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1 Thrombin has well characterized pro-in¯ammatory actions that have recently been suggested to
occur via activation of its receptor, proteinase-activated receptor-1 (PAR1).

2 In the present study, we have compared the e�ects of thrombin to those of two peptides that
selectively activate the PAR1 receptor, in a rat hindpaw oedema model. We have also examined
whether or not thrombin can exert anti-in¯ammatory activity in this model.

3 Both thrombin and the two PAR1 activating peptides induced signi®cant oedema in the rat
hindpaw following subplantar injection.

4 The oedema induced by thrombin was abolished by pre-incubation with hirudin, and was
markedly reduced in rats in which mast cells were depleted through treatment with compound 48/80
and in rats pretreated with indomethacin. In contrast, administration of the PAR1 activating
peptides produced an oedema response that was not reduced by indomethacin and was only slightly
reduced in rats pretreated with compound 48/80.

5 Co-administration of thrombin together with a PAR1 activating receptor resulted in a
signi®cantly smaller oedema response than that seen with the PAR1 activating peptide alone. This
anti-in¯ammatory e�ect of thrombin was abolished by pre-incubation with hirudin.

6 These results demonstrate that the pro-in¯ammatory e�ects of thrombin occur through a mast-
cell dependent mechanism that is, at least in part, independent of activation of the PAR1 receptor.
Moreover, thrombin is able to exert anti-in¯ammatory e�ects that are also unrelated to the
activation of PAR1.
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Introduction

Well recognized for its role in the coagulation cascade,
thrombin is now known to a�ect its target tissues, in part,

via the proteolytic activation of cell surface G-protein-coupled
receptors (Rasmussen et al., 1991; Vu et al., 1991; Ishihara et
al., 1997; Xu et al., 1998). The unique mechanism whereby

thrombin activates its G-protein-coupled receptors involves
the proteolytic unmasking of an N-terminal amino acid
sequence that acts as a tethered, self-activating ligand. Three

of these Proteolytically-Activated-Receptors (PARs) for
thrombin have now been described (PAR1, PAR3 and PAR4),
with distinct tethered-ligand sequences (SFLLRNPN... for
human PAR1 and TFRGAPPN... for human PAR3; (Vu et al.,

1991; Ishihara et al., 1997); GYPGQV... for human PAR4; (Xu
et al., 1998; Kahn et al., 1998). A remarkable property for
PAR1 (but not PAR3) is that synthetic peptides based on the

proteolytically-revealed PAR1 sequence (e.g., SFLLR-NH2), in
isolation, are able to activate the receptor, so as to mimic the
actions of thrombin in platelets or other target tissues (Vu et

al., 1991; Hollenberg et al., 1992). The pharmacology of PAR4

has yet to be studied in depth, but does not appear to be
triggered by PAR1-activating peptides. PAR3, which rather

than PAR1, represents the thrombin-activated receptor in

rodent platelets, is not activated by synthetic peptides based
either on its own revealed tethered ligand (TFRGAP-NH2) or

on the PAR1-activating peptides (formerly termed thrombin
receptor-activating peptides, or TRAPs, such as SFLLR-
NH2). Nonetheless, PAR1-activating peptides, like SFLLR-

NH2 are also able to activate PAR2, a proteinase-activated
receptor triggered by trypsin but not thrombin. PAR2, which is
distinct from three thrombin receptors cloned to date (Nystedt

et al., 1994) and has a unique tethered ligand sequence
(SLIGRL...). Because of the ability of the above-mentioned
PAR1-derived peptides to activate both PAR1 and PAR2

(Blackhart et al., 1996; Hollenberg et al., 1997), we have

sought to develop selective PAR1 activating peptides by
altering the peptide sequence derived from the tethered ligand
of human PAR1. We have found that two peptides, TFLLR-

NH2 (TF-NH2) (Hollenberg et al., 1997) and Apara¯uor-
oFRCyclohexylACitY-NH2 (Cit-NH2) (Vergnolle et al., 1998)
are highly selective for PAR1, compared with PAR2, and can

therefore be used as surrogates for thrombin to activate PAR1

in vivo, without concurrently activating PAR2.
Apart from causing e�ects on target cells via the proteolytic

activation of the G-protein-coupled receptors, PAR1, PAR3

and PAR4, thrombin also exhibits chemotactic and mitogenic
activity due to two peptide sequences that lie outside its
catalytic domain (Bar-Shavit et al., 1983; 1984; Herbert et al.,*Author for correspondence; E-mail: wallacej@ucalgary.ca
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1994; Stiernberg et al., 1993; Glenn et al., 1988). These non-
catalytic actions of thrombin, in addition to its ability to
catalyze the formation of ®brin, may contribute to the

potential role of thrombin in the in¯ammatory response.
Previous work has shown that thrombin can cause e�ects that
accompany an in¯ammatory response, including increased
vascular permeability (Malik & Fenton, 1992), degranulation

of mast cells (Razin & Marx, 1984), increased endothelial
adhesion of neutrophils (Toothill et al., 1990), chemotaxis and
aggregation of neutrophils (Bizios et al., 1986) and stimulation

of cytokine release from endothelial cells (Stankova et al.,
1995; Ueno et al., 1996) and from vascular smooth muscle
(Kranzhofer et al., 1996). The precise role of the thrombin

receptors (PAR1, PAR3 or PAR4) in these pro-in¯ammatory
actions of thrombin is of considerable interest. In a recent
study, Hirulog was observed to attenuate the in¯ammatory

e�ect of thrombin in a carrageenan-induced rat paw oedema
model (Cirino et al., 1996). Since Hirulog (a derivative of
hirudin) can bind both to the catalytic site and the anion-
binding exosite of thrombin (Maraganore et al., 1990;

Skrzypczak-Jankun et al., 1991), it could block the actions of
thrombin mediated both by the catalytic activation of PARs
and by the non-catalytic activities of the exosite mitogenic/

chemotactic peptide domains. To distinguish between these
alternatives, Cirino et al. (1996) made use of the PAR1-
activating peptide, SFLLRNPNDKYEPF (TRAP-14), to

evaluate its actions in the paw oedema model in comparison
with thrombin. Because TRAP-14 mimicked the oedema
response elicited by thrombin, causing mast cell degranulation

and increased vascular permeability, it was concluded that the
pro-in¯ammatory e�ects of thrombin were due to its activation
of PAR1. However, as pointed out above, data appearing
subsequent to the study of Cirino et al. (1996) show that

TRAP-14 can activate both PAR1 and PAR2 (Blackhart et al.,
1996; Hollenberg et al., 1997; Kawabata et al.,1999), and that
TRAP-14 is not able to activate PAR3 (Ishihara et al., 1997).

Thus, the conclusion that PAR1 activation alone accounts for
the pro-in¯ammatory actions of thrombin, based on the
in¯ammatory action of TRAP-14, requires a re-evaluation.

In view of the above discussion, the work we describe in this
report was done with two aims in mind. First, we wished to use
our newly developed PAR1-selective activating peptides (TF-
NH2 and Cit-NH2) to determine if they would, like TRAP-14,

mimic the actions of thrombin in a rat paw oedema model of
in¯ammation. Second, we wished to examine in further detail,
the mechanism and extended time course of the in¯ammatory

response induced by thrombin and the selective PAR1-
activating peptides (PAR1APs). Our data show that PAR1

activation alone cannot account for all of the e�ects of

thrombin in this model of in¯ammation. Moreover, our results
reveal a novel anti-in¯ammatory action of thrombin that has
yet to be appreciated.

Methods

Animals

Male, Wistar rats (175 ± 200 g) were obtained from Charles

River Breeding Farms (Montreal, QC, Canada). The rats had
free access to food and water and were housed under constant
temperature (228C) and photoperiod (12-h light-dark cycle).

All experimental procedures were approved by the Animal
Care Committee of the University of Calgary and were
performed in accordance with the guidelines established by
the Canadian Council on Animal Care.

Paw oedema

A basal recording of paw volume was made using a

hydroplethismometer (Ugo Basile, Milan, Italy). The rats were
lightly anaesthetized with Halothane (5%). A subplantar
injection of one of the test substances was then made (n=5
per group in all experiments). The test substances were always

injected as a total volume of 0.1 ml. The test substances were
initially dissolved in HEPES (25 mM, pH 7.4), then diluted in
sterile 0.9% saline to give the desired concentration. The test

substances included thrombin (1.5 and 20 U per paw), the
PAR1APs, Cit-NH2 and TF-NH2 (500 mg), and the control
peptide FSLLRY-NH2 (FS-NH2; 500 mg). Paw volume was

measured every hour for 6 h after the injection.
To determine whether or not any pro-in¯ammatory activity

of thrombin was due to its proteolytic activity, additional

experiments were performed in which subplantar injections of
thrombin (5 U per paw), hirudin (5 U per paw) or
thrombin+hirudin (5 U of each pre-incubated together for
20 min at 378C before the injection) were performed. Hirudin

binds to thrombin, inhibiting its proteolytic activity.
For the evaluation of the e�ects of drugs on oedema

formation, some groups of rats were pretreated with indo-

methacin (5 mg kg71, p.o.) or No-nitro-L-arginine methyl ester
(L-NAME; 25 mg kg71, i.p.) 1 h before the subplantar injection
of thrombin or a PAR1AP. The control groups received the

vehicles for indomethacin and L-NAME (5% NaHCO3 and
saline, respectively). Other groups of rats were treated with
compound 48/80 to depletemast cells in the paw, as described by

DiRosa et al. (1971). Brie¯y, compound 48/80 (0.1% solution in
0.9% sterile saline) was injected intraperitoneally each morning
and evening for 4 days prior to the paw oedema experiment. The
doses employed were 0.6 mg kg71 for the ®rst six injections and

1.2 mg kg71 for the last two injections. The test substances in the
paw oedema experiments were administered 5 ± 6 h after the
®nal injection of compound 48/80.

E�ects of thrombin on PAR1AP-induced paw oedema

Paw oedema experiments were performed, as described above,
except that each rat received two injections (50 ml each) into a
hindpaw. Four groups of rats (n=5 in each) were studied: (i)
thrombin (5 U) plus vehicle, (ii) PAR-1AP (500 mg) plus

vehicle, (iii) thrombin (5 U) plus PAR1AP (500 mg), and (iv)
vehicle alone (100 ml). The PAR1AP used in these experiments
was Cit-NH2. Additional experiments were then performed in

which rats received subplantar injections of Cit-NH2 (500 mg)
plus hirudin (5 U per paw) or Cit-NH2 (500 mg) together with
thrombin+hirudin (5 U of each pre-incubated together for

20 min at 378C before the injection).

Histology

Rats (n=6 per group) were given a 0.1 ml subplantar injection
of either the inactive peptide FS-NH2 (500 mg), the PAR1APs
Cit-NH2 (500 mg) and TF-NH2 (500 mg), or vehicle and were

killed 6 h later. The injected paws were removed and ®xed by
immersion in formalin for 24 h before being embedded in
para�n wax. Sections (5 mm) were cut and stained with

haematoxylin and eosin to reveal structural features.

Materials

All peptides, prepared by solid phase synthesis, were obtained
from the peptide synthesis facility of the University of Calgary
Faculty of Medicine (director, Dr D. McMaster). The
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composition and the purity of all peptides were con®rmed by
HPLC analysis, mass spectral analysis and amino acid
analysis. Stock solutions prepared in HEPES bu�er, pH 7.4

(25 mM), were analysed by quantitative amino acid analysis to
verify peptide concentration and purity. Thrombin (EC
3.4.21.5, 1460 NIH units mg71), hirudin, indomethacin, L-
NAME and compound 48/80 were purchased from Sigma

Chemical Co. (St. Louis, MO, U.S.A.).

Statistical analysis

All results are reported as means+s.e.mean. Comparisons
among groups were performed using the two-sided Student's t-

test with Bonferroni correction. With all statistical analyses, an
associated probability (P value) of less than 5% was
considered signi®cant.

Results

Oedema induced by thrombin

Injection of thrombin into the rat hindpaw resulted in the

development of oedema which persisted for up to 6 h (Figure
1). At the lowest concentration tested (1 U per paw), the
magnitude of the oedema response was not signi®cantly

di�erent from that observed following injection of vehicle.
With higher concentrations of thrombin (5 and 20 U per paw),
a more profound and long-lasting oedema response was

observed. No di�erence in the magnitude of the oedema was
observed between the 5 and 20 U per paw doses.

To verify that the observed oedema was produced through
the action of thrombin itself, we tested the e�ects of thrombin

(5 U per paw) that had been pre-incubated with the thrombin
inhibitor, hirudin (5 U). No oedema was observed after the
injection of thrombin+hirudin (Figure 1A) or the injection of

hirudin alone (5 U per paw; not shown).

In¯ammation induced by PAR1APs

The two selective PAR1APs (Cit-NH2 and TF-NH2) each
induced a signi®cant oedema response when injected into the
rat hindpaw (Figure 1B). In each case, the oedema response was

signi®cantly greater (from the second hour through the sixth
hour) than that observed when the control peptide was injected.
Notwithstanding, the partial reverse-sequence peptide, FS-

NH2, which is unable to activate PAR1, did yield an oedema
response between 1 and 2 h that was greater than that seen with
saline alone (Figure 1B). The oedema response to Cit-NH2 was

about 2 fold greater than that observed with thrombin.
Histologic examination of paws injected with the PAR1-APs

Cit-NH2 and TF-NH2, revealed a complete disruption of tissue

architecture and oedema, as compared with control tissue
sections of rat injected with vehicle. The tissues of rat paws
injected with the control peptide FS-NH2 exhibited some
disruption of tissue architecture but less marked than that

observed after PAR1APs injection. Numerous granulocytes
were evident in the paws of rats injected with the two PAR1-
APs (Cit-NH2 and TF-NH2), but no in®ltrating cells were

observed in the paws of rats injected either with the inactive
peptide FS-NH2 or with vehicle.

Role of mast cells

Prior treatment with compound 48/80 resulted in an oedema
response to thrombin that was no greater that the administra-

tion of saline alone (Figures 1A and 2A). The oedema observed
following injection of the control peptide (FS-NH2) was also
reduced to control levels by pretreatment of the animals with

compound 48/80 (Figure 2B). In contrast, compound 48/80
only produced a small reduction (signi®cant at the fourth and
®fth hour) in the oedema response to the selective PAR1AP,
Cit-NH2 (Figure 2B).

Role of prostaglandins

Pretreatment with indomethacin abolished the oedema
induced by thrombin (Figure 3A). In contrast, indomethacin
pretreatment resulted in a signi®cant increase in the oedema

induced by the PAR1AP, Cit-NH2, and had no e�ect on the
oedema induced by the control peptide, FS-NH2 (Figure 3B).

Role of nitric oxide

Pretreatment with L-NAME did not signi®cantly a�ect the
oedema response to thrombin (Figure 4A), nor did it a�ect the

oedema response to the Cit-NH2, or the control peptide, FS-
NH2 (Figure 4B).

Figure 1 (A) Increase in rat hindpaw volume following injection of
thrombin or thrombin that had been pre-incubated with hirudin.
Thrombin caused signi®cant oedema formation at doses of 5 and
20 U per paw. The pre-incubation of thrombin with hirudin resulted
in a signi®cant reduction in oedema at hours 1 through 5 post-
injection (P50.05). (B) Increase in rat hindpaw volume following
injection of a PAR1 activating peptide (Cit-NH2 and TF-NH2, each
at 500 mg paw71) or a control peptide (FS-NH2, 500 mg paw71).
Asterisks denote signi®cant di�erences (P50.05) between the control
peptide group and the other two groups.
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E�ects of thrombin+PAR1-activating peptide

Co-administration of thrombin with the PAR1AP, Cit-NH2,

resulted in a signi®cant reduction (by *50%) of the oedema
response compared to that produced by the PAR1AP alone
(Figure 5A). Administration of hirudin together with Cit-NH2

had no e�ect on the oedema response compared to that seen
with Cit-NH2 alone. However, hirudin completely blocked the
anti-in¯ammatory e�ect of thrombin (Figure 5B).

Discussion

The ability of thrombin to activate human platelets and to
in¯uence the function of numerous other cells is mediated
through the proteolytic activation of a receptor that is now

referred to as PAR1 (Vu et al., 1991; Hollenberg, 1996). In the
present study, we have demonstrated that thrombin can exert
both pro- and anti-in¯ammatory actions, and that these

actions occur, at least in part, through mechanisms distinct
from the activation of PAR1. These conclusions are based on
our observation that thrombin has a di�erent pro®le of activity
in the paw oedema assay than two selective PAR1APs. For

example, the oedema induced by thrombin was almost
completely abolished by prior depletion of mast cells (with
compound 48/80) and by pretreatment with indomethacin. In

contrast, the oedema induced by the PAR1APs was slightly

increased (Cit-NH2) or not a�ected (TF-NH2) by indometha-
cin pretreatment, and only marginally reduced in rats treated
with compound 48/80. Moreover, the combined administra-
tion of thrombin and a selective PAR1AP revealed anti-

in¯ammatory e�ects of thrombin, in that the magnitude of the
oedema response was signi®cantly less (*50%) than that
observed following injection of the PAR1AP alone.

Cirino et al. (1996) recently reported that the pro-
in¯ammatory e�ects of thrombin were mediated through
activation of PAR1. This conclusion was based on their

observations that injection of TRAP-14 resulted in paw
oedema similar to that seen with thrombin itself. They also
demonstrated that the pro-in¯ammatory e�ects of TRAP-14

were almost completely inhibited by compound 48/80 and
attenuated to some extent by indomethacin. Our observations
with respect to thrombin were consistent with those of Cirino
et al. (1996), but the observations with respect to TRAP-14

and our new PAR1APs were divergent. These discrepancies
may be explained by di�erences in the time frame of the two
studies, and in the lack of selectivity of TRAP-14 for PAR1

(Blackhart et al., 1996; Hollenberg et al., 1997; Kawabata et
al., 1999). In the present study, the oedema responses were
monitored for 6 h following injection of the test substances,

while in the study of Cirino et al. (1996), the responses were
monitored for only 90 min. Surprisingly, we found that a
signi®cant oedema response (compared to that observed with

saline alone) could be detected during the ®rst 1 ± 2 h following
the administration of a control peptide (FS-NH2) that cannot
activate PAR1 (Vu et al., 1991; Vassallo et al., 1992). However,
unlike after administration of PAR1APs, no cell in®ltration

Figure 2 (A) E�ects of prior depletion of mast cells (through
pretreatment with compound 48/80) on the increase in hindpaw
volume following injection of thrombin. The two groups di�ered
signi®cantly (P50.05) at hours 1 through 6 post-injection. (B) E�ects
of prior depletion of mast cells on the increase in hindpaw volume
following injection of a PAR1 activating peptide (Cit-NH2) or a
control peptide (FS-NH2). Asterisks denote signi®cant di�erences
from the corresponding group not treated with compound 48/80.

Figure 3 (A) E�ects of pretreatment with the cyclo-oxygenase
inhibitor, indomethacin (5 mg kg71), on the increase in hindpaw
volume following injection of thrombin. Indomethacin pretreatment
had no signi®cant e�ect on the oedema response. (B) E�ects of
pretreatment with indomethacin (5 mg kg71) on the increase in
hindpaw volume following injection of a PAR1 activating peptide
(Cit-NH2) or a control peptide (FS-NH2). Indomethacin signi®cantly
increased (*P50.05) the oedema response to the PAR1AP, while
having no e�ect on the response to the control peptide.
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was observed after the injection of the control peptide FS-

NH2. The oedema response to the partial reverse-sequence
peptide was completely inhibited by compound 48/80, and was
therefore likely due to activation of mast cells. It is possible
that the mast cell-dependent portion of the oedema response to

PAR1APs and the reverse-sequence control peptide may have
been attributable to the aromatic/basic residues in these
peptides. Such residues could potentially activate mast cells

in a manner similar to the activation caused by compound 48/
80, a formaldehyde Schi�-base conjugate of N-methyl-O-
methylphenylethylamine, that can also expose mast cells to

both aromatic and basic substituents. Further, the oedema
response observed in previous work employing TRAP-14 may
also have been due to the concurrent activation of PAR2. A

recent study showed that PAR2 activation by the PAR2AP,
SL-NH2 caused an increase in vascular permeability (Kawa-
bata et al. 1998). While the ability of thrombin to activate mast
cells is well established (Razin & Marx, 1984), this e�ect may

occur independent of the activation of PAR1. It is possible that
the thrombin-induced activation of mast cells may be due to
the exosite peptide domains, which have previously been

shown to mediate the chemotactic and mitogenic activity of
thrombin (Bar-Shavit et al., 1983; Glenn et al., 1988).

A potential anti-in¯ammatory e�ect of thrombin was

suggested by the observation that the oedema response it
produced was consistently smaller in magnitude to what could
be achieved with a selective PAR1AP. As mentioned above,

such an e�ect was con®rmed by the observation that the
administration of thrombin together with the PAR1AP, Cit-
NH2, resulted in a signi®cantly attenuated oedema response.
Like the pro-in¯ammatory e�ects of thrombin, the anti-

in¯ammatory activity was abolished by pre-incubation with

hirudin. These `anti-in¯ammatory' actions of thrombin may be
due to its ability to activate PAR3, PAR4 or other PARs (Tay-
Uyboco et al., 1995; Ishihara et al., 1997; Kahn et al., 1998;

Vergnolle et al., 1998; Xu et al., 1998) that may be present in
the paw tissue. Alternatively, it is possible that the `anti-
in¯ammatory' e�ects of thrombin are due to the activity of the

noncatalytic exosite peptide domains on the molecule
discussed above (Bar-Shavit et al., 1983; 1984; Glenn et al.,
1988; Herbert et al., 1994; Stiernberg et al., 1993, Hollenberg et
al., 1996).

Our results clearly show that PAR1 activation in the rat paw
displays the two main features of in¯ammatory process: a
vascular response characterized by an oedema and granulocyte

in®ltration. However, the mechanism of action of the selective
PAR1APs in terms of inducing oedema formation is not clear.
PAR1 activation has been shown to result in the liberation of

arachidonic acid and eicosanoids (Bills et al., 1977; Weksler et
al., 1978; Kramer et al., 1993; Bartoli et al., 1994), which could
contribute to the in¯ammatory response. However, the lack of

an inhibitory e�ect of indomethacin on the oedema observed
following PAR1AP administration suggests that the e�ect was
not mediated via a prostanoid. PAR1 activation can also result
in liberation of nitric oxide (Draijer et al., 1995), but

pretreatment with the nitric oxide synthase inhibitor, L-
NAME, failed to modify the oedema response to the selective
PAR1APs. Since only enzymatically active thrombin has been

observed to increase vascular endothelial permeability (Malik

Figure 4 (A) E�ects of pretreatment with the nitric oxide synthase
inhibitor, L-NAME (25 mg kg71), on the increase in hindpaw
volume following injection of thrombin. L-NAME pretreatment had
no signi®cant e�ect on the oedema response. (B) E�ects of
pretreatment with L-NAME (25 mg kg71) on the increase in hindpaw
volume following injection of a PAR1 activating peptide (Cit-NH2) or
a control peptide (FS-NH2). L-NAME pretreatment had no
signi®cant e�ect on the oedema response.

Figure 5 (A) E�ects of subplantar co-administration of thrombin
(5 U per paw) and the PAR-1 activating peptide (Cit-NH2) on
hindpaw volume. The oedema response following administration of
thrombin and the PAR1AP was signi®cantly smaller than that
produced by injection of the PAR1AP alone (*P50.05 versus the
group treated with PAR1AP alone). (B) E�ects of hirudin on the
oedema response to the PAR1-activating peptide, Cit-NH2, and on
the anti-in¯ammatory e�ect of thrombin observed when it was co-
administered with Cit-NH2.
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& Fenton, 1992), and since PAR1 receptors are present on the
endothelial cell (Nelkin et al., 1992), it is possible that the
vascular endothelium represents the target for the PAR1APs in

the paw oedema model. The endothelial cell PAR1 target for
thrombin may thus play a distinct role in the overall biological
e�ects that thrombin can cause. The two selective PAR1APs
have previously been shown not to activate PAR2 (Hollenberg

et al., 1997; Vergnolle et al., 1998; Kawabata et al., 1999), and
PAR3 has been found to be refractory to PAR-AP activation
(Ishihara et al., 1997). We cannot rule out the possibility,

however, that these peptides activate either PAR4 or another,
as yet unidenti®ed PAR, such as the proteinase-activated
receptor in the rat jejunum which we found to be

pharmacologically distinct from PAR1, PAR2 and PAR3

(Vergnolle et al., 1998).
In conclusion, the results of the present study demonstrate

that thrombin is able to exert both anti- and pro-in¯ammatory
e�ects when injected into a rat hindpaw. In contrast to a
previous report (Cirino et al., 1996), these studies suggest that

the actions of thrombin cannot be attributed entirely to
activation of PAR1. Indeed, we provide evidence that the pro-
in¯ammatory e�ects of thrombin are mechanistically distinct

from the pro-in¯ammatory e�ects of selective PAR1-activating
peptides. Further studies are required to fully understand the
mechanisms responsible for the pro- and anti-in¯ammatory
activities of thrombin.
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