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ABSTRACT

AIM: To determine the tole of endothelium-derived
cootracting factor { EDCF } in the response to
endothelin-1 in arteries with regenerated endothelium.
METHODS: Rings of porcine coronary arteries, with
and without endothelium of previously deendothelialized
left anterior descending coropary arteries and native left
cicumflex coronary arteries, were suspended in
conventional organ chambers for the measurement of
isometric force. RESULTS: In quiescent rings of the
previously deendothelialized left anterior descending
corunary artery treated with the NO-synthase inhibitor
niro- L-arginine, endothelin-1 caused contractions
which were larger m rings with than thar in those
without endothelium. Under the same experimental
conditions, in the left circumflex coronary artery, the
contractions to endothelin-1 were angmented markedly
by the removal of the endothelium. In rings with
endothelium of the previously deendothelialized left
anterior descending coronary artery, mdometacin
{ inhibitor of cyclooxygenase) and ridogrel ( thrombox-
ane A, receptor antagonist and inhibitor of thromboxane
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synthase } inhibited contractions to endothelin-1.
Dazoxiben ( inhibitor of thromboxane synthase )
inhibited, to the same extent as indometacin and
ridogel, the response to higher concentrations of
endothelin-1. The endothelium-dependent component
of the response to lower concentrations of endothelin-1
was inhibited by indometacin and ridogrel, but not by
dazoxiben. In rings without endothelium of both
previously deendothelialized left anterior descending and
native left circumflex coronary arteries, ndometacin

and midogrel did pot affect the contractions to
endothelin-1.  CONCLUSION: These findings
suggest that i regenerated endothelium, high

concentrations of endothelin-1 stimulate the release of
thromboxane A,. Endoperoxides generated by
activation of endothelial cyclooxygenase may be the
endothelium-derived contracting factor {s) released in
regenerated endothelium by lower concentrations of the

peptide ..

INTRODUCTION

Endothelin-1 is a potent vasoconstrictor substance
that causes slow and long-lasting copciractions of
isolated blood vessels!?).  The aorta of the
spontaneously hypertensive rat is characterized by the
occurrence of endothelium-dependent wntrac]:ions[s‘ﬂ .
In this preparation, endothelin-1 stimulates the release
of a cycooxygenase-dependent. endothelium-derived
contracting factor ( EDCF), presumably thromboxane
A,3+8  Similar conclusions have been reached in
the pulmonary artery of the rat'®) human placental
vessels('®) and afferent arterioles of the SHR'V.

Following balloon deendothelialization, porcine
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coronary arteries with regenerated endothelial cells
exhibit not only selectively impaired pertussis-toxin
sensitive endothelium-dependent relaxations, but also
augmented  endotheliom-dependent  contractions 1o
serotonin, norepinephrine and platelets' 2" This
dysfunction of regenerated endothelium may play an
important role in the pathogenesis of vasospasm'!3~16)
The present study was designed to detenmine whether or
not the response to endothelin-1 is modulated by
regeneration of the endothelium in the porcine coropary

artery .

MATERIALS AND METHODS

Male Yorkshire pigs [ 8 wk of age (n =3; 2025
kg) | were used. The animals were anesthetized with
Telaxol {( 2 mixmre of tletamine hydrochlorde,
arylaminocycloalkanone, and zolazepam hydrochloride,
100 mg/animal, im)} and atropine (0.4 mg, im}
followed by inhalation of hatothane (2 L/min). Using
aseptic surgical technique, the left carotid artery was
dissected free and a 7F guiding catheter { hockey stick
or multipurpose ) was introduced into the left coronary
ostium under fluoroscopic  guidance. Before
denudation, heparin {100 ug+kg~!'} and lidocaine HCl
{20 mg) were administered via the arterial sheath.
During the procedure, the arterial blood pressure and
the electrocardiogram ( BOG, lead [, avL} were
monitored continuously. A 2.5 or 3 mm sized balloon
catheter ( USCI, over-the guide wire system) was
advanced through the guiding catheter into the left
anterior descending coronary artery. The balloon was
then pently rubbed against the proximal 3 to 4 cm of the
arterial endothelium.  Successful denudation of the
coronary endothelium was confirmed by ischemic ECG
changes (0.1 mV of ST segment depression or
elevation } and-or decreases in luminal diameter changes
upon intracoronary injection of serotonin (10 g ¢
kg~! )"0 The animals were then housed
individually in temperature-controlied animal quarters
and fed regular chow. The daily food intake was
limited to an amount equal to 3 % of the body weight
to prevent excessive weight gain. The organ chamber
experirents were performed after 4 wk of feading. Al
procedures were in  accordance with  instifutional
guidelines

Organ chamber experiments  Afier 4 wk, the

pigs were anesthetized with Telazol (100 mg im) and
sodium pentobarbital (12.5 mg-kg™!iv). The hearts
were then removed. Both left coropary [ anterior
descending coronary artery (LAD) and circumflex
{LCX) ] arteries were dissected fiee, immersed in cold
modifed Krebs-Ringer bicarbonate solution [ consisting
of (mmol - L™} Na(1 118.3, KC! 4.7, CaCl, 2.5.
MgSOy 1.2, KH,PQ, 1.2, NaHCO; 25, glucose 11.1,
and calcium disodium edetate 0.026 at pH 7.4 ( control
solution) |. and cleaned of connective tissue. They
were cut into rings {3 to 4 mm lengh). The proximal
3 to 4 ¢cm portions of the LAD were used for the organ
chamber experiments, and the same anatomic portions
of the LCX were used as controls. In some rings, the
endothelium was removed mechanically by inserting the
tip of a watchmaker's forceps into the lumen and gently
rolling the preparation beck and forth over a paper Hissue
wefted with cold conmol solution. The rings were
suspended horizontally in organ chambers filled with 25
mL of control solution (37 T ), gassed with 95 % O
+ 5 % CO:(pH 7.4]), and stretched to the optimal
point of their length-active tension relation as
determined by the contractile response to KCl {60 mmol
-L™1) at progressive levels of stretch. The tissues
were allowed to equilibrate for 60 min before beginning
the experiments. The presence of the endotheliom was
confinmed by the occurrence of relaxations to bradykinin
(0.01 pmol- L'} in rings contracted with prostag-
landin Fa, {2 pmol - L"), Rings with and without
endothelium of the same coronary arteries were studied
in parallel. After one hour of equilibration concentra-
tiorrresponse curves (o endothelin-1 (0.0001 to 0.1
pmol* L™1) were obtained by cumulative addition of
the pepiide either in conmol solution or after incubation
(45 min} with indometacin (10 pmol* L.™!; inhibitor
of cyclooxygenase ), dazoxiben {100 pmol * L~1;
inhibitor of thromboxane synthase), or ridogrel (1
pmel+ ™15 antagonist of thromboxane A, receptors and
inhibitor of thromboxane synthase)™ where indicated.
Certain experiments were performed in the presence of
nitro- L-arginine { 100 umol-L™') to prevent the
production of nitric oxide (NQJ.

Drugs The following drugs were used: brady-
kinin, endothelin ( ET }-1, indometacin, potassium
chloride, prostaglandin F, { PGE,,) (all from Sigma
Chemical Company, St Louis Mo. USA); dazoxiben
{ Pfizer, Groton, Conn }; N%-nitro- L-arginine
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{ Aldrich, Milwaukee. WIS): and ridogrel ( Janssen
Pharmaceutica. Beerse. Belgium ). All drugs were
prepared with distilled water on the day of the study,
except indometacin which was dissolved in water and
Nay(J0y. and sonicaied. Na.CO; had no effect at the
concentration of 5 pmel+L~!, The concentrations of
the drugs are expressed as final molar (M} concenira-
tion in the bath solution.

Statistical analysis The results are expressed
as £+ 5. Unless otherwise specified, » refers to the
number of amimals studied. Statistical evalvation of
the data was performed with r-test for either paired or
unpaired observations (two tailed ).  Values were
considered to be statistically different when F was less
than 0.05,

RESULTS

In the experiments which were performed in the
presence of nitro- £-arginine. nitro- L~arginine induced
an increase in tension., which averaged 0.88+0.12 g
in both left anterior descending and citcumflex coronary
arteries with endothelium .

Native endothelium In quiescent rings of left
circumflex coronary arteries ( control arteries ). endo-
thelin-1 caused concentration-dependent contractions.
which were markedly less in rings than that in those
without endothelium { Fig 1. left panel) .

Control left earcumiflex artersy
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Fig1l. Cumulative conceniration-response curves to
endothelin-1 {0.0001 - 0.1 pmol-L~!) in quiescent
rings. with and without endothelium, of control left
circumflex porcine coronary arteties | L.CX) in control
solutions [ left panel), amd in the presence nitro-L-
arginine { NEA 100 pmol-L-!) right panel}. Dama
shown as ® + s, (7 = 5 pigs). and expressed as
percent of a reference contraction to KC1 (60 mmol -
L-!). "P<0.05 vs with endothelium group.

However, in the presence of nitro- L-arginine. the
contractions in rings with and without endothelium were
comparable (Fig 1, right panel) .

In the presence of nitro- L-arginine, inhibitors of
the arachidonic acid cascade did not affect the
contractions to endothelin-1 in rings with and without
endothelium (Tab 1).

Tab 1. Effect of indometacin, dazoxiben and ridogrel on contractions eveked by endothelin-1 in porcine coronary

arteries with and without endothelium.

EDy/ = lg mmol-L ™!

Maximal contraction’ %

Denuded LAD LCx Denuded LAD LCX
Rings with endothelinm
Control 8.68+0.05 8.73+0.20 145+ 5° 119+8
Indorgetacin. 10 pmol-L~! 8.28+0.03° 8.46+0.15 U4x2.7 119+6
Dazoxiben, 100 pmol-L™! 9.32+0.00° 8.96+0.14 W7 118+4
Ridogrel. 1 pmol-L™? 8.31+x0.07 8.49+0.10 115+ 4" 18+7
Rings without endothelium
Control 8.48+0.11 8.57£0.17 117+3 126+8
Fndometacin 10 ymol+L~! 8.3+0.15 B.52+0.17 128+ 5 12+6
Dazoxiben. 100 gemol* L! 8.79+0.23 8.8610.22 108 +6 116+5
8.35£0.09 8.55£0.11 130+ 7 122+ 6

Ridogrel. 1 pmol-L™"

Data are expressed as ¥ + 5.; =5 pigs. EDyy: effective concentration producing 50 % of the maximal response to KC1 60 mmol

L-1. Maximal contraction; maximal contraction to KCI 60 mmol<L"".
Jeft anterior descending coronary artery; LOCX: left circumnflex coronary artery.

Denuded: previously balloon endothelial denuded; LAD:
bp < 0,05 compared with controls. P <0.05

compared with LCX.  All experiments were performed in the presence of nitro- L-arginine 100 mmel"L~?,
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Regenerated endothelium In quiescent rings
of previously deendothelialized left anterior descending
coronary arteries, endothelin-1 {0.0001 - 0.1 wmol +
L™') caused concentration-dependent, comparable
contractions in rings with and without endothelium { Fig
2, left panel; .
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Fig 2. Cumulative concentration-response curves to
endothelin1 {0.0001 - 0,1 pmol- L1} in quiescent
rings with and without endothelium of previously
coromary arteries ( LAD) in control solution [ left
panel) , and in the presence of nitro-L-arginine {NLA
100 pmol- L) (right panel). Date shown a5 ¥ + &
{ n=35 pigs), and expressed as percent of a reference
contraction to KC1 (60 mmol - L~ 1). "P < 0.05 os
rings without endothelium.

Contractions to endothelin-1 (0.3 — 0.1 umol -
L~} in rings of LAD with regenerated endothelium
were markedly larger than those in LCX with native
endothelium {Fig 1,2. Tab 1). In the presence of
nitvo- L-arginine . endothelin-1 caused markedly larger
contractions in mings than that in those without
endothelium {( Fig 2. right panel ). In rings with
endothelium of the previcusly deendothelialized LAD,
indometacin and ridogrel caused a markedly reduced
contraction. the EDg, was increased {Fig 3, Tab 1),

Dazoxiben did, markedly angmented the response
to low, but cansed a significant decrease in the tesponse
to high concentrations of endothelin-1 (0.3 - 0.1 pmol
‘L") (Fig3. Tab1). In rings without endothelium,
inhibitors of the arachidonic acid cascade did not affect
the contractions to endothelin-1 (Tab 1).
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Fig 3. Effect of indometacin, dazoxiben, B(-123
and ridogrel on contractions evoked by endothelin-1
in the presence of nitro-L-arginine (100 wmol - L-1)
in guiescent rings with endothelium of previowsly
arteries. Data shown as 2 = 5. (n <= 5 pigs), and
expressed as percent of a reference contraction to
KCl {60 mmmal - L'}, "P<0.05, P<0.01 vs
control.

DISCUSSION

The present smdy sugpgests that endothelin-1
releases endothelium-dependent contracting factors in
porcine coronary arteries with regenerated endotheliurm.
Two endothelin receptors have been cloned; one shows
high specificity for endothelin-1 and is expressed mainly
in vascular smooth muscle { ET, receptor}'®, and the
other binds equally to all isoforms of the peptide and is
found preferentialy on the endothelium ( ETy receptor) .
The latter mediates the release of prostacyclin and
endothelium-derived relaxing factor {EDRF)*™). The
removal of the endothelium and treatment with an
inhibitor of nitric oxide synthase azgments contractions
evoked by endothelins'®-2)

In the present stwdy, in rings with previously
deendothelialized regenerated endothelium, contractions
to endothelin-1 were greater than those in rings with
native endotheliom. This can be explained by the
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depressed release of endothelium-derived relaxing
factor( s}, or by the release of endothelium-derived
contracting factors from the repenerated endothelium, or
both. In control left circumflex arteries. the contrac-
tions to endothelin in rings with endothelium were less
than that in those without endothelium, and the
inhibitor of NO synthase { nitro- £-arginine} resnlted in
greater contractions in rings with endothelium. These
findings indicate that endothelin-1 stimulates the release
of EDRF in the porine coronary artery or,
alternatively, that the basal release of EDRF attenuates
the comractile response to endothelin-1. However,
there was no evidence of release of cyclooxygenase-
dependent contracting factors from native endothelium
and vascular smooth muscle.

In chronic regererated endothelium from pre-
viously deendothelialized LAD, the inhibitor of nitric
oxide synthase { nitro- L-arginine} also results in greater
contractions in rings with regenerated endcthelium. This
supgests that either the basal release of endothelium-
derived relaxing factor is preserved in regenerated
endothelium, or that the regenerated endothelium
releases EDRF in response to endothelin-1. The effects
of indometacin ( inhibitor of cyclooxygenase ) and
ridogrel ( antagonist of thromboxane A, receptors and
inhibiter of thromboxane synthase ) indicate that
endothelin-1 Induces the production of a cyclo-
oxygenase-dependent, endothelium-derived contracting
factor(s} by the regenerated endothelium, the action of
which is mediated by a endoperoxidethromboxane
receptor on the vascular smooth muscle.

In response to lower concentrations of endothelin-
1, the angmented contractions were inhibited by
indometacin and ridogrel, but pot by dazoxiben
(inhibitor of thromboxane synthase). These observa-
tions suggest that in response to lower concentrations of
endothelin-1, endoperoxides rather than thromboxane
A may be the cyclooxygenase-dependent, endotheliom-
derived contracting factor{ s), as is the case in the SHR
aorta [ for acetylcholine and serotonin®~™#']. In
fact, daroxiben augmentsd the endothelium-dependent
contraction in response to endothelin-1 [ nmol-L~! .
This may be dus to blockade of thromboxane synthesis
resulting in accumulation of endopercxides in the
vascular smooth muscle. Endoperoxides can cause
contraction of vascular smooth muscle by activation of
endoperoxide, thromboxane receptors'-? .  However.

in response to higher concentrations of endothelin-1,
dazoxiben had a cormparable inhibitory effect to those of
indomethacin and ridogrel. Thus, it is logical to
conclude that higher concentrations of endothelin-1
stimulate the release of cyclooxygenase-dependent,
endothelium-derived contracting factor { s) which most
likely is thromboxane A,. The present findings suggest
that cyclooxygenase-dependent, endothelium-derived
conracting factors, thromboxane A, and endopero-
xides, contribute to the augmented contractions to
endothelinr1 In porcine coronary arteries with regener-
ated endothelivm.

Pathophysiological implications Circulating
endotheiin-1 levels are increased in various ischemic
heart diseases including acute myocardial  infarc-
tion'® %) Endothelins are potent activators of most
vascular smooth muscle. However, they by themselves
are not likely to contribute to acute endothelium-
dependent changes in tension as they are not stored in
endothelial cells. Any angmented release would
require de novo protein synthesis. Thus, it is likely
that endothelin-l may be involved in long-term
regulation of vascular tone®’ . However, threshold
concentrations of endothelin-1 potentiate the contractile
response to norepinephrine and serotonin®™’, which
may be important mediators of coropary vasospasm.
These observations taken in conjunction with the present
findings imply that locally increased levels of
endothelin-1 may indirecfly contribute to the enhanced
vasoconstrictor responses through the release of EDCF.
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We are pleased to announce that the
Third Workshop on
ENDOTHELIUM-DERIVED HYPERPOLARIZING FACTOR
will be held at the Abbaye des Vaux de Cernay {France)
between June 14 - 16, 2000

This Workshop will be Chaired by Prof P M VANHOUTTE (France),
and we will discuss the progress in the identification of EDHF
and the understanding of its role in physiology and pathology .

The scientific programme of the Workshop
will be constructed based on submitted Abstracts.

In order to obtain abstract and registration forms for this Workshop. please write
to Mrs Denise MAGGI {Organization Secretariat) at the following address,
clearly stating the number of forms required.:

Servier International
22, rue Garnier-92200 NEUILLY SUR SEINE { FRANCE)
Fax (33.01)01.55.72.68.77/(33.91)01.55.72.72.95

Participation is limited to 75 people,
and will be based on the quality of the submitted abstracts.

Deadline for receipt of abstracts, registration
and hotel accommodation forms:

JANUARY 31, 2000
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