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Combined Thromboxane A, Synthase Inhibiticn and Prostaglandin
Endoperoxide Receptor Antagenism Limits Myecardial Infarct Size
After Mechanical Coronary Occlusion and Reperfusion at Doses
Enhancing Coronary Thrombolysis by Streptokinase

GODLLIEVE VANDEPLASSCHE, DVM, PuD, CARLO HERMANS, YVES SOMERS,
FRANS VAN pe WERF, MD, PuD,* FRED pE CLERCK, PHD

Beerse and Leuven, Belginm

Objectives. We sought to examine to what extent a combination

of strong thromboxane A; synthme inhibition and mederate

ide receptor bl i induced

cnmury thrombolysis and provides anti- nschemw activity inde-
pendent from its thrombolytic activity.

Methods. Coronary thrombi, induced by crush injury and

stenosis of the cornnary artery, weve lysed with streptoirase,

cnd the iowest incidence of reocciusion (solvent S of 7; ridogrel,
.31 mg/kg, 1 of 7; ridogrel, 5 mg/kg, 1 of 75 p < 0.85 versus
solvent).

Myocardla: infarct size after curonary mery ﬁgmn {90 ruin)
and fusion (150 min) in dogs was
49.3 = 4.5% versas 29  3.9% (p < 0.05 vs. solvent) of tie arca
of the left ventricle at risk in degs receiviag solveat (u = 9) or

10,000 IU/kg body weight over 99 min, in apesi etized dogs ndognl s mg/kg ly ( = 10), respectively, despite
receiving solvent (n = 11), ridogrel, 9.31 mg/kg intravenously, for similar i istics, blised Suw omd
thromboxane A, synllnse inhibition (a = 7) or ridogrel, Smg/kg,  areaa* nsk in hudl greups.

for additional p: ide receptar antagonism in C A, synthase inhibition

addition to thromboxane A, symlme inhibition (0 = 7) 16 min
before the administration of streptokinase.

Resultc. Thrombolytic efficacy was greatest in animals receiv-
Ing both dual-acting ridogrel, 5 mg/k;, intravenously, and strep-
tokinuse s evidenced hy the highest incidence of high grade
coronary veperfusion (sotvent 3 of 11; ridogrel, 0.31 mgikg, 5of 7;
ridogrel, 5 mg/kg, 7 of 7; p < 0.95 7s. solvent) withi the shortest
delfay (sotvent 210 min; ridogrel, 0.3t mg/kg, 85 min; ridogrel,
5 mgfkg, 37 min; p < 0.05 vs. solvent and ridogrel, 0.31 mg/kg)

and B “reuptor_o’l) des thrombulysi
with streptokinase in canine comnary amrm, 2) hmts m)um
dial infarct size after coronary and
veperfusion, and 3) may preserve ventricelar function compro-
naised by corenary ion through duat i of the
arachidesic acid cascade in blood 2nd mymnﬁal tissue, respec-
tively.

(1 Am Coll Cardiol 1993;21:1269-79)

1n humans, morbidity and monality after acute dial

dditional

y

wfusction are related to the amount of necrotic cardiac tissue
subsequent to the event (1). Therefore, treatment of acute
myocardial infarction is designed to achieve the salvage of
ischemic myocardium from eventual necrosis. Reducing the
duration of the ischemic periad by means of early coronary
reperfusion with fibrinolytic agents is one way to imp

pproach to reduce myocardial infarct size and
functional impairment after coronary occlusion and repesfu-
sion (4).

In experimental settings, adjunctive treatment with
thromboxane A, synthase inhibition (5) or endoperoxide
receptor amagomsm (6,7) differentially attenuates some of

ventricular function and to reduce the incidence of death
after acute coronary thrombosis in humans (2,3). Limiting
ischemic damage to the my directly by red

the limil of ic efficacy with streptokinase,
such as delayed (6) or low grade (7) coronary reperfusxon and
early coronary lusion (5,6). In additi h

ischemic or reperfusion injury, or both, may represent an

A, synthase inhit (8.9) and end: id an-
tagonists {10-14), when given separa\ely, have been demon—
strated to reduce myocardial infarct size elicited by cotonary
ion and reperfusion in dogs (19,11), cats (8,12), rats
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(13) and monkeys (14). However, a combination of throm-
boxane A, syathase inhibition with endoperoxide receptor
antagonism has a greater anti let and antith
effect than has enher single mlervemmn o asplnn in l)
preven(mg 1 hromb

canine coronary arteries (15-17) and rat carotid artenes (18),
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2) epinephrine-induced t of eyclic flow redue-
tions in stenosed canine coronary arteries (19), 3) enhanciog
thrombalysis with recombinant tissue-type plasminogen ac-
tivator (rt-PA) and heparin in canine coronary arteries (20),
and 4) reducing platelet hemostatic plug formation (21,22).

Therefore, we studied ) to what exient a combination of
strong thromboxane Az synthase mlubmnn combmed witha
modest dcgrce of endc

The left anterior descending coronary artery was dissected
iree over a length of £1 cm at 1.5 to 2 cm from its origin. An
electromagnetic fiow probe was placed on the aorta (diame-
ter 16 to 18 mm) and another on the anterior descending
coronary artery (diameter +2 mm); botit were connected to
electromagnetic blood flow meters (Skalar), calibrated in
llterslmm and mbl/min, respectively.

t d comnary thrombolysis in dogs, and

2) whether this combined therapy also provides salvage of
canine cardiac tissue after postischemic reperfusion, For
that purpose, we used two compounds already used in
humans: 1) streptokinase, producing fibrinolysis (23); and 2)
ridogrel, providing thromboxane Az syathase mh:bmon at
low duses and additional end
at higher doses (21,22,24),

Methods

Surgical procedure. Male or female mongiel dogs (n = 54)
weighing 18 {0 28 kg were anesthetized with sodium pentobar-
bital (30 mg/kg intravenously). After endotracheal intubation,
ventilation was pcrfonned with a mixture of 60% oxygen and
40% nitrous ox.de using a Siemens servovemﬂalor 900 ¢. The
left jugular vein was lated for the ad jon of
compounds. A high fidelity 7F catheter-tipped manometer
{Philips) was inserted through the carotid artery in the left
ventricle for measurement of left ventricular pressure, left
ventricular end-diastolic pressure and the maximal and mini-
mal first derivative of the left ventricular pressure (dP/dt). A
catheter was inserted through the femoral artery and

data were 3 on a multict
recorder and, by means of transducer amplifiers, fed into the
analog for digital conversion on a Micro-PDP 11 (Digital
Equipment} computer system and displayed on a Macintosh
computer (Apple Computer, Inc.).

Experimental protocols. The experimental protocols are
summarized in Figure 1. Baseline recordings of the hemo-
dynamic variables were obtained over a period of 20 min,
during which bl g time was d and blood sampl
were taken for lhe determmallon of serum levels of throm-
boxane B,, 6-k din F\, and landin E,
and the assessment of coagulation and ﬁbnnolys:s vanables

In the thrombolysis experiments, a constrictor was
placed on the left anterior descending coronary artery (di-
ameter 1 10 1.3 mm) to induce a 50% reduction in flow. The
constrictor was temporarily removed and the wall of the
anterior descending coronary astery was damaged by crush-
ing it wic a forceps. Thereafter, the constrictor was re-
placed and the coronary artery was occluded for 10 min by a
clamp placed distally from the constrictor. On release of the
clamp in the presence of the constnctor, coronary blord flow

t0aP23p transd for the
and diaslolic blood pressure. Heart rate was derived from the
electrocardiographic (ECG) lead 11

A thoracotomy was performed through the fifth intercos-
tal space and the heart was suspended in a pericardial cradle.

P ly lo zero of the formation of

an occluding b of complete coronary

b was itored for 60 min. Fifty minutes after

of systolic lusive thromb ion, blood were taken for
the measurement of serum prostauoid levels. Thereafier, the

dogs were 1 igned to one of the following groups:

group I (n = il) received saline solution, 0.2 ml/kg intrave-
nously, to serve as control dogs and greup II (n = 7) received
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ridogre!, 0.31 mg/kg i , for thromb A,
synthase inhibition (17,21,25). Group I (n = 7) received
ridogrel, 5 mg/kg i ty, for A, syn-
thase inhibition combined with prostaglandin endoperoxide
Teceptor antagonism (17,21,25). Group IV (n = 3) also
received saline solution instead of active medication. Ten
minutes after those treatments, arother blood sample was
taken for determination of serum prostanoid levels. There-
after, thrombolysis was initiated w:th streptokinase,
1,000 IU/kg intravenously as a bolus inj foilowed by a

b +
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present study has been described elsewhere (26). The area at
risk for myocardial infarction after mechanical coronary
artery occlusion (90 min) and sebsequent reperfusion
{150 min) is expressed as a percent of the total mass of the
left ventricle. Infarct size is then expressed as a percent of
the area at risk in sach animal (26,27).

Thromboxane A, synthase/prostaglandin endoperoxide re-
ceptor antagonism by ridegrel. The cammy of ridogrel to
inhibit platelet thromt 9 was. d by
ing its effect on serum prostanoid levels. For the

continuous infusion of 100 [U/kg/min during 9¢ min (total
dose 10,000 IU/kg) in groups I to L. In contrast, group 1V
received saline ion instead of streptoki At the end
of the streptokinase infusion, blood samples were taken for
serum prostanoid determinations and bleeding times were
measured. At the end of the experiment (210 min after
initiation of thrombolysis), blood samples were again taken
to determine the serum levels of prostanoids, coagulation
and fibrinolysis variables and plasma levels of ridogrel.
Times required to achieve low grade r of coro-

determination of serum prostanoid levels, venous whole
blood (1.6 ml) anticoagulated with scdinm citrate (0.38%)
was warmed to 37°C (10 min) and coagulated (1 h at 37°C) by
the addition of calcium chloride (0.2 ml; 1 x 107> moliter
final concentration) and thrombin (0.2 mi; 20 NIH U/m! final
concentration). Thereafter, cell free serum was prepared by
repeated centrifugations (15 min x 350 g; S min X 10,000 g}
and stored at —25°C. Serum levels (ng/ml) of thromboxane
B,. t-keto-prostaglandin F, and p din E, were

nary blood flow to >5% but <505 of the baseline value
relative to the prethrombosis values or high grade coronary
reperfusion (that is, restoration of coronary blood flow to
>50% of the baseline value) were recorded; in case no
coronary reperfusion occurred after the administration of
streptokinase, the duration of the experimental period
(210 min) was used for further data processing.

The maximal extent of coronary blood flew achieved on
reperfusion as weil as the flow at the end of the experiment at
210 min after exp o ki were ded Addn-

] by radioil using specific antisera and
tritiated tracers (21,25).

Antagonism by ndogml of camm: platelet thromboxane
A, and p at plasma
levels of the compound achieved after its in vivo adminis-
tration was assessed using platelet aggregation ¢xperiments.
For that purpose, the inhibition by ridogrel, 1 to 100 umol/
liter, of canine platelet aggregation, triggered by U-46619
after presensitization with l<cpinephrine, was measured in
vitro as described previously (17,20). Briefly, 0.4 mi of
citrated platelet-rich plasma was incubated (10 min at room

tionally, the incidence of 1) cyclic reperfusion and

pattemns characterized by reductions in coronary blood flow to
zero flow for <2 min before renewed reperfusion or permanent
reocclusion; and 2) complete reocclusions, characterized by
zero coronary blood flow for =10 min, were recorded in each

p ¢ and 5 min at 37°C) with 0.05 ml of HEPES
buffer (200 mmol/iter, pH 7.5) and 0.05 ml of solvent or 10 i
of ridogrel (1 to 100 umol/liter) supplemented with 0.01 ml of
l-epincphrine (10 gmolditer, 2 min at 37°C) before the
addition of U-46612 (I gmolliter) and the measurement of

adjunctive treatment group. the reaction in an aggregometer. The extent of the platelet
In experi for the deter of dial in- p was d by calculation of the speed of
farct size, a small segment of the left antenor di of light through the stirred sample

coronary artery, 1.5 to 2 cm from its origin, was dissected
free. Coronary artery ligation was performed during 90 min,
followed by 150 min of reperfusion.

Ridogrel, 5 mg/kg intravenously (n = 10), or solvent,
0.2 mllkg intravenously (n = 9), was given |ntravenously
30 min after the onset of coronary

(slope in % transmission/min). Percent inhibition of U46619-
triggered platelet aggregation by ridogrel was calculated
versus reactions in paired solvent-treated samples.

Plasma coagulation and @brinolysis. To assess pharmaco-
logic eﬁ'ccls of on plasma lation and fibrin-

myocardial blood flow was measured 25 min after left
anterior descending coronary artery occlusion just before
the administration of solvent or ridogrel and again at the end
of the occlusion period; for that purpose, 15-zm radiolabeled

, the activated partial thromboplastin time and
plasma ﬁbnnogen levels were assayed on citrated platelet- oot
plasma obtained from blood } d with aproti
(1,000 IU/ml) using routine procedures (28). Plasma fibrinogen

levels were 2xpressed in mg/i00 ml. Values after medication

microspheres (cesium-141, stannum-1i3, ruthenium-103 and ~ were d with the p Jication values in the same
niobium-93) were injected into the left atrium (Fig. 1B). dogs.

Atthe end of the experiment, the =nimals were killed with A possible influence of ndogr::l on the enzymatic path-
an dose of sodium p bital ' { myocardial infarct ~ ways involved in induced fibrinolysis -vis
size and area at risk were d using a ine¢ Evans hecked using a diluted whole blaod clot lysis test on canine
blue-triphenyl i hioride staining technique (26).  blood. Briefly, canine citrated (sodium citrate 0.013%) blood
The y of the triphenyl lium chloride method in ~ was diluted 1/10 with ice-cold 0.07 mol/liter phosphate buffer

identifying infarct size in the experimental conditions of the

pH 7.4, containing 0, , 2.5, 5 or 10 IU/ml of streptokinase
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and 10 gmol/liter of ridogrel or its solvent (0.15 molfiter of
sodium chloride), incubated for 5 min at 37°C and thereafter
coagulated with thrombin (2.5 NIH U/ml). After further
incubation (1 h at 37°C), the residual clot was rinsed with
.15 moV/liter of soaium chloride, dissolved in 0.1 N of potas-
sium hydroxide and quantified by a photometric assessment of
its hemoglobin content. The enzymatic fibrinofytic activity of
streptokinase is reflected by the size of the residual clot and is
expressed as a percent of a nonlysed controf sample. Values in
the presence of ridogrel were compared with those obtained in
the presence of salvent (25).

Hemostasis. The effect of treatment on bleeding time was
determined using a spring-loaded blade device (Simplate II,
General Diagnostics) (29). Incisions were made on the dorsal
side of the left shaved foreleg and blood was blotted until
bleeding had stopped for =1 min or for 30 min when bleeding
continued. Bleeding times were ded in ds; those

JACC Vol. 21, No. §
April 1993:1269-79

cardial blood flow was analyzed using a muitivariate
ANOVA for repeated measures (32).

Results

Morpholoegic study. Light microscopic analysis of left
anterior descending coronary artery segments revealed ex-
tensive vessel wall damage associated with occlusive throm-
bus formation. In contrast to the rather normal appearance
of distal segments without crush injury, disconnection of the
elastica interna from the vessel wall, disruption of the media
and focal insudation of red blood cells and polymorphonu-
clear white cells were prominent in arterial segments under-
neath the coronary constrictor. The occlusive thrombus
adhering to the site of vessel damage consisted of a mixture
of platelet aggregates, intermingled with fibrin threads en-

>30 min were recorded as equal to 1,800 s, Values recorded
after the administration of solvent or ridogrel were compared
with the premedication values obtained in the same dog.
Morphologie study. Using light mlcroscopy, damage to
the vessel wall and the sub: ion were

pping red blood cells, and was infilirated with polymor-
phonuclear cells (Fig. 2).

Coronary thrombolysis, Baseline h d ic variables
(heart rate, systolic blood p diastolic blood p 3
maximal and minimal first derivative of the left ventricular

evaluated in dogs in group 1V (n = 3) receiving no active
treatment. At the end of the experiment (270 min after
initiation of thrombosis), a 2-cm long segment of the left
anterior descending coronary wrtery with the constrictor in
place was excised and immersed in a mixture of 2%
paraformaldehyde and 2.5% glutaraldehyde in phosphate
buffer (pH 7.4) for =24 h. The areas of the left anterior
descending coronary artery under, proximal and distal to the
constrictor were separated, segmented and rinsed at 4°C in
2% osmium tetroxide in 0,05 molliter of Veronal acetate
buffer (pH 7.4) containing 3.2% sucrose. After rinsing in

p {dP/dt), left ventricular end-diastolic pressure and
flow values in the left anterior descending coronary artery
before and after coronary stenosis) were not significantly
different among the various experimental groups (Table 1).

In the control period, coronary blood flow showed a
stable and constant pattern. Stenosis of the coronary artery
at the site of crush injury to the vessel resulted in an
occlusive thrombus within 20 min in all preparations. At this
point in the experimental protocol, seven dogs were ex-
cluded from further analysis (in three dogs, development of
a thrombotic occlusion persisting for 60 min did not occur; in
another four dogs, death occurred shortly after coronary
hrombosis as a result of ventricular fibrillation).

0.05 mol/liter of Veronal acetate buffer supp d with
7% sucrose (pH 7.4, 4°C) for 5 min, the tissue was impreg-
nated with 0.5% uranyl acetate buffer (pH 5.2) for 40 min at
4°C, dehydrated in graded series of ethanol and embedded in
Epon. Transverse sections, 2 um thick, were prepared and
stained with toluidine blue for microscopic analysis (17),
Statistical analysis. Results are expressed as mean value
= SEM for continuous data. Baseline values of the hemo-
dynamic variables in the experimental groups were com-
pared using analysis of variance {ANOVA). Time to event
are rep d as median values and 95%
confidence limits based on the binomial distribution. Non-
gaussian data were analyzed for intergroup comparisous by
means of 2 two-tailed Mann-Whitney U test (30). Counted
data were analyzed b, the Sisher exact probability iest. In
all statistical procedures, Bonferroni's inequality was used
to correct for multiple comparisons. Analysis of covariance
with perfusion arez as the covariate was used to assess the
effect of treatment on myocardiai infarct size (31). The time
course of potential effects elicited by the administration of
solvent or compounds on hemodynamic variables and myo-

After the administration of solvent or ridogrel and subse-
quent infusion of streptokinase (groups I, 11 and 11), heart rate
remained constant and blood pressure decreased slightly and to
a similar extent in ali groups. A slight decrease in left ventric-
ular performance (maximal and rinimal left ventricular dP/dt)
occurred in all groups during the total observation period
relative 10 the value before thrombosis.

The pattern of coronary reperfusion (Fig. 3) and the
overall eﬂlcacy of thrombolysis ehcned by s(reptokmase
were fl d by the adji given
in addition to lhe fibrinolytic agent; both doses of ridogrel
were superior to solvent (Table 2, Fig. 3 to 5). Restoration of
blood flow >5% but <50% of the prethrombosis values (low
grade reperfusion) occurred in 7 (63%) of 11 solvent-treated
dogs (group 1) but in all animals receiving ridogrel in a low
dose (group 1) or a high dose (group 1I) {(p < 0.05 vs.
solvent). In contrast, high grade coronary reperfusion >50%
of the prethrombosis level was achieved with ki
in3 (33%) of 11 solvent-treated dogs, in 5 (71%) of 7 dogs
receiving ridogrel at a low dose (0.31 mg/kg intravenously;
p < 0.05 vs. solvent) and in alt 7 (200%) of 7 dogs given the
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Figure 2. Transverse sections of the left
anterior descending covonary artery
outside (a) and under (b) the constric-
tor. 8, Normal morphalogy of the vas-
r lar wall showing a noninterrupted in-
terna, elastic lamina (arrows). b, In this
area under the constrictor, part of the
internal elastic Jamina (arvow) is discon-
nected from the vessel wall and sur-
rounded by platelet-rich thrambus ma-
terial (TM); the thrombotic occlusion of
the artery is nearly complete. Magnifi-
cation %45, reduced by 20%. A = ad-
ventitia; M = media.

highest dose of ridogrel (5 mg/kg intravenously; p < 0.05 vs.
solvent) in addition to streptokinase (Table 2).

The duration of streptoki quired to
achieve a low grade coronary reperfusion was significantly
shorter with both doses of ridogrel as adjunctive medication
in comparison with solvent (Fig. 4, upper left panel). How-
ever, the infusion period of str=ptoki to reach high grade
goronary reperfusion was significantly shorter in dogs
treated with the highest dose of ridogrel (median 37 min)
than in those receiving the lower dose of the compound
(median 85 min) or solvent (median 210 min) {Fig. 4, upper
right panel). The maximal extent of coronary reperfusion
achieved during the experimental period (Fig. 4, lower left
panel) as wel! as the eventual level of coronary bloed flow at
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termination of the experiment (Fig. 4, lower right panel)
were significantly higher with both doses of ridogrel relative
to solvent.

The incidence of cyclic reperfusmn and reocclusmn was
significantly lower in dogs i
with either dose of ridogrel (four [57%] of seven dogs with
0.31 mg'kg and three [42%)] of seven with 5 mg/kg) than with
solvent (six [85%] of seven) (Table 2).

Moreover, in dogs treated with streptokinase, the inci-
dence of permanent reocclusion within the experimentat
observation period was significantly lower with ridogrel,
0.31 mg/kg (two [28%] of seven) and ridogrel, 5 mg/kg (one
[14%] of seven), than with solvent (five [71%5] of seven)
{Table 2).

Table 1. Baseline Hemodynamic Variables and Coronary Blood Flow in the Various Adjunctive
Treatment Groups Before Induction of Occlusive Coronary Artery Thrombosis

Solvent Ridogrel
(mlikg) (mg/kg intravenously)
0.2(n = 11) 03l m=7 S5m=7

SBP imm Hg} 12010 125=7 1238
DBP (mm Hg) 855 95+ 8 N6
HR {beats/min) 130 £ 10 m=9 120+ 14
LV dP/dt (mm Hy's}

Maximal 2038 £ 115 2,024 > 107 2,040 £ 128

Minimal ~1.193 = 185 —2478+92 -1509 > 147
LVEDP {(mm Hg) 58+08 77203 74x08
CBF (ml/min)

Control 33820 30423 6723

Stenosis 179=12 160 =17 BY=12

p > 0.05 by analysis of variance. CBF = coronary blood flow; DBP = diastolic blood pressure; dP/dt = first
derivative of left ventricular pressure; HR = heart rate: LV = left ventricular: LVEDP = left ventricutar

end-diastolic pressure; SBP = systolic blood pressure.
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Coranary LAD blood flow in percentage
of pre- Ihrombosis value (median)
g
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Figore 3. Effect of adjunctive medication on
the time course of reperfusion during strep-
tokinase-induced thrombolysis of canine cor-
onary arteries. Occlusive thrombosis (60 min)
was induced by crush injury stasis {10 min) in
stenosed coronary arteries. Adjunctive intra-
venous (i.v.) medication (solvent, n = 11;
ridogre!, 0.31 mg/kg, n = 7; ridogrel, 5 me/ke,
n = 7) was administered 50 min after initiation
of thrombosis and 10 min before intravenous
administration of streptokinase (1,000 [U/kg

Ridogrel 5 mgkg
Ridogrel 0.31 mg/kg

d bolus injection; 100 1U%kg per min during
j Solvent 90 min). Dats lines represent the mean values
el - of seven or more expcn'menls. p < 005
0 5050 150 w00 versus solvent for the totzl time course of
t time (mén) coromary reperfusion with ridogrel, 0,31 and
. I;:bll; #  Stepiokinase S mgfkg intravenously. LAD = left anterior
throy Sis

» Adjunciive medication 1.

1

In the three dogs g solvent as inter-

vention and solvent instead of active th

boluts

descending coronary artery.

similar in dogs receiving solvent (a: - at risk 33.2 = 2.1% of
the left icle, nt = 9) or ridogrel (area at risk 36.3 « 1.5%

(group V), no coronary reperfusion occurred during the
experimental period,

Myocardial infarct size induced by mechanica! coronary
occlusion and repecfusion. In comparison with that of sol-
vent (n = 9), the intravenous administration of ridogrel
(5 mg/kg; n = 10) 30 min after coronary occlusion elicited no
slgmﬁcant changes in hemodynamic vanables recorded dur-
ing mechanical coronary artery occl and sub

of the left ventricle, n = 10). In contrast, myocardial infarct
size at the end of the reperfusion period was significantly
{p < 0.05) smatler after ridogrel (infarct size 29 + 3.9% of
area at risk) than after solvent (infarct size 49.3 £ 4.3% of
area at risk) (Fig. 9).

Thromboxane A, syathase/prostagiandin endoperoxide an-
tagonism by ridogrel, In dogs receiving solvent as adjunctive

reperfusion, Myecardial collateral blood flow in enducardnal

midmyocardial and epicardial areas after 25 min of coronary
occlusion, that is, before the administration of solvent (total
collateral flow 14.2 + 6.2 mi/100 g per min) or ridogrel (14 £
8 mi‘'100 g per min), and at ter of the ischemic peried

before strep (group I, n = 11), levels of
thromboxane B, (before 244 * 17 ng/ml; at 210 min 256 =
24 ng/ml), prostaglandin F,, (before 2.7 = 0.2 ng/ml; at
210 min 3.7 = 0.4 ng/ml) and 6-keto-prostaglandin Fy,
(before 4 l ng/ml; at 210 min 9 = 5 ng/ml) in serum of

(10 + 9.2 m/100 g per min in the solvent-treated group;
13.3 = 7.3 ml/100 g per min in the ridogrel-treated group)
were comparzble in both groups. Areas at risk for myocar-
dial infarction after coronary occlusion and reperfusion were

lated whole blood remained compara-
ble before and at various intervals up 1o 210 min after the
initiation of fibrinolysis.

In contrast, serum levels of thromboxane B, were re-
duced significantly and to the same extent at various inter-
vals after the low dose (0.31 mg/kg; group 1I) of ridogrel
(before 196 = 44 ng/ml; at 210 min 56 = 23 ng/ml) and the
high dose (5 mg/kg; group II1) of the compound (before
253 + 55 ng/ml; at 210 min 6 + 2 ng/ml) in comparison with

values, Serum levels of prostaglandin E, were
significantly and to the same extent higher afier ridogrel,
0.31 mg/kg: before 5 = 1 ng/ml; at 210 min 151 % 30 ng/mi;
and after ridogrel, S mg/kg: before 4 = 1 ng/ml; at 210 min
218 % S5 ng/ml. Likewise, serum levels of 6-keto-
prostaglandin F,, were significantly higher than pretreat-
ment values after both doses of ridogrel (ridogrel,
0.31 mg/kg: before 3 = 0.2 ng/ml; at 210 min 19 = 5 ng/dl;
ridogrel, S mg/kg: before 3 = 0.3 ng/ml; at 210 min 18 + 2.4

Table 2, Effects of Adjunctive Medication on the
Thrombolytic Efficacy of Si ki in Thrombosed Canine
Coronary Arteries b
Soivent Ridogre! (mg/kg
(mgkg) intravenously}
02(a=1) 03(=7 35Mh=7
Low grade coronary m kizhd el
reperfusion
High grade coronary 31 S ur
reperfusion
Followed by cyclic reperfusion &7 an Eld
reocclusion
Followed by permanent 5 bl 1 ng/ml).
reocclusion

*p < 0.05 versus solvent by Fisher exact test. Data are presented as
number of dogs.

Plasma levels of ridogrel were 1.65 = 0.2 and 0.48 *
0.1 ug/ml at 10 and 210 min, respectively, afier the
0.31 mp/kg dose (group II) and reached values of 30.9 = 2.3
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Low-grade reperfusion High-grade repetfusion
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N o tx ..
0 . " . o .
Sotvent 0.31 5 Solvent oA 5
| S ——
Ricogrel mg/kg Fidogre' mgkg
Max flow End flow
% %
120 |201
W00 1004
50 . TN
B3 .
60 &0
R X
@ 0 ’ .
204 201 .
° cees Iy R - .
Soivent 0at s Sovent 031 s
[ SO
Fidogret mgikg Ridogrel mg/g
and 27.5 % 5.9 pg/mi at those intervals after the S mg/kg dose  Figure 4. Effect of adjuncti dication on variables
(group I11) in dogs subsequently treated with during duced of canine coronary ar-

In vitro, concentrations of ridogrel matching the highest
plasma level (1.65 ug/ml or 0.45 umolliter) obtained after
the 0.31 mg/kg dose marginally reduced the extent of aggre-
gation induced by U-46619 (1 p.mullliter) in citrated canine
platelet-rich plasma p itized with a subthreshold con-
centration of l-epmephnne {10 ;moilhter) In contrast, such
a platelet ion was lly inhibited (27.1 = 4.7%;
p < 0.05 vs. solvent) by ridogrel i m vitro at a concentration
matching the highest level obtained after the 5 mg/kg dose in
vnvu 309 ug!ml or 8.5 pmolfiter).

fibrinolysis and h In dogs receiv-
ing solvent (group 1), low dose ridogrel (group I1, 0.3) mg/kg)
or hlgh dose ridogrel (group 1L 5 mg/kg)‘ thrombolysis with

p also produced a reduction in the plasma coag-
ulation capacity as reﬁﬁcied by a significant prolongation of
the activated partiai thromboplastin time (Fig. 6A) and
fibrinogenolysis as cvidenced by a significant reduction in
plasma fitirinogen levels (Fig. 6B). However, the extent of

teries and occlusive thrombosis (60 min) induced by crush injury and
stasis (10 min) in stenosed coronary arteries. Adjunctive intrave-
nous medication (solvent, n = [I; ridogrel, 0.31 mg’lkg, n = 7;
ridogrel, 5 mg/kg, n = 7) was administered S0 min after initiation of
thrombosis and 10 min before intravenous administration of strep-
tokinase (SK, 1,000 [UKg bolus injection; 100 IUXkg per min
intravenously dunng 90 mm) Upper panel, Tunc after initiation of

to reach rep Lower pavel,
Extent of maximal {Max) coronary reperfusica {%zft) and coronary
flow at the end of the experimeni (right) as u sercent of prethrom-
bosis values. *p < 0.05 versus .olvent. - lrdlvxdual values; ~ =
median values.

such changes was snmllar in all groups. Template bleedmg
times were p d significantly after the ad of
slreptokmase in animals additionally treated with solvent
(group I). Ridogrel in the low dose of 0.31 mg/kg (group 1)
produced no further statistically significant prolongation
relative to solvent. By contrast, high dose ridogrel (group
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B Fibrinagen
v s an 18 Sotvent 1
solvem Ridogral G *
(5 mgkgi.v.)
Figure 5. Reduction in myocardial infarct size (IS) after ridogret 00y “‘7;3,‘ g *
without effect on the area at risk (AR) in comparison with solvent in mrka
dogs with [ left anterior d ing coronary occlusi s I—I
(90 min) foltowed by reperfusion (150 min). Solvent (n = 9) or M i
ridogrel (5 mg/kg intravenously [i.v.], n = 10) was administered at .
25 min of occlusion. *p < (.05 versus solvent, LV = left ventricle. 100 200 300 mg%
C  Bieeding time
1) resulted in template bleeding times significantly longer Saent 1 *
than those recorded after solvent or the fow dose of the
compound in dogs treated with streptokinase (Fig. 6C). In o_m,;m_‘
vitro, lysis within 1 b at 37°C by streptokinase (0to 10 U/ml)  Rdagre! Ll aa
of 1/10 diluted canine whole blood clotted with thrombin was mgkg I H
identical in the presence of ridogrel (10 pmolfiter) or its T
solvent (results not shown).
200 400 600 80O sec
i Figure 6. Effect of i and ion on
i
Discussion i plasma coagulauon. ﬁbnnogenolysls and bleedmg time in dogs
The  present study d that phar logic ma- to coronary
of hid acid bolism and 60 mm) mduf:ed by crush injury stasis (|0 mm) in stenosed coronary
effects, when appropriately balanced in terms of specific  aneries. (solvent, n = 11;

thromboxane A, synthase inhibition and additional endoper-
oxide receptor antagonism has two important actions, 1) It

L ially enh the thrombolytic efficacy of strep-
tokinase; and 2}, as a y effect, provides sal-

ridogrel, 0.31 mg/kg, n = 7; ridogrel, S mg/kg, n = 7) was adminis-
tered 50 min aﬁcr initiation of thrombosis and 10 min before
(1,000 1W/kg bolus
injection; 100 IU/kg per min during 90 min). Activated partial

vage of cardiac tissue from reperfusion damage subsequent
to mechanically induced myocardial ischemia at the dose
upgrading the thrombolytic efficacy of streptokinase in an
optimal fashion.

Indeed, the overall efficacy of thrombolysis achieved with
streptokinase against occlusive platelet-rich coronary
thrombi is enhanced when ridogrel is used as an adjunctive

time (APTT), plasma fibrinogen and bleeding time
are reponed 83 mean values = SEM, Open bars = vatues before the

of dication (solvent or ridogrel) and
streptokinase; hatched bars = values at the end of the experiment.
*, **p < 0.05 versus values *before streptokinase administration or
**with solvent.

+

medication to the fibrinolytic agent. Such an upgrading of
thrombolysis is evidenced by the shorter period of fibrino-
Iytic treatment required to reach high grade reperfusion, the
increased incidence and extent of maximal coronary reper-
fusion as well as the reduced occurrence of i in

between h Ay synthase inhibition and
ism in improving coronary
reperfusmn and mmntammg patency with streptokinase.
Low dose ridogrel (0.31 mg/kg) strongly reduced serum

levels of thromb B, and i those of 6-keto-

animals receiving ridogrel compared with solvent in addition
to streptokinase. Morgover, the substantial difference in
efficacy in that respect between the low and high dose of
sidogrel as adjunctive interventions points to a positive

landin F,, and p ] E, throughout the ex-
penmental peried. In comrast at peak plasma levels of
ridogrel reached by this dose, aggr regation of camne plate-
lets, sensitized with l-epinephrine and sub y stimu-

lated with the thromboxane A, mimetic U-46619 (17.20), is
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only marginally affected. Although by no means reflecting
actual in vivo levels (33,34), the reduction in thromboxane
B, levels and the reorientation to increased levels of 6-keto-
landin F\, and p landin E, as measured by
radioimmunoassays in serum from coagrlated blood ex vivo
demonstrate the capacity for profound and speciﬁc throm-
hoxane A, synthase inhibition of ridogrel in a low dose,
lacking sut ial oXide receptor ant: i
(17,25). As documented earlier with alternative molecules
(5), such thromboxane A, synthase inhibition to some extent
improves st ki induced thrombolysis. This is re-
flected by the shorter time to reach reperfusion and the
greater extent of maximal reperfusion obtained with such
adjunctive medication in comparison with solvent. How-
ever, the ent of the th lytic efficacy of strep-
tokinase ob d by such thromb A, synthase inhibi-
tion is less pronounced than that achieved with high dose
ridogrel. This difference is most marked on variables such as
time delay to high grade reperfusion, the incid and

v .
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gen activator (rt-PA) in heparinized dogs, such an upgrading
is cignificanily higher wuh comhmed thromboxane Ag syn-
thase inhibition and
achieved by compound combmanons or by dual‘actmg
ridogrel in comparison with the single interventions (20,38).
Of particular interest is the observation tha: incontrast to
that of rt-PA (39), the enh of k induced
thrombolysis with ridogrel occurs without additional admin-
istraiion of heparin. Similar to conditions during primary
prevention of thrombus formation in dan:aged corenary and
carotid arteries of varicus species (18-20), the present data
suggest that (hmmboxane A; symhase inhibition, by reori-
entmg pr I boli away from
A, into the inhidi i D, and
prostacyclm‘ synergazes with modest endoperoxxde receutor
k the d by accumulating pros-
landi dop on adenylate cyclase by which
inhibi p id platelet cyclic adenosine
phosphate (40). By such a mechanism, this dual phar-

maximal extent of coronary i and the red

in the rate of reocclusion. In contrast to the low dose. the

logic intervention on arachidonic acid metabolism and
recepmrs significantly attenuates platelet activation during

high dose of ridogrel provudes addmonal of induced coronary thrombolysis. Such an inhi-
platelet thramt Ayp d ide recep- bmon of platelet reactivity is sufficiently strong to reduce
tors in addition to thromboxane A, synthase inhibition. This  renewed deposition of thrombotic material on the lysing
is evidenced by the reduction in serum thromb Band  thromb thereb) acceleratmg and mtensnfymg coronary
the i in 6-keto-p landin F,, and p landi i and p lusion afier

E; levels ex vivo similar to those obtained with the low dose
and, in contrast to the latter, by the attenuation of U-46619-
induced canine platelet aggr in vitro at

slreptokmase We observed that streptokinase-induced
changes in plasma fibrinogen levels and in activated partial

of ridogrel equal to peak plasma [evels of the compound in
vivo after the administration of S mg/kg.

Single endoperoxide receptor antagonism to some extent
improves coronary thrombolysis by streptokinase in dogs
(6) However, in the present experimental condmons of high

due to the ofa lysmg
exposing absorbed thrombin (35), such a phar ‘

lastin time as well as the lysis by streptokinase of
diluted canine whole blood are not influenced by ridogrel,
whereas templ d bleeding times are prolonged after
the highest ridogrel dose. This observation pomls to an
action of hlgh dose ndogrel on platelet function for enhanc-
ing strep bolysis rather than on tke
activity of enzymes involved in the coagulation and fibrin-

effect is not likely to be the sole mechanism by which high
dose ridogrel optimizes the efficacy of the ﬁbnnolyuc agent

alysis

Al lhe dose of 5 mglkg ndogrel produces combined
A, 8y ide re-

for several reasons. 1) The enh of thrombolysis
versus that ina control group with a snmllar dose of strep-
ined with single endop antag-

onism usmg sulotroban (6) is less pronounced than that we
achieved in the present study with high dose ridogrel in a
similar canine pro(ocol 2) Despn.e a polency of the throm-
boxane A, and T antag-

ceptor and thereby optimal enhancement of the
thrombolytic efficacy of streptokinase in restoring and main-
taining coronary artery patency. Thus, at this dose, ridogrel
significantly reduces the size of the myocardial infarct re-
sulting from a left anterior d ing coronary
artery occlusion followed by coronary reperfusion. The

onist far beyond that of ridogrel at the highest dose we used
in the present study (25). single endoperoxide receptor
antagonism with sulotroban (6) is inferior to strong throm-
boxane A, sy inhibilion d with compar-
atively modest endop ism (ridogrel,
5 mg/kg) in preventing coronary occluston in conditions of
high grade thrombogenicity created by extensive vessel wall
damage in dogs (17). 3) Although amgle thromboxane A,

ab: of effects of combi A; sy
:nhibition and end\ id gonism with
ridogrel on heart rate, blood pressure, cardiac performance
and regional myocardial blood flow argues against a relevant
contribution of major hemodynamic effects of this agent on
the preservation of myocardial tissue and points to localized
myocardial sites of action during ischemia and reperfusion.
The myocardial salvage we obtained with ridogrel at a
dual-acting dose may be due to 1) thromboxane A, synthase

(20) or endop ptor antago-  inhibition, reorienting prostaglandin endoperoxide metabo-
nism (36-38) to some extent enhances the efficacy of coro- lism away from tt A, into i s d of
lysis with i tissue-type pl protective p landin D, and p lin (941), or 2)
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endoperoxide i i blocking detrimental
cellular r to p landi d and
thromboxane A, (8,10,11,14), separately shown to reduce
myocardial infarct size after coronary occlusion and reper-
fusion, or 3) the combination of thromboxane A, synthase
inhibition and endoperoxid p gonism (i7). The
against my dial reperfusion injury by the latter
pharmacologm intervention then may be a result of several
ible effects, includi in lar vaso-
spasm (42), platelet activation (42), cytotoxicity and lysoso-
mal enzyme release (8,43) and neutrophil accumulation and
activation (44-47).

Conclusions. The present study demonstrates that pro-
found thromboxane A, synthase inhibition combined with a
comparatively modest degree of endoperoxide receptor an-
tagonism as achieved with ridogrel in doses applicable to
humans (24) significantly enhances the efficacy of coronary
thromboly<i: elicited with streptokinase, even without the
concomitant application of heparin as adjunctive medica-
tion. Moreover, in contrast to cyclooxygenase inhibition
(48,49), such a ph logic intervention provides salvage
of myocardial tissue at risk of infarction because of coronary
occlusion and reperfusion. This observation may have jm-
plications for the future treatment of patients with acute
myocardial infarction.
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