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Abstract
Background—Considerable evidence suggests that coagulation proteases (TF/FVIIa/FXa/
thrombin) and their target protease activated receptors (PAR-1/PAR-2) play important roles in
myocardial ischemia-reperfusion (I-R) injury. We hypothesized that localized inhibition of TF/
FVIIa on the membrane surfaces of ischemic cells could effectively block coagulation cascade and
subsequent PAR-1/PAR-2 cell signaling, thereby protecting the myocardium from I-R injury.

Objectives—We recently developed an annexin V-Kunitz inhibitor fusion protein (ANV-6L15)
that could specifically bind to anionic phospholipids on the membrane surfaces of apoptotic cells
and efficiently inhibit the membrane-anchored TF/FVIIa. In this study, we investigated the
cardioprotective effect of ANV-6L15 in a rat cardiac I-R model in comparison to that of hirudin.

Methods—Left coronary artery occlusion was maintained for 45 minutes followed by 4 hours of
reperfusion in anesthetized Sprague Dawley rats. One minute before or 2 minutes after coronary
ligation, rats received an i.v. bolus injection of ANV-6L15 (2.5 to 250 μg/kg), vehicle, or hirudin
by bolus injection and continuous infusion.

Results and Conclusions—ANV-6L15 dose-dependently reduced infarct size by up to 87 %,
and decreased plasma levels of cardiac troponin I, TNF-α, and sICAM-1, by up to 97 %, 96 %,
and 66 %, respectively, with little impact on the coagulation parameters. ANV-6L15 also
ameliorated hemodynamic derangements, attenuated neutrophil infiltration and reduced TUNEL-
(+) apoptotic cardiomyocytes. Hirudin was less efficacious even at supra-clinical dose. ANV-6L15
confers exceptionally potent cardioprotection and is a promising drug candidate for prevention of
myocardial I-R injury.
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Introduction
Myocardial ischemia restricts blood supply to the heart, resulting in numerous metabolic
changes including cessation of aerobic metabolism, accumulation of lactate and H+,
progressive depletion of ATP, and increased osmolar load. These changes are associated
with contractile dysfunction and electrocardiographic alterations [1]. Reperfusion after
prolonged periods of coronary occlusion predisposes the myocardium to a spectrum of
reperfusion-associated pathologies, including myocardial stunning, microvascular
dysfunction, no-reflow, ventricular arrhythmia, contraction band necrosis and
cardiomyocyte death [2–5].

Many biochemical and pathological mechanisms contribute to myocardial I-R injury.
Experimental animal studies have shown that therapeutic interventions and pharmacological
treatments targeting various biological pathways during myocardial I-R can reduce infarct
size by up to about 50% [6]. These interventions include ischemic conditioning, therapeutic
hypothermia, and pharmaceutical agents such as antioxidants, ion channel blockers, anti-
inflammatory agents, metabolic modulators, adenosine, atrial natriuretic peptide,
magnesium, NO donors, protein kinase inhibitors, and inhibitors of mitochondria
permeability transition pore opening [5–7]. Unfortunately, despite demonstration of
cardioprotection by numerous therapeutic interventions in animal studies, translation of
these results into human clinical application has largely remained unsuccessful [5–7].

Accumulating evidence suggests that activation of the tissue factor (TF) pathway and cell
signaling by coagulation proteases via their target protease activated receptors (PAR-1 and
PAR-2 in particular) plays an important role in the pathogenesis of myocardial I-R injury.
TF is prominently expressed on cardiomyocytes, with the highest amount in the left
ventricular myocardium [8–9]. In rabbit coronary artery ligation models, at-risk areas of the
myocardium showed increased TF expression in the coronary vasculature and the
sarcolemma of cardiomyocytes during post-ischemic reperfusion [10]. Blockade of TF
pathway by anti-TF monoclonal antibody [10] or active site-blocked FVIIa (FVIIai) [11]
and functional inhibition of thrombin activity by hirudin [10] reduced infarct size. Treatment
with a selective PAR-1 antagonist (SCH79797) before or during ischemia reduced
myocardial necrosis following I-R in rats [12]. Mouse deficient in PAR-2 had reduced
infarct size after I-R compared with wild-type littermates [13]. Taken together, these results
suggest that multiple coagulation proteases (TF/FVIIa, FXa, and thrombin, in particular) and
their target receptors (PAR-1 and PAR-2) appear to play critical roles in the pathogenesis of
I-R injury. Effective control of TF pathway of coagulation might confer cardioprotection
against myocardial I-R injury.

During myocardial ischemia, increased intracellular Ca2+ and reduced ATP level cause the
inhibition of aminophospholipid translocase activity, leading to the externalization of
phosphatidylserine (PS) and phosphatidylethanolamine (PE) on the membrane surfaces of
ischemic cardiomyocytes and endothelial cells [14,15]. In experimental coronary artery
ligation models, PS/PE exposure occurred within 5 minutes of ischemia and remained
exposed for over 6 hours [16]. PS/PE-exposed membranes on the ischemic cells could
promote the assembly of extrinsic tenase (TF/FVIIa), intrinsic tenase (FVIIIa/FIXa), and
prothrombinase (FVa/FXa), leading to initiation/amplification/propagation of coagulation
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cascade. We developed a series of 2-domain recombinant fusion proteins, each consisting of
a human annexin V (ANV) domain linked to a Kunitz protease inhibitor (KPI) domain,
abbreviated ANV-KPIs [17]. ANV is a 35 kDa protein with strong binding affinity (Kd ~nM
range) for PS/PE-exposed membranes, KPIs are 6–7 kDa serine protease inhibitors that
inhibit various coagulation proteases. ANV-KPIs were capable of binding specifically to PS/
PE-exposed membranes (site of coagulation cascade and thrombogenesis) via their ANV
domain. After docking onto the membrane surfaces, juxtaposition of the KPI domain with
the active site of the enzyme/cofactor assemblies resulted in highly efficient inhibition of the
coagulation complexes. Among our ANV-KPI series, ANV-6L15 efficiently inhibited the
TF/VIIa complex on the surface of the PS/PE-exposed membrane, with an in vitro
anticoagulant potency ~1200% that of the full-length human tissue factor pathway inhibitor
(TFPI) in TF-induced plasma clotting assay [17]. We speculated that specific localization of
ANV-6L15 to the PS/PE-exposed membrane surfaces of ischemic cells could greatly
enhance the inhibition of the membrane-associated TF/FVIIa, thereby preventing generation
of coagulation proteases and subsequent cell signaling via PAR-1/PAR-2. In this study, we
investigated the cardioprotective effects of ANV-6L15 in a rat myocardial I-R model in
comparison to hirudin, a leach-derived direct thrombin inhibitor.

Materials and Methods
Recombinant ANV-6L15

Escherichia coli BL21(DE3)pLysS and the expression vector pET20b(+) (Novagen,
Madison, WI, USA) were used for the expression of ANV-6L15 and the recombinant
protein was purified and characterized as described before [17].

Myocardial I-R injury model
Male Sprague Dawley rats weighing 230–300 g were used for this study. The animal
protocol was approved by the Animal Care and Use Committee of Chang Gung Memorial
Hospital-Keelung. All animals received humane care in compliance with the Guide for the
Care and Use of Laboratory Animals (US National Institutes of Health publication No.
85-23, revised 1996). Ten rats were used in each group. Myocardial I/R was induced by
ligation of the left coronary artery according to the method of Wang et al. [18]. Briefly,
under anesthesia (isoflurane inhalation), the right femoral artery was cannulated (PRS-LS2,
Scisense Inc. Canada) for hemodynamic measurements with a P-V conductance system
(Millar Instruments, Inc.; Huston, TX) coupled to a PowerLab/4SP A/D converter (AD
Instruments; Mountain View, CA) and a personal computer, and the right femoral vein used
for drug administration. Blood samples were drawn at various time points. Prothrombin time
(PT) and activated partial thromboplastin time (aPTT) were measured with a coagulometer
(Coatron M1, TECO GmbH, Germany). Under ventilation with isoflurane (induced with 3–
4% and maintained with 1.5–2.5%), the heart was exposed via a left thoracotomy performed
at the fifth intercostal space, followed by encircling the left descending coronary artery with
a 6–0 prolene suture-snare about 7 mm from its origin at the base of the heart. Regional left
ventricular ischemia was produced by tightening the snare and occluding the coronary artery
for 45 minutes. The coronary snare was then released to allow 4 hours of reperfusion as
confirmed by visualizing an epicardial hyperemic response. After 4 hours of reperfusion, all
animals were sacrificed with an intravenous bolus of concentrated pentobarbital. The
myocardial tissue was isolated and processed for calculation of infarct size and histological
analysis.

To assess the cardio-protective effect of ANV-6L15 on myocardial I/R injury, a single bolus
of ANV-6L15 in normal saline at various dosages (2.5, 5.0, 10, 50 and 250 μg/kg) was
administered intravenously to rats either 1 minute before (n=10, subgroup a) or 2 minutes
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after (n=10, subgroup b) coronary ligation. Control rats (n=10) received same volume
normal saline injections. To determine the effect of thrombin inhibition on myocardial I/R
injury, rats (n=10) were treated with recombinant hirudin (lepirudin; Hoechst Marion
Roussel, Kansas City, MO). Hirudin treatment began with an intravenous administration of a
1 mg/kg bolus 30 minutes before ischemia; 45 minutes later, an intravenous infusion of 1
mg/kg/hour was given for 1 hour, and then an infusion of 0.5 mg/kg/hour throughout the
remaining reperfusion period. This dosing protocol has been shown to prolong the activated
partial thromboplastin time (aPTT) to greater than twice baseline values throughout the
period of ischemia and reperfusion [19]. Although this dosing scheme was commonly used
in experimental animal studies, much lower doses (0.05–0.1 mg/kg/min continuous infusion
without a loading bolus) were used for human clinical applications because of increased
bleeding risks [20,21]. Thus, the dose of hirudin used in previous and current animal studies
represent a supra-clinical dosage.

Determination of Infarct Size
The myocardial infarct size after 45-min ischemia and 4-h reperfusion was determined as
described by Erlich et al. [10]. Briefly, at the completion of the 4-hour reperfusion period,
the coronary artery was re-occluded, and 20% Evans blue dye (Sigma Chemical Co.) was
injected into the right atrium to identify all perfused tissue (blue). The area of myocardium
receiving its blood supply from the ligated vessel remained pink, thus demarcating the
regions of the left ventricle (LV) at risk (AR) for injury. After arrest with pentobarbital, the
heart was rapidly excised, weighed, and cut into 2-mm-thick cross-sections in parallel with
the atrioventricular groove. The LV was isolated from the remainder of the heart and
weighed. The normal LV myocardium (blue) was separated from the LV myocardial AR
area for injury (pink). The AR area was then placed in a 37°C solution of 1%
triphenyltetrazolium chloride (Sigma Chemical Co. St. Louis, MO) for 30 minutes, staining
the viable tissue brick red and leaving the necrotic zone pale white. Red-stained
(noninfarcted) tissue was separated from white-stained (infarcted; necrotic) tissue under a
dissecting microscope, and each area was weighed. The percentage of LV at risk for
infarction (% AR) was calculated by dividing the weight of the LV AR area by the weight of
the total LV. The percentage infarct size within the area of AR was calculated by dividing
the weight of necrotic tissue by the weight of the LV AR area.

Determination of plasma levels of troponin I, TNF-α and sICAM-1
The blood was collected in sodium citrate-containing tubes, centrifuged for 15 min at 4°C,
3,000g, and the plasma was stored at −80°C until assayed for cytokines. Enzyme-linked
immunosorbent assays (ELISA) were performed according to the manufacturers'
specifications to measure the plasma concentrations of troponin I (cTnI, Life Diagnostics,
Inc., West Chester, PA), tumor necrosis factor-α (TNF-α) and intercellular adhesion
molecule-1 (sICAM-1) (R&D Systems, Inc., Minneapolis, MN). The changes in plasma
levels of cTnI, TNF-α, and sICAM-1 after reperfusion were expressed as percentages over
the pre-ligation plasma levels of cTnI, TNF-α and sICAM-1, respectively.

PMN accumulation
Reperfused cardiac tissues were harvested and washed with PBS, embedded in OTC, and
stored at −80°C. Cardiomyocytes were counterstained with Hoechst 33342 (Invitrogen Co,
Carlsbad, CA) and anti-sarcomeric actin (DakoCytomation, Denmark). PMN accumulation
in the LV AR area of myocardium was detected with anti-rat granulocytes (Pharmingen, San
Diego, CA). The number of PMNs in 10 randomly selected high-power fields (x 400) from
the AR regions was counted. PMN accumulation was compared by counting the number of
PMNs among 500 cardiomyocytic nuclei and expressed as PMNs as a percentage of
myocytic nuclei.
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Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick-end labeling (TUNEL)
The cardiomyocytic nuclei were counterstained with Hoechst 33342 (Invitrogen Co,
Carlsbad, CA). TUNEL was carried out to detect cells undergoing apoptosis as described
previously [22]. To quantify cardiomyocytic apoptosis, 500 cardiomyocytic nuclei were
identified in 10 randomly selected 400x high-power fields per section. The results were
expressed as the number of TUNEL-positive cardiomyocytic nuclei as a percentage of the
total number of cardiomyocytic nuclei.

Data analysis
The data were expressed as mean ± standard deviation (SD). Statistical evaluation of data
between groups was performed by analysis of variance, and Student's t test was used when
ANOVA followed by a Tukey's test or Kruskal-Wallis tests indicated significance for
multiple comparisons. Statistical significance was set at a probability value of less than 0.05.

Results
Effects of ANV-6L15 and hirudin on infarct size and plasma levels of cTnI, TNF-α and
sICAM-1

We used a well-characterized rat myocardial I-R model for this study. Regional ischemia
was produced by ligation of the left descending coronary artery for 45 min followed by
releasing the ligature to allow reperfusion for 4 hours. Figure 1(A) shows that bolus
administration of ANV-6L15 at doses of 2.5 μg/kg, 5.0 μg/kg, 10 μg/kg, 50 μg/kg, and 250
μg/kg reduced infarct size by 67–87 % compared with the vehicle control. There was a
slight trend toward greater reduction in infarct size when ANV-6L15 was administered 2
minutes post-ligation compared to 1 minute pre-ligation. The difference in infarct size
reduction might be due to short circulating half-life (t1/2 ~15 min, unpublished data) of
ANV-6L15. For comparison, hirudin was administered to rats by bolus injection (1 mg/kg)
30 min before ischemia followed by continuous infusion at 0.5–1 mg/kg/h. Hirudin
treatment reduced infarct size 47% compared with the vehicle control. Thus, hirudin was
less potent than ANV-6L15 in protection against I-R induced myocardial infarction.

Figure 1(B) shows the effects of ANV-6L15 and hirudin on the plasma levels of cTnI.
ANV-6L15 dose-dependently decreased plasma cTnI level by 67.2% to 95.8 % compared
with vehicle-treated control. Hirudin decreased cTnI levels 81.6% relative to the control. At
10 μg/kg dose or greater, ANV-6L15 was more effective than hirudin in reducing plasma
level of cTnI. Administration of ANV-6L15 before or after coronary ligation resulted in
slightly different plasma levels of cTnI, however, the differences were not statistically
significant. Figure 1(C) shows that ANV-6L15 at all doses (2.5–250 μg/kg) reduced plasma
TNF-α levels approximately 95.8%–97.6 % while hirudin reduced plasma TNF-α 90.8%
compared with the control. The plasma levels of sICAM-1 was reduced approximately
67.5%–83.3 % by all doses of ANV-6L15 and hirudin compared with the control [Figue
1(D)].

Effects of ANV-6L15 and hirudin on hemodynamics
Hmodynamics (mean blood pressure, maximum and minimum dP/dT, and heart rate)
recorded at 2-minute after coronary ligation, during reperfusion, and after 4-hour reperfusion
are shown in Figure 2. Mean pressure decreased progressively with time during I-R from
83% to 74 % of the baseline value in the control group. ANV-6L15 treated groups showed
smaller decrease of mean pressure below baseline during I-R at lower doses (2.5–5 μg/kg),
and could maintain the mean pressure close to baseline at higher doses (50–250 μg/kg). In
comparison, the mean pressure in the hirudin-treated group was 95 % that of baseline at 2-
minute after coronary ligation, but dropped to 80% of baseline after 4-hour reperfusion.
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Thus, ANV-6L15 dose-dependently protected against the decrease of mean pressure during
I-R and this protection was greater than that conferred by hirudin. The maximum and
minimum dP/dT decreased progressively with time during I-R to 68 % and 64 % of
baselines, respectively, during I-R. ANV-6L15 treatment dose-dependently decreased the
drop in maximum and minimum dP/dT and restored them towards baseline values. Hirudin
treatment only partially reduced the changes of maximum and minimum dP/dT during IR.
The heart rate decreased to 67% of baseline during I-R in the control group. ANV-6L15
treatment dose-dependently decreased the change in heart rate and restored the heart rate to
near baseline during I-R. Hirudin treatment was also effective in preventing decreases in
heart rate during I-R.

PT and aPTT
Plasma samples were collected at four time points (baseline, 2-minute after ligation, 45-
minute after ligation and 4-hour reperfusion) during I-R for the measurement of PT and
aPTT. Figure 3 (A) shows PT of different groups treated with hirudin and different doses of
ANV-6L15 before coronary ligation. ANV-6L15 did not elevate PT over baseline
significantly except at the highest dose (250 μg/kg). Injection of 250 μg/kg ANV-6L15
before coronary ligation elevated PT less than 2-fold at 2-minutes after ligation, but the PT
returned to baseline when measured at 45-minutes after ligation and 4-hour reperfusion. In
contrast, hirudin treatment did not elevate PT during ischemia, but the PT increased
approximately 4-fold over baseline at 4-hour reperfusion. Figure 3(B) shows similar PT
results when ANV-6L15 was administered 2-minutes after coronary ligation. Figure 3 (C)
and (D) show that hirudin treatment prolonged the aPTT up to 4-fold of baseline; none of
the ANV-6L15 treated groups showed detectable change in aPTT.

PMN accumulation
Leukocyte infiltration into the AR area in the reperfused hearts was assessed after 4-hours of
reperfusion as described in Methods. Figure 4(A) shows representative images of PMN
infiltration. The number of PMNs infiltrating the AR area was scored. Figure 4(B) shows
that ANV-6L15 injection at various doses reduced PMN infiltration 54.7%–82.3 % after 4
hours of reperfusion compared with the vehicle-treated group. Hirudin treatment reduced the
PMN infiltration approximately 50% compared with the vehicle-treated control.

TUNEL detection of apoptosis in myocardium
Figure 5(A) shows representative examples of TUNEL-positive cardiomyocytic nuclei with
nicked DNA in the vehicle control and groups treated with ANV-6L15 and hirudin. Figure
5(B) shows that apoptotic cell counts, expressed as a percentage of the total number of
cardiomyocytic nuclei counted. ANV-6L15 at lower doses (2.5 and 5.0 μg/kg) did not
protect against cardiomyocyte apoptosis compared with control group; however, apoptosis
protective effect increased as the ANV-6L15 dosage increased from 10 μg/kg to 250 μg/kg.
The result was in sharp contrast with that of the infarct size estimation, in which even the
lowest dose caused a large decrease in infarct size (Fig. 1A). This discrepancy might be
related to the multiple possible mechanisms of cell death (e.g. necrosis vs. apoptosis) after I-
R injury reported previously. Hirudin treatment also decreased cardiomyocyte apoptosis.
Doses of ANV-6L15 over 50.0 μg/kg had a significantly greater protective effect against
cardiomyocyte apoptosis than hirudin.

Discussion
Myocardial infarct volume is the most critical determinant for long-term prognosis after
acute myocardial infarction (AMI). Thus, development of cardioprotective therapies to
reduce the size of the infarct due to myocardial I-R injury has been the main objective of
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research on ischemic myocardial disease in the past few decades. In this study, we showed
that ANV-6L15 reduced myocardial infarct size after I-R by 67–87% at doses (2.5–250 μg/
kg) that caused little or no perturbation to coagulation parameters such as aPTT and PT. In
comparison, hirudin treatment reduced infarct size by only 47 % in the same model at a
supra clinical dosage, but caused greater than four-fold increases in aPTT and PT. The
reduction of infarct size by ANV-6L15 was also significantly greater than the 44–61 %
infarct size reduction observed in previous studies using bolus doses of 1–2 mg/kg anti-TF
antibodies [10], 1 mg/kg bolus dose of FVIIai [11] or 1mg/kg bolus plus 0.5–1 mg/kg
continuous infusion of hirudin [10]. These data suggests that treatment with the
thrombogenic site-targeted ANV-6L15 could achieve greater reduction of infarct size with
less risk for bleeding side effect compared with treatment with conventional anticoagulants
that induce a state of systemic anticoagulation. In addition, ANV-6L15 elicited a broad
range of cardioprotective effects, including normalization of hemodynamics, reduction of
plasma TNF-α and sICAM-1 levels by 96–97 %, and attenuation of PMN infiltration and
cardiomyocyte apoptosis. These outstanding efficacy and safety profiles suggest that
ANV-6L15 might be useful for cardioprotection against myocardial I-R injury. Limitations
remain with this study however, as many therapeutic interventions previously shown to
protect against myocardial I-R injury in animal models have failed to translate into human
clinical applications. Further verification of the cardioprotective effect of ANV-6L15 in
larger animal models might be needed before moving into clinical testing.

Molecular and cellular events underlying myocardial I-R injury are complex. Its
pathogenesis reflects the confluence of divergent biological pathways, including ion
channels, reactive oxygen species, inflammation, endothelial dysfunction, mitochondria
abnormalities, cardiomyocyte apoptosis and necrosis [5,6]. TF-thrombin pathway
contributes to myocardial I-R injury, as modulation of this pathway resulted in significant
cardioprotection [10–12] similar to interventions of other biological pathways [5–7].
ANV-6L15 effectively blocked the initiation of TF pathway, thereby inhibiting generation
of coagulation proteases and PAR signaling. PAR-1 and PAR-2 couples to members of the
G-protein families to elicit diverse cardiovascular actions [23–26], including inflammatory
responses [23,24,27], modulation of ion channels [28–29], arrhythmogenesis [30], increased
microvascular permeability [31] and acute cardiomyocyte death [32]. Thus, TF pathway
cascade and PAR-1/PAR-2 signaling are likely critical upstream events that lead to
subsequent biochemical and cellular alterations that result in myocardial injury. The
cardioprotective effect of ANV-6L15 might be attributed to its efficient blockade of the
upstream TF pathway cascade, thereby preventing PAR-1/PAR-2 signaling and myocardial
injury. ANV-6L15 bound to PS/PE-exposed cells membranes with increased affinity
compared to ANV [33], and could affect membrane-related events [34] and survival of cells
undergoing apoptosis [35]. Thus, ANV-6L15 might also exert its cardioprotective effect
partly through modulation of membrane functions and cell apoptosis. TF was prominently
expressed in myocardium and up-regulated by I-R [10]. PAR-1 and PAR-2 were also
abundantly expressed by endothelial cells and cardiomyocytes in the heart [24]. Ischemic
insult damages the endothelium, increases endothelial permeability [32] and causes
externalization of PS/PE on endothelial cells and cardiomyocytes [14–16]. These changes
facilitate the localization of ANV-6L15 to the ischemic endothelium and cardiomyocytes
because of high affinity binding of the fusion protein to PS/PE-exposed membranes. The
membrane-docking action in turn facilitates the inhibition of the membrane-anchored TF/
FVIIa by 6L15 domain, resulting in highly efficient blockade of the initiation of TF pathway
cascade. PAR-1/PAR-2 cell signaling has been shown to occur immediately after formation
of minute amounts of TF/FVIIa/FXa ternary complex (low pM) [25,26] and thrombin (50
pM) [24] during the initiation of TF pathway cascade. By specific localization on the PS/PE-
exposed membranes, ANV-6L15 might inhibit the membrane-anchored TF/VIIa far more
efficiently than other anticoagulants that exist in the fluid phase. As a consequence,
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ANV-6L15 can inhibit TF pathway cascade and PAR-1/PAR-2 cell signaling more
effectively than conventional anticoagulants that require high concentrations in circulating
blood to suppress TF pathway activation. In this study, bolus injection of 2.5–250 μg/kg of
ANV-6L15 conferred highly potent cardioprotection against I-R injury with little or no
effect on plasma aPTT and PT. In another animal study, bolus injection of 10–100 μg/kg of
ANV-6L15 blocked thrombogenesis after balloon injury for >6 hours despite its short
circulating half-life (t1/2 ~15 min). These results suggest that ANV-6L15 could passivate the
thrombogenic sites without inducing a state of systemic anticoagulation, and therefore lead
to reduced bleeding tendency. Based on these efficacy and safety profiles, we suggest that
ANV-6L15 may be a promising drug candidate for cardioprotection against myocardial I-R
injury and other antithrombotic applications.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effects of ANV-6L15 and hirudin on infarct size and plasma levels of Troponin I, TNF-α
and sICAM-1. Groups of 10 rats each were subjected to 45 minutes of ischemia followed by
4 hours of reperfusion and treated with the indicated doses of ANV-6L15, hirudin, or
vehicle control either 1 minute before or 2 minutes after coronary ligation. As shown in on-
line supplements (Fig. S1 and Table S1), the AR/LV% for each group was not significantly
different from the control group (p values vs. control were all > 0.05 with an average of
37.1±2.6 % AR/LV across all groups). (A) Infarct size as a percentage of area at risk (AI/AR
%); (B) plasma levels of cardiac troponin I; (C) plasma levels of TNF-α; and (D) plasma
levels of intercellular adhesion molecule 1 (ICAM-1). Results were normalized to the
plasma concentrations of troponin I, TNF-α, and ICAM-1 per mg of total plasma protein
(*P < 0.05 vs. control group; #P <0.05 vs. hirudin).
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Figure 2.
Percentage of changes of (A) mean blood pressure, (B) maximum dP/dT, (C) minimum dP/
dT, and (D) heart rate, compared with baseline of various groups through 45-minute
ischemia and 4-hour reperfusion period. (*P < 0.05 vs. control group)
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Figure 3.
Prothrombin time (PT) and activated partial thromboplastin time (aPTT) over the time
course of I-R. Blood samples were taken at the indicated time points. (A) PT after
ANV-6L15 injection at 1 minute before coronary ligation; (B) PT after ANV-6L15 injection
at 2 minute after coronary ligation; (C) aPTT after ANV-6L15 injection at 1 minute before
coronary ligation; and (D) aPTT after ANV-6L15 injection at 2 minute after coronary
ligation. Data represented mean ± SD. Asterisks indicate a statistically significant difference
(P < 0.05) compared to baseline.
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Figure 4.
ANV-6L15 treatment reduced PMN accumulation after myocardial I-R in vivo. ANV-6L15
was injected 1 minute before or 2 minutes after coronary ligation as indicated. (A)
Representative images of PMN infiltration after 4-hours reperfusion; and (B) Number of
infiltrated PMNs as a percentage of myocytic nuclei in the AR area. The number of PMNs
among 500 myocytic nuclei in 10 high-power fields (400x) were counted and expressed as
% of myocytic nuclei. Data were expressed as mean ± SD (n=10 per group). *P<0.05 in
comparison to control group; #P<0.05 in comparison to hirudin group.
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Figure 5.
Effects of ANV-6L15 and hirudin on I-R induced cardiomyocyte apoptosis detected by
TUNEL method. (A) Representative TUNEL staining of apoptotic nuclei (green) in tissues
treated as indicated. Magnifications: large frame, 20x; small insert, 100x fluorescence
microscopy. (B) The percentage of TUNEL(+) apoptotic cardiomyocytic nuclei in tissues
treated as indicated (*P < 0.05 compared with control group; #P<0.05 compared with
hirudin group).
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