


I

STEROID METABOLISM
IN THE MOUSE PLACENTA

PROEFSCHRIET

TER VERKRIJGING VAN DE GRAAD VAN DOCTOR IN DE WISKUNDE

EN NATtrURWETENSCHAPPEN AAN DE RIJK8TJNIVERSITEIT TE LEIDEN,

OP GEZAG VAN DE RECTOR MAGNIFICUS DR. D. J . KUENEN,

HQOGLERAAR IN DE FACULTEIT

DER WISKUNDE EN NATUTTRWETENSOHAPPEN,

VOLGENS BESLtriT VAN HET COLLEGE VAN DEKANEN

TE VERDEDIGEN OP WOENSDAG 27 OKTOBER 1976 TE KLOKKE 15.15 UtTR

DOOR

GIJSBERTA HERMINA OKKER-REITSMA
GEBOEEN TE AMSTERDAM IN 1943

irîi

1976
CASPARIE ALKMAA& BV

,"3



Promotor :
DR. J. J. P. ZAAIJER

Co-referenten :
DE. TE. M. KONIJN en PROF. DR. D. PRICE

•--9

U:
«.
s t •
Mi

This investigation was carried out in the Laboratory for Cell Biology and Histology,
University of Leiden, Head: Prof. Dr. P. J. Gaillard.

Reprinted from Proceedings of the Eoninklijke Nederlandse Akademie van Weten-
schappen, Series C, vol. 75 (1972), vol. 78 (1976), vol. 80 (1977).

$

t

I
ÏÎ.



m
«Ut1-

•WÊ~

De promotie zal plaatsvinden in de Senaatskamer van het
Akademiegebouw, Rapenburg 73. Tot de promotie wordt met
het oog op de beperkte ruimte uitsluitend toegang verleend op
vertoon van een toegangskaan. Mocht U van een ontvangen
toegangskaan geen gebruik maken, dan verzoek ik U deze
terug te willen sturen.

Receptie na afloop van de promotie, om 16.15 uur, in het
Akademiegebouw.

Mp" tijdrovende parkeermoeilijkheden bij het Akademiegebouw moet
rekening worden gehouden.
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STELLINGEN

I

In species waarvoor nog geen aanwijzingen zijn voor het bestaan van een
foetö-placentaire eenheid dient van een fóeto-plaeentair complex te worden
gesproken.

II

Bij het vergelijken van enzymaktiviteiten van weefsels van verschillende leef-
tijd houden Sanyal en Villee ten onrechte geen rekening met een mogelijke
verandering van endogene substraatkoncentraties.

M. K. Sanyal en C. A. Villee,
Endocrin. 99, 249-259 (1976)

ni
Het gebruik van de benaming „tweede boodschapper" voor cyclisch-AMP
bij de verklaring van de veranderingen die het bijschildklierhormoon in been-
weefsel veroorzaakt, geeft ten onrechte de indruk dat het primaire effekt van
het bijschildklierhormoon op beenweefsel beperkt blijft tot een verandering
in de cyclisch-AMP koncentratie.

IV

In het algemeen wordt in de handboeken ten onrechte te weinig nadruk ge-
legd op de theoretische bezwaren tegen het gebruik van de dubbel reciproke
rechte volgens Lineweaver en Burk om een nauwkeurige schatting te ver-
krijgen van de onbekende enzymkinetische parameters.

De veronderstelling dat perifere microtubulibanden, in cellen die spiraal-
vonnige celwandverdikkingen vormen, Golgi blaasjes aantrekken zodat cel-
wandstoffen aanwezig in die blaasjes het plasmalemma aldaar passeren, is
niet erg waarschijnlijk.

D. L. Brower en P. J. Hepler
Protoplasma 87, 91-111 (1976)
L. Goosen-de Roo
8th Int. Congress on Electron
Microscopy, Canberra, vol. II, 596-
597 (1974)

«ir-



VI

De vraag of het produkt van gen 2 van bacteiiofaag T4 het DNA modificeert
kan beter onderzocht worden met een experiment gericht op het aantonen
van fenotypische menging dan met het vergelijken van de eigenschap om
transfectie te geven van wildtype en zgn. 2.su- DNA. ;

J. L. Silverstein en E. B. Goldberg
ViroL 72, 195-211 (1976)

VII

Studies van het individuele sociale gedrag dienen betrokken te worden bij
onderzoek naar geslachtshormoonkoncentraties in het bloed van primaten.

R. M. Rose, T. P. Gordon en J. S. Bernstein
Science 178, 643-645 (1972)

vin
Bij het ontwerpen van apparatuur die betrokken zal zijn bij processen waarbij
gevaar bestaat voor stofexplosies, moet meer gedacht worden aan het maken
van explosievaste konstrukties.

IX

Het is voor studenten in biologische vakken te betreuren dat bij het teken-
onderwijs in het VWO het natekenen als middel om te leren waarnemen
wordt verwaarloosd.

G. H. Okker-Reitsma

27 oktober 1976
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GENERAL INTRODUCTION

It is not surprising that the placenta has been given a great deal of
attention from the earliest times on because the organ is shed at birth
and therefore easily accessible for observation and study. In anoient Egypt
it was thought to be the seat of the soul and as such it was, in some cases,
preserved during the life of the person, but the placental anatomy was,
apparently, not studied. In classical times great investigators like Aristotle
and later Galen studied the structure of the placenta and the associated
membranes of the human as well as of a number of other mammals. They
assumed that maternal and fetal blood vessels were continuous within the
placenta. During the Renaissance anatomical studies of the placenta were
resumed, sometimes resulting in detailed drawings. Well known examples
are Leonardo da Vinci's drawing of a child in the womb including placenta
and extra-embryonic membranes and, at later dates, the drawings by
Vesalius and Fabricius. Most of the studies in this period dealt with the
human placenta find that of domestic animals. Considerable confusion was
caused by the fact that the ^differences in placental structure between
different species were not clearly recognized. Although Leonardo da Vinci's
description of the ruminant placenta seems to suggest a discontinuity
between maternal and fetal blood vessels, the existence of a separate fetal
and maternal blood circulation was not generally accepted until the middle
of the 18th century. The end of the 19th century brought more critical
anatomical and histological studies of the various components of placentas
from a variety of species. Among these studies were those of Duval on the
placentas of mouse and guinea pig. In this same period the placenta's
respiratory function was first suggested. Before that time the function of
the organ was considered to be mainly to provide nutriment for the fetus.
Recognition of the placenta as an endocrine organ followed in 1904
through the clinical observations jnade by Halban.

The placenta is an organ of dual origin: contributions come from the
extra-embryonic membranes from fetal origin and from the lining of the
maternal uterus. The way in which the connection between mother and
fetus is made varies enormously between the species. This wide variety is
one of the striking aspects of placentation. M^st obvious is the variation
in gross structure, resulting in a difference in shape. The shapes that occur
in mammals are: diffuse (horse, pig, whale), cotyledonary (the majority of
ruminants), zonary (carnivores), and discoid (primates, rodents). Further
variations in internal structure of the placenta are dependent upon the
involvement of fetal and maternal tissue. The fetal tissues which may be
involved are the following extra-embryonic membranes :

§.
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1. the yolk sac or vitelline membrane, which is derived from endoderm
and mesoderm. In rodents and lagomorphs it consists of two parts,
the parietal and the visceral yolk sac. In these animals the yolk sac
is called inverted because the parietal part, which has no mesoderm,
breaks down sooner or later (in the guinea pig it does not completely
develop) and, as a consequence, the visceral yolk sac, which surrounds
the embryo, then lies with its endoderm in direct contact with the
uterine wall. This gives the impression as though the yolk sac is turned
inside out.

2. the allantois which is derived from endoderm and mesoderm, except
for example in mouse and guinea pig were the allantois is almost
completely derived from mesoderm.

3. the chorion, which is derived from mesoderm and trophoblastic
ectoderm.

In Eutheria one finds a chorioallantoic placenta. This is sometimes
preceded or (temporarely) coexists with a choriovitelline or yolk sac
placenta.

The variety of placental types presents a complicated and rather
confused picture. Grosser (1909) and other investigators attempted to
bring some order by classifying chorioallantoic placentas according to
the number of tissue layers which separate fetal from maternal blood.
For example : 6 layers - epitheliochorial (horse and pig), 3 layers - haemo-
chorial (primates) and 1 layer - haemoendothelial (some rodents). This
classification was, for a time, widely used but with the incorrect implication
that with fewer layers exchange across the so-called placental barrier was
more rapid. This concept of exchange only by simple diffusion, was mis-
leading; passage across the placental barrier also involves much more
complicated systems and active processes play an essential role.

Another striking aspect of the placenta is its strictly delimited lifespan;
it develops rapidly, exerts its functions and, at the end of gestation, it is
discarded.

Since the fetus is of both maternal «nd paternal origin it would, as a
foreign tissue, be subject to immune reactions from the mother. By a
mechanism that is not yet completely understood the rejection of the fetus
as a homograft in the uterine tissue is prevented. In this, the placenta is
an essential factor.

Another function of the placenta is the transfer of materials required
by the developing fetus and removal of waste products. The placenta has
multiple functions which may vary according to the species and to the
gestational stage. One of those is the synthesis by the placenta of a variety
of hormones. Among these are peptide and steroid hormones which help
to maintain pregnancy directly or through their influence on the endocrine
activity of the mother. Secretion of gonadotropins has been demonstrated
for instance in the human and in the horse placenta, especially in early



m

gestational stages. The regression of the corpvis luteum in the maternal
ovary which would occur during a normal estrus cycle, may be prevented
by placental gonadotropins. These gonadotropins thus guarantee the
continued secretion of progesterone and estrogens required for the retention
of the fetus. In addition, steroid hormones secreted by the placenta itself
may in some species be important for the maintenance of pregnancy.
Placental steroid hormones may also be essential as a link in the total
pattern of steroid hormone synthesis in the feto-placental complex as has
been described, by Diczfalusy in man.

The study of the endocrine functions of the placenta in vivo poses
problems because the organ is indispensable for the survival of the fetus
and therefore cannot be removed. However, an indirect approach is
possible by comparison of the results of removal of endocrine glands from
pregnant and non-pregnant females. The differences between pregnant
and non-pregnant animals after the operation give an indication of the
endocrine capacity of the feto-placental complex. Ovariectomy, adrenalec-
tomy, fetectomy and combinations of these operations at different stages
of gestation have contributed to the understanding of placental endocrine
functions.

Species differences in placental functions are striking. For example,
bilateral ovariectomy of pregnant mice after implantation results in
abortion or résorption of the embryos. In contrast, in pregnant guinea
pigs and in man bilateral ovariectomy after a certain stage does not
interfere with gestation. In pregnant mice injected with progesterone after
maternal ovariectomy on day 13, pregnancy is maintained in a certain
number of cases dependent on the dose (Hall, 1957); a higher percentage
of fetuses is carried to term when in addition estrogens are given.

From suoh studies it can be stated that estrogens as well as progesterone
are needed to maintain pregnancy. The placenta of ovariectomized guinea
pigs and of man appears to be capable of supplying, after a certain stage
of gestation, these necessary steroid hormones, while the mouse placenta
cannot do so.

In vivo studies on placental endocrine function can be extended and
supplemented by in vitro methods dealing directly with placental tissue.
The in vitro studies described in this thesis were designed in particular
to analyze the differences in capacity for steroid synthesis between the
placentas of mouse and guinea pig. In these studies an attempt is made to
correlate steroid secretion with certain cell types within the placenta.
For the study of functional aspects of the placenta it was essential to
understand the morphology and histology during development.

Of the papers included in this thesis, paper I contains first a description
of the development of the mouse placenta and its cell types and in particular
the mononuclear giant cells. It then deals "with the results of organ culture
and histochemical studies. Special attention is given to the placental
production of androgenic steroids which represent an important stage in
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the biosynthetic pathway to estrogens. In organ culture placental androgen
secretion was investigated M sing a bioindicator method. With a histo-
chemical method the localization of 3/3-hydroxysteroid dehydrogenase was
studied. This enzyme holds a central position in most steroid biosynthetic
pathways.

From the studies described in paper I, which compare the results of
organ culture erperiments with histochemical data, several questions arose
as to the localization of steroid synthesis and the nature of the androgens
demonstrated. Therefore, in the work described in papers I I and III ,
a biochemical approach was chosen to identify which androgens could be
synthesized by the mouse placenta during various stages of gestation
and which cell types were responsible for this synthesis. The experiments
consisted of inoubations of placental tissue with tritiated precursors and
separation and tentative identification of the metabolites by paper and
thin-layer chromatography. Paper IV contains an analysis of one of the
results described in paper I I I : the formation, from progesterone, of a
precursor of corticosterone while corticosterone itself could not be detected.
The feto-placental complex of the mouse is known to be responsible for
the production of a small amount of corticosterone (Barlow et al., 1974).
It was therefore tempting to investigate whether the fetal adrenal could
synthesize corticosterone from progesterone or whether it needed a
precursor of placental origin for corticosterone production. The latter
possibility would demonstrate for the mouse the existence of a feto-
placental unit.

The section on recent progress presents some new findings on the
placenta of the guinea pig which suggest an answer for the difference in
the outcome of bilateral ovariectomy between the pregnant mouse and
guinea pig.

BEFBBENOES

Barlow, S. M., P. J. Morison and F. M. Sullivan - Plasma corticosterone levels during
pregnancy in the mouse : the relative contribuóioua of the adrenal glands and
foeto-placental units. J. Endocr. 60, 473-483 (1974).

Grosser, O. - Vergleiehende Anatomie und Entwicklungsgeachichte der Eíhãute und
der Placenta. W. Braumüller, Vienna and Leipzig, p. 291 (1909).

Hall, K. — The effect of relaxin extracts, progesterone and oestriol on maintenance
of pregnancy, parturition and rearing of young after ovariectomy in mice.
J. Endocr. 15, 108-117 (1957).
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ANDROGEN PRODUCTION OF THE MOUSE PLACENTA

A HISTOCHEMICAL AND BIOINDICATOR STUDY OP DIFFERENT
STAGES OF DEVELOPMENT OF THE PLACENTA

SUMMARY

The capability of th« mouse placenta for steroid biosynthesis was investigated.
As a first step, the development of the placenta was studied with espeoial emphasis
on the riso and decline of the mononuclear giant cells whioh have been tentatively
associated, in the literature, with steroid biosynthesis. The ability of the placenta
for steroid synthesis was examined by histoohemical methods from day 8 of gestation
up to day 15, and androgen secretion was tested by an indicator method in organ
culture of tissue oxplanted at days 8, 10 and li>.

In the histochemical studies using DHA or prognenolone as substrate, 3/Î-HSD
activity was limited to the giant cells with a peak aotivity on days 9, 10 and 11.
The bioindicator test showed that androgenioity in placental expiants depended
upon the presence of giant cells on day 8 but not on day 15. The relative number
of androgenio expiants increased with advancing age. Possible explanations were
offered for the observations. It was tentatively proposed from our experiments
that the giant cells may be sites of biosynthesis of progesterone and androgens,
but that the capability of the mouse placenta to form sex hormones is less than that
of the placenta of the guinea pig.

INTRODUCTION

As early as 1891, Duval published an extensive study on the
development of the placenta of the guinea pig and the mouse. The
morphology of the placenta of various species of rodents has since been
described, in more or less detail, in a number of papers. However, with
regard to the hormonal activity of the rodent placenta as a whole and
of its various cell components, information is still rather limited.

In several studies on the function of the rodent placenta, especially
in its early stages, attention has been focussed on a particular cell type,
the mononuck-ar giant cell, first desoribed by DUVAL (1891). Three
different functions have been postulated for these cells : an invading and
phagooytic activity, especially at the time of implantation and for a
short time thereafter (JENKINSON, 1902; DEANE et al., 1962; AL-ABBAS

and SOHULTZ, 196(5); the production of luteotrophin (DEANE et al., 1962);
and the synthesis of steroid hormones (DEANE et al., 1962;
BOTTE et al., 1968).

Recently ORTIZ, PRICE and ZAAIJER (1971) demonstrated androgen
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secretion by placental tissue of the guinea pig by using a bioindicator
method in organ culture. They found a correlation between androgen
secretion and the presence of well-developed chorionio giant cells in
the expiant.

The studies reported in the following pages investigate androgen
secretion by placental tissue of the mouse. This species was selected
because, in vivo, there aeems to be a difference in hormonal activity
between the guinea pig placenta and the mouse placenta. In the pregnant
mouse (and the rat) bilateral ovarieotomy terminates gestation (HARRIS,

1927 ; PARKES, 1928), whereas in the ovarieotomized guinea pig pregnancy
can, after a certain stage, be carried on (COURRIER et al., 1929; HEAP

and DEANESLY, 1966). This suggests that the guinea pig placenta is
capable of supplying the necessary sex hormones, progesterone and
estrogens for maintaining pregnanoy in the absence of the ovary, while
the mouse placenta is not. That implies then a difference in the pattern
of sex hormone synthesis in the placenta between the two species.

It was, therefore, of interest to study the mouse placenta for its
capability of secreting sex hormones with the same bioindicator method
that was used for the guinea pig. This bioindicator test does not however,
give information as to the chemical nature of the biologically active
substances it registers. For this reason the organ culture studies were
supplemented with an enzyme study designed to test the capability for
steroid synthesis of the placental tissue.

For an analysis of functional aspects of the placenta a good under-
standing of the morphology, which changes rapidly during the short
time that this structure exists, is essential. In addition to the already
mentioned study of Duval, the development of the mouse placenta has
been described by JENKINSON (1902), MELISSINOS (1907), SOBOTTA (1911),
MOSSMAN (1937), SNELL (1956), AMOROSO (1981) and DICKSON (3963).
However, it was necessary to restudy the in vivo development with
special emphasiii on the mononuclear trophoblastic giant cells.

THE DEVELOPMENT OF THE PLACENTA OP THE MOUSE IN vrvo
For the timing of the fetuses, the morning when the copulation plug

was found was considered as the beginning of day 0 of gestation. Implan-
tation of the blastocyst occurs on day 4 at the antimesometrial side of
the uterus. The inner cell mass—the embryonic side of the blastocyst—
is oriented towards the mesometrial side. Just before implantation the
giant cell transformation of the cytotrophoblast starts at the abembryonic
side of the blastocyst (DICKSON, 1963). Giant cells are very large, mono-
nuclear cells, derived from the cytotrophoblast. When we speak about
giant cells, we do not include any large cell with more than one nucleus
as these may be formed in great amounts in the decidua. Only very
occasionally a binuclear trophoblastic giant cell is found.

On days 5, 6, 7 and 8 the following structures develop. The cytotropho-



13

blast at the mesometrial side develops into an ectoplacental cone. The
inner cell mass gives rise to an egg cylinder and extra embryonic layers.
The endoderm develops and lines the oytotrophoblast at its inner surface
forming parietal endoderm and lines the egg cylinder at its outer surface
forming visceral endoderm. In between these two endoderm layers is
the yolk sac cavity. The extra embryonic ectoderm and mesoderm give
rise to an amnion, allantois and chorion. Amnion, allantois, and ohorion
are enclosed by the yolk sac (fig. 1). This situation describes the inversion
of the germ ^yera, which take place in rodents. Between the cyto-
trophoblast containing some giant cells and the parietal endoderm appears
Reichert's membrane. I t is first visible at the antimesometrial side, the
same side where the giant cells have first arisen. Extra embryonic
ectoderm lines the ectoplacenta. With the developing mesoderm it forms
the chorion. The allantois develops and reaches the chorion on day 8.

On days 9, 10 and 11 many giant cells are seen along the parietal
endoderm up to the point where the ohorion starts. These giant cells
with the parietal endoderm form a yolk sac placenta (fig. 2-5). Allantois
and chorion develop into a chorioallantoic placenta. At the border between
the decidua basalis and the chorioallantoic placenta giant cells are also
formed. Visceral endoderm lines the other side of the chorioallantoic
placenta. Along this visceral endoderm there are no giant cells.

On approximately day 11 the giant cells next to the parietal endoderm
decline. They are nearly gone by day 12. The only giant cells left are
those at the sides and underneath the chorioallantoic placenta (fig. 6).
These giant cells are much smaller than the giant cells which first developed
and they will become still smaller in the days to come until birth on day
19 to 20.

MATERIAL AND METHODS

The in vivo studies and the experiments were performed with pregnant
albino Swiss random bred mice. Por the bioindicator test male albino
Swiss rats were used. The animals were killed by decapitation.

Bioindicator test for androgens

The tissue to be tested for the production of substances with an
androgenic effect, was cultured under sterile conditions in close contact
with tissue which is androgen dependent—the ventral proatate of a male
rat of 20 to 24 days p.n. The culture prooedure has been described by
ZAAIJER et al. (1966). The culture medium was composed of 4 parts
Hanks' saline solution, 3 parts chick embryo extract and 1 part cock
plasma. The cultures were placed in a moist atmosphere at 35° O and
transferred to fresh medium after 3 days. After a culture period of 6 days
the cultures were fixed in Bouin's fluid. Paraffine sections of 8 /i were
made. They were stained with Harris haematoxylin.

The placenta cultures were studied for the presence of giant cells.
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The prostate in each culture was examined for several histological criteria.
These criteria are: the size of the acini, the height of the epithelial cells,
the presence of light areas m the epithelial cells, and the amount of
connective tissue. A prostate with complete regression has small acini,
low epithelium, no light areas and a great amount of connective tissue.
The histological picture of a highly stimulated prostate shows on the
other hand, large acini, of which many have high epithelium with light
areas in the cytoplasm near the nucleus and sparse connective tissue.
The two categories low stimulation and incomplete regression, stand in
between. A prostate with low stimulation shows epithelial cells with light
areas in only a few acini and the prostate with incomplete regression
shows moderately high epithelium with no light areas.

The bioindioator test for androgens was performed with: (a) expiants
of implantation sites of mice of day 8, (b) with expiants of the yolk sac
placenta and the chorioallantoio placenta of mice of day 10, and (c) with
expiants of the jhorioallantoio placenta of mice of day 15 of gestation.

Expiants of l\rag or urinary bladder, oultured with a pieoe of ventral
prostate served as controls in addition to pieces of ventral prostate
oultured alone.

Histochemical determination of steroid enzyme activity

A central position in the biosynthetic pathway of progesterone,
androgens, estrogens and oorticosteroids is taken by 3-/S-hydroxysteroid:
NAD(P) oxidoreductase and 3-ketosteroid <d4-Zl5-isomerase, EG 1.1.1.51
and 5.3.3.1 (3/S-HSD). The presence of this enzyme system can be shown
histochemioally. The oxidation of the 3/?-hydroxyl group of a steroid by
3/ff-HSD is NAD dependent. The formed NADHg is oxidized by diaphorase

PLATE I

Am, amnion; Al, allantois; C, chorion; Y, yolk sac; Eo, ectoplacenta; Cp, chorio-
allantoic placenta; Yp, yolk sac placenta; G, giant cells.

Photomicrographs of paraffine sections stained with Harris haematoxylin of the
mouse placenta at different stages of development in vivo.

Fig. 1. Implantation site at day 8. Giant cells develop at the antimesometrial
side of the uterus next to the parietal endoderm of the yolk sac. The allantois begins

to develop. Amnion and chorion are present. 70 X.
Fig. 2. Implantation site at day 9. A chorioallantoic placenta develops with giant

cells at the border with the decidua. The yolk sac placenta is established. 35 X.
Fig. 3. Implantation site at day 10. The embryo develops rapidly. 25 X.
Fig. 4. The same section of an implantation site at day 10 as in fig. 3 shows giant
cells at the border of chorioallantoic placenta and decidua. There are no giant
cells along the parietal endoderm which lines the chorioallantoio placenta. 100 x .
Fig. 5. The same implantation site at day 10 as given in fig. 3. High power view

of a giant cell of the yolk sac placenta. 500 X.
Fig. 6. The chorioallantoic placenta at day 15 has developed considerably. The
yolk sac placenta is gone. The giant cells are smaller than on day 10 in fig. 3. They

are present in relatively smaller amounts. 25 X.

í
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with the reduction of a tetrazolium salt, which precipitates as a purple
diformazan.

Implantation sites of mice of days 8, 9 and 10, and placentae of mice
of days 11, 12 and 15 of gestation were dissected. They were immediately
frozen in liquid nitrogen and kept at — 80° C. Frozen sections of 16 p
were made with a cryostate at —30° 0 within 14 days after dissection.
The histochemioal determination of 3/î-HSD was performed mainly
according to the method described by LEVY et al. (1959). In accordance
with DBAHB et al. (1962), nicotinamide was omitted from the incubation
medium. The steroid was dissolved in acetone instead of in propylene
glycol in order to get less nonspecific dehydrogenase activity. I t was
used in an amount of 0.4 mg/0.5 ml acetone in 7 ml incubation solution.
Incubation solution A consisted of a steroid (final concentration 0.24 mM),
NAD (0.54 mM) and Nitro Blue Tetrazolium (0.17 mM) in phosphate
buffer (0.1 M, pH 7.1 - 7.4). The substrate used was 3/3-hydroxyandrost-
5-en-17-one (DHA) or 3/?-hydroxypregn-5-en-20-one (pregnenolone) *).

J) All steroids used in the experiments were kindly provided by Organon Neder-
land N.V.

PLATE n

F, prostate; L, lung; Cp, ohorioallantoic placenta; G, giant cells.
Photomicrographs of the bioindicator test for androgens. Sections stained with

Harris haematoxylin.

Fig. 7. A prostate expiant cultured together with a piece of lung for 6 days.
Note the small acini and the relatively great amount of connective tissue. 60 x .
Fig. 8. High power view of the prostate of the culture of fig. 7. Note the low

epithelium and the absence of light areas. 500 X.
Fig. 9. A prostate expiant cultured together with a piece of the implantation site
of a mouse of day S containing giant cells. Note the larger acini and the relatively
small amount of connective tissue. Only in a few acini are some light areas in the

epithelial cells. 50 X.
Fig. 10. High power view of a prostate «xplant cultured together with a piece
of the mouse chorioallantoic placenta of day 15 containing giant cells. Note the

high epithelial cells with the light areas. 300 x .

Photomicrographs of the determination of 3/i-HSD in the mouse placenta.

Fig. 11. Frozen section of an implantation site of day 10, stained with methyl
green and incubated for the presence of 3/Î-HSD with DHA as substrate. The activity
of 3/i-HSD is limited to the giant cells of the yolk sac and ohorioallantoic placenta.

25X.
Fig. 12. Frozen section of the same implantation site of day 10 as in fig. 11 stained
with methyl green and with the same incubation as in fig. 11, but lacking the substrate

in the medium. No.enzyme activity is detected. 25x..
Fig. 13. The same frozen section as in fig. 11 under higher magnification. Difor-

mazan precipitation in the giant cells. 150 X.
Fig. 14. High power view of one giant cell of the yolk sac placenta of the im-

plantation site of day 10 shown in fig. 11. 500 x .
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Alternativo sections were incubated with an inoubation medium with
the steroid (solution A) and with acetone instead of the steroid (solution B),
to cheok for any nonspecific activity. The presence of diaphorase was
determined by incubating some sections with a medium containing
NADHa instead of NAD (equimolar), and acetone instead of a steroid
(solution C).

The frozen sections were dried for 5 min. at room temperature in a
stream of air and washed in phosphate buffer for 5 min. at 4° C before
incubation. The sections were fixed after an incubation of 3 hours at
36° 0, in a mixture of formaldehyde, Macrodex, and CaCla, stained with
methyl green and mounted with Kaiser's gelatin glycerine.

One out of every 5 sections was stained with Harris haematoxylin
for a general histological picture and with Sudan III to determine whioh
kind of cell contains lipid. Steroids, along with other lipids, are sudanophilio.
Therefore, the presence of Sudan III in a certain kind of cell can give
additional information about the possibility of steroid synthesis by that cell.

RESULTS
Bioindicator test for androgens

Placenta expiants of day 8 proved to be rather difficult to culture.
They often became necrotic during the culture period. Still, it was possible
to culture 45 satisfactory expiants of this age. No culture problems arose
with expiants of older stages.

The day 10 placenta consists mainly of giant cells. As a consequence,
only two out of 59 expiants did not contain any. Of the day 15 placenta,
we studied 55 expiants for androgen secretion.

The results are presented in table 1 and 2 and figs. 7-10. The cultures
with expiants of lung or urinary bladder resulted nearly always in a
complete regression of the prostate. Cultures of pieces of prostate alone
showed in about half the cases an incomplete regression and in the other
half a complete regression. A number of expiants of the implantation
site of day 8 were androgenic but only if there were giant cells present.
However, many expiants with giant cells did not prove to be androgenic.
On day 10 relatively more placenta pieces with giant cells gave stimulation
of the prostate than on day 8. The number of expiants without giant

TABLE 1
Bioindicator test for androgens

Expiants of control tissues

Kind of tissue

Lung
Urinary bladder . .
Prostate alone. . .

Total number
of expiants

22
37
52

Number of prostate expiants -with

stimulation
high

0
0
0

low

0
0
0

regression

incompl.

0
1

25

compl.

22
36
27

, i V - . . , í . í ; V ; I ,
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TABLE 2
Bioindicator test for androgens

Androgeu secretion by placenta explants of different stages of development in
relation to the presence of giant cells

•-Ci

Placenta

With giant cells

Without giant
cells

Ago of
embryo
in days

8
10
15

8
10
15

Total
number

of expiants

27
57
42

18
2

13

Number of prostate expiants with

stimulation

high

1
9
8

0
1
0

low

9
23
25

0
1
9

regression

incompl.

14
25
9

2
0
3

compl.

3
0
0

16
0
1

cells at this stage is so small that no general conclusion could be made.
The placenta of day 15 was androgenic in many cases. This, however,
seemed independent of the presence of giant cells, although high stimulation
was seen only in expiants containing this cell type.

Histochemicdl détermination of Stf-ESD

The presence of 3/î-HSD was determined in implantation sites of
days 8 and 10 and in chorioallantoie placentae of days 11, 12 and 15.
DHA was used as substrate in all these stages. Pregnenolone was used
only with implantation sites of days 8 and 10, and the chorioallantoic
placenta of day 15. The incubations with DHA were performed with 5
placentae of each age. Pregnenolone was used only with 2 placentae of
each age. The two substrates gave the same results. A trace of purple
diformazan deposition was seen in some giant cells of the implantation
site of mice of day 8. At days 9, 10 and 11 many giant cells showed a
heavy diformazan stain (fig. 11-14). Only a light diformazan deposition
was seen in a few giant cells of placentae of day 12 and a trace of diformazan
was shown in some giant cells of placentae of day 15. There was no
diformazan deposition in the yolk sac endoderm. Control sections without
substrate did not show diformazan deposition. Diaphorase was present
at all ages studied and gave a totally black section with incubation
mixture o. A positive Sudan III staining was found in many giant cells
especially in the younger stages up to day 11 and in the visceral endoderm.

DlSOUSSIOH AND C01TOLTJSIONS

The result of the in vivo studies of the development of the aaouse
placenta were in general agreement with reports in the literature. An
overall picture was obtained of the growth of the blastocys', after
implantation with special reference to the development of the yolk sac
and chorioallantoic placenta and to the rise and decline of the tropboblastic
giant cells and their topographic relation with the two types of plicentae.
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How giant cells originate is still not known. DICKSON (1963) de3cribed
that the giant cell transformation starts just before implantation. We
observe them in a fair amount on day 8. On the other hand, BOTTE et al.
(1968) found the first giant cells after 10 to 11 days of pregnancy.

It is obvious that many of these cells are formed in the first half of
gestation. The number of giant cells as well as their cytoplasmio and
nuclear volume seem to increase enormously during this time. However,
we observed no mitotio figures in the giant cells. A similar increase in
number of giant cells without mitotio figures was reported for the rat
placenta by BEIDGMAN (1948), DICKSON and BXJLMER (1960) and DOKGAN

and SOHULTZ (1971). We observed a peak in relative numbers of giant
cells around day 10. A decline then followed but small giant cells were
still present under the chorioallantoic placenta up to birth.

The histochemical determination of 3/Î-HSD, using either DHA or
pregnenolone as substrate, showed the activity of this enzyme only in
giant cells, with a peak activity from day 9 up to and inoluding day 11.
The method proved to be reliable beoause the control seotions showed
no enzyme activity and diaphorase was always present. The presence
of lipids in giant cells and endodermal cells of the yolk sao as shown
by Sudan III staining, supports the enzyme studies.

DHA and pregnenolone were also used by BOTTE et al. (1968) for
determining 3/Î-HSD activity in the mouse placenta. The results of their
study were puzzling if we compare them with our own results. They found
a difference in the presence of 30-HSD activity with the two substrates :
3/Î-HSD activity was present with DHA as substrate, in giant cells from
the age that they first found these cells (10 days) up to 17 days with
a peak activity on day 15. Enzyme activity was also present in yolk
sao endoderm. With pregnenolone enzyme activity was shown only in
the giant cells of the younger stages and no enzyme activity was found
in endodermal cells of the yolk sac.

DEAÎTE et al. (1962) reported the presence of 3/8-HSD in five undated
mouse placentae. Using DHA as substrate they detected 3/Î-HSD activity
only in giant cells.

REMBIESA et al. (1971) could identify, by biochemical means,
progesterone as one of the metabolites of pregnenolone oy mouse placental
tissue of day 20. This would imply that 3/3-HSD is still active on day 20.

The results of our studies of placental expiants using the bioindicator
test for androgens were of especial interest. If steroid biosynthesis of
an androgenic hormone is occurring in giant cells at the stages examined
(8, 10 and 15 days), it might be expected that the bioindicator test would
demonstrate andfogenioity only in expiants containing giant cells. As
shown in table 2, androgenicity was dependent on the presence of giant
cells at day 8, but not at day 15. This observation raises the question
of how to account for androgenicity of placental expiants of day 15
which do not contain giant cells and consequently do not show 3/Í-HSD
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activity. A possible explanation may be found by postulating the presence
of residual androgen. At days 9 up to 11 the 3/Î-HSD activity in the
giant cells has been very high and it is possible that androgens secreted
during this period have accumulated in the cellular fluid or have been
taken up by other cells. If these cells are included in the expiants and
the release of these androgens is slow and continuous during the culture
period, a moderate degree of androgenioity may be expected in expiants
without giant cells. This is in agreement with the results of our bio-
indicator test : a high degree of stimulation was never found in this case.
OETIZ et al. (1971), using the bioindicator test for androgens, found,
for the guinea pig, that androgenicity was present only in expiants
containing giant cells. However, the guinea pig placenta is much larger
than that of the mouse. The distance between the area with giant cells
and the place from which expiants without giant cells were taken, was
probably greater in the guinea pig. The presence of residual androgens,
as is postulated for the day 15 mouse placenta, might therefore not be
of influence in the experiments with the guinea pig placenta.

A second question arises from the results of the bioindicator test:
a certain proportion of the expiants of day 8, 10 and 15 containing
giant cells showed androgenioity, although 3/Î-HSD aotivity in the
giant cells of days 8 and 15 had proved to be very low. Here we must
be aware of the possibility that the two methods, the bioindicator
test and the enzyme demonstration, differ in sensitivity. The bioindicator
test is probably a more sensitive technique than the histochemical
determination of 3/Î-HSD (ORTIZ et al., 1966) and may, in. the expiants
of day 8, detect androgenicity when androgen synthesis is still at a
low level. At day 15, however, when giant cells are waning and 3/Î-HSD
activity has gone down, the androgenicity of the expiants is considerable.
One factor in this could be then, as suggested before, that in the day 15
expiants the tissue around the giant cells contributes to the release of
androgens. Still another cause for androgenicity without 3/S-HSD activity
could be the production of androgens from progesterone (a step which
does not require this enzyme), if enough progesterone is available in
the expiant.

The attempt to link the results of the androgenioity test with the
histochemical findings poses still another question: relatively more
placental expiants of day 15 containing giant cells show androgenicity
than those of day 10, although the giant cells of the day 10 placenta are
morphologically more developed and 3/f-HSD aotivity is at its peak.
This might be expected if around 10 days the giant cells produce a large
amount of progesterone which is only partially metabolized to androgens.
At later stages androgens could then be synthesized from stock-piled
progesterone.

IVom the foregoing it can be conoluded that the mouse plaoenta is
fully capable of androgen secretion as shown by our histochemical and
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bioindicator tests and there is also some evidence that progesterone may
be formed. VUÎSON and CHESTER JONES (1964) and REMBIESA et al. (1971 )
reported the lack of estrogen synthesis in the mouse placenta. From
the fact that gestation cannot be continued after ovariectomy of the
pregnant female it follows that the necessary sex hormones, progesterone
and estrogen, are not produced at sufficiently high levels by the mouse
placenta.

As mentioned before, Lhe guinea pig placenta provides enough sex
hormones for the maintenance of pregnancy after a certain stage of
gestation. HEAP and DEANESLY (1966) reported the production of
progesterone by the guinea pig placenta and DEANESLY (1960) suggested
that at least a small amount of estrogen was secreted in early stages.
In bioindicator tests (ORTIZ et al., 1971) all guinea pig placental expiants
of da^ 15 up to day 26 were androgenic if they contained giant cells,
while in our expiants of mouse placentae of day 8 to 15 there were at
every stage some expiants which did not show an androgenic activity.
The histological picture of the guinea pig placenta of day 15 shows a
little more development of giant cells than the mouse placenta of day 8.
Still, in comparable young stages of development the guinea pig placenta
seems more capable of secreting androgens than that of the mouse. The
greater ability of the guinea pig placenta for androgen synthesis might
possibly result in a greater capacity for synthesizing estrogens. This
could be an explanation for the capability of the guinea pig placenta
to supply estrogens which in addition to progesterone are needed for
a successful continuation of pregnancy. The difference between the findings
of the androgenic bioindicator test in the guinea pig and mouse placentae
suggests that the mouse placenta may not secrete the necessary estrogens
This is further supported by the research of VINSON and CHESTER JONES

(1964) and REMBIESA (1971) mentioned above.
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METABOLISM OF (SH)-DEHYDROEPIAKDROSTERONE
BY MOUSE PLACENTAL TISSUE IN VITRO

li

SUMMARY

Mouse plaoental tissues of 10 and 15 days gestation were incubated with (3H)-
dehydroepiandrosterone in vitro. The metabolites were identified after paper and
multiple two dimensional thin-layer ohromatography, Androstenedione and 5«-
reduced metabolites - androstanedione, 3jî-hydroxy-5«-androstan-17-one and 5a-
androstane-3/î, 17/J-diol-were the main products. The enzyme pattern in the placenta
ohanges during gestation. At day 15 3/î-HSD, 170-HSD and 5«-reduotase are present,
whereas at day 10, 17/Î-HSD is lacking. The steroid metabolism is not restricted
to the mononuclear giant cells. The labyrinth of day 15 showed also steroid
metabolism, but demonstrated only the presence of 3/3-HSD.

DSTKODTTCTION

Research concerning the steroid synthesizing capacity of the rodent
placenta has been relatively limited. In such a species as the mouse—in
which pregnancy is terminated at any stage by ovariectomy of the
mother—it is likely that the placenta (in contrast to that of the guinea
pig) does not secrete the necessary progesterone and estrogen to maintain
pregnancy. It is not yet clear what capabilities for steroid metabolism
the mouse placenta possesses, which cell types are involved and, finally,
what major roles steroid hormones of placental origin may play in the
fetus and in the mother.

Histochemical studies (Botte et al., 1968) showed that the mouse
placenta possesses steroid synthesizing enzymes. More recent work (Okker-
Reitsma, 1972) has confirmed and extended this finding and has demon-
strated that the activity of 3/?-hydroxysteroid dehydrogenase (3/3-HSD)
could be found localized exclusively in the mononuclear giant cells. This
enzyme activity was at a peak at day 10 of pregnancy and declined
thereafter so that by day 15 it was barely detectable. By the application
of an in vitro bioindicator test (using rat ventral prostate tissue as an
indicator) it was shown, for the 8-15 day gestation period, that the mouse
placenta is capable of secreting androgens in culture. This androgenic
activity of mouse placental tissue was in agreement with the result of
biochemical studies reported by Rembiesa et al. (1971), who demonstrated
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in vitro formation of progesterone from pregnenolone by the mouse
placenta and its further metabolism to androgens.

The histochemical demonstration of 3/3-HSD localization exclusively
in giant cells provided convincing evidence for the possibility of synthesis
of steroid hormones at this site. However, the bioindicator test showed
that androgen secretion was not limited to expiants containing giant cells
but could also be performed by labyrinthal tissue. The present biochemical
study was designed in part to clarify this point by investigating the
capacity of different areas of the mouse placenta of day 10 and 15 to
form androgens in vitro from (3H)-DHA1).

MATERIAL AND METHODS

Tissue preparation and incubation conditions
Albino Swiss random bred mioe were used. For the timing of gestational

age, the day when the copulation plug was found in the morning was
considered day 0 of pregnancy. The development of the yolk sao and
chorioallantoic placenta and the successive degeneration of the yolk sao
placenta was described earlier (Okker-Reitsma, 1972). The animals were
killed by decapitation on day 10 or 15 of gestation. Tissues were dissected
and processed under sterile conditions. Five experiments were performed
with placentas of day 10 and five with placentas of day 15. Each experi-
ment consisted of four tubes in which tissue of two placentas of one
mouse was incubated and one tube containing a piece of the maternal
urinary bladder. The urinary bladder was chosen as a control tissue
because according to the bioindicator test it does not secrete androgens.
Steroids of tissue and medium of two placental incubations of an experi-
ment were purified only by paper chromatography, the other two were
further analysed with thin-layer chromatography. The incubation material
of the tube with bladder tissue was analysed with paper or with paper
and thin-layer chromatography.

In 15 ml glass tubes was approximately 0,01 g wet weight tissue
incubated in a medium consisting of 1 ml medium 199 (Difco) and 0.01 ml
ethanol in which 1 fiGi (3H)-DHA was dissolved. The atmosphere was
air. The tubes were placed for 4 hours at 36° C in a rocking incubator
that made 100 strokes per minute. The potential enzyme activity was
studied by incubating hemisected placentas of day 10 with 0.5, 1, 10
or 25 fig DHA added to the (»H)-DHA.

x) List of trivial names and abbreviations.

DHA-dehydroepiandrosterone-
androstenedione
androstanedione
testosterone
dihydrotestosterone
progesterone

3/?-hydroxy-5-androsten-17-one
4-aadrastene-3,17-dion.e
6a-androstane-3,17-dione
17/?-hydroxy-4-androsten-3-one
17/î-hydroxy-6a-androstan-3-one
4-pregnene-3,20-dione

37
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The following tissues were incubated:

1. Half of the yolk sac and chorioallantoic placenta of the implantation
site of day 10. At this stage, the yolk sac placenta consists of a layer
of giant cells which continues under the chorioallantoic placenta at
the edge of the endometrium. The labyrinth of the chorioallantoic
placenta is still small. Separation of the labyrinth from the giant cells
is not possible at this age.

2. Part of the edge of the chorioallantoic placenta of day 15; giant cells
are present.

3. Part of the labyrinth of the chorioallantoic placenta of day 15; this
does not contain any giant cells.

4. Part of the urinary bladder from the mother, as a control tissue.
5. No tissue at all.

The viability of the tissue was checked by examining the histological
appearance after incubation, by measuring the (3H)-glycine incorporation
per mg protein of the day 10 placenta during the inoubation and by
investigating the capability of the tissue after incubation to respond to
a change from oxygen and nitrogen to nitrogen with an increase in lactate
production (Hekkelman et al., 1974).

Steroids
Dehydroepiandrosterone-7<x-H3(n) (500 mCi/mmol) was used as substrate

(Radiochemical Centre, Amersham, England). The following reference
steroids were kindly provided by Organon Nederland N.V. : 3/?-hydroxy-
5-androsten-17-one, 17j8-hydroxy-4-androsten-3-one, 4-androstene-3,17-
dione, 5-androstene-3/3,17/?-diol, 3j3-hydioxy-5«-androstan-17-one, 3<x-
hydroxy-5«-androstan-17-one, 17j8-hydroxy-5«-androstan-3-one, 5«-an-
drostane-3J17-dione, 5«-androstene-3/3,17/3-diol and 4-pregnene-3,20-
dione. 5«-Androstane-3«, 17/?-diol was purchased from Sigma. All steroids
were checked for purity in one paper chromatographic system and four
thin-layer chromatographic systems.

Extraction

The incubation was terminated by adding 7.5 ml acetone. 20 fig Cold
substrate and 20 fig of each of the reference steroids were added. Testos-
terone, androstenedione and progesterone were ohosen as reference steroids
because of their UV absorbing capacity. The tissue was precipitated by
centrifugation for 30 min. at 300 g and disoarded. The acetone in the
supernatant was evaporated under nitrogen at 40° C. The water fraction
was extracted two times with 2.5 ml ethyl acetate. The ethyl aoetate
extract was evaporated to dryness under nitrogen at 40° C. The residue
was immediately dissolved in 150 [d methanol. Radioactive zones on
paper chromatograms were extracted with 10 ml methanol immediately

4 t.
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after scanning, taken to drynesa under nitrogen at 40° C and immediately
dissolved in 150 /ii. methanol. Reference steroids were again added before
thin-layer chromatography.

Ohromatography

Paper and thin-layer chromatography were performed by conventional
techniques at room temperature with analytical grade solvents (BDH)
without redestillation.

Paper ohromatography
Whatmann paper no. 1, was used for descending chromatography with

a run of approximately 35 cm in the system ligroine: methanol: water=
100 : 70 : 30.

Thin-layer chromatrography

Pre-coated Silica-gel 60 F 254 plates (Merck), layer thickness 0.25 mm,
were used for multiple two dimensional chromatography. with the following
systems:

1. benzene: ethanol 96% = 95 :5 and
2. n-hexane: ethyl acetate=65 :35 or
3. cyclohexane: ethyl acetate: methanol=70
4. chloroform: ethyl acetate=90 :10.

20 :10 and

Reference steroids—not ÜV detectable ones—were added at both sides
of the TLC plates in order to give additional information about the
development of the plates.

Steroid-determination

Reference steroids were located by one of the following methods:

a. UV light (254 nm).

b. Spraying with a 1% (v/v) solution of anisaldehyde in a 2% (v/v)
solution of concentrated sulphuric aoid in glacial acetic acid—heating
at 90° C until colours show.

c. Zimmermann reaction : Spraying with a fresh solution of equal volumes
of 2% ethanoloic—m-dinitrobenzene and 1.25 N ethanolic KOBE—
heated a short time until colours show.

Radioactivity was localized by scanning the paper and the thin-layer
chromatograms with a Berthold Thin-Layer Scanner II. Paper chromato-
grams and thin-layer chromatograms after the developments in the first
dimension, were scanned immediately to limit the time interval during
which destruction of dry radioactive steroids could take place.

A.
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RESULTS

Placental tissue of day 10 and 15, as well as maternal urinary bladder
tissue metabolizes (3H)-DHA. The radio-scan patterns of the paper
chromatográms õf the different incubation materials are shown in fig. 1.

Placenta
day 10

Placenta;with
giant cells

day 15

/

/

1

/

\
1
\\

/
J \ / \

Placenta
labyrinth

day 15 /

/

\

\V

Bladder

\

/

/

\

Without |
tissue g

.S

8 j
\
\
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Fig. 1. Radio-Bran patterns of paper ohromatograms vhioh sbow the general
picture of the radioactive metabolites of mouBe tieaue after incubations with
(aH)-DHA. { starting point; a 6a-androstane-3J3,17^-diol; b DHÃ; c 3^-hydroxy-

5tt-androsten-I7-onej d androsteneãione; e anoroBtanedione.
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They represent a general pattern found in all the experiments. The meta-
bolites could be identified after multiple, two dimensional thin-layer
chromatography by comparison of the rf values of the metabolites with
the rf values of the co-chromatographed reference steroids. Tables 1
and 2 show the metabolites and the enzymes they implicate. The hemi-
sected placenta of day 10 was capable of forming androstenedione,
androstanedione and 3/S-hydroxy-5a-androstan-17-one from DHA. These
metabolites demonstrate the presence of 3/Î-HSD and 5«-reduotase in the
tissue. Approximately the same amount of placental tissue of day 15
metabolized less of the substrate. At day 15 part of the placenta containing
giant cells formed androstenedione, androstanedione and 5«-androstane-
3jS,17/?-diol, which implicate the presence of 3/3-HSD, 5«-reductase and
17/Î-HSD. Labyrinth tissue alone however, formed only androstenedione
in detectable amounts. This means that in this tissue only the presence
of 3.5-HSD could be demonstrated. The metabolites of urinary bladder
tissue were 5«-androstane-3/S,17/?-diol and a not identified compound(s)
which remained at the starting point of the paper chromatograms. Urinary
bladder tissue thus demonstrated 5«-reductase and 17/Î-HSD activity
while one or more additional enzymes must be present. The blank inou-

TABLE 1
Metabolites of mouse tissue after incubation with (3H)-DHA.

D H A
5<x-androstane-3/J, 170-diol
3/?-hydroxy-5oc-androstan-17-one
androstenediono
androstanedione

placenta

day 10

j
day 15

giant cells

j
labyrinth

—

bladder

+ =present.
— =not detectable.

TABLE 2
Enzymes present as demonstrated by tissue incubations with (3H)-DHA.

tissue

placenta, day 10
placenta, day 15, with giant cells
placenta, day 15, labyrinth
urinary bladder

30-HSD 5oc-roductase 17j3-HSD

+ 
1 

+ 
1

+ =present.
— =not detectable.
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bâtions showed no conversion of the substrate. The incubations of placentas
of day 10 with 10 fig DHA added, showed that still 5% of the (3H)-DHA
was metabolized.

The viability tests verified that the tissues were still in good, aerobic
condition at the end of the incubation period.

DISCUSSION

The metabolites found after incubation of mouse placental tissue with
(SH)-DHA showed the presence of 3/S-HSD, 170-HSD and iia-reductase.
This is in agreement with the results of Botte et al. (1968), who detected
3j8-HSD and 17/S-HSD by histochemical means and with the result of
Rembiesa et al. (1971), who demonstrated the activity of 3/S-HSD and
5«-reductase through incubation of placentas with (14C)-progesterone.
In the latter experiments no difference hi the presence of enzymes between
10 and 20 day placentas was found. In the present study a change in enzyme
pattern during placental development could be demonstrated; in the
placenta of day 15 all three enzymes were present whereas in the placenta
of day 10, 17/S-HSD was lacking.

With regard to enzyme localization, it was evident that in the placenta
of day 15, 3/S-HSD activity was not restricted to the mononuclear giant
cells as was previously suggested on the basis of histochemical studies
(Okker-Reitsma, 1972), but was also present in the labyrinth. This is
interesting in view of the results of Chew and Sherman (1975), who found
3/S-HSD activity in the intermediate cell fraction of the trophoblast ?t
day 9. The giant cell fraction showed a three times higher activity than
the intermediate cell fraction. In our current research on placentas of
day 10, it was impossible to obtain sufficient amounts of small trophoblastic
cells, entirely free from giant cells, to test the enzyme activity. In our
earlier histochemical studies no 3/S-HSD activity was found in small
trophoblastic cells. The findings of Chew and Sherman suggest that a
limited contribution by these cells is a possibility. However, this would
be only a fraction of that of the giant cells.

The enzyme activity of the placenta of day 10 could account for its
androgenic activity as demonstrated with the bioindicator test for an-
drogens. The indicator in this test, the rat ventral prostate, responds
to a variety of androgenic steroids, including androstenedione and an-
drostanedione (Roy et al., 1972). These two androgens can also be synthe-
sized by expiants of the 15-day old placenta containing giant cells and
could thus be responsible for the androgenicity of this tissue. The an-
drogenic activity by the labyrinth at this stage could not be explained
on the basis of the results with histochemical techniques; no 3/3-HSD
activity was found. The present study demonstrates, that 3/Î-HSD is
indeed present in the 15-day labyrinth and that androstenedione can be
synthesized from (3H)-DHA.
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In maternal bladder tissue no 3/Î-HSD could be demonstrated either
with the histochemical methods or through the incubation studies. Bladder
tissue did form 5a-androstane-3/S,17/îdiol, which can act as a very weak
androgen (Williams-Ashman, 1975). The negative results of the bio-
indicatortest may suggest a very low concentration of this weak androgen
or the absence of a substrate.

With the method of incubations with a radioactive substrate, it is
possible to compare enzyme activities of different tissues only if the
endogenous substrate concentrations are comparable. If the endogenous
substrate concentration is too high, enzyme activities may not be de-
tectable. Histochemical methods have the advantage of being independent
of endogenous substrate concentrations. The placenta of day 15 showed,
by histochemical means, a very low 3/9-HSD activity, the placenta of
day 10 a high activity of 30-HSD. The difference in 3/9-HSD activity
found in this study between placentas of day 10 and 15 is therefore real
and not caused by a difference in endogenous DHA concentrations. This
is confirmed by the fact that metabolites are still detected after an incu-
bation of placental tissue of day 10 with 10 jig DHA added to the
(3H)-DHA. Placental tissue of day 10 has a greater enzyme activity than
the same amount of placental tissue of day 15. This is in agreement with
the result of Wiener (1974), who demonstrated that 3/î-HSD activity in
the rat placenta decreases as gestation advances, although the proges-
terone synthesis of the placenta as a whole appeared to change far less
than the specific activity.

We may conclude that the mouse placenta of the age-range studied,
possesses a varying enzyme system for steroid synthesis and is capable
of producing a number of androgens. Androstenedione and 5#-reduced
metabolites—androstanedione and 5«-androstane-3j8, 17/3-diol—are the
main products. No testosterone or 5«-dihydrotestosterone were detected,
nor was there any indication of estrogen production.

The questions then arise whether these androgens play any major role
in embryogenesis and affect some specific target cells and their receptor
systems at both 10- and 15-day stages. In addition, we may ask whether
the changing enzyme pattern suggests that new target cells arise during
fetal development, or that the formation of androgens represent a de-
velopment of the steroid enzyme systems.

More detailed information about the steroid producing potential of the
mouse placenta is needed to assess the role of placental steroidogenesis
within the framework of the endocrine system of the pregnant female
and the developing embryo.
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METABOLISM OF (3H)-PROGESTERONE BY MOUSE
PLACENTAL TISSUE IN VITRO

SUMMARY

Mouse placental tissues of 10 and 15 days gestation were incubated with (3H)-
progeatorone in vitro. A number of the metabolites were identified by paper and
multiple two dimensional thin-layer ohromatography. The androgenio activity of
some of the metabolites was investigated with a bioindioatur test for androgons.
Tissue from the mononuclear giant cell region as well as from the labyrinth converted
(3H)-progesterone to androgens. No estrogens could be detected. 6a-Reduotase and
Ci7-Cao lyase were present in the different regions of the placentas of days 10 and 15.
In the giant cells 3/Î-HSD activity was indicated in the day 10 placenta and 20«-HSD
in placentas of both ages. The labyrinth formed a corticosteroid, DOC, which
indicates that 21-hydroxylase was present exclusively in the labyrinth.

INTRODUCTION

Steroid synthesis in the placenta of mouse and rat is localized, on the
basis of histochemical evidence, exclusively in the mononuclear giant cells
(Deane et al., 1962; Botte et al-, 1966, 1968 and Okker-Reitsma, 1972).
Ortiz et al. (1971) showed with a bioindicator test for androgens (based
on co-culturing explants of placental tissue with tissue of the rat ventral
prostate) that the placenta of the guinea pig secretes androgens only if
giant cells are present in the expiant. Mouse placental tissue tested with
the same bioindicator test, demonstrated androgenic activity in expiants
containing giant cells, but also in expiants from the labyrinth (Okker-
Reitsma, 1972).

However, the bioindicator test does not reveal the nature of the an-
drogens which are secr-otsd into the medium by placental expiants because
the prostate can be stimulated by a variety of steroids added to the
medium. Only some of the possible androgens have been tested. Testos-
terone x) and hydrocortisone have been shown to stimulate the prostate

l) Trivial names and abbreviations:

progesterone
17<x-hydroxy-progesterone
pregnenolone
DOC-desoxycorticosterone
DHA-dehydroepiandrosterone

4-pregnene-3,20-dione
17a-hydroxy-4-pregnen-3,20-dione
30-hydroxy-5-pregnen-2O-one
21-hydroxy-4-pregnene-3,20-dione
3/?-hydroxy- 5-androsten-17 -one
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(Zaaijer et al., 1966 and Ichihara et al., 1973) and also dihydrotestosterone,
5«-androstane-3/?,17/?-diol (Bobel et al., 1971), androstenedione and
androstanedione (Roy et al., 1972).

Recently, we demonstrated in vitro the synthesis of (3H)-androstene-
dione from (3H)-DHA by mouse placental tissue containing giant cells
and also by tissue of the labyrinth (Okker-Reitsma, 1976). Chan and
Leathern (1975) reported a relatively insignificant conversion of (3H)-
pregnenolone to (3H)-progesterone by the rat placental labyrinth. They
attributed this conversion to incomplete removal of giant cells. Other
bioohemical reports on steroid synthesis by placentas of mouse and rat
do not include studies hi which the different zones of the placenta were
separated. Rembiesa et al. (1971; 1972) incubated quartered placentas
of mouse and rat or homogenates of rat placentas with either (14C)-
pregnenolone or (14C)-progesterone. Vinson and Chester Jones (1964) used
minced mouse plaoental tissue for their incubation studies with (14C)-
progesterone. The existence of a change in enzyme pattern in the placenta
during gestation which we could show in our previous studies on mouse
placentas was not revealed in any of the other studies mentioned above.

The aim of this study was to further analyze the steroidogenic capacity
of the mouse placenta by studying the in vitro production of androgens
from (3H)-progesterone. For this purpose placental tissue from 10 and 15
days gestation was investigated with special attention to the capacity
for steroid synthesis of the giant cell region and the labyrinth. The bio-
logical activity was checked by the bioindicator test for androgens.

MATERIAL AND METHODS

Placentas from Swiss albino mice from 10 or 15 days gestation were
used. The day when a copulation plug was found in the morning, was
considered as day zero of pregnancy.

Ventral prostate expiants were taken from 21-day-old male albino Swiss
rats for use hi the bioindicator test for androgens.

Tissue incubation procedure
Tissue incubations were performed as described earlier (Okker-Reitsma,

1976). Four experiments were performed with placentas of day 10 and

androstenedione 4-androstene-3,17-dione
androstanedione 5«-androstane-3,17-dione
testosterone 170-h.ydroxy-4-androsten-3-one
dihydrotestosterone 17/?-hydroxy-5oc-androstan-3-one
hydrocortisone ll/?,17<x,21-hydroxy-4-pregnen-3,20-dione

3/3-HSD - 3/3-hydroxysteroid dehydrogenase EC 1.1.1.61
2Oot-HSD - 20«-faydroxysteroid dehydrogenase EC 1.1.1.149
21-hydroxylaae - steroid 21-monooxygenase EC 1.14.99.10
C17-C20lyfl.se - enzyme for the reaction of progesterone to androstenedione or from

5a-pregnane-3,20-dione to androstanedione

! • •
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six experiments with placentas of day 15. Each experiment consisted of
four tubes with placental tissue, one tube with a piece of the maternal
urinary bladder and one tube without tissue as a blank. Approximately
0.01 g wet weight of tissue was incubated in 1 ml of medium 199 (Difco)
with 1 pC (3H)-progesterone (final concentration 0.16 ^M). The tubes
were placed for 4 hours at 36° C on a rocking device.

The following types of tissues were incubated:

1. Half of the yolk sac and chorioallantoic placenta of the implantation
site of day 10, which at this stage is rich in giant cells.

2. Part of the edge of the chorioallantoio placenta of day 15, containing
giant cells.

3. Part of the labyrinth of the chorioallantoio placenta of day 15.
4. Part of the maternal urinary bladder.

Steroids
Progesterone-7«-3H (n) (6.1 Ci/mmol) was used as substrate (Radio-

chemical Centre, Amersham, England). The following reference steroids
were kindly provided by Organon Nederland B .V. : progesterone, preg-
nenolone, 3j3-hydroxy-5«-pregnan-20-one, DOC, androstenedione, andro-
stanedione, testosterone, 3«-hydroxy-5a-androstan-17-one, 3/i-hydroxy-
5(x-androstan-17-one and 5<x-androstane-3jS,17jS-diol. 3?rom Sigma were
purchased: 5«-pregnane-3,20-dione, 5a-pregnane-3/S,20a-diol, 5a-preg-
nane-3/î, 20/3-dioI, 20«-hydroxy-4-pregnen-3-one, 20/?-hydroxy-4-pregnen-
3-one and 20a-hydroxy-5«-pregnan-3-one.

Extraction, chromatography and steroid identification
Extraction of the incubation medium and the tissue and successive

paper and multiple two dimensional thin-layer chromatography and
steroid identification of radioactive and reference steroids were performed
as described earlier (Okker-Beitsma, 1976).

Bioindicator test for androgens

The bioindicator test for androgens was performed as described by
Zaaijer et al. (1966). Explants of the ventral prostate of a 21-day-old
male rat, were cultured for 6 days on medium 199 (Difco) or on a natural
medium composed of 1 part cock plasma, 3 parts chick embryo extract
and 4 parts Hanks' balanced salt solution. After fixation in Bouin's fluid,
the cultures were processed for histological examination. The tissue,
serially sectioned at 8 p, was stained with Harris haematoxylin. The
prostate expiants were judged by the criteria given by Zaaijer et al.
(1966). The presence of an androgen in the medium results in stimulated
prostatic tissue ; absence of androgens causes a regression of the prostate
explant.

In the present study this test was applied to the metabolites formed
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from progesterone by urinary bladder during culture, and also to DOC.
The maternal urinary bladder was co-cultured with prostate tissue on a
medium containing progesterone ; in this way a possible androgenicity of
metabolites synthesized by bladder tissue could be detected. This type
of test was performed on medium 199 containing progesterone in a con-
centration of 0.1, 0.2 or 0.5 fig per ml (respectively 0.3, 0.6, 1.4 //M).
To check whether progesterone might have a toxic effect on the prostate
tissue in the dosages used and thus prevent a response to androgenic
metabolites, the same type of experiments was performed but with the
addition of 0.1 âg testosterone per ml medium (0.3 /iM). The results
should indicate whether the prostatic tissue was able to respond.

The androgonic activity of DOC was analyzed by testing it in a number
of concentrations: 0.1, 1 and 10 fig DOC per ml medium (respectively
0.3, 3, 30 fM). Medium 199 or natural medium were used. An androgenie
control was included containing 0.1 fig testosterone per ml.

Since all steroids were dissolved hi ethanol, this solvent was added in
a concentration of 0.5% to ali media used for the control cultures.

RESULTS
Tissue incubations with (aH)-progesterone

Mouse placental tissue of day 10 and 15 as well as maternal urinary
bladder tissue can metabolize (3H)-progesterone. This is illustrated by the
general picture of the radio-scan patterns of the paper chromatograms
made of the extracts of the medium and the tissue after incubation (fig. 1).
Some of the metabolites could tentatively be identified after multiple
two dimensional thin-layer chromatography (table 1).

Androstenedione and androstanedione were isolated after incubation
of day 10 placenta and day 15 labyrinth. Day 15 placenta containing
giant cells produced androstanedione but no detectable amounts of an-
drostenedione. These data indicate the presence of C17-C20 lyase and 5«-
reductase in all placental tissue investigated (table 2). 5«-Pregnane-3/J,
20a-diol and 20a-hydroxy-4-pregnen-3-one were metabolites produced by
placental tissue from day 10. The latter compound was also identified
after incubations of placental tissue of day 15 containing giant cells. This
implies the presence of 20«-HSD in both 10 and 15 day placental tissue
with giant cells and of 3/3-HSD only in the day 10 placenta. 5«-Pregnane-
3,20-dione was identified after every incubation, which shows the presence
of 5a-reductase in all tissue investigated, including the maternal urinary
bladder. Placental tissue of day 10 and urinary bladder metabolized (3H)-
progesterone also to a not identified compound (d). All the radio-scan
patterns of paper chromatograms from tissue incubations demonstrated
the presence of two other not identified compounds (f and g). Fig. 2
illustrates a general picture after thin-layer chromatography in one of the
two combined systems used, with some reference steroids. On the basis
of the results of the bioindicator test for androgens with bladder tissue,
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Fig. I. Radio-scan patterns of paper chronaatograms which show the general
picture of the radioactive metabolites of mouse tissue after incubation with (3H)-

progesterone.

a
b
c
d
e

starting point
DOC
5«-pregnane-3/î,20«-diol
20ce-hydroxy-4-pregnen-3-one
Î

androstenedione

f
g
h
i
j

ï
ï
androstanedione
progesterone
5«-pregnane-3,20-dione
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Table 1. Metabolites of mouse tissue after incubation with !3H)-progesterone

placenta

day 10 day 15

with giant cells labyrinth

urinary bladder

DOC
5a-pregnane-3B«20a-diol +
20eH»ydroxy-4-pregnen-3-one +
? a +

androstenedione +

? £ +

? g +

anãrostanedione +

progestérone +

+

+ = present

- « not detectable

Table 2. Enzymes present as demonstrated by tissue incubations with (JHJ-progesterone

3B-BSD
5a-reduatase
Cx7-Cao lyase
20a-BSD
31-hydroxylase

placenta

day 10 day IS

With giant cells labyrinth

urinary bladder

+ o present
« m.not detectable

Table 3. Bioindicator test for anarogens. Number of prostate expiants which show stimulation

or regression after culturing with or without bladder tissue with several hormone concentrations

in the medium

prostate alone prostate + bladder

hormone concentration stimulation regression . stimulation regression

high low incomplete complete high low incomplete complete

0.3 UK progesterone

0.6 pH progesterone

1*4 VA progesterone

0.3 pH testosterone +

0.$ vM progesterone

0.5% ethanol

11
11
6

0

20

13
14
4

0

22

'$•••

fable 4. Bloindicata; test for andrsgens. Number of prostate explants which sbcv stimulation
or regression after cultùring with several hormone concentrations in the medium

natural medium J99
hoimono concentration stimulation regression stimulation regression

high low incomplete completa high low incomplete complete

0 . 3 UK DOC
3 IIHDOC
30 UHSOC

0.3 ||K testosterone
0.5% ethanol

0
0
0

19
0

0
1

0
1

C

22
20
13

0
20

25-
0

0 7
2 a

. - - toxic - - i
0 .0
0 0

27
20

0
19
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n-hexane'- ethyl acetate = 65 s 35
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benzene:
I ethanol=
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Fig. 2. General pattern of thin-layer chromatogram of the area from f to j from the
paper oliromatogram, from placenta! incubations.

!
?
androstanedione
progesterone
5ot-pregnane-3,20-dione
reference steroid

1
2
3
•1

5
6

testosterone
androstenedione
3a-hydroxy-5a-androstan- 17-one
pregnenolone
3/}-hydroxy-5«-pregnan-20-one
20«-hydroxy-5«-pregnan.-3-one

these metabolites were not considered of importance for the purpose of
the present study and therefore not further identified.

Only the labyrinth of day 15 metabolized (3H)-progesterone to DOC
(fig. 3), which demonstrates the presence of 21-hydroxylase exclusively
in the labyrinth.

Androgenic activity as shown by the bioindicatortest

In the course of the present study the bioindicator test for androgens
was applied to investigate a possible biological activity of the metabolites
of progesterone produced by maternal urinary bladder tissue. Expiants
of rat ventral prostate co-cultured with expiants of urinary bladder on
media with progesterone showed the histological aspect characteristic of
complete regression, as did prostate expiants cultured alone (table 3).
With the addition of 0.3 fM testosterone to 0.6 /M progesterone the
prostate expiants were maintained in a highly stimulated condition which
indicated that the tissue was healthy. Ethanol did not interfere with the
results.

The bioindicator test was also used to detect a possible androgenic
activity of the metabolite DOC, which, in these incubation studies, was

51
r.-P 4.1
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Fig. 3. General pattern of a thin-layer chromatogram of the DOC area from the
paper chromatogram from labyrinth incubations.

a DOC
+ reference steroid
1 testosterone

2 17a-hydroxy-progesterone
3 androstenedione
4 progesterone

formed exclusively by the 15 day labyrinth (table 4). A medium with
0.3 (M. DOC resulted hi an incomplete regression in 12% of the cases
on a natural medium and in 21% on medium 199. All other cultures were
completely regressed. Three /AM. DOC resulted in 4% of the cases in a low
stimulation, in 25% an incomplete regression and in 71% a complete
regression on natural medium. These percentages were respectively 7, 27
and 66 for the prostate expiants on medium 199. Thirty [M. DOC was
toxic for explants on medium 199 and may also have had a damaging
effect on explants on natural medium which consequently influenced the
results. A medium with 0.3 juM testosterone maintained the histological
aspect of the prostate associated with high stimulation on both media
in nearly all cases. Ethanol added to the medium did not interfere with
the test.

DISCUSSION AND CONCLUSIONS

Mouse placental tissue from days 10 and 15 metabolized (3H)-progesterone
to a number of metabolites (table 1). At both ages 20«-hydroxy-4-pregnen-
3-one, androstenedione, androstanedione and 5«-pregnane-3,20-dione were
characterized as metabolites, which implies the presence of the enzymes
20«-HSD, C17-C20 lyase and 5a-reductase (table 2). That no 17a-hydroxy-
progesterone was isolated may be due to a rapid conversion to androstene-
dione and androstanedione.

6!
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A comparison of the metabolites formed at these two gestational stages
gives evidence for a change in placental enzyme pattern with age. Only
after incubation of day 10 placenta 5a-pregnane-3/?, 20<x-diol was isolated,
which gave evidence for 3/3-HSD activity at that age. DOC was synthesized
only in the labyrinth of day 15, which indicates the presence of 21-hy-
droxylase exclusively in the labyrinth.

In a study dealing with the placental metabolism of (3H)-DKA (Okker-
Reitsma, 1976) 3/3-HSD activity was found in both 10 and 15 day placentas.
The failure of the present study to demonstrate 3/3-HSD in the 15 day
placenta is presumably due to the fact that no, or only a small amount
of possible substrates for the enzyme were available. A lack of enough
substrate may also explain the fact that in our earlier studies the presence
of 5a-reductase could not be shown in the labyrinth of 15 days, whereas
we were able to detect this enzyme in the same tissue in the incubation
studies with (8H)-proges+.erone.

In the studies of Rembiesa et al. (1971) on the metabolism of (14C)-
progesterone by quartered mouse placentas from 10 and 20 days several
of the same metabolites were found that are reported in the present paper.
Rembiesa's results did not, however, reveal a difference in enzyme pattern
during gestation.

Rembiesa et al. characterized two substances which were presumably
a product of 6-oxygenase activity and also 3a-hydroxy-5«-androstan-17-
one, 3/S-hydroxy-5«-pregnan-20-one and 20«-hydroxy-5«-pregnan-3-one ;
the latter two presumably in very small amounts, since no percentage
conversion of (14C)-progesterone to these substances were given. The
unidentified substance f which we found in our paper chromatograms
could be 3/J-hydroxy-5«-pregnan-20-one, and substance g could be 20ac-
hydroxy-5a-pregnan-3-one. If this is true it would mean that 3/3-HSD
and 20«-HSD are also present in bladder tissue. In bladder tissue in-
cubated with (3H)-DHA, however, 3/3-HSD activity was not found.

The identification of 3a-hydroxy-5«-androstan-17-one by Rembiesa
et al. as a metabolite of (14C)-progesterone, implies th.3 presence of 3a-HSD.
In our (3H)-DHA and (3H)-progesterone studies there was no indication
of the presence of this enzyme.

Rembies&'s two unidentified substances mentioned above amounted to
30% of the conversion of (140)-progesterone and had a slow mobility in
their paper chromatographio system. These substances would presumably
have a slow mobility in our system but in our study no metabolites with
these properties were formed.

Metabolites found in our studies and not isolated by Rembiesa et al.
are androstanedione and the unknown substance d, of which identification
with one of Rembiesa's metabolites is unlikely. The enzymes present in
the mouse placenta, based on the metabolites found after incubation with
radioactive progesterone, are to a great extent the same in this study
and in the study reported by Rembiesa et al. Why their study did
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not show a difference in enzyme pattern during gestation is not clear.
The biological significance of progesterone metabolism by the mouse

placenta might be the formation of functional steroid hormones or then-
precursors. No testosterone or dihydrotestosterone were synthesized in
detectable amounts, nor was there any indication of the formation of
estrogens. Some of the metabolites could, however, have biological effects
as androgens. For androstanedione, synthesized in all placental incu-
bations, and androstenedione, synthesized by placental tissue from day
10 and the labyrinth from day 15, the androgenic properties have already
been demonstrated in several tests (Williama-Ashman, 1975). In this
study we applied the bioindicator test for androgens to DOC, one of the
metabolites of the 15 day labyrinth and found that it has a very weak
androgenic activity.

The conclusion can be drawn that mouse placental tissue, independent
of age or presence of giant cells, synthesizes androgens from (3H)-pro-
gesterone. This is in agreement with earlier findings that placental expiants
secrete androgens in organ cultura (Okker-Reitsma, 1972). The bioindi-
cator test also showed that the metabolites synthesized from progesterone
by the urinary bladder, which in these studies was used as a control
tissue, lacked androgenic activity.

With regard to a possible role of DOC, synthesized by the 15 day
labyrinth, the study of Barlow et al. (1974) on the maternal plasma
corticosterone levels during pregnancy in the mouse may be of importance.
These authors describe a sharp rise in corticosterone levels afte" mid-
pregnancy, with a peak at day 15. A small portion of the corticosterone
was from feto-placental origin. We did not find the formation of cortico-
sterone by the placenta of that age, but we did show the formation of
DOC. DOC could be a precursor for the synthesis of corticosterone by
the fetus.

The results of this study provide further evidence for a changing enzyme
pattern in the mouse placenta as gestation advances. They confirm our
earlier findings that placental steroidogenesis is not restricted to the giant
cells but also involves the labyrinth. They also correlate the androgenic
activity of placental tissue with the synthesis of a number of specific
steroid hormones. Finally they demonstrate the lack of estrogen formation
by the mouse placenta.
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IV

METABOLISM OF (3H)-PROGESTERONE BY THE MOUSE
FETAL ADRENAL IN VITRO

t
if.

Diczfalusy suggested in 1962 for the first time, that the human fetus
and placenta "should be considered as an integrated endocrine unit,
exhibiting a rather high degree of autonomy". Since then, the concept
of a human feto-placental unit as a steroidogenic system has been extended
and modified (Diczfalusy, 1964, 1970) and has been generally accepted.
However, this hypothesis has not been tested in species other than man.
The relationship between fetus and piacenta should therefore in general
be referred to as a feto-placental complex.

Barlow et al. (1974) reported, on the basis of a study on plasma corti-
costerone x) levels during pregnancy in the mouse, that a small portion
of the corticosterone circulating hi the maternal blood is feto-placental
in origin. In the intact pregnant mouse they found a sharp rise in plasma
levels from day 9 on, with a peak around day 15. For comparison with
our results the timing of pregnancy has been converted, considering
the day a vaginal plug was found day 0. If the pregnant mouse was
adrenalectomized on day 14, the plasma corticosterone levels fell within
24 hours to 17% of the day 14 levels. Mice ovariectomized 24 hours after
adrenalectomy, showed no reduction of plasma corticosterone 7 hours
later. It thus seems that the feto-placental complex is an additional source
of corticosterone in the pregnant mouse.

Petropoulos and Lau (1973) studied the plasma corticosterone levels
in pregnant rats after adrenalectomy, adrenalectomy combined with
fetectomy (fetuses removed but placenta left in place), adrenalectomy
combined with ovariectomy, and finally, adrenalectomy combined with
fetectomy and ovariectomy. All operations were performed on day 13 of

*) Trivial names and abbreviations

corticosterone llj?,21-hydroxy-4-pregnene-3,20-dione
DOC - desoxycorticosterone 21-hydroxy-4-pregnene-3,20-dione
progesterone 4-pregnene-3,20-dione

3J3-HSD - S^-hydroxy-^-steroid dehydrogenaae EC 1.1.1.145
110-HSD - 110-hydroxysteroid dehydrogenase EC 1.1.1.146
21 hydroxylase - steroid 21-monooxygenase EC 1.14.99.10
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pregnancy. In the intaot rat, in contrast to the mouse, no progressive
increase in cortioosterone levels is found during pregnancy. The results
of Petropoulos and Lau show that only in the adrenaleotomized group
(the only group with live fetuses) there was some increase in plasma
corticosterone values after day 17, which indicates a contribution from
the fetal adrenals to the maternal plasma levels after day 17. Corticoster-
one values in the animals which had undergone adrenaleotomy combined
with fetectomy and ovariectomy were somewhat higher than the values
in a group of non-pregnant animals which were adrenalectomized and
ovariectomized. From these results they conclude that the rat placenta
too is capable of contributing to the maternal corticosterone levels.

In our investigations (Okker-Reitsma, 1977) mouse placental tissue of
day 15 did not convert (3H)-progesterone to (3H)-corticosterone in vitro.
The corticosterone produced according to Barlow et al. by the feto-
placental complex at day 15, must therefore originate in the fetus. In
the placenta we did, however, demonstrate the formation of (3H)-DO0,
which might be used as a precursor for corticosterone by the mouse fetus.
The purpose of the present study was to investigate whether the fetal
mouse adrenal is capable of synthesizing corticosterone at day 15 and
at earlier or later stages from (3H)-progesterone in vitro, or if this requires
the presence of DOC.

Pregnant Swiss albino random bred mice were killed by decapitation
on days 13, 14, 15 and 18. In the 13-day-old fetus the adrenal is not yet
discrete. Therefore at this stage the whole urogenital region was removed;
from the older fetuses only the adrenals were taken. The sex of the 15-
and 18-day-old fetuses could be determined. The fetal adrenals or uro-
genital regions were incubated with 1 fiG progesterone-7«-3H(n) (6.1
Ci/mmol) in 1 ml medium 199 (Plow).

The following incubation experiments were performed:

Age

13
14
15

IS

Total no. of
fetuses

36
18
12 <?
12 $
6 S
6 $

No. of
experiments

6
6
6
6
6
6

No. of fetuses used
per experiment

6
3
2
2
1
1

Incubation procedures, extraction and chromatographic systems were
described earlier (Okker-Reitsma, 1976). Half of the number of paper
chromatograms from the extracts of one age were subjected to thin-layer
chromatography. (3H)-Progesterone and (3H)-DOC were further identified
in the thin-layer chromatographic systems benzene: ethanol=95 :5 and
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n-hexane : ethyl acetate = 65 : 35. (3H)-Corticosterone was tentatively
identified after thin-layer chromatography with the systems ethyl acetate :
n-hexane: acetic acid: ethanol=72 :13.5 : 10 :4.5 and chloroform:
ethanol = 90 :10.

The results gave evidence that fetal mouse adrenals from 13 to 18 days
gestation can metabolize (3H)-progesterone to several metabolites. The
radio-scan patterns of the paper chromatograms from the extracts of
medium and adrenals of 14-, 15- and 18-day-old fetuses independent of
sex, showed the saiae picture. Radioactivity was shown in the progesterone
area, in the DOC area and at the starting point of the paper chromato-
grams. (3H)-Progesterone and (3H)-D0C seemed to be pure after checking
with thin-layer chromatography. The starting point area contained 4
metabolites after incubations of 18-day-old fetal adrenals (fig. 1) and only
2 (c and d) after incubations of adrenals of days 14 and 15. In all cases
(3H)-corticosterone (1 or b) was one of the metabolites. The tissue from
13-day-old fetuses showed a wider radioactivity peak in the progesterone
area, a peak in about the same area as DOC and a peak at the starting
point of the paper chromatograms. Neither (3H)-D0C nor (3H)-corti-
costerone was demonstrated after thin-layer chromatography, although
in the starting point area many metabolites were present.

The adrenals of fetal mice are capable of converting (3H)-progesterone

ethyl acetate"-n-hexane:acetic acid:ethanol=

72:13.5:10:4.5

3 . Í

• 2

chloroform'
ethanol:
90:10

t

Pig. 1. General pattern of a thin-layer chromatogram of the starting point area
from the paper chromatogram of 18 day old fetal mouse adrenal incubations.

a, b, d unknown metabolites
c corticosterone

+ reference steroid

1 corticosterone
2 testosterone
3 androstenedione
4 progesterone



ri;
i

45

via (3H)-DOC to (3H)-corticosterone, (which implies 21-hydroxylase and
11/5-HSD activity) from 14 days onward. Therefore, the fetal adrenal
might not require placental DOC as a precursor for the production of
corticosterone, provided that enough progesterone is available in the
fetus. Progesterone levels in maternal blood of pregnant mice(Murr et al.,
1974 and Virgo and Bellward, 1974) increase sharply at midpregnancy
with a peak on day 15 or 16, No data are available on the plasma pro-
gesterone levels in the mouse fetus.

Hart (1966) demonstrated with histochemical methods the activity of
3/Î-HSD in the fetal mouse adrenal from day 12 to 14 onward. The presence
of this enzyme as soon as the adrenal cortex anlage becomes recognizable,
suggests that the fetal adrenal is capable of synthesizing progesterone,
provided that pregnenolone is available. He also demonstrated 11|8-HSD
activity in the fetal mouse adrenal of 17 to 19 days. The present study
shows activity of this enzyme already on day 14.

(3H)-Progesterone was converted by the fetal mouse adrenal to (3H)-
corticosterone, among other metabolites, from day 14 on. Roos (1967)
reported that the fetal rat adrenal produced corticosterone only from
days 14 to 16, Thus not only do the corticosterone values in maternal
plasma differ to a great extent in the pregnant rat and mouse, but also
the age-range of corticosterone production by the fetal adrenals.

I t can be concluded that the fetal mouse adrenal is capable of steroid
synthesis during the whole age-range studied —days 13 to 18. From day
14 on, 21-hydroxylase and 11/Î-HSD are present, as evidenced by the
production of (3H)-DOC and (3H)-corticosterone from (3H)-progesterone.
Corticosterone can therefore be synthesized in the fetal adrenal without
requiring placental DOC as precursor provided that progesterone is
available in the fetus. The contribution of the feto-placental complex
to the maternal plasma corticosterone as reported by Barlow et al. (1974)
could therefore originate in the fetal adrenal.
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RECENT PROGRESS

In the general introduction to this thesis and in the introduction to the
individual papers, it has already been stated that evidence from the
literature indicates that the guinea pig placenta or feto-placental complex
is probably capable, from about the middle of gestation on, to secrete the
steroid hormones which can prevent the interruption of pregnanoy after
ovariectomy of the mother. In contrast, the mouse placenta or feto-
placental complex, can not do so at any time during gestation. However,
progesterone formation by the mouse placenta has been demonstrated
histochemically (paper I) and in incubation experiments with radioactive
precursors (Rembiesa et al., 1971 ; Chew and Sherman, 1975). The question
then arises whether it is a difference in the capacity for estrogen synthesis
by the placenta that may account for this discrepancy between the two
species. For the mouses it has been demonstrated in our incubation studies
of placenta! tissue with [3H]-DHA and [3H]-progesterone that the placenta
can synthesize androgens but not estrogens. For the guinea pig there is
some indication in the literature that the feto-placental complex can
synthesize estrogens. Deanesly (1960) reported the probability of estrogen
secretion by the guinea pig placenta as early as 18-20 days of gestation.
Challis and Ulingworth (1972) demonstrated estrogen production in the
feto-placental complex after injection of [3H]-androstenedione in the
fetal circulation on day 57. According to Dlingworth and Challis (1973)
the estrogens found in the pregnant guinea pig are predominantly of feto-
placental origin. However, it is still an open question whether the guinea
pig placenta alone is capable of synthesizing estrogens and, in addition,
during which gestational stages a possible estrogen production might
occur and which cell types might be involved. We have therefore started
incubation studies with guinea pig placenta! tissue from days 27,33 and 41
in a medium with [3H]-DHA, employing the same methods we have used
in the investigation of mouse placental tissue of various gestational ages.

The tissues incubated were taken from the subplacenta, the labyrinth
and the edge of the chorioallantoic placenta which is rich in giant cells.
No estrogen formation could be demonstrated in tissue from the sub-
placenta and the labyrinth at any of the stages investigated. The edge of
the chorioallantoic placenta of day 27 also gave a negative result. At day
33, however, a low radioactivity peak could be detected at the starting
point of the paper chromatograms. Tliis corresponds with the area where
estrogens would be expected. For the day 41 tissue, the paper chromato-
grams clearly showed metabolites at the estrogen site.

If from these preliminary results it can be deduced that the guinea pig
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placenta is able to synthesize estrogens from DHA from about day 30 on,
this estrogen production would correlate with the time during gestation
after which the maternal ovary is not essential for the maintenance of
pregnancy. The inability of the mouse placenta for estrogen formation
would then account for the abortions after maternal ovariectomy. These
preliminary results should be extended to establish this point.
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SUMMARY

The literature provides ample evidence that bilateral ovariectomy of
the pregnant mouse results in termination of gestation. The pregnant
guinea pig, however, can be ovarieotomized after a certain time without
interruption of pregnancy. In general, progesterone and estrogens are
required for the maintenance of gestation. The placenta of the guinea pig
can probably produce the necessary steroid hormones to maintain preg-
nancy, whereas the mouse placenta or feto-placental complex can not do so
or not in sufficient quantities.

The purpose of the study described in this thesis was to investigate the
capacity for steroid synthesis of the mouse placenta - especially the
production of progesterone, androgens, and estrogens - and to determine,
if possible, the relation of steroid synthesis to special cell types., us. » * ;\3 V4.

In the scope of these studies, first the development of the mouse placenta
was described, with special attention to the mononuclear giant cells. The
capacity for steroid synthesis of the mouse placenta was studied with
histochemical and later with biochemical methods. The biological activity
of substances secreted by the mouse placenta in organ culture was in-
vestigated with a bioindicator test for androgens. This test demonstrated
the presence or absence of substances with androgenic activity in the
medium in which placental expiants were co-cultured with rat prostate
tissue. The histological structure of the prostate expiants served as an
indicator of androgens.

The results of this bioindicator test, described in paper I, showed that
mouse placental expiants of day 8, 10 and 15 of gestation secreted sub-
stances with androgenic activity. The placental expiants of day 8 secreted
androgens only when giant cells were present in the tissue. No such
dependency on the presence of giant cells for the secretion of androgens
was found for placental expiants from day 15. Androgenicity of the
placental tissue increased with age.

Histochemical determinations with pregnenolone or dehydroepiandros-
terone (DHÁ) as substrate demonstrated the presence of the enzyme
3/S-hydroxysteroid dehydrogenase (3/S-HSD) exclusively in the giant cells,
with a maximum from days 9 to 11 and a trace activity at days 8 and 15.
The results showed the capability of the mouse placenta to synthesize
progesterone and an androgen if the right precursors are available.

In comparing the results of the histochemical determinations and the
bioindicator test several questions arose. The first was how to account
for androgenic activity of the placental expiants of day 15 which did not
contain giant cells, while only giant cells showed the presence of 3/3-HSD.
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A second question was how to account for an increase in androgenic
activity with age for placental expiants of day 8, 10 and 15, while 3/3-HSD
was most abundantly present around day 10. An attempt was made in
papers H and III to answer these questions on the basis of more data
acquired on the capacity for steroid metabolism of special areas of the
placenta. Short time in vitro experiments were designed in which mouse
placental tissue was incubated in a medium with [3H]-DHA or [3H]-
progesterone. Placental tissue of day 10, which is rich in giant cells,
placenfcal tissue of day 15 with giant cells, and labyrinth tissue of day 15
(not containing giant cells) were compared. A number of metabolites was
tentatively identified after paper and multiple, two dimensional thin-layer
chromatography. These metabolites were an indication of enzyme activity.
The metabolites found after the incubation experiments demonstrated the
activity of 3j8-HSD, 5«-reductase and C17—C2olyase in day 10 and in day 15
placental tissue with or without giant cells. Activity of 17/5-HSD was
shown only in the placenta of day 15 with giant cells present; 20«-HSD
activity was also dependent on the presence of giant cells and could be
found at day 10 and 15. 21-Hydroxylase activity was demonstrated
exclusively in the labyrinth. I t is evident that during gestation a change
in enzyme pattern takes place.

On the basis of these results the first question mentioned above can be
answered as follows: the [3H]-DHA incubation experiments showed
3/Î-HSD activity in the labyrinth of day 15. The [3H]-progesterone in-
cubation studies demonstrated the production of the very weak androgen
desoxycorticosterone (DOC) present exclusively in the labyrinth. I t is
obvious that the histochemical method was not sensitive enough to detect
the low 3/Î-HSD activity present in the labyrinth.

In answer to the second question it can be said that in the incubation
experiments androgens were formed from progesterone, which implies that
placental 3/?-HSD is not indispensable for androgen production by the
placenta. In none of the experiments any indication was found for a
possible estrogen production by the mouse placenta.

Preliminary results of similar studies on the guinea pig placenta indicate
that in this species placental tissue of days 33 and 41 of gestation con-
taining giant cells, can produce estrogens. This production of estrogens by
the guinea pig placenta and the lack of estrogen synthesis by the mouse
placenta could account for the difference in the outcome of bilateral
ovariectomy in the pregnant guinea pig and mouse.

The results of incubation studies with mouse fetal adrenals, described
in paper IV, indicate that progesterone can be used as precursor for
corticosterone synthesis in the fetal adrenal of day 14. DOC from placental
origin is therefore not needed as precursor for corticosterone production
of the fetus.

In general it can be concluded that :
1. The placenta of the mouse is capable of steroid synthesis.
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2. The placenta of the mouse can produce progesterone, androgens and a
corticosteroid, but no estrogens.

3. Steroid synthesis is not restricted to the mononuclear giant cells.
4. The capacity for steroid synthesis of the giant cells differs from that of

the labyrinth.
5. The steroid synthesis of the mouse placenta changes during gestation.
6. The mouse fetal adrenal can synthesize corticosterone from pro-

gesterone from day 14 on and it therefore does not require a placental
corticosteroid as precursor.

7. The guinea pig placenta probably produces estrogens from midgestation
on. This could account for the fact that pregnant guinea pigs for
which progesterone production by the placenta had already been
demonstrated, can be ovarieotomized from about that time without
interruption of pregnancy.

8. The lack of estrogen production by the mouse placenta probably
accounts for the interruption of pregnancy after ovariectomy of the
pregnant animal.
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SAMENVATTING

Uit de literatuur blijkt duidelijk dat het verwijderen van de ovaria uit
een zwangere muis het einde van die zwangerschap betekent. De zwangere
cavia daarentegen, kan na een bepaalde tijd wel geovariectomeerd worden
zonder dat dit de zwangerschap onderbreekt. In het algemeen zijn pro-
gesteron en oestrogenen nodig om de zwangerschap in stand te houden.
De placenta van de cavia kan waarschijnlijk de steroidhormonen maken
die nodig zijn voor het in stand houden van de zwangerschap, terwijl de
muize-placenta of het foeto-placentaire complex dit niet, of niet in vol-
doende mate, kan doen.

Het doel van het onderzoek dat in dit proefschrift is beschreven, was
de mogelijkheid tot steroidsynthese van de muizeplacenta te bestuderen
- i n het bijzonder de produktie van progesteron, androgenen en oestro-
genen - en zo mogelijk de steroidsynthese te relateren aan bepaalde cel-
typen.

In het kader van dit onderzoek werd allereerst de ontwikkeling van de
muizeplacenta beschreven waarbij extra aandacht werd besteed aan de
mononucleaire reuzencellen. Het vermogen tot steroidsynthese van de
muizeplacenta werd histochemisch en later biochemisch onderzocht. De
biologische aktiviteit van stoffen die door de muizeplacenta in weefsel-
kweek werden uitgescheiden werd bestudeerd met een bioindikatortest
voor androgenen. Deze test geeft aan of er al dan niet stoffen met androgene
aktiviteit aanwezig zijn in het medium waarop placenta-explantaten
samengekweekt werden met stukjes weefsel van de prostaat van een rat.
Het histologische beeld van de prostaatexplantaten fungeert als indikator
voor de aan- of afwezigheid van androgenen.

De resultaten van deze bioindikatortest, vermeld in publicatie I, geven
aan dat explantaten van de muizeplacenta van dag 8, 10 en 15 van de
zwangerschap stoffen uitscheiden met androgene aktiviteit. De placenta-
explantaten van dag 8 secerneren alleen androgenen indien er reuzencellen
in het weefsel aanwezig zijn. De sekretie van androgenen was onaf-
hankelijk van de aanwezigheid van reuzencellen in placenta-explantaten
van dag 15. Met toenemende leeftijd van de placenta werd meer androgene
aktiviteit gevonden. Histochemische bepalingen met pregnenolon of
dehydroepiandrosteron (DHA) als substraat toonden de aanwezigheid van
het enzym 3/J-hydroxysteroid dehydrogenase (3/3-HSD) aan; het was
uitsluitend in de reuzencellen aanwezig, met een maximum van dag 9 tot 11
en een spoortje aktiviteit op dag 8 en 15. De resultaten tonen het vermogen
van de muizeplacenta aan voor de synthese van progesteron en een
androgeen.

*' h .~~~
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Vergelijking van de resultaten van de histochemische bepalingen met
die van de bioindikatortest riep enkele vragen op. De eerste was hoe de
androgene aktiviteit van placenta-explantaten van dag 15 zonder reuzen-
cellen te verklaren terwijl alleen in reuzencellen de aanwezigheid van 3/3-
HSD werd aangetoond. Een tweede vraag was hoe: een toename in
androgene aktiviteit met de leeftijd voor de placenta-explantaten van
dag 8, 10 en 15 te verklaren, terwijl 3/S-HSD verreweg het aktiefste was
rond dag 10. In publicaties I I en III werd een poging gedaan deze vragen
te beantwoorden door meer gegevens te verzamelen over het vermogen
voor steroidmetabolisme van a&onderlijke delen van de placenta. Muize-
placentaweefsel werd geïncubeerd in kort durende, in vitro experimenten
in een medium met (3H)-DHA of (3H)-progesteron. Placentaweefsel van
dag 10 waarin veel reuzencellen aanwezig zijn, placentaweefsel van dug 15
met reuzencellen, en labyrinthweefsel van dag 15 (waarin geen reuzencellen
aanwezig zijn) werden vergeleken. Een aantal van de metabolieten werden
voorlopig geïdentificeerd na papier en meermalige, twee dimensionale
dunne laag ehromatografie. Deze metabolieten geven enzymaktiviteiten
weer. De metabolieten die gevonden werden na incubatie experimenten
gaven 3/S-HSD, 5«-reductase en C17—C2olyase aktiviteit aan in placenta-
weefsel van dag 10 en van dag 15 met of zonder reuzencellen. De aktiviteit
van. 17/3-HSD werd aangetoond in de placenta van dag 15 met reuzencellen;
20/3-HSD aktiviteit was eveneens afhankelijk van de aanwezigheid van
reuzencellen en werd in placentaweefsel van dag 10 en 15 gevonden.
21-Hydroxylase aktiviteit werd uitsluitend in het labyrinth aangetroffen.
Het is duidelijk dat tijdens de zwangerschap een verandering in het
enzympatroon plaats vindt.

Op grond van deze resultaten kunnen de eerder gestelde vragen worden
beantwoord. Voor de eerste vraag: de (3H)-DHA incubatie-experimenten
toonden 3/J-HSD aktiviteit aan in het labyrinth van dag 15. De (3H)-
progesteron incubatieproeven lieten de produktie zien van een zeer zwak
androgeen, desoxycorticosteron (DOC), uitsluitend in het labyrinth.

In antwoord op de tweede vraag kan gezegd worden dat in de incubatie-
experimenten androgenen werden gevormd van progesteron, wat inhoudt
dat placentair 3/3-HSD niet noodzakelijk is voor androgeenproduktie door
de placenta. Er werd geen enkele aanwijzing gevonden van een mogelijke
oestrogeen produktie door de muizeplacenta.

Voorlopige resultaten van vergelijkbare proeven met de caviaplacenta
geven aanwijzingen dat in deze species placentaweefsel van dag 33 en 41
waarin reuzencellen aanwezig zijn, oestrogenen kan synthetiseren. Deze
produktie van oestrogenen door de caviaplacenta en het onvermogen tot
oestrogeensynthese van de muizeplacenta zou het verschil in de gevolgen
van dubbelzijdige ovariectomie in de zwangere cavia en muis kunnen
verklaren.

De resultaten van incubatie-experimenten met foetale muizebijnieren,
beschreven in publicatie IV, geven aan dat progesteron als voorloper voor
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corticosteronsynthese gebruikt kan worden door de foetale bijnier van
dag 14. DOC vanuit de placenta is daarom niet nodig als voorloper voor de
corticosteronproduktie in de foetus.

In het algemeen kan gekonkludeerd worden:
1. De placenta van de muis is in staat tot steroidsynthese.
2. De placenta van de muis kan progesteron, androgenen en een cortico-

steroid maken, maar geen oestrogenen.
3. Steroidsynthese is niet beperkt tot de mononucleaire reuzencellen.
4. Het vermogen tot steroidsynthese van de reuzencellen verschilt van

dat van het labyrinth.
5. De steroidsynthese van de muizeplacenta verandert gedurende de

zwangerschap.
6. De foetale muizebijnier kan vanaf dag 14 van progesteron corticosteron

maken en heeft dus geen placentair corticosteroid nodig als voorloper.
7. De caviaplacenta maakt waarschijnlijk oesorogenen vanaf halverwege

de zwangerschap. Dit zou het feit verklaren dat bij zwangere cavia's,
waarvan vast staat dat ook placenta ire progesteronproduktie plaats
vindt, de ovaria verwijderd kunnen worden vanaf het midden van de
zwangerschap zonder dat dit leidt tot afstoten van de foetus.

8. Het ontbreken van oestrogeenproduktie in de muizeplacenta is waar-
schijnlijk de reden dat de zwangerschap onderbroken wordt na ovariec-
tomie van het zwangere dier.
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