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Inhibition of thromboxane biosynthesis by 3-pyridinol carboxypentyl 
ethers substituted with a hydroxylated octyl chain 
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Abstract-Racemic 6-[4-(3'-hydroxy- I '-octenyl)-3-pyridyloxy] hex- 
anoic and 6-[4-(3'-hydroxyoctyI)-3-pyridyloxy] exanoic acids have 
been synthesized and their activity as inhibitors of the biosynthesis of 
thromboxane A2 in human serum has been studied, in comparison 
with isomers having the eight-carbon chain in the 2 position. Very 
high, selective activity was found for the new 4-substituted 3- 
pyridinol ethers, whereas the 2-substituted compounds showed no 
action. 

Pyridines substituted in position 3 with a carboxylic acid side 
chain are inhibitors of thromboxane A2 (TxAz) synthase; the side 
chain can include an aryl (Tanouchi et al 1981) or a benzofuryl 
(Johnson et al 1986) group. The optimum distance between 
heterocyclic nitrogen and carboxy group is 8.5-10 A. For further 
substituted pyridines the 4-position should be preferred since it 
has been previously shown that the pyridine nitrogen must be 
sterically unhindered for activity (Akahane et al 1984). The 
pyridine derivatives studied by Corey et al (1983), showing the 
two prostaglandin (PG) chains in 3- and 4-positions, inhibited 
TxA2-synthase with an IC50 of about I ptd. 

In a direct comparison between isomeric 2.3- and 3,4- 
disubstituted pyridines, where the 3-position was occupied by 
the w-carboxypentyloxy group and the other position (2 or 4) by 
the carboxaldehyde guanylhydrazone residue, we found that 
both were active inhibitors of human TxA2-synthase, with an 
IC50 of2 p~ for the 2-substituted derivative and 0.2 p~ for the 4- 
substituted one. The first was a more selective inhibitor, lowering 
PGEz only at a concentration of 100 ptd, while the second 
completely inhibited PGEz production at 10 ptd (Desideri et al 
1986). 

It was therefore interesting to compare another pair of 
disubstituted isomers. Desideri et al (1985) described the 
synthesis of some lipophilic ethers of 2-substituted 3-pyridinol 
and their hypolipidaemic activity in rats. Among them 6-[2-(3'- 
hydroxy- l.'-octenyl)-3-pyridyloxy]hexanoic acid ( I )  and 6-[2-(3- 
hydroxyoctyl)-3-pyridyloxy]hexanoic acid (2) were particularly 
interesting as heterocyclic analogues of 7-oxa-prostaglandins. 

We planned to synthesize their isomers 3 and 4, showing the 
alkyl chain in the 4-position, and to investigate the two pairs of 
compounds as possible TxA2-synthase inhibitors, using serum 
TxB2 production as an index of platelets TxAz-synthase activity. 

Materials and methods 
Compounds I and 2 have already been obtained by us; the 
synthesis of compounds 3 and 4 in racemic form, through the 
esters 6 and 7, was accomplished by an analogous method (Fig. 
1) (Desideri et al 1985). 

The yields and the physical properties of the new compounds 
are as follows. Ethyl 6-[4-(3'-oxo- 1 '-trans-octenyl)-3-pyridyl- 
oxylhexanoate (6), yield 85% colourless oil. IR(film): cm- I 
1730(C=O est.), 171O(C=O ket.). NMR (CDC13): 6 ppm 
8.35(~, IH,Hz); 8'2O(dJH,H6, J =  6 Hz); 7.70(d, I H,PyCH = C, 
J =  16 Hz); 7.35 (d,lH,H5, J = 6  Hz); 6.90 (d,lH,C=CHCO, 
J =  16 Hz); 4.40-3.90 (m, 4H,0CH2,COOCH2); 2.60 
(t,2H,COCHz); 2.30 (t,2H,CH,COO); 2.00-1.05 (m, 15H,6CHz, 
CH3); 0.90 (t,3H,CH,). Ethyl 6-[4-(3'-hydroxy- 1 '-trans-octeny1)- 
3-pyridyloxy]hexanoate(7), yield 56%, colourless oil. IR(fi1m): 
cm-' 3500--3 100(OH), 174O(C=O). 6-[4-(3'-Hydroxy-I'-trans- 
octenyl)-3-pyridyloxy]hexanoic acid(3), yield 76%, m.p. 79- 
81 C. IR(KBr): cm-I 3550-2400(0H), 173O(C=O). 
NMR(CDC13): 6ppm 8.85-8.50(b.s., 2H,20H); 8,3O(s,l H,H2); 
8,20(d,!H,Hs, J = 4  Hz); 7.35(d,lH,Hs, J = 4  Hz); 
6.9(d,lH,PyCH=C, J =  16 Hz); 6.55(dd,lH,C=CHCO, 
JAB=16 Hz, & = 6  Hz); 4.35(m,lH,CH, J ~ x = 6  Hz); 

1.1O(m,14H,7CH2); 0.85(t,3H,CH,). 6-[4-(3'-Hydroxyocty1)-3- 
pyridyloxyJhexanoic acid(4), yield 60%, m.p. 100-105°C. 
IR(KBr): cm- ' 3600-3200(0H), 2700-2200 (ac. OH), 
171o(c=o). NMR(CDCI3): 6 ppm 8.20(m,2H,Hz,H6); 

3.65 (m. 1 H,CH); 2.70(t,2H,PyCH2); 2.25(t,2H,CHzC00), 2.00- 
1.05(m, 16H,8CHz); 045(t,3H,CH,). 

Venous blood from healthy volunteers was collected in glass 
tubes without anticoagulant, immediately mixed with different 

4.10(t,2H,OCH2); 2.35(t,2H,CHzCOO); 2.00- 

7.10(d,l H,Hs); 6.55-5.95 (b.s., 2H,20H); 4.00(t,2H,OCHz); 

5 6 

on O H  

1 3 c 
F I G .  I .  Synthesis of compounds 3 and 4. 
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FIG. 2. Effect of A, compound 3 and B, compound 4 on human serum TxB2 and PGE2 generation. The compounds were incubated with native 
blood for I h at 37-C. Control values of TxB2 and PGE2 were 436+36 and 1.70k0.16 ng mL- I ,  respectively (means+s.e.m.; n=6).  

amounts of the compounds to be tested or their solvent 
(phosphate buffer, pH 7.4) and incubated a t  37’C for 1 h. The 
serum was separated by centrifugation and stored at -20‘C 
until assayed for TxB2 and PEG2. The two prostanoids were 
quantitated by specific radioimmunoassays as previously de- 
scribed (Desideri et al 1986; Bertele et al 1984). Cross reactivity 
of PEG2 antiserum with compounds 3 and 4 was lower than 0.03 
and 0.01 ‘Yo, respectively. 

Results and discussion 
N o  significant reduction of serum TxB2 occurred in blood 
incubated in the presence of compounds I and 2 up to 100 PM 
concentration (data not shown). Compounds 3 and 4 signifi- 
cantly reduced serum TxB2, reaching maximal effect (more than 
95% inhibition) at  12 PM concentration (Fig. 2). The IC50s 
calculated from the dose-response plots were 0.06 and 0.38 PM 
for compounds 3 and 4, respectively. Concomitantly with TxB2 
synthesis inhibition, serum PGE2 rose (18 and 300 times control 
values for the two compounds). This suggests that 3 and 4 act as 
selective inhibitors ofTxA2 synthesis, since the cyclic endoperox- 
ides spared by TxA2-synthase inhibitors are diverted to the 
synthesis of other prostaglandins (Bertele et al 1984). 

In accordance with these results and previous experience 
(Akahaneet al 1984), 2-alkyl-substituted pyridines are not active 
as inhibitors of TxA2-synthase, unless they are substituted in a 
side chain with a basic group as in the case of guanylhydrazones 
(Desideri et al 1986); the hypothesis that this group, rather than 
the pyridine nitrogen, can interact with a proton donor on the 
active site of the enzyme should be demonstrated with other 
examples. 

Judith Baggott, Ivana Garimoldi, Felice and Vincenzo de Ceglie 
and the Gustavus A. Pfeiffer Memorial Library staff helped 
prepare the manuscript. This work was partially supported by 
the Italian CNR (Contracts n. 86.0201 1.56 and 84.00166.03). 

References 
Akahane, K., Momose, D., Iizuka, K., Miyamoto, T., Hayashi, M., 

Iwase, K., Moriguchi. I. (1984) Eur. J. Med. Chem. 19: 85-88 
Bertele, V.. Falanga, A,, Tomasiak, M., Chiabrando. C.. Cerletti. 

C.. de Gaetano, G. (1984) Blood 63: 1460-1466 



146 COMMUNICATIONS 

Corey, E. J., Pyne, S. G., Schafer, A. I. (1983)Tetrahedron Lett. 24: 
329 1-3294. 

Desideri, N., Manna, F., Stein, M. L., Vairo, G., Del Gaudio, F., 
Gentile, B., Marmo, E. (1985) Farmaco Ed. Sci. 40: 630-644 

Desideri, N., Stein, M. L., Conti, S . ,  Sestili, I., Bucchi, F., Cerletti,C. 
(1986) Arzneimittel-Forsch. Drug Res. 36: 1561-1563 

Johnson, R. A,, Nidy, E. G., Aiken, J.W., Crittenden, N. J., 
Gorman, R. R. (1986) J. Med. Chem. 29: 1461-1468 

Tanouchi, T., Kawamura, M., Ohyama, I . ,  Kajiwdra, I., Iguchi, Y., 
Okada, T., Miyamoto,T., Taniguchi, K., Hayashi, M., Iizuka, K., 
Nakazawa, M. (1981) Ibid. 24: 1149-1 I55 

J. Pharm. Pharmacol. 1988.40: 146-147 
Communicated July 24, 1987 

0 1988 J. Pharm. Pharmdcol. 

Action of mefloquine on toad isolated rectus abdominis muscle 

n. s. LEE, M. L. GO*,  Departments of Pharmacology and *Pharmacy. National University of Singapore. Kent Ridge, Republic of Singapore 051 I 

Abstract-The effects of mefloquine and quinine on acetylcholine- 
induced contractures of the toad rectus abdominis muscle have been 
investigated. Both drugs depressed acetylcholine-induced contrac- 
tures in a dose-related and non-competitive manner. A partial 
reversal of the block was observed in the presence of 4-aminopyri- 
dine (10.50 p ~ )  and increased Ca2+ content (1.25 x ) of the Ringer 
solution. In both cases, the mefloquine-induced blockade was more 
readily reversed than that induced by quinine. Mefloquine and 
quinine at concentrations greater than 100 and 500 p ~ ,  respectively, 
also elicited a direct contractile response on the muscle. Quantitative 
differences in their contractile activity have been attributed to the 
greater lipid solubility and tissue binding affinity of mefloquine. 

Mefloquine, a 4-quinolinemethanol derivative structurally 
related to quinine, is a highly effective antimalarial agent which 
has been found to be active against chloroquine-resistant strains 
of Plasmodium falciparum (Doberstyn et a1 1979). Quinine has 
been shown to interfere with the contractile activity of skeletal 
muscle (Grewal & Sharma 1960; Isaacson et a1 1970). Whether 
mefloquine affects muscle in the same way is not known, 
although it has been noted to cause muscle weakness during 
antimalarial therapy (Hall et al 1977). We have made a 
comparative study on the actions of mefloquine and quinine on 
the toad isolated rectus abdominis muscle. As to be expected 
from their chemical identity, both drugs affect the muscle in a 
similar way but quantitative differences are observed. 

Metbods 
The toad (Bufo melanostictus) isolated rectus abdominis muscle 
was mounted in a bath containing Ringer solution of the 
following composition (mM): NaCl 11 1, KCI 1.9, CaC12 1.4, 
NaHZP04 0.083, NaHCO, 2.4, and glucose 0.55. The tissue was 
aerated with 5% carbon dioxide in oxygen at room temperature 
(28°C) and equilibrated for 45 min before being challenged with 
drugs. 

The cumulative dose-response curves for acetylcholine added 
at 90 s intervals were obtained in the absence or presence of 
mefloquine or quinine added after a 30 min rest. After a further 
30 min rest, a final dose-response curve was obtained. No more 
than three cumulative dose-response curves were obtained with 
each preparation. Three consecutive control cumulative dose- 
response curves were also obtained to assess the viability of the 
tissue. For construction of the cumulative log concentration- 
response curves, all responses were expressed as a percentage of 
the maximum height of the control curve. 

To assess the effect of increased Ca2+, the Ca2+ content of the 
Ringer solution was increased 1.25 x to 1.8 mM and the 

Correspondence to: M. L. Go, Dept of Pharmacy, National 
University of Singapore, Kent Ridge, Republic of Singapore 051 I .  

cumulative curves were obtained as before in the presence of 
mefloquine (10 p ~ )  or quinine (50 p ~ ) .  Three consecutive 
control cumulative dose-response curves were also obtained. 

To assess the effect of 4-aminopyridine, the tissue was exposed 
to the drug (10 or 50 p ~ )  for 10 min after which the cumulative 
dose-response curve was obtained. After a 30 min rest, 4- 
aminopyridine and inhibitor were added to the bath and the 
cumulative dose-response curve repeated. A final curve was 
obtained 30 min later in the presence of Caminopyridine alone. 
Controls were three successive cumulative dose-response curves 
obtained in the presence of 4-aminopyridine, with the usual 
30 min rest between determinations. 

To assess the contractile activity of mefloquine and quinine on 
the muscle, their cumulative dose response curves were obtained 
using a 90 s contact time between each addition. In both cases, 
the maximum response of the muscle could not be recorded 
because of the limited aqueous solubility of the inhibitors. Thus, 
the responses were expressed as a percentage of the height 
attained with the highest concentration of the inhibitor that 
could be obtained in solution. Two more cumulative dose- 
responses were repeated subsequently on the same tissue with 
the usual 30 min rest period to assess muscle responsiveness. 

Solutions of erythro-DL-mefloquine hydrochloride (Roche 
Pharmaceuticals), quinine sulphate BP (Pharmaceutical Depart- 
ment, Republic of Singapore), 4-aminopyridine (98%, Aldrich 
Chemical Company) and acetylcholine iodide (Sigma Chemical 
Company) were prepared in distilled water. Appropriate dilu- 
tions were made from these solutions. All other chemicals were 
of analytical grade. 

Results 
The cumulative log concentration-response curves for acetyl- 
choline in the absence and presence of mefloquine ( I ,  10, 100, 
300 p ~ )  and quinine (10, 50, 100, lo00 phf) showed that both 
drugs depressed the acetylcholine-induced contractures in a dose 
related manner and caused the curves to be displaced to the right 
in a non-parallel manner. That the observed decrease in the 
maximal response was due to an effect of mefloquine and quinine 
was validated by a comparison with the three control curves 
obtained on the same tissue in the absence of inhibitors. These 
control experiments showed a corresponding decrease of I I .3% 
(s.e.m. 2.6%) and 14.4% (s.e.m. 2.6%) in the maximal responses 
of the 2nd and 3rd curves, respectively (n = 6- 13 experiments). 

An anomaly was noted in the cumulative log concentration- 
response curves obtained in the presence of mefloquine (100,300 
p ~ )  and quinine (1000 p ~ )  in that the YO maximal responses 
elicited at low acetylcholine concentrations (< 500 p ~ )  were 
higher than those observed at lower inhibitor concentrations, 


