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Endothelial modulation of vasoconstrictor responses to
endothelin-1 in human placental stem villi small arteries
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1 The aim of this study was to assess the role of endothelial cells in the modulation of vasocontractile
responses to endothelin-1 (ET-1) of human placental vasculature.
2 Isolated stem villi small arteries (diameter = 170-250 gm) were obtained from healthy parturients
who underwent caesarean surgery during the 39th week of pregnancy for cephalo-pelvic disproportion.
Isometric tension was measured in vascular rings mounted in a myograph system and challenged with
ET-1 (10-12 to 10-6 M).
3 The vasocontractile response to ET-1 was significantly (P<0.0001) increased in endothelial-denuded
(active tension= 1156 +214 mN mm-') as compared with endothelial-preserved vascular rings (active
tension = 458 ± 48 mN mm-1). This difference was significantly (P< 0.05) but only partly abolished by
the NO synthase inhibitor N1'-nitro-L-arginine (L-NOARG, 10' M).
4 In endothelial-preserved rings submaximally precontracted with 5-hydroxytryptamine (10-6 M), ET-1
(10-12 to 10-9 M) induced dose-dependent relaxation (maximum relaxation = 70 + 7%) at 10-9 M, which
was followed, at higher doses (10-8 to 10-6 M), by a contraction. In contrast, no relaxation was seen in
endothelial-denuded rings. The relaxation in rings with endothelium was significantly (P<0.001) reduced
by L-NOARG (10-4 M). Moreover, it was totally abolished by combined pretreatment with L-NOARG
(10-4 M) and the sulphonylurea glibenclamide (10' M).
5 In conclusion, endothelial cells modulate the vascular responses to ET-1 through the release of NO
and a substance acting on the ATP-sensitive K+ channel of smooth muscle of stem villi small arteries
from healthy parturients.
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Introduction

Pharmacological responses of isolated blood vessels to various
vasoactive agonists are modulated by endothelial cells which
can release both dilator and constrictor substances. Dilator
substances include nitric oxide (NO) and an unidentified en-
dothelium-derived hyperpolarizing factor (EDHF). NO acti-
vates the soluble enzyme guanylate cyclase, whereas EDHF
hyperpolarizes vascular smooth muscle by opening membrane
K+ channels (Taylor & Weston, 1988). Although recent evi-
dence suggests that NO also causes hyperpolarization (Bolo-
tina et al., 1994), as does EDHF, it is still debated as to
whether NO and EDHF are the same or two different com-
pounds (Tare et al., 1990).

Constrictor substances are mainly represented by a family
of structurally related 21 amino-acid peptides, termed en-
dothelin (ET) (Yanagisawa et al., 1988), which includes three
different isoforms, ET-1, ET-2 and ET-3 (Inoue et al., 1989).
The vasoactive properties of ET-1 are complex, depending in
part on the dose and route of administration, initial blood
pressure in the experimental animal used, and the type of
vascular bed (De Nucci et al., 1988; Lippton et al., 1989). ET-1
produces potent and long-lasting vasoconstriction in a large
variety of vascular beds from several species (Sakata et al.,
1989; Yanagisawa & Masaki, 1989), including man (Maggi et
al., 1989). In addition, ET-1 exerts potent mitogenic effects on
vascular smooth muscle and mesangial cells (Komuro et al.,
1988; Simonson et al., 1989). It is therefore suggested that ET-
1 might be an important pathogenic factor for vascular re-
modelling and vasospasm (Lerman et al., 1991). By contrast,
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ET-1 also causes vasorelaxation by inducing endothelial re-
lease of prostacyclin (De Nucci et al., 1988), NO (Tod &
Cassin, 1992; Warner et al., 1989), and EDHF (Nakashima &
Vanhoutte, 1993). It is also likely that part of the vasodilator
effect of ET-1 is mediated by activation of K+ channels on
vascular smooth muscle, as these effects are inhibited by var-
ious K+ channel blockers (Hasunuma et al., 1990; Lippton et
al., 1991).

The foeto-placental vasculature is not innervated (Fox &
Khong, 1990). Modulation of its tone thus relies entirely on
local and/or circulating vasoactive factors. Specific and high
affinity binding sites for ET-l have been characterized on
smooth muscle of foeto-placental vasculature (Robaut et al.,
1991; Mondon et al., 1993). As ET-1 immunoreactivity is de-
tected in endothelium of placental vessels and in villi syncy-
tiotrophoblast (Ferre et al., 1993), a paracrine and autocrine
action of the peptide in placental physiology is likely. Whilst it
is known that ET-1 exerts potent vasoconstrictor effects on
foeto-placental blood vessels (Wilkes et al., 1990; Gude et al.,
1991; MacLean et al., 1992; Myatt et al., 1992; Sabry et al.,
1995), the modulatory role of endothelial cells on ET-1-in-
duced vasoconstriction in this particular vascular bed is as yet
uncertain. As the placenta plays a pivotal role in nutrient
transport and oxygen delivery from the mother to the foetus, it
is important to know whether endothelial dysfunction leads to
increased vasoconstriction of foeto-placental vessels to ET-1.
We therefore examined the influence of the endothelium and,
in particular two of its products, NO and EDHF, on the
vascular responses to ET-1. We have chosen to test placental
stem villi small arteries in this study as these vessels are be-
lieved to contribute to the establishment of the foeto-placental
resistance in man (Kaufmann, 1982; Leiser et al., 1991).
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Methods

Tissue preparation

Placentae were collected immediately after elective caesarean

section from healthy parturients in whom cephalopelvic dis-
proportion had been diagnosed. The caesarean section was

performed whilst the patients were under thiopentone sodium
succinylcholine anaesthesia, and it took place during the 39th
week of pregnancy, outside the labour period. No preoperative
medication except for atropine was given. All parturients un-

derwent normal pregnancy and non had evidence of pulmon-
ary, renal or cardiovascular disorders.

Immediately after delivery, pieces of placenta were excised
between the decidual and chorionic plates. The tissue was then
immersed in a receptacle filled with preoxygenated Krebs so-

lution and was transported to the laboratory for dissection.
Stem villi small arteries were carefully isolated from placenta
tissue, cleaned under the light microscope, and cut into rings
2 mm in length and 170-250 Mm internal diameter. In some

vascular rings, the endothelium was carefully removed by
gently rubbing the intimal surface with a knotted human hair
(Osol et al., 1989). After dissection, placental stem villi small
arteries were mounted under the microscope as vascular rings
by threading the vessels onto two tungsten wires (25 gm dia-
meter). The wires were secured to supports connected to a

force transducer, on the one hand, and a micrometer on the
other (Mulvany & Halpern, 1977). Dissection and mounting of
the rings were performed in Krebs solution at room tempera-
ture. The composition of the Krebs solution was as follows (in
mM: NaCl 118, NaHCO3 25.5, KC1 5.9, NaHPO4 1.2, MgSO4
1.2, CaC12 2.5 and glucose 5.6). The buffered solution was

bubbled with 95% 02 and 5% CO2 and maintained at 37°C by
a recirculating heater system.

Once mounted, the vessels were warmed at 37°C and al-
lowed to equilibrate in Krebs solution for 15 min, with an

initial internal circumference set to give a slight wall tension of
0.2 mN mm-'. The resting tension-internal circumference re-

lationship was then determined. From this, we applied the
Laplace law to calculate the effective pressure, i.e. the pressure
necessary to extend the vessel to the measured internal cir-
cumference (Mulvany & Halpern, 1977):

wall tension x 2ir
effective pressure= waltnin.2

internal circumference

The corresponding curve of effective pressure as a function
of internal circumference was then constructed using a com-

puter programme (Shart, AD Instruments Ltd, London).
Then, the rings were set to an internal circumference equiva-
lent to 90% of what they would have if relaxed in situ under
transmural pressure of 80 mmHg. The latter was estimated as

in the in vivo distension pressure of human stem villous ar-

terioles (Wilkin, 1958). It is known that near-maximal active
wall tension is developed when the ring is set at this internal
circumference (Mulvany & Aalkjaer, 1990). After completion
of the progressive stretching procedure to determine the nor-

malized internal circumference, each individual ring was al-
lowed to equilibrate for 1 h.

Experimental protocol

After an initial challenge with KCl (60 mM), all vessels were

washed and allowed to rest until the tension again reached the
baseline. Vasoconstrictor effects were tested by challenging
rings, both with and without endothelium, with cumulative
concentrations of ET-1 (10-2 to 10-6 M). Vasorelaxant effects
of ET-1 (10-12 to I0-6 M) were tested in rings with en-

dothelium submaximally precontracted with 5-HT (10-6 M), a

potent vasoconstrictor agonist for the foeto-placental vascu-

lature (Sabry et al., 1995). Some vessels were incubated with
N°'-nitro-L-arginine (L-NOARG; 10-4 M) for 30 min to inhibit
NO synthesis. Others were incubated with both L-NOARG
and the sulphonylurea glibenclamide (10-5 M), for 20 min to

inhibit both NO production and activity of the ATP-sensitive
K+ channel. All vessels were preincubated for 30 min with
indomethacin (10-' M) to inhibit synthesis of prostanoids.
Relaxation with 10-6 M acetylcholine (ACh) was tested in all
vascular preparations to assess the functional integrity of en-
dothelium.

Different vascular segments were used at each time due to
the long lasting effects of ET-1.

Drugs

ET-l was obtained from Neosystem (Strasbourg, France),
whereas ACh, indomethacin, L-NOARG and 5-HT were
purchased from Sigma (St Louis, Missouri, U.S.A.). Glib-
enclamide was obtained from Hoechst (Paris, France). All
drugs were freshly prepared before use. Dilution of all che-
micals was carried out in distilled water except for in-
domethacin, which was dissolved in ethanol (final bath
concentration 0.01%).

Statistical analysis

Results were expressed as active tension values (mN mm-)
when comparisons were made between rings obtained from
different placentae. For comparisons between rings obtained
from the same placenta, results were expressed as % maximal
contraction in response to ET-1 (10-6 M). ANOVA for re-
peated measurements was used to compare the effects of ET-l
in rings with and without endothelium, and to assess the effects
of L-NOARG either alone or in combination with glib-
enclamide as compared with control rings. All data are ex-
pressed as mean±s.e.mean. A P value of less than 0.05 was
considered significant.

Results

The effects of ET-l on the vasocontractile responses of rings
with and without endothelium are illustrated in Figure 1. Re-
moval of the endothelium resulted in a significantly greater
vasoconstrictor response to ET- 1, increasing the active tension
from 458 ± 48 mN mm-' in rings with endothelium (n = 9) to
1156 ± 214 mN mmn' in rings without endothelium (n = 7)
(P<0.0001) (Figure 1).

The role played by NO in modulation of the vasocontractile
response to ET-1 was assessed in a separate set of experiments
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Figure 1 Vasocontractile responses to increasing concentrations of
endothelin-l (ET-1) in vascular rings with endothelium (0) and in
rings where the endothelium had been removed (0). Results are
expressed as means+s.e.mean of 7 to 9 observations.
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Figure 2 Vasocontractile resi

NOARG (l0-' M) of rings with endothelium significantly
(P<0.05), but incompletely, abolished the vasorelaxation
(Figure 2).

In a last set of experiments, 4 rings obtained from the same
placenta were studied at the same time (Figure 3). The first
three rings underwent the same protocol as that previously
described for Figure 2, whereas the fourth ring was pretreated
with a combination of L-NOARG (10-4 M) and glibenclamide
(lo- M). Thus, 16 rings obtained from 4 placentae were tested
in this set of experiments. To determine whether ET-1 had any
vasorelaxant effects, increasing concentrations of ET-1 (10i2
to 10-6 M) were tested in rings submaximally precontracted
with 5-HT (10-6 M). Rings with endothelium relaxed when low
concentrations of ET-1 (101-2 to 10-9 M) were applied, eli-
citing maximum relaxation (70 ± 7%) at 10-9 M (Figure 3).
This relaxation was endothelium-dependent as no relaxation
was seen when the endothelium was removed. Moreover, re-
moval of the endothelium caused a further contraction of the
rings. The relaxation in rings with endothelium was partly

-11 -10 -9 -8 -7 -6 abolished with L-NOARG (10-4 M) pretreatment, whereas it
g [Endothelin-1 (M) was totally abolished by combined pretreatment with L-
onses to increasing concentrations of NOARG (10-4 M) and glibenclamide (10'- M) (Figure 3).

A' ArUAvGA OV VtvsT t~~WO IkkV "I~*ww %JsUU AA&L &IV 1 VA

endothelin-1 (ET-1) in vascular rings with endothelium, either
untreated (0) or preteated with NW-nitro-L-arginine (U), and in
rings where the endothelium had been removed (0). Results are
expressed as means ± s.e.mean of 3 observations.

Discussion

Endothelin-
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Figure 3 Effects of pretreatment with NW-
NOARG) (U) and the combination of L-NOA]
(El) on responses to endothelin-1 in rings I
hydroxytryptamine (5-HT, 10-6M). Pretreate
lium were compared with control rings with
endothelium. Results are expressed as mc

observations.

where 3 rings obtained from the same pla4
the same time (Figure 2). The first two ri
endothelium removed or left intact, where
which the endothelium was preserved, wa
NOARG (I0-a M). Thus, 9 rings obtaine
were tested in this set of experimen
(P<0.001) greater vasocontractile response
seen in rings without endothelium as comp
endothelium (Figure 2). However pre

The main results of this study indicate (i) that endothelial cells
exert a modulatory effect on ET-1-induced vasoconstriction in
small stem villi arteries from healthy term parturients, and (ii)
that this modulatory effect is mediated by vasodilator sub-
stances which are released from endothelial cells upon ET-1

-1 stimulation.
In a recent study, we have demonstrated that ET-1 is ap-

proximately 1,000 times more potent than 5-HT and pheny-
lephrine in causing vasoconstriction of the stem villi small
arteries (Sabry et al., 1995). Data from the present study show
that ET-1-induced vasoconstriction is even more accentuated
when the endothelium is removed (Figure 1). This suggests that
ET-1 stimulates the release of one (or several) vasodilator
substances from the endothelium. These dilator substances act,
in turn, by a braking mechanism to reduce the ET-1-induced
contraction of smooth muscle of the stem villi arteries. This
hypothesis is further supported by our findings that ET-1, at
low concentrations (1012 to 10-' M), causes relaxation of
vascular rings that had been submaximally precontracted with
5-HT. This relaxation is endothelium-dependent, as no re-
laxation was seen in rings where the endothelium had been
mechanically removed. It is likely that at these relatively low
concentrations, ET-1 acts mainly on endothelial cells by
causing the release of endothelial vasodilator substances.
Higher concentrations of ET-1 (10-8 to 10-6 M) cause vaso-
constriction, probably as a result of a predominant effect of

-8 -7 -8 ET-1 on vascular smooth muscle.
(M) To determine the nature of vasodilator substances which are

nitro -released from endothelial cells upon ET-1 stimulation, we ex-
tro-La-argine (L- amined, in two separate sets of experiments, the influence of

precontracted with 5- the NO synthase inhibitor L-NOARG (Ishii et al., 1990; Moore
I rings with endothe- et al., 1990), and of the combination of L-NOARG and the
(0) and without (0) ATP-sensitive K+ channel blocker, glibenclamide. Vascular
eans±s.e.mean of 4 rings preincubated for 30 min with L-NOARG significantly

lost their ability to relax with low concentrations of ET-1. This
suggests that a major portion of relaxation induced by ET-1
was indeed mediated by NO. Our observation is consistent
with reports from previous studies on the role of NO in the

centa were tested at vasorelaxant effects of ET-1 in various vascular beds of several
ngs either had their species (De Nucci et al., 1988; Sakata et al., 1989; Tod &
as the third ring, in Cassin, 1992) and extends these results to human foeto-pla-
,s pretreated with L- cental vasculature.
Id from 3 placentae The vasorelaxant response to ET-1 is, however, in-
its. A significantly completely inhibited by L-NOARG, notwithstanding the fact
,e to ET-1 was again that large amounts of this NO synthase inhibitor were used.
tared with rings with Inefficiency of L-NOARG in completely inhibiting NO pro-
treatment with L- duction might be one explanation. However, a more likely
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explanation is that ET-l induces the release of vasodilator
substances different from NO. Several authors have suggested
that EDHF could be one such substance (VanRenterghem,
1988; Brayden, 1990). The identity of EDHF remains elusive
(Suzuki & Chen, 1990). However, compelling evidence suggests
that this endothelial factor acts mainly on the ATP-sensitive
K+ channel (Standen et al., 1989), which can be specifically
blocked by agents such as the sulphonylurea glibenclamide
(Quast & Cook, 1989). Because there is some evidence to
suggest that NO also causes hyperpolarization of the vascular
smooth muscle (Tare et al., 1990), it is not clear whether
EDHF can be identified with NO or whether they are two
separate endothelial products. However, more recent evidence
suggests that hyperpolarization of vascular smooth muscle
caused by NO is mediated primarily by activation of a calcium-
dependent channel (Archer et al., 1994; Bolotina et al., 1994),
probably through an increase in guanosine 3':5'-cyclic mono-
phosphate (cyclic GMP) and subsequent stimulation of cyclic
GMP-dependent protein kinase (Archer et al., 1994). It is,
therefore, likely that NO and EDHF, which activate two dif-
ferent K+ channels (i.e., the calcium-dependent K+ channel
and the ATP-sensitive K+ channel, respectively), are two dif-
ferent compounds. Consistent with this hypothesis is our de-
monstration of complete inhibition of the vasodilator response
to ET-l by a combination of L-NOARG and glibenclamide.
This suggests that the L-arginine-NO pathway on the one

hand, and ATP-sensitive K+ channel activation, on the other,
account for all the vasodilator effects of ET-1 in human stem
villi arteries.

Compelling evidence now suggests that ET-1 may play a
role in the physiology and pathophysiology of the foeto-pla-
cental circulation in man. Indeed, plasma levels of ET-1 are
elevated in preeclampsia as compared with normal pregnancy
(Mastrogiannis et al., 1991; Nova et al., 1991; Clark et al.,
1992). Furthermore, high levels of ET-1 are closely related with
biological markers of renal impairment in preeclampsia (Clark
et al., 1992). ET-1 levels also appear to rise late in gestation in
normal pregnant women (Clark et al., 1992). It is still uncertain
as to whether increased ET-1 levels could indirectly (through
the release of NO and EDHF) contribute to the decrease in
vascular resistance, which normally occurs during late gesta-
tion (Greiss, 1966; Peeters et al., 1980). Nevertheless, it is likely
that functional integrity of the endothelium could affect in a
critical manner the vascular responses to ET-1 in both healthy
and high risk pregnancies (McQueen et al., 1993).

This study was supported by grants from the Mutuelle Generale de
l'Education Nationale and from the Delegation a la Recherche
Clinique, Assistance Publique- H6pitaux de Paris.
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