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The effect of nafazatrom, a new antithrombotic agent, was studied in a canine model of regional myocardial 
ischemia. Nafazatrom was administered 1 m g / k g  intravenously every 6 h for 48 h. After 24 h of drug or placebo 
administration, animals underwent 90 min of occlusion of the proximal left circumflex coronary artery followed by 
gradual reperfusion over a period of 30 min. Twenty-four hours later, the animals were sacrificed and infarct size was 
determined by histochemical staining with triphenyltetrazolium chloride. Nafazatrom-treated animals had a significant 
reduction in infarct size expressed as a percent of the anatomical area at risk for infarction: 21 + 5% in the treated 
group vs. 41 + 5% in the control group (X + S.E.M., P < 0.05). Histological examination confirmed the gross results of 
postmortem histochemical staining. Salvage of ischemically jeopardized tissue appeared to be unrelated to myocardial 
oxygen demand as there were no hemodynamic differences between groups. The beneficial effects of nafazatrom are 
presumably related to a limitation of autolytic processes on the heart during and after ischemia as a result of the drug's 
ability to inhibit lipoxygenase and to prevent the enzymatic degradation of prostacyclin. 

Nafazatrom Myocardial ischemia Myocardial infarction 

I. Introduction 

N a f a z a t r o m  (BAYg6575) is a subs t i tu ted  pyra-  
zole c o m p o u n d  ini t ia l ly  deve loped  as an anti-  
t h rombo t i c  agent  (Seuter  et al., 1979). The ini t ial  
s tudies  with exper imenta l  models  of  th rombos i s  
d e m o n s t r a t e d  successful l imi ta t ion  of  t h rombus  
fo rma t ion  desp i te  an appa ren t  lack of effect on 
hemodynamics ,  b lood  coagula t ion ,  f ibr inolysis  or  
in vi tro p la te le t  aggregat ion  (Seuter  et al., 1979). 
Vermylen  and coworkers  (1979), using serum f rom 
na faza t rom- t r ea t ed  volunteers ,  were able  to dem-  
ons t ra t e  d rug-s t imula ted  release of  p ros tacyc l in  
f rom rat  ao r t a  slices. Inh ib i t ion  of  ar ter ia l  throm-  
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bos is  and  ex vivo pla te le t  aggregat ion were shown 
subsequent ly  in models  of th rombos i s  involving 
the rabbi t  aor ta  (Buchanan  et al., 1982) and the 
ci rcumflex coronary  ar tery  of  the conscious  dog 
(Shea et al., 1984). Recently,  na faza t rom has been 
charac te r ized  as having two a ppa re n t l y  unre la ted  
act ions:  (1) inhib i t ion  of the major  ca tabol ic  en- 
zyme of p ros tacyc l in  (Wong  et al., 1982) and  (2) 
inh ib i t ion  of  l ipoxygenase,  the enzyme which gen- 
erates  leukotr ienes  f rom arach idonic  acid ( H o n n  
and  Dunn,  1982). 

W e  hypothes ized  that  na faza t rom would  have a 
benef ic ia l  effect in p ro tec t ing  m y o c a r d i u m  at risk 
for infarc t ion  dur ing  an o c c l u s i o n / r e p e r f u s i o n  
mode l  of ischemic injury.  We bel ieved that  the 
ischemic p ro tec t ion  might  be re la ted  to l imi ta t ion  
of  au to ly t ic  processes  dur ing  and af ter  ischemia 
owing to: (1) cy topro tec t ion  by  pros tacyc l in  (Vane, 
1983) a n d / o r ,  (2) l imi ta t ion  of myocard ia l  damage  
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by neutrophils (Romson et al., 1983) due to de- 
creased leukotriene generation as a result of lipo- 
xygenase inhibition. 

2. Materials and methods 

2.1. Occlusion-reperfusion model of ischemic injury 

Thirty-three male mongrel dogs, 10-14 kg, were 
anesthetized with i.v. sodium thiopental, 5-10  ml, 
to induce a 15 min period of anesthesia. Using 
aseptic surgical technique, catheters for drug infu- 
sion and arterial pressure monitoring were im- 
planted in the left jugular vein and left carotid 
artery and exteriorized through the nape of the 
neck. The animals were allowed to recover and 
then received either nafazatrom, 1 m g / k g ,  or di- 
luent (saline plus NaOH),  according to a random 
numbers table. Nafazatrom was prepared by dis- 
solving the drug in 20 ml of saline adjusted to pH 
9 with 0.1 N NaOH.  Control diluent solutions 
were prepared in an identical fashion except for 
the absence of nafazatrom. The drug or control 
solution was administered intravenously every 6 h 
fo( a total of 8 doses (48 h). The dosage of 
nafazatrom and the dosing interval were chosen 
because of previous studies which indicated a be- 
neficial effect of nafazatrom in a model of coronary 
thrombosis (Shea et al., 1984). 

Twenty-four hours after vascular catheteriza- 
tion, the animals were anesthetized with pento- 
barbital sodium, 30 m g / k g  intravenously, in- 
tubated and ventilated with room air using a 
mechanical respirator. Arterial pressure was moni- 
tored with a Statham P23Db pressure transducer 
and recorded along with lead II of the ECG on a 
Grass recorder. A left thoracotomy was performed 
and the heart was suspended in a pericardial cra- 
dle. The left circumflex coronary artery (LCCA) 
was isolated from surrounding tissues at a point 
just under the left atrial appendage, but proximal 
to any marginal branches. A variable mechanical 
occluder (Hosko et al., 1977) was placed around 
the LCCA and an electromagnetic flow probe 
(Carolina Instrument Co.) was positioned prox- 
imal to the occluder. By using the flow probe and 
adjusting the occluder, the point of critical stenosis 

was determined. This is defined as the point at 
which resting LCCA flow is unchanged; however, 
hyperemic response to a 10 s occlusion is 
eliminated. In this fashion, flow measurements 
were obtained in the preischemic period, at the 
point of establishing a critical stenosis and at 60 
min after reperfusion in the absence of any steno- 
sis. After the critical stenosis was determined, the 
occluder was left in position for 10 min after 
which it was adjusted to completely occlude flow 
for a period of 90 min. The coronary blood flow 
then was gradually restored at 10 min intervals 
until the previously established point of critical 
stenosis was reached at 60 min. At this point, the 
occluder and flow probe were removed and the 
chest incision was closed. 

The present model of occlusion-reperfusion 
ischemic injury was used, as it was felt that the 
model represented the sequence of events that 
might occur in patients who are evolving a 
myocardial infarction and who are subjected to 
coronary artery thrombolysis. The period of occlu- 
sion was chosen so as to allow for irreversible 
myocardial injury which occurs between 20 and 60 
min after occlusion (Reimer et al., 1977). We have 
added a reperfusion period which may resemble 
thrombolysis (spontaneous or iatrogenic) a n d / o r  
release of vasospasm. The critical stenosis has been 
added for two reasons. By limiting.xeactive hyper- 
emia after the release of the occlusion may mimic 
the response one might see in a human  
atherosclerotic vessel which is partially occluded 
with plaque in the basal state, becomes occluded 
and is then reperfused. Presumably, one sees re- 
perfusion without reactive hyperemia. A second 
and more practical issue is that we wished to avoid 
the problem of hemorrhagic infarction and 
ventricular fibrillation which frequently are ob- 
served after uncontrolled reperfusion (Sheehan and 
Epstein, 1982). 

After 24 h the electrocardiogram and blood 
pressure were monitored. The animals were re- 
anesthetized, reintubated and placed on the re- 
spirator. The pericardial cradle was reestablished 
and LCCA flow was measured. Ventricular fibril- 
lation was induced by 100 Hz DC current pulses 
applied to the ventricle after which the heart was 
removed. 
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2.2. Postmortem analysis of infarct size and histo- 
logic examination 

Myocardial infarct size and the anatomical area 
at risk for infarction were quantitated using a 
modification of a dual perfusion technique previ- 
ously described (Romson et al., 1980) (fig. 1). A 
small bore cannula was inserted into the LCCA 
just distal to the site of the previous occlusion. A 
large bore cannula was inserted into the aorta 
above the aortic valve and the coronary ostia. The 
LCCA bed was perfused with a solution consisting 
of 1.5% triphenyltetrazolium chloride (TI 'C)  in 20 
mM potassium phosphate buffer (pH 7.4, 37 °C). 
The aorta was perfused in a retrograde manner 
with 0.5% Evans Blue. The simultaneous perfu- 
sions were made at a pressure of 100 m m H g  and 
maintained for 5 min while the heart was sus- 
pended in a water bath (37°C). The heart was 
then sectioned from apex to base into 0.7 cm thick 
transverse slices. The areas of non-ischemic 
myocardium subserved by the left anterior de- 

scending coronary artery and right coronary artery 
are stained blue. The area of left ventricle at risk 
for infarction due to its dependence on the LCCA 
is identified by the lack of Evans blue staining, but 
instead, by the appearance of a brick-red color, 
due to the formazan dye resulting from the reduc- 
tion of TTC by the dehydrogenases of viable 
myocardium. Within the anatomical area at risk of 
infarction is included the irreversibly injured areas 
which do not react with TTC and appear as a pale 
region which is distinguished easily for purposes of 
quantification. A diagram of a typical ventricular 
slice is shown in fig. 2. Ventricular sections were 
traced using clear plastic overlays for subsequent 
analysis of the extent of transmural infarction. The 
right ventricular, valvular and fatty tissues were 
dissected from the left ventricular sections and the 
remaining slices of left ventricle were dissected 
into areas of infarction, area at risk, and remain- 
ing left ventricle and weighed. Gravimetric analy- 
sis was employed for assessing the regions of inter- 
est as previous studies from this laboratory indi- 

Fig. 1. A schematic diagram of the dual perfusion system used to delineate the left ventricle not at risk of infarction and the area at 
risk for infarction subserved by the left circumflex coronary artery (LCCA). The LCCA is perfused with triphenyltetrazolium chloride 
(TTC) while the aorta is perfused in a retrograde manner with Evans blue. Both the TTC and Evans blue reservoirs are maintained at 
a constant pressure of 100 mmHg. 
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Fig. 2. A diagram of the differential staining of the heart. After 
perfusion with TTC and Evans blue, the heart is sectioned from 
apex to base. The lined areas include the area of left ventricle 
not at risk for infarction as well as the right ventricle (Evans 
blue positive). The stippled area indicates the area of the left 
ventricle supplied by the LCCA, the anatomic area at risk for 
infarction (TTC positive). The clear area within the stippled 
area at risk is the infarcted zone (fails to stain with TTC and 

appears pale). 

cate that planimetric and gravimetric analysis of 
infarc t / le f t  ventricle (%) and area at r i sk / le f t  
ventricle (%) closely agree (Bush et al., 1982; Jolly 
et al., 1982). Gravimetric analysis was performed 
by an individual unaware of the treatment regimen. 

Tissue blocks were taken from the base of the 
heart including the posterior papillary muscle (an 
area dependent on the LCCA for blood supply 
and invariably infarcted in our studies), adjacent 
area at risk and an area of the left ventricle not at 
risk for infarction. Blocks were coded, fixed in 
10% formalin, embedded in paraffin, cut into sec- 
tions 7 /~m thick and stained with hematoxylin 
and eosin. An observer unaware of the treatment 
protocol analyzed the tissues qualitatively for the 
presence or absence of necrosis. He further at- 
tempted to assess the degree of leukocytic infiltra- 
tion, hemorrhage and presence of microthrombi 
by using an arbitrary semiquantitative grading 
scheme of 0 - 4  + where 0 would be the absence of 
microthrombi, homorrhage or leukocyte infiltra- 
tion and 4 + would be the densest accumulations 
of microthrombi, hemorrhage or leukocytes. 

2.3. Statistics 

All data are expressed as the means _+ S.E. un- 
less otherwise stated. Student's t test was used to 
determine the level of significance of differences 
between nafazatrom and control groups. Dif- 
ferences were considered significant when P < 0.05. 

3. Results 

Of the initial 33 dogs randomized to drug or 
control treatment, three animals in each group 
were excluded because of heartworms, one animal 
from each treatment group was excluded because 
of technical error, three control animals were ex- 
cluded because of no-reflow secondary to throm- 
botic occlusion of the LCCA at 24 h and two 
additional control animals did not complete the 
protocol; one due to ventricular fibrillation during 
occlusion of the LCCA and the other due to 
ventricular fibrillation during reperfusion. These 
latter two animals were the only ones which under- 
went multiple cardioversions for unresponsive 
ventricular arrhythmias. Two additional animals, 
one in each treatment group, were the only other 
animals requiring cardioversion, a single cardio- 
version in each case. The results from the remain- 
ing twenty animals form the basis for this report. 
The animals were comparable in terms of body 
weight, 12.9 _+ 0.4 kg and 13.2 _+ 0.6 kg; and total 
left ventricular mass, 68.7 _+ 4.1 g and 73 _+ 6.4 g, 
respectively, for treatment and control groups. 

Nafazatrom- and drug-treated animals did not 
differ significantly with respect to heart rate, blood 
pressure or pressure-rate product during the base- 
line period or during occlusion, reperfusion, or at 
the 24 h time period (fig. 3). Mean coronary blood 
flows in the pretreatment and 60 min reperfusion 
time periods were similar for both groups: baseline 
flows were 20.2 + 1.6 m l / m i n  and 23.0 _+ 2.4 m l /  
min, respectively, for control and drug-treated 
groups. After 60 min of reperfusion the blood 
flows were 18.2 _+ 2.2 m l / m i n  and 20.9 _+ 2.2 m l /  
min, respectively, for control and drug-treated 
groups. 

Nafazatrom significantly reduced infarct size as 
demonstrated in fig. 4. There was a greater than 
50% reduction of infarct size whether infarct mass 
was expressed as a percentage of the anatomical 
area at risk for infarction or infarction was ex- 
pressed as a percentage of the total left ventricle. 
Of importance, the areas at risk for infarction were 
similar for both control and drug-treated groups 
(fig. 4). 

Histological examination of the posterior papil- 
lary muscle sections confirmed results obtained 
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subsequen t  measu remen t s  24 h later. No t  all  an ima l s  were s tudied at  24 h. S tandard  error  bars  are omi t t ed  for clari ty.  

from the gross examination after perfusion of the 
heart with TTC and Evans blue dye. Infarcted 
tissue; as determined by failure to react with TTC, 
demonstrated prominent  contraction band necro- 
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Fig. 4. Effect  of na faza t rom on  the extent  of infarc t ion  ex- 
pressed  as a percent  of the area at  risk and  as a percent  of  the 
left  ventricle.  The  percent  of the left  ventr ic le  occupied  by  the 
area  at  risk is demons t r a t ed  on the right. C = control  (n = 10); 
N = na faza t rom (n = 10). 

sis, loss of nuclei and infiltration with inflamma- 
tory cells. There was no difference between nafa- 
zatrom-treated or control groups with respect to 
leukocytic infiltration or hemorrhage and no mi- 
crothrombi were observed in either treatment 
groups as determined by light microscopy. 

Gross visual examination of the infarcts indi- 
cated homogeneous areas of infarction with occa- 
sional small islands of adjacent infarcted tissue. 
From plastic overlay tracings, the transmural ex- 
tent of infarction was assessed by projecting traces 
of ventricular sections and measuring the portions 
of the subendocardial and subepicardial surface 
circumference at risk of infarction and the portion 
of each surface that was irreversibly injured. The 
circumferential extent of subendocardial necrosis, 
expressed as percent of the circumference at risk, 
was 77 + 6 percent in controls and 59 + 9 percent 
in nafazatrom-treated hearts (X + S.E.M., P > 
0.05). The circumferential extent of epicardial 
necrosis was 19 + 6 percent in controls and 3 + 2 
percent in nafazatrom-treated hearts (X + S.E.M., 
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P < 0.05), suggesting that salvage of subepicardial 
myocardium was afforded by nafazatrom. 

4. Discussion 

This investigation indicates that nafazatrom sig- 
nificantly reduces the extent of myocardial injury 
at 24 h after a 90 rain period of coronary artery 
occlusion followed by reperfusion. Nafazatrom has 
no significant effect on hemodynamics and thus 
does not alter myocardial oxygen demand in a 
favorable direction relative to control animals. 
LCCA coronary blood flow was similar both be- 
fore and immediately after ischemia in both groups, 
however, the effect of nafazatrom on collateral 
blood flow is unknown. While nafazatrom is clearly 
beneficial in limiting the extent of myocardial 
injury, the mechanism of this beneficial effect is 
unclear, although several physiologic mechanisms 
are likely to be involved. 

The blood platelet and platelet products, e.g., 
thromboxane, serotonin, etc., may have important 
roles in thrombosis and spasm of coronary blood 
vessels, responses which may be prevented with 
antiplatelet drugs (Haft et al., 1972; Kraikitpa- 
nitch et al., 1976). Our previous work with nafa- 
zatrom in a conscious canine model of coronary 
artery thrombosis demonstrated significant reduc- 
tions in the incidence of epicardial coronary artery 
occlusive thrombosis (Shea et al., 1984). Fiedler 
(1983a) also has demonstrated antithrombotic ac- 
tivity with oral nafazatrom in a model of coronary 
thrombosis using the open-chest anesthetized dog. 
In our previous work ex vivo platelet aggregation 
studies indicated a significant antiplatelet effect 
which explained, in part, the reduction in platelet 
thrombi. Of interest in the present study was the 
presence of thrombotic occlusion of the LCCA in 
three control animals, but in none of the 
nafazatrom-treated animals. Insofar as nafazatrom 
has antiplatelet effects, the protection of ischemic 
myocardium may, in part, be a result of its anti- 
thrombotic action and the preservation of blood 
flow to the reperfused myocardium. 

Recent work indicates that one of nafazatrom's 
primary actions is an inhibition of the major 
catabolic enzyme of prostacyclin, 15-OH pros- 

taglandin dehydrogenase, with a resultant increase 
in the local availability of prostacyclin (Wong et 
al., 1982). The use of prostacyclin for the protec- 
tion of ischemic myocardial tissue has been dem- 
onstrated in previous models of myocardial 
ischemia in the cat (Ogletree et al., 1979) and the 
dog (Jugdutt et al., 1981). In the latter study, 
prostacyclin appeared to increase collateral blood 
flow to ischemic regions, however, some animals 
with low levels of collateral flow also had ischemic 
salvage arguing for other factors being important, 
e.g., cellular and metabolic effects. The relevance 
of these studies to our current investigation can 
not be directly extrapolated as most studies using 
prostacyclin for ischemic salvage have used phar- 
macologic doses involving a controlled hypoten- 
sive response. Nafazatrom has no apparent acute 
or chronic hemodynamic effects and the amount 
of prostacyclin generated appears to be hemody- 
namically insignificant (Vermylen et al., 1979). 

An additional property of nafazatrom of poten- 
tial benefit in myocardial ischemia is that of its 
ability to inhibit the lipoxygenase enzyme (Honn 
and Dunn, 1982). Lipoxygenase inhibition would 
decrease the generation of inflammatory leuko- 
trienes with a resultant decrease in the migration 
of neutrophils to the reperfused and injured 
myocardium (Goetzl and Picket, 1980; Palmblad 
et al., 1981). The gross histologic appearance of 
hearts from control and drug-treated animals were 
similar. However, our histologic techniques are not 
sensitive enough to quantitatively assess neu- 
trophil migration into previously ischemic areas. 
Recent studies from this laboratory have impli- 
cated inhibition of neutrophil migration to 
ischemically injured myocardium, assessed by the 
use of m Indium-labeled neutrophils, in the benefi- 
cial action of ibuprofen on myocardial infarction 
(Romson et al., 1982). Furthermore, depletion of 
circulating neutrophils by administration of anti- 
body against canine neutrophils was accompanied 
by a marked reduction in the ultimate extent of 
irreversibly injured myocardial tissue in the region 
undergoing reperfusion after a 90 min period of 
ischemia (Romson et al., 1983). 

Another aspect of lipoxygenase inhibition with 
its attenuation of the inflammatory response likely 
involves a decrease in the formation of oxygen 



metabo l i t e s  po ten t i a l ly  injur ious to the myocar -  
d ium.  This could  occur  ei ther  by  a l imi ta t ion  of 
n e u t r o p h i l - d e p e n d e n t  i n f l a m m a t o r y  r eac t i ons  
which genera te  oxygen radicals  (McCord ,  1974; 
F o n g  et al., 1973; Johns ton  et al., 1973; Beauchamp 
and  Fr idovich ,  1970) or  by  a direct  free radical  
scavenging act ivi ty  which recent ly  has been re- 
po r t ed  for na faza t rom ( H o n n  and Dunn,  1982). 

An  add i t iona l  po ten t ia l  benefi t  of  l ipoxygenase  
inh ib i t ion  would  be a reduc t ion  of vasocons t r ic tor  
leukotr ienes  which have been shown to increase 
co rona ry  vascular  resistance in isola ted hear t  pre- 
pa ra t ions  (Wil l iams and  Piper, 1980; Terash i ta  et 
al., 1981). 

Assessment  of  the pa t t e rns  of  infarc t ion  sug- 
gested that  the salvage of  myoca rd ium was l imi ted  
to the midep ica rd ia l  and  subep icard ia l  layers in 
the na faza t rom- t r ea t ed  animals .  These f indings  are 
c o m p a t i b l e  with previous  invest igat ions  descr ib ing 
a wavefront  p h e n o m e n o n  of  cell dea th  f rom sub- 
e n d o c a r d i u m  to subep ica rd ium in which the bo rde r  
zone of  po ten t i a l ly  sa lvageable  tissue is the subepi-  
ca rd ia l  tissue (Re imer  et al., 1977; Re imer  and 
Jennings,  1979). 

In this s tudy,  the effects of na faza t rom on 
vent r icu la r  a r rhy thmias  were not  assessed direct ly.  
In  our  previous  s tudy of  co ronary  thrombosis ,  
na f aza t rom- t r ea t ed  animals  had  fewer vent r icular  
a r rhy thmias  than cont ro l  an imals  af ter  th rombos i s  
(Shea et al., 1984). The suppress ion  of  vent r icular  
a r rhy thmias  also was conf i rmed  by  F ied le r  (1983a) 
in a co ronary  th rombos i s  model .  In  a s tudy of 
comple t e  l igat ion of  the rat  an ter ior  descending  
co rona ry  ar tery,  F ied le r  showed that  na faza t rom-  
t rea ted  animals  had  fewer early and late  ventr icu-  
lar  a r rhy thmias  as c o m p a r e d  to controls  (Fiedler ,  
1983b). Coker  and  Parra t t  (1983) used a 60 min 
occlusion fol lowed by  reperfus ion  in the anesthe-  
t ized g reyhound  and  were also able  to show a 
s ignif icant  inh ib i t ion  of  vent r icular  ec topic  act ivi ty  
in na faza t rom- t r ea t ed  animals .  Thus,  na faza t rom 
m a y  have an t i a r rhy thmic  activity,  a l though the 
mechan i sm of  ac t ion  will require  fur ther  investiga- 
tion. 

Our  s tudy indica tes  a s ignif icant  benef i t  of 
na f aza t rom in regional  myoca rd ia l  i schemia  pre-  
s um ab ly  due  to a l imi ta t ion  of  au to ly t ic  processes  
med ia t ed  by  a l te ra t ions  of  pros tacyc l in  degrada-  

69 

t ion and leukot r iene  format ion.  N a f a z a t r o m  would  
be appea l ing  to s tudy in cl inical  ischemic si tua- 
t ions as it has no appa ren t  h e m o d y n a m i c  effects 
and  thus could  be given a lone or  in combina t ion  
with other  agents,  in an effort  to fur ther  mod i fy  
the deleter ious  ac t ions  of  neut rophi l s  upon  myo-  
cardia l  tissue undergoing  reperfus ion af ter  a pe r iod  
of  ischemia.  Such a s i tuat ion might  exist in those 
ins tances  where myoca rd ia l  reper fus ion  is facili- 
ta ted by  coronary  ar tery  angiop las ty  or  by th rom-  
boly t ic  the rapy  with s t rep tok inase  or  tissue plas-  
minogen  act ivator .  
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