2

ELSEVIE

Biochemical Pharmacology 64 (2002) 327-337

GPI 6150, a PARP inhibitor, reduces the colon injury caused
by dinitrobenzene sulfonic acid in the rat

Emanuela Mazzon?, Laura Dugob, Jia-He Li°, Rosanna Di Paolab, Tiziana Genoveseb,
Achille P. Caputi®, Jie Zhang®, Salvatore Cuzzocrea™
“Department of Biomorphology, School of Medicine, University of Messina, Messina, Italy
®Institute of Pharmacology, School of Medicine, University of Messina,

Torre Biologica-Policlinico Universitario Via C. Valeria-Gazzi, 98100 Messina, Italy
“Guilford Pharmaceuticals Inc., Baltimore, MD 21224, USA

Received 28 January 2002; accepted 18 April 2002

Abstract

Poly (ADP-ribose) polymerase, a nuclear enzyme activated by DNA strand breaks, has been shown to play an important role in the
pathogenesis of inflammatory bowel disease. Here we investigate the effects of 1,11b-dihydro-[2H]benzopyrano [4,3,2-de]isoquinolin-3-
one (GPI 6150), a new poly (ADP-ribose) polymerase inhibitor, in animal models of experimental colitis. Colitis was induced in rats by
intra-colonic instillation of dinitrobenzene sulfonic acid. Rats experienced hemorrhagic diarrhea and weight loss. At 4 days after
administration of dinitrobenzensulfonic acid, the mucosa of the colon exhibited large areas of necrosis. Neutrophil infiltration (determined
by histology and an increase in myeloperoxidase activity in the mucosa) was associated with up-regulation of ICAM-1. Immunohis-
tochemistry for poly (ADP-ribose) showed an intense staining in the inflamed colon. GPI 6150 (20 or 40 mg/kg daily, i.p.) significantly
reduced the degree of hemorrhagic diarrhea and weight loss caused by administration of dinitrobenzensulfonic acid. GPI 6150 also caused
a substantial reduction of (i) the degree of colon injury, (ii) the rise in myeloperoxidase activity (mucosa), (iii) the increase in the tissue
levels of malondialdehyde, (iv) the increase in staining (immunohistochemistry) for poly (ADP-ribose), as well as (v) the upregulation of
ICAM-1 and P-selectin caused by dinitrobenzensulfonic acid in the colon. Thus, GPI 6150 reduces the degree of colitis caused by
dinitrobenzensulfonic acid. We propose that GPI 6150 may be useful in the treatment of inflammatory bowel disease. © 2002 Elsevier

Science Inc. All rights reserved.
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1. Introduction

Reactive oxygen (ROS) and nitrogen species have been
implicated as mediators of the disruption of the intestinal
barrier in inflammatory bowel diseases [1-3]. In addition to
reactive oxygen species, an overproduction of nitric oxide
(NO) due to the expression of the inducible isoform of NO
synthase (iNOS) also plays an important role in various
models of inflammation including colitis [4,5]. Evidence
obtained using cultured cells demonstrated that reactive
oxygen species produce strand breaks in DNA which
triggers energy-consuming DNA repair mechanisms and
activates the nuclear enzyme poly (ADP-ribose) polymer-
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ase [EC 2.4.2.30, also referred to as poly (ADP-ribose)
synthetase (PARP) or poly (ADP-ribose) transferase
(pADPRT)] [6]. PARP is an abundant, chromatin-bound
enzyme constitutively expressed in numerous cell types [7]
which, when activated, catalyses the transfer of ADP-
ribose moieties from NAD to nuclear proteins including
histones and onto PARP itself (automodification) with the
concomitant formation of nicotinamide [8]. However, there
is now good evidence that exposure of cells to oxidant
stress in the form of superoxide anions, hydrogen peroxide
(H,0,), and hydroxyl radicals causes strand breaks in DNA
leading to an excessive activation of PARP resulting in the
depletion of its substrate NAD in vitro and a reduction in
the rate of glycolysis [9,10]. As NAD functions as a
cofactor in glycolysis and the tricarboxylic acid cycle,
NAD depletion leads to a rapid fall in intracellular ATP
levels [9-13]. Furthermore, nicotinamide formed by PARP
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activation can be recycled back to NAD via a mechanism,
which also consumes ATP [12]. Thus, activation of PARP
leads to a fall in ATP via two different mechanisms leading
to cellular dysfunction and ultimately cell death [9-13].
Overall, this process has been termed ‘the PARP Suicide
Hypothesis® [14].

Benzamide analogues such as 3-aminobenzamide (3-
AB) and nicotinamide (Nic) were first recognized as PARP
inhibitors over 20 years ago and have been commonly used
for this purpose in both in vivo and in vitro studies
investigating their effects in many pathophysiological
conditions including colitis, ischemia—reperfusion injury
and inflammation [15-17]. They display higher selectivity
for PARP compared to mono-(ADP-ribose) transferase and
low toxicity in in vivo studies [18,19].

GPI 6150 is a novel PARP inhibitor, which has been
shown to be neuroprotective in rat model of cerebral focal
ischemia, rat lateral fluid percussion model of traumatic
brain injury, cardioprotective in rat model of regional heart
ischemia, increase survival in mouse models of septic
shock, and reduce tissue damage in streptozotocin-induced
diabetes and MPTP-neurotoxicity [20-23]. Therefore,
recently we have demonstrated that this new PARP inhi-
bitor exerts an anti-inflammatory effect in different models
of acute and chronic inflammation [24].

Here we investigate the effects of GPI 6150 on the
inflammatory response (colitis) caused by intra-colonic
administration of dinitrobenzensulfonic acid. In particular,
we investigate the effects of GPI 6150 on the colon injury
associated with dinitrobenzensulfonic acid-induced colitis.
In order to gain a better insight into the mechanism of
action of GPI 6150, we also investigate the effects of GPI
6150 on tissue polymorphonuclear neutrophils immigra-
tion (assessed by the measurement of tissue myeloperox-
idase (MPO) activity), ICAM-I expression, cytokines
production, and morphological changes in the bowel.

2. Materials and methods
2.1. Animals

Male Sprague—Dawley rats (300-350 g; Charles River)
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 purpose
(D.M. 116192) as well as with the EEC regulations (O.J. of
E.C. L 358/1 12/18/1986).

2.2. Experimental groups

In the treated two groups of animals, GPI 6150 was
given daily as an intraperitoneally (i.p.) bolus at 20 or
40 mg/kg (dinitrobenzensulfonic acid + GPI 6150 group).
In a vehicle-treated group of rats, vehicle (dimethylsulf-

oxide) was given instead of GPI 6150 (dinitrobenzensul-
fonic acid group). In separate groups of rats, surgery was
performed in its every aspect identical to the one in the
dinitrobenzensulfonic acid group, except that the saline
vehicle alone (50% ethanol) was injected instead of dini-
trobenzensulfonic acid (Sham group, Sham). In an addi-
tional group of animals, Sham-surgery was combined with
the administration of GPI 6150 (dose as above;
Sham + GPI 6150). Colitis and Sham-colitis were induced
in 60 rats (10 animals/group).

2.3. Induction of experimental colitis

Colitis was induced by using a technique of acid-induced
colon inflammation as described previously [25]. After
fasted rats were lightly anaesthetized with isoflurane, a
3.5 F catheter was inserted into the colon via the anus until
approximately the splenic flexure (8 cm from the anus) to
deliver 2,4,6-dinitrobenzene sulfonic acid (dinitrobenzen-
sulfonic acid, 25 mg/rat) dissolved in 50% ethanol (total
volume, 0.8 mL). Thereafter, the animals were kept for
15 min in a Trendelenburg position to avoid reflux. Seven
animals (Sham-colitis) received an enema with vehicle
alone (50% ethanol, 0.8 mL). After colitis and Sham-colitis
induction, the animals were observed for 3 days. On day 4,
the animals were weighed and anaesthetized with chlora-
lium hydrate (400 mg/kg, i.p.), and the abdomen was opened
by a midline incision. The colon was removed, freed from
surrounding tissues, opened along the anti-mesenteric bor-
der, rinsed, weighed, and processed for histology and
immunohistochemistry. The macroscopic damage score,
according to Wallace et al. [26], was assessed.

2.4. Light microscopy

After fixation for 1 week at room temperature in buffered
formaldehyde solution (10% in phosphate buffered saline),
samples were dehydrated in graded ethanol, and embedded
in Paraplast (Sherwood Medical). Thereafter, 7-mm sec-
tions were deparaffinized with xylene, stained with trichro-
mic van Giesson’s stain, and observed in a Dialux 22 Leitz
(Wetziar) microscope. Colon damage was scored by two
independent observers as described previously [25,27,28]
according to the following morphological criteria: 0, no
damage; 1, localized hyperaemia without ulcers; 2, linear
ulcers with no significant inflammation; 3, linear ulcers with
inflammation at one site; 4, two or more major site of
inflammation and ulceration extending >1 cm along the
length of the colon; and 6-10, one point is added for each
centimeter of ulceration beyond an initial 2 cm.

2.5. Immunohistochemical localization of ICAM-1 and
PAR

Immunohistochemical staining was performed on 7 mm
thick sections of frozen colon tissues. Sections were cut in
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with a Slee and London cryostat at —30°, transferred onto
clean glass slides, and dried overnight at room temperature.
Sections were permeabilized with acetone at —20° for
10 min and rehydrated in PBS (phosphate buffered saline,
150 mM NaCl, 20 mM sodium phosphate pH 7.2) at room
temperature for 45 min. Sections were incubated overnight
with (1) ICAM-1 (hamster anti-mouse CD54) at a dilution
1:500 in PBS, v/v, or (2) with anti-poly (ADP-ribose)
monoclonal antibody (1:500 in PBS, v/v). Sections were
washed with PBS, and incubated with secondary antibody
for 2 hr at room temperature. Specific labeling was detected
with an avidin-biotin peroxidase complex. To verify the
binding specificity for ICAM-1 or poly (ADP-ribose) (PAR),
some sections were also incubated with only the primary
antibody (no secondary) or with only the secondary antibody
(no primary). In these situations no positive staining was
found in the sections indicating that the immunoreaction was
positive in all the experiments carried out.

2.6. MPO activity

MPO activity, an indicator of polymorphonuclear leu-
kocyte (polymorphonuclear neutrophils) accumulation,
was determined as previously described [29]. At 4 days
after intra-colonic injection of dinitrobenzensulfonic acid,
the colon was removed and weighed. The colon was
homogenized in a solution containing 0.5% hexa-decyl-
trimethyl-ammonium bromide dissolved in 10 mM potas-
sium phosphate buffer (pH 7) and centrifuged for 30 min at
20,000 g at 4°. An aliquot of the supernatant was then
allowed to react with a solution of tetra-methyl-benzidine
(1.6 mM) and 0.1 mM H,O,. The rate of change in absor-
bance was measured spectrophotometrically at 650 nm.
MPO activity was defined as the quantity of enzyme
degrading 1 umol of peroxide per minute at 37° and
was expressed in milliunits per gram weight of wet tissue.

2.7. Measurement of cytokines

Tumor necrosis factor (TNF-o) and IL-1B levels were
evaluated in the colon tissues at 4 days after intra-colonic
injection of dinitrobenzensulfonic acid [30,31]. The assay
was carried out by using a colorimetric, commercial kit
(Calbiochem-Novabiochem Corporation). The enzyme
linked immunosorbent assay has a lower detection limit
of 5 pg/mL.

2.8. Materials

Primary monoclonal ICAM-1 (CD54) for immunohis-
tochemistry was purchased from Pharmingen. Reagents
and secondary and nonspecific IgG antibody for immuno-
histochemical analysis were from Vector Laboratories Inc.
Primary monoclonal anti-PAR antibody was purchased by
Alexis. All other reagents and compounds used were
obtained from Sigma Chemical Co.

2.9. Data analysis

All values in the figures and text are expressed as
mean =+ standard error of the mean (SEM) of N observa-
tions. For the in vivo studies N represents the number of
animals studied. In the experiments involving histology or
immunohistochemistry, the figures shown are representa-
tive of at least three experiments performed on different
experimental days. The results were analyzed by one-way
ANOVA followed by a Bonferroni post hoc test for multi-
ple comparisons. A P-value less than 0.05 was considered
significant.

3. Results

3.1. Effects of GPI 6150 on the degree of colitis
(histology)

Four days after intra-colonic administration of dinitro-
benzensulfonic acid, the colon appeared flaccid and filled
with liquid stool. The macroscopic inspection of cecum,
colon, and rectum showed presence of mucosal congestion,
erosion, and hemorrhagic ulcerations (see Fig. 1).

No histological alteration was observed in colon tissues
from Sham-treated rats (Fig. 2(A)). The histopathological
features included a transmural necrosis and edema and a
diffuse leukocyte cellular infiltrate in the submucosa
(Fig. 2(B)). The inflammatory changes of the intestinal
tract were associated with an increase in the weight of the
colon (Fig. 3). Treatment of rats with GPI 6150 signifi-
cantly attenuated in a dose dependent manner the extent
and severity of the histological signs of colon injury (Figs. 1
and 2(C)). A significant increase in the weight of the
spleen, an indicator of inflammation, was also noted in
vehicle-treated rats, which had received dinitrobenzensul-
fonic acid (Fig. 3). GPI 6150 significantly reduced DNBS-
induced increase in colon or spleen weight (Fig. 3).
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Fig. 1. Effect of GPI 6150 treatment on the damage score. Colonic
damage was scored on a scale of 0 (normal) to 10 (severe) by two
independent observers. Values are mean =+ SE of 10 rats for each group. (%)
P < 0.01 vs. Sham and (©) P < 0.01 vs. DNBS + vehicle.
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Fig. 2. Effect of GPI 6150 on colon injury. No histological modification was observed in mucosal from Sham-operated rats (A). Mucosal injury was
produced after DNBS administration characterized by absence of epithelium and a massive mucosal and submucosal infiltration of inflammatory cells (B).
Treatment with GPI 6150 (40 mg/kg) corrected the disturbances in morphology associated with DNBS administration (C). Original magnification: 125x.
Figure is representative of at least three experiments performed on different experimental days.

3.2. Effects of GPI 6150 on changes of body weight

In vehicle-treated rats, the severe colitis caused by
dinitrobenzensulfonic acid was associated with a signifi-
cant loss in body weight (Fig. 4). Treatment of dinitro-
benzensulfonic acid-treated rats with GPI 6150
significantly reduced in a dose dependent fashion the loss
in body weight (Fig. 4).

3.3. Effect of GPI 6150 on PAR accumulation
At 4 days after dinitrobenzensulfonic acid treatment,

sections of the colon were taken in order to determine the
immunohistological staining for PAR. Sections of colon

from Sham-administered rats did not stain for PAR
(Fig. 5(A)). Colon sections obtained from vehicle-treated
dinitrobenzensulfonic acid-treated rats exhibited positive
staining for PAR (Fig. 5(B)), which was localized in
inflammatory cells and in disrupted epithelial cells. GPI
6150 (40 mg/kg, i.p.) reduced the degree of immunostain-
ing for PAR in the colon of dinitrobenzensulfonic acid-
treated rats (Fig. 5(C)).

3.4. Effect of GPI 6150 on neutrophils infiltration and
MPO activity in the colon

The colitis caused by dinitrobenzensulfonic acid was
also characterized by an increase in MPO activity, an
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Fig. 3. Effect of GPI 6150 treatment on spleen (A) and colon (B). A significant increase was consistently seen at 4 days after DNBS injection in colon (A)
and spleen (B). GPI 6150 treatment significantly reduced the organ weight (A and B). Values are mean =+ SE of 10 rats for each group. (%) P < 0.01 vs. Sham

and (©) P < 0.01 vs. DNBS + vehicle.

indicator of the infiltration (accumulation) of the colon
with polymorphonuclear neutrophils (Fig. 6). This finding
is consistent with the observation made with light micro-
scopy that the colon of vehicle-treated dinitrobenzensul-
fonic acid-treated rats contained a large number of
polymorphonuclear neutrophils. Infiltration of leukocytes
into the mucosa has been suggested to contribute signifi-
cantly to the tissue necrosis and mucosal dysfunction
associated with colitis, as activated polymorphonuclear
neutrophils release large amounts of free radicals. Treat-
ment of dinitrobenzensulfonic acid-treated rats with GPI
6150, however, significantly reduced in a dose dependent
way the degree of polymorphonuclear neutrophils infiltra-
tion (determined as increase in MPO activity, Fig. 6).

To further elucidate the effect of GPI 6150 treatment on
neutrophil accumulation in inflamed colon, we next eval-
uated the intestinal expression of ICAM-1. Tissue sections
obtained from Sham-operated rats with anti-ICAM-1 anti-
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Fig. 4. Effect of GPI 6150 treatment on body weight. A significant loss of
body weight was observed at 4 days after DNBS administration. GPI 6150
treatment significantly prevents in a dose dependent manner the loss of
body weight. Values are mean & SE of 10 rats for each group. (%)
P < 0.01 vs. Sham and (©) P < 0.01 vs. DNBS + vehicle.

body showed a specific staining along the vessels, demon-
strating that ICAM-1 is expressed constitutively in
endothelial cells (Fig. 7(A)). After dinitrobenzensulfonic
acid administration, the staining intensity substantially
increased in the endothelium along the vascular wall as
well as in epithelial cells (Fig. 7(B)). Section from GPI
6150-treated (40 mg/kg, i.p.) rats did not reveal any upre-
gulation of the constitutive ICAM-1, which was normally
expressed in the endothelium along the vascular wall
(Fig. 7(C)).

3.5. Effects of GPI 6150 on cytokine release

Colonic injury by dinitrobenzensulfonic acid adminis-
tration was also characterized by an increase of pro-
inflammatory cytokines (TNF-o and IL-1f) in the colon
(Fig. 8). As shown in Fig. 8, GPI 6150 reduced in a dose
dependent fashion the increase in TNF-o and IL-1f as
observed in colonic tissues.

4. Discussion

Inflammatory bowel disease is a multi-factorial disorder
of unknown etiology. There is, however, very good evi-
dence both from animal and clinical studies, which docu-
ments that an enhanced formation of reactive oxygen or
nitrogen species contribute to the pathophysiology of
inflammatory bowel disease. For instance, monocytes from
patients with Crohn’s disease [32] and polymorphonuclear
leukocytes from patients with ulcerative colitis [33] have
an increased capacity to generate free oxygen radicals. In
vivo experimental data have demonstrated that reactive
oxygen species and peroxynitrite, by causing strand breaks
in DNA, trigger an energy-consuming DNA repair
mechanisms and activate the nuclear enzyme PARP. Acti-
vation of PARP results in the depletion of its substrate
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Fig. 5. Immunohistochemical localization for PAR in the colon. No positive staining for PAR (A) was found in the colon section from Sham-administered
rats. Immunohistochemistry for PAR (B) show positive staining localized in the injured area from a DNBS-treated rats. The intensity of the positive staining
for PAR (C) was significantly reduced in the colon from GPI 6150-treated rats. Original magnification: 150x. Figure is representative of at least three

experiments performed on different experimental days.

NAD leading to a rapid fall in intracellular ATP. This
process has been termed ‘the PARP or poly (ADP-ribose)
polymerase Suicide Hypothesis’ [14]. There is recent
evidence that the activation of PARP may also play an
important role in inflammation [5,16,34—37]. Recently
Zingarelli et al. have demonstrated using mice lacking
of functional gene for PARP that this PARP-dependent
suicide cycle plays an important role also in experimental
colitis [38]. As shown in Fig. 5 GPI 6150 reduced PAR
immunostaining, confirming the effect of this new com-
pound on PARP activity in vivo.

PARP inhibition has proved to be a useful approach to
delineate the physiologic functions of this abundant
nuclear protein. Many functions attributed to PARP were

initially deduced from experimental consequences of its
inactivation. Experiments using benzamide or other PARP
inhibitors also implicated that PARP participates, either
directly or indirectly, in gene expression, DNA replication,
DNA rearrangement, differentiation, and mutagenesis
[11].

There are recent reports from our laboratory and from
other groups showing the protective effect of PAR
synthethase inhibitors in experimental models of stroke
[39], endotoxic shock [40,41], ischemia—reperfusion injury
[42], and inflammation [36,43]. Because extensive activa-
tion of PARP due to massive oxidant-mediated DNA injury
can lead to pronounced NAD™ and ATP depletion in
various tissues, it was generally assumed that the mode
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Fig. 6. Effect of GPI 6150 on neutrophil infiltration. MPO activity in the
colon from DNBS-treated rats. MPO activity was significantly increased in
DNBS-treated rats in comparison to Sham. GPI 6150-treated rats show a
significant reduction of MPO activity. Values are mean + SE of 10 rats for
each group. (%) P < 0.01 vs. Sham and (©) P < 0.01 vs. DNBS + vehicle.

of protection by inhibitors of PARP is directly related to
improved metabolic status of the target tissues in these
models [12,36,40,41,44-48]. In fact, in in vitro studies, our
group and other investigators have observed that hydrogen
peroxide, oxyradical- or peroxynitrite-induced cellular
injury is ameliorated by pharmacological inhibition of
PARP [12,36,40,41,44-48] or in cells derived from the
PARP —/— mice, when compared to corresponding wild-
type controls [36,47,49].

Further development of PARP inhibitors for therapeutic
purposes demands substantial improvement of the phar-
macological profiles of compounds in terms of potency,
specificity, solubility, bioavailability, and toxicity. Despite
the wide use of benzamide family of PARP inhibitors, at
high concentration, these compounds have been associated
with side effects that were not mediated by PARP [28]. In
search for specific, potent, small molecule PARP inhibi-
tors, we identified GPI 6150, 1,11 b-dihydro-[2TA benzo-
pyrano] 4,3,2-del-isoquinolin-3-one, which exhibited
remarkable efficacy in reducing tissue damage in rodent
models of focal cerebral ischemia, traumatic brain injury,
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine damage to
dopaminergic neurons, regional myocardial ischemia,
streptozotocin-induced diabetes, septic shock, gut ische-
mia, and reperfusion and inflammation [20-24,50].

We confirm in this study that dinitrobenzensulfonic acid
causes a substantial degree of inflammation and tissue
injury (histology) in the rat colon, which is associated
with an infiltration of the colon with polymorphonuclear
neutrophils (histology and MPO activity) as well as cyto-
kine production. The degree of inflammation, tissue injury
and cytokines production caused by dinitrobenzensulfonic
acid was substantially reduced in rats treated with the new
PARP inhibitor GPI 6150. What then, is the mechanism by
which GPI 6150 protects the colon against the injury and
inflammation caused by dinitrobenzensulfonic acid?

The main finding of the current study is that inhibition of
PARP by a pharmacological approach using GPI 6150
reduces polymorphonuclear neutrophils recruitment and
accumulation into inflammatory colon tissue. Extravasated
polymorphonuclear neutrophils become activated once in
the inflammatory sites to secrete a variety of substances
such as growth factors, chemokines and cytokines, com-
plement components, proteases, NO, reactive oxygen
metabolites and peroxynitrite, which are important med-
iators of tissue injury [51-53]. Prevention of neutrophil-
dependent inflammatory pathways is likely to contribute to
the reduced fluid extravasation and improved histological
status after inhibition of PARP. Therefore, based on the
data presented in the current study as well as by observa-
tion made by other groups using PARP-deficient mice, we
propose that a reduced neutrophil recruitment represents an
important additional mechanism for the anti-inflammatory
effects provided by inhibition of PARP in colon inflamma-
tion.

GPI 6150 treatment produced a significant reduction of
polymorphonuclear neutrophils influx into rats colon chal-
lenged with dinitrobenzensulfonic acid. Neutrophils play a
crucial role in the development and full manifestation of
gastrointestinal inflammation, as they represent a major
source of free radicals in the inflamed colonic mucosa
[3,33]. Neutrophil infiltration into inflamed tissue play a
crucial role in the destruction of foreign antigens and in the
breakdown and remodeling of injured tissue [54]. Poly-
morphonucleates accumulation is an important inflamma-
tory mechanism in the model of dinitrobenzensulfonic
acid-induced colitis used here [55,56]. Similarly, there is
good evidence for an important contribution of extrava-
sated neutrophils to the edema caused by carrageenan [57-
61] and, to the massive leukocyte infiltration seen in the
various organs after injection of zymosan, thus leading to a
pivotal role for this cell type in mediating inflammation
[51-53,62-64]. Although inhibition of PAR synthethase
was effective in reducing polymorphonuclear neutrophils
recruitment in all inflammatory models tested, paradoxi-
cally, the protective effects appeared to be more pro-
nounced in more severe forms and more delayed stages
of inflammation [36,47] This may be related to the fact that
PARP activation and related cellular alterations mainly
occur under conditions of more severe oxidant stress.

What, then, is the mechanism of the protection against
polymorphonuclear neutrophils recruitment provided by
inhibition of PARP using GPI 6150? The data presented in
the current study provide evidence that the effects of GPI
6150 treatment are mainly due to interference with poly-
morphonuclear neutrophils post-adhesion/emigration phe-
nomena. The strongest indication for this conclusion
derives from our experiments assessing ICAM-1 expres-
sion. Furthermore, ICAM-1 was expressed in endothelial
and epithelial cells, and neutrophils in the distal colon in
dinitrobenzensulfonic acid treated rats. Treatment of rats
subjected to dinitrobenzensulfonic acid-induced colitis
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Fig. 7. Immunohistochemical localization of ICAM-I in the colon. Staining of colon tissue sections obtained from Sham-operated rats with anti-ICAM-1
antibody showed a specific staining along vessels, demonstrating that ICAM-1 is constitutively expressed (A). Section obtained from DNBS-treated rats
showed intense positive staining for ICAM-1 (B) on endothelial cells. The degree of endothelial staining for ICAM-1 (C) was markedly reduced in tissue
section obtained from GPI 6150-treated rats. Original magnification: 150x. Figure is representative of at least three experiments performed on different

experimental days.

with GPI 6150 was associated with a significant reduction
of ICAM-1 expression in endothelial and epithelial cells.
Our data confirm that PARP activation contribute to the
regulation of neutrophil infiltration and is consistent with
previously published data in models of acute inflammation
and reperfusion injury [5,36,65].

The mechanisms regulating leukocyte emigration
through the gap formed between adjacent endothelial cells
in inflammatory conditions are incompletely understood.
Since PAR synthethase regulates the expression of various
genes [66—68], the possibility that PARP may alter the
expression of adhesion receptors involved in post-adhe-
sion/emigration processes may be proposed. Endothelial-

derived NO inhibits the infiltration of polymorphonuclear
neutrophils into the inflammatory tissue sites.

Thus, we propose that GPI 6150 may exert anti-inflam-
matory effects by two distinct mechanisms. First, extensive
activation of PARP due to massive oxidant-mediated DNA
injury can lead to pronounced NAD " and ATP depletion in
various tissues, and GPI 6150 may reduce this injury.
Second, a reduced neutrophil recruitment may represent
an important additional mechanism for the anti-inflamma-
tory effects provided by inhibition of PARP. An additional
mechanism, which may be considered as a contributor to
the anti-inflammatory effects of GPI 6150, may be related
to inhibition of TNF-o production. TNF-a is clearly



E. Mazzon et al./Biochemical Pharmacology 64 (2002) 327-337 335

B VEHICLE
CIDNBS *
@ DNBS + GPI 6150 (20 mg/kg)
70 1 mDNBS + GPI 6150 (40 mg/kg)

Colon levels (pg/mg wet tissue)

TNF-o IL-1B

Fig. 8. Effects of GPI 6150 on the levels of cytokines in the colon. Colon
levels of TNF-a (A) and IL-1f (B). Cytokine levels were significantly
reduced in the colon from GPI 6150-treated rats. Values are mean = SEM
of 10 rats for each group. (%) P < 0.01 vs. Sham and (©) P < 0.01 vs.
DNBS + vehicle.

involved in the pathogenesis of colitis since this cytokine is
present in colon tissues and can be detected immunohis-
tochemically in the inflamed tissues [69,70]. Direct evi-
dence that TNF-a plays a role in the pathogenesis of
experimental colitis has been obtained in animal models
in which blocking of the action of these cytokines has been
shown to delay the onset of experimental colitis, suppress
inflammation, and ameliorate colon destruction that cor-
responds to the anti-inflammatory response [71,72]. The
mechanism of this reduced TNF-o production is not clear
at present. It may be related to the reduced neutrophils
infiltration. The mechanism of this reduced neutrophil
recruitment is not clear at present. It may be related to
prevention by GPI 6150 of endothelial oxidant injury. In
other words, we propose the following positive feedback
cycle in colitis: early oxidative stress = PARP activation
= endothelial injury = PMN infiltration = more free
radicals and cytokines production. PARP inhibition by GPI
6150 would interrupt this cycle preventing endothelial
injury. This model would explain the reduction of
ICAM-1 as well as the neutrophil infiltration leading to
reduced cytokines production.

Based on the present data, we propose that GPI 6150
may represent a novel strategy for anti-inflammatory ther-
apy under conditions of oxidant stress such us inflamma-
tory bowel disease. A number of approaches are available
to reduce oxidant- and neutrophil-related cytotoxicity
(blockers of adhesion receptors, nitric oxide synthase
inhibitors, peroxynitrite scavengers, oxyradical scaven-
gers, etc.). Inhibition of PARP appears to be a viable
anti-inflammatory strategy for the following reasons: (1)
inhibition of PARP is not likely to interfere with the
physiological roles of NO (an effect frequently seen with
NOS inhibitors); (2) inhibition of PARP would affect
multiple aspects of the inflammatory response, such as

endothelial and epithelial dysfunction, vascular hypocon-
tractility, and cellular energetic failure [40,41,44—
47,49,73,74] as well as polymorphonucleates recruitment
(current study); and finally (3) inhibition of PARP is
effective in severe models of inflammation, even when
applied in the post-treatment, rather than pre-treatment.
However, as with most pharmacological inhibitors, we
cannot exclude that additional, PARP-independent effects
that may contribute to the anti-inflammatory effects
observed with GPI 6150 in the current study. Further
studies are needed to evaluate the others possible anti-
inflammatory mechanisms of GPI 6150.
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