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SUMMARY 

Three lla-carbathromboxane A2 analogs were synthesized and evaluated for 
"thromboxane A2-1ike" biological ac t i v i t y  in human platelets and rat aort ic 
s t r ips .  All three analogs were potent inh ib i tors  of ei ther prostaglandin H2 
or arachidonic acid-induced human p!atelet  aggregation, and proved to be both 
receptor level antagonists of tnromboxane A2 and thromboxane synthetase in- 
h ib i tors .  

The three l la-carba analogs were devoid of e i ther agonist or antagonist 
a c t i v i t y  on rat aort ic s t r ips ,  suggesting that the thromboxane A2 receptor 
in platelets exhibi ts d i f ferent  binding character ist ics than the thromboxane 
receptor in vascular smooth muscle. 

INTRODUCTION 

The isolat ion and pur i f icat ion of the prostaglandin endoperoxides by 

Hamberg et al.  ( I )  and Nugteren and Hazelhof (2), and the subsequent publ i -  

cation of the structure and biological ac t i v i t y  of thromboxane A 2 (TXA2) 

(3) has stimulated the search for stable "thromboxane-like" molecules. 

The f i r s t  stable molecules with "thromboxane-like" biological act iv-  

i t i e s  (st imulation of human p late let  aggregation and constr ict ion of rabbit  

aorta) were more s t ruc tu ra l l y  related to endoperoxides than TXA 2 (4). 

Subsequent modifications of these original analogs have produced new ago- 

nists as well as thromboxane synthetase inh ib i tors  and antagonists (5-7). 

Recently a number of carbathromboxane analogs have been synthesized 

where carbon has been substituted for one or more of the ring oxygens of 

TXA 2 (8-11). 

In th is paper we report the biological ac t i v i t y  of three carbathrom- 

boxane molecules which are both receptor level antagonists of TXA2 and 
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thromboxane synthetase inh ib i to rs .  Although they block either arachidonic 

or PGH2-induced human plate!et  aggregation, they are devoid of agonist or 

antagonist a c t i v i t y  on blood vessels. 

METHODS AND MATERIALS 

Arachidonic acid was purchased from Nu-Chek Prep. (Elysian, MN). [3H] 

TXB 2 (125 Ci/mMole) was purchased from New England Nuclear (Waltham, MA). 

The carbathromboxane analogs were synthesized by minor variants of pre- 

viously published methods ( I0) .  

Human p late let  rich plasma (PRP) was prepared from fresh whole blood 

collected in 3.8% trisodium c i t ra te  (1:9, v /v) ,  followed by centr i fugat ion 

at 200 x g for I0 min at room temperature. Platelet  aggregation induced by 

0.3 mM arachidonic acid was monitored at 37 ° with a Payton Aggregometer 

with constant s t i r r i ng  at I I00 rev/min. Platelets were incubated for 2 min 

at 37 ° pr ior  to the addition of arachidonic acid, and the various carba- 

thromboxane analogs were added to the platelets during this 2 min period. 

Thromboxane B2 formed during the aggregation response was measured ac- 

cording to Fi tzpatr ick et al.  (12), and reported as ng/ml PRP. 

Aorta contracting ac t i v i t y  of the various carbathromboxane analogs was 

measured using sp i ra l l y  cut s t r ips of aorta according to the method of 

Furchgott (13). The st r ips were placed in t issue baths containing I0 ml of 

Kreb's bicarbonate buffer at 37.5°C. One end of the t issue was f ixed, and 

the other was attached to an isometric transducer (Grass FT.03) with an 

i n i t i a l  tension of 2 grams. During a one-hour equi l ibrat ion period the 

t issue relaxed to an average basal tension of 1.55 ± .05 grams. Data are 

reported as the concentration (ng/ml) required to give half-maximal contrac- 

t ion (EDs0). 

RESULTS AND DISCUSSION 

Three carbathromboxane A 2 analogs were synthesized and evaluated for 

i n t r i ns i c  "TXA2-1ike" biological ac t i v i t y .  The structures of the three 

analogs as well as authentic TXA2 are shown in Figure I .  lla-Carba TXA2 
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Fiqure I. 

' ~ ' ~ / ~ " ~ ' / " ~  C 0 0 H ~ ' ~ ' ~ J ~ / ~ C  0 0 H 

OH OH 

Thromboxane A 2 11a-Carbathromboxane A 2 
(Analog I) 

~ OH 

15-deoxy-15,16-didehydro- 9,11-epoxy-11a- Carba- 
11a-Carbathromboxane A 2 Thtombanoic Acid 

(Analog II) (Analog III) 

Structure of authentic thromboxane A2 and l la-carbathromboxane 
A 2 analogs. 

(analog I) is identical to authentic TXA 2 except a carbon atom has been 

substituted for the l la  oxygen. Analog I I  is a 15-deoxy var iat ion of 

analog I ,  with an additional double bond at the 15,16 posit ion, and analog 

I I I  is a f u l l y  saturated 15-deoxy molecule. 

Due to the s im i la r i t y  in structure between authentic TXA2 and these 

analogs, i t  was surprising to f ind that al l  three molecules suppressed 

ei ther PGH2 or arachidonic-induced human p late let  aggregation. A typical 

p ro f i le  of a c t i v i t y  for the carba analogs (using lla-carbathromboxane A2 as 

an example) is shown in Figure 2. In addition to arachidonic acid and PGH 2, 

l la-carba TXA2 also inhibi ted aggregation induced by the stable endoperoxide 

analog ll,9-epoxymethanoprosta-5,13 dienoic acid (Figure 2). Previous work 

has shown that ll,9-epoxymethano-induced aggregation was not blocked by 

specif ic thromboxane synthetase inh ib i to rs ,  but was blocked by receptor 

level antagonists of TXA2 (7). Therefore, the carba analogs were ei ther 

selective receptor level antagonists of TXA2, or they were both receptor 

level antagonists and TXA2 synthetase inh ib i tors .  

To assess d i rec t l y  whether or not the analogs were inh ib i tors  of the 

TXA2 synthetase we measured the stable hydrolysis product of TXA2, throm- 

boxane B2 (TXB2) levels during arachidonic acid-induced human p la te le t  

aggregation. All of the analogs dose dependently inhibi ted TXB2 formation 

(Figure 3). While TXB2 levels were fa l l i ng ,  PGE2 levels actual ly increased 
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0.3 mM AA + 30 Fg 0.28 /~M 
Arachidonic 11a-Carba~TXA 2 PGH 2 
Acid (AA) 

) 
PGH2 + 0.28 p,M 11,9- ll,9-Epoxymethano 
30 Fg Epoxymethano + 30 H.g 11a- 

11a-Carba-TXA 2 Carba-TXA 2 

Fiqure 2. Inhibit ion of human platelet aggregation by lla-carbathromboxane 
A 2 • 

Human PRP was preincubated for 2 min with 30 ug/ml of lla-carbathrom- 
boxane A e and then challenged with the appropriate agonist at the indicated 
concentration. 

(data not shown). The i nh ib i t i on  of TXB 2 synthesis correlated with the 

i nh ib i t i on  of aggregation. Analog I I  was the most potent i nh ib i t o r  f o l -  

lowed by l la-carba TXAz (analog I ) ,  and the f u l l y  saturated thrombanoic 

acid molecule (analog I I I )  was the least act ive (Figure 3). Parenthet ic- 

a l l y ,  none of the carba analogs influenced prostacycl in biosynthesis in 

cul tured human umbil ical vein endothelial ce l l s  (data not shown). 

Since the thromboxane analogs proved to be inh ib i to rs  of p la te le t  

aggregation, they were tested for  potent ial  agonist a c t i v i t y  on rat  aorta. 

Authentic TXA 2 const r ic ts  aorta, but none of the analogs demonstrated any 

agonist a c t i v i t y  on isolated rat  aor t ic  s t r ips (Table I ) .  The analogs were 

at least 600 times less potent than authentic TXA 2, and none of the analogs 

e f f e c t i v e l y  antagonized contract ions induced by authentic TXA 2 (Table I ) .  

There have now been several published attempts to synthesize stable 

analogs with the same structure and biological  p ro f i l e  of TXA 2, but none 
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Fiqure 3. I n h i b i t i o n  of  human p l a t e l e t  thromboxane synthesis by l l a - c a r b a -  
thromboxane A 2 analogs. 

Human PRP was preincubated fo r  2 min wi th  and w i thou t  the l l a - c a r b a -  
thromboxane A 2 analogs at  the ind ica ted concent ra t ions and then chal lenged 
wi th 0.3 mM arach idon ic  acid.  Samples of  PRP were removed and analyzed f o r  
TXB 2 l eve l s  throughout the aggregat ion response. The cont ro l  TXB 2 synthesis 
is  superimposed on a l l  o f  the t races fo r  re ference,  
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TABLE l 

Rat Aorta Contractile Potency 

Molecule EDso (ng/ml 

Thromboxane A 2 2-51 

Prostaglandin H 2 200-400 

lla-carbathromboxane A e (I) >3000 

15-deoxy-15,16-didehydro-lla-carbathromboxane A 2 (II) >3000 

g,ll-epoxy-lla-carbathrombanoate ( I l l )  >3000 

Thromboxane A 2 + 3000 ng lla-carbathromboxane A e 2-52 

1Because of the l a b i l i t y  of TXA2 in aqueous solution (t½ = 32 sec this 
value is somewhat variable, and the concentration was determined n- 
d i rec t ly  by measuring TXB 2 by radioimmunoassay. TXA 2 was generated by 
incubating human p la te le t  microsomes with PGH 2 (14). 

2The muscle str ips were preincubated for 5 min with 3000 ng/ml of each 
of the carba analogs and then challenged with authentic TXA 2. Although 
only the data for l la-carba TXA2 is shown, none of the compounds in- 
hibited TXA2-induced contractions. 

have clearly mimicked TXAe. Although the biological prof i le of the 9~,l l~- 

methano-TXA 2 has not been published, a preliminary report said i t  had 

"biological act iv i ty  which could not have been predicted" ( l l ) .  The a l l -  

carbon analog synthesized by Nicolaou and associates was reported to be 

both a receptor level antagonist of TXA2 and a thromboxane synthetase 

inhibitor (9). This is analogous to what we found with the lla-carba 

analogs. However, unlike our lla-carba analogs which were devoid of agon- 

is t  act iv i ty  on blood vessels, the all-carbon analog was a very potent 

constrictor of coronary arteries (9). Finally, the pinane analog of throm- 

boxane A 2 was reported to be an antagonist of thromboxane A e in both plate- 

lets and blood vessels (8). 

Why these structurally similar analogs exhibit such diverse biological 

act iv i t ies is not clear, but these data highlight the apparent difference(s) 

between the TXA 2 receptor in human platelets and the TXA 2 receptor in blood 

vessels. Our in i t i a l  work with the TXA 2 receptor level antagonist 9,11 

epoxyiminoprosta-5,13 dienoic acid showed that compounds could be antago- 
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nists in platelets, but agonists on blood vessels (7) and more recently 

Lefer et al. (9) have also reported analogous compounds that block in 

platelets, but are agonists on blood vessels. More importantly, the pinane- 

TXA 2 analog reported by Nicolaou et al. (8) and our lla-carba series suggest 

that analogs can be synthesized that have a spectrum of biological act iv i t ies  

that could be useful in antithrombotic therapy. 

REFERENCES 

I.  Hamberg, M., and Samuelsson, B. (1973) 
899-904. 

Proc. Nat. Acad. Sci. USA 70: 

2. Nugteren, D. H., and Hazelhof, E. (1973) Biochim. Biophys. Acta 236: 
448-461. 

3. Hamberg, M., Svensson, J., and Samuelsson, B. (1975) Proc. Nat. Acad. 
Sci. USA 72:2994-2998. 

4. Bundy, G. L. (1975) Tett. Lett. 24:1957-1960. 

5. Gorman, R. R., Bundy, G. L., Peterson, D. C., Sun, F. F., Mi l ler,  O. V., 
and Fitzpatrick, F. A. (1977) Proc. Nat. Acad. Sci. USA 74:4007-4011. 

6. Fitzpatrick, F. A., Gorman, R. R., Bundy, G. L., Honohan, T., McGuire, 
J. C., and Sun, F. F. (1979) Biochim. Biophys. Acta. 573:238-244. 

7. Fitzpatrick, F. A., Bundy, G. L., Gorman, R. R., and Honohan, T. (1978) 
Nature 275:4230-4231. 

. Nicolaou, K. C., Magolda, R. L., Smith, J. B., Aharony, D., Smith, E. F., 
and Lefer, A. M. (1979) Proc. Nat. Acad. Sci. USA 76:2566-2570. 

9. Lefer, A. M., Smith, E. F., Araki, H., Smith, J. B., Aharony, D., 
Claremon, D. A., Magolda, R. L., and Nicolaou, K. C. (1980) Proc. 
Nat. Acad. Sci. USA 77:1706-1710. 

I0. Maxey, K. M., and Bundy, G. L. (1980) Tett. Lett. 21:445-448. 

I I .  Corey, E. J., Ponder, J. W., and Ulrich, P. (1980) Tett. Lett. 21: 
137-140. 

12. Fitzpatrick, F. A., and Gorman, R. R. (1979) Biochim. Biophys. Acta 
582:44-58. 

13. 

14. 

Furchgott, R. F. In: Methods in Medical Research, Vol. 8, (H. D. 
Bouner, Editor). The Yearbook PubT~shers, Chicago, 1960, pp 177-186. 

Needleman, P., Moncada, S., Vane, J. R., Hamberg, M., and Samuelsson, 
B. (1976) Nature 261:558-560. 

190 


