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Abstract. Th e effi  cacy and utility of pentachrome staining has been demonstrated in 
many studies on diverse human body tissues. Movat pentachrome technique is used 
for multicolor staining of tissue sections and vascular and stroma visualization. So far, 
the utility of this method for microanatomical evaluation of placental structures has not 
been demonstrated. Th e aim of this study is to evaluate the image of normal placenta 
and to develop some reference images for future evaluation of pathological tissues based 
on this technique. Material and method. Th e study was carried out on 21 paraffi  n slices 
taken from seven mature human placenta of single pregnant women without signifi cant 
pathology and completed with a planned, elective Caesarean section. All paraffi  n slices 
were used for preparation of tissue microarrays and then performing a histochemical 
staining (HE and Movat). Results. On the basis of the collected material, microscopic 
analysis enabled the identifi cation of normal placental villi - terminal villi,mature inter-
mediate villi and stem villi. Moreover the maternal part of placenta was visualized. It is 
worth emphasizing that in each case not only the trophoblast but also the stroma struc-
tures were visualized. Conclusions. Th is study proved the eff ectiveness and usefulness of 
Movat imaging of placenta especially in visualization of the stroma.
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INTRODUCTION

Th e placenta is an organ with a unique function and composition for 
the human body. Th e anatomical structure is relatively simple, consisting of 
two surfaces: fetal and maternal. On the fetal surface, which is covered by 
the amniotic membrane, there is the separation of the umbilical cord (Rome-
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ro 2015). It is usually located in the central part of the 
placenta, but can be found marginally or eccentrically. 
There are vessels branching from the umbilical cord, 
which usually spread radially (Huppertz 2008). Under-
neath the fetal surface, there is a chorionic plate con-
sisting of a fibrous mass and a thick layer of connective 
tissue in which various calibre blood vessels run: veins 
and chorionic arteries. From the plate, villous arteries 
descend deep into the placenta towards the intervillous 
space (Domagała et al. 2020). Small vessels diverge into 
the placental villi from the villous arteries. The villi tree 
itself grows from the chorionic plate starting from the 
broad stem villi, and is formed at a very early stage of 
placental development (Huppertz 2008). From the villi 
tree, successive generations of villi descend, which at 
the very end of the tree produce the intervillous space 
floating villi. Together the described elements form the 
structural unit of the placenta - the cotyledon (Otake et 
al. 2019) (Figure 1). There is a basal plate on the other 
side of the placenta on the maternal surface, which is a 
partially artificial structure created by the separation of 
the placenta from the uterus at birth (Kay, Nelson, and 
Wang 2011). It is therefore composed of maternal tis-

sues including the uterine arterial vessels. A thin layer of 
trophoblast separates it from the intervillous space, and 
is connected to the individual cotyledons by the anchor-
ing villi (Salaria et al. 2005). Adequate, proper placental 
structure is critical for fetal welfare. Any disturbance of 
this structure translates into significant clinical abnor-
malities of both the fetus and the mother, e.g. pregnan-
cy-related hypertension. Detailed knowledge of the pla-
centa structure is important, not only from a cognitive 
perspective but also that of a clinical one (Kay, Nelson, 
and Wang 2011).

The understanding of the placenta microstructure 
requires, apart from in vivo and macroscopic analysis, a 
microscopic analysis. Immunohistochemical techniques, 
i.e. mono- or polyclonally labelled antibodies are most 
commonly used to visualise components of the exam-
ined tissue. In spite of this, modern diagnostics and 
scientific research still uses histochemical methods for 
research as the immunohistochemical technique is based 
mainly on the use of two primary colours: blue and 
brown. This is a stark contrast to the ability of dye-based 
methods to produce multi-coloured images. This type 
of staining allows for the simultaneous identification of 

Figure 1. Human placenta (A – fetal side B – maternal side C – HE view of exemplary histospot, D – Pentachrome staining of exemplary 
histospot).
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many tissue structures in order to provide a microscopic 
analysis of their coexisting morphological-functional 
interactions (Petrovic et al. 2011).

One such histochemical technique is Movat pen-
tachrome staining (Felföldi et al. 2021; MOVAT 1955). 
In the case of the placenta, the authors believe that this 
technique can be useful to visualise parenchyma and 
stroma structures and, by simultaneously staining epi-
thelia, also allow assessment of the interaction between 
trophoblast, stroma, and fetal vessels. The analysis of the 
available literature did not reveal the presence of any 
scientific work investigating the pentachrome staining 
image of normal placental tissues. Therefore, the aim of 
this study is to evaluate the normal microscopic analysis 
of the placenta using Movat staining. The definition of 
normal morphological images will then enable compara-
tive studies comparing normal and pathological images 
to definitively confirm the usefulness of the histochemi-
cal technique in the diagnosis of placental pathology.

MATERIAL AND METHODS

The study was carried out on 21 paraffin slices taken 
from seven mature human placenta of single pregnant 
women without significant pathology and completed 
with a planned, elective Caesarean section (38-40 weeks 
of pregnancy). 

The mean age of the mothers was 31.62 years, and 
mean neonatal weight was 3702 g, with a mean APGAR 
score of 9.86 points at the first minute after birth and 
10 points at subsequent minutes (Table 1). All eligible 
mothers were healthy and the newborns did not show 
any abnormalities during the 24-hour clinical follow-
up. Antenatal and postnatal assessment of the mothers 
and medical evaluation of the newborns were performed 

according to Polish medical standards (Zdrowia 2018). 
Material was collected from three placental sites (umbili-
cal cord attachment area, paracentral zone and marginal 
zone of placenta) based on the technique proposed by 
Kay et al. (Kay, Nelson, and Wang 2011) using surgical 
clamps and dissecting forceps. 

After sampling, the material was preserved in 4% 
buffered formalin. The paraffin blots were prepared from 
the obtained material in a typical manner. Hematoxylin 
and eosin stained slides were then made and, after initial 
evaluation in a Leica LD 5000HL light microscope (Lei-
ca Microsystems, Werzlar, Germany), scanned using a 
Panoramic MIDI histology scanner (3DHistotech, Buda-
pest, Hungary) to create virtual slides.

Based on these, representative 1.5mm histospots 
were selected for tissue microarrays using the automat-
ed TMA Gran Master system (3D Histtech, Budapest, 
Hungary).

Pentachrome Movat staining was carried out follow-
ing a standard procedure. In the first step, staining was 
carried out in Alcian blue solution (20 minutes). This 
step was performed to buffer the basic substance. Next, 
the slides were rinsed under running water and then 
placed in alkaline alcohol. This part of the procedure 
was done to convert the Alcian blue into the insoluble 
pigment Monastral fast blue.

The next step was to rinse the material again with 
running water and then distilled water. Afterwards, 
staining in Verheoffs’ haematoxylin solution was carried 
out to stain the cell nuclei and elastic fibres. This step 
was again followed by rinsing the material several times 
in distilled water. The next step was differentiation in a 
2% aqueous solution of ferric trichloride. The differentia-
tion process was interrupted by rinsing the preparation 
again. At this stage a microscopic check of the staining 
of the slide was carried out. If the result was satisfactory, 
the slides were placed in sodium trisulfate solution (1 
min) and then rinsed again under running and distilled 
water.

The material was then stained in crocein scarlet acid 
fuchsin solution to stain fibrin and muscle. Slides were 
then washed in distilled water and, in the final step, in 
0.5% ice-cold acetic acid. The washing was necessary to 
differentiate the slide in 5% hydrated phosphotungstic 
acid solution. Differentiation time was a maximum of 
10 minutes. The staining effects were evaluated under 
the microscope. The slide was then rinsed again in ace-
tic acid solution to remove phosphotungstic acid and 
the material was rinsed three times in 100% alcohol to 
prepare it for staining in alcoholic saffron solution. This 
staining took approximately 15-20 minutes to stain the 
collagen and reticulin fibres. 

Table 1. Basic clinical data and general characteristics of the mate-
rial. SD – data in brackets, c-child/children; M- males, F-females; 
AG -Apgar points; BMI – body mass index; w – woman/women

Neonatus 
mass

Neonatus
AG 1 min

Maternal 
BMI

Maternal 
parity Maternal age

3702 (320.4) 
[g] 9,86 26.9 (2.4)

0c – 5 w
1c – 1 w
2c – 1 w

30,57 (1.6) 
[years]

Placenta 
mass

Placenta 
vertical 

diameter

Placenta 
horisontal 
diameter

Gestational 
age

Neonatus
gender

560 (56) [g] 17.0(1.4) 
[cm]

18.5 (2.0) 
[cm]

40 (1.2) 
[weeks]

F-4
M-3
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Finally, the slide was rinsed in alcohol solutions of 
decreasing concentrations, and covered with a coverslip.

The expression of the studied markers was evaluated 
independently by two independent observers (ZD, JD) 
using the Leica LD 5000HL light microscope. Identifi-
cation of tissue types was based on colour evaluation of 
stained tissues derived from the available literature (Chu 
et al. 2009; Felföldi et al. 2021; Kajbafzadeh et al. 2017; 
Willershausen et al. 2019), Due to the small size of the 
material, statistical analysis was omitted and the results 
were presented as observational data.

RESULTS

Microscopic analysis based on the obtained material 
allowed us to identify normal villi of the placenta: ter-
minal villi (Figure 2a), mature intermediate villi (Figure 
3a,b), and stem villi (Figure 4a). Moreover, the maternal 
part of the placenta was visualised (Figure 5). Micro-
scopic evaluation was conducted based on the acquired 
histospots. Qualification of tissue types was carried out 
independently based on the evaluation of the obtained 
multicolour image.

The evaluation of the terminal villi (Figure 2b) 
showed the presence of intensely black stained nuclei of 
trophoblast cells building the outer structure of the villi. 
The purplish-black colour is due to elastin fibres, which 
are present within the trophoblast, but also build the 
capillary walls and are found in the stroma. Inside the 
terminal villus, collagen fibres can also be seen (yellow-
ish coloured tissue fragments).

Figure 2. Terminal villus in HE (A) and MOVAT(B) staining (mag-
nification 400x).

Figure 3. Human intermediate villus in HE(A,B) and MOVAT (C,D) staining.



29Utility of the Movat pentachrome stain technique in the microanatomical analysis of the human placenta

In the case of the intermediate villi (Figure 3c,d), 
the presence of black-stained cell nuclei and black-purple 
elastin fibres present within the trophoblast and the cen-
tral part is also demonstrated. In the central part of the 
villi, yellowish collagen fibres are visible. Around the few 
vessels red or orange coloured muscle fibres and in some 
places blue coloured reticular fibres can be seen. 

In the case of steam villi (Figure 4), black stained 
cell nuclei and trophoblast cells were visualised. Around 
the vessels, reddish-brown stained muscle fibres were 
visualised and in the stroma blue stained collagen and 
brownish-yellow and brown proteoglycans and reticular 
fibres were visualised.

Assessment of maternal tissues stained with Movat 
demonstrated intense black colouration of villous and 
extravillous trophoblasts, red colouration of tissue sur-
rounding  villi and beige-yellow colouration of tissues 
in the stroma. Bluish staining was also found in limited 
areas corresponding to tissues containing large amounts 
of collagen and reticular fibres.

DISCUSSION

The reported data demonstrates the advantages of 
imaging the human placenta with Movat pentachrome 
staining techniques. Histochemical techniques (tri-
chrome or pentachrome stain) are used relatively often 
for histochemical evaluation of tissues (Kara et al. 2020; 
Klećkowska-Nawrot et al. 2015; Skonieczna et al. 2021; 
Zaki and Youssef 2013). Despite its complexity, the 
Movat technique allows for simultaneous visualisation of 
multiple tissue structures such as muscles, cell nuclei or 
tissues containing elastin fibres or glycosaminoglycans 
(Wilson et al. 2021).

Its attractiveness lies primarily in the acquisition 
of a multicoloured image, which greatly facilitates the 
assessment and differentiation of individual placental 
structures by the consulting pathologist at a reasonable 
cost limit. Presently, most placentas in the postpartum 
period are not evaluated histopathologically. Reasons for 
this situation include staff shortages as well as the limi-
tations associated with the high cost of histopathological 
examination (Hadravská et al. 2017).

In our opinion, a detailed microscopic evalua-
tion of the placenta should be considered because the 
results may present clinically relevant data. Such data 
may indicate an association between certain placental 
features, assessed macroscopically and microscopically, 
and pathologies associated with the later development of 
the child as an independent organism from the mother 
(Barker et al. 2010; Barker et al. 2012; Cirillo and Cohn 
2020; Hodyl et al. 2017). The human placenta is an organ 
that exists only during the developmental period and 
supports the growth and development of the fetus (Hup-
pertz 2008). Its growth is associated with rapid prolif-
eration of cytotrophoblast cells. This is accompanied by 
multistage differentiation into several subpopulations of 
cells with different anatomical localisation and function 
(Aplin et al. 2020). One such subpopulation, the syncy-
tiotrophoblast, covers the outer side of the chorionic vil-
li. It comes into direct contact with maternal blood and 
thus defines the nutritional, endocrine, and immuno-
logical interface between mother and fetus (Pijnenborg 
et al. 1981). Some trophoblast cells leave the placenta 
and enter the tissues of the mother; they are defined as 
extracellular trophoblasts. These cells penetrate the walls 
of the spiral arteries in such a way that they replace the 
endothelial cells of the mother’s vessels. In addition, 
there is displacement of smooth muscle cells and break-
down of the associated extracellular matrix. This process 
induces remodelling of the spiral arteries, resulting in a 
change in vessel characteristics. The artery transforms 
from a narrow vasoreactive vessel into a wider low-

Figure 4. Human stem villus in HE (A) and Movat (B) staining.

Figure 5. Extravillous trophobrast in HE (A) and Movat (B) stain-
ing.
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pressure tube that supplies the placenta and fetus with 
nutrient- and oxygen-rich maternal blood (Pijnenborg 
et al. 1981). The phenomenon described earlier defines 
placental tissues as “pseudomalignant tissue” because of 
the numerous similarities of trophoblast cells to tumour 
cells. Both cell types are characterised by a high ten-
dency to proliferation and invasion (Wilczyński 2006). 
Scientific data suggest that, in their development, cancer 
cells revert to primitive developmental processes repre-
sentative of trophoblast cells by taking over genes used 
by these cells to achieve metastatic potential (Koslowski 
et al. 2007). For example, the epithelial-mesenchymal 
transition (EMT) that is characteristic for neoplastic 
invasion occurs during early implantation/placentation 
(Roldán et al. 2020). Movat’s pentachrome technique 
is a useful tool in assisting physicians in the diagno-
sis of cancer. It supports the physician in assessing the 
degree of invasion of the proliferative process, and has 
been proven to confirm venous invasion in oesophageal 
adenocarcinoma (Castonguay, Li-Chang, and Driman 
2014). It is also used to evaluate the stroma of tumours 
(Haeberle et al. 2018). For example, in pancreatic can-
cer, Movat’s method allows the probability of a success-
ful tumour response to neoadjuvant chemotherapy to 
be determined (Haeberle et al. 2021). It is worth empha-
sizing that the assessment of the cell stroma is not only 
important in neoplastic diseases but also in the assess-
ment of the physiology and pathology of the human pla-
centa (Ji et al. 2021; Wang et al. 2011).

Pentachrome staining has also proven to be of value 
in the assessment of vascular remodelling associated with 
damage in the course of atherosclerosis. It allows a reli-
able qualitative and quantitative assessment of glycosa-
minoglycans, elastic fibres, proteoglycans, or collagen in 
tissues forming a blood vessel. For example, it has been 
shown that it can be used to assess the risk of cardiovas-
cular events in patients after carotid endarterectomy.

In sum, the placenta is an organ whose main pur-
pose is to ensure the exchange of nutrients between the 
developing fetus and its mother. This exchange is possi-
ble thanks to the characteristic structure of the organ, in 
which the blood vessels are a crucial element. The pla-
centa is therefore characterised by a dynamic cellular 
development based on mechanisms typical for neoplas-
tic tissues; simultaneously, it is an unusual “vascular” 
organ. The present work demonstrates that the use of 
histochemical techniques for tissue visualisation allows 
for a more comprehensive assessment of placental tis-
sue in contrast to standard histochemical staining, and 
may be useful for both clinical and scientific evaluation 
of this tissue. In the future, it is planned to use this tool 
to assess placental tissue in health and disease research.
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