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ABSTRACT 

This study was designed to explore the feasibility of using 

rat trophoblast cells as an animal model for studies of 

placental growth and regulation. The structural and functional 

similarities between the giant cells of the rat placenta, and 

the syncytio-trophobiasts of the human placenta warrant such an 

investigation. 

In this study, trophoblast cells were cultured in vitro. 

Particular attention was paid to the cytodifferentiation of 

cytotrophoblasts into giant trophoblast cells, and the time at 

which they appeared after they were first seeded in culture. 

Trophoblast cells derived from the isolated basal zone of the 

chorio-allantoic placenta from pregnant rats sacrificed on days 

12, 16, and 20 of gestation were used for experimentation. 

These cells were enzymatically dispersed and cultured in vitro 

as primary monolayers. The morphology of these cells was 

studied using histochemical methods under light, phase contrast, 

and fluorescent microscopy. 

Human chorionic gonadotropin (hCG) as a self regulatory/tropic 

agent, and diethylstilbestrol (DES} as a maternal estrogen were 

added to placental cell cultures to investigate their effects on 

steroidogenesis. Radioimmunoassay (RIA} was employed to analyze 

the culture media for the determination of progesterone hormone 

secretion by the trophoblast cells. 
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The basal secretion of P by the placental cells was highest in 

day 16 trophoblast with an average of 3. Ong P/18h. Day 12 

trophoblast produced the second highest amount with O. 8ng P/18h, 

and a marked reduction was seen in day 20 trophoblast cultures 

with only 0.3ng P/18h. DES treatment had no significant effect 

on day 16 and 20 trophoblast. However, day 12 trophoblast 

showed a biphasic response with an intense stimulatory effect 

(26.6ng P/18h) at the 10-10r1; with higher concentrations causing 

an inhibitory effect (0.36ng P/18h} at 10-5M. HCG stimulated 

both day 12 (2.4ng P/18h} and day 16 (6.7ng P/18h} trophoblast 

with peak P production at the lowest concentration of lOmIU. 

However, hCG had no significant effect at any dosage level on 

day 2 O trophoblast; while increased concentrations did not 

further stimulate day 12 and day 16 trophoblast to secrete P 

above the levels attained at 10-10 M. 

Morphological observations of the isolated basal zone cells 

revealed six distinct cell types: 1) mononucleated polygonal 

cells, 2) binucleated cells, 3) large multinucleated cells, 4) 

multinucleated giant cells, 5) mononucleated giant cells, and 6) 

fibroblasts. Within each of the 3 placental cell cultures we 

have observed that the formation of giant trophoblast cells 

occurs through several stages of differentiation of the 

mononuclear cytotrophoblast cells by means of cell and nuclear 

fusion. Therefore, isolated and cultured trophoblast cells are 

destined to become giant cells, and this differentiation can 

occur in the absence of maternal and fetal cues. 
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INTRODUCTION 

The placenta was generally regarded as a simple barrier that 

passively allowed nutrients to flow freely from mother to fetus 

by physical diffusion. Over the past 25 years, biologists came 

to realize that the placenta is a multifunctional organ, capable 

of many metabolic a_ctivities including nutritional exchange, 

excretory, endocrine, and immunological functions essential for 

fetal growth and development. This acknowledgement leads many 

to believe that the placenta is a highly programmed, 

autoregulated organ. However, details on the regulation of 

mammalian placental growth and function remain largely unknown, 

and the autonomous status of the placenta has recently been 

under examination. 

Indirect evidence suggests that maternal and fetal endocrine 

glands affect the growth and endocrine function of the placenta. 

Because the trophoblast is the principal site of contact between 

mother and fetus, its contribution in the maintenance of 

pregnancy and fetal survival is of particular experimental 

interest. 

Recently, the need for an animal model into the studies of the 

placenta has intensified. Due to Federal restrictions governing 

the use of human tissues and the increasing concerns regarding 

abortion, studies of placental growth and cytodifferentiation 

are 1 imi ted to term placentae. Thus, the rat placenta was 

chosen for this study because it provides a convenient source of 
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trophoblast cells, and the structural organization of the cells 

into a hemochorial placentation is essentially the same as that 

of humans. Briefly, both placentae are of the invasive 

hemochorial type, consisting of a trophoblastic epithelium 

overlying the fetal mesenchyme. Unlike the human placenta, the 

rat lacks chorionic villi, but has a functional yolk sac which, 

in early development, serves in the nutritional exchange between 

the mother and fetuses. 
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LITERATURE REVIEW: 

A. STRUCTURAL ORGANIZATION AND DEVELOPMENT OF THE PLACENTA 

Among mammalian species, several interpretive investigations 

into placental organization and development have been mad'e. It 

is generally accepted that the first stage in embryonic 

morphogenesis, the transition from the cleavage to the blastula 

stage, varies with respect to time and cell number, but the 

pattern of development is quite similar (Carlson, 1981). 

The formation of the blastocyst is not dependent on specific 

maternal influences, ie. its development follows a normal course 

in vitro and is a highly polar structure (Beaconsfield and 

Ginsberg, 1979). The polarity of the blastocyst involves two 

separate processes that give rise to two distinct cell lines, 

the trophoblasts and the inner cell mass (ICM) . Their formation 

is believed to be brought about by compaction of the blastomeres 

(Kaufman and Sachs, 1976). In mice and rats, these processes 

occur at 3. 5 days when a flattened monolayer of trophoblast 

cells forms a covering over the entire embryo. These 

trophoblast cells develope tight junctions between cell borders, 

greatly reducing their permeability to liquids. (Ducibella and 

Anderson, 1975). Another process involves the development of a 

cavity in the blastocyst, the blastocoel through secretion of 

fluid from cytoplasmic vesicles of surrounding cells. 
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This causes a small group of cells, the (ICM) to form underneath 

the overlying flattened trophoblast cell layer. According to 

the "inside-outside" hypothesis, (Tardowski, 1967) all 

blastorneres at the 8-16 cell stage are capable of 

differentiating into either ICM or trophoblast cells depending 

upon their initial location in the embryo. However, once the 

·blastocoel has formed, the cells of the blastocyst become 

committed to either ICM or trophectoderm cells (Gardener, 1973). 

At this time, the polar trophoblast cells overlying the ICM 

continue to divide (Copp, 1978) and eventually form the diploid 

stern cell population comprising the ectoplacental cone at the 

embryonic pole. Also, they may further contribute to the mural 

trophoblast cells surrounding the remainder of the blastocyst 

(Gardner and Papaianou, 1975). The mural trophectoderm cells 

stop dividing, and after implantation, form the primary 

mononuclear giant cells. The trophoblasts are intensely 

proliferative, (Peel and Bulmer, 1977) and eventually involve 

the whole trophectoderrn, with the exception of the cells 

immediately in contact with the ICM and its derivatives. 

It is the cells of the peripheral ectoplacental cone that 

invade and displace the endothelial cells of the uterus, corning 

into close proximity with the basement membrane of uterine 

epithelial cells. (Smith and Wilson, 1974). This invasion 

continues deep into the decidual tissues, eventually displacing 

the endothelial cells lining the maternal blood vessels, 

bringing the giant trophoblast cells in direct contact with 

maternal blood. (Schlaflect and Enders, 1975). 
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The invasion ceases around day 10 of gestation, with death of 

the giant cells occurring several days later. The labyrinth 

begins to develope when the chorio-allantoic mesoderm appears in 

relation to the ectoplacental cone. This mesoderm differ-

entiates into fetal mesenchyme and vascular channels lined by 

endothelium. It extends into the ectoplacental trophoblast 

between pre-existing maternal blood vessels, thus establishing 

the hemochorial placenta. 

After day 16 of gestation in the rat, (Davies and Glasser, 

1968) some diploid cells located furthest from the ICM, 

(Kaufman, 1983) develop into multinucleated and mononucleated 

polyploid giant cells which enclose the diploid cells of the 

ectoplacental cone to form a continuous cytoplasmic barrier. 

Unlike the primary giant· cells of the basal zone, these 

secondary cells survive to term and are located within the 

labyrinth. In the rat, there are three layers of trophoblast 

cells that separate the fetal and maternal blood in the 

labyrinth. In mice, the number of giant cells rises as 

pregnancy progresses, and on day 7, 8% of the cells are 

transformed. However, by day 9, 30-40% of the cell population 

are giant (Kaufman, 1983). Measurements of giant cell nuclear 

DNA in mice (Barlow and Sherman, 1972) showed that between day 

5 and day 11 of pregnancy, the largest nuclei contained up to 
C 

850x the haploid value of DNA. There is little information 

regarding the mechanisms of polyploidization in the rat, but 

several investigators have proposed various mechanisms in other 

species. These mechanisms include cell fusion (Billington, 1971 
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and Jollie, 1964), endoreduplication (Nagl, 1978) or through a 

binucleate phase followed by endomitosis (Ilgren, 1981, 1983). 

As the placenta increases in size, the relative proportion of 

the basal zone to the labyrinth decreases. On day 12, the 

labyrinth comprises 20% of the placenta, the decidua basalis 

55%, and the basal zone 25%. By day 20, the labyrinth is 60%, 

decidua basalis 25% and the basal zone 15% (Davies and Glasser, 

1968). These changes in the ratio of the respective zones of 

the placenta most likely implicate a change in the functional 

role, if not the contribution by each of these zones towards the 

maintenance of pregnancy. 
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B. Rat Placental Cell Culture 

Prior to 1960, most investigators used placental tissue 

explants to study trophoblast cells, where small pieces of 

tissue (1mm) placed directly in a culture dish with media, gave 

rise to secondary cellular outgrowths. Theide (1961) was the 

first to use the proteolytic enzyme, trypsin on minced human 

placental tissues. This provided a quick means of 

disaggregating the cells, and thus isolating them for monolayer 

cultures. Through the years, variations of this original 

trypsinization method have been used to study the cytology of 

individual placental cell types. However, investigators 

currently studying normal trophoblast cells in vitro still 

encounter difficulties in obtaining pure populations of isolated 

trophoblast cells from placentae. Frequently, primary cultures 

of trophoblast cells are contaminated with maternal and fetal 

mesenchymal cells, (Ferguson and Palm, 1976) and reliable 

markers of trophoblast are unavailable. Several investigators 

have provided evidence of morphological and functional 

differentiation of cultured trophoblast cells, (Ilgren, 1983 and 

Zuckerman, 1986) but the origin and mode of formation of giant 

trophoblast cells remains equivocal. 

Ferguson and Palm (1976) observed that mononuclear giant cells 

incorporated thymidine or macromolecular DNA without subsequent 

cytokinesis in culture. They dissected the ectoplacental cone, 
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consisting primarily of giant cells and cytotrophoblast from day 

12 pregnant rats for in vitro studies. These cells were 

cultured for a period of 16 days and 5 morphological cell types 

were observed: two histologically distinct giant cells, 

mononucleated and multinucleated, small round cells, polygonal 

cells, and fibroblasts. The mononuclear cells were very large, 

containing one large nucleus with several nucleoli. Their 

numbers in culture did not increase, therefore, they concluded 

that they must have been formed in vivo, thus being the cells 

originally seeded. Unlike the mononuclear cells, the 

multinucleate cells increased with time and were apparently 

derived from the small round cells of maternal origin that 

undergo amitosis and fusion. These small round cells displayed 

phagocytic activity similar to that of macrophages. The 

polygonal or epithelioid cells were the predominant cell type in 

culture. Their comparative morphology suggests that they are 

equivalent to cytotrophoblast in vivo (Fox, 1972). 

Other cytological investigations involved mouse, diploid, 

post-implantation trophectoderm cell derivatives grown in short

t~rm culture (72h) (Nagl, 1978, and Ilgren, 1981). These 

studies showed that a high percentage of giant cells continue to 

increase their nuclear DNA content possibly through endomitosis 

and/or endoreduplication: DNA replication without nuclear or 

cytoplasmic division. Ilgren (1981) reported that in mice the 

loss of close cell contacts and the absence of inner cell mass 

(ICM) derivatives promote giant cell transformation of post

implantation trophoblast cells which appear to become giant 
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through a binucleate phase. Initially, trophoblast cultures 

contained bi- and multinucleate cells. After trophoblastic 

growth in vitro, cell division stopped, and numerous nuclei had 

DNA contents> 4n. Most of the binucleated cells had pairs of 

nuclei with similar DNA values (2n) which progressively 

increased in value over the 72 h culture period up to 32n. 

Also, the proportion of uni-, bi-, and multinucleated cells 

changed with time; the percentage of uninucleated cells fell as 

binucleated cells increased to 10-15% of the total population. 

Eventually, the large nuclei of the binucleated cells would fuse 

to form highly polyploid giant cells. In comparison, 

binucleated cells were also seen in tissue sections and intact 

tissue spreads of 7 and 10 day secondary giant cell layers. 

Another mechanism by which the trophoblastic giant cells of the 

mouse and rat accumulate these large amounts of nuclear DNA is 

through phagocytosis. 

Graham (1973) proposed that trophoblastic giant cells 

phagocytize maternal nuclei and reutilize the ingested nuclear 

DNA. However, phagocytosis probably does not account for the 

large amounts of nuclear DNA seen within giant cells, and 

furthermore, the engulfed nuclei are probably genetically 

inactive. Therefore, this event, if and when it does occur, is 

apparently physiologically unimportant. 

Despite the report by Loke et al (1982) on mature human 

placenta in which phagocytic activity is limited to non

trophoblast cells of the monocyte/macrophage lineage, phagocytic 

activity continues to be cited as a characteristic of 
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trophoblast cells at all stages of gestation. It has even been 

used as a specific trophoblast cell marker in murine placental 

cell suspensions by Toder et al (1982). Drake and Rodger 

(1987) found that murine placental cell suspensions contain only 

small numbers of phagocytic trophoblast cells. As in the human 

placenta, the cells having the most phagocytic activity were of 

the macrophage lineage. However, they did see various amounts 

of phagocytic activity that was dependent on the gestational age 

of the placenta, and the specific culture conditions used. 

Ectoplacental cone (EPC) trophoblast, when grown in monolayer 

did not phagocytize either sheep red blood cells or 

Staphylococcus aureus. Macrophages in monolayer phagocytized 

staph, but only a limited amount of RBC and/or sperm. When 

cultured in a 3-D matrix however, the EPC trophoblast showed 

much phagocytosis of both RBCs and sperm. This suggests that 

the 2-D monolayer outgrowth system has serious inadequacies as 

a model of trophoblast function, and that a 3-D support matrix 

might better reproduce the characteristics of the in vivo 

environment. Therefore, the in vitro phagocytic potential of 

EPC trophoblast is only fully realized under specific culture 

conditions. 

Only a small number (< 1%) of large placental trophoblast 

cells from day 12-14 placentae showed some uptake of staph, but 

not RBCs when grown in suspension. 

phagocytized both the RBC and staph. 

Macrophages in suspension 

Thus, they concluded that 

in vitro phagocytic activity is not a characteristic of the 

major placental trophoblast population, and should not be used 
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as a trophoblast marker. Through the years, investigators have 

devised new methods of isolation, purification, and 

identification of trophoblast cells cultured in vitro. Matt, et 

al (1986) used unit gravity sedimentation to identify rat 

placental cell types capable of producing progesterone (P) and 

testosterone (T) isolated from day 12 and 16 placentae. They 

used a continuous Percoll gradient (2.5-25%) that was pumped 

into a column. A cell suspension, dispersed enzymatically with 

collagenase, was layered on top of the unit gravity column. 

After 1 h, 3 fractions were removed from the base of the column 

by a fraction collector. Aliquots from each fraction were 

examined by light microscopy. Fraction 1 consisted of entirely 

giant trophoblast cells, fraction 2 contained giant and medium

sized cells, and fraction 3 had many small and medium 

trophoblast, but mostly red blood cells and no giant cells. 

Electron photo-micrographs of the giant cells showed that each 

cell had an evaginated nucleus with many distinct nucleoli, an 

extensive endoplasmic reticulum, often filled with granules, 

several inclusion bodies, lipid droplets, and irregularly shaped 

mitochondria. They also found that these giant cells produced 

Pin day 12, and both P and Tin day 16 incubates. 

Zuckermann and Head (1986) developed a discontinuous Perco11· 

gradient centrifugation method devised to study the 

immunobiology of isolated and enriched populations of day 14 

murine trophoblast. six bands of cells were formed after 

centrifugation, but only bands 3, 4, and 5 contained viable 

trophoblast cells with various degrees of contamination and 
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growth patterns. Morphological characteristics of the cultured 

cells revealed that the cells were epithelioid, polygonal in 

shape, and mostly mononuclear, but a few were initially 

binuclear. As the days in culture increased, an increase in the 

size and number of the binuclear cells was observed, along with 

the formation of giant cells. They proposed that these giant 

cells arise from the nuclear fusion of the nuclei of the 

binucleate cells. The second type of growth observed was 

syncytial-like, formed by multinucleated cells having 10 of more 

nuclei per cell. However, the investigators were uncertain as 

to how these multinuclear cells were formed. They speculated 

that they were either derived from polygonal cells by 

cytoplasmic fusion, or by mitosis without cytokinesis. After 

day 3 in culture, · some of these syncytial cells appeared to have 

undergone nuclear fusion, giving rise to mononuclear giant cells 

with vacuolated and dark-staining cytoplasms resembling 

placental giant cells in situ. These investigators employed 

many techniques to further characterize the isolated cell types. 

They included a glucose phosphate isomerase test, antibodies for 

immunofluorescence against cytokeratin (an intermediate filament 

protein characteristic of epithelial cells) and vimentin (an 

intermediate protein of mesenchymal cells), alkaline phosphatase 

test, indirect immunofluorescence, a Fe receptor assay, and a 

phagocytosis assay. 
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The results of these studies showed that isolated murine 

placental cells cultured for 24-48 h display the following 

characteristics: 

1. 95% fetally derived (fetal Gpi phenotype) 

2. cytokeration (+) & vimentin (-) in> 90% of the cells 

3. Fe receptor (-), 90-99% of the cells 

4. non-specific esterase (-), 90-99% 

5. 25-30% capable of limited phagocytosis 

6. stage-specific embryonic antigen (-) 

Note: 3-6 are specific markers for macrophages in culture. 

Alkaline phosphatase (AP) is a traditional marker for human 

syncytiotrophoblast (Contractor, 1983). Labyrinth cells in the 

mouse were AP (+), while spongiotrophoblasts and giant cells 

were weakly (+) to (-). In general, multinucleated syncytial 

and mononucleated giant cells derived from the basal zone were 

AP(-). 

Soares and Glasser (1987), examined the functional differ

entiation of isolated and cultured trophoblast cells from day 13 

rat placentae. The placental tissues were enzymatically 

dispersed, and the cells were cultured in vitro for 10 days. 

They found that the labyrinth cells had no giant cells on days 

1-2, but they were clearly present on day 4 and became more 

prominent by day 6 of culture. Thus demonstrating that rat 

placental cells have the ability to differentiate in vitro. 
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Hunt et al,· (1988) studied the morphological differentiation 

between ascites placental cells and in vitro cultured placental 

cells. Outgrowths of the explants were extended in vitro for 3-4 

weeks, and were then injected into the peritoneum of female 

rats. These rats developed ascites rat placental cells. The 

cells obtained from both of these groups were used to make 

morphological comparisons to rat placental cells (RPC) in situ 

to identify the probable origins of RPCs. 

Ascites RPCs consisted almost entirely of cyst-like structures 

composed of strongly basophilic cells with cytoplasmic 

extensions, and eosinophilic and homogeneous acellular cores. 

RPCs cultured in vitro formed colonies containing a central 

cyst-like structure with polygonal and epithelioid cells at the 

periphery. As the cells established confluency, RPC in the 

centers of the colonies formed dome-like structures which 

detached from the plastic and became free-floating in the 

culture medium. Those structures had the same staining and 

morphological characteristics as the ascites RPCs. Evaluation 

by electron microscopy revealed that all RPCs were epithelioid, 

and that they most closely resembled germinal cytotrophoblast of 

the labyrinth in situ. Also, the antigenic expression (Fe 

receptor(-) of these RPCs was similar to normal RPC in situ. 

Subsequent studies involving day 12 chorioallantoic placentae 

were performed by Hunt et al, (1989). Due to the often limited 

life span of in vitro cultured RPCs, much information regarding 

trophoblast cells has been obtained by studying their neoplastic 

counterparts. These investigators generated 6 cell lines from 
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the placentae of inbred and outbred rats. Initially, the 

procedure involved 6 outgrowths of explants which were expanded 

and maintained in vitro in culture flasks. The cells were 

passaged in vitro, but one of the 6 cell lines received an in 

vivo passage into the peritoneum of female rats. Their results 

indicate that the cells resembled normal trophoblast cells. 

These characteristics include: cell sensitivity to cAMP, 

expression of alkaline phosphatase (AP) , extracellular products, 

immunoreactivity to placental lactogen (PL), intermediate 

filament expression, and responses to transferrin. 
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C. PLACENTAL PROTEINS 

Extensive evidence exists in the literature for the production 

and secretion of polypeptide hormones by trophoblast cells. 

Most of the synthesized hormones have been attributed to the 

human placentae. However, much progress has been made in recent 

years towards the study of secreted rodent placental polypeptide 

hormones through the use of physiological studies and 

biochemical assays. It is well established that the rat 

placenta synthesizes mammotrophic factors; with the trophoblast 

layer producing most or all of these hormones. However, it is 

not exactly clear as to what time of gestation the mammotrophins 

are first produced and secreted. Several investigators have 

studied the time at which mammotrophic activity is detected in 

the maternal circulation. Matthies (1967) using serum from day 

7 and day 10 pregnant rats detected a mammotrophic response on 

the 10th day only. Cohen and Gala (1969) however, did not 

detect mammotrophic activity until day 12. Other investigators 

have shown that mammotrophic production and secretion continues 

throughout gestation; in an apparent biphasic pattern. 

Talamantes (1975) using direct bioassays of placental extracts 

and serum, reported two peaks of activity, one on the 11th to 

13th days and the other between the 17th and 20th days of 

gestation. Radioreceptor assays (RRA) by Shiu et al., ( 1973) ; 

Daughaday et al., (1979); Robertson and Friesen, (1981) also 
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showed peak activity on day 12 with a subsequent drop, and a 

second rise beginning on day 17 then plummeting to low levels at 

term. However, Kelly et al. (1975) obtained very different 

results using placental extracts instead of serum in RRA 

analysis. They found one peak level of mammotrophic binding 

activity occurring on the 15th day of gestation which is midway 

between the two peaks obtained from the serum RRA and placental 

bioassays. 

In rats, luteotrophic production shifts from the pituitary to 

the placenta during the second half of gestation. Several 

investigators have shown that rats hypophysectomized after day 

11 are capable of maintaining pregnancy (Greenwald and Johnson, 

1968; Pepe and Rothchild, 1972; Anderson.1975). Unlike_ 

placental mammotrophin, placental luteotrophiri production is not 

maintained beyond day 13 of gestation (Matthies, 1967; Cohen and 

Gala, 1969; Linkie and Niswender, 1973). In humans, LH 

activates the production of P by the luteal cells of the corpus 

luteum to maintain pregnancy. By mid-gestation LH levels drop, 

and the placenta continues to secrete placental lactogen along 

with human chorionic gonadotropin (hCG). The placental 

lactogen, synthesized by the syncytiotrophoblasts, may aid in 

the action of hCG on the corpus luteum to secrete progesterone 

( P) • 

The content of placental lactogen increases in the entire 

chorio-allantoic placenta of the rat as gestation progresses 

(Kelly et al., 1975; Soares and Talamentes, 1982). The 

trophoblastic giant cells of both the basal zone and labyrinth 
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are the putative cellular source for placental lactogens (Hall 

and Talamentes, 1984; Soares et al., 1985) . Rat placental 

lactogen is produced from day 10 till term (Robertson et al., 

1982; Soares et al., 1985), but its content in the basal zone 

peaks at day 15, and levels off for the remainder of gestation. 

Also, after day 15, rPL content in the labyrinth zone increases 

to a level comparable to that secreted by the basal zone. 

(Soares M.J., 1987). Furthermore, the rat placenta produces two 

kinds of placental lactogens: PL-1 and PL-2 (Robertson et al., 

1982; Soares et al., 1983). PL-1 is a high molecular weight 

protein of 40,000 dal. secreted by the primary giant cells, and 

is released into the maternal circulation between days 10 and 

12. PL-2 is a low molecular weight protein of 20,000 dal. 

secreted by the secondary giant cells of the labyrinth and yolk 

sac, and is the predominant lactogen secreted throughout the 

second half of gestation (Robertson and Friesen, 1981; Robertson 

et al., 1982; Soares et al., 1987). In vitro studies of 

isolated trophoblast giant cells of the rat placenta revealed 

that day 10 cells secrete PL-1, and day 11 cells secrete 

predominately PL-2. However, the switch from PL-1 to PL-2 that 

occurs in vivo does not occur in vitro. This may be due to the 

lack of in vivo signaling which regulates the production of PL-1 

secretion under in vitro conditions. Recent studies indicate 

that rPL is secreted as early in pregnancy as day 7 (Macdonald 

et al., 1988). Luteotrophic effects were determined by 

measuring serum progesterone levels of pregnant rats sacrificed 

on day 16 of gestation. These rats were previously subjected 
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to timed hypophysectomy on days 4, 5, 6, and 8. Animals 

operated on days 4 and 5 had lower P serum levels compared with 

rats operated on days 6 and 8. Also, morphological examination 

of the ovaries from rats operated on days 4 and 5 showed lysed 

corpora lutea while those operated on day 6 survived and 

functioned. 

In rats, estrogen (E) enhances mammotropin prolactin (PRL) 

secretion by the pituitary which may act together with LH/FSH on 

the corpus luteum to stimulate P production. In humans, PRL 

increases towards late gestation (Hadley, 1988). Duckworth et 

al., (1990) used in situ hybridization techniques to determine 

which cells of the rat placenta produce mRNAs for rPL-2, and rat 

prolactin-like proteins A & B (rPLP-A & rPLP-B). They found, in 

agreement with Davies & Glasser (1968), and Soares (1987), that 

rPL-2 mRNA is transcribed exclusively in the giant cells of the 

basal zone, but not in the labyrinth suggesting that the giant 

cells of the labyrinth are not functionally identical to those 

of the basal zone. This also confirms the immunocytochemical 

localization of mouse PL-2 by Hall and Talamantes (1984). Their 

data showed that rPL-2, rPLP-A, & rPLP-B mRNAs are all expressed 

in the cells of the basal zone. Because rPL-2 is secreted by 

basal zone, it may be the only member of the prolactin/growth 

hormone family which could have a potential role in the fetus. 

It is interesting to note that a receptor which binds mPL-2 has 

been identified in fetal mouse livers. (Olgren and Talamantes, 

1988). Thus, it can be concluded that rPL and pituitary 

prolactin act in a similar manner on the same mechanisms in the 



20 

corpus 1 uteum of pregnancy. However, it remains unclear whether 

the rat placenta produces a polypeptide hormone with 

gonadotrophic activity analogous to hCG produced by the human 

placenta. 

In humans, baboons, and horses, chorionic gonadotropin is 

critical for the maintenance of the corpus lutea and increased 

synthesis of steroid sex hormones. It . is composed of non

covalently bound a- and P-subunits, of which the a-subunit is 

common to the other glycoproteins LH, TSH, and FSH. 

Evidence for the existence of a specific placental 

gonadotropin-like factor is provided by the detection of 

gonadotropin activities in serum and placental extracts using 

bioassay. Blank and Dufau ( 1983) used the rat interstitial_ 

cell testosterone (RICT) bioassay to show that the secretory 

profile of this gonadotropin-like substance in serum and 

placentae are distinctly different from that of rPL; and Wide et 

al., (1980) detected serum immunoactivity in the mouse similar 

to hCG. However, Tabarelli et al., (1982) using the immature 

mouse uterine bioassay could elicit no positive response 

detecting gonadotropin activity. Thus, a specific CG-like 

hormone in the rat placenta has not yet been isolated. 

Investigations by Chin and Carr (1985) were unable to detect 

mRNA's encoding the a- and p-subunits in the placentae of timed 

pregnant rats using a sensitive blot hybridization analyses of 

cloned cDNA's encoding for the a- and p- subunits of LH derived 

from rat pituitary mRNA. The data in this study support the 

work of Wurzel et al., (1983) who were unable to detect any mRNA 
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encoding the a-subunit of a LH- or CG-like species using a mouse 

a-subunit cDNA in rat placentae, and Tepper and Roberts (1984) 

who found no detectable mRNA encoding the a-subunit of a LH-like 

molecule or cross-hybridization with rat LH ~-cDNA in the rat 

placenta. However, recently Lerrant et al., (1987) were able 

to isolate a single polypeptide of 17 kDa among translation 

products of day 20 rat placental mRNAs prepared from the fetal 

disc and maternal site of implantation. The translation 

products were precipitated with either anti=sera directed 

against a native rat a-subunit or denatured bovine a-subunit 

which is capable of cross-reacting with the rat pituitary a

subunit. Analysis of the immune-precipitates by SOS-PAGE 

electrophoresis revealed that this polypeptide is 

immunologically related to the a-subunit of the rat pituitary 

glycoprotein hormones LH, FSH, and TSH. 

Thus, since both rats and mice have been shown to produce and 

secrete placental lactogen, this may be the sole luteotropic 

protein hormone of the rodent placenta. (Klindt et al., 1981, 

Soares et al., 1982) 
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D. STEROID BIOSYNTHESIS 

In rats, the endocrine functions of the placenta have been 

attributed to the cells of the basal zone. This is particularly 

true for the secretion of steroid hormones. However, there is 

less certainty about the availability and location of e'nzymes 

needed to facilitate steroid biosynthesis in the placenta. 

Samauels et~al, in 1951 were the first to suggest that rodent 

trophoblast cells are steroidogenic. Using spectrophotometric 

assay methods, they found the enzyme 115, 3,8-hydroxy steroid 

dehydrogenase (HSD) which converts pregnenolone to progesterone .. 

Some activity was present, but the cellular localization of the 

enzyme was not determined. 

Using histochemical assay methods, 

utilized dehydroepianderosterone (DHA) 

Deane 

as a 

et al, (1962) 

substrate and 

followed the reduction of the co-factor NAD to NADH to mark 3,8-

HSD activity. They found very little activity on day 10 of 

gestation, but positive results were obtained on day 11. The 

intensity of the enzymatic activity peaked between days 13-15, 

and then faded as it approached term. Notably, this activity 

was restricted to trophoblastic giant cells. Other cell types 

in the placental disc, yolk sac, and decidua basalis were 

negative. Enzymatic activity was most intense in the primary 

giant cells of the mural region. Later, when these giant cells 

degenerated as pregnancy progressed, the activity was restricted 
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to the secondary giant cells of the basal zone. These 

histological observations were further supported by Ferguson and 

Christie (1967). However, biochemical analyses of the enzymatic 

products from incubated tissue with substrate were needed to 

confirm these investigations. 

Using a radioimmunoassay (RIA) method, Wierner (1974) measured 

the in vitro progesterone (P) production by placental incubates. 

Little change in activity occurred between days 13-15, but a 30% 

further reduction on day 16 and day 18 was found. This was 

further demonstrated in rats by Chan and Leathern (1975). They 

surgically separated the basal zone and labyrinth of day 20 rat 

placentae and incubated the tissue fractions with the precursor 

pregnenolone-7a-3H, and followed its conversion to progesterone-. 

3H and other products. The activity was primarily associated 

with the giant cells of the mural trophoblast layer and the 

basal zone of the placental disc. However, some low levels of 

activity were reported in the labyrinth and whole placental 

incubates. They speculated that the difficulties of past 

investigators to isolate P may have been attributed to the 

intense activity of the enzyme 5a reductase. This enzyme 

metabolizes the precursors of P, as well as P itself when whole 

placentae were used. Therefore, its accumulation could not be 

demonstrated using less sensitive techniques. Meanwhile, they 

were able to detect the biosynthesis of androgens, but were 

unable to detect the formation of estrogens from exogenous 

pregnenolone substrate due to the lack of aromatizing enzymes in 

the rat placenta. Matt and MacDonald ( 1984) using similar 
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methods on day 12, 16, 18, and 22 of gestation showed that the 

rat placenta produces both progesterone and testosterone. The 

basal zone was shown to be almost entirely responsible for T 

production on all days, with the greatest levels recorded on 

days 16 and 18. Maximum P production by the basal zone was 

found on day 12 of pregnancy and was greater than that of the 

labyrinth on days 16 and 18. However, P production by the basal 

zone was equivalent to that of the labyrinth, and T production 

declined as pregnancy approached term. Seth et al (1978) also 

found greater 65, 3~-HSD activity in mural trophoblast than in 

the placental disc from day 11-14, but the converse was true on 

day 15. 

Similar observations were made in mice which have the. 

identical hemochorial organization of the placenta. When mouse 

placental homogenates of day 9-21 were assayed, P production was 

first detected on day 11 and peaked on day 13. (Marcal et al, 

1975). Chew and Sherman (1975) demonstrated in the mouse that 

only the trophoblast cells possess the 65, 3~-HSD activity. 

Further evidence supporting the rat placenta as an active 

steroidogenic organ has been provided by several investigators. 

The rat is generally described as an ovariectomy-intolerant 

species which relies on maternal P production to maintain 

pregnancy. However, ovariectomy on or after day 16 has 

negligible abortive effect on the concepti. (Pulkkinen and 

Csapo, 1969). This is due to ovarian synthesis of P which 

continues until mid-gestation and is then replaced by placental 

contribution. Around day 12 of pregnancy, LH levels decrease 
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causing a simultaneous decrease in ovarian androgen (A) 

secretion (Khan et al, 1987). Gibori et al, 1979 found that 

despite the decreased ability of the ovary to produce androgens, 

there remains a high activity of estradiol biosynthesis with a 

concomitant increase in androgen levels in the maternal 

circulation. Yet, it is known that the rat placenta lacks the 

arornatization enzymes needed to form estrogen from androgens 

(Townsend and Ryan, 1970; Rernbiesea et al, 1972; Chan and 

Leathern, 1975, 1977). However, other investigators revealed 

that the placenta does secrete androgens both in vivo and in 

vitro. Gibori and Sridaran (1981), showed that the increase in 

circulating androgens were unaffected by ovariectorny, fetectorny, 

and adrenalectorny, but levels fell drastically with the removal_ 

of the placentae. Sridaran et al, (1983) discovered that in the 

primary culture of placental cells, androgen biosynthesis was 

limited to the trophoblast cells and that decidual cells show no 

secretion of androgens. Together, these studies strongly 

suggest that the rat placenta is the major source of circulating 

androgens. 

Several other studies showed that 6. 4 A biosynthesis exceeds 

T production in the placenta (Matt and MacDonald, 1984; Jackson 

and Albrect, 1985). In fact it was determined that the ovarian 

form of androgen synthesis is different from that of the 

placenta. Before day 16 of gestation, the rat placenta can not 

produce androgens. This is not due to the availability of 

progesterone, rather to the absence of an active cytochrome P-

450 17a enzyme in the rnicrosorne. In the ovary, LH stimulates 
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the P-450 17cr. enzyme thus causing an increase in estradiol 

synthesis by the luteal cells. This locally formed estradiol 

sustains P production (Gibori, 1988) . These hormones are 

continually produced until mid-gestation when there is a shift 

in androgen production from the from the ovaries to the 

placenta. As LH levels decrease, ovarian androgen decreases, 

and placental testosterone levels increase to peak on day 18. 

The placental androgens, mostly T, are aromatized in the luteal 

cells of the ovary which prevents the decline of estradiol by 

exerting a luteotrophic effect, and E2 maintains the 

progesterone production. This indicates that placental T may 

play a significant and indirect role in the luteotrophic process 

of pregnancy. However, the corpus luteum is still highly, 

responsive to LH. After day· 18, there is another shift in 6.4 

A production. Circulating LH levels increase, causing a gradual 

increase in ovarian A production, while placental A synthesis 

decreases at term (Sridaran et al, 1981). 

Warshaw et al (1987), studied P and T production by placental 

cells and luteal cells in short-term culture. They administered 

low doses of hCG and found that androstenedione secretion was 

increased by 125% in the luteal cells and decreased by 75% in 

placental cells, but had little effect on P production by either 

cell types. Androgen biosynthesis appears to be limited to the 

activity of P-450 17a (Sridaran and Gibori, 1984; Khan et al, 

1987). Also, hCG causes a reduction in placental 17cr.

hydroxylase, and 17,20-lyase activities, but an increase in 17cr.

hydroxylase in luteal cells (Durkee et al, 1987). Endogenous 
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estradiol has been implicated·in the hCG/LH induced loss of P-

450 17a activity and the decrease of placental androgen 

secretion. This decrease in placental T may help to stimulate 

the onset of labor (Legrand, 1984). Also, it is well 

established that P has an immune-suppressive effect in the 

tolerance of pregnancy by the mother. The shift in P production 

from the basal zone to the labyrinth may remove the protective 

barrier, thus causing parturition to occur (Matt and Macdonald, 

1985). 

Jackson and Albrect ( 1985) demonstrated that the placenta 

formed more l:::.4 A compared to T and P5 substrate in vitro during 

the second half of gestation. Also, there is a shift in 

placental steroidogenesis during the second half of pregnancy __ 

from the formation of P4 at midgestation to androgen (64 A) by 

day 14 of gestation. On day 18 there is an increase in the 

conversion of P5 to T, and a slight decrease in 64 A formation. 

This may reflect a change in placental 17P-HSD enzyme activity 

very late in gestation. Thus, the production of T by the rat 

placenta is delayed until the second half of gestation in 

comparison to its ability to produce 6.4 A. 

Matt et al, (1986) isolated day 12 and day 16 placental cells 

and partially purified them with a Percoll gradient. They 

showed that fractions containing giant trophoblast cells produce 

a larger quantity of P than those fractions having and equal 

number of cytotrophoblast cells, but void of giant cells. Day 

16 giant cells, along with other trophoblast were capable of 

producing both T and P. However, these isolated giant cells 
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produced lOOOx greater amount of T and P than other trophoblast 

cell types present. 

Bassett and Pepe (1987) found that there is a significant 

conversion of circulating androgen to E2 by the rat ovary after 

day 11 of gestation. They suggested that 6 4 A is the preferred 

circulating substrate for ovarian aromatization in the rat. 

However, circulating T and A were both utilized for E2 

production on day 21, suggesting that placental A may continue 

to serve as a substrate for ovarian E production. Later, they 

found that circulating Tis converted to A during pregnancy in 

the rat and that this reaction continues late in gestation 

(Bassett and Pepe, 1988). The ratio of T to A is comparable to 

that in humans. Although the placenta has 17P-HSD activity,, 

peripheral conversion of T to A was not altered by the removal 

of the uterus and placenta. The fact that the placenta is the 

major site of T and A production during the second half of 

gestation suggests that 17P-HSD activity in this tissue is 

probably more important to A synthesis from endogenous 

precursors than to the catabolism of circulating T because they 

have 17 P-HSD activity. 

The utilization of T as a precursor for E2 production by the 

ovaries after midpregnancy may depend upon peripheral and or 

intra-ovarian conversion of T to A. Androgen is the preferred 

substrate for ovarian aromatase. This is supported by the fact 

that endogenous A concentration is greater than T concentrations 

-

throughout the second half of gestation. Also, A concentration 

in the ovary on day 11 was greater than that on day 16 and day 
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21 (Bassett and Pepe 1987). Testosterone concentrations 

remained constant throughout the study period, but A 

concentrations were lowest on day 16 and day 21; the time with 

which E production and the ability to convert T to A is 

increased. Therefore, E2 production is more critically 

influenced by the quantity of androgen, especially A produced by 

the placenta and/or the activity of ovarian aromatase. 

The rat placenta has E receptors, particularly in the basal 

zone (McCormack and Glasser, 1978). After day 12, there is a 

shift in placental steroidogenesis from P4 to androgens in rats 

(Matt and McDonald, 1984) . It is correlated with a marked 

increase in 17 B-HSD and lyase activities Warshaw et al, (1986), 

but there is decrease in E receptors (McCormack and Glasser_ 

1978). Therefore, although ·peripheral serum E2 concentrations 

are increased at a time when placental androgen production is 

also increased, E may not be able to inhibit placental androgen 

synthesis completely because of the decrease in estrogen 

receptors (Jackson, Butterstein, and Albrect 1989). 
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MATERIALS: 

A. Animals 

Female Sprague-Dawley rats originally purchased from Charles 

River Laboratories (Charles River, MA) were bred in our animal 

facilities to produce a colony used in this research. They were 

housed under a 14hr light and 10hr dark regimen at 25° c, and fed 

Purina Lab Chow and water ad libitum. When they reached a body 

weight of 175-220gm., the rats were mated with males of the same 

strain and day 1 (Dl) of pregnancy was determined by presence of 

sperm in the vaginal lavage (smear). 

B. Radioisotopes and Unlabeled Hormones 

Radioactive [1,2,6,7-3 H]progesterone (s.a.=106.8 Ci/mmol) was 

purchased from New England Nuclear (Boston, MA). The isotope 

was brought to a volume of 5ml with benzene:ethanol (9:1 v/v) 

and stored at 4° C until use. Non-labeled progesterone (Sigma 

Chemical Company, St. Louis, MO) was stored at 4° c in ethanol. 

Human chorionic gonadotropin (hCG, 2500IU/bottle) (Sigma 

Chemical Co.) was stored lyophilized or dissolved in aliqouts of 

0. 2ml DMEM ( lOOOIU/ml) at -20° c. Diethylstilbestrol (DES) 

(Sigma Chem. Co.) M.W. 268.3 was stored at 4° C in a stock 

concentration of Jx10·3 M in ethanol. 
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C. Buffers, Reagents, and other Materials 

Hank's Balanced Salt solution [H 2387] (Sigma Chem. Co.) was 

used to rinse the dissected placentae, and Dulbecco's Modified 

Eagle's Medium [DMEM] (Sigma Chem. Co.) was used to culture 

placental cells. Both reagents were stored dry at 4° c until 

needed. The culture medium, DMEM was supplemented with 25mM 

Hepes solution (Sigma Chem. co.) in lieu of a Na2 HC04 solution, 

and stored at 4° c. Fetal Bovine Serum (Gibco Laboratories, 

Grand Island, NY) mycoplasma and virus tested was stored frozen 

at -20° C until the day of culture. Penicillin (10,000 U/ml), 

and Streptomycin (lOmg/ml) (Sigma Chem. Co.) used as 

antimicrobial agents, were stored dry at -20° C, then __ 

reconstituted in 20ml of 0.9% saline and added to the liquid 

DMEM prior to filtration. Collagenase Type IV (Cooper 

Biomedical) was stored dry at -20° C in desiccant. 

Various stains were employed for histochemical studies: 1. 

Methylene Blue (Baltimore Biological Laboratories, Baltimore MD) 

as a general stain; 2. Trypan Blue (0.4%) prepared in 0.9% NaCl 

(Sigma Chem. Co.) to determine cell viability; 3. Fast Green 

(Fisher Scientific co., NJ) and 4. Schiff Reagent (Ward's 

Natural Science est., Rochester, NY) were used in Feulgen' s 

Reaction technique specific for DNA; 5. acridine orange (Fisher 

Sci. Co.) a fluorescent stain used for DNA-RNA detection; 6. 

Nitroblue tetrazolium (Sigma Chem. Co). p-nicotinamide adenine 

dinucleotide (NAO) (Sigma Chem. Co.); and dehydroisoandrosterone 

(DHA) (Sigma Chem. Co.) were used to stain for 3 beta-hydroxy-
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steroid dehydrogenase. (see appendix) 

Petroleum ether (Fisher Sci. co.) was used for extractions of 

the culture media. Organic solvents such as methanol, benzene, 

iso-octane, acetone, and absolute alcohol, used for thin-layer 

and column chromatography were Baker Analyzed Reagent grade 

(Baker Chemical, Phillipsburg, NY) or Fisher Certified ACS 

spectroanalyzed (Fisher Sci. co., NJ). 

Radioactive hormones were separated and purified by ·column 

chromatography using Sephadex LH-20 (Sephadex, NJ) . Columns 

were made from 10ml. serological pipettes modified to 20cm by 

cutting the mouthpiece ends off, and plugging the tips with 

glass wool. 

Thin-layer chromatography, using plastic-backed silica gel, 

plates (Silica Gel 60 F 254 0.2mm MC/B Manufacturing Chem. Inc. 

Cincinnati, OH) were also used to purify isotopes. Glass 

developing tanks were lined with paper (Whatman Chromatography 

1, Wand K Bolston Std., England) that was presoaked in running 

solvent. 

Radioimmunoassays (RIA) were preformed using phosphate buffered 

saline (PBS) with 0.1% gelatin (Knox) (see appendix). Activated 

charcoal (Sigma Chem. Co.) washed 20x with distilled water then 

filtered, and Dextran T-70 (Pharmacia, Upsala, Sweden) were 

prepared in a 0.5% charcoal/ 0.05% dextran solution in PBS for 

separation of bound and free hormones. Antisera for 

progesterone were prepared by Dr. Chan of our laboratory and 

stored lyophilized at -20° c. Stock APS-2 and BPS-2 (P antisera) 

were reconstituted with 1ml distilled water and stored at 
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-20° c. Antisera were diluted for RIA with PBS at concentrations 

of 1:2000 (APS-2) and 1:5000 (BPS-2) and stored for up to one 

month at 4° c. 

D. Liquid Scintillation Fluor and Counter 

Aqueous samples were counted in 3ml of Omnifluor (New England 

Nuclear, Boston, MA) with Triton X-100 (Sigma Chem. Co.) (see 

appendix) . All radioactive samples were placed in plastic 

Nalgene filmware bags (Nalgene Rochester, NY) placed in 20ml 

glass scintillation carrier vials, and counted in a Maxi Tri

carb 4000 Series scintillation counter (United Technologies, 

Packard). The counting efficiency for 3 H was approximately 37%., 
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METHODS: 

A. Animals: Pregnant Sprague-Dawley rats at various days of 

gestation were sacrificed by decapitation under light 

anesthesia, and the trunk blood was collected for serum. Day 1 

of pregnancy was determined by the presence of sperm in the 

vaginal lavage. Autopsy dates of day 12, 16, and 20 were used 

for cyto-differentiation and biochemical studies. These dates 

were chosen because they mark distinct phases of placental 

function or development during pregnancy: 

B. 

Day 12 - The beginning of a more definitive labyrinth 

structure. · 

Day 16 - The first possible day after mid-gestation 

where ovariectomy can be tolerated with out 

abortion of the fetuses. 

Day 20 - Dry weight gain ceases, but placental weight 

gain increases due to water and blood 

accumulation. 

Tissue Preparation: The timed-pregnant rats were 

sacrificed and the uteri were dissected and rinsed in Hank's 

Balanced Salt solution without Ca 2• and Mg 2•. The concepti were 

quickly removed from the uterus under aseptic conditions and 

counted, but not weighed. The overlying decidual tissue, and 

the underlying yolk sac placenta that encapsulates each embryo 



35 

were removed according to the method described by Jenkinson and 

Owen (1980). The basal zone was identified by its pale 

appearance and dissected away from the labyrinth using a fine 

forceps and iridectomy scissors. The labyrinth was discarded 

and blood vessels, along with other adherent tissues, were 

trimmed from the basal zone. The basal zone was rinsed 

repeatedly in several changes of fresh Hanks solution to remove 

much of the remaining red blood cells (rbcs). The pooled basal 

zone (B.Z.) tissue from the same rat, was transferred to a 30ml 

beaker containing approximately 5ml of Hank's solution. The 

tissue was minced lOOx using an iridectomy scissors until the it 

had a thick, "soupy" appearance. Cell dispersion and digestion 

were performed by placing the tissue in a sterile 50ml, capped," 

conical, centrifuge tube containing 10ml of Dulbecco's Modified 

Eagle's Medium (DMEM) supplemented with 0.25mg/ml Type IV 

collagenase. This solution was previously filtered through a 

0.45um Millipore disc filter. The centrifuge tube containing 

the B.Z. tissue pooled from 1-2 pregnant rats was placed 

horizontally in a Dubnoff water bath at a temperature of 37° c. 

and gently agitated (20 cycles/minute). The tissue was digested 

for up to 30 minutes; dispersion was interrupted every lOmin., 

and the digest was gently disrupted by repeated aspiration using 

a modified Pasteur pipet. The digestion was stopped by mixing 

it with 10ml of DMEM containing 40% fetal calf serum (FCS). The 

tissue suspension was allowed to settle at unit gravity for 1-2 

minutes. It was then filtered through a nylon gauze (pore size 

of .45um) into a 50ml sterile centrifuge tube. The cells were 
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resuspended in 5ml of DMEM (w/out FCS). The suspension was 

gently shaken and the cells were allowed to settle for 2-3 

minutes, The supernatant was decanted into another 50ml 

centrifuge tube and centrifuged at 300xg for lOmin. at room 

temperature using a Damon/IEC CRU-5000 centrifuge; rotor# 269. 

The supernatant was discarded. If a layer of rbc's formed, it 

was carefully removed with a Pasteur pipet. The pellet of cells 

were then resuspended in 5ml. fresh DMEM and aspirated 1oox to 

minimize the cells. The cells were allowed to settle for lmin., 

and were centrifuged at 300xg for 10 min. This procedure was 

repeated for a total of 3 washings. This method helped to 

eliminate any contaminating rbc's, and increased the yield of 

placental cells obtained. After all the cells were pooled into 

one tube, 10ml of DMEM was added to the pooled cells, and were 

resuspended through aspiration. Viability of the washed cells 

was assessed by the Trypan Blue exclusion method, the cells were 

counted with a hemacytometer, and diluted to a concentration of 

approximately 200,000 cells/ml with DMEM-10% FCS. 

c. Tissue Culture: Initially, the isolated and washed cells 

were seeded (lxl05/lml) in 35xl0mm plastic culture dishes with 

3ml of culture medium (DMEM supplemented with 20% FCS, 2mg/ml 1-

glutamine, and 1% penicillin-streptomycin). Lab-tek chambers 

(Miles Scientific, IL.) were also seeded. All cells were placed 

into these culture conditions within 30min. of their dispersal. 

The cells were incubated at 37° c and allowed to settle and 

attach to the culture dish for 24hr. The attached cells were 
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washed 3x with 3ml DMEM to remove any contaminating rbc's, non

adherent or dead cells. After washing, 3ml of DMEM with 10% FCS 

was added to the culture dishes. At this time, any treatment of 

the cells was added to the culture media. For studies of acute 

treatment, the culture media was collected after 18hr. For 

studies of chronic treatment lasting seven days, the culture 

media was collected every 48hr and replenished with fresh 

treatment agents and media. The collected media was stored in 

13xlOOmm disposable culture tubes at -20° c for subsequent 

biochemical analysis. The cells were examined at regular 

intervals, and fixed for evaluation by various histochemical 

methods. 

D. Regulatory Agents: Each control and treated group had 

quadruplicate samples taken. After the initial 24hr culture 

period, and with a fresh change of media, reagents were added to 

the culture dishes and the cells were treated for 18hr before 

media were collected for measurements of P. 

1. Diethylstilbestrol (DES): The effects on cytodifferentiation 

and function of day 12, 16, and 20 trophoblast cells was 

examined in response to estrogen. Doses of DES varying from 10 

to 200uM in lOOul aliquots were added to the culture Ethanol was 

added to the control groups. 

2. Human Chorionic Gonadotropin (hCG): Trophoblasts obtained 

from day 12, 16, and 20 placentae were used to study 
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progesterone secretion. Doses of hCG varying from 10 to 

lOOOmIU were used. Since the hCG was dissolved in sterile 

deionized water, nothing was added to the control group. 

E. Morphological and Histochemical Studies: Fresh and 

cultured cells were examined at regular intervals under 

light, fluorescent, and phase-contrast microscopes. Cell and 

nuclear size was measured with an ocular micrometer from 10 

fields. The abundance of uninucleate and binucleate cyto

trophoblasts, and mononucleate and multinucleate giant cells 

was determined on the basis of size and shape. Various 

histochemical staining techniques and functional markers were 

used to enhance the distinction of the trophoblast cells from 

mesenchymal cells. Morphological comparisons were made relative 

to their cellular counterparts in intact tissue Special 

attention was paid to the origin and onset of appearance of the 

syncytial giant trophoblast cells. 

1. Fixatives 

i. Alcohol-Formalin (9:1) - used in Feulgen's stain. 

ii. Acid-Alcohol (2:1) - used in acridine orange 

staining. 



2. Stains 

i. Methylene Blue - a basic dye used as a general 

morphological stain to examine the cells under the 

light microscope. 

ii. Feulgen stain - selective for demonstrating DNA. 

iii. Acridine-orange fluorescent stain - selective for 

DNA and RNA. 

iv. 3 beta-hydroxy-steroid dehydrogenase using nitro

blue tetrazolium precipitation to study the 

ontogeny of steroidogene·sis (Deane et al., 1962) . 

v. Trypan Blue (0.4%) - used to determine cell 

viability after cell isolation. 

vi. Oil-red-0 (60%) for the detection of lipids. 

(see appendix for methodologies) 

39 
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F. Cytodiffeientiation studies 

Using the morphological criteria as described above, cultured 

trophoblast cells obtained from the basal zones of donor animals 

from days 12, 16, and 20 of pregnancy were studied. 

Observations were made on the differences in growth patterns, 

proliferation, longevity, and ontogeny of cellular function 

revealed by the histochemical studies. As the days in culture 

progressed, individual cell types were observed for the 

development of polypioidization with regard to cell and nuclear 

size, along with evidence of cellular fusion. 

G. Extractions 

Incubation media were extracted with four times their volume_ 

with petroleum ether. Depending on the day of gestation from 

which the sample was analyzed, various amounts of media were 

used for extraction: day 12 (1ml); day 16 (0.5ml); and day 20 

(2ml). The media sample was placed in a 15ml extraction tube, 

and gently mixed with the solvent. Care was taken to avoid the 

formation of emulsions. The mixture was equilibrated for 45min. 

at room temperature, then at -70° C for 20min. until the aqueous 

phase was frozen. The organic phase was decanted into a 

75xlOOmm culture tube, and the sample was extracted a second 

time. The organic layers were pooled and dried down under a 

gentle stream of N2 at 37° c. The pooled extracts were washed 

20x with drops of absolute ethanol to concentrate the sample in 

the bottom of the tube. The recovery after extraction was 

determined by adding lOul ( lOOOcpm) of 3 H-Progesterone to 1. 0ml 
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of DMEM-FCS. This was then extracted using the same procedure 

for the incubation media. The extracted recovery sample was 

reconstituted in 0.2ml PBS, and 0.1ml was taken to count the 

amount of radioactivity remaining after extraction. The 

extraction recovery averaged to be 80%. Media blanks of DMEM

FCS were included in extraction and RIA procedures to subtract 

for background produced from reagents used. 

H. Chromatography 

i. Thin-layer Chromatography 

Aliquots of isotope were purified by thin-layer 

chromatography using pre-coated plastic-backed silica gel 

plates (Merck 60 F254). The isotope was dried down under N2 and, 

reconstituted with 0.1ml acetone. The isotope was spotted onto 

the center of the plate in a straight line about 2cm from the 

bottom, and reference standards were spotted in the two outside 

lanes. The plate was developed in a tank lined with 2 sheets of 

Whatman chromatography 1 paper previously soaked in a solvent 

system consisting of benzene:acetone (4:1 v/v). Development of 

the plate continued until the solvent front reached 2cm from the 

top of the plate (approximately 40min. at 22° C). After 

development, the plate was placed in a hood to air dry. 

Reference standards were located by viewing the plate under 

short wave U. V. light. Circles were etched around the reference 

samples with a pointed metal probe. The position of the isotope 

was marked by drawing two straight lines between the reference 

circles. The area of this strip was approximately 1cm x 4cm. 
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The strip was cut out with a scissors, carefully tapering one of 

its ends. Using a method developed by Dr. Chan, the silica 

gel strip was hung from a bent-needle attached to a syringe. 

Absolute alcohol (1.5ml) was used to elude the isotope from the 

gel. The eluant was collected via a funnel placed into a glass 

culture tube. Ten ul of the eluant was added to 6ml of Omni

fluor with Triton X (for aqueous samples) and counted. The 

isotope was diluted with PBS-0.1% gel. to a concentration of 

7000cpm/O. 1ml. 

ii. Column Chromatography 

Tritiated steroid hormones were separated and purified 

from their metabolites using column chromatography. The 

column was packed with lgm of sephadex LH-20 suspended 

in 5ml of slurry solvent mixture containing 

benzene:methanol (9:1 v/v). The column was initially 

washed with one column length {10ml) of slurry to pack 

the sephadex, then with 20ml of slurry to get rid of any 

impurities which would interfere with the assay. This 

solvent was eluded to a point just before the surface of 

the sephadex. The column was equilibrated with solvent 

system I (iso-octane:benzene:methanol 85:10:5 v/v/v) 

which was carefully poured down the sides of the column 

so as not to disturb the packed sephadex. This was done 

2x with 7ml of solvent to condition the column. An 

elution profile to determine the peaks of the hormonal 

constituents was made using tritiated steroid hormones. 



The hormones were applied to the column and P and T were 

eluted with solvent system I, and E was eluted with 

solvent system II (iso-octane:benzene:methanol, 55:20:25 

v/v/v). The eluants were collected in 20ml scintillation 

vials as 1ml fractions, and dried down under N2 • Six mls 

of scintillation cocktail was added to the vials and 

counted. The fraction volume vs. cpm was plotted. 

General recovery values for each hormone was calculated 

by adding the cpm under a given peak and comparing it to 

the original total count. 

I. Radioimmunoassay (RIA} 

The extracted incubation media samples were dried down 
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under N2 and reconstituted in buffer (PBS with o .1% gelatin) . 

Samples obtained from day 12 were dissolved in 0.4ml, day 16 in 

0.5ml, and day 20 samples in 0.1ml buffer. These volumes were 

chosen based upon pilot measurements made of progesterone 

concentrations to determine the appropriate aliquot size to use. 

An optimal dilution of antiserum to give 50% binding of 3 H

Progesterone (50pg/O.lml) in the absence of unlabeled hormone 

was used. Aliquots of 0.1ml of the reconstituted samples were 

assayed in duplicates, or in triplicates when sample volume 

permitted. Antiserum and radioisotope (0.1ml each), were added 

to the sample and standard tubes. Two total count (TC) and 

charcoal blank (CB) tubes containing lOOul of 3 H-[P] and 200ul 

of buffer were included in the assay. All assay tubes were 

placed in a Dubnoff shaker water bath at 37° C and incubated for 
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1hr; or for 18 hours at 4° c. If the incubation was performed 

at 37° C, the reaction was stopped by transferring the tubes to 

an ice bath for 15min. A 300ul solution of dextran-coated 

charcoal (see appendix) was then added to all tubes, except TC 

tubes which received 300ul of PBS-0 .1% gel. The tubes were 

vortexed and set on ice for lOmin. They were centrifuged at 

700xg at 4° C for lOmin. to separate the bound from the free 

hormone. A 300ul aliquot of the supernatant (bound hormone) was 

aspirated off the top and placed into a Nalgene film bag. Three 

mls of scintillation cocktail was then added (see appendix). 

The aspirated samples were counted in a Packard Tri-carb Liquid 

Scintillation Counter. Counts obtained from the CB tubes were 

subtracted from all sample, standard, and TC tubes. The percent_ 

of hormone bound from each sample was calculated by dividing net 

sample counts by the total count obtained xlOO. Data were 

calculated and plotted on "semi-log" (3xl0) graph paper, and 

hormone concentrations were determined by extrapolating sample 

values from the standard curve. Standards ranged between 0-1000 

pg/0.1 ml. 

J. DATA ANALYSES 

statistical comparisons of multiple range tests for dose

response curves were made using oneway ANOVA. Group comparisons 

were made using Student's 11 t 11 test. Both analyses were performed 

with the MINITAB computer program, and statistical significance 

was assumed at the p<0.05 level. 
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RESULTS 

A. Trophoblast Cell Growth and Differentiation 

Only cytotrophoblast cells devoid of giant trophoblasts were 

obtained after enzymatic dispersal and filtration through a 

nylon mesh screen. Using trypan blue exclusion method, it was 

observed that over 95% of these isolated cells were viable. 

The cells were counted with a hemocytometer, diluted with DMEM 

to a concentration of lxlO 5 cells/ml, and seeded. Cells were 

epithelioid and round in shape, but a small percentage of them 

had a tendency to aggregate. However, this tendency could be 

minimized through careful handling of the cell suspension by an 

aspiration technique, and swirling the culture dish repeatedly 

while seeding the cells. Ultimately, it was found that the 

aggregation of these cells could be prevented by using Type IV 

collagenase instead of Type II to disperse the cells. 

Initially, a significant amount of RBC were observed as 

contaminates. However, the number of these cells were reduced 

by several washings of the cell suspension, and by aspiration 

of the rbc layer that would form after centrifugation. The rbc 

that remained after seeding the cells would not attach to the 

culture dish, and with repeated washings, were totally absent 

after 2 days of culture (see methods). 



46 

Heterogeneity of placental cells in vitro. 

Daily observations of isolated basal zone cells from day 12, 

16, and 20 donor rat placentae revealed six morphologically 

distinct cell types: ( 1) mononucleated polygonal cells, ( 2) 

binucleated cells, ( 3) large multinucleated cells, ( 4) 

multinucleated giant cells, (5) mononucleated giant cells, and 

(6) fibroblasts. 

Morphological characteristics and developmental changes of 

trophoblast cells under in vitro culture conditions: 

1 
.1. • Mononuclear polygonal cells= At the beginning of 

culture, these cells were the predominant type comprising 60-

70% of the placental cultures. Generally, they were about 60 

u in size. The nuclei were either round or oval in shape, with 

1 or 2 nucleoli per nucleus. They possessed the normal diploid 

DNA content. They usually occurred individually or in discrete 

small groups, occasionally forming confluent monolayers with 

poorly defined intercellular boundaries. 

2. Binuclear cells. These cells were predominantly seen in 

day 20 donor placental cell cultures. Usually they were 

observed to be isolated from the rest of the cells in culture, 

and thus did not form confluent monolayers. They are 

approximately 80-120 u in size, but may be as large as 300 u, 

with a nuclear diameter of 80 u. Generally, the binuclear 
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cells were only seen in the first 4 days of culture, but are 

present up to day 22 in day 20 cell cultures. Thus, there may 

be two forms of these cells: those that arise from the 

aggregation of two mononuclear cells and are small, or those 

that are formed from the nuclear fusion of several nuclei from 

multinucleated cells and are very large in size. Perhaps these 

cells display the intermediate morphological characteristics 

representative of those multinucleated giant cells that are 

destined to transfo·rm into the extremely large mononuclear 

giant cells observed in day 20 placental cell cultures. 

3. Multinuclear giant cells. These cells result from the 

fusion of the nuclei of the multinuclear cells, and are 

approximately 200 u in size. They contained 3-7 nuclei which 

varied in size, and had 3 or more nucleoli depending upon how 

many nuclei had fused together. These cells may be the so

called secondary giant cells. 

4. Mononuclear giant cells. These cells were very large, 

ranging from 250-370 u in size, with nuclear diameters of 80-

100 u. They arise from either the nuclear fusion of 

multinucleated cells, or multinucleated giant cells. Some of 

these cells had kidney-shaped nuclei which appeared to be in 

the process of fusing. Most of these cells had one very large, 

polyploid nucleus containing 5 or more nucleoli which were 

usually very large, round, and dense. Occasionally, a rod

shaped nucleolus was observed. Cell nuclei showed massive 
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increases in Feulgen (+) DNA content. In some instances, these 

large nuclei could have over 100 times the haploid value of DNA 

judging by size. Numerous vacuoles, and stress fibers were 

also observed to stretch-out across the streaming cytoplasm of 

these cells. The giant cells first appear as early as day 4, 

and can thrive up to 35 days in culture. With age, extensive 

vacuolarization of the cytoplasm occurs and the nucleus becomes 

pycnotic. The nucleus and cytoplasm are poorly defined and the 

cells take on a ghost-like appearance thus making them 

difficult to stain. Eventually, the cells die and peel away 

from the culture dish. 

5. Multinuclear cells. These cells were syncytial-like. 

Their size ranged between 100-300 u in diameter, and contained 

anywhere from 5-100 nuclei. The nuclei of these cells were the 

same size as those of the mononuclear cells, ie. approximately 

20 u in diameter. Most often, their nuclei contained only one 

nucleolus. These cells are first seen in culture around day 4, 

and are apparently formed by the aggregation and cytoplasmic 

fusion of the mononuclear cells. Between days 6-8, the nuclei 

of these cells start to line-up in rows or form a rosette 

pattern. This phenomenon is apparently a prerequisite to 

nuclear fusion, which was observed to occur between days 8-12. 

However, some of these cells don't follow this pattern of 

transformation. They remain in the multinucleated state for a 

few days, but then accumulate granules and vacuoles in the 

cytoplasm. Their nuclei become pycnotic, and the cells 
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eventually die and peel off in sheets between days 8-12. 

Usually, they are the first cells in culture observed to 

undergo these cellular changes leading to death. 

6. Fibroblasts. These cells were long, thin and spindle

shaped. They usually were observed as isolated cells, rarely 

forming confluent monolayers in culture. They comprised <2% of 

the population and therefore, were not consider~d as 

contaminants. This may be due in part to the brief (20 min.) 

period of enzymatic treatment that the placental tissues had 

been exposed to. 

In general, all isolated trophoblast cells attached to the 

culture dish and formed viable confluent monolayers 

approximately 24-48 hours after seeding. These cells consisted 

predominantly of small, polygonal, mononucleated cells with a 

normal diploid DNA content. 

Approximately 95% of the cells were polygonal, with an 

occasional fibroblast seen. 

would establish confluency. 

Between days 3-4, these cells 

Also, binucleated cells would 

appear around this time, possibly as a result of fusion between 

two mononucleated cells. The nuclei of these cells were the 

same size as those of the mononucleated cells, thus 

demonstrating that cell fusion occurred without nuclear fusion. 

By day 5, syncytial changes were observed with the consequent 

movement and aggregation of the mononucleated cells (fig.1-2) 

to form mul tinucleated cells. These cells often had > 100 
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nuclei per cerl, but the size.of their nuclei were comparable 

to diploid nuclei (fig.3-4). Between days 5-7, they became the 

predominant cell type in culture, and further cytological 

changes could be seen to occur. Sometimes these multinucleated 

cells would undergo nuclear fusion, resulting in multinucleated 

giant cells as demonstrated by the Feulgen's and the 

fluorescent acridine orange staining methods. Prior to this 

event, the nuclei of the multinucleated cells were observed to 

arrange themselves ·in either longitudinal rows or rosette 

patterns (fig.5-8). This phenomenon is apparently a 

prerequisite to nuclear fusion. These multinucleated cells 

generally consisted of 4 or 5 large polyploid nuclei with 

conceivably 6 or more nucleoli per nucleus depending upon how 

many nuclei had fused together. Thus, nuclear fusion may yield 

a high order of polyploidy several hundred times the haploid 

DNA content (fig.9-10). However, the binucleated cells may 

also arise from the fusion of 4 mononucleate cells, with only 

2 pair of nuclei fusing together instead of all four. Later, 

the binucleated cells would undergo further nuclear fusion to 

form polyploid mononucleated giant cells having> 50 nucleoli 

per nucleus. 

These isolated trophoblast cells showed cytological changes 

typical of epithelial cells, and other differentiated cells in 

culture. For example, after 5-6 days, stress fibers and gray 

adhesion plaques are evident in the cytoplasm. Also present in 

the cytoplasm are vacuoles which may coalesce. Typically, 

cells possessing coalesced vacuoles are representative of 
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those cells having small, dark pycnotic nuclei and a thin, 

ghost-like appearance. They do not readily stain like their 

viable counterparts. These cytological characteristics often 

indicate that cellular death was imminent, and detachment from 

the culture dish would follow. Generally, most of the 

cytotrophoblast cells followed this pattern of growth, 

differentiation, and death after 12 days in culture, except in 

cases where they were replaced by a new colony of cells. 

Throughout culture period, the population of the 

mononucleated cytotrophoblasts would rise and fall, but was 

always present. Some of these cells remained isolated and 

would not establish confluency, or fuse with other cells. 

Other mononucleated cells would aggregate together, forming 

spherical, cyst-like cell clusters which grow up and out of the 

culture dish in a 3-D fashion (fig.11). Some of these clusters 

appeared to give rise to a new generation of mononucleated 

cytotrophoblasts which would later form a confluent monolayer 

of cells. However, many of these cell clusters would detach 

from the culture dish and become free-floating. These clusters 

would then be lost through aspiration during collection of the 

culture media and therefore, could not be studied. 

Day 12 donor placental cells. 

Day 1 of culture is the day the experiment was performed and 

the trophoblast cells isolated. On days 2-3, the cells attach 

and establish confluent monolayers. The small, polygonal 

monoucleated cytotrophoblasts were the predominant cell type 
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(75%), with 25% of the cells being binucleated. Between days 

4-5, the number of mononucleated cells increased, along with a 

slight increase in binucleated cells. Around day 6, the 

mononucleated cells began to migrate and form aggregates of 

cells which were ready to transform into multinucleated cells. 

Between days 7-10, numerous changes were observed within the 

cell population. Initially, most of the cells were 

mononucleated, but by day 8, 75% of them were multinucleated. 

There was a subsequent decrease in mononucleated and 

binucleated cells, with an occasional appearance of a giant 

cell. Generally between days 7-9, the mononucleated cells 

undergo extensive fusion to form multinucleated cells which may 

contain as many as 50-100 nuclei. Later, the nuclei of the 

multinucleated cells began to line up in rows or formed a 

rosette pattern, which eventually lead to nuclear fusion. 

Also, after a few days these multinucleated cells increased in 

both cell and nuclear size, and their cytoplasm later became 

vacuolated. By day 10, 80% of the cell population consisted 

of multinucleated cells, 15% giant, and only 5% mononucleated 

cells. Many of the multinucleated cells had >50 nuclei/cell 

which had undergone nuclear fusion to form either 

multinucleated or mononucleated giant cells. Some of the giant· 

cells present had twice the normal size nuclei as compared to 

the mononucleated cells. Between days 11-12, the number of 

multinucleated cells transforming into giant cells increased so 

that the population consisted of 40% giant, and 60% 

multinucleated cells. By this time, the giant cells were very 
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large and polyploid, but very few mononucleated and binucleated 

cells existed. Around day 13, the fusion of nuclei ceased. 

Thus, no new giant cells were formed. Also, many of the 

multinucleated cells became pycnotic, died, and peeled off in 

sheets away from the culture dish. Therefore, the cell 

population changed: 50% giant, 30% multinucleated, and 20% 

mononucleated cells. Between days 14-16, the multinucleated 

cells continued to die off while the mononucleated cells became 

more prolific and confluent. However, the mul tinucleated 

cells which remained still stained with NBT. At this point the 

population became 80% mononucleated, 15% giant, and 5% 

multinucleated cells. The mononucleated cells began to 

aggregate and form the characteristic 3-D cell clusters between 

days 17-19. These clusters gave rise to a new population of 

mononucleated cells which became confluent. The giant cells 

that thrived were very large and mononucleated. Between days 

20-22, the mononucleated cells which arose from the 3-D cell 

clusters were confluent and comprised 75% of the cell 

population. As day 22 approached, the mononucleated cells 

continued to aggregate and form 3-D cell clusters. Most of 

these clusters grew away from the culture dish and became free

floating. Therefore, the population of mononucleated cells 

decreased due to loss of cell clusters in the media so that by 

day 22, there were only 10% mononucleated cells, 30% 

multinucleated cells, and 60% giant cells. 

It was apparent that no new giant cells were formed, but those 

that thrived were very large and their cytoplasm spread out 
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across the culture dish. However, by day 28 of culture, 80% of 

the cells were mononucleated, 15% giant, and 5% multinucleated 

cells. The mononucleated cells still formed 3-D clusters that 

remained attached to the culture dish. Some of the giant cells 

remaining had much vacuolation in their cytoplasm, pycnotic 

nuclei, and a thin, ghost-like appearance. However, they could 

still be stained with NBT which marks the reduction of the 

cofactor NAO to NADH (fig.12-13). These cofactors facilitate 

the 3bol-SDH reaction which converts pregnenolone to 

progesterone. This became the trend upto day 35 of culture. 

After this point, newly formed multinucleated cells could be 

seen, possibly resulting from the aggregation and fusion of the 

mononucleated cells derived from the attached 3-D clusters. As 

the cultures approached days 37-50, the only cells remaining 

were the multinucleated and giant cells. Any thriving giant 

cells were very large, and were capable of taking up oil-red-o 

stain (fig .14) • This too indicated that those cells were 

capable of steroid synthesis by demonstrating the presence of 

lipids or cholesterol esters in their cytoplasm. Some of 

those cells thrived upto 72 days, but most studies were 

terminated after 20 days in culture. 

Day 16 donor placental cells. 

The cells attached and were very confluent by day 2, with 50% 

mononucleated, 30% giant, 15% multinucleated, and 5% 

binucleated cells. Some nuclear fusion of the binucelated 

cells was evident on day 3, and some cells had very large 
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vacuoles in their cytoplasm .. On day 4, 60% of the cells were 

giant with 25% binucleated, 10% mononucleated, and 5% 

multinucleated. The multinucleated cells were isolated and not 

confluent with the rest of the population. They were very 

round in shape with streaming cytoplasmic. By days 5-6, the 

giant cell population was very confluent and peaked to 75%. 

The mononucleated cells grew around the multinucleated cells, 

which caused them to lose their round shape. Also, many of the 

nuclei in the multinucleated cells had lined up or formed a 

rosette pattern. Some cell death had occurred. Between days 

8-12, the cells began to transform. The mononucleated cells 

began to form 3-D clusters which appeared to give rise to new 

mononucleated cells with stress fibers and streaming 

cytoplasms. The population consisted of 60% mul tinucleated, 

3 0% giant cells, and 10% mononucleated. The nuclei of the 

multinucleated cells continued to line up and form rosettes. 

The giant cells were confluent. However, some of the cells' 

nuclei had become pycnotic and their cytoplasm thin and weak. 

Many cells peeled off in sheets. This tendency persisted 

throughout days 13-16 when the population of giant and 

multinucleated cells decreased, and mononucleated cells 

increased. Between days 16-18 many new mononucleated cells were 

observed to spread out from the 3-D clusters across the culture 

dish and became very confluent. On day 20, most of the cells 

were thin and peeled off in sheets except for the mononucleated 

cells. By day 22, 80% of the population was mononucleated, 15% 

giant, and 5% multinucleated. The mononucleated cells 
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continued to grow from cell clusters, very few multinucleated 

cells were left, and the remaining giant cells were very large 

but thin and ghost-like. Usually by this day, the cultures 

became contaminated or cease to proliferate. It is interesting 

to note that binucleated cells were only present in the first 

four days of culture. 

Day 20 donor placental cells. 

Cells isolated from day 20 placentae appeared to have more 

difficulty attaching to the culture dish and becoming 

confluent. on day 2, 85% of the cell population was 

mononucleated, 10% multinucleated, and 5% giant cells. 

However, only 5% of the cells attached. All of these cells 

were mononucleated. The remaining cells were clumped together 

and found floating in the media. By day 3, about 20% of the 

cells had attached, but none had established confluency. On 

day 4, the mononucleated cells had formed confluent monolayers; 

with 70% of the population consisting of mononucleated, 15% 

multinucleated, 5% binucleated, and 5% giant cells. Between 

days 5-7, the multinucleated cell population increased, and the 

cells began to differentiate. Most of the multinucleated cells 

had over 100 nuclei per cell. These were the largest 

three groups of 
multinucleated cells observed among the 

isolated and cultured placental cells. 

cells lined up in rows and formed 

The nuclei of these 

rosette patterns. 

Eventually, the nuclei in these cells fused to form very large 

multinucleated giant cells, with 5 or more nuclei per cell 
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having >2n DNA content. By day a, the population consisted of 

60% multinucleated, 30% giant, and 10% mononucleated cells. 

The nuclei of the multinucleated cells continued to line up 

before fusing. Most of the giant cells were very large, with 

nuclei at least 4x larger than those of mononucleated cells, 

and had many nucleoli. It is around this day of culture that 

the mononucleated cells started to aggregate to form 3-D cell 

clusters which continued to develop throughout the remainder of 

the culture period. Between days 9-14, the cell population 

continued to change, as new cell types appeared while others 

died off. The giant cells continued to get larger, with their 

cytoplasm stretching out across the culture dish to become very 

confluent. About 5% of the cell population was made up of 

large binucleated cells whose nuclei also appeared to fuse 

(fig.15). Up to day 12 in culture, most of the cells were very 

healthy with very little cell death. Seventy-five percent of 

the population consisted of giant cells, 10% were 

mononucleated, 10% multinucleated, and 5% binucleated. The 

multinucleated cell population decreased for two possible 

reasons: 1. their nuclei had fused together and thus were 

termed multinucleated cells, or giant cells with one huge 

polyploid nucleus, 2. the multinucleated cells were the first 

cells to become vacuolated and pycnotic therefore, they peeled 

off in sheets and died. The giant cells continued to be the 

predominant cell type throughout the remainder of the culture 

period. These cells established great confluency, and many 

stress fibers could be seen in their cytoplasm. By day 14, a 
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new population of mononucleated cells appeared to form from 

under the 3-D cell clusters that had attached to the culture 

dish. Also by this time, some of the giant cells got a bubbly 

appearance due to the formation of vacuoles in their cytoplasm, 

were thin and weak, and didn't stain well with Feulgen's stain. 

However, most of the giant cells remained very confluent and 

their nuclei continued to fuse, forming the largest giant cells 

ever observed in culture. This trend continued throughout· days 

15 -20. Between days 20-22, 60% of the population are giant, 

30% binucleated, and 10% mononucleated cells. At this point, 

most of the mul tinucleated cells had died or peeled off in 

sheets. The cells in the culture dish became so confluent that 

there were very few spaces between the cells, as the giant 

cells continued to get larger, and more morionucleated cells 

developed from the 3-D cell clusters. These cell clusters 

stained the best with acridine orange in comparison to the 

other cell types. This suggests that these cells were actively 

growing, proliferating, and producing proteins. The 

binucleated cells had increased in size, and their nuclei 

continued to fuse, forming very large giant cells. 

Isolated trophoblast cells were very hardy and were able to 

survive for extended periods in culture. We have been 

successful in maintaining cells from day 20 pregnant rats for 

upto 70 days in culture. The majority of these cells that 

thrived were the mononucleated cells derived from the cell 

clusters, and a few giant cells. 
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B. Biochemical Studies of Progesterone Secretion 

A study of progesterone secretion by day 12, 16, and 2 o 

cultured trophoblasts to determine the cells' responsiveness to 

the regulatory agents human chorionic gonadotropin (hCG), and 

diethylstilbestrol (DES) was made. Each control and treated 

group consisted of 5 culture dishes obtained from pooled cells 

to minimize group variations. Five concentrations of DES 

between 1x10-10 and 1x10-5 M, and 3 doses of hCG in 10 mIU, 

100 mIU, and 1000 mIU were added to the culture media after 

the cells had established confluency (day 2 of culture). The 

cells were treated for 18 hours, and the spent media were 

collected and stored at -20° C until analyzed. Progesterone 

secretion by the control and treated trophoblast cells was 

determined through radioimmunoassay (RIA) using a highly 

specific anti-sera on ether extracts of the culture media (see 

methods). Samples were assayed in triplicates, progesterone 

concentrations were determined, and results were reported in 

units of nanograms (ng) secreted per 18 hours, and normalized to 

1x105 cells/dish (see appendix for tables and graphs). 
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hCG treatment: 

The 10 mIU dose of hCG had a stimulatory effect (2.4±0,11 

ng/18h p<0.01) on day 12 trophoblast cells, resulting in a 

greater than a 2-fold rise in p secretion as compared to the 

control (1.0±0,09 ng/18h). However, at higher doses of hCG the 

amount of P secreted was not ~ignificantly different from the 

control values. HCG stimulated day 16 trophoblasts, showing 

a 3-fold rise in P secretion at the 10 mIU dosage (6.71±0,60 

ng/18h p<0.01), and reached a plateau in response thereafter 

with subsequent treatments. 

The secretion of P by day 20 trophoblast cells was not 

significantly influenced by hCG at any of the 3 dosages, ie. 

the response did not vary from the control and therefore, was 

not dose-dependent. 

DES treatment: 

Day 12 trophoblasts showed a biphasic response to DES. 

Initially, the amount of P secreted by the day 12 control group 

was 0.65±0,11 ng/18h. The two lowest concentrations of DES, 

10-10 and 10-9 M had an intense stimulatory effect, with a 40-

fold increase on P secretion (26.6±3.96 and 15.5±1,83 ng/18h) 

as compared to the control values with p<0.01. Increased 

dosages of DES had an inhibitory effect on P secretion with 

0.67±0.19, 0.40±0.11, and 0.36±0,16 ng/18h respectively at the 

10-8 ,10-7 ,and 10-5 M concentrations. 

DES treatment had no significant effect on P secretion by day 

16 trophoblast cells. As the dosage of DES increased, the 
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amount of P secreted remained·constant to the values of the 

control group (3.36±0.13 ng/18h). 

The doses of DES for day 2 o trophoblast cells had to be 

limited to 4 treatments because the number of cells isolated 

was low. The average secretion of P for these cells was around 

0.40±0.04 ng/18h at any given dosage. Thus, the results show 

that DES had no significant effect on P secretion by day 20 

trophoblast cells in culture. 

Comparisons within and between Control Groups: 

There were no significant differences in the values obtained 

for the controls between hCG and DES for any of the 3 

gestational placental cell cultures. However, there were 

significant differences between the control values for day 12 

and day 20 in comparison to day 16 levels of P secretion. In 

both treatment groups day 16 control values were much higher 

than those of day 12 and day 20. In the hCG treatment group 

day 16 controls were 63. 6% higher than day 12, and 86. 9% 

greater than day 20 values. 

amount of P secreted by day 

compared to day 20 controls. 

Also, there was a 64% greater 

12 control trophoblast cells 

In the DES treatment group day 16 controls were 80.7% > day 

12, and 85.4% > day 20 values, with< a 25 % difference between 

day 12 and day 2 O controls. In both treatment groups, the 

amount of P secreted was always highest for the day 16 

controls. 
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DISCUSSION 

Trophoblast Cytodifferentiation: 

It is generally accepted that the syncytiotrophoblast arise 

from cytotrophoblasts in human placentae. However, there has 

not been general agreement concerning the mechanisms by which 

this change is brought about. According to Pierce ( 1963) , Boyd 

(1970), and Wynn (1975) the human syncytiotrophoblast develop 

from cytotrophoblasts by cell fusion. Recent studies support 

this hypothesis (Kliman, et al; 1986). These investigators 

found that when human cytotrophoblasts were placed in culture, 

they consistently formed aggregates which differentiated into 

functional syncytia within 24-48 hours after plating. Time 

lapse cinematography revealed that this process occurred by 

cell fusion. Studies by Contractor (1984) using mixed primary 

cell cultures of early and term human placentae showed that 

during the 14 day culture period, three main cell types 

appeared: 1) epithelial, 2) macrophage, and 3) fibrobl~st-like 

cells. It was observed that the epithelial cells divided into 

multinucleated, small, and medium round cells all of which were 

derived from trophoblast cells. 

In rats, the fetal part of the placenta, the ectoplacental 

cone (EPC), contains giant trophoblast cells which are unique 

among mammalian cell types. Mononuclear giant cells may have 
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nuclei that contain several hundred times the haploid amount of 

DNA. We have investigated the mechanisms by which these cells 

differentiate and accumulate DNA. Several investigators have 

proposed that the formation of giant cell nuclei occurs through 

either endo-reduplication ie., replication with out cytokinesis 

(Zybina 1963) and (Sherman 1972), or fusion of diploid 

trophoblast cells, (Avery and Hunt 1969), or through a 

binucleate phase (Ilgren 1983). 

We have followed the morphological characteristics of 

isolated and cultured cytotrophoblast cells from three 

gestational stages: day 12, day 16, and day 20. Within each of 

these groups differentiation of cytotrophoblasts into giant 

trophoblast cells through cell and nuclear fusion was observed. 

Therefore, isolated and cultured trophoblast cells are destined 

or preprogrammed to differentiate into giant cells. This 

differentiation can occur in the absence of maternal and fetal 

cues, demonstrating the autonomy of the rat placenta. However, 

we have also shown that cultured trophoblast cell function can 

be stimulated and/or inhibited by some maternal products. 

On the basis of cytological observations, we have concluded 

that the formation of giant cells occurs through several stages 

of differentiation of mononuclear cytotrophoblast cells by 

means of cell and nuclear fusion. Mononuclear cells aggregate 

together and undergo cytoplasmic fusion to give rise to 

multinuclear cells with over 20 nuclei per cell. Eventually, 

the nuclei within these cells either line up in rows or form 

rosette patterns prior to nuclear fusion. These nuclei then 
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fuse together · to form a very large polyploid nucleus, or 

several nuclei, and are thus termed giant trophoblasts. We 

have confirmed histochemically that these are indeed nuclei 

through use of differential stains such as Feulgen' s stain 

which is highly specific for DNA; and acridine orange where DNA 

and RNA fluoresce green and orange respectively under U. V. 

iight. At no time did we observe mitosis/endomitosis 

occurring. We therefore conclude that giant cells arise· from 

the fusion of cytotrophblast cells (as many as 50 or more) 

first by cytoplasmic fusion, then followed by nuclear fusion. 

Although most cytotrophoblast cells differentiated into 

giant cells in vitro under the conditions employed, some 

cytotrophoblast remained mononuclear throughout the entire 

culture period. These cells persisted in culture while the 

giant cells became thin, weak, vacuolated, and pycnotic. They 

aggregated together, but did not undergo cytoplasmic fusion. 

Initially, they wer• confluent with visible clear boundaries 

around each cell. Eventually, the cells forgo their monolayer 

appearance to give rise to 3-D colonies of cells which can grow 

up. and away from the culture dish. These cells can live for 

extended periods in culture, and thus are believed to be 

transformed cells ie., cells that have lost contact inhibition, 

are anchorage independent, and may be immortal. Similar 

observations have been reported by Hunt et al (1989) who 

injected trophoblast cells in rats to develope ascites. These 

cells formed cyst-like structures which resemble the 3-D 

colonies observed in our cultures~- We speculate that these 3-D 
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colonies of transformed cytotrophoblasts can eventually give 

rise to new subpopulations of trophoblasts that either continue 

to develop into more 3-D colonies, or transform into giant 

cells. However, further studies involving the passaging of 

these cells in vitro will have to be made to support this 

hypothesis. 

In summary, we have given evidence that two possible fates 

exist for the isolated cytotrophoblast in culture: 

1. That cytotrophoblast and giant cells are self-programmed 

as they are in the in vivo condition. These cells undergo a 

series of differentiation processes which parallel functional 

changes throughout gestation. In the in vivo situation, 

cytotrophoblast differentiate into syncytiotrophoblast, 

glycogen cells (which become highly vacuolated) , and giant 

cells (fig.16-18). Glycogen cells become pycnotic before the 

demise of the cyotrophoblast cells and are most likely to form 

lakes or large empty spaces inundated by blood stasis near 

term. They have a limited life span. and their death is 

preceded by vacuolation, pycnosis, thinning cytoplasm, and a 

decreased ability to stain with both general and functional 

stains. 

2. Some of the uninuclear cytotrophoblast never follow this 

progression of differentiation into giant cells. Rather, they 

form cyst-like, 3-D colonies which may possibly be analogous to 
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the pathological condition known as mole/choriocarcinoma. An 

explanation as to why this phenomenon occurs in vitro may be 

due to the fact that these cells are now isolated from 

maternal/fetal influences and inhibitory factors/cues that 

cause them to transform. Based on our observations, I can 

speculate that the cells lose their ability to self-regulate 

since the 3-D colonies are observed to arise in culture several 

days beyond what would be parturition in vivo. 

Progesterone Production: 

The basal production/secretion of progesterone by day 12, 16, 

and 20 placental cell cultures into the media was measured. 

Day 16 showed the highest production with an average of 3.0ng 

P/18h; day 12 trophoblast produced the second highest amount 

with o.ang P/18h; and a marked reduction was seen in day 20 

trophoblast .cultures with o. 3ng P/18h. We studied these 

trophoblast cells under acute treatment, and therefore P 

secretion by these cells into the media was measured on day 3 

of culture only. Since it is generally acknowledged that the 

giant cells are the predominant steroidogenic cell type of the 

rat placenta, our data are consistent with this observation, 

showing a lower amount of P secreted by day 12 trophoblast 

compared to day 16 cells. The dramatic reduction of P secreted 

by day 20 placental cells may have occurred for several 

reasons. Initially, the isolated and seeded trophoblast cells 

from these placentae had difficulty attaching and forming 

confluent monolayers in the bottom of the culture dish. This 
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difficulty may be attributed to the fact that in vivo, these 

cells are programmed to die prior to parturition. Therefore, 

we did not expect to have a high production of P by these cells 

since P is the predominant hormone involved in maintaining 

pregnancy. Also, day 20 cells grew at a slower rate, resulting 

in a delay in giant cell formation until the sixth day of 

culture. However, our calculation of P production was based on 

the number of cells present at the time of seeding, whereas the 

collection of spent media used for RIA analysis of P were 

obtained from the washed cells. It is entirely possible 

therefore, that the reported values represent an under 

estimation of P production due to the inflated numbers of cells 

used to calculate this amount. 

Marcal et al, (1975) reported that day 10 trophoblast 

explants from rats secrete P at elevated levels during the 

first 24h after culture. They determined that the major 

steroidogenic activity resided in the giant cytotrophoblast 

cells of the basal zone. However, they claim that P was no 

longer detectable on day 4 which is equivalent to day 14 of 

gestation when P secretion ceases. studies done by Sherman et 

al., (1977) with cultured mouse trophoblast cells revealed that 

endogenous progesterone levels were 20-50 times lower than 

those observed when pregnenolone was added as a substrate for 

3bol-HSD to the culture medium. 

McCormack and Glasser (1981) reported that primary 

midgestation rat trophoblast cultures synthesize progesterone 

de novo. 
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More recent studies by Matt and Macdonald (1984) demonstrated 

that the rat placenta is an active steroidogenic organ with 

peak placental P production occurring on days 12 and 14 of 

pregnancy, while all other days were not different from each 

other. They performed experiments on placental tissue explants 

and found that day 16 basal zone P production was 5-fold 

greater (15ng/placenta/2h) than day 16 labyrinth zone P 

production. Basal zone P production declined to levels no 

different from those of the labyrinth on days 20 and 22. our 

data for P production by day 16 cells was around 3.5 ng/18h for 

controls and peaked to 6.8 ng/18h with hCG treatment. 

Comparisons between the two studies reveals that P secretion is 

directly related to the conditions under which the placenta is 

being studied ie., whole placental tissue explants vs. isolated 

and cultured trophoblast cells from the basal zone. We 

partially purified our cells by filtration through nylon gauze, 

and centrifugation to obtain a cell population virtually devoid 

of giant cells. We examined the morphological changes of these 

cells, and observed that giant cell formation occurred at 

different rates depending upon the gestational age of the 

placentae from which the trophoblast were derived. 

Later studies by Matt and Macdonald (1986) using dispersed 

rat placental cells support our findings that day 16 giant 

cytotrophoblast cells of the basal zone produce substantial 

quantities of progesterone. They reported that a mixed 

population of 170,000 trophoblast from day 16 produced 0.12ng 

of P in a 2hr incubation period. Thus, the rat placenta 
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retains steroidogenic capability throughout the latter third of 

gestation. 

The effects of hCG and DES administration on P production by 

trophoblast cells in vitro. 

Human Chorionic Gonadotropin (hCG): 

Several investigators have studied the effects · that 

gonadotropins have on placental tissues in vivo and in vitro 

(Matt et al; 1986, Warshaw et al; 1987, and Jackson et al; 

1989). Our data revealed that only the low dosage (10 mIU) had 

a significant stimulatory effect on day 12 and day 16 

trophoblast cells in vitro. Higher doses of hCG had an 

inhibitory effect on day 12 trophoblast, with P secretion 

returning back to basal levels. However, this did not occur 

with day 16 trophoblast cultures. The cells remained 

stimulated at the higher doses, but the secretion of P did not 

increase with increasing hCG concentrations, thus suggesting 

the ability of hCG to stimulate day 16 trophoblast is maximal 

at a dosage of 10 mIU. Progesterone secretion by day 2 o 

trophoblast remained low (<l ng/18h) and is not responsive to 

hCG at any dosage level. 

Sherman et al, (1977) showed that primary cultures of day 10 

mouse trophoblast cells, in contrast to ovarian cells, were not 

stimulated by the gonadotropins LH and hCG. Controls from day 

2 of culture had the highest peak of 1.3 pg of P secreted/cell, 

with a 30% inhibition in P secretion by the addition· of 200 
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U/ml of hCG. Thereafter, p levels dropped dramatically and 

there was no change in the secretion between the control and 

treated groups of cells on days 4 and 6 of culture. Matt et 

al; (1986} isolated day 12 trophoblast to determine if 

placental steroid production could be stimulated by hCG based 

on the on the reports by Tabarelli et al; (1983} who showed 

that immunofluorescent-labeled hCG binds to rat placental 

tissue. Their studies showed that when day 12 trophoblast 

cells were continually monitored over a 6 h incubation period, 

there was a continued increase in progesterone biosynthesis. 

However, the addition of 100 ng/ml of hCG to the incubation 

media did not further increase P production as compared to 

untreated control incubates which were comprised of cells with 

a mixed population of trophoblast from both the basal zone and 

labyrinth. Warshaw et al; (1987} administered 1.5, and 9 IU of 

hCG twice daily to pregnant rats on days 12-14. Placentae were 

isolated and incubated, and the in vitro production of P was 

determined before and after a 3 h incubation period. Their 

data showed that hCG administration had no significant effect 

on P production, but it induced a large decrease in both 

androstenedione and 17 a-hydroxylase activity. However, they 

were unclear as to the mechanism by which hCG decreases these 

steroidogenic activities. 

Jackson et al; {1989) incubated dispersed rat placental cells 

from days 14-15 of gestation with 10 IU of hCG for 16 h. They 

measured the amount of P produced by these cells and found that 

it was proportional to the number of placental cells per 
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incubate; ie. 1.17 + 0.78 ng/10 7 rat placental cells (rpc). 

However, the 10 IU of hCG had no effect on placental P 

production. Our data for P secretion is lOx greater than what 

these investigators reported with an average of 3.0 ng/10 5rpc. 

This discrepancy may be attributed to differences in 

methodologies: we used viable cells isolated from the basal 

zone which had successfully attached to form monolayers after 

day 1 of culture; Jackson et al; used dispersed cells collected 

on the same day of the experiment. Their total number of rpc 

included a mixed population of cells that may have consisted of 

10-30% non-viable cells, and therefore may not truly represent 

the actual amount of P produced/cell. This would explain why 

they showed a lower P production in comparison to our data. 

Diethylstilbestrol (DES): 

It is known that estrogen is a placental growth inhibitor. 

Therefore, we were curious as to what effects the synthetic 

estrogen, DES would have on cytodifferentiation and function of 

the trophoblast in vitro. Morphologically, the treated 

trophoblast cells resembled the cells in the control groups, 

with no significant observable effect upon the cells derived 

from placentae at any of the 3 gestational stages studied. We 

observed that only day 12 trophoblast cells were responsive to 

DES, and not day 16 or day 20 donor cells. Somehow, the cells 

lose their responsiveness. This is interesting considering 

most pituitary hormones such as LH and PRL are without effect 

on steroidogenesis by the corpus lutea, and estrogens 
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administered at this time are known to be luteotrophic 

(Rothchild, 1981). Furthermore, we also observed that the 

stimulatory effect of DES occurs only at the low dose (lo-10M) 

with 26.6ng/18h produced. At the higher doses, P secretion 

fell back down to basal levels. This biphasic effect is not 

surprising, and is consistent with many of the actions of 

estrogens as seen in lactation and activation of the in

hibitory/stimulatory actions of hypothalamic-pituitary feedback 

mechanisms. 

To date, the proposed functions of placental steroid 

synthesis assume that steroids are produced and secreted either 

in the direction of the maternal bloodstream to control the 

uterine environment with regards to endometrial growth (DeFeo, 

V.J. 1967) and decreased uterine contractility (Csapo et al; 

1969), or remain in situ for protection against imrnunorejection 

(Siiteri et al; 1982). In vitro studies of trophoblast 

explants have shown very large increases in steroidogenic 

enzyme activities between days 8 and 12 of gestation (Chew and 

Sherman, 1975), but intact placental tissue actually appears to 

decrease its production of steroids over the same time period 

(Salomon and Sherman, 1975). Thus suggesting that the 

determination of steroidogenic enzymes and products from 

isolated placental tissues may not necessarily reflect steroid 

production in vivo. 
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CONCLUSION 

In conclusion, we were successful in meeting our objectives in: 

1. Establishing favorable conditions for the growth of rat 

placental trophoblast cells for extended periods of survival in 

culture. 

2. From our observations we were able to conclude that giarit 

cell fo~-mation occurs through several stages of differentiation 

of cytotrophoblast cells; initially through cytoplasmic fusion 

to form mul tinucleated cells, and secondly through nuclear 

fusion of the multinucleated cells resulting in a highly 

polypoid giant cell with over 850x the diploid number of DNA. 

3. The nature of cells to undergo development in vitro that 

parallels that in vivo. Implicit in this observation is the 

possibility of using the in vitro system for the substitution of 

the in vivo placenta. 

4. We observed the ability of trophoblasts in monolayers to 

become transformed into 3-D, cyst-like colonies from which a 

cell line may be established. These cells may offer great 

potential to be used as a model for benign cell growth and 
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differentiation in the study of their regulatory mechanisms. 

5. The responsivity of these cells to regulatory/trophic agents 

reinforces the usefulness of the in vitro system, not only for 

morphological studies, but for investigations of control 

mechanisms involved in function. 
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ILLUSTRATIONS: i. Tables 
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TABLE 1. 

The time ( in days) 
transformation occurrs 
cultured in vitro. 

in which cytodifferentiation and 
in rat placental trophoblast cells 

EVENTS 

1. Cellular attachment. 

2. Confluency of mono
nucleated cells. 

3. Aggregation of mono
nucleated cells. 

4. Cytoplasmic fusion of 
mononucleated cells to 
form multinucleated 
cells. 

5. Longitudinal and rosette 
arrangement of nuclei in 
the multinucleated cells. 

6. Fusion of nuclei to form 
giant cells. 

7. Cellular death. 

8. Mononuclear cell trans-
formation into 3-D domes. 

DAY OF GESTATION 

Day 12 

day 2 

day 3 

day 6 

days 7-9 

day 10 

days 11-13 

days 14-16 

days 17-19 

Day 16 

day 2 

day 2 

day 4 

day 5 

days 7-16 

days 7-16 

days 7-16 

days 16-22 

Day 20 

day 3 

day 4 

days 5-7 

days 5-8 

days 5-8 

days 9 
to 22 

days 14 
to 20 

days 14 
to 70 
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ILLUSTRATIONS: ii. Figures 
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ILLUSTRATIONS: iii. Photomicrographs 



Fig . 1 

Fig . 2 

84 

Acridine orange stain specific for DNA and RNA; 
demonstrating the fluorescent nuclei of mononuclear 
cytotrophoblast cells during aggregation to form 
multinuclear cells (lOx) . 

Feulgen's stain specific for DNA, again showing the 
aggregation of mononuclear cytotrophoblasts into 
roultinuclear cells (lOx) . 
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Fig . 3 As in fig.1, fluorescent acridine orange stain for DNA 
(yellow) and RNA (green) of a multinucleated giant cell 
( lOX) • 

Fig. 4 A multinucleated giant cell with> 50 normal diploid
sized nuclei (20x) . 



Fig . 5 Longitudinal arrangement of nuclei prior to nuclear 
fusion in a multinuclear giant c e ll (20 x ). 

Fig. 6 A close-up of a Feulgen's stained multinucleated cell 
demonstrating the longitudinal arrangement of diploid 
nuclei (40x). 
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Fig . 7 Nuclei in a rosette pattern prior to nuclear fusion in 
a multinucleated giant cell (lOx). 

Fig . 8 A multinucleated giant cell with the longitudinal 
arrangement of nuclei . Also, note that some of the 
nuclei have fused and are no longer diploid (arrow) . 
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Fig. 9 A highly polyploid nucleus after nuclear fusion. Note 
the number and density of the nucleoli (lOx) . 

Fig . 10 A giant cell demonstrating Feulgen ' s DNA (lOx) . 
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Fig . 11 On the left is a 3-D colony of cytotrophoblast, and on 
the right are cells in monolayer (20x). 
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Fig. 12 A normal, healthy multinucleated giant cell stained with 
NBT demonstrating the presence of the enzyme 3 ~- Hso r 
( 20x) • 

Fig . 13 Ghost - like giant cells late in culture demonstrating the 
ability to stain with NBT dispite their age and 
condition (lOx). 
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Fig . 14 A multinucleated giant cell demonstrating the uptake of 
oil-red- 0 {20x). 

Fig . 15 A large, binucleated cytotrophoblast. Note that one of 
the nuclei is in the process of fusing {20x ) . 
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Fig. 16 A giant trophoblast cell from an intact placental tissue slice stained with H&E demonstrating nuclear fusion (lOx). 
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Fig. 17 As in fig . 16, a mul tinucleated giant: se.1-1 from the basal zone of an intact placenta in vivo (20X) . 
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Fig . 18 A multinucleated giant cell in vitro with 4 polyploid / nuclei resembling the cell above from the intact I placenta (40x}. 
1 



PBS: pH=7.4 

0.87% 

0.54% 

0.1% 

0.9% 

Na2 HP04 anhydrous 

NaH2 P04-H20 

Na-azide 

NaCl 

APPENDIX 

0.1% gelatin (heat and stir to dissolve) 

CHARCOAL/DEXTRAN SOLUTION 

0.5% 20x washed charcoal 

0.05% Dextran T-70 

Make up fresh in PBS with 0.1% gel. 

PHYSIOLOGICAL SALINE 0.9% 

9 grams NaCl in 1 liter distilled water 

SCINTILLATION COCKTAIL 

8 grams Omnifluor 

1 liter Triton X-100 

2 liters Toluene 

Stir before use and store in the dark. 

3 8-HSD using NBT Deane; et al. (1962) 

NBT l.6mg/ml 

NAO+ 8.0mg/ml 

DHA 4.64mg/ml dissolved in acetone 

Add each reagent 1:1:1 to one part cells. 
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Feulgen's Reaction Lillie and Fullmer (1976) 

Solutions: 

1% Light Green (stock) 

Light Green FCF 0.2g 

Distilled water 100.0ml 

Glacial acetic acid 0.2ml (add to above solution) 

Light Green (working) 

Light Green stock 

Distilled water 

lN Hydrochloric Acid 

Cone. HCL 

Distilled water 

Schiff's Reagent 

Schiff's reagent 

Cone. HCL 

Absolute ethanol 

10.0ml 

50.0ml 

83.5ml 

916.5ml 

11.5ml 

0.5ml 

28.0ml 
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Metabisulfite·Rinse 

0.5% sodium metabisulfite 

Procedure: 

1. Fix cells in Alcohol-Formalin ( 9: 1) 

2. Hydrolize in preheated (60° C) lN HCL for 10min. 

3. Rinse in running water, Smin. 

4, Place in Schiff's reagent for 15min. 

5. Rinse in 3 changes of metabisulfite, 2min. each 

6. Wash in running tap water, lOmin. 

7. Counterstain in 1% Light Green working soln. for. 

10 sec. 

8. Rinse in distilled water 
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Acridine orange Fluorescent stain 

Solutions: 

Citrate-Phosphate Buffer pH=J.8 

Soln. A: 0.2M Na2 HP04 28.39g/100ml (store at 20°C) 

Soln. B: O.lM Citric acid 19.21g/100ml 11 " 
11 

Mix 71.0ml Soln. A with 129.0ml Soln B. 

(store at 4°C for 1 week) 

Acridine orange (lOx stock) 

Acridine orange 

0.01% Acridine orange (working) 

Acridine orange (stock) 

Citrate-Phosphate Buffer 

Procedure: 

O.lg/lOOml distilled water 

5ml 

45ml 

1. Fix cells in absolute alcohol-glacial acetic acid 

(2: 1), lOmin. 

2. Rinse in 3 changes of citrate-phosphate buffer, 

lmin. each 
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3. Stain in 0.01% acridine orange, 4min. 

4. Rinse in 3 changes of citrate-phosphate buffer, 

lmin. each 

5. Mount in citrate-P04 buffer 

*All reagents must be prepared fresh each week and stored at 

4° C. 

Oil-Red-0 Method for Lipids Troyer, H. (1980) 

Solutions: 

Oil-Red-0 (stock) 

Make a saturated soln. of oil redo in 99% 

isopropanol. 

Oil-Red-0 (working) 

oil redo (stock) 

distilled water 

6ml. 

4ml. 

(prepare 1hr ahead, filter immediately before using) 
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Procedure: 

1. Rinse cells in distilled water 

2. Stain in oil redo working soln., 15min. 

3. Rinse in 3 changes of distilled water, lmin. each 
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