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Summary. The role of the uterus and that of the embryo in regulating luteal progesterone
secretion appear to differ greatly, depending on the mammal. However, the situation is
analogous in some mammals. The main role of luteal progesterone is to permit the
establishment and maintenance of pregnancy, and there appears to be a relationship
between the type of placenta and the uterine and embryonic modes of regulating luteal
activity.

When placentation is endotheliochorial (carnivores), the corpus luteum is active over a
remarkably long period ; the uterus does not have any limiting action in any of the species
studied and the presence of an embryo does not profoundly modify luteal progesterone
secretion.

When placentation is epitheliochorial (artiodactyls), hysterectomy, like the presence of
an embryo in the uterus, considerably prolongs luteal activity in all the species studied. The
uterus limits the duration of progesterone secretion by producing luteolytic PGF2a’ The
embryo maintains progesterone secretion by acting directly on the uterus, causing a

change in the synthesis of prostaglandins ; this change eventually favors the synthesis of
luteotropic PGE’s. Moreover, the embryo secretes LH-like and possibly prolactin-like
luteotropic factors.

When placentation is hemochorial (rodents, lagomorphs, higher primates), the uterus
plays a slight role or none at all in regulating luteal activity in all the species studied. The
presence of an embryo prolongs and often increases progesterone secretion. The embryo
acts in two ways : (a) by causing decidual tissue to form in the endometrium ; this tissue
secretes the luteotropic factors, uterine « prolactin » and sometimes PGE, and (b) by
secreting an LH-like chorionic hormone that is produced in large quantities in primates.

The endocrine relationships between ovary and uterus are not unidirectional.
While changes in the uterus depend on ovarian steroids, the uterus, in return, can
modulate ovarian activity. These relationships are modified by pregnancy because
the embryo acts directly on the uterus and directly or indirectly on the ovary. But
the study of endocrine relationships between ovary and uterus reveals such a
diversity of situations that observations made in one species are difficult to

transpose to another, even closely related, species.
However, known facts concerning the role of uterus and embryo in the



regulation of luteal progesterone secretion can be grouped according to three
major types of uterus-embryo relationships : epitheliochorial, endotheliochorial or
hemochorial placentation (see Wimsatt, 1962). The present article attempts to
define these groupings.

Privileged vascular connections between ovary and uterus

Before examining the role of uterus and embryo, it is necessary to recall the

nature and importance of vascular connections between ovary and uterus.
In all studied mammals, a more or less large area of contact has been found

between the utero-ovarian vein and the ovarian artery ; this area permits the
privileged counter current transfer of steroids and prostaglandins (ewe :
McCraken et al., 1972 ; guinea-pig, rat, hamster, rabbit, mare, ewe, sow : Del

Campo and Ginther, 1972, 1973 ; macaque : Ginther et al., 1974 ; cow : Hixon
and Hansel, 1974 ; Krzymowski et al., 1981 ; sow : Krzymowski et al., 1982 ;
woman : Bendz, 1977, 1982 ; Bendz et al., 1979 ; dog, cat : Del Campo and
Ginther, 1974). The lymphatic system, tubal vessels and vascular anastomoses
also contribute to the establishment of privileged relationships between uterus
and ovary (ewe : Lamond and Drost, 1973 ; Alwachi, Bland and Poyser, 1981 ;
sow : Kotwica, 1980).

The whole of these particular vascular arrangements, for ex6mple, leads to
the observation that the genital tract tissues located next to the corpus luteum
contain more progesterone than those located on the opposite side, there being a
concentration gradient, moreover, related to the proximity of the corpus luteum
(cow : Pope, Maurer and Stormshak, 1982). _

The integrity of vascular connections between ovary and uterus is crucial to
the normal progression of ovarian activity. In mammals in which uterine PGF2a
plays an important role in luteolysis, the simple interruption of normal vascular
connections between uterus and ovary prolongs luteal activity (guinea-pig : Bland
and Donovan, 1969 ; Fischer, 1971 ; rat : Clemens, Minaguchi and Meites, 1968 ;
O’Shea and Lee, 1973 ; sow : Torres and First, 1975 ; ewe : Inskeep and Butcher,
1966 ; Dobrowolski and Hafez, 1970 ; Baird and Land, 1973).

In woman, ligature or cauterization of the Fallopian tubes, while it has no

great effect on the length of the menstrual cycle, seems to increase the frequency
of luteal failure, reducing preovulatory follicle oestradiol secretion and the level of
LH ovulatory surge (Radwanska, Berger and Hammond, 1979 ; Alvarez-Sanchez
et al., 19811.

When pregnancy is established, these privileged relationships between ovary
and uterus assume considerable importance as the embryo causes luteal phase
progesterone levels to be maintained. Furthermore, the fact that privileged
relationships exist between ovary and uterus should make us cautious as to
conclusions drawn from experiments in which drugs are injected by a general
route and the significance of the circulating hormone levels observed.

Finally, basic differences in vascular connections between ovary and uterus
do not appear to be the cause of interspecies differences in endocrine

relationships between these organs.



Uterine regulation of the length of the oestrous or menstrual cycle

The effects of hysterectomy on progesterone secretion by corpus luteum
vary considerably among mammals. These differences have demonstrated the role
of uterus in regulating the length of the cycle. Five different cases have been
observed (fig. 1) :



1) hysterectomy is followed by a strong increase in progesterone secretion and a
considerable prolongation of luteal activity, as in guinea-pig (Poyser and Horton,
1975) ;

2) hysterectomy is followed by luteal maintenance of progesterone secretion for
several months, as in ewe, cow, sow and mare (see Anderson, Bland and

Melampy, 1969 ; Stabenfeldt et al., 1974 ; Schirar and Martinet, 1982) ;

3) hysterectomy slows down the gradual drop in the circulating progesterone
level that marks the end of the luteal phase as in pseudopregnant rat, mouse,
hamster and rabbit (mouse, hamster : De Feo, 1967 ; Duby et al., 1969 ; Crister,
Rutledge and French, 1981 ; rat : De Feo, 1967 ; Rothchild and Gibori, 1975 ; De
Greef, Dullaart and Zeilmaker, 1976 ; rabbit : Hilliard et al., 1974 ; Satoh et al.,
1980) ; 1

4) hysterectomy has no effect either on the length of the activity of corpus
luteum or on the amounts of progesterone secreted as in ferret, mink, spotted
skunk and European badger (Deanesly and Parkes, 1933 ; Canivenc, Bonnin and
Lajus, 1966 ; Duby, 1972 ; Mead and Swannack, 1978 ; Canivenc, Bonnin and
Relexans, 1962), or in woman and macaque (Neill, Johansson and Knobil, 1969 ;
Doyle et aL, 1971 ; Fraser et aL, 1973 ; Castracane, Moore and Shaikh, 1979) ;
5) hysterectomy reduces the duration of luteal activity by hastening the drop in
progesterone secretion at the end of the luteal phase as in dog (Hadley, 1975b ;
Baker et al., 19801.

When hysterectomy extends the activity of corpus lute!m, it suppresses the

PGF2a source involved in luteolysis. The inhibition of prostaglandin synthesis by
indomethacin has the same effects on progesterone secretion as hysterectomy
(rat, hamster : Lau, Saksena and Chang, 1975 ; rabbit : Satoh et al., 1980 ;
guinea-pig : Horton and Poyser, 1973 ; Poyser and Horton, 1975 ; mouse :

Crister, Rutledge and French, 1981 ; sow : Kraeling, Rampacek and Kiser, 1981 ;
ewe : Kann and Lacroix, 1982).

In ewe (fig. 2), cow, sow and mare, the end of the oestrous cycle is



characterized by large surges of uterine PGF2a’ But, while the gradual decline in
the level of circulating progesterone is certainly related to small surges of PGF2a’
large amounts of PGF2a are not released until the progesterone level is very low ;
these large surges of PGF2a thus occur after progesterone secretion has stopped
(functional luteolysis) (ewe : Thorburn et al., 1973 ; Peterson et al., 1976 ; cow :
Peterson et al., 1975 ; Kindahl et al., 1976a ; sow : Gleeson, Thorburn and Cox,
1974 ; Moeljono et al., 1977 ; Shille et al., 1979 ; mare : Stabenfeldt et al., 19811.
The case of rat, rabbit and guinea-pig is the same (Weems et al., 1975 ; Satoh et
a/., 1980 ; Blatchley et al., 1972) (fig. 2). The demonstration of endogenous
PGF2a surges in ewe 36 to 72 h after induction of functional luteolysis by a
prostaglandin analog confirms that prostaglandin production by the uterus at the
end of the cycle is, at least in part, a result of the drop in the level of circulating
progesterone (Challis et al., 1976).

When hysterectomy reduces the duration of luteal activity, it would seem
that the suppression of uterine prostaglandins E (PGE, or E2) is involved. In fact,
all mammalian uteri secrete PGE, or E2 as well as PGF2a’ Prostaglandins E are
luteotropic, inhibiting the luteolytic action of PGF2a’ In ewe, while intrauterine
infusion of PGF2a results in early luteolysis, the infusion of PGE2, and especially of
PGEI, entrains the maintenance of progesterone secretion (Nett, McClellan and
Niswender, 1976 ; Magness et al., 1981 ; Huie et al., 1981). Simultaneous
infusion of PGF! and PGE2 prevents the drop in progesterone level induced by
PGE! infused alone (Henderson, Scaramuzzi and Baird, 1977) (fig. 3).

Besides the PGF2a surges characteristic of luteolysis in pseudopregnant
rabbit, the endometrium produces almost identical quantities of PGF2a and PGE2.
On the other hand, in pregnant rabbit, PGE2 production is increased by 100 from
day 13-14 of pregnancy. When embryos and placentas are removed before this



time, progesterone secretion progresses as in pseudopregnancy ; when they are
removed later, a sudden drop in luteal progesterone secretion occurs (Browning
and Wolf, 1981 ; Lytton and Poyser, 1982).

In bitch, the length of pregnancy and pseudopregnancy are comparable, the
progesterone levels are identical or only slightly different in both cases, and PGE
is very abundant in the uterine vein at the end of pregnancy, but PGF2,,, is
practically absent (Smith and McDonald, 1974 ; Gerber, Hubbard and Nies, 1979).
It is thus possible that the uterus produces increasingly large amounts of PGE on
which the corpus luteum comes to depend heavily, although, at the same time,
both luteotropic hormones, LH and prolactin, are indispensible for its normal

activity (Concannon, 1980, 19811.
When hysterectomy has no effect on progesterone secretion, the uterus,

nevertheless, does produce prostaglandins PGF2(,, and PGE, but the drop in the
circulating progesterone level is not associated to an increase in prostaglandins
F2a (macaque : Demers, Yoshinaga and Greep, 1974 ; woman : Downie, Poyser
and Wunderlich, 1974 ; Singh, Baccarini and Zuspan, 1975 ; Levitt, Tobon and
Josimovich, 1975 ; Demers et al., 1975 ; Maathuis, 1978 ; Maathuis and Kelly,
1978). Only a small increase in the level of circulating PGF! is observed when the
progesterone level is very low (woman : Kindahl et al., 1976b ; Koullapis and
Collins, 1980). The PGF2« produced by the ovary itself might then be involved in
luteolysis. In macaque, indomethacin treatment causes the amounts of PGF2«
measured in the blood of the ovarian vein to decrease rapidly as the progesterone
level rises (Auletta, Agins and Scommegna, 1978).

The putative involvement of ovarian PGF2a in luteolysis has been observed in
mouse, a species in which hysterectomy only reduces the rate of functional

luteolysis ; indomethacin treatment of pseudopregnant hysterectomized females
slows down the drop in circulating progesterone even more and retards the

reappearance of oestrus (Crister, Rutledge and French, 1981). On the contrary, in
sow, in which the preponderant role of uterine PGF2,,, has been demonstrated by
hysterectomy, indomethacin treatment of hysterectomized females does not

change the secretion of progesterone by corpus luteum (Kraeling, Rampacek and
Kiser, 1981).

In all mammals, PGF2,,, is involved in luteolysis at the end of the cycle (see
Thibault and Levasseur, 1979). The uterus of all mammals produces prosta-
glandins PGF2a and PGE, and/or E2. The very diverse consequences of

hysterectomy in different mammals do not arise from fundamental differences in
uterine ability to synthesize prostaglandins.

These differences in the effects of hysterectomy appear to have two causes :

1) the main source of the PGF2« involved in luteolysis, uterine when

hysterectomy prolongs progesterone secretion and ovarian when hysterectomy
does not affect luteal activity, and

2) the nature of the prostaglandins produced by the uterus : PGF2a is mainly
produced when hysterectomy extends luteal activity, and PGE, or E2 is probably
produced when hysterectomy reduces this activity. However, this hypothesis
must be confirmed.



Effects of the presence of an embryo in the uterus
on luteal progesterone secretion

Due to its production of progesterone, the corpus luteum plays a

fundamental role in all placental mammals, ensuring the development of the
uterus so’that pregnancy can be established and progress. The activity of the
corpus luteum is always transitory, but the existence of a « cyclic » corpus luteum
having limited activity as compared to a « pregnancy » corpus luteum poses the
dual problem of factors causing the corpus luteum to disappear at the end of the
cycle and those maintaining it when pregnancy is established. In all studied

mammals, a corpus luteum is maintained throughout pregnancy. However,
experiments with ovariectomy during pregnancy have shown that mammals can
be divided into two groups :
11 those in which the corpus luteum is the only (or main) source of progesterone
throughout pregnancy ; ovariectomy always entrains a rapid drop in circulating
progesterone and almost always abortion (e.g. rat, mouse, hamster, rabbit, sow,
cow, goat, bitch, fox, mink) ;
2) those in which the placenta takes over from the ovary, ensuring most of the
progesterone secretion ; ovariectomy then causes only a slight, often temporary,
decrease in the level of circulating progesterone and pregnancy continues to term
(e.g. woman, macaque, guinea-pig, ewe, cat). The secretion of progesterone by
the corpus luteum is then qualitatively and quantitatively of secondary
importance. In studying the effects of the presence of an embryo on luteal

progesterone secretion, we are only concerned with the period during which
luteal progesterone is indispensible.

This implies that the length of pregnancy, compared to the length of the
cycle or of pseudopregnancy, only has true significance in mammals of the first
group, and that examination of the circulating progesterone level must take into
account the eventual role of the placenta.

In view of these factors, the existence of a cyclic corpus luteum different
from a gestational one does not raise a question in all mammals, and the nature
of the relationships existing between mother and embryo is a factor that may be
taken into account when considering the differences observed between species.

1. Species with endotheliochorial placentation.
Among studied mammals, this type of placenta characterizes carnivores. In

this species, luteal progesterone secretion is comparable during the luteal phase
of a sterile cycle (pseudopregnancy) and during pregnancy (fig. 4).

When the placenta supplies no progesterone, pseudopregnancy lasts exactly
as long as pregnancy, and the profile of the circulating progesterone level is
almost the same (bitch : Smith and McDonald, 1974 ; ferret : Carlson and Rust,
1969 ; Heap and Hammond, 1974 ; fox : Moller, 1973a ; Bonnin, Mondain-Monval
and Dutourn6, 1978 ; mink : Moller, 1973b ; Allais and Martinet, 1978 ; striped
skunk : Wade-Smith et al., 1980). Ovariectomy during pregnancy then always
causes a sudden drop in the level of circulating progesterone and abortion (bitch :
Sokolowski, 1971 ; fox : Moller, 1974a ; mink : Moller, 1974b). When the



placenta is involved in progesterone secretion, pregnancy lasts longer than

pseudopregnancy and the higher levels of circulating progesterone are maintained
longer, but ovariectomy of the pregnant female no longer results in abortion when
normal term of pseudopregnancy is reached. This is the case in cat (Gros, 1936 ;
Verhage, Beamer and Brenner, 1976 ; Malassin6 and Ferre, 1979), and perhaps in
European badger (Bonnin, Canivenc and Charron, 1981), lion, wolf and puma
(Seal et al., 1979 ; Schmidt et al., 1979 ; Bonney, Moore and Jones, 1981).

Except for dog, hysterectomy in studied carnivores has no effect on the
activity of the corpus luteum (ferret, mink, spotted skunk, European badger).
Moreover, luteal progesterone secretion has common characteristics in all studied
females, ie. the maximal level is often high and is reached rather slowly
(10-20 days). The activity of corpus luteum decreases slowly and continually.
Finally, the corpus luteum is active for 1 to 2 months or more (cat : Verhage,
Beamer and Brenner, 1976 ; dog : Smith and McDonald, 1974 ; Concannon,
Hansel and Visek, 1975 ; Hadley, 1975a ; blue fox : M!Iler, 1973a ; red fox :
Bonnin, Mondain-Monval and Dutourn6, 1978 ; coyote : Stellflug et al., 1971 ;
wolf : Seal et al., 1979 ; puma : Bonney, Moore and Jones, 1981 ; lion : Schmidt
et al., 1979 ; ferret : Heap and Hammond, 1974 ; spotted skunk : Mead, 1981 ;
European badger : Canivenc and Bonnin, 1979, 1981 ; stone marten : Bonnin,
Canivenc and Aitken, 1977 ; striped skunk : Wade-Smith et al., 1980 ; mink :
MOller, 1973b ; Allais and Martinet, 1978).

The presence of an embryo in the uterus of carnivores, species with
endotheliochorial placentation, does not profoundly change luteal progesterone



secretion. In parallel, luteal activity lasts a remarkably long time during pseudo-
pregnancy and the uterus does not intervene to limit it.

2. SpeckJs with epitheliochorial placentation.
Among studied mammals, this type of placenta characterizes artiodactyls

(ewe, cow, sow, mare). The presence of an embryo in the uterus in these species
prolongs the life-span of the corpus luteum ; hysterectomy also extends its

activity, often for as long as pregnancy.
The simplest hypothesis would be that the embryo acts by inhibiting uterine

synthesis of PGF2c,. However, it is not sufficient. Certainly, in the case of

pregnancy, the large PGF2a surges that fol%w functional luteolysis do not occur
(ewe : Thorburn et al., 1973 ; Peterson et al., 1976 ; cow : Peterson et al., 1975 ;
Kindahl et al., 1976a ; sow : Gleeson, Thorburn and Cox, 1974 ; Moeljono et al.,
1977 ; Shille et al., 19791. But the intensity of endometrial prostaglandin synthesis
that reaches a maximum at the end of the oestrous cycle is not inhibited, on the
contrary it increases (ewe : Husling, Fogwell and Smith, 1979 ; Ellinwood, Nett
and Niswender, 1979 ; Marcus, 1981 ; Lacroix and Kann, 1982 ; cow : Lewis et
a/., 1982 ; sow : Guthrie and Rexroad, 1981 ; mare : Vernon et al., 1981), and the
product synthesized is mainly PGE (ewe : Ellinwood, Nett and Niswender, 1979 ;
Lacroix and Kann, 1982). However, we have seen (fig. 3) that PGE’s can inhibit
the luteolytic action of PGF2a’ The preferential increase in prostaglandins E

synthesis under the influence of the embryo therefore appears to be one of the
factors involved in the transformation of the cyclic corpus luteum into a

gestational one.
The putative similarity between length of pregnancy and length of luteal

activity after hysterectomy is accidental. The time during which the corpus
luteum is maintained after hysterectomy may vary and progesterone may
fluctuate also (mare : Stabenfeldt et al., 1974) (fig.1 ). Luteal progesterone is only
necessary during one-third of pregnancy in ewe and mare (ewe : Denamur and
Martinet, 1955 ; mare : Holtan et al., 1979). In cow, luteal progesterone is needed
practically throughout pregnancy, but its circulating level remains constant, while
after hysterectomy it shows wide fluctuations (Estergreen et al., 1967 ; Pope,
Gupta and Munro, 1969 ; Donaldson, Bassett and Thorburn, 1970 ; Schams et
a/., 1972 ; Lindell, Edqvist and Gustafsson, 1981). The suppression of uterine
PGF2a is therefore not enough to reproduce the conditions of pregnancy.

In spite of this, the important role of the uterus in regulating the length of the
oestrous cycle in these species corresponds to direct action of the embryo on the
uterus with the result that progesterone secretion is maintained.

An original technique, intrauterine infusion of embryonic homogenates, has
been used to show the active role of the embryo and the nature of its
intervention. The infusion of embryonic homogenates (embryonic disk + tropho-
blast) in the uterus of cow and ewe (from day 15 in cow and from day 12 in ewe)
causes a delay in the reappearance of oestrus with maintenance of progesterone
secretion (Rowson and Moor, 1967 ; Martal et al., 1979 ; Northey and French,
1980). The infusion of embryonic homogenates in an empty horn of sow permits
unilateral pregnancies (otherwise impossible in sow) to be maintained (Longe-
necker and Day, 1972 ; Ball and Day, 1982).



In ewe, trophoblastin, an embryonic protein, seems to be mainly responsible
for the transformation of uterine activity (Martal et al., 1979). In sow, oestrogens
synthesized by the embryo are mainly involved (Heap, Flint and Gadsby, 1981 ;
Ball and Day, 1982). After oestrogen treatment, luteal activity is also extended
and is associated with a decrease in the amounts of circulating PGF2a (Frank et
a/., 1977, 1978).

Embryonic modification of uterine activity is confirmed by the effects of
removing the embryo on progesterone secretion and length of the cycle. If the

embryos are removed shortly before the normal period of functional luteolysis
(D13 in ewe, D17 in cow, D15-16 in mare and sow), the oestrous cycle is pro-
longed by 5-7 days and progesterone secretion is maintained (Moor and Rowson,
1966 ; French and Strauss, 1976 ; Hershman and Douglas, 1979 ; Northey and
French, 1980).

The direct action of the embryo on the uterus, fundamental to an under-

standing of luteal maintenance of progesterone secretion, seems to be completed
by embryonic production of luteotropic LH-like or prolactin-like factors.

In cow, an LH-like protein is produced by the embryo at 18 days. ln vitro, it
increases the production of progesterone by luteal cells (Beal, Lukaszewska and
Hansel, 1981). The placental lactogenic hormone is detected at D17 (Flint,
Henville and Christie, 1979).

In ewe and sow, a protein binding to the LH receptors of the corpus luteum
in the same species has been demonstrated in the trophoblast from D15-16 and in
the placenta up to parturition (Lacroix and Martal, 1979 ; Saunders, Ziecik and
Flint, 1980). Placental lactogenic hormone is produced from D16 in ewe (Martal
and Djiane, 1977).

It has been known for a long time that mare produces large amounts of
PMSG, a chorionic gonadotropin, between days 38-40 and 100-140 of pregnancy
(see Allen, 1975).

The role of these proteins, which are known or supposed to have luteotropic
activity, does not seem to be essential for maintaining luteal progesterone
secretion, as demonstrated by observations in mare. The removal of the embryo
at D24 (before the onset of PMSG production) is followed by « pseudo-
pregnancy » which lasts more than a month (Kooistra and Ginther, 1976). The
level of circulating progesterone is comparable after hysterectomy and, in case of
pregnancy, up to the time PMSG appears. The progesterone level then increases
in parallel to the increase in PMSG secretion that acts on the already formed
corpus luteum and also on the follicles, causing the formation of secondary
corpora lutea (Squires and Ginther, 1975 ; Nett and Pickett, 1979). The late
involvement of chorionic gonadotropin in the maintenance of ovarian

progesterone secretion is also of little importance in maintaining pregnancy
because from D50-70, the foetoplacental unit supplies enough progesterone so
that, while ovariectomy always results in a considerable drop in circulating
progesterone, it no longer necessarily causes abortion (Holtan et al., 1979).

In species with epitheliochorial placentation, luteal progesterone secretion is
maintained mainly by direct action of the embryo on the uterus, favoring the
synthesis of luteotropic PGE’s ; this is reinforced by direct action on the corpus



luteum which the embryo supplies with luteotropic factors having LH-like and

prolactin-like activity. However, the role of the placental lactogenic hormone in
the maintenance of luteal progesterone secretion has never been demonstrated.

3. Species with hemochorial placentation.

Among studied species, rodents (rat, mouse, hamster, guinea-pig),
lagomorphs (rabbit) and primates (macaque, woman) are characterized by this
type of placenta. In all these mammals, the presence of an embryo in the uterus
prolongs and increases luteal progesterone secretion, but often for a short time,
either because pregnancy is of short duration (rat, mouse, hamster, fig. 5) or
because luteal progesterone secretion is necessary only for a short time during
pregnancy (guinea-pig, macaque, woman, fig. 6).

The uterus in all these mammals, except guinea-pig, plays a modest or

inexistent role in functional luteolysis at the end of the cycle. (Moreover, the
guinea-pig is the only mammal known in which hysterectomy is followed by a
quantitative increase in progesterone secretion.) But these species are the ones in
which the presence of the embryo in the uterus induces the most extensive
anatomical changes.

Implantation, during which the embryo destroys or crosses the uterine

epithelium, is preceded and accompanied by the transformation of stromal cells
into decidual cells (large cells containing high amounts of glycogen and lipid).
Prostaglandins are involved in the decidual reaction of the uterus and implan-
tation. The presence of decidual tissue does not inhibit the intensity of uterine
prostaglandin synthesis, on the contrary. However, it favors synthesis of PGE’s
rather than of PGF! (rat : Weems et al., 1975 ; Anteby et al., 1975 ; Castracane
and Shaikh, 1976 ; Weems, 1979 ; mouse : Jonsson et al., 1979 ; Rankin et al.,
1979). The inhibitors of prostaglandin synthesis prevent the decidual reaction

from occurring and block implantation (mouse : Saksena, Lau and Chang, 1976 ;



Jonsson et al., 1979 ; Rankin et al., 1979 ; Holmes and Gordashko, 1980 ;
Biggers, Baskar and Torchiana, 1981 ; rat : Sananes, Baulieu and Le Goascogne,
1976, 1981 ; Kennedy, 1977 ; Phillips and Poyser, 1981 ; rabbit : Hoffman, 1978 ;
El-Banna, 1980). Inversely, intrauterine infusion of prostaglandins (PGF!, PGE, or
E2) induces the decidual reaction (mouse : Holmes and Gordashko, 1980 ; rat :

Sananes, Baulieu and Le Goascogne, 1976, 1981 ; Miller and O’Morchoe, 1982 :
rabbit : Hoffman et al., 1977).

The presence of decidual tissue in the uterus (which can be experimentally
induced without the presence of the embryo) often prolongs the length of

pseudopregnancy by maintaining luteal phase progesterone secretion. This is the
case in rat, rabbit and, to a lesser degree, hamster (rat : Gibori et al., 1974 ;
Rothchild and Gibori, 1975 ; rabbit : Hoffman, Davies and Davenport, 1973 ;
hamster : Terranova, 1975). PGE’s might be involved because chronic PGE,
treatment slightly extends the length of pseudopregnancy (rat : Weems et al.,
1979). On the contrary, in mouse and guinea-pig, the presence of decidual tissue
has no apparent effect on cycle length or pseudopregnancy (mouse : De Feo,
1967 ; guinea-pig : Mitchell and Garris, 1978). In woman, decidualization in the
uterus begins spontaneously during the luteal phase of the menstrual cycle. Thus,
in itself, the modification of prostaglandin synthesis, resulting from the presence
of decidual tissue, has little effect on luteal activity and can be compared with the
minimal role of the uterus in regulating progesterone secretion ; the guinea-pig is
an exception.

It is interesting to note that implantation in woman occurs at the time when
uterine synthesis of prostaglandins is most intense, that is when the first signs of
the decidual reaction are observed during the cycle (Noyes, Hertig and Rock,
1950 ; Downie, Poyser and Wunderlich, 1974 ; Demers et al., 1975 ; Maathuis,



1978 ; Maathuis and Kelly, 1978). The same relationship between implantation
time and maximal uterine synthesis of prostaglandins is also found in macaque
(Demers, Yoshinaga and Greep, 1974).

When the uterus plays a role in the regulation of progesterone secretion,
maximal uterine synthesis of prostaglandins is obviously observed at the end of
the cycle or of pseudopregnancy. However, this synthesis is intensified at the
time of implantation (guinea-pig : Poyser, 1972 ; Blatchley et al., 1972 ; hamster :
Shaikh, Birchall and Saksena, 1973). This variation in uterine synthesis of prosta-
glandins could be involved in the fact that there is a period when the uterus is
sensitive to experimental induction of the decidual reaction (see De Feo, 1967).

The maintenance of luteal progesterone secretion, and especially the increase
in that secretion by the gestational corpus luteum, is always related to embryonic
production of an LH-like chorionic gonadotropin. This hormone, detected in
maternal circulating blood from the time of implantation in woman and macaque
(Saxena et al., 1974 ; Hodgen et al., 1974), is then produced in large quantities.
The injection of this hormone (hCG or mCG) increases and extends luteal

progesterone secretion as at the onset of pregnancy (macaque : Neill and Knobil,
1972 ; Bosu and Johansson, 1974 ; woman : Tu, 1978 ; Quagliarello et al., 1980).
In woman as in macaque, continuous hCG treatment does not prevent luteolysis
from finally intervening but at the same time, in the case of pregnancy, pro-
gesterone is supplied by the foetoplacental unit, ovariectomy or liitectomy no
longer causing abortion (Csapo et al., 1972, 1973 ; Berg, Thor and Johansson,
1975 ; Goodman and Hodgen, 1979). An LH-like chorionic gonadotropin has also
been demonstrated in the placenta of mouse, rat, hamster and guinea-pig at
implantation time or shortly thereafter. It is present throughout pregnancy (rat :
Haour, Tell and Sanchez, 1976 ; Bambra and Gombe, 1978 ; Blank, Dufau and
Friesen, 1979 ; mouse : Wide and Wide, 1979 ; Rao, Pointis and Cedard, 1982 ;
hamster : Wide and Hobson, 1978 ; guinea-pig : Humphreys, Hobson and Wide,
1982). In rabbit, embryonic production of an LH-like chorionic gonadotropin has
been observed even before implantation ; unfortunately, nothing is known about
its existence during pregnancy (Haour and Saxena, 1974 ; Fujimoto et al., 1975 ;
Asch et al., 1979).

This chorionic hormone certainly plays an important role in progesterone
secretion by gestational corpus luteum. Alone, however, it probably does not
have such a role as in woman and macaque. In woman, LH treatment as hCG
treatment permits the increase and prolongation of luteal progesterone secretion
(Hanson, Powell and Stevens, 1971). In rat, LH implants in the ovary only prolong
pseudopregnancy by several days, while the corpus luteum is responsible for the
circulating progesterone level throughout pregnancy, even though the foeto-

placental units produces a little progesterone at the end of pregnancy (Liao,
Pattison and Chen, 1974 ; Legrand et al., 1979).

Luteal progesterone secretion always depends on two hormones, one LH or
LH-like and the other prolactin or prolactin-like, In woman, decidual cells secrete

prolactin (Maslar and Riddick, 1979 ; Kubota et al., 19811. In rat, they secrete a
« prolactin-like » protein that binds to the prolactin receptors of the corpus
luteum (Gibori et al., 1974 ; Basuray and Gibori, 1980).



The existence of a uterine prolactin has not been demonstrated in other

species. However, it may be surmised. In fact, bromocryptine, a dopamine
agonist, acts on the pituitary, inhibiting prolactin secretion, but it has no effect on
decidual cell prolactin secretion (woman : Schulz et al., 1978). In mouse, hamster
and rat, bromocryptine treatment of pregnant females causes a decline in

progesterone levels and abortion until the decidual tissue is established. It then
has no effect (Ford and Yoshinaga, 1975 ; Mednick, Barley and Geschwind,
1980 ; Tabarelli et al., 1982). It is thus probable that the decidual cells produce a
prolactin-like protein (*) (see p. 816).

A placental lactogenic hormone of embryonic origin, that could take over
from prolactin, is produced later (rat : Kelly et al., 1975 ; Blank, Dufau and

Friesen, 1979 ; Tabarelli et al., 1982 ; mouse : Soares, Colosi and Talamantes,
1982). Moreover, the placental lactogenic hormone has no luteotropic effect on
the corpus luteum in woman because it is only secreted when the corpus luteum
has stopped producing the progesterone necessary for pregnancy (Friesen, Suwa
and Pare, 1969).

The production of a chorionic gonadotropin with LH activity, and thus of
embryonic origin, associated with uterine production of prolactin, would permit
the secretion of progesterone by the corpus luteum that is characteristic of

pregnancy. Placental lactogenic hormone might also be involved.
The role of uterine PGE’s in the maintenance of progesterone secretion

appears to vary with the case. It is probably not negligeable in rabbit and rat ; in
rabbit, very high amounts of PGE2 are produced by the uterus during the last two-
thirds of pregnancy (Lytton and Poyser, 1982). In rat, PGE’s are abundantly
produced when the uterus is decidualized, especially if an embryo is present
during at least the first half of pregnancy (Anteby et al., 1975). However,
LH-prolactin association is no more effective than LH alone in prolonging the
length of pseudopregnancy (Liao, Pattison and Chen, 1974). It may thus be that
decidual tissue acts by producing both a « prolactin-like » hormone and PGE. On
the other hand, in guinea-pig and woman, the onset of pregnancy is characterized
by a decrease in PGE production (woman : Maathuis and Kelly, 1978 ; guinea-
pig : Antonini, Turner and Pauerstein, 1976 ; Poyser and Maule-Walker, 1979).
This particularity could be related to the interstitial implantation characterizing
these two species (the embryo penetrates the uterine tissue very quickly,
practically without destroying the epithelium).

In mammals with hemochorial placentation, the association of embryonic
production of an LH-like chorionic gonadotropin and decidual tissue production of
a uterine « prolactin » may account for secretion of progesterone by gestational
corpus luteum. Changes in the synthesis of uterine prostaglandins may also play a
role of variable importance comparable to that of the uterus in the regulation of
luteal function in these species.

Conclusion.

According to the nature of the relationship established between mother and
embryo &horbar; epitheliochorial, endotheliochorial or hemochorial placentation &horbar; the



role of the embryo in the regulation of luteal progesterone secretion appears to be
quite similar, having :
- no apparent role in species with endotheliochorial placentation,
- a large role but with somewhat different means in species with epitheliochorial
placentation and hemochorial placentation. In both cases, the embryo produces
an LH-like chorionic gonadotropin. In both cases, the embryo transforms uterine
activity, mainly favoring PGE synthesis in species with epitheliochorial placentation
and mainly inducing decidualization of the uterus, and thus the synthesis of a
uterine prolactin, in species with hemochorial placentation.

In these three groups, the role of the uterus in regulating the secretion of
progesterone by the cyclic corpus luteum also presents analogies, but some

unexplained exceptions are found in species with hemochorial placentation, such
as guinea-pig.

Many other differences exist in the regulation of ovarian function and uterine
activity. Insofar as they are not related to placental type, they should provide an
answer as to the causes of observed differences and their significance.
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Résumé. Les relations utéro-ovariennes chez les mammifères placentaires. Rôle de l’utérus
et de l’embryon dans la régulation de la sécrétion de progestérone par le corps jaune.

Le rôle de l’utérus et le rôle de l’embryon dans la régulation de la sécrétion de proges-
térone par le corps jaune apparaissent très différents selon les mammifères. Il existe cepen-
dant des analogies de situation entre certains d’entre eux. Le rôle essentiel de la progesté-
rone lutéale est de permettre l’établissement et le maintien de la gestation et une relation
nous est apparue entre le type de placenta et le mode de régulation de l’activité lutéale par
l’utérus et l’embryon.

Quand la placentation est endothéliochoriale (carnivores) la durée d’activité du corps
jaune est remarquablement longue ; chez aucune des espèces étudiées l’utérus n’intervient
pour la limiter et la présence d’un embryon ne semble pas modifier profondément la sécré-
tion de progestérone par le corps jaune.

Quand la placentation est épithéliochoriale (artiodactyles), pour toutes les espèces étu-
diées l’hystérectomie comme la présence d’un embryon dans l’utérus entraînent un prolon-
gement important de l’activité du corps jaune. L’utérus limite la durée de la sécrétion de
progestérone par une production de PGF2a lutéolytique. L’embryon provoque son maintien
par une action directe sur l’utérus dont la conséquence est une modification de la synthèse de
prostaglandines qui privilégie éventuellement celle des PGE lutéotropes. En outre, l’embryon
sécrète des facteurs lutéotropes à activité LH et peut-être prolactine.

Quand la placentation est hémochoriale (rongeurs, lagomorphes, primates supérieurs)
pour toutes les espèces étudiées (à l’exception du cobaye) l’utérus joue un rôle modeste ou
nul dans la régulation de l’activité du corps jaune. La présence d’un embryon prolonge et
souvent augmente la production de progestérone. L’embryon agit de deux manières : en
provoquant dans l’endomètre la formation du tissu décidual producteur de facteurs

lutéotropes, « prolactine » utérine et parfois PGE, et en sécrétant une hormone chorionique à
activité LH dont la production est quantitativement très importante chez les primates.
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