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“Plasminogen Steal’” and Clot Lysis
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Althangh initially developed to reduve the risk of bleeding,
secand-generation (clot-seizctive) thrombolytic agents have been
found to induce more promgt and frequent than da

tions of rt-PA evaluated, fibrinogen degradation preducts
pmennaled rather than inhibited lysis (p = 0,05, o = 4}, probably by

nonselective, fivst-generation ugenis. To determine whether they
do so in part by preserving clot-assesiated piasminngen, human
whole hlmd dots tonmd in Chandler tubes were studied. Addition
o of tissue-type
plnsnlmgn aciivator (rt-PA) tu the redia bathing matue chuts led
to a paradoxic impairment of clof lysk and a poAcamitme concen-
tration-dependent depletion of clot iated pk {Western
plot analysis). In comtrast, supphmmﬂnn of the plasma with
plasmizogen (027 mg/ml) led to significant conservation of bath
plasma and clof-associated piisminogen (p < 0.05, n = 4), and
prevented the dimimtion of clot lysis (p < (.05, 0 = 4).
Fibrinogen degradation products did nol accrunt for the attenu-
ation of lysls with the highest of rt-PA. In
tions equivalent to those that weve induced by (he highest concentra-

n-PA x:mq divectly. When preformed clofs were
bated with pl depleted plassta plus 1,000 ng/ml
t-PA, the plasminogen content in residesl clot Jeclived (2.36 £ 0.46
versus 12.39 .69 ng/mg clot found in nondepleted plasma; p <

0.05; n = 6). Fusthermore, clot lysis was atienuated completely.
Thus, clot lysis induced by activation of piasminogen is depen-
dent on clot-associated plasminogen, shich in turn degends on the
concentrationof plasminogen in plasina, Depletion of both is ikely
w contribute to the lower frequenzy and rapidity of ceronary
recanalizatien induced with nendcat-selective compared with se-
Yective fibeinoiytic agents becuuse of (ke depletion of plasma
i and the pk steal they chargeteristicatly

induee,
(J A Coll Cardiot 1992;19:1085-90)

Agents used to induce fibrinolysis clinically differ with respect
10 theie relative clot or fibrin selecuvny Second -generation
agents such as binant tissug-type p aciivator
(nt-PA] falteplase or Activase) and prourokinase (Saruplase)
are more ¢lot sel than are first ion agents such as
streptokinase (Streptase), anisoylated plasmi i

gen inte the plasminogen-depleted fiuid phase (*plasminogen
steal”) (9}

Although changes in plasma plasminogen accompanymg
fibrinolysis are with this by vp hesi:
relations among induced changes m concenlratmns of

complexes {APSAC) ¢anistreplase or Eminase) and urokinase
(1-3). Second-generation agents were developed initially to
reduce the risk of bleeding. However, they have been found 10
induce recanalization of coromary arlesies more prompily and
more Irequently than do first- gcneratm agents (4-6). We
hyp ized that their  cificacy is a reflection, in
pan, of a paradoxic dlmmuuon of clok lysis seen when plas-
and Jepletion of fibsi amd plas-
minogen from blood occur wnh first-generation fibrinalytic
agents d regularly with lhmr admmls-
tration (7 8). We jated that depletion of
from plasma would result in leaching of clot-bound plasmino-

firom the Candiovaseular Division, Washinglon University, Saint Louis.
Missouri, This study was supported in pant by Nationa* [ tiluies of Health
Geant HL17646, SCOR in Coronary and Vascular T -
Manuseript received Tuge 26. 1991; revised mani,...,~ received Sepiem-
ber 26. 1991, accepied October 5, 1991.
dress_for reprints: Sheryt R. Torr, PhD, Cupdiovascular Pivision,
Washington Univensity Schaol of Medicine, 680 South Euclid Avenuz, Box
6636, Salni Louis, Missouri 63(10.

1992 by the American Catlege of Cardiology

plasma pl lot and rate
and extent of clot lysis have not yet been characierized. 'The
present study was performed with a second-generation agens
10 define these relations and 10 determine whether plasmi-
nogen steal is likely to contribute 10 the differential effects of
first- compared with semnd-genemhun fibrinolytic agems on
the rapidity and fi of coronary r i

Methoeds

Expetiments were performed in vitro with human secom-
binant deoxyritonucleic acid (DNA) tissue-type plasmine-
geni activator (11-PA) produced in Chinese hamster ovary
cells (Genentech). Enzyme-linked immmuncsorbent assay
(ELISA) reagents were obtained from American Disgnostica
for assay of rt-PA performed as previously described (10}
High molecuiar weight protein standards for use with sodium
dodecyl-sulfate polyacrylamide gel (SDS-PAGE) electro-
phoresis and Western blotting were obtained from BieRad.

Induction of clots in vitre. Informed written consent was

btained from all subjects for blood ling, and the study
was canducted in accordance with the Ethical Guidelines of

0735-1097/92/55.00
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the Human Studies Committee of the Washingten University
School of Medicine.

Human bloud clots were formed in Chandler tubes as
previously desciibed (9,111 af(er eolluction ol samples from the
antcenbital vein in noma! volunicers with & 19-pagee needle
and a polypropyiene syringe. Blcod was transferred guickly 10
a 27-cm long Tvgon tube (intemal diameter = 0.125 in,
[0.318 em; outer dizmezer = 0 188 in. [0.475 eml], | mi blood
per tube: Fisher Scientific that v as conneeted at both ends
with a | em collar of ‘tygun tubing (internal dismeler 0188 in.
(0,475 cm); outer diameter 0,312 in. (0.792 cm). Alter addition
of 3.5 peg of fibrinogen (EXabi Vitrum), the tubes were rotated on
4 tube rotator (Scientific Equipment Company) for & min at an
angle of 507 at 30 kpra, simulating blood Rows of approximately
30 mlmin. Clot formation was complete within 1 h as doco-
mented previously (12).

Effects of depletion of plasminogen from the fluid phase.
Venous blood was drown into sodium cirrate (3.8%) and
centrifuged at 1,150 X g for 10 min te obiain plasma from
normal voluateers who had not taken any medication including
aspirin and nonstercid anti-inflammatary agents for at least 3
weeks., Goal anti-human plastiinegen (Sigma P-3276) was
added to a final ~oncentrution of 20 mg/ml. An equal volume of
plasma was placed in another tub thai contained no antibody.
After vigorous shaking of the samples in both tubes overnight
on arotator at 4°C, protzin G was added (1: 10 volumervelume)
to precipitate the plasminog.n. After further incubation and
rotation for 2 h at room temperature. the plasma was centri-
fuged at 1,100 » g for 19 min ar 4C. The fraction
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fibrinagen degradation products ot saline solution were added
10 the whole blood. Afier o 5-min incubation with either the
fibrinngen degradation products or saline solution, sefocted
voncenirations of i-PA (1,000 to 8.500 ng'ml) were odded 1o
the medium. The extent of clot lysis was assayed gravimetri-
cally on the basis of the percenr reduction of dry weight of
Ueaied clots compared with the weight of untreated clots from
the same blood samples.

Extraction of clot-associated plasminegen. Fach clot was
removed from the Chandler tube at the end of the experi-
ment and washed extensively over a polyethylens mesh flier
(Spectrum Medical Industry, No. 146356) with salinc solu-
tion containing Tween-20 (0.95% volumefvalume). Afler the
wet weight of clots kad been measured, the clots were
hamaogerized manaily at4°C in & Dual glass homogcnizer in
100yl of sodium chloridc (NaClh. 20 mM: T-is, 10 mM;
ethylenediaminetetroecetic acid (EDTAL | mM; epsilon-
ammo caprioc acid (¢ACA) 15 mM; Triton X-100, 0.5%,
amd aprolinin. 400 KIU/ml at pH §. {d-Phenylalany)-L.
prolyl-L-arginine chloromethy] ketone (FPACK) (purchascd
from: Calbiochem) was added to the homopenate to yield a
linal concentration of 2 M. The homogenizer was rinsed
with 50 ul of the same buffer. the rinse was combined with
the hormogenate, and both were centrifuged in centricon-3
microconcentrator tubes (Amicon). The microconcentrators
were presoaked for 24 h with 2 ml of phosphate-bufferec
saline solution containing bovine serum albumin, 5 mg/ml.
and bovine gamma plobulin, 2.5 ng/ml. Before addition of the

was removed and assayed for residua! plasminogen with a
chromogenic substrate (5-2251) and reagents from Kabi Vii-
rum. The concentration of plasminagen in the depleted plasmea
that had bezn treated with antibody was only 5% of that in
autologous control plasma (@ = 2).

Clots that had been formed in Chamller twbes were
transferred into tubes with either normal or plasminogen-
depleted plasina and incubated while totating ar 37°C for an
additional 60 min. Subsequently, the concentration of plas-
min that had been generated in the Auid phase of normal or
plasminogen-depleted plasma bathing the clots was assayed
with another kinetic chromopenic subsirate assay (Spec-
wozyme-FPL., American Diagnostica),

Fhects on clot lysic of suppleientation of blesd with
fibrinogen degradation products, To delermine whether gen-
eration of high concentrations of fibrinogen degradation
products accompanying generation of plasmin may account
for the decrensed ratc and catent of clot lysis attributed to
plasminogen steal by competing with the hinding of activator
to fibrin. we petformed experiments wiih the addition of high
concentrations of fibrinogen depradaticn producls (50 gz/ml
of whole blocd). Fibrinogen Jegradution products were
prcpared by incubating plasmin {Kabi Vitrum) with exoge-
nous. fibrinogen (Kabi Vitrum) for 15 min at 37°C and were
subsequently assayed by the staphylococcal clumping method
{3igma Diagnostic Kit No. 830). Clats were allnwed to mature
for | h before small volumes of a concentrated solution of

he e. the phosphate-buffered saline solution was
discarded and the micraconcenrator tube was cemtrifuged
for 2 min at 1,000 % g at 4°C in a Sorvall RC-5 centrifuge.

Homopenales were centrifuged in the microconcentrator
tubes at 5,000 = g at 4°C for | h. Thg filtrate was discarded.
and solvent of the retentale was supplemented three times
wilh ? volumes of sodium phospinte buffer comaining 400
KIWml aprotonin at pH 4 per 1 volume of retentate, which
was eentrifuged a1 5.000 x g at 4°C until 1he volume of the
retentate was approximately 40 pi (usua'ly overnight). The
final retentate was centrifuged a1 1,000 x g for 2 min. The
filter was washed with 20 gl of the same buffer, and the 60-p|
final combined volume was stored at —70°C unlil Western
blot analysis was performed to quantify plasminogern that
had been extracied from the clols.

Asspy of activalzbie plasminogen and of plasmin. Concen-
Irnions of netivatable plasminogen were determined by
incubating 50 p! of plasma with 50 b of 0.166 M hydrogen
chioride {HC!Y at room tempexature for 15 min, nentrolizing
the sample with 50 ul of 0.166 M sodium hydroxide o
inactivate inhibitors, diluting with 1.0 mi of 50 m¥ Tris-HCI,
12 mM NaCl. pH 7.4, adding strepiokinase (1,000 U in
10 pb watcr. Sigma) to 200 4 of diluted sampic in a
spectrophotomater cavetts a1 37°C. adding 700 gl of buffer
contzining the chromogenic substrate, S-2251 (final concen-
tration = 0.8 mM), and measuring A,gs a5 a fanclion of ime.
Standard curves were obtained wilh several dilwtions of
pooted (n = 10 doners), citraied, normal human plasma.
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Values were expressed as & percent of vaiues in umtreated
control samples,

For ascay of plasain. a second chromogenic substrite.
Spectrozyme PL {ADI). was used. Samples were gollected
into 2-mi EDTA-vucutainer tubes (Becton Dickinson) con-
tainigg 2 final concentrition of 2 xM of PPACK and were
assayed immediately. Standard curves were obtaingd with
plasmin {Sigmal by measuring Ayys as o fanciien of time.
Standard curves obtained with and without PPACK did not
differ, indicating thal PPACK had no effect on measurable
plasmin activity under the conditions employed.

Quantification of plasminogen. For quantitation of clot-
bound plasminogen, Western blotting was performad. Atier
clots had been homogenized and exiracled, 7.5% sodium
dodeeyl sulfate polyacrylamide gel ¢lecwophoresis 15DS-
PAGE) was performed under nonreducing conditions with
samples and standards (3.13- 1o 100-pg/m! human giu-
nlasminogen. ADI No. 410) in slab gels according 10 the
method of Lacmmb (13 Sequential proteins in the gel
were transferred electrosiatieally 10 0.45 pm virvocelulose
{Schleicher and Schuell} at 4°C (100 V. 1.2 A {ur 60 min). The
gel and nitrocellulose sandwich was removed and biocked
overnight with 50 ml of buffer containing Tris-HCL. 50 mM:
NaCl, 150 mM: and 2% bovine serum atbumin (Bufler A). pH
7.5, at 4°C with constant agitation. lodine-125 goal antimouse
irmunoglobulia G (1.3 x 10° cpavml) was prepared with goat
antimouse immunoglabulin G (Sigma. M-88%01 and carrier-free
sodium ivdide-125 (Amersham) by the chloramine-T method.
A monoctonal antitody against husam glv-pasminegen. vwhich
cross reacts with plasimin only minimally (14) was used o
detect plasimnogen (AD] no. 3641). The nitrocellulose was
incvbated for 60 min with 100 ngfmi of the antibody with
constant agitation at 37°C and washed four times al room
temperature (10 min/washi with 20 ml of buffer comaining
Tris-+HCl, 50 mM; NaCl. 150 mM: 0.2% of sodium dodeer!
sulfate, 0.55% bovine serum 2toumin and 0.5% of Triton X-'00
(Buffer B): it was then washed once with 20 ml of Buffer A. The
nitrocellulose was then incubated for 60 min with 20 mi of [ 125
goat antimouse immunoglcbulin G (1.3 x 10° cpm/mi, specific
activity = 0.26 % 10° cpmipp) at 37°C with agitation. The
nitroceliulose was woshed again four titnes with 20 ml of Buffer
B for 10 min and once more with 20 ml of distilled water with
agilation for 10 min. Autoradiograms were developed with
Kodzk Diagnostic Filters (X-OMAT. XAR-5) and Cronex
intensifier sereensat =70°C for 18to 24 h. Arcas corresponding
19 labeled plasminogen bands were cut out, and radioactivity
was quantified by gamma counting. The recovery of plasmino-
gen as judged from resnlts with added standards was 93% (n =
4).

Effects on clot lysis of supplementation of medivm bathing
clots with plasmimogen. To determine whether supplementa-
tion with plasminogen of medium bathing clots atteruated
effects aftributed 10 plasminogen steal (k... the paradexi-
cally decieased ciot lysis ohserved with custwined. high
concentrations of rt-PA). clots were formed by addition of
3.5 ug of fibrinogen ta § mt of wiiole blood and iutated for | h
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at 37°C. Eiiher r-PA (fina} concentration 4,000 ng/mly or
osphate-buffered saling sulition was added in cqual vol-
T ! the 1ihes were rotated at 37°C for an additignal
30 min. Either hmman glu-plasminogen (final concentration
(127 mg/ml) or phosphate-buffered seline sohwion in equal
volume was added after 6 min and agzin afier 16 min of
incubation. When incubation was complete. ihe fibrin-rich
e of the clot was removed 115} and placed ato i Guai gass
homveenzer i 100 g of NaCl, 2HiaM: Tos, 10aM: EDTAL
I mM: eACA. i5 mM; 0.5% Triton X-100 and aprotinin,
400 KIU/ml. at pH 8. An additional 50 pl of buffer was used o
rinse the <ides of the homogenizer. PPACK was added to the
homogenat: {iinal concentration 2 pM). and the combined
homegenase and rinse were centrifuged in microconcentrator
bes at 5000 = g for 60 min a1 4°C. The volume in the
microconcenratar was brought 10 450 43 with a sodium phes-
phate buffer containing aprotinin, 40 kIU/i. The roiemtare
was centrifuged again for 2 b at 5080 x g ai £°C. the volume
was adiested o2 ml with sodivm phoseiate buffer supple-
mented with aprotinin (300 KIU/mD. and the mixture was
cenuifuged overnight a1 5.000 % g at 4°C o yield a finsd volume
of approximately 40 yd. The filiers were nnsed with 20 gl of the
sodium phosphate with aprotinin buffer and the rinses were
combined with the The combined extract was
stored al =70°C before performance of Westem blotting for
muantification of extracted plasminogen.

Statistles, Resuhts were expressed as mean values = SB.
Mean values were compared by Student £ tests. Significance
was defined a8 p = 0.05.

Results

Depletion of plasminagen in ckots. The plasminogen con-
tent in residual clots was determined by Western blot
analysis and expressed as both ng/mg of clot and the percent
of that in control clots. One hundred percent plasminogen is
equivaient to 64.7 n/mg of plasminogen (53.4, 76, n = 2.
Figure | shows that clot-assoriated plasminogen declined
after 30 min of ian with . high < -
tions of rt-PA. The highct coneentrations of n-PA resulted
in the greatest diminution of plasminogen in residual clots.

Effects of suppl jon with plh gen. To deter-
mine whether the depletion of plasminogen from clots was
secandary to depietion of plasma plasminogen and respan-
sible for the paradoxical diminution of clor ysis with
high concentrations of rt-PA {plasminogen steai), additional
clots were exposed to the same concentrations of r1-PA
4.000 ng/ml) in plasma supplemented with equal volumes of
solutions of plasminogen {3 pi: n = 4) or buffer. In tubes
without supplemental plasminogen, the percent of clot lysis
that oscurred way only 31.8 = 155 (n = 4). In contrast, n
tubes with supplememtal plasminogen, the percem of lysis
was increased (o 73.9 = 10% {n = 4). Figure 2A shows the
amount Of clot-associated plasminogea cxpressed as a per-
cervof that in control clots incubated without either r-PA or
sy plememal plasminogen. Conservation of clot-associated
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Figure 1. Human clots weie formed from whole blowd in Chandler
tubes fur 60 min a; 37°C and incubated for an additional 30 min with
added recombi tissue-type plasmil activetor (t-PA). Deple-
tion of clot-assuciated plasminogen was greatest with increasing
concentration of t-PA {(n = 2 for cach set of vonditions),

inogen induced with supplementation of the fluid phase
with 3 M of plasminopen is ev;dcnl Figure 2B shows the
potentiation of lysis of clots incubated with ri-PA by supple-
mental plasminogen (p < 0.05) compared wizh that of clots
incubated with 1t-FA alone.

Effects of vibrin degradation praducts on clot lysis mduced
by rt-PA, To delermine whether fibrinogen degradation
products generated by high concenirations of rt-PA could

Figure 2, Clots were formed in whole bluod Chandler tubes with
and wilnout supplementation with plasminogen. [n 1ubcs thal were
suppiemented with plasminogen. clot-associsted plasminogen (A} as
a percent of that in vonurol clots was slightly bot significantly
increased (ust=risk, p < 0.05:n = 4). Clot lysis (B) wis slnmﬁcamly
ingreased in sampies § d with pla

with thone dwith 1 bi issue-type

activalor (PA) zlone (asterisk, p << 0.05:n = 4).
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account fur apparent plasminogen steal and paradoxic atten-
uation of clot lysis by competing for binding of plasminogen
activator to fibrin, clots formed in Chandler tnhes wer2
exposed to rl-PA in the presence or absence of exozenous
fibrinogen degradation products (50 ug/mi). Preliminary re-
sults shuwed that the maximal conceatration of fibrinogen
degradation products. generated in 90-min incubations with
8.000 ng/ml of rt-PA. was <50 ug/ml. Fibrinogen degrada-
tion products did not attenuate lysis with any of the concen-
trations of r1-PA used (Fig. 3). ln fact, lysis was potentiated
significantly at both 4,000 and 8,000 ng/mi of rt-PA {p < 0.05;
n = 8), consistenl with some p of activation of
plasminogen by the fibrinogen degradation praducts them-
selves (16).

Effects of deplctmn of plasminogen induced without n-PA
or clot i lasmi and q <lot lysis with
rtPA. After formation of whole blood clots in Chandler
tubes for 60 min. some clots were transferred to plasmino-
gen-depleted plasma and incubated for 30 min with r-PA
(1,000 ng/ml), Control clots were placed in normal plasma
containing physiotogic concentrations of plasminegen with
the same concentration of r1-PA. The resuling lysis and
residual clot-associated plasminogen were determined grav-
imetrically and by Western biotling.

The conceatration of free plaseein remaining in the fuid
phase alter the formation of the clot in the st 30 min cf
incubation was simitar “or both scis of clots (0.028 =
0.003 CU/ml for those incubated in plasminogen-depleted
plasma compared with 0.027 + 0.003 CUfml for those
incubated in normal plasma |n = 4]i indieating similar
contributions of fluid-phase free plasmin in both sets of
conditions. Lysis of clots incubzated in the pl
depleted plasma with [OU0 ng/ml| r1-PA was attenmated
compared with that of clols incubated in normal plasma
supplemented with ri-PA (p = 0,05) {Fig, 4A). This concen-
tration of 1:-PA was chosen 10 determine whether lower
concentratiens of rt-PA ean induce plasminogen steal when
fluid-phase plasminogen is depleted by an alternative
method. Ciu iysis was ¢ven greaier when preformed slots
were incubated i whole blood supplemented with n-PA

A 1o
e 8 s
3 o
] ]
E g 2 w0
i E
x M -
S w —— L
®
. . A .
I 7 7 L
oy ]

%,5

CONTROL P& Fi + plasminogen

CONTROL

PA

“FA + mmilmu



JACC Vol. 19, No.
April 1992: 1085-90

100

% Clot lysis
3

»
-

20

0 T T T T 1
o0 2000 4000 6000 8000 10000

t-PA (ng/ml)
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tion of clot lysis with nonselective plusminogen activators
because of depletion of piasminogen from whole biood in
vivo. Results obtained show Wt the paradaic diminution of
Ciot [ysis se2n wiils suprapharinacologic. high concentrations
of r1-PA is associated not only with depletion of plasminogen
from the fluid phase. but also with depletion of clot-
assosiared plasminogen, reflecting ag equilibium between
the two with a consequent reduction of the availability of
clal-associated sbstrate (plasminogen) for activation.

Effect of depietion of plasminogen en lysis. Cmﬁrma\mn
of a causal ¢ ion between dep of p
and atienuation of lysis was obtained in expcriments in
which wholz blord clots were incubated in plasminogen-
depleted plasma supplemented with ri-PA. Clot lysis was
attenuated compared with 1ysis of clots incubated with rl-PA
in plasma with physiotogic concentrations of plasminogen
despile the presence of similar concentrations of free plas-
min in the fluid phase under both sets of canditions. Thesz
resulls indicate that the atienuation of clot lysis is a result of

aciivator {t- PA) (1.000 10 B.000 ngiml to determine whether the

d producis by t-PA could be
responsible Enr the diminution of clot Jysis seen with high concen-
trations of plasminogen activators. Az high voncentrations (4,000
and 8,000 ng/ml) of -PA. lysis was enhagced rather than attenuated
{n = §). Statistival significance (p = 0.0%) of differences between
lysis with and without fibrinegen degradation products is denoted by
asterisks.

{n = 8) than when they were incubated in plasma. Clots

depletion of ciot yeiated pl rather than deple.
tion of plasminogen in the fluid phase itself. whether or nat
plasatin is present in the fluid phase.

As was the case with clots intubated with the highest
concentrations of t-PA. clot-associated plasmmogen was
decreaﬁed in clots i with lower concentr of
n-PAinp Jeficizm plasma. In addition. lysis was
dl:cn\ntcd These chservations corroborate the diminution
of plasminogen in the fluid phuse as 4 determinant, regard-
less cf how it is induced, of both depletion of clot-associated

formed in whole blovd and 1o no it-PA

1| and ion of clot lysis. The greater induc-

contained 26.5 = 1.78 ng of plasminogen per mg of clot (n =
2. The concentration of clot-sssociated plasminogen was
significantly lower {p < 0.01) when clots were incubated
subr ly in pl depleted plasma (9.36 =
0.46 ng/mg; 1 = 6} rasher than in normal plasma {12.39 =
0.69%; n = 6) (Fig. 4B).

Discussion

The present study was performed 10 explore our recent
hypothesis that plasminogen sieal can account for a limita-

tion of lysis of clots incubated in whole blood than of clots
incubated in plasma with physiologic concenmtr-tions of
plasminogen may be atiributable to comtributions of red
blood <ells and plaselets to lysis of clots induced by plas-
minegen activators. Cellular elements such as platelets can
facilitate activation of plasminogen by providing a surface on
which plasminogen and rt-PA can bind and interact (17,1%).

Clinical implications nf plasminemla. Relatively clot-
selective plasminogen aciivators were developed on the
basis of the premise that induction of ¢lot lysis without the
plasminemia associated with nonclot-selective drugs would

Figure 4, Preformed clots were 80
incubated with or without recom-
birant tissue-type plasminogen
activater (-PA) (1,000 ng/ml) in
plasminogen-depleted or normal
plasma. Clot lysis (A} was virtu-
ally abolished in the plasminogen-
depleied plasmai{p = 0.05: 0 = &
and clot-associared plosminagen
was depleted (p < 0.:n = 6
compared with thal seen in ¢lots
cxpased (o 1-1'A in normad plasma.
(B). Satistical significance is de-

60

40

% clot lysis

204

104 ———

Plasminogen in clot (ng/n

noted by one (p S 005 or 1wy

ip = 0.01} asterishs,

depleted normal

whole blood depleted normal
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redice the nisk of bleeding. Surprisiagly, however, com-
pared with first-generation agents, these newsr agents were
found to induce a more frecquent and more rapid recanaliza-
tion of infarct-related arteries {2.6,19). These phenomena
may be explained in part by recently characterized plasmin-
mediate¢ prothiombotic effects of plasminogen activators
(20.21) that can shift the balance hetween dynamie throm-
bolytie and thrombatic processes toward thrombosis, with
cansequently delaved recanalization and decreased fre-
quency of recanaiization with first-generation agents. High
concenirations of plasmin can activate platelets in vitro and

=

ks

*
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