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ABSTRACT

Objectives: The aim of this study was to investigate whether maternal hypertension affects fetal brain
maturation, and to examine whether treatment with magnesium sulfate has a protective effect on the fetal brain.
Methods: A total of 26 fetuses, including 11 dead fetuses of pregnant women who were found to have
hypertension and whose pregnancy was terminated due to this reason, and 15 fetuses who did not have this
risk factor but died for various reasons as the control group, were included in the study. Brain tissue samples
were evaluated for the presence of morphological and histopathological changes, as well as apoptotic cells.
The morphologies of the samples were examined in sections stained with hematoxylin-eosin (H&E), and
apoptosis was examined with light microscopy by the terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) method.

Results: In the control group, it was observed that the brain tissue had a morphological structure compatible
with the development weeks. In the hypertension group, there were no bleeding foci and brain tissues mostly
preserved morphological features similar to control patients. While edema was detected in 45.4% of the infants
in the hypertension group, no edema was observed in 54.6%. In the hypertension group, Grade 1 necrosis was
observed in 63.6% of the samples, Grade 2 necrosis was observed in 9.1%, and no necrosis was observed in
27.3% of the samples.

Conclusions: Based on the findings of this study, it can be concluded that maternal hypertension increases
neurological maturation by causing vasodilation in the fetal brain, increasing blood flow, and decreasing cell
death.
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Feto-placental development and functioning are
vulnerable to maternal risk factors such as dia-
betes, obesity, and hypertension, creating an unfavor-
able environment for healthy fetal development [1].
Hypertensive disorders during pregnancy, such as ges-
tational hypertension, pre-eclampsia, and eclampsia,

are common medical complications affecting up to 9%
of women [2]. These disorders expose the fetus to gen-
eral stress and alter the intrauterine environment, lead-
ing to changes in the structural and phenotypic
characteristics of the fetus [3]. As a result, changes
occur in the structural or phenotypic characteristics of
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the fetus. For example, fetuses exposed to hyperten-
sion are more sensitive to auditory stimuli after birth
[4].

Preeclampsia, a common cause of hypertension
during pregnancy, is a vascular disease that affects 3-
8% of pregnancies worldwide [5]. Its pathogenesis in-
volves placental and trophoblastic changes, leading to
a decrease in uteroplacental blood flow and fetopla-
cental hypoxemia. Severe preeclampsia can result in
eclampsia or mortality for both the mother and fetus
[6, 7]. In addition, prenatal inflammation is the most
blamed factor for fetal brain injury, while vascular en-
dothelial growth factor (VEGF) decreases in the fetal
lung due to maternal hypertension [8, 9]. Maternal hy-
pertension has been reported to increase fetal brain
maturation by affecting the gyrus and sulci morphol-
ogy and neurophysiological methods [10, 11]. Recent
studies have shown that molecular and apoptotic
mechanisms play a crucial role in fetal central nervous
system development Preeclampsia. While congenital
anomalies of the CNS occur in around 1/1000 cases,
detailed fetal sonographic examination has made it
easier to detect these malformations [12]. There is lim-
ited data available on the neurodevelopmental out-
comes of fetuses of mothers whosepregnancies were
complicated by hypertension. Therefore, this study
aimed to investigate the impact of maternal hyperten-
sion on fetal brain maturation and the protective ef-
fects of treatment methods applied during pregnancy,
especially magnesium sulfate.

METHODS

This study was conducted in Ankara Etlik Maternity
and Gynecology Training and Research Hospital and
Hacettepe University Faculty of Medicine, Depart-
ment of Histology-Embryology. The study was ap-
proved by the local committee of our hospital, and all
parents were informed about the objectives of the
study and gave written informed consent.

A total of 26 fetuses were included in the study,
including 11 fetuses of pregnant women who were
found to have hypertension (preeclampsia and/or
chronic hypertension) and whose pregnancy was ter-
minated due to this reason, and 15 fetuses who did not
have this risk factor but died for various reasons as the

control group. Fetuses that had died intrauterine 12
hours before the abortion were excluded from the
study due to the possibility of incorrect results as au-
tolysis of the cells. Additionally, fetuses of parents
who refused participation were also excluded.

Pregnant women’s age, gravida gestational week,
and infants’ birth weight were recorded. Pregnancy
weeks were determined precisely by taking the last
menstrual period and ultrasonographic measurements
of the pregnant women included in the study. Sponta-
neous abortion or delivery was observed during labor
in the control group. In case of any obstetric problem,
the pregnancy was terminated by cesarean section.
Treatments given in the hypertension group (antenatal
steroids, tocolysis, magnesium sulfate, and other anti-
hypertensive treatments) were recorded.

After normal vaginal delivery, cesarean section, or
abortion, fetuses were macroscopically examined and
their sex, weight, and malformations were recorded.
Then, an incision was made at the level of the anterior
fontanelle to access the frontal lobe of the fetal brain
by passing through the skin, subcutaneous tissue, and
dura mater. Full-thickness tissue samples were taken
from the frontal lobe, including the cortex and subcor-
tical layers, and the ventricular wall as much as possi-
ble. All samples were taken within 12 hours at most
after delivery, abortion, or death of the baby. The ma-
terial taken for hematoxylin-eosin (H&E) staining was
fixed in formaldehyde at room temperature. The ma-
terial taken for the terminal deoxynucleotidyl trans-
ferase dUTP nick end labeling (TUNEL) was
transferred to the laboratory environment at -80°C ni-
trogen medium. Brain tissue samples were evaluated
for the presence of morphological and histopatholog-
ical changes and apoptotic cells. The morphologies of
the samples were examined in sections stained with
H&E, and apoptosis was examined with light mi-
croscopy by the TUNEL method. Histological evalu-
ations of H&E stained specimens were classified as
follows: Grade 1: Necrosis in very few cells, Grade 2:
Necrotic changes in one area and/or a small number
of cells, Grade 3: Necrotic changes in multiple sites
and multiple cells. Stasis was evaluated with hemor-
rhage foci in the cortex, medulla, and periventricular
areas and dilatation of vessels. Localization of edema
was detected. Edema in both cortex and medulla was
evaluated as diffuse edema.
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Statistical Analysis

The data obtained in this study were statistically
evaluated using the SPSS (Statistical Package for So-
cial Sciences, IBM Inc. Armonk, NY, USA) statistical
software. The normality of the variables was evaluated
with the Kolmogorob-Smirnov test. Since the vari-
ables were non-normally distributed, the Mann-Whit-
ney test was used to compare continuous variables
between two groups. Categorical variables were com-
pared using the Chi-square method. Continuous vari-
ables were expressed with median, min-max values,
mean =+ standard deviation, while categorical variables
were given as frequency and percentage. A p - value
of less than 0.05 was considered statistically signifi-
cant.

RESULTS

A total of 26 patients were included in the study with
11 patients being in the hypertension group and 15 pa-
tients in the control group. Demographic features and
obstetric history of the groups are given in Table 1.

As seen in Table 1, gestational week and birth weight
were significantly higher in the hypertension group
compared with the control group (both p < 0.001).
There were no significant differences between the two
groups in terms of maternal age and gravida (both p >
0.05). Oligohydramnios was detected in two patients
(18.2%) in the hypertension group, while it was due
to membrane rupture in two (13.3%) patients in the
control group. Intrauterine growth retardation (IUGR)
was found in four (36.4%) infants in the hypertension

group, while none of the infants in the control group
had ITUGR. Two of all pregnancies were terminated by
C/S, and the others were terminated by vaginal deliv-
ery. While 27.8% of the infants were stillborn, 72.2%
of them died shortly after birth. Magnesium sulfate
was administered to six (54.5%) patients with hyper-
tension.

Comparison of the groups in terms of edema,
necrosis, and intracranial hemorrhage in the examined
brain tissues is presented in Table 2.

Hematoxylin & Eosin Results
Control Group

In the examination of fetal brain samples of 15 pa-
tients in the control group, it was observed that the
brain tissue had a morphological structure compatible
with the development weeks. Neuron nuclei and cy-
toplasms were in normal histological structure. Only
one 17-week-old sample of brain tissue had areas of
edema in the neuropil. No edema was observed in
other samples (Fig. 1).

Hypertension Group

There were no bleeding foci, and brain tissues
mostly preserved morphological features similar to
those of control patients. Although there was advanced
dilatation of the vessels in all of the samples, it was
noted that most of them did not have stasis (Fig. 2). In
two of the samples with edema, the vessels were both
very dilated and occluded. It was observed that
necrotic cell density increased in these samples.
Necrotic cells were less common in brain samples
without edema (Fig. 2).

Table 1. Demographic features and obstetric history of the groups

n Mean SD Median Min Max p value

Maternal age C 15 29.5 6.7 31 18 43 0.646
HT 11 27.5 4.8 25 21 33

Gestational week C 15 21.7 5.9 20 14 37 <0.001
HT 11 29.7 3.3 30 25 35

Birth weight C 15 598.7 658.2 400 100 2700 <0.001
HT 11 1068.2 417.3 900 600 1700

Gravida C 15 2.7 1.2 3 1 5 0.293
HT 11 2.1 0.7 2 1 3

HT = hypertension group, C = control group, SD: standard deviation
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Table 2. Edema, necrosis and intracranial hemorrhage in the examined fetal brain tissues

C HT Total

n % n % n %
Edema Yes 1 6.7 454 6 23.08
No 14 93.3 6 54.6 20 76.9
Total 15 100.0 11 100.0 26 100.0
Necrosis Grade 1 4 26.7 7 63.6 11 42.31
Grade 2 1 6.7 1 9.1 2 7.69

Grade 3 0 0.0 0 0.0 0 0.0
No 10 66.7 3 27.3 13 50.0
Total 15 100.0 11 100.0 26 100.0

HT = hypertension group, C = control group

While edema was detected in 45.4% of the infants
in the hypertension group, no edema was observed in
54.6%. Edema was detected in 6.7% of the control
group, while there was no edema in 86.7% of the
cases.

In the hypertension group, Grade 1 necrosis was
observed in 63.6% of the samples, Grade 2 necrosis
was observed in 9.1%, and no necrosis was observed
in 27.3% of the samples. In the control group, 26.7%
of the samples had Grade 1 necrosis, 6.7% had Grade

2 necrosis, while 66.7% did not have necrosis. While
bleeding was not observed in the hypertension group,
20% of the control group had bleeding. Since the num-
ber of cases was insufficient, statistical significance
could not be compared.

Apoptosis Findings Obtained by the TUNEL
Method

A large number of diffuse apoptotic cells, espe-
cially dense in the inner cortex, were detected in 15

Fig. 1. Cells in the neuroepithelium have a normal histological structure in the fetal brain sample of a 20-week and 2-day

infant in the control group (H&E x 20).
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Fig. 2. Diffuse edema is noted in the medulla of the 31-week-old fetus in the hypertension group. While dilatation is observed
in capillaries, there is stasis with advanced dilatation in larger vessels (H&E x 20).

samples in the control group (physiological apoptosis) pared to the control group, it was observed that they
(Fig 3). were more concentrated in the cortex. TUNEL apop-

In the samples from the hypertension group, al- totic cells were particularly prevalent in the outer cor-
though the number of apoptotic cells was less com- tex in the hypertension group (Fig. 4).
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Fig. 3. Diffuse TUNEL-positive apoptotic cells in a 20-week-old fetus (TUNEL x 40).
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Fig. 4. TUNEL positive apoptotic cells (arrow) in 22-week-old hypertension group fetal brain sample (TUNNEL x 40).

DISCUSSION

In this study, before examining the effects of hyper-
tension on the fetal brain, fetal brain samples in the
control group were evaluated to get an idea about nor-
mal brain development. In the light of the results ob-
tained with hematoxylin-eosin (H&E) staining, which
was the first of the methods used for this purpose, it
can be said that the neuron nuclei and cytoplasms in
the normal fetal brain have a regular histological struc-
ture and tissue edema, vessel dilatation and cell necro-
sis are not normally encountered findings. Despite the
absence of abnormal morphological findings, it has
been shown that apoptotic cells detected by the
TUNEL method in different parts of the fetal brain
were found in all normal fetuses, which is consistent
with other previous studies showing the presence of
cell death in different parts of the brain at different
times [13-16].

It was reported that the definition of normally oc-
curring apoptosis may provide a basis for further stud-
ies directed at central nervous system (CNS)
malformations [17]. In a study investigating apoptosis
in the developing brain, Simonati ef al. examined the
fetuses between 12-23 weeks and found apoptotic
cells at increasing rates towards the 21st week, espe-
cially in the subventricular and ventricular areas, and
they said that apoptotic cells were found only around
21-22 weeks in the outer layers [18]. In a study by
Jiang et al. [19], a progressive increase in the number
of TUNEL-positive cells was observed in the devel-

oping cerebral cortex. In another study examining fe-
tuses at earlier weeks, it was shown that there were
sparse TUNEL positive cells in the ventricular layer
of the neural tube at 4-5 weeks, and the whole brain,
particularly the ventricular and subventricular areas,
contained apoptotic cells at 7-8 weeks [20].

In general, it can be said that cell death occurs
from the 4th week of pregnancy and it starts from the
inner layers and shifts outwards after the middle of
pregnancy and starts to increase from the 18th week.
In a study by Toyoshima et al., it was suggested that
proliferation, migration, and neural cell death occur
during midgestation in the fetal brain [21]. In the pre-
sented study, normal fetuses between 14-37 weeks
were examined and diffuse apoptotic cells were de-
tected, especially in the intermediate area and the inner
cortex, which includes the subplate. The absence of
apoptotic cells in the medulla, which includes the ven-
tricular and subventricular areas, was attributed to the
advanced gestational weeks of the fetuses. In our
study, the mean gestational week was found as 29.7 in
the hypertension and 21.7 in the control group. Phys-
iological apoptosis observed in the inner cortex is
thought to serve for the disappearance of these regions
in a short time after birth [18].

It is not always easy to determine the effects of
maternal hypertension on the development of the in-
fant. Because this development is affected by many
other parameters such as [IUGR and prematurity. The
investigation of how the fetus is affected in the case
of maternal hypertension started with the examination
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of perinatal mortality rates and different results were
obtained. In a study by Nakamura ef al. [22], maternal
hypertensive disorders of pregnancy was found to be
associated with an increased risk for in hospital death,
but it was also associated with a lower risk for mor-
tality and adverse neurological outcomes in extremely
and very preterm infants if all covariates except hy-
pertensive disorders of pregnancy were identical. In a
study by Ancel et al. [23], it was determined that the
survival rate of preterm babies of hypertensive moth-
ers was 96.3% and low perinatal mortality rate was as-
sociated with good perinatal care. In another study by
Piper et al. [24], it was demonstrated that perinatal
mortality in preterm infants of hypertensive mothers
was decreased compared to infants of normotensive
mothers, but perinatal mortality in term infants was
higher in infants of hypertensive mothers, and they at-
tributed this result to the fact that the stress created by
hypertension reduces mortality due to prematurity.
Since infants of hypertensive mothers are exposed to
increased placental vascular resistance, it is thought
that they undergo some adaptations during intrauterine
life and, thanks to these adaptations, they adapt better
to extrauterine life after birth. Conversely, in a study
by Huang et al. [25], maternal hypertensive disorders
of pregnancy, particularly eclampsia and severe pre-
eclampsia, was found to be associated with increased
risks of overall mortality and various cause specific
mortalities in offspring from birth to young adulthood.

In a study by Harkin et al. [26], the infants of
preeclamptic mothers exhibited an increased risk of
intrauterine growth retardation; however, despite this
serious complication, these infants exhibited a signif-
icant decrease in the risk for severe intraventricular
hemorrhage. Epidemiological studies show that cere-
bral palsy rates increase in infants of pregnant women
with hypertension. On the other hand, Gray ef al. [23]
showed that the rates of cerebral palsy and periven-
tricular hemorrhage were lower in preterm infants of
hypertensive mothers compared to the control group,
and this low rate was found independent of magne-
sium sulfate treatment. It is biologically possible for
magnesium sulfate, one of the drugs used in the treat-
ment of maternal hypertension, to prevent neurologi-
cal damage. In vitro and in vivo studies have shown
that asphyxia, trauma, and N-methyl D-aspartate
(NMDA)-mediated neuronal damage can be prevented
with magnesium sulfate [27]. The magnesium ion is

required for numerous cellular processes such as gly-
colysis, oxidative phosphorylation, protein synthesis,
DNA and RNA aggregation, and maintaining plasma
membrane integrity. Magnesium can reverse the ef-
fects of excitatory amino acids that initiate neuronal
damage by binding to NMDA receptors, such as glu-
tamate, by competitive inhibition with calcium . In ad-
dition, magnesium has been shown to be a cerebral
vasodilator [28]. Due to these properties, magnesium
sulfate can be said to be a neuroprotective agent. In
our study we administered magnesium sulfate in 6/11
(54.5%) patients.

According to research, magnesium sulfate has
neuroprotective properties. According to the findings
of the current study, maternal hypertension promotes
neurological maturation by causing vasodilation in the
fetal brain, increasing blood flow, and decreasing cell
death. Although these effects were observed in patients
who did not receive magnesium sulfate in this study,
the existence of a relationship between maternal hy-
pertension and neurological maturation due to the
small number of patients and the role of the drugs used
in treatment in this relationship is an issue that requires
further investigation.

In chronic fetal hypoxia due to hypertensive dis-
eases of pregnancy, there is significant vasoconstric-
tion in the splanchnic bed, pulmonary bed and
musculoskeletal systems, while there is an increase in
blood flow to the brain, heart and adrenal glands [29].
In our study, vasodilatation, which is thought to de-
velop as a part of the protective effect on the brain,
was found in the vessels of the fetal brain tissue in all
babies of hypertensive mothers. This finding suggests
that pregnancies with brain sparing effect should be
terminated in obstetric management before an increase
in the fetal cerebral arteries pulsatility index begins.
While vasodilation was a finding in all patients in the
hypertension group, the absence of significant cell
necrosis and the absence of hemorrhage foci are con-
sistent with studies stating that vasodilation in fetal
brain vessels to protect the brain does not cause hem-
orrhage and ischemia in the future.

Limitations

The main limitation of this study is the small num-
ber of patients. Because of this, we could not compare
edema, necrosis, hemorrhage and apoptosis statisti-
cally between the groups. However, given the limited
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studies on this issue we believe that our findings could
be guiding for further comprehensive studies with a
larger series of patients.

CONCLUSION

In the light of the findings of this study, it can be said
that maternal hypertension increases neurological mat-
uration by causing vasodilation in the fetal brain, in-
creasing blood flow and decreasing cell death. The
effects of hypertension on neurological maturation
may depend on the effects of drugs used in the treatme
and the most important of these is magnesium sulfate.
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