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ABSTRACT

INTERNAL SURFACE STRUCTURE OF HUMAN PLACENTAL

VILLI USING THE SCANNING ELECTRON MICROSCOPE

BY

Jussara Maria Caetano

The internal surface structure of human placental villi was

determined in nine specimens of third trimester placental tissue

using scanning electron microscopy. The tissues studied were from

three normal and six abnormal placentas and were obtained from the

Michigan Placental Tissue Registry. The abnormal placentas included

four with hemorrhagic endovasculitis and hemorrhagic villitis, one

with maternal sickle cell disease, and one with massive perivillous

fibrin deposition. Blocks were either cut on a cryostat or prepared

by freeze-fracture technique, which was followed by dehydration and

critical point drying to remove the water. The tissues were coated

with gold to prevent charging from the electron beam and examined on

an 151 S-III scanning electron microscope operated at 15 KV accelerat—

ing voltage, using a magnification of 200 to 5000 times.

The micrographs of the villi from the three third trimester

placental tissues from normal placentas illustrated the normal

terminal villous branches with their internal surface structure, the

fetal vessels, mesenchymal stroma and a thin trophoblastic layer.

With the freeze-fracture technique, the vessels and trophoblastic
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layer were clearly evident in different planes. An abnormal fetal

vascular tree was present in all four placental specimens previously

diagnosed as hemorrhagic endovasculitis and hemorrhagic villitis.

The vessel walls were hyperplastic with narrowing or obliteration

of the lumen. Intravascular thrombi were frequently found in the

fetal vessels. Fragmented red blood cells appeared to be within one

vessel wall. In some terminal villi there were areas of homogeneous,

amorphous material, which was considered to be fibrinoid degeneration.

In the tissues of the specimen diagnosed as massive perivillous

fibrin deposition, there were fibrin strands forming bridges within

the intervillous spaces, compact villous stroma, and red blood

cell clots. In the tissues from the case of maternal sickle cell

disease, sickled red blood cells were present in the intervillous

spaces and on the surface of the villus.
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INTRODUCTION

Considerable research on the morphology of the human placenta

surface using the scanning electron microscope (SEM) has been done

since 1968. However, the internal architecture of human placental

villi has been mentioned only briefly by Ludwig (1971, 1974). In

.
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his studies on the surface of the placental structures using the

SEM, he referred to the internal aspect of the villus as containing

a trophoblastic layer and connective tissue surrounding the fetal

blood vessels. The use of specimens fixed in formalin as a routine

fixative in surgical and autopsy pathology would be of great value

for additional research on the human placenta. In transmission

electron microscopy, formalin—fixed tissues have been reported to

produce good ultrastructural results and to be economical (Ashworth,

1964; Carson et al., 1973). The present research utilized the

scanning electron microscope to determine the feasibility of using

placental tissue previously fixed in 10% formalin in research on

the internal structure of human placenta tissue.



OBJECTIVES

The objectives of this research were:

1. To determine the value of formalin—fixed placental tissue

for scanning electron microscopy studies.

2. To determine and describe the morphological characteristics

of the internal surface structure of third trimester human placental

villi from three normal and six abnormal human placentas.

 



REVIEW OF LITERATURE

Development and Anatomy of the Placenta
 

The placenta is an endocrine organ of short life span, although

of vital importance in human reproduction. It is responsible for

the transfer of 02 and nutrients from mother to the fetus and CO2

and wastes from the fetus to mother. It could react as an immuno-

logical barrier to infection. The development of the placenta after

the ovum is fertilized in the fallopian tube was described in detail

by Boyd and Hamilton (1970).

The fetal placenta is formed by subunits called lobules, each

of which arises as a primary stem villus. The distal end of the

primary villi divides into secondary and tertiary villi. The

terminal villous network is formed by branches of tertiary villi

within the intervillous spaces. The terminal villi are the func—

tional units of the placenta and are responsible for the exchange of

substances between mother and fetus.

Fetal Circulation

The placenta is supplied by 2 arteries which spiral around the

umbilical vein. On the fetal surface of the placenta, the arteries

divide in short branches to supply the primary stem villi and become

the cotyledonary arteries. The division of the cotyledonary arteries

follows the pattern of the villus, branching to the tertiary villi.

The terminal villi are supplied by an extensive network of

3
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capillaries (Crawford, 1961, 1962). Dixon and Robertson (1969)

described the blood supply during fetal development.

Histology of the Placental Villi 

In early pregnancy, the villus has an edematous, loose stroma

in which numerous Hofbauer cells are present. These cells are

macrophages and have a vacuolated cytoplasm. The villi are covered by

2 layers of trophoblasts; the inner layer consists of cytotropho—

blast or Langhans' cells and the outer layer of syncytiotrophoblast.

Fetal capillaries appear at the end of the second month as small,

centrally located vessels. As pregnancy proceeds and the placenta

grows, thevillous stroma becomes condensed and the fetal capillaries

dilate. The syncytial nuclei in mature villi often aggregate and

form syncytial knots (Fox, 1973).

There is a variability in the villous pattern in the normal

term placenta. Fox (1964) studied 30 placentas from normal women

who had delivered normal, healthy babies. He observed a variation

in the villous appearance in different areas of the placenta.

Thliveris and Speroff (1977) described the ultrastructure of

the placental villi, chorion leave and decidua parietalis in normal

and hypertensive pregnant women. They observed that in hypertensive

women there was an increase in syncytial degeneration and fibrinoid

deposition.

Investigations of human placenta using SEM have been reported

since 1968. Ludwig, in Germany, has reported using SEM frequently as

a diagnostic aid in placental pathology. In 1971 he described the

surface structures of human term placentas after normal and toxemic

pregnancies. He also described the uterine wall postpartum. He
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observed the anatomical relations between maternal erythrocytes and

the syncytiotrophoblastic surface, the brush—like microvilli of the

villous surface, and the dense fibrin network in areas of infarction.

Bergstron (1971) investigated the fetal membranes in early

human pregnancy and observed the differentiation of the amniotic

epithelium. In 1974, Ludwig described the surface structures of

the terminal villus and amnion in the mature human placenta, combining

the ultrastructure findings with functional parameters of the fetal—

utero—placental unit.

The use of SEM to determine the surface ultrastructure of

human placenta in normal, prolonged pregnancies and in pregnancies

complicated by pre—eclamptic toxemia was described by Fox and

Agrafojo (1974). Sheppard and Bonnar (1974) examined the spiral

arteries supplying the human placenta at term. They demonstrated

that lining the internal surface of the spiral arteries there were

cells of two distinctly different sizes which were identified as

endothelium and cytotrophoblast cells. King and Menton (1975)

observed the slender filiform appearance of the microvilli covering

the syncytial surface from early and late gestation. They observed

that in early gestation the microvilli appear to be larger in diameter

than in mature placenta and transversally furrows are also a common

feature in mature placentas.

Thiriot and Panigel (1977) used SEM and TEM to compare the

changes in cell structure resulting from physiological activity of

the trophoblast during the maturation of the placenta.

All of these studies using SEM indicate that the surface of

syncytiotrophoblasts of placental villi is covered by brush—like

microvilli which vary in size and shape during various stages of
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maturation. Modifications, such as diminished, absent, or coarse

slumpy appearance of the microvilli of the villous surface, may occur

in abnormal pregnancies.

The Scanning Electron Microscope

History

The SEM is an instrument with broad application in physical and

biomedical sciences, engineering and industry. Early development on

the construction of the SEM was done in Germany between 1930 and 1938

by Von Ardenne using demagnifying lenses. At this same time, workers

in Great Britain, France and the USA were also doing experimental

studies on the SEM. World War II delayed the actual engineering of

the instrument until 1948. In 1965, the Cambridge University Engineer—

ing Department devised an instrument which led to the first commercial

SEM (Gray, 1973; Hayat, 1978).

Mechanical Principle 

A dehydrated and metal coated specimen mounted on a metal stub

is placed in a vacuum chamber. An electron gun at one end of the

vacuum column produces a narrow beam of electrons which pass toward

the anode. Two or more condenser lenses reduce the beam to less

than 100 A. Deflector coils and objective lenses focus on a small

spot on the surface of the specimen, placed in the vacuum chamber at

the other end of the column. The lenses act as a probe and the probe

bombards primary electrons of high energy at the surface of the

specimen. The specimen emits low energy secondary electrons which

are gathered by a collector. In the collector the electrons impinge

on an electrode made of aluminized scintillator material. The elec-

trons produce a flash of light which is amplified by a photomultiplier.
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The signal from this photomultiplier is proportional to the number

of secondary electrons emitted and is displayed on a cathode ray

tube (CRT).

The generator that operates the deflector coils is also

connected to the deflector plate of the CRT. The voltage signal

is employed and modulates the brightness of the spot on the CRT,

where the picture forms in radar screen fashion as the beam is

scanned across the specimen. The number of secondary electrons

emitted depends on the topography of the sample and the atomic

number of the surface.

Most SEM can operate with voltages varying from low to high,  
as in a transmission electron microscope (TEM) equipped with

scanning attachment. For the study of biological preparation, it

is best to use low voltages, because they are poor conductors and

high voltage penetration results in greater charging.

A camera is attached to the instrument for making micrographs

of the image (Hayat, 1972; Agar, 1974). The facility to rotate or

tilt the specimen can give rapid serial pictures at variable magni-

fication as they appear in the field. The best choice of photographic

material is indicated by phosphor characteristics on the CRT. The

most widely used is Polaroid 55 (P/N) film, because it gives a

negative for reproduction as well as rapidly providing a positive

print (Revel, 1975; Meek, 1977).

Specimen Preparation

An overview of specimen preparation for SEM was presented by

Boyde (1972). The preparation of soft animal tissue presented

problems because of the large water content, which must be removed.
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This is done by using a dehydration fluid (ethanol or acetone)

followed by drying for best resolution and contrast (Humphreys,

1975; Boyde, 1973).

To avoid surface tension forces developing during evaporative

drying or crystal formation with the freeze drying technique, the

best approach is to use the critical point drying (CPD) procedure,

using Freon 13 or CO (Nenamic, 1973).

2

After drying, it is necessary to coat the specimen with a thin

layer of metallic film to increase the thermal and electrical

conductivity. The coating material is usually composed of layers

of silver, aluminum, palladium, gold or carbon, used singly or in

combination. The thickness of the coating layer varies between 2 to

15 nm depending on the surface in the study, the operating conditions

of the SEM, and the coating procedure adopted (De Nee, 1975; Hayat,

1978).

It is possible to observe the internal surface of specimens

with the SEM. Humphreys (1974) used the method of CPD cryofracture,

ehtanol infiltrated tissues which substituted the water of the tissue

by ethanol before cryofracture and observed the advantage that ice—

crystal damageoccurringin freeze—drying was avoided. Flood (1975)

used dry-fracture techniques to observe soft internal biological

tissues and noted the possibility of more pronounced plastic deforma-

tion of the tissue elements than that which occurred with freeze-

fractured tissues.

 

 



MATERIALS AND METHODS

Placentas

Nine specimens of placental tissue fixed in 10% formalin were

obtained from the Michigan Placental Tissue Registry. These specimens

had been stored in formalin from 3 to 25 months prior to preparation

for scanning electron microscopy. These specimens were sectioned

using the cryostat and the freeze—fracture techniquesfor SEM study

of the internal surface structure of the human placental villi.

The following placentas were prepared. Three placentas were

from liveborn babies whose placentas had the histopathologic diagnosis

of normal third trimester placenta. Four placentas were from still—

born babies with the histopathologic diagnosis of third trimester

placenta with hemorrhagic endovasculitis and hemorrhagic villitis

(Sander, 1979). Two third trimester placentas were from liveborn

babies, one with the histopathologic diagnosis of massive perivillous

fibrin deposition and the other with a diagnosis of maternal sickle

cell disease (all above are Placental Tissue Registry reports). Four

sections measuring 1 cm X 1 cm x 5 mm were prepared from each specimen;

2 prepared by cryostat and 2 by freeze—fracture.

Cryostat Technique

Blocks were cut from the central area between fetal and maternal

surface of formalin—fixed placental tissue in blocks of .5 cm x .5

cm x 2 mm and washed in 0.1 M cacodylate buffer containing 5% sucrose
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and the pH adjusted to 7.2 with hydrochloric acid. The initial wash

was discarded and more buffer added. The tissue was agitated gently

for 30 minutes in a shaker instrument. The tissue blocks were fixed

onto corks with "OCT" (Ames Company, Indiana), frozen, and trimmed

on the cryostat to obtain a smooth surface. The tissue blocks fixed

onto corks were thawed in buffer. with the trimmed side up, all OCT

was removed from the specimen with buffer. The specimen was then

stored in buffer at 4°C.

The tissues were mounted onto aluminum discs with 10% gelatin

and dehydrated by placing them through a series of 50, 75, 95 and

100% ethanol for 10 minutes in each, followed by a final 100%

ethanol for 12 hours.

Freeze-Fracture Technique 

The freeze-fracture procedure used a modification of the pro—

cedure of Humphreys et a1. (1974). The modification was that formalin

rather than glutaraldehyde was used as the fixative.

Formalin—fixed tissue was cut into strips measuring 1 mm x 4 mm

and washed for 30 minutes in 0.1 M cacodylate buffer containing 5%

sucrose and the pH adjusted to 7.2 with hydrochloric acid. Strips

were then dehydrated in an ethanol series of 70, 95, and 100% for

15 minutes in each, followed by a second rinse in 100%. In the

final rinse of ethanol, the strips of tissue were inserted into

small cylinders of parafilm, which were made by rolling 2 cm strips

of parafilm around an applicator stick of about 2 mm in diameter.

The cylinders were filled with ethanol by submerging them in the

final rinse of ethanol. The ends of the cylinders were then crimped

shut. The cylinders containing the tissues were seized with forceps

and put under liquid nitrogen until frozen. The cylinders were then
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placed on a flat metal block (precooled in liquid nitrogen) and, with

a single—edge razor (precooled), held in a hemostat. The fractures

were made through the cylinders and tissues.

Critical Point Drying 

Tissue blocks prepared by both techniques were dried in a CPD

apparatus following the procedure of Anderson (1951), with the excep—

tion that the alcohol was not replaced by amylacetate and each block

was wrapped in lens paper to prevent foreign material in the CO2

tank from being deposited upon the tissue. The fractured blocks

were then placed in basket containers for CPD of small specimens.

Carbon dioxide at not less than 850 psi was released for 15 minutes

into the chilled bomb containing the tissues; this procedure was

repeated four times. Then the temperature of the bomb and specimens

was raised to volatilize the CO2 at its critical point and the

pressure in the bomb was slowly released.

The dried blocks were mounted on aluminum discs which were

glued (Television Tube Koat, GE Electronics Division of Hydrometals,

Inc., Illinois) to aluminum stubs. The fractured pieces were glued

directly to aluminum stubs with the fractured surface up. The

blocks were then stored under vacuum in a desiccator containing

anhydrous calcium sulfate until SEM examination.

Before SEM examination the blocks were coated with 200 to 300 A

of gold in a Film—Vac Sputter Coater, to prevent charging from the

electron beam. Specimens were examined in an ISI S-III scanning

electron microscope, operated at 15 KV accelerating voltage with

magnification varying from X200 to x5000. Black and white micrographs

were made of the representative sections with a Polaroid camera

attached to the scanning electron microscope using 55 P/N film.

 



 



RESULTS AND DISCUSSION

The internal surface structure of human placental villi was

determined in 9 specimens of third trimester placental tissue using

the scannine electron microscope.

Normal Third Trimester Placental villi
 

The normal term human placenta as observed by SEM showed an

arborization of the villous stems. Major villous branches divided

into minor villi. The last division was often a simple bifurcation

(Figure 1). Terminal chorionic villi measured from 25 to 55 p.

This compares well with the characteristic branching demonstrated in

glutaraldehyde fixed placentas (Ludwig), where the size of terminal

villi was reported to vary from 25 to 40 u. The space between single

terminal villi measured approximately 2 to 2.5 u (Figure l). The

minimum space between single terminal villi reported by Ludwig was

between 1 to 3 u. Circumferentially oriented furrows were present

along the villous tree (Figure 2), as demonstrated by King and Menton

(1975), Ludwig (1976) and Fox (1978).

The external surface of the syncytiotrophoblast covering the

villous tree appeared velvety. The preservation of the microvilli of

the syncytiotrophoblast by formalin fixation was comparable to that

demonstrated by Fox and Agrafojo (1974) using glutaraldehyde. The

surface of formalin fixed placentas contained more amorphous material.

This probably represents coagulated proteins which were fixed in

12
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Figure 1. Scanning electron micrograph of villous branches

in normal third trimester placenta. Terminal branches measure

20-55 u. Intervillous space between terminal villi (white

arrows) measure 2 to 2.5 u. The cut surface of the terminal

villi is apparent. Cryostat section, X400.

Figure 2. A terminal villous branch with furrows (arrow)

at the surface and fracture of the bifurcated terminal villus.

Freeze-fracture section, X400.
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place, since the placentas sampled were placed in formalin without

any prior washing or special treatment.

On the surface of the villi and intervillous space, only a few

red cells and no platelet aggregates were observed (Figures 1 and 2).

Strands of material presumed to be fibrin were occasionally seen in

these locations in normal placentas.

Both the freeze-fractured and cryostat sectioned villi revealed

an internal organization which consisted of a loose fibrillar stroma

in which branches of the vascular tree were supported (Figures 3 and

4). Various types of vessels with a cross sectional diameter of

15 to 25 u (Figure 4) contained elongated ridges of endothelial cells

arranged in parallel array along the long axis of the vessel (Figure

5). Sheppard and Bonnar (1974) described elongated arrangement of

endothelium spiral arteries. It can therefore be assumed that these

vessels represent arterioles. A second type of vessel was identi-

fied in which the endothelium appeared as a smooth sheet-like lining

without distinct cellular outlines (Figures 3, 4 and 6). In general

these vessels appear to be slightly smaller than the arterioles

present in the same villous branch (Figures 3 and 4). One such

vessel cut tangentially (Figure 6) demonstrated quite clearly the

smooth characteristic of the endothelial lining. These vessels with

smooth, non-corrugated endothelium were interpreted to represent

venules, as their size and relationship to arterioles were consistent

with this assumption. Some vessels could not be clearly placed into

one of these two categories, as the endothelium showed both smooth

and corrugated areas (Figures 6 and 7). It was noted that in normal

placentas processed by both freeze-fracture and cryostat sectioning,

the vascular structures were essentially free of circulating blood cells.
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Figure 3. Cross section of a villus showing the fetal

vessels, thin trophoblastic layer (T) and fibrous network.

Notice the velvety surface of the villus and an erythrocyte on

top of the internal villous surface. Freeze—fracture section,

X2000.

Figure 4. The villous internal surface formed by layers

of connective tissue intermixed with fetal vessels. Notice

the endothelial cells of the fetal vessels (arrow). Freeze—

fracture section, X1000.
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Figure 5. Detail of the internal surface of the endo—

thelial layer of a fetal vessel. Freeze-fracture section,

X2000.

Figure 6. Cut surface of villus showing nuclei of

various cell types such as syncytiotrophoblast (ST) and

mesenchyme (M). Notice a spherocyte (s) and an erythrocyte

(e) with an aggregate of platelets. Cryostat section, X2000.
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Figure 7. Higher magnification of Figure 6,

showing the fetal vessel and its lumen. Cryostat

section, X5000.
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Figure 8. villous branch showing an intense fibrosis of

the internal surface structure of the villus. Notice the large

number of erythrocytes (e) and fibrin (f) deposition along the

intervillous space. Cryostat section, X1000.

Figure 9. Scanning electron micrograph of a thrombus in

a large vessel. Cryostat section, X200.
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Figure 10. A cut surface of a villous branch showing a

thrombus in a large vessel. Cryostat section, X200.

Figure 11. A fractured surface of a villus showing dense

fibrous network surrounding a vessel. Freeze—fracture section,

X400.
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Figure 12. A fractured surface of a villus showing partial

obliteration of the vessel. Freeze—fracture section, X1000.

Figure 13. Red blood cells within the vessel wall

(arrow). Cryostat section, X1000.
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Figure 12 
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Figure 14. Red blood cells filling most of the fetal

vessels of this villus. Cryostat section, X1000.

Figure 15. Fibrinoid degeneration resulting in oblitera—

tion of villous connective tissue. Observe the same change

in the intervillous space (arrow). Cryostat section, X1000.
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was considered to be fibrinoid deposition. There was the formation

of bridges between villi by deposition of fibrillar material, pre-

sumed to be fibrin. Entrapped red cells were identified within this

fibrillar network.

These findings correlate with some features of hemorrhagic endo—

vasculitis and hemorrhagic villitis described by light microscopy.

Massive Perivillous Deposition

This lesion was present in one abnormal placenta. The lesion

was characterized by an accumulation of fibrillar strands which

filled and obliterated the intervillous space (Figures 16 and 17).

By light microscopy this fibrillar material was demonstrated to be

fibrin (Fox, 1967, 1978). The amount of fibrin deposition was in

considerable excess of that demonstrated in the intervillous space

in placentas from full—term pregnancies. The stroma appeared more

compact than normal and showed an unusual condensation in the tropho-

blastic layer (Figure 16). The tissues in this area had a homogeneous,

almost waxy appearance. This may represent a degenerative change.

Erythrocytes were identified entrapped within the fibrin network as

well as adherent to the cut or fractured surface of the villus.

The results observed in this research using the SEM correlate

with those findings reported using light microscopy, such as villi

embedded in fibrin and widely separated by fibrin deposition oblitera-

ting the intervillous space.

Sickle Cell Disease

A placenta from a case of maternal sickle cell disease had

sickle—shaped red blood cells in the intervillous space and over the





31

 

Figure 16. Massive perivillous fibrin deposition. The

fibrin strands fill the intervillous space (arrow). Cryostat

section, X700.

Figure 17. Detailed fibrin strand in the intervillous

space and covering the structures of the internal surface of

the villus. Cryostat section, X1000.
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cut villous surface (Figures 18 and 19). Some nonstructural elements

were observed.

Maternal sickle cell disease is a serious problem in pregnant

women, as complications such as urinary tract infection, toxemia and

heart failure occur (Anderson et al., 1960; Benirschke and Driscoll,

1967).

In conclusion, SEM has promise as a useful technique to evaluate

the internal structure of the formalin fixed placenta by cryostat

frozen section or freeze—fracture techniques.
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Figure 18. Sickle—shaped red blood cells within the inter-

villous space and on the surface of a villus. Cryostat section,

X1000.

Figure 19. A cut surface of a villous branch with

sickle red celIS. Cryostat section, x2000.
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Figure 18

 
Figure 19





SUMMARY

The internal surface structure of human placental villi was

determined in nine specimens of third trimester placental tissue

using scanning electron microscopy. The tissues studied were from

three normal and six abnormal placentas and were obtained from the

Michigan Placental Tissue Registry. The abnormal placentas included

four with hemorrhagic endovasculitis and hemorrhagic villitis, one

with maternal sickle cell disease, and one with massive perivillous

fibrin deposition. Blocks were either cut on a cryostat or prepared

by freeze—fracture technique, which was followed by dehydration and

critical point drying to remove the water. The tissues were coated

with gold to prevent charging from the electron beam and examined on

an ISI S—III scanning electron microscope operated at 15 Kv acclerat—

ing voltage, using a magnification of 200 to 5000 times.

The micrographs of the villi from the three third trimester

placental tissues from normal placentas illustrated the normal

terminal villous branches with their internal surface structure, the

fetal vessels, mesenchymal stroma and a thin trophoblastic layer.

With the freeze-fracture technique, the vessels and trophoblastic

layer were clearly evident in different planes. An abnormal fetal

vascular tree was present in all four placental specimens previously

diagnosed as hemorrhagic endovasculitis and hemorrhagic villitis.

The vessel walls were hyperplastic with narrowing or obliteration
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of the lumen. Intravascular thrombi were frequently found in the

fetal vessels. Fragmented red blood cells appeared to be within one

vessel wall. In some terminal villi there were areas of homogeneous,

amorphous material, which was considered to be fibrinoid degeneration.

In the tissues of the specimen diagnosed as massive perivillous

fibrin deposition, there were fibrin strands forming bridges within

the intervillous spaces, compact villous stroma, and red blood

cell clots. In the tissues from the case of maternal sickle cell

disease, sickled red blood cells were present in the intervillous

spaces and on the surface of the villus.
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