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Abstract
INTRODUCTION—These experiments were designed to determine whether systemic post ischemic
administration of PJ34, a Poly ADP-ribose polymerase inhibitor, decreased tissue injury and
inflammation following hind limb ischemia reperfusion (I/R).

METHODS—C57BL6 mouse limbs were subjected to 1.5 hrs ischemia followed by 24 hours
reperfusion. The treatment group (PJ) received intraperitoneal PJ34 (30 mg/Kg) immediately before,
15 minutes and 2 hours into reperfusion. Control group (CG) received Lactated Ringers alone at the
same time intervals as PJ34 administration. Skeletal muscle levels of ATP, Macrophage
Inflammatory Protein-2 (MIP-2), Keratinocyte Derived Chemokine (KC) and Myeloperoxidase
(MPO) were measured. Quantitative measurement of skeletal muscle tissue injury was assessed by
microscopic analysis of fiber injury.

RESULTS—ATP levels were higher in limbs of PJ vs. CG (Absolute ATP: 4.7 ± 0.35 vs. 2.3 ± 0.15
ng/mg tissue, p=0.002). Levels of MIP-2, KC and MPO were lower in PJ vs. CG (MIP-2: 1.4±0.34
vs. 3.67±0.67 pg/mg protein, p=0.014; KC: 4.97±0.97 vs. 12.65±3.05 pg/mg protein, p=0.037,
MPO: 46.27±10.53 vs. 107.34±13.58 ng/mg protein, p=0.008). Muscle fiber injury was markedly
reduced in PJ vs. CG (4.25±1.9% vs 22.68±3.0% total fibers, p=0.0004).

CONCLUSION—Systemic post ischemic administration of PJ34 preserved skeletal muscle energy
levels, decreased inflammatory markers and preserved tissue viability post I/R. These results support
PARP inhibition as a viable treatment for skeletal muscle I/R in a clinically relevant “post-hoc”
scenario.
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INTRODUCTION
Acute lower extremity ischemia remains a significant problem with a mortality rate ranging
from 9 to 42% in elderly patients 1, 2, and a 20% amputation rate in survivors 3. Despite such
significant morbidity and mortality, therapeutic strategies have not varied much over the past
two decades, with the administration of fluid resuscitation, thrombolysis and anticoagulant
therapy remaining as the mainstays of treatment. Experimental therapies have been designed
to ameliorate the multiple components of I/R and include therapies directed against
complement 4, neutrophils 5, reactive oxygen species 6, tissue thrombosis 7, metabolic failure
8 and other mediators such as the inhibition poly-ADP ribose Polymerase (PARP) 9–11. Most
of the therapeutic interventions in acute limb ischemia have been successful using a pre-
ischemic (pre-hoc) treatment scenario, only to fail when tested in a clinically relevant post-
ischemic (post-hoc) protocol. Only a handful of therapies have shown significant protection
in a post-hoc treatment scenario 12, 13, with only a few (catheter based thrombolysis and
controlled reperfusion) having been translated into the clinical arena 14, 15. Thrombolysis
decreases mortality associated with limb reperfusion as compared to surgery (58%
thrombolysis vs. 84% surgery), but the mortality rate remains high and thrombolysis is
associated with increased incidence of bleeding complications. Controlled reperfusion involves
flushing the arterial circulation with degassed electrolyte solution, and venting the venous
effluent prior to reinstituting arterial inflow. The equipment to complete this protocol is not
overly expensive, but this methodology has not gained widespread popularity in the clinical
arena.

PARP is one of a family of enzymes involved in the regulation of a variety of cellular functions,
which include cell death and the regulation of cell proliferation and gene expression. In the
nucleus, PARP functions as a sensor of DNA strand nick and breaks. Several mechanisms
including radiation, sepsis, shock, inflammation and ischemia/reperfusion can result in the
activation of PARP. Upon activation, PARP utilizes its catalytic domain to cleave NAD+ into
nicotinamide and ADP-Ribose. ADP-Ribose is then synthesized into long (up to 200) polymers
and attached to nuclear proteins, such as histones, and on to PARP itself. By virtue of its
negative charge, and through electrostatic interactions, ADP-Ribosylation can affect the
function of the acceptor proteins and carry out some of its functions, such as identifying areas
for DNA repair. This process is a double edge sword. Excessive poly-ADP ribosylation during
times of stress’ consumes the cellular NAD+ pool and ATP stores at a time when NAD+ is
needed for key reactions of the glycolytic pathway 16. Furthermore, PARP activation has been
shown to regulate the enhancement in the expression of inducible nitric oxide synthase (iNOS)
and NF-κβ, both of which play prominent roles in the pathogenesis of I/R17. Previously, our
laboratory reported the beneficial effects PJ34, an ultra-potent water soluble inhibitor of PARP
18, in a tourniquet model of skeletal muscle I/R 10. PJ34 binds to the NAD+ binding site on
PARP, thereby blocking activation of PARP and preventing intracellular consumption of the
NAD+ pool 19. PJ34, when given systemically before the induction of ischemia, was shown
to preserve mitochondrial function and decrease markers of inflammation in a model of
ischemia and reperfusion 10. Follow-up work showed that systemic (intraperitoneal)
administration of PJ34 after the onset of ischemia did not show preservation of mitochondrial
activity when compared with controls 9. Since completion of those studies, we have refined
our experimental protocol to evaluate cellular energy levels and tissue morphology, rather than
indirect measure of mitochondrial activity as an index of tissue injury/preservation upon
reperfusion. In addition, experimental evaluation of skeletal muscle responses to acute hind
limb ischemia reperfusion now includes extensive quantitative histologic evaluation20. Using
these well established quantitative tools, the following experiments were designed to determine
whether systemic administration of PJ34 can provide protection against ischemia reperfusion
injury when administered using a clinically relevant post-ischemic protocol. We chose
systemic administration in mice via an intraperitoneal route because PJ34 is water soluble and
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could be administered to humans in an intravenous manner, similar to other commonly used
medications (heparin, antibiotics). Since PARP modulates both inflammatory and metabolic
components of the response to ischemia, treatment with a PARP inhibitor has the potential to
modulate more than one component of the response to ischemia reperfusion.

METHODS
Animal protocol

All experimental procedures were approved by the Massachusetts General Hospital IACUC
in accordance with the “Principles of Laboratory Animal Care” (Guide for the Care and Use
of Laboratory Animals, National Institutes of Health Publication No. 86-23, Revised 1996).
C57BL6 mice (male, 20–25 gm, Jackson Laboratory, Bar Harbor, Me) were anesthetized using
intraperitoneal administration of 60 mg/kg of pentobarbital. C57BL6 mice were subjected to
1.5 hours of unilateral ischemia, followed by 24 hours of reperfusion. Mice remained
anesthetized throughout the duration of ischemia and the initial early reperfusion (1-hour)
interval. Mice studied for 24-hour reperfusion were allowed to recover from anesthesia after
the initial 1 hour of reperfusion and were returned to their cages between drug dosing.

INDUCTION OF ISCHEMIA
Reproducible levels of ischemia were obtained with the use of a 4.5 oz. Orthodontic Rubber
Band (ORB, American Orthodontics, Sheboygan, WI) as previously described 21. Briefly, after
anesthesia, the mice were placed on a preheated table to maintain the mouse’s monitored
temperature at 37°C. The ORB was applied to the proximal limb using a McGivney
Hemorrhoidal Ligator Applicator (Militex Corporation, Bethpage New York). Ischemia was
confirmed (i.e. no detectable flow) using Laser Doppler imaging (Moor Instruments Inc,
Wilmington, Del) as previously described22. Reperfusion was initiated by cutting the rubber
band from the mouse limb.

PJ34 treatment protocol
The treatment group (PJ34, n=6) received intraperitoneal PJ34 (30 mg/Kg), in 0.4 ml of
Lactated Ringers (LR), immediately before reperfusion, 15 minutes and 2 hours into the
reperfusion period. These time intervals were utilized to provide PARP inhibition during the
early phase of reperfusion based on literature which indicates the half life of PJ34 in serum is
approximately 30 minutes23, 24. Additional doses of vehicle, LR (0.4 ml), were given 15
minutes before ischemia, at 6, 12 and 18 hours of reperfusion to provide hydration for the
mice25, 26. The control group (LR, n=6) received LR only (0.4 ml) using the same treatment
schedule. After 24 hours of reperfusion, the animals were euthanized (isoflurane). Ischemia-
reperfusion and contralateral limbs were then harvested and the posterior hind-limb muscle
was immediately frozen in liquid nitrogen for biochemical analysis.

Histological assessment
PJ34 treated (n=6) and LR treated (n=6) mice were prepared in the same manner as above, and
then euthanized at the end of reperfusion. Hind limbs were harvested and fixed in 4%
Paraformaldehyde overnight. The gastrocnemius muscle was isolated and rinsed in PBS for 1
hour followed by serial dehydration in graded Acetone. Muscles were embedded under vacuum
condition using the acrylic compound, JB-420. Hardened molds were mounted and cut on a
motorized microtome (Leica, Nuβloch Germany). Two μm thin sections were obtained using
glass knifes, stained with Masson’s trichrome stain and examined under 200× power light
microscope. Thirty images were taken of each muscle with a SNAP color camera (Roper
Scientific, Tucson, AZ) and assigned a unique image number using SPOT Insight imaging
software (Diagnostic Instruments, Sterling Heights, MI). A random number generator was used
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to create a random series of image numbers, which a blinded observer used to retrieve the
respective images and count muscle fibers. A total of 1200 muscle fibers per gastrocnemius
sample (i.e. limb) were counted and scored as uninjured or injured based on the morphology
of the individual fibers20. Uninjured fibers were characterized as having well-defined borders,
consistent texture, and morphologic uniformity without holes or breaks; with easily identifiable
satellite cells and pericellular nuclei. In contrast, injured fibers exhibited broken, fragmented
fiber morphology with inconsistent texture, color, holes throughout the cytoplasm, and frequent
pericellular nuclear detachment. Summary data was expressed as percent of injured fibers per
limb. Quantitative analysis of the percent of injured fibers was used for statistical analysis.

Skeletal Muscle Adenosine Tri-phosphate (ATP) content
200 mg of the gastrocnemius muscle group was homogenized on ice in 10% trichloroacetic
acid using polytron tissue disruptor. Samples were cleared by centrifugation for 10 minutes
10,000 ×g at 4°C. ATP levels were measured after dilution in Dulbecco’s modified Phosphate
buffered saline (DPBS with Ca++ and Mg++, pH=7.4) using ATPlite luminescence assay
according to manufacturer protocol (Perkin Elmer Life, Boston, MA), and counts were read in
1450 Micro beta plate reader (PerkinElmer Life, Boston, MA). Concentrations of the unknowns
were extrapolated from purified ATP standards and expressed as μM per mg tissue weight.
ATP from six replicate assays per group were used for statistical analysis.

Markers of Inflammation
The entire gastrocnemius posterior calf skeletal muscle samples were snap frozen in liquid
nitrogen immediately after harvest and stored at −80°C until analysis. 200 mg of the
gastrocnemius muscle group was homogenized on ice for protein extraction as previously
described 27. The levels of Keratinocyte Derived Chemokine (KC), Macrophage Inflammatory
Protein-2(MIP-2) (R&D Systems, Minneapolis, MN) and Myelopereoxidase(MPO, marker of
neutrophil activation/accumulation in tissue)(Cell Sciences, Canton, MA) were measured with
ELISA kits according to manufacturers’ protocols. KC is the murine equivalent of human IL-8,
a known potent neutrophil chemoattractant protein upregulated during hind limb ischemia
reperfusion28. MIP-2 is a potent macrophage chemoattractant, also known to be increased in
serum following hind limb ischemia reperfusion29. Values were extrapolated off the standard
curve and normalized to the total protein concentration (BCA Protein Assay Reagent Kit, Pierce
Biotechnology, Rockford, IL).

Western Blotting for PAR
Skeletal muscle samples were obtained from LR treated and PJ34 treated mice at 3 and 24
hours reperfusion. Muscle samples from sham mice were obtained from mice anesthetized with
pentobarbital for 90 minutes without limb ischemia, allowed to recover for 24 hours and then
euthanized. 10 μg total protein was solubilized with equal volume of laemmli sample buffer
(0.25M Tris-HCl pH 6.8, 8%SDS, 40% glycerol, 0.4M DTT and 0.04% Bromophenol Blue,
BioRad, Hercules CA), boiled for 5 min, loaded onto lanes in a 12% density Tris-HCl
polyacrylamide/sodium dodecyl sulfate (SDS) gel. Samples were subjected to electrophoresis
followed by electro blotting transfer to a 0.22μm nitrocellulose membrane (BioRad, Hercules,
CA). The membranes were blocked in blocking buffer solution (Sigma, St. Louis, MO) for 1
h at room temperature. The blots were incubated with mouse monoclonal anti-poly-(ADP)-
ribose antibody (Tulip Biolab, West Point, PA) in blocking buffer at 1:2000 dilution for 1 hour
at room temperature. After washes in PBS-0.15% Tween 20, the membranes were incubated
with Peroxidase-conjugated Goat polyclonal anti-mouse antibody (1:4000) (Cell Signaling
Technology, Danvers, MA) in blocking buffer for 1 hour at room temperature. Finally the
membranes were washed with PBS-TW and developed with the ECL chemiluminescence
detection system (GE, Healthcare, Piscataway, NJ)30. Chemiluminescence light is visualized
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by exposing the blots into a BioMAX X-ray film. The blots were striped and reprobed using
mouse monoclonal anti-mouse beta-Actin IgG (1:5000, Abcam, Cambridge, MA), followed
by incubation with polyclonal goat anti-mouse IgG (1:4000). The generated specific proteins
are quantified by bands densities (between 25 and 100kDa) using gel-imaging system (Alpha
Innoteck Corporation, San Leandro, CA). Relative expression was quantitated as Arbitrary
Units (AU).

Statistical Analysis
Statistical analysis was performed with Instat (GraphPad, San Diego, CA). Skeletal muscle
ATP, tissue cytokine, MPO levels, and histological assessment in treated and untreated mice
after 24 hours of reperfusion were compared with each other using unpaired t test (Mann
Whitney when indicated). Expression of PAR in sham, treated and untreated mice at 3 and 24
hour reperfusion were compared with each group using Two way ANOVA(Prism, San Diego,
CA), with post hoc testing (Bonferroni).

RESULTS
Histological Analysis

The percentage of injured fibers in PJ34 vs. LR treated hind limbs was assessed using defined
histological criteria for injury. Percent-injured fibers were significantly lower in mice treated
with PJ34 vs. LR treated animals (4.25±1.9% vs. 22.68±3.0%, p=0.0004, Figure 1).
Representative photomicrographs of skeletal muscle for treated and untreated mice are shown
in Figure 2. Treated mice had a few scattered clusters of injured cells among predominantly
normal polygonal skeletal muscle cells. In contrast, untreated mice had large clusters of injured
fibers, shown outlined in the photomicrograph.

Skeletal Muscle Adenosine Tri-phosphate (ATP) content
Absolute ATP levels after 24 hours of reperfusion were higher in limbs of PJ34 vs. LR treated
mice (Absolute ATP: 4.7 ± 0.35 vs. 2.3 ± 0.15 nmol.mg tissue, p=0.002, Figure 3).

Markers of Tissue Inflammation
KC: The skeletal muscle levels of KC following 90 minutes of ischemia and 24 hours of
reperfusion using the post-hoc treatment protocol were decreased in limbs of post-hoc treated
PJ34 LR treated mice (4.97±0.97 vs. 12.65±3.05ng/mg protein, p=0.04, Figure 4A).

MIP-2: The skeletal muscle levels of MIP-2 following 90 minutes of ischemia and 24 hours
of reperfusion were decreased in limbs of post-hoc treated PJ34 vs. LR treated animals (1.4
±0.34 vs. 3.67±0.67 ng/mg protein, p= 0.014, Figure 4B).

MPO: Myeloperoxidase levels were decreased in post-hoc treated PJ34 vs. LR treated animals
(46.26 ± 9.4 vs. 107.34 ± 12.14 ng/mg protein, p=0.008, Figure 5).

PAR expression in Skeletal Muscle—Sham mice treated with saline or PJ34 had nearly
undetectable levels of PAR in skeletal muscle (Figure 6). At 3 hours of reperfusion, LR treated
mice had significantly greater levels of PAR than PJ34 treated mice (5.0± 1.1 vs 2.13 ± 0.63
AU, p<0.01) in skeletal muscle. By 24 hours reperfusion, there was no difference in the
expression of PAR in LR vs. PJ34 treated mice(3.11± 0.55 vs 4.56±0.79 AU) in skeletal muscle.
Representative PAR Immunoblots from 3 hours (A) and 24 hours (B) reperfusion of skeletal
muscle treated with LR and PJ34 are presented in Figure 7.
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DISCUSSION
These experiments demonstrate that post ischemic treatment with PJ34 results in decreased
skeletal muscle fiber injury, preservation of tissue ATP (i.e. metabolic rescue), decreased
inflammation (levels of tissue cytokines, leukocyte activation) in a model of skeletal muscle
ischemia and reperfusion (I/R). These results were obtained in a post-ischemic treatment
model, where PJ34 was administered systemically (via intraperitoneal injections) starting
immediately before reperfusion.

Previously, our laboratory reported on the beneficial effects of PJ34 in a pre-ischemic treatment
model of hind-limb I/R10. In a follow-up report using a treatment protocol where PJ34 was
administered intraperitoneally only during the reperfusion period failed to show preserved
mitochondrial activity or anti-inflammatory action 9. Local injection of PJ34 into skeletal
muscle during the ischemic period resulted in preserved mitochondrial activity after I/R without
affecting local cytokine production. Since intramuscular injection of PJ34 did not alter the local
levels of pro-inflammatory skeletal muscle cytokines, intraperitoneal injection prior to
reperfusion, early reperfusion and at an additional interval of reperfusion was chosen with the
hope of establishing a steady state level of PJ34 in the serum similar to one might see with
intravenous bolus or infusion. The desire to reassess intraperitoneal injection was also driven
by concerns for potential bleeding complications associated with direct intramuscular
administration of PJ34 into fragile, reperfused tissue in a clinical scenario where anticoagulants
and/or anti-platelet therapies are routinely utilized.

In this protocol, PJ34 was administered 15 minutes prior to reperfusion, 15 minutes and two
hours after reperfusion at a dose (30 mg/kg) known to provide protection against inflammation
in rodent models31. In preliminary experiments, 15mg/kg dose administered at the same time
intervals did not salvage skeletal muscle ATP after 1.5 hours of ischemia followed by 24 hours
reperfusion(data not shown). A dose of PJ34 was administered immediately prior to reperfusion
so that PJ34 would be delivered to the limb during the earliest phase of reperfusion. Since the
half life of PJ34 in plasma has been reported to be as short as 30 minutes 16, additional doses
of PJ34 were administered 15 minutes and 2 hours into reperfusion because previous work
from our laboratory indicated that the intense expression of mRNA for MIP-2 and KC occurred
during the first 4 hours of reperfusion28. Additional rationale for the additional doses of PJ34
during reperfusion is provided by previous work from our laboratory which demonstrate
stabilization of tissue flow (documented using quantitative laser Doppler imaging) after two
hours reperfusion22.

The current experimental protocol involves several changes from our previous work. First, the
model used to induce complete ischemia from the controlled tension tourniquet (CTT) model
22 to an orthodontic rubber band (ORB) model 21. The CTT model limited our assessment to
5 mice at a time because each there was only 5 tourniquets on the device. Thus the CTT
prevented evaluation of treated and untreated mice simultaneously. Using ORB, the control
and experimental mice could be analyzed concurrently since the number of mice evaluated at
any time interval was not limited by the number of tourniquets. Prior assessment of skeletal
muscle tissue injury with the indirect, semi-quantitative mitochondrial activity assay (MTT)
was replaced with a direct quantitative histological assessment of fiber morphology 20. In
addition, the current treatment protocol involved administration of PJ34 immediately prior to
reperfusion and two additional doses during reperfusion (15 minutes and 2 hours). By
administering this drug during three intervals, the protocol provided a more clinically relevant
treatment scenario that reflects ongoing treatment during early reperfusion.

At 24 hours reperfusion, the percent-injured fibers were significantly lower in mice treated
with PJ34 vs. LR treated animals (Figure 1). These experiments were terminated at 24 hours
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because the level of muscle fiber injury and the cytokine response associated with hind limb
ischemia reperfusion is known to stabilize at 24 hours reperfusion 20, 27, 28. It remains to be
determined whether the substantial degree of muscle fiber salvage correlates with a substantial
preservation of skeletal muscle function.

Treatment with PJ34 also rescued the absolute amount of skeletal muscle levels of ATP
compared to mice treated with LR alone during hind limb ischemia reperfusion (Figure 2).
ATP is essential to maintain homeostatic functions essential to maintenance of membrane
stabilization. Despite the ability of skeletal muscle to withstand periods of ischemia and utilize
alternate energy substrates (derived from glycogen and free fatty acid metabolism) during times
of stress, ATP becomes depleted during ischemia and skeletal muscle necrosis is a direct
consequence of ATP depletion 32. The mechanism by which PARP inhibition preserves ATP
during I/R involves the glycolytic pathway and mitochondrial function 16, 33. Inhibition of
PARP activity decreases cleavage of NAD+ into nicotinamide and ADP-ribose during periods
of ischemia and early reperfusion. PJ34’s inhibition of PARP, keeps the pool of NAD+

available for energy generation via glycolysis. While we have not directly evaluated
mitochondrial function in skeletal muscle using this post ischemic treatment protocol, previous
work in our lab had documented that PJ34 treatment preserved mitochondrial activity in
reperfused skeletal muscle10. Evidence to support an effect of PJ34 on mitochondria is provided
by experiments where PJ34 treatment decreased bax translocation in HELA cell
mitochondria34 and mitochondrial superoxide production in the aorta of diabetic mice35.

Skeletal muscle ischemia reperfusion is a form of acute inflammation in which reactive oxygen
species promote the activation of pro-inflammatory cytokines and leukocytes that lead to
microvascular injury, membrane dysfunction and edema formation36. In these experiments,
post ischemic treatment with PJ34 markedly decreased tissue levels of pro-inflammatory
cytokines which promote influx of inflammatory cells during reperfusion. KC (Keratinocyte-
Derived Cytokine) and MIP-2 (Macrophage Inflammatory Protein) are both members of the
CXC Chemokine family of proteins implicated as neutrophil chemoattractants that regulate
the migration of leukocytes to injured tissue. KC and MIP-2 are both murine equivalents of
human IL-8, which is implicated in the pathogenesis of ischemia reperfusion injury37. The
decreased levels of pro-inflammatory cytokines detected in skeletal muscle where treatment
was administered in a post hoc scenario is consistent with findings detected when PJ34 was
administered prior to the onset of ischemia/reperfusion10 (Figure 4A and 4B).

Myeloperoxidase (MPO) is an enzyme secreted by activated neutrophils and is involved in the
production of tissue oxidants that contribute to reperfusion injury. MPO catalyzes the reaction
of hydrogen peroxide with chloride ions that yields the toxic metabolite, hypochlorous acid
(HOCl). It is not clear whether PARP inhibition with PJ34 directly or indirectly inhibited the
activation of neutrophils and hence the release of MPO, or alternatively that the inhibition of
KC by PJ34 administration resulted in decreased numbers of neutrophils entering the injured
area. The absolute decrease in myeloperoxidase protein concentration in the muscle of PJ34
treated mice (Figure 5) is consistent with less tissue injury detected during histologic evaluation
of skeletal muscle during reperfusion (Figure 1).

Quantitative analysis of PAR expression using immunoblotting following treatment with PJ34
has been used to document the effect of PJ34 treatment on diabetic mice 30, 38. PAR expression
in the hind limbs of ischemia reperfused mice was markedly increased in LR treated mice at
3 and 24 hours of reperfusion. In PJ34 treated mice, PAR expression was less than LR at 3hours
but not 24 hours of reperfusion (Figure 6). These findings indicate that the benefits of PARP
inhibition are reflected in decrease poly-ADP ribosylation of proteins during the early, i.e. three
hours of reperfusion, and remain durable at 24 hours of reperfusion even though the level of
protein ADP-ribosylation eventually increases to untreated levels by 24 hours reperfusion.
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These findings suggest that early post ischemic therapy is effective in decreasing PARP
expression, and the rebound in PAR expression at 24 hours does not appear to have a deleterious
effect on skeletal muscle fiber histology, nor does it promote an ongoing inflammatory
response.

CONCLUSION
These data implicate activation of Poly ADP-Ribose Polymerase in the pathogenesis of
clinically relevant, i.e. “post-ischemic” muscle injury, following reperfusion. Systemic
administration of PJ34 in a post-hoc treatment protocol successfully preserved tissue ATP
levels, decreased the local markers of neutrophil recruitment and muscle fiber injury after
reperfusion. Since PJ34 has a short half-life, clinical administration in humans will likely
require intravenous administration during ischemia and throughout the early period of
reperfusion. While there is concern about the chronic use of PARP inhibitors because genetic
deletion of PARP-1 has been shown to result in an increased incidence of UV-light induced
skin cancer in mice16, there have been no reports of spontaneous malignancy associated with
use of PARP inhibitors. Furthermore, recent clinical trials using PARP inhibitors for cancer
therapy have demonstrated limited side effects such as nausea and fatigue39. Thus the findings
that early administration of PJ34 to mice subjected to hind limb IR is effective should
ameliorate concern about malignant potential in humans. These results support PARP
inhibition, using PJ34, as a viable treatment for skeletal muscle ischemia reperfusion in a
clinically relevant “post-ischemic” treatment scenario.
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Figure 1. Percent Injured Skeletal Muscle Fibers
PJ34 treated mice had substantially fewer injured fibers than LR treated mice after 24 hours
reperfusion (*p=0.0004).
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Figure 2. Photomicrographs of Reperfused Skeletal Muscle (200X)
PJ34 and LR treated skeletal muscle. There are normal polygonal muscle fibers evident in the
sham skeletal muscle. In contrast, there are edematous skeletal muscle fibers (arrow) and
clusters of injured fibers (outlined) evident in the photomicrograph. The bar indicates 100
microns.
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Figure 3. ATP levels in Reperfused Skeletal Muscle
Absolute levels of ATP were markedly preserved in the PJ34 treated vs LR treated mice by 24
hours reperfusion (*p=0.002).
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Figure 4. Cytokine/Chemokine Levels in Skeletal Muscle
(A) Keratinocyte Chemoattractant Protein (KC) levels were markedly reduced at 24 hours
reperfusion in PJ34 treated mice (*p=0.04). (B) Macrophage Inflammatory Protein-2 levels in
reperfused skeletal muscle were also significantly reduced in the PJ34 treated mice (p=0.014).
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Figure 5. Myeloperoxidase Levels in Skeletal Muscle
Myeloperoxidase levels were markedly reduced in PJ34 treated mice as compared to LR treated
mice by 24 hours reperfusion.
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Figure 6. PAR expression following Hind Limb IR injury
A Treatment with PJ34 resulted in decreased levels of PAR accumulation in skeletal muscle
as compared to LR treated mice at 3 but not 24 hours reperfusion(*p<0.01).
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Figure 7. Representative PAR Immunoblots
Murine skeletal muscle from LR and PJ34 treated mice exposed to 3 hours reperfusion(A) and
24 hours reperfusion(B). Each lane represents a sample from an individual mouse.
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