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Abstract
Excessive free radical production due to various bacterial components released during bacterial
infection has been linked to cell death and tissue injury. Peroxynitrite is a highly reactive oxidant
produced by the combination of NO and superoxide anion, which has been implicated in cell death
and tissue injury in various forms of critical illness. Pharmacological decomposition of
peroxynitrite may represent a potential therapeutic approach in diseases associated with the
overproduction of NO and superoxide. In the present study we tested the effect of the peroxynitrite
decomposition catalyst in murine models of endotoxemia and sepsis. Mice were injected i.p. with
LPS 40 mg/kg with or without FP15 (0.1, 0.3, 1, 3 or 10 mg/kg/h). Mice were sacrificed 12 hours
later, followed by the harvesting of samples from the lung, liver and gut for MDA and MPO
measurements. In other subsets of animals, blood samples were obtained by cardiac puncture at
1.5, 4, and 8 hours after LPS administration for cytokine (TNF-α, IL-1β and IL-10), nitrite/nitrate,
alanine aminotransferase (ALT) and blood urea nitrogen (BUN) measurements. Endotoxemic
animals showed an increase in survival from 25% to 80% at the FP15 doses of 0.3 and 1 mg/kg/h.
The same dose of FP15 had no effect on plasma levels of nitrite/nitrate. There was a reduction in
liver and lung MDA in the endotoxemic animals pre-treated with FP15, as well as in hepatic MPO
and biochemical markers of liver and kidney damage (ALT and BUN). In a bacterial model of
sepsis induced by CLP, FP15 treatment (0.3 mg/kg/day) significantly protected against mortality.
The current data support the view that peroxynitrite is a critical factor mediating liver, gut and
lung injury in endotoxemia and septic shock: its pharmacological neutralization may be of
therapeutic benefit.

Introduction
Sepsis is the leading cause of death in intensive care units (1-3). Pathophysiological features
of sepsis include the dysregulation of the immune response and excessive oxidant and free
radical production due to various bacterial components released during bacterial infection.
Superoxide, hydrogen peroxide, singlet oxygen, nitric oxide, peroxynitrite and many other
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oxygen- and nitrogen-derived reactive species have been shown to be generated; these
species have been proposed to play both an anti-microbial role, as well as a deleterious role
in damaging the host organism itself (4). Lipopolysaccharide (LPS), a cell wall component
of gram-negative bacteria, is a highly potent activator of the innate immune system, which
induces many features of septic shock via activation of the Toll-like receptor 4 (1-4). The
interaction of LPS with lymphocytes and macrophages leads to the formation and release of
a host of inflammatory mediators, which are critical to the adaptive antibacterial defense
(1-6). In the initial process of bacterial infection, bacteria are rapidly eliminated by this
aggressive inflammatory response (5-7).

Severe hypotension and multiple organ failure are frequent causes of death among patients
who succumb to endotoxic shock (1-6). To date, inhibitors of the synthesis, release or
actions of cytokines, eicosanoids, and NO have been implicated in the pathogenesis of
circulatory shock in preclinical models; however, pharmacological approaches targeting the
same pathways have not been shown to have significant benefit on mortality in randomized
controlled clinical trials (1-10). Some of these discrepancies may be due to the fact that
many mediators produced during circulatory shock possess both pro-inflammatory and anti-
inflammatory properties; each playing important homeostatic functions in the complex host
response to the septic challenge.

Peroxynitrite is a highly reactive oxidant produced spontaneously by the combination of NO
and superoxide anion at rates approaching the diffusion limit (11,12). The formation of
peroxynitrite in circulatory shock and sepsis has been demonstrated by several methods; the
sources of NO for the generation of peroxynitrite include both the constitutive and inducible
isoforms of NO synthase (11-14). Peroxynitrite is capable of oxidizing lipid membranes and
sulfhydryl moieties, as well as hydroxylating and nitrating aromatics rings (11,12).
Peroxynitrite formation has been proposed as a terminal event contributing to cell death and
tissue injury in human sepsis (15,16). Peroxynitrite may be ultimately responsible for some
of the pathophysiological responses in shock previously attributed to NO. On the other hand,
NO may mediate numerous protective effects in cells and tissues and its inhibition can be
more dangerous than beneficial (11,12). Thus, by interfering with the reactivity of
peroxynitrite, one may selectively influence some of the deleterious events in the
pathophysiology of various diseases that are associated with the overproduction of NO and
superoxide.

We have previously reported that the water-soluble metalloporphyrin FP15 is an active
peroxynitrite decomposition catalyst through peroxynitrite isomerization to nitrate (17). The
compound increases the rate of peroxynitrite isomerization, reducing the formation of
oxidizing radical species and generating the harmless nitrate anion. Beneficial effects of
FP15, as well as other peroxynitrite decomposition catalysts, have been previously reported
in a number of diseases associated with the overproduction of including ischemia-
reperfusion, vascular injury, diabetes and other diseases (18). The aim of the current study
was to characterize the in vivo effects of FP15 in a murine endotoxic shock induced by LPS
and in a polymicrobial sepsis model induced by cecal ligature and puncture (CLP).

MATERIALS AND METHODS
All studies were performed in accordance with National Institutes of Health guidelines and
with the approval of the local institutional animal care and use committee.

Effect of FP15 in the LPS model of circulatory shock
Eight weeks old Balb/c mice were used in this study. In order to induce circulatory shock,
mice were injected i.p. with E. coli LPS at 40 mg/kg as previously described (19). FP15
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treatment (0.1, 0.3, 1, 3 or 10 mg/kg/h or vehicle) was given in Alzet osmotic minipumps.
For the implantation of the minipumps, mice were anesthetized with a mixture of ketamine
(80 mg/kg) and xylazine (10 mg/kg), given i.p. Under aseptic conditions, a 1-cm midline
laparotomy was performed to allow the introduction of osmotic minipump then the
laparotomy was closed with 4.0 silk sutures. The animals were returned to their cages with
free access to food and water. The effect of FP15 was studied on survival rate in n=20 mice
in each group. An additional group of mice (n=20) received FP15 alone (10 mg/kg/h)
without LPS treatment. The survival study utilized n=160 mice altogether. In a subsequent
series of experiments, utilizing an identical experimental design, but only utilizing n=10
mice per group (n=80 mice in total), measurement of plasma levels of nitrite/nitrate, stable
breakdown products of nitric oxide was performed at 12 hours after the administration of
LPS. In an additional series of experiments, the most effective dose of FP15 on survival (0.3
mg/kg/h) was tested on a number of additional parameters. Animals were treated with
vehicle (n=30 mice) or FP15 (0.3 mg/kg/h) (n=30 mice) and were sacrificed at baseline (0 h)
and at 1.5, 4 and 8 hours for measurements of plasma cytokines, or at 12 hours for
biochemical measurements (measurement of plasma markers of organ injury, or for
harvesting of lung, liver and ileum for measurements of myeloperoxidase activity and
malondialdehyde formation).

Measurement of plasma nitrate and nitrite
Plasma nitrate and nitrite were measured as an index of nitric oxide production, as
previously described (19,20). First, nitrate in the plasma was reduced to nitrite by incubation
with nitrate reductase (610 mU/ml) and NADPH (170 mM) at room temperature for 3h.
After 3h, nitrite concentration in the samples was measured by the Griess reaction, by
adding 100 μl of Griess reagent (0.1% naphthalethylenediamine dihydrochloride in H2O and
1% sulphanilamide in 5% concentrated H3PO4; vol. 1:1). The optical density at 550 nm (OD
550, corrected for absorbance at 650 nm) was measured in a Spectramax microplate reader.
Nitrite concentrations were calculated by comparison of OD 550 of standard solutions of
sodium nitrite prepared in phosphate buffered saline.

Malondialdehyde assay (MDA)
Malondialdehyde formation was utilized as previously described (19,20) to quantify the
lipid peroxidation in tissues and measured as thiobarbituric acid-reactive material. Tissues
were homogenized (100 mg/ml) in 1.15% potassium chloride buffer. 200 μl of the
homogenates were then added to a reaction mixture consisting of 1.5 ml 0.8% thiobarbituric
acid, 200 μl 8.1% sodium dodecyl sulfate, 1.5 ml 20% acetic acid (pH 3.5) and 600μl
distilled water. The mixture was then heated at 90° C for 45 minutes. After cooling to room
temperature, the samples were cleared by centrifugation (10000g, 10 minutes) and their
absorbance measured at 532 nm, using 1,1,3,3-tetramethoxypropane as an external standard.
The level of lipid peroxides was expressed as nmol MDA /mg protein (Bradford assay).

Myeloperoxidase assay (MPO)
Measurement of MPO, an enzyme contained in polymorphonuclear leukocytes was used to
quantify the extent of neutrophil infiltration into various tissues as previously described
(19,20). Tissues were homogenized (50 mg/ml) in 0.5 % hexadecyltrimethylammonium
bromide in 10 mM 3-N-morpholinopropanesulfonic acid and centrifuged at 15,000g for 40
min. The suspension was then sonicated 3 times for 30 seconds. An aliquot of supernatant
was mixed with a solution of 1.6 mM tetra-methyl-benzidine and 1mM hydrogen peroxide.
Activity was measured spectrophotometrically as the change in absorbance at 650 nm at
37°C, using a Spectramax microplate reader (Molecular Devices, Sunnyvale, CA). Results
are expressed as milliunits of MPO activity per mg protein, which were determined with the
Bradford assay.
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Measurement of plasma levels of alanine aminotransferase (ALT) and blood urea nitrogen
(BUN)

Plasma concentrations of ALT and BUN were determined enzymatically using an automated
VetScan chemistry analyzer (Abaxis, Union City, CA).

Measurement of plasma levels of tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β)
and interleukin-10 (IL-10)

Plasma concentration of immuno-reactive murine TNF-α, IL-1β, and IL-10 at various time
points after LPS was determined by using commercially available enzyme-linked immuno-
absorbent assays, according to manufacturer's protocol (R&D Systems, Minneapolis, MN).

Effect of FP15 in the CLP model of polymicrobial sepsis
Mice were anesthetized with a mixture of ketamine (80 mg/kg) and xylazine (10 mg/kg),
given i.p. CLP was induced as previously described (20). Under aseptic conditions, a 2-cm
midline laparotomy was performed to allow exposure of the cecum with adjoining intestine.
The cecum was tightly ligated with a 3.0 silk suture at its base, below the ileo-cecal valve,
and was perforated twice with an 18-gauge needle (top and bottom). Then the cecum was
gently squeezed to extrude a small amount of feces from the perforation sites. The cecum
was returned to the peritoneal cavity and an osmotic minipump (releasing either vehicle
[n=25] of FP15 at 0.3 mg/kg/h [n=25] was placed in the peritoneal cavity. This dose of the
peroxynitrite decomposition catalyst is an optimal dose selected from the results of the LPS
shock studies. The laparotomy was closed with 4.0 silk sutures. The animals were returned
to their cages with free access to food and water. Animals were monitored thereafter and
survival rates were determined.

Reagents
All chemicals were purchased from Sigma Chemicals (St-Louis, MO), except when
mentioned otherwise. Fe(III) tetrakis-2-(N-triethylene glycol monomethyl ether)pyridyl
porphyrin (FP15) was synthesized as previously described (17).

Statistical analysis
Data are expressed as mean ± standard error of the mean (SEM) in all figures. For the
biochemical measurements in tissues (MPO, MDA) and plasma studies, the means from
groups were compared by ANOVA followed for Bonferroni test. In the survival
experiments, the survival curves of the 2 groups were compared using the log-rank test.
Statistical significance was assigned to p < 0.05.

RESULTS
The peroxynitrite decomposition catalyst FP15 decreases mortality rate and does not
affect plasma nitrite/nitrate concentrations in a circulatory shock model induced by LPS

We have conducted a dose-response study with FP15, in order to define the most effective
dose on the survival of the endotoxemic animals. Figure 1A shows that the lowest dose
tested (0.1 mg/kg/h) was ineffective, while 0.3 mg/kg markedly improved survival (to
approximately 80%, p<0.05). At doses higher than 0.3 mg/kg/h, the efficacy of FP15
gradually diminished; the survival benefit remained significant at 1 mg/kg/h, but not at the
doses above.

Next, we conducted experiments to test the effect of FP15 on breakdown products of
circulating nitric oxide. Animals that received LPS exhibited a marked increase in nitric
oxide breakdown product levels in the plasma (Figure 1B). In endotoxemic animals treated
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with FP15 there were no change in circulating levels of NO at the doses of 0.1, 0.3 and 1
mg/kg/h (Figure 1B). However, with the two highest doses of FP15 there was a slight, but
statistically significant reduction in nitrite/nitrate concentrations. However, this decrease in
circulating NO levels could not have accounted for the survival benefit of FP15, as the
compound had no effect on nitrite/nitrate levels at the doses (0.3 and 1 mg/kg/h) where it
improved survival.

The peroxynitrite decomposition catalyst FP15 reduces lipid peroxidation and neutrophil
infiltration without affecting the production of inflammatory cytokines

Endoxemia is associated with an increase of lipid peroxidation in various organs. In
addition, there is a marked degree of neutrophil infiltration into various organs, which has
been attributed to the subsequent organ damage. These features of endotoxin shock were all
present in the lungs, livers and guts of mice exposed to LPS (Figures 2 and 3). Treatment
with FP15 showed a marked reduction in MDA levels in liver and lung. On the other hand,
no protective effect was found in the gut. The reduced amount of plasma ALT, a marker of
liver injury after FP15 treatment is consistent with the reduced MDA and MPO levels in the
same organ (Figure 4A). There was a tendency for reduction of MPO levels in the gut and
lung of FP15-treated animals, but these changes were not statistically significant. Renal
function was also evaluated by the measurement of blood urea nitrogen (BUN); a
statistically significant protection was seen in FP15-treated group.

We have also measured the effect of FP15 on plasma levels of various pro-inflammatory
cytokines as well as the anti-inflammatory cytokine IL-10 at various time points after the
induction of endotoxemia. FP15 did not significantly affect TNF-α, IL-1β or IL-10 plasma
levels (Figure 5).

The peroxynitrite decomposition catalyst FP15 improves survival in polymicrobial sepsis
Using the most effective dose of FP15 on survival rate in the endotoxemia study, we have
next evaluated the effect of FP15 in a polymicrobial model of sepsis. CLP resulted in a
100% mortality by the end of Day 3; FP15, at the dose of 0.3 mg/kg/h, provided a
significant reduction in mortality (p<0.05) (Figure 6).

DISCUSSION
Septic patients develop progressive organ damage and dysfunction; the available therapeutic
interventions are only supportive. Specific therapeutic interventions that can prevent or
reverse organ damage are not available and are urgently needed (1-10). In this study, we
used a metallporphyrinic compound, FP15, which has been synthesized and optimized for its
redox properties to act as a selective peroxynitrite decomposition catalyst (17). The
compound rapidly increases the rate of peroxynitrite isomerization, reducing the formation
of oxidizing radical species to generate an inactive metabolite, nitrate anion (17). The results
showed that animals treated with FP15 were protected from mortality and numerous
hallmarks of end-organ injury (liver, kidney) in endotoxemic and in the septic rodent models
of circulatory shock.

Nitric oxide and superoxide rapidly react to form the toxic reaction product, peroxynitrite
anion (12-13). Pharmacological studies demonstrate that peroxynitrite is more cytotoxic than
NO or superoxide in a variety of experimental systems and can induce both necrosis and
apoptosis and can induce multiple downstream pathways of cell and organ injury
(12-13,16,21). In the present study, first we analyzed the effect of different FP15 doses on
survival rate. Interestingly one of the lowest doses of the compound tested was the most
effective in terms of survival benefit, while at the highest doses tested, the statistically
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significant therapeutic benefit disappeared. At these highest doses, the compound exerted a
slight inhibitory effect on plasma nitric oxide concentrations. Since NO (as opposed to
peroxynitrite) has several anti-inflammatory and cytoprotective effects, it is conceivable that
diminishment of tissue levels of free NO may have contributed to the loss of protective
effect of FP15 at the highest doses tested. It is noteworthy that in previous studies, bell-
shaped dose-responses have been reported in a number of studies with superoxide dismutase
mimics and other antioxidants (22-27); considering the multitude of free radical actions, it is
conceivable that only a partial, but not a complete neutralization of these reactive species is
necessary or beneficial in various forms of critical illness.

The reaction of peroxynitrite with lipids leads to peroxidation (malondialdehyde and
conjugated diene formation) and formation of nitrito-, nitro-, nitrosoperoxo- and/or nitrated
lipid oxidation adducts (12-13). In our study the animals that received LPS presented a 2-3-
fold increase in MDA levels in the lung, liver and gut. Treatment with FP15 showed a clear
reduction in MDA content of liver and lung, but not the gut. It is conceivable that the lipid
peroxidation in the gut of LPS-treated animals may be due to oxidant species other than
peroxynitrite. It is also possible that differences in the tissue levels and pharmacokinetics of
FP15 in different organs may have resulted in this organ-specific difference.

There are several lines of studies demonstrating the crucial role of peroxynitrite in the
development of endothelial dysfunction in various models of cardiovascular disease and
critical illness. Peroxynitrite has been suggested to contribute to the pathogenesis of organ
failure in circulatory shock in many different ways (12,13): (a) it was suggested to
exacerbate local vasospasm, may increase local neutrophil adhesion and migration into
inflamed tissues; (b) it was suggested to exacerbate platelet activation and aggregation and
(c) it was suggested to lead to hypo-perfusion of certain parts of various organs. It is
generally accepted that endothelial injury is an early and significant trigger of neutrophil
adhesion and tissue infiltration (28). We have, therefore, expected that FP15 will reduce the
tissue levels of MPO in the current model. Surprisingly, only a trend was observed in most
organs, and it was only in the liver that a partial, but statistically significant inhibition was
seen. Although we do not have a clear explanation for the preferential protection by FP15
against liver injury, we must emphasize that in the liver, high levels of reactive oxidant
species are produced in endotoxemia, as a result of the activation of multiple cell types
(hepatocytes, Kupffer cells, stellate cells, endothelial cells as well as infiltrating leukocytes).
We speculate that the hepatic protection by FP15 may involve two mechanisms: a direct
protection by removing peroxynitrite and an indirect mechanism involving reduced
neutrophil infiltration and consequent prevention of the release of cytotoxic mediators by
these cells.

Even though there are many reports (mainly based on in vitro studies) suggesting that
peroxynitrite plays a role in the up-regulation of pro-inflammatory signal transduction
pathways (e.g. nuclear factor κB) (29,30), in the current study FP15 did not change plasma
levels of pro-inflammatory cytokines and only exerted a slight inhibitory effect on NO levels
at the highest doses tested. It is well known that cytokine-mediated inter-cellular signaling
plays an important role in regulating immune defense; the fact that FP15 did not affect these
cytokines distinguishes the mode of action of this compound from the mode of action of
many previously studied experimental therapies and may, on one hand, actually represent an
added benefit of the compound. On the other hand, the elevated pro-inflammatory cytokines
may have induced an activation of endothelial cells and may have played a role in the
attraction of neutrophils into the various organs studied. In summary, FP15 may have
reduced peroxidation and the inflammatory amplification cycles governed by it; but at the
same time the action of the pro-inflammatory cytokines that were still released may have
masked some of its beneficial effects on neutrophil migration into lung and gut.
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We must keep in mind that models such as the ones used in the current study represent an
over-simplification of the disease state, which has many stages (pro-inflammatory, counter-
regulating anti-inflammatory; immune activator; immune suppressive, hyperdynamic,
hypodynamic, etc). It is conceivable that peroxynitrite plays a pathogenetic role in some of
these stages, but not in others; it may well be that pharmacological modulation of
peroxynitrite's action needs to be harmonized and adjusted to the stage of the disease.
Further studies are needed to determine how the therapeutic efficacy of FP15 changes if the
compound is given in a post-treatment design (i.e. at various time points after the
administration of LPS or the initiation of CLP). Although in the current model, FP15 has
provided clear benefits, it is conceivable that neutralization of peroxynitrite, in a clinical
scenario, may not be sufficient to provide therapeutic benefit, unless it is combined with
interventions that target other, parallel pathways of the disease.

Renal dysfunction is another common feature of circulatory shock. Hypoxia and re-
oxygenation produce a marked increase in cellular generation of reactive oxidant species
and triggered a significant degree of lactate dehydrogenase release. Various antioxidants
have been shown to be effective in reducing the renal dysfunction and injury associated with
ischemia/reperfusion of the kidney in various models of endotoxemia, shock and multiple
organ injury (31-33). In line with these observations, in the current study, FP15 was
markedly effective in protect kidney function in our model; based on the current and
previous data, protection of the kidney by peroxynitrite neutralization may represent an
important therapeutic possibility in various forms of critical illness.

It has been established by many laboratories that the mechanism by which LPS induces the
pro-inflammatory response in endotoxin shock involves the activate the nuclear factor-κB/
Rel family of transcription factors, enabling the expression of several critical genes involved
in the pathogenesis of septic shock: TNF-α, interleukins (IL-1β, IL-2, IL-6 and IL-8),
adhesion molecules, cyclooxygenase-2 and inducible NO synthase (4,5). Although the
importance of these mediators in animal models of endotoxemia is unquestionable, their
blockade fails to provide benefit most bacterial models of sepsis, and yielded disappointing
results in clinical trials as well (1-10). The typical interpretation of these findings is that
these mediators exert detrimental effects when extreme levels are present; on the other hand,
complete inhibition of these cytokines in sepsis may be detrimental, because an appropriate
level of cytokines are necessary for fighting the invading bacteria. The adequate balance
between pro-inflammatory and anti-inflammatory cytokines in sepsis may be important to
reduce self-damage, while maintaining anti-bacterial defense responses. The improvement in
survival rate both in the LPS and the CLP models of circulatory shock is consistent with the
hypothesis that (1) direct inhibition of end-organ injury by interfering with the action of
terminal oxidant mediators of injury (in our case, peroxynitrite) can be beneficial in both
endotoxemic and septic models of circulatory shock, and that (2) significant therapeutic
benefits can be achieved with appropriate pharmacological therapeutic approaches even if
they do not affect the cytokine response.

Starting with some landmark observations in rats by Cuzzocrea and co-workers in 1999,
using the first-generation peroxynitrite neutralizing agent 5,10,15,20-tetrakis(4-
sulfonatophenyl)porphyrinato iron III chloride (FeTTPs) (33), activation of peroxynitrite is
increasingly recognized as a common pathway of tissue damage in conditions associated
with the formation of oxidant species and free radicals in various forms of critical illness.
These early studies - demonstrating that FeTPPs was able to reduce mortality, plasma levels
of ALT, AST, bilirubin, creatinine, amylase, lipase and alkaline phosphatase and improved
histological less signs of liver damage and nitrotyrosine formation in the liver -, were
subsequently confirmed and extended by several other groups in various rodent and large
animal models of critical illness (18,34-37) using the later-generation peroxynitrite
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decomposition catalysts, such as FP15 (used in the current study, as well as in a number of
other studies, e.g. 17, 35,39-44), as well as additional groups of peroxynitrite catalysts,
including the compound WW-85 (36-38). A novel aspect of the current study is the
demonstration of the efficacy of a peroxynitrite decomposition catalyst in a polymicrobial
sepsis model (which may be a better approximation of the clinical sepsis than the LPS
models). An additional novel aspect of the current study is the demonstration that the
protection may be bell-shaped. A further novel aspect of the study is the demonstration that
in circulatory shock, peroxynitrite does not appear to upregulate pro-inflammatory cytokines
or iNOS, suggesting that all of the protection seen in this model is downstream from these
processes.

Limitations of the current study include that comparison between pre- and post-treatment
with FP15 was not performed, and the fact that tyrosine nitration, a marker of peroxynitrite
formation was not measured. Nevertheless, many other studies, using comparable doses of
FP15, or the other peroxynitrite catalysts have already demonstrated this effect
(17,35,39-44). An additional limitation of the current study is that it exclusively focused on
biochemical and survival endpoints, and did not follow hemodynamic parameters or indices
of tissue oxygenation. Generally, however, these indices can be better measured in large
animal models: in fact, it was recently demonstrated that peroxynitrite decomposition
catalysts improve a number of hemodynamic and functional parameters in various large
animal models of critical illness (36,37).

Taken together, the results of the present study, are consistent with an existing body of
literature suggesting that peroxynitrite is a significant effector of sepsis mediating organ
injury and death. Pharmacological blockade of peroxynitrite, therefore, continues to emerge
as a potentially valuable tool in the experimental therapy of septic shock and other forms of
critical illness.
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Abbreviations

ALT alanine aminotransferase

BUN blood urea nitrogen

CLP cecal ligation and puncture

FeTTPS 5,10,15,20-tetrakis(4-sulfonatophenyl)porphyrinato iron III chloride

IL-1β interleukin 1β

IL-10 interleukin 10

LPS bacterial lipopolysaccharide

NO nitric oxide

MDA malon dialdehyde

MPO myeloperoxidase

TNF-α tumor necrosis factor α
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Figure 1. Effect of FP15 on (A) survival and (B) circulating levels of nitrite/nitrate in
endotoxemic mice
(A): Endotoxemia was induced in mice with LPS (40 mg/kg i.p.) (n = 20 in each group).
The animals were observed for 2 days, and mortality was recorded every 8 hours. FP15 was
effective in reducing LPS-induced mortality at 0.3 and 1 mg/kg/h. #P < 0.05 indicates a
significant improvement in mortality by FP15 treatment, as determined by Log-Rank test.
(B): Using an identical experimental design, plasma levels of nitrite/nitrate were measured
in a subgroup of mice, sacrificed 12 h after LPS administration. There was a marked
increase in NO production after LPS. FP15 did not affect nitrite/nitrate plasma levels with
the doses of 0.1 up to 1.0 mg/kg. The doses of 3 and 10 mg/kg/h produced a reduction in
nitrite/nitrate plasma levels. Data shown represent mean ± SEM of n=10 animals per group.
*P<0.05 indicates a significant increase in nitrite/nitrate levels when compared with
baseline; #P<0.05 indicates a significant decrease in nitrite/nitrate levels after FP15
treatment. The FP15 alone (second bar from the left, in gray color) group represents the
group of animals treated with the highest dose of FP15 used (10 mg/kg/h) alone, in the
absence of LPS. We did not observe any adverse effects in this group (i.e. 100% survival)
and this dose of FP15 not affect baseline nitrite/nitrate levels.
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Figure 2. MDA in the gut, lung, and liver after LPS: effect of the peroxynitrite decomposition
catalyst FP15
Endotoxemia was induced in mice with LPS (40 mg/kg i.p). Samples from different organs
(gut, liver and, lung) were harvested after 12 h. LPS induced a significant increase in MDA
content in the tissues. FP15 treatment (0.3 mg/kg/h) reduced the tissue MDA levels in the
liver and lung of LPS-treated animals. Data shown represent mean ± SEM of n=6 animals
per group. *P<0.05 indicates a significant increase in tissue MDA levels when compared
with baseline; #P<0.05 indicates a significant decrease in tissue MDA levels after FP15
treatment.
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Figure 3. MPO activity in gut, lung, and liver after LPS: effect of the peroxynitrite
decomposition catalyst FP15
Endotoxemia was induced in mice with LPS (40 mg/kg i.p.). Samples from different organs
(gut, liver and, lung) were harvested after 12 h. LPS induced a significant increase in MPO
activity in all tissues. FP15 treatment (0.3 mg/kg/h) reduced MPO levels in the liver of LPS-
treated animals. Data shown represent mean ± SEM of n=6 animals per group. *P<0.05
indicates a significant increase in tissue MPO levels when compared with baseline; #P<0.05
indicates a significant decrease in tissue MPO levels after FP15 treatment.
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Figure 4. Biochemical markers of organ injury after LPS: effect of the peroxynitrite
decomposition catalyst FP15
Endotoxemia was induced in mice with LPS (40 mg/kg i.p.). Biochemical markers of liver
injury (alanine aminotransferase, ALT) and renal damage (BUN, blood urea nitrogen) were
determined after 12 h. LPS induced significant liver injury and renal damage. FP15
treatment (0.3 mg/kg/h) attenuated the LPS-induced increase in the various biochemical
markers of organ injury. Data shown represent mean ± SEM of n=6 animals per group.
*P<0.05 indicates a significant increase in ALT or BUN levels when compared with
baseline; #P<0.05 indicates a significant decrease in ALT or BUN levels after FP15
treatment. UI=international units.
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Figure 5. Plasma levels of TNF-α, IL-1β, and IL-10 in after LPS: effect of the peroxynitrite
decomposition catalyst FP15
Endotoxemia was induced in mice with LPS (40 mg/kg i.p.). Plasma levels of selected pro-
and anti-inflammatory cytokines were measured at 1.5, 3, 6 and 12 hours. Animals that
received LPS showed a marked increase in cytokines levels. FP15 treatment (0.3 mg/kg/h)
did not affect circulating levels of TNF-α, IL-1β or IL-10 at any of the time points. Data
shown represent mean ± SEM of n=6 animals per group. Whenever error bars are not
apparent on the figure, they are contained within the symbols. *P<0.05 indicates a
significant increase in cytokine levels when compared with baseline.
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Figure 6. Effect of FP15 on survival of mice subjected to cecal ligation and puncture (CLP)
CLP was induced as described in the Materials and Methods section. Vehicle or FP15 (0.3
mg/kg/h) treatment was performed in the two groups of mice. Data represent percent
survival at the indicated time points after CLP; n=25 animals per group. *P<0.05 represents
a significant reduction in mortality in the FP15 treated group subjected to CLP compared to
the vehicle-treated CLP group.
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