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Abstract
Purpose: To evaluate the effects of enoxaparin and unfractionated heparin (UFH) administered 
in prophylactic and therapeutic doses on fetal vessels in healthy pregnant Wistar rats, according 
to Doppler velocimetry measurements. 
Methods: Fifty animals were assigned to one of five groups: controls (saline), prophylactic and 
therapeutic enoxaparin (1 and 2 mg/kg/day, respectively), and prophylactic and therapeutic 
UFH (72 and 400 UI/kg/day, respectively). Uterine horns were examined by ultrasound for 
identification of live fetuses. A sample of these fetuses underwent Doppler velocimetry. 
Spectral curves, peak systolic velocity (PSV), pulsatility index (PI), and resistance index (RI) of 
the middle cerebral artery, ductus venosus, and umbilical artery were investigated. Differences 
were considered statistically significant when p<0.05.
Results: No significant differences in PSV, PI, or RI values were observed among the groups.
Conclusion: Doppler velocimetry measurements revealed no significant effects of enoxaparin 
or unfractionated heparin on fetal vessels in pregnant Wistar rats.
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 ■ Methods 

 Guidelines for care and use of laboratory 
animals were fully complied with. The study was 
approved by the Ethics Committee on Animal 
Use of the Universidade Federal de Mato Grosso 
do Sul (permit 282, issued March 11, 2011).
 This experimental study, conducted at 
the Laboratory of Surgical Techniques of the 
Universidade Federal de Mato Grosso do Sul, 
Campo Grande-MS, included 50 female adult 
Wistar rats weighing 160-300 g. On day 0 of 
pregnancy, the animals were randomly assigned 
to one of five groups to receive the following 
subcutaneous treatments: saline (group I, 
controls), prophylactic enoxaparin at 1 mg/kg/
day (group II), therapeutic enoxaparin at 2 mg/
kg/day (group III), prophylactic UFH at 72 UI/kg/
day (group IV), or therapeutic UFH at 400 IU/kg/
day (group V). 
 The animals were housed in cages at 
suitable temperature and humidity. The shelves 
were kept under a natural light–dark cycle and 
brightness was controlled in the facility. Food 
and water were provided ad libitum before and 
throughout the pregnancy period.
 Once housed with males, the females 
were considered pregnant (day 0 of pregnancy) 
when sperm was found in vaginal smears, which 
were taken daily. 
 Fetal ultrasonography was performed 
on day 18 of pregnancy. To this end, the females 
were intraperitoneally anesthetized with 
xylazine (5-10 mg/kg) and ketamine (50-75 mg/
kg) and had their abdomens shaved.

Ultrasonography  

 Ultrasound examination employed a 
Toshiba SSA-660A Xario device equipped with 
a 4.8-11 MHz multifrequency linear probe. An 
axial section at the top of the maternal pelvis 
was initially examined, and the probe was then 
moved cranially toward the bladder until the 
uterine horns and fetuses were located and 

 ■ Introduction

 Thromboembolic events are the 
principal cause of maternal mortality. 
Administration of anticoagulants during 
pregnancy, particularly at prophylactic doses 
in patients with previous miscarriage or fetal 
loss, proven thrombophilia, or a history of 
venous thromboembolism, has increased 
over the past decades. Risks, however, 
cannot be ruled out, and most side effects 
of anticoagulant administration have been 
documented. Heparins are recognized as the 
safest anticoagulant agents1-5.
 Experimental studies of heparin 
administration during pregnancy have 
revealed improved uteroplacental modulation, 
invasion, and adhesion, with lower rates of 
fetal loss, miscarriage, and pre-eclampsia6-7.
 Ultrasonography is an important 
routine prenatal examination, providing 
morphological and physiological investigation, 
particularly with the echo-Doppler technique. 
Doppler velocimetry (also known as Doppler 
flowmetry) of fetal circulation is a highly useful 
tool for screening, as well as for probing for 
pre-eclampsia predictors, intrauterine growth 
restriction, fetal distress, and the likelihood of 
genetic abnormalities such as aneuploidy2.
 Given the widespread use of 
ultrasonography in the first trimester of 
pregnancy, fetal exposure to Doppler has 
been increasingly investigated for its safety 
and bioeffects3-5. Good placental formation 
and fetal oxygenation can be predicted using 
Doppler velocimetry to evaluate resistance 
and pulsatility indices and spectral waveforms 
of uterine arteries, umbilical arteries, ductus 
venosus, and the middle cerebral artery2,8,9.
 The purpose of the present study was to 
evaluate patterns observed in pulsed Doppler 
velocimetry after exposure to unfractionated 
heparin (UFH) and low-molecular-weight 
heparin in pregnant Wistar rats.
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identified. Fetal viability was confirmed. The first 
and last fetuses in each uterine horn, in addition 
to a randomly chosen intermediate fetus, were 
selected for examination (Figure 1). 

mode, followed by pulsed Doppler.
 Continuous, pulsed, color, and Power 
Doppler modes were employed. All examinations 
were conducted by the same observers.
 Pulsed Doppler exposure was performed 
at a frequency of 6.2 MHz and a frame rate of 
19.5. Two-dimensional gain was set at 90%, color 
gain at 40%, and PRF between 10 and 15 cm/s. 
Sample volume was 0.5 mm. The insonation 
angle was kept at <30°. 
 The middle cerebral artery, ductus 
venosus, and umbilical artery were recognized 
based on blood flow waveforms of the sample, 
detected in color mode for brain, liver, and 
ventral scans. After vessel identification, speed 
curve measurements— peak systolic velocity 
(PSV), pulsatility index (PI), and resistance index 
(RI)—were automatically obtained.
 On day 20 of pregnancy, the animals 
were submitted to euthanasia (toxic anesthetic 
dose), followed by median laparotomy and 
fetal and placental removal. Maternal weight 
was measured and the fetuses counted and 
individually weighed (Figures 2 and 3).

Figure 1 - (a) Study design. Fetus sampling in uterine 
horns. The first, the last, and an intermediate fetus 
were selected in each uterine horn. (b) Example of 
pulsed Doppler uterine artery waveform.

Figure 2 - Uterine horns, with fetuses and placentas, 
on day 20 of pregnancy.

 In each fetus, a sagittal view was used 
to identify the middle cerebral artery, ductus 
venosus, and umbilical artery by analyzing a 
sample volume in color mode and spectral 
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Figure 3 - Open uterine horns, showing fetuses, 
placentas, and implantation sites on day 20 of 
pregnancy.

Statistical analysis

 Quantitative data were examined for 
normality using the Shapiro–Wilk test. Data 
exhibiting normal distribution were expressed 
as means ± standard deviations, and otherwise 
as medians ± interquartile differences.
 Weight of pregnant animals, number 

of fetuses, and PSV, PI, and RI values were 
subjected to Student’s t-test for comparisons 
between groups. For data with normal 
distribution and similar variances, ANOVA was 
employed to compare three or more groups for 
the same variables. 
 The Mann–Whitney test was used to 
compare medians between two independent 
samples, and Kruskal–Wallis to compare 
medians among three or more independent 
samples, with Dunn’s post-test performed 
when p-values proved significant. 
 Differences were considered statistically 
significant when p < 0.05.
 GraphPad Prism software, version 3.00, 
was used for all statistical calculations. 

 ■ Results

 No technical difficulties occurred 
during vessel insonation. The acoustic 
window was adequate, with excellent 
bilateral visualization of vessels in 100% of 
cases. Mean time of examination was 37.3 
± 12.1 minutes per pregnant rat, with no 
significant differences among the groups.
No curves with zero or reverse diastoles were 
observed.
 Comparisons between experimental 
groups and control group, as well as across 
groups, revealed no significant differences 
in the mean numbers of fetuses per female, 
per uterine horn, or between left and right 
uterine horns (Table 1).

Table 1 - Fetuses per female and per uterine horn on day 21 of gestation.

Group Fetuses per female 
(mean ± 1 SD)

Fetuses per right 
uterine horn 

(mean ± 1 SD)

Fetuses per left 
uterine horn 

(mean ± 1 SD)
p*

I: Control 12.82±2.34 6.32±0.24 6.18±0.37 –
II: Enoxaparin, prophylactic dose 11.98±1.78 6.05±0.41 5.98±0.23 ns
III: Enoxaparin, therapeutic dose 12.23±1.94 6.17±0.35 6.21±0.25 ns
IV: UFH, prophylactic dose 12.57±2.03 6.12±0.17 6.14±0.34 ns
V: UFH, therapeutic dose 12.34±1.56 6.25±0.14 6.08±0.18 ns
*p < 0.05 (Student’s t-test, experimental groups vs. control group; ANOVA, intergroup comparisons). ns: non-significant; SD: standard 
deviation.
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 No significant differences were 
observed across groups in mean maternal 
weight gains from the beginning to the end 

of gestation. No significant differences were 
detected in fetal or placental mean weights 
(Table 2).

Table 2 - Maternal, fetal, and placental weight gains, as measured on day 21 of gestation.

Group Maternal weight gain 
(g; mean ± 1 SD) p* Fetal weight (g; 

mean ± 1 SD) p* Placental weight 
(g; mean ± 1 SD) p*

I: Control 8.22±1.32 – 5.62±0.78 – 0.83±0.18 –
II: Enoxaparin, 
prophylactic dose 8.19±1.08 ns 6.01±0.24 ns 0.81±0.15 ns

III: Enoxaparin, 
therapeutic dose 7.92±1.51 ns 5.83±0.62 ns 0.83±0.22 ns

IV: UFH, prophylactic 
dose 8.27±1.25 ns 5.67±0.55 ns 0.84±0.17 ns

V: UFH, therapeutic 
dose 7.94±1.42 ns 5.72±0.81 ns 0.82±0.23 ns

*p < 0.05 (Student’s t-test, experimental groups vs. control; ANOVA, intergroup comparisons). ns: non-significant; SD: standard 
deviation.

Table 3 - Maternal, fetal, and placental weight gains, as measured on day 21 of gestation.
Vessel Index Group p*

I II III IV V
(n = 60) (n = 60) (n = 60) (n = 60) (n = 60)

MCA PSV 6.32±1.25 7.05±1.34 6.14±1.15 6.95±1.22 6.27±1.47 ns
RI 0.58±0.11 0.62±0.19 0.48±0.21 0.55±0.11 0.63±0.13 ns
PI 1.62±0.35 1.83±0.39 1.45±0.28 1.71±0.38 1.74±0.27 ns

DV PSV 10.3±1.74 11.3±1.52 15.1±3.43 12.3±1.65 11.3±1.67 ns
RI 0.54±0.15 0.53±0.28 0.51±0.79 0.55±0.45 0.49±0.35 ns
PI 1.23±0.45 1.28±0.31 1.24±0.42 1.18±0.39 1.27±0.47 ns

UA PSV 10.7±3.41 10.2±3.63 11.5±3.58 9.8±3.78 11.4±2.91 ns
RI 0.48±0.21 0.45±0.19 0.42±0.33 0.51±0.29 0.47±0.34 ns
PI 1.42±0.68 1.34±0.55 1.45±0.72 1.47±0.81 1.79±0.11 ns

MCA: middle cerebral artery; DV: ductus venosus; UA: umbilical artery; PSV: peak systolic velocity (cm/s); RI: resistance index; PI: 
pulsatility index.
*p<0.05 (Mann–Whitney, experimental groups vs. control group; Kruskal–Wallis, intergroup comparisons). Medians ± interquartile 
difference. ns: non-significant. 

 PSV, RI, and PI did not show normal 
distribution on the Shapiro–Wilk test and 
are expressed as expressed in medians and 
interquartile differences in Tables 3 and 4. 
 Comparisons of PSV, RI, and PI 
medians between each experimental group 
and controls, as well as across all groups, 

revealed no significant differences in each 
type of vessel investigated (Table 3).
 Comparisons of median VPS, RI, and 
PI values for right and left uterine arteries 
revealed no significant differences between 
each experimental group and control group, 
or across groups (Table 4).
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 ■ Discussion

 Fetal ultrasonography studies 
conducted with pregnant rats are a promising 
field in perinatal experimental research, 
decreasing the need for euthanizing animals 
for the investigation of fetal development10,11. 
Furthermore, ultrasonography is currently part 
of routine obstetric procedures2,3,8.
 International standards have 
established the middle cerebral artery, ductus 
venosus, umbilical artery, and uterine arteries 
as the principal vessels to investigate in fetal 
ultrasound examinations9. Changes in fetal 
development and placental implantation can 
be inferred from the observation of abnormal 
hemodynamics2,8,9.
 Ultrasonography does not yield the 
false positive results often associated with 
other methods involving the use of drugs that 
effect fetal hemodynamics. In experimental 
research, the use of non-invasive methods can 
translate to fewer euthanized animals3,10,11. 
Patterns observed in parametric measurements 
employing non-invasive techniques such as 
Doppler velocimetry allow the construction 
of normality scales that can find utility in the 
investigation of disorders affecting physiology12.
 Doppler velocimetry was the technique 
selected to examine blood flow in maternal-
fetal vessels after exposure to anticoagulants 

because these are standard vessels to 
be monitored for proper fetal health and 
development, and are part of multivessel 
surveillance, critical in high-risk pregnancies8. 
Doppler observation of umbilical and uterine 
arteries allows evaluation of fetal health and 
maternal risk of pre-eclampsia9. Examination of 
the fetal middle cerebral artery by velocimetry 
can yield evidence of anemia and, in cases of 
intrauterine growth restriction, reveal risk of 
hypoxic lesions. Ductus venosus waveforms 
help to predict fetal risk and should be taken 
into account when umbilical artery waveforms 
appear abnormal. By revealing the condition 
of placental vasculature in early gestation, 
Doppler evaluation of the uterine artery is 
an excellent tool to predict the risk of pre-
eclampsia or intrauterine growth restriction8,9.
 The importance of ultrasonographic 
surveillance has been demonstrated in an 
investigation of blood flow patterns in uterine, 
umbilical, and middle cerebral arteries, 
umbilical veins, and ductus venosus in high-risk 
pregnancy. In the study, 88 pregnant women 
had these vessels measured until 72 h before 
delivery and the results were correlated with 
adverse outcomes8. Correlation was observed 
between presence of umbilical venous 
pulsations and low Apgar scores at 5 min, 
abnormal gasometry, and need for ventilatory 
support. In addition, changes in umbilical artery 

Table 4 - Maternal, fetal, and placental weight gains, as measured on day 21 of gestation.
Uterine artery Index Group p*

I II III IV V
(n = 10) (n = 10) (n = 10) (n = 10) (n = 10)

Right PSV 10.3±1.74 11.3±1.52 15.1±3.43 12.3±1.65 11.3±1.67 ns
RI 0.54±0.15 0.53±0.28 0.51±0.79 0.55±0.45 0.49±0.35 ns
PI 1.23±0.45 1.28±0.31 1.24±0.42 1.18±0.39 1.27±0.47 ns

Left PSV 10.3±1.74 11.3±1.52 15.1±3.43 12.3±1.65 11.3±1.67 ns
RI 0.54±0.15 0.53±0.28 0.51±0.79 0.55±0.45 0.49±0.35 ns
PI 1.23±0.45 1.28±0.31 1.24±0.42 1.18±0.39 1.27±0.47 ns

PSV: peak systolic velocity (cm/s); RI: resistance index; PI: pulsatility index.
*p<0.05 (Mann–Whitney, experimental groups vs. control; Kruskal–Wallis, intergroup comparisons). Medians ± interquartile 
difference. ns: non-significant.
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parameters were correlated with prematurity 
and admission to a neonatal intensive care 
unit. Umbilical vein changes, however, did not 
correlate with adverse perinatal outcomes8.
 In a study of blood flow in 147 single-
birth pregnancies at risk for preterm labor, the 
role of Doppler ultrasonography was evaluated 
at the beginning of the second trimester 
to measure the risk for intrauterine growth 
restriction, as well as umbilical coiling index and 
area selection for umbilical cord testing. It was 
concluded that measuring the umbilical coiling 
index in the second trimester can predict small-
for-gestational-age births and can serve as a 
marker for subsequent growth restriction13.
 Doppler flow measurements of middle 
cerebral arteries indirectly determine the 
degree of oxygenation in the fetal brain, given 
that fetuses with good oxygenation exhibit 
high RI and PI values for these vessels8,9. In 
the present study, no differences were found 
in the values of PSV, PI, and MI of middle 
cerebral arteries between experimental groups 
and control group, or across groups, showing 
that heparin exposure did not interfere with 
hemodynamics or fetal oxygenation.
 In the ductus venosus—a branch of 
the umbilical artery that carries oxygenated 
blood under pressure to the left atrium 
through the right atrium and foramen ovale—
central venous pressure gradient is measured 
indirectly. Ventricular systole (S), ventricular 
diastole (D), and atrial systole (A) waves are all 
positive. In situations of hypoxia with increased 
cardiac preload, the ductus venosus exhibits 
an elevated PI. In cases of severe hypoxia 
with myocardial impairment, A-waves tend 
to disappear or appear reversed, indicating 
reversed flow to the ductus venosus8,9,12. In the 
present study, no changes in wave morphology 
were observed, and comparisons of PSV, PI, and 
RI values revealed no significant differences 
between heparin-exposed groups and control 
group, or across groups.
 In the umbilical arteries, increased 
RI or PI values indicate poor placental 

functioning8,9,12. In the present sample, no 
significant differences in these indices were 
observed among the groups. 
 Following evaluation of these vessels, 
examining uterine artery flow can reveal the 
condition of placental implantation9. In normal 
uterine artery flow resulting from adequate 
placental implantation and trophoblast 
invasion, findings of RI or PI values that are 
elevated for gestational age indicate increased 
risk of intrauterine growth restriction and pre-
eclampsia, owing to inadequate placentation. 
Evaluation of these parameters is typically 
performed at around 20 gestational weeks, 
although evaluation from 26 gestational 
weeks onwards—a period when trophoblast 
migration is complete—has been advocated8,9. 
In the present study, no changes in uterine 
arteries were expected, since improved 
placental adhesion and trophoblastic invasion 
had been reported for female rats exposed to 
low-molecular-weight heparin6,7. In fact, no 
significant differences in Doppler velocimetry 
indices were observed among groups in the 
present sample.
 Widely employed as a diagnostic tool 
and highly relevant in fetal health surveillance3, 
ultrasonography constitutes a reliable 
diagnostic resource. Exposure time, however, 
may require careful control, since changes in 
fetal intestinal4, liver5 and brain tissues14,15 as 
a result of tissue heating have been reported 
for rats subjected to prolonged exposure to 
ultrasound. 
 For the present investigation, non-
fractionated and low-molecular-weight 
heparins were selected for administration in 
prophylactic and therapeutic doses16. Some 
drugs can cause hemodynamic changes, 
whether directly or indirectly12,17-19.
 In the middle cerebral artery, the 
likelihood of changes in flow patterns is 
high in cases of poor cerebral formation 
or hypoxia8. This parameter is therefore 
useful in the investigation of teratogenicity 
and brain development in studies involving 
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drug experimentation. The effects of drugs 
detrimental to placentation can be measured 
by examining uterine artery flow. Heparins 
have been experimentally shown6,7 to improve 
trophoblastic invasion, a beneficial effect 
that supports heparin use by thrombophilic 
pregnant women, and also as a prophylactic 
measure to prevent placental thrombosis 
or poor placentation and consequent fetal 
loss or miscarriage. No changes in Doppler 
flowmetry patterns of the uterine arteries and 
umbilical vessels were therefore expected, 
which is consistent with the absence of 
significant differences among the groups in 
the present study. 
 Monitoring Doppler velocimetry 
parameters is a suitable approach in large-
scale studies designed to identify indices 
and/or markers with utility in early diagnosis 
and interventions for preventing undesirable 
outcomes20.

 ■ Conclusions

 No differences in Doppler velocimetry 
measurements were observed for median PSV, 
RI, or PI values in fetal middle cerebral arteries, 
ductus venosus, or umbilical arteries in healthy 
pregnant Wistar rats exposed to enoxaparin 
and UFH administered in prophylactic and 
therapeutic doses. 
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