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Abstract
Our objective was to determine the relationship between p-ERK, p-AKT, eNOS and NO
concentrations in the placenta, uterine and umbilical vessels at mid-gestation and near-term in an
ovine model of placental insufficiency and IUGR (PI-IUGR). Eight pregnant ewes were exposed
to hyperthermic conditions for either 55 or 80 days to induce IUGR and 8 were used as controls.
Sheep necropsies were performed at mid-gestation and near-term for collection of placentomes,
umbilical vessels, and uterine artery. These tissues were assessed for eNOS mRNA and protein,
and p-ERK and p-AKT protein and compared between groups. Blood was collected for NO
determination at the time of necropsy. PI-IUGR pregnancies demonstrated: 1) reduced placental
weight at mid-gestation and reduced placental and fetal weight near-term, 2) no changes in eNOS
protein concentration in the uterine artery and umbilical vessels, but an increase in NO in
umbilical vein blood at both time points, 3) no significant changes in signal transduction makers
(ERK/AKT) in placental tissue at mid-gestation but a significant increase near-term in cotyledon
tissues, and 4) an increase in p-AKT in the uterine vessels at term. The near-term findings of
increased placental p-ERK and p-AKT proteins and umbilical vein NO concentration suggest one
mechanism responsible for the increase in placental eNOS previously described in this PI-IUGR
model characterized by fetal systemic hypertension and abnormal umbilical artery Doppler
velocimetry.
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Introduction
Intrauterine growth restriction (IUGR) is an obstetric complication known to increase the
risk for fetal and infant morbidity and mortality (Bernstein, Horbar, Badger, Ohlsson, &
Golan, 2000; Seeds & Peng, 1998). This disease is associated with the development of long-
term adverse health problems for the newborn and adult (Barker, 1993; Barker et al., 1993;
Bernstein et al., 2000; Seeds et al., 1998). While there are a number of causes of IUGR,
abnormal placentation with placental insufficiency is the most common affecting 3-5% of all
pregnancies (Kingdom, Huppertz, Seaward, & Kaufmann, 2000). During pregnancy there is
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significant elevation of blood flow through the uterus and placenta in order to meet the
demands of the growing fetus (Reynolds & Redmer, 2001). Disruptions in vasoactive
modulators such as nitric oxide (NO) are known to be present during IUGR (Myatt, Brewer,
& Brockman, 1991; Myatt, Eis, Brockman, Greer, & Lyall, 1997; Thaete, Dewey, &
Neerhof, 2004). NO is a potent vasodilator synthesized by the enzyme endothelial nitric
oxide synthase (eNOS) and is known to regulate placental blood flow (Myatt et al., 1991;
Myatt et al., 1997). In an ovine model of placental insufficiency and IUGR (PI-IUGR)
induced with hyperthermic (HT) exposure, placental and umbilical artery eNOS protein is
decreased at mid-gestation in the placenta, but increased near-term (Arroyo, Anthony,
Parker, & Galan, 2006; Galan et al., 2001). These eNOS data provide some mechanistic
explanation for the reduced blood flow, hypertension and increased resistance to blood flow
that is characteristic of the HT ovine IUGR fetus (Galan et al., 1999; Galan et al., 1998;
Galan et al., 2001). However, the effect on NO concentration and the signaling mechanisms
remain unknown.

The extracellular signal-regulated kinase 1/2 (ERK1/2) and the protein kinase B (AKT)
pathways are found in many cells types playing various roles. These signaling proteins have
not been determined in our model of IUGR but they had been shown to be decreased in
other models of IUGR (Ain, Canham, & Soares, 2005).

Our ovine model of PI-IUGR has numerous features characteristic of IUGR in humans,
including asymmetrical fetal growth with an increase in umbilical Doppler velocimetry
indices and systemic blood pressure, as well as a reduction of placental size (Bell,
Wilkening, & Meschia, 1987; Galan et al., 1999; Galan et al., 2001; Thureen, Trembler,
Meschia, Makowski, & Wilkening, 1992). IUGR has been induced by a variety of
techniques including uterine artery ligation, umbilical artery ligation, nutritional restriction,
hypoxia, high altitude exposure, hyperthermic exposure, carunculectomy, caruncle
embolization and administration of vasoactive agents (Block, Llanos, & Creasy, 1984;
Galan et al., 1998; Giles, Trudinger, Stevens, Alexander, & Bradley, 1989; Molnar &
Hertelendy, 1992; Ogata, Swanson, Collins, & Finley, 1990; Skarsgard et al., 2001; Thureen
et al., 1992; Wilkening & Meschia, 1991; Yallampalli & Garfield, 1993). Sheep exposed to
high ambient temperature throughout pregnancy develop the most severe IUGR (Bell,
McBride, Slepetis, Early, & Currie, 1989; Bell et al., 1987; Molnar et al., 1992; Ross,
Fennessey, Wilkening, Battaglia, & Meschia, 1996; Thureen et al., 1992). In the present
study our goal was to determine underlying mechanisms for the altered eNOS protein
concentration by assessing different end points in placental, umbilical and uterine tissues.
We chose to study this model to further define the molecular mechanisms related to eNOS
and signaling proteins not previously defined in IUGR. In addition, using this model enabled
us to define these mechanisms earlier in pregnancy in a controlled fashion that is not
achievable in humans. We chose to study these tissues at two time points, mid-gestation (95
days of gestation; dGA) and near-term (130 dGA), two important time points in ovine
pregnancy relative to fetal and placental growth. To accomplish this goal we set forth the
following objectives comparing HT treated animals and controls: 1) to asses eNOS mRNA
and protein concentration at mid-gestation in the uterine and umbilical vessel, 2) to
determine the NO concentration in the blood from the umbilical and uterine circulations, and
3) to determine the activation (phosphorylation) of ERK (p-ERK) and AKT (p-AKT) in the
placenta and uterine and umbilical vessels.

Results
Gestational ages, fetal and placental weights are shown in Table 1. Gestational ages of
animals were not significantly different between control and PI-IUGR pregnancies at each
time point. At mid-gestation, PI-IUGR pregnancies showed a significant decrease in
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placental weight (2.4-fold; 440±50 vs. 186±18; p<0.004), but not fetal weight. However,
near-term there was a significant decrease in both placental (2.0-fold; 348.7±21.02 vs.
168.7±43.2; p≤0.004) and fetal (1.8-fold; 2914±201g vs. 1718±433g; p≤0.008) weights in
the PI-IUGR pregnancies. Hemodynamics and blood gas analysis is shown in Table 2. There
was a significant increase in S/D ratios (1.0-fold 3.0±0.34 vs. 3.8±0.18) and systemic blood
pressure (1.3-fold 41±1.53mmHg vs. 44.3±1.71mmHg) associate with IUGR pregnancies
near-term. There was a significant decrease in fetal O2 saturation and partial pressure of
oxygen associated with IUGR pregnancies at this gestational age. There were no pregnancy
losses in our studies.

eNOS mRNA and protein concentrations
Umbilical vein—Umbilical vein eNOS mRNA concentration was similar between groups
at mid-gestation (Figure 1A) or near-term (Figure 1B). Western blot results for eNOS in the
umbilical vein at mid-gestation is shown in figure 1C demonstrating no differences in eNOS
protein in the umbilical vein during IUGR.

Umbilical artery—Umbilical artery eNOS mRNA or protein concentration did not show
any significant difference at mid-gestation in treated animals as compared to controls
(Figure 2A and C). A 2.8-fold decrease in eNOS mRNA concentration was observed in the
umbilical artery of treated animals near-term (Figure 2B).

Uterine artery—Uterine artery eNOS mRNA did not show any difference with treatment
at mid-gestation or near-term (Figure 3A and B). Western blot analysis for eNOS in the
uterine artery did not show any differences for this protein in IUGR animals as compared to
controls (Figure 3C).

NO determination
Nitric oxide concentration was significantly increased in the blood from the umbilical
vessels at mid-gestation in treated animals as compared to controls (Figure 4A). Uterine
artery blood analysis did not show any significant differences for NO at this gestational
period. Near-term NO in the umbilical vein blood alone was increased in PI-IUGR
pregnancies. Neither the uterine or umbilical artery showed significant changes in NO with
treatment at this point (Figure 4B).

Placental ERK and AKT assessment
A characteristic western for AKT and ERK is shown in Figure 5. No significant differences
for p-ERK and p-AKT were observed in the placental caruncle (maternal compartment) as
compared to controls (Figure 5A and B) at either gestational period studied. Cotyledon
tissues (fetal side) showed no significant differences for p-ERK or p-AKT at mid-gestation
(Figure 5C). A 1.8-fold increase (p<0.01) in p-ERK and a 2.4-fold increase (p<0.02) for p-
AKT were observed in this tissue near-term (Figure 5D).

Umbilical and Uterine Vessels ERK and AKT assessment
A characteristic western for AKT and ERK is shown in top of Figure 6.

Umbilical vein—At mid-gestation, PI-IUGR pregnancies showed a significant 2.3-fold
increase (p<0.002) in p-ERK in the umbilical veins with no differences in p-AKT (Figure
6A). In contrast, near-term, the umbilical vein showed no significant differences for p-ERK
and p-AKT with treatment as compared to controls (Figure 6B)
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Umbilical artery—No significant differences were observed in p-ERK and p-AKT within
the umbilical artery (Figure 6C) at mid-gestation. In contrast, the umbilical artery exhibited
a significant 14.2 fold decrease in p-AKT in near-term PI-IUGR pregnancies (Figure 6D).

Uterine artery—No differences for p-ERK and p-AKT were detected between groups in
the uterine artery tissues at mid-gestation (Figure 6E), while there was a 4.3 fold increase
(p<0.03) for p-AKT and no differences in p-ERK at near-term in the sheep PI-IUGR
pregnancies (Figure 6F).

Discussion
We studied two important time points in ovine pregnancy, mid-gestation, when placental
growth is at its peak, and near-term when fetal growth is at its maximum. In our study, we
found that PI-IUGR placental weights were significantly decreased at both gestational
periods as previously reported (Arroyo et al., 2006; Galan et al., 2001). Interestingly, fetal
weight was only significantly decreased near-term and not at mid-gestation in the PI-IUGR
pregnancies, a finding likely related to the fact that at mid-gestation the fetus is just entering
the exponential portion of the fetal growth curve thus making it more difficult to detect
differences in growth.

Table 3 summarizes the eNOS, NO, p-AKT and p-ERK results from this study and the
eNOS data from the previous studies in cotyledon and caruncles tissues (Arroyo et al.,
2006;Galan et al., 2001). NO and eNOS were studied because they are important regulators
of vessel vasodilation. In the present study, no significant differences were observed in
eNOS mRNA and protein concentration in the umbilical vein, umbilical artery or uterine
artery of HT animals at mid-gestation. Near-term, only umbilical artery eNOS mRNA was
significantly decreased which is consistent with the findings of a decrease in eNOS protein
level previously obtained in this vessel at this gestational period (Arroyo et al., 2006). These
results suggest a eNOS is transcriptionally regulated in these vessels in this model of IUGR.
NO was increased in the serum from the umbilical vein at both mid-gestation and near-term
gestational points. In contrast, serum NO was only increased in the umbilical artery at mid-
gestation while there was no change observed for serum NO from the uterine artery at any
gestational period. The general lack of eNOS changes in the umbilical artery and uterine
artery is understandable as these are conduit, not resistance vessels. The finding of an
increase NO in the blood from the umbilical vein is likely due to transfer of NO produced
upstream in the cotyledon where eNOS protein is increased (Arroyo et al., 2006).

For the placental signaling studies, the placentomes were separated into caruncles and
cotyledons reflecting the maternal and fetal sides of the placenta, respectively. Placental
eNOS experiments were not repeated as this data has been published previously. In studies
that assess important signaling proteins such as AKT and ERK, it is common to find only
one or the other that is affected and, as such, both are commonly studied simultaneously
(Boyd et al., 2003; Dimmeler, Assmus, Hermann, Haendeler, & Zeiher, 1998; Jo et al.,
1997; Sumpio et al., 2005; Tseng, Peterson, & Berk, 1995). At mid-gestation, the cotyledon
(fetal side) did not show any differences in p-AKT or p-ERK as compared to controls. In
contrast, our near-term studies showed increases in both of these proteins. There was no
change in p-ERK or p-AKT in the maternal side of the placenta (caruncle). This is similar to
lack of change in other proteins in the caruncle related to vasoregulation such as eNOS and
VEGF (Arroyo et al., 2006; Galan et al., 2001; Regnault et al., 2003). This is consistent with
the idea that hyperthermic exposure and IUGR in our model has its primary effect on the
fetal side of the placenta.
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Since the near-term HT PI-IUGR ovine pregnancy model demonstrates reduced absolute
uterine and umbilical (ml/min) blood flows, increased umbilical artery Doppler velocimetry
indices (Galan et al., 1998) and fetal systemic hypertension (Galan et al., 2005), we also
chose to study the uterine artery and umbilical vessels for activation of ERK and AKT
anticipating that there may be alterations in their protein concentration. At mid-gestation,
umbilical veins of PI-IUGR pregnancies showed a significant increase in p-ERK, but not p-
AKT, and no significant differences in the uterine or umbilical artery expression of p-ERK
or p-AKT. In the near-term HT pregnancies, no differences were observed for either protein
in the umbilical veins, which may again be explained by the primary conduit functions of
these vessels.

It is natural to draw associations and to speculate what these findings represent relative to
what is known in the HT-induced model of IUGR. Several characteristics of this IUGR
model suggest marked disruption of normal vascular development and disregulation as
indicated by a variety of molecular and physiologic parameters such as increased umbilical
artery Doppler velocimetry (e.g. increased impedance to placental blood flow) and fetal
hypertension (Galan et al., 2005; Galan et al., 1998). These physiologic findings are easy to
understand when viewing the abnormal vascular casts of the villous tree in this model
(Regnault, Galan, Parker, & Anthony, 2002). VEGF, eNOS, and Angiopoitein 2
abnormalities in the cotyledon provide molecular support for abnormal vascular
development and function (Arroyo et al., 2006; Galan et al., 2001; Hagen, Orbus,
Wilkening, Regnault, & Anthony, 2005; Regnault et al., 2003). The current study findings
taken collectively with the above past findings provide indirect evidence that shear stress
may play a role in vasoregulation in this model of IUGR. Shear stress or the frictional force
produced by blood flow is known to modulate physiological and pathological processes in
the cells. Some of the processes regulated by shear stress are vascular tone, vessel
remodeling, hemostasis and others (Boyd et al., 2003; Davies, Robotewskyj, & Griem,
1994). Shear stress induces eNOS mRNA and protein expression in endothelial cells
(Ranjan, Xiao, & Diamond, 1995; Uematsu et al., 1995). Induction of genes by shear stress
in endothelial cells is mediated, in part, by ERK and AKT. Western blot of the near-term
cotyledon tissues showed a significant increase for both p-ERK and p-AKT in PI-IUGR
animals, and shear stress has been shown to be to be a regulator of eNOS activity, p-ERK
and p-AKT proteins. This pattern of increased p-AKT and p-ERK, as markers of shear
stress, is consistent with the increase in eNOS protein content in the cotyledon of HT IUGR
pregnancies (Arroyo et al., 2006; Regnault, Orbus, Battaglia, Wilkening, & Anthony, 1999).

Our previous placental and umbilical and uterine vessel eNOS studies (Regnault et al., 2002)
lead to the investigation of the activation of ERK and AKT in an ovine model of IUGR.
ERK pathway is involved in cellular proliferation and differentiation in the cells and this
protein is phosphorylated during shear stress in endothelial cells (Azuma et al., 2001;
Azuma et al., 2000; Sumpio et al., 2005). AKT protein is similarly phosphorylated by shear
stress in endothelial cells (Dimmeler et al., 1998; Kudo et al., 2005; Wedgwood, Mitchell,
Fineman, & Black, 2003; Wyatt, Steinert, & Mann, 2004). Dimmeler et al (1998)
demonstrated that eNOS activation is mediated by the phosphorylation of AKT in cultured
endothelial cells, thus demonstrating a link between eNOS and AKT activation (Dimmeler
et al., 1998). While we speculate for current and past studies that shear stress is a possible
mechanism for the increased placental eNOS seen at term, we also recognize that there are
other mechanisms that regulate eNOS and the signaling molecules ERK and AKT. An
association between eNOS, NO and p-AKT and p-ERK in IUGR has not been previously
shown and collectively serve as surrogate markers of shear stress in this model of PI-IUGR
with umbilical artery Doppler abnormalities and fetal systemic hypertension. In vitro
pharmacologic studies are underway to better understand potential mechanisms for the
altered shear stress and vasoreactivity suspected in this model of IUGR.
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Materials and Methods
Animal care

This study was approved by the University of Colorado Health Sciences Center Animal Care
and Use Committee. Mixed-breed (Columbia-Rambouillet) ewes with time-dated singleton
pregnancies (total of 16 animals) were used for this study. Ewes were exposed to
environmental conditions as previously described (Regnault et al., 1999; Thureen et al.,
1992) and consisted of the following: (1) temperature maintained at 40°C for 12 hours
during the day and decreased to 35°C at night; (2) humidity was kept between 35% and
40%. Animals were separated into two groups based on length of HT exposure and
gestational age at necropsy. In the first group, four ewes were housed in the environmental
chamber for 55 days beginning at 40 dGA (term=147 days) and four ewes were housed at
ambient temperature (20 ± 2 °C) to serve as controls. These animals underwent necropsy at
95 days of gestation (dGA; mid-gestation). In the second group, four ewes were exposed to
HT conditions for 80 days (near-term) and were removed to control conditions at
approximately 120 days gestation. And additional four ewes were kept at ambient
temperature to use as controls. All animals in this group were euthanized at 130 dGA. All
ewes were pair-fed and offered water ad libitum. At the time of necropsy, prior to
euthanasia, blood was collected form the uterine and umbilical vessels by cordocentesis.
Following euthanasia, fetal and placentome weights were recorded. The placentomes were
separated into cotyledon (fetal) and caruncle (maternal) components, and frozen in liquid
nitrogen for western blot analysis. Uterine artery and umbilical vessels were excised and
dissected carefully from each other and frozen in liquid nitrogen for protein analysis.

RNA Extraction and cDNA synthesis
RNA was extracted from the collected tissues using the TRI REAGENT method. 100 mg of
tissues were homogenized in 1 ml of TRI REAGENT (Sigma, Saint Louis, MO). Samples
were centrifuged, chloroform extracted, precipitated and washed in cold 75% ethanol.
Samples were purified using a Qiagen RNeasy Mini Kit (Qiagen, Valencia, CA). cDNA was
produced through reverse transcription using the First-Strand cDNA Synthesis protocol from
the SuperScript III kit by Invitrogen (Invitrogen, Carlsbad, CA). 5 μg of total RNA was
mixed with 50 μM of oligo (dT) primers, 10 mM dNTP mix and DEPC-treated water.
Samples were incubated at 65°C for 5 min. and then placed on ice for at least 1 min. Ten μl
of cDNA Synthesis mix (10x RT buffer, 25 mM MgCl2, 0.1 M DTT, RNase out and
SuperScript III RT) was added to each sample and then incubated at 50°C for 60 min.
Reactions were terminated by incubation at 70°C for 15 min. RNase H (1 μl) was added to
each sample and then incubated at 37 °C for 20 min. Samples were stored at −20°C until
needed.

Real Time PCR
Quantitative Real Time PCR was used to quantify eNOS mRNA concentrations in our
samples. Each sample cDNA (10ng) was used for real time PCR using our Ovine eNOS
forward (5′-TGC ATG ACA TTG AGA GCA AAG GGC -3′) and ovine eNOS reverse (5′-
ATG TCC TCG TGA TAG CGT TGC TGA -3′), and compared to a standard curve
generated by known quantities of eNOS cDNA to determine starting quantity. To normalize
our eNOS data, sample cDNA were subjected to real-time PCR using primers (forward 5′-
TCA ACC AGG TGG AGA TCA ACG -3′ and reverse 5′-TGC TTT ACG GGC TTG TAG
GTG -3′) for ribosomal protein S15, and a standard curve of known quantities of S15 cDNA.
The amplification efficiencies were 98% and 99% for eNOS and S15, respectively.

Arroyo et al. Page 6

Syst Biol Reprod Med. Author manuscript; available in PMC 2010 July 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Western blot analysis
Vessel, cotyledon and caruncle tissues were homogenized in protein lysis buffer and
proteins were separated on a 10% SDS-PAGE and western blot for eNOS was performed as
previously described by Arroyo et al (2006). Western blot was also performed using
antibodies against rabbit p-ERK, ERK, p-AKT, or AKT (dilution of 1:500; Cell signalling,
Dancers, MA). Caruncles and cotyledons were not assessed for eNOS protein as it has been
previously published (Arroyo et al., 2006; Galan et al., 2001; Thaete, Neerhof, & Caplan,
1997). A secondary anti-rabbit IgG-HRP antibody (dilution 1:5,000; Cell signalling,
Dancers, MA) was incubated for 1 hour at room temperature. The membranes were rinsed
and incubated with chemiluminescent substrate (Pierce, Rockford, IL) for 5 min. The
emission of light was detected using x-ray film. Each membrane was stripped of antibodies
and reprobed utilizing antibody against mouse beta-actin (dilution 1:4,000; MP Biomedicals,
Aurora, OH) to confirm loading consistencies in each lane. Presence of these proteins was
confirmed by densitometry and quantified. Results were compared to the untreated controls.

NO determination
Uterine artery and umbilical vessel blood samples were collected prior to euthanization.
Protocol was followed as suggested by the manufacturer (Assay Designs, Ann Arbor,
Michigan). Briefly, blood samples were ultrafiltrated through a 10,000 MWCO filter. After
filtration, a solution of NADH was added to the samples followed by the addition of the
Nitrate Reductase solution. Samples were incubated at 37°C for 30 min. After incubation,
the Griess reagents were added and samples were incubated for 10 min at room temperature.
The optical densities of the samples were determined at 540-570 nm.

Statistical analysis
Comparisons of the following end-points were made between control and PI-IUGR
pregnancies: fetal and placental weights, eNOS mRNA and protein concentration, NO
production and p-ERK and p-AKT western blot analysis. Treatment effects were determined
using Mann-Whitney test with p<0.05 considered significant.
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Figure 1.
eNOS protein and mRNA in the umbilical vein during IUGR. No significant differences
were observed for eNOS mRNA in the umbilical vein at mid-gestation (A) and near-term
(B) in treated animals vs. controls. A non-significant increase (1.9-fold) in eNOS protein
expression was observed for the umbilical vein at mid-gestation during heat induced IUGR
in the sheep (C).
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Figure 2.
Umbilical artery eNOS protein did not change at mid-gestation during IUGR in the sheep.
Umbilical artery eNOS mRNA concentration was not change at mid-gestation (A) while a
significant decrease was observed for eNOS mRNA in this tissue with treatment near-term
(B). eNOS protein is not affected in the umbilical artery of treated animals as compared to
controls (C).
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Figure 3.
eNOS protein is decreased in the uterine artery of IUGR animals. No significant differences
were observed for eNOS mRNA concentration in the uterine artery of treated animals at
mid-gestation (A) and near-term (B). A 2.0-fold non-significant decrease was observed for
eNOS protein in the uterine artery of treated animals vs. controls (C).
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Figure 4.
Blood NO concentration in the uterine artery and umbilical vessels of HT treated animals.
Nitric oxide was significantly increased in the umbilical vessels at mid- gestation (A). Only
the umbilical vein showed a significant increase for NO near-term (B).
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Figure 5.
Placental p-ERK and p-AKT during IUGR. A characteristic western for ERK and AKT is
shown in top panel of this figure. No significant differences were observed for these proteins
in the caruncle at any gestational point studies (A and B). Only a significant increase in p-
ERK and p-AKT was observed in the cotyledon near term during HT treatment in the sheep
(C and D).
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Figure 6.
Umbilical vessels and uterine artery p-ERK and p-AKT during IUGR in the sheep.
Umbilical vein p-ERK was significantly increased in these vessels at mid-gestation but not
near-term in the treated animals vs. controls (A and B). p-ERK was increase at mid-
gestation while p-AKT was decreased in the umbilical artery of treated animals during
IUGR (C and D). Uterine artery p-AKT was increase only near-term during IUGR (E and
F).
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Table 2

Near-term Hemodynamic and blood gas results*

Control IUGR P Value

Hemodynamic Data

Systemic blood pressure 41±1.53 mmHg 44.3±1.71mmHg 0.026

S/D ratios 3.0±0.34 3.8±0.18 0.009

Blood gas data

pH 7.37±0.01 7.4±0.05 0.161

pO2 18.9±1.47mmHg 13.9±1.9mmHg 0.001

pCO2 45.9±4.61mmhg 50.98±3.95mmHg 0.06

O2 52.2±7.03% 33.05±10.98% 0.007

*
Arroyo et al., 2006
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Table 3

Summary of results obtained in study

Fetal (Cotyledon) Maternal (Caruncle)

Mid-gestation

p-ERK - -

p-AKT - -

eNOS ↓ ** ↓ **

Near-Term

p-ERK ↑ -

p-AKT ↑ -

eNOS ↑ * -*

Umbilical Vein Umbilical Artery Uterine artery

Mid-Gestation

NO ↑ ↑ -

p-ERK ↑ - -

p-AKT - - -

eNOS - - -

Near-Term

NO ↑ - -

p-ERK - - -

p-AKT - ↓ ↑

eNOS -* ↓ * -*

↑ = significant increase

↓ = significant decrease

*
Arroyo et al., 2006

**
Galan et al., 2001
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