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Abstract

The placenta plays vital roles during fetal development and growth. The ultrastructure of the placenta together with
remodeling of the uterine spiral arteries are very important to maintain the utero-placental blood flow. Preeclampsia
(PE) is a multifactorial disorder with abnormal placentation affecting the mother and fetus. The aim of this study was
to study the ultrastructural abnormalities of the placenta in cases of PE. The placentas of 10 PE women and 10 controls
were studied. Women of PE group were delivered by caesarian section while seven control women were delivered
vaginally, and three by caesarian section. Placental samples were studied both morphologically and histologically by
light and transmission electron microscopy. Light microscopic study of control placentas showed numerous microvilli,
few syncytial knots, thin-walled blood vessels. PE placentas showed reduced number of microvilli with numerous
syncytial knots, thick-walled vessels, edematous spaces, fibrotic areas and fibrinoid degeneration. Electron microscopic
study of the control placentas showed a thick layer of syncytiotrophoblast (Sy), numerous microvilli and a thin layer of
cytotrophoblast (Cy). PE placenta showed hypertrophy of Cy with atrophy of Sy and scarce microvilli. The trophoblast
showed edematous vacuoles and glycogen storage areas. The villous core had congested capillaries, edematous spaces,
glycogen storage areas and widespread areas of fibrosis.

All the changes in PE placentas were attributed to hypoxia and oxidative stress and reduced utero-placental flow due to
abnormal remodeling of the uterine spiral arteries that was aggravated by the thick placental barrier and the presence
of edema, fibrosis and glycogen storage areas.
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1. Introduction

The intrauterine existence of the fetus depends upon a vital organ; the Placenta. It is essential for maintenance of
pregnancy and fetal growth and development [1]. During its transient existence, it performs a lot of functions that will
be taken later on by different organs as the lungs, liver, gut, kidneys and endocrine glands. Its principal function is to
supply the fetus with oxygen and nutrients [2,3]. The structure of the mature placenta has been dealt with in detail
elsewhere; its fetal surface presents a tree of chorionic villi that invade the uterine vessels to let the maternal blood
reach the intervillous spaces. The villi are covered by a multinucleated syncytial layer, the syncytiotrophoblast (Sy) and
a deeper thin layer of cytotrophoblast (Cy) which gets thinner as pregnancy proceeds but persists until term [2]. The
core of the chorionic villi shows the fetal capillaries where the maternal and fetal bloods are separated by the placental
barrier which is formed of Sy, Cy, endothelial lining of the fetal capillaries and connective tissue core of the villi [4].
During pregnancy, the uterine spiral arteries undergo remodeling; loss of smooth muscle cells from their walls; resulting
in their dilatation that will help reduction of the velocity of the maternal blood flow [5].
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Hypertensive disorders are common pregnancy complications leading to deleterious outcomes for the mother and fetus.
Preeclampsia (PE) is one of those most serious disorders affecting 5-7% of all pregnancies and causes about 70,000
maternal and 500,000 fetal deaths every year worldwide [6,7].

PE is a multifactorial disease that develops after 20 weeks of gestation and although the underlying pathophysiology is
not clear, abnormal placentation has been suggested. The shallow trophoblast migration towards the uterine spiral
arterioles and the impaired remodeling of these arteries leads to a hypoperfused placenta, thus creating a favorable
environment for developing hypoxia and oxidative stress (0S) [8,9,10,11].

Ischemic placenta releases factors causing maternal vascular endothelial dysfunction, systemic vasoconstriction, OS,
and intrauterine growth restriction with neonatal low birth weight. Currently, treatment of PE is limited to treatment
of hypertension and in severe cases, it may require premature labor induction with its comorbidities as respiratory
distress syndrome [11,12]. It may be complicated by devastating consequences as stroke, kidney failure and eclampsia
[9,11].

As the placenta is the central organ in PE, this study was conducted to detect the ultrastructural changes of the placenta
in pregnancies complicated by PE.

2. Material and methods

The placentas of 20 women, 10 control and 10 with PE, were studied with free consents approved by the Committee of
Ethics in the Faculty of Medicine, Alexandria University. Women with a previous history of diabetes, hypertension or
other chronic diseases were excluded. The age of the women ranged from 23 to 29 years for the controls and 25 to 32
years for PE group. The diagnosis of PE was made based on the criteria of the WHO as new-onset systolic blood pressure
>140 mmHg and diastolic blood pressure >90 mmHg plus new-onset proteinuria (>300 mg/24 h) [13,14].

All women of the PE group were delivered by caesarian section at 34 to 35 weeks of gestation. Seven control women
were delivered vaginally, while three were delivered by caesarian section at 36 to 39 weeks. All deliveries were done at
the Department of Gynecology and Obstetrics, Faculty of Medicine, Alexandria University. The neonatal birth weight
(kg) and the placental weight (gm) together with the placental diameter (cm) were measured. Sections (0.5 pm) of
whole thickness placental tissues were prepared and stained with hematoxyline and eosin (HE) and Masson trichrome
stain to detect the presence of fibrosis; and the sections were examined under Optika B-150 (Optika SRL, Ponteranica,
Italy) light microscope. The sections were analyzed by Imag | software to quantify the amount of fibrosis [15]. Blocks
for electron microscopy were fixed in the fixative 3% glutaraldehyde and 2% paraformaldehyde in 0.1 mol/I cacodylate
buffer (pH 7.3) for 24 h at 4°C. After fixation in 1.0% Os04 in 0.1 mol/] cacodylate buffer (pH 7.3) for 2 h at room
temperature, the tissue specimens were subjected to dehydration in graded ethanol series. After immersion in
propylene oxide (three times for 10 min each), the samples were immersed overnight in a mixture (1:1) of propylene
oxide and Epon 812 resin (Sigma Aldrich, St. Louis, MO, USA) to be finally embedded in Epon-812 resin. Semithin
sections (0.5 um thick) were cut using an ultramicrotome (Leica Ultracut; Leica, Berlin, Germany) that were picked on
copper grids and counterstained with 2% uranyl acetate and lead citrate [16]. The specimens were then examined by
transmission electron microscopy JEM-100CXi, (Jeol, Tokyo, Japan) at the electron microscope unit of Faculty of Science,
Alexandria University. The results were analyzed statistically using SPSS 22 (SPSS Inc, Chicago, IL, USA). Mean *
standard deviation (SD) of the two groups were compared using paired-samples t-test and the level of significance was
accepted as p<0.05.

3. Results

3.1. Morphometric results

The present study recorded significant changes in cases of PE as reduction of the gestational age and neonatal weight
together with reduction of morphometric data regarding the placental diameter and weight when compared with
control placentas. (Table 1).
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Table 1 Parameters of the studied control and PE placentas

Variables Control PE t-test | p-value
Minimum 36 34
Gestational age (weeks) | Maximum 39 35 10.83 0.01"
Mean+SD | 36.53+0.44 | 34.12+0.45
Minimum 17.5 16
Placental diameter (cm) | Maximum 19 18 7.95 0.00"
Mean#SD | 18.69+0.35 | 17.45+0.34
Minimum 460 380
Placental weight (gm) | Maximum 490 410 19.57 0.01"
Mean#SD | 481+14.41 | 399.6+£10.77
Minimum 2.80 2.40
Neonatal weight (kg) Maximum 3.10 2.60 11.20 0.01"
Mean+SD | 2.97+0.13 2.46%0.12
* significant at p<0.05

3.2. Histological results
3.2.1. Light microscopic results

H&E stain

Light microscopy of the control placenta showed a large number of small sized and densely packed microvilli with
narrow intervillous spaces filled with blood cells. Few syncytial knots ;which are aggregations of the nuclei of the Sy on
the surface of the microvilli; were seen at the poles of the microvilli. The villous core exhibited small thin-walled blood
vessels containing blood cells (Figure 1). In PE placenta, the number of microvilli was reduced with relatively more
syncytial knots when compared with the control together with wider intervillous spaces. The villous core in a number
of microvilli exhibited areas of fibrosis and scattered spaces of edema. Also, a number of microvilli showed dilated blood
vessels with thickening of their walls. There were areas of villous and perivillous fibrinoid degeneration (Figure 2).

Figure 1 (A,B) A Photomicrograph of a control placenta showing numerous small-sized microvilli (V), few
syncytial knots (S) and narrow intervillous spaces (red star) filled with blood cells. The villous core shows thin-
walled blood vessels (BV) containing blood cells. Haematoxylene and Eosin stain, x200 (A); x400 (B).
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Figure 2 (A, B) A photomicrograph of PE placenta showing reduced number of microvilli (V) with numerous
syncytial knots (S) and wider intervillous spaces (red star) containing blood cells. Areas of fibrosis (F), spaces
of edema (M) and thick-walled (black arrow) blood vessels (BV) containing blood cells are seen in the villous
core. There are areas of villous and perivillous fibrinoid degeneration (FD) seen in a bright pink color.
Haematoxylene and Eosin stain, x200 (A); x400 (B).

Masson trichrome stain

Microscopic examination of the control placenta showed no or negligible fibrosis in the core and the thin-walled blood
vessel walls of the placental villi. (Figure 3A) On the other hand, the terminal villi of the PE placentas showed
significantly wider areas of fibrosis in the villous mesenchymal core and in the thick walls of the blood vessels (Figure
3B,0).

Fibrotic score of placentas

Seore t-lest P-value
Control 124012 1192 001*
Preeclampsia 91 84094

¥ significant at p<0.05

Figure 3 A photomicrograph of control (A) and PE (B) placentas. The control placenta shows negligible fibrosis in
the chorionic villi (V) while the PE placenta shows wider areas of fibrosis seen as bluish coloration. The fibrotic
areas are seen in the villous core (black star) and in the thick walls of the blood vessels (yellow line). The amount
of fibrous tissue is significantly increased in the PE placenta (C). Masson TrichromeX400

3.2.2. Electron microscopic results

Electron microscopic study of the control full-term placenta showed that the terminal chorionic villi had a covering of a
thick layer of Sy which had a lot of cylindrical microvilli (Figures 4, 5,6). The cytoplasm of Sy was relatively dense
surrounding multiple nuclei with rough endoplasmic reticulum (rER) (Figures 4, 5,6). Deeper to SY there was a thin
layer of Cy where the cells had a pale cytoplasm that harbored some rER cisternae. (Figure 5). In some areas of the villi,
there was only Sy, without Cy (Figures 4,6). The underling villous core demonstrated fetal capillaries that contained red
blood cells (RBCs) and were lined with flat endothelial cells (Figures 6,7). The capillaries were externally limited by
concentric layers of reticular fibers (Figures 6,7).

The PE placenta showed a thin atrophic layer of Sy exhibiting scarce irregular microvilli. The underlying Cy was thick
and rich of organelles (Figures 8,9,10). The cytoplasm of the Sy showed a lot of vacuoles of diverse sizes and shapes
representing edematous spaces with aggregates of glycogen granules with the presence of lysosomes (Figures 10,11).
The cells of the Cy showed vesicular nuclei and the cytoplasm was rich in ribosomal granules and showed a lot of
mitochondria with some vesicles representing edematous spaces (Figures 9,11). The subtrophoblastic membrane was
obviously thick and the mesenchymal core of the villous had telocytes, fibroblasts and multiple areas of fibrosis
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Figure 4 An electron micrograph of a terminal chorionic villus of a control placenta showing that the covering
trophoblast has thick Sy with a dense cytoplasm surrounding multiple nuclei (N) and containing a lot of rER.. Multiple
cylindrical microvilli (Mv) are shown on the surface. Magnification x2500, Scale bar = 500 nm
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Figure 5 An electron micrograph of a terminal chorionic villus of a control placenta showing the thick covering Sy with
the relatively dense cytoplasm with multiple cylindrical microvilli (Mv) shown on the surface while the underlying Cy
is thinner and shows pale cytoplasm. Nuclei (N). Magnification x2500, Scale bar = 500 nm
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Figure 6 An electron micrograph of a terminal chorionic villus of a control placenta showing the thick Sy with its dense
cytoplasm containing a lot of rER and multiple nuclei (N) with multiple cylindrical microvilli (Mv). The underlying thin
Cy is absent in some regions. The villous core shows a fetal capillary (Ca) which is lined by endothelial cells (E) and
surrounded by reticular fibers (Rf). Cytotrophoblast (CY), RBCs (R). Magnification x2000, Scale bar = 500 nm

Figure 7 Detailed ultrastructure of a fetal capillary of a control placenta. This capillary is lined by flat endothelial cells
(E). The capillary is externally limited by concentric arrays of reticular fibers (Rf). RBCs (R). Magnification x3000, Scale
bar =500 nm

52



Magna Scientia Advanced Research and Reviews, 2021, 03(02), 047-060

: J2000x @ 7.0 in
3153118 p 08/0%/12 V=80, 00V
Direct Mag: 1000x
B Fac. Sc. Alex. Univ,

Figure 8 Electron micrograph of a terminal chorionic villus of a PE placenta. It is covered by an atrophied layer of Sy
that is separated from the congested fetal capillary (Ca) by a thick layer of organelles-rich Cy. The capillary endothelium
(E) is bulging while the villus core exhibits fibroblasts (F) and telocytes (T) characterized by long thin irregular
processes (arrows). Magnification x 1000, bar - 500nm
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Figure 9 Electron micrograph of a terminal chorionic villus of a PE placenta. The Cy forms a thick layer that is covered
by an atrophied dense cytoplasm of Sy that bears irregular scarce microvilli (Mv). The cells of Cy contain vesicular nuclei
(N) and their cytoplasm is rich in ribosomal granules (R) and mitochondria (forked arrows). The sub-trophoblastic
basement membrane (crossed arrows) is obviously thick and the villus mesenchymal core reveals a fibroblast (F) and
a telocyte (T) with its characteristic long irregular processes (arrows). Magnification x 2000, bar - 500nm
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Figure 10 A magnified part of Sy of a terminal chorionic villus of a PE placenta with its surface microvilli (Mv). A lot of
vacuoles (V) of diverse sizes and shapes occupy most of the cytoplasm that shows aggregates of glycogen granules
(forked arrows). A secondary lysosome (L) appears in the apical part. Magnification x 5000, bar - 500nm

Figure 11 Electron micrograph of a PE placenta reveals atrophic Sy and thick Cy and both contain large cytoplasmic
vacuoles (V). Edema forms clear spaces (S) under the trophoblast and between (*) the capillary endothelium (E) and
the thickened sub-endothelial basement membrane (forked arrows). Sub- trophoblastic basement membrane (crossed
arrows), pericytes (P) and fetal RBCs (R) in rouleoux arrangement. Magnification x 1500, bar - 500nm
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Figure 12 Electron micrograph of an extremely dilated fetal capillary of a chorionic villus of a PE placenta that is lined
with bulging endothelium (E) and contains a lot of dense dark (Rd) and few pale (Rp) red blood cells. The villous core
reveals multiple edematous spaces (S) and a telocyte (T) with its long thin irregular processes (forked arrows)
associated with areas of fibrosis (double arrows). Magnification x 1500, bar - 500nm

Figure 13 Electron micrograph of a high magnification of a fetal capillary of a PE placenta. One endothelial cell shows
aggregates of glycogen granules (arrows) stored particularly deep to the nucleus (N), while its neighboring cell reveals
dilated cisternae of endoplasmic reticulum (forked arrows) where a homogeneous material of moderate electron
density is stored. Notice blebbing of capillary endothelial cytoplasm into the capillary lumen (crossed arrows).
Magnification x 4000, bar - 500nm
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Figure 14 Electron micrograph of the core of a terminal chorionic villus of a PE placenta demonstrating the prevalence
of telocytes (T) with their long processes (forked arrows) and widespread fibrosis (double arrows) around a fetal
capillary (Ca) in a terminal chorionic villus. Magnification x 2500, bar - 500nm

(Figures 8,9,12). Edematous spaces were seen in the villous core and under the subtrophoblastic membrane (Figures
11,12). The villous core had congested blood vessels that contained a lot of dense dark and few pale RBCs and showed
bulging endothelial cells. Some capillaries showed edematous spaces between the endothelial cells and the
subendothelial membrane (Figures 8,11,12). The endothelial cells showed aggregates of glycogen granules deep to the
nucleus and dilated cisternae of endoplasmic reticulum where a homogeneous material of moderate electron density
was stored (Figure 13). There were widespread areas of fibrosis around the villous capillaries in the villous core. (Figure
14).

4. Discussion

The placenta is considered the most important organ of the body for its vital roles during fetal growth, but unfortunately,
it is poorly understood. The human fetus is totally dependent upon the placenta which is a mirror reflecting changes of
the maternal and fetal status. Thus, pregnancy complications as PE are significantly expressed in the placenta
microscopically as well as macroscopically [1,2,17].

The current study has been undertaken to show morphometric as well as structural alterations of the PE placentas.
There were significantly less placental weight and diameter together with significantly less gestational age and low
neonatal birth weight in cases of PE when compared with control placentas. Similar results were also mentioned in
other studies [1,14,18].

It has been stated that the intrauterine environment in cases of PE may alter the physiology and metabolism of the
placenta and neonate. Thus, the current findings cope with the underlying pathological conditions in PE with
vasculopathies of the spiral arteries and the resulting hypoxia that cause reduced utero-placental blood flow and
transplacental exchange of oxygen and nutrients; hence the smaller placenta [1]. These changes together with the
characteristic proteinuria of PE might interfere with the fetal nutrition and growth leading to low birth weight babies.
Moreover, the less gestational age and preterm birth associated with PE might contribute to the low neonatal birth
weight [1,19,20].
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The control placenta in the current study showed terminal villi having a thick layer of multinucleated Sy and a thin layer
of Cy with a thin BM. The terminal villi beard numerous cylindrical microvilli and the villous core showed capillaries
lined with flat endothelial cells with a thin BM.

Placental growth and microvillous density are dependent upon the thickness of the trophoblastic layers that affects the
feto-maternal exchange [17]. The placental barrier that separates the maternal and fetal circulations is made up of Sy,
a thin layer of Cy, a thin layer of vascular endothelial cells and the stroma in the villous core. This structure is suitable
to ensure enough maternal blood supply and proper nutrition and oxygenation and of the embryo. Moreover, thin Cy
facilitates its fusion with Sy, what is known as syncytial fusion that helps syncytial growth and proliferation. This
ensures that Cy at the tips of the villi grows out to penetrate into the endometrium for proper invasion of the spiral
arteries which is a key event in normal placentation [4,17].

Early in pregnancy, the placenta and embryo develop in a state of low oxygen tension to protect the developing fetus
from the dangerous effects of reactive oxygen species (ROS). With the onset of maternal blood flow, the placental oxygen
concentration gradually rises and is used for generation of adenosine triphosphate (ATP) by the mitochondria with
production of ROS [12,21,22]. Physiological ROS levels play a vital role in placental development and functions. Under
normal conditions, the placental antioxidant mechanisms could balance the effects of ROS and this redox state helps to
regulate blood pressure [11,23].

However, in PE, placental ischemia induces mitochondrial dysfunction that results in reduced oxygen consumption and
a greater reliance on glycolytic metabolism with excessive ROS production that induces OS that is worsened by the
reduced activity of anti-oxidant enzymes. Placental ischemia with OS may aggravate the placental dysfunction and
stimulate the placental release of anti-angiogenic mediators. These mediators eventually cause endothelial dysfunction
not only in the placenta but also in the kidney with vasoconstriction and hypertension [8,12,24, 25].

Thus, the current study showed structural changes in PE placentas, as thinning out of the Sy with reduced number of
microvilli together with multiple syncytial knots and aggregations of glycogen. This agrees with other studies that
reported the same features of immaturity and thinning [14,21,26,27,28]. It was concluded that reduction of the villous
tree is a hallmark of PE due to the sever hypoxia and ROS. This may lead to shallow trophoblastic invasion and improper
implantation which is a major characteristic of PE placentas [14,28,29]. Also, syncytial knots ;which were mentioned as
a sign of immaturity; were reported in 10-15 % of the terminal villi in normal placentas, but were more pronounced in
cases of low birth weight and low placental weight, as in PE [1,30]. They were attributed to hypoxia with the resulting
malnutrition and immaturity of the villi as well as hormonal disturbances [1]. Moreover, these knots exhibit heavily
condensed chromatin which is considered a feature of Sy apoptosis that might be induced by the excessive hypoxia
together with high lysosomal activity in the trophoblastic cells. Hypoxia also causes dilatation and stress of the ER which
is considered a sign of necrosis [14,31]. Also, cytochrome C; a mitochondrial discharge; was said to increase caspase
activation with trophoblastic apoptosis [12,21].

In PE, OS causes structural and physiological damage to DNA, RNA and lipids with a significant cellular damage and
death. Thus, it could be ruled out that hypoxia of the trophoblast cells, together with reduction of ATP biosynthesis and
0S may induce apoptosis of placental cells [12,32,33]. In the same context, accumulation of glycogen in the trophoblasts
of PE placentas may be considered a metabolic marker of immaturity, as it was stated that glycogen content tends to
decrease as cells reach maturity [14].

Vacuoles and edematous spaces detected in the trophoblasts and villous core in PE placentas in the present study have
been mentioned also by some authors who concluded that these vaculations might be considered a sign of apoptosis
[14,21,26,27]. Slight vacuolation may be present in the normal placenta and is hypothesized to be a physiological form
of cell degradation which promotes placental survival and maturation [17]. On the other hand, PE and its accompanying
hypoxia may enhance the lysosome/vacuole functions resulting in a widespread cytoplasmic vacuolation that definitely
would increase the thickness of the placental barrier and significantly compromise the utero-placental blood flow.
Moreover, thickening of the subtrophoblastic membrane and walls of the villous capillaries might significantly affect
feto-maternal exchange across the placenta and reduce embryonic oxygenation and nutrition [4].

Also, the thickness of the placental barrier might be increased by the deposition of fibrin in the villous core as was
demonstrated in the current study and mentioned by many authors [1,21,28,33]. Fibrin deposition has been attributed
to an increased placental antifibrinolytic potential. In PE, there is an imbalance between the plasminogen activators
;important factors in fibrinolysis; and their inhibitors with elevated levels of the inhibitors and the consequent
deposition of fibrin [14,33,34]. Again, this would increase the thickness of the placental barrier and negatively affect the
utero-placental blood flow that might add to the hypoxic state with its consequent trophoblastic necrosis [28,35].
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The fibrinoid degeneration observed in PE placentas in the current study has been mentioned by some authors [1,14].
An explanation was given, that the fibrinoid degeneration is a special form of necrosis that may result from deposition
of fibrin that leaked outside the vessels together with other molecules derived from blood clotting or the hypoxia-
induced degenerative processes. This fibrinoid material replaces the disrupted SY on the terminal villi acting as a kind
of barrier adding to the reduced materno-fetal exchange [4].

5. Conclusion

The underlying vasculopathies of the uterine spiral arteries with abnormal trophoblastic invasion might result in
hypoxia and OS which are considered important players in PE. Thus, this might be presented as an explanation for the
placental structural abnormalities such as trophoblastic necrosis, reduction of the villous tree and increased thickness
of the placental barrier with the resulting impaired utero-placental flow and materno-fetal exchange and their
deleterious effects on both the placenta and fetus [1,14].
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