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WS009A and B, produced by Streptomyces sp. No. 89009, were found to be competitive and
specific antagonists against endothelin (ET)-l receptors in in vitro studies and also active in in vivo
studies. Furthermore, WS009A and B were specific antagonists for vascular ET-1 receptors (ETA
receptors) and significantly prevented the accumulation of intracellular inositol 1 ,4,5-triphosphate
(IP3) in endothelin treated rat aorta tissues.

Endothelin (ET) belongs to a family of 21 amino-acid residue peptides with important cardiovascular
actions. The existence of several ET receptors was first hypothesized from pharmacological analysis and

then confirmed by the cloning and sequencing of two types of receptor moleculesli2). The first,

designated ETA, shows high selectivity for ET-1, with the order of affinity of the ET isoforms being

ET-l>ET-2>ET-33). The other ETB is non-selective for the ET isoforms4). The ETA receptor is

responsible for the action of ETs on vascular smoothmuscle cells and on atrial cells5). The nonselective
ETBreceptor subtype is mainly expressed in neurons and astrocytes5). ETAand ETBreceptors are coupled
with phospholipase C.

The mechanism of action of ET-1 has been shown to involve activation of phospholipase C with the
release of inositol phosphates and diacylglycerol and elevation of calcium from intracellular stores6). This
would in turn activate protein kinase C and, subsequently, phosphorylation of myosin light chains to
initiate contraction of smooth muscle cells6).
Intravenously infused ET-1 induces a profound pressor effect7), suggesting a potential role for ET-1
in the pathogenesis of systemic hypertension.

Furthermore, ET-1 may have a possible role in
development of cerebral vasospasm after sub-
arachnoid hemorrhage8), myocardial infraction9)

and acute renal failure10). The precise pathophysio-
logical roles of ET-1 are as yet unclear. The

presence of ET-1 binding site in blood vessels and
in several organ systems suggests ET-1 may have

important regulatory functions.
In this paper, we describe the ET-1 antagonistic

activities of WS009A and B. The results indicated

Fig. 1. Structures ofWS009 A and B.
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that WS009A and B can displace the binding of ET-1 at all receptor sites in various vascular tissues.
Moreover, WS009A can attenuate the second messenger (IP3) production induced by ET-1 in rat aorta
tissues. The chemical structures of WS009A and B are shown in Fig. 1.

Materials and Methods

Receptor Binding Assay
The ET receptor binding assay is described in detail in a preceding paper11}. All other assays were

performed using different kinds of tissue membranesin the receptor binding assays; porcine aorta for
ET, guinea-pig lung for SP-P (substance P: NK-1), guinea-pig lung for SP-E (eledoisin: NK-2), rat lung
for Ang II (angiotensin II), rat kidney for AVP (arginine vasopressin), guinea-pig ileum for BK (bradykinin)
and baby hamster kidney cells for FGF (fibroblast growth factor) using the procedures as described
previously1 1}. In WS009A pro filing experiments various kind of tissue membranes were used as follows:
porcine (aorta, brain, lung and kidney), rabbit (renal artery and kidney), canine/ (aorta, kidney and basilar
artery) and human (aorta, kidney and liver). Binding assays were performed by incubating freshly prepared
membraneswithvaryingconcentrations ofligands (SP-P 10"9 m, SP-E 10"9 m, AVP 10"9 M, BK 3 x 10" *x M,
ET 10"^ m and FGF10~1om). The binding studies described above were conducted at 25°C except for
SP-P receptor and SP-E receptor binding which were performed at 4°C.

[125I]Endothelin-l (2,200 Ci/mmol), [125I]endothelin-2 (2,200 Ci/mmol), [125I]endothelin-3 (2,200
Ci/mmol), [2-/?ro/>;/-3,4-3H]substance P (55 Ci/mmol), [/7ro/y/-3,4-3H]eledoisin (55 Ci/mmol), [tyrosyl-
3,5-3H(N)]angiotensin II (50 Ci/mmol), [/?/z^;;/fl/a^/-3,4,5-3H(N)]8-L-arginine vasopressin (70 Ci/mmol)
and [2,3-/?ro/y/-3,4-3H(N)]bradykinin (80 Ci/mmol) were purchased from New England Nuclear Research
Products (Daiichi Kagaku).

Rabbit Aorta Constriction In Vitro
Thoracic aorta were isolated from freshly sacrificed male albino rabbits (1 1 weeks old) and cut into

2mmwidth and 25mmlength arterial segments. The tissues were suspended in 25ml organ chambers
filled with Krebs-Ringer solution (113mM NaCl, 4.8mM KC1, 2.2mM glucose) maintained at 37°C and
gassed with 95% O2 and 5% CO2. A preload of 1 g was applied after the aorta had been conditioned by
application of increasing concentration of KC1.Contractions were measured as an increase in isometric
tension. WS009A and B were tested against the contractile response of ET-1 (3.2 x 10~9m). Synthetic
ET-1 was purchased from Peptide Institute Inc. (Osaka, Japan). WS009 A and B were added after the
full contractile response induced by ET-1.

Vasoconstrictor Effect of ET-1 in Rats
Male spontaneously hypertensive (SHR) rats (200~250 g) were anesthetized with pentobarbital

sodium (Nembutal, Abbott, 50mg/kg of body weight). A femoral artery catheter was implanted for
monitoring arterial pressure and heart rate, and a femoral vein catheter was used for injection of saline
or drugs. Blood pressure and heart rate was recorded from the femoral artery through a cannula (PE-50)
connected to a pressure transducer (Nihon Koden, PT-200T) coupled to a Biophysiograph RM6000
system. Two groups of rats were injected with the following: ET-1 (1 nmol/kg) alone (n=5) and ET-1
(1 nmol/kg) with WS009 A (10mg/kg) iv bolus injection (n=5).

Measurement of Inositol Phosphates
The tissue level of inositol monophosphate (IP) was determined by a slight modification of the

procedure of Berridge et al. (1983)12). Briefly, aorta rings of male Sprague-Dawley rats (200- 250 g) were
incubated at 37°C for 3 hours in Krebs solution containing myo-[2-3H]inositol (4iuCi/0.5ml/l ring).
rayo-[2-3H]Inositol was purchased from New England Nuclear (15Ci/mmol). The tissues were

transferred into Krebs solution containing 10mM LiCl and placed on ice for 30minutes. ET-1 (3 x 10"9 m)
and WS009A (10~4m and 10"3m) were added to the solution and the mixture was incubated at 37°C for
60minutes. Each tissue was then homogenized in 1.0ml of J0% trichloroacetic acid with a Pyrex-glass
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homogenizer. The homogenates were centrifuged at 300 x g for 15minutes and the supernatants were
extracted 3 times with 2.0ml of ether. Four ml of 5mMNaHCO3was added to lml of the aqueous
phase and the mixture was transferred to a column containing anion exchange resin (Bio-Rad
AGI-X8, 100~200mesh, formate form). The column was washed with 10ml of water to remove free
raj;0-[2-3H]inositol. Labeled mvo-[2-3H]inositol phosphates (IPl9 IP2 and IP3) were eluted by the

stepwise addition of 6 ml of solutions containing increasing levels of ammoniumformate, TPl was eluted
with 0.1 m formic acid plus 0.2m ammonium formate, for IP2 0.1 m formic acid plus 0.4m ammonium
formate was used and for IP3 0.1 m formic acid plus 1.0m ammoniumformate. Scintillation cocktail
(Aquasol-2, NewEngland Nuclear) was added to the eluate and the samples were counted in a liquid
scintillation counter (Packard TRI-CARB4530).

Results and Discussion

Wedemonstrated specificity of WS009A for antagonism of binding in the various kind of tissue
membranes such as kidney, liver, lung, brain, aorta and other vascular tissues (renal artery and basilar
artery) (Table 1). WS009 A inhibits [125I]ET-1 and [125I]ET-2 binding in aorta and other vascular
receptors. WS009A is a selective ET antagonist on vascular tissue binding sites. Moreover, WS009A
was shown to be active in the human aorta membranes binding assay, with an IC50 value of 1.3 x 10"5 m
(Table 1).

Inhibition of ET-1 binding in the porcine aorta membranes by WS009A was shown to be competitive
in the Lineweaver-Burk plot with a Ki value of 5.8 x 10"6m (Fig. 2).

The dose-response curve for WS009A and B against ET-1-induced rabbit aorta tissues constriction
were studied in drug pretreatment experiments (Fig. 3). WS009A inhibited rabbit aorta constriction
induced by ET-1 (3.2 x 10"9m) in a dose-dependent manner.

The specificity of WS009A and B for vascular tissues binding sites compared with other common
peptides was demonstrated using several radioligand binding assays (Table 2) and they were shown to
have no affinity for the other peptide binding sites such as substance P (SP-P), eledoisin (SP-E),
angiotensin II (Ang II), arginine vasopressin (AVP), bradykinin (BK) and fibroblast growth factor

(FGF). These results suggest that WS009 A and B are selective antagonists for ET-1, ET-2 at the
vascular receptors.

Table 1. ET receptor-binding profiles of WS009A.
Ligand (tissue) IC50 (m) Ligand (tissue) IC50 (m)

(porcine aorta)

(porcine brain)
(porcine lung)

(porcine kidney)
(rabbit renal artery)
(rabbit kidney)
(canine aorta)

(canine basilar artery)
(human aorta)
(human kidney)

(human liver)

(porcine aorta)
(porcine brain)

(porcine lung)

5.8xl(T6

>8.OxlO"4
>8.0x l(T4
>8.0x l(T4

2.1xl(T5
>8.0xl0~4

1.2xlO~5
3.0xlO"6
1.3xlO~5

>8.OxlO"4
>8.OxlO"4

6.9xlO"6
>8.0xl0"4

>8.0x l(T4

(porcine kidney)
(rabbit kidney)
(canine aorta)

(canine kidney)
(porcine aorta)
(porcine brain)

(porcine lung)
(porcine kidney)
(rabbit kidney)
(canine kidney)
(human aorta)
(human kidney)

(human liver)

>8.0x l(T4
>8.0xl0"4

6.9xlO"5

>8.0x l(T4

*
>8.0x l(T4

>8.0x l(T4
>8.0xl0-4
>8.0xl0~4
>8.0xl0~4

>8.0xl0"4
>8.0xl0"4

No existence of specific binding for [125I]ET-3.
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Fig. 2. Lineweaver-Burk plot for ET-1 antagonism on
porcine aorta receptors with WS009A.

AWS009A 1.5x l(T6J
à" control. Ki=5.S x 10~6»

Fig. 3. Effect of WS009 A and B on the contractile
response of rabbit aorta induced by ET-1.

A Nilvadipine, O WS009 A, à" WS009 B.

Table 2. Comparison of the receptor on specificity of WS009A and B binding assays using different tissues.
IC50(M)

Ligand Ligand cone (m) (tissue)
WS009 A WS009 B

ET-1 10"ll (porcine aorta) 5.8 x lO"6 6.7 x lO"7
SP-P (NK-1) 10~9 (guinea-pig lung) >8.0 x 10~4 >8.0 x 10"4
SP-E (NK-2) 10"9 (guinea-pig lung) >8.0 x 10"4 >8.0 x 10"4
Ang ll 10"9 (rat lung) >8.0 x l0"4 >8.0x l0"4
AVP 10"9 (rat kidney) >8.0 x l0"4 >8.0 x l0"4
BK 3 X 10"ll (guinea-pig ileum) >8.0 x l0"4 >8.0 x l0"4
FGF 10-10 (BHK cells) >8.0 x l0~4 >8.0 x l0~4

The current view is that ET-1 binds to specific receptors, leading to intracellular biochemical signals
involving the activation of inositol phosphates and diacylglycerol and the elevation of calcium levels from
intracellular calcium stores9). In this respect, we demonstrated the ET-1-induced increase of inositol

phosphates (IPl7 IP2 and IP3) in rat aorta rings, and the inhibition of this increase by the ET-1 antagonist
WS-7338 B. Inositol phosphates (IP1? IP2 and IP3) formation was blocked by WS009 A to a similar
intensity (Fig. 4). The concentrations of ET-1 and WS009A used in rabbit aorta contractile response
experiments (Fig. 3) were almost the same that used in the inositol phosphate formation experiments (Fig.
4). Thus blocking of IP3 formation may be an essential element for ET-1 receptor antagonism.

Most recently, two reports that describe distinct CDNA clones of ET receptor have been

published3>4). The ET-1 selective receptor found in vascular smooth muscle receptors, is named the ETA
receptor, and the non-selective receptor is named the ETBreceptor. A large amount*bf the ETBreceptor
is expressed in lung, kidney and brain, on the other hand, vascular aorta tissues express the ETA

receptor3'40. As shown in Tables 1 and 2, WS009A and B are active against various vascular tissues such
as aorta, renal artery and basilar artery. On the other hand WS009A and B are not active against
non-vascular tissues such as lung, kidney, liver and brain. These findings suggest that WS009A and B
are selective ETAreceptor antagonists.
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Fig. 4. Inhibitory effect ofWS009 A on IPls IP2 and IP3 formation induced by ET-1.

Intravenous bolus injection of ET-1 causes

a transient depressor response (due to the ETB

receptor) followed by a sustained pressor response
(due to the ETAreceptor). In the in vivo evaluation
experiment, ET-1 (3.2/zg/kg) is administered in-

travenously to SHR rats 10minutes after admin-

istration of WS009 A (lOmg/kg iv). Pretreatment
with lOmg/kg of WS009 A reduces the pressor
effect of ET-1, in contrast WS009A has no effect
on the depressor response of ET-1 (Fig. 5). The

results of the in vivo study are in agreement with the
data given by the in vitro receptor binding studies
mentioned above.

In conclusion, it may be worthwhile investi-

Fig. 5. Effect of WS009 A on ET-1 induced hypo-
tensive and hypertensive response in SHRrats.

gating the structure-activity relationships of these unique lead compounds. WS009A and B are useful
tools for investigating and clarifying the nature of endothelin pathophysiology.
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