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Urinary Vasodilator and Vasoconstrictor Angiotensins
During Menstrual Cycle, Pregnancy, and Lactation
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Since normal human pregnancy is characterized by
normotension in the face of an increased renin-angio-
tensin-aldosterone system (RAAS), we evaluated the
temporal pattern of urinary excretion of a novel vasodi-
lator within this system, angiotensin-(1-7) (Ang-[1-7]),
during the menstrual cycle, pregnancy, and lactation.
The urinary profiles of Ang I, Ang Il, human chorionic
gonadotropin, 17B-estradiol, and progesterone were
also determined. During the menstrual cycle, urinary
Ang-(1-7) and Ang Il remained stable (mean cycle value:
94.6 +11.3and 11.4 + 1.1 pmol/g of creatinine, respec-
tively) in nine females. In 10 normal pregnant women,
urinary Ang-(1-7) and Ang Il increased throughout ges-
tation, averaging 1499.8 + 310 and 224.4 + 58 pmol/g
of creatinine, respectively (p < 0.05) at wk 35 and fall-
ing during lactation to 394.0 + 95 and 65.7 = 20 pmol/
g of creatinine (p < 0.05), respectively. The Ang-(1-7)/
Ang Il ratio was unchanged in the different reproduc-
tive periods. During the menstrual cycle, Ang Il and
Ang-(1-7) correlated with 17B-estradiol and progester-
one using multivariate analysis (r = 0.31, p < 0.001)
and r = 0.28, p < 0.02, respectively). During gestation,
17B-estradiol and progesterone correlated with urinary
Ang-(1-7) (r=0.48, p < 0.001 and r = 0.47, p < 0.001,
respectively) and Ang Il (r =0.24, p <0.03 and r = 0.25,
p < 0.03, respectively); by multiple regression, only Ang-
(1-7) correlated with both steroids (r=0.49, p <0.001).
The progressive rise of Ang-(1-7) throughout gesta-
tion, probably modulated by estrogen and progester-
one, suggests a physiologic counterregulation within
the RAAS.
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Introduction

Pregnancy is characterized by a progressive increase
in the activity of the renin-angiotensin-aldosterone system
(RAAS) (1,2). The activation of the accompanying pro-
hypertensive mechanisms is associated with an adaptive
vasodilator response, since almost 90% of pregnant women
either maintain their blood pressure (BP) within normal
limits or show a slight decrease during the second trimester
(1). Maintenance of normotension in pregnancy has been
attributed to increases in prostacyclin (3,4), nitric oxide
(NO) (5), and tissue kallikrein (6).

Recent studies have shown that the vasoconstrictor
RAAS contains a novel peptide, angiotensin-(1-7) (Ang-
[1-7]), which derives from either angiotensin I (Ang I) or
Ang II and opposes the pressor and trophic actions of Ang
II (7-10) (Fig. 1). This peptide releases NO (71,12), brady-
kinin (11,12), and prostacyclin (13,14) and vasodilates a
number of regional beds (/1/,12,14). These effects would
favor a BP-lowering effect under conditions of high Ang II
activity and support a counterregulatory action exerted
within the RAAS. Although pregnancy has been shown to
stimulate the RAAS, Ang-(1-7) in physiologic pregnancy
has not been identified. With this in mind, we characterized
the angiotensin system during pregnancy and lactation by
longitudinal assessment of the urinary excretion of Ang I,
Ang 11, and Ang-(1-7).

Results

The urinary excretion of the three angiotensin peptides
remained stable over d 10, 16, 21, and 26 of the ovulatory
menstrual cycle (Table 1). During the menstrual cycle,
urinary estradiol values on d 10 and 21 did not attain a
significant difference (157 = 9 vs 255 £ 83 nmol/g of crea-
tinine; p > 0.05), while progesterone showed a significant
rise in the luteal phase (3.8 £ 0.5 vs 19.7 &= 8.7 umol/g of
creatinine, d 10 vs 21; p < 0.005). While no significant
linear correlation during the menstrual cycle was observed
between estradiol or progesterone, and Ang-(1-7) or Ang
I, the multiple regression analysis showed a positive cor-
relation for both steroids and Ang-(1-7) (r=10.28, p <0.02)
and Ang II (» = 0.31, p <0.001).
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During pregnancy, urinary Ang-(1-7) and Ang Il increased
progressively to attain significantly higher values at wk 16,
23, and 35, respectively (Fig. 2), whereas urinary excretion
of Ang I tended to increase but did not reach statistical
significance (p > 0.05) (data not shown). Both urinary Ang
IT and Ang-(1-7) reached their highest levels at wk 35 of
gestation (p <0.05), reaching values 16- and 20-fold higher
than in the menstrual cycle, respectively. At 1 mo postpar-
tum and during complete lactation, urinary excretion of
Ang-(1-7) and Ang II was reduced significantly compared
with the values determined at wk 35 of gestation (p <0.05)
but remained higher than those found during the menstrual
cycle. With the exception of an increase in the ratio of Ang-
(1-7)/Ang II at wk 16, neither this ratio nor that of Ang I/
Ang II showed significant differences in the reproductive
phases studied.

In pregnancy, urinary human chorionic gonadotropin
(hCG) showed its highest value at wk 6-8 (85,609 + 875
and 58,358 + 11,928 IU/g of creatinine, respectively) and
declined abruptly thereafter, attaining its lowest value at post-
partum (16.8 +24.9 IU/g of creatinine; /'=193.98, p =0.0001
by Student-Newman-Keuls analysis of variance [ANOVA)).
Urinary 17p-estradiol showed a sustained increase in gesta-
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PPMC

Fig. 2. (A) Urinary Ang Il excretion during gestation, postpartum
and complete breast feeding (PP), and menstrual cycle (MC).
*p < 0.05 vs mean of values obtained in menstrual cycle. Means
of wk 23 and 35 were significantly higher than wk 4 of gesta-
tion (H =21.5,"p=0.011 by Kruskal-Wallis ANOVA on ranks).
(B) Urinary Ang-(1-7) excretion during gestation, postpartum
and complete breast-feeding (PP), and menstrual cycle (MC).
*p <0.05 vs mean of values obtained in MC. Means of wk 16,23,
and 35 were significantly higher than wk 4 of gestation (H=31.4,
p =0.001 by Kruskal-Wallis ANOVA on ranks).

tion with respect to the menstrual cycle (400 = 40 nmol/g
of creatinine), attaining at 23 and 35 wk values significantly
higher than those of previous gestational periods (1000 +
109 and 1422 + 243 nmol/g of creatinine, respectively; F'=
13.84, p=0001 by Student-Newman-Keuls ANOVA). Uri-
nary pregnanediol was significantly higher at wk 35 than in
previous gestational periods (67 = 11 pmol/g of creatinine;
F=28.07, p=0.001 by Student-Newman-Keuls ANOVA).
No correlations were found between levels of urinary angio-
tensins and hCG. On the other hand, a positive correlation
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was observed among 17f-estradiol and pregnanediol and
both Ang-(1-7) (r=0.48, p<0.001 and »=0.47, p <0.001,
respectively) and Ang II (» = 0.24, p < 0.03 and » = 0.25,
p <0.03, respectively). A multiple regression test showed that
Ang-(1-7) presented a similar correlation to that obtained
for each steroid (» = 0.49, p < 0.001), whereas no signifi-
cant correlation was reached for Ang II and both steroids
(p = 0.070).

BP during pregnancy ranged from a minimum of 91/54 +
9/5 mmHg to a maximum of 115/75 + 7/5 mmHg; the dura-
tion of pregnancy was 39 = 1 wk of amenorrhea, and new-
born weight was 3690 + 488 g.

Discussion

This first characterization of urinary Ang-(1-7) excretion
in normotensive pregnancy, showing an increase in mid-
and late pregnancy, suggests that this hormone may act to
buffer the vasoconstrictor influence of an increased produc-
tion of Ang II.

To our knowledge, this is the first report of longitudinal
changes in urinary angiotensin peptide excretion in differ-
ent phases of human reproduction. Our data suggest that
urinary Ang II excretion shows a pattern similar to that
described for plasma levels, i.e., low and comparable to post-
partum during the first trimester, with an increase during the
second and third trimesters of normal pregnancy and with
a maximal value in the third trimester that reached values
five times higher than those of postpartum (7,75). Urinary
Ang-(1-7) showed the earliest increase (wk 16) compared
with the other two angiotensin peptides. Urinary Ang-(1-7)
reached levels 7- and 16-fold higher than those found dur-
ing postpartum and the menstrual cycle, respectively.

Although the source of angiotensin peptides in the urine
was not investigated in our study, the variations in the uri-
nary excretion of the angiotensin peptides are substantially
greater than the increase observed in the plasma of normal
pregnant women compared with nonpregnant control sub-
jects (1,16). Similarly, concentrations of angiotensin pep-
tides in urine are substantially greater than those previously
characterized in the plasma of normotensive and hyperten-
sive humans (/7). These findings make it unlikely that
peptide levels in the urine reflect filtration in the trapped
plasma and interstitial and tubular fluid within the kidneys.
The differences in the magnitude of urinary and plasma vari-
ations suggest that the kidneys may be an important source
for the production of urinary angiotensin peptides. This
interpretation agrees with studies that implicate the kidney
as a site for the production of Ang II (18—21) and Ang-(1-7)
(22,23). We have excluded the possibility that urinary Ang-
(1-7) may be a hydrolysis product of Ang I or Ang II by uri-
nary proteases present in the urine (22,23). These findings
suggest that peptide levels in the urine are consistent with
the possibility that the concentrations of angiotensin pep-
tides in urine reflect their production in the kidneys.

The increase in Ang II in the urine may also reflect an
increase in other carboxy-terminal fragments of Ang II,
including Ang III and Ang IV. Since the Ang II antibody
used in our study crossreacts with Ang I1, Ang III, and Ang
IV (see Materials and Methods), the Ang Il immunoreac-
tivity in the urine may include these fragments. Ang IV has
been shown to have depressor actions (24); thus, an increase
in Ang Il immunoreactivity throughout gestation may also
include an increase in this peptide. It is therefore possible
that the normotension of pregnancy could be the result of
conversion of Ang I to Ang II, Ang III, or Ang IV, which we
were not able to ascertain. Future studies using high-perfor-
mance liquid chromatography in addition to radioimmuno-
assay (RIA) are required to clarify the profile of angiotensin
peptides comprising Ang II immunoreactivity.

The profile of urinary Ang Il and Ang-(1-7) parallels that
previously described for urinary aldosterone and plasma
renin activity in pregnancy (7,25). Most likely the changes
in plasma renin activity reflect maternal renal renin secre-
tion, rather than placental renin, because plasma renin activ-
ity in pregnant women, although much higher than in the
nonpregnant state, responds appropriately to changes in
posture, sodium depletion or load, prostaglandin E, and
Ang II infusion, and captopril administration (7,26). It is
well known that kidney renin is upregulated by estrogen (7,
27-29) and thus could contribute to the elevated circulat-
ing plasmarenin activity, whereas urinary aldosterone most
likely results from stimulation by elevated Ang II in normal
pregnancy (/). Because progesterone is natriuretic and estra-
diol mediates vasodilation, the RAAS is probably under mul-
tiple levels of hormonal and cardiovascular control. The
concurrent increase in estrogens with progesterone may aug-
ment the increase in renin, angiotensin peptides, and aldoste-
rone. This possibility is supported by the positive correlations
observed among urinary estradiol, progesterone, Ang-(1-7),
and Ang I

It is remarkable that the marked changes in the RAAS
are not associated with any apparent perturbation of BP or
electrolyte balance, indicating that estradiol, progesterone,
and the RAAS may be part of a coordinated servo-control
system that contributes to hemodynamic and fluid homeo-
stasis. Estrogen increases the production of angiotensino-
gen (30) and renin (1,25—29), two early protein components
ofthe RAAS that when elevated could favor a vasoconstric-
tor state. On the other hand, estrogen supplementation down-
regulates the synthesis of angiotensin-converting enzyme
(ACE) (31), which is consistent with the observation of a
decrease in serum ACE in pregnancy (16). Our findings of
a stable urine Ang I/Ang II ratio would suggest either that
urinary peptides are not dependent on circulating or renal
ACE activity or that other non-Ang II-generating proteases,
such as chymase (32), may be contributing to the formation
of Ang II in the kidney. The lack of change in Ang I/Ang
I ratio in the face of an increase in Ang Il may be explained
by multiple proteases contributing to the metabolism of
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Angland AngII. In addition, estrogen has also been shown
to lower the expression of Ang Il receptors (33). The reduced
expression of these two proteins (Ang Il receptors and ACE
activity) favors a shift of the renin-angiotensin cascade
toward its vasodilator pathway (Fig. 1). Similar observa-
tions could be made to explain the lack of change in the
Ang-(1-7)/Ang II ratio. A number of enzymes have been
shown to contribute to the formation of Ang-(1-7), includ-
ing prolyl endopeptidase and neprilysin (Fig. 1). Although
each of these enzymes are candidates that could contribute
to the formation of the elevated urinary Ang-(1-7) in preg-
nancy, their regulation during pregnancy has not been stud-
ied to any significant degree. Nevertheless, we suggest that
the 16-fold elevated urinary Ang-(1-7), and the 2-fold ele-
vation of this peptide in plasma during normal pregnancy
(16), is in keeping with a hormonally modulated counter-
regulation in pregnancy-associated elevation in Ang II.

During normal and preeclamptic gestation, vasoactive
systems such as prostaglandins (3,34), NO (5), and kalli-
krein-kinins (6,35) have been initially studied in urine.
More recent observations using immunohistochemistry
and in situ hybridization have shown that apart from the
renal excretion, vasoactive systems are expressed in the repro-
ductive tract, in sites that support their role in the control of
placental perfusion and growth, and therefore in fetal de-
velopment (6,36—39). It is for this reason that the variations
in urinary Ang Il and Ang-(1-7) should also be interpreted
in light of their actions on local adaptations to pregnancy,
especially since the uteroplacental unit represents an impor-
tant site for the expression/function of the renin-angioten-
sin system. Prorenin/active renin, ACE, Ang I, and AT,
and AT, receptors have been found in the different compart-
ments of the female pregnant uterus, and their local synthe-
sis has been confirmed by the presence of the respective
mRNAs (40-45). It is tempting to speculate that the marked
increase in urinary Ang-(1-7) reflects a concurrent increase
in its content in the uteroplacental structures, where it could
act on the non-AT,;/non-AT, receptor (10,11).

We propose that Ang-(1-7) represents an additional vaso-
dilator mechanism contributing to normotension of preg-
nancy. A decreased level of plasma Ang-(1-7) in preeclampsia
provides additional support for a physiologic role for Ang-
(1-7) in gestation (16). We postulate that Ang-(1-7) con-
tributes to a multifactorial vasodilator relay system, which
under the changing hormonal milieu of pregnancy, partici-
pates in the maintenance of normotension and in adequate
fetoplacental perfusion in normal gestation.

Materials and Methods

The present study was performed at the Obstetrical and
Gynaecological Unit of the Hospital de la Universidad Cato-
lica, Santiago, Chile. The protocol was approved by the insti-
tutional review board of the School of Medicine. Women

were invited to participate after giving informed consent.
The patients and urine samples included were previously
used to characterize the temporal profile of tissue kallikrein
excretion (6).

Study Subjects

Nine normotensive (BP: 112/72 = 14/11 mmHg) volun-
teer women ages 33 + 5 yr (mean + SD) with previous nor-
mal obstetric histories, appropriate fertility (parity: 2.6 +
1.5), no history of abortions, and absence of proteinuria
were studied during an ovulatory menstrual cycle. None
of the subjects were using hormonal contraception. Ovula-
tion was confirmed by urinary pregnanediol levels of >7.4
mol/d on cycle d 21. Urine samples were collected on d 10,
16, 21, and 26 of the menstrual cycle (N = 28).

Ten other women ages 27 + 4 yr (three primiparae and
seven multiparae) with no history of abortions were fol-
lowed throughout a singleton pregnancy characterized by
normotension, absence of proteinuria, term delivery, and
appropriate-for-gestational-age newborn weight. Urine sam-
ples were obtained every 14 d from 4 to 14 wk, and at 15—
17,21-25, and 33-36 wk of gestation (N = 80). The count-
ing of weeks of gestation started from the estimated date of
conception. The final urine collection was obtained 1 mo
postpartum when women were fully breast feeding (lacta-
tion period).

Study Protocol

BP was measured by mercury sphyngomanometry after
5 min of rest in the sitting position, once during the men-
strual cycle and at every obstetric visit by duplicate deter-
minations. Urinary protein was determined in 24-h urine
samples obtained once in cycle and during the first and last
trimesters of pregnancy by the Bradford reagent with a
Shimadzu spectrophotometer UV 120-11. Twenty-four-hour
urine was collected in a container with 2 mL of 10% thymol;
samples were kept at —20°C until assayed. Urinary creati-
nine was determined by the Jaffe reaction with a Beckman
autoanalyzer.

Urine for determinations of Ang peptides was extracted
using Sep-Pak columns activated with 5-mL sequential
washes of a mixture of ethanol:water (83:13), methanol,
ultrapure water, and 4% acetic acid. After the sample was
applied to the column, it was washed with ultrapure water
and acetone and eluted with two 1-mL washes and one 1.3-
mL wash of a mixture of ethanol:water:4% acetic acid. The
sample was eluted and reconstituted for RIAs. Recoveries
of radiolabeled angiotensin added to the sample and fol-
lowed through the extraction were 92% (n = 23). Samples
were corrected for recoveries. Three different antisera spe-
cific for the C-terminus of Ang I, Ang II, or Ang-(1-7) were
used to analyze the peptides. The Ang I antibody (New Eng-
land Nuclear, RIANEN; Dupont, Billerica, MA) showed
100% crossreactivity with Ang I, Ang-(2-10), and Ang-
(3-10), but <0.001% binding with Ang II and Ang-(1-7).
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The Ang Il antibody (Alpco, Windham, NH) showed 100%
crossreactivity with Ang II and Ang I11, and 96% crossre-
activity with Ang-(3-8), but <0.001% binding with Ang I
and Ang-(1-7). The Ang-(1-7) antibody (produced by our
laboratory) showed 100% crossreactivity with Ang-(2-7),
but <0.001% crossreactivity with Ang I and Ang II. The min-
imum detectable levels of the assays were 2.5 pg/mL for
Ang I, 4 pg/mL for Ang II, and 2.5 pg/mL for Ang-(1-7).
The intra- and interassay coefficients of variation (CVs)
for Ang I RIA are 18 and 22%, for Ang Il are 12 and 22%,
and for Ang-(1-7) are 8 and 20%, respectively.

Urinary estrogens and pregnanediol glucuronides were
determined by enzyme immunoassay (46). Intra- and inter-
assay CV was 10% for both steroids. Levels of estrogen
and pregnanediol were expressed as nanomoles and micro-
moles/gram of creatinine, respectively. Urinary total hCG
was determined by an immunoradiometric assay adapted
from the method applied to serum (47). Intra- and interassay
CVs were 12 and 16%. Values were expressed as interna-
tional units/grams of creatinine. During the first 14 wk of
gestation, determinations performed within a 2-wk span
were pooled; weeks 16,23, and 35 included samples of 15—
17, 21-25, and 33-36 wk, respectively.

Statistical Analyses

Results are expressed as mean + SE. Statistical analysis
was done with a Sigma Stat (Sigma, St. Louis, MO); com-
parisons of means were performed by a one-way Kruskal-
Wallis ANOVA on ranks for repeated measurements analy-
sis and by Student-Newman-Keuls and Dunnett tests when
more than two periods in the same group were compared.
The nonpaired # and the Mann-Whitney rank sum tests were
used to compare the menstrual cycle with each of the gesta-
tional periods. The significance level was set at p < 5%.
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