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Abstract : Human chymase converts big endothelin (ET)-1 to 31-amino acid length ET-1
{ET-1(1-31)} that also possesses a potent vasoconstrictive action. In addition, ET-1(1-31)
is an intermediate peptide, which is then readily transformed to mature ET-1 by the neutral endopeptidase 24-11. To investigate the relevance of pathophysiology of ET-1(1-31) in
vivo, we have developed specific sandwich-type, enzyme-linked immunosorbent assay to
measure the plasma concentration of ET-1(1-31) in healthy volunteers and patients with
myocardial infarction. The plasma concentrations of ET-1(1-31) in healthy volunteers were
24.8 5.2 pg/ml (n=11). ET-1(1-31) concentration in plasma was elevated in patients with
acute myocardial infarction, and its elevation was several times higher and lasted longer
than that of ET-1. In addition, tissue concentration of ET-1(1-31) in the myocardium from
a patient with acute myocardial infarction was extremely high (12729.8 2617.7 pg/mg protein). These results suggest that ET-1(1-31) may play some pathological roles in the remodeling, especially in sites where inflammatory cells produced a large amount of proteases, such as myocardial infarction. J. Med. Invest. 61 : 298-305, August, 2014
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INTRODUCTION
The peptides of endothelin (ET) family contain
of 21 amino acids with three members, i.e. ETs1, -2, -3 (1, 2). ETs are generated from the 38-amino
acid precursors, big ETs, through cleavage of the
Trp21-Val22 bond via the action of a membranebound metalloprotease, ET converting enzyme
(ECE)-1 and -2 (3, 4). ETs are produced not only
by endothelial cells, but also in various tissues, in
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particular prepro-ET-1 mRNA is expressed widely
in vascular endothelial cells, heart, brain, kidney,
lung, uterus, and placenta (5). The circulating blood
concentrations of ET-1 in healthy subjects have
been reported to be very low as 1!3 pg/ml (6, 7),
a finding suggesting exertion of their effects in a
paracrine or autocrine manner in the local areas.
ET-1 is biologically active and acts as modulators
of vasoconstriction, neurotransmission, cell proliferation, and hormone/cytokine production (8, 9). Thus,
ET-1 is thought to play an important role in the
regulation of circulatory system. The plasma ET-1
concentration was reported to be mildly elevated in
patients with hyperlipidemia or atherosclerotic disease (10-12).
In our previous study, in addition to well-known
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ETs, ET-1(1-31) is generated following the specific
cleavage of precursor big ET-1(1-38) at the Tyr31Gly32 bond by human mast cell-derived chymase
(13). Furthermore, it is an intermediate peptide
which is transformed to ET-1 by the neutral endopeptidase (NEP) (14, 15). This ET intermediate
peptide may be of clinical importance in conditions
such as ischemic heart disease and acute coronary
syndromes where there is increased generation of
big ET-1(1-38) (16) and increased protease activities including chymase in tissues (17). In the following text, we use expression of ET-1(1-21) for
mature ET-1 to avoid confusion with ET-1(1-31).
However, the pathophysiological and physiological
role of ET-1(1-31) remains unclear. In this study,
to investigate the relevance of pathophysiology and
the concentration of ET-1(1-31) in vivo, we have
used specific sandwich-type, enzyme-linked immunosorbent assay (ELISA) to measure the plasma
concentration of ET-1(1-31) in healthy volunteers
and patients with myocardial infarction with percutaneous transluminal coronary angioplasty (PTCA).
In addition, we determined ET-1(1-31) concentration in heart tissue of patients with acute myocardial infarction.

METHODS AND MATERIALS
Blood Sampling
The patients (age ; 63 !11 years old, 9 males and
3 females) studied were the hospitalized patients
with acute myocardial infarction with PTCA in
Tokushima Red Cross Hospital, Tokushima prefecture, Japan. Blood samples of patients with acute
myocardial infarction were collected before and the
1, 2, 3, and 7th day after the PTCA. Blood samples
were obtained also from healthy volunteers (age ;
33 !13 years old, 6 males and 5 females) after an
overnight fast.
The blood samples were collected and immediately transferred to a tube containing proteinase inhibitor (aprotinin 300 μl, EDTA-2Na 20 mg), placed
on ice for 10 minutes and plasma was immediately
separated by centrifugation (3,000 rpm for 10 min!). Plasma samples were stored at -25!
!
utes at 4!
until analysis.
The study was undertaken with the approval of
the research ethics committee of Tokushima Red
Cross Hospital and in accordance with the Declaration of Helsinki. Informed consent was obtained
from all healthy volunteers and patients.

Vol. 61 August 2014

299

Human plasma sample preparation
Extraction of ET-1(1-31) in plasma was performed by absorption on Sep-Pak C18 cartridges
(Waters, Milford. MA. U.S.A.). Sep-Pak C18 cartridges were preactivated by successive washes with
5 ml of acetic acid-ethanol (4% acetic acid, ethanol),
5 ml of methanol, 5 ml of Milli Q water and 5 ml of
4% acetic acid. Then 1 ml aliquot of the plasma sample was acidified with 3 ml of 4% acetic acid and applied to the column. The columns were washed with
1 ml of 4% acetic acid and 10 ml of Milli Q water,
and the absorbed materials were eluted with 4 ml
of acetic acid-ethanol. The eluate was dried under
a continuous stream of nitrogen and the dried eluates were reconstituted with 1 ml ethanol, which
were dried again for later analysis. The dried eluates were redissolved in 250 μl of buffer A (0.02 M
phosphate buffer, pH 7.0, 0.2% BSA, 0.4 M NaCl, 2
mM EDTA) and sonicated for 10 minutes. The reconstituted plasma samples were centrifuged at
!, which was taken
12,000 rpm for 5 minutes in 4!
for analysis.
A 1 ml of plasma was acidified with 250 μl 2 N
HCl kept for 30 minutes, neutralized by 250 μl 2 N
NaOH and then centrifuged at 10,000 rpm for 5 minutes. PBS(-) solution of twice volume was added to
them after supernatant was loaded onto the column.
The dissolved samples were applied to the ET-affinity column (IBL, Fujigaoka, Japan). The columns
were washed with 20 ml of PBS(-), 5 ml of distilled
water and the absorbed materials were eluted with
30% acetonitrile / 0.05% TFA. The eluate was dried
using a SpeedVac concentrator and redissolved in
250 μl of buffer A subjected the sandwich-ELISA.

Heart ET-1(1-31) concentration in a patient with
myocardial infarction
The autopsy cardiac tissues from a patient with
myocardial infarction were added to the cold 1 M
acetic acid, pepstatin (10 ng/ml) solution about 10
times the amount of an organization. The samples
were homogenized using Polytron homogenizer in
!. After
ice and heat-treated it for 10 minutes at 100!
neutralized by 10 N NaOH, twice amounts of PBS(-)
!,
of the sample was added, and centrifuged in 4!
20,000 rpm for 30 minutes. The supernatant after
centrifugality was purified by using affinity column,
and it was considered as the sample for sandwichELISA.
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Sandwich-ELISA
An EIA microtiter plate was coated with antiET mouse monoclonal antibody (1 μg/ml) (IBL,
Fujioka, Japan) in 50 mmol/l carbonate buffer (50
!for overnight. The antigen
μg/well), pH 9.6 at 4!
was dissolved in buffer A (0.02 M phosphate buffer,
pH 7.0 containing 0.2% BSA and 0.4 M NaCl and 2
mM EDTA) and mixed with biotinylation affinity purified ET-1(1-31) antibody (4.8 μg/ml) in buffer B
(buffer A containing 10% skim milk) at the ratio of
! for
1 : 1. The plates were allowed to stand at 4!
overnight and after washing well by T-TBS buffer,
and were blocked with 150 μl of blocking buffer
(TBS containing 10% skim milk and 0.1% NaN3) at
!for more than 6 hours. The wells were washed
4!
with T-TBS buffer, and then 50 μl /well of the sam!overnight. Biotiple were added to the plate at 4!
nylated anti-ET-1(1-31) antibody (0.5 μg/ml, in 10
nmol/l phosphate buffer, containing 140 mmol/l
NaCl and 1% BSA, pH 7.2) was added to each well
!for 24 hours. After washing
and incubated at 4!
each well with T-TBS, the bound enzyme was reacted with En Vision+, peroxidase, anti-rabbit conjugated (2 μg/ml) (DAKO). Peroxidase activity was
measured by using 3,3’,5,5’-tetramethyl benzene di!,
hydrochloride (Sigma, USA) as a substrate at 37!
and the reactions were stopped by the addition of 2
M H2SO4 (50 μl/well). The density was determined
by analysis of absorbance at 450 nm.
The cross-reactivity with a number of related compounds, such as ETs, vasopressin and bradykinin,
was less than 0.01%.

RESULTS
Construction of the sandwich-ELISA for ET-1(131)
ET-1(1-31) peptide is prepared to the concentrations of 1, 5, 10, 20, 40, and 60 pg/well as an antigen, and the standard curve was established using the sandwich-ELISA. The standard curve with
nearly a straight line could be obtained in a concentration dependent manner up to at least 1 pg/well,
suggesting that we can measure quantitatively ET1(1-31) up to 1 pg/well.

Establishment of the sampling method of ET-1(131) in blood
We added 20 ng/ml ET-1(1-31) into the serum of
a pig, and collected the ET-1(1-31)-added sample.

We extracted ET-1(1-31) by using Sep-Pak C18
cartridges and affinity column. Then, we compared
the recovery rate by these two methods. The sandwich-ELISA was performed by using ET-1(1-31)
peptide (20 ng/ml) and the sample refined using
each column as an antigen. The recovery rate of
ET-1(1-31) peptide was the ratio with the measured
value of the antigen obtained by each column. The
recovery rate of ET-1(1-31) peptide obtained by
the refining methods by Sep-Pak C18 cartridges
was 12.9%, but affinity column improved the recovery rate very much, i.e., 99.2%. These results suggest that the refining process using affinity column
was suitable for a sampling process of ET-1(1-31).
Therefore, in the following experiments, the sample
was prepared by affinity column.

Plasma concentration of ET-1(1-31) in healthy volunteers
The mean plasma concentrations of ET-1(1-31)
in 11 healthy volunteers (6 men, 5 women, average
age 33 !13 years old) with the sandwich-ELISA,
was 24.8 !5.2 pg/ml. The mean value of male was
25.5 !3.1 pg/ml (average ages 32 !12 years old),
and that of woman was 23.9 !7.3 pg/ml (average
ages 34 !15 years old). Thus, there was no significant difference by sex in plasma concentrations of
ET-1(1-31). There was no significant difference in
plasma concentrations of ET-1(1-31) by ages either,
i.e., those of 50’s was 28.1 !4.8 pg/ml (n=3), and
those of 20’s 23.1 !5.3 pg/ml (n=7).

Plasma concentrations of ET-1(1-31) and ET-1(121) in patients with acute myocardial infarction
Fig. 1 shows the time course of plasma concentrations of ET-1(1-31) and ET-1(1-21) after acute
myocardial infarction. Blood levels of ET-1(1-21)
showed the normal value on admission, and after
PTCA plasma concentrations rose promptly followed
by rapid falling. Similarly with that of ET-1(1-21),
the concentrations of ET-1(1-31) also showed rapid
increase after PTCA and then decrease. The plasma
concentration of ET-1(1-31) showed its peak at the
2nd day after the onset of myocardial infarction and
remained at higher levels up to 7 days after the
onset. Moreover, the plasma concentration of ET-1
(1-31) always showed the 4"6 times higher value
compared with ET-1(1-21) throughout the course.
The concentrations of ET-1(1-31) in patients with
myocardial infarction were 3"8 fold higher than
that of healthy controls. Fig. 2 shows time course of
the concentrations of ET-1(1-31) of each of the 12
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Fig. 1 Time course of the plasma concentrations of ET-1(1-31) and ET-1(1-21) in patients with acute myocardial infarction with
PTCA measured by the sandwich-ELISA. Note that concentrations of ET-1(1 -31) are higher than ET-1(1-21). ET-1(1 -31) showed
second peak and its elevation lasted longer than that of ET-1(1 -21).

Fig. 2 The concentration of ET-1(1-31) in 12 patients with acute myocardial infarction after PTCA. The first peak of ET-1(1-31) levels
appeared on the 2nd day after PTCA. Few patients showed gradual decrease after this peak, but most of the patients showed sustained elevation after the first peak after 3rd day.

patients with acute myocardial infarction with PTCA.
Although the concentration and time courses were
various, there was a tendency to show dual peaks.
These results suggest that ET-1(1-31) may play
some roles in acute myocardial infarction and its
healing process.

Comparison between blood concentration of ET1(1-31) and biochemical profile in the patients with
myocardial infarction
As there were two patterns of ET-1(1-31) elevations, we compared the time courses of other parameters. Fig. 3 shows time course of the enzyme
activity of CK, AST, LDH, and ET-1(1-21) within

ET-1(1-31) concentrations in 3 patients. All 3 patients showed that CK and AST rose markedly on
the next day of PTCA, and it decreased promptly after the peak. LDH responded slowly compared to
CK and AST, and maintained higher concentrations
long time which was similar in time course with that
of ET-1(1-31). In panel A, peak CK was 1365 IU/l
suggesting the size of infarction was small. In this
patient, ET-1(1-31) gradually decreased to normal
values without second elevation and ET-1(1-31)
showed a similar change with CK and AST. In panels B and C, in which the peak CK was higher than
that of panel A, higher ET-1(1-31) levels was maintained for many days after the first peak, which was
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Fig. 3

The representative time course of ET-1(1-31), ET-1(1-21), the enzyme activity of CK, AST, and LDH changes in 3 patients with
myocardial infarction. In small infarction (panel A), ET-1(1 -21) and ET-1(31) decreased after the peak. In other 2 cases (Panels B and
C), in which peak CK was higher, ET-1(1-31) showed sustained elevation after the first peak.

different in time course from that of ET-1(1-21),
suggesting that ET-1(1-31) showed biphasic elevation in patients with larger infarction.

The ET-1(1-31) concentration of tissues in a myocardial infarction patient
ET-1(1-31) concentration of the heart (n=5) of
the patient who died of myocardial infarction was
measured with sandwich-ELISA, and the average
value of ET-1(1-31) quantity per organization protein 1 mg was calculated. ET-1(1-31) concentrations
of the heart with myocardial infarction showed extremely high values, i.e., 12729.8 !2617.7 pg/mg
protein.

DISCUSSION
ET-1(1-31) is produced by several proteases in
inflammatory sites and has similar action with ET1(1-21) on vasoconstriction, neurotransmission, cell
proliferation, and hormone/cytokine production.

Using a newly developed sandwich-type enzyme immunoassay for ET-1(1-31) with high sensitivity and
specificity, we found that ET-1(1-31) exists at low
concentrations in healthy volunteers, and was higher
in patients with acute myocardial infarction than that
of healthy volunteers. In addition, its elevation lasted
longer, i.e. at least until 7 days after the onset, suggesting that ET-1(1-31) might have some pathophysiological function after myocardial infarction.
In the previous reports (6, 7, 18-20), the plasma
concentrations of big ET-1 and ET-1(1-21) analyzed by EIAs and radioimmunoassay was about 5.5
pg/ml and 1.5 pg/ml in healthy subjects, respectively. As for the plasma concentration of ET-1(131) in healthy subjects, Suzuki et al. (21) reported
the value of 19.24 !5.70 pg/ml, and Leslie et al.
1.1 !0.1 pg/ml (22). In the present study, it was
24.8 !5.2 pg/ml, which is slightly higher than those
of Suzuki et al. but much higher than those of Leslie
et al.. The discrepancy might be partly due to the
difference of the column used for the purification of
the antigen. In the present study, we established a
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sandwich-ELISA that was purified antigen by ETs
affinity column. The recovery rate of this affinity column was higher than Sep-Pak C18 cartridges that
have been used in the previous studies. Thus, the
differences in recovery of ETs might affect the measurements of the plasma concentration of ET-1(131).
The plasma concentration of ET-1(1-31) in normal subjects, several times higher than those reported in ET-1(1-21) or big ET-1, suggesting that
ET-1(1-31) may have some pathophysiological function as it has similar action with ET-1(1-21), though
slightly weaker than that of ET-1(1-21) (23-25). For
gender differences, Miyauchi et al. have reported
that men’s plasma concentration is slightly higher
than women’s (26). Komatsumoto et al. (27) reported that there is a positive correlation between
ET-1 and aging. In the present study, we found no
significant difference between different genders or
ages.
There have been no studies of circulating ET-1
(1-31) in pathological conditions, although there are
many studies of ET-1(1-21). Miyauchi et al. (14)
and others (12, 16, 28-30) has been reported that
plasma concentration of ET-1(1-21) in patients with
acute myocardial infarction significantly rose after
an attack and gradually decreased, and returned to
the normal level in approximately two weeks. Furthermore, plasma concentrations of ET-1(1-21) rose
after laparotomy and thoracotomy (31), coronary artery bypass grafting (32), and PTCA (33, 34), and
these values were gradually normalized after surgery. In the present study, the peak values of CK,
AST and those of first peak of ET-1(1-31) were observed at the same time after PTCA. In addition,
ET-1(1-31) maintained higher concentration for a
longer period, suggesting that ET-1(1-31) might
relate to some pathophysiological function after myocardial infarction. The early peak of ETs as well as
AST and CK seen after PTCA is due to reperfusion
of damaged areas and washout by reperfusion. It is
thought that the slightly higher concentrations at
late phase might be due to participating in remodeling of blood vessel and the myocardium, as ET-1
(1-31) also has functions similar to ET-1(1-21), although its function is weaker than that of ET-1(121).
It was considered that increased concentrations
of circulating ET-1(1-21) are the result of production and release of ET-1(1-21). TGF-β and thrombin from platelets aggregated to the site of injury
stimulate ETs production, and leakage or release of
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ET-1(1-21) from injured endothelial cells by infarction or hemorrhage. In these areas, proteases
are secreted abundantly, which cleave big ET into
various forms of ETs, including ET-1(1-21) and ET1(1-31). In agreement with these studies, we also
found that the tissue concentration of ET-1(1-31)
was extremely high in patients who died of myocardial infarction. ET-1(1-31) is the major bioactive
peptide among the ET derivatives in human neutrophils (35). Furthermore, ET-1(1-31) possessed chemotactic activities toward neutrophils and monocytes
(36) and stimulated eosinophil recruitment (37).
Similarly with our study, ET-1(1-31) is more remarkable in the arteriosclerosis lesion than conventional ET-1(1-21), and strong expression is recognized with the inflammatory blood cells, suggesting
that ET-1(1-31) participates in the development of
the arteriosclerosis and myocardial remodeling with
progress of inflammation (38). In addition, ET-1(131) is an intermediate peptide, which is then readily
transformed to more potent ET-1(1-21) by the NEP,
suggesting that ET-1(1-31) also plays an important
role in providing a more portent peptide, ET-1(121).
Increase of the plasma concentration of ET-1(121) in heart failure correlates with the severity of
heart failure, which has been reported to be useful in
determining the prognosis (39, 40). It was thought
that rise of ET-1(1-21) concentrations in the organic
damages of vascular endothelium reflects the degree
of vascular disease and the associated with remodeling. ET-1(1-31) equally, contributes to determine
the severity of the conditions as well as diagnostic
significance of a particular disease, suggesting that
ET-1(1-31) might be an important marker for remodeling in postmyocardial infarction.
ET-1(1-31) is abundant not only in plasma but
also in inflammatory lesions suggesting that this
peptide plays in various pathological conditions.
More recently, ET-1 receptor blockers, which also
block ET-1(1-31) effects (23-25), became available
in clinical medicine including pulmonary hypertension and myocardial infarction (41). The use of
these drugs to inhibit ET-1(1-31) after myocardial
infarction will help understanding of mechanism of
ET-1(1-31) by future studies.

ACKNOWLEDGEMENTS
This work was supported in part by a Grant-inAid for Scientific Research from the Ministry of

304

M. Oka, et al. ET-1(1-31) in acute myocardial infarction

Education, Culture, Sports, Science and Technology
of Japan (16790239 ; K.M. and 11670685 ; Y.N.).
12.

REFERENCES
1.

Yanagisawa M, Kurihara H, Kimura S, Tomobe
Y, Kobayashi M, Matsui Y, Yazaki Y, Goto K,
Masaki T : A novel potent vasoconstrictor peptide produced by vascular endothelial cells.
Nature 322 : 411-415, 1988
2. Inoue A, Yanagisawa M, Kimura S, Kasuya Y,
Miyauchi T, Goto K, Masaki T : The human
endothelin family : three structurally and pharmacologically distinct isopeptides predicted by
three separate genes. Proc Natl Acad Sci USA
86 : 2863-2867, 1989
3. Shimada K, Takahashi M, Tanzawa K : Cloning and functional expression of endothelinconverting enzyme from rat endothelial cells.
J Biol Chem 269 : 18275-18278, 1994
4. Shimada K, Takahashi M, Ikeda M, Tanzawa
K : Identification and characterization of two
isoforms of an endothelin-converting enzyme1. FEBS Lett 371 : 140-144, 1995
5. Stow LR, Jacobs ME, Wingo CS, Cain BD :
Endothelin-1 gene regulation. FASEB J 25 : 1628, 2011
6. Suzuki N, Matsumoto H, Kitada C, Masaki T,
Fujino M : A sensitive sandwich-enzyme immunoassay for human endothelin. J Immunol
Methods 118 : 245-250, 1989
7. Maeda S, Tanabe T, Miyauchi T, Otsuki T,
Sugawara J, Iemitsu M, Kuno S, Ajisaka R,
Yamaguchi I, Matsuda M : Aerobic exercise
training reduces plasma endothelin-1 concentration in older women. J Appl Physiol 95 : 336341, 2003
8. Komuro I, Kurihara H, Sugiyama F, Yoshizumi
M, Takaku F, Yazaki Y. : Endothelin stimulates
c-fos and c-myc expression and proliferation of
vascular smooth muscle cells. FEBS Lett 238 :
249-252, 1988
9. Krämer BK, Nishida M, Kelly RA, Smith TW :
Endothelins. Myocardial actions of a new class
of cytokines. Circulation 85 : 350-356, 1992
10. Bath PM, Martin JF : Serum platelet-derived
growth factor and endothelin concentrations in
human hypercholesterolaemia. J Intern Med
230 : 313-317, 1991
11. Lerman A, Edwards BS, Hallett JW, Heublein
DM, Sandberg SM, Burnett JC Jr : Circulating

13.

14.

15.

16.

17.

18.

19.

20.

21.

and tissue endothelin immunoreactivity in advanced atherosclerosis. N Engl J Med 325 :
997-1001, 1991
Stewart DJ, Kubac G, Costello KB, Cernacek
P : Increased plasma endothelin-1 in the early
hours of acute myocardial infarction. J Am Coll
Cardiol 18 : 38-43, 1991
Nakano A, Kishi F, Minami K, Wakabayashi H,
Nakaya Y, Kido H : Selective conversion of big
endothelins to tracheal smooth muscle-constricting 31-amino acid-length endothelins by
chymase from human mast cells. J Immunol
159 : 1987-1992, 1997
Hayasaki-Kajiwara Y, Naya N, Shimamura T,
Iwasaki T, Nakajima M : Endothelin generating
pathway through endothelin 1-31 in human
cultured bronchial smooth muscle cells. Br J
Pharmacol 127 : 1415-1421, 1999
Fecteau MH, Honoré JC, Plante M, Labonté J,
Rae GA, D’Orléans-Juste P : Endoyhelin-1(131) is an intermediate in the production of
endothelin-1 after big endothelin-1 adoministration in vivo. Hypertension 46 : 87-92, 2005
Miyauchi T, Yanagisawa M, Tomizawa T,
Sugishita Y, Suzuki N, Fujino M, Ajisaka R,
Goto K, Masaki T : Increased plasma concentrations of endothelin-1 and big endothelin-1 in
acute myocardial infarction. Lancet 2 : 53-54,
1989
Urata H, Nishimura H, Ganten D : Mechanisms
of angiotensin II formation in humans. Eur
Heart J 16 : 79-85, 1995
Suzuki N, Matsumoto H, Kitada C, Kimura S,
Miyauchi T, Fujino M : A sandwich-type enzyme immunoassay to detect immunoreactive
big-endothelin-1 in plasma. J. Immunol. Methods 127 : 165-170, 1990
Yamane K, Miyauchi T, Suzuki N, Yuhara T,
Akama T, Suzuki H, Kashiwagi H : Significance
of plasma endothelin-1 levels in patients with
systemic sclerosis. J Rheumatol 19 : 1566-1571,
1992
Ando K, Hirata Y, Shichiri M, Emori T,
Marumo F : Presence of immunoreactive endothelin in human plasma. FEBS Lett 245 : 164166, 1989
Suzaki Y, Yoshizumi M, Yamashita Y, Abe S,
Tsuchiya K, Satoh Y, Kuroda Y, Horike K, Kano
M, Fukata Y, Kitaichi T, Hori T, Masuda Y,
Kitagawa T, Minakuchi K, Tamaki T : Determination of plasma concentrations of endothelin1(1-31) and endothelin-1 in healthy subjects

The Journal of Medical Investigation

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

and patients with atherosclerosis. J Cardiovasc
Pharmacol 41 : S83-S87, 2003
Leslie SJ, Johnston N, Strachan FE, Bagnall A,
Gray GA, Newby DE, Denvir MA, Webb DJ :
Endothelin-1[1-31] is not elevated in men with
chronic heart failure. J Cardiovasc Pharmacol
44 : S96-S99, 2004
Kishi F, Minami K, Okishima N, Murakami M,
Mori S, Yano M, Niwa Y, Nakaya Y, Kido H :
Novel 31-amino-acid-length endothelins cause
constriction of vascular smooth muscle. Biochem Biophys Res Commun 248 : 387-90, 1998
Niwa Y, Nagata N, Oka M, Toyoshima T,
Akiyoshi H, Wada T, Nakaya Y : Production of
nitric oxide from endothelial cells by 31-aminoacid-length endothelin-1, a novel vasoconstrictive product by human chymase. Life Sci 67 :
1103-1109, 2000
Nagata N, Niwa Y, Nakaya Y : A novel 31amino-acid-length endothelin, ET-1(1-31), can
act as a biologically active peptide for vascular
smooth muscle cells. Biochem Biophys Res
Commun 275 : 595-600, 2000
Miyauchi T, Yanagisawa M, Iida K, Ajisaka
R, Suzuki N, Fujino M, Goto K, Masaki T,
Sugishita Y : Age- and sex-related variation of
plasma endothelin-1 concentration in normal
and hypertensive subjects. Am Heart J 123 :
1092-1093, 1992
Komatsumoto S, Nara M : Changes in the
level of endothelin-1 with aging. Nihon Ronen
Igakkai Zasshi 32 : 664-669, 1995
Lechleitner P, Genser N, Mair J, Maier J,
Artner-Dworzak E, Dienstl F, Puschendorf B :
Endothelin-1 in patients with complicated and
uncomplicated myocardial infarction. Clin Investig 70 : 1070-1072, 1992
Wieczorek I, Haynes WG, Webb DJ, Ludlam
CA, Fox KA : Raised plasma endothelin in unstable angina and non-Q wave myocardial infarction : relation to cardiovascular outcome. Br
Heart J 72 : 436-441, 1994
Battistelli S, Billi M, Manasse G, Vittoria A,
Roviello F, Forconi S : Behavior of circulating
endothelin-1 in a group of patients with acute
myocardial infarction. Angiology 50 : 629-638,
1999
Masaoka H, Suzuki R, Hirata Y, Emori T,
Marumo F, Hirakawa K : Raised plasma endothelin in aneurysmal subarachnoid haemorrhage. Lancet 2 : 1402, 1989
Pasaoglu I, Erbas B, Varoglu E, Yorgancioglu

33.

34.

35.

36.

37.

38.

39.

40.

41.

Vol. 61 August 2014

305

C, Hazan E, Koray Z, Bekdik C, Bozer YA :
Changes in the circulating endothelin and atrial
natriuretic peptide levels during coronary artery
bypass surgery. Jpn Heart J 34 : 693-706, 1993
Tahara A, Kohno M, Yanagi S, Itagane H, Toda
I, Akioka K, Teragaki M, Yasuda M, Takeuchi
K, Takeda T : Circulating immunoreactive endothelin in patients undergoing percutaneous
transluminal coronary angioplasty. Metabolism
40 : 1235-1237, 1991
Kyriakides ZS, Markianos M, Paraskevaidis IA,
Tousoulis D, Fragakis NK, Kremastinos DT :
Decreased vasomotor effect of endothelin on
the coronary arteries during angioplasty in hypertensive patients. Int J Cardiol 55 : 41-48,
1996
Okishima N, Hagiwara Y, Seito T, Yano M,
Kido H : Specific sandwich-type enzyme immunoassays for smooth muscle constricting novel
31-amino acid endothelins. Biochem Biophys
Res Commun 256 : 1-5, 1999
Cui P, Tani K, Kitamura H, Okumura Y, Yano
M, Inui D, Tamaki T, Sone S, Kido H : A novel
bioactive 31-amino acid endothelin-1 is a potent chemotactic peptide for human neutrophils and monocytes. J Leukoc Biol 70 : 306312, 2001
Sharmin S, Shiota M, Murata E, Cui P,
Kitamura H, Yano M, Kido H : A novel bioactive 31-amino acid ET-1 peptide stimulates
eosinophil recruitment and increases levels of
eotaxin and IL-5. Inflamm Res 51 : 195-200,
2002
Mawatari K, Kakui S, Harada N, Ohnishi T,
Niwa Y, Okada K, Takahashi A, Izumi K,
Nakaya Y : Endothelin-1(1-31) levels are increased in atherosclerotic lesions of the thoracic aorta of hypercholesterolemic hamsters.
Atherosclerosis 175 : 203-212, 2004
Cody RJ, Haas GJ, Binkley PF, Capers Q,
Kelley R : Plasma endothelin correlates with the
extent of pulmonary hypertension in patients
with chronic congestive heart failure. Circulation 85 : 504-509, 1992
Rodeheffer RJ, Lerman A, Heublein DM,
Burnett JC Jr : Increased plasma concentrations
of endothelin in congestive heart failure in humans. Mayo Clin Proc 67 : 719-724, 1992
Ohkita M, Tawa M, Kitada K, Matsumura Y :
Pathophysiological roles of endothelin receptors in cardiovascular diseases. J Pharmacol Sci
119 : 302-313, 2012

