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The fibrinolytic system attenuates vascular tone: effects of tissue
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microcirculation

*15Samuel N. Heyman, 'Zohair Hanna, *Taher Nassar, 'Ahuva Shina, *Sa’ed Akkawi,
3Marina Goldfarb, “‘Seymour Rosen & **Abd-Al Roof Higazi

"Department of Medicine, Hadassah University Hospital, Mt Scopus, P.O. Box 24035, Jerusalem 91240, Israel; Department of
Biochemistry, Hadassah Hospital, Ein Kerem, Jerusalem, Israel; *The Renal Unit, Bikur Holim Hospital, Jerusalem, Israel;
“Department of Pathology, Beth Isracl Deaconess Medical Center and Harvard Medical School, Boston, U.S.A. and *The Hebrew

University Medical School, Jerusalem, Israel

1 The renal medulla is a major source of plasminogen activators (PA), recently shown to induce
vasodilation in vitro. Treatment with PA inhibitors has been associated with renal dysfunction,
suggesting compromised renal microvasculature. We investigated the impact of the PA inhibitor
epsilon amino-caproic acid (EACA) upon vascular tone in vitro, and studied the effect of both tPA
and EACA upon intrarenal hemodynamics in vivo.

2 In vitro experiments were carried out in isolated aortic rings and with cultured vascular smooth
muscle cells. Studies of renal microcirculation and morphology were conducted in anesthetized
Sprague—Dawley rats.

3 Inisolated aortic rings, EACA (but not the other inhibitors of the fibrinolytic system PAI-1 or -2
antiplasmin) reduced the half-maximal effective concentration of phenylephrine (PE) required to
induce contraction (from 32 nM in control solution to 2 and 0.1 nM at EACA concentrations of 1 and
10 uM, respectively). Using reteplase (retavase) in the same model, we also provide evidence that the
vasoactivity of tPA is in part kringle-dependent. In cultured vascular smooth muscle cells, Ca>*
internalization following PE was enhanced by EACA, and retarded by tPA.

4 In anesthetized rats, EACA (150 mgkg™") did not affect systemic blood pressure, total renal or
cortical blood flow. However, the outer medullary blood flow declined 12+2% below the baseline
(P<0.03). By contrast, tPA (2mgkg™"), transiently increased outer medullary blood flow by 8+ 5%
(P<0.02). Fibrin microthrombi were not found within the renal microvasculature in EACA-treated
animals.

5 In conclusion, both fibrinolytic and antifibrinolytic agents modulate medullary renal blood flow
with reciprocal effects of vasodilation (PA) and vasoconstriction (EACA). In vitro studies suggest that
these hemodynamic responses are related to direct modulation of the vascular tone.
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Introduction

An intact intrarenal fibrinolytic system, counter-balancing local
procoagulants, is essential for maintaining the patency
of renal capillaries and for the prevention of plugging of
the urinary collecting system by blood clots. Renal tissues are
a major source of plasminogen activators (PAs). Tissue
plasminogen activator (tPA) mRNA is abundant in renal
vascular endothelium, while urinary plasminogen activator
(uPA), produced by tubular cells, is secreted into the urine
Xu et al., 1996) and perhaps also acts on adjacent
microcirculation. The delicate balance between plasma
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procoagulant activity and these paracrine systems, also
controlled by locally produced plasminogen-activator
inhibitors type 1 (PAI-1), is compromised in multiple
situations, such as tissue hypoxemia (Gertler et al., 1993),
glomerulonephritis (Rondeau et al., 1990; Colucci et al., 1991),
renal irradiation injury (Oikawa et al., 1997; Robbins et al.,
1998) and kidney graft rejection (Malyszko et al., 1996).
Enhanced formation of microthrombi within the renal vascu-
lature is a morphologic hallmark of disseminated coagulopathy
(Clarkson et al., 1969) and in certain disease entities such as
thrombotic thrombocytopenic purpura (Dunea et al., 1966).
Microthrombi in the renal vasculature are identified in 12% of
autopsies, underscoring the high prevalence of altered intrar-
enal fibrinolysis antemortum (Myhre-Jensen et al., 1972).
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The fibrinolytic system may exert an additional direct effect
upon the renal microcirculation. We have recently shown that
urokinase and urokinase-derived peptides regulate vascular
smooth muscle contraction (Haj-Yehia et al., 2000). tPA also
relaxes isolated aortic rings incubated under normoxic condi-
tions and induces cerebral vasodilation in vivo (Nassar et al.,
2004). This vasoactive effect, mediated by kringle, a molecular
locus remote from the serine protease domain (Nassar et al.,
2002b; 2004), may explain some of the immediate circulatory
effects of PAs noted in the clinical practice.

The renal outer medulla is prone to hypoxic injury, resulting
from the very low ambient pO, under normal physiologic
conditions. This phenomenon reflects intensive regional
oxygen consumption for tubular reabsorptive work, which is
barely matched by the limited oxygen supply (Brezis & Rosen,
1995; Heyman et al., 1995). We have speculated that an intact
thrombolytic system may be especially important within the
outer medulla, since hypoxia-induced shift of the anti-
coagulant/procoagulant balance to favor activation of coagula-
tion (Gertler et al., 1993; Pinsky et al., 1998) may predispose to
a further compromise of medullary oxygenation. The observa-
tion that the renal medulla is the principal source of renal PAs
(Smokovitis et al., 1991) further supports this hypothesis.

The safety of inhibitors of the fibrinolytic system that are
used to counteract bleeding diathesis (Royston, 1998) has been
a concern (Dobkowski & Murkin, 1998). With this perspective,
the current study was designed to explore the impact of the
fibrinolytic system upon intrarenal microcirculation. Herein,
we report that while tPA transiently increases medullary
circulation, the lysine analogue plasminogen activation in-
hibitor epsilon amino-caproic acid (EACA) selectively com-
promises outer medullary microcirculation in vivo. We further
demonstrate that EACA can directly intensify vascular smooth
muscle contraction in vitro, associated with enhancement of
Ca’" internalization.

Methods
Animals and materials

Sprague—Dawley rats (mean weight 335g) used for all
experiments were fed on regular chow and allowed free access
to drinking water. The study was conducted in accord with the
NIH Guide for the Care and Use of Laboratory Animals.
Human umbilical vein vascular smooth muscle cells (SMC)
were the kind gift of Dr D. Cines (Department of Pathology
and Laboratory Medicine, University of Pennsylvania,
U.S.A)). Reteplase was purchased from Roche Holding AG,
Bern, Switzerland. All other materials were purchased from
Sigma Co. (St Louis, MO, U.S.A.).

Hemodynamic studies

As previously described (Heyman et al., 2000a), rats were
anesthetized with Inactin (100 mgkg™"' IP), and catheters were
placed in the trachea (PE-250), external jugular vein, femoral
artery and vein (PE-50). Normal saline, supplemented with
bovine serum albumin (4 gl™!), was infused throughout the
experiment at a rate of 5mlh™~' and the mean arterial blood
pressure was continuously monitored by a pressure transducer
system connected to the arterial line. The left kidney was

exposed through a midline incision, decapsulated and
mechanically fixed. The rat core and renal temperatures were
monitored and maintained at approximately 37°C with a
heating lamp and intermittent dripping of warm saline and
paraffin oil. The urinary bladder was incised to prevent
urinary retention.

A perivascular transonic ultrasonic volume flow sensor (T-
106, Transonic Systems Inc., Ithaca, NY, U.S.A.) monitored
the renal blood flow, with the probe mounted on the left renal
artery. Regional blood flows were measured by laser-Doppler
probes connected to flowmeters (Perimed, Stockholm,
Sweden). A superficial probe (I mm diameter) monitored the
cortical blood flow, while a needle probe (0.45mm diameter)
was inserted at a depth of 4.5-5.0 mm, for the determination of
changes in outer medullary blood flow. Its proper placement
within the outer medulla was confirmed macroscopically at the
conclusion of the experiment.

On-line recordings of hemodynamic studies were stored,
displayed and analyzed using a computerized system (Ma-
cLab/8, Analog Digital Instruments, Pty LTD, Castle Hill,
NSW, Australia). The mean values for each determinant were
analyzed over 1-5-min periods. All values are expressed as the
percentage of baseline measurements.

Changes in total renal and regional vascular resistances were
extrapolated from the relative changes in blood pressure
divided by the relative changes in blood flow.

Experimental design In the first set of experiments,
following a baseline period of 30 min, eight rats were infused
intravenously over 2-3min with EACA (150mgkg™). In a
second set of experiments, following a baseline equilibrium
period, tPA was administered over 2min to 12 rats (2mgkg™").
In both sets of experiments, the hemodynamic parameters were
monitored for up to 30min after the manipulation of the
fibrinolytic system.

Complementary studies EACA-induced selective reduction
in the outer medullary blood flow (see Results) could be caused
by clot formation at the tip of the penetrating needle probe. In
order to exclude such an artifact, in a separate set of
experiments EACA was administered to six rats with the
needle probe inserted into the renal cortex, at a depth of about
I-1.5mm.

In vitro experiments: aortic ring studies

A direct effect of EACA upon vascular tone was explored in
isolated aortic rings. Under ether anesthesia, rats were killed
by bleeding. As previously detailed (Kyong et al., 1992; Haj-
Yehia et al., 2000), the thoracic aortas were removed with care
to avoid damage to the endothelium, dissected free of fat and
connective tissue and cut into transverse rings 5mm in length.
The aortic rings were mounted in a 10ml bath containing
Krebs Henselite solution under continuous aeration and were
contracted by phenylephrine (PE), added in stepwise incre-
ments (from 0.1nM to 100 uM). EACA (1 or 10uM) was
administered 15min before the addition of PE. In control
experiments, aortic rings subjected to buffer solution alone
were exposed to PE. Isometric tension was measured with a
force displacement transducer and recorded online, using a
computerized system (Experimentia). The half-maximal effec-
tive concentration (ECsg), defined as the PE concentration that
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Results
Hemodynamic studies

As shown in Figure 1, the administration of EACA was well
tolerated and did not affect systemic blood pressure, total or
cortical blood flow (Figure la). By contrast, a consistent
decline in medullary blood flow was noted as early as 2 min
after the initiation of treatment, reaching 11.5+1.9% below
baseline by 10min, and persisting throughout a 30-min
observation period (P<0.03, Newman—Keuls post hoc ANO-
VA). Calculated outer medullary vascular resistance recipro-
cated, increasing by 10.1+3.1% above baseline at 10 min. In a
complementary set of experiments, cortical flow, determined
with the penetrating needle probe rather than the superficial
nontraumatizing probe, was again unaffected by EACA

Figure 1 Renal hemodynamic response to EACA. (a) Changes in
systemic blood pressure (BP), total renal blood flow (RBF) and
selective cortical (CF) and outer medullary (MF) flows are displayed
as filled circles, while the calculated corresponding total renal
(RVR), cortical (CR) and medullary vascular resistance (MR) are
presented as empty symbols. Medullary flow significantly declines,
with the null hypothesis rejected at a P-value of 0.007. Values at 2'—
10" are significantly lower than baseline measurements (n=3,
P <0.03, Newman—Keuls post hoc test). The slope of reciprocal rise
in medullary resistance falls short of statistical significance, but
values at 210" are significantly higher than baseline (P<0.05,
paired t-test). Blood pressure, total renal and cortical flows
(determined with a superficial nonpenetrating probe) are unaffected
by EACA. (b) Cortical flow (CF) and resistance (CR), determined
with a penetrating needle probe inserted into the superficial cortex,
are again unaffected by EACA (n=06).

(Figure 1b). These later findings confirm the validity of the
medullary readings, excluding artificial microvascular com-
promise due to clot formation at the tip of the needle probe.
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Figure 2 illustrates the hemodynamic changes induced by
tPA. Blood pressure remained stable during the initial 5—
7.5min following tPA infusion, but subsequently the animals
developed hemodynamic instability, with blood pressure
gradually declining to 22.5+5.2% below baseline values by
30 min. The fall in blood pressure was absent in an additional
group of animals given tPA infusion without laparotomy
(=2.7+£3.9% below baseline at 30min, n=9), probably
indicating a progressive plasma and blood loss invoked by
this procedure. Total and renal blood flow gradually declined,
in parallel with the progressive fall in blood pressure, with total
renal and selective cortical vascular resistance rising recipro-
cally. By contrast, the outer medullary blood flow initially
increased during the early hemodynamically stable phase,
reaching 7.6+5.3% above baseline by 7.5min (P<0.02 vs
baseline, paired r-test), reflecting a reciprocal decline in the
calculated regional vascular resistance. Subsequently, as
hypotension developed and intensified, the outer medullary
blood flow declined as well and the reduction in calculated
regional resistance was blunted and reversed, probably
reflecting renal hypoperfusion beyond the aotoregulatory
range (Brezis et al., 1994).
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Figure 2 Renal hemodynamic response to tPA. Symbols and
abbreviations are similar to those of Figure 1. While blood pressure,
total renal and selective cortical blood flows remain unchanged
during the first 7.5, medullary flow rises and regional resistance falls
(n=12, P<0.02 for the 7.5’ time point as compared to baseline
values, paired t-test). Subsequently, blood pressure declines with
renal microcirculatory deterioration both in the cortex and outer
medulla (P<0.01, ANOVA).

In vitro experiments: aortic rings

Figure 3 illustrates the PE concentration-dependent contrac-
tion of aortic rings under control conditions and with the
addition of EACA. Isometric contraction of aortic rings was
enhanced with EACA, with the PE concentration—contraction
curve shifted to the left. As shown in Figure 4, half-maximal
effective contraction (ECsy) was reached at a PE concentration
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Figure 3 Effect of EACA on isometric contraction of vascular
smooth muscle. (a) Isometric tension was determined in isolated
aortic rings incubated with PE. The PE concentration—contraction
curve determined in control Krebs—Henselite solution is shifted to
the left by the addition of EACA (1 and 10 uM). Each point along
these curves represents the mean of 3-9 experiments. (b) Effect of
EACA on half-maximal effective concentration (ECsy) of PE in
isometrically contracted aortic rings: ECs,, defined as the PE
concentration that induces 50% of the maximal contraction,
extrapolated from (a), significantly falls with the addition of EACA
(*P<0.001 vs controls for both concentrations of EACA).
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Figure 4 Effect of tPA and reteplase on half-maximal effective
concentration (ECs) of PE in isometrically contracted aortic rings:
ECs is defined as the PE concentration that induces 50% of the
maximal contraction. While the full-length wild-type tPA (WT-tPA)
exerts opposing pro-vasodilatory and vasoconstrictive effects at low
(1nM) and high (20 nM) concentrations, respectively (increasing and
reducing ECs, of PE, respectively), the delta kringle reteplase (DK-
tPA), a tPA variant lacking kringle-1 and a finger domain, exerts
vasodilation at both concentrations (*P<0.001 vs control condi-
tions — CTR).

of 31.7nM under control conditions. EACA reduced the ECs,
of PE to 1.9nM and to 0.14nM when added at 1 and 10 uM
concentrations, respectively. To verify the possibility that the
effect of EACA on aorta rings contraction is unrelated to its
inhibitory effect on the plasminogen activation system, we
examined the effect of other inhibitors of the plasminogen
activation system. Plasminogen activation inhibitor type 1
(PAI-1) or o2 antiplasmin had no effect on PE-induced
contraction of isolated aorta rings (data not shown).

We also examined the effect of the positively charged amino-
acid lysine, a natural analog of EACA, on the contraction of
the isolated aorta rings. Lysine, added at concentrations up to
10 uM, had no effect on PE-induced contraction of the aortic
rings (data not shown).

In additional experiments, using isolated aortic rings, we
further explored the molecular basis of the tPA vasoactive
effect: Among other proteins, the fibrinolitic proteins (plasmi-
nogen, uPA, tPA) share a highly preserved domain (kringle),
responsible for its interaction with fibrin clots. We have
recently reported that the vasoconstrictive activity of uPA is
kringle-dependent, since the uPA variant delta kringle uPA
that lacks this domain has no vasoconstrictive effect (Haj-
Yehia et al., 2000). tPA structure resembles that of uPA,
though it has two rather than a single kringle domain (van
Zonneveld et al., 1986). To determine which of the tPA
kringles is involved in its vasoactivity, we examined the effect
of the commercially available tPA variant reteplase that lacks
kringle-1. Herein, we report that in contrast to the full-length
tPA, which inhibits the PE-mediated vasoconstriction at low
concentrations (I1nM) and at high concentrations (20nM)
induces a provasoconstricve effect (Nassar et al., 2004), the
tPA variant reteplase exerts a pro-vasodilatory effect at both
concentrations (Figure 4).

In vitro experiments: radiolabeled Ca’™ uptake studies

To investigate the mechanism by which EACA and tPA
regulates SMC contractility, we examined the effect of tPA

and EACA on PE-induced Ca>* mobilization. As seen in
Figure 5, 100nM PE increased intracellular Ca** by about
600%. PE-mediated increase of intracellular Ca’" was
markedly inhibited by 50nM tPA. By contrast, the addition
of 1 uM of EACA stimulated PE-mediated **Ca®" internaliza-
tion. Furthermore, EACA at high concentration induced
4Ca’* internalization in the absence of PE (Figure 5).

Morphological evaluation

In six animals, the entire renal microvasculature was found to
be free of thrombi 15-20 min after the injection of EACA, the
time period with established reduction of medullary blood
flow. This negative finding was evident both in perfusion-fixed
kidneys and in kidneys subjected to block fixation.

Discussion

Compound interactions exist between the vascular wall and the
blood components, controlling blood flow and hemostasis.
The current set of experiments indicates that within the outer
medulla the fibrinolytic system follows this rule. Recombinant
tPA induces a selective, transient enhancement of the regional
microcirculation, while the plasminogen activation inhibitor
EACA reduces it. The overall renal blood flow is hardly
affected, as previously noted in healthy subjects given EACA
(Swartz et al., 1966), since medullary blood flow comprises of
only 10% of total renal blood flow (Jamison & Kriz, 1982). A
direct effect of PAs and inhibitors upon vascular tone may be
the principal mechanism for this response. PAs were shown in
vitro to possess both vasoconstrictive and vasodilatory proper-
ties in a dose-dependent manner (Haj-Yehia et al., 2000;
Nassar et al., 2004). In vivo plasmin activators enhance
splanchnic (Gurll et al., 1978) and cerebral blood flow
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PE + EACA 1uM
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EACA 1uM :|-<
[}

EACA 10pM

EACA 50uM }‘ *

T T T T T T 1
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45Ca*2 Uptake (CPM)

Figure 5 Effect of tPA and EACA on PE-induced Ca®* mobiliza-
tion in human umbilical vein SMC. SMC were incubated with buffer
containing *Ca”*. The experimental groups are: control group with
no additives (CTR); 100nM PE; 100nM PE and 50nM tPA
(PE+tPA); 100nM PE and 1 um EACA (PE + EACA); and EACA
(1 um; 10 uM; 50 um). While PE-mediated Ca®>* mobilization in
vascular SMC is reduced by tPA, it is enhanced by EACA.
Moreover, at high concentrations, EACA enhances Ca?* mobiliza-
tion in the absence of PE. (*P<0.01 vs CTR; #P<0.01 vs PE).
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(Nassar et al., 2004). The transient nature of the vasodilatory
response to tPA infusion in the current in vivo experiments
probably reflects its short half-life (Biessen et al., 1997), in
addition to the subsequent development of hemodynamic
instability in this experimental group. Our previous reports
(Haj-Yehia et al., 2000; Nassar et al., 2002a; Nassar et al.,
2004) indicate that at low pharmacological concentrations
urokinase, urokinase-derived peptide and recombinant tPA
may directly induce vasodilation in isolated aortic rings. Nitric
oxide seems to play a major role in this response (Stamler et al.,
1992; Durante et al., 1993; Nassar et al., 2004), and our
complementary studies indicate that tPA-related vasodilation
is associated with inhibition of Ca®* mobilization.

We report that, as opposed to tPA, EACA intensifies PE-
induced vasoconstriction in aortic ring preparations. Our
in vitro experiments further imply that this effect is not
mediated by alteration of fibrin cleavage, since they were all
conducted in an incubation medium devoid of fibrinogen or
clotting factors. Moreover, PAI-1 and o2 antiplasmin, which
also inhibit the fibrinolytic system, had no effect on the
vascular tone. The mechanisms involved in EACA-mediated
vasoconstriction are yet to be defined, but, as shown in our
complementary studies, it involves an increase in [Ca®*]
mobilization in vascular SMC.

While our manipulations of the fibrinolytic system in vitro
clearly show a direct effect on vascular tone, our in vivo
experiments indicate a heterogenous response within the renal
microvasculature. Cortical flow was unaffected, while medul-
lary flow selectively increased or declined with plasminogen
activation or inhibition, respectively. The nature of the rather
selective outer medullary response to manipulations of the
fibrinolytic system in our in vivo experiments remains
speculative. One possibility is diverse local expression of the
plasminogen activation cascade components with consequent
variation in fibrin generation and removal. Indeed, the internal
milieu in the outer medulla favors coagulation by two
mechanisms. First, low ambient medullary pO,, as found in
the outer medulla, is known to induce plasminogen activator
inhibitor-1 (PAI-1) and to inhibit plasmin activator gene
expression in various vascular beds, hence promoting fibrin
deposition (Gertler et al., 1993; Pinsky et al, 1998).
Furthermore, the unique structure and low flow within the
medullary microcirculation (Jamison & Kriz, 1982) may also
promote coagulation. The importance of an efficient anti-
coagulant activity in the outer medulla is emphasized by the
the predominant medullary expression of the fibrinolytic
system (Smokovitis et al., 1991). There is a prominent
expression of tPA mRNA within the renal venular endothe-
lium, and tubular uPA antigen is abundantly found in the deep
cortex and outer medulla (Xu et al., 1996). This distribution of
renal PAs probably reflects the adaptation of the local
fibrinolytic system for maintenance of regional vascular
patency and low resistance.

Taken together, it has been logical to associate the selective
reduction of medullary blood flow with EACA-induced local
thrombogenesis. However, our morphological studies did not
reveal microthrombi within the medullary microvasculature at
the time their presence would have been anticipated. Thus, the
rather selective medullary microcirculatory effects of tPA and
EACA may reflect the diverse response of vascular smooth
muscle at different sites. Perhaps it is related to the difference
in tissue oxygenation, since low ambient pO, may modulate

vascular tone by changing nitric oxide bioavailability (Heyman
et al., 1999). Indeed, it has been recently reported that tPA-
related vasodilation in isolated cerebral blood vessels is
markedly intensified by hypoxia (Cipolla et al., 2000). In
addition, PAI-1, predominantly generated in the hypoxic outer
medulla, may alter the vasoactivity of tPA (Oikawa et al.,
1997; Nassar et al., 2002a). In addition, preliminary findings in
our laboratories indicate that changes in oxygen tension might
markedly affect the cerebral vascular response to PA (Higazi &
Heyman, unpublished data). Finally, the medullary vascular
response to various physiologic systems often opposes the
effects in other vascular beds, including the renal cortex, due to
a peculiar intrarenal distribution of receptor subtypes, for
instance, for adenosine (Dinour er al., 1993) or endothelin
(Gurbanov et al., 1996). Thus, for the time being, our
understanding of the reason for the selective outer medullary
vascular response to tPA and EACA remains speculative.

Regarding the bimodal vasoactivity of tPA, we have
previously reported that in uPA the kringle domain is
responsible for its vasoconstrictive effect (Haj-Yehia et al.,
2000). Similarly, we now report that tPA kringle-1 that shares
about 80% of its amino-acid sequence with the uPA kringle (Li
et al., 1994) also determines the vasoconstrictive effect of tPA;
our conclusion is supported by the finding that reteplase, a
tPA variant that lacks kringle-1, lacks the vasoconstrictive
effect ex vivo, but exerts a vasodilatory effect at low and high
concentrations. Thus, together with our recent report (Nassar
et al., 2004), our findings strongly suggest that the vasodilatory
effect of tPA observed in our in vivo model is cringle-
independent.

Irrespective of the mechanisms involved, EACA-related
alteration of outer medullary microcirculation might pre-
dispose to hypoxic medullary injury (Heyman et al., 1995).
EACA administration has indeed been associated with the
development of acute renal failure. In some cases, kidney
failure has been attributed to renal artery thrombosis (Tubbs
et al., 1979), to blood clots obliterating the urinary collecting
system (Pitts et al., 1986), or to EACA-induced rhabdomyo-
lysis (Seymour & Rubinger, 1997). Few cases, however, may
have resulted from glomerular thrombi and tubular necrosis
(Charytan & Purtilo, 1969; Clarkson et al., 1969), or from a
direct vasoactive effect of EACA in cases where deposition of
microthrombi was not detected. EACA is currently widely
used during cardiovascular surgical procedures, in order to
minimize the required blood transfusions (Dobkowski &
Murkin, 1998). Renal deterioration is often encountered
following these procedures (Andersson et al., 1993; Chertow
et al., 1998). Although EACA administration was not found to
contribute to renal dysfunction in one retrospective study
(Stafford-Smith et al., 2000), the potential of renal micro-
vascular compromise with lysine analogues or other inhibitors
of fibrinolysis such as aprotenin is yet to be defined (Eaton &
Deeb, 1998; Royston, 1998).

In conclusion, outer medullary microcirculation is affected
by the manipulation of the fibrinolytic system. Exogenous
pharmacological doses of recombinant tPA enhance the outer
medullary blood flow, while plasmin activator inhibition with
EACA reduces it. A mechanism of microthrombi formation
and lysis seems unlikely as the basis for this effect, but a direct
action on vascular tone is suggested from the in vitro
experiments reported in the present communication, and
supported by our recent report where a tPA vasoactive effect
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in vitro, as well as in vivo, has been abolished by a physiologic
inhibitor (PAI-1) or a PAI-1-drived peptide (Nassar et al.,
2004). As opposed to tPA, which induces vascular relaxation,
EACA directly intensifies aortic smooth muscle contraction in
response to PE. These responses are mediated through changes
in [Ca?*] within vascular SMC, and are unrelated to the
fibrinolytic/hemostatic actions of these agents. Inhibitors of
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