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has shown that, although all acidic membrane lipids bind
calcium, suifatide is the most potent {16]. Suifatide, as a
result, has been suggested as a possible membrane calcium
ionophore [16].

Acute administration of ethanol reduced the sulfatide
content of hypothalamus (although no other brain region),
but it was without effect on brain regional phospholipid
content. Chronic ethanol administration increased the sul-
fatide content of whole brain, but no such action was
observed when brain regions were analyzed for sulfatide.
One would expect that an increased sulfatide content in
whole brain would be reflected in a similar change in at
least some of the brain regions. Since this was not the case,
sulfatide involvement in the actions of ethanol must be
considered questionable.

Acknowledgemenis—This work was supported by NIAAA
Grant AA05132-01.

ANDREW Y. CHWEH.
Steven W. LesLie*

Department of Pharmacology and
Neurosciences Program

University of Alabama in
Birmingham, The Medical
Center

Birmingham, AL 35294, U.S.A.

* Author to whom all correspondence should be
addressed.

Short communications

REFERENCES
1. C. D. Richards, Trends Neurosci. 3, 9 (1980).
2. R. Natsuki, R. J. Hitzemann, B. A. Hitzemann and
H. H. Loh, Biochem. Pharmac. 26, 2095 (1977).
3.}, C. Miller and 1. Leung, Biochem. J. 178, 9 (1979).
4. J. M. Littleton and G. John, J. Pharm. Pharmac. 29,
579 (1977).
5.J. H. Chin and D. B. Goldstein, Science 196, 684
(1977).

6.J. H. Chin, L. M. Parsons and D. B. Goldstein,
Biochim. biophys. Acta 513, 358 (1978).

7. D. A. Johnson, N. M. Lee, R. Cooke and H. H. Loh,
Molec. Pharmac. 18, 739 (1979).

8. D. A. Johnson, N. M. Lee, R. Cooke and H. Loh,
Molec. Pharmac. 17, 52 (1980).

9. R. J. Gibbins, H. Kalant and A. E. LeBlanc, /. Phar-
mac. exp. Ther. 159, 236 (1968).

10. M. B. Friedman, C. K. Erickson and S. W, Leslie,
Biochem. Pharmac. 29, 1903 (1980).

11. 1. M. Trifaro, Molec. Pharmac. 5, 382 (1969).

12. J. Folch, M. Less and G. H. Sloane Stanley, J. biol.
Chem. 226, 497 (1957).

13. G. R. Bartlett, J. biol. Chem. 234, 466 (1959).

14. E. L. Kean, J. Lipid Res. 9, 319 (1968).

15. 8. V. Elrod and S. W. Leslie, J. Pharmac. exp. Ther.
212, 131 (1980).

16. D. E. Green, M. Fry and G. A. Blondin, Proc. natn.
Acad. Sci. U.S.A. 77, 257 (1980).

Biochemical Pharmacology, Vol. 30, No. 11, pp. 1378-1382, 1981
Printed in Great Britain.

0006-2952/81/111378-05 $02.00/0
Pergamon Press Lid.

Inhibition of antigen-induced histamine release and thromboxane synthase by
FPL 55712, a specific SRA-A antagonist?

{Received 10 July 1980; accepted 22 December 1980)

FPL 55712, sodium 7-[3-(4-acetyl-3-hydroxy-2-propyl-
phenoxy)-2-hydroxypropoxy}-4-oxo-8-propyl-4H-1-benzo-
pyran-2-carboxylic acid, has been described to be aselective
antagonist for SRS-A, in vitre [1]. For this reason it has
been commonly used to ascertain the involvement of SRS-
A in anaphylactic reactions in various animal model systems
[2-6]. In this communication we describe two other proper-
ties of FPL 55712 that should be considered when inter-
preting such studies: (1) FPL 55712 is a potent inhibitor
of antigen-induced histamine release in vitro, and (2) FPL
55712 inhibits thromboxane synthase.

For assessment of the ability of this drug to inhibit
antigen-induced histamine release, two model systems were
employed. One was an IgE-dependent system utilizing
passively sensitized rat peritoneal cells. The second was an
IgG-dependent system employing chopped guinea pig lung
fragments from actively sensitized animals. The IgE-depen-
dent passively sentized rat peritoneal system was similar
to that described by Herzig and Kusner [7]. Reaginic anti-
serum was prepared by injecting (i.p.) male OLA-1,
Hooded Lister rats (Oxfordshire Laboratories, Oxford-
shire, England), weighing 150-200 g, with 10 ug egg albu-
min (Nutritional Biochemical Corp., Cleveland, OH) in
0.5 ml of Pertussis Vaccine (10 ou of heat-killed bacteria,
Cannaught Laboratories, Willowdale, Toronto, Canada).

On day 30 the animals were boosted with a second injection
of 1 ug egg albumin in 0.5 ml saline (i.p.), and on day 34
they were anesthetized with CO; and exsanguinated by
cardiac puncture. The sera from 150 rats were inidividually
tested by passive cutancous anaphylaxis (PCA) in rats,
using a 48-hr sensitization period [8). Sera with a titer of
at least 1:50 were combined. The titer of the resulting
combination was 1:256. The pooled serum was stored at
—70°. The reaginic nature of the antiserum was demon-
strated by heating for 4 hr at 56°. This reduced the titer to
less than 1:4 in the PCA test. For passive sensitization, a
mixed population of peritoneal cells (containing 5-10%
mast cells) was harvested by lavage from eight to twelve
male Sprague-Dawley rats (Charles River Laboratories,
Wilmington, MA), weighing between 180 and 220 g, which
were fasted overnight. The buffer used was Hanks’ bal-
anced salt solution containing 50 pg/ml sodium heparin
{Sigma Chemical Co, St. Louis, MO) buffered to pH 6.9
with 5% (v/v) of 0.1 M sodium phosphate. The cells were
isolated by centrifugation at 350 g for 5 min (0-4°) and
resuspended in 2 ml of the reaginic serum. After sensiti-
zation for 2 hr at 37°, 1 ml of buffer was added and the
mixture was recentrifuged as described above. The sensi-
tized cells were then resuspended in buffer to a concen-
tration of approximately 1 X 10° cells/mi, and triplicate
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Table 1. Concentration-dependent inhibition of anaphylactic histamine release
from actively sensitized guinea pig lung fragments™

Concn of FPL 55712

% Inhibition of histamine release

M) Experiment 1 Experiment 2
1077 04 %37

10-¢ 11.5 = 1.7¢
1073 37.4 *+ 1.5% 242 + 2.3%
10 45.0 = 1.5¢ 34.0 £ 2.3%

* Assays were performed in triplicate on pooled lung fragments from three
animals. Values are mean = S.E. In Experiment 1, antigen induced release of
33.6 = 0.6 per cent (corrected for a spontaneous release of 0.3 per cent), while
in Experiment 2, a release of 34.7 = 1.0 per cent (corrected for a spontaneous

release of 0.9 per cent) was obtained.
P < 0.05.
1 P < 0.001.

samples (2 ml, final volume) were challenged with egg
albumin (5 X crystallized, Sigma Chemical Co.) in the
presence or absence of test drug for 5 min at 37°. Release
reactions were terminated by cooling on ice and centrifu-
gation at 1100 g (0-4°). The supernatant fractions were
acidified to 0.4 N HCIO; and stored at 0-4° overnight.
After recentrifugation of the samples for 10 min at 1800 g
{0-4°), the supernatant fractions were assayed for histamine
content using an automated fluorometric assay [9]. The
amount of histamine released into the supernatant fraction
was expressed as a percentage of the total histamine content
of the cells. The total histamine content of the cells
(approximately 3 ug) was determined by heating 2 ml ali-
quots of sensitized celis in a boiling water bath for 10 min,
centrifuging, and assaying supernatant fractions for hista-
mine content as described above.

The data presented in Fig. 1 demonstrate that FPL 55712
was a potent inhibitor of antigen-induced histamine release
in the model system described above. The iCs {drug con-
centration that produced 50 per cent of the maximum
obtainable inhibition) for FPL 55712 was 3.5 x 107" M in
this experiment. In contrast, disodium cromoglycate, the
reference drug against which mediator release inhibitor are
typically compared, was a less potent inhibitor (iCs; was
1.5 x 107% M). These results are typical of those obtained
in three similar determinations.

The methodology employed to study the effect of FPL
55712 on the IgG-dependent release of histamine from
guinea pig lung fragments was similar to that described by
Hitcheock {10]. Assays were performed in triplicate by
prewarming aliquots of a pool of lung fragments from three
actively sensitized animals (150 mg in 5 ml of Tyrode’s
solution) for 10 min in the presence of various concentra-
tions of FPL 55712 and subsequently challenging the tissue
with 40 pg/ml egg albumin (5 X crystallized, Sigma Chem-
ical Co.) for 10 min at 37°. The supernatant fractions were
assayed for histamine as described for the peritoneal cell
system. Total histamine content was obtained by hom-
ogenizing 150 mg portions of lung in 5 ml of Tyrode’s and
boiling the samples for 10 min prior to centrifugation at
2000 g (0-4°) for 10 min and histamine analysis [9].

As demonstrated in Table 1, in two separate experiments
FPL 55712 caused a significant inhibition of histamine
release in the guinea pig lung test system. Although it was
not as potent an inhibitor in this test system as in the
IgE-dependent rat peritoneal cell system, it was still more
effective than disodium cromoglycate which failed to inhibit
histamine release at concentrations as highas 1 x 107 M
(data not shown). The potency differences observed for
FPL 55712 in these two in pitro model systems may have

* Abbreviations: PG, prostaglandin; TX, thromboxane;
and HHT, 12-r-hydroxy-5,8,10-heptadecatrienoic acid.

8P 30:11 -0

been related to the inability of the drug to effectively
penetrate the lung tissue. While this manuscript was in
preparation, Krell et al. [11] reported that FPL 55712 also
inhibited the antigen-induced release of histamine from
rat, dog and monkey lung tissue, in vitro. The effects they
observe in these systems were not dose related, however,
so potencies also cannot be compared between these lung
systems and the IgE-dependent rat peritoneal cell system
studied in this paper.

For the assessment of the ability of FPL 55712 to inhibit
thromboxane synthase activity, an assay system was
employed which followed the conversion of [1-*CJPGH,
to [1-"*Clthromboxane B, and [1-“C]HHT, using human
platelet microsomes as the enzyme source [12].* Radio-
labeled [1-"*C]PGH, was prepared as follows. The acetone
pentane powder of sheep vesicular gland microsomes
(225 mg, HilRan Chemicals, Tel Aviv, Israel) was hom-
ogenized in 4.5 ml of 0.1 M tris buffer, pH 8.5, containing
0.67 mM phenol and 3 mM para-chloromercuribenzoate
(PCMB). This mixture was allowed to equilibrate for 0.5 hr
at 25°. An aliquot of [1-"*CJarachidonic acid (62.5 uCi in
250 ul benzene, sp. act. 60 mCi/mmole, Rosechem Prod-
ucts, Los Angeles, CA) was evaporated nearly to dryness
under a nitrogen stream and was diluted to a final specific
activity of 6.7 mC/mmole with unlabeled arachidonic acid
in ethanol (1 mg/ml, Supelco, Bellefonte, PA). To each of
twenty-four, 2 X 15 cm, screwcap tubes were added ali-
quots of the sheep vesicular gland microsomal homogenate
(167 pl), 0.1 M Tris buffer (9.5 ml, containing 0.67 mM
phenol and 3 mM PCMB), and hemin (222 yl of 2 0.1 mM
solution). After incubation at 37° for Smin, an aliquot of
the [1-**CJarachidonate ethanolic solution (100 g contain-
ing 2.5 uCi) was added. After further incubation at 37° for
90 sec, ether (15 ml, —78°) was added, followed by citric
acid (750 ul of a 1 mM solution). The tubes were tightly
capped and mixed vigorously for 20 sec, centrifuged
(1000 g, 5 min) to break the resultant emulsion, and placed
in an acetone/dry ice bath. This procedure froze the
aqueous layer but left the ether extracts in a liquid state
for pooling. The ether extracts were dried over anhydrous
magnesium sulfate (10 g) at 5° for 10 min. The magnesium
sulfate was removed by vacuum filtration using Whatman
no. 1 filter paper, and the extract was reduced in vacuo to
near dryness. The residue was resuspended in 10 ml of
hexane and was applied to a 1 x 15 cm silica gel column
(Mallinckrodt CC-4 Silicar). The column was eluted with
increasing amounts of ether in hexane. [1-'“C]Arachidonic
acid appeared in the 10% ether fraction, and [1-*C]JPGH,
typically appeared in the 40% ether fraction. The yield,
based on recovery of radiolabel, was on the order of 15
per cent. The purity of the radiolabeled PGH, was deter-
mined to be >>90 per cent on the basis of thin-layer chroma-
tography using an isooctane-methyl ethyl ketone-acetic
acid (100:9:1) system [13].
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Fig. 1. Inhibition of antigen-induced histamine release from rat peritoneal cells by FPL 55712 and

disodium cromoglycate. Passively sensitized cells were challenged with antigen (10 ug egg albumin/ml)

in the presence or absence of various concentrations of FPL 55712(@-—@) or disodium cromoglycate

(O——0), added at the same time as antigen. In the absence of drug, antigen-induced histamine release

was 30.6 = 0.7 per cent {after correcting for a spontaneous release of 7.6 = 0.8 per cent). The results

are presented as the per cent inhibition of this histamine release. Each point is the mean * S.E. of
triplicate determinations.

In a typical thromboxane synthase assay, an atiquot of
human platelet microsomes (50 ul, containing ~150 ug
protein) was added to a 12 X 75 mm silanized test tube
containing [1-*CJPGH: (0.5 ug,0.01 £Ci)in 200 gl of phos-
phate-buffered saline (the final PGH, concentration was
10 pM). The solution was incubated in a 25° water bath for
2 min. Ether (2 ml) and citric acid (50 ymoles) were sub-
sequently added with vigorous agitation, and the solution
was placed in a dry ice/acetone bath. The ether extract was
separated from the frozen aqueous layer and transferred
in stages to a 1.0 ml reacti-vial (Pierce Chemical Co.,
Rockford, IL}, and the volume was reduced under nitrogen
to 50-100 gl. The extract was applied to an i.t.L.c., type
SG, glass fiber sheet (Gelman Instrument Co., Ann Arbor,
MI) and developed in isooctane~-methyl ethyl ketone-acetic
acid (100:19:1). The sheets were air dried and scanned
using a Berthold LB radiochromatographic scanner. Assay
conditions were adjusted such that three major radioactive
peaks were noted in radiochromatographic profiles of
extracts (Fig. 2b). These were the products of the enzymatic
reaction, [1-*C]TXB,, [1-"C]HHT and the substrate, [1-
HCIPGH, (under the assay conditions employed, 85-95 per
cent was converted to the assay products). In the absence
of enzyme or the presence of heat-denatured enzyme (Fig.
2a) only 10-15 per cent of the [1-*C]PGH, decomposed
to nonenzymatic products.

The ability of FPL 55712 or other test drugs to inhibit
the enzymatic reaction was quantitated by adding various
concentrations of the drug (in 10 plf ethanol) to assay mix-
tures. After assay, extraction, and chromatographic sep-
aration of the products {(no new products were formed in

Table 2. Comparison of the inhibitory potency of
FPL 55712 and 1-substituted imidazoles on thromboxane
synthase from human platelet microsomes

1Csp
Compound (uM)
FPL 55712 6.5
Imidazole 600
4'-(1H-Imidazol-1-yl) acetophenone 10
p-(1H-Imidazol-1-yl) phenol 1
1-Nonyl imidazole 10

the presence of FPL 55712 or other test drugs), the per-
centage of [1-*CJPGH, remaining was determined by cut-
ting the appropriate areas from the glass fiber sheets and
scintillation counting in 10 ml of LSC mixture {Yorktown
Research, Hackensack, NJI). The 1csy values were deter-
mined by linear regression analysis of the percentage of
PGH,; remaining plotted versus the log of the inhibitor
concentration. As can be scen in Table 2, using the
described test system, FPL 55712 was a relatively potent
inhibitor of thromboxane synthase, being 100-fold more
active than imidazole, a standard inhibitor of thromboxane
synthase in human platelets [14]. The inhibitory activity
observed with FPL 55712 was nearly equivalent to that
displayed by several l-substituted imidazole derivatives that
are among the most potent thromboxane synthase inhibi-
tors yet described [15-17].

The data presented in Table 2 differ quantitatively from
the data presented by Tai and Yuan [15] for imidazole and
its l-substituted analogs. This may be due, in part, to the
difference in substrate concentrations employed (5 uM for
Tai vs 10 uM in the experiments reported herein). Quali-
tatively, using the assay conditions employed in this report,
there is essentially no difference in the rank order of
inhibition of various l-substituted imidazoles (unpublished
results) and the rank order reported by Tai and Yuan [15].

The resuits reported herein suggest that caution should
be used in interpreting the results of experiments in which
FPL 55712 is utilized to define a role for SRS-A in ana-
phylactic reactions. When used at concentrations greater
than 1 x 107® M, FPL 55712 has the potential for acting
through mechanisms other than simply SRS-A antagonism.
For example, numerous reports have appeared recently in
which this drug has been utilized to define a role for SRS-
A in in vitro model systems designed to study antigen-
induced bronchospasm in guinea pig parenchyma and tra-
chea strip preparations. In most of these studies, FPL 55712
prevented or reversed bronchaspasm when utilized at con-
centrations greater than 107° M {3-5], concentrations at
which we have shown the drugto be effective at inhibiting
both histamine release and thromboxane production. Both
histamine and thromboxane are known to be broncho-
constrictive agents in the guinea pig which are either directly
released (histamine) or newly synthesized and released
{thromboxane A;) in response to antigen challenge {18, 19].
Therefore, at the concentrations used in these studies, one
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Fig. 2. Radiochromatographic profile of the products noted in the thromboxane synthase assay. (A)

Nonenzymatic products derived from [1-“C]‘GH; after incubation with heat-denatured human micro-

somes. (B). Enzymatic products derived from [1-“C]PGH; after incubation with human platelet
microsomes.

should also consider the effects which FPL 55712 might
have on thromboxane production or histamine release,
before a role for SRS-A in these model systems can be
definitely ascertained. An effect of FPL 55712 on histamine
release or thromboxane production might also explain, in
part, its previously described inhibitory activity on passive
lung anaphylaxis in the rat [2] and its role in the inhibition
of the Schultz-Dale response in the guinea pig ileum [6].

In summary, FPL 55712 was originally described to be
a selective antagonist of SRS-A. We feel this description
still holds true as long as the drug is utilized at concentra-
tions between 1078 and 107*M. When used at higher con-
centrations, other activities of this drug must be considered.
These include its ability to antagonize PGF,, and PGE, [1],
to inhibit cyclic nucleotide phosphodiesterase [20] and, as
presently described in this paper, to inhibit allergic media-
tor release and thromboxane synthase.
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