
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Novel anticoagulant and prohemostatic strategies

Friederich, P.W.

Publication date
2000

Link to publication

Citation for published version (APA):
Friederich, P. W. (2000). Novel anticoagulant and prohemostatic strategies. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/novel-anticoagulant-and-prohemostatic-strategies(1791bee2-11ed-47cf-99bd-703fe6e41736).html


CHAPTERR 5 

AA NOVEL LOW MOLECULAR WEIGHT 
INHIBITO RR OF PAI-1 (XR5118) REDUCES POST-
THROMBOLYSISS THROMBUS GROWTH AND 

PROMOTESS ENDOGENOUS FIBRINOLYSIS 
INN RABBITS 

Philipp W. Friederich, Marcel Levi, Bart J. Biemond, Peter Charlton, David Templeton, 

Antonn Jan van Zonneveld, Paul Bevan, Hans Pannekoek, Jan W. ten Cate. 

CirculationCirculation 1997; 96: 916-21 



ChapterChapter 5 

Summary y 

Elevatedd levels of plasminogen activator inhibitor 1 (PAI-1) have been associated with the 

occurrencee of thrombotic disease and inhibition of PAI-1 activity in vivo resulted in enhanced 

thrombolysiss and a reduction in reocclusion. Besides monoclonal antibodies and peptides, no 

suitablee agents that are able to block PAI-1 activity are available to date. The present study 

wass designed to test the interaction between a non-antibody, non-peptide, diketopiperazine-

basedd inhibitor of PAI-1, XR5118, and PAI-1 and to assess the effect of XR5118 on PAI-1 

activityy in vitro and on in vivo thrombolysis and thrombus growth in an experimental 

thrombosiss model in rabbits. 

Thee binding site of XR5118 on the PAI-1 molecule was studied by competitive binding 

experimentss with mapped anti-PAI-1 monoclonal antibodies by using surface plasmon 

resonancee experiments. XR5118 selectively and competitively inhibited binding of the PAI-1 

inhibitingg monoclonal antibody CLB-2C8, indicating that binding of XR5118 to PAI-1 takes 

placee at the area between amino acid 110 and 145 of the PAI-1 molecule, which is known to 

bee involved with the binding of PAI-1 to t-PA. 

Incubationn of plasma or platelet releasate with XR5118 resulted in a dose-dependent 

inhibitionn of PAI-1 activity. Systemic infusion of XR5118 induced a significant reduction in 

plasmaa PAI-1 activity levels from 23.7  4.9 IU/ml to 10.9  3.4 IU/ml. 

Administrationn of XR5118 resulted in a significant two-fold increase in endogenous 

thrombolysiss as compared to the control. Thrombus growth in rabbits, receiving both 

XR51188 and r-tPA, was significantly attenuated as compared to rabbits receiving r-tPA alone 

(13.55  2.7% versus 19.9  3.8%, respectively). We conclude that XR5118 binds to PAI-1 and 

reducess plasma PAI-1 activity levels. Furthermore, XR5118 promotes endogenous thrombo-

lysiss and inhibits thrombus accretion and is the first non-peptide compound with significant 

anti-PAI-11 activity in vivo in these models. 



InhibitionInhibition of PAI-1 reduces post-thrombolysis thrombus growth in rabbits 

Introduction n 

Recently,, clinical and experimental studies, including experiments in transgenic animals, have 

confirmedd the important regulatory role of plasminogen activator inhibitor type 1 (PAI-1) in 

thee endogenous fibrinolytic system and the pathogenesis of post-reperfusion reocclusion. This 

evidencee is based on observations that a genetically inherited deficiency of PAI-1 results in a 

mildd haemorrhagic diathesis.1"4 Moreover, PAI-1 deficient knock-out mice showed an 

enhancedd potency to dissolve induced pulmonary fibrin clots.5,6 In addition, administration of 

PAI-11 inhibiting monoclonal antibodies to rabbits and dogs resulted in an enhancement of 

endogenouss fibrinolysis and a reduction in post-thrombolysis thrombus growth.7'8 On the 

otherr hand, transgenic animals with very high plasma levels of PAI-1 developed thrombotic 

vascularr occlusions and it was shown in clinical studies that elevated levels of PAI-1 were 

associatedd with an increased risk for the development of myocardial infarction and post-

thrombolysiss reocclusion.' J 

Basedd on these observations it has been postulated that PAI-1, potentially released in high 

concentrationss from activated platelets and retained within a thrombus by binding to fibrin, 

mightt be functioning as an important mediator of early reocclusion after initially successful 

reperfusion.. This hypothesis was supported by results from experiments revealing that 

platelet-dependentt thrombolysis resistance was indeed dependent on PAI-1 activity and that 

thee PAI-1 concentration in reoccluding thrombi was high.13,14 Therefore, it became apparent 

thatt inhibition of PAI-1 activity could be a useful approach in strategies aimed at the pre-

ventionn of platelet-dependent reocclusion or, in general, at the enhancement of endogenous 

fibrinolyticc activity. Inhibition of PAI-activity may be achieved by monoclonal antibodies, 

however,, the therapeutic use of these agents in humans is limited by several factors, such as 

theirr potential immunogenicity. 

Recently,, a N-acetyl tetradecapeptide, corresponding to the P1-P14 amino-acid sequence of 

thee PAI-1 reactive center loop (corresponding to amino-acid residues 333-346 of the PAI-1 

molecule)) was shown to be able to rapidly inactivate PAI-1 and to enhance fibrinolysis in 

vitro.vitro. The in vivo activity of this peptide has, however, not been shown so far. 

InIn this study we present the effect of a non-protein low molecular weight PAI-1 inhibitor, 

XR5118,, on rabbit plasma and platelet PAI-1 activity, and on thrombolysis and thrombus 

growthh in an experimental thrombosis model, thereby providing the first in vivo data on the 

promotionn of thrombolysis and inhibition of thrombus accretion by a non-antibody, non-

peptidee molecule. With surface plasmon resonance experiments we were able to identify its 

mechanismm of action, which likely proceeds by competition for the binding site on PAI-1 for 

t-PA. . 
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Materiall  and methods 

CharacterizationCharacterization ofPAI-1 inhibitor XR5118 and measurement ofXR5118 in plasma. 

Wee have reported previously on the identification and evaluation of the diketopiperazine-

basedd compound XR334, originally isolated from the biomass of a fermentation of a 

Streptomycess species.'6 XR5118 [(3Z,6Z)-6-benzylidene-3-(5-(2-dimethylaminoethylthio)-2-

thienyl)) methyleen-2,5-piperazinedione,hydrochloride] (figure 1) is an analog of XR334 with a 

molecularr weight of 436 D and was prepared by chemical synthesis (Xenova Ltd, Slough, 

Berkshire,, United Kingdom). In an in vitro amidolytic assay (S2251), which measures tPA-

mediatedd plasmin generation, XR5118 inhibited human PAI-1 with an IC5o of 3.5 + 0.19 

fimol/LL (n = 7). 

/ / 
NN HCI 
\ \ 

0 0 

FigureFigure 1 The molecular structure ofXR.5118 (MW = 436) 

Thee plasma levels of XR5118 were determined by an HPLC method. Plasma samples were 

extractedd with methanol and chromatographed on an octadecyl silica cartridge eluted with a 

solventt gradient commencing at 60% acetonitrile (0.02 mol/L TEAA/40% water) and 

terminatingg at 100% acetonitrile (0.02 mol/L TEAA). 

DeterminationDetermination of the binding site ofXR5118 on PAI-1 

Too determine the binding site of XR5118 on the PAI-1 molecule, competitive binding 

experimentss were performed with monoclonal antibodies, of which the interaction site on 

PAI-11 has been mapped.18 Binding of active recombinant PAI-1 (generously provided by Dr. 

T.M.. Reilly, Dupont de Nemours, Wilmington, Del) to various monoclonal antibodies was 

determinedd by surface plasmon resonance measurement on a BIAcore ' 2000 (Pharmacia). 

Thiss technique is based on the immobilization of one of the interacting compounds on a 

--
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dextran-coatedd gold surface. The second interacting compound is then injected across the 

surfacee and the interaction of the soluble compound is observed continuously and directly. 

Thee optical phenomenon observed is expressed in resonance units, which is proportional to 

thee bound mass. A sensorgram is the representation of the changes in resonance units over 

time. . 

Variouss monoclonal anti-PAI-1 antibodies were immobilized on CM5 sensor chips 

(Pharmaciaa Biosensor AB), according to a standardized amine-coupling procedure.19 This 

impliess first activation of the dextran surface of the sensor chip, followed by coupling of the 

antibodiess to the surface, and finally deactivation of residual esters. The CM5 sensor chip was 

activatedd with 0.05 mol/L N-hydroxy-succinimide and 0.2 mol/L N-ethyl-iY-(3-dimethyl-

amino-propyl)) carbodiimide hydrochloride (both from Pharmacia Biosensor AB), followed 

byy immobilization of the protein ligand (i.e. the monoclonal antibodies). Finally, the chip was 

deactivatedd with 1 mol/L ethanolamine hydrochloride at pH 8.5. The immobilization buffer 

usedd for the antibodies was 10 mM sodium-acetate, pH 5.0. All measurements were performed 

inn 10 mmol/L HEPES, 150 mmol/L NaCl, 3,4 mmol/L EDTA and 0.05% (w/v) Tween 20. 

Afterr each measurement the chip was regenerated with 100 mmol/L phosphoric acid. 20 jd 

aliquotss of PAI-1 (250 nmol/L) in combination with increasing concentrations XR5118 were 

injectedd at a rate of 10 jd/min and at 25°C. Binding of PAI-1 to the sensor chip was expressed 

inn response units. For these experiments, anti-PAI-1 monoclonal antibodies CLB-2C8 

(bindingg to the t-PA-PAI-1 interaction site between amino-acid 110 and 145 on the PAI-1 

molecule),, MAI-12 (obtained from Biopool; binding to the t-PA-PAI-1 interaction site 

containingg the reactive center of PAI-1, i.e. between amino-acid 320 and 379) and CLB-1B10 

(bindingg to a conformation epitope of PAI-1) were used.18 

PAI-1PAI-1 activity in plasma and platelets 

Bloodd was obtained from 3 New Zealand white rabbits for the determination of the ex vivo 

effectt of XR5118 on PAI-1 activity in rabbit plasma and platelets. Also, blood samples were 

obtainedd from New Zealand white rabbits at various times during the thrombosis ex-

perimentss to assess the plasma PAI-1 activity. For measurement of plasma PAI-1 activity, 

bloodd was collected in plastic syringes containing 1 vol EDTA (270 mmol/L), Na2C03 

(1.9mmol/L),, prostaglandin El (282 nmol/L, Sigma Chemical Company, St Louis, USA) and 

theophylinee (30mM, Sigma Chemical Company, St Louis, USA). Platelet poor plasma was 

obtainedd by centrifuging the blood samples at 1600 x g for 30 minutes at 4°C. Plasma samples 

weree stored at -70°C until assayed. 

Platelett PAI-1 activity was measured in blood samples (9 volumes) obtained from rabbits in 

plasticc syringes preloaded with 1 volume of 3.6% (w/v) trisodium citrate. Platelets were 

isolatedd by gelfiltration of platelet-rich plasma, obtained by centrifugation at 180 x g for 10 
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minutess at room temperature, according to standard methods. The gel-filtered platelets were 

incubatedd with 1 U/ml human thrombin (Roche, the Netherlands) for 10 minutes at 37°C to 

inducee the release of the platelet components. Upon incubation and subsequent aggregation, 

thee mixture was centrifuged at 400 x g for 30 minutes at 4°C and the platelet supernatant was 

isolatedd and stored at -70°C until assayed. Previous experiments have shown that this method 

virtuallyy completely releases PAI-1, present in the «-granules. 

PAI-11 activity was measured with an amidolytic assay as described previously . Briefly, 

plasmaa and platelet supernatant were incubated with various concentrations of XR5118 (0-200 

^mol/1)) for 1 h at room temperature. Subsequently, the samples were incubated with a fixed 

excesss of t-PA (40 IU/ml) for 10 min at room temperature. The residual t-PA activity was 

determinedd by incubation with 0.13 JIM plasminogen (Chromogenix, Mölndal, Sweden), 0.12 

mg/mll  cyanogen bromide-digested fibrinogen fragments (t-PA stimulator, Chromogenix), and 

0.11 mmol/L chromogenic substrate S-2251 (Chromogenix) (total volume 250 jJ). The PAI-1 

activityy in the sample is inversely proportional to the plasmin generated in the incubation 

mixture,, determined by the conversion of the chromogenic substrate. Results are expressed in 

internationall  units (IU), where 1 IU is the amount of PAI-1 that inhibits 1 IU t-PA (first 

nationall  standard of the World Health Organization). 

RabbitRabbit jugular vein thrombosis model 

Neww Zealand white rabbits of approximately 2.5 kg were anesthesized with 9 mg Ketamin 

(Aescoket,, Boxtel, the Netherlands) and 0.5 ml Rompun 2% (Bayer, Leverkusen, Germany) 

intramuscularly.. Anesthesia was maintained by the repeated administrations of Ketamin when 

appropriate.. The carotid artery and jugular veins were exposed by a median incision in the 

neck.. The carotid artery was cleared and a cannula (Baby Feeding Tube, 1.6 mm diameter) 

wass introduced for the administration of anasthetics and the study compound. The jugular 

veinss were cleared on both sites for a distance of 2 cm and all side branches were ligated. The 

venouss segments were isolated by application of vessel clamps proximally and distally. 

Too assess the extent of thrombus growth, non-radiolabeled thrombi were formed in both 

isolatedd jugular vein segments by injection of 150/xl homologous rabbit blood, aspirated in a 1 

mll  syringe containing 25/j.l human thrombin (Human Thrombin T7009, Sigma Chemical 

Company,, St. Louis, USA; 150 U/ml) and 45/xl CaCl2, into the isolated venous segments. 

Afterr 30 minutes of ageing, the vessel clamps were removed and blood flow was restored by 

removingg the vessel clamps and 100̂ x1 125I-radiolabeled human fibrinogen (Amersham, Den 

Bosch,, the Netherlands, approximately 2 /xCi/ml) was injected systemically, followed 

immediatelyy by the administration of the study compounds. Thrombi were removed 1 hour 

afterr restoration of the blood flow and start of the study medication. Thrombus growth was 

assessedd by measuring the accretion of  125I-radiolabeled human fibrinogen onto the performed 
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non-radioactivee thrombi and was expressed as percentage of the initial thrombus volume. 

Too assess the extent of thrombolysis, " I-radiolabeled thrombi were injected into the isolated 

venouss segments. Therefore, homologous citrated rabbit blood was mixed with °I-labeled 

fibrinogenn (final radioactivity 10 /iCi/ml). An aliquot of 150 fxl of this mixture was aspirated 

inn a syringe containing 25 /d human thrombin (Human Thrombin T7009, Sigma Chemical 

Company,, St. Louis, USA; 150 U/ml), 45 ^1 CaCh (0.25 mol/1) and quickly injected into the 

isolatedd venous segment. The same procedure was repeated for the contralateral site. After 30 

minutesminutes of ageing, the vessel clamps were removed and blood flow was restored and infusion 

off  the study compound was started. One hour after start of the study medication, both 

thrombii  were removed and washed. The extent of thrombolysis was assessed by comparing 

thee remaining radioactivity of the thrombi at the end of the experiment with the initial 

radioactivityy of the pre-formed clots. Thrombolysis was expressed as a percentage of the initial 

thrombuss volume. 

Bloodd samples were collected before the induction of the thrombi, immediately before the 

administrationn of study medication and at 30 and 60 minutes after the start of the infusion of 

thee study medication. 

ExperimentalExperimental thrombosis studies 

Alll  animal studies were approved by the Institutional Review Board for Animal Experiments 

andd were performed according to the guidelines of the American Physiological Society and 

Dutchh Law for Animal Experiments. 

Thee rabbits were allocated to four groups. Rabbits in group 1 and 2 were treated with a 

boluss dose of 0.5 mg/kg rt-PA for the assessment of the effect of XR5118 on rt-PA induced 

thrombolysiss and thrombus growth. In addition to the rt-PA, rabbits in group 1 received 

XR51188 at a bolus dose of 5 mg/kg followed by a continuous infusion of 1 mg/kg/hr, starting 

immediatelyy after administration of rt-PA whereas the rabbits in group 2 received rt-PA in 

combinationn with saline at an equal volume (control group). Rabbits in group 3 and 4 did not 

receivee rt-PA to assess the effect of XR5118 on endogenous thrombolysis and thrombus 

growth.. Rabbits in group 3 received a bolus dose of 5 mg/kg XR5118 followed by a 

continuouss infusion of 1 mg/kg/hr XR5118, whereas rabbits in group 4 received saline at an 

equall  volume (control group). In each group 12 thrombi were studied. 

StatisticalStatistical analysis 

Countingg of the thrombi and calculation of thrombolysis and thrombus growth was 

performedd by a blinded second investigator. Statistical analysis was performed by ANOVA 

andd Newman-Keuls test. A p-value <0.05 was considered statistically significant. All values 

aree presented as mean  SD. 
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Results s 

BindingBinding ofXR5118 to PAI-1 

Ass shown in figure 2, increasing concentrations of XR5118 competitively inhibited binding of 

monoclonall  antibody CLB-2C8 to PAI-1, immobilized on the sensor chip of the BIAcore 

2000.. An approximately 50% reduction in binding of CLB-2C8 to PAI-1 was achieved at a 

XR51188 concentration of 10 ^mol/L. Higher concentrations of XR5118 could not be tested, 

becausee at these concentrations considerable interference of XR5118 with the BIAcore ' 

resonancee signal occurred, probably due to the physicochemical properties of XR5118. 

Bindingg of monoclonal antibodies MAI-12 and CLB-1B10 to PAI-1 was not significantly 

affectedd by XR5118. These results suggest that XR5118 inhibits PAI-1 by binding to the area 

betweenn amino acid 110 and 145 of the PAI-1 molecule, or at least affecting the accessibility to 

thiss regio, which contains a t-PA-PAI-1 interaction site. 

EffectEffect ofXR5118 on plasma and platelet PAI-1 activity 

Thee ex vivo incubation of rabbit plasma with increasing concentrations of XR5118 resulted in 

aa dose-dependent inhibition of PAI-1 activity, as shown in figure 3. Also, PAI-1 derived from 

activatedd platelets could be inhibited in a dose-dependent manner. A 50% reduction of PAI-1 

activityy in plasma and platelet releasate PAI-1 was reached at XR5118 concentrations of 

approximatelyy 75 ^mol/1. Theoretically, platelet PAI-1 may have contributed to the plasma 

PAI-11 activity, but since XR 5118 appeared to be equally effective in inhibiting both plasma 

andd platelet PAI-1, this would not have affected the results. 

TableTable 1. Plasma levels ofXR5118 (ng/ml) 

XR51188 alone 

XR51188 + rt-PA 

tt = == 0 minutes 

N.D. . 

N.D. . 

tt = 30 minutes 

13388  418 

13899  697 

tt = 60 minutes 

6533  243 

8944  579 

TheThe plasma levels where measured before the administration of study medication and at 30 and 60 minutes 
afterafter start of the study medication. Results of rabbits receiving XR5118 (bolus dose 5 mg/kg, followed by 1 
mg/kg/hr)mg/kg/hr) alone (n - 6) or in combination with rt-PA (0.5 mg/kg) (n = 6) are given. (N.D.: not detectable) 

Thee plasma levels of XR5118 in rabbits at corresponding time points is given in table 1. 
Figuree 4 shows the effect of the administration of XR5118 to rabbits on plasma PAI-1 activity. 
Thee administration of XR5118 alone resulted in a significant reduction of PAI-1 activity that 
wass similar at 30 and 60 minutes after the start of the infusion. At 60 minutes after the start of 
thee infusion PAI-1 activity levels had decreased from 23.7  4.9 IU/ml to 10.9  3.4 IU/ml 
(pp < 0.05). In agreement with previous studies, the administration of rt-PA alone resulted in a 

-76--76-
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CLB-2c 8 8 

500 100 150 200 250 

CLB-1b1 0 0 

3000 350 

FigureFigure 2 Binding of recombinant PAI-1 in combination with increasing concentrations of XR5118 to 
immobilizedimmobilized monoclonal antibodies directed against PAI-1 measured by surface plasmon resonance on a 
BIAcoreBIAcore 2000 instrument. Sensorgrams of binding of 250 nM PAI-1 in combination with XR5118 at a 
concentrationconcentration ofO (*), 0.5 (O), 5 (M) and 10 (Q ^mol/L to monoclonal antibody CLB-2C8 (upperpanel), 
MAI-12MAI-12 (middle panel) and CLB-1B10 (lower panel) are shown. The sensorgrams show association of PAI-1 to 
thethe sensor chip, which takes place during the injection between 115 and 235 sec, followed by the dissociation 
curvecurve after termination of the injection. 

-77--77-
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FigureFigure 3 Inhibition of PAI-1 activity in rabbit plasma (upper panel) and releasate from rabbit platelets (lower 

panel)panel) by XR5118 as compared to saline. Rabbit plasma or platelet releasate was incubated with increasing 

concentrationsconcentrations of XR5118 (O) or with PBS (O). PAI-1 activity is presented as a percentage of the PAI-1 

activityactivity in the absence ofXR5118. Mean values and SD are presented. 

reductionn of PAI-1 activity from 26.7  5.4 IU/ml to 17.3  2.0 IU/ml at 30 minutes 
(p<0.05)) after rt-PA administration, whereafter the PAI-1 levels gradually increased. The 
combinationn of XR5118 and r-tPA did not result in an additive PAI-1 inhibiting effect as 
comparedd to the administration of XR5118 alone: PAI-1 activity was reduced from 27.1 + 4.0 
IU/mll  to 8.0  2.2 IU/ml at 60 minutes (p<0.01) after the start of the infusion. In the 
controll  group receiving neither r-tPA nor XR5118, PAI-1 activity levels remained unchanged: 
24.88  8.0 IU/ml at baseline and 26.3  3.0 IU/ml at 60 minutes). 

•78-•78-
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FigureFigure 4 Reduction in plasma PAI-1 activity levels by the administration ofXR5118 to rabbits. PAI-
11 plasma levels of rabbits that were treated with XR5118 alone (Ot n = 6), XR5118 in combination with rt-
PAPA (Ot n = 6j, r-tPA alone (A, n = 6) and neither rt-PA nor XR5118 (control, V, n = 6) are shown. PAI-1 
activityactivity is represented as mean + SD. 

Att 30 minutes after the start of the administration of XR5118 the plasma level of XR5118 was 

13900  698 ng/ml in the group receiving both rt-PA and XR5118 and 1338  418 ng/ml in 

thee XR5118 alone group. At 60 minutes after the start of the infusion these levels appeared to 

bee significantly lower, i.e. 894 + 579 ng/ml and 653  243 ng/ml, respectively (p<0.01), but 

thee difference between the two groups at 60 minutes was not statistically significant. This 

apparentt decline in XR5118 levels at 60 minutes, however, might be partly explained by the 

factt that the sample at 60 minutes was taken 1-2 minutes after termination of the infusion, and 

XR51188 appeared to have an extremely short elimination half-life. ' In the samples before 

thee start of the study medication and from rabbits that did not receive XR5118, plasma levels 

off  XR5118 were not detected. 
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30 0 

20 0 

10 0 

endo o genous s rt-PA-induced d 

FigureFigure 5 Endogenous thrombolysis and rt-PA induced thrombolysis of thrombi formed in 
rabbitrabbit jugular veins. The extent of thrombolysis in the clots after systemic administration of 
XR5118XR5118 (black bars), or after administration of saline (control, white bars) was measured after 60 
minutes.minutes. Thrombolysis is expressed as percentage of the initial thrombus volume. All values are 
presentedpresented as mean  SD. Statistical significance (p<0.05) is indicated (*). 

EffectEffect ofXR.5118 on thrombolysis 

Thee administration of XR5118, as shown in figure 5, resulted in a significant two-fold increase 

inn endogenous thrombolysis as compared to the control animals. Thrombolysis in rabbits 

whoo received XR5118 was 5.6  2.0% after 60 minutes as compared to 2.6  1.3% in the 

controll  group (p = 0.02). The rt-PA induced thrombolysis was, as might be expected from 

previouss studies, not enhanced by the simultaneous administration of XR5118. Rt-PA 

inducedd thrombolysis was 23.5  7.1% in the control group as compared to 25.3  6.5% in 

thee group receiving XR5118 (p = 0.6). 
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FigureFigure 6 Spontaneous growth or growth after rt-PA of thrombi formed in rabbit jugular 
veins.veins. The extent of thrombus growth in the clots after systemic administration ofXR5118 (black 
bars),bars), or after administration of saline (control, white bars) was measured after 60 minutes. Throm
busbus growth is expressed as percentage of the initial thrombus volume. All values are presented as 
meanmean + SD. Statistical significance (p<0.05) is indicated (*). 

EffectEffect ofXR.5118 on thrombus growth 

Resultss of thrombus growth experiments are shown in figure 6. Thrombus growth in the 

rabbitss receiving rt-PA was significantly attenuated by simultaneous administration of 

XR51188 as compared to thrombus growth in rabbits receiving rt-PA alone. Post-thrombolysis 

thrombuss growth decreased from 19.9 + 3.8% in the group who received rt-PA alone to 13.5 

 2.7% in the group who received both r-tPA and XR5118 (p = 0.01). Also thrombus growth 

inn the absence of r-tPA was affected by the administration of XR5118: 24.4  3.7% as 

comparedd to 29.8  4.0% in the control group, however, this difference did not reach 

statisticall  significance: (p = 0.05). 

•81-•81-
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Discussion n 

Cardiovascularr diseases, such as acute myocardial infarction, stroke, or peripheral arterial 

diseasee are the result of thromboembolic events, leading to the obstruction of critically 

situatedd blood vessels and to the loss of adequate blood supply to vital organs. At present the 

availablee therapeutic modalities are sometimes insufficiently effective, resulting in ongoing 

vascularr occlusion or the recurrence of disease. In addition, these treatments are associated 

withh serious adverse effects, i.e. bleeding. This lack of efficacy and safety is probably due to 

thee rather aspecific nature of the therapeutic regimens. To achieve more effective and safer 

treatmentt strategies, detailed insight is required into the contribution of various pathogenetic 

pathwayss involved in the development of thrombotic disease. This knowledge may then 

resultt in the development of novel, highly specific and therefore potentially more effective 

andd safe treatment strategies. 

Theree is mounting evidence indicating that platelets play an important role in the patho-

genesiss of arterial thrombosis, in the delay of reperfusion and in the occurrence of subsequent 

reocclusion.""  Clinical observations and studies with experimental animal models have 

demonstratedd that arterial thrombosis and reocclusion are associated with the local 

aggregationn of activated platelets at the site of vascular stenosis.'" Strong inhibition of platelet 

aggregationn by antibodies directed against platelet receptor complex glycoprotein nb/ITia 

largelyy prevented the occurrence of reocclusion in experimental animal models and was 

associatedd with a reduction in reocclusion in clinical studies with patients undergoing 

percutaneouss transluminal coronary angioplasty (PTCA).' " Furthermore, platelet inhibition 

withh aspirin in patients treated with thrombolytic agents reduces the frequency of reocclusion 

afterr initially successful reperfusion. 

Recentt studies have indicated that PAI-1, the fast-acting inhibitor of physiological 

plasminogenn activators, which is present in large quantities in the a-granules of platelets, plays 

ann important role in the pathogenesis of arterial thrombosis and reocclusion.' Inhibition of 

PAI-11 resulted in an acceleration of thrombolysis and a reduction of reocclusion. ' However, 

inn these studies inhibition of PAI-1 activity was achieved with monoclonal antibodies, of 

whichh the application in humans may be limited. 

Inn the present study, we show the effect of a new non-peptide low molecular weight anti-

PAI-11 agent, XR5118, on the inhibition of plasma and platelet PAI-1. XR5118 is a diketo-

piperazine-basedd inhibitor of PAI-1 derived from a template originally isolated from a 

StreptomycesStreptomyces species. Our experiments indicate that the mechanism of action of XR5118 is by 

bindingg to PAI-1 at the t-PA-PAI-1 interaction site between amino acid 110 and 145 of the 

PAI-11 molecule. Administration of this compound to rabbits resulted in a dose-dependent 

inhibitionn of plasma PAI-1 activity. The data suggest that XR5118 is less active against rabbit 
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plasmaa or platelet PAI-1 than human recombinant PAI-1. This apparent discrepancy might be 

duee to several factors, including species selectivity, protein binding and the probability that 

thee PAI-1 generated from rabbit plasma and platelets is already bound to vitronectin. Systemic 

administrationn of XR5118 significantly increased endogenous thrombolysis, but an additive 

increasee in thrombolysis by the administration of r-tPA was not seen, probably due to the 

vastt excess of r-tPA, which completely masks enhanced activity of endogenous plasminogen 

activationn induced by XR5118. The effect of XR5118 on endogenous thrombolysis was 

comparablee to the effect achieved in previous experiments with PAI-1 inhibiting monoclonal 

antibodies.. In addition, the administration of XR5118 also resulted in a reduction of 

thrombuss growth, both in the absence and in the presence of r-tPA. Previous experiments 

havee shown that reduction of post-thrombolysis thrombus accretion in this model accurately 

predictedd the effects on arterial thrombosis and reocclusion. 

Inn the present study, adverse effects of XR5118, bleeding in particular, were not investigated. 

Neverthelesss we have previously shown that XR5118 does not increase bleeding time in a rat 

taill  transection assay and has no effect on either human platelet aggregation and blood 

coagulationn tests in vitro. It remains to be investigated whether systemic inhibition of PAI-1 

byy XR5118 or related compounds leads to adverse effects, especially when combined with an 

adequatee level of anticoagulant and antiplatelet therapy. 

Inn conclusion, this study shows the first in vivo data concerning the effect of the low 

molecularr weight compound XR5118 on reduction of plasma PAI-1 activity levels, promotion 

off  thrombolysis and inhibition of thrombus accretion. Specific inhibition of PAI-1 activity 

mayy become a useful adjunctive strategy in clinical practice to prevent post-reperfusion 

reocclusion.. In order to create clinically applicable compounds XR5118 may serve as a 

templatee for the development of more potent anti-PAI-1 agents with acceptable pharmaco-

kineticc properties for clinical use. 
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