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Abstract

Objective: To determine if B-flow/spatio-temporal image correlation (STIC) M-mode 

ultrasonography detects a decrease in spiral artery luminal diameter and volume flow during the 

first trimester in a nonhuman primate model of impaired spiral artery remodeling (SAR).

Methods: Baboons were treated with estradiol on days 25–59 of the first trimester of pregnancy 

(term = 184 days). Spiral artery luminal diameter and volume flow were quantified by B-

flow/STIC M-mode ultrasonography on day 60 of gestation and results compared with the 

percentage of spiral arteries remodeled by extravillous trophoblasts as quantified ex vivo by 

immunohistochemical image analysis on placental basal plate tissue collected via cesarean section 

on day 60.

Results: The percentage of spiral arteries greater than 50 μm in diameter remodeled by 

extravillous trophoblasts was 70% lower (P = 0.000001) in estradiol-treated baboons than in 

untreated animals. Spiral artery luminal diameter at systole and diastole, as quantified by B-flow/

STIC M-mode in the first trimester of pregnancy, was 32% (P = 0.014) and 50% (P = 0.005) 

lower, respectively, and volume flow 85% lower (P = 0.014) in SAR suppressed baboons than in 

untreated animals. There was a significant (P < 0.05) correlation between the level of spiral artery 

luminal diameter as quantified by B-flow/STIC M-mode ultrasonography and level of SAR.

Conclusion: B-flow/STIC M-mode ultrasonography provides a novel real-time noninvasive 

method to detect a decrease in uterine spiral artery luminal diameter and volume flow during the 

cardiac cycle in the first trimester in a nonhuman primate model of defective SAR.
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INTRODUCTION

During the first trimester of pregnancy, the uterine spiral arteries are remodeled (SAR) 

by extravillous trophoblasts into high-capacity vessels with enlarged lumens to promote 

placental perfusion. A defect in SAR underlies early onset preeclampsia, fetal growth 

restriction and pre-term birth1–3. Non-invasive real-time imaging methods to assess spiral 

artery dynamics that reflect impaired SAR early in gestation would be invaluable to 

diagnose abnormal human pregnancy caused by defective SAR. However, an in vivo 
assessment tool to reliably quantify impaired SAR has not been developed. Although uterine 

artery flow resistance is currently used as a proxy marker for impaired placentation, its value 

in the first and second trimesters as a stand-alone test is limited.4–6 Histological studies 

clearly show that extensively remodeled spiral arteries have a thin wall that accommodates 

increased blood flow, whereas poorly remodeled vessels retain a thickened wall and narrow 

lumen7. However, histological detection of impaired UAR has been made on tissue obtained 

after birth1,2 and thus not of timely use to predict at risk pregnancy. Since the main change 

in SAR is in the blood vessel architecture, an imaging method that could quantify in real 

time vessel dimension reflecting wall movements against flow during the cardiac cycle 

would be the best test to identify differences in proper and improper SAR. In addition, the 

method should be validated with immunohistochemical assessment of the level of SAR at 

the time of imaging.

We have established, by slightly elevating estradiol levels early in baboon pregnancy, a 

highly specific, selective and reproducible model of defective SAR8,9. Pregnant baboons 

exhibit uterine vascular anatomy, the maternal-placental-fetal endocrine axis and SAR 

similar to human pregnancy10. The defect in SAR was associated late in gestation with 

reduced uterine artery flow, increased maternal serum sFlt-1 levels, hypertension, and 

maternal vascular dysfunction, which are hallmarks of human preeclampsia8,9,11–13 (Table 

1). We propose that this primate paradigm provides an innovative model to establish new 

real-time imaging approaches to assess aspects of SAR.

Ultrasound B-flow is a non-Doppler technology to assess vessels of the fetal heart and other 

organs14–16. B-flow provides high-contrast resolution for sharp rendering of vessel structure, 

however, it does not allow for functional measurements. Spatio-Temporal Image Correlation 

(STIC) reconstructs a volumetric data set from over 1500 image slices in 5 transverse planes 

and synchronizes volumetric data with the pulse. M-mode ultrasound generates spatial 

formation along the sound beam axis with high temporal resolution to digitally quantify 

vessel dimension/diameter. We hypothesize that spiral artery wall luminal diameter, resulting 

from movement during systole and diastole, is lower in poorly remodeled spiral arteries. 

To test this hypothesis we combined B-flow/STIC with M-Mode to quantify spiral artery 

luminal diameter during systole and diastole and compared imaging results with ex vivo 
immunohistochemical quantification of SAR during the first trimester of baboon pregnancy.
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METHODS

Animals:

The present study was conducted in accordance with the ARRIVE (Animal Research: 

Reporting of In Vivo Experiments) guidelines to enable evaluation of the rigor and 

reproducibility of the methods, statistical analysis and results. Baboons (Papio anubis) 
were obtained from the Southwest National Primate Research Center (San Antonio, TX), 

housed individually in large primate cages, and received standard primate chow (Teklad 

Primate Diet 2050; Envigo, Frederick, MD) and fresh fruit twice daily and water ad libitum. 

Females were paired with male baboons for 5 days at the anticipated time of ovulation as 

estimated by menstrual cycle history and the pattern of external sex skin turgescence. Day 

1 of pregnancy was designated as the day preceding perineal deturgescence. Baboons were 

cared for and used strictly in accordance with the United States Department of Agriculture 

regulations and the National Institutes of Health Guide for the Care and Use of Laboratory 
Animals (8th ed.). The present experimental protocol was approved by the Institutional 

Animal Care and Use Committee of the University of Maryland School of Medicine.

Pregnant baboons were untreated or treated daily on days 25 to 59 of gestation with 

estradiol benzoate (25 μg/kg body weight/day sc in 1.0 ml of sesame oil). On day 60 

of gestation (i.e. near end of first trimester; term = 184 days), baboons were lightly 

anesthetized with propofol/ketamine administered intravenously and supplemented with 

oxygen (1 L/min) to maintain SpO2 > 95% and blood pressure and heart rate constant. 

B-flow/STIC M-mode ultrasound imaging of the uterine spiral arteries was performed as 

described below on day 60 in 7 untreated and 12 estradiol-treated baboons. Fifteen untreated 

and 18 estradiol-treated baboons were anesthetized with isoflurane, and subsequently, blood 

samples (2 ml) obtained from the maternal saphenous vein and the placenta removed by 

cesarean section for immunohistochemical quantification of SAR. B-flow/STIC M-mode 

ultrasound and quantification of SAR was simultaneously performed on 9 of these baboons, 

because either baboons were carried to term as part of another study or ultrasound 

imaging was unable to be performed. Serum estradiol levels were determined by RIA 

using an automated chemiluminescent immunoassay system (Immulite; Diagnostic Products 

Corp., Los Angeles, CA, USA) to confirm estradiol treatment. Intra-assay and inter-assay 

coefficients of variation were 6.9% and 7.3%, respectively.

Ultrasound B-flow/STIC M-mode quantification of spiral artery luminal diameter and 
volume flow:

Ultrasound B-flow/STIC M-mode imaging was performed on 7 untreated and 12 estradiol-

treated baboons using a GoldSeal Voluson E8 (GE Health) and a 3D/4D transducer 

(RAB6-D ultralight 4–8.5 MHz STIC Convex). Fig. 1 illustrates the B-flow/STIC M-mode 

technique. Spiral arteries in the decidua basalis were identified in an untreated baboon using 

power and pulse Doppler (panel A). Spiral artery location was systemically selected at 

2–4 cm interval sectors starting from the cord insertion of the placenta (defined as origin). 

Following B-flow activation the same spiral artery shown in panel A was located (panel B). 

Volume data sets representing multiplanar sequences of the vessels were then acquired in 

4D STIC mode (10 sec, 25 degree angle). Archived 4D block images were obtained from 
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6 randomly selected regions, using a computer-generated number sequence17-to minimize 

bias, for offline quantification of vessel diameters. Post-processing analyses were performed 

utilizing 4D viewer and the multiplanar modality, which allows for simultaneous display 

of images in three orthogonal planes (which correspond to X, Y and Z axes, panel C). 

Image magnification was adjusted to 1.8 and upon identification of the same vessel in 

each dimensional plane, the M-mode was activated with a sweep speed of 2. M-mode gate 

was positioned on the vessel perpendicular (90 degrees) to the vessel lumen and vessel 

luminal diameter, reflecting wall movement during systole and diastole, determined (panel 

D). Arterial luminal diameter reaches a maximum in mid systole, which is immediately 

after peak arterial pressure, and vessel luminal diameter decreases towards end diastole 

as pressure declines. The luminal diameters of the vessel at the largest (systole) and 

smallest (diastole) segments were measured using a caliper and expressed in mm. Using 

the M-mode time measurement function, the duration of systole and diastole were measured 

and expressed as milliseconds. Each spiral artery was measured three times and the mean 

assigned as diameter of the blood vessel lumen during elapsed time for systole and diastole. 

The mean (± SE) coefficient of variation for repeated B-flow/STIC M-mode measurement 

of luminal diameter of each vessel at systole was 7.9 ± 1.1%. The minimum detectable 

luminal diameter of a spiral artery as assessed by B-flow/STIC M-mode in early baboon 

pregnancy approximated 0.1 mm. Panels E and F of Fig. 1 show B-flow/STIC and M-mode 

measurement of vessel luminal diameter at diastole (1) and systole (2) in a remodeled 

distensible spiral artery of an untreated baboon (panel E) and a non-remodeled spiral artery 

in a SAR suppressed baboon (panel F). The luminal diameter of the vessel in the SAR 

impaired baboon (Fig. 1F) appeared lower at systole (0.6 mm) and diastole (0.5 mm) than of 

the vessel in the untreated animal (1.8 mm and 1.0 mm, respectively, Fig. 1E).

Volume flow was calculated using the following formula: π × (D/2)2 × ((S × TS) + (D 

× TD))/(TS+TD). S: Systolic diameter, D: Diastolic diameter, TS: Time for systole, TD: 

Time for diastole. All B-flow/STIC M-mode measurements were performed by a single 

investigator (OMT).

The following criteria ensured B-flow/STIC M-mode authentication, optimization, 

standardization and quality control: (a) the spiral artery was visible in all 3 dimensions 

within the field of the acquired block; (b) the gate of the M-mode was positioned at 90 

degrees to the vessel lumen; (c) quantification of the luminal diameter at systole and diastole 

determined by pulse Doppler measurement of heart rate was compared with maternal pulse; 

(d) independence of the transmit angle and almost artifact-free depiction of artery structure 

to assure accurate high-resolution assessment of vessel dimension; (e) correlation of visua1 

pulsatility identified in the artery was depicted with the documented arterial pulse; and 

(f) arteries were differentiated from veins by their flow properties. Moreover, spiral artery 

luminal diameter and volume flow, as determined by B-flow/STIC M-mode, did not show 

a change in the values obtained at the area of cord insertion and near the margins of the 

placenta.

In an ongoing companion study of B-flow/STIC M-mode in human subjects, obtaining the 

4D block images adds 5–8 minutes to the routine ultrasound examination in the first, second 

and third trimesters, while offline post-processing analysis takes 20–30 minutes per subject. 
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If the offline measurements are completed at the time of obtaining the 4D block, the total 

exam would be prolonged by only 15–20 minutes. B-flow/STIC M-mode imaging of the 

spiral arteries in the pregnant baboon takes a total of 30–45 minutes for the entire process 

due to challenges of the small size of the placenta in the first trimester.

Immunohistochemical quantification of uterine spiral artery remodeling:

SAR was quantified by immunohistochemical imaging in 15 untreated and 18 estradiol-

treated baboons. A minimum of six randomly selected areas (5 mm3) of placental basal 

plate were collected from each baboon for SAR analysis. Placental samples were fixed in 

10% formalin, embedded in paraffin, sectioned (5 μm), and processed for hematoxylin/eosin 

histology and cytotrophoblast/epithelial cell-specific cytokeratin immunohistochemistry 

(12.5 mg/ml, 345779 CAM 5.2; BD Biosciences, San Jose, CA). Light microscopy (Nikon 

Eclipse E 1000 M; Tokyo, Japan) and an image analysis system (IP Lab version 3.63; 

Scanalytics, Inc., Fairfax, VA) were used to quantify the level of SAR in arteries of greater 

than 50 μm in diameter within the decidua basalis in each tissue sample as described 

previously8,9. Vessel diameter was assessed via a micrometer as the smallest distance across 

the center of the vessel lumen from the inside edge of the surrounding smooth muscle (not 

invaded) or cytotrophoblast (invaded) layers. The number of arteries exhibiting trophoblast 

invasion and remodeling was quantified by identifying spiral arteries in which the vessel 

wall was extensively (>50%) occupied by cytokeratin-positive cytotrophoblasts. The data are 

expressed as the percentage of SAR (i.e. number of trophoblast remodeled arteries divided 

by the total number of arteries counted). Although there were spiral arteries in which less 

than half of the vessel wall was occupied by trophoblasts, presumably reflecting partial 

adaptation, the numbers of the latter vessels were not quantified by immunohistochemical 

image analysis.

Statistical analysis:

Data were analyzed by the Student’s t test for independent observations using 

GraphPad software (San Diego, CA). The baboon placenta consists of approximately 20 

cotyledons18,19 each supplied via a single spiral artery20. Each rendered B-flow/STIC 

M-mode image contained 1 to 3 different vessels and 4–10 spiral arteries were measured 

per animal or a total of 46 arteries in the untreated and 81 arteries in the estradiol-

treated baboons were analyzed by B-flow/STIC imaging. The percentage of spiral arteries 

remodeled as quantified by immunohistochemical image analysis was obtained in a 

minimum of 12 spiral arteries per animal. The level of spiral artery luminal diameter as 

quantified by B-flow/STIC M-mode was correlated by linear regression with the level of 

percent SAR remodeling as quantified by immunohistochemical image analysis.

RESULTS

Serum estradiol levels and weights:

Mean (±SE) maternal saphenous vein serum estradiol levels on day 60 were approximately 

4-fold greater (P<0.01) in estradiol-treated baboons than in untreated animals, while 

maternal mean arterial blood pressure and placental and fetal body weights were unaltered 

(Table 2).
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Immunohistochemical quantification of SAR:

The median and first-third quartile values for the percentage of spiral arteries remodeled 

by extravillous trophoblasts, as quantified by immunohistochemical image analysis, was 

approximately 70% lower (P = 0.000001) in estradiol-treated baboons (11.52 [5.38 – 

18.02]%) than in untreated animals (33.00 [28.60 – 46.80]%, Figure 2).

B-flow/STIC M-mode ultrasonography of spiral arteries:

As quantified by B-flow/STIC M-mode ultrasonography, the median and first-third quartile 

values for spiral artery luminal diameter at systole in SAR impaired baboons (1.1 [0.8 

– 1.6] mm, Fig. 3A) was 32% lower (P = 0.014) than in untreated animals (1.6 [1.5 – 

2.2] mm). Spiral artery luminal diameter was 50% lower (P = 0.005) at diastole in SAR 

suppressed baboons (0.5 [0.4 – 0.8] mm, Fig. 3B) than in untreated baboons (1.0 [0.8 

– 1.1] mm). B-flow/STIC M-mode imaging and ex vivo quantification of the level of 

SAR were simultaneously performed in 9 of the untreated and estradiol-treated baboons. 

As shown in Fig. 4, the correlation coefficient between the level of spiral artery luminal 

diameter quantified at systole by B-flow/STIC M-mode and the percent of SAR quantified 

by immunohistochemical image analysis was r = 0.67, slope = 0.029 (P < 0.05).

Spiral artery volume flow was 85% lower (P = 0.014) in SAR suppressed baboons (0.33 

[0.17 – 1.01] ml per cardiac cycle, Fig. 5) than in untreated animals (2.18 [1.00 – 2.75] ml 

per cardiac cycle).

DISCUSSION

The present study shows for the first time that B-flow/STIC M-mode ultrasonography 

provides a novel real-time noninvasive imaging method to detect a decrease in spiral artery 

luminal diameter reflecting movement of the vessel wall during the cardiac cycle in the 

first trimester in a nonhuman primate model of impaired SAR. Thus, spiral artery luminal 

diameter, as quantified by B-flow/STIC M-mode imaging, was 32% lower at systole and 

50% lower at diastole in SAR suppressed baboons. The reduction in spiral artery luminal 

diameter was correlated with a decrease in the percent of spiral arteries remodeled by 

extravillous trophoblasts.

Although 3D power Doppler of the uteroplacental vascularization has identified pregnancies 

at risk for preeclampsia21–25, prognostic value early in gestation is limited because power 

gain, pulse repetition frequency and other 3D settings compromise imaging. Other Doppler 

approaches, e.g. coherent flow power Doppler and superb microvascular imaging, have been 

employed to quantify placental vascularization and flow26, 27, but clinical utility of Doppler 

is compromised by “blooming” artifacts, aliasing, signal drop out, and interference by fetal 

blood flow. In the present study, we employed B-flow/STIC M-mode ultrasonography, a 

non-Doppler technology that uses very short pulses with high spatio-temporal and contrast 

resolution to enable sharp rendering of vessel dimension. In the clinical setting, efficacy of 

a new imaging modality must be tested in a pilot case control study and subsequently in a 

large-scale population. We suggest that major strengths of the current study are the use of 

B-flow/STIC M-mode imaging and the nonhuman pregnant model, in which comparison of 
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real-time B-flow/STIC M-mode quantification of spiral artery luminal diameter was made 

with ex vivo quantification of the level of SAR by immunohistochemical image analysis in 

the first trimester of gestation, a time when such studies would be very difficult to undertake 

in human pregnancy.

We further suggest that the decrease in luminal diameter of the spiral arteries shown by 

B-flow/STIC M-mode imaging in the first trimester in SAR suppressed baboons reflects the 

impairment of remodeling into enlarged vessels with distensable walls and not a change in 

some other aspect of blood vessel development, e.g. an estrogen-induced increase in vessel 

proliferation into more numerous blood vessels of smaller diameter. Thus, the density of the 

uterine spiral arteries, i.e. total number of blood vessels per area of decidua basalis, was 

unaltered by estradiol administration early in baboon pregnancy28.

Because the rate of blood flow through a vessel is proportional to the fourth power of vessel 

diameter29, the 32–50% decrease in spiral artery diameter, as observed by B-flow/STIC 

M-mode in SAR suppressed baboons, would be expected to result in a marked reduction in 

blood flow and placental perfusion. Indeed, the present study shows that spiral artery volume 

flow was 85% lower in SAR suppressed than in normal baboons in the first trimester. In 

contrast, we previously showed that uterine artery volume flow, as quantified by Doppler 

ultrasound, was similar in value on day 60 of gestation in untreated (2.91 ± 0.38 ml/min/kg 

body weight) and estradiol-treated/SAR suppressed (2.90 ± 0.65) baboons, although Doppler 

was able to show an increase in downstream flow resistance near term in SAR suppressed 

animals11. Although an elevation in blood pressure can increase blood flow through the 

systemic vasculature, maternal arterial blood pressure was unaltered early in pregnancy in 

SAR suppressed baboons but became elevated by over 25% near term in SAR impaired 

baboons11,13.

Along with the suppression of SAR, maternal vascular endothelial dysfunction was induced 

late in gestation in our baboon experimental model13. The latter pathophysiological 

manifestation is a hallmark of human preeclampsia30–34. Placental and fetal body weights 

of SAR impaired baboons were not altered in the first (Table 2) and third11 trimesters 

of pregnancy despite the reduction in spiral artery volume flow and onset of maternal 

vascular dysfunction13. However, near term and after birth offspring derived from SAR 

impaired baboons appear to exhibit systemic vascular dysfunction (unpublished preliminary 

data), which has also been shown in offspring from human preeclampsia pregnancies35. 

Therefore, we propose that the current results obtained in a nonhuman primate translate 

to human pregnancy and indicate that B-flow/STIC M-mode ultrasonography provides a 

novel, safe and real-time imaging technology to quantify aspects of spiral artery dynamics 

that reflect the process of SAR. Future study will ascertain whether B-flow/STIC M-mode 

ultrasonography will uncover a deficiency in spiral artery luminal diameter reflective of 

SAR early in gestation in women who go on to exhibit the pathophysiological conditions 

associated with abnormal pregnancy such as preeclampsia.

We have recently reported12 that noninvasive targeted delivery of the VEGF gene 

selectively to the maternal aspect of the placenta (but not the fetus) by contrast-enhanced 

ultrasonography/microsphere technology prevented the impairment of SAR as quantified by 
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immunohistochemical analysis in estradiol-treated baboons. The latter study showed that 

VEGF has a pivotal role in promoting spiral artery transformation during the first trimester 

of primate pregnancy. Future studies can be designed to ascertain whether detection of 

impairment of SAR by non-invasive B-flow/STIC M-mode ultrasound combined with 

targeted delivery of the VEGF gene early in pregnancy in estradiol-treated baboons provides 

an effective therapeutic intervention to prevent abnormal pregnancy. Positive results of such 

a study in the pregnant baboon would provide a basis for translational investigation of this 

treatment paradigm in adverse conditions of human pregnancy underpinned by improper 

SAR.

In conclusion, the present study shows that B-flow/STIC M-mode ultrasonography provides 

a novel real-time imaging method to detect a decrease in uterine spiral artery luminal 

diameter during the cardiac cycle early in pregnancy in a nonhuman primate model of 

impaired SAR.
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What are the novel findings of this work?

The present results show that B-flow/spatio-temporal image correlation (STIC) M-mode 

ultrasonography provides a novel, safe, real-time technology to quantify in the first 

trimester of baboon pregnancy a decrease in spiral artery luminal diameter, reflecting 

distensibility of the vessel wall, as an index of impaired spiral artery remodeling (SAR).
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What are the clinical implications of this work?

This study is clinically significant since it shows that B-flow/STIC M-mode 

ultrasonography has the potential to be used as a screening tool to uncover and evaluate 

efficacy of new therapeutic modalities to prevent a defect in SAR early in gestation in 

women who go on to exhibit adverse pregnancy.

Turan et al. Page 12

Ultrasound Obstet Gynecol. Author manuscript; available in PMC 2022 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
Illustration of the B-Flow/STIC M-mode technique. A spiral artery was identified in the 

placental bed (yellow shaded area) using power Doppler (Panel A). B-flow was activated 

and the spiral artery was demonstrated at the same anatomical location (Panel B). A 

4D- STIC block was acquired and the spiral artery was visible in 3 orthogonal planes 

(Panel C). M-mode was activated at the Z-axis and vessel luminal diameter was measured 

perpendicular (red arrow) to the vessel lumen (Panel D). Fetal heart rate (FHR) was 

measured each time to confirm that the blood vessel was a maternal vessel. Panels E 

and F show representative B-flow/STIC M-mode measurement of luminal diameters of two 

different spiral arteries during the cardiac cycle (1: diastole, 2: systole) in an untreated (E) 

and SAR suppressed (F) baboon.
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Figure 2: 
Box-and-whisker plots showing the percentage of spiral artery remodeling (i.e. number of 

trophoblast invaded arteries divided by total number of arteries counted), as quantified by 

immunohistochemical image analysis, for vessels greater than 50 μm in diameter on day 60 

of gestation in untreated (n = 15) and estradiol-treated (n = 18) baboons. Boxes are median 

(horizontal line) and interquartile range (IQR) and whiskers are the minimum and maximum 

range excluding one outlier (●) more than 1.5 × IQR.
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Figure 3: 
Box-and-whisker plots showing spiral artery diameter at systole (panel A) and diastole 

(panel B) as quantified by B-flow/STIC M-mode ultrasonography on day 60 of gestation in 

untreated (n =7) and SAR suppressed (n = 12) baboons. The lowest value (0.8) is also the 

first quartile (i.e. no whisker) in untreated group (panel B).
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Figure 4: 
Correlation coefficient and 95% confidence intervals of the level of spiral artery diameter as 

quantified by B-flow/STIC M-mode ultrasonography and percent of SAR as quantified by 

immunohistochemical image analysis on day 60 of gestation in 9 baboons.
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Figure 5: 
Box-and-whisker plot showing spiral artery volume flow (ml per cardiac cycle) on day 60 in 

untreated (n = 4) and SAR suppressed (n = 8) baboons.
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Table 1:

Nonhuman Primate Model of Defective SAR

Human preeclampsia Baboon model of defective SAR*

SAR ↓ SAR ↓

Uterine artery blood flow ↓ Uterine artery blood flow ↓

Maternal serum sFlt-1 levels ↑ Maternal serum sFlt-1 levels ↑

Maternal hypertension Maternal hypertension

Maternal vascular endothelial dysfunction Maternal vascular endothelial dysfunction

*
Results from8, 9, 11–13.
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Table 2.

Maternal serum estradiol levels, blood pressure, and placental and fetal body weights in baboons

Treatment N Estradiol (ng/ml) MABP (mm Hg) Placental weight (g) Fetal body weight (g)

Untreated 7 0.22 ± 0.02 71 ± 6 31.6 ± 0.3 12.1 ± 0.2

Estradiol 12 0.81 ± 0.06* 72 ± 5 28.4 ± 0.5 11.5 ± 0.1

Means ± SE maternal saphenous vein serum estradiol levels, mean arterial blood pressure (MABP), and placental and fetal body weights on day 60 
of gestation in baboons untreated or treated daily on days 25–59 of gestation (term = 184 days) with estradiol benzoate (25 μg/kg body weight/day, 
sc).

*
Value different (P < 0.01) than in untreated baboons.
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