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Abstract-As Y-20811, sodium ( ~)-4-[~-hydroxy-5-(1-imidazolyl)-2-methyIbenzyl]-3,5-dimethylbenzoic 
acid, has been reported to inhibit serum thromboxane (TX) A2 production with a long duration of 
action, its mechanism of action was investigated. When [‘H]Y-20811 (3 mg/kg) was administered orally 
to rats, the peak platelet concentration of Y-20811 was obtained 1 hr after the administration, and the 
T, was 43 hr. The peak plasma concentration of Y-20811 was also obtained 1 hr after administration, 
but the elimination of Y-20811 from plasma was faster (T,cu = 1.5 hr, T&3 = 15 hr) than that observed 
in platelets. Serum TXA2 (estimated as TXB2) production was inhibited significantly from 1 to 72 hr 
after the oral administration of unlabeled Y-20811 (3 mg/kg), which temporally resembled the change 
of the platelet Y-20811 concentration. In platelet-rich plasma, [3H]Y-20811 completely inhibited TXAl 
production at about 1500 pg/109 platelets, and the rcSo level was about 600 pg/109 platelets, which was 
similar to values obtained in ex vivo studies. In addition, inhibition of TXA? production by Y-20811 
still remained after washing the drug-pretreated microsomes, whereas that of dazoxiben completely 
disappeared. A similar irreversible inhibition of TXAz production was observed with aspirin. These 
results suggest that Y-20811 may firmly combine with platelet TX synthetase and may irreversibly 
inhibit TXA2 production. 

Thromboxane (TXP) A2 has been considered to be 
a major participant in the pathogenesis of ischemic 
circulatory disorders such as myocardial infarction 
and cerebral infarction; therefore, the drugs which 
inhibit TXA2 production have been expected to be 
effective in the treatment of such disorders [l, 21. 
As circulating platelets, in these situations, are 
exposed to several aggregating substances such as 
atherosclerotic plaques or subendotherial collagen 
fibers, it is important to inhibit platelet function for 
a prolonged period in order to prevent these 
disorders. Aspirin [3,4] which inhibits TXA, 
production has been used to treat such disorders 
because of its long-duration of action. It has been 
reported to inhibit cyclooxygenase irreversibly by 
acetylating its active site [5]. 

Y-20811 [6], sodium (?)-4-[a-hydroxy-5-(imida- 
zolyl)-2-methylbenzyll-3,5_dimethylbenzoic acid, is 
a selective TX synthetase inhibitor. It has already 
been reported that its duration of action is long 
enough to be equal to the life span of platelets. This 
feature of Y-20811 led us to clarify the mode of 
action. In this paper, we have demonstrated that Y- 
20811 firmly combines with TX synthetase and 
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t Abbreviations: TX, thromboxane; Y-20811, sodium 
(2) - 4-[cu-hydroxy-5-(1-imidazolyl)-2-methylbenzyl] - 3,5- 
dimethylbenzoic acid; PG, prostaglandin; HI-IT, 12~- 
hvdroxv-5.8.10-heotadecatrienoic acid: 12-HETE. 12~- 
hidrox&5;8;10,14:eicosatetraenoic acid; AA, arachidonic 
acid; PRP, platelet-rich plasma; PPP, platelet-poor plasma; 
SPB,standardplateletbuffer;andRIA,radioimmunoassay. 

inhibits TXA2 production for a long time which is 
similar to the life span of platelets reported elsewhere 
[7], while it is eliminated quickly from plasma. 

MATERIALS AND METHODS 

Materials. [3H]Y-20811,unlabeledY-20811,dazox- 
iben and aspirin were synthesized by The Laboratory 
of Yoshitomi Pharmaceutical Industries, Ltd. The 
labeled compound showed a specific radioactivity of 
325.1 &i/mg, and its radiochemical purity was 
102.4%. These drugs were dissolved in dimethyl 
sulfoxide for in vitro experiments, and labeled 
or unlabeled Y-20811 was dissolved in 0.5% 
methylcellulose solution for oral administration. 
Arachidonic acid (AA) sodium salt, TXB2, prosta- 
glandin (PG) E2, PGF2~, PGD2, 12L-hydroxy-5,8,10- 
heptadecatrienoic acid (HHT) and 12L-hydroxy- 
5,8,10,14-eicosatetraenoic acid (1ZHETE) were 
obtained from Funakoshi Yakuhin (Tokyo, Japan). 
[l-14C]AA (58 mCi/mmol) was purchased from 
Amersham International (Amersham, U.K.). 

Animals. Male Sprague-Dawley rats (Seiwa 
Laboratory Animals, Fukuoka, Japan) were used. 
Four animals a group were used for the determination 
of drug concentration. For TXA2 production, 20 
animals a group were used, since individual TXA2 
formation varied. 

Changes o plasma or platelet 3H levels. [3H]Y- 
f 20811 (3 mg kg) was administered orally by gastric 

intubation to rats weighing 200-300 g, and blood 
samples were obtained from their abdominal aortas 
using siliconized syringes containing 0.1 vol. of 
4.5 mM EDTA solution under light ether anesthesia, 
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Platelet-rich plasma (PRP) was prepared from anti- 
coagulated blood by centrifugation at 200g for 
lOmin, and platelet-poor plasma (PPP) by cen- 
trifugation at 1400 g for 10 min. Two milliliters of 
PRP was centrifuged at 800 g for 10 min and the 
supernatant was discarded. The remaining platelet 
pellet was resuspended in an equal volume of 
standard platelet buffer (SPB; 3.2mM KH*PO.,, 
4.8 mM Na2HP04, 80 mM NaCl, 45 mM citric acid, 
4.4mM glucose, pH6.5). This suspension was 
centrifuged at 750 g for 10 min at 4”, the supernatant 
was discarded, and the platelet pellet was resuspended 
in an equal volume of SPB. This operation was 
repeated three times and the pellet was finally 
resuspended in SPB (washed platelet suspension). 
Platelet counts were made with a platelet analyzer 
(Baker 810, Baker Diagnostics, PA, U.S.A.), and 
the platelet count of washed platelet suspension was 
adjusted to 106/pL with SPB. In a preliminary study, 
we confirmed that the loss of Y-20811 from platelets 
was extremely low during washing procedure. 

The radioactivity of samples was measured with a 
liquid scintillation counter (Packard, model 460). 
Drug concentration was calculated based upon 
specific activity and radioactivity detected, and was 
expressed as Y-20811 concentration. 

Ex vivo serum TXAl production. Blood samples 
of rats (weighing 400-500g) who had received 
unlabeled Y-20811 (3 mg/kg) orally were obtained 
from the abdominal aorta under light ether 
anesthesia. The serum was prepared by incubating 
the blood at 37”for 60 min, followed by centrifugation 
(1400g) at 4” for 10min. As TXA2 is extremely 
short-lived, its production was assayed by measuring 
the stable degradation product, TXB*, by the 
radioimmunoassay (RIA) method. The RIA of 
TXB2 was done on unextracted samples, according 
to the procedure described, using a [3H] RIA kit 
(New England Nuclear, Boston, MA, U.S.A.). 
Using this method, we could detect 5-1000 pg/assay 
tube of TXB*. 

TXAz production and drug concentration in 
platelets in vitro. Blood samples were obtained using 
siliconized syringes containing 0.1 vol. of 3.8% 
sodium citrate solution from the abdominal aorta of 
rats, weighing350-400 g, underlight ether anesthesia. 
PRP was prepared by centrifuging the blood as 
mentioned above. PRP (2.5 mL) added with 25 PL 
of various concentrations of [3H]Y-20811 (10 nM- 
10 PM) was incubated with shaking at 37” for 20 min. 
Three microliters of AA (final concentration; 
0.5 mM) was added to a portion (0.3 mL) of 
incubated PRP and was incubated with stirring 
(1000 rpm) at 37” for 5 min. The reaction was 
stopped by adding 20 ,uL of 2 M citric acid, and the 
reaction mixture was centrifuged (1400 g) at 4” for 
10 min. TXAz concentration in this supernatant was 
determined by the RIA method described above. 

For the determination of the drug concentration, 
washed platelet suspensions were prepared from 
the remaining incubated PRP, and their 3H 
concentrations were determined using the methods 
described above. 

Irreversible inhibition of TXAzproduction. Human 
platelet microsomes obtained from Ran Biochemicals 
(Tel-Aviv, Israel) were used as a source of TX 

synthetase. For the assay, [l-14C]AA was incubated 
with human platelet microsomes (0.5 mg protein) 
[8]. TXB2 was chosen as a reaction product of TX 
synthetase, and was extracted into ethyl ether. The 
extract was evaporated to dryness. The residue was 
dissolved in a small amount of chloroform-methanol 
(2 : 1) and subjected to thin-layer chromatography 
in a mixture of chloroform-ethyl acetate-methanol- 
acetic acid-water (70: 30 : 8: 1: 0.5). Authentic 
samples (AA, HHT, lZHETE, PGD2, PGE*, TXB2 
and PGF& were also co-chromatographed, and 
visualized with iodine vapor. The radioactive 
products were located by a radiochromatogram 
scanner and quantitated by a standard liquid 
scintillation procedure. 

To evaluate the reversibility of the inhibition of 
TXAz production, each drug was preincubated with 
human platelet microsomes, and diluted with 4 vol. 
buffer and centrifuged at 105,OOOg for 1 hr. The 
pellet was resuspended in a reaction mixture 
containing [l-14C]AA, and TXA2 production was 
measured. 

Statistical analysis. Statistical analysis was carried 
out using Student’s t-test. 

RESULTS 

When [3H]Y-20811 (3 mg/kg) was administered 
orally to rats, the maximum platelet concentration 
of Y-20811 (1450 +- 40 pg/109 platelets) was obtained 
1 hr after the administration. The platelet con- 
centration of Y-20811 declined slowly and its terminal 
half-life (TJ was 43 hr. The maximum plasma 
concentration of Y-20811 (552 + 29 ng/mL) was also 
obtained 1 hr after the administration. The plasma 
concentration of Y-20811 declined biexponentially 
(T~(Y = 1.5 hr, T+/3 = 15 hr), which was faster than 
that observed in the platelets (Fig. 1). 

Serum TXAZ (estimated as TXBJ production 
significantly declined from 1 to 72 hr after the oral 
administration of unlabeled Y-20811 (3 mg/kg), 
which temporally correlated with the change of the 
platelet Y-20811 concentration. TXAl production 
was inhibited by 94 and 45% at 1 and 48 hr, 
respectively, when the platelet Y-20811 con- 
centrations were 1446 and 884pg/109 platelets, 
respectively (Fig. 1). 

As the platelet Y-20811 concentrations observed 
in ex vivo experiments were at extremely low levels, 
we studied in vitro experiments to determine whether 
these concentrations were effective to inhibit TX 
synthetase. Various concentrations (10 nM-10 PM) 
of [3H]Y-20811 were incubated with PRP, and20 min 
later TXA2 production in PRP induced by AA 
(0.5 mM) and platelet 3H concentrations in washed 
platelet suspensions were measured. TXA2 (esti- 
mated as TXBJ production in PRP was inhibited 
and the Y-20811 concentrations in the platelets 
increased in a concentration-dependent manner (Fig. 
2a); the relation between the inhibition of TXA2 
production and platelet Y-20811 concentration was 
plotted (Fig. 2b). There was a positive correlation 
between them, and the TXAz production was 
inhibited by 50% at a concentration of about 600 pg/ 
lo9 platelets and by 100% at a concentration of 
about 1500 pg/109 platelets. This concentration- 
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Fig. 1. Relationship between plasma or platelet Y-20811 levels and the inhibition of serum TXBz 
production after oral administration of labeled or unlabeled Y-20811 (3 mg/kg). To determine the Y- 
20811 concentration of both plasma and platelets, ‘H levels were measured. Each point is the mean % 
SD (N = 4 for plasma or platelet, N = 20 for serum TXB* production). Key: * P < 0.01 vs non-treated 

group. 
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Fig. 2. Relationship between platelet Y-20811 levels and the inhibition of platelet TX.& (estimated as 
TXEQ production in t&o, (a) Following the addition of [3H]Y-20811 to FRP, platelet TXA2 production 
(0,O) was inhibited and platelet Y-20811 concentration (A, A) increased in a concentration-dependent 
manner. (b) There was a positive correlation between platelet TXA2 production and platelet Y-20811 

concentration. Results were obtained from two separate experiments. 

response curve was similar to that observed in ex dazoxiben. As shown in Fig. 3, the control platelet 
uiuo experiments. microsomes retained about 80% of their TXA2 

The reversibility of inhibition of TXA2 production production activity after the washing treatment. The 
was examined by washing the human platelet inhibitory effect of dazoxiben on TXA2 production 
microsomes pretreated with Y-20811, aspirin and completely disappeared after washing, indicating 
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Fig. 3. Effect of washing treatment on the reversibility of 
TXA, production inhibition by Y-20811, dazoxiben and 
aspirin. TXAr production activity was measured in terms 
of the production of TXB, from [l-W]AA by human 
platelet microsomes. The results are the means * SD of 
four assays. (a) Microsomes were preincubated with drugs 
for 3 min at 37” and subsequently-incubated with AA for 
10min at 37”. (b) Microsomes were nreincubated with 
drugs for 3 mm ’ at 37”, followed ‘by dilution and 
centrifugation. Then the pellet was incubated with AA for 
10 min as described above. Key: (C) control; (Y) Y-20811 
(1 PM); (D) dazoxiben (1 PM); and (A) aspirin (10 mM). 

that its inhibition was reversible. In contrast, the 
inhibition of TX production by Y-20811 decreased 
only slightly after the washing treatment. Aspirin, 
an irreversible inhibitor of cyclooxygenase, also 
retained its inhibitory effect on TXA2 production. 

DISCUSSION 

Y-20811 [6] is a potent selective TXAr synthetase 
inhibitor which has been studied for clinical efficacy 
in prevention of both restenosis after percutaneous 
transluminal coronary angioplasty and reocclusion 
after percutaneous transluminal coronary recanaliz- 
ation. As the inhibitory effect of Y-20811 on TXAr 
production lasts for 7 days [9], once-daily medication 
has been adopted in clinical treatment. The usefulness 
of aspirin as an anti-thrombotic agent is derived 
from the property that its effects last for the 
life-span of the platelets because it inhibits 
cyclooxygenase by irreversibly acetylating its active 
site [5]. As the effect of Y-20811 on TXA, production 
lasted as long as that of aspirin, the inhibition of TX 
synthetase was considered to be an irreversible one. 

In the present study, the inhibitory effect on serum 
TXA2 production by Y-20811 lasted for 72 hr, which 
is similar to the half-life of platelets in rats [7]. 
The elimination of Y-20811 (estimated as 3H 
concentration) from plasma, however, was fast (T*cz 
and T&p were 1.5 and 15 hr, respectively). Thus, it 
became clear that the long-duration of the action of 
Y-20811 on TXA, production did not depend on its 
plasma levels. Although there is a rough correlation 
between TXA2 production and plasma drug levels 
during the decay phase (9-72 hr), plasma drug levels 
(< 40 ng/mL) between 9 and 72 hr were considered 
to be too low to inhibit platelet TXA2 production, 
since the ~csa values of Y-20811 for in vitro platelet 
aggregation ranged between 9.8 and 17yM (3.9 
to 6.7pg/mL) [6]. Additionally, it has been 
demonstrated in this paper that platelet TXAr 
production was inhibited at a concentration over 

0.3,~M (120ng/mL) (Fig. 2a). On the other hand, 
Y-20811 (estimated as 3H concentration) was 
detected in platelets with a T, of 43 hr. This 
elimination curve was closely similar to the time 
course of the inhibition on TXAz production by Y- 
20811. These results suggest that Y-20811 owes its 
long-duration of action to its platelet levels. 

The platelet concentration of Y-20811 was at 
extremely low levels (1446 k 40 pg/lOg platelets at 
1 hr after the administration), so we studied 
the correlation between the inhibition of TXA2 
production and platelet Y-20811 concentrations in 
vitro. TXA2 production was inhibited by 50% at a 
concentration of about 600 pg/109 platelets, and by 
100% at a concentration of about 1500pg/109 
platelets. This correlation between platelet TXAr 
production and platelet Y-20811 concentration was 
very similar to that observed in ex vivo experiments. 
Thus, the inhibition of platelet TXA2 production 
was effective at a low platelet concentration of Y- 
20811. 

As the inhibition of TX production by Y-20811 
appeared to be irreversible, we studied the binding 
of Y-20811 to TX synthetase. The inhibition of 
TXA2 production by pretreatment with Y-20811 
remained after the washing procedure. The inhibition 
by dazoxiben [8], a relatively short-acting TX 
synthetase inhibitor, disappeared after the same 
washing treatment, while that by aspirin [5], an 
irreversible inhibitor of cyclooxygenase, remained. 
These results suggest that the inhibition of TX 
synthetase by Y-20811 isirreversible. The irreversible 
inhibition of cyclooxygenase by aspirin has been 
reported to derive from the acetylation of the enzyme 
protein [5]. Y-20811 has no apparent component 
corresponding to the acetyl group in aspirin. But 
one characteristic component, different from other 
TX synthetase inhibitors [lo, 111, is the hydroxy 
moiety. This hydroxy moiety is essential for the 
inhibition of TX synthetase (unpublished data). The 
position of this moiety appears to coincide with that 
of the hydroxy moiety in the hydrophobic chain of 
PGHr, the substrate of TX synthetase, using the 
computer aided drug design system. Thus, it is 
possible that the hydroxy moiety of Y-20811 
contributes to the irreversibility of TX synthetase 
inhibition, although other parts such as the imidazole 
and carboxyl also play an important role in the 
interaction with TX synthetase, as reported with 
other TX synthetase inhibitors. 

In conclusion, the inhibition of TXAr production 
by Y-20811 is dependent on its platelet concentration. 
As the binding of Y-20811 with TX synthetase 
appears to be firm and irreversible, its inhibitory 
effect on TX synthetase lasts for the life-span of the 
platelets. These findings suggest that the compound 
may be useful in preventing thrombotic disorders in 
once-daily doses because of its long-duration of 
action. 

REFERENCES 

1 Dusting GJ, The basis for developing an anti-angina] 
agent which has actions on prostanoid mechanisms. 
Trends Pharmacol Sci 4: 480-484, 1983. 



Irreversible inhibition of TX synthetase 299 

2. Furlow TW and Hallenbeck JM, Indomethacin prevents 
impaired perfusion of dog’s brain after global ischemia. 
Stroke 9: 591-594, 1978. 

3. Elwood PC, Cochrane AL, Burr ML, Sweetnam PM, 
Williams G. Welsby WE, Hughes SJ and Renton R, 
A randomized controlled trial of acetyl salicylic acid 
in the secondary prevention of mortality from 
myocardial infarction. Br Med J 1: 436-440, 1974. 

4. The Canadian Cooperative Study Group, A randomized 
trial of aspirin and sulfinpyrazone in threatened stroke. 
N Engl J Med 299: 53-59, 1978. 

5. Roth GJ and Majerus PW, The mechanism of the 
effect of aspirin on human platelets. Acetylation of 
particulate fraction protein. J Clin Znuest 56: 624-632, 
1975. 

6. Mikashima H, Ochi H, Muramoto Y, Yasuda H, 
Tsuruta M and Maruvama Y. Effects of Y-20811. a 
long-lasting thromboxane synthetase inhibitor, on 
thromboxane production and platelet function. Thromb 
Res 43: 455-468, 1986. 

7. 

8. 

9. 

10. 

11 

Ebbe S, Origin, production, and life-span of blood 
platelets. In: The Circulating Plafelet (Ed. Johnson 
SA), DD. 19-43. Academic Press. New York. 1971. , . . 
Randall MJ, Parry MJ, Hawkeswood E, Cross PE 
and Dickinson RP. UK-37.248. a novel. selective 
thromboxane synthetase inhibitor with platelet anti- 
aeereeatorv and anti-thrombotic activitv. Thromb Res 
5: l&162, 1981. 
Nakashima M. Uematsu T. 

I 

Takieuchi Y. Mizuno A 
and Kanamaru M, Phase i study”of Y-20811, a new 
long-acting thromboxane synthetase inhibitor by oral 
administration. J Clin Pharmacol 29: 568-576, 1989. 
Kato K, Ohkawa S, Terao S, Terashita Z and Nishikawa 
K, Thromboxane synthetase inhibitors (TXSI). Design, 
synthesis, and evaluation of a novel series of w- 
pyridylalkenoic acids. J Med Chem 28: 287-294, 
1985. 
Cross PE, Dickinson RP, Parry MJ and Randall MJ, 
Selective thromboxane synthetase inhibitors. 1. l- 
[(Aryloxy)alkyl]-lH-imidazoles. J Med Chem 28: 1427- 
1432, 1985. 

BP 4312-M 


