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Abstract

Ž .Poly ADP-ribose polymerase, a nuclear enzyme activated by DNA strand breaks, has been show to play an important role in the
Ž w x w x .pathogenesis of inflammation. Here, we investigate the effects of GPI 6150 1,11b-dihydro- 2 H benzopyrano 4,3,2-de isoquinolin-3-one ,

Ž . Ža new poly ADP-ribose polymerase inhibitor, in animal models of acute and chronic inflammation carrageenan-induced paw edema,
.adjuvant-induced arthritis and zymosan-induced multiple organ failure where oxygen radicals, nitric oxide and peroxynitrite are known to

Ž .play a crucial role in the inflammatory process. The results show that the poly ADP-ribose polymerase inhibitor GPI 6150 inhibits the
Ž . Ž .inflammatory response paw swelling, and organ injury . The present results demonstrate that inhibition of poly ADP-ribose polymerase

by GPI 6150 exerts potent anti-inflammatory effects. Part of these anti-inflammatory effects may be related to a reduction of neutrophil
recruitment into the inflammatory site. q 2001 Published by Elsevier Science B.V.

Keywords: ADP-ribose; Polymerase; Anti-inflammatory

1. Introduction

In vitro studies have demonstrated that DNA strand
breakage, which results from various forms of oxidant
injury, triggers the activation of the nuclear enzyme poly
Ž .ADP-ribose polymerase, which in turn, can result in

Ženergy depletion and cellular injury Cochrane, 1991; Sz-
.abo et al., 1996a,b . Main triggers of DNA single strand´
Ž .breakage and poly ADP-ribose polymerase activation

Žinclude hydrogen peroxide and hydroxyl radical Coch-
. Žrane, 1991 and NO or peroxynitrite Zhang et al., 1994;

.Szabo et al., 1996a .´

AbbreÕiations: ATP, adenosine triphosphate; NAD, nicotinamide ade-
Ž .nine dinucleotide; NO, nitric oxide; PARP, poly ADP-ribose poly-

merase; ROS, reactive oxygen species
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The role of oxyradical formation in various forms of
inflammation is well-established. Recent data demonstrate
that the expression of the inducible isoform of nitric oxide
Ž .NO synthase also plays important pathologic roles in

Žvarious forms of inflammation Clancy and Abranson,
.1995; Szabo, 1995; Pfeilschifter et al., 1996 . NO and´

superoxide react to form peroxynitrite, a cytotoxic oxidant
Ž .species Beckman et al., 1990 , which mediates an impor-

tant part of the cytotoxic effect of peroxynitrite during
Žshock and inflammation Crow and Beckman, 1995; Beck-

.man and Koppenol, 1996; Szabo, 1996a .´
Ž .Weak poly ADP-ribose polymerase inhibitors, such as

nicotinamide and 3-aminobenzomide has been found to
abate inflammation in perochromate or carrageenan-in-

Žduced arthritis in rodents Szabo et al., 1998; Bowes et al.,´
. Ž .1999 . We have synthesized a novel poly ADP-ribose

w xpolymerase inhibitor, GPI 6150, 1,11b-dihydro- 2 H ben-
w xzopyrano 4,3,2-de isoquinolin-3-one, which has been

shown to be protective in rat models of cerebral focal
ischemia, rat lateral fluid percussion model of traumatic
brain injury, rat model of regional heart ischemia, and
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mouse models of septic shock, streptozotocin-induced dia-
Žbetes and MPTP-neurotoxicity Li et al., 1999; Lu et al.,

2000; Zhang et al., 1998, 2000; LaPlaca et al., 1999;
.Walles et al., 1998 . The present work was designed to

Ž .elucidate whether a novel poly ADP-ribose polymerase
inhibitor, GPI 6150, could affect the course of the inflam-
matory response in carrageenan-induced paw edema, adju-
vant-induced arthritis, and zymosan-induced multiple or-
gan failure. In these experimental models, previous work
has demonstrated the anti-inflammatory potential of vari-
ous therapeutic approaches aimed at the scavenging of
oxyradicals and at inhibition of NO synthesis and perox-

Žynitrite formation Tracey et al., 1995; Salvemini et al.,
.1996a,b; Cuzzocrea et al., 1997a . The results confirm that

Ž .the poly ADP-ribose polymerase inhibitor displays potent
anti-inflammatory effect, which was initially observed in

Žthese models with weak and less selective poly ADP-
. Žribose polymerase inhibitors Szabo et al., 1998; Cuz-´

.zocrea et al., 1998 .

2. Materials and methods

2.1. Rat model of adjuÕant arthritis

A group of five Long Evans-derived, male or female
rats, weighing 150"20 g were used. A well-ground sus-

Žpension of killed Mycobacterium tuberculosis 0.3 mg in
0.1 ml of light mineral oil; Complete Freund’s Adjuvant,

.CFA was administered into the subplantar region of the
right hind paw on day 1. Hind paw volumes were mea-
sured by water displacement on days 0, 1, 5, 14, and 18;
rats were weighed on days 0 and 18. GPI 6150 was

Ž .dissolved in 100% dimethyl sulfoxide DMSO and admin-

Ž .istered i.p. 50 mgrkg on 5 consecutive days, beginning 1
h before injection of complete Freund’s adjuvant. For
complete Freund’s adjuvant-injected vehicle control rats,
the increase in paw volume on day 5 relative to day 1
Ž .acute phase of inflammation was generally between 0.7

Žand 0.9 ml; those on day 18, relative to day 14 delayed
.phase of inflammation was generally between 0.2 and 0.4

ml. Thus, anti-inflammatory activity of this model may be
denoted by values calculated during the acute phase as
well as the delayed phase. Animals were also weighed on
days 0 and 18; complete Freund’s adjuvant-injected vehi-
cle control animals generally gain between 40 and 60 g
body weight over this time period.

2.2. Rat model of carrageenan-induced inflammation

A group of five male Long Evans-derived, overnight-
fasted rats, weighing 150"20 g were employed. Three

Ž .doses 5, 20, 60 mgrkg of GPI 6150 were administered
i.p., the control group of three animals received 100%
DMSO alone. The animals were injected with carrageenan
Ž .0.1 ml of 1% suspension intraplantar to the right hind
paw 1 h after test compound administration. Hind paw
edema, as a measure of inflammation, was recorded 3 h
after carrageenan administration using a plethysmometer

Ž .with water cell 25-mm diameter .

2.3. Zymosan-induced MOF

ŽAnimals were randomly divided into four groups ns
.10 for each group . The first group was treated with saline

Ž . Ž .solution 0.9% NaCl intraperitoneally i.p. and served as
a sham group. The second group was treated with zymosan
Ž .500 mgrkg, suspended in saline solution, i.p. . In the

Fig. 1. GPI 6150 dose-responsively reduces paw edema elicited by carrageenan. The net swelling of the paw edema is expressed by the difference between
Ž . Ž . )the left control and right carrageenan-injected as measured by a plethysmometer. Data are means"SEM of 10 rats for each group. P-0.01 vs.

vehicle.
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Ž . Ž .Fig. 2. GPI 6150 reduces acute A and delayed B phases of adjuvant-induced paw edema in rats. Data are means"SEM of 10 rats for each group.
)P-0.01 vs. vehicle.

Žthird and fourth groups, rats received a new poly ADP-
. Ž .ribose synthase inhibitor 40 mgrkg, intraperitoneally , 1

and 6 h after zymosan or saline administration, respec-
tively. After zymosan or saline injection, animals were

Žmonitored for evaluation of systemic toxicity conjunctivi-
.tis, ruffled fur, diarrhea and lethargy , loss of body weight

and mortality for 72 h. These evaluations were performed
in a blinded fashion.

2.4. Acute peritonitis assessment

Eighteen hours after zymosan injection, animals were
sacrificed under ether anesthesia in order to evaluate the

development of acute inflammation in the peritoneum.
Through an incision in the linea alba, 3 ml of phosphate

Žbuffer saline composition, in mM: NaCl 137, KCl 2.7,
.NaH PO 1.4, Na HPO 4.3; at pH 7.4 were injected into2 4 2 4

the abdominal cavity. Washing buffer was removed by a
plastic pipette and was transferred into 10-ml centrifuge
tubes. The total volume of peritoneal exudate were evalu-
ated, removing 3 ml of the buffer. Peritoneal exudate were
centrifuged at 7000=g for 10 min at room temperature

y yŽ .and the supernatant was utilized for NO qNO NO2 3 x

assay. Cells were suspended in phosphate buffer saline and
counted with optical microscope by Burker’s chamber
after vital Trypan Blue stain.

Ž . Ž .Fig. 3. Volume exudate A and leukocyte accumulation B in peritoneal cavity at 18 h after zymosan injection. GPI 6150 treatment induced a significant
decrease of peritoneal exudate and leukocyte migration. Data are means"SEM of 10 rats for each group. )P-0.01 vs. sham. 8P-0.01 vs. zymosan.
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Fig. 4. MPO activity was significantly increased in zymosan-treated rats
Ž .in comparison to sham rats P-0.01 . GPI 6150 treatment prevented

myeloperoxidase activity increase. Data are means"SEM of 10 rats for
each group. )P-0.01 vs. sham; 8P-0.01 vs. zymosan.

2.5. Metabolic changes

Plasma samples were taken 18 h after zymosan injec-
Ž .tion and levels of bilirubine, lactate dehydrogenase, LDH ,

phosphatase alcaline and alanine aminotransferase were
determined by a clinical laboratory.

2.6. Myeloperoxidase actiÕity

Ž .The usefulness of measuring myeloperoxidase MPO
activity to assess neutrophil infiltration has been previ-

Ž .ously reported Mullane et al., 1988 . Briefly, after weigh-
ing, segments of various organs were suspended in 0.5%

Žhexadecyltrimethylammonium bromide pH 6.5, 50 mg of
.tissue per ml and then homogenized. After freezing and

thawing the homogenate three times, the tissue levels of
myeloperoxidase were determined by utilizing 0.0005%
hydrogen peroxide as a substrate for the enzyme. One unit
of myeloperoxidase activity is defined as that degrading 1
mmol of peroxide per minute at 258C and is expressed in

Ž .units per gram weight Urg of wet tissue.

2.7. Light microscopy

Lung and small intestine samples were taken 18 h after
zymosan injection. The tissue slices were fixed in Dietric

Žsolution 14.25% ethanol, 1.85% formaldehyde, and 1%
.acetic acid for 1 week at room temperature, dehydrated by

Ž .Fig. 5. Representative lung sections from zymosan-treated rat A demonstrating necrosis, interstitial haemorrhage, neutrophil and macrophage
Ž .accumulation. Lung section from a zymosan-treated rat that received GPI 6150 B demonstrating disappearance of necrosis and a lesser cellular

infiltration. Original magnification: =62.5.
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Žgraded ethanol and embedded in Paraplast Sherwood
. Ž .Medical, Mahwah, NJ . Sections thickness, 7 mm were

deparaffinized with xylene, stained with trichromic Van
Gieson and observed in a Dialux 22 Leitz microscope.

2.8. Data analysis

All values in the figures and text are expressed as
means"standard error of the mean of n observations,
where n represents the number of animals studied. Data
sets were examined by one- and two-way analysis of

variance and individual group means will then be com-
pared with Student’s unpaired t-test. Statistical analysis for

Ž .survival data non-parametric data will be calculated by
Fisher’s exact test. A P-value-0.05 is considered signifi-
cant.

2.9. Materials

Biotin blocking kit, biotin-conjugated goat anti-rabbit
IgG, primary anti-nitrotyrosine antibody and avidin–biotin
peroxidase complex were obtained from DBA, Milan,

Ž .Fig. 6. Distal ileum from a zymosan-treated rat A demonstrating edema of the distal portion of the villi and necrosis of the epithelium at the villus tips.
Ž .Distal ileum from a zymosan-treated rat that received GPI 6150 B treatment prevented partially zymosan-induced mucosal injury. Original magnification:

=62.5.
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Ž . Ž . Ž . Ž .Fig. 7. Plasma level of alanine aminotransferase A , bilirubine B , LDH C and phosphatase alkaline D . Zymosan-treated rats exhibit a dysmetabolic
change. Administration of GPI 6150 reduced metabolic modification. Data are means"SEM of 10 rats for each group. )P-0.01 vs. sham; 8P-0.01 vs.
zymosan.

Italy. All other reagents and compounds used were ob-
Ž .tained from Sigma Sigma, Milan, Italy .

3. Results

3.1. Effects of GPI 6150 on carrageenan-induced paw
edema

Intraplantar injection of carrageenan in rats led to an
Ž .increase in paw volume Fig. 1 . GPI 6150 inhibited

carrageenan-induced local inflammatory response in a dose
Ž .responsive manner Fig. 1 . Given i.p. 1 h prior to car-

rageenan, 5 mgrkg GPI 6150 reduced paw swelling by
13%. A 20 mgrkg treatment achieved a significant reduc-

Žtion of paw edema by 32% 61"3.5, ns5, vs. 90"3.8,
.ns3, P-0.01 . Maximal reduction of paw edema was

Žobserved at 60 mgrkg GPI 6150 treatment 57"1.6,
.ns5, P-0.01 . In the same model, a single p.o. dose of

150 mgrkg aspirin resulted in a 41% reduction of paw
Ž .edema 53"2.2, ns3, Ps0.01 .

Table 1
Systemic toxicity at various hours after treatment

Ž .Group Symptomatology Time after injection h
a a3 6 18 24 48 72

Zymosan ruffled fur 0.83"0.14 1.5"0.2 2.4"0.3 2.7"0.2 2.6"0.4 1.3"0.1
lethargy 0.24"0.12 0.78"0.1 1.6"0.10 2.5"0.18 2.3"0.2 1.5"0.25
conjunctivitis 0.33"0.07 0.42"0.09 0.91"0.06 1.82"0.1 1.6"0.2 0.7"0.1
diarrhea 0.38"0.06 0.26"0.09 0.82"0.2 1.94"0.1 0.8"0.1 0.55"0.09

) ) ) )ZymosanqGPI 6150 ruffled fur 0.64"0.09 1.1"0.16 1.5"0.13 1.7"0.14 1.8"0.1 0.8"0.07
) ) ) )lethargy 0.12"0.05 0.60"0.07 1.15"0.09 1.82"0.1 1.2"0.1 0.8"0.03
) ) ) )conjunctivitis 0.28"0.08 0.35"0.08 0.77"0.08 1.32"0.03 0.8"0.07 0.5"0.06
) ) ) )diarrhea 0.27"0.06 0.26"0.09 0.72"0.07 1.2"0.08 0.6"0.09 0.3"0.03

a Data obtained from survivor rats. Scores are: 0sabsence of symptomatology, 1smild, 2smoderate, 3sserious. Data are means"SEM.
)p-0.05 vs. zymosan.



( )E. Mazzon et al.rEuropean Journal of Pharmacology 415 2001 85–94 91

Table 2
Ž .Decrease of body weight g at various hours after treatment

Ž .Group Time after injection h

0 24 48 72

Ž . Ž . Ž . Ž .Sham 315"5 ns10 321"4 ns10 329"3 ns10 350"4 ns10
)Ž . Ž . Ž . Ž .Zymosan 327"3 ns10 276"4 ns8 285"5 ns4 290"4 ns4
) )) ))Ž . Ž . Ž . Ž .ZymosanqGPI 6150 321"4 ns10 295"2 ns8 312"4 ns7 320"3 ns7

Zymosan-treated rats exhibit a significant loss of body weight. Treatment with GPI 6150 induced a recovery of the body weight. Data are means"SEM.
)p-0.01 vs. time 0.
))p-0.05 vs. time 24 h.

3.2. Effects of GPI 6150 on adjuÕant-induced arthritis

In the rat adjuvant arthritis model, injection of complete
Freund’s adjuvant with killed M. tuberculosis into the
subplantar region of the right hind paw resulted in acute
and delayed phases of inflammation, which can be mea-
sured by the paw edema. In the acute phase, there was a

Ž .net swelling of 0.83"0.09 ml means"SEM, ns5 in
Žadjuvant-induced hind paw between days 5 and 1 Fig.

Ž ..2 A . In the delayed phase, there was a net swelling of
Ž Ž ..0.22"0.04 ml between days 18 and 14 Fig. 2 B . GPI

Ž .6150 was administered i.p. 50 mgrkg on 5 consecutive
days, beginning 1 h before adjuvant injection. GPI 6150
treatment significantly reduced paw edema for both acute

Ž .phase 0.45"0.03, ns5, P-0.01 and delayed phase
Ž .0.12"0.01, Ps0.05 of inflammation. In the same

Ž .model, hydrocortisone treatment 30 mgrkg=5, p.o.
Ž .caused a reduction of paw edema to 0.54"0.05 ml ns5

for the acute phase and 0.14"0.02 ml for the delayed
phase. The 45% and 46% reduction of the acute and
delayed inflammation by GPI 6150 were at the same level
of 33% and 36% reduction achieved by hydrocortisone.

3.3. Effects of GPI 6150 on zymosan-induced multiple
organ failure

All zymosan-injected rats developed an acute peritoni-
Žtis, as indicated by the production of turbid exudate Fig.

Ž ..3 A . Trypan blue stain revealed a significant increase in
the polymorphonuclear leukocytes in comparison to sham

Ž Ž ..rats Fig. 3 B . Sham animals demonstrated no abnormali-
ties in the pleural cavity or fluid. The degree of peritoneal
exudation and polymorphonuclear migration were signifi-

Ž .cantly reduced in rats treated with GPI 6150 Fig. 3 . GPI
6150 treatment did not cause significant changes in these

Ž .parameters in sham rats Fig. 3 .
At 18 h after zymosan administration, lung, small intes-

tine and liver were investigated for tissue damage by
histological examination and myeloperoxidase activity. As
shown in Fig. 4, myeloperoxidase activity was signifi-

Ž .cantly increased in all organs P-0.01 at 18 h after
zymosan injection. In histological examinations, lung and

Žsmall intestine reveal pathologic changes see representa-
.tive sections in Figs. 5 and 6 . Lung biopsy examination

revealed extravasation of red cells, and neutrophil and
Ž Ž ..macrophage accumulation Fig. 5 A . Sections from the

distal ileum revealed significant edema in the space
bounded by the villus and epithelial separation from the

Ž Ž ..basement membrane Fig. 6 A . Hepatic damage was
Ž .characterised by necrosis of hepatocytes data not shown .

Hepatic cellular injury was correlated with a significant
Ž .P-0.01 increase of alanine aminotransferase and LDH

Ž Ž ..blood levels Fig. 7 A–C . Treatment with GPI 6150
significantly reduced, in all organs, the zymosan-induced

Ž .increase in myeloperoxidase activity P-0.01 and organ
injury, indicating a greater inhibiting activity on neutrophil

Ž Ž .infiltration and an anti-inflammatory effect Figs. 4, 5 B
Ž ..and 6 B . GPI 6150 treatment also reduced the increase of

Ž Ž ..alanine aminotransferase and LDH Fig. 7 A–C .
Zymosan-treated rats also show abnormal metabolic

changes. In this group of rats, a marked increase of
hyperbilirubinemia and alkaline phosphatase was also

Ž Ž ..found 18 h after zymosan injection Fig. 7 B–D . Admin-
istration of GPI 6150 significantly reduced the increase of

Žbilirubine and alkaline phosphatase levels in blood Fig.
.7 .

Administration of zymosan caused a severe illness in
the rats, characterised by ruffled fur, lethargy, conjunctivi-

Ž .tis, diarrhea Table 1 and significant loss of body weight
Ž .Table 2 . The symptoms appear 6 h after zymosan admin-

Ž .Fig. 8. Effect of GPI 6150 ns10 treatment on zymosan-induced
mortality, ns10 rats for each group. )P-0.01 vs. zymosan.
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istration and became more severe within 18–48 h, when
Ž .animals started to die Table 1 and Fig. 8 . At the end of
Ž .the observation period 72 h , 60% of zymosan-treated rats

Ž .were dead Fig. 8 . Sham animals injected only with saline
appeared healthy and active through the entire observation

Ž .period data not shown . Treatment with received GPI
Ž .6150 40 mgrkg, intraperitoneally 1 and 6 h after zy-

mosan prevented the development of systemic toxicity
Ž . Ž .Table 1 and mortality Fig. 8 and prevented the loss in

Ž .body weight Table 2 . GPI 6150 treatment did not cause
Žsignificant changes in these parameters in sham rats data

.not shown .

4. Discussion

Inflammatory process is characterised by a production
of prostaglandins, leukotrienes, histamine, bradykinin,

Ž . Ž .platelet-activating factor PAF and interleukin 1 IL-1 , by
a release of chemicals from tissues and migrating cells
Ž .Tomlinson et al., 1994; Vane and Botting, 1987 . In
particular, the early phase of the inflammatory process is
related to the production of histamine, leukotrienes,
platelet-activating factor, and possibly cyclooxygenase
products, while the delayed phase of the carrageenan-in-
duced inflammatory response has been linked to neutrophil
infiltration and the production of neutrophil-derived free
radicals, such as hydrogen peroxide, superoxide and hy-
droxyl radical, as well as to the release of other

Žneutrophil-derived mediators Oh-Ishi et al., 1989; Dawson
et al., 1991; Peskar et al., 1991; Da Motta et al., 1994;

.Salvemini et al., 1996a,b; Cuzzocrea et al., 1997a . Activa-
Ž .tion of poly ADP-ribose synthase is triggered by single

strand breaks in DNA and subsequently catalyses the
transfer of ADP-ribose moieties from NADq to various

Ž .nuclear proteins, including histones and poly ADP-ribose
Ž . Žsynthase automodification domain itself Ueda and

.Hayaishi, 1985 . Continuous or excessive activation of
Ž .poly ADP-ribose synthase produces extended chains of

ADP-ribose on nuclear proteins and results in a substantial
depletion of intracellular NADq, and subsequently ATP,

Žwhich may ultimately cause cell death Berger, 1985;
Schraufstatter et al., 1986; Hyslop et al., 1988; Thies and

.Autor, 1991 . Radicals including superoxide anions, hydro-
gen peroxide or hydroxyl radicals cause strand breaks in

Ž .DNA, activation of poly ADP-ribose synthase and deple-
q Žtion of NAD and ATP in cultured cells Schraufstatter et

.al., 1986; Hyslop et al., 1988; Thies and Autor, 1991 .
Production of reactive oxidants such as hydrogen peroxide,
superoxide and hydroxyl radical at the site of inflammation

Žcontributes to tissue damage Oh-ishi et al. 1989; Peskar et
al., 1991; Cuzzocrea et al., 1999a,b; Da Motta et al., 1994;

. ŽSalvemini et al., 1996a , strand breaks in DNA Carson et
. Ž .al., 1986 and ultimately poly ADP-ribose synthase acti-

Ž .vation. Inhibitors of poly ADP-ribose synthase activity,
Ž .including 3-aminobenzamide 3-AB reduce the develop-

Ž .ment of acute Cuzzocrea et al., 1998 and chronic inflam-
Ž .mation Szabo et al., 1998 .´

The main findings of the current study are the follow-
Ž .ing: 1 GPI 6150 reduces the development of car-

Ž .rageenan-induced paw edema; 2 GPI 6150 reduces the
Ž .development of adjuvant-induced paw edema; 3 GPI

6150 reduces mortality, morphological injury and neu-
trophil infiltration in zymosan-induced multiple organ fail-
ure.

In a variety of in vitro studies in fibroblasts, endothelial
cells, epithelial cells, smooth muscle cells and other cell
types, it has been established that pharmacological in-

Ž .hibitors of poly ADP-ribose synthase, such as 3-amino-
benzamide, protect against the cellular oxidant injury in
response to oxyradicals, NO generator and peroxynitrite
Ž .Cochrane, 1991; Szabo, 1996b .´

Based on the present in vivo studies alone, it is not
possible to identify the cell type on which GPI 6150 exerts
its protection against oxidant injury during inflammation.
Nevertheless, it is noteworthy that a marked inhibition by
GPI 6150 of polymorphonuclear leukocyte infiltration into
the inflammatory site was observed. Therefore, we propose
that a reduced neutrophil recruitment represents an impor-
tant additional mechanism for the anti-inflammatory ef-

Ž .fects provided by inhibition of poly ADP-ribose syn-
thase.

In our study, the increase of the activity of myeloperox-
idase, an enzyme specific to granulocyte lysosomes, and
therefore directly related to the absolute number of poly-

Ž .morphonucleates Mullane et al., 1988 , was well-corre-
lated with morphological alterations in lung and small
intestine at the histological examination. In accord with

Žseveral previous reports Faist et al., 1983; Shayevitz et al.,
1995; Goris et al., 1991; Demling et al., 1994; Van Bebber

.et al., 1989 we observe that alteration of organ architec-
ture is also associated with organ malfunctions as demon-
strated by modification of biochemical markers of organ
function. Our results demonstrate that treatment with GPI
6150 exerts a protective effect on multiple organ failure
and support a view that organ damage may be mediated by

Ž .poly ADP-ribose synthase activation. These data are in
agreement with previous studies reporting that anti-in-

Ž .flammatory effects of poly ADP-ribose synthase in-
hibitors may be in part related to the inhibition of neu-

Ž .trophil infiltration at the inflamed site Szabo et al., 1997a .´
The mechanism of this reduced neutrophil recruitment may
be related to a prevention of endothelial oxidant injury
ŽSzabo et al., 1997a,b; Cuzzocrea et al., 1997b; Thiemer-´

.mann et al., 1997; Zingarelli et al., 1997; Kirkland, 1991 .
Alternatively, it may be related to inhibition of the expres-

Žsion of adhesion receptors in inflammation Hiromatsu et
.al., 1993 andror to inhibition of the neutrophil–endo-

Ž .thelial interaction Meyer et al., 1991 . The mechanism of
this action clearly requires further work. Based on the

Žcurrent study and previous observation, Cuzzocrea et al.,
.1997a,b; Zingarelli et al., 1997 we propose the following
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positive feedback cycle: hydroxyl radical and peroxynitrite
Ž .production´poly ADP-ribose synthase-related endothe-

lial injury´neutrophil infiltration´more hydroxyl radi-
Žcal and peroxynitrite production. Inhibition of poly ADP-

.ribose synthase would interrupt this cycle at the level of
endothelial injury.

In conclusion, as with most pharmacological inhibitors,
Ž .we cannot exclude additional poly ADP-ribose synthase-

independent effects, which may contribute to the anti-in-
flammatory effects observed with GPI 6150 in the current
study. However, extensive biochemical testing of the com-
pound has established that GPI 6150 is more potent and

Ž .selective in inhibiting poly ADP-ribose synthase than the
widely used benzamide and 3-aminobenzamide, which may

Ž .have side effects independent of poly ADP-ribose syn-
Žthase inhibition at high concentration Zhang et al., 2000;

.Milam and Cleaver, 1984 .
Taken together, our results strongly support the view

Ž .that poly ADP-ribose synthase plays an important role in
Ž .the inflammatory process and poly ADP-ribose synthase

inhibitor may have potential to treat inflammatory injuries.
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