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Abstract
Objective: Adrenomedullin, a recently discovered vasoactive peptide originally identified in pheochromocytoma, has been found to be increased in the plasma of pregnant women at term. This study was
designed to elucidate whether adrenomedullin secretion is dependent on gestational age and the
possible source and function of this peptide in human pregnancy.
Study design: Adrenomedullin concentrations were determined by RIA in amniotic fluid and maternal
plasma obtained from 110 pregnant women between 8 and 40 weeks of gestation. Subjects were
stratified into five groups according to gestational age. In term patients (n¼15), adrenomedullin was
also measured in the umbilical artery and vein separately.
Results: High concentrations of adrenomedullin were present in plasma and amniotic fluid samples
from patients in the first, second and third trimester. There was no significant difference in mean
maternal plasma concentration of adrenomedullin between the five patient groupings. Amniotic fluid
adrenomedullin concentrations decreased from 81.2611.7 pg/ml at 8–12 weeks of gestation to
63.766.0 pg/ml at 13–20 weeks of gestation and then increased at 21–28 weeks of gestation to
99.1610.4 pg/ml. A further increase was found in samples collected after 37 weeks of gestation
(132.6610.1 pg/ml). In the umbilical vein, adrenomedullin concentration was higher (P<0.05) than
in the artery (65.766.1 pg/ml and 48.565.2 pg/ml respectively), suggesting that adrenomedullin in
the fetal circulation derives from the placenta.
Conclusions: Our results demonstrate the presence of adrenomedullin in maternal plasma and amniotic
fluid throughout gestation, and show that its production starts very early in gestation, suggesting that
this hormone may have an important role in human reproduction, from implantation to delivery.
European Journal of Endocrinology 140 201–206

Introduction
Adrenomedullin is a novel peptide first isolated from
human pheochromocytoma (1). Northern blot analysis
has shown that adrenomedullin mRNA is expressed not
only in the adrenal gland, but also in various tissues
including lung, heart, aorta, stomach, intestine, kidney,
and thyroid gland (2). It has been reported that cultured
vascular smooth muscle cells contain adrenomedullin
mRNA and that endothelial cells produce adrenomedullin, which acts on specific receptors eliciting a
long-lasting vasodilatation through the synthesis of
cAMP (3). Immunocytochemistry studies have shown
that adrenomedullin is widely distributed in the
endocrine and neuroendocrine system, where it may
play a role in the control of systemic and local circulation (4), and of humoral secretion. It has been demonstrated that adrenomedullin inhibits the secretion of
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adrenocorticotrophin (ACTH) (5), aldosterone (6), and
insulin (7) and its secretion is stimulated by the thyroid
hormones, progesterone and dexamethasone (8).
Recently, we have found high concentrations of
adrenomedullin in maternal and umbilical cord plasma,
in amniotic fluid in term human pregnancy (9) and in
placental extracts (10), suggesting a potential role of this
peptide during gestation. Furthermore, it has been shown
that epithelial cells of fetal membranes express adrenomedullin mRNA and immunoreactive adrenomedullin
has been detected in amniotic fluid in mid-gestation (11).
The purpose of this study was to examine concentrations of adrenomedullin in maternal plasma and
amniotic fluid throughout pregnancy and to evaluate
possible associations between maternal and amniotic
fluid adrenomedullin concentrations as well as gestational age, to elucidate the physiological implication of
adrenomedullin in human pregnancy.
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Materials and methods
Patient population and study design
One hundred and ten pregnant women from 8 to 40
weeks of gestation were enrolled into the study: 73
underwent transabdominal amniocentesis between 13
and 36 weeks of gestation, 22 had first trimester
termination of pregnancy and 15 delivered by elective
Caesarean section at term. As controls, 12 healthy nonpregnant women (age 23 to 36 years) were also studied.
None of the pregnant women was in labour or
experienced uterine contractions. Indications for
amniocentesis included prenatal diagnosis (maternal
age >35 years or family potential for genetic disease;
n¼34), abnormal triple-marker screen values (maternal
serum a-fetoprotein, human chorionic gonadotrophin
and unconjugated oestriol; n¼9), exclusion of fetal
infection by cytomegalovirus (CMV) (PCR technique)
suspected on the basis of maternal serology (n¼30).
Women with multiple pregnancies, fetal anomalies,
diabetes, pre-eclampsia and intrauterine growth retardation were excluded from the study. Four patients were
removed from the study for abnormal karyotype (n¼2)
and CMV-DNA detection in the amniotic fluid (n¼2). In
all the other patients, prenatal diagnosis as well as
neonatal outcome were negative for chromosomal
abnormalities or suspected infection. Gestational age
was assessed through determination of menstrual dates
and first trimester ultrasound scan. According to
gestational age, patients were stratified into five
groups (8–12 weeks, 13–20 weeks, 21–28 weeks,
29–36 weeks, and >37 weeks; Table 1).
This study was approved by the local ethics committee and informed consent was obtained from all
participants.

Sample collection
In patients undergoing transabdominal amniocentesis,
the initial 3 ml of amniotic fluid was collected and

processed. In patients in the first trimester of pregnancy,
amniotic fluid samples were obtained by needle aspiration under ultrasound guidance at the time of
pregnancy termination. In pregnant women at term,
samples were collected by transuterine amniocentesis at
the time of elective Caesarean section. Briefly, amniotic
fluid samples were immediately centrifuged after collection at 1800 g for 15 min at 4 8C, the supernatants were
divided into aliquots and stored at -80 8C until assayed.
Maternal blood samples were drawn from the cubital
vein at the time of amniotic fluid sampling and just
before the induction of anaesthesia in patients undergoing Caesarean section or pregnancy termination
(Table 1). In patients at term (>37 weeks), paired fetal
and maternal plasma samples were obtained. After
delivery, the umbilical cord was clamped before any sign
of breathing and blood was drawn from the artery and
vein separately. Blood samples, anticoagulated with
EDTA and aprotinin, were kept in ice until centrifuged
and then stored at ¹80 8C.

Adrenomedullin determination
Plasma and amniotic fluid adrenomedullin concentrations were measured after extraction and purification.
Briefly, 2 ml of sample was applied to conditioned SepPak C18 cartridges (Millipore Corp., Waters Chromatography, Mildford, MA, USA) and the column was
sequentially washed with 5 ml isotonic saline, 5 ml
0.1% trifluoracetic acid and 5 ml 20% acetonitrile in
0.1% trifluoracetic acid. The absorbed material was
eluted with 4 ml 50% acetonitrile and the elute was
lyophilized. After lyophilization, samples were dissolved
in 50 mmol/l phosphate buffer (pH 7.4) and adrenomedullin was measured in plasma and amniotic fluid by
RIA using a commercial kit (Phoenix Pharmaceuticals
Inc., Mountain View, CA, USA) with rabbit polyclonal
antibody raised against human adrenomedullin 1–52.
The sensitivity of the assay was 2 pg/tube. The antibody
cross-reacts 100% with human adrenomedullin and no
cross-reactivity was reported with rat adrenomedullin,

Table 1 Characteristics of women with uncomplicated pregnancies for five gestational age groupings and non-pregnant controls.
Pregnant women
8–12 weeks
Age (years)
Parity
Gestational age at sampling (weeks)
Weight (kg)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Maternal blood samples (n )
Cord blood samples
Amniotic fluid samples (n )

26.2 6 5.8
1.1 6 0.4
10.3 6 1.0
59 6 8
111 6 14
67 6 11
20
–
22

13–20 weeks 21–28 weeks
35.4 6 3.2
1.5 6 0.6
16.4 6 1.3
62 6 9
106 6 15
63 6 9
25
–
36

28.6 6 3.6
0.8 6 0.5
24.7 6 3.0
65 6 9
110 6 13
66 6 10
15
–
15

29–36 weeks

> 37 weeks

Non-pregnant
women

27.4 6 4.1
1.0 6 0.4
33.0 6 2.2
67 6 10
113 6 15
66 6 13
18
–
18

26.8 6 4.2
1.4 6 0.8
38.7 6 1.1
71 6 12
118 6 16
68 6 14
15
15
15

27.1 6 5.3
1.2 6 0.5
–
56 6 7
112 6 12
69 6 11
12
–
–

Results are mean values 6 S.D.
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amylin, calcitonin-gene-related peptide, endothelin-1
(ET-1), a-atrial natriuretic peptide or brain natriuretic
peptide. The intra- and interassay coefficients of variance
were 5.1% and 12.0% respectively.

Statistics
Adrenomedullin concentrations are expressed as mean
values6S.E.M. Statistical analysis was performed with
determination of Spearman rank order correlation and
comparison between groups by Kruskal–Wallis oneway ANOVA and the Mann–Whitney U test when data
were not normally distributed. The clinical characteristics of the women are expressed as mean6S.D. and
were compared by Student’s t-test for unpaired data. To
compare proportions between groups, Fisher’s exact test
was used. Statistical significance was set at P<0.05.

Results
Adrenomedullin was detected in all maternal plasma
and amniotic fluid samples from patients in the first,
second and third trimester and in umbilical plasma at
term. There was no significant difference in mean
maternal plasma concentrations of adrenomedullin
between the five patient groupings (Fig. 1); at all
stages adrenomedullin concentrations were higher than
in non-pregnant subjects, being 10.761.3 pg/ml. Adrenomedullin levels were significantly higher (P<0.05) in
the umbilical vein (65.766.1 pg/ml) than in the artery
(48.565.2 pg/ml) (Fig. 2). No significant correlation was
found between maternal and either umbilical vein
(correlation coefficient: 0.020) or umbilical artery (correlation coefficient: 0.103) adrenomedullin concentrations.
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We found a positive correlation between amniotic
fluid adrenomedullin concentrations and gestational
age (correlation coefficient: 0.346, P<0.001), although
amniotic fluid adrenomedullin levels decreased from
81.2611.7 pg/ml at 8–12 weeks of gestation to
63.766.0 pg/ml at 13–20 weeks of gestation, and
then increased at 21–28 weeks of gestation to
99.1610.4 pg/ml (P<0.05). A further increase was
found in samples collected after 37 weeks of gestation
(132.6610.1 pg/ml; P<0.01 vs 8–12 and 13–20 week
groups and P<0.05 vs 21–28 and 29–36 week groups;
Fig. 1). No correlation was found between maternal
plasma adrenomedullin concentration and amniotic
fluid levels (correlation coefficient: 0.101).

Discussion
This study confirms our previous finding of elevated
concentrations of adrenomedullin in human pregnancy (9). Plasma adrenomedullin levels in pregnant
women are from three- to fivefold higher than in nonpregnant women and this increase was found in
samples collected as early as 8 weeks and was
maintained throughout gestation, suggesting an
enhanced synthesis of this peptide in pregnancy. We
found a slight increase in maternal plasma concentration as gestational age progressed, although it was
not significant. A lack of a significant increase in
maternal plasma adrenomedullin levels may be due to
the physiological adaptation of the maternal vascular
system to pregnancy, in particular to an increase in
maternal blood volume that determines hemodilution of
plasma proteins during the second and third trimesters
of pregnancy. Different tissues may be responsible for

Figure 1 Maternal plasma (open bars) and amniotic fluid
(hatched bars) adrenomedullin mean concentrations
throughout pregnancy. Subjects are in five groups from 8 to
40 weeks. No differences were observed in maternal
plasma levels among the groups. Differences in amniotic
fluid adrenomedullin concentrations were found: a, P <0.05
vs 13–20 weeks; b, P <0.01 vs 8–12 and 13–20 weeks; c,
P <0.05 vs 21–28 and 29–36 weeks.
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Figure 2 Concentrations of adrenomedullin in umbilical artery
(X) and vein (W) at term. The lower and upper bars represent
the 10th and 90th centiles respectively, and the interquartile
range is indicated by the box, the median value being the
horizontal line in the box. Adrenomedullin values were
significantly higher (P <0.05) in the umbilical vein.

increased adrenomedullin production in pregnancy,
including maternal endothelial cells, heart, lung and
several other tissues.
In cord plasma, adrenomedullin levels were significantly higher in the umbilical vein than in the artery,
indicating that adrenomedullin in the fetal circulation
is of placental origin. We did not find any significant
correlation between fetal and maternal adrenomedullin
concentrations. This finding may indicate that adrenomedullin in umbilical plasma is not derived from
maternal circulation, but rather from the placenta.
There is strong evidence that feto–placental tissues
represent an additional site of adrenomedullin production. We have reported previously (10) that in term
human pregnancy immunoreactive adrenomedullin is
localized in the trophoblast cells of the placenta and
fetal membranes and in the epithelial cells of the
amnion; high concentrations of this peptide are
detectable in the placenta and fetal membrane extracts.
Furthermore, Macri et al. (11) have indicated the
expression of mRNA for adrenomedullin in the amniotic
cells of fetal membranes. Together these findings
indicate that the feto–placental unit secretes large
amounts of adrenomedullin and that this could be the
main source of adrenomedullin in amniotic fluid.
Adrenomedullin circulating in maternal plasma may
derive either from maternal or feto–placental tissues,
although lack of correlation between plasma and
amniotic fluid adrenomedullin concentrations seems
to argue against this origin. It is likely that both the
placenta and the mother secrete adrenomedullin during
pregnancy and that it may act as a circulating hormone
on maternal homeostasis and as a local paracrine/
autocrine factor, regulating local vascular tone and
humoral secretion in feto–placental tissues.

Amniotic fluid adrenomedullin concentration should
better reflect adrenomedullin production from feto–
placental tissues. In the present study we found that, as
in maternal plasma, adrenomedullin was detectable in
amniotic fluid collected in very early pregnancy, but in
contrast with maternal plasma, amniotic fluid adrenomedullin levels increased with gestational age. In
normal pregnancy, adrenomedullin concentration in
amniotic fluid was higher than in maternal blood at any
gestational age and increased significantly after 20
weeks of gestation. In term patients, amniotic fluid
adrenomedullin concentrations further increased, indicating that fetal and/or placental adrenomedullin
production is enhanced as pregnancy progresses.
The physiological meaning of the increased production of adrenomedullin in pregnancy is unknown,
although we can speculate that it may contribute to
the adaptation of the maternal vascular system to pregnancy. It is well known that during normal pregnancy
physiological adaptations occur in the mother which
ensure an adequate blood supply to the fetus. Vascular
resistance, mean arterial pressure, and sensitivity to
endogenous constrictors are reduced, and cardiac
output, heart rate and blood volume are increased
(12). Adrenomedullin elicits a long-lasting vasorelaxant
action and has been suggested to participate in the
control of blood pressure and vascular homeostasis;
thus circulating adrenomedullin may be implicated in
the maintenance of low vascular resistance during
pregnancy.
Adrenomedullin secreted by feto–placental tissues
may have a different role, acting locally. Recent data
suggest the involvement of this hormone in the
regulation of growth. Adrenomedullin stimulates DNA
synthesis and cell proliferation of Swiss 3T3 fibroblasts
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acting via the elevation of intracellular cAMP (13), and
inhibits fetal calf serum-stimulated proliferation in
cultured rat vascular smooth muscle cells in a paracrine
fashion (14). Moreover, it has been reported that
adrenomedullin acts as a growth factor in several
normal and malignant tissues (15) and it is well known
that trophoblast cells share in vitro and in vivo invasive
properties with malignant cells. mRNA for both
adrenomedullin and adrenomedullin receptors has
been found in embryonic and extraembryonic developing mouse and rat tissues, and in fetal and maternal
tissues of corresponding primitive placenta; adrenomedullin increases during late organogenetic and early
fetal growth periods (16). The distribution pattern of
this peptide during development is similar to other
growth factors (insulin-like growth factor, transforming
growth factor-b and platelet-derived growth factor)
indicating that adrenomedullin could be involved in
analogous functions. These data are of particular
interest in view of the elevated concentrations of
adrenomedullin detected in early pregnancy. We found
a significant increase in amniotic fluid adrenomedullin
in the second half of the second trimester of pregnancy
compared with the first half of pregnancy that
correlates with late organogenesis and early fetal
growth in humans. Furthermore, we have reported
previously that immunoreactive adrenomedullin is
localized in extravillous trophoblast and decidua cells
of human placenta (10). Cytotrophoblast invasion is a
dynamic change in cell–cell and cell–matrix interaction
which can be assimilated to an inflammatory reaction.
Since adrenomedullin secretion is stimulated by cytokines, such as tumor necrosis factor-a and interleukin1a (17) it is therefore possible that this hormone may
play a role in the regulation of trophoblast invasion of
maternal decidua during human implantation, or in
processes correlated with embryonic development, such
as the control of growth and differentiation.
Increased adrenomedullin concentrations in amniotic
fluid in late gestation may suggest that this hormone is
implicated in the regulation of utero-placental and fetal
circulation (18). Recent studies have shown that
adrenomedullin might modulate vascular tone as a
paracrine regulator, through the inhibition and/or
stimulation of vasoactive agents such as nitric oxide
(19) and ET-1 (20), produced by feto–placental tissues,
which have been demonstrated to regulate placental
circulation (21, 22). Furthermore both these agents are
involved in the control of myometrial contractility (23,
24), and a preliminary study has shown that adrenomedullin exerts an inhibitory effect upon the contractile
response of rat uterine muscle to galanin (25),
suggesting that adrenomedullin, directly through the
cAMP or indirectly through the regulation of other
modulators, could also affect uterine contractility.
In conclusion, this study provides evidence that
adrenomedullin is secreted in high concentrations
throughout gestation, and that its production starts
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very early in pregnancy, suggesting that it may have an
important role in human reproduction, from implantation to delivery.
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