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Data from several studies suggest that tachykinins
mayplay an important role in the pathophysiology of
airway diseases, especially asthma. Wehad a screening
program for selective tachykinin antagonists of microbial
products origin. In the previous papers we described the
discovery and characterization of WS9326, FK224X'2)
and actinomycin D3) as tachykinin antagonists. We

screened them for activity in a receptor binding assay to
tachykinin receptors on guinea-pig lung membraneand
for inhibition of the neurokinin A (NKA)-induced
guinea-pig tracheal contractile response. In this paper
we report on cyclosporin C (WF3484) as an inhibitor of
substance P (SP)-induced platelet aggregation, and on
the receptor binding properties of cyclosporin C, actino-
mycin D, WS9326 and FK224 for human tachykinin
receptor subtypes in transfected mammaliancells.
Wediscovered the phenomenonthat SP or NKAcan

induce the platelet aggregation in vitro. By application
of this phenomenon, we started to search for selective
inhibitors of SP-induced platelet aggregation in vitro. In
the course of our screening for SP-induced platelet
aggregation inhibitors, we have isolated WF3484 from
the cultured broth of Nectria sp. No. 3484. The struc-
ture elucidation studies of WF3484demonstrated that
WF3484 is identical with cyclosporin C. Cyclosporin C
is a well-known immunosuppressive agent. However,
tachykinin antagonistic activity of the compound is not
known. Here, we wish to describe the isolation of
WF3484, its identification as cyclosporin C, and show
the unique anti-tachykinin (SP, NKA) activities of the
compound.
Nectria sp. No. 3484 was cultivated in four 500-ml

Erlenmeyer flasks each containing 120ml of a medium
containing (% w/v): soluble starch 3, glucose 1,

pharmamedia 1, dried yeast 1, peptone 0.5, corn steep
liquar 0.5 and CaCO3 0.3. These flasks were shaken on
a rotary shaker (220rpm, 5.1 cm-throw) for 4 days at

25°C and then transfered to the production medium.
Production of WF3484was examined in a 30-liter jar
fermentor containing 20 liters of production medium
containing (% w/v) soluble starch 3, sucrose 1, wheat
germ 1, dried yeast 0.5 and CaCO3 0.2. The fermentation
was carried out at 25°C for 4 days under aeration of 20
liters/minutes, back pressure of 1.0 kg/cm2 and agitation
speed of 250 rpm. The fermentation broth (19 liters) was
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extracted with acetone (19 liters) and the extract was
filtered. The extract (38 liters) was diluted to 48 liters
with 10 liters of water and passed through a Diaion
HP-20 column (4 liters). The column was washed with
10 liters of 50%acetone and adsorbent was eluted with
10 liters of 90%acetone. The eluate was concentrated
under reduced pressure to an aqueoussolution. The
solution was extracted with ethyl acetate
organic layer was washed with 0.5 liter

(1 liter),

of water
times. The organic layer was concentrated under reduced
pressure and the ethyl acetate extract was subjected to
column chromatography on silica gel (Kiegel gel 60,
Merck). The column was washed with chloroform and
active compound was eluted with chloroform - methanol
(20: 1). The eluate was concentrated to give 490mg of
WF3484as an amorphous powder. WF3484is soluble
in methanol, ethanol, acetone, ethyl acetate and diethyl
ether and chloroform and it is insoluble in w-hexane. The
molecular formulawas determined to be C^Hi x 1N11O13
by FAB-MS and elementary analysis. The molecular

formula ofWF3484 is consistent with it being cyclosporin
C. The physico-chemical properties (data not shown) of
WF3484are in good agreement with the reported data
for cyclosporin C4). Finally WF3484as identified as
cyclosporin C by direct comparison with our authentic
specimen of cyclosporin C.
Platelet aggregation was measured by the turbidimetric

technique of Born and Cross5) in NKKHematracer
(Niko Bioscience Inc.). In brief, blood was collected from
the central ear arteries of male Japanease White rabbit
(male ll week; 1.5~2.0kg body weight). The blood was
prevented from coagulation with 1 volume of 3.8%

sodium citrate to 9 volumes of blood. Platelet rich plasma
(PRP) was prepared by centrifugation of the blood at
150 xg for 10 minutes at room temperature. For most
experiments PRP-saline/inhibitor mixtures (0.25 ml PRP
plus 0.02ml saline/inhibitor) were incubated in an
aggregometer with stirring (1,000rpm) at 37°C for 2
minutes, and then the aggregating agent (0.03ml) was

added. Platelet aggregation was measured turbidimetri-
cally by recording changes in the light transmission of
PRP during aggregation. Activities of inhibitors were
expressed as IC50 values i.e. concentration required to
inhibit the platelet aggregation responses by 50%.
2x10~6m ADP (Sigma), 2x10"6m SP (Peptide

Institute, Inc.) or 2 x 10~6m NKA(Peptide Institute,
Inc.) were used as aggregation inducers. [3H]SP binding
to guinea-pig lung membranes and SP and NKA-induced
guinea-pig tracheal constriction were carried out as
described previously1j2). As shown in Fig. 1 SP produced
a platelet aggregation in a dose dependent manner and
stable aggregation occured at levels above 4 x 10~7 m SP.
NKAalso produced the platelet aggregation in a dose
dependent manner (data not shown). WF3484(cyclo-
sporin C) exhibited the inhibitory activities for the
platelet aggregation induced by SP (2x 10"6m) and

NKA (2x 10"6m)withtheIC50 values 5.0x 10"7mand
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Fig. 1. Rabbit platelet aggregation induced by substance P.

Table 1. The IC50 (m) values ofcyclosporin C, actinomycin D, WS9326A and FK224 on various
in vitro experimental models.

Agonist Cyclosporin C Actinomycin D WS9326A FK224
Plateletaggregation SP (2X10"6M) 5.0X10"7 >6.2X106 >7.7X10"6 3.2X10"7

NKA (2X10"6M) 1.7X10"6 >6.2X10"6 >7.7X10"6 9.6X10"7

ADP (2X10"6M) >1.6X10-4 >6.2X10"6 >7.7X10"6 >7.7X10"6

Receptorbindingassay sp X1Q.9M 4.1x10-7 >5,Xi0-e 3.6X10^ 1.0X107
(guinea-pig lung receptor)

Tracheal contraction SP (1X10"8M) no effect > 1.0 X 10"5 9.7X 10"6 2.6X 106
NKA (1X1Q-9M) noeffect 1.8X10'6 3.5X106 1.3X10'6

Table 2. Selectivities and affinities of antagonists for binding to human tachykinin
receotor subtypes.

IC50(M) :

Agonist Cyclosporin C Actinomycin D WS9326A FK224
SP (1.0x10-10M) 7.47x10"7 >5.00x10"4 2.00x10"6 1.23x10"7

NKA(1.0x10"10M) 1.89x10"6 3.01 x10"6 5.71 x10"7 2.37x10"7

1.7 x 10"6m, respectively. On the other hand WF3484
(cyclosporin C) was inactive against for the platelet

aggregation induced by 2 x 10"6m ofADP (Table 1).
The transfection and functional expression of CDNA
clones for single receptor subtypes in the separate cell
lines are useful for characterization of tachykinin

antagonist. Chinese hamster ovary (CHO) (dhfr") cells
that were transfected with the human NKXand NK2
receptors and stably expressing cell lines were established
for radioligand binding studies. Clonal cells expressing
the humanNKt receptor have been described previous-
ly6). A clonal cell line expressing the human NK2 receptor
was established according to the procedures described
previously6). Clonal cells were maintained in a minimal

essential medium" lacking ribonucleosides and deoxy-

ribonucleosides and supplemented with 10%dialyzed
fetal bovine serum. Membranepreparation of receptor-
expressing cells was performed as described previously7).

Displacement binding experiments were carried out by
using [125I]Bolton-Hunter SP and [125I]NKA as de-

scribed8). Cell membranes (0.4^15/^g/ml) were in-

cubated with 0.1 nM [125I]Bolton-Hunter SP and 0.1 nM
[125I]NKA in the absence and presence of various con-
centrations of tachykinin peptides and antagonists. All
experiments were carried out at least twice in duplicate.

The nonspecific binding was defined as the binding

activity in the presence of 3.2jum of the corresponding
unlabeled tachykinin and was subtracted from the total
binding activity for determination of the specific binding.

The radioactivity was counted in a gamma counter
(Packard Auto Gamma Model 5650). The results ob-
tained in these experiments are summarized in Table

2. Cyclosporin C was active against human NK-1and
NK-2 receptors, although the affinity for human NK-1
receptor is slightly higher than that for the human NK-2
receptor. FK224 was a selective NK-1, NK-2 dual
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antagonist, and was equipotent for both the guinea-pig
and humanreceptors. On the contrary actinomycin D
showed highly selective for guinea-pig and human NK-2
receptors.

In Tables 1 and 2, the various anti-tachykinin activities
we obtained with these fermentation products are com-
pared. Cyclosporin C exhibited about a 3-fold difference
between platelet aggregation inhibition and binding
affinity for human NK-1 and NK-2 receptors. FK224
has a higher affinity for human NK-1 and NK-2 receptors
and it has been reported that FK224 acts as NK-1,2 dual
receptor antagonist in vitro and in v/v6>2'9'10). Present data
demonstrated that actinomycin D is highly selective for
the human NK-2 receptor and it has been reported that
actinomycin D act as NK-2specific receptor antagonist
in vitro and in vivo3). Cyclosporin C was a potent in-
hibitor of platelet aggregation induced by SP and NKA
and also was active against guinea-pig NK-1receptor.
As shown in Table 2, cyclosporin C was an NK-1, NK-2
dual receptor antagonist. However,against our expecta-
tion, cyclosporin C has no effect on tracheal constrictions
produced by SP and NKA. We tried receptor binding
for SP using platelet membrane fractions, and observed
a small amount of specific binding of SP to the platelet
membranes.So we could not confirm the half-maximal
concentration (IC50) of cyclosporin C to inhibit specific
binding of platelet SP receptors. Detailed mechanisms
and actions for the tachykinin inhibition of cyclosporin
C are to be studied further. However, it was observed
in the present investigation that platelets express the
tachykinin receptors on the platelet cell surface.

References

1) Hayashi, K.; M. Hashimoto, M. Ezaki, T. Okudaira,
M. Nishikawa, S. Kiyoto, M. Okuhara, M. Kohsaka
& H. Imanaka: WS9326A,a novel tachykinin antagonist
isolated from Streptomyces violaceusniger No. 9326. I.

Taxonomy, fermentation, isolation, physicochemical
properties and biological activities. J. Antibiotics 45:
1055-1063, 1992

JAN. 1996

Hashimoto, M.; K. Hayashi, M. Murai, T. Fujii, M.
Nishikawa, S. Kiyoto, M. Okuhara, M. Kohsaka &
H. Imanaka: WS9326A,a novel tachykinin antagonist
isolated from Streptomyces violaceusniger No. 9326. II.
Biological and pharmacological properties of WS9326A

and tetrahydro-WS9326A (FK224). J. Antibiotics 45:

1064-1070, 1992

Fujii, T.; M. Murai, H. Morimoto, M. Nishikawa & S.
Kiyoto: Effects of actinomycin D on airway constriction
induced by tachykinins and capsaicin in guinea-pigs. Eur.

J. Pharmacol. 194: 183-188, 1991

Ruegger, A.; M. Kuhu & H. Lichti: Cyclosporin A, ein
immunsuppressiv wirksamer Peptidmetabolit aus Tricho-

derma polysporum (Link ex Pers.) Rifai. Helvetica
Chimica. Acta 59: 1075-1092, 1976

Born, G. V. R. & H. J. Cross: Aggregation of blood
platelets. J. Physiol. 168: 178-188, 1963

Aramori, I.; N. Morikawa, J. Zenkoh, N. O'Donnell,
M. Iwami, H. Kojo, Y. Notsu, M. Okuhara, S. Ono &
S. Nakanishi: Subtype- and species-selectivity of a
tacykinin receptor antagonist, FK888, for cloned rat and

human tachykinin receptors. Eur. J. Pharmacol. 269:
277-288, 1994

Shigemoto, R.; Y. Yokota, K. Tsuchida & S.
Nakanishi: Cloning and expression of a rat neuromedin
K receptor CDNA. J. Biol. Chem. 265: 623-628, 1990
Ingi, T.; Y. Kitajima, Y. Minamitake & S. Nakanishi:
Characterization of ligand-binding properties and selec-

tivities of three rat tachykinin receptors by transfection
and functional expression of their cloned cDNAs in

mammalian cells. J. Phamacol. Exp. Ther. 259: 968 -975,
1991

Morimoto, H.; M. Murai, Y. Maeda, M. Yamaoka, M.
Nishikawa, S. Kiyoto & T. Fujii: FK224, a novel
cyclopeptide substance P antagonist with NK1 and NK2

receptor selectivity. J. Pharmacol. Exp. Ther. 262:
398-402, 1992

Murai, M.; H. Morimoto, Y. Maeda, S. Kiyoto, M.
Nishikawa & T. Fujii: Effect of FK224, a novel com-
pound NK1and NK2receptor antagonist, on airway

constriction and airway edema induced by neurokinins
and sensory nerve stimulation in guinea pigs. J.

Pharmacol. Exp. Ther. 262: 403-408, 1992


