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Introduction

Preeclampsia (PE) and fetal growth restriction (FGR) complicate 
over 10% of  human pregnancies and contribute significantly to 
fetal and maternal morbidity and mortality [1]. PE is a condition 
in pregnancy characterized by high blood pressure and proteinu-
ria after the twentieth week of  pregnancy [2]. FGR is defined as 
the inability of  a fetus to grow to its genetically determined po-
tential size [3]. Even though PE and FGR have been known for 
centuries,there is still no effective treatment available, and in se-
vere cases of  PE delivery of  the baby (irrespective of  gestational 
age) remains the only cure [4].

The cause of  PE and FGR is not well understood, but both con-
ditions are known to be associated with increased uterine artery 
resistance [5]. In normal pregnancies, adequate trophoblast inva-
sion of  spiral arteries leads to dilation of  utero-placental arteries 
[6]. This vascular change enables the increase of  blood flow to 
the placental bed and, therefore, fulfills the increased demand for 
oxygen and nutrients from the developing fetus [7]. PE and FGR 
have been associated with decreased trophoblast invasion of  the 
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maternal spiral arteries [5,8,9], leading to increased resistance. As 
a result,uterine artery blood flow is impaired, and placental perfu-
sion is reduced leading to ischemia.Thus, treatments directed at 
improving uterine artery blood flow have potential as therapies to 
ameliorate PE and FGR.  

Although a range of  murine models are available to study PE 
and FGR, none exhibit every facet of  PE or FGR. Consequently, 
the two models used in this study were chosen as they exhibited 
evidence of  both impaired uteroplacental vascular development 
and perfusion. The models utilized were a well-studied model of  
immunologically mediated pregnancy loss, female CBA/J mice 
mated with male DBA/2 mice (CBA/J × DBA/2), and the cat-
echol-O-methyltransferase-deficient mouse (COMT-/-). 

Decreased trophoblast number and abnormal differentiation, 
reduced placental perfusion and FGR have previously been ob-
served in CBA/J x DBA/2 mice [10,11]. In addition, these mice 
exhibit proteinuria and renal glomerulo-endotheliosis and, there-
fore, appear to bean appropriate model of  human PE [12]. Preg-
nant COMT-/- mice do not produce 2- methoxyestradiol (2-ME)
and exhibit many features of  PE, including raised maternal blood 
pressure, proteinuria, placental abnormalities, endothelial cell ac-
tivation and premature delivery [13]. Kanasaki et al., (2008) re-
ported that administration of  2-ME reversed all the features of  
PE in these mice [13].Recently, we demonstrated that pups from 
COMT-/- mice exhibited FGR [14].  In addition, these mice exhib-
ited abnormal umbilical artery waveforms that were characterized 
by reduced umbilical artery blood flow velocity and reverse or 
absent end-diastolic umbilical flow. These characteristics suggest 
that there was increased resistance in the placenta in this model. 
Further more,in ex vivo studies of  vessel function, our laboratory 
has shown that uterine arteries from pregnant COMT-/- mice ex-
hibited increased constriction in response to phenylephrine, when 
compared to arteries from control mice [14].

2-ME is an endogenous metabolite of  estrogen that is synthesized 
by COMT.  Plasma levels of  COMT and 2-ME are typically el-
evated in the third trimester of  normal pregnancy, but reduced in 
women with severe PE [13].A recent study in Norwegian women 
reported that a low COMT activity haplotype was associated with 
recurrent PE [15]. Therefore,an alteration in the COMT gene may 
lead to reduced COMT enzyme activity and account for the low 
levels of  2-ME observed in women with PE [15]. In fact, placen-
tal COMT levels are reduced in the placentas women with severe 
PE [16]. In addition, reduced COMT activity has also been linked 
to FGR [17] which is often associated with pregnancies compli-
cated by PE. 

Preliminary studies in our laboratory have shown that 2-ME is 
able to induce significant vasodilation of  uterine arteries (ex vivo) 
from normal pregnant mice and myometrial arteries from preg-
nant women [18].Uterine artery endothelial cells are known to ex-
press the COMT enzyme which is  required for 2-ME synthesis 
[19]. Further more, recent evidence suggests that 2-ME might be 
necessary for cytotrophoblast invasion of  the maternal decidua, 
and, therefore,may contribute to the prevention of  PE and FGR 
by promoting normal placental vascular formation [20].These 
studies suggest that 2-ME may be able to improve uterine artery 
vasodilation and, therefore, uterine artery resistance in women 
with PE and FGR. 

We hypothesized that 2-ME administration during pregnancy will 

lead to an increase in uterine artery blood flow velocity in murine 
models of  PE and FGR(COMT-/- and CBA/J X DBA/2 mice) 
and therefore ameliorate PE-like signs and rescue fetal growth in 
these mice. 

Materials and Methods

The University of  Alberta Health Sciences Animal Policy and 
Welfare Committee approved all experimental procedures in this 
study in accordance with the guidelines of  Canadian Council on 
Animal Care and conformed to the Guide for the Care and Use 
of  Laboratory Animals [21].

Animals and treatment

All animals used in this study were housed in polypropylene cages 
in a temperature and humidity controlled environment with 12h-
12h light-dark cycle. In addition, animals were given access to ad 
libitum standard laboratory chow and water. In this study, female 
COMT-/- mice (Courtesy of  Professor J Gogos, University of  Co-
lumbia) and their respective controls (C57BL/6J mice)(Jackson 
Laboratories; Bar Harbor, ME) of  2-3 months of  age were night-
ly mated with strain-matched males. CBA/J females were mat-
ed with DBA/2 males and as controls CBA/J were mated with 
BALB/c males (Jackson Laboratories; Bar Harbor, ME).The day 
of  vaginal plug detection was designated as 0.5 day of  pregnancy. 
From gestational day (GD) 12.5 to GD 18.5, pregnant dams were 
injected subcutaneously every day with 10 ng (100 μL) of  2-ME 
or vehicle (olive oil 100 μL). The timing of  the dose was based on 
previous studies, in which we used other interventions in mouse 
models using an identical time frame and were able to rescue fetal 
growth [14,22]. The selected dose of  2-ME was based on previ-
ous studies [13,20].The dose administered in the current study 
increased the serum concentration of  2-ME in COMT-/- mice to 
serum concentrations similar to those observed in the control 
wild-type pregnant mice [13].

Blood pressure measurement

Systolic blood pressure was measured using non-invasive tail-cuff  
method (IITC Life Science, Woodland Hills, CA, USA) on GD 
17.5.

Assessment of  proteinuria

Urine samples were collected on GD 18.5 of  pregnancy. Samples 
were then stored at -80°C until assayed for urinary albumin us-
ing an enzyme-linked immunosorbent assay (ELISA) (AssayPro, 
St Charles, MO, USA) and urinary creatinine by colorimetric kit 
assay (Cayman Chemical Company, Ann Arbor, MI, USA). From 
these measurements the albumin to creatinine ratio was calculated 
as µg albumin/mg creatinine.

Uterine and umbilical blood flow velocities

Uterine and umbilical artery and vein blood flow velocity were 
assessed in vivo on GD 17.5. Blood flow velocities were measured 
using previously established protocols [14,23]. Briefly, mice were 
anesthetized with isofluorane (3%) in air and placed in a supine 
position on a temperature-controlled heating pad.  Heating was 
adjusted to maintain rectal temperature between 36°Cand 38°C. 
Then the anesthetic concentration was reduced (to ~0.5% to 
1.5%) in order to maintain the constant maternal heart rate of  550 
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± 50 bpm and a respiratory rate of  150 ± 20 cpm. Abdominal hair 
was removed by the application of  a chemical hair remover. Pre-
warmed gel was applied to the shaved abdomenas an ultrasound-
coupling medium before mice were imaged transcutaneously 
using a high-resolution ultrasound biomicroscope (model Vevo 
770 for COMT-/- and C57BL6/J mice and model Vevo 2100 for 
CBA/J × DBA/2 and CBA/J X BALB/c mice;VisualSonics®, 
Toronto, ON, Canada). The transducer used for Vevo 770 was 30 
MHz operating at 100 frames/s. The Vevo 2100 system was also 
equipped with a 30 MHz transducer but it was operating at 300 
frames/s. The angle between the Doppler beam and the vessel 
was <30 degrees. Doppler waveforms were then obtained from 
both left and right uterine artery near the uterocervical junction 
close to the iliac artery. Umbilical artery and vein waveforms were 
obtained from at least two fetuses near the placental surface. Peak 
systolic velocity (PSV) and end diastolic velocity (EDV) were 
measured from at least three consecutive cardiac cycles that were 
not affected by motion caused by maternal breathing and the re-
sults were averaged. The resistance index (RI) = ((PSV-EDV)/
PSV) was calculated.

Measurement of  serum 2-ME concentration

On GD18.5, mice were subjected to terminal anesthesia using 
isofluorane and blood was withdrawn by heart puncture. Blood 
was then allowed to clot for ~1h in ice.  Serum was then extracted 
following centrifugation for 10 minutes at 5000 rpm and stored in 
-80°C. The serum 2-ME concentration at GD 18.5 was measured 
in the COMT -/-, COMT-/- mice supplemented with 2-ME and 
C57BL6/J mice by liquid chromatography-mass spectroscopy as 
previously described [24].

Fetal and placental measurements

Dams were euthanized on GD 18.5 and the entire uterus was 
removed and immediately placed in freshly prepared cold physi-
ological saline solution (PSS). Pups and placentas were then dis-
sected out and number of  live fetuses and resorptions were re-
corded. The fetuses and placentas were blotted dry and weighed, 
and the crown to rump length and abdominal circumference were 
recorded. Placentas were further dried at 37°C and the dry pla-
cental weight was recorded. Uterine arteries from the right horn 
were carefully dissected in cold PSSand surrounding adipose and 
connective tissue was removed.

Assessment of  uterine artery function ex vivo

Uterine arteries were carefully cut into four small segments and 
were mounted into a wire myograph (610M, Danish Myo Tech-
nology, Aarhus, Denmark) as described elsewhere [14,25]. Briefly, 
the vessels were secured in 25μm tungsten wire and then warmed 
to 37°C (bathed in 6 mLof  PSS) for 20 minutes before they were 
normalized to 0.9 of  L13.3kPa using standard normalization proce-
dure. Vessel function was then assessed by measuring contrac-
tion and relaxation response curves in response to phenylephrine 
(Phe) and methacholine (Mch), respectively, as described previ-
ously [14].Briefly, a cumulative dose response curve (0.1 nmol/L 
- 10μmol/L) was performed for Phe. The Phe concentration re-
quired to produce 80% constriction or EC80 was then calculated 
and added to the bath and the endothelium-dependent relaxation 
response was tested by subsequent vasodilation curve to MCh 
(0.1 nmol/L - 10μmol/L).

Statistical analysis

All data is presented as mean ± standard error of  the mean (SEM) 
and compared with two-way analysis of  variance that included 
genotype and resveratrol treatment as independent variables. Sig-
nificance was determined using the Bonferroni post-hoc test and 
statistical significance was defined as P<0.05. Graphpad Prism 
(La Jolla, CA) was used for statistical analysis. For wire myogra-
phy experiments, sigmoidal dose response curve fittings were per-
formed and EC50 concentration of  the drug was calculated using 
Graphpad Prism 5.0.

Results

Effect of  2-ME on blood pressure and proteinuria in COMT-/- 
and CBA/J × DBA/2 mice

Systolic blood pressure (SBP) and heart rate (HR) on GD 
17.5 were not different between the C57BL/6J and COMT-/- 

mice(Table 1). In addition, there was no difference in SBP and 
HR between CBA/J × DBA/2 and their respective controls 
CBA/J X BALB/c (Table 1). 

There was a significant effect of  genotype and treatment on 
albumin:creatinine ratio. In mice treated with vehicle, the 
albumin:creatinine ratio was significantly elevated in the COMT-/- 
mice compared to C57BL/6J (control mice) at GD 18.5 (Figure 1A; 
P<0.05). Following treatment with 2-ME, the albumin:creatinine 
ratio was reduced in the COMT-/- mice and was similar to those 
recorded in the control animals treated with vehicle(Figure 1A; 
P<0.05, COMT-/- vehicle-treated mice vs COMT-/- 2 ME-treated 
mice). However, proteinuria was not significantly different be-
tween CBA/J × DBA/2 and CBA/J X BALB/c mice and 2-ME 
treatment did not have any effect on this measure in these groups 
of  mice (Figure 1B). 

Effect of  2-ME on uterine and umbilical artery blood flow in 
COMT-/- and CBA/J × DBA/2 mice

The hemodynamic and waveform parameters, as measured at GD 
17.5, are listed in Table 3 and 4.  There were no significant dif-
ferences in uterine artery and umbilical vein blood flow velocities 
in C57BL/6J and COMT-/- mice at GD 17.5 (Table 3). Umbili-
cal artery maximum velocities were also not significantly different 
between C57BL/6J and COMT-/- mice (Figure 2A). However, a 
significant effect of  genotype and treatment on umbilical artery 
end diastolic velocity and resistance index was observed on GD 
17.5 in COMT-/- mice (P<0.05, Figure 2B). The minimum um-
bilical artery velocity was significantly reduced (P<0.05, Figure 
2B) and the resistance index was increased in the COMT-/- mice 
(Figure 2C). Importantly, both of  these measures were normal-
ized following treatment with 2-ME in the COMT-/- mice (Figure 
2B and 2C).

Fetal and placental measurements

There was no significant difference in pup weight, crown-rump 
length, or abdominal circumference between C57BL/6J and 
COMT-/- mice (Table 2).These parameters were also not signifi-
cantly different between CBA/J × DBA/2 and CBA/J X BALB/c 
mice (Table 2). In addition, 2-ME did not have any effect on any 
of  these measurements in either of  the mice models (Table 2). 
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Placental weights were not significantly different between animals 
in any of  the groups. Similarly, the pup weight:placental weight ra-
tio was not significantly different between the two murine model 
and their respective controls; 2-ME did not have any effect on this 
measure (Table 2). There was no evidence of  gross abnormalities 
in fetuses from 2-ME-treated dams.

Effect on ex vivo uterine artery function in COMT-/- mice

There was no effect of  genotype or 2-ME treatment on Phe-
induced constriction in COMT-/-(Figure 3A) and CBA/J × 

DBA/2mice (Figure 4A). Similarly, there was no effect of  geno-
type or 2-ME treatment on sensitivity to Phe either in COMT-/-

(Figure 3B) or in CBA/J × DBA/2 mice (Figure 4B). Addition-
ally, MCh-induced relaxation or MCh EC50 concentrations were 
not significantly different between C57BL/6J and COMT-/- mice 
(Figure 3C) and CBA/J × DBA/2 and CBA/J X BALB/c mice 
(Figure 4C). Supplementation with 2-ME did not have any effect 
on these measuresin COMT-/- mice (Figure 3D) and CBA/J × 
DBA/2 and CBA/J X BALB/c mice (Figure 4D). No significant 
difference in uterine artery relaxation was observed among the 
mice models and their respective controls in response to the NO 

Table 1. Effects of  2-ME on maternal blood pressure and heart rate on gestational day 17.5
Mean ± SEM; n=5-7 SBP

(mmHg)
HR

(bpm)
C57BL6/J + vehicle 132 ± 9 476  ± 29
C57BL6/J + 2-ME 135  ± 9 485  ± 34
COMT-/-+ vehicle 113  ± 5 477  ± 45
COMT-/- + 2-ME 126  ± 6 480  ± 31
CBA/J X BALB/c + vehicle 128 ± 4 485  ± 33
CBA/J X BALB/c + 2-ME 142 ± 4 434 ± 14
CBA/J X DBA/2 + vehicle 138  ± 3 469  ± 26
CBA/J X DBA/2 + 2-ME 142 ± 6 415 ± 10

GD = gestational day; 2-ME = 2-methoxyestradiol; SBP =systolic blood pressure; HR = heart rate; bpm = beats per minute.

COMT-/- mice were compared with their respective controls C57BL6/J mice and CBA/J X DBA/2 were compared with CBA/J X 
BALB/c mice, using a two-way ANOVA. There was no effect of  genotype / strain or treatment on systolic blood pressure or heart rate.

Figure 1. Proteinuria in C57BL/6J and COMT-/- mice on day 18.5 of  gestation.

A) The albumin: creatinine ratio was significantly elevated in the COMT-/- mice; this was normalized following treatment with 2-ME. 
B) There was no difference in albumin: creatinine ratio between CBA/J X BALB/c and CBA/J X DBA/2 mice.   Mean ± SEM, n=4-
6, *P<0.05, **P<0.01, two-way ANOVA, #P<0.05, Bonferroni post-hoc test indicating differences compared with COMT-/- mice on 

olive oil.
Table 2. Effect of  2-ME on feto-placental parameters on C57BL/6J, COMT-/-, CBA/J X BALB/c and CBA/J X DBA/2 

mice
Mean ± SEM, n=5-8, Fetal Weight (g) Crown-rump length 

(mm)
Abdominal circumference 

(mm)
Placental weight (g)

C57BL6/J + vehicle 1.03  ± 0.04 29.0  ± 0.4 24.7  ± 0.3 0.12  ± 0.006
C57BL6/J + 2-ME 1.10  ± 0.04 29.9  ± 0.2 24.9 ± 0.6 0.12 ± 0.008
COMT-/- + vehicle 1.07 ± 0.02 29.5 ± 0.4 26.0 ± 0.6 0.13 ± 0.006
COMT-/- + 2-ME 1.03 ± 0.009 29.3 ± 0.3 25.7 ± 0.2 0.13 ± 0.002
CBA/J X BALB/c +vehicle 1.04 ± 0.03 28.8 ± 0.5 24.0 ± 0.5 0.12 ± 0.007
CBA/J X BALB/c + 2-ME 0.98  ± 0.04 28.0  ± 0.4 22.5  ± 0.5 0.11  ± 0.004
CBA/J X DBA/2 + vehicle 0.99  ± 0.33 28.0  ± 0.4 23.2  ± 0.3 0.11  ± 0.004
CBA/J X DBA/2 + 2-ME 0.96  ± 0.02 27.7  ± 0.3 22.8  ± 0.4 0.11  ± 0.003

COMT-/- mice were compared with control C57BL6/J mice and CBA/J X DBA/2 pairs were compared with their controls CBA/J X 
BALB/c mice, using a two-way ANOVA. There was no effect of  genotype / strain or treatment on measurements of  fetal growth or 
placental weight.
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donor SNP (data not shown).

2-ME measurement in the serum

Serum concentration of  2-ME was significantly reduced in 
COMT-/- mice compared with C57BL/6J control mice (0.033 ± 
0.007 vs. 0.085 ± 0.021 pg/ml; p<0.05). Administration of  2-ME 
increased circulating concentration of  this molecule in COMT-/- 
mice to a level that was not significantly different to the level of  
2-ME found in control mice (0.130 ±0.019 pg/ml; p>0.05).

Discussion

It is known that 2-ME induces significant vasodilation of  uter-

ine arteries from normal pregnant mice [18] and of  aortic seg-
ments from male rats ex vivo [26].In addition, 2-ME is known to 
ameliorate high blood pressure and proteinuria in COMT-/- mice 
during pregnancy [13].We hypothesized that treatment of  COMT-

/- and CBA/J × DBA/2mice with 2-ME during pregnancy would 
improve uterine artery blood flow velocity and,therefore, amelio-
rate signs of  PE and rescue fetal growth. In the current study, 
we observed that 2-ME administration during pregnancy did not 
increase uterine artery blood flow velocity in the COMT-/- and 
CBA/J × DBA/2 mice. However, following 2-ME administra-
tion, the increased proteinuria,and reduced umbilical artery blood 
flow velocity,found in the COMT-/- mice were normalized to that 
of  control animals. 

Since 2-ME abolishes vascular contraction in the presence, but 

Table 3. Hemodynamic parameters of  uterine and umbilical vasculature evaluated by ultrasound biomicroscopy on GD 17.5 
in C57BL6/J and COMT-/- mice

C57BL6/J COMT-/- ANOVA
Vehicle (Olive oil) 2-ME Vehicle (Olive oil) 2-ME Int Gen 2-ME

Maternal heart rate (bpm) 550.7 ± 17.6 569.3 ± 17.0 578.1  ± 17.1 567.3 ± 6.4
Fetal heart rate (bpm) 215.0 ± 16.3 209.3 ± 11.5 239.8 ± 15.9 203.0 ± 19.5
Uterine Artery
PSV (mm/s) 573.34 ± 55.36 569.33  ± 17.03 513.1 ± 42.46 598.6 ± 66.2
EDV (mm/s) 296.82 ± 42.2 284.82 ± 16.16 228.75 ± 4.71 254.76 ± 31.69
RI 0.49 ± 0.02 0.52 ± 0.02 0.54 ± 0.03 0.57 ± 0.01
Umbilical Artery
PSV (mm/s) 136.20 ± 11.47 166.05 ± 17.40 175.55 ± 15.94 190.83 ± 39.39
EDV (mm/s) 14.09 ± 0.54 15.31 ± 1.84 2.41 ± 0.42# 16.91 ± 3.53 * *
RI 0.91 ± 0.02 0.90 ± 0.003 0.98 ± 0.003# 0.90 ± 0.01 * *
Umbilical Vein
PSV (mm/s) 84.31 ± 18.73 68.86 ± 10.00 86.22 ± 7.53 81.72 ± 4.73
EDV (mm/s) 46.24 ± 8.10 36.92 ± 3.70 42.01 ± 6.04 46.35 ± 5.34
RI 0.43 ± 0.02 0.44 ± 0.05 0.51 ± 0.04 0.44 ± 0.04

2-ME = 2-methoxyestradiol; EDV = end diastolic velocity; Gen = genotype; Int = interaction; PSV = peak systolic velocity;  RI =resis-
tance index. *P<0.05, when effect of  Gen, administration of  2-ME or their Int was evaluated by two-way ANOVA. #P<0.05, Bonferr-
onipost-hoc test indicating differences within gen in vehicle groups.

Table 4. Hemodynamic parameters of  uterine and umbilical vasculature evaluated by ultrasound biomicroscopy on GD 17.5 
in CBA/J X BALB/c and  CBA/J X DBA/2 mice

Mean ± SEM, n=5-7 CBA/J X BALB/c CBA/J X DBA/2
Vehicle  (Olive oil) 2-ME Vehicle (Olive oil) 2-ME

Uterine Artery
PSV (mm/s) 601 ± 160 529  ± 48 541 ± 89 390 ± 23
EDV (mm/s) 232 ± 58 226 ± 24 257 ± 49 197 ± 10

RI 0.60 ± 0.02 0.57 ± 0.02 0.53 ± 0.01 0.49 ± 0.01
Umbilical Artery

PSV (mm/s) 142 ± 13 103 ± 13 149 ± 6 164 ± 9
EDV (mm/s) 9 ± 1 5 ± 0 10 ± 1 9 ± 1

RI 0.93 ± 0.007 0.94 ± 0.01 0.93 ± 0.01 0.94 ± 0.004
Umbilical Vein

PSV (mm/s) 57 ± 5 45 ± 3 50 ± 4 56 ± 2
EDV (mm/s) 42 ± 4 34 ± 2 34 ± 5 39 ± 2

RI 0.26 ± 0.03 0.24 ± 0.01 0.32 ± 0.04 0.30 ± 0.01
2-ME = 2-methoxyestradiol; EDV =end diastolic velocity;Gen = genotype; Int = interaction; PSV = peak systolic velocity;  RI =resist-
ance index. *p<0.05, when effect of  Gen administration of  2-ME or their Int was evaluated by two-way ANOVA. #p<0.05, Bonferroni 
post-hoc test indicating differences within genotypes in vehicle group.



Stanley JL et al., (2014) Effects of  2-methoxyestradiol administration in mouse models purported to show signs of  preeclampsia and fetal growth restriction. Int J Reprod 
Fertil Sex Health, 1(5), 28-36. 33

www.scidoc.org/IJRFSH.php

not in the absence, of  endothelium, and this effect is blocked 
by NOS inhibition, it suggests that 2-ME abrogates vascular 
contraction via endothelium-dependent NO production [26,27]. 
Given the capacity of  2-ME to induce vascular relaxation, its abil-
ity to increase uterine artery blood flow velocity in the COMT-/-

and CBA/J × DBA/2 mice was investigated. In agreement with 
our previous study [14], there was no difference in uterine ar-
tery blood flow velocity in the COMT-/- compared to C57BL/6J 
mice and 2-ME did not have an effect on this measure. CBA/J × 
DBA/2 mice did not exhibit abnormal uterine artery blood flow 
velocity compared to their controls CBA/J X BALB/c mice. In 
line with blood flow results, we did not observe any differences 
between the normal control mice C57BL6/ and COMT-/- mice 
and CBA/J × DBA/2 and CBA/J X BALB/c mice in ex vivo uter-
ine artery endothelial function studies. 

In previous studies,CBA/J × DBA/2 mice have been shown to 
exhibit FGR [10,11]. This abnormality was not present in the cur-
rent study. One of  the reasons for this disparity may be due to 
the difference in gestational age at which the measurements were 
made i.e. fetal weight measured at gestational day 15, as opposed 
to 18.5 in this study [10,11]. 

COMT-/- mice have previously [14] demonstrated abnormal um-
bilical Doppler waveforms, including decreased minimum um-
bilical artery blood flow velocity and increased umbilical artery 
resistance. 2-ME administration led to normalization of  these 

measures in the COMT-/- mice. Although the abnormal umbilical 
Doppler waveforms were associated with FGR in the COMT-/- 
mice in our previous study [14], FGR was not observed in the cur-
rent study. Similarly, Kanasaki et al., (2008) did not report FGR in 
the pups from COMT-/- mice [13]. It is important to note that the 
growth restriction observed in the pups from COMT-/- mice in 
our previous study was subtle [14]. In the current study, it is possi-
ble that the abnormal umbilical Doppler waveforms were present 
only in a subset of  fetuses and, therefore, growth restriction did 
not appear in all fetuses. Given that 2-ME administration led to 
normalization of  abnormal umbilical Doppler waveforms in the 
COMT-/- mice, its therapeutic potential in cases of  FGR with ab-
normal umbilical Doppler waveforms is apparent. However, the 
mechanisms by which 2-ME normalizes umbilical Doppler wave-
forms in the COMT-/- mice remain to be investigated. 

Placentas from COMT-/- mice exhibit an increased in the anti-
angiogenic factor sFlt-1[13]. This can lead to a reduction in 
placental angiogenesis in these mice, and consequently increase 
placental resistance and abnormal umbilical Doppler waveforms. 
One of  the mechanisms by which 2-ME can lead to normaliza-
tion of  abnormal umbilical Doppler waveforms might be via its 
effect on hypoxia-inducible factor HIF-1α, a transcription factor 
that senses tissue oxygen tension and regulates the expression of  
hypoxia-induced genes. Placental resistance might be reduced by 
2-ME through inhibition of  HIF-1α, which is known to upregu-
late sFlt1 [28,29]. Another possible mechanism by which 2-ME 

Figure 2. Abnormal umbilical artery Doppler waveform was normalized following 2-ME administration in the COMT-/- 
mice on day 17.5 of  gestation.

A) Umbilical artery maximum velocity was not different between among the groups. B) Umbilical artery minimum velocity was signifi-
cantly decreased and resistance index (C) was increased in COMT-/- mice; this was normalized following 2-ME administration. Mean ± 
SEM, n=3-6, *P<0.05, two-way ANOVA, #P<0.05, Bonferroni post-hoc test indicating differences compared with COMT-/- mice on 

olive oil.



Stanley JL et al., (2014) Effects of  2-methoxyestradiol administration in mouse models purported to show signs of  preeclampsia and fetal growth restriction. Int J Reprod 
Fertil Sex Health, 1(5), 28-36. 34

www.scidoc.org/IJRFSH.php

Figure 3. Response curves and EC50 concentrations of  uterine arteries from C57BL/6J and COMT-/- mice to cumulative 
concentrations of  phenylephrine (Phe) and methacholine (Mch).

A and B: There was no effect of  genotype or treatment on phenylephrine induced vasoconstriction of  the uterine arteries in either of  
the groups. C and D: There were no significant differences between relaxation responses to methacholine in COMT-/- compared to 

C57BL/6J mice. Mean ± SEM, n=3-4, two-way ANOVA. 

Figure 4. Response curves and EC50 concentrations of  uterine arteries from CBA/J X BALB/c and CBA/J X DBA/2 mice 
to cumulative concentrations of  phenylephrine (Phe) and methacholine (Mch). 

A and B: There was no effect of  genotype or treatment on phenylephrine induced vasoconstriction of  the uterine arteries in either of  
the groups. C and D: There were no significant differences between relaxation responses to methacholine in CBA/J X BALB/c and 

CBA/J X DBA/2 mice. Mean ± SEM, n=4-5, two-way ANOVA.
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could normalize the abnormal umbilical Doppler waveforms in 
the COMT-/- mice may be through restoration of  the placental 
eNOS enzyme expression [13]. This might lead to an increase in 
NO production in the placental vascular bed resulting in a reduc-
tion in placental resistance. Recently, 2-ME was measured in 157 
cord blood samples spanning a wide range of  gestation (24 – 42 
weeks) [30].It was discovered that infants born between 37 and 42 
weeks had significantly increased levels of  2-ME compared to in-
fants born at earlier gestation. Although it remains to be verified, 
it is plausible that 2-ME supplementation might have led to an 
increase in umbilical 2-ME concentrations in the COMT-/- mice. 
Therefore, 2-ME might elicit its vasorelaxing effects in the um-
bilical circulation. This could in part explain the normalization of  
impaired umbilical Doppler waveforms in these mice. 

Kanasaki et al., (2008) first demonstrated that COMT-/- mice 
displayed a PE-like phenotype, with significantly elevated blood 
pressure and proteinuria at GD 17.5 [13]. Therapy with 2-ME led 
to amelioration of  these signs. In agreement with this study [13], 
COMT-/- mice in our laboratory exhibited increased proteinuria 
and this was normalized to wild-type levels following 2-ME ad-
ministration. In contrast to this study [13], but consistent with our 
previous study [14], COMT-/-  mice did not display hypertension 
on GD 17.5. The use of  different control mice in the two stud-
ies might account for the observed difference in blood pressure. 
Kanasaki et al., (2008) used COMT+/+ (littermates of  COMT-/-) 
as controls in their study [13], whereas we used C57BL6/J mice, 
which are genetic background for the COMT-/- mice. It is im-
portant to note that COMT+/+ mice in the study by Kanasaki et 
al., (2008) did not display the pregnancy-induced blood pressure 
adaptation [13] observed in C57BL/6J mice [31] and in human 
pregnancy [8]. In normal pregnancy in both humans [8] and mice 
[31], there is a steady decrease in blood pressure up to mid-preg-
nancy and blood pressure returns to normal in the last weeks of  
pregnancy. In the COMT+/+ mice used by Kanasaki et al., (2008), 
blood pressure continued to decrease until the end of  pregnancy 
[31], which might explain the blood pressure difference found be-
tween the two studies. 

In summary, the current study demonstrated that 2-ME treatment 
in COMT-/- mice led to normalization of  proteinuria and umbili-
cal artery Doppler waveforms, suggesting that 2-ME might have 
therapeutic potential in cases of  FGR associated with abnormal 
Doppler waveforms. However, in the CBA/J × DBA/2 mice, a 
PE-like phenotype and FGR were not found in the current study. 
Thus, they can likely be excluded as a model to tests drugs aimed 
at improving these conditions. The utility of  2-ME in cases of  
PE needs to be further explored in PE models that exhibit more 
severe disease phenotypes. 
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