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EXPERIMENTAL

Olprinone attenuates the development
of ischemia/reperfusion injury of the gut

Abstract Purpose: Splanchnic
artery occlusion (SAO) shock is a
severe form of circulatory shock
produced by ischemia and reperfusion
of the splanchnic organs. The occlu-
sion and reperfusion of the splanchnic
arteries causes activation and
adhesion of polymorphonuclear
neutrophils (PMNs), release of pro-
inflammatory substances and the
formation of both species of oxygen
and nitrogen derivatives free radicals.
Olprinone is a specific phosphodies-
terase-III inhibitor that has many
properties; one of which is anti-
inflammatory actions at therapeutic
concentrations clinically used for
heart failure. In this study, we wanted
to evaluate the pharmacological
action of olprinone (a PDEIII inhibi-
tor) on SAO shock in mice.
Methods: SAO shock was induced
by clamping both the superior
mesenteric artery and the celiac trunk,
resulting in a total occlusion of these
arteries for 30 min. After this period
of occlusion, the clamps were

removed. Olprinone was given at a
dose of 0.2 mg/kg i.p. 15 min before
reperfusion. Results: Our results
indicated that olprinone up-regulated
cAMP in injured ileum tissue, and
decreased the ileum tissue damage
after 1 h of reperfusion in SAO shock
mice. Moreover, olprinone decreased
NF-xB expression; the nitration of
tyrosine residues; the phosphorylation
of p38 MAPK and JNK; cytokine
production (TNF-a and IL-1p);
ICAM-1 and P-selectin expression
and apoptosis in the injured ileum.
Conclusions: These results could
imply a future use of olprinone in the
therapy of ischemia and reperfusion
shock.

Keywords Splanchnic artery
occlusion - Oxygen-free radicals -
Apoptosis - caMP - Adhesion
molecules

Introduction

Olprinone hydrochloride is a specific phosphodiesterase-
III inhibitor developed in Japan and was originally
developed as a cardiotonic agent, having positive inotro-
pic and vasodilator actions. It improves myocardial
mechanical efficiency [1] via elevation of intracellular
cAMP levels in both cardiomyocytes and vascular smooth

muscle cells. It also increases myocardial contractility and
reduces vascular resistance, leading to an improvement of
haemodynamic status [2]. Moreover, olprinone augments
cerebral blood flow by its direct vasodilatory effect on the
cerebral arteries. The cerebrovascular reactivity to olpri-
none is markedly observed especially in patients with
impaired cerebral circulation [3]. These effects may be
mediated by an increase in cyclic AMP content [4]. In
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addition, olprinone has anti-inflammatory actions at
therapeutic concentrations clinically used for heart failure
[5].

Splanchnic artery occlusion (SAO) shock is a severe
form of circulatory shock produced by ischemia and
reperfusion of the splanchnic organs [6-9]. Ischemia
progressively damages the cell structures and, following
the restoration of blood flow, lesions produced are further
exacerbated [10, 11]. Moreover, it is believed that several
mediators, such as reactive oxygen species (ROS) [12],
pro inflammatory cytokines [13], chemokines [14],
adhesion molecules [15], excess nitric oxide, contribute to
this injury [16, 17].

Recently, some investigators have reported that olpri-
none reduces the ischemia and reperfusion (I/R)-induced
acute renal injury [18], and decreases elevated concentra-
tions of cytokine-induced neutrophil chemoattractant-1 in
septic rats [19]. The present study was performed in order
to determine the pharmacological effects of olprinone on
IR-induced intestinal injury in mice.

Materials and methods

Animals

The study was carried out in 6 to 8-week-old (20-25 g)
male mice CD1 (Harlan Nossan, Italy). The animals were
housed in a controlled environment and provided with
standard rodent chow and water. Animal care was in
compliance with Italian regulations on protection of ani-
mals used for experimental and other scientific purposes
(DM 116192) as well as with the EEC regulations (OJ of
ECL 358/1, 18 December 1986).

Surgical procedures

SAO shock was induced as previously described [20] (see
supplemental materials).

Experimental groups

Mice were randomly allocated into the following groups:
(1) Sham + vehicle group. Mice were treated with 10%
dimethyl sulfoxide (DMSO, 1 ml/kgi.p.), and subjected to
the surgical procedure alone, except that the blood vessels
were not occluded and the mice were maintained under
anaesthesia for the duration of the experiment (N = 10),
(2) Sham + olprinone group. Identical to Sham + vehicle
group, except for the administration of olprinone (0.2 mg/
kg i.p.) 15 min prior to identical surgical procedures
(N = 10), (3) I/R + vehicle group. Mice were subjected
to SAO shock and were treated with DMSO (N = 10), (4)
Olprinone group. Identical to the I/R + vehicle group but

were administered with olprinone (0.2 mg/kg i.p.) 15 min
prior to reperfusion (N = 10).

In the experiments investigating the survival rates and
survival times, the mice (n = 15) from each group) were
monitored for 24 h after reperfusion.

The doses of olprinone 1 used here to reduce ischemia/
reperfusion injury in the gut were based on previous in
vivo studies [21].

Western blot analysis for IkB-a, NF-kB p65, p-ERK,
p-JNK, phosho-p38, ERK, cleaved Caspase-3

PDEIIIA, Bax, and Bcl-2

The western blot evaluation was performed as previously
described [22] (see supplemental materials).
Histological assessment of damage after SAO shock
Ileum biopsies were taken at 60 min after reperfusion as
previously described [20] (see supplemental materials).
Myeloperoxidase activity

Assessment of neutrophil infiltration in the intestinal tis-
sues was performed, as described previously [23, 24].
Malondialdehyde (MDA) measurement

MDA levels in the ileum tissue were determined as an
indicator of lipid peroxidation as previously described
[25].

Measurement of cCAMP in ileum tissue

For measuring cAMP levels, intestine extracted protein
was analysed with a cAMP assay kit (R&D System).
cAMP levels in ileum tissue were expressed as mg/tissue.
Measurement of intestinal permeability

Intestinal permeability (lumen to plasma) was measured
using a 4,000 Da fluorescent dextran (FD4) according to
previously described methods [26] (see supplemental
materials).

Measurement of cytokines

TNFo and IL-1p levels were evaluated in plasma samples
at 60 min after reperfusion. The assay was carried out by
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using a colorimetric commercial kit (Calbiochem-Nova-
biochem Corporation, USA).

Immunohistochemical localization of P-selectin,
ICAM-1, IL-1f, TNF-q, nitrotyrosine, PAR,
Fas ligand, Bax and Bcl-2

The immunohistochemical localization performed as
previously described [20] (see supplemental materials).

Terminal Deoxynucleotidyltransferase-Mediated UTP
End Labelling (TUNEL) Assay

TUNEL assay was conducted by using a TUNEL detec-
tion kit according to the manufacturer’s instructions
(Apotag, HRP kit DBA, Milan, Italy, see supplemental
materials).

Materials

Unless otherwise stated, all compounds were obtained
from the Sigma-Aldrich Company Ltd. (Poole, Dorset,
UK). All stock solutions were prepared in non-pyrogenic
saline (0.9% NaCl; Baxter, Italy, UK).

Statistical evaluation

All values in the figures and text are expressed as
mean =+ standard error (SEM) of the mean of n obser-
vations. In the experiments involving histology or
immunohistochemistry, the figures shown are represen-
tative of at least three experiments on the tissue sections
collected from all the animals in each group. The results
were analysed by one-way ANOVA followed by a Bon-
ferroni post-hoc test for multiple comparisons. A P value
less than 0.05 were considered significant and individual
group means were then compared with Student’s unpaired
t test. A P value of less than 0.05 was considered
significant.

Results
Effects of SAO shock on PDEIII expression in gut

Previous studies have demonstrated an important role for
PDEII during ischemia and reperfusion [27]. Thus, we
have evaluated PDEIIIA, which is known to be expressed
in the mesenteric artery [28] expression in the ileum tis-
sues by western blot analysis. A basal level of PDEIITA

was detected in ileum tissues from sham-operated mice,
whereas PDEIITA levels were substantially increased in
the ileum tissues from SAO-shocked mice (Fig. la, see
densitometry analysis al).

Effect of olprinone on the cAMP levels in SAO shock

Olprinone has been demonstrated to elevate cAMP levels
in liver tissues after IR-induced hepatic injury [21]. To
investigate the effect of olprinone on SAO shock, we
evaluated the cAMP concentration in the ileum tissues
after 60 min of reperfusion. As shown in the Fig. 1b, the
reduced levels of cAMP in the ileum from SAO-shocked
mice were significantly elevated by olprinone treatment.

Effect of olprinone on MAPK signal-transduction
pathway

A significant increase of phosphorylated ERK (p-ERK
Fig. 1c, see densitometry analysis cl) as well as of
phosphorylated JNK expression (Fig. 1d, see densitome-
try analysis d1) was observed in ileum tissues obtained
from vehicle-treated animals at 60 min after reperfusion.
Olprinone (0.2 mg/kg) treatment resulted in a significant
decrease of phosphorylated ERK (p-ERK) (Fig. 1c, see
densitometry analysis c1) and the of phosphorylated JINK
(Fig. 1d, see densitometry analysis dl). In addition, a
significant increase of phosphorylated p38 expression was
also observed in ileum tissues from vehicle-treated ani-
mals (Fig. le, see densitometry analysis el). Olprinone
(0.2 mg/kg) treatment decreased the expression of phos-
phorylated p38 in ileum tissues from vehicle-treated
animals (Fig. le, see densitometry analysis el). No
expression of phosphorylated ERK, JNK and p38 was
detected in ileum samples from sham-treated animals
(Fig. Ic, 1d, le, see densitometry analysis cl, dl1, el).

Effect of olprinone on IxB-o degradation
and NF-kB p65 activation

Basal expression of IkB-o was detected in ileum samples
from sham-treated animals, whereas IxB-o levels were
substantially reduced in ileum tissues obtained from
vehicle-treated animals at 60 min after reperfusion
(Fig. 2a, see densitometry analysis al). Olprinone
(0.2 mg/kg) treatment prevented SAO-induced IxkB-o
degradation (Fig. 2a, see densitometry analysis al).
Moreover, NF-kB p65 levels in the ileum nuclear frac-
tions were also significantly increased at 60 min after
reperfusion compared to the sham-treated mice (Fig. 2b,
see densitometry analysis bl). Olprinone treatment sig-
nificantly reduced the levels of NF-xB p65, as shown in
Fig. 2b (see densitometry analysis bl).
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Fig. 1 PDEIIIA expression and effect of olprinone on cAMP level
and MAPK signal-transduction pathway after SAO shock. By
western blot analysis, a basal level of PDEIIIA was detected in ileum
tissues from sham-operated mice, whereas PDEIIIA levels were
substantially increased in the ileum tissues from SAO-shocked mice
(a, al). Moreover, in the ileum tissues after 60 min of reperfusion,
the levels of cAMP in SAO-shocked mice was significantly reduced
when compared with sham-operated mice, while they are increased
by olprinone treatment (b). A significant increase of phosphorylated

Effects of olprinone on the release
of pro-inflammatory cytokine induced by SAO shock

When compared to sham animals, SAO mice resulted in
an increase in the levels of TNF-o and IL-1f in the tissue
homogenates (Fig. 2c, d, respectively). The release
of TNF-o and IL-1f was significantly attenuated
by treatment with olprinone (0.2 mg/kg) (Fig. 2c, d,
respectively). Therefore, tissue sections obtained from
vehicle-treated animals at 60 min after reperfusion dem-
onstrate positive staining for TNF-o (Fig. 2e, see
densitometry analysis 1). In contrast, no staining for TNF-«
was found in the ileum of SAO mice that had been treated
with olprinone (Fig. 2f, see densitometry analysis 1i).
Similarly, at 60 min after reperfusion, positive staining
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Sham SAO-+ Olprinone

ERK (¢, cl), of phosphorylated JNK (d, d1) and of phosphorylated
p38 expression (e, el) was observed in ileum tissues obtained from
vehicle-treated animals at 60 min after reperfusion, compared to the
sham-treated mice. Olprinone (0.2 mg/kg) treatment resulted in a
significant decrease of phosphorylated ERK (¢, c1), of phosphory-
lated JNK (d, d1) and of phosphorylated p38 expression (e, el). The
results in al, cl, d1, and el are expressed as mean & SEM from
n = 5/6 ileum tissues for each group. * P < 0.01 versus sham group.
° P < 0.01 versus SAO shock. ND: not detectable

for IL-1p was observed in ileum tissue sections obtained
from vehicle-treated animals (Fig. 2g, see densitometry
analysis i). Olprinone treatment reduced the degree of
IL-1f expression (Fig. 2h, see densitometry analysis i).
No staining for either TNF-« (data not shown, see den-
sitometry analysis Fig. 2i) or IL-1f (data not shown, see
densitometry analysis Fig. 2I) in ileum tissues obtained
from the sham group of mice.

Effect of olprinone on the expression of adhesion
molecules and neutrophil infiltration

MPO activity in homogenates of the ileum was signifi-
cantly elevated after SAO shock in vehicle-treated mice
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Fig. 2 Effect of olprinone on IxB-o degradation, nuclear NF-xB
p65 expression and pro-inflammatory cytokine release in the ileum
after SAO shock. Basal expression of IxB-o was detected in ileum
samples from sham-treated animals, whereas IkB-a levels were
substantially reduced in ileum tissues obtained from vehicle-treated
animals at 60 min after reperfusion (a, al). Olprinone (0.2 mg/kg)
treatment prevented SAO shock-induced IxB-o degradation (a, al).
NF-kB p65 levels in the ileum nuclear fractions were also
significantly increased at 60 min after reperfusion compared to
the sham-treated mice (b, bl). Olprinone treatment significantly
reduced the levels of NF-xB p65 (b, bl). A representative blot of
lysates obtained from five animals per group is shown and
densitometry analysis of all animals is reported. Moreover, tissue
levels of cytokines TNF-« (¢) and IL-1f (d) increased in samples

(Fig. 3a). A decrease of MPO activity was observed in the
ileum of mice treated with olprinone (0.2 mg/kg) after
60 min of reperfusion (Fig. 3a). Moreover, following
60 min reperfusion, a positive immunohistochemical
staining for ICAM-1 (Fig. 3c, see densitometry analysis
e) and for P-selectin (Fig. 3g, see densitometry analysis e)
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obtained from SAO mice and when compared with sham-operated
mice. Olprinone treatment reduced the tissue levels of TNF-« (a)
and IL-1f (b). Moreover, ileum sections taken from SAO shock-
treated mice pre-treated with vehicle showed a positive staining for
TNF-u (e and i) and IL-1 (g and i). There was a marked reduction
in the immunohistochemical localization of TNF-« (f and I) and IL-
18 (h and I) in the ileum of SAO shock-treated mice pre-treated
with 0.2 mg/kg olprinone. The figure is representative of at least 3
experiments performed on different experimental days. The results
in al, bl are expressed as mean = SEM from n = 5/6 ileum
tissues for each group. The results in i are expressed as mean =+
SEM from n = 10 mice for each group. * P < 0.01 versus sham
group. °© P <0.01 versus SAO shock plus vehicle. ND: not
detectable

was found mainly localised around the vessels in the
ileum from SAO-shocked mice, compared to sham-
operated mice (Fig. 3b, f, respectively, see densitometry
analysis e). The positive immunostaining for ICAM-1
(Fig. 3d, see densitometry analysis e) and for P-selectin
(Fig. 3h, see densitometry analysis e) was significantly
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MPO activity in the ileum (a). Moreover, ileum sections taken from
SAO shock-treated mice pre-treated with vehicle showed positive
staining for ICAM-1 (c, e), and for P-Selectin (g, e), compared to
sham-operated mice (b, f, respectively, and e). The degree of

— 1200 - W Vehicle 8

g O Olprinone s

» *

% 1000 - g

= ]

K] k]

2 300 - =

o £
3 600 - 3
2 o =

3 400 - £

5 2

m -

o 200 - o1
o o~

= 0

[l Sham + vehicle
H SAO + Vehicle

[ Sham + Olprinone
[J SAO + Olprinone

*

ND ND

ICAM-1 P-Selectin

positive staining for adhesion molecules was markedly reduced in
tissue sections obtained from mice pre-treated with 0.2 mg/kg
olprinone (d, h, respectively, and e). The figure is representative of
at least three experiments performed on different experimental
days. Data are expressed as mean = SEM from n = 10 mice for
each group. * P < 0.01 versus sham group. ° P < 0.01 versus SAO
shock plus vehicle. ND: not detectable
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decreased in sections from mice treated with olprinone
(0.2 mg/kg).

Effects of olprinone on nitrotyrosine formation,
lipid peroxidation and PARP activation associated
with SAO shock

Immunohistochemical analysis of ileum sections
obtained from vehicle-treated mice after SAO shock
revealed positive staining for nitrotyrosine (Fig. 4b, see
densitometry analysis h). In contrast, no positive staining
for nitrotyrosine was found in the ileum of mice, which
had been treated with olprinone (0.2 mg/kg) (Fig. 4c,
see densitometry analysis h). As shown in Fig. 4g, MDA
levels were significantly increased in the ileum of
I/R-treated mice, compared to sham-operated mice
(Fig. 4g). Lipid peroxidation was significantly attenuated
by the intraperitoneal injection of olprinone (Fig. 4g). A
positive staining for the PAR, an indicator of PARP
activation, (Fig. 4e, see densitometry analysis h) was
found primarily localized in the inflammatory cells
present in the ileum tissue from SAO mice. Olprinone
treatment (0.2 mg/kg) reduced the degree of PARP
activation (Fig. 4f, see densitometry analysis h). No
staining for either nitrotyrosine (Fig. 4a, see densitom-
etry analysis h) or PAR (Fig. 4d, see densitometry
analysis h) in ileum tissues were obtained from the sham
group of mice.

Olprinone modulates expression of Caspase-3
after SAO shock

No cleaved Caspase-3 expression was detected in ileum
tissues obtained from sham-operated animals (Fig. 5a, see
densitometry analysis al). Cleaved Caspase-3 levels were
substantially increased in the ileum tissues from SAO
shock mice (Fig. Sa, see densitometry analysis al). On
the contrary, olprinone (0.2 mg/kg) treatment prevented
the SAO-induced Caspase-3 activation (Fig. 5a, see
densitometry analysis al).

Olprinone modulates expression of Fas ligand
after SAO shock

Ileum sections from sham-treated mice did not stain for
Fas ligand (Fig. 5b, for densitometry analysis see sup-
plemental materials A), whereas ileum sections obtained
from SAO shock mice exhibited positive staining for Fas
ligand (Fig. 5c, for densitometry analysis see supple-
mental materials A). Olprinone (0.2 mg/kg) treatment
reduced the degree of positive staining for Fas Ligand in
the ileum tissues (Fig. 5d, for densitometry analysis see
supplemental materials A).

Effects of olprinone on apoptosis in ileum tissues
after SAO shock

At 60 min after reperfusion, ileum tissues demonstrated a
marked appearance of dark brown apoptotic cells and
intercellular apoptotic fragments (Fig. Se, for cell count
see supplemental materials B). In contrast, no apoptotic
cells or fragments were observed in the tissues obtained
from mice treated with olprinone (0.2 mg/kg) (Fig. 5f,
for cell count see supplemental materials B). Similarly,
no apoptotic cells were observed in ileum of sham-
treated mice (Fig. 5g, for cell count see supplemental
materials B).

Effect of olprinone on Bax and Bcl-2 expression

No Bax expression was detected in ileum tissues obtained
from sham-operated animals (Fig. 5h, see densitometry
analysis hl). Bax levels were substantially increased in
the ileum tissues from SAO shock mice (Fig. Sh, see
densitometry analysis hl). On the contrary, olprinone
(0.2 mg/kg) treatment prevented the SAO-induced Bax
expression (Fig. Sh, see densitometry analysis hl).
Moreover, a basal level of Bcl-2 expression was detected
in ileum tissues from sham-treated mice (Fig. 5i, see
densitometry analysis il). At 60 min after reperfusion,
Bcl-2 expression was significantly reduced (Fig. 5i, see
densitometry analysis il). Treatment of mice with olpri-
none (0.2 mg/kg) significantly attenuated SAO-induced
inhibition of Bcl-2 expression (Fig. 5i, see densitometry
analysis il1). Therefore, ileum tissues taken from sham-
treated mice did not stain for Bax (Fig. 5j, for densi-
tometry analysis see supplemental materials C) whereas
ileum sections obtained from SAO shock mice exhibited
positive staining for Bax (Fig. 5k, for densitometry
analysis see supplemental materials C). Olprinone
(0.2 mg/kg) treatment reduced the degree of positive
staining for Bax in the ileum of mice subjected to SAO
shock (Fig. 51, for densitometry analysis see supplemental
materials C). In addition, ileum sections from sham-
treated mice demonstrated positive staining for Bcl-2
(Fig. 5m, for densitometry analysis see supplemental
materials C) whereas in SAO treated mice Bcl-2 staining
was significantly reduced (Fig. 5n, for densitometry
analysis see supplemental materials C). Olprinone
(0.2 mg/kg) treatment significantly attenuated the loss of
positive staining for Bcl-2 in mice subjected to SAO
shock (Fig. 5o, for densitometry analysis see supple-
mental materials C).

Effect of olprinone on epithelial permeability

There was a massive increase in the intestinal epithelial
permeability at 60 min of reperfusion after SAO, as
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Fig. 4 Effect of olprinone on SAO-induced nitrotyrosine formation
and lipid peroxidation and PARP activation in the ileum. Ileum
sections taken from SAO shock-treated mice pre-treated with
vehicle showed positive staining for nitrotyrosine, localized mainly
in inflammatory cells (b, h), compared to sham-operated mice
(a, h). There was a marked reduction in the immunostaining for
nitrotyrosine in the ileum of SAO shock-treated mice pre-treated
with 0.2 mg/kg olprinone (¢, h). Malonyldialdeide (MDA) levels,
an index of lipid peroxidation, were significantly increased in ileum
tissues 60 min after SAO shock (g). Olprinone (0.2 mg/kg i.p.)

significantly reduced the SAO shock-induced elevation of MDA
tissues levels (g). Ileum sections taken from SAO shock-treated
mice pre-treated with vehicle showed positive staining for PAR
(e, h), compared to sham-operated mice (d, h). There was a marked
reduction in the immunostaining for PAR in the ileum of SAO
shock-treated mice pre-treated with 0.2 mg/kg olprinone (f, h). The
figure is representative of at least three experiments performed on
different experimental days. Data are expressed as mean == SEM
from n = 10 mice for each group. * P < 0.01 versus sham group.
° P < 0.01 versus SAO shock plus vehicle. ND: not detectable
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evidenced by a marked increase in the lumen to plasma
flux of the fluorescent dye FD 4 (Fig. 6a). Treatment with
olprinone reduced the increase in the epithelial perme-
ability during SAO and reperfusion (Fig. 6a).

Effect of olprinone on intestinal injury associated
with SAO shock

In vehicle-treated mice, SAO shock resulted in tissue
injury mainly localized to the small intestine (Fig. 6¢, e)
compared to sham-operated mice (Fig. 6b, e). Further
histological examination of the tissue demonstrated
damage localised to the villi and associated with infil-
tration of inflammatory cells in the mucosa as well as
tissue haemorrhage (Fig. 6¢, e). Treatment with olprinone
(0.2 mg/kg) given i.p. 15 min before reperfusion, signif-
icantly decreased the extent and severity of the
histological signs of ileum (Fig. 6d, e).

Effect of olprinone on mortality after SAO shock

To study the clinical situation of mesenteric infarction,
mice were subjected to 30 min occlusion followed by
reperfusion of the superior mesenteric artery and celiac
trunk. At 24 h after reperfusion 90% of the animals had
died (Fig 6f). Treatment with olprinone (0.2 mg/kg)
reduced the SAO-induced mortality (Fig. 6f).

Discussion

We report here that the pharmacological (mice treated
with olprinone) inhibition of PDEIII exerts a protective
effect against the pathological changes caused by ische-
mia/reperfusion injury of the gut. Thus, we propose that
PDEIII contributes to the pathophisiology of ischemia/
reperfusion injury. What is then the mechanism by which
inhibition of PDEIII decreases the intestine inflammation
caused by ischemia/reperfusion injury of the gut? First, it
is well known that olprinone inhibits PDEIII, the enzyme
which is responsible for the degradation of cAMP, leading
to an increase in cAMP [27]. In the present study, we
have clearly demonstrated that the intestinal ischemia and
reperfusion (I/R) induced the expression of PDEIIIA
along with decreased cAMP in the ileum. The olprinone
treatment attenuated the decrease of CAMP in the ileum
tissues.

The second possible mechanism by which olprinone
may protect the ileum is as an anti-inflammatory. We
found that the levels of TNF-« and IL-1p had significantly
decreased in the olprinone-treated groups. This observa-
tion is in agreement with previous studies in which have
demonstrated that olprinone treatment reduced the

generation and release of proinflammatory cytokines [27,
29], it is well known that TNF-« increases endothelial
PDE activity and decreases intracellular cAMP [30].
Olprinone inhibits PDEIII, which results in an increase in
cAMP. The elevation of endothelial cell cAMP levels
inhibits NF-xB activation by targeting p38 mitogen acti-
vated protein kinases (MAPK) [31]. In the present study,
we have observed an increase of phosphorilated MAPKs
(ERK, p38, and JNK) in the ileum from SAO-shocked
mice which are significantly reduced by the treatment
with olprinone. Furthermore, we report here that SAO
shock caused a significant increase in the nuclear
expression of p65 in the ileum tissues, whereas treatment
with olprinone significantly reduced the p65 expression.
Moreover, we also demonstrate that olprinone inhibited
IxB-o degradation. Thus, the activity of olprinone on the
cAMP levels might account for its effect on NF-xB
activation, since it has been shown that cAMP also acti-
vates protein kinase A, which inhibits NF-xB [32].

Furthermore, we observed that SAO shock induced the
expression of P-selectin and ICAM-1 on endothelial cells.
Treatment with olprinone abolished the expression of
P-selectin and ICAM-1. These results demonstrate that
inhibition of the PDEIIl pathway may interrupt the
interaction of neutrophils and endothelial cells both at the
early rolling phase mediated by P-selectin and at the late
firm adhesion phase mediated by ICAM. The absence of
an increased expression of the adhesion molecule in the
ileum tissue of SAO-shocked rats treated with olprinone
correlated with the reduction of leukocyte infiltration and
with the attenuation of the ileum tissue damage. Activa-
tion and accumulation of leukocytes is one of the initial
events of tissue injury due to the release of oxygen free
radicals [33]. In the present study, the increased levels of
MDA, which is the product of lipid peroxidation, by
ischemia/reperfusion were significantly reduced in the
olprinone-treated animals probably in part dependent on
the observed reduction of neutrophil infiltration into the
ileum. Reduction of lipid peroxidation was also paralleled
with the inhibition of nitrotyrosine immunoreactivity as
an index of nitrosative stress.

Therefore, various studies have demonstrated that
PARP activation after single DNA strand breakage
induced by reactive oxygen species (ROS) plays an
important role in the process of I/R [34, 35]. In this study
we confirm the increase of PAR formation in the ileum
from SAO-shocked mice as well as that olprinone treat-
ment attenuates PARP activation. Recent studies have
also demonstrated that the process of ischemia/reperfu-
sion induces apoptosis in various tissues [36—38]. In this
regard, various evidence have demonstrated that the
expression of caspase-3 and the interaction of Fas/FasL
leads to apoptosis after SAO shock [39]. In this study, we
show that SAO shock leads to a substantial expression of
caspase-3 and FasL in the ileum tissues which is signifi-
cantly reduced in mice treated with olprinone. Moreover,
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Fig. 5 Effect of olprinone on SAO shock-induced Fas ligand
expression Caspase-3 activation and on apoptosis as measured by
TUNEL-like staining and Bax and Bcl-2 expression in the ileum.
Representative western blots showing no cleaved Caspase-3
expression in ileum tissues obtained from sham-treated animals
(a, al). Cleaved Caspase-3 levels were increased in the ileum
tissues from SAO shock-treated mice (a, al). Olprinone (0.2 mg/
kg) treatment prevented the SAO shock-induced Caspase-3 activa-
tion (a, al). Positive staining for Fas ligand was observed in ileum
sections taken from SAO shock-treated mice pre-treated with
vehicle (c¢), compared to sham-operated mice (b). In contrast,
olprinone (0.2 mg/kg) treatment reduced the degree of positive
staining for Fas ligand in the ileum tissues (d). Almost no apoptotic
cells were observed in the ileum of sham mice (e). Positive TUNEL
staining was observed in ileum sections taken from SAO shock-
treated mice pre-treated with vehicle (f). In contrast, tissue obtained
from SAO shock-treated mice pre-treated with olprinone (0.2 mg/
kg) demonstrated no apoptotic cells or fragments (g). Moreover,
representative western blots showing no Bax expression in ileum
tissues obtained from sham-treated animals (h, h1). Bax levels were
increased in the ileum tissues from SAO shock-treated mice (h, h1).
Olprinone (0.2 mg/kg) treatment prevented the SAO shock-induced
Bax expression (h, hl). A basal level of Bcl-2 expression was

we have also demonstrated that treatment with olprinone
attenuates the degree of apoptosis, measured by TUNEL,
in the ileum. Furthermore, in this study we have identified
pro-apoptotic transcriptional changes, including up-

detected in ileum tissues from sham-treated mice (i, il). At 60 min
after reperfusion, Bcl-2 expression was significantly reduced (i, il).
Treatment of mice with olprinone (0.2 mg/kg) significantly atten-
uvated SAO shock-induced inhibition of Bcl-2 expression (i, il).
Ileum sections taken from SAO shock-treated mice pre-treated with
vehicle showed positive staining for Bax (j) localised mainly in the
inflammatory cells. The degree of positive staining for Bax was
markedly reduced in ileum sections obtained from mice pre-treated
with 0.2 mg/kg olprinone (k). No staining for Bax was observed in
ileum tissues obtained from sham-treated animals (I). Positive
staining for Bcl-2 was observed in ileum sections taken from sham
mice (m). The degree of positive staining for Bcl-2 was markedly
reduced in ileum sections obtained from SAO shock mice treated
with vehicle (n). Pre-treatment with olprinone 0.2 mg/kg signifi-
cantly attenuated the reduction in Bcl-2 expression caused by SAO
shock (0). The figures are representative of at least three
experiments performed on different experimental days. A repre-
sentative blot of lysates obtained from five animals per group is
shown and densitometry analysis of all animals is reported. The
results in al, h1, and il are expressed as mean + SEM from n = 5/6
ileum tissues for each group. * P < 0.01 versus sham group.
° P < 0.01 versus SAO shock. ND: not detectable

regulation of pro-apoptotic Bax and down-regulation of
anti-apoptotic Bcl-2. We report in the present study for
the first time that the treatment with olprinone signifi-
cantly reduced the apoptotic cell death after SAO shock,



1245

Fig. 6 Effect of olprinone on
survival and on histological A
alterations of ileum tissue

60 min after reperfusion. An
increase in the intestinal
epithelial permeability at

60 min of reperfusion after
SAO is evidenced by a marked
increase in the lumen to plasma
flux of the fluorescent dye FD 4
(a). Treatment with olprinone
reduced the increase in the
epithelial permeability during
SAO and reperfusion (a). Distal
ileum section from a sham
animal demonstrating the
normal architecture of the
intestinal epithelium and wall
(b). Distal ileum section from a
SAO-shocked mouse
demonstrating oedema of the
distal portion of the villi (c).
Distal ileum from olprinone-
treated mice shows reduced
SAO-induced organ injury (d).
See histological score (e).
Survival was monitored for

24 h after SAO shock (f). The
figure is representative of at
least three experiments
performed on different
experimental days.

* P < 0.01 versus sham group.
° P < 0.01 versus SAO shock
plus vehicle. ND: not detectable
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suggesting that protection from apoptosis may be a pre-
requisite for anti-inflammatory approaches. In particular,
we demonstrated that the treatment with olprinone lowers
the signal for Bax in treated group when compared with
ileum sections obtained from SAO-shocked rats, while on
the contrary, the signal is much more express for Bcl-2 in

Time (h)

olprinone treated rats than in SAO-shocked mice. Taken
together, the results of the present study enhance our
understanding of the role of PDEIII in the pathophysiol-
ogy of ischemia and reperfusion. Our results imply that
inhibitors of the activity of PDEIIl may be useful in the
therapy of ischemia and reperfusion.
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