by about 40%

(Fig. 3B). These results showed that PTX possesses a good
antioxidant capacity.

In general, the present study shows that PTX decreases
CG-induced paw oedema, showing anti-inflammatory
action. The drug protects against CG-induced decrease of
liver GSH level and has a good antioxidant activity in
chemical systems, generating ROS (O�

2 and
.
OH). In

conclusion, the present in vivo results suggest that the PTX
antioxidant activity might contribute to its beneficial effects
in liver injuries, especially inflammation-provoked.
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