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■ Abstract Myocardial ischemia/reperfusion (I/R) injury is partly medi-
ated by thrombin. In support, the functional inhibition of thrombin has been
shown to decrease infarct size after I/R. Several cellular responses to throm-
bin are mediated by a G-protein coupled protease-activated receptor 1
(PAR1). However, the role of PAR1 in myocardial I/R injury has not been well
characterized. Therefore, we hypothesized that PAR1 inhibition will reduce
the amount of myocardial I/R injury.After we detected the presence of PAR1
mRNA and protein in the rat heart by RT-PCR and immunoblot analysis, we
assessed the potential protective role of SCH 79797, a selective PAR1 antag-
onist, in two rat models of myocardial I/R injury. SCH 79797 treatment im-
mediately before or during ischemia reduced myocardial necrosis following
I/R in the intact rat heart. This response was dose-dependent with the opti-
mal dose being 25 μg/kg IV. Likewise, SCH 79797 treatment before ischemia
in the isolated heart model reduced infarct size and increased ventricular re-
covery following I/R in the isolated heart model with an optimal concentra-
tion of 1 μM. This reduction was abolished by a PAR1 selective agonist. SCH
79797-induced resistance to myocardial ischemia was abolished by wort-
mannin, an inhibitor of PI3 kinase; L-NMA, a NOS inhibitor; and gliben-
clamide, a nonselective KATP channel blocker. PAR1 activating peptide, wort-
mannin, L-NMA and glibenclamide alone had no effect on functional
recovery or infarct size.A single treatment of SCH 79797 administered prior
to or during ischemia confers immediate cardioprotection suggesting a po-
tential therapeutic role of PAR1 antagonist in the treatment of injury result-
ing from myocardial ischemia and reperfusion.

■ Key words myocardial ischemic reperfusion injury – protease-activated
receptors – thrombin receptor antagonist

Introduction

The protease activated receptors (PARs) are comprised
of four members belonging to a seven transmembrane
G protein-coupled receptor family. PAR1, PAR2, PAR3,
and PAR4 are encoded by different genes but are related
by their unique mechanism of activation. Proteolytic

cleavage of the N-terminus by thrombin or other serine
proteases exposes a tethered ligand, which then transac-
tivates the receptor [16, 26]. Thrombin is a non-selective
activator of PAR1; therefore, in experimental systems,
synthetic activating peptides (AP) containing 5–14
amino acid residues corresponding to the tethered lig-
and are used to selectively activate the receptor in the
absence of thrombin [26]. The peptide TFLLR-amide is
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a PAR1 AP. PAR1 was originally detected in platelets
where its activation causes platelet activation and ag-
gregation [26]. In addition, PAR1 has been shown to be
expressed in endothelial cells, vascular smooth muscle
cells, and cardiomyocytes [10, 17, 23]. PARs modulate a
variety of physiological processes depending on which
PAR is expressed, which cell type it is acting on, and
which serine protease activates it.

PAR1 has been implicated in a variety of cardiovas-
cular pathologies. Its activation on platelets and en-
dothelium contributes to platelet aggregation and
thrombosis during acute coronary syndromes.Aberrant
overexpression of PAR1 has been documented in the en-
dothelium and vascular smooth muscle cells of human
atherosclerotic arteries [20]. In addition, PAR1 activa-
tion is partly responsible for restenosis seen after bal-
loon angioplasty [2]. Therefore, not surprisingly, PAR1
antagonists have been sought after to put into clinical
use for the treatment of acute coronary syndromes and
the prevention of in-stent restenosis [6].

PAR1 has been implicated in myocardial ischemia/
reperfusion (I/R) injury as functional inhibition of
thrombin was shown to decrease infarct size [7,12].More
recently,PAR1 deficiency in a PAR1 knockout mouse has
been demonstrated to be protective against renal failure
in a model of renal I/R [24]. Even though PAR1 is ex-
pected to be activated by thrombin at the time of my-
ocardial injury, little is known about its role in determin-
ing the extent of myocardial I/R injury. Therefore, we
studied the ability of SCH 79797 (SCH), an antagonist of
PAR1 [1], to protect the heart against injury from I/R.We
hypothesized that SCH 79797, acting through PAR1,
would be able to protect the heart against injury caused
by I/R resulting in a decrease in infarct size and an in-
crease in recovery of ventricular function after ischemia.
We selected in vitro and in vivo models of regional my-
ocardial ischemia and reperfusion to determine the abil-
ity of SCH to confer acute cardioprotection in the rat.

Materials and methods

Male Sprague Dawley (SD) rats at 8 weeks of age used in
this study received humane care in compliance with the
“Guide for the Care and Use of Laboratory Animals”
formulated by the National Research Council, 1996.
SCH (N–3-cyclopropyl-7-{[4-(1-methyl-ethyl)phenyl]
methyl}–7H-pyrrolo{3,2-f]quinazoline-1,3-diamine)
was obtained from Tocris Bioscience, Ellisville, MD.

■ RT-PCR

Total RNA was prepared from fresh heart tissues using
TRIzol® Reagent according to the manufacturer’s proto-
col (Invitrogen, Carlsbad, CA) and purified with RNeasy

Mini Kit (Qiagen, Melbourne,Australia). cDNA was pre-
pared from 1 μg total RNA using an iScript cDNA Syn-
thesis Kit (Bio-Rad, Hercules, CA).

Forward and reverse primers used for amplifying hu-
man PAR1 were prepared commercially, based on pub-
lished data [25]: sense 5’-CCTATGAGACAGCCA-
GAATC-3’, antisense 5’-GCTTCTTGACCTTCATCC-3’
(PCR product 495 bp). The conditions for amplification
were 95 °C for 2 min for one cycle, 95 °C for 30 s, 55 °C
for 30 s, 72 °C for 60 s for 30 cycles and 72 °C for 1 min
for 1 cycle. Two microliters of cDNA was used in each re-
action along with iTaq DNA Polymerase and dNTP mix
(Bio-Rad, Hercules, CA). Electrophoresis was conducted
on a 4 % agarose gel stained with ethidium bromide.

■ Immunoblot analysis

The free walls of the left ventricle were powdered in a
liquid nitrogen cooled mortar and pestle. Ice-cold RIPA
buffer (50 mM Tris-HCL, pH 7.5, 1 % Nonidet P-40,
0.1mM EDTA, 0.1mM EGTA, 0.1 % SDS, 0.1 % deoxy-
cholic acid) was added to powdered tissue, homoge-
nized for 15 strokes and then centrifuged at 10,000xg at
4 °C for 10 min. Protein concentration was measured by
the bicinchoninic acid protein assay. Aliquots of ho-
mogenates were mixed with sample buffer, boiled for 5
minutes, run on a 10 % polyacrylamide SDS gel and then
transferred to a nitrocellulose membrane. After the
membrane was blocked with 5 % non-fat milk in PBS, it
was incubated with a 1:200 dilution of the primary anti-
body (Anti-Thrombin Receptor, Cat No. 611523BD, Bio-
sciences, San Jose, CA) in PBS containing 0.1 % Tween-
20, 3 % bovine serum albumin and 0.1 % sodium azide.
The blots were then incubated with the secondary anti-
body, followed with enhanced chemiluminescence solu-
tion (Amersham Life Science,Arlington Heights, IL) and
then exposed to film for 1 minute.

■ SCH and cardioprotection studies in vivo

An in vivo anesthetized rat model was used for these ex-
periments with the general surgical protocol and deter-
mination of infarct size described previously [22]. For
infarct size studies, rats (n = 6) underwent 30 min of re-
gional ischemia followed by 180 min of reperfusion.
SCH was administered intravenously over 1 min starting
15 min prior to or 15 min after the onset of ischemia in
a separate series of experiments (n = 6).

■ SCH and cardioprotection studies in vitro

Rats were anesthetized with a mixture containing pen-
tobarbital sodium (50 mg/kg) and heparin (1000 IU/kg)
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i. p. Excised hearts were retrograde perfused through
the aorta with a modified Krebs buffer and instru-
mented as previously described [4]. Briefly, coronary
flow rate (CFR) was determined by timed collection of
the coronary effluent. A saline-filled latex balloon con-
nected to a pressure transducer was inserted into the left
ventricle (LV), and baseline end-diastolic pressure was
set at 5–10 mmHg. Heart rate, LV end-diastolic pressure,
and LV developed pressures (LVDP) were recorded con-
tinuously. The measurements for post-ischemic recov-
ery of LVDP used for comparison were taken at 180 min
of reperfusion. After stabilization for 15–20 min, the
hearts (n = 8 per group) were subjected to 30 min of re-
gional ischemia, followed by 180 min of reperfusion.
Group 1 received no treatment (Fig. 1A). The hearts in
group 2 were infused continuously with different con-
centrations of SCH from 15 min prior to coronary oc-
clusion until occlusion (Fig. 1B). The hearts in group 3
were continuously infused an inhibitor (lepirudin,
PAR1-AP, wortmannin, L-NAME, or glibenclamide)
starting at 30 min prior to occlusion (Fig. 1C).The hearts
in group 4 were continuously infused with an inhibitor
(lepirudin, PAR1-AP, wortmannin, L-NAME, or gliben-
clamide) starting 15 min prior to the commencement of
SCH infusion (i. e. from 15 min prior to ischemia) for 30
min (Fig. 1D).

■ Infarct induction and measurement

To induce ischemia,a ligature was positioned around the
left main coronary artery and threaded through a plas-
tic snare to permit reversible occlusion of the coronary
artery. Coronary occlusion was induced for 30 min by
clamping the snare onto the heart. Reperfusion was

achieved by releasing the snare. At the end of 180 min
reperfusion, the coronary artery was re-occluded, and
the risk zone was delineated by perfusion 0.5 % Evans’
blue into the aortic cannula. Hearts were sectioned and
incubated in 1 % triphenyltetrazolium chloride in phos-
phate buffer (pH 7.4, 37 °C) for 15 min to define white
necrotic tissue when fixed in 10 % formalin for 24 h.Area
at risk (AAR) and infarct-to-risk ratios were determined
by computerized planimetry using J-Image v 0.1.6 soft-
ware (NIH, Bethesda, MD).

■ Statistical analysis

Data reported are mean ± SD. Statistical analysis was
performed by use of repeated measures ANOVA with the
Greenhouse-Geisser adjustment used to correct for the
inflated risk of a Type I error [3]. If significant, the
Mann-Whitney test was used as a second step to identify
which groups were significantly different [3]. Signifi-
cance was set at P < 0.05.

Results

■ Presence of PAR1 in the heart

Isolated mRNA from whole heart homogenates was re-
verse transcribed and then amplified using primers
based on the rat sequence for PAR1. PAR1 mRNA is con-
stitutively expressed in the rat heart (Fig. 2A, lanes 2–4).
The presence of PAR1 protein in whole heart ho-
mogenates obtained from SD rats was then detected by
Western blotting (Fig. 2B, lanes 1–3). K-526 cells were
used as a positive control (Fig. 2B, lane 3). These obser-

Fig. 1 Schematic showing experimental protocols.
All hearts were subjected to 30 min regional ischemia
after a 50 min stabilization period and followed by
180 min of reperfusion. The control group (A) re-
ceived no treatment. The SCH group (B) was continu-
ously perfused with different concentrations of SCH
15 min prior to the onset of ischemia. The inhibitor
groups were continuously perfused with an inhibitor
(lepirudin, PAR1 AP, wortmannin, L-NMA, or gliben-
clamide) for the 30 min prior to ischemia without (C)
or with (D) the addition of SCH 15 min prior to is-
chemia
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vations indicate that the rat heart expresses PAR1 mRNA
and protein.Despite several trials,we were not able to lo-
calize the cell types expressing PAR1 via immunohisto-
chemistry of fixed and sectioned rat heart tissue al-
though our positive control pancreas tissue stained with
the PAR1 antibody (data not shown).

■ SCH 79797 and cardioprotection in vivo

We then determined the ability of SCH to limit injury
from myocardial I/R in vivo. We first performed a dose-
response analysis, using 2.5, 10, 25, 50, 100, or 250 μg/kg
doses, to determine the optimal protective dose. The
principal endpoint of this study is infarct size, expressed
as a percentage of the area at risk (AAR). Infarct size was
62 ± 3 % of the area at risk (AAR) in the control group.
No significant change in infarct size was noted with the
lowest (2.5 μg/kg) and highest (250 μg/kg) doses of SCH.
However, a graded reduction was seen with the 10–100
μg/kg doses with 25 μg/kg being the optimally effective
dose (Fig. 3A). These hearts had an infarct size of
43 ± 5 % of the AAR, which is approximately a 31 % re-
duction in infarct size compared to the control.

Table 1 summarizes the hemodynamics between
groups. There were no statistically significant differ-
ences in baseline parameters between the groups. Is-
chemia reduced mean arterial pressure (MAP) from
baseline in all groups. Higher doses of SCH (100 and 250
μg/kg) had a larger reduction in MAP when compared
to the control group or groups which received lower
doses of SCH; however, this did not reach statistical sig-
nificance. The reduction in mean arterial pressure con-
tinued in the drug treated groups during reperfusion
but never reached significance. However, the changes in
MAP did significantly affect the rate-pressure product

(RPP), an indicator of myocardial oxygen demand, in
the 100 μg/kg and 250 μg/kg dose groups. These doses
reduced the RPP by 25 % and 18 %, respectively,
(P < 0.05) without a change in heart rate.

We then determined whether SCH reduces infarct
size when given during ischemia. Rats were treated with
an IV bolus of 25 μg/kg SCH 15 min after the onset of is-
chemia. SCH was able to reduce infarct size when ad-
ministered during ischemia but to a lesser extent than
administering SCH before ischemia (Fig. 3B).

■ SCH 79797 and cardioprotection studies in vitro

We then studied the effects of SCH in an isolated heart
model. We first performed a concentration-response

Fig. 2 Analysis of PAR1 expression by RT-PCR and immunoblotting in fresh rat
heart tissue. A Determination of PAR1 mRNA by RT-PCR. Total mRNA was amplified
by RT-PCR with specific primers as described under Materials and methods. Prod-
ucts were separated on a 2 % (w/v) agarose gel, stained with ethidium bromide.
PAR1 (355bp, lane 2–4) were detected in 3 different rat hearts analyzed. Lane 5 is
a negative control that contains the PAR1 primers but no DNA. GAPDH (835bp, lane
6) is an internal control. Lane 1 represents a 100 bp ladder standard. B Determina-
tion of PAR1 protein by immunoblot analysis of rat heart ventricles using an anti-
PAR1 antibody. Lanes 1–3 contains protein extract from 3 different rat ventricles.
Lane 4 contains the positive control, protein extracts from the cell line K-562
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ischemia, followed by 30 min of regional ischemia and 180 min reperfusion. Data
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analysis, using 0.01, 0.1, 0.5, 1.0, 5.0, or 10.0 μM, to deter-
mine the optimal protective dose.

A similar reduction in infarct size was also seen in an
isolated heart model of regional I/R injury (Fig. 4A).The
isolated control hearts produced an infarct size of
51 ± 3 % of the AAR. Continuous administration of SCH
for 15 min immediately before ischemia resulted in a
concentration-dependent reduction of infarct size. One
micromolar SCH led to the largest reduction in infarct
size (30 ± 5 %), a 41 % decrease. SCH had no significant
effect on infarct size when either a 10-fold higher or
lower concentration was used.

Similarly, SCH increased recovery of left ventricular
developed pressure (LVDP) in a concentration-depen-
dent manner.Again, the optimal concentration was 1 μM
(Fig. 4B).There were no differences in hemodynamics at
any time points measured between control and SCH-
treated groups (data not shown).

The limitation of infarct size of SCH was abolished by
co-treatment with 20 μM PAR1 AP (49 ± 8 %, Fig. 5A).
PAR1 AP did not affect infarct size (50 ± 7 %) when given
alone. Likewise, the co-treatment with PAR1 AP also
blocked the recovery of LVDP (57 ± 4 % pre-ischemic
LVDP,Fig. 5B) and did not affect LVDP when given alone
(57 ± 5 %).

■ Thrombin is present and mediates ischemia/
reperfusion injury in an isolated heart model

To verify that thrombin is present in the isolated heart
model, we assayed for prothrombin and thrombin using
immunoblot analysis. Not only was prothrombin pre-
sent but also thrombin and the prothrombin cleavage
products Fragment 1 + 2 (F1 + 2). Furthermore, Frag-
ment 1 (F1) and Fragment 2 (F2) were also detected sig-
nifying that thrombin is active in our heart preparation
(Fig. 6A).

We then treated our isolated hearts with lepirudin, a
direct thrombin inhibitor, with or without SCH. Throm-

Table 1 Hemodynamic values for SCH 79797 dose-response studies in vivo. Data are mean ± SE, n = 6/group, * P<0.05, SCH 79797 plus ischemia vs ischemia alone. MAP
mean arterial pressure, RPP rate pressure product

Baseline 15min Ischemia 3hr Reperfusion

Heart rate, MAP, RPP Heart rate, MAP, RPP Heart rate, MAP, RPP 
beats/min mmHg mmHg/sec beats/min mmHg mmHg/sec beats/min mmHg mmHg/sec

Drug-free control 356±8 139±6 49±3 368±8 104±3 38±3 312±7 91±3 28±6

SCH 79797 (2.5 μg/kg) 370±10 122±4 45±3 370±11 114±9 42±6 340±20 78±4 27±3

SCH 79797 (10 μg/kg) 350±15 124±5 44±3 358±14 106±8 38±7 338±13 71±6 24±3

SCH 79797 (25 μg/kg) 374±7 128±3 48±2 370±6 119±8 44±3 356±5 83±9 30±4

SCH 79797 (50 μg/kg) 355±15 128±5 45±1 340±11 97±9 34±8 335±5 79±9 26±1

SCH 79797 (100 μg/kg) 347±7 122±5 42±2 333±15 98±9 33±8 327±7 77±11 21±1*

SCH 79797 (250 μg/kg) 376±7 119±3 45±2 344±6 87±7 30±3 320±10 71±5 23±2*

Fig. 4 SCH concentration-response study in vitro. Rat hearts were perfused for 15
min with SCH (0.01, 0.1, 0.5, 1, 5, 10 μM) prior to 30 min of regional ischemia and
180 min reperfusion. A Percent infarction of left ventricular after SCH treatment. B
Recovery of left ventricular developed pressure. Data are mean ± S. D., n = 8
hearts/group. * = P < 0.05, SCH vs. drug-free control
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bin inhibition was associated with a reduction in infarct
size by 57 % (Fig. 6B). SCH co-perfused with lepirudin
did not significantly decrease infarct size any further
than lepirudin alone. Likewise, lepirudin with or with-
out SCH significantly increased LVDP when compared
to the control (Fig. 6C).

■ Role of the PI3K/Akt pathway in SCH 79797-induced
cardioprotection in vitro

PI3K/Akt is an important mediator of cardioprotection
[5]. To determine whether SCH-induced cardioprotec-
tion is mediated by PI3K/Akt, isolated hearts were per-
fused with the PI3K inhibitor, wortmannin, alone for 15
min or in combination with SCH (1 μM) for another 15
min prior to ischemia and reperfusion. Wortmannin

Fig. 5 Inhibition of SCH cardioprotective effects by a PAR1 activation peptide. Rat hearts were perfused with saline, SCH, PAR1 AP or SCH plus PAR1 AP for 15 min prior to
30 min of regional ischemia and 180 min reperfusion. A Percent infarction. B Recovery of left ventricular developed pressure. Data are mean ± S. D. n = 6 hearts/group.
* = P < 0.05, SCH vs. drug-free control
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hearts. C Lepirudin with or without increases LVDP af-
ter I/R in isolated rat hearts. Data are means ± SD
(n = 6 hearts/group). * = P < 0.05, Lepirudin or Lep-
irudin plus SCH vs. drug-free control

60

1 2

In
fa

rc
t S

iz
e 

(%
 A

AR
)

Re
co

ve
ry

 o
f L

VD
P 

(%
)

80

Prothrombin

Thrombin
Fragment 1+2

Fragment 1
Fragment 2

60

40

20

0

40

* *

20

0
Control Lepirudin Lepirudin

+
SCH

* *

Control Lepirudin Lepirudin
+

SCH
b

a

c

350_358_Strande_BRC_653  31.05.2007  12:51 Uhr  Seite 355



356 Basic Research in Cardiology, Vol. 102, No. 4 (2007)
© Steinkopff Verlag 2007

(100 nM) abrogated the cardioprotective effect of SCH
(Fig. 7A and D).Wortmannin alone has no effect on car-
dioprotection. Our data suggest that the cardioprotec-
tive effects of SCH are mediated by PI3K/Akt.

■ Role of nitric oxide synthase in SCH-induced
cardioprotection in vitro

Increased NO produced by activating NOS protects the
heart against injury from I/R [18].To determine whether
SCH protects the heart by a mechanism involving nitric
oxide synthase, hearts were perfused with L-NMA
(100 μM), a general NOS inhibitor alone for 15 min prior
to ischemia or in combination with SCH (1 μM) for a
further 15 min prior to ischemia. L-NMA abolished the
cardioprotective effect of SCH but had no effect alone
(Fig. 7B and E). These data suggest that NOS mediates
the cardioprotective effects of SCH.

■ Role of KATP channels in SCH 79797-induced
cardioprotection in vitro

KATP channels, highly expressed in myocardial sar-
colemma and thought to be expressed in myocardial mi-
tochondria,have been found to serve as triggers and me-
diators of cardioprotection [8, 13, 19, 21]. To investigate
a role for KATP channels in mediating SCH-induced car-
dioprotection, hearts were perfused with the non-selec-
tive KATP channel blocker, glibenclamide, alone for 15
min or in combination with SCH (1 μM) for 15 min prior
to ischemia. Glibenclamide (3 μM) completely abolished
the cardioprotective effect of SCH (Fig. 7C and F).
Glibenclamide alone had no effect on infarct size. Our
data suggest that the cardioprotective effects of SCH are
mediated by a KATP channel.

Fig. 7 SCH-induced cardioprotection
in vitro is mediated through PI3K/Akt,
NOS, and KATP channels. Percent infarc-
tion with a PI3K/Akt (A), NOS (B), and a
KATP channel (C) inhibitor with or with-
out prior treatment with SCH and recov-
ery of left ventricular developed pres-
sure with a PI3K (D), NOS (E), or a KATP

channel (F) inhibitor with or without
prior treatment with SCH. The PI3K in-
hibitor was wortmannin (100 nM). The
NOS inhibitor was L-NMA (100 μM). The
potassium channel blocker was gliben-
clamide (3 μM). Data are means ± SD
(n = 8 hearts/gp). * = P < 0.05, SCH vs.
drug-free control
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Discussion

The major finding of this study is that a single treatment
with SCH, a selective PAR1 antagonist, before or during
ischemia significantly reduces infarct size associated
with I/R injury. In addition, we have demonstrated that
inhibition of PI3K/Akt, NOS, and KATP channels abro-
gates the cardioprotection induced by inhibition of
PAR1. Collectively, these data suggest that inhibition of
PAR1 protects against I/R injury via a mechanism that
involves the activation of PI3K/Akt,NOS,and KATP chan-
nels.

Although PAR1 mRNA has been detected in rat car-
diomyocyte cell cultures [23], neither the mRNA nor the
protein has been shown to be present in the rat heart.
Since mRNA expression does not always correlate with
protein production and because culturing cells in vitro
may change gene expression patterns,we extended these
findings and show that both PAR1 mRNA and protein
are found in intact rat hearts. We were not able to con-
firm these findings in fixed sectioned rat heart tissue by
immunohistochemistry although our positive control
pancreas tissue stained with the PAR1 antibody. This is
most likely due to low expression levels of PAR1 in the
rat heart. Our finding correlates with the weak signal we
detected by immunoblot analysis.

Since PAR1 is activated by thrombin, which is gener-
ated from circulating prothrombin, we first used an in
vivo model of I/R injury to study the effects of PAR1 in-
hibition. We found that a single treatment with SCH be-
fore or during ischemia reduces cardiac necrosis and in-
creases the recovery of ventricular function following
reperfusion in vivo. This effect of SCH on infarct size re-
duction is dose-dependent with optimal protection oc-
curring at 25 μg/kg IV.

Platelet PAR1 activation causes platelet aggregation,
endothelial PAR1 activation causes vasodilation and
vascular smooth muscle PAR1 activation causes vaso-
constriction [9]. Furthermore, it causes the up-regula-
tion of PECAM and ICAM on the endothelium and fa-
cilitates the influx of inflammatory mediators to the site
of injury. Therefore, to eliminate hemodynamic and
blood-borne cellular influences, we employed an iso-
lated heart preparation. We confirmed that thrombin is
still present and active in this model; thereby maintain-
ing the potential to cleave and activate PAR1. Further-
more, the direct inhibition of thrombin with lepirudin is
cardioprotective; thus, implicating thrombin in I/R in-
jury in the isolated heart model. We then found that a
treatment with SCH before ischemia reduces infarct size
and increases the recovery of ventricular function fol-
lowing reperfusion in a concentration dependent man-
ner in vitro. One micromolar SCH was found to be the
optimal concentration to confer cardioprotection in this
model system. Increased resistance to myocardial is-
chemia conferred by SCH was blocked by the PAR1 acti-

vating peptide TFLLR-amide indicating an obligatory
role for the PAR1 receptor in cardioprotection. We be-
lieve our study is the first to demonstrate the cardiopro-
tective effects of SCH and PAR1 blockade on I/R injury
in the heart.

The cardioprotective effect of SCH is observed im-
mediately after treatment indicating that rather than
producing the induction of new genes, post-transla-
tional modification of existing proteins and subsequent
activation of cell survival mediators is necessary to
manifest its cardioprotective effect. Indeed, the signal-
ing pathways by which SCH protects against myocardial
I/R injury are mediated in part by the activation of
PI3K/Akt, NOS, and KATP channels. PI3K/Akt activation
has been shown to be an important component which
results in a decrease in apoptosis which occurs after
reperfusion. NOS acts as a mediator against myocardial
stunning and infarction. Activation of KATP channels is
thought to serve as both a trigger and an end effector in
the signal transduction pathway of acute precondition-
ing. Currently there are two KATP channels thought to be
present in the cardiac myocyte, one in the sarcolemma
(sarc KATP channel) and one in the inner mitochondrial
membrane (mito KATP channel). There is evidence to
suggest that opening either channel may be important in
producing cardioprotection although the bulk of evi-
dence suggests that it is the mito KATP channel that is re-
sponsible for mediating the protective effect of ischemic
preconditioning [14, 15]. The role of additional compo-
nents in the signaling pathway by which the heart is pro-
tected by SCH against injury remains unknown.

■ Study limitations and scope for further work

The mechanism behind SCH’s ability to up-regulate the
cardioprotection pathway is currently unknown. SCH
may be able to activate PI3K/Akt, NOS, and KATP chan-
nels directly or indirectly. A direct activation is unlikely
since specific activation of PAR1 with PAR1 activating
peptides abolished the cardioprotective effect of SCH
indicating that SCH works exclusively through the PAR1
pathway. This finding correlates with the published
specificity of SCH in platelet activation [1]. Therefore,
most likely SCH induces the activation of PI3K/Akt,
NOS and KATP channels indirectly. It is unclear what role
PAR1 plays in the activation of PI3K/Akt, NOS and KATP
channels. Therefore, we propose that blocking the in-
duction of the PAR1 signaling pathway, allows for an-
other signaling pathway to become dominant and
thereby the activation of PI3K/Akt, NOS, and KATP chan-
nels is increased. We speculate that this is possible by
SCH uncoupling G proteins from PAR1 and making
them available to other receptors involved in cardiopro-
tection.
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Conclusion

In conclusion, we have demonstrated for the first time
that SCH attenuates myocardial injury and dysfunction
related to myocardial I/R injury when given before or
during ischemia. These cardioprotective effects appear
to be related to the inhibition of PAR1. The results of this
study provide strong evidence that a PAR1 antagonist

has important beneficial effects during ischemia and
reperfusion and represents a novel cardioprotective
strategy in the clinical setting of myocardial ischemia
and reperfusion as encountered during cardiac surgery
or during myocardial infarction.
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