Am J Transl Res 2016;8(5):2210-2221
www.ajtr.org /ISSN:1943-8141/AJTRO026023

Original Article

Pentoxifylline inhibits pulmonary inflammation
induced by infrarenal aorticcross-clamping
dependent of adenosine receptor A2A

Hali Lit2?*, Gang Tan®", Liquan Tong?, Peng Han?, Feng Zhang*, Bing Liu?, Xueying Sun?

1The Hepatosplenic Surgery Center, 2Department of Vascular Surgery, The First Affiliated Hospital of Harbin Medi-
cal University, Harbin 150001, China; 3Department of General Surgery, The Fourth Affiliated Hospital of Harbin
Medical University, Harbin 150001, China; “Department of General Surgery, The Fifth Affiliated Hospital of Harbin
Medical University, Daqing 163319, China. “Equal contributors.

Received February 15, 2016; Accepted March 23, 2016; Epub May 15, 2016; Published May 30, 2016

Abstract: Infrarenal aortic cross-clamping (IAC) is commonly used during infrarenal vascular operations. Prolonged
IAC causes ischemia-reperfusion injury to local tissues, resulting in the release of inflammatory cytokines and acute
lung injury (ALI). Pentoxifylline (PTX) is a clinically used drug for chronic occlusive arterial diseases and exerts protec-
tive effects against ALl induced by various factors in experimental models. In this study, we evaluated the protective
effects of PTX in a rat model of IAC. Wistar rats underwent IAC for 2 h, followed by 4 h reperfusion. PTX alone, or
in combination with ZM-241385 (an adenosine receptor A2A antagonist) or CGS-21680 (an A2A agonist), was pre-
administered to rats 1 h prior to IAC, and the severity of lung injury and inflammation were examined. Administration
of PTX significantly attenuated ALl induced by IAC, evidenced by reduced histological scores and wet lung contents,
improved blood gas parameters, decreased cell counts and protein amounts in bronchoalveolar lavage fluids, and
inhibition of MPO activity and ICAM-1 expression in lung tissues, and lower plasma levels of TNF-¢, IL-6, IL-13 and
soluble ICAM-1. ZM-241385 significantly abrogated, while CGS-21680 slightly enhanced, the effects of PTX in ame-
liorating ALl and inhibiting pulmonary inflammation. In exploration of the mechanisms, we found that PTX stimu-
lated IL-10 production through the phosphorylation of STAT3, and A2A receptor participated in this regulation. The
study indicates PTX plays a protective role in IAC-induced ALl in rats by inhibiting pulmonary inflammation through
A2A signaling pathways.

Keywords: Infrarenal aortic cross-clamping, pentoxifylline, ischemia reperfusion injury, tumor necrosis factor-«,
acute lung injury, adenosine A2A receptor

Introduction release of pro-inflammatory cytokines [3]. ALI
can cause persistent respiratory failure and
increase the susceptibility to MODS, and the
mortality related to these conditions is report-
ed to be around 40% [4]. Therefore, it is essen-

tial to seek potential agents to protect lungs

Infrarenal aortic cross-clamping (IAC) is a very
common procedure during infrarenal vascular
operations. IAC induces ischemia-reperfusion
(IR) injury to local tissues whose blood is sup-

plied by arteries from the infrarenal aorta, par-
ticularly when long-term ischemic periods are
unavoidable in surgical interventions [1]. IAC-
induced IR injury can also provoke the release
of inflammatory mediators or even cytokine
cascade, a potentially fatal immune reaction
that often leads to multiple organ dysfunction
syndrome (MODS) [2]. The lungs suffer from the
first round of cytokine attack due to its anatom-
ic features [1]. Acute lung injury (ALI) is charac-
terized by alveolar-capillary injury and inflam-
mation with leukocyte accumulation, and

from IAC-induced ALL.

In searching for candidates that possess this
ability, pentoxifylline (PTX, C,,H,.N,0,), a meth-
ylxanthine compound, had drawn our attention.
PTX is currently used for the treatment of
patients with intermittent claudication due to
chronic occlusive arterial diseases of the limbs
[B]. PTX has hemorheologic effects and vasodi-
lating properties for peripheral blood vessels,
displays anti-inflammatory activities by inhibit-
ing the production of tumor necrosis factor
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(TNF)-a, and improves the recovery of adenos-
ine triphosphate (ATP) [5, 6]. Recent studies
reveal that PTX is a phosphodiesterase inhibi-
tor and demonstrates more pharmaceutical
activities. PTX has been clinically used to treat
alcoholic hepatitis [7], severe acute pancreati-
tis [8], and pediatric sepsis and necrotizing
enterocolitis [9], and to prevent bronchopulmo-
nary dysplasia in preterm infants [10]. These
clinical trials and systemic reviews demon-
strate that PTX is well tolerated without adverse
effects, and encourage researchers to under-
take large, well-designed and multicentered
clinical trials to confirm its effectiveness [7-10].

More importantly, PTX has been shown to in-
hibit IR-induced injuries to the heart [11], liver
[12], intestine [13, 14] and kidneys [15], and
attenuate ALl induced by nitrogen mustard
[16], hyperoxia [17], intestinal IR [18] and phos-
gene exposure [19] in experimental animals.
However, the underlying mechanisms of PTX
accounting for its protective effects against ALI
are yet to be defined. Two recently published
studies suggest that the anti-inflammatory
effects of PTX may be mediated via adenosine
receptor 2A (A2A)-dependent pathways in vitro
[20] and in an animal model of pulmonary
inflammation [21]. PTX increases the activation
of A2A without affecting the expression of the
receptor itself [20, 21]. Therefore, the present
study was designed to investigate whether PTX
could attenuate ALl, and whether the A2A sig-
naling participates in its effects in a rat model
of IAC.

Materials and methods
Animals and experiment design

Male Wistar rats (200-250 g) were supplied
by the Animal Research Center of the First
Affiliated Hospital, Harbin Medical University,
China. This study was approved by the Animal
Ethics Committee of Harbin Medical University,
in compliance with Experimental Animal Re-
gulations by the National Science and Tech-
nology Commission in China. Animals main-
tained under standard conditions were fed
rodent chow and water. Animals were randomly
assigned to sham operation and IAC groups
(n=20). Animals in the IAC groups were treated
with vehicle, PTX, PTX + ZM-241385 (an adeno-
sine receptor A2A antagonist) or PTX+CGS-
21680 (an A2A agonist), respectively. Three
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doses of PTX (10, 50 and 100 mg/kg) were
tested based on published reports [11-21].
ZM-241385 and CGS-21680 were both given
at a dose of 1 mg/kg [21]. PTX, ZM-241-
385 and CGS-21680 (Sigma-Aldrich, Shang-
hai, China) were dissolved in dimethyl sulfo-
xide (DMSO) to make stock solutions (20 mg/
ml each), which were further diluted in normal
saline to prepare therapeutic solutions. Normal
saline containing the same concentration of
DMSO as therapeutic solutions served as a
vehicle. The vehicle and therapeutic solutions
(1.5 ml of each) were intraperitoneally injected
1 h prior to the commencement of IAC. Sham-
operated rats and vehicle-treated IAC rats
received the vehicle solution, and the other
rats, respective therapeutic solutions.

Surgical procedures of IAC, gas analysis and
sampling

The procedures have been described previous-
ly [22]. Briefly, anesthesia was induced by an
intraperitoneal injection of a mixture of ket-
amine (90 mg/kg) and xylazine (20 mg/kg),
and maintained by intravenous injections of
25 mg/kg/h of ketamine and 2.5 mg/kg/h of
xylazine via the right jugular vein. Heparin (60
IU/kg) was administered 5 min prior to occlu-
sion of the aorta. A midline laparotomy was
performed on the rat placed on a heating pad.
The infrarenal part of the aorta was isolated
and occluded with an atraumatic clip above the
bifurcation of the abdominal aorta. The abdom-
inal cavity was temporally closed with clips, and
the wound was covered with a plastic wrap. The
clip was removed 2 h later, and reperfusion
was initiated. The abdominal wall was closed
with a continuous suture, and reperfusion was
allowed for 4 h. Aortic occlusion and reperfu-
sion were corroborated by the loss and resur-
rection of the pulsation on the distal aorta.
Sham-operated rats underwent the same pro-
cedures except for clamping the aorta.

Blood gas analysis was performed from the left
carotid artery at O, 2 and 4 h after the com-
mencement of reperfusion. At the end of re-
perfusion, rats underwent a median sternoto-
my. Blood samples were collected from the
right ventricle, and centrifuged at 1000 x g
for 10 min; and plasma decanted and stored
at -80°C. The left lung was ligated and a bron-
choalveolar lavage (BAL) was performed using
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5 ml of normal saline via a 16-gauge tracheal
catheter into the right lung [22, 23]. The BAL
fluid was collected, and centrifuged at 1000 x
g for 10 min at 4°C. The protein content in
the supernatant was measured (Pierce BCA
Protein Assay, Thermo Scientific, Rockford,
USA). The pellet was resuspended in lavage
buffer and cell numbers counted. BAL fluid
cytospins were stained with Diff-Quik stain
(Dade Behring Inc. USA), and differential cell
counts enumerated. The upper lobe of the
right lung was fixed in 10% buffered formalin,
and the remaining part of the right lung was
snap-frozen in liquid nitrogen and stored at
-80°C. The wet/dry ratio (%) was calculated
from the left lung.

Lung histological scoring

Formalin-fixed lung specimens were embed-
ded, sectioned (3 pm), stained with hematoxy-
lin-eosin, and examined by an independent
pathologist in a blinded manner. Evaluation
of lung injury was performed with a histological
score as described previously [22, 24]. Briefly,
the severity of lung injury was expressed as
the sum of the individual score grades of O
(no symptoms), 1 (mild), 2 (moderate), to 3
(severe) for each of the following 5 symptoms:
alveolar edema, atelectasis, hemorrage, infil-
tration of leukocytes, and vascular congestion.
In addition, the thickness of alveolar walls was
measured in 20 high-power fields (magnifica-
tion x 1000) randomly selected from each
sample.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of TNF-«, interleukin (IL)-6,
IL-13, IL-10 and soluble intercellular adhesion
molecule (ICAM)-1 in plasma samples and/
or BAL fluids were measured with ELISA Kits
(R&D Systems, Shanghai, China) according
to the manufacturer’s instruction. Absorbance
was read at a wavelength of 450 nm using an
ELISA reader.

Myeloperoxidase (MPO) activity

A lung fraction was homogenized with 1 ml of
PBS containing 0.5% of hexadecyl-trimethylam-
monium bromide and 5 mM EDTA, pH 6.0, and
then centrifuged at 30,000 x g for 10 min.
Aliquots of homogenates (10 ul) were incub-
ated for 5 min with a solution containing H,0,
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(0.1%) and orthodianisidine. The reaction was
stopped by the addition of 1% NaNO,. The
absorbance was determined at 450 nm us-
ing a microplate reader. The absorbance was
normalized to lung weight, and results are
expressed as units of MPO activity/gram
tissue.

Immunohistochemistry and western blot
analysis

The methods have been described previously
[25]. Briefly, lung cryosections (4 um) were
blocked and incubated overnight with the
primary antibody (Ab). They were subsequent-
ly incubated for 30 min with the secondary
Ab, and developed with FAST DAB and CoCl,
enhancer tablets (Sigma-Aldrich, Shanghai,
China). Sections were counterstained with he-
matoxylin, and examined by microscopy. Lung
homogenates prepared in protein lysate bu-
ffer were centrifuged to remove debris. Protein
concentrations were determined, and lysates
were resolved on SDS-PAGE gels, electropho-
retically transferred to polyvinylidene difluoride
membranes. The membranes were blocked,
incubated overnight with primary Abs, subse-
quently with alkaline phosphatase-conjugat-
ed secondary Abs, and developed with BCIP/
NBT (Tiangen Biotech Co. Ltd., Beijing, China).
The density of each band was measured us-
ing a densitometric analysis program (FR200,
Shanghai, China). In preliminary experiments,
serial dilutions of lysates were blotted, band
densities were measured and plotted against
protein amounts to generate a standard curve,
and the amount of protein for each blot was
determined. Abs used in this study included
primary Abs against A2A receptor, STAT3,
p-STAT3™7% (phosphorylated STAT3) and GAP-
DH (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), TNF-at and IL-10 (Boster Biological Tech-
nology, Ltd., Wuhan, China), ICAM-1 (Cell Sig-
naling Technology, Danvers, USA), and second-
ary horseradish peroxidase-conjugated Abs
(Zhongshan Golden Bridge Biotechnology Co.
Ltd, Beijing, China).

Quantitative reverse-transcription polymerase
chain reaction (QRT-PCR)

The methods have been described previously
[24, 25]. Briefly, total RNA was extracted from
lung tissues using TRIzol reagent (Invitrogen
Life Technolgies, Beijing, China). RNA concen-

Am J Transl Res 2016;8(5):2210-2221



Pentoxifylline inhibits pulmonary inflammation by IAC

Table 1. Parameters of lung injury and plasma cytokines in IAC rats receiving different doses of PTX
and the effects of A2A activation

IAC

Sham ) PTX PTX PTX PTX (50 PTX (50
Vehicle 1o me/Ke) (50 mg/Kg) (100 mg/kg) M@ T - me/Ke) *
g g € zM241385 CGS21680

Parameters of lung injury

Histological scores 2.1+0.3 10.3+1.1" 8.2+1.3 5.4+0.9%# 4.9+0.8%# 7.9+1.1° 5.1+0.8

Wet/dry ratio (%) 57.4+3.5 66.4+2.7 64.1+2.8 62.2+2.4%# 59.8+3.1## 65.1+3.3° 60.9+3.1
pO, (MmHg)

0 h after reperfusion 94.2+74  75.2+3.6™ 76.8+5.6 79.7+6.8* 81.3+7.1%# 75.14£5.3 80.2+6.7

2 h after reperfusion 96.9+3.5 80.3+3.5" 84.9+4.4 90.2+6.4+# 94.745.1#+# 81.5+6.2° 93.5+7.8

4 h after reperfusion 98.1+2.6  82.1+5.8™ 86.2+3.9¢ 95.647.2+# 96.5+6.3# 82.3+4.5" 97.7+6.5
pCO, (mmHg)

0 h after reperfusion 38.1+3.6  45.5+2.8™ 43.8+3.6 43.2+4.5 42.9+3.4 45.8+3.7 42.1+4.1

2 h after reperfusion 37.7+1.9 44.8+5.1" 42.6+4.2 38.1+3.6%* 37.9+4.2%# 44.6+£2.9° 37.4+2.5

4 h after reperfusion 39.9+4.0 45.1+3.7" 41.2+3.1 38.9+2.5% 39.2+3.3# 45.2+4.3° 39.0+5.2
Plasma inflammatory cytokines

TNF-ot (ng/L) 14.2+4.9 112.5+16.8™ 72.9+12.9%  42.4+6.8%# 37.8+5.5%# 81.7+9.5% 38.1+2.5°

IL-6 (ng/L) 25.9+6.3 242.7+22.5" 200.9+30.4 133.5+19.6%# 110.6+14.7+# 212.8+20.7**  107.6+11.3°

IL-1B (ng/L) 9.2+3.6 32.9+4.6™ 28.1+4.3 22.6+4.34# 19.8+4.8## 26.2+3.5° 20.4+3.9

sICAM-1 (ng/L) 72.6+10.7 219.8437.4" 156.5+25.3* 102.8+14.3*# 91.5+11.6%#  169.1+19.5% 89.6+8.7°

Notes: A2A, adenosine receptor 2A; IAC, infrarenal aortic cross-clamping; IL, interleukin; PTX, pentoxifylline; sICAM, soluble intercellular adhesion molecule; TNF-o, tumor
necrosis factor-a. ZM-241385 is an adenosine receptor A2A antagonist, and CGS-21680, an A2A agonist. "P < 0.05 and **P < 0.001 indicate a significant difference vs.
Sham; *P < 0.05 and #P < 0.001, a significant difference vs. vehicle-treated IAC rats; *P < 0.05 and **P < 0.001, a significant difference vs. PTX (10 mg/kg)-treated IAC
rats; and °P < 0.05 and *°P < 0.001, a significant difference vs. PTX (50 mg/kg)-treated IAC rats.

tration and quality were verified, and reversely which were slightly but insignificantly reduced
transcribed to produce complementary DNA by treatment of PTX at 10 mg/kg (Table 1). How-
(cDNA). The gRT-PCR reaction mixtures con- ever, PTX at 50 and 100 mg/kg significant-
taining cDNA, PCR mix and A2A primers ly reduced the histological scores and wet/
(5'-GAAGCAGATGGAGAGCCAAC-3" and 5-GAG- dry ratios of lungs, compared with those in
AGGATGATGGCCAGGTA-3’) were prepared, and IAC rats treated with vehicle or PTX at 10 mg/
analyzed by MX3000P Real-time PCR systems kg (Table 1). The results were supported by
(Stratagen, USA). Experiments were performed the arterial blood gas analysis. Arterial pO,
in triplicate, and data were calculated by AACt was decreased, and arterial pCO, increased
methods. in vehicle-treated IAC rats, compared with

sham-operated rats (Table 1). PTX at 10 mg/kg
only improved the pO, 4 h after reperfusion,
and had no significant effects on pO, and
pCO, at the other time points, compared with
vehicle-treated rats. However, PTX at 50 and
100 mg/kg significantly ameliorated the re-
duction of pO, and the increase of pCO, by
IAC at most time points, compared with vehi-
cle- and PTX (10 mg/kg)-treated rats (Table 1).

Statistical analysis

Results were expressed as mean values =+
standard deviation. Comparisons among multi-
ple groups were made with a one-way analysis
of variance (ANOVA) followed by the post hoc
Dunnett’s t-test. P < 0.05 was considered to be
statistically significant.

Results

PTX inhibits systemic inflammation induced by
PTX attenuates lung injury and dysfunction IAC
induced by IAC

The plasma levels of TNF-«, IL-6, IL-13 and so-
Compared with sham-operated rats, lungs luble ICAM-1 in vehicle-treated IAC rats were
from vehicle-treated IAC rats had significantly significantly higher than those in sham-operat-
higher histological scores and wet/dry ratios, edrats (Table 1). PTX at 10 mg/kg significantly
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Figure 1. Assessment of lung injury and inflammation. A. Representative images were hematoxylin/eosin-stained
lung sections from sham-operated, vehicle- or PTX (50 mg/Kg) -treated IAC rats (magnification x 200). B. The thick-
ness of alveolar walls was measured. C. The number of cells in BAL fluids was counted. D. The number of neutro-
phils, macrophages/monocytes and lymphocytes in BAL fluids were counted. E. MPO activity in lung tissues was
assessed. *P < 0.05 and **P < 0.001 indicate a significant difference from sham-operated rats. P < 0.05 and £3P
< 0.001 indicate a significant reduction from vehicle-treated IAC rats.

reduced the levels of TNF-a« and soluble ICAM-
1, but not IL-6 or IL-13, compared with vehicle,
in IAC rats (Table 1). IAC rats treated with PTX
at 50 and 100 mg/kg had significantly lower
levels of all the above 4 pro-inflammatory fac-
tors, than those treated with vehicle or PTX at
10 mg/kg (Table 1).

As shown above, most of the parameters in
IAC rats treated with 50 and 100 mg/kg of
PTX were significantly different from those
treated with 10 mg/kg of PTX, indicating that
PTX has a dose-dependent protective effect on
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IAC-induced lung injury and inflammation.
There was no significant difference in the
parameters between IAC rats treated with 50
mg/kg and 100 mg/kg of PTX, suggesting that
PTX at 50 mg/kg would be an ideal dose for
this animal model, and was selected for the fol-
lowing experiments.

PTX inhibits pulmonary inflammation and leu-
kocyte migration into the lung induced by IAC

Compared with sham-operated rats, lungs from
vehicle-treated IAC rats had significantly more
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ly attenuated this increase
(Figure 2A). The BAL fluids
collected from lungs of ve-
hicle-treated IAC rats had
significantly higher levels of

TNF- than sham-operated
rats, and PTX treatment sig-
nificantly attenuated this ele-
vation (Figure 2B). In addition,

f— Vehicle PTX
IAC

Relative band density
=

o

Sham Vehlcle T PTX

L

lung tissues from vehicle-
treated IAC rats had a higher
expression of ICAM-1 than
those from sham-operated
rats as examined by immuno-
histochemical and Western
blot analyses, while PTX ad-
ministration resulted in the
down regulation of ICAM-1 in
lungs from IAC rats (Figure
2C and 2D).

Inhibition of A2A abolishes
the effects of PTX in attenuat-

Figure 2. Vascular permeability and ICAM-1 expression of lung tissues. (A, B)
The contents of total protein (A) and TNF-a (B) in BAL fluids collected from
rats in Figure 1 were measured. (C, D) The expression of ICAM-1 in lung tis-
sues were examined by immunohistochemistry (C) and Western blot analysis
(D). The density of each band was normalized to GAPDH. *P < 0.05 and **P
< 0.001 indicate a significant difference from sham-operated rats. P < 0.05
and 1P < 0.001 indicate a significant reduction from vehicle-treated IAC

rats.

partial atelectasis and thicker alveolar walls,
which could be attenuated by administration of
PTX (Figure 1A and 1B). PTX also significantly
reduced cell counts in BAL fluids, which were
highly elevated by IAC (Figure 1C). The differen-
tial analysis of leukocytes in the BAL fluids
showed that PTX treatment decreased the
numbers of neutrophils, macrophages/mono-
cytes and lymphocytes that migrated into the
lungs in IAC rats (Figure 1D). The results were
further supported by the alteration of MPO
activity (Figure 1E), a marker for leukocyte infil-
tration in ALI [26].

PTX decreases vascular permeability and
ICAM-1 expression and in lung tissues

Impairment of tissue fluid homeostasis is cru-
cial in the pathogenesis of ALl. Compared with
sham-operated rats, protein contents in BAL
fluids were significantly increased in vehicle-
treated IAC rats, and PTX treatment significant-
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ISham Vehicle' PTX

ing lunginjury and inflamma-
- AC tion

We next investigated the role
of A2A activation in the pro-
tective effects of PTX against
ALl induced by IAC, by co-
applying ZM-241385, a high-
ly selective A2A receptor an-
tagonist, and CGS-21680, an
A2A receptor agonist [20, 21],
with PTX (50 mg/Kg) to the IAC rats. First we
confirmed that the expression of A2A mRNA
(Figure 3A) and protein (Figure 3B) in lung tis-
sues was significantly higher in vehicle-treated
IAC rats; but either PTX, or PTX +ZM-241385, or
PTX + CGS-21680 had no significant effects on
its expressions in lungs from IAC rats. ZM-
241385 treatment abrogated the effects of
PTX on lung histological scores, wet/dry ratios
of lungs, and arterial pO, and pCO, (Table 1).
However, CGS-21680 treatment only slightly
enhanced the effects of PTX on the above 4
parameters, and the differences did not reach
significance (Table 1).

In addition, ZM-241385 treatment abrogated
the reducing effects of PTX on plasma levels of
TNF-a, IL-6, IL-1B and soluble ICAM-1 in IAC
rats; and CGS-21680 further reduced the plas-
ma levels of TNF-q, IL-6 and soluble ICAM-1 but
not IL-1B3 (Table 1). The results of systemic
inflammation were supported by those of pul-
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Figure 3. A2A activation affects the action of PTX in attenuating lung injury. Rats were pre-administered with vehicle,
PTX (50 mg/Kg), PTX + ZM-241385 (ZM) or PTX + CGS-21680 (CGS), and then underwent IAC. A. The expression
of A2A receptor mRNA was examined by qRT-PCR, and the level of mRNA from sham-operated rats was defined as
1. B. The expression of A2A receptor protein was detected by Western blot analysis. The density of each band was
normalized to GAPDH. C. MPO activity in lung tissues was measured. D. Protein concentrations in BAL fluids were
measured. E. Cell numbers in BAL fluids were counted. F. Numbers of neutrophils, macrophages/monocytes and
lymphocytes in BAL fluids were counted. *P < 0.05 and **P < 0.001 indicate a significant difference. P < 0.05 and
1P < 0.001 indicate a significant reduction from vehicle-treated IAC rats; #P < 0.05, a significant increase from
PTX-treated IAC rats; and ¢P < 0.05, a significant reduction from PTX-treated IAC rats.
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(A) and IL-10 (B) in BAL fluids collected from rats in Figure 3 were measured. (C) Lung tissues were subjected to
Western blot analysis, and the density of each band was normalized to GAPDH. *P < 0.05 and **P < 0.001 indicate
a significant difference. P < 0.05 and 3P < 0.001 indicate a significant reduction; while #P < 0.05 and ##P <
0.001, a significant increase from vehicle-treated IAC rats.

monary inflammation. Co-administration of
ZM-241385 abrogated the inhibitory effects of
PTX on MPO activity of lung tissues (Figure 3C),
and protein contents (Figure 3D), total cell
counts (Figure 3E) and the numbers of neutro-
phils, macrophages/monocytes and lympho-
cytes (Figure 3F) in BAL fluids. In contrast, CGS-
21680 showed an opposite effect on most of
the above parameters.

Inhibition of A2A abolishes the anti-inflamma-
tory effects of PTX through IL-10 and STAT3
phosphorylation

In the consistent with the plasma levels of TNF-
o, PTX treatment significantly reduced the con-
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centration of TNF-a in BAL fluids from IAC rats
(Figure 4A). Co-administration of ZM-241385
increased, while CGS-21680 reduced, the con-
centration of TNF-a in BAL fluids from IAC rats,
compared with PTX treatment alone (Figure
4A). PTX treatment significantly increased the
concentration of IL-10 in BAL fluids; and co-
application of ZM-241385 reduced, while CGS-
21680 further increased, the concentration of
IL-10 in BAL fluids in IAC rats, compared with
PTX alone (Figure 4B). The concentrations
TNF-ac and IL-10 in BAL fluids were supported by
their protein expression in lung tissues (Figure
4C). In investigating the regulatory mechanism
of TNF-a by IL-10, we observed that PTX treat-
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mation induced by infrarenal aortic cross-clamping, adenosine receptor A2A
pathway, TNF-a and agents used in the study. “—”, Indicates promotion, pos-
itive regulation or activation; “*”, Inhibition, negative regulation or blockade.

ment increased the phosphorylation of STAT3
in lung tissues, which could be abolished by co-
application of 2ZM-241385 and further
increased by CGS-21680 (Figure 4C). Either
PTX alone or in combination with ZM-241385
or CGS-21680 did not have significant effects
on the expression of total STAT3 (Figure 4C).

Discussion

The present study has demonstrated that PTX
has displayed protective activities against IAC-
induced ALI as evidenced by reduced lung his-
tological score and wet/dry ratio, improved
arterial blood gas parameters, and decreased
protein contents and cell counts in BAL fluids.
PTX inhibited pulmonary inflammation induced
by IAC by reducing production of pro-inflamma-
tory cytokines including TNF-a, IL-6, IL-13 and
soluble ICAM-1. The protective effects of PTX
seem to be dose-dependent and 50 mg/kg
body weight was shown to be an ideal dose for
this rat model. Its pharmacological actions are
partially dependent on the activation of A2A
receptor, and production of IL-10 and phos-
phorylation of STAT3 are involved in this action.

It is well documented that the anti-inflammato-

ry activity of PTX mainly relies on its inhibitory
effect on TNF-a production [6]. The most impor-

2218

-7 pSTAT3
Pentoxifylline
™NFa ©

Pulmonary injury

and inflammation

the circulation, and the con-
tent of TNF-a in BAL fluids.
TNF-a has been shown to
play a key role in pulmonary
vascular permeability, which
could lead to lung edema
[21]. TNF-a mediates pulmo-
nary edema via ICAM-1-de-
pendent mechanisms [27],
and ICAM-1 itself is also a
marker for lung injury [28].
PTX has been shown to pro-
tect against ALl by down re-
gulating ICAM-1 expression in
experimental phosgene-expo-
sure rats [19], and inhibit leu-
kocyte-endothelial interactions by reducing
ICAM-1 expression in a rat model of sepsis [28].
In accord, the present study has demonstrated
that IAC induced upregulation of ICAM-1 in
lungs and elevated the plasma level of solu-
ble ICAM-1, while PTX could attenuate these
increases, reducing the protein contents in
BAL fluids and pulmonary inflammation. Fur-
thermore, a recent study has shown that phos-
phodiesterase inhibitors could stabilize capil-
lary leakage in a model of lipopolysaccharide-
induced systemic inflammation in rats [29].
Therefore, this mechanism may also contribute
to the action of PTX in attenuating pulmonary
inflammation as PTX has been regarded as a
phosphodiesterase inhibitor [8].

The migration of inflammatory cells across the
vascular endothelial barrier is a crucial factor in
the pathogenesis of acute lung injury [30].
TNF-a and IL-6 are known to promote neutro-
phil adhesion to the endothelium [21]. Here we
showed that the cell counts in BAL fluids were
significantly higher in IAC rats. Numbers of neu-
trophils, macrophages and lymphocytes were
all increased, indicating all the three major leu-
kocytes may participate in the pulmonary
inflammation induced by IAC. By inhibiting the
release of inflammatory cytokines, PTX was
shown to inhibit leukocyte infiltration into the
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lungs and reduce MPO activity in lung tissues
[19, 28].

Adenosine signaling has been shown to play
an important role in the resolution of experi-
mentally induced ALI, and A2A is known to
exert anti-inflammatory effects [31, 32]. PTX
demonstrates a protective effect in lipopoly-
saccharide-induced ALI via A2A receptor [21].
PTX induces increase of cAMP and displays its
anti-inflammatory activities by activating A2A
without affecting the expression of the re-
ceptor itself [20]. Here we have shown that IAC
markedly induced upregulation of A2A at
mRNA and protein levels via the self-defense
mechanisms of the host, but PTX had no effect
on its expression, in accordance with previous
reports [20, 21]. Remarkably, inhibition of A2A
activation by ZM-241385 abrogated the protec-
tive and anti-inflammatory effects of PTX, sup-
ported by the alterations of lung histological
scores, leukocyte migration into the lungs, MPO
activity, TNF-a production and vascular perme-
ability. However, further activation of A2A by
CGS-21680 only slightly strengthened the pro-
tective effects of PTX in this model.

Finally, some efforts have been made to
improve our understanding of PTX's action
through A2A receptor-mediated pathways. It
has been reported that activation of A2A sti-
mulates the production of IL-10 [33], which is
a potent anti-inflammatory molecule by dysreg-
ulating TNF-a« at multiple levels [34]. We have
shown herein that PTX stimulated the produc-
tion of IL-10 in lungs from IAC rats. By inhibiting
A2A activation, ZM-241385 abrogated the
effect of PTX, resulting in reduced levels of
IL-10. It is well known that IL-10 regulates TNF-a
production through the activation of STAT3
[35]. Here we also showed that PTX in-
creased the phosphorylation of STAT3, while
inhibiting A2A activation by ZM-241385 abro-
gated this increase.

In conclusion, nowadays the incidences of pe-
ripheral arterial diseases and aortic abdominal
aneurysms are steadily increasing due to arte-
riosclerosis in the elderly. Infrarenal vascular
operations can cause very severe complica-
tions, most of which are linked to or accompa-
nied by systemic inflammation induced by IR
[36]. Lungs are among the most likely affected
organs by IAC-induced IR injury. The present
results provide a preventative approach for
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alleviating ALI induced by IAC, a very common
procedure in infrarenal vascular operations.
The protective mechanisms of PTX may rely on
its anti-inflammatory activity by inhibiting TNF-o
production, which is partially dependent on the
A2A receptor-mediated pathways, as summa-
rized in Figure 5. Given that PTX is a clinically
used drug for the treatment of patients with
chronic occlusive arterial diseases, protects
multiple organs against several risk events,
and is well tolerated without adverse effects,
the present results warrant further investiga-
tion by using PTX in preventing ALl during infra-
renal vascular surgical interventions.
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