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The increase in human plasma immunoreactive endothelin but
not big endothelin-1 or its C-terminal fragment induced by
systemic administration of the endothelin antagonist TAK-044
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1 We examined the effects of systemic infusion, in healthy human volunteers, of the endothelin
antagonist TAK-044 on the plasma concentrations of mature endothelin, big endothelin-1 and the C-
terminal fragment of big endothelin-1, by selective solid-phase extraction and specific radio-
immunoassays.

2 Unlabelled TAK-044 competed with specific ['2°I]-endothelin-1 binding to human left ventricle tissue
in a biphasic manner giving Kp values of 0.11 nM and 26.8 nM at the ET and ETj receptor subtypes,
respectively, indicating a 244 fold selectivity for the ET, receptor subtype.

3 A 15 min intravenous infusion of placebo or 30 mg TAK-044 (giving a serum concentration of 2 nM,
calculated to block >95% of ET, but <5% ETj5 receptors) had no effect on the immunoreactive plasma
concentrations of the three peptides.

4 At the higher dose of 750 mg TAK-044 (giving a serum concentration of 80 nM, calculated to block
>99% of ET, and >75% ETjy receptors), the immunoreactive plasma endothelin concentrations were
increased 3.3 fold over basal levels (P<0.01). The concentrations of big endothelin-1 or C-terminal
fragment of big endothelin-1 were unchanged.

5 At both doses of TAK-044, there were significant decreases in diastolic blood pressure, and
peripheral vascular resistance, with corresponding increases in cardiac index and stroke index. There
were no changes in systolic or mean arterial blood pressures or heart rate.

6 Since only the concentrations of the mature peptide were increased, we conclude that the most likely
sources of endothelin contributing to the observed rise were displacement of receptor-bound peptide and
reduction in plasma clearance rather than peptide synthesis.
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Introduction

The endothelins are a family of three potent vasoconstrictor
peptides (endothelin-1 (ET-1), ET-2 and ET-3, Inoue et al.,
1989). ET-1 and a biologically inactive C-terminal fragment
(CTF, big ET-1,,-33)) are generated from an intermediate big
ET-1, following an unusual cleavage, by one or more en-
dothelin-converting enzymes (Battistini ez al., 1995). In func-
tional assays the endothelins exert their actions through two
distinct receptor subtypes, ET, and ETp, distinguished by the
rank order of potency of the three endothelin isoforms (Arai et
al., 1990, Sakurai er al., 1990).

We have previously demonstrated that local infusion of the
ET,-selective antagonist BQ123 causes vasodilatation sug-
gesting that endothelin contributes to basal vascular tone in
man (Haynes & Webb, 1994). In addition, we have previously
shown that local infusion of exogenous big ET-1 results in an
increase in immunoreactive (IR) plasma CTF as well as IR
endothelin (Plumpton et al., 1995a, b). All three peptides can
be detected in the conditioned medium from cultured en-
dothelial cells (Plumpton et al., 1996a), suggesting that any de
novo synthesis of endothelin would be accompanied by a rise in
CTF.

Animal and human studies have suggested that endothelin
is important in a range of clinical conditions and have de-
monstrated the potential therapeutic beneficial effects of en-
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dothelin receptor antagonism (Ferro & Webb, 1996).
However, plasma concentrations of IR endothelin are in-
creased following non-selective endothelin receptor antagon-
ism (Loffler et al., 1993; Donckier et al., 1995; Kiowski et al.,
1995; Teerlink et al., 1995). Our aim was to determine whether
the systemic infusion of the cyclic hexapeptide endothelin re-
ceptor antagonist TAK-044 (cyclo[D-oc-aspartyl-3-[(4-phe-
nylpiperazin-1-yl) carbonyl]-L-analyl-L-oc-aspartyl-D-2-(2-
thienyl) glycyl-L-leucyl-D-tryptophyl] disodium; Kikuchi ez al.,
1994) altered the concentrations of IR endothelin in human
plasma. Secondly, to distinguish between possible sources of
IR plasma endothelin, we also measured the concentrations of
the precursor big ET-1, and by-product CTF. A preliminary
account of this work has been presented to the British Phar-
macological Society (Plumpton et al., 1996b).

Methods

Competition binding experiments

The selectivity of TAK-044 was determined for native human
endothelin receptors as previously described (Davenport et al.,
1995). The human left ventricle was used as this expresses both
endothelin receptor subtypes and allows the selectivity of
competing ligands to be determined in the same assay. Frozen
sections of left ventricle (10 uM, n=3) were thaw mounted
onto gelatine coated microscope slides and pre-incubated for
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15 min at 23°C in 50 mMm HEPES, 5 mm MgCl,, 0.3% BSA
pH 7.4. Sections were then incubated for 2 h at 23°C in the
same buffer containing 0.1 nM ['*I]-ET-1 (2000 Ci mmol~')
and increasing concentrations of TAK-044 (20 pM—100 uM).
Total ET-1 binding was determined in the absence of TAK-044
and non-specific binding was defined by inclusion of 1 uM
unlabelled ET-1. Sections were washed three times in ice-cold
Tris-HCI (pH 7.4) for a total of 15 min then wiped from the
slides and counted using a gamma counter. Protein estimations
were made by use of a modified Lowry assay (Bio-Rad) by
reference to bovine serum albumin (BSA) standards. Pseudo
Hill coefficients were determined by use of EBDA (McPherson,
1983) from which the final values of equilibrium dissociation
constant (Kp) were calculated with the iterative curve fitting
program LIGAND (Munson & Rodbard, 1980).

Clinical procedures

Healthy male volunteers (25—60 years of age, mean age 40)
participated in the study with the approval of the local ethical
committee. Each subject had an antecubital vein of the left and
right arm cannulated for administration of infusate and
withdrawal of blood samples, respectively. TAK-044 was
synthesized and supplied by Takeda Chemical Industries Ltd,
Osaka, Japan. Blood pressure and heart rate were measured by
semi-automated oscillometric monitors, cardiac function
(stroke volume, cardiac output and heart rate) was measured
by a non-invasive bioimpedance methodology (Haynes et al.,
1996). Eight subjects received either 50 ml sucrose placebo,
30 mg or 750 mg TAK-044 dissolved in saline over 15 min on
separate occasions in a single-blind, three-phase, randomised,
placebo-controlled, crossover study. The two doses of TAK-
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Figure 1 Competition assays showing the inhibition of ['*’I]-
endothelin-1 (ET-1) binding to sections of human left ventricle by
TAK-044. Results are expressed as percentages of the specific
binding. Mean values (n=3) are shown and vertical lines indicate
s.e.mean.

044 resulted in serum concentrations of 2 and 80 nM TAK-044
after 15 min of infusion, respectively as determined by high
performance liquid chromatography (h.p.l.c.). In six subjects,
venous blood samples were taken before and 15 min after
dosing. Blood was collected into EDTA tubes and separated
immediately. The resulting plasma was stored at —70°C until
assayed.

Radioimmunoassays for endothelin peptides

After being thawed, 5 ml plasma samples were assayed for IR
endothelin, big ET-1 and CTF by selective solid-phase ex-
traction and radioimmunoassay as previously described
(Plumpton et al., 1995a; 1996a) using rabbit antisera raised
against the C-termini of endothelin (ET-1,5_5;) and big ET-1
(big ET-1(3,-33). For both assays, EDs, values were 20—
25 fmol/tube, inter- and intra-assay coefficients of variation
were < 13% in the range 6—30 fmol/tube and the sensitivities
of detection (defined as two s.d. above zero standard) were
<1.25 fmol/tube. The recoveries of ET-1, big ET-1 and CTF
were 57.5%, 39.8% and 76.6%, respectively (n=4). Plasma IR
peptide concentrations are shown uncorrected for extraction
recovery.

Under the present conditions, the mature endothelin RIA
cross-reacted 100% with ET-1, ET-2 and ET-3. Cross-re-
activity with ET-]U —~20)s blg ET'1(22_33), blg ET'I, blg ET-2 and
big ET-3 were <0.02%. The big ET-1 RIA showed <0.007%
cross-reactivity with the mature endothelins, big ET-2 and big
ET-3, and cross-reacted 143% with big ET-1(;,_35 thus al-
lowing the quantification of CTF following fractionation.
Neither of the assays showed any detectable cross-reactivity
(<0.000002%) with TAK-044. Furthermore, TAK-044 did
not interfere with either assay as indicated by superimposable
standard curves at concentrations five orders of magnitude
greater than the serum TAK-044 levels achieved. No cross-
reactivity was detected (<0.005%) at the highest concentra-
tions tested with unrelated vasoactive peptides such as angio-
tensin II, atrial natriuretic factor, and a-calcitonin gene-related
peptide.

Results

TAK-044 competed biphasically for the binding of ['**I]-ET-1
giving Kp, values of 0.11 nM and 26.8 nM at the ET, and ETg
receptor subtypes, respectively (Figure 1). Based on these af-
finities, the concentration of TAK-044 measured in the serum
following the low dose was calculated to block >95% of the
ET4 but <5% of the ETg receptors. However, at the high
dose, the majority (>75%) of the ETp receptors were calcu-
lated to be blocked in addition to >99% of the ET, re-
ceptors.

At both doses of TAK-044, there were significant decreases
in diastolic blood pressure, and peripheral vascular resistance,
with corresponding increases in cardiac index and stroke in-
dex. There were no changes in systolic or mean arterial blood
pressures or heart rate in any of the phases (Table 1). These
findings are in agreement with an action of TAK-044 as an
arteriolar vasodilator. Although most of the changes in the
haemodynamic parameters appeared greater after 750 mg than
30 mg TAK-044, none of these differences reached statistical
significance. TAK-044 was well tolerated in all volunteers as
assessed by direct questions, visual analogue scales, routine
electrocardiography, biochemistry and haematology. In parti-
cular, no serious or clearly drug-related adverse effects were
detected.

When placebo or TAK-044 at the 30 mg dose was infused
there were no significant changes in the concentration of IR
peptide compared with basal levels (Figure 2). However, at the
higher dose of 750 mg TAK-044, although there were no de-
tectable changes in the concentrations of IR big ET-1 or CTF,
the IR endothelin increased from 4.0+ 1.5 pM to 13.3+2.2 pM
(P<0.01, compared to pre-infusion).
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Table 1 Baseline values and mean changes (A) over 15min for systolic blood pressure (SBP), diastolic blood pressure (DBP), heart
rate, stroke index, cardiac index and peripheral vascular resistance (PVR) after dosing with TAK-044

Placebo
Baseline Mean A over Baseline
value 15 min 95% CI value

SBP 12745 442 -3 to +10 128+5
(mmHg)
DBP 75+2 1+1 -2to +5 73+2
(mmHg)
MAP 9243 2+1 -2to +6 91+1
(mmHg)
Heart rate 58+3 1+1 -2to +3 57+4
(beats min")
Cardiac index 32403 -0.140.04 0.2 to +0.1 3.0+0.2
(1min'm™)
Stroke index 56+5 0+1 -2to +2 51+3
(mim™)
PVR 23924237 77457 —66to +220 24724117

(dyns cm~m™)

TAK-044
30mg 750 mg
Mean A over Baseline  Mean A over
15 min 95% CI value 15 min 95% CI
1+1 -2to +5 12945 -8+4 -18 to +2
-3+1* -5to -1 7442 —4+42* 8to0
-2+1 —4to +1 92+3 —-6+2 9to +1
1+2 -5to +6 5942 1+1 -2 to +4
0.3+0.1* +0.1 to +0.5 2.8+0.2 04+4+0.1* +0.1to +0.6
34 1** +1to +5 4745 S+ 1** +2to +8

—259+61** 413 to —105 2719+248 —452+41*** -554 to —-350

For the placebo column, mean change from predose is shown. For the active treatment columns, placebo corrected changes from
predose are shown. Mean values (n=8) are shown+s.e.mean and 95% confidence intervals (CI). Statistical differences were analysed
by ANOVA followed by paired Student’s ¢ tests. *P<0.05; **P<0.01; ***P<0.0001 compared to basal.

16 — *
12
H
e
2
2 8 —
o
o
o«
4 —
Placebo 30 mg 750 mg Placebo 30mg 750 mg
Pre-infusion Post-infusion

Figure 2 Effect of intravenous infusion of placebo or TAK-044
(30mg or 750mg) for 15min on immunoreactive plasma endothelin
(solid columns), big endothelin-1 (hatched columns) and C-terminal
fragment of big endothelin-1 (open columns). Mean values (n=6) are
shown and vertical lines indicate s.e.mean. Statistical differences were
analysed by ANOVA followed by Student’s ¢ tests. *P<0.01
compared to basal.

Discussion

This study shows that in healthy human volunteers, systemic
infusion of 750 mg TAK-044, but not placebo or 30 mg TAK-
044, results in a significant increase in venous plasma IR en-
dothelin compared to basal levels, with no detectable changes
in the corresponding concentrations of either big ET-1 or CTF.

Local infusion of big ET-1 in healthy human volunteers
results in significant increases of IR plasma endothelin and
CTF compared to basal (Plumpton et al., 1995a, b). There-
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