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The effect of a new aspirin derivative, aspirin-isopropylantipyrine (AIA), with
potent platelet anti-aggregant activity, on several experimental thromboses was evaluated
and compared with that of aspirin. AIA (50 mg/kg, s.c.) as well as aspirin (50 mg/kg, s.c.)
significantly inhibited thrombus formation in extracorporeal shunt model of rats. AIA (50
mg/kg, s. c.g significantly shortened the duration of apnea and respiratory distress induced
by a rapid injection of adenosine 5'-diphosphate in rats, while aspirin (50 mg/kg, s.c.) did
not. Inhibitory effect of AIA (50 mg/kg, s.c.) on arachidonic acid-induced mortality in
mice was less than that of aspirin (50 mg/kg, s.c.). AIA and aspirin (10 mg/kg/d X 10, s.c.)
had no effect on laurate-induced arterial occlusive disease in rats. AIA (200 uM) showed
weak and reversible inhibition of prostaglandin I, generation in isolated rat aorta strip,

while aspirin (200 uM) showed irreversible inhibition.
AIA (50 and 200 uM inhibited Ca2?*-, K*- or norepinephrine-induced contraction
on isolated rat aorta str(i}). ATA (200 uM) had no effect on malondialdehyde formation,

cyclic AMP level and a

enylate cyclase activity in rat platelets. AIA (100 uM) inhibited

arachidonic acid-induced contraction on rat fundus strip by about 50%, while aspirin (100
uM) did not. These results strongly suggest that anti-thrombotic activity of AIA was orig-

inated at least from its anti-aggregant ef:

ect on platelets, differing from aspirin.

Keywords—aspirin derivative; aspirin; experimental thrombosis; prostaglan-

din I,; Ca?*-induced aorta contraction

In recent years, anti-platelet drugs have been
applied to thromboses, because of their lower
side effect than thrombolytic or anti-coagulant
agents. Pathogenesis of thrombosis involves
many factors, among which platelet aggregation
plays a great part of initial events in thrombus
formation on arterial vessels. Previously, we
reported the discovery of a new aspirin deriva-
tive, N-3'a-propyphenazonyl-2-acetoxyben-
zamide (aspirin-isopropylantipyrine, AIA),
which possessed potent platelet anti-aggregant
activity,? very little gastric ulcerogenecity and
very slight acute toxicity, compared with aspi-
rin.® In this paper, in anticipation of a preventive
effect of AIA on thrombosis, its inhibitory effect
on several experimental thrombotic models was

investigated together with its action mode on
the platelet function.

MATERIALS AND METHODS

Materials and Animals — AIA was synthe-
sized in our laboratory as described previously
by the authors.® Adenosine 5’-diphosphate diso-
dium salt (ADP), adenosine 5’-triphosphate
disodium salt (ATP), ethylene glycol bis (8-
aminomethylether)- N,N,N',N'-tetraacetic
acid (EGTA) and thiobarbituric acid (TBA)
were purchased from Nakarai Chemicals Ltd.
Sodium laurate, Somnopentyl (sodium pento-
barbital) and sodium fluoride (NaF) were pur-
chased from Wako Pure Chemical Ind. Ltd.
Arachidonic acid (from porcine liver), phos-
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phocreatine disodium salt hydrate, creatine
phosphokinase (Type I from rabbit muscle),
papaverine, norepinephrine bitartrate and
bovine serum albumin (BSA) were products of
Sigma Chemical Co., U.S.A. Isopropylantipyrine
(IA) obtained from Toho Shinyaku Ltd., aspirin
from Yoshitomi Pharmaceutical Co. and
1,1,3,3-tetraethoxypropane from Tokyo Kasei
Kogyo Ltd. Cyclic AMP kit and liquid scintilla-
tion cocktail, ACS II, were products of Amer-
sham, UK. AJIA or aspirin suspended in 5%
acacia was injected subcutaneously to animals in
the measurement of biological activity in vivo.
The in vitro samples were dissolved in 10% etha-
nol. The animals used in this study were Wistar
male rats weighing 300 —400 g, ddy male mice
weighing 20—25 g and male rabbit weighing
25—-35kg.

Experimental Thrombotic Models — Extra-
corporeal Shunt Model in Rats: The extracorpo-
real shunt model was made in rats as described
by Umetsu and Sanai.* Rats were anesthetized
with sodium pentobarbital (65 mg/kg, ip.).
Upon tracheostomy, a tube was inserted after
exposure of the trachea. Extracorporeal shunt
was a series of 3 polyethylene tubings which con-
sisted of two polyethylene tubes (Hibiki, No.4,
12.5 cm length, 1.3 mm out diameter) at both
ends and one polyethylene tube (Hibiki, No.7,6
cm length, 2.3 mm out diameter) threaded with
a white silken thread (Kanebo Co., No.50, 5 cm
length) in the middle. After the shunt was filled
with a heparin solution (100 IU/ml), one end
was inserted into a left jugular vein, and the
heparin solution (100 IU/ml/kg) was slowly in-
jected via the shunt. The detached end of tube
was inserted into a right carotid artery to estab-
lish the circulation of blood. Samples were inject-
ed 1 h before the blood was put into the shunt
circulation. Twenty min after blood circulation,
the blood flow was stopped with an artery clip.
Then, the middle tubing was taken away and
from which the thread coated with thrombus
was carefully pulled out. Immediately, the wet
weight of thrombus was measured. Subsequent-
ly, 0.2 ml of heparin solution (100 IU/ml) was
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quickly injected from free end of tubing at the
venous side. Another new polyethylene tube
containing a silken thread was connected be-
tween venous and artery tubings. Then, the
blood circulation was reestablished. By the same
procedure, the third circuit of blood was estab-
lished. The total thrombus weight for 60 min on
three experiments was determined and used as
an indicator of thrombus formation.

ADP-induced Respiratory Distress and
Arrhythmia in Rats: Rats were anesthetized with
sodium pentobarbital (65 mg/kg, ip.) and in-
serted with a tracheostomy tube, as described
above. ADP (6 mg/ml/kg) was rapidly injected
into the jugular vein. The test agent was injected
1 h before ADP injection. The changes in re-
spiratory rate and electrocardiogram (lead II)
were monitored and recorded on a Polygraph
system (Nihon Koden, RM-6000). Duration of
apnea, respiratory inhibition which is less than
90% of normal respiratory rate, and arrhythmia
were measured.

Arachidonic Acid-induced Mortality in Mice:
According to the method of Griffett et al.,*
arachidonic acid (60 mg/10 ml/kg, i.v.) was ad-
ministered 1 or 4 h after injection of the test
agent, and the mortality was observed.

Laurate-induced Arterial Occlusive Disease
in Rats: According to the method of Ashida et
al,® 0.1 ml of sodium laurate solution (10 mg as
acid/ml) was injected into the right femoral
artery of a rat. Daily injections of the test agent
were started 1 day before laurate injection. The
degree of gangrane at 6th day and mummifica-
tion at 10th day after operation was graded into
0 to IV according to the severity of the lesions.

Prostaglandin (PG)I, Generation: Accord-
ing to the method of Harada et al.,” PGI, gener-
ation from endogenous arachidonic acid was
measured on isolated rat aorta. Briefly, thoracic
aorta strip was incubated in 1 ml of Tris-buffered
saline (pH 7.4) at 37°C. The amount of PGI,
which was released into the medium during 10
min incubation, was bioassayed as an inhibitory
activity against the rabbit platelet aggregation
induced by ADP in vitro. AIA (200 uM) and
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aspirin (200 uM) had no effect on the primary
aggregation induced by ADP in vitro .?

Action Mode — Malondialdehyde (MDA)
Formation: The procedure for measurement of
MDA was essentially the same as that described
by Ashida and Abiko.®’ The washed rat platelets
were finally suspended in a solution of 25 mM
Tris-HCI buffer (pH 7.5) containing 130 mM
Nac(l, 0.1% glucose and 0.3 mM EDTA. The sus-
pension (047 ml, 3X10° platelets/m]) was
preincubated at 37°C for 2 min, incubated with
the test solution (20 wl) for 5 min, and then in-
cubated with an arachidonic acid solution (10
ul, 0.1 mM final concentration) for 5 min. The
reaction was stopped by adding a TBA reagent
(0.5 ml).?” Then, the mixture was heated in a
boiling water bath for 10 min. After centrifuga-
tion, OD (at 532 nm) of the supernatant was
measured. A standard curve of MDA was pre-
pared by using 1,1,3,3-tetraethoxypropane.t? A
blank was prepared for each test specimen.

Contraction of Fundus Strip: According to
the method of Splawinski et al,'! rat fundus
strip was mounted in an organ bath containing
50 ml of Krebs-bicarbonate buffer bubbled with
95% O3-5% CO, at 37°C. The resting tension
was 2 g. The test solution (0.5 ml) was added to
the organ bath 3 min before addition of arach-
idonic acid.

Cyclic AMP Level: The pellet of washed
rat platelets® which was prepared as described
by Ashida and Abiko, was suspended in a solu-
tion of 15 mM Tris-HCl buffer (pH 7.5) contain-
ing 139 mM NaCl. The suspension (0.5 ml,
3X10° platelets/ml) was incubated with a
sample solution (20 ul) at 37°C for 10 min, and
the mixture was heated in a boiling water bath
for 2 min. After centrifugation, the supernatant
was lyophilized and assayed for cyclic AMP
using the assay kit. The sample for radioactivity
was added to ACS II (10 ml) and the radioactivi-
ty was counted with a Liquid scintillation spec-
trometer (Beckmann, LS-150).

Adenylate Cyclase Activity: The pellet of
washed rat platelets® was suspended in a solu-
tion of 25 mM Tris-HCl buffer (pH 7.5) contain-
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ing 130 mM NaCl. The suspension (10!° plate-
lets/ml) was sonicated at 150 mA for 30 s. The
reaction mixture (0.5 ml final volume) consist-
ing of 25 mM Tris-HCI buffer (pH 7.5), 5 mM
MgCl,, 4 mM phosphocreatine, 0.2 mg creatine
phosphokinase/ml, 1 mg BSA/ml, 0.4 mM ATP,
0.25 mM papaverine, 100 ul of platelets lysate
and 20 ul of sample solution. The mixture was
incubated at 30°C for 10 min. The reaction was
stopped by rapid heating in a boiling water bath
for 2 min. After centrifugation, the supernatant
was assayed for cyclic AMP as described above.

Contraction of Thoracic Aorta: According
to the method of Schiimann et al,'® the spinal
strip of rat aorta was mounted in an organ bath
containing 10 ml of Krebs-bicarbonate buffer
bubbled with 95% O,-5% CO, at 37°C. The
contraction was recorded via a Force-
displacement transducer (Nihon Koden,
TB-611T) on the RM-6000. The dose response
curve for KC] or norepinephrine was determined
in the buffer. The dose-response curve for CaCl,
was determined in a calcium-free and potassium-
rich buffer 30 mM KCl) after the strip was
washed 3 times with a calcium-free buffer con-
taining 1.0 mM EGTA. Increasing doses of KCl,
norepinephrine or CaCl, were added every 10
min until the maximum response at each con-
centration of agonist was reached. The test solu-
tion was added 5 min before the addition of ago-
nist.

RESULTS AND DISCUSSION
Inhibitory Effect on Thromboses

In extracorporeal shunt model, AIA (50
mg/kg, s.c.) significantly inhibited the thrombus
formation, and its inhibitory action was as
strong as that of aspirin (50 mg/kg, s.c.), as
shown in Table I. AIA was found to inhibit the
thrombus formation which originated from pla-
telet aggregation in vivo, as expected from its in-
hibitory action on the platelet aggregation in-
duced by collagen ex vivo and in vitro.

The effect of AIA on respiratory distress and
arrhythmia which were the index of ADP-
induced pulmonary thrombosis and were fol-
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lowed by platelet fall,'® was shown in Table IL
Following a rapid injection of ADP, duration of
apnea and respiratory inhibition was significant-
ly blocked by the pretreatment of AIA (50
mg/kg, s.c.). ADP-induced arrhythmia was not
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significantly influenced by AIA. Aspirin (50
mg/kg, s.c.) had no effect on respiratory distress
and arrhythmia. We reported previously that
AIA did not inhibit the primary platelet aggre-
gation induced by ADP in vitro. » Therefore, the

TABLE 1. Effect of AIA on Extracorporeal Shunt Model in Rats
Dose Wet weight of Inhibition
) g
Sample* (mg/kg, s.c.) thrombus (mg) (%)
Control — 54.5+0.67 —
AIA 50 32.8+4.66** 39.8
Aspirin 50 344+596* 369

a) Sample was injected 1 h after the loop circulation.
b) Each value represents the mean + s.e. (n=3).
< 0.05, **p<0.01: versus control.

TABLE Il.  Effect of AIA on ADP-induced Respiratory Distress and Arrhythmia in Rats
b Duration time (s) &
a) 0s€ )
Sample (mg/kg, s.c.) Apnea Respiratory Arrhythmia
depression

Control - 49.6+14.4 103.1£136 131.5+110
AIA 50 142+ 1.6* 624+12.0* 1051+ 7.2
Aspirin 50 27.7x13.2 90.1+119 121.1x14.1

a) Sample was injected 1 h before ADP injection (6 mg/ kg, i.v.).

b) Each value represents the mean %+ s.e. (n=28).

*p< 0.035: versus control.

TABLE. IIl.  Effect of AIA on Arachidonic Acid-induced Mortality in Mice
N Time (h) Dose Ratio of dead mice  Mortality
ample | after (mg/kg, s.c.) to tested mice (%)
injection

Control 1 - 7/7 100
Control 4 — 6/7 86
AIA 1 50 2/7* 29
AlA 4 50 6/7 86
Aspirin 1 50 0/7** 0
Aspirin 4 50 0/7** 0

a) Sample was injected 1 or 4 h before arachidonic acid injection (50 mg/ kg, i.v.).

< 0.05, **p< 0.01: versus control.
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TABLE IV.  Effect of AIA on Laurate-induced Arterial Occlusive Disease in Rats
D Morbidity ¢/
ose
Sample? (mg/kg/d, s.c.) Gangrane Mummification
’ 0O I I m v o I O o Iv
Control - 2 3 3 4 4
AIA 10 1 1 3 3 2 1 5
Aspirin 10 2 1 2 3 1 1 2 4

a) Daily administrations of sample were started at 1 d before laurate injection (1 mg as acid/ rat).
b) Normal appearance, 0, the affected region was limited to the nail parts, I, to the fingers, II; to the whole
paw, I11; and extended to the lower leg, IV. Value in each grade represents the number of rats.

inhibitory action of AIA on ADP-induced re-
spiratory distress in vivo is considered to be due
to the effect on other process of thrombotic for-
mation than platelet aggregation, ie. vascular
functions.

The effect of AIA on arachidonic acid-
induced mortality was shown in Table III. The
arachidonic acid-induced mortality is considered
to be caused by the platelet aggregation which
was induced by the promotion of PG biosynthe-
sis.>19 ATA (50 mg/kg, s.c.) significantly de-
creased the mortality at 1 h after the injection,
but it did not affect that at 4 h. Aspirin (50
mg/kg, s.c.) abolished the mortality at 1 and 4 h
after the injection.

In Jaurate-induced arterial occlusive disease
in rats, the injected laurate may precipitate with
platelets on the peripheral vascular bed and lead
to endothelial damage.®’ As shown in Table IV,
daily injections of AIA or aspirin (10 mg/kg/d,
s.c.) showed no effect on gangrane on 6th day
and mummification on 10th day.

PGI, which was generated in endothelial
cells of blood vessels, inhibits the initial step of
thrombus formation by its potent anti-aggregant
action on platelet.!® Therefore, the inhibition of
PGI, generation would be a drawback to the
anti-thrombotic effect of drugs. It is well-known
that aspirin inhibits the PGI, generation in
vessels. The effect of AIA on PGI, generation
from endogenous arachidonic acid in isolated
aorta strip was shown in Fig. 1, in comparison
with aspirin. In this assay system, aspirin (200
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FIG. 1. Effect of AIA on PGL, Generation in Isolat-

ed Aorta Strip of Rat
a) The amount of PG, in the medium was ex-

pressed as the percentage of control value immedi-
ately before sample addition.
—O— control, —&— AIA (200 uM) —@— aspirin
(200 uM) Each point represents the mean %+ s.e.
(n=3). **p< 0.01: versus control.
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uM) strongly inhibited PGI, generation by
about 70%, while AIA (200 uM) weakly but sig-
nificantly inhibited by about 10% during the
first 10 min period. In the subsequent incubation
periods, AIA was indistinguishable from control,
whether or not AIA was present. After the
removal of aspirin from incubation medium, the
generation of PGI; in the strip which was pre-
treated with aspirin was still inhibited. AIA was
recognized to be a more preferable anti-
thrombotic agent than aspirin.
Action Mode

Aspirin shows an anti-platelet activity by in-
hibiting irreversibly platelet cyclooxygenase.

S.Aonuma, et al.

The cyclooxygenase inhibition in the vessel wall
inhibits the generation of PGI, which has the
most potent platelet anti-aggregant activity
among natural sources. To elucidate the action
mechanism of AIA on PG biosynthesis, three ap-
proaches have been attempted. AIA (200 um)
inhibited by about 56% of the platelet aggrega-
tion which was induced by arachidonic acid in
vitro, and aspirin (200 uM) did by about 64%.?
AIA (50 mg/kg) also decreased by about 70% of
arachidonic acid-induced mortality in mice only
at 1 h after the injection, while aspirin (50
mg/kg) completely abolished it at 1 and 4 h, al-
though both drugs (50 mg/kg) displayed much

TABLE. V.  Effect of AIA on MDA Formation in Rat Platelets in Vitro

Final

ion?
Sample® concentration ( Nl[/]?(‘; fc;rrn'imo/r; i)
( IJ«M) pmo platelets/> min
Control - 187+7
ALA 200 183 +4
Aspirin 200 §7 4%

a) Sample was incubated with platelets suspension for 5 min before arachidonic acid addition.

b) Each value represents the mean = s.e. (n=3).
**p< 0.01: versus control.
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FIG. 2. Effect of AIA on Arachidonic Acid-induced Contraction of Rat Fundus Strip
AA: arachidonic acid (100 M), C: control, AIA 1: (100 uM), AIA 2: (1000 uM), Al: aspirin (100
M), A2: aspirin (1000 uM), IA 1: (100 M), IA 2 (1000 wM). '
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the same inhibitory activity in extracorporeal
shunt model. In the PGI, generation from en-
dogenous arachidonic acid in isolated aorta strip,
AIA (200 uM) showed a very slight inhibition of
about 10%, and aspirin (200 uM) exerted an itre-
versible and strong inhibition of about 70%.
Consequently, the inhibitory effect of AIA on

15

PG biosynthesis was weaker than that of aspirin.
These results may be explained by the fact that
AIA was a compound substituted with 3-
aminomethyl-IA on carboxyl group of aspirin.
Further, in the present experiment, two new ap-
proaches have been applied on this problem. The
first was the effect of AIA on MDA formation,

TABLE. VI.  Effects of AIA on Cyclic AMP Level and Adenylate Cyclase Activity in Washed Platelets of
Rats
Sampl Final Cyclic AMP level@ Cyclic AMP formation®
ample Conca‘g; tion (pmol/ml PRP) (pmol/108 platelets/10 min)
Control - 4.05=+0.36 19.24+0.17
AIA 200 3.78+0.24 23.8+2.20
Aspirin 200 47440.24 19.0+1.61

a) Each value represents the mean = s.e. (n=6).
b) The lysate of washed platelets was used. Each value represents the mean %= s.e. (n=23). Washed plate-
l(ets for)med 193. 74+ 12.1 pmol/ 108 platelets/ 10 min (p< 0.001: versus control) in the presence of NaF
4 mM).
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FIG. 3. Effect of AIA on CaCl,-, KCI- or Norepinephrine-induced Contraction of Thoracic Aorta Strip of
Rats
In each preparation, the maximum tention developed by the agonist in the control solution was taken as
100%.
—O— control, =— AIA (50 uM), —— AIA (200 uM). Each point represents the mean value of 2 ex-
periments.
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colorimetric measurement of which is a useful
assay for studies on effects of activators, cofac-
tors or inhibitors on the pathway from exoge-
nous arachidonic acid to MDA by PG syn-
thetase. As shown in Table V, AIA (200 uM) did
not inhibit the MDA formation, while aspirin
(200 uM) significantly inhibited by about 60%.
The second was the effect of AIA on fundus
strip contraction which was induced by PG
formed from exogenous arachidonic acid. In this
experiment, the contraction of fundus strips
might be influenced by a relaxation effect of
drug. As shown in Fig. 2, AIA (100 uM) inhibit-
ed about 50% of contraction which was induced
by arachidonic acid, while aspirin (100 uM) did
not. At 1 mM concentration, the difference of
both drugs in potency was evident. Since 1A
(100 uM), a constituent of AIA molecule,
showed about 30% inhibition in the arachidonic
acid-induced contraction of fundus strip, as
shown in Fig. 2, the amount of anti-contractile
effect of AIA might be due to relaxation effect
of AIA on muscle. It can not be ruled out that
contraction of contractile protein in platelets re-
lates to the aggregation and the release reaction
of platelets,'® and that the increase of cyto-
plasmic Ca?* concentration plays an important
role in the initiation of platelet activation.!™ So
the effect of AIA on cyclic AMP level and ade-
nylate cyclase activity of platelets and Ca?*-,
K*- or norepinephrine-induced contraction,
which are related to the contraction of muscle
and the platelet aggregation, was investigated.
Elevation of cyclic AMP level of platelets shows
depression of platelet aggregation. As shown in
Table VI, AIA (200 uM) had no effect on cyclic
AMP level of platelets, and did not show any sig-
nificant increase on adenylate cyclase activity of
platelets lysate, like that seen with aspirin (200
uM). Aspirin has no effect on several agonist-
induced contractions of smooth muscle.®!® The
effect of AIA on the dose response curve for
Ca?*, K* or norepinephrine on the rat thoracic
aorta was shown in Fig. 3. AIA (200 uM) was
evidently an inhibitor to three agonist-induced
contractions. The mean =+ se. (n=4) of pD,

S.Aonuma, et al.

value was 4.09+0.13 for Ca?*, 3.88+0.13 for
K* and 3.13=%0.15 for norepinephrine, respec-
tively.

These results strongly suggest that anti-
thrombotic activity of AIA is due to anti-platelet
action which was originated from its anti-
aggregant effect in platelets, differing from aspi-
rin.
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