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uring normal pregnancy, important physi-
ological adaptations occur in the mother

which assure an adequate blood supply to the fe-
tus. Vascular resistance, mean arterial pressure,
and sensitivity to endogenous constrictors are re-
duced, in addition to increased cardiac output, he-
art rate, and blood volume. Alteration of these ha-
emodynamic adaptations to pregnancy is associ-
ated with conditions critical to fetal well-being
such as pre-eclampsia (PE) and intrauterine-
growth retardation (IUGR), characterized by endot-
helial dysfunction. The human placenta is a multi-
functional organ providing oxygen, water homeos-
tasis, nutrition and endocrine messages for the fe-
tus until delivery. Impaired placental perfusion is
associated with reduced transfer of oxygen and
nutrients from the mother to the fetus. Consequ-
ently, fetal growth and oxygenation are reduced
resulting in intrauterine growth retardation (IUGR)
and fetal hypoxemic hypoxia. In humans, incre-
ased placental resistance may be the result of dif-
ferent factors: reduction in the number of placen-
tal terminal capillaries and small muscular arteries
in the tertiary stem villi, increased vasoconstriction
at villous level because of local release of vasoac-
tive substances, e.g. thromboxane or endothelin,
or decrease of vasorelaxant agents. These alterati-
ons are triggered by ischemia of the intervillous
space due to reduced utero-placental perfusion. 

The mechanisms involved in the control of fe-
tal-placental vascular tone remain to be clearly
characterized as well as the physiological respon-
se of the fetus to adverse circumstances during
pregnancy. Since placenta lacks autonomic inner-
vation, vascular tone at this level is regulated by
the action of endothelial derived factors; thus it is
well defined the central role of the vasoactive

substances produced by the placenta and by the
fetus himself in the regulation of placental and fe-
tal circulation. Among these substances a key role
may be played by some newly discovered agents
such as adrenomedullin (AM), nitric oxide (NO)
and endothelin (ET-1) in physiological and pat-
hophysiological conditions. In this light, we have
investigated the potential role of these vasoactive
factors in some gestational diseases such as PE,
IUGR and gestational diabetes, conditions in which
there are evidences of endothelial dysfunction. 

We measured AM, NO and ET-1 concentrations
in maternal, fetal and placental compartment by
means of specific RIA, moreover, we investigated
their prevalence and distribution on placental tis-
sues and cord by means of immunohistochemistry.

EEnnddootthheelliinn
Endothelin (ET) is a 21-amino-acid peptide ma-

de by from pre-pro-ET (200 amino-acids) and pro-
ET (38 amino-acids, called "big-ET") by a cleavage
performed by an ET converting enzyme (ECE) (1).
The family of endothelin peptides (ET) consists of
three distinct isoforms: ET-1 (the original porcine
and human ET), ET-2 (with two amino-acid subs-
titutions), and ET-3 (with six amino-acids substitu-
tions) coded for by three separate genes in the hu-
man, rat, and porcine genome (2). ET was first clo-
ned from a human placental cDNA library,  it has
been demonstrated that the human placenta, and
uterus, have specific high-affinity receptors for ET
and that the peptide increases vascular resistance
in the fetoplacental vasculature. ET-induced pres-
sor responses are of long duration and are associ-
ated with an involvement of other vasoactive subs-
tances. The data are compatible with a role of ET
as an endogenous modulator of the fetoplacental
circulation in humans.  ET-1 has been localized in
placenta and fetal membranes (3), and mRNA for
ET-1 has been found in endothelial cells of placen-
tal villi and in avascular amnion of fetal membra-
nes (4). Accordingly to other studies (5-7) we fo-
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und that in PE and IUGR pregnancies ET-1 con-
centrations in placental compartment were higher
than in normotensive pregnancies (8). Among
complicated pregnancies, amniotic fluid levels we-
re significantly higher in patients with PE associ-
ated to IUGR than in PE alone women. We de-
monstrated increased concentrations of ET-1 also
in pregnancies complicated by gestational diabetes
(9). All these conditions are characterized by en-
dothelial damage, and higher levels correlated
with a more severe impairment of placental vascu-
lature, with reduction of blood flow to the fetus.
ET-1 may play a significant role in determining a
potent vasoconstriction of placental vessels, and
activating other factors (e.g prostaglandins, throbo-
xane A2, PAF) responsible for the hemodynamic
alterations. ET-1 production by placental tissues
may precede and thus contribute to the develop-
ment of increased placental vascular resistances.
Alternatively, the elevated ET-1 levels may be the
results of endothelial damage associated with inc-
reased placental resistances. 

NNiittrriicc  ooxxiiddee
Nitric oxide (NO) is a potent vasodilator rele-

ased from L-arginine by endothelial cells that plays
a key role in the control of vascular tone in seve-
ral districts. There is evidence that NO is released
by the feto-placental tissues. NO synthase is pre-
sent in the human fetal-placental tissues and en-
dothelial NO synthase mRNA has been detected in
the placental villi (10). Furthermore several groups
have reported that NO donors such as glyceryl tri-
nitrite or L-arginine relax human umbilical artery
and NO decreases perfusion pressure of the hu-
man fetoplacental circulation (11,12). These studi-
es indicate that NO produced by fetoplacental tis-
sues may contribute to the regulation of blood
flow from and to the fetus. In vitro studies have
shown the inhibition of NO release in placental cir-
culation induces an increase in arterial pressure,
amplifying vascular response to vasoconstrictive
autacoids. Several studies have addressed NO pro-
duction in PE, although resulting are conflicting.
Maternal serum, urine and cord blood NO metabo-
lites concentrations are reported increased,  redu-
ced, or unchanged in preeclamptic women (13,15).
Recently a calcium-dependent nitric oxide syntha-
se (NOS), corresponding to the endothelial isoform
of the enzyme (eNOS) has been localized on
syncytiotrophoblast and endothelial cells of  hu-
man placental villi and its activity assayed in pla-
cental extracts (16). In a recent study we found
that amniotic fluid NO concentration was signifi-

cantly higher in PE women. Moreover, we found
that in placental tissues collected from PE the in-
tensity of the staining and the percentage of endot-
helial cells stained for the eNOS were higher than
in the control group. Our immunohistochemical
data confirm the study of Ghabour et al. (18) on
placental NOS expression in PE, suggesting that, in
the endothelial cells of the villi, eNOS expression
is enhanced in PE patients and can help to main-
tain the placental vasculature maximally dilated.
The higher concentrations of amniotic fluid nitrate
in PE patients may result from the stimulation of
placental NOS activity. The significance of this inc-
reased activity could be compensatory for the inc-
reased synthesis and release of others vasoactive
substances (TxA2, ET-1, etc.) from the injured en-
dothelium acting as vasoconstrictors on placental
vasculature. This hypothesis is supported by the
finding of increased NO levels in amniotic fluid of
IUGR pregnancies with normal feto-placental ha-
emodynamics, whereas NO metabolites concentra-
tions are significantly reduced in IUGR with abnor-
mal uterine artery resistance index. Furthermore,
nitrite levels in amniotic fluid correlated inversely
with uterine resistance index and the umbilical ar-
tery PI/fetal middle cerebral artery PI ratio, an in-
dex of fetal redistribution of circulation which is
characterised by peripheral vascular contraction
and cerebral vasodilatation (19). These data sug-
gest that in IUGR pregnancies a compensatory inc-
rease in the synthesis of NO within the placenta
may occur in an attempt to maintain an adequate
blood flow through the placenta. When NO pro-
duction  decreases, resistance in utero-placental
and fetal-placental circulation markedly increases,
compromising fetal haemodynamics. This offers
the rationale for the use of NO-donors in IUGR
pregnancies complicated by IUGR with impaired
utero-placental circulation.

AAddrreennoommeedduulllliinn
Adrenomedullin (AM) is a vasoactive peptide

first isolated in pheochromocytoma produced by
endothelial and vascular smooth muscle cells. Du-
ring pregnancy AM concentrations are significantly
increased and high levels are present also in fetal
plasma and amniotic fluid (20). The placenta is an
important site of production for this peptide during
pregnancy, and, because of its vasodilator and
hypotensive effects it has been suggested that AM
could participate in the physiological modifications
of maternal haemodynamic in pregnancy (21). Mo-
reover acting in an autocrine, paracrine manner, it
may have a role also in the regulation of utero-pla-
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centa and fetal circulation. The placental vessels
are relaxed by AM in a dose-dependent manner
and AM is expressed in the fetoplacental and um-
bilical vascular endothelium where basal producti-
on of AM contributes to low fetoplacental vascular
resistances. AM induces relaxation trough an incre-
ase in cAMP with the reduction of intracellular
Ca2+, but also indirectly stimulating NO release
and inhibiting ET-1 secretion by endothelial and
vascular smooth muscle cells (22). Infusion of NO-
LA, which acts inhibiting NO production causes an
attenuation of AM induced vasodilatation. NO is an
important mediator of placental vascular tone, thus
regulating blood support to the fetus (23). 

Maternal circulating AM has been reported eit-
her increased, decreased or unchanged (24-26) ,
whereas in umbilical plasma and amniotic fluid we
found that its concentrations were higher than in
normotensive pregnancies (27). Conflicting results
have been reported also in the expression of AM
in feto-placental tissues in PE. Ir-AM in placentas
of PE women was found decreased or unchanged,
and AM mRNA expression has been shown to be
either decreased or unchanged  in the placenta
and uterine muscle, decreased in fetal membranes
and increased in umbilical artery (28). Recently we
found that in IUGR fetuses AM concentration was
higher than in normal pregnancy and it correlated
with cerebral and peripheral blood flow (29). Of
particular significance seems to be the role of AM
in the fetal response to hypoxia as demonstrated
by the relationship between circulating AM and va-
sodilatation of fetal cerebral vessels. In another
condition associated with endothelial damage such
as gestational diabetes we found that AM concent-
rations in amniotic fluid were higher in pregnant
women with diabetes, both preexisting or manifes-
ted during pregnancy, than in euglycemic controls
whereas no differences were found in maternal cir-
culation (30). This finding suggests an enhanced
synthesis or secretion of the peptide by the placen-
tal structures that may play a regulatory function,
preventing excessive vasoconstriction and inhibi-
ting excessive platelet aggregation. This hypothesis
is supported by the finding of a negative correlati-
on between amniotic fluid AM levels and arterial
blood pressure in diabetic pregnant women.

SSuummmmaarryy
In summary we found that all these newly dis-

covered vasoactive factors are produced by the
placental tissues in large amount and are secreted
in the fetal compartment where they participate in
the regulation of feto-placental circulation. In preg-

nancy complicated by PE, IUGR and gestational di-
abetes, conditions associated with impairment of
utero-placental and fetal hemodynamics, ET-1, NO
and AM secretion is significantly affected.

These findings suggest a potential future use of
these vasoactive factors in the clinical management
of these pregnancy complications.
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