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Abstract
INTRODUCTION—We investigated the expression of angiotensin receptors in early pregnancy
and established whether normal pregnancy or preeclampsia alters the expression and distribution
of the uteroplacental AT1R, AT2R and mas/AT1-7R at late gestation.

METHODS—The percentage of each receptor subtype present in tissues from virgin rats and
from normotensive and RUPP hypertensive rats was established by in vitro receptor
autoradiography. Receptor mRNA levels were determined by quantitative PCR at early and late
pregnancy.

RESULTS—AT1R mRNA levels were up-regulated in the interimplantation (IIS) site at day 7 of
gestation. AT2R mRNA levels were decreased at day 5 and 7 in the IIS but increased in the
implantation site (IS) at day 5 and 7 as compared to the IIS at day 5. Mas/AT1-7R mRNA was
increased in early pregnancy. In normal pregnancy and RUPP the mRNA for all angiotensin
receptors was reduced in the uterus at late gestation. The AT1R accounted for the majority of
binding in the uterus of virgin and the placenta of pregnant and RUPP. In RUPP pregnancy there
was a significant competition with D-Ala in the placenta labyrinth.

DISCUSSION and CONCLUSION—The expression of angiotensin receptors suggests their
involvement in the maintenance of early stages of pregnancy. During late gestation down-
regulation of Ang receptors in the uterus may arise from feedback down-regulation by Ang II. In
the placenta the levels of AT1Rs are equivalent in the RUPP model. The increased binding of mas/
AT1-7R at late gestation in RUPP may represent a compensatory mechanism to reduce
uteroplacental vascular resistance.
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INTRODUCTION
The renin-angiotensin system (RAS) plays an important role during pregnancy and in the
development of preeclampsia [1; 2]. The counter-regulatory actions of angiotensin II (Ang
II) and vasodilatory peptide angiotensin-(1-7) [Ang-(1-7)] are demonstrated in the regulation
of blood pressure, vasoconstriction, cell proliferation and apoptosis [3; 4], suggesting
opposing actions of these two peptides on hemodynamics and uteroplacental development.
Normal human pregnancy is associated with an up-regulation of circulating renin, Ang II
[5], and Ang-(1-7); however during preeclampsia the systemic levels of Ang II and Ang-
(1-7) were reduced [5]. On the other hand, in the uteroplacental unit Ang II is increased with
no change in Ang-(1-7) during preeclampsia [6; 1; 7; 8] suggesting that an enhanced local
production of Ang II may have detrimental paracrine actions in this region.

Our studies previously demonstrated augmented Ang II at late gestation in the rat uterus [9].
However, in a rat model of preeclampsia (the reduced uterine perfusion pressure (RUPP)),
Ang II was reduced in the placenta, while Ang-(1-7) was decreased in the uterus or placenta
between RUPP and normal pregnant rats [9]. These studies uncovered the shifts in the
angiotensin peptide profiles within the uteroplacental unit associated with hypertensive
pregnancy. The significance of changes in angiotensin peptides is dependent on the
distribution and expression of their receptors. Angiotensin receptors are differentially
distributed in normal human pregnancy [6; 8]. In the report of Anton et al, [6] we used two
methods to characterize Ang receptors, receptor autoradiography and RT-PCR. With
autoradiography the AT1R was the predominate receptor subtype and the binding was not
changed with preeclampsia; with the measurement of the AT1R mRNA expression in the
placenta there was an increase in AT1R mRNA expression with preeclampsia. The
difference in protein binding and gene expression has been observed previously.
Nevertheless, our data which also included an increase in Ang II levels in the placenta with
preeclampsia would suggest an activated RAS in preeclampsia with the high levels of Ang II
binding at the AT1R [6; 8]. These data suggest that failure to suppress the placental RAS in
preeclampsia may lead to vasoconstriction and fetal growth restriction [8]. A number of
studies have described a non-AT1/non-AT2 receptor in the uteroplacental unit [10]. With the
discovery of a selective Ang-(1-7) receptor antagonist, [D-alanine7-angiotensin-(1-7)] (D-
Ala) that does not interact with AT1 nor AT2 receptors and specifically inhibits Ang-(1-7)
effects, the mas/AT1-7 - G protein coupled receptor has been characterized [6]. However
there are limited data on the expression of angiotensin receptors during early pregnancy and
no data on spatial distribution and expression of angiotensin receptors in the RUPP model of
preeclampsia. Therefore, the goals of this study were to determine the expression of
angiotensin receptors in early pregnancy and to establish whether normal pregnancy or
preeclampsia (RUPP) alters the expression and spatial distribution of the uteroplacental
angiotensin receptors (AT1R, AT2R and mas/AT1-7R) at late gestation.

METHODS
Animals

Age matched female Sprague-Dawley rats were obtained from Harlan (Indianapolis, IN,
USA) and housed under a 12 h light/dark cycle in an AAALAC-approved facility. Day 0 of
pregnancy was designated as the day when sperm were found on the vaginal smear. All
protocols were approved by the Animal Care and Use Committee of Wake Forest School of
Medicine and are in compliance with NIH guidelines.
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Experimental Procedures
On day 5 of pregnancy (the day after implantation), implantation sites (IS) were identified
by increased uterine vascular permeability at the site of the blastocyst attachment through
intra-cardiac injection of 0.2 ml of 0.5% Evans blue dye under light anesthesia The animals
were allowed to recover fully and then were sacrificed by decapitation. At day 5 and 7 of
pregnancy IS or interimplantation sites (IIS) of the uterus were collected for mRNA
analysis. Implantation sites (IS) were separated from interimplantation sites (IIS) and frozen
at −80°C until processed for mRNA analysis. About 50 mg of tissue was used for the
quantitative PCR (requiring a pool of IS (n = 2–3) and IIS n = 3–4 from the same animal for
single determinations). Uterine tissue from virgin at estrus was used as a control for early
gestation, as previously published [9], because this phase precedes ovulation and
implantation.

Surgical Procedures
On day 14 of pregnancy, rats were anesthetized with isoflurane and were either sham
operated or prepared for RUPP surgery [9; 11]. Briefly, silver clips were placed around the
descending aorta just above the iliac bifurcation (0.203 mm) and around both right and left
uterine arteries (0.221 mm).

Blood pressure recordings and tissue collection
Two days before sacrifice animals were anesthetized with 2% isoflurane and the carotid
artery was cannulated. On day 19 of pregnancy blood pressures were recorded (Biopac
System, Santa Barbara, CA) in conscious animals. Following decapitation the uterus and the
placenta were rapidly removed and frozen at −80°C. Uterine tissues from virgin animals at
diestrus phase of the estrus cycle were used in the late gestation study, since this is a stage at
which the levels of 17-β estradiol are the lowest. Two days before sacrifice the animals were
placed in metabolic cages for 24h urine collection.

Autoradiography
Tissues were sectioned at 14 μm and receptor autoradiography was performed using 125I-
[Sarcosine1, Threonine8]-Ang II (125I-SarThran). 125I-SarThran was used at a concentration
of 0.6 nM to determine the apparent maximal density of receptors [6]. A lower concentration
of 125I-SarThran (0.2 nM) was used in the presence or absence of 3 μM losartan (AT1R
antagonist), PD 123319 (AT2R antagonist) or D-Ala7-Ang-(1-7) (mas/AT1-7R antagonist) to
determine the percentage of each receptor subtype present [12; 13]. Sections were exposed
to film and were analyzed using a computerized densitometry system (MCID) [12; 13]. The
film was quantified using standards and the amount of radioactivity bound to tissue sections
was expressed in fmoles bound per milligram tissue equivalent [14]. Data for binding
density were expressed as the amount of total binding attributed to each receptor subtype as
determined by the competition study.

RNA isolation and quantitative PCR
Total RNA was isolated from tissue and reverse transcribed as described [15; 16]. The RNA
concentration and integrity were assessed using an Agilent 2100 Bioanalyzer with an RNA
6000 Nano LabChip (Agilent Technologies, Palo Alto, CA). Approximately 1 μg of total
RNA was reverse transcribed. The primer/probe sets were purchased from Applied
Biosystems (Foster City, CA). The results were quantified as Ct values and defined as
relative gene expression (the ratio of target/control).

Yamaleyeva et al. Page 3

Placenta. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Statistical analysis
Comparisons between the groups were performed using one way analysis of variance
(ANOVA) followed by the Newman-Keul’s post-hoc test for multiple comparisons or
unpaired Student’s t-test (GraphPad Software, San Diego, CA). A p value less than 0.05 was
considered statistically significant different. All values are presented as mean ± SEM.

RESULTS
Fig. 1 shows the mRNA levels of AT1, AT2 and mas/AT1-7 receptors in the IS and IIS
uterine sites at day 5 and 7 of early pregnancy. The AT1R mRNA levels were increased 3-
fold at day 7 in the IIS as compared to virgin uterus and to pregnant uterus at day 5 in the IIS
and at day 7 in the IS (p<0.0001). The AT2R was markedly decreased at day 5 and 7 in the
IIS as compared to virgin rats (p<0.0001). There was a significant increase in the AT2R at
day 5 in the IS compared to IIS (p<0.0001). There was an overall increase in mas/AT1-7R
mRNA levels with pregnancy in a temporal and spatial manner as compared to virgin rats
(p<0.0001). The mas/AT1-7R mRNA levels at day 7 in the IS were higher as compared to
day 5 IS (p<0.0001).

A significant increase of 12% was observed in MAP in RUPP as compared to normal
pregnant animals (Table 1). RUPP animals also had 34% fewer fetuses with smaller fetal
weight and length (p<0.001). There was also lower circulating estradiol in RUPP animals as
compared with pregnant (p<0.0001), but levels were higher than in virgin rats (p<0.0001)
[9]. Urinary protein excretion tended to increase in RUPP pregnant rats.

Fig. 2 shows the distribution of 125I-Sarthran binding in the uterus of virgin (Fig. 2B, H–L)
and in the placenta of 19 days pregnant rats (Fig. 2A, C–G). Highest binding was observed
in the myometrium of the uterus from virgin animals (Fig. 2B, H and Fig. 3). In pregnant
rats, equivalent binding was observed between the labyrinth placenta and the mesometrial
triangle (Fig. 2A and C) and there was no difference between normal pregnant and RUPP
(Fig. 4). No receptor expression was found in the trophospongium region of the placenta
(Fig. 2A and C).

The myometrium of non-pregnant uterus had 182% higher AT1R density as compared to the
endometrium (p<0.001) (Fig. 3). We observed a 92% competition with an AT1R antagonist
in the myometrium and significant competition with D-Ala (p<0.0002) (Table 2). There was
no difference in the density of AT2R or mas/AT1-7R in the myometrium as compared to the
endometrium (Fig. 3). In the endometrium there was a 94%, 28% and 25% competition with
AT1R, AT2R and mas/AT1-7R antagonists, respectively (Table 2).

We found 90–99% competition with the AT1R antagonist in the mesometrial triangle and
labyrinth placenta of pregnant and RUPP rats (Table 2). In the labyrinth placenta of pregnant
animals there was no significant competition with PD or D-Ala, however in the RUPP
animals there was a significant 13% competition with D-Ala in the labyrinth placenta
(p=0.03) but no significant competition with PD (Table 2). No significant competition with
PD or D-Ala was observed in the mesometrial triangle of pregnant and RUPP rats (Table 2).
The AT1R density was primarily expressed in the mesometrial triangle and labyrinth
placenta of the pregnant and RUPP rats (Fig. 2 and Fig. 4). The placenta of pregnant and
RUPP animals showed significantly higher AT1R density as compared with AT2R and
AT1-7R (p<0.0001), but there was no difference in the AT1R density of RUPP as compared
with normal pregnant animal (Fig. 4). There was no difference in AT2R and mas/AT1-7R
densities in the uterus or placenta of RUPP or pregnant rats (Fig. 4).
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There were significantly lower AT1R, AT2R and mas/AT1-7R mRNA levels in the uterus
during pregnancy as compared to virgin animals (Fig. 5). AT1R, AT2R and mas/AT1-7R
mRNA levels in RUPP were not different from pregnant animals (Fig. 5). No difference was
observed in the AT1R mRNA levels in the placenta of RUPP rats as compared with normal
pregnant (Pregnant: 1.09 ± 0.18, RUPP: 1.22 ± 0.23; n=6 in each group). AT2R and mas/
AT1-7R mRNA levels were not detectable in the placenta.

DISCUSSION
The components of local RAS are among the major mediators that can influence the
uteroplacental environment [1; 2]. We previously found differential distribution and
expression patterns of Ang II and Ang-(1-7) in the uteroplacental unit of pregnant and
hypertensive RUPP animals [9]. Since the concentration and location of the receptor
subtypes likely influence the action of the angiotensin peptides, we determined the
expression and distribution of angiotensin receptors in the uterus of virgin animals and
established whether the presence of the blastocyst or whether normotensive or RUPP
pregnancy alters the expression and distribution of these receptors. The RUPP model of
preeclampsia was chosen because of its similarity to human preeclampsia [10; 17]. Blood
pressure was increased in RUPP animals [9] possibly due to high systemic vascular
resistance and attenuated endothelium-dependent relaxation [18]. Maternal weight gain
during pregnancy was reduced in RUPP compared to normotensive pregnant animals. In
addition, fetal growth, crown to rump length, and litter size were also reduced [9], all
features consistent with the RUPP model as previously published by Granger et al [19], In
this model they reported that a decrease in uteroplacental blood flow and placental ischemia
[19] accounted for the fetal growth restriction.. Our findings together with Granger’s [19]
are consistent with placental insufficiency accounting for the reduction in fetal growth in
RUPP rats.

AT1R, AT2R and mas/AT1-7R were present in virgin myometrium and endometrium (Fig. 1)
in addition to previously observed detectable levels of Ang II and Ang-(1-7) [9]. In the
uterus of virgin rats, most of the [125I]Sarthran binding was localized to the myometrium
(Fig. 1 and 3). Competition studies showed higher density of AT1R in the myometrium
compared to endometrium (Fig. 3), suggesting a role for Ang II in the maintenance of
myometrial tone and other physiological functions of the non-pregnant uterus. We also show
that AT1R is the predominant receptor in the uterus of virgin rat (Fig. 3). The activation of
AT1R may oppose actions of mas/AT1-7R and AT2R on cell growth, proliferation and
vasoactive responses in the uterus throughout the estrus cycle [20; 7]. Since the levels of
estradiol were significantly higher in virgin rats at estrus vs. diestrus (99±17 vs. 37±3 pmol/
l) [9] and Ang II levels are increased at estrus vs. diestrus (327.3 ± 28.5 vs 214 ± 21 fmol/g,
n =10, p<0.005, Table 3), it is likely that angiotensin receptor expressions may also change
with the estrus cycle in non-pregnant uterus [2; 21]. Unfortunately the design of the present
study did not allow this comparison. Similar to the rat, the majority of total AT1R binding is
localized to myometrium in human non-pregnant uterus [6]. However, in the human non-
pregnant uterus there is a higher density of AT2R compared to AT1R and mas/AT1-7R,
indicating a species specific difference [6; 22].

This is the first report demonstrating the regulation and distribution of the angiotensin
receptors in early pregnancy in the rat. Previously [9], we showed that the Ang II and Ang-
(1-7) were spatially and temporally regulated during implantation and decidualization. Ang
II was decreased in both the IS and IIS at day 5 and 7 of gestation as compared with virgin
rats, whereas Ang-(1-7) was unchanged [9]. Ang II was increased in the IS compared to IIS
at day 5 of gestation, but at day 7 of gestation Ang II was increased in the IIS. (Table 3) [9].
The current findings demonstrating that the AT1R mRNA levels were 3-fold elevated in the
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IIS at day 7 of gestation in conjunction with the increased Ang II IIS levels (Fig. 1), suggest
that an important Ang II-AT1R-mediated event related to decidualization is occurring at this
time point. This change contrasts with the unchanged levels of AT1R mRNA levels within
the IS at day 5 and 7 of gestation. The profile for the AT2R mRNA expression was markedly
different from the AT1R with down-regulation of the AT2R mRNA at day 5 and 7 in the IIS,
but up-regulation of the AT2R occurring in the IS at day 5 of gestation as compared to IIS.
This pattern in conjunction with increased levels of Ang II at day 5 of gestation suggests that
Ang II may activate the AT2R in the IS possibly to enhance pregnancy progression at early
stages. The mas/AT1-7R mRNA levels were up-regulated in the IS and IIS sites at both time
points in association with maintained Ang-(1-7) levels, and thus would suggest an enhanced
function of Ang-(1-7) during early pregnancy.

There was a striking reduction in all three angiotensin receptor mRNA levels at late
pregnancy in the uterus of pregnant normotensive females which persisted in the
hypertensive pregnancy as compared to virgin animals (Fig. 5). We can only speculate that
reduced receptor expression at late pregnancy may be explained by the negative feedback
regulation by Ang II (Table 3). Interestingly, Anton et al., showed significantly lower
angiotensin receptor expressions in uterine placental bed of normal pregnant and
preeclamptic women compared to virgin uterine tissue [6] revealing similarities between
RUPP and human preeclamptic uterus. In our study, the AT2R and mas/AT1-7R mRNA
levels were undetectable at late gestation in the labryinth placenta; however we were able to
detect receptor binding by autoradiography, suggesting different sensitivities of the two
methods.

Competition studies revealed that AT1R is the predominant receptor in the mesometrial
triangle and labyrinth placenta of pregnant normotensive rats (Fig. 4). The presence of renin,
angiotensinogen, Ang I, ACE, and ACE2 in the placenta [9] suggests local production of
Ang II and Ang-(1-7) that may alter the late pregnancy events. We previously showed
increased levels of Ang II in the mesometrial triangle and labyrinth placenta of a different
preeclamptic transgenic rat model [23; 24], suggesting that Ang II may act on AT1R to elicit
vasoactive effects [21]. The Ang II could be increased due to local production in the
mesometrial triangle or due to diffusion from the placenta. As we reported previously [9],
the uterine levels of Ang II were increased in both normotensive and RUPP pregnancy at
late gestation compared with virgin uterus. However Ang-(1-7) was decreased only in RUPP
animal. Therefore, the ratio of Ang II/Ang-(1-7) did not change with pregnancy but
decreased with the RUPP, suggesting a diminished influence of Ang-(1-7) on uterine
physiology at late pregnancy in the RUPP [9]. These studies suggest a protective role for
Ang-(1-7) in late gestation. Since Ang-(1-7) is a vasodilatory agent, the heptapeptide
hormone may participate in uterine and placental blood flow regulation and its absence may
reduce its conterregulatory role in opposing the vasoconstriction [20; 7].

The lack of binding in the trophospongium region of the placenta at late pregnancy, which
contains trophoblast cells that can release multiple hormones and cytokines involved in
placentation at late pregnancy [25] suggests that Ang II or Ang-(1-7) have limited actions in
this region. This contrasts with the much higher binding in the adjacent labyrinth placenta
and mesometrial triangle regions, where Ang II and Ang-(1-7) may exert their strongest
influence.

RUPP preeclampsia had no effect on AT1R expression in the placenta. In contrast to
normotensive pregnancy both Ang II and Ang-(1-7) were reduced in the placenta of RUPP
females. This would suggest a diminished influence of the local placental Ang II/AT1R axis
in the RUPP. The Ang II/Ang-(1-7) ratio did not change in the placenta of hypertensive
pregnancy, suggesting the maintained influence of Ang-(1-7). In addition, there was more
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competition with D-Ala in the labyrinth placenta of RUPP females compared to competition
with PD compound suggesting an enhanced expression of the mas/AT1-7R. These findings
suggest that Ang-(1-7) is probably exerting a counter-regulatory role in the RUPP placenta
compared to normal pregnancy.

CONCLUSIONS
We conclude that both peptides, Ang-(1-7) acting on mas/AT1-7R and Ang II acting on
either the AT2R, and AT1R may contribute to the maintenance of early pregnancy possibly
via regulation of vascular changes or decidualization [21]. During late gestation the
reduction of Ang receptors in the uterus as compared to virgin may arise from the feedback
down-regulation by Ang II. In the placenta there may be diminished influence of the local
placental Ang II/AT1R axis in the RUPP. The increased binding of mas/AT1-7R at late
gestation in RUPP pregnancy may represent a compensatory mechanism to reduce
uteroplacental vascular resistance.
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Fig. 1.
Uterine AT1R, AT2R and mas/AT1-7R mRNA in virgin and day (d) 5 and 7 pregnant
Sprague-Dawley rats. AT1R, AT2R and mas/AT1-7R mRNA from the interimplantation (IIS)
and implantation (IS) sites at day 5 and 7 of gestation are expressed relative to control.
Values are mean ± SEM, &p<0.0001 vs. virgin (n=6), 5d IIS (n=9), 5d IS (n=9), and 7d IS
(n=9), *p<0.0001 vs. virgin, ^p<0.0001 vs. 5d IIS, ap<0.0001 vs. 5d IS.
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Fig. 2.
Distribution of 125I-Sarthran binding in the uterus of virgin and in the uteroplacental unit of
19 day pregnant Sprague-Dawley rats. Panels A show H&E staining of the transverse
section of the uteroplacental unit from pregnant rats. Panels B show H&E staining of the
transverse section of the uterus from virgin rats. Panels C and H - Total binding; D and I -
Non-specific binding in presence of 0.2 nM unlabeled Sarthran; E and J - AT1 receptors
determined in the presence of 3 μM Losartan (amount of binding left is due to non-AT1
receptors); F and K - AT2 receptors determined in the presence of 3 μM PD123319; G and L
- mas/AT1-7 receptors determined in the presence of 3 μM D-Ala. Pl-T - Trophospongium
area of placenta. Pl-L - Labyrinth area of placenta. Mes - Mesometrial triangle. Endo -
Endometrium. Myo - Myometrium. YS - Yolk Sac.
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Figure 3.
Angiotensin subtype receptor density in the endometrium and myometrium of the uterus of
virgin Sprague-Dawley rats. Values are expressed as mean ± SEM, *p<0.001 vs.
endometrium, n=9 in each group.
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Fig. 4.
Subtype receptor density in the mesomertrial triangle and labyrinth placenta of 19 day
pregnant and RUPP Sprague-Dawley rats. Values are expressed as mean ± SEM, n=7–10
(pregnant), n=10–11 (RUPP).
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Fig. 5.
Uterus AT1R, AT2R and mas/AT1-7R mRNA in virgin, 19 day pregnant and RUPP Sprague-
Dawley rats. The mRNA data are expressed relative to the virgin control. Values are mean ±
SEM, *p<0.05 vs. virgin; n = 7–8 (virgin), n=7–8 (pregnant), n=8 (RUPP).
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Table 1

Basal Characterization of Virgin, 19-day Pregnant and RUPP Sprague-Dawley Rats.

Virgin Pregnant RUPP

Body weight (g) 234±2.5 312±6.2* 278±4.9*#

Litter size (n) - 11.5±0.7 7.6±0.8#

Pup crown to rump length (cm) - 2.92±0.04 2.63±0.05#

Pup weight (g) - 2.34±0.09 1.93±0.07#

# Pups reabsorbed - 0.31±0.17 5.86±0.92#

MAP (mmHg) - 108±1.6 121±1.0#

17β-Estradiol (pmol/l) 31±3.2 191±20* 104±16.0*#

Urine Volume (ml) - 28.9±2.3 24.9±2.0

Protein (mg/24h) - 8.1±1.3 11.9±3.3

Urinary Protein/Creatinine Ratio (mg of protein/mg of urinary creatinine) - 0.7±0.14 1.2±0.30

Values are expressed as mean ± SEM.

*
p < 0.05 vs. virgin,

#
p < 0.05 vs. pregnant; n=14–16.
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Table 2

AT1, AT2 and AT1-7 Receptors Binding in the Uterus of Virgin and the Uterus and Placenta of Normal
Pregnant and RUPP 19-day Sprague-Dawley Rats.

Uterus or Uteroplacental Unit AT1R % competition with
losartan

AT2R % competition with
PD1233195

Mas/AT1-7R % competition
with D-Ala

Virgin Endometrium 94 ± 3* 28 ± 11# 25 ± 7#

Myometrium 92 ± 4* 20 ± 11 18 ± 4#

Pregnant Mesometrial triangle 90 ± 5 7 ± 7 22 ± 15

Labyrinth placenta 98 ± 1 20 ± 11 14 ± 8

RUPP Mesometrial triangle 96 ± 2 7 ± 4 13 ± 7

Labyrinth placenta 99 ± 1 7 ± 5 13 ± 5#

Values represent % of total binding. AT1, AT2 and mas/AT1-7R values represent % competition with 3 μM of losartan, PD123319 and D-Ala7-

Ang-(1-7) respectively. AT1R values were compared with the constant 100% to determine whether the AT1R subtype accounted for all binding

observed. Values for AT2R and mas/AT1-7R were compared with the constant 0% to determine whether there was a significant contribution of

AT2R and mas/AT1-7R to the total binding.

*
p<0.05 vs. 100%;

#
p<0.05 vs. 0%; n = 9–11.

Placenta. Author manuscript; available in PMC 2014 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Yamaleyeva et al. Page 16

Ta
bl

e 
3

A
ng

io
te

ns
in

 P
ep

tid
e 

C
on

te
nt

 in
 th

e 
U

te
ru

s 
at

 E
ar

ly
 P

re
gn

an
cy

 a
nd

 in
 th

e 
U

te
ru

s 
an

d 
Pl

ac
en

ta
 o

f 
N

or
m

al
 P

re
gn

an
t a

nd
 R

U
PP

 S
pr

ag
ue

-D
aw

le
y 

R
at

s 
at

L
at

e 
Pr

eg
na

nc
y. A

. E
ar

ly
 P

re
gn

an
cy

 (
da

y 
5 

an
d 

7 
of

 g
es

ta
ti

on
)

V
ir

gi
n

5d
 I

IS
5d

 I
S

7d
 I

IS
7d

 I
S

A
ng

 I
I

32
7.

3 
±

 2
8.

5
19

5 
±

 1
5&

25
7 

±
 1

7*
&

20
0 

±
 1

2&
14

8 
±

 1
9#

&

A
ng

-(
1-

7)
23

4.
5 

±
 3

6.
8

31
6 

±
 3

1
28

8 
±

 3
1

33
6 

±
 3

6
23

1 
±

 1
6#

B
. L

at
e 

P
re

gn
an

cy
 (

da
y 

19
 o

f 
ge

st
at

io
n)

A
ng

 I
I

A
ng

-(
1-

7)

U
te

ru
s

V
ir

gi
n

21
4 

±
 2

1
28

6 
±

 2
2

U
te

ru
s

Pr
eg

na
nt

26
7 

±
 2

0&
37

2 
±

 7
4

R
U

PP
30

0 
±

 2
1&

18
1 

±
 1

6^
&

Pl
ac

en
ta

Pr
eg

na
nt

48
8 

±
 2

7
19

7 
±

 2
0

R
U

PP
38

2 
±

 3
0^

14
3 

±
 2

6^

T
he

 d
at

a 
ar

e 
ex

pr
es

se
d 

as
 f

m
ol

/g
 o

f 
tis

su
e 

w
ei

gh
t. 

V
al

ue
s 

ar
e 

m
ea

n 
±

 S
E

M
.

* p<
0.

05
 v

s.
 5

d 
II

S,

# p<
0.

05
 v

s.
 7

d 
II

S,

^ p<
0.

05
 v

s.
 1

9-
da

y 
pr

eg
na

nt
;

&
p<

0.
05

 v
s.

 v
ir

gi
n.

 n
 =

 8
–1

7.
 D

at
a 

ar
e 

m
od

if
ie

d 
w

ith
 p

er
m

is
si

on
 f

ro
m

 o
ur

 p
re

vi
ou

s 
pu

bl
ic

at
io

n 
[9

].

Placenta. Author manuscript; available in PMC 2014 June 01.


