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/‘ ABSTRACT

A decline 1n progesterone and & rxff/qn estrogen levels 1in the
msternsl and fetal plasmas occur pridr to parturition. [ examined
the bypotbesis that similar changes i1n the ovine intrauterine tissues
are associated with labour. I also determined whether the 1intra-
uterine tissues could produce progesterone and estrogens and whether
these activities change in association with labour.

Samples of maternal and fetal bloods, fetal fluids, myometrium,
endometrium, chorion, ammion and allantois were obtained from preg-
oant sheep of different gestational :ages and in labour occurring

either at term or induced prematurely by administration of ACTH to

the ®etus. Steroids were measured using ndioi-unoass’ay techniques.

Subcellular and diapg;scd cell preparations were used to examine

cooversion of endogenous and exogenous substrates to progesterone and
estrogen;.

At terwm, labour was associated with a decline in the levels of
progesterone in the wmaternal and fetal bloods, endometrium and
myometrius and a ;ite in the levels of estrone and estradiol-17f in
the myometrium. At ACTH-induced labour, only the rise in the levels
of estrogens in the myometrium was reproduced. Concentrations of
progesterone and estrogens in fetal fluids and fetal membranes were
not affected by labour,

Subcellular preparations of cbérion and, to a lesser extent
amnjon, converted 3H-pregnenoclone to 3JH-progesterone. At term this
conversion in the chorion was quantitatively similar to that in the
cotyledons and could be inhibited by seversl steroids including

estrogens. Cells from all tiesues convertéd 20a-dihydroprogesterone

to progesteromne but only the chorion and endometrium converted preg-




e ———_— - . . o~

- . .- PRGN PN - -

nenolone to progesterone. Cells from all tissues converted estrone
sulphate to estrone and estradicl-17f8 but only the chorion converted
androstenedione to estrome. JH-progesterone was converted to °H-
20a-dihydroprogesterone by all tissues and to 3H-17a-hydroxypro-
gesterone by chorion. These conversions did not change significantly
with labour.

In conclusion 1) labour was associated with alterations in the
levels of progesterone and estrogens ac the wyometrium and endo-
metrium, but not in the fetal membranes; 2) the intrauterine tissues
bave the steroidogenic potential to alter the local steroid milieu
but no change in this potential was identified at parturition, and 3)
steroids may inhibit steroid metabolizing enzywes in the intrauterine

tissues and alter.steroid production.
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INTRODUCTION

The processes of pregnancy and parturition are unique ta vivi-
parous species. Our interest in the physxologxcél mechanisas that
control the maintepnasnce of pregnancy and the onset of parturition 1is
fueled by our desire to decrease the 1ncidence of 1nfant morbidity
and mortality that 18 generated primarily by a population of prema-
turely born infants (Creasy, 1980). To date, our knowledge describes
8 process of complex interrelationships between the actions of
ptotein and steroid hormones and the fatty acid derivatives, prosta-
glandins. This knowledge, however, still cannot explaig entirely the
mechanisms governing the natural and premature onset of labour.

Investigators have measured the concentratioos of hormones 1n
maternsl and fetal plasmas throughout pregnancy and labour. They
have looked for the origins and targets of these bhormones. No omne
has beep able to explain the onset of parturition in all species on
the basis of changes in peripheral plasms concentrations of hormones.
We are now learning thst the tisgsues of the pregnant uterus (see
Appendix 1) produce a vast array of compounds that might influenéej
their concentrations not only in the circulation but also in neigh-
bouring tissues and cells of the same tissue.,

In the literature review that follows I will present evidence
that implicates several hormones in the endocrine events that charac-
terize viviparity. Partigular reference will be ;ivén to the domestic
sheep as this is a upeciel‘ihat hss been extensively investigated in
this regard and in which I have betfd}-ea my experiments. The review

will coatadtm postly scientific literature up to 1981, the year 1
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began my resesrch activities. Reference to more recent studies will
be 1ntroduced 1n later chapters.

Progesterone (P4) and estrogens (Es) have been lxnk;d to the
endocrine changes 1o late pregnancy and parturition. My investiga-
tions have focused on the levels of these steroids 1o the intra-
uterine tissues of pregnant ewes. Studies were performed to relate
patterns of change for P4 and Es levels throughout gestation 1in
intrauterine tissues to those 1o the msternal and fetal plasmas and
fetal fluids. Other studies have 1nvestigated the ability of the
intrauterine tissues to modulate the local steroid milieu through
their ability to synthesize and metabolize P4 and Es. These studies
were performed to support the concept that, superimposed upon the
endocrine phenomena influencing the pregnant uterus, there are

autocrine and paracrine phenomena as well.
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CHAPTER !

LITERATURE REVIEW

i 1 Progesterone and the Maintenance of Pregnancy

It bhas been known since the early studies of Fraenkel (1905
that ovariectomy of the pregnant rangt, irrespective of gestational
age, 1s followed by abortion of the conceptus. Corner and Alles
(1929, 1930) were able to prevent abortion in ovariectomized rabbits
with extracts of corpus luteum. Later 1t was shown that pregnancy
could be maintained in ovariectomized rabbits with suthentic proges-
terone (P4) (Allen and Heckel, 1939) or synthetic P4 (Wu and Allen,
1958). Thus, the importance of P4 from the corpus luteum 1n the
maintenance of pregnancy was established. ‘

Similar experiments have been performed 1n sheep but with
different results. Ovariectomy of the pregnant sheep 1s followed by
abortion 1f performed before day 50 and a pregnancy of normal
gestational length 1f performed thereafter (Casida and Warrick, 1945;
Neher and Zarrow, 1954; Denamur and Martinmet, 1955, Foote, Gooch,
Pole and Casida, 1957; Moore and Rowson, 1959; Fylling, 1970).
Gestatjonal length 1n the sheep is between 140-150 days. Treatment
with exogenous P4 protects the animal from the abortifacient effects
of ovariectomy before day 50 (Moore and Rowson, 1959). These results
suggest that :f P4 1s 1mportant to the maintenance of ovine pregnancy
then a source other than the ovary 1s producing 1t 1o sufficient
amounts after day 50.

Studies have been performed on several species describing their
pregnancies as either dependent or not dependent on the corpus

luteum. In the human female, monkey, mare, guinea pig and cat
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removal of the ovaries or corpora lutea during the later stages

of pregnancy does not effect the course of gestation, 1o the rat,
mouse, and goat, abortion or resorption occurs 1irrespective of the

times at which the operation :s performed (See Amoroso, 19520

1.2 Progesterone in Ovine Pregnancy

1 2.1 Concentrations

Several 1investigators have measured the concentration of Pw
({P4]) 1n the peripheral plasmasa of pregnant ewes. Whereas some
studies showed the [P4] to be constant throughout pregnancy (Short
and Moore, 1959; Lindner, Sass and Morris, 1964; Moore, Barrett and
Browtf, 1972) others have shown the {P4] to rise after day 50 to peak
1o late pregnancy at values two-fivefold those measured 1n early
pregnancy (Bassett, Oxborrow,Samith, and Thorburn, 1969; Fylliag,
1970; Stabenfeldt, Drost and Franti, 1972). Before day 60 the [P4]
was similar to that observed during the luteal phase of the estrous
cycle (Thorburn, Bassett and Smath, 1969). During the last two weeks
of pregnancy the [P4] declined (Bassett et al, 1969; Fylling, 1970;
Stabenfeldt et al, 1972; Elsner, Magyar, Fridsbal, Eliot, Klein,
Glatz, Nathanielsz and Buster, 1980); however, disagreement ex1sts as
to the timiag of the peak and decline. Those studies reporting
constant levels throughout pregnancy used relatively nonspecific
estimating techniques or made only few observations at any one time
in gestation. Differences observed between profiles of {P4] 1n late
pregnancy may be attributed to high intra- and inter-animal varia-
b;lity (Bassett et al, 1969, Fylling, 1970; Stabenfeldt et al, 1972,

Strott, Sundel and Stahlman, 1974). Challis, Patrick, Cross,

Workewych, Manchester and Power (1981) showed substantial fluctua-
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tions 1ao the [P4] 1n materumal pWr obtained at frequent 1intervals

over ninety minutes and suggested that a normal biological variation
must be considered when evaluating sampling protocols.

The [P4] 1n the maternal plasma may change in response to a
change 1o the metabolic clearance rate (MCR) or s change 1in the
production rate (PR). Short and Rowell (1962) found no difference
between the half-life of P4 measured on day 115 and that measured a
few hours before labour. Using tracer kipetic techniques Bedford,
Harrison and Heap (1972a) found the MCR to be remarkably constant
during most of gestation. The PR of P4 closely reflected changes 1n
blood concentrations. The mean PR was highest during the last two
weeks of pregnsacy, bexng nearly five times greater than that 1in
early pregnancy. This increase, however, was only found 1n sheep
bearing fetuses with birth weights greater than 4 kg. Bassett et al
(1969) reported that during the last 50 days of pregnancy the mean
[P4] 1n ewes with twins were approximately twice that in ewes with a
single fetus. Therefore, the rise in the [P4] after day 50 of
pregnancy results from an increase in the PR of P4 which 1s somebow
related to the size of the fetus and degree of multiparity.

The [P4] 1n fetal plasma is much lower than that in the maternal
plasma (Strott et al, 1974; Elsner et al, 1980). Elsner et al (1980)
described simultaneous fetal and maternal profiles of the [P4] over
the last 18 days of pregnancy. The [P4] fell in both the fetal and
maternal plasmas and the mean times of onset of the fall, as
determined by time trend analysis, were 2.2 and 3.7 days sefore
delivery, respectively.

1.2.2 Production
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The ovaries, adrepals and placenta have been investigated as sources
of P4 1n the pregnant ewe. The corpus luteum continues to secrete P&
unti1l about two weeks before parturition at which time the
concentrations in the ovarian vein blood decrease markedly (Edgar and
Ronaldson, 1958). Short and Moore (1959) measured P4 1n placentas of
1ntact and ovariectomized ewes and concluded that the placenta may be
a8 source of P4. Homogenates of placental tissue can coanvert labelled
pregnenolone (P5) to labelled P4 (Ainsworth and Ryan, 1967; see
figure 1 for steroidogenic pathways). Linzell and Heap (1968)
measured P4 1n the ovarian, adrenal and uterine vein during pregnancy
and estimated placental P4 secretion to be three times ovarian and
adrenal secretion. Maternal ovariectomy 1in late pregoancy had no
effect on P4 levels 1n peripheral plasma. Adrenalectomy and
adrenalectomy/ovariectomy lowered P4 levels in peripheral plasma only
slightly and had no effect on levels 1n uterine venous plasma
(Thompson and Wagner, 1974). Harrison and Heap (1978) showed that
the production of P4 measured 1n animals with autotransplanted
ovaries and adrenals rose between days 66-103 and days 133-145. The
production of P4 by the adrenal was low and remained unchanged and
that of the ovary fell during this time. The produétion of P4 by the
placenta exceeded that by the ovary after days 66-103 and increased
fourfold during the second half of gestation. Ricketts and Flaint
(1980) measured placental production of P4 in ‘ewes ovariectomized
early 1in gestation and whose pregnancies were wmaintained by
medroxyprogesterone acetate. They reported a small rise in the

production of P4 between day 50 and day 70 and a second rise between

day 90 and day 120. Therefore, the increase in PR during the second
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FIGURE 1. Enzymatic pathways for the production

metabolism of progesterone and estrogens.
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half of gestation 18 due to an 1increase 1n the secretion of

progesterone by the placenta.

1.2.3 Hetabolism

Progesterone 15 rapidly cleared from the wmaternal plasma
(Bedford et al, 1972). The MCR during p}egnancy 1s only slightly
greater than that during the luteal phase of the estrous cycle
(Bedford et al, 1972). The bulk of radicactivity 1isolated from
maternal plasma following 3 single 1injection of [14C]-progesterone
(IAC-PA) was found in the sulphate fractions from which a major
metabolite was 1dentified as 5Sa-pregnane-3B-ol-20-one (Tsang and
Hackett, 1979). Therefore, P4 1is cleared from the plasma by 5a
reduction of the A ring, and sulfoconjugation.

The placenta contains several enzymatic activities capable of
metabolizing P4 ioncluding, 5f-reductase, 3a-hydroxysteroid dehydro-
genagse (3a-HSD), and 20a- and 20B-hydroxysteroid dehydrogenase
(20a,-20B-HSD). The principal placental metabolite is S5f-preggan-3a,
20a-diol (Ainsworth and Ryan, 1967) which has been 1solated from
pregnancy urine (Robertson and Coulson, 1958). Other placental
metabolites include pregn-4-en-200-0l-3-one (200-DHP), 5B-pregnan-3a,
20a-diol, and pregn-4-en-208-ol-3-one (20B-DHP). 20a-DHP bhas been
isolated from placenta and peripheral blood of pregnant ewes (Short
;;d Moore, 1959). Constant infusions of [3H]-progesterone (3H-P4) to
pregnant ewes resulted in production of JH-ZOG-DKI; whose concentra-
tion closely correlated with that of 3H-P4. Elsner et al (1980)
found the fetal:maternal ratio of the [200-DHP] to be ~3:1, a finding

.
consistent with a high fetal 20a-HSD activity. The ratio of




——————

(P4):[200-DHP] was ~1:10 and ~4:1 1n the fetal and maternal circula-
tions, respectively.

The major pregnanediols 1isolated from fetal blood are sulfocon-
jugates of  5B-pregnan-3f,208-diol, Sf-pregnan-3B,20a-diol  and
5p-pregnan-3a,20a-diol (Dolling and Seamark, 1979). The fetal liver
can metabolize P4 to sulfoconjugates of S5B-pregnan-3§,20B8-diol and
20a-diol (Nancarrow, 1969; Anderson, Pierrepoint, Griffiths and
Turnbull, 1970) SB-pregnan-3a,20a-diol can be formed by the placenta
and several other fetal tissues (Nancarrow, 1969; Ainsworth and Ryan,
1967; Pierrepoint, Anderson, Turnbull and Griffiths, 1973) or be of
maternal origin (Robertson and Coulson, 1958, Stupnicki and Williams,

1968; Stupnicki and Stupnicki, 1970).

1.2.4 Other Specaies

Viviparous species differ with respect to the profile of the
[P4] throughout gestation and the source(s) of P4 (see Thorburn,
Qpllis and Robinson, 1977). As in the sheep, the placeata is the
major source of P4 1n the maternal plasma of several species
including humans, monkeys and guynea pigs. In contrast, species
including the goat, rabbit and rat depend on the corpus luteum to
maintain the (P4) in the plasma. The gestational profile of the [P4]
in the maternal plasma of pregnant goats is similar to that of the
sheep; however, the ([P4] increases during the second half of

gestation in response to an 1increase in luteal output (Thorburn and

Schneider, 1972). The [P4] declines abruptly as the corpus luteug -

regresses during the last few days before parturition (Thorburn and
Schneider, 1972; Umo, Fitzpatrick and Ward, 1976). Although plasma

concentrations decline prior to parturition in the sheep and goat and

11
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other species 1ncluding the rabbit, rat and cow, concentrations do
not consistently fall 1n the maternal plasma of guinea pigs and
bumans (see Heap, Galil, Harrison, Jenkin and Perry, 1977; Bedford,
Challis, Harrison and Heap, 1972b). In the pregaant human, the {P4]
continues to rise after 6 weeks of pregnancy to peak values at term
(see, Thorburn et al, 1977). Although a few authors have reported a
decline 1n the ([P4] prior to parturition (Csapo, Knobil, Van der
Molin and Wiest, 1971; Csapo, Pohanka, Kaihola, 1973; Turnbull,
Patten, Flint, Keirse, Jeremy and Anderson, 1974) most 1investigators
have failed to substantiate these results. P4 in the human plasma 1is
extensively bound, which, perhaps, explains the higher [P4] 1n
pregnant human plasma compared to the [P4] in pregnant sheep plasma.
Yanonne, Mueller and Osborn (1969) observed that the portion that was
associated with high affinity globulin remained constant at about 91%
both antenatally and in labour. Thus the absolute concentration of
unbound P4 1n human maternal plasma rises with the approach of

parturition.

1.3 Estrogens in Ovine Pregnancy

As soon as ovarian hormones were rdentified and purified, their
role in the maintenance of pregnancy and the onset of parturition was
sought. Having described the evidence for P4 in the endocrinology of

pregnancy and parturition, I will now do so for estrogens (Es).

1.3.1 Concentrations
In 1927, estrogenic activity was demonstrated in extracts of
ovine placenta by Parkes and Bellerby. Later, Es were measured 1in

extracts of urine from pregnant ewes and their concentrations shown

(&)




to be low for most of pregnancy and to raise sllghtly 1in late
pregnancy (Whitten 1943; Beck, 1950; ‘Bassett, Sewell and White,
1955). Later studies (Févre, Piton and Rombauts, 1965; Fevre and
Rombauts, 1966) did not detect Es in the urine until about day 70 of
gestation and then their excretion increased markedly from day 90 to
term (Févre and Rombauts, 1966). The main Es excreted by the
pregnant ewe are conjugates of estrone (El) and 1l7«-estradiol
(E2a)(Velle, 1963; Fevre et al, 1965; Fevre and Rombauts, 1966).

Challis (1971), wusing radiocimmuncassay techniques, measured
total unconjugated Es 1n materpal plasma. The concentrations were
less than 5pg/ml until 31 days pre-partum and rose slowly to
20-40pg/ml at 5 days pre-partum. There was a marked increase within
48 hours before lambing. Subsequent investigations focussed on the
pattern of changes in the concentrations of specific Es in maternal
plasma. The concentrations of El ({El])) and E2 ([BE2]) are low in
early pregnancy and rise slowly between day 75 and day 140 (Carmegie
and Robertson, 1978). The {El] and (E2B] (Robertson and Smeaton,
1973; Thorburn, Nicol, Bassett, Shutt and Cox, 1972) and [E2a]
(Thorburn et al, 1972) increase markedly starting about 48 hours
before partufition. The (E2B] rises only within the last 12 hours
before lambing (Thorburn et al, 1972). The ratio of El:E2a:E2B 1s
2:1:1. ~

The predominant Es in msternal plasma are sulfoconjugates

(Tsang, 1974; Carnegie and Robertson, 1978). The ratio of estrone

. sulphate 1-S):E1 (Tsang, 1974; Carnegie and Robertson, 1978) and

E2-S:E2 (C egie and Robertson, 1978) are 30:1 and 10:1

respectively.’ The patterns of change for El-S and E2-S in late
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} pregnancy are similar to those for El and E2 respectively (Carnegie
and Robertson, 1978).

In the fetal plasma the major Es are also sulfoconjugates
(Findlay and Cox, 1970; Currie, Wong, Cox and Thorburm, 1973).
Whereas Findlay and Cox (1970) could not detect unconjugated Es,
Thorburn et al (1972) measured concentrations of unconjugated Es of
less than 30 pg/ml whic£ changed little before parturition, at a tispe

} when maternal concentrations were msging. The [E1-S] and [EZGJS]

rose markedly on day 149 and the [E2B-S] rose only marginally. The
[E1-S]) was slightly higher than the [E2B-S] and both were greater
than their respective unconjugates by a factor of 102 - 103. {(Curraie

et al, 1973).

1.3.2 Production ”

Challis, Harrison and Heap (1973, a,b,c) explained the sharp
rise 1n éhe (E1l] and [E2] in the maternal plasma within 48 hours of
lambing as being caused by an increase in their PR and not a d;crease
10 their MCR. The concentrations of Es in the uterine vein were much

higher than the jugular vein during this time (Challis, Harrison and

Heap, 1971). Ovariectomy did not effect the uterime venous [El1]
(Bedford et al, 1972b; Thompson and Wagner, 1974). Although
adrenalectomy lowered the [él] in the uterine venous plasma, there
was still a rise in the [El} wiéﬁin 24 hours of lambing. These

results suggested that a non-ovarian, non-adrenal source of Es,

probsbly the placenta, contributes to the Es measured in the maternal

—— e m———

plasma at term. ,
The placenta has been shown to possess all the enzywmes necessary

to convert C21 steroids to Es. The presence of these enzymes was

( rem s A ——




et al, 1979; Green, Bygdeman, Toppozada and Wiqvist, 1976) and urine
(Satoh et al, 1979, Hamberg, 1974) during labour compared to levels
before labour started. The output of PGs by dispersed cells from

amnion and decidual tissue is higher in tissues collected from

patients following spontaneous vagidal delivery compared to output by

tissues collected at elective caessrian section at term but in the
absence of  established labour (Skinner and Challis, 1985).
Therefore, in the sheep and humans labour 1s asscociated with
increased levels of PG in intrauterione tissues and maternal and fetal
fluids which are probably caused by an increase in the production of
PGs from w=maternal tissues including the wmyometrium and decidua

-4
(endometrium) and fetal tissues including the chorion
-
(choricallantois) and amnion. At least in the sheep, these events
precede the onset of labour.

1.6 Control of Myometrial Activity

The pregnant uterus undergoes a period of relative quiescence
which is interrupted at parturition by the onset of enhanced myome-
trial activity. Csapo (1975, 1977) has championed the '"see saw"
hypothesis to explain these phenomena. In essence, the activity
state of the uterus at any one moment is governed by the balance
between suppressor and stimulatory forces acting upon the myometrium.
The maintenance of pregnancy would be favoured by an imbalance of
suppressor forces and parturition would result from an imbalance of
stimulatory forces.

1.6.1 Oxytocin

Oxytocin is a well recognized stimulator of uterine contractions

in pregnant and non-pregnant animals. Administration of oxytocin to

non-pregnant animals increases uterine activity (Knaus, 1934; Evans
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and 100 of gestation and similar to that in umbilicsl cord blood,
whereas the E1/E2 ratio in the umbilical vein blood was significantly
greater than that in the uteripe vein in early gestation but fell as
pregnancy progressed. These authors presumed these changes reflected
changing patterns of‘estrogen secretion during pregnancy and that 1in
late pregnancy the sheep placenta secretes relatively more El than E2
into the maternal circulation.

Parturition in sheep 1is associated with altered placental
enzymatic activities. The levels of placentsl aromatase (Ash,
Challis, Harrison, Heap, Illingworth, Perry and Poysner, 1973; Maan,
Curet and Colas, 1975), 17a-OHase (Anderson et al, 1975) and Cl7-20
lyase (Steele et -gl, 1976) are elevated in spontapeous labour
compared to their levels fior to labour. An increase in the levels
of 17a-OHase is suppitt d by the finding of Flint, Goodson and
Turobull, (1975) wﬁo ?lserved an increase in the concentrations of
pregn-4-en-17a,200-diol-3-one in the uterine venous plasma. It is
conceivable that the prepartum rise in the concentration of Es aund
the pre-partum decline in the [P4] result from a rerouting of (21

steroids towards Cl9 estrogen precursors and Es.

1.3.3 Other Species

Other viviparous species differ from sheep and from each other
with respect to the gestational profiles of the estrogen levels in
the maternal ‘plalna, the site of the production of Es, anér the
prqﬁoninant Es secreted. In several species such as the human, goat,
cow, guinea pig and r;;, the maternal estrogen levels are bigﬁeit in
late pregnancy; however, a surge in the estrogen levels during the

last few days of pregnnnfy, as described previously for the sheep, is
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not a consistent finding (see Bedford et al, 1972b; Thorburn et al,

|
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‘ A

; 1977). .

In the goat, Challis and an;ell (1971) measured concentr:;::::\\
of total unconjugated Es 1n the maternal plassa that were seve‘gz
times higher than those in the sheep at comparsble gestational ages.
These'authors reported that unconjugated Es appé?r 1n the matermal
plasma early in pregnancy and then rise steadily through until term
before undergoing a more rapid rise during the last 4-5 days. This

pre-partum surge is not as marked as that seen i1n the sheep (Thorburn

et al, 1972; Currie et al, 1973; Umo et sl, 1976). Currie et al

$

(1973) wmeasured sulfoconjugated and unconjugated El and E2 1n
maternal and fetal plasma but could not detect E2. E2 was the
predominant unconjugated estrogen in the maternal plasma. In the
fetal plasma the concentrations of estrogen sulfoconjugsates were
several times higher than ﬁhe concentrations of uncoajugated Es and

increased during the last few days of pregnancy. Thus the goat and

. \\\She sheep are similar in some but not all aspects of estrogen
praductxon and metabolism. v
In the human, Tulchinsky, Hobel, Yeager, and Marshall 1972 have
' measured uncoujuga£cd El, E2 and estriol (E3) in the maternal
plasma. Throughout pregnancy the wmajor unconjugated estrogen was
E28. Unconjugated Es rose steadily throughout pregoancy. Whereas
the [E28} and [E3) continued to rise through until term, the [El]
plateaued at 30 weeks. No s$udden surge of Es during the last few
days of pregnancy has been reported (Tulchinsky et al, 1972; Shaaban
and Klopper, 1973). In human pregnancy Es are produced by the
feto-placental unit (Siiteri and MacDonald, 1966). The fetal and

maternal adrensls supply Cl9 precursors, such as DHEA-S and




16-OH-DHEA-S, to the placenta for subsequent aromatization. The
humac placenta, unlike the sheep placenta cannot convert (21 steroids

through to Es.

1.4 Fetal Adrenal Function

1.4.1 Sheep

Cortisol (F) has been measired 1n the plasma of chronically
catheterized fetal lambs and shown to increase substantially over the
last 4-5 days before term (Bassett and Thorburm, 1969; Comline,
Nathanielsz, Paisey and Silver, 191?). The rise 1n the concentration
of F ([F]) reflects an 1ncréase in gilqince the MCR of F 1s unchanged
over the last 10 days of pr;gnancy (Natﬁanielsz, Fomlxne:'51lver, and
Paisey, 1972).

It is now well established that the fetal
hypothalamo-pituitary-adrenal axXis has an important role 1in the onset
of labour in the sheep. Ablation of the fetal pituirtary {(Liggins,
Kennedy and Holm, 1967) and bilat;ral adrenalectomy (Drost and Holm,
1968) prolongs pregnancy. The fetal adrenal cortex grows marked}y 1n
the last 10 days of intrauterine life (Comline and Silver, 1961) aad
this growth can be prevented by fetal hypophysectomy (Comline, Silver
and Silver, 1970). Fetal hypophysectomy prevents the normal increase
in the [F] at term {(Robinson, Cﬁallis, Pooley and Thorburn, 1977)
Parturition can be induced in late pregnancy by the administration ;f
ACTH or glucocorticoids to the fetus (Liggins, 1968, 1969)}.

In the fetal plasma the concentration of ACTH ([ACTH]) increases
1in parallel with the [F] during the last week of pregnancy (Rees;
Jack, Thomss and Nathanielsz, 1975): at a time when the negative
feedback of F on [ACTH] has been demonstrated and when dexamethasone,




a eynthetic glucecorticoid, has been shown to suppress the fetal
[ACTE] and {F] (Challis, Jooes, Robinson and Thorbumm, 1977).

The response “of the fetal adrenal to ACTH varies with
gestational age. Immunoreactive ACTH levels in the fetus were
elevated during an episode of hypoxemia at all times during gestation
but only after day 139 was the increase associated with elevations 1in
the [F} {Joses, Boddy, Robinson and Ratcliffe, 1977). ACTH infused
into the fetus caused little change 1in the [F] until after day
135-140 (Liggins, 1972). In vitro studies (Wintour, Brown, Denton,
Hardy, McDougall, Oddie and Whipp, 1975; Glickman and Challis, 1980)
demonstrated the capacity of the adrenal to respond to ACTH with
increased production of F before day 90 and after day 130 but not in
ihe intervening period. These results suggested a deactivation/
reactivation process was occuring io the fetal adrenal and that
reactivation was followed by a rise in-the {F] 1n the fetal plasma.

The changes in the [Es] and [P4] in late pregnancy are believed
to result from the effects of the increased [F] in the fetal plasma.
Premature labour induced by ACTH (Thorburn et al, 1972) or
dexamethasone (Currie et al, 1973) are preceeded by a fall 1in the
tP4] and a rise in the [Es] similar to that occuring prior to the
spontaneous onset of labourt Several im vitro studies have been
performed in late pregnancy to investigate the effects of intrafetal
glucocorticoids on placental steroid metabolism. The placentas of
ewes in dexamethasone in;uced labour produce similar amounts of El
from 17a-P4 as tﬁose of ewes in spontaneocus labour and wmore than
those of non-labouring ewes (Steele et al, 1976). The authors

attributed the results to an increase in Cl17-20 lyase. Intrafetal

dexanethalone.allo increased placental 17a-OHase as evidenced by anm
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increase 10 the conversion of PS5 and P4 to pregn-4-en-l7a,
20a-diol-3-one (Anderson et al, 1975). This increase occured within
twelve hours of treatment and prior to the onset of labour. The
activaties of cholesterol si1de chain cleavage (CSSC) and
38-hydroxysteroid dehydrogenase, A4-5 1somerase (38-HSD) were not
affected. Infusion of F into the fetus had little effect on
aromatase (Anderson, Curet and Colas, 1978a) or Cl17-20 lyase but
increased l7a-OHase (Anderson, Curet and Colas, 1978b). Mann et al
(1975) did nmot find any effect of F on aromatase activity 1in short
term incubation; however, Ricketts, Galil, Ackland, Heap and Flint
(1980) did observe an increase in aromatase activity in placental
explants after 'E!'longed exposure to F. These findings together
suggest that F is responsible for the altered placental enzymatic
activity at term that result in the increased production of Es and

the decreased production of P4.

1,&f2 Other Species

Evidence for the role of the fetus in the onset of parturition
in humans is oot as convincing as it is for sheep. Nature has
provided us with two experiments, anencephaly and fetal adrenal
hypoplasia, to support or refute the importance of the fetal adrenal
pituitary axis at parturition. If anencephalics with hydramnios are
excluded, the mean gestational length of anencephalic pregnancies is
not different from that of normal pregnancies; however, the incidence
of premature and post-mature infants is greater (Honnebier and Swaab,
1973). Pregnancies carrying fetuses with adrenal bhypoplasia are
predisposed to prolongation (Anderson and Turnbull, 1973). The human

fetal pituitary and adrenal do not appear to be as essential to the
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onset of parturition as they are in the sheep. In humans glucocorti-

coids have failed to 1induce parturition (L1géins, Forster, Grieves
and Schwartz, 1977). Whereas, 1in sheep, dexamethasone increased the
maternal levels of Es, 1t decreased them 1n humans by providing a
negative feedback to the release of ACTH, thereby decreasing stimula-
tion of Cl9 estrogen precursor release by the fetal adrenal (Liggins
et al, 1977). Fetal F may not be the trigger to parturition in the
human but it has been shown to stimulate organ maturation that occurs
around the time of birth (Challis, 1989¢). Challis (1980) has sug-
gested that at term fetal adrenal production of Cl9 estrogen precur-
sors may be more important than production of F in the endocrine

events that trigger parturition.

1.5 Prostaglandins and Parturition

The involvement of prostaglandins (PGs) in the control of
myometrial activity has been extensively investigated since von Euler
(1936) identified these compounds as the active material in seminal
fluid that coantracted and relaxed uterine strips (Kurzrok and Lieb,
1930). It is now firmly established that PGs have an important role
in the biochemical and mechanical events at parturition. In this
sextion I will describe changes in the concentrations of PGs and
sites of production at term.

The concentrations of primary PGs and/or their wetabolites have
been shown to increase in the maternal and fetal plasma and amniotic
fluid at spontaneous delivery (Thorburn ‘et al, 1972; Mitchell,
Anderson, Brunt, Clover, Qliwood, Robinson and Turabull, 1979;
Mitchell, Robinson and Thorburn, 1977; Mitchell, Ellwood, Anderson

and Turnbull, 1978; Challis, Dilley, Robinson and Thorburn, 1976;
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Challis, Hart, Louis, Mitchell, Jenkin, Robinson and Thorburm, 1978)
and at delivery induced by intrafetal administration of ACTH or
glucocorticoids (Currie et al, 1873; Kendall, Challis, Hart, Jones,

Mitchell, Ritchie, Robinson and Thorburm, 1977; Mitchell et al, 1979;

Olson, Lye, Skinner and Challis, 1984). The PGs measured include
prostaglandins of the E series (PGE), prostaglandins of the F series
(PGF), a metabolite of PGF (PGFM) and a metabolite of prostacylin
(6~keto PGFla). The rise in the concentration of PGs in the maternal
and fetal plaswmas and asmiotic fluid during the intrafetal
administration of ACTH to induce labour occurs before the appearance
of labour-like activity (Olson et al, 1984).

The concentrations of PGs in the cotyledons are elevated during
dexamethasone (Liggins and Grieves, 1971) and ACTH (Olson et al,
1984) induced labour. Concentrations of PGs in the myometrium are
elevated after the establishment of labour (Liggins and Grieves,
1971). Mitchell and Flint (1978a) demonstrated an enhancement of the
production of PGs by superperfused cotyledons and myometrium obtained
from labouring ewes. High levels of PGs have been measured in the
chorioallantois and these levels increased at labour induced by ACTH
(Evans, Kennedy, Patrick and Challis, 1981). The output of PGs by
dispersed célls from the amnion, chorioallantois and fetal component
of Lhe. cotyledon were significantly elevated after 72 hours of

pulsatile ACTH administration to the fetus (premature labour occured

after approximately 100 hours; Olson et al, 1984).
In pregnsnt women PG levels sre also elevated in the amnioctic
: fluid (Keirse, Mitchell aand Turanbull, 1977; Satoh, Yssumizu, Fukuota,

Kinoshita, Kaneko, Tsuchida and Sakamoto, 1979; Ghodgaonkat, Dubin,

-
‘ Blake and King, 1979) maternal plasma (Satoh et al, 1979; Ghodgaonkar




et al, 1979; Green, Bygdeman, Toppozada and Wiqvist, 1976) and urine
(Satoh et al, 1979, Hamberg, 1974) during labour compared to levels
before labour started. The output of PGs by dispersed cells froam

amnion and decidual tissue is higher ip tissues collected from

patients following spontaneous vagidal delivery compared to output by

tissues collecte{ at elective caesarian section at term but in the
absence of established labour (Skinner and Challis, 1985).
Therefore, in the sheep and humans labour 1is associated with
increased levels of PG in intrauterine tissues and maternal and fetal
fluids which are probably caused by an increase in the production of
PGs from maternal tissues including the myometrium and decidua

-4
(endometrium) and fetal tissues including the chorion
-
(chorioallantois) and amnion. At least in the sheep, these events
precede the onset of labour.

1.6 Control of Myometrial Activity

The pregnant uterus undergoes a period of relative quiescence
which is interruptad at parturition by the onset of enhanced myome-
trial activity. Csapo (1975, 1977) has championed the "see saw"
bypothesis to explain these phenomena. In essence, the activity
state of the uterus at any one moment is governed by the balance
between suppressor and stimulatory forces acting upon the myometrium.
The msintenance of pregnancy would be favoured by an imbalance of
suppressor forces and parturition would result from an imbalance of
stimulatory forces.

1.6.1 Oxytocin

Oxytocin is & well recognized stimulator of uterine contractioans

in pregnant and non-pregnant animals. Administration of oxytocinm to

non-pregnant animsls increases uterine activity (Knaus, 1934; Evans




and Miller, 1936; Rg?;xté' and McCracken, 1976; Soloff, Schroeder,
Chakraborty and Pé;rl-utter, 1977) though the response 1is much
reduced during the luteal phase in the sheep (Roberts and McCracken,
1976) and the cow (Evans and Miller, 1936). During pregnancy; the
response 1is low (Fitzpatrick, 1960; Hindson, Schofield and Ward,
1869) but as term approaches the response increases and 18 maximum at
the time of parturition (Fitzpatrick, 1960). Increasing amounts of
oxytocin have been measured in the maternal plasma at the time of
parturition (Forsling, 1979). Thorburn et sl (1977) have suggested
that oxytocin is not a prerequisite for parturition but serves a
supporting role in labour. Concentrations of oxytocin in the plasma
are very low or undetectable in late pregnancy in the pig (Forsling,
MacDonald and Ellendorff, 1979), the mare (Allen, Chard and Fogsling,
1973) and the goat (Chard, Boyd, Forsling, McNeilly and Landon, 1970)
and show a great increase in second stage labour. ‘
1.6.2 Progesterone

Experiments in rabbits established P4 as the classical
"suppresgor". Uterine activity is high during estrus but declines
with the formation of the corpus luteum (Reynolds and Friedham, 1930;
Knaus, 1930 quoted by Csapo, 1956) and in particular the increased
production of P& (Reynolds and Allen, 1932). P4 inhibits the
response to oxytocin in vitro (Knaus, 1934; Makepiece, Cormer and
Allen, 1935; Csapo, 1961a) and in vivo (Fuchs and Fuchg, 1958; Csapo,
1961a, 1961b; Csapo and Lloyd-Jacob, 1961). During pregnancy the
[P4] in the plasma is high and the responsiveness to oxytocin is
diminished whereas at term, the [P4] is lower and the respons#weness
to oxytocin increases (Schofield, 1957; Csapo and Lloyd-Jacob, 1961).

Effective P4 withdrawal converts s refractory pregnant uterus into an
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active and reactive organ while restoration of P4 restores the
suppression of uterine smooth muscle actiﬁ;ty (Csapo and Takeda,
1965). Exogenous P4 prolongs pregnancy in the rabbit (Allen and
Hechel, 1939).

In the sheep, similar findings support the suppressor function
of P4. Uterine activity also decreases during the luﬁ:al phase both
io vivo (Poloceva, 1942; Mann, 1969; Naaktgeboren, Van Der Weyden,
Klopper, Kroon, Schoof and Taverme, 1973; Croker and Shelton, 1973;
Lehrer and Schindler, 1974; Ruckebusch and Bueno, 1976) and in vitro
(Ambaché and Hammond, 1949; Brinsfield, 1968) when the [P4] 1s
elevated (Stabenfeldt, Holt and Ewing, 1969; Thorburm et al, 1969;
Pant, Hopkinson and Fitzpatrick, 1972). The high [P4] in the plasma
during pregnancy is accompanied by low IFvcls of uterine activity
(Hindson; Schofield, Turner and Wolff, 1965; Hindson, Schofield and
Turner, 1968; Hindson, et al 1969; Mitchell, Flint and Turmbull,
1976; Rawlings and Ward, 1976). At term, when the [P4] in the plasma
is falling, the wuterus no longer behaves as though it were
P4-dominated (chgtsson and Schofield, 1963) and an increase in the
response to oxytocin is observed (Hindsoo et al, 1969).

The effect of exogenous P4 on gestational length is not as
clearcut in the sheep as it is in the rabbit. A single injection of
P4 (80mg) can delay lambing when given during labour (Hjndson et al,
1969), but high doses of P4 (80 or iOOng) or
6-methyl-hydroxy-pregnane-acetate (25-40 mg) administered prior to

T parturition prevented lsbour only to s varying extent angd was
associated with & high degree of fetal wmortality. Injections of
lower doses were without effect (Bengtsson and Schofield, 1963).

Liggins, Grieves, Kendall and Knox, (1972) failed to prolong
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pregnancy with 100mg/day progesterose when parturition was induced by
intrafetal dexamethasone, but labour failed to start with a dose of
200mg/day even though the [P4] in the plasma in these animals and the
labouring animals were not significantly different and were main-
tained at pretreatment levels. Jenkin, Jorgensen, Thorburn, Buster
and Nathanielsz (1985) were able to delay or prevent F induced
premature delivery in pregnant sheep by. administering twice daily
1ntramuscular injections of 100mg P4 to ewes during the time F was
infused 1into the fetus or with a single intramuscular injection of
250:3 medroxyprogesterone acetate given one day prior to the onset of
F administration. These experiments were also associated with a high
degree of fetal mortality. It ;as interesting to note that the [P4]
in fetal plasma of animals in the P4-treated group and the Pé4-
untreated group fell after cortisoi treatment. This occurred while
the [P4] in the maternal plasma remsined elevated and suggests that
P4 in the maternal plasma was not available to the fetal circulation.
1.6.3 Relaxin

Relaxin, a8 6000MW polypeptide, has been studied as a suppressor
of myometrial activity. Admipistration of relaxin inhibits-“spon-
taneous myometrial contractions in several species (Schwabe, Steinetz2
Weiss, Segaloff, McDonald, O'Byrne, Hochman, Carrierre and Goldsmith,

1978; Porter, 1979) including sheep (Porter, Lye, Bradshaw, and

Kendall, 1981) and its effects are almost immediate. Relaxin has

been measured by radioimmunoassay io the plasma of pigs (Sherwood,

Chang, Bevier and Dziuk, 13%75) and rats (Sherwood, Cranekovic, Gordon
and Rutherford, 1980) throughout pregoancy and during parturition.
In both species levels reached s maximum in late pregnancy and fell

at parturition. Similar data for sheep are lacking. Downing and

)
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Sherwood (1985 a,b,c) bave demonstrated that reiaxin inhibits
myometrial contractions during the latter half of pregnancy in rats,
a species in which progesterone is not . inhibitory. In species 1in
which progesterone is inhibitory (cows, sheep) the role of relaxin is
less clear; however, Porter (1586) has proposed that relaxin may have
a similar effect on the myometrium during waning progesterone

domination.

1.6.4 Prostaglandins

Prostaglandins have been shown to tip the ''see saw" as either
suppressors or stimulators but most evidence supports ths‘ftimulator
role. They stimulate uterine activity in various species both "in
vivo" and "ip vitro" (Speroff and Ramwell, 1970).

In the ewe, the uterine response to an infusion of PGs is
different depending upon the time of administration during the
estrous cycle or pregnency. PGF2a increases uterine activity when
infused during estrus in non-pregnant animals (Rexroad and Barb,
1975; Roberts and McCracken, 1976; Carrick and Cupps, 1976) and
during the onset of spontaneous activity in late pregnancy (Mitchell
et al, 1976). The uterus is unresponsive to PGF2a during the luteal
phase (Roberts and McCracken, 1976) and late pregnancy (Liggins et
al, 1972; Oakes, Mofid, Brinkman anq Asssli, 1973). The importance

.
of PGs as stimodators of myometrial coaotractions at parturition has
been supported by evidence describing prolongation of pregnaancy by
inhibitors of PG synthesis (Mitchell and Flint, 1978b; Evans, Kennedy,
Patrick and Challis, 1982). As mentioned previously concentrations

of PGs in the AMF and production of PGs in the intrauterine tissues
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are elevated prior to the onset of uterine activity duriang induction

of labour with ACTH (Olson et al, 1984). Thorburn and Challis (1979)

have suggested thst PGs produced by the intercotyledonary endosmetrium
and fetal membranes may gaitl access to the myometrium and increage
uterine activity.

Lye and Challis (1982) have demonstrated an inhibitory effect of
prostacylin (PGI2) on uterine activity. PGI2 is prodyced by the
myometrium during pregnancy (Jopes, Poyser and Wilson, 1977). The
concentration of 6-keto PGFla, the hydrolytic breakdown product of
PGI2, in allantoic fluid exceeds that of PGE and PGF, two stimulatory
PGs, by several fold for much of pregnancy (Evans,CKennedy and
Challis, 1982). The ratio of 6-keto PGFla:PGE + PGF decreases at the
time of labour. These findings led Lye and Challis (1982) to suggest
that PG synthesis is altered at term in favour of stimulatory PGs.
1.6.5 Sympathomimetics : \/

Stimulation of sympathetic nerve.endings or application of

neurotransaitters can exert excitatory or inhibitory effects on the

contractile activity of the myometrium (see Marshall, 1970),

. 0-Adrenergic agents produce contraction and f-adrenergic agents

produce relaxation. Radioligand binding studies have verified the
presence of o- and B-adrenoreceptors in uterix;e smooth muscle and
have further subclassified them as ol. and a2 and Pl and B2
adrenoreceptors (buman:Bottari, Voher,\l(‘aivez, Lescrainier and
Vauqueliﬁ, 1983a4>; Bottari, Vauguelin, Lescrainer, Kaivez, and
.
Vokaer, 1983; Falkay, 1985; Botteri, Volkaer, Kaivez, Lescrainier
1985; nhcepE Rexroad, 1981; rabbit: Williams snd Lefkowitz, 1976,
1977; Willisms, Mulliken and Leflowitz, 1977; Roberts, Insel,
Gyldfien and, Goldfien, 1977; Hoft"un, Lesbon, Wood, Schocken, and

Lefkowitz, 1979; Hoffman, Lavin, Lefkowitz and Ruffalo, 198l; rat:
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Knall, Mori, Tuck, Lisbon, 4ad Koreman, 1978; Maltier and Legrand,
1985). In the human uterus during pregnancy both oal, and a2adreno-
receptors mediate an increase 1in uterine contractility and are
present in a ratio of 60:40 (al:02; Berg, Anderson and Ryden, 1986).

During pregnancy in several species there is a loss of adrener-
gic innervation of the uterus and a subseqyent decrease io the
concentration of norepi.nephrine, in the myometrium (see Marshall,
1981). The non-pregnant sheep uterus was shown by Sigger, Harding
and Summers (1986)_te-have-areps of adrenergic innervation over all
regions of th‘e' uterus. By day 50 of pregnaancy this was unchanged;
howevér, by day 100 areas of innervation were sGarce over the whole
uterus with the exception of the tubal extremities. The concen-
tration of norepinephrine in the uterus was low and variable in
different regions of the uterus in late pregnancy but the greatest
concentrations were at the tubal extremities. With pregnancy there
“is a reduction in the synthesis of norépinephrine by the guinea pig
uterus followed by a structural degeneration of nerves in the
regions overlying the fetus (Thorbert, 1979; Sporrong, Als, Owman,
Sjoberg and Thorbert, 1981). In humans there is a disappearance of
transmitter and transmitter fonit;g enzymes during pregnancy
(Thorbert, ATA, Bjorkland, Owman, and Sjoberg, 1977) resulting from a
marked reduction in nerve fibres in tbe myometrium (Wikland, Lundbloa,
Dahlston, and Hagbid, 19810).~ Not only is the sdrenergic innervation

of the pregnant uterus altered during pregnancy but so also is the

. adrenoreceptor population. Vailliere, Fortier and Bukowiechi (1978)

demonstrated a decrease in the binding of dihydroergcryptine (an ".
a-antagonist) to isolated rabbit lyo.etriu. in the second week of

pregnancy and a return to normal binding shortly theresfter. The
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binding of dihydrosllpenslol (a B-antagopist) decreased progressively
during pregnancy to 55% of pre-pregnancy levels by the end of
gestation. A

The functional significance of these changes and their relation
to the maintenance of pregnancy and onset of parturition are unclear;
however, the use of PB-agonists as tocolytics has been investigated
(Beniarz, Motew and Scommegna, 1972; Liggins and Vaughan, 1973,
Wallace, Caldwell, Ansbacher and Otterson, 1978).
1.6.6 Mechanisms of Action

The effects of oxytocin to increase myometrial activity may in
part be wmediated by release of PGs. Coancentrations of PGF are
elevated in the plasma of estrogen-treated anestrous ewes (Sharin and
Fitzpatrick, 1974) and late pregnant sheep (Currie, 1974; Mitchell,
Flint and Turnbull, 1975) following intravenous oxytocin. A marked
increase in the release of PGs occurs immediately before deélivery
during the second stage of labour (Currie et al, 1973). The release
of oxytocin in response to vaginal distension is followed by an
incresse in uterovarian venous concentrations of PGF (Flint,
Forsling, Mitchell and Turnbull, 1975). However, the increased
uterine activity following an injection of oxytocin was not inhibited
in the ewe when the production of PGs was suppressed by indomethacin
(Roberts and McCracken, 1976). ft\:gpears that an increase in the
synthesis of PGs is not essential for the stimulatory effects of
oxytocin; however, oxytocino and PGs may act synergistically to
increase myometrial sctivity.

Uterine contractions are generated by ﬁhe ca?’-activated
interaction between the contractile proteins of the uterus, actin and

myosin, and energy rich phosphate, ATP (Csapo, 1961b, 1969a, 1971).
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Therefore, the only direct stimulator of uterine contractions 18
Caz*. Csapo (1977) has suggested that P4 enhances the binding of
intracellular Cﬁz‘, thus decreasing 1ts availability to the
contractile machinery and PGs enhance the influx of Caz+ through and
from cell membranes. Thus, only whem the uterus 1s free from the
influence of P4 158 the effect of PG sufficient to elevate free
1ntracellular Ca?+ to a level required for contraction. PGs are
effective stimulators of uterine coaotractions during the estrous
cycle and during pregnancy when the [P4] 1s low or is declinmiog (see

above).

1.7 Actions of Progesterone and Estrogens

1.7.1 Prostaglandin Production

Es have been implicated in the control of the production of PGs
and hypothesized to cause the increased release of PGs at term. The
coocentrations of Es and PGF in the uterovarian vein rise in parallel
during the last 24 hours of pregnancy (Challis, Harrison, Heap,
Horton and Poyser, 1972; Currie et al, 1973). Diethylstilbesterol, a
synthetic estrogen, administered on day 130 elevated the

concentrations of PGF in maternal cotyledons, w=syometrium and

uterovarisn venous plassma (Liggins et al, 1973). In the oon-pregasnt

ewe, an injection of E2f leads to an increase in the counceantrations
of PGF2a in the caruncles and uterine venous plasma provided that the
animals are primed with P4 (Caldwell, Tillsoan, Brock and Speroff,
1972; Ford, Weems, Pitts, Pexton, Butcher and Inspeek, 1975; Louis,
Parry, Robinson, Thorburn and Challis, 1977; Scaramuzzi, Baird,

Boyle, Land and Wheeler, 1977; Rexrocad, 1978).




Several lines of evidence argue against Es as being the cause of
the 1incressed production of PGs at term. Rawlings, Pant and Wward
(1978) observed that passive immunization against unconjugated Es did
not affect gestational length or the normal rise 1o maternal venous
plasma concentrations of PGF during parturition. Kendall et al
(1972) showed that the levels of PGFM 1n maternal plasms rose during
labour i1nduced prematurely by ACTH administered to hypophysectomized
fetuses despite the absence of any change in the concentration of Es.
These results suggested that the production of PGs at term 1s not
dependent oo any change 1n the concentration of Es and that other
wmedirators of PG release are present.

The role of P4 in the control of the production of PGs 1s
unclear. In addition to 1its '"priming" role in estrogen-stimulated
release of PGs, P4 also increases tt:;eoprbduction and release of PGs
from caruncles (Louis et al, 1977). However, a decline in the [P4]

in the plassa in pregnant and nom-pregmant ewes leads to further

releagse of PGs (Challis, Forster, Furr, Robinson and Thorburn, 1976).

Mitchell and Flint (1977) showed that a temporary reduction of P4 in

maternal plasma following administration of cyanoketone, an inhibitor
of t.l:e conversion of PS5 to P4, led to an increase in the
concentration of PGs in the wmaternal p'luua; however, peak
concentrations of PGs were achieved at s time when the [P4] had
returned to pretreatment values. There was no change in the levels
of unconjugated Es in uterovarian venous plassa in this study. In
high doses, P4 blocks the release of PGs follow’ix:lng intramaternal

diethylstilbesterol and intrafetal dexamethasoné administration

(Liggins et al, 1973).




P4 and Es can influence the output of PGs fros endometriua. E28
stimulates output of PGF20 from secretory endometrium obtained from
non-pregnant women msaintained 1n tissue culture (Abel and Baird,
1980). In the same study P4 inhibited output of PGF2a and blocked
the stimulatory effect of E2B. Schatz and Gurpide (1985) localized
the effects of E2B to the glandular cell epithelium. Using decidual
cell preparations from tissue obtained from pregnant women at elec-
tive cesarean section, Olson, Skinner and Challis (1983), demon-
strated a modest increase 1in the output of PGE2 and a reduction
1n the output of 6-keto-PGFla, a breakdown product of PGI2, froe
cells exposed to E2B. These authors reasoned that such an effect
could alter the ratio of stimulatory PG's (PGE2) to inhibitory PG's
(PGI2). To date pno studies have been performed assessing the direct
effects of P4 and Es on PG output by fetal membranes or any of the
intrauterine tissues of pregnant sheep.

Regulators of the release of PG may influence the stability of
lysosomes which contain the enzywe, phospholipase A2, that release{/
arachidonic acid, a precursor of PG synthesis, from phospholipid
stores. Under the influence of P4, 1lipid droplets accumulate in
endometrial epithelial cells of ovariectomized sheep, whereas, Es
cause their depletion in P4-pretreated ewes. The possibility that
these droplets contain fatty acid precursors for the synthesis of PGs
has been suggested (Louis et al, 1977). In humans, decidual aad
amnion lysosomes are pariicularly susceptible to fracture at the time
of labour (Gustavii, and Brunk, 1974; Schwarz, MacDonsld and
Johnston, 1980). Studies are still thuire‘ to democastrate direct
effects of P4 and estrogens on lysosomal stability. Recently,

Saitoh, Hirato, Tsahars, Ogawa, Noguchi, Ysnaihara, and Nakayama
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(1984) demonstrated that phospholipase A2 activity in human amnion
could be stimulated by DHEA-S, P5-5 and E1-S.
1.7.2 Oxytocin Receptors

The responsiveness of the uterus to oxytocin s i1nfluenced by Pé
Vsl

and Es (see above). The high concentrations of Es which occur at

estrus and at parturition are associated with high uterine

‘ responsiveness to oxytocin, but the high [P4] during the luteal phase

and throughout pregnancy 1s associated with little or no respoase to
oxytocin (see asbove). Administration of estrogen to ovariectomized
ewes increases uterine responsiveness to oxytocin (Hays and Van
Demark, 1953a,b; Fitzpatrick, 1960; Follett and Bently, 1964; Jones
and Knifton, 1975; Carrick and Cupps, 1976; Parkington and Lipton,
1976) while administration of P& decreases responsiveness (Fuchs and
Fuchs, 1958; Jones and Knifton, 1975; Carrick and Cupps, 1976). In
other species such as the rat and guinea-pig the uterus remains
oy,

responsive to oxytocin during some or all of pregnancy and, in the
guinea-pig, administration of P4 does not decrease oxytocin
responsiveness (Newton, 1933; Bell and Robson, 1936; Grieg, 1939;
Fuchs, 1969; Porter, 1970, 1971).

The effects of steroids on responsiveness to oxytocin may be
mediated by altering the concentration of the receptors for oxytocin.
During pregnancy the concentrations of oxytocin receptors in the
uterus are low but, at term, rise abruptly to reach a peak at labour
before declining significantly by 24 hours post-partum (Soloff,
1979). Administration of estrogen increases concentrations of
oxytocin receptors and administration of P4 reduces them (Soloff,

1975, 1979; Nissenson, Flouret and Hechter, 1978).
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1.7.3 Adrenergics

The adrenergic coantrol of uterine contractility cao be altered
by P4 snd Es. .The response of the uterus to adrenergic stimulation,
whether it be induced directly by catecholamines or by sympathetic
nerve stimulation, can be 1ncreased by Es or decreased by P4
(Neshien, 1972, 1974; Miller and Marshsll, 1985). In rabbits
ovariectomy is followed by a decrease in thé norepinephrine content
(Bodkin and Harper, 1973; Kennedy and Marshall, 1977; Sjoberg, 1962)
and turnover rate (Kennedy and Marshall, 1977) in the uterus. The
porepinephrine content and turnover rate are thought to be
indications of adrenergic innervation. Bell and Malcolm (1978)
proposed that the loss of adrepergic innervation in the pregnant
human uterus was caused by P4 secreted by the placenta. In contrast,
the norepinephrine conteant of the guinea pig uterus is higher during
anestrus, when the circulating P4 level is higher than theﬂésirogen
level, than during estrus when the uterus is subject to estrogen
predominence (Thorbert, Alm and Rosengren, 1978). Despite these
differences it is clear that P4 and Es can alter the sympathetic
nervous control of uterine contractility. In ad&ition, the
adrenoreceptor population can be altered by P4 and Es. In the
rabbit, Es incresse and P4 decrease the number of a-adrenoreceptors
(Williams and Lefkowitz, 1977; Roberts, Insel, Goldfien and Goldfien,

1977). The effect is limited to a2-adrenoreceptors (ggfﬁlhn et al,

rd
1981) and there is no effect of P4 or Es on ,ﬁiadrenoreceptors

(Roberts et al, 1977). In sheep Rexroad (1981) demonstrated
increased binding to a-adremoreceptors during the luteal phase and
following P4 treatment to ovariectomized ewes. Binding to

f-adrenoreceptors was increased early in the reproductive cycle and




followang E2 treatment to ovariectomized ewes. In rats, Knall et al
(1977) found no effect of the estrus cycle on adrenergic receptor
levels but did show an increased binding to B-adrenorecepto;s
following E2 treatment to ovariectomized rats. In humans, E2
increases binding to a2 and Bl adrenoreceptors but has no effect on
al on B2 adrenoreceptors. The effect of E2 can be counteracted by P4

(Bottari et al, 1983, 1985).

1.7.4 Gap Junctions

Garfield andlgis collaborators have reported the appearance of
gap junctions between myometrial smcoth muscle cells of the rat,
gui:fa p1g, sheep and human shortly before, during or immediately
after delivery of the fetus at normal term (Garfield, Sims and
Daniel, 1977; Garfield, Sims, Kaonorn and Daniel, 1;78; Garfield,
Rabideau, Challis and Daniel, 1979; Gatfield, Kannan and Daniel,
1980). Gap junctions were not found or were present only with a low
fxequency in ﬁon-pregnant animals or at sny other time during preg-
nancy (Garfield et al, 1978). Garfield et al (1979) have proposed
that gap junctions are essential for normal labour and delivery
because they pefnit the synchronization of uterine activity. In the
rat, estrogen stimulates the formation of gap junctions whereas P4 in
the presence of estrogea inhibits their formation (Garfield et al,
1979, 1980). In sﬁeep, the appearance of gap juactions have been

correlated with increasing E:P4 ratio (Garfield et al, 1979).
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1.7.5 Uterine Blood Flow
Changes in uterine blood flow have been linked to changes in the b
concentration of Es in the maternal plasma. Uterine blood flow is
highest during estrus (Greiss and Anderson, 1969) and can be
increased by exogenous Es (Huckabee, Crenshaw, Curet, Mann and
Barron, 1970; Greiss and Anderson, 1970; Killam, Rosenfeld,
Battaglla, Makowski and Meschia, 1973). Uterine blood flow also
shows a great increase towards the end of gestation (Rosenfeld,
Morris, Makowski, Meschia and Battaglia, 1974) when the concentration
of Es 1s elevated, and can be increased by exogenous Es during the
last 50 days of pregnancy (Resenfeld, Morris, Battaglia, Makowski and
- Meschia, 1976). The hormonal control of uterine blood flow 1is
selective, with Es increasing blood flow in favour of the myou‘trium
and P4 favouring increased flow to the caruncles (Rosenfeld et al,

1976; Anderson, Hackshaw, Still and Greiss, 1977).

e am meAta A - 5 b iiee




RATIONALE

During pregnancy and at parturition, the influence of P4 and Es
on the myometrium, endodetrium and fetal‘;c-branes may be important
with respect to the physioclogical mechanisms involved in the control
of myometrial activity. The effects of P4 and Es may be mediated
through alterations in PG production, gap junction formation, and
intraceilular and plasmalemmal protein synthesis. Changes in the
concentrations of P4 and Es in intrauterine tissues throughout
pregnancy and at parturition have been inferred from changes in the
concentrations of these steroids in the maternal asd fetal plasmas.
As~¥EscTiB&d I the lI1¥eratureé review, the coucentr;tions of P4 and
Es in the maternal and fetal plasmas have been well documented aand

change in response to changes in their production by the placenta.

Thus, the predominant influence affect}ng concentra;ions of P4 and Es

in the intrauterine tissues has been assumed to be endocrine; ie, via
the circulation, It has not been proven whether or not the plaéna
concentrations are the sole factor influencing levels of P4 and Es 1o
the intrauterine tissues. It would be important to know whether the
changes in the concentrations of P4 and Es that occur in the fetal
and maternal plasaa throughout pregnancy and ;; parturition also
occur in the intrauterine tissues.

Steroids in the fetal fluids may be available to the fetal
membranes. The coqsgnttationl of Es in the fetal fluids have been

measured throughout gestation and around parturition (Carnegie and

Robertson, 1978; Challis and Patrick, 1981) and compared to those in

38




A, S AW ST By BT, e e

o m ey .

the maternal and fetal plasmas (Challis and Patrick, 1981). Similar
studies on P4 are lacking. I will describe the concentrations of P4
1n the ammiotic and allantoic fluids throughout Rregnancy and “at
parturition and compare then to those measured in the maternal and
fetal plasma. I will discuss the findings in relation to the earlier
finding for Es.

The patterns of changes 1n the concentrations of P4 and Es 1in
the intrauterine tissues have not been reported. A few studies have
measured concentrations of P4 and Es in the myometrium although the
number of samples studied at any particular gestational age were
small. I will describe the concentrations of P4, El and E2B in the
myometrium, endometrium, chorion and ammion obtained from pregnant
sheep at different gestational ages and in labour.

In addition to steroids reaching the intrauterine tissues via
the circulation and fetal fluids, .local concentrations within the
tissues may be increased by 15cal production or decreased by local
metabolism. I have performed experiments to determine the ability of
intrauterine tissues to synthesize and/or wmetabolize P4 and Es.
Samples of myometrium, endometrium, chorion, allantois and amnion
were obtained from pregnant sheep at different gestational ages and
in labour and the ability of these tissues to synthesize and/or

metabolize P4 and Es was analyzed in homogenate preparations and/or

dispersed cells.
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GENERAL TECHNIQUES AND MATERIALS

3.1 Introduction

The following anatomical description of the pregnant sheep
uterus is summarized from several excelleat reviews (Amoroso, 1952;
Boyd and Hamilton, 1952; Steven, 1975; Wintour, Laurence and

Lingwood, 1986). The growing fetus is surrounded by several layers

_of maternal and fetal tissues. The uterine wall (mater:z’bﬂconsists

of the smooth muscle of the myometrium and the underlyigf stroma and
epithelisl surface of the endometrium. The fetal chorion lies
adjacent to the entire surface of the endometrium. The endometrial
mucosa of the non-pregnant ewe possesses about 100 caruncles which
are localized thickenings of sub-epithelial dense connective tissue
projecting into the uterine lumen. During pregnancy the fetal
chorion invades these areas of endometrium forming villus prolifer-
ations known collectively as a cotyledon. These structures comprise
the.sheep placenta. Within the chorion lie the amniotic and allan-
toic fluid ¢gppartments.

““\~_~\\‘ The cotyledonary placenta has been classified as a syndesmo-
chorial placenta based oﬂ the type of fetal and maternal tissues
juxtaposed in the cotyledons (Amoroso, 1952). 'In this type of
placenta, the chorionic ep{thelium is in contact with endometrial
connective tissue, the endo-cirial epithelium having been denuded at

implantation. More recently, Woodiog (1980) has shown with electron

microgscopic studies that an endometrial epithelial layer is present
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in the placenta. Separating the fetal and matergpl circulations are,

therefore, fetal endothelium, fetal connective tissue, chorionic

epithelium, maternal epithelium, maternal connective. tissme and
maternsl endothelium. The fetal component of the placenta develops
as villus projections of fetal ectodern vluch later contain cores of
mesoderm and branches of allantoic vessels.

The chorion is derived from extra embryonic ectoderm and ‘meso-
derm. The 12 day old blastocyst consists of an inner cell mass
(embryonic) at the pole of a bilaminar arrangement of extra smbryonic
ectoderm and endoderm. A layer of mesoderm forms in between the
ectoderm and endoderm forming Lhe'chorion (ectoderm and mesoderm) and
the yolk sac- (endoderm and mesoderm). .The extra embryenic coelom
forms as a cavitation in the mesoderm through the en"e extent of
the blastocyst wall, sepa;‘ating the chorion from the yolk sac.

The amnion forms from an elaboration of ectodermal tissue over
the inner cell mass. It expands as a fluid filled cavity t¢ occupy
space in the extra-embryonic coelom. It comes in contact with the
chorion forming the chorioammiotic membrane.

The allantois develops from a diverticulum in the hind gut
consisting of endoders and mesoderm. During the fetal period of
growth, the allantoic cavity i; continuous with the cranial pole of
the fetal bladder via the urachus in the umbilical cord. With the
amniotic cavity t{;e aliantoic expands as s fluid filled cavity to
occupy the entire extra-embryonic cqeluam. The allantoic mesoderm

<

a . .
comes in contact with the chorionic mesoderm and contributes to the

vascularization between choridn and allantois '(chofioallantéic

-

membrane).




3.2 Collection of Plasmas, Feta]l Fluids and Tissues

3.2.1 Anesthetized Anisals

Samples of fetal and maternal blood, sampiotic and allantoic
fluid, (AMF and ALF, respectively) and intrauterine tissues were
obtained from anesthetized animals at different gestational ages.

~

Gestational age was based yupon single insemination dates with a
raddled ram and was confirmed by fetsl »crovn-n;p length and weight
which were compared to Barcroft's (1946) published figures at the
time of sacrifice. Anesthesia was induced with nesbutal and was

ssintained by nsing’ a 50:50 nitrous oxide-oxygen mixture and 2-3%
halothane :.'it.h a2 flow rate of 2-3 L/min. The uterus was exposed
through an sbdominal midline incision (Plate 1). Samples of maternal
blood veie' dbtained si.-ultanec.msly from the msgternal jugular vein and
a lgin uterine vein draining the Npregntnt uterine bora. An incision
was made through the lyo-etriu; (MYO) to the endometrium (ENDO)
(Plate 2) and the MYO wal‘peeled off (Plate 3) and collected. A
‘secoud incision was made through the ENDO to the intercotyledonary
chorion (CHOR) and the ENDO was peeled off (Plate &) and c)llected.
. A greater surface srea of chorion was exposed (Plate 5). A third
.incision was made in the CHOR to the underlying ammion (AMN) and
allanioiy (ALL) and ths CHOR wvas peeled off and collected. The
miotic*and allantoic cavities were better exposed (Plate 6, 7).
The continuity between the allaatoic cavi:ty and the urachus, and the
umbilicsl vessels are shown in Plate 8. Ssmples of ALF and AMF were
“

collected by meedle puncture. Samples of AMN and ALL were collected.

Several cotyledons wers dissected from adjoining intrad¥erine tissues

and collected. ?a-plea of blood were collected from the umbilical

‘artery and the ilicsl vein by needle puncture. The animals were

killed with intrjvenous euthsnol. -




Plates 1-4: Collection of tissues from the pregnant sheep

uterus (M, myomsetrium; E, endometrium; C, chorion).
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Plates 5-8: Collection of tissues from pregnant sheep uterus
(C, chorion; AM, amnion; AL, Allantois; a, umbilical artery;

v, umbilical vein; U, urachus)
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3.2.2 Conscious Animals

Some sheep were prepared for chronic studies as described
previously (Manchester, Challis, Maclennan, Patrick and Workewych,
1979). Catheters were introduced into the fetal carotid artery and
jugular vein. Omne or two catheters were introduced into the ammiotic
cavity and one catheter was introduced ianto the allamtoic cavity.
The maternal femoral artery and femoral vein were also catheterized.
Surgery was performed between days 115-130 and at least 5 days
elapsed after surgery before sampling was commenced. Samples of
maternal and fetal bloods and fetal fluids were obtained over the

last two weeks of pregnancy.

3.2.3 Labour

Animals destined to proceed to labour had a free floating
amniotic fluid catheter connected to a pressure tramsducer (Statham)
for continuous recordings of intra-amniotic fluid pressure oo a
polygraph recorder (Grass polygraph D.C. Driver Asmplifier, Model
7DAC). Labour was defined as successive elevations of pressure
measuring 30 mmHg for 2 min. occuring every 5 min. It has been
established previously that once this pattern of uteripe activity had
started, lambing would normally occur within 12 hours (Lye, Sprague,
Mitchell and Challis, 1983). Labour occurred in our population of

sheep between day 140 and day 150.

3.2.4 Storage of Samples
Bloodg were collated into heparinized syringes. Bloods and
fetal fluids fxo-' unconsg‘.oul ewes were transferred to tubes and

frozen immediately in an acetone-solid carbon dioxide bath. Blood
. Vd
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: and fetal fluids from conscious ewes were collected into chilled
; tubes, centrifuged at 4°C for 15 min. at 18008 and the plasma and
supernatant fractions from the fetal fluids stored until analysis.
é Samples of each tissue to be analyzed for the concentrations of
§ steroids or the sub;ellular enzymatic activities were frozen
immediately after collection in a solid CO,/ acetone bath. Tissues
for cell dispersion were collected into saline and maintained on :ice.
All frozen samples were stored at -20°C.
3.3 Materials
The following materials were purchased from the companies
indicated:
In vivo experiments:
ACTH (Synacthen, ACTHI-ZA) Ciba-Geigy Co.
Ardsly, New York
Antibiotics - Pen-Di-Strep Rogur STB Inc.
) Montreal, Quebec ~
: - Crystapen Glaxo Canada Ltd.
? ’ Toronto, Ontario
catheters (Bolab V4, V10) Bolab Inc.
! Lake Havsu City, Arizona
% heparin Allen and Hanburys
i Toronto, Ontario
‘ .

. pentothol Abbot Laboratories {

Montreal, Quebec

| P T
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saline

In vitro experiments:

absolute alcohol

bovine serugs albumin

collagenase

-

dextran T70

dry chemicals

B-mercaptoethanol

organic solvents
PPO (2,5 diphenyloxazole)

radioactive steroids

steroids

TLC plates - Anapil GF

e - e f s Ny -

Travenol Laboratories Inc.

Malton, Ontario

Commercial Alcohols Ltd.
Scarborough, Ontario

Sigma Chemical Co.

St. Louis, Missouri

Sigma Cheaical Co.
Boehringer Mannheim Canada
Dorval, Quebec

Pharmacia Fine Chemicals HB
Uppsula, Sweden

Fisher Scientific Co.

Fair Lawm, New Jersey

J.T. Baker Chemical Co.
Phillipsburg, New Jersey
Sigma Chemicals Co.

Fisher Scientific Co.4w
J.T. Baker Chemical Co.
Caoadian Scientific Products
London, Ontario

New England Nuclear Corp.
Boston, Masschusettes
Sigma Chemicals Co.
Steraloids

Wilton, New Hampshire

Analabs
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North Haven, Connecticut

Terochem Laboratories Ltd.

Mississsuga, Ontario
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CHAPTER 4

CONCENTRATIONS OF PROGESTERONE IN FEI‘} FLUIDS AND MATERNAL

AND FETAL BLOOD

4.1 Introduction

Challis et al (1981) measured progesterone (P4) in the ammiotic
fluid (AMF) and allsatoic fluid (ALF) during late pregnancy.
However, the changes in the concentrations of P4 and apy relation to
variations in fetal and maternal plasma concentrations of P4 during
pregnancy have not been established. This chapter describes the
concentrations of P4 in the AMF and ALF of pregnant sheep and
compares the patterns of change throughout pregnancy to those in the

maternal and fetal plasmas.

4.2 Materials and Methods

4.2.1 Acute Experiments
Thirty-three sheep of known gestational age were used. Four
stages of pteg;:ncy were studied: day 50 {p;nc animals), day 100 (six
animals), day 130 (n{ge animals) and days 145-347 }ter-; nine
animals). Samples of blood from maternal jugular vein, uterige vein,
umbilical artery, umbilical vein, and samples of AMF and ALF were
collected from gnelthetizcd pregnant ewes. All fluids and plasmas
were not always collected from a single animal.
4.2.2 Chronic Experiments )
Sixteen sheep were prepared for serial sampling of maternal and

fetal plasmas and AMF and ALF. Samples of fetal arterial blood

(2ml), wmaternal arterial blood (5ml) .and AMF (5al) were collected
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between 0900-1100h at 1iptervals of 1-2 days. Insufficient ALF

samples could be collected for analysis from chronically catheterized

animals.

4.2.2 Radioimmunoassay

The concentrations of P4 were measured by radioimmunoassay
(Erickson, Challis and Ryan, 1974) using an antiserum (kindly donated
by Dr. B.J.A. Furr, ICL Ltd., Macclesfield, England) whose cross
reactivities have been described previously (Glickman, Carson and
Challis, 1979; see Appendix 2). The recovery of P4 added to Krebs-
Ringer solution at concentrations between 0.125 - 1.0pg/ml was
described by the relationship y=0.001+1.03x, where y was the amount
of P4 recovered and x was the amount of P4 added. The intraassa§
coefficient of variation over this concentration- range was 12.5%, and
the interagsay coefficient of variation was 13.6%. The specificity
of the antibody was assessed fu{ther by.neasuring the {P4] in 6-12
random samples of maternal and fetal plasma, AMF and ALF either
directly after ,extraction with petroleum ether (boiling point,
40-60C) or after extraction and purification using micro-~celite
chromatography (Challis, Davies and Ryan, 1573). Correction was made
for methodological losses. The regression and correlation coeffi-
cients were as follows: maternal plasma (n=12 samples), y=0:65 +
1.029x and r=0.986; ™ fetal plasma (n=12), y=0.008 + 0.909x and
r=0.962; AMF (n=6), y=0.147 + .763x and r=.986; and ALF (n=12),
y=0.082 + 0.929x and r=0.913, where y is the amount of P4 measured
without chromatography, x is the amount of P4 measured after micro-
celite chromstography, and r is the correlstion coefficient. These

results indicate that some factor is interferring with the estimation

~
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Therefore, the concentrations of P4 1n the AMF are probably over-
estimated.

In a further sample of each fluid, P4 was extracted using
petroleum ether, and to the dried extract were added 1200 DPM [3H]-
progesterone (2,4,6,7-3H(N)-progesterone, 3H-P4; SA 90-115Ci/mmole),
purified previously by thin layer chromatography (TLC) in the solvent
system benzene-ethyl acetate (3:2, vol/vol). The samples were dried,
redissolved in 1.0ml isooctane, and applied to micro-celite columns
(Challis et al, 1973). The concentrations of P4, determined by RIA,
and radiocactivity, determined by liquid sciagtillatiom counting, in
successive 0.5@w] eluate fractions were m;anured. Figure 2 shows for
each type of sampleé the cochromatographic profile of the authentic
3H-P4 with the materisl measured by RIA. The similarity of the
specific activities in the peak fractions of the different samples is

a further indication of the specificity of the RIA measurements.

—

N
»

4.2.3 Analyses of Results

Results are presented as the mean * SEM. The effect of gesta-
tional age on mean concentrations of P4 was assessed with one way
analysis of variance. The data were transformed logarithmically
when Bartlett's test revealed heterogeneity of variance. Comparisons
between multiple mean hormone concentrationi were made using Duncan's
analysis. Comparison between the means of two groups or between
pairs of samples was made using the Mann-Whitney U test or the

Wilcoxon paired sample test, respectively (Zar, 1974).

4.3 Results

e -
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e




FIGURE 2. Elution profiles from micro-celite columns of
- added [3H]-progesterone and endogenous radioimmunoassayable
progesterone in samples of fetal plasma, maternal plasma,
AMF, and ALF from she‘ep in late pregnancy. Successive 0.5 m} '
isooctane eluates were assayed for [3H]-progesterone by ~
scintillation counting and for progesterone n;ss /by RIA. The
specific activities (counts per min/pg) thtb”ﬁ/gh the major
peak samples are indicated. The first eluate was collected

\
after the elution of the first 1.0ml corresponding to the

application of sample.
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4.3.1 "Acute Experiments
The mean ([P4] in AMF and ALF rose progressively throughout

1

pre';qxnc.y (Fig.__'B). In both fluids the average concentrations at
térm were significantly higher than those measured on days 50-and day
100 (both P< 0.05), although the values at term were not signifi-
cantly different from the concentrations on day 130 (P>0.05).

The change in the [P4] in AMF and ALF showed a rise similar to
that of the [P4] in:the maternal peripheral, uterine venous,
umbilical arterial, ‘end umbilical venous blood samples between days
50-130 (Fig. 3). However, while the mean [P4] in the fetal fluids
remained elevated near tez“, the average P4 .vn}ue; degreased in the
blood samples taken at this time.

4.3.2 Chronic Experiments
To exuine the uniformity of the [P4] in the AMF and to d‘eter-

-

nine‘vhether single samples ot.' AMF would provide representative
infor;ation in .later studies, ‘I -’e-nilred P4 dn 39 paired samples of
AMF and found good correlation between the {P4) in samples taken froam
the two catheters (A snd B). The relation could be expressed by the
equation y=0.013 + 0.92x, (r=0.95), where y and x are the concen-
trations /'(m nanograms per -1) in samples uke!a from catheters A and
B, respectively. In chronically cat.ﬁeterized pregnant sheep, the
mean (P4] in AMF rose from less th;an 300 pg/ml 2 weeks before partur-
ition to 866 265 (SEM; u=6) pg/ml on the day of delivery (P<0.05;
Fig. 4). The (‘Pl»]‘_lin AMF in the chronic studies were similar to
¢ those found in acute experipents at comparable times of gelt;tion
(day 130: chromic, 247 t 74 pg/ml (n=8); acute 323 t 140 pg/ml (n=8)]

and st term [chromic, 669 t 162 pg/ml (n=12); acute 697 t 268 pg/ml

J
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FIGURE 3. Mean concentration (SEM; n=4-9 determinations) of

progesterone in maternsl jugular venous blood (MPV), uterine

vein (UV), umbilical artery (Umb A), umbilical vein (Umb V),
AF, and ALF on dsy 50, day 100, day 130 and at terms 10

pregnancy.
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, (n=6)]. 1In contrast to the pattern in AMF, the mean (P4] in maternal

plasma decreased significantly during the 5 days before bairth
(P<0.01). In fetal blood, the [P4] measured ’ﬂlth.m 24 hours of
birth (1.95 & 0.27 ng/ml; n=8) were significantly lower than those
found on days 6 and 7 or days 8 and 9 pre-partum [4.41 2 0.95 ng/ml

(n=6); 4.89 * 0.84 ng/ml (n=7), respectively; both P<0.05].

4.4 Discussion

1 have shown that P4 is present ip the AMF and ALP of pregnant
sheep. These results coofirm the earlier finding of Challis et al
(1981). In both fetal fluid compartments, P4 values increased during
late pregnancy. The mean concentrations of P4 in maternal and fetal
plasma were generally higher than those in the fetal fluids aad, in
contrast, decreased -before parturition. The fetal membranes might,
therefore, be exposed to an increasing [P4] at parturition.

‘ In AMF, it is possible that the increase in the [P4] reflects a
decrease in fluid volume during late pregnancy (Malan, Mslan aud
Curson, 1537) rcl/ative to the secretion of P4 into the fluid cospart-
ment. This argument, however, would not explain the observations
made earlier in pregnancy whe; the volume of AMF is incru;ing. The
volume of ALF increases throughout pregnancy, such that near term it
is twice' that of the AMF (Malan et al, 1937). It seems unlikely,
therefore that alteratioas o‘f ALF volumse would account for the
changes in the [P4]. The clesrance of P4 from the AMF and ALF has

not been measured. It is possible that a decrease in the clearance

rate of P4 from AMF and ALF or an increase in the addition of P4 via

fetal urine sccounts for the rise in concentrstion that were observed.
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FIGURE 4. Concentration of progesterone in relation to day
of parturition (day 0) in samples of AMF, maternsl plasma,
and fetal plasmas from chronically catheterized sheep. Each
value is the mean t SEM for 3-13 observations in AMF and 3-8

observations in maternal and fetal plasma. N
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The origin of P4 in the fetal fluids and the wmechanisms of 1its
¢learance from the fluids have not been established.

A similar rise in the [P4] in AMF has been reported during late
pregnancy 1n the rhesus msonkey (Challis, Hartley, Johnson, Patrick,
Robinson and Thorbura, 1977). In this species, the possibility
ex1sts that the fetal adrenal contributes to the levels observed
(Challis et al, 1977; Novy, 1977). In women, the [P4] 1n the AMF
decreases slightly in late gestation (Johansson and Johansson, 1971)
during a time when the maternal plasma [P4] remains elevsted
(Tulchinsky et al, 1972). Gibb, Lavoie and Roux (1978) have
demonstrated the conversion of pregnenolone to P4 1n fetal membranes.
Thus the fetal membranes may be a source of P4 in the fetal fluids.
In subsequent chapters this possibility 1s explored in the pregnant
sheep.

Iavestigators (Carnegie and Robertson, 1978; Challis and
Patrick, 1981) have also measured estrogens (Es) in AMF and ALF.
Carnegie and Robertson (1978) first detected Es in both the AMF and
the ALF on day 30. The concentration of estrone sulphate [E1-S] 1in
both fluids peaked around day 50 at values much higher than those in
the fetal or maternal plasmas. The [E1-S] in the ALF declined
sharply between day 50 and day 60 whereas that in the AMF declined
gradually between day 50 and day 100. The [EllS] in the ALF, but not
the AMF peaked again by day 100. In the ALF, the psttern of changes
in the [El] was similar to that of the [El-S] but at much lower
values. The {E1l] tn the AMF remalned lowv throughout geststion. The
pattern of changes in tHe concentration of estradiol sulphate [E2-S]
vas similsr to that of the [E1-8] in the ALF throughout pregnancy and

in the AMF up to day 90. In the AMF the values fluctuated without
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discernable pattern bet'ween day 90 and day 140. The (E2] 1n both
fluid compartsents remained low throughout gestation. Challis and
Patrick (1981) compared the [El]) and the [E2B] 1o the AMF and ALF at
several different gestational ages to those .in the maternal and fetsl
plasmas. Their findings coafirmed those of Carnegie and Robertson
(1978) and showed the [El] and the {E2B] in the AMF and ALF
throughout pregnancy to change independently from those i1n maternsl
and fetal plasmas. During the last few days of pregnancy, however,
they reported a rise in the concentrations of both El and E2f8 1n the
AMF occuring concurrently with a rise in the fetal and maternal
plasmas. -~

In summary, P4 and Es are present in the ALF and AHF and their
conccbtrations'change either concurrently with, 1no the absénce of, or
opposite to changes in concentrations in the maternal and fetal
plasmas. It 18 uncertain whether changes in the concentrations of P4
and Es in the l'atemal plasaa, fetal plaama, or fetal fluids reflect
changes in the” intrauterine tissues. The following chapters report
concentrations of P4, E1 and E2B in the myometrium, endometrium,

chorion and amnion throughout pregnancy and at the time of labour.
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CHAPTER 5

CONCENTRATIONS OF PROGESTERONE

IN INTRAUTERINE TISSUES

5.1 Introduction

Liggins et al (1972) found a close similarity between the
concentrations of progesterone (P4:ng) per milliter of peripheral
plasma and per gram of myometrium (MYO) in ewes in late pregnancy.
This finding would suggest that the concentration of P4 ([P4]) in the
MYO falls in those sheep which deliver. at term. \Liggins g al (1972)
did report a decrease in the [P4] in the MYO of sheep induced to
deliver by an intra-fetal infusion of dexamethasone. However, these
authors failed to inhibit induced premature iabour with P4 and in
these experiments the [P4] in the MYO of animals in labour showed no
fall in values compared wit.h normal controls. Rawlings and Ward
(1976) found & similar pattern of change in the [P4] in the MYO as
that found in the plasma (Bassett et al, 1969); however, they did not
detect a fall in the [P4]) in the MYO prior to parturition. Since
these authors measured P4 in the MYO of only two animals on the day
of parturition they may have missed any significant change. In
addition, measurements of P4 in the endometrium (ENDO) and fetal
sesbranes (chorion, CHOR; amnion, AMN) have not been reported pre-
viously. Since the production and release "of prostaglandins by

these tissue may be controlled by P4 (Thorburn and Challis, 1979),
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1t would he 1important to know the effect of gestational age and
labour on the endogenocus concentrations of P4.

This chapter describes the {P4] in the MYO, ENDO, CHOR, and AMN
of non-labouring animals at different gestational ages and of
labouring animals. Labour either occurred spontaneously at term or
was induced premsturely by the pulsatile administration of ACTH to
the fetus (Lye et al, 1983), This study was performed to determine

if any changes occur in the [P4] in the intrauterine tissues that

_might be involved in the triggering mechanisms of parturition.

5.2 Materials and Methods

5.2.1 Animals

Fifty-five sheep of known gestationsl age were used in this
study. In the first experiment samples of MYO, ENDO, CHOR, and AMN
were obtained from pregnant ewes on day 50-60 [MYO, n=11; ENDO, n=4;
CHOR, n=7; AMN, o=7], day 100 [MYO, n=4; ENDO, n=4; CHOR, n=3; AMN,
n=3]}, and days 1@0-135 [H;;, n=9; ENDO, n=9; CHOR, n=10; AMN, n=10]
and at spontaneous labour at term [days 140-150; MYO, n=11; ENDO,
a=9; CHOR, n=9; AMN, n=7]: In the second experiment, ACTH (66 ng/min
for 15 ain every 2h) in saline or saline alone was administered to
the fetus beginning on day 128 of gestation. Samples of tissue were
collected from the animals treasted with ACTH sfter induction of
labour (~100 hrs)(MYO, n=6; ENDO, n=4; CHOR, n=5; AMN, n=5) and from
the animals treated with saline after 100 hrs (MYO, n=8; ENDO, n=4;
CHOR, o=5; AMN, 0=5). All of the differeat tissues were not col-

lected from each animal because of difficulties with tissue separa-

tion and identification.

o
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5.2.2 Concentrations of Progesterone

The {P4] in the tissues was measured by radioimmunocassay (RIA)
using an antiserum (kindly donated by Dr. D.T. Armstrong, MRC Group
10 Reproductive Biology, London, Canada) whose cross reactivities are
listed in Table 1. One gram or less of tissue was thawed, minced,
and homogenized 1in distilled water. Homogenates were extracted 'Lith
petroleus ether (5vol). [?H]-progesterone (1208aDPM 2,4,6,7-3H(N)-
progesterone, 3H-P4; specific activity, 90-115 Ci/mmole) was addéd to
each homogenate prior to extraction. From several samples, an
aliquot of the organic phase was taken for determination of radio-
activity and immunoreactive-P4 (IR-P4) and the remainder was dried,
resuspended in 1.0 ml isoctane and applied to micro-celite columns.
The IR-P4 and radioactivity in successive 0.5 al eiuatc fractions in
isooctane from s representstive sample of each tissue are shown in
Figure 5. The specific activities in the peak fractions are shown
and compared to that in the sliquot measured directly after extrac-
tion. There wAs reasopable agreement between the specific activities

in the successive fractions through the P4 elution peak, although

these were generally higher than the specific activity wmeasured.
directly i1n the sample before application to the celite.colunns (see
Figure Legend). The -ajof cross reactants, 5¢-and 5B-pregnan-3,
20-dione elute with peak retention volumes 1.0ml less than the P4
peak. The constancy of the specific activities through Fhe P4

.

elution peak indicstes that the amounts of the major cronl‘renctants,

if preseat in the sample, vere not high emough to contribute signifi-
cantly to the levels of P4 that were measured. Listed in Table 2 are
the regressions and correlation coefficients when X is the amount of

'

P4 measured directly after extrsction and Y is the amount of P4

J
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TABLE 1. Cross-reactivities of C21, C19, and Cl8 steroids

with the progesterone antiserum

Pregn-4-en-3,20-dione
58-pregnan-3,20-dione
5a-pregnan-3,20-dione
5g-pregnan-3a-01-20-one
Pregn-4-en-21-01-3,20-dione
Pregn-4-en-118,21-dio1-3,20-dione
Pregn-4-en-17a-01-3,20-dione
Pregn-5-en-38-01-20-o0ne
Pregn-4-en-20a-01-3-one
Androst-4-en-3,17-digne

Androst-4-en-178-01-3-o0ne

Pregn-4-en-118,17a,21-triol-3,20-dione

Androst-Sen-3B-o1-20-one‘
Pregn-5-en-38,17a-dio1-20-one
Estra-1,3,5(10)-trien-3,178-diol
58-pregnan-3a,l17a,20a-triol
Preg-5-en-38,20a-diol
Estra-1,3,5(10)-trien-3-01-17-pne
58-pregnan-3a,20a-diol
Pregn-Sen-17a,20a,38-triol

Cholesterol

Percent Cross-Reactivity (X)

100.0
32.0
21.0
0.5>x>0.1
0.5>x>0.1
0.5>x>0.1
0.5>x>0.1
0.5>x>0.1
0.5>x~0.1
0.5>x>0.1
0.1>x>0.05
.05>x>0.01

o O

-01>x>0.005
0.01>x>0.005
0.005>x>0.001
0.005>x>0.001
0.005>x>0.001
0.005>x>0.001

o

.005>x>0,001

o

.001>x

o

.001>X



FIGURE 5. Elution profiles from micro-celite columns of
progesterone from' amnion (AMN), chorion (CHOR), endometrium
(ENDO) and myometrium (MYO) of late pregnant sheep. The
amount of progesterone mass, determined by RIA (®) and of
authentic [3H)-progesterone, (0), added to the sample b:fore
chromatography, is shown. Values refer to the specific
activity of progesterone through the major peaks or prior to

chromatography shown in pareanthesis. ¢
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TABLE 2. Vvalidation of progesterone assay

£ndogenous Exogenous
Post Extraction
Vs Added
Post Extraction Vs
and Purification Recovered
Amnion regression y = 0.48x + 11.2 y'=0.88x" + 12.5
r 0.732 0.98¢4
n 17 21
Chorion regression y = 0.85x + 42.0 " y'=0.90x' - 4.8
r 0.732 : 0.973
n 14 16
Endometrium regression y = 0.94x - 33.4 y'=1.01x" - 28.3
r 0.92¢9 0.951
n 6 6
Myometrium regression y = 1.23x - 76.1 y'=0.85x"' + 26.6
r 0.974 0.966
n 8 14

* Regressions and correlation coefficients (r). When x is the amount
of P4 measured in the organic phase after extraction, y is the amount
of P4 after extraction and purification by micro-celite chromatog-
raphy, x' is the amount of exogenous P4 added to homogenates and y' °s
the amount of P4 recovered. The range of x is as follows: 60-350pg
(amnion); 98-1560 (chorion); 196-570 (endometrium) and 94-44Q0 (myo-
metrium). x' ranged from 62-500 for all tissues.

n = number of samples
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measured after extraction and purification. Values for X and Y were

corrected for recovery. Also listed 1n Table 2 are the same pa:a-
meters wheo X 1s the amount of P4 added to an homogenate and Y 1s the
amount recovered by extraction. Although the RIA can estimate
precisely exogenous authentxz P4 added to each homogenate as eviden-
ced by the good agreement between the amount of P4 added and the
amount of P4 recovered, it does not estimate specifically the endo-
genous P4 within the tissues as evidenced by the poor agreement
between the amount of P4 and 1ts specific activity measured after
extraction and those measured after extraction and purification.
Thus the material 1n the organic phase after extraction of every
sample was applied to micro-celite columns and P4 measured in the
eluate fractions with retension times corresponding to authentic P4.
The 1inter- and intra-assay coefficients of variation were 12.9% and
12.5% respectively. The toncentrations are expressed as means (pg/mg
protein) 't SEM. Protein concentrations were measured by the method
of Lowry, Rosenbrough, Barr and Randali (1951) using bovine serum
albumin as standard. No correction was made for the contribution of
the plasma levels of P4 to the tissue levels (see Discussion).

As a further valndaéion of the RIA used in this study, P4 1n
several samples of AMN (n=3), CHOR (3), ENDO (3) and MYO (4) was
purified by micro-celite chromatography and comparison was made
between the levels estimated using the antibody described abové (x)
and a second antibody (y) with different cross reactivities for S5a-
and 5P-pregnan-3; 20-dione (11% and 7% cross-reaction respectively).

Over a range of 300-3400 pg the regression equation was y=1.13x-101.8

pg with a correlation coefficient of 0.997. The similarity between




th® values measured with the two different antibodies argues further
1n support of the authenticity of my P4 estimations.

5.2.3 Analysis of Results

Comparisons between group means_uef: wade using the Mann Whitney
U test.
5.3 Results

The mean [P4) 1n the AMN and CHOR rose throughout pregnancy

(Fig. 6). In both tissues the concentrations on day 130-135 (both P«

0.025) and at term (AMN and CHOR, P<0.0l and P<0.025, respectively)
wvere significantly higher than the concégtratxon on day 50-60. There
was no significant (P>0.05) difference between the concentrations at ..
term and those on day 130-135 and day 100. In the ENDO (Fig. 7) the
[P4] rose between day 50-60 and day 130-135. The concentrations on
day 100 and day 130-135 were significantly (P<0.05 and P<0.005,7
respectively) higher than those on day 50-60. The concentrations
i fell between day 130-135 and term. ‘The concentrations at term were

3 ”
significantly lower than those on day 130-135 (P<0.001) and day 100

(P<0.05) but were significantly (P<0.05) higher than those on day

50-60. In the MYO (Fig. 7) the [P4] rose sigmificantly (P<0.025)

e s e

between day 50-60 and day 100 but fell significantly (P<0.01) between
day 100 and day 130-135 to a value significantly (P<0.05) higher than
those on day 50-60. The concentration fell significantly (P<0.005)

between day 130-135 and term.

The {P4] in each 1intrauterioe tissue obtained from animals 1n

premature labour i1nduced by intrafetal ACTH (Fig. 8) was not sign:;;?’

ficantly different from the [P4] in the respective tissue obtaine
from the saline controls. In the ENDO, the [P4] was significantly

AR~ PP el 3w
.
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FIGLRE 6 The concentration of progesterone 1n amnion and
chorion from sheep ‘at different times of pregnancy  Values
are mean * SEM for the number of amimals (samples) indicated.

SL, spontaneous labour '
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FIGURE 7. The concentration of progesterore 1n endometrium
(ENDO) and myometrium (MYO) from sheep at different times of
pregnancy. Values are mean *t SEM for the number of animals

. (samples) indicated.
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FIGURE 8. The concentration of progesterone 1n amnion (AMN),
chorion (CHOR), endometrium (ENDO) and myometrium {(MYO) of d
131 pregnant sheep pretreated with saline (100h) or ACTH

(ilobh until active labour). Values are mean * SEM for the

number of animals 1ndicated 1in each group.




2y

12001
<= looof
Q
°
a
g 800
~ .

o
a |
w 600t
z ,
)
Q
Wi .
5 400}
w .
O
o
o
- 200¢t
Q.

'AMN  CHOR

(JsAL
ACTH

ENDO MYO



m)
“r

»

-
lower (P<O.OS!,?Q;£EeZ%ilxne controls compared to unoperated amimals
of similar gestational aie and {P4] 1n ACTH-induced labour was not

si1gnificantly different (P>0.05) from that 1n spontaneous labour at

&?

term.

S. 4 Discussion ;;-_‘\\\

I have described the ([P4] 1n the 1ntrauterine tissues at
14
different times during pregnancy and i1n labour. The changes in the

{P4] throughout pregnancy are not similar 1n all tissues. The [P4]

10 all tissues reach maximum levels i1n the latter half of pregnancy,

however, the times maximum concentrations are achieved and maintained

differ. The highest [P4] 1n the AMN was measured 1n spontaneous

-—

labour at term. The [P4] 1n the AMF also rose throughout pregnancy
to maximum values at term (see Chapter 4). [a the other fetal
membranes analysed, the CHOR, max1mum'1evels were measured on day 100
and mairtained through until spontaneous labour and as such did not
mirror changes 1n the AMF at term. ACTH treatment did not alter the
[P4] 1n either the AMN or CHOR. Thus, labour was not associated with
lower levels of P4 1n the fetal membranes and, as I have shown 1n
Chapter 4, 1o the fetal flﬁids as well. In the ENDO the changes 1in
the [P4] mirror those in the maternal plasma . (see Chapter &), rising
throughout pregnancy to a maximum at day 130-135 and falling markedly
to lower levels at term. The [P4] in the MYO fell 1in the latter half
of pregpancy, starting on day 100, .to lower levels at normal

parturition but the fall ino the myometrial [P4] between day 130-135

and spontaneous labour at term was not as marked as that in the ENDO.

However, levels in both tissues obtained from animals 1n labour

induced prematurely by intrafetal ACTH were similar to those obtained.




e e

B da e a B2,

TR eve reaw e

from the non-labouring saline controls suggesting that a fall in the

levels of P4 1n the MYO and ENDO 1s not a prerequ:isite for the onset

of what I have defined as labouri It 1s 1mport3nt to stress.the fact
that the amimals 1n spoﬁtaneous labour at term or ACTH-1i1nduced labour
and the saline control animals haq been 'surgically treatéd prior to
the collection of t;ssues. The ;urglcal procedure may have
contributed to lowering the levels of’ P4 /;u the ENDO of these
animals. Despite the lower levels of Pk~'1n the ENDO 'of saline
control animals fompared to those ;n unoperated animals of comparable
gestational age, th;re‘fas no ev1denéé o; increased i1ntra-amniotic
pressure. ’These results support the conclusion ‘of Liggins é& al,
(19}}) that a fall ;n the concentratlon'of P4 1n the MYO 1s not a
major factor coptrollxng the t;mxﬁg of the onset of‘ labour and
extends 1t td 1nciude the ENDO, .AMN and CHOR.

T?g contribution of plasma P& within caplifarxes to tissue
concéqt;atxons 1s pfob;bly minimal. The amount of protein measured
1n homogenates of CHOR; ENDO, and MYO was estimated to be between 5
and ioz of wet tissue weight. The amounts of P4 in the ENDO and MYO
per.gram wet welgﬁ; were ten and twofold, respectxYely, that per ml
of maternal plasma i1n late pregnancy. The amount of P4 1n the CHOR
per gram u;t weight was fiftyfold that per ml of fetal plasma.

The lack of parallelism between the concentrations of P4 in the
intrauterine tissues and those- i1n the pl;sma and fetal fluids,
described above, suggests the existence of other factors influencing
tissue levels. 1n sheep. In other species, a local efféct of the
placenta on the [P4] in the myometrium (rat: Csapo, 1969b; Csapo and
Weist, 1;69; human: Runnebaum and Zanner, 1969) and fetal membranes
(human: Pulkkenen a;d Enkola, 1975) has been demonstrated. In my

4
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zexpermeﬁts, tissues were taken from i1ntercotyledonary areas but no
relationship to distance from cotyledons was considered. Schwarz,
Milewich, Johnston, Porter and MacDonald (197§) described a proges-
terone binding substance 1n human fetal membranes that appeared
during the last few days of pregnancy. These authors argued that the
binding of P4 at th; level of the fetal membranes could produce a
local withdrawal of P4 No such substance has been described 1n the
sheep fetal membranes and no further characterization of this sub-
stance 1n the human fetal membranes has appeared 1n the l:iterature

An alternate mechanism that might control the [P4] 1n i1ntra-
uterine tissues 1s that of local synthesis and/or metabolism The
presence 1n 1ntrauterine tissue of énzymes mvoived in  the

production and metabolism of P4 and Es was 1nvestigated and the

results are described i1n a later chapter.

-
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CONCENTRATIONS OF ESTROGENS

IN INTRAUTERINE TISSUES

6.1 Introduction

Rawlings and ward (1976) showed that the concentrations of tota.

unconjugated estrogens (Es) in the myometrium (MYO) of two pregnant

ewes on the day of parturition were elevated over the values meagpred

dai1ly during the last week of pregnancy. Analysis of more sampl?s 1s .
required to assess the significance of this change. It would also be

1mporiaut to know the specific Es that contr1buée to the reported

changes and whether or not similar changes occur in the endometrium

(ENDO) and fetal membranes.

This chapter describes the concentrations of estrone (El1) and
estradiol-178 (E2B) Eg/the MYO, ENDO, chorion (CHOR) and amnion (AMN)
obtained from pregnant ewes at different times in gestation and at
the time of labour which was either> spontaneous at term or induced
prematurely in late pregnancy by the pulsatiie administration of ACTH
to the fetus. These studies were performed to determine 1f any
changes occur iao the levels of specific Es in the 1ntrauter:ine
tissues that might be ?;volved in the triggering processes of

partur:tion.

S3 .
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6.2 Materials and Methods

6.2.1 Animals

Fifty-three sheep of known gestational age were used :in this
study. Tissues were collected from the same groups of animals as 1in
the p::vious chapter (day 50-60: MYO, 0=10; ENDO, n=8; CHOR, n=9;
AMN, n=8; day 100: HYé, n=4; ENDO, n=5; CHOR, n=3; AMN, n=5; day
130-135: MYO, n=8; ENDO, n=7; CHOR, n=6; AMN, n=5; term: MYO, n=7;
ENDO, n=7; CHOR, n=4; AMN, n=6; sal: MYO, n=8; ENDO, n=7; CHOR, n=6;
AMN, 0=5; ACTH: MYO, 0=8; ENDO, n=4; CHOR, n=5; AMN, n=7). In
addition, samples of MYO £n=6) were obtained after 72 hours of
intrafetal ACTH at a time when labour activity was not present. For
the same reasons as stated in Chapter 5, not all of the different
tissues were obtained from each animal.

6.2.2 Concentrations of Estrogens ’

Concentrations of estrone (El) and estladiol-l?ﬁ (E2B) were
measured using radioimmunoassays (RIA) (Challis and Patrick, 1981;
see Appendix 3 for cross reactivities). ~Tissues were prepared as
described in :he.previous chapter. Homogenates were extracted with 5
vol. diethyl ether. Values in the organic phase were expressed as

means (pg/mg protein) * SEM. The concentratioans of protein were

determined as described in the previous chapter.

6.2.3 RIA Validation
One-two thousand CPM of [3H]-estrone (3H-El, specific.acticity,

90-95 Ci/mmole), or [3H]-estradiol-17f8 (3H-E2B, specific activity
L J

90-95 Ci/mmole) were added to several homogenates prior to extraction.
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An aliquot of the organic phase was taken for measurements of 1mouno-
reactive -El, (IR-El) or immunoreactive -E2B (IR-E2B) and radio-
activaty. The remainder of the organic phase was dried, resuspended
1in  1sooctane and applxea to micro-celite columns (Challis and
Patrick, 1981). Eﬁ and E2B were eluted from the column with 15%
and 25% ethyl acetate, respectively, 1n 1sooctame. Figure 9 and 10
show representative profiles of 3H-El with IR-El and'3H-E2B with
IR-E2B, respectively, measured 1n successive 0.5 ml eluates. Also
shown are the specific activities of the peaks and that measured
prior to purification. The amount of El coeluting with 3H-El averaged
85%, 92%, 103%, and 101% of the unpurified values i1n the AMN, CHOR,
ENDO and MYO, respectively. Similarly the amounts of E2B averaged
83%, 83%, 83% and 89% of the unpurified values.

In Table 3 are the regression and correlation coefficients when
X represents £he ;mount of exogenous estrogen added to homogenates
and Y represents the amount of estrogen recovered. There was good
agreement between the values added to AMN, CHOR and MYO and those
recovered. When considered together these analyses indicate that_the
RIA for El1 and E28, estimated precisely and specifically authentic El
and E2B, respectively, in the different intrauterine tissues. The
relatively smaller slope of the regression equation of El recovery
from ENDO sugges;; that some factor was lowering the precision of El
estimation in this tissue. The inter- and intra-assay coefficients
of variation for the El assays were 14.9% and 7.9%, and for the E2B

assays were 9.8% and 9.4% respectively.

6.2.4 Statistical Analysis
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FIGURE 9. Elution profiles from micro-celite columns of.

estrone from amnion (AMN), chorion (CHOR), endometrium

(ENDO), and myometrium (MYO) of late pregnant sheep. Estrone

was eluted with 15% ethylacetate in 1sooctane. The amount of

estrone mass, determined by RIA (@) and of authentic [3H]-
estrone (0), added to the sample before chromatography are
shown. Values are specific activities through the major

peaks or prior to chromatography, as shown in pareatheses.
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FIGURE 10. - Elution profiles from micro-celite columns of
estradiol-178 from amnion (AMN), chorion (CHOR), endometrium
(ENDO), and myonetriun (MYO) -at late pregnant sheep. Estra-

diol-178 was eluted with 25% ethylacetate in 1sooctane The
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Regression equations and correlation coefficients
describing recbvery of exogenous estrone and
estradiol added to homogenates of intrauterine
tissues .

Estrone Estradiol-172

Amnion g 91x - 6.5 . .90x - 4.8
r = ,969

Chorion : .86x - 2.2
' r = .998

Endometrium J73x + 2.6
r = ,987

Myometrium . .88x ~ 7.1

= .971

x = amount of exogenous estrogen added , 62-5Q0pg
y = amount of estrogen recovered

r = correlation coefficient

number of samples = 16




Comparisons between group means were made using the Mann Whitney -

- U test.

6.3 Results

The concentrations of E1 ({El)) and E28 ([E2B]}) 1in the
1otrauterffie tissues are shown in figures 11 to 14. 1In the AMN,
there was no significant (P>0.05) change 1o the [El] (Fig. 11)
between any of‘the tiges studied. The valugs of 'E2on day 50-60 were
extreﬁely variable a;E"not s}gnificantly (P>0.05) different from
those "at any of the other times studied.~ The ([E2B] fell
significantly (P<0.0l) between day 100 and day 130-135 but rose
significantly (P<0.05) between day 130-135 and term. The ratio of
E1:E2B (Table 4) increasedAsignificantlx/(P<d.01) between day 100 and
day i30-135 but did not change significantly (P>0.05) between day
130-135 and term.

In the CHOR, the [El} (Fig. 12) at-term was not significantly

different from those on day 100 and day 130-135. Tﬁe fE1] on day 50

’

"was fiénificantly lowgr than those on day 100 (P<0.025), day 130-135

(P<0.01), and term (P<0.025). The [E2R] did not change significantly
between any of the tim;s studied. The ratio of E1:E28 inc;eased
significantly (P<0.0$) between day 50-60 and day 100 and fell signi-
ficantly (P<0.025) between day 130-135 and‘tern.

In the ENDO, tée {E1] (Fig. 13) rose b?tween day 130-135 and
term. The ([El] at term was significantly higher than those on day
130-135 (P<0.025), day_ 100 (P<0.005) and on day 50-60 (P<0.005).
Comparisons between other times did not show significant differences.
The [E2B) rose between day 100 and term. The [E2B) at term (P<0.005)

aud day 130-135 (P<0.0l1) were significantly higher than that on day

o
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100 although the [E2B] at term was not sigmificantly different from
those on day 130-135 and day 50. The ratio of El:E2R 1increased
significantly (P<0.025) between day 130-135 and term.

In the MYO, the [El} (Fig. 14) rose between day 130-135 and
term. The [El] at term was signmificantly higher than those on day
130-135 (P<0.001), day 100 (P<0.01) and day 50-60 (P<0.001).
Comparisons between other times did not show significant differences.
The (E2B] was elevated on day 100. The [E2B] on day 100 was
significantly higher than those on day 50-60 (P<0.05) and day 130-135
(P<0.05). The [E2B]) rose between day 130-135 and term. The [E2B] at
term was significantly different from those on day 130-135 (P<0.001),
day 100 (P<0.01) and day- 50-60 (P<0.00l1). The ratio of El:E2B
increasea significantly (P<0.025) between day 100 and day 130-135 but
did not change sighificantly between day' 130-135 and term.

The concentrations of El and E2f in the ENDO, CHOR and AMN (Fx;.

15) obtained from apimals in premature labour induced by intrafetal

ACTH were not significantly differeat from the coancentrations in the
respective tissues obtained from saline controls. The concentrations
of E1 and E2B in the MYO (Fig. 16) were significaytly (both 5;0.001)
elevated over control values. The mean concentrations of El and E2f8
after 72 hours of ACTH administration, were elevated over those of
the saline' controls but the differences were only significant at
0.10>P>0.05.

The ratios of P4:E2B in each intrauterine tissue at each time
studied are shown in Table 5. The ratios of P4:E2B in ‘the AMN and
CHOR did_not change significantly between any of the times studied.
The ratios in the ENDO and MYO fell between days 130-135 and term.

The ratios at term were significantly lower than those on day 130-135
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FIGURE 11. The concentration of estrone and estradiol-178 1n
amnion from sheep at different times in pregnancy. Values
are mean * SEM. The number of samples (animals) at each

stage of gestation is indicated.
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FIGURE 12. The concentration of estrone and estradiol-178 1in

chorion from sheep at different times 1n pregnancy. Values
are mean * SEM. The number of samples (animals) at each

stage of gestation 1s i1ndicated.
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FIGURE 13. The concentration of estrone and estradiol-17f 1n
endometrium from sheep at different times 1n pregnancy.
Values are mean * SEM. The number of samples (animals) at

each stage of gestation 1s indicated.
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FIGURE 14. The concentration of estrone and estradiol-17f an

myometrium from sheep at different times 1n pregnancy.

Values are mean * SEM. The number of samples (animals) at

each stage of gestation 1s i1ndicated.
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FIGURE 15. The concentration of estrone (upper panel) aand
estradiol-178 Y(lower panel) 1in amnion (AMN), chorion (CHOR)

and endometrium (ENDO) taken from day 131 pregnant sheep

after 100h 1n vivo pretreatment with saline or ACTH. Values

are mean * SEM for a number of animals indicated in each

group.
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} FIGURE 16. The concentration of estrone and estradiol-178 1n

the myometrium of day 130-131 pregnant sheep pretreated with

saline (100h), ACTH (72h) or ACTH (~100h to -active dabour) 1in ¢

vivo. Values are mean * SEM for the number of animals

indicated in each group.
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TABLE 4. The ratio' of estrone to estradiol-17° n
intrauterine tissues at different times
during pregnancy
Stage of . ‘
Pregnancy  "Amnion Chorion Endometrium Myometrium
d50-60 2.0410.45 1.82+0.33 1.2420.40 0.9920.18
a a ab ab
(8) (10) (8) (10)
d100 2.56:0.31a 4.86:1.74b 1.38:0.47ab 0.62:0.13a
(5) (3) (5) (4)
d130-135 5.4610.635 4.29:0.70b 0.2920.20a 1.451:0.35b
(13) (14) (15) (8)
Term 3.69-:0.60ab 2.5710.75a 2.2020.55 . 0.98:0.24ab
(10) (9) o (11) (7)
* Values are meantSEM. The number of samp1és at- each time
is indicated in parenthesis. )
Means with different subscripts are significantly different

at P values described in text. r @
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TABLE 5. The ratio ,of progesterone to estradiol-173 in

intrauterine tissues at different times during

pregnancy in sheep
Days of
Pregnancy Amnion Chorion ' Endometrium Myometrium
d50-60 | 23.4¢ 5.7 48.4% 10.8 111.0% 25.1 -+ 102.1%30.1
d100 22.9 4.6 151.6#%122.3 272.6% 91.8 64.5¢17.7

d130-135 71.0114.4 75.8% 15.6 262.1+102.7 102.3£22.5
Term 49.6x17.6 ° 54:6% 16.3 26.4x 8.6** 16.0¢+ 8.2**

* A1l values are meantSEM for 3-10 observations

** Mean is significantly different than those at earlier

gestational ages (P values described in text).
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TABLE 6. The rat1o' of progesterone to estradiol-173 in
intrauterine tissues of sheep during AC7H-1nduced
labour compared to saline controls
. }
' Treatment Amnion Chorion Endometrium Myometrium
Saline 32.3£18.9 185.0+130.2 148.62107.1 102.3122.5
ACTH 18.1+ 9.9° 24.2¢ 6.5 74.1% 44.7 17.5+ 4.8**

* All values are mean*SEM for 3-8 observations

" Mean is significantly different than that of

saline treated animals at P<0.005.
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(both P<0.005) day 100 (P<0.005 and P<0.05) and day 50-60 (P<0.0l and
P<0.005, respectively) in the ENDO and MYO. There was no significant
difference i1n the ratio of P4:E2B 1n AMN, 'CHOR, or ENDO between
tissues collected after s;lxne treatment or during  ACTH
admznxstr;tion (Table 6). However, there was a significant decrease
in the P4:E2B ratio in MYO collected at the time of ACTH-induced
labour, compared to tissue collected from saline treated control

animals.

6.4 Discussion

I have des;r1bed patterns of changes for the concentrations of
El and E2 throughout pregnancy in the AMN, CHOR, ENDO, and MYO of
pregnant sheep. The conce&trat1ous of El and E2B were elevated in
the MYO of animals in spontaneous labour at term and in the HYO‘of
animals in premature labour induced by the intrafetal administration
of ACTH in late pregnancy. These findings confirm and extend those
of Rawlings and Watrd (1976). The [El] was elevated in the ENDO of
animals in spontaneous iabour, but not in the aQimals 1n premature
labour. The mean [E2B] was elevated in the ENDO of animals 1n
spontaneous labour although this ‘change was not statistically
significant. In addition, the ([E2B] in :;e ENDO of animals 1in
premature labourd were similar to those of the saline controls. The
ENDO and MYO are exposed to the sharp rise in the foncentrations of
El and E2B -in the maternal peripheral plasma during the last few days
of pregnancy (se; literature review); however, only in the MYO do.the
levels change as markedly as they do in.the maternal plasma. The

declining P4 levels (see literature review) and the rising estrogen

-

levels in the maternal plasma in late pregnancy coexist with a marked

108




R Lot LI

NP, e

...

ENGASTIN AP AL R YRR O v -

A —— g

T

decline 1n the P4:E2 ratio 1o both the ENDO and MYO. In the MYO the
decline resulted from a rise 1n the [E2B], whereas in the ENDO a fall
1a the [P4] was responsible. -

In late pregnancy, the ratio of El:E2 1n the MYO and ENDO 1is
five to ten fold lower than the values reported for this ratio in the
maternal plasma (Challis and Patrick, 1981). These findings suggest
that factors other than the circulatory concentrations of E1l and E2B
1nfluence the concentration of Es in the ENDO and MYO. Rossier and

.
Pierrepoint (1974a) provided evidence for the presence of 170- and
178-hydroxysterord dehydrogenase and estrogen sulphotransferase and
sulphatase activity i1n the ENDO of pregnant sheep: These findings
raise the p6851b111ty that the MYO and ENDO can influence the local
levels of specific estrogens during pregnancy.

The concentrations of Es in the AMN on day 50-60 were extremely
variable. At this time, the concentration of conjugated and
unconjugated Es in the AMF and ALF are falling from very high values

(Carnegie and Robertson, 1978). Measurements made at various stages

of a similar decline in the AMN may have accounted for this

variability. The mean concentrations of El and E2f in the AMN rose
between day 130-135 and term but only the change 1n the [E2B] was
significant. Challis and Patrick (1981) found similar changes in the
AMF during the last few weeks of pregnancy.

The concentrations of Es in the CHOR were -independent of changes
in the umbilical venous plasma (Challis and Patrick, 1981) and getal
fluids (C;rnegie and Robertson, 1978; Challig and Patrick, 1981) and
did not chahge significantly between day 130-135 and term. As was

found for P4, the concentrations of El and E2B in the CHOR appear to

be influenced by factors other than the concentrations in the fetal

1v9




. ' 110

circulgilon and fetal fluids. The concentrationsof Es in the CHOR -

P4
-

were also substantially higher than those in the ENDO and MYO. The
predominant estrogen 1n the fetal fluids and fetal plasma is El1-S
(see literature review) which may be available to the fetal membranes
for further metabolism to El and E2B. These en2ymatic capabilities
were i1nvestigated 1in g&e fetal membranes as well as their ability to
produce estrogens from Cl19 precursors. The results are described in

a later chapter and compared to those in the ENDO and MYO.
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CHAPTER 7

THE PRODUCTION OF PROGESTERONE BY

SUBCELLULAR PREPARATLONS -OF FETAL MEMBRANES

7.1 Introduction

The source of progesterone (P4) 1n the ammiotic fluid (AMF) and
allantoic fluid (ALF) 1s not known. Gibb et al (1978) have shown
that homogenates of amnion and chorion obtained from women at term
pregnancy possess 3f-hydroxysteroid dehydrogemgse, AS5-4 isomerase
(38-HSD) activaty, and could convert pregnenolone (P5) to P4. This
finding raises the possibility that the fetal membrames contribute to
the P4 measured in AMF (Johansson and Johansson, 1971).

I have modified the assay system of Gibb et al (1978) 1in order
to demonstrate that the chorion (CHOR) and amnion (AMN) of sheep
poOssgss 3B-HSD activrty, to compare this activity in CHOR, AMN and
placenta of .sheep at different times during pregnancy, and to asses€
the relation with concentrations of P4 in the fetal fluids. I then
determined the optimum conditions ¢f 3B-HSD assay 1in CHOR and exam-,
ined the subcellular distribution and changes in enzymé ac;ivity
between early and late pregnangy. Finmally, I determ;ﬁed the possible

regulatory influences of other steroids on the conversion of P5 to

P4.

7.2 Materials and Methods

7.2.1 Animals

111




Twenty-three sheep of known gestational age were used 1 thas
study. Three gestational age groups were studied: day 50 (nine
animals), day 100 (six .animals) and spontaneous labour at term

(143-147, ei1ght animals).

7.2.2 Tissue Preparation

Tissues were thawed on 1ce and homogenized in 0.05 M potassium
phosphate buffer, pH 7.4 containing 0.25 M sucrose and 0.7 mM
f-mercaptoethanol. Homogenates were centrlfuged at 800g for 20 min.
The 800g supernatants of several homogenates were centrifuged at
10,000g for 15 man. fhe 10,000g supernatant fractions were
centrifuged at 105,000g for 90 mxﬁ. The 10,000g and 105,000g pellets
were resuspended in phosphate buffer (as above).

‘The fetal tissue in the cotyledons was separated manually from
maternal tissue. "Although I refer to maternal and fetal cotyledons
throughout this chapter, I recognize that one is unlbkely-to obtain
clean separation of these tissues. Fulthermore, migration of fetal
binucleate cells to the matermal syncytial iayer (Wooding, 1980)

renders my terminology somewhat arbitrary.

7.2.3 In Vitro Incubations

—

Y- [3H] pregnenolone (3H-P5; specific activity 10-25 Ci/mmole)

was purified by thin layer chromatoéraphy (TLC) in chloroform:

/;J diethyl ether (10:3, v/v; solvent system A). The subcellular

fractions were® incubated with 0.5-1.0 pCi 3H-PS with known
concentrations of nonradiocactive P5 in phosphate buffer (pH 5-9) or

carbonate buffer (pH 8-11) with lmM oxidized aicotinamide adenine

bl
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dinucleotide (NAD+). [Ioncubations were performed at 37°C and term-

inated by the addlizon of 1-3 volumes of diethyl ether.
4-[l4C)-progesterone (16C-P4; 2500 DPM; specific activity 50-60
mCi1/mmole), purified 1n system A, was added to each sample for
assessment of recovery. Unconjugated steroids were extracted with
Axethyl ether. The organic phase was dried and the radicactive P4
was separated by TLC 1n system A using the ultraviolet absorption at
254nm to locate 20ug P4 which was added to each sample. After TLC 1n

system A, P4 (RF, 0.65) was well separated from P5 (RF, 0.30)},

170-OH-pregnenolone (RF, 0.32), 17a-OH-progesterone (RF, 0.40) and

20a-dihydroprogesterone (RF, 0.4¢). The P4 band was eluted with 2ml
ethyl acetate, dried, and acetylated overnight with 200 ul pyridine-
acetic anhydride (1l:1, v/v). ~After 18h at 22°C the excess solvent
wa; evaporated. P4 was separéi?ﬂ from the acetylated products by TLC
1n system A aund eluied 1n 2ml/ethyl acetate. The eluate was trans-
ferred directly to sCiD;lll& on vials, dissolved 1n Scinti-Verse and
‘
radiocactivity levels vere determined in a liquid scintillation
counter using a double-isotope program which gave efficiencies of 34%

for 34 and 61% for 1l‘C.

7.2.4 3B-HSD Assay Validation

For several samples of CHOR and AMN, the material cochroma-.
tographing with P4 in system A following acetylation was eluted with
ethyl acetate, dried, and redissolved in 200 ul ethanol. An aliquot
(50ul) was taken for liquid scintillation counting to determine tie
M to %C ratio. Recrystallized P4 (15mg) was added to the samples,
and P4 was recrystallized in the solvent systems indicated in Table
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7. The 3H to AC rati1os 1n the crystals and mother liquors were
determined.
7.2.5 Radioimmunoassay

P4 1n the AMF was measured by radioimmuncassay as described 1n

'
Chapter 4. ’.‘-\\\
-

Unconjugated steroids in the 800g supernatant fractions were

extracted with 5vol diethyl ether. The organic base was dried,
®

redisolved 1o 1ml 1sooctane and applied to micro-celite columns

(Abrabam, Tulchinsky and Koregnan, 1970). P4 was eluted'ln the first

2ml 1sooctane, PS5 was eluted with 2 further ml 1sooQtane; DHEA, El

and E2 were eluted with 3.5ml 5%, 15% and 30% ethyl acetate,

respectively. P4 (see Chapter 4), PS5 (Inaba, Wiest and Niswender,

1979) DHEA (Cha}lxs, Manning, Martin, Murata and Socol, 1980) El and

'E2 (see chapter 6) 1n the respective eluates were measured by

radioimmunoassay. Within-assay coefficients of variation were <12%.
In preliminary experiments we established that the endogenoué
concentration of PS5, P4, DHEA. El aod E2 in ;he 800g supermnatant
fract}ons were less than 1% of the substrate concentrations used 1in
subsequent 1acubations.
7.2.6’ Protein Analysis
Protein concentrations were measured by the method of Lo;ry et
al (1951) using bovine serum albumin as standard.
7.2.7 Statistical Analysis
All results are presented as means * SEM. The statistical tests
used to examine differeg;e between meahs are indicated 1in the text.

7.3 Results

7.3.1 Activity of 3B8-HSD in 800g supernatants
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Homogenates (800Qg supernatants) of CHOR,/ AMN and maternal and

fetal cotyledons converted JHR-PS to 3H-P4 at all times studied.
Figures 17 and 18 show representative chromatograms of radioactive
material (3H and 1“C 1n'lcm bands of silica gel from the origin to
the solve;t front) extracted from 1incubations with AMN and CHOR
s
(;erm; fresh and boiled) and chromatographed 1in system A. Sxmxla;
profiles were obtained with all tissues at all times studied.
Products cochromatographing with PS5 and P4 only were detected in the
system used. The act1§1ty was reduced by greater than 95% after
boiling. To substantiate the radiothemical purity of the 3H-P4
formed from ‘H-PS by fetal membranes, I determined the 3H:MC ratios

)
1n the eluate of P4 after acetylation and i1n the recrystallizations

”~ .

1in the solvent pdars i1ndicated in Table 7. Good agreement was found
between 3H to 14C ratios after acet&lation and 1n the crystals and
mother liquors of repeated recrystallizations. For most samples fhe
coefficient of -variation around the wmean 3H to 14C ratio~ of the
postacetylation sample (successive crystals and m@mother 1liquors)
r;nged between 3.0 - 8.0%. The coefficients of variation for five
repeat counts on the same sample were 2.8% (high recovery) and 8.8%
(low recovery). The higher coefficients of variation for the samples
from animal 2 i1n series B were attributed to low 3H levels.

Conversions of PS to P4 of less than 10% of the initial
substrate levels were linear with respect to incubation duration
(Fig. 19a) and protein concentrations (Fig. 19b) 1in the 800g
supernatant fractions.’

Activities in the four tissues at the three gestational ages

were analysed using one-way analysis of variance. Data were trans-

formed to logarithmic values to remove bheterogeneity of variance.

T




FIGURE 17. Thio layer chromatograms of radiocactivaty after

incubations of amnion homogenates with |[3H[-pregnenolone.
14
Amnion was from a sheep at term. Authentic C-progesterone

was added prior to chromatography. Homogenates were eaither

fresh (a) or boiled (b).
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FIGURE 18. Thin layer chromatograms of radiocactivaity after
incubations of chorion homogenates with [3H]-pregnenolone.
Chorion was from a sheep at term. Authentic IAC-progesterone
was added prior to chromatography. Homogenates were either

fresh (a) or boiled (b). ’
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FIGURE 19. [3H]-progesterone formed from incubations of
chorion homogenates with [JH]-pregnenolone. Incubations
varied with respe‘ct to time (a) and protein concentration
(b). Values are e'xpressed as a percentage of total

JH-pregnenolone. Open and closed symbols represent values

from different animals.
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Actaivaity of 3B-HSD was dependent  upon the gestational age of the

tissue (Fig. 20). Comparisons between 1individual group means were
made wusing Duncan’'s multiple range test. Activity 1n the fetal
cotyledons at day 50 was significantly (P<0.0l1) greater than at day
100 or term. Activity 1n the chorion at term was significantly (P
<0.05) greater than at days 50 and day 100. Actxixty 1in the amnion
at day 100 was significantly (P<0.0l) lower than at<“day 50 and term.
At day 50, the mean activity 1n the fetal cotyledons was greater than
that 1n the other three tissues. The mean activity i1n the amnion was
lower than that 1n the oéber three tissues at the three times studied.
At term the mean activity in the CHOR was similar to that 1in the

fetal cotyledons.

%.3‘2 Activaity of 3B-HSD i1n Subcellular- Preparations of Chorion

Incubat1o;s were performed at optimum pH 9.6 (Fig. 21).
Conversions of less than 10% 1nitial substrate were linearly
aepgndent on the.;ncubat1on time and concentration of protein (Fig.
22, a and b respectively). Activities 1in the 800g supernatant

fraction, 10,0603 pellet, 105,000g pellet and 105,000g supernatant

fraction of chorion were compared on day 50 and term (Fig. 23). At

both gestational ages, the specific activity was highest 1n the

10,0008 pellet and lowest in the 105,000g supe?natant. The specifac
activity in the 105,000g pellet was higher than that 1n the 800g
pellet and 105,000g supernatant.

Preparations. of 10,0008 pellets of chorion aa day 50 and term
were incubated with several <concentrations of pregnenolone.
EadiefHofstee plots (Hoftsée, 1959) were drawn to determine Km and

Vmax of 3f-HSD activity (slope and y intercept of regression line
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FIGURE 20. Activity of 3B-hydroxysteroid dehydrogenase 1in
800g supernatent fractions of maternal cotyledons, fetal
cotyledons, chorion and amnion obtained from pregnant sheep
at D50, D100 and term. Incubations were performed at pH 7.4
with lpg pregoenolone. Each bar represents~mean * SEM for

4-8 samples. .
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FIGURE 21. Actavity of 3B-hydroxysteroid dehydrogenase 1in
105,000 g pellets of a representative sample of chorion
1ncubated at different pH values 1n phosphate buffer (0.05 HM;
0)_and carbonate buffer 0.05 M (®). Incubations were per-

formed with 100ng/L pregnenolone.

ta

~3




l A A e

L
o o s o o
& \d ~ © o

(uisiosd bw/uuysejowd) Q3INHOL - INOHILS3O0Nd




k FIGURE 22. [3H]-progesterone formed from 1ncubations of

chorion 105,000 g pellet with [3H]}-pregnenolone. Incubations

; varied with respect to time (A) and protein comncentration
(B). Values are expressed as a percentage of total 3H-

; pregnenolone. Open and closed symbols represent values .

3 from different animals.
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FIGURE 23. Activity of 3B-hydroxwsteroid dehydrogenase {(mean
* SEM; n=3-4) 1n subcellular fractions of chorion obtained
from sheep at day 50 and term 1o pregnancy. Incubations were

performed at pH 9.6 with 100ng/L pregnenolone.




131

LT EFE osp

. . EEEERRS _"“ - 00
o v
-l X 3 u

ot o
[~}
m
\ »
-
m
2
loon 2
m
P §
-
Q
D
m : =
1 m
=)
41002 Mr
e ,
[ ]
W.
5
~
LINVLVNY3dnS B000'so! Il ooc 3
~3701L8vd 8000'sol B ) <
3701Lbvd  8000‘01 (] :
S3LVNIOOWOH 3I10HM BB s

1+~




respectively; see Fig. 24). The mean ($SEM) Km and Vmax at day 50
(n=6) were 56.8 * 5.5 nM and 14.1 * 3.1 pmole/min per mg protein
respectively. The mean (*SEM) Km and Vmax at term (n=4) were 39.0 *

8.7 nM and 62.7 * 11.4 pmole/min per mg protein respectively. The Km

* values were not sigonificantly different (P>0.05; student's t test);

however, the Vmax at term was significantly (P<0.0l) greater than
that at day 50.

Preparations of 105,000g peilets of chorion at term were 1incu-

bated with equimolar concentrations of P5 and one of several steroids.

Some of the steroids inhibited the conversion of PS5 to P4 (Fig. 25).
El and DHEA were competitive i1nhibitors of this conversion. This was
1indicated by the lack of intersection of the plots (not shown) of the
[PS]/pmoles P4 formed /min/mg protein vs the concentration of inhibi-
tor (Dixon, 1953). Dixon plots (Dixon, 1953) were drawn to determine
the i1nhibition constant, Ki. Figure 26 shows representative examples
of Dixon plots for inhibition by El and DHEA. The mean K1 for
inhibition by DHEA was 40.2 * 14.7 oM (n=3). The mean K1 for inhibi-
tion by El was .19.6 * 5.9 oM (n=3).

7.3.3 Concentration of Progesterone 1o Amniotic Fluid (AMF)

The mean (*SEM) concentration of P4 i1n AMF at day 50 (n=3), day

100 (n=4) and term (n=4) were 0.36 * 0.11, 1.15 * 0.20 (P<0.01 vs day

50) and 4.33 * 1.69 nM (P<0.0l vs days 50 and 100; Duncan's multiple

'

range test) respectively.

7.4 Discussion

hY -
] have demonstrated that the chorion and amnion obtained from
sheep at day 50, day 100, and term possess 3B-HSD activity and are

able to coanvert P5 to P4. The activity 1n the chorion was greater

[y

)
{9




FIGURE 24. Representative examples of Eadie Hofstee plots

(Hofstee, 1959) of 3B8-hydroxysteroid dehydrogenase activaty
in 10,000 g'pellets of chorion obtained at day 50 and term.
Incubations were performed at pH 9.6 with 30-1060 wmmole

‘pregnenolone/L. Y axis, V=mol progesterone formed x lo-lzlmin

per mg protein; x axis, V/pregnenolone concentration expressed

as litres xlO-a/ﬂin per mg protein.

=17.8x10"'% (day 50) and 31.4 x107!

Vmax = Y intercept
2 (term) mol progesterone
formed/min per mg protein; Km = - slope = 49.7x10-9 (day 50)

aad 56.6)(].0-9 (term) mol/L.
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FIGURE 25. Conversions of pregnenolone (Preg; P5) to proges-

terone (P)og; P4) by 105,000 g pellets of sheep chorion.

Incubations were performed with equimolar concentrations
(100amol/L) of one of several C21, Cl9 and Cl8 steroids
1nqjud1ng P4, corticosterone (B), cortisol (F), dehydroepian-
dr;;teronc (DHA), testosterome (T), dihydrotestosterone
(5aT), estrone (El), estradiol-178 (E2) and estriol (E3).
Results are expressed as a percentage of' activity in éhe
presence of substrate alone (mean * SEM; n=4). one star =

P<0.05, two stars=P<0.0l1 compared with pregnenclone (paired

t-tests).
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FIGURE 206. Representative examples of Dixon plots (Dixon,

1953) of dehydroepiandrosterone (left panel:DHEA) and e;trone

(right panel; El) 1phibition of the pregnenolone to proges-

terone conversion in 105,000g pellets (DHEA) and 10,0603

pellets (El) of chorion obtained from pregnant sheep at term.
/

Incubations were performed at pH 9.6 with 105 and 263 mmol

pregnenolohe/L. V=mol progesterone formed x1012/m1n per mg

protein; K1=69.7.7 mmol/L (DHEA) and 13.3 mmol/L (El).
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" Similar decreases in P4 metabolism might occur in'the sheep to effect

139

~ »
than that in the amnion at each of the three gestational ages. Gibb
et al, (1978) bhave shown that human chorion and, to a lesser extenl.
amnion, obtained from women at term posse!s 3B-HSD. These f1nd1n§s
raise the possibility that the fetal membranes Sie a source of P4
throughout much of pregnancy.

The 3B-HSD actaivaty ;h the chorion was greater at term than at
days'SO and 100. This 1increase 1in 3B-ﬁSD activity occurs at a time
when concentrations of P4 1n the AMF and ALF are rising. Although
transport of P4 across fetal membranes has not been investigated, 1t
1s possible that P4 produced by the chorion could reach the AHF-and
ALF. 1In the placenta cholesterol side-chain cleavage enzyme (CSCCE)
1s probably rate limiting to C21 steroid production (Anderson et al,
1975). It 1s not known whether CSCCE 1s rhte-limxiing in Lhe fetal
membranes or whether an 1ncrease in 3B-HSD activity alone could
effect a rise in the levels of P4 1n the AMF and ALF. In édd1t1on.
there may be changes in the metabolism and clearance from the fetal
fluide. Hxlewicﬁ, Gant, Schwarz, Chewn and MacDonald (1977) have
reported a ten- twentyfold decrease in 20¢-hydroxysteroid oxidore-
ductase (20a-HSD) activity and a two—sixfi}d decrease in So-reductase

activity in human amnion and chorion laeve after 33 weeks gestation.

a rise 1in the levels of P4 in the fetal fluids. In subsequent

chapters the production and metabolism of P4 by dispersed cells of

fetal membranes of different gestational ages were invest;gatcd.

My initial attempts to investigate the relative importance of
38-HSD aotivity 1n the fetal membranes were made by comparison to
activity in the sheep p%acenta. Séveral investigators have described

the placenta as the main source ,of P4 in the fetal and maternal




plasma aftar day 50 of pregnancy (Linzell and Heap, 1968, Ricketts
and Flint, 1980). Andersan et al (1975) have reported that the fetal
.
component of the cotyledon is the m;xn site of production 1in the
placents. In my experiments, 3B-HSD activity 1n the fetal cotyledon
was much greater than that 1n the matefnal cotyledon; however, we
recognize that there 1s probably some contamination of our cotyledon
preparations after manual separation of fetal and maternalhgomponents
(Wooding, 1980). Similar levels of 3B8-HSD activity were measured 1in
the fetal cotyledons and chorion at day 100 and term suggesting that
the fetal membranes might be as important a site of progesterone
synthesis as the placénta at these times. The decgease fh 3B-HSD
activity in the cotyledons between day 50 and day 100 was strikiag,

though unexplained at the present time.

The sheep placenta contains 20aHSD activity, 5Sa-reductase and

* 3a-HSD (Aiasworth and Ryan, 1967). At term, or after dexamethasone

’ ?
treatment, placental 17q-hydroxylase is increased (Anderson et al,

1975). However, we did not detect radioactivity on the thian layer

‘Ehronatog;ans other than that corresponding to P5 or P4 regardless of

tissue and gestational ‘age. It seeTs likely that our short
incubation times did mot allow P4 to accumulate and may explain the

la¢k of 3a-, 1l7a-or 20a-products. As well, the predominance of NAD+

_may have shifted the equilibrium in favour of dehydrogenated

products.

In my experiments, the subcellular localization of 3B-HSD was
particulate in opature and is similar to that. found in the' human
placenta (Koide & Torte;. 1965) and human fetal membranes (Gibb et
al, 1978). The optimum pH 9.6 of 3B-HSD activity was simar to that

reported by Ferre, Breviller, Ccdard,.Duchesne, Saintot, Descomps and

K N ©




Crastes ﬁe Paulet (1975) using similar buffers to investigate 3B-HSD
in human placenta. Kinetic analysxs of particulate 3B-HSD activity
revealed Km values at day 50 and term that were not sigoificantly
dxfferené. The Vmax at term was significantly greater than that on
day 100, thus stréngthegxng cur finding of increased 3§-HSD activaty
in 800g supernmatant fractions of chorion at term. OQOur values of Km
are of the same order of magnitude (nM) as those reported by Gibb
(1979).
' Townsley (1975) and Gibb (1981) have reported the inhibitory
effects of various steroids on human placental 38-HSD activity. 1
have observed similar xnhlbxtory-effects of steroids on 3B-HSD in
particulate fractions of chorion. Mitchell, Cruickshank, MclLean and
Challis (1982)~have shown that steroids i1nfldence production of P&
from PS by dispersed human placental cells and bunaa fgtal membranes
Of the steroids analysed with {he particulate prepafa51ons. El and E2
had the greatest xnhxbxtory‘effects. DHEA, an altermative substrate
for 3B-HSD, imhibited coﬁpetltxvely.the conv;rsxoa of PS5 to P4. EI
was also a competitive ;nhxbxtbr of this conversion. Gibb (1981) has
reported pimilar inhibition of human placental 3B-HSD by DHEA and El
and has computed K1 values similar to those reported here. How El, a
structurally different steroid compared with -DHEA and PS5, acts as a
competitive inhibitor of 3B-HSD 1s not known. |

The finding that the fetal neqbranes can convert PS5 to P4
supports the idea tbat'tbe local concentrations of P4 1n 1ntraut;r1ne
tissues might be influenced by local synthesis. Estrogens are
present 1n substantial amounts throughout pregnancy,in_the chorion.

Local production of estrogens by the fetal membranes 1s described in



the next chapter The 1mportance of estrogens 1o the production of
P4 18 not clear. Levels of P4 and estrogens 1n the chorion remain
constant throughout most of the latter half of pregnancy, therefore,

any i1nhibitory effect 1s-probably chronic




THE PRODUCTION AND METABOLISM OF PROGESTERONE
AND ESTROGENS IN DISPERSED CELLS FROM

INTRAUTERINE TISSUES

8 1| Introduction

The concentration of a steroid within a tissue 1s dependent on
the tissue's 1intrinsic ability to produce and/or wmetabolize the
steroid. Several steroid metabolizing enzymes have been described in
the extra-placental‘ intrauterine tissues of the pregnant sheep.
Progesterone (P4) has been shown to be metabolized by Sa-reductase
and 20a-hydroxysteroid dehydrogenase (20a-HSD) 1n the myometrium
(MYO) (R3251er and Pierrepoint, 1974b). The conversion of estrone
sulphate (E1-S) to estrone (E1) has been demonstratea in preparations
of MYO (Rossier and Pierrepoint, 1974a) and endometrium (ENDO) (Dwyer
and Robertson, 1980). The nyometrxal- preparations also converted
El:S to estradiol-17B (E2) (Rossier and Pierrepoint, 1974a). These
flﬁdxngs establ}shed the presence of estrone sulphatase activity 1in
the MY0 and ENDO and [78-hydroxysteroid dehydrogenase (178-HSD)
activity in the MYO. 1 hLVe demonstrated 3B-hydroxysteroad ﬁehydro-
genase-A5-4 1somerase (3B-HSD) activity 1n the chorion (CHOR) and
amnion (AMN). The studies described above were perforwed using
subcellular preparations.

In this chapter | examined the hypoth;sxs that intact cells

bf AMN, CHOR, allantois (ALL), ENDO, and MYO can produce P4, El and
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E2 from endogenous and exogenous précursors‘ I also determined
the ability of these cells to take up and metabolize P4. Cells were
d1speqjéd from tissues obtained from animals 1n early and late
pregnancy and from apimals 1n labour occurring spontaneously at term.
I measured their ability to produce progesterone from two poten-
tial precursors, pregnenolone (PS) and 200-dihydroprogesterone
(20a-DHP) and produce unconjugated estrogens from estrone sulphate
(E1-S) and androstenedione (A4). These experiments were performed to
determine 1f enzymes that produce and metabolize P4 and Es are 1in the
cells of intrauterine tissues and are available to exogenous pre-
cursors and 1f changes 1n” the net production of P4 and Es occur at
parturition. P5 was measured 1n homogenates of AMN, CHOR, ENDO and
MYO to assess availability of precursor within the 1intrauterine

tissues.

8.2 Materials and Methods

8.2.1 Animals
Twenty-three sheep of known gestational age were used in this
st&ﬂy. Three age groups were studied: day 50 (6 animals), day 130-135

(7 animals), and term (10 animals). Animals at term were 1n labour.

8.2.2 Cell Dispersion

Tissues were minced_ and 1incubated with 0.1% collagenase 1n
Dulbecco’'s phosphate bugfer at 37°C for lhr. Cells were harvested by
centrifugation at 500g for 20 mn, ‘wished in Krebs buffer (NaCl,
0.9%; Kél, 1.15%; CaCl,-6H,0, 1.22%; H3504-7H20, 3.82%; K HZPOA,
2.11%; NaHCO,, 1.30%) containing 0.2% glucose and 0.5% albunxn.(Krebs

GA), reharvested, and resuspended in Krebs GA. Greater than 90% of

-
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cells dispersed by this technique were viable as indicated by thexrr
ability to exclude the vital dye trypan-blue.

Since 1t bhas been shown that fetal red blood cells possess
200-HSD and convert P4 to 20a-DHP (Nancarrow and Seamark, 1969),
chorionic cells from 2 animals weré separated from fetal RBC's
contaminating the mixture harvested. Cells were layered onto discon-
tinuous gradieats of Percol (10, 20 and 40% volumes) and centrifuged
at 500g for 20 min. Chorionic cells equilibrated in 10% and 20%
Percoll whereas RBC pelleted in 40% Percoll

Cell numbers were measured 1in a Coulter counter which was found
to give similar values to those measured by counting on a

hemocytometer.

% ~8.2.3 Incubations
{ Cells (50,000 - 2,000,000 cells/ml) were 1incubated with or

without substrate 1in Krebs GA for 4hr at 37°C. . Substrates were also

incubated i1n Iml Krebs GA for 4h at 37°C without cells. All iacuba-

tions were terminated by freezing at -20°C.

8.2.4 Production of Progesterone

P4 was measured in 1ncubations using RIA as described 1n Chapter
5. The net production of P4 from endogenous substrate was calculated
by }ubtractxng P4 measured at T=0hr from that measured at T=4h. In
addition P4 was measured following i1ncubations of cells with 100ng/ml
PS5, 200-DHP or P5 and 10ug/ml trilostane, an 1inhibitor of 3B-HSD (a
gi1ft from Sterling-Winthrop Research Institute, Rensselaer, New
York). The amount of i1mmunoreactive P4 in incubations of substrates

without cells was subtracted from the amount of immunoreactive P4 in
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incubations of substrates with cells. Production of P4 was expressed

as pg/100,000 cells/4h. The authentaicity of ‘Lbe P4 produced was
verified by cochromatographing i1mmunoreactive P4 (IR-P4) from pooled
1ocubations of each tissue with purified 3H-P4 using micro-celite

columns (as described i1n Chapter 5).

8.2.5 Production of Estrogens

El and E2 were measured 1n 1ncubations using RIA's as described
1o Chapter 6. The production of El and E2 from endogenous and
exogenous substrate was calculated as described for P4. El and E2
were measured following incubations with 100 ng/ml E1-S (prepared and
donated by Dr. R. Hobkirk, Dept. of Biochemistry, Unmiversity of
Western Ontario) and El was measured foliowlng incubations with 100
ng/ml A4. The authenticity of El produced from A4 was verified by
cochromatographing IR-El from pooled 1ncubations of each tissue with
purified 3H-El using micro-celite columns as described i1n Chapter 6.

In an additional experiment, cells were i1ncubated with 100ng/ml
PS, 20a-DHP or E1-S for O to 8h or with several concentrations (10 to
500ng/ml) of the same substrates for 4h. The net production of P4 or
El was co-pa;ed to that produced by cells dispersed from several
cotyledons (fetal component).
8.2.6 Metabolism of Radroactive Substrates

Cells were 1incubated with [?H|-pregnenolone (°H-PS; 7-3H(N)-
pregnenolone; specific activity (SA) 10-25 Ci/mmole), [;H]-proges-
terone (?H-P4;2,4,6,7-3H(N)-progesterone; SA, 90-115Ci/mmole), [3H]-
estrone sulphate (3H-E1-S; SA 40-60 Ci/mmole) and [*H]-androstene-
‘dione (3H-A4;1,2,6,7-3H(N)-androstenedione;SA,85 Ci/mmole). The

L]

purity of radioactive substrates was checked by thin layer chroma-
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tography (TLC). Material from 1incubations 'thh radioactive sub-

strates was extracted with diethyl ether (S5VOL). The organic phase
was dried and resuspended in 4Oul ethanol and applied to TLC plates.
Radiocactive material from incubations with *H-PS and trilostane was
developed 1n chloroform:diethyl ether (103 or 9:3, V:V) and that
from incubations with *K-A4 and *H-E1-S was developed 1in cyclohexane:
ethyl acetate (3:2, V:V). In both systems, plates with 40ug of
authentic steroids were run simultaneously for determination of
retention values (RF). One cm bands of silica gel ffon the origin to
the solvent front were collected directly 1into scintillation vials
contaiming 4ml toluene with 12% glacial acetic acid aand 0.5gm% PPO
and radioactivity levels were measured 1n a liquid scintillation

counter.

8.2.7 Purification with High Pressure Liquid Chromatography
Incubations with 3H-P4 were pooled kah respect to tissue and
gestational age and extracted and chromatographed as above. Radio-
active material 1n the one cm bands of silica gel was extracted with
2ml ethyl acetate. The organic solvent was dried and the radiocactive
material resuspended 1in 200ul ethanol. An aliquot (50ul) was taken
for measurement of radioactivity. The remaining matertal 1in the
fractions corresponding to the peaks of radidactivity was purified

usiog high pressure liquid chromatography (HPLC). Five thousand CPM

‘{6-1“C]-progesterone (lQC-Pé, specific activity, 50-60wmCi/mmol) and

10ug of steroids with similar RF's as those of the radiocactive peaks
were added 1n ethanol to the fractions. The ethanol was dried and
the steroid was resuspended in 0.5ml mcthauol.‘ An aliquot (200ul)

was taken for measurement of radiocactivity and another aliquot (20ul)
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was applied to the HPLC column and eluted with 60% methanol :in
distilled water. Elution of non-radioactive steroid was detected by
monitoring U.V. absorbance at 240nm. Rad:iocactivity was measured in
0.5m] fractions collected every minute.

The radiochemical purities of the tritiated labelled products
were assessed by successive recrystallizations with authentiC non-
radioactive steroids. Specific activity of radioactivity :i1n the
crystals.was expressed as either cpm/mg or 3H:NC ratios
8.2.8 Radioimmunoassay (RIA) of Pregnenolone

PS5 was measured 1n homogenates of AMN, CHOR, ENDO and MYO (see
Chapter S for preparation of tissues) using RIA (Inaba et al, 1979).
Imnunoreactive PS5 (IR-P5) 1n several samples of each, tissue was
eluted from micro-celite columns (see Chapter 7). Purified 3H-PS
(~1000 CPM) was added to each -sample prior to extraction to monitor
procedural losses. Comparisons were made between IR-P5 measured
directly after extraction and that measured after purification on
micro-celite columns. - Tissues were collected throughout gestation;
however, 1nsufficient sample numbers made comparison between gesta-
tional ages 1nappropriate. .

8.2.9 Analyses of Results

All results are presentedrxn‘thxs chapter as mean t SEM. Where
approprl;te, differences 1n steroid production or conversion at each
gestatigpal age were assesg;d by one wsy analysis of variance. The
data were transformed logarithmically when Barilett's test revealed

heterogeneity of variance. Significant differences between mean

values were sought using Duncan's multiple range test at P<0.05.




8.3 Results
8:3.1 Production of P4

There was no net production of P4 from endogenous substrate by
any tissue at any gestational age. Only CHOR and ENDO converted PS
to P4 and they did so at each gestational age (Fig. 27). In the
CHOR, the neanlconverl}on at déy 130 was two-fold greater than the
value at term and 1.5-fold the value at day 50; however, these
differences were not statistic¢ally significant (P>.05). In the ENDO
the mean conversion at day 130 was about four-fold the values at day
50 and term; howewer, these differences were not statistically
sigoificant (P>.05). Insufficient amounts of P4 were produced from
PS5 to substantiate authenticity by purification on micro-celrte
columns; however, greater than 90% of the conversion of PS5 to IR-P4
by CHOR and- ENDO was 1nhibited by 10ug/mi 'trxlostane (Fig. 28)
suggesting that almost all IR-P4 was the product of 3B-HSD activity.

All tissues at all times converted 20a-DHP to P4 (Fig. 29). The
mean conversions were about ten-fold those of PS to P4. In the AMN
and CHOR the mean conversions at term were about half the values on
day S0 and day 130; however, these differences were not statistically
significant (P>0.05). 1In the ALL, ENDO, and MYO, differences between

the mean conversions at different gestational ages were not statis-

tically significant E;:TD&). At each time 1in pregnancy the mean
[ 4

—

conv:isions of 20a-DHP to P4 by AHN,’CHOQ.and ENDO were similar, and
were greater than the conversion by ALL and MYO. Table 8 lists thé
spec1fic activities of the /P4 measured directly after extraction and
compares them to those measured after extraction and purification by
micro-celite chromatography. There was good agreement between the

specific aci;vxties of P4 produced from 200-DHP by AMN, CHOR and ENDO
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FIGURE 271 Conversion of pregnenolone to progesterome by
dispersed cells of amnion (AMN), chorion (CHOR), allanto:is
(ALL), endometrium (ENDO),.and myometrium (MYO) from sheep at
d50 and d130 :in pregnancy and 1n spontaneous labour at term
(SL).. Iocubations- were performed with 100ng/ml pregnenolone
and the results expressed as pg progesterone formed /106,000.

cells/4h (mean * SEM; n=5-11).
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FIGURE 28. Conversion of pregnenolone to progesterone by *»

dispersed -cells of endometrium (ENDO; wupper panel) and
chorion (CHOR, lower panel) of sheep at d130 of pregnancy and

1n spontaneous labour at term (SL). Incubations were pér-

formed with 100ng/ml pregnenolone in the presence or absence

“of lpug/ml trilostame. Results are expressed as pg proges-

i térone formed /100,000 cells/4h (mean * SEM; n=5).
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FIGURE 29. Conversion of 20a-dihydroprogesterome (20a-DHP)

to progesterone by dispersed cells of amnion (AMN), chorion
\ > ) .
(CHOR), allantois (ALL), endometrium (ENDO), and myometrium

(MY0) from sheep at d50 and dl130 in pregnancy and in spon- v
taneous labour at term (SL). Incubations were performed with
*
] v
100ng/ml 200-DHP and the results expressed 3s pg progesterone

formed/100,000 cells/4h (mean * SEM; n=5-11).
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TABLE 8. Specific activities of 1mmunoreactive rrogesterone
produced from 20a-drhydroprogestercne b, dispersed
cells of ammion (AMN), chorion (C\OR) and endometrium
2 (ENDO).
Specific activity (CPM/pg)
Gestational Post Post extraction and
Trissue age Extraction chromatography °
i AMN 4 50 1.06 0.99
d130 1.19 g 1.16
Term 1.44 2.04 .
4 . ‘
H . CHOR d 50 1.03 ! 0.94
d130 1.26 1.09
Term 0.45 0.41
ENDO d 50 0.33 0.31
} .
\ - d130 1.07 1.10
Term 1.89 1.52
!
1
¢ . . -
- N
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suggesting that IR-P4 measured directly after extraction was authen-
tic P4. Insufficient amounts of IR-P4 were produced from 200-DHP by

ALL and MYO to substantiate authenticity.

8.3.2 Metabolism of 3H-Pregnenolone

Levels of radiocactivity 1n one centimeter bands from the origin
to the solvent front are shown i1n Figure 30. Each profile 1s repre-
sentative of radioactive material recovered from 1ncubations without
cells and with cells from each tissue expressed as 'a percentage of
the total radioactivity recovered. Shown 1n Table 9 are the RF's of

potential products of P5 metabolism ‘P the system®used to develop the

chromatograms (CHC1,:DEE, 9:3, 1 ascent). Most of the radioactivity

3
recovered cochromatographed with P5 (RF 6.5/16). 'A peak of radio-
activity chromatographed with RF of 4/16. Monohydroxylated deriva-
tives of PS5 and S5a-reduced P5 had similar RF's. CHO§ cells, free of
RBC's, also converted 3H-P5 to the same products (3.3 vs. 2.9 and 5.8
vs. 9.7% total activity, RBC free mixtured vs RBC contaminated
mixture). All tissu;s at all times generated radioactivity with the
same RF (Fig. 31). 1In thé_AHN, ALL, and MY0 mean coaversions were
not as marked as those in CHOR and ENDO and .values at different
gestational ages were not‘;ignxflcantly dlffereq} (P>0.05).: In both

CHOR and ENDO mean conversions at term were less than half the yalues

on day 50-60 and day 130-135; however, these differences were not

.statistically significant (P>0.05).

8.3.3 Metabolism of 3H-Progesterone
LeQels of radioactivity in-one cm bands from the origin to the
solvent front of thin layer chromatograms are shown in Fig. 32. Each

profile is asidescribed for those, showing metabolism of >H-P5. Most

\

-
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TABLE 9. Rf values of C21, C19 and (18 steroids or <r-n layer
chromatography developed 1n chlofoform:61erh,lether
. (9:3 or 10:3; v/v) Rf (x/16)
9:3 0.3
P Sa-pregnane-3,20-dione 10.8 ) 14

53-pregnane-3,20-dione » 10.0 13.5
l Pregn-den-3,20-di86e 8.5, 12.5
Estra-1.3,5(10)-trien-3-01-i?-one 8.5 12.3
Androst-4-en-3,17-dione - 11.0

Ss-pregnane-33f6{-20-one 5.5
E 5a-pregnane-3a-01-20-one 7.0 10.5
h Sa-pregnane-208-01-3-one 7.0 10.5
Pregn-5en-33-01-20-one 6.5 9.0
52-pregnane-3a-01-20-one _ 5.5 8.0
Androst-5-en-33-01-17-o0ne 5.5 8.5
Estra-1,3,5(10)-trien-3,17a-diol 5.5 8.0
i " Pregn-d4en-20a-01-3-one 5.0 7.5
i Androst-4-en>173-01-3-0ne 4.5 6.5
i Pregn-den-17x-01-3-one 4.5 7.0
. : 5i-pregnane-3€,20a-diol 4.0 6.0

" Pregn-5-en-3g,17a-diol -20-one 4.0

' Pregn-5-en-38,20a-dio) 4.b
Sa-pregnane-3a,l7a-diol-20-one - 4.0 4.0
58-pregnane-3a,20a-diol : 2.0 ' 3.5
Pregn-4-en-17a,20a-diol 1.5 2.5
Pregn-5-en-38,17a,20u-triol | 1.0 1.0
58-pregnane-3a,l7a,20u-triol 1.0 1.0

B v - . - il
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FIGURE 30. Thin layer chromatogram of radioactivity after
1ncubations of amnion (AMN, chorion (CHOR), allantois (ALL),
endometrium (ENDO), and myometrium (MYO) with 0.5 pCi [3H]-
pregnenolone. Results are expressed as a percentage of the
total radioactivity recovered. Retention factor (Rf) 1s
defined as distance travelled by radiocactivity/distance to

solvent front.
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FIGURE 31. Conversion of |[3H]-pregnenolone to the major
polar metabolite(s) shown 1n Figure 30. Amnion (AMN},
chorion (CHOR), allaptois (ALL), endometrium (ENDO), and
myometrium (MYO) from sheep at D50 and D130 in pregnancy and
1n spontaneous labour at term (SL) were incubated with 0.5
pC1 [3H])-pregnenolone. Results are expressed as a percentage
of the total activity recovered/100,000 cells/4h (mean * SEM;

4

n=5-11).
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of the radiocactivity recovered cochromatographed with P4 (RF=12.5/16,

3

chromatographed with an RF 7-8/16. All tissues at all times generated

Table 9, CHC1,:DEE, 10:3, 2 ascents). A peak of radioactivaty

radioactivity with the same RF (Fig. 33). Mean conversions were most
marked 1n the CHOR aad ENDO on day 50-60 and day 130-135. In the CHOR
and ENDO the mean conversxo;s on -day 130-135 were two-three fold
the values at term;'howgyer these differences were not statistically
significant (P>0.05). Ino the AMN, ALL and MY0O the mean conversions
at different gestanonal ages wese;ﬁnot significantly different
(P>0.65), |

Radioactivity eluting 1n bands 6-8 cm (Fig. 32) was purified
using HPLC techniques. Shown i1n Figure 34 are r;presentat}ve profiles
of radxoa?tavxty’(solld histograms) with retention times from 13-30

min for AMN, CHOR, ALL, and ENDO at day 130-135. FEluates with

shorter retention times did not contain significant levels of radio-

14

activity. Also shown 1n Fig. 34 are the retention times of C-P4

{dashed histogram) and non-radiocactive testosterone (a), 17a-P4(b),

-P4(c) and 200-DHP(d) (uv absorbance) chromatographed simultaneously

with E:f tritiated products 1n bands 6-8. Radioactivity produced by
AMN, CHbR, ALL and ENDO eluted with retention times similar to
20a-DHP. ' Shown in Table 10 are the percentages of radiocactivity
cochromatographing with 200-DHP produced by .each tissue at each

gestational age. Levels df radioactivity for MYO at day 130-135 and

term were too low for analysis. The lower percentages for CHOR at

each gestational age were associated with significant production of a
metabolite or metabolites with similar retention times as testos-

terpne and 17a-P4. The radiochemical purities of the radioactive

<
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FIGURE 32. Thin layer chromatograms of radicactivity after
incubations of amnion (AMN), chorion (CHOR), allanmtois (ALL),
endometrium (ENDO), amd myome£t1HE (MYO) with 0.5 pCr |[3H}-
progesterone. Results are expressed as a percentage of the
total activity recovered. Reientxon factor (Rf) 1s defined
as distance travelled by radicactivity/distance to solvent |

front.
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FIGURE 33. Conversion of [3H]-progesterone to the major
metabolite(s) shown 1n Figure 32. Dispersed cells of amnion
(AMN), choriom (CHOR), allantois (ALL), .endometr:ium (ENDO)
and myometrium (MYO) were incubated with 0.5 pCa [3Hj;proges~
terone. Results are expressed es a percentage of total
activaity (TA) recovered/100,000 cells/4h (mean * SEM;

n=5-11).
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FIGURE 6 The concentration of progesterone 1n amnion and

chorion from sheep 'at different times of pregnancy. Values

[ are mean * SEM for the number of animals (samples) indicated

SL, spontaneous labour
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FIGURE 34. High pressure liquid chromatograms of the major
radiocactive metabolite(s) formed by amnion (AMN), chorion
(CHOR) allantois (ALL), and endometrium (ENDO) during 1incu-
bations with 0.5 pCi [3H}-progesterone. Amount of {3H]-
metabolite is expressed as counts per minute (CPM) x 103.
Authéntlc [lacl-progesterone was added prior to chromato-
graphy and its elution 1s shown in the broken histogram. The
.elution of non-radioactive testosterone (a), 17a-hydroxy-
progesterone (b), progesterone (c) and 20a-dihydroproges-
(as4nmm)
terone (d), as detected by UV absorbanc€> is shown 1n the

upparmost panel.
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TABLE 10. Precentage of the redioactive metabolrie formed from

[3H])-progesterone 1n dispersed cells of amnion (AMN),

chorion (CHOR), allanto's (Atl)}, endometrium (ENDO)'

and myometrium (MY0) that co-chromatqgraphs with 2Ca-

dthydroprogesterone on HPLC

]

a
[ 3

Percentaée

Tissue 4130
AMN . . 94.1
. 64.6

78.6

92.7
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"TASLE 11. Specific activity of radicactivity re -.stallized

with aythentic steroid frcm ethancl wi*n water

T1§sue Steroid Speci%ic Acth-iy (S.A, . .mmg)

X X \ X3
CHOR  200-DHP 763.9 489.7  515.8 467.5
ENDO  20a-DHP  1174.1 935.2  1095.3 965.8
AMN 20a-DHP 211.0 80.5 85.3 71.2
ALL 20a-DHP.  232.9 134.5 131.5 133.2
CHOR  17a-Pg 877.6 623.1 608.2 569.5

= S.A.. post thin-layer chromatography

X1, X2, X3 = §.A's in successive recrysta]11zag*ons

20a-DHP = 20a-dihydroprogesterane

172-P4 = 17a-hydroxyprogesterone

© * Radioactive material had been co- chromatographed

previously with authentic steroid.

-




’
products were confirmed as 20a-DHP and 170-P& by recrystallization

with authentic stercid to comstant specific activity (Table 1}

8.3.4 Prodﬂsgxon of Estrogens

There was no production of El or E2 from end;genous substrate by
any tissue at any gestational age. All tissues at all times converted
El1-S to El and E2 (Fig. 35 and 36 respectively). The conversion of
ElS to El and E2 wai sumilar for each tissue at day 50 of gestation.
However at day 130 and at term, the mean estrone sulphatase altivity
was greater 1n’AHN and ENDO thano in CHOR; ALL and MYO. In the AMN,
ALL,_and EQDO tLe mean conversions of El-S to El or Ei did not change
significantly (P>0.05) between any of ih; times studied. In the
CHOR, the mean conversion of El-é‘to El _at term was significantly
lower than the value at day 50 (P<0.05) but not significantly lower

‘than that at day 130 (P>0.05). The lower mean'co;versxons of E1-8 to
El at term were also associated with lower mean conversions of El-§
to E2; however the differences between mean conversions at dxﬁferent
gestational ages were not statistically significant (P>0.05). In the
MYO, the mean conversion of E1-S to El on Aay 50-60 was about two-
fold .the value on “Yay 130-135. In contrast the mean conversion of
E1-S to E2 on day 50 was about 0.6-fold the value on day 130-135.
These dxffere;ces were pot statistically significant (P>0.05);
.however, they suggest the possibility ;f an increase 1in the conver-
sion of El to E2 1n myometrial cells between day 50-60 and day
130-135. There was o signifibant difference (P>0.05) betwegn the
mean conversions of E1-S to El or E2 on day 130-135 and at term. The

formation of 3H-El from 3H-E1-S by all tissues (Fig. 37) was con-
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EIGURE 35. The conversion of estrone sulphate to estrone by

dispersed cells of amnmion (AMN), chorion (CHOR), allantois
(ALL), endometrium (ENDO) and myometrium (MYQ) of sheep at

D50. and D130 in pregnancy and in spoatanmeous labour .at term

’

(£). Incubations were performed with 100ng/ml estrone

sulphaté. and the results e}pressed as pg estrone formed

/100,000 calls/4h (mean * SEM; n=5-11)..
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FIGURE 36. The conversion of estrone-sulphate to estradiol-
178 by dispersed cells of amnion (AMN), chorion (CHOR),
allantois (ALL), endometrium (ENDO) and myometruim (MYO) from
sheep.af D50 and D130 in pregnancy and 1in spoataneous labour
at term (SL). Incubatiods were performed with 100ng/m
estrone sulfate and results expressed as pg estradiol-178

formed/100,000 cells/4h (mean * SEM; n=5-11).

-




s oadad o

176
o

8 0
(] Q‘ U)
W

SRR §

O

cmar— ..:;:in:..:.:.:.:.:.:.E:E.:.:.:.: z

‘ = «
<
'O o o o o
o N © ©

(4 b/ S1199 000'001/6d ) gZI-1010VH 1S3




HNTIE e W e ¢S PRIV TIPS e

[ ]
FIGURE 37. Conversion of |[3H]-estrone sulphate to [3H]-

estrone by dispersed cells of amnion (AMN), chorion (CHOR),
allantois (ALL), endometrium (ENDO), and myometrium (MYO)
from sheep at D50 and D130 1n pregnancy and in spontaneous
labour at term (SL). Ihcubations Qere performed with 0.5 pC:
[3H]-estrone sulfate. Results are expressed as a percentage

of total activity (TA)/100,000 cells/4h (mean * SEM; n=5-11).
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FIGURE 38. Conversion of androstenedione to estrone by

dispersed cells of amnion (AMN), chorion (CHOR), allantois
(ALL), endometrium (ENDO), and myometrium (MYO) from sheep at
D50 and D130 in pregnancy and 1n spontaneous labour at term
(SL). Incubations were performed with 100ng/ml androstene-
dione. Results are expressed as pg estrone formed/100,000
cells/4h (mean * SEM; n=5-11). The number of tissues
avccumulatmg measurable amounts of estrone / the total

number of tissues studied ¢ shown above the histograms.
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firmed by cochromatographing radioactive product with nonradioactive
El on TLC. The radiochemical purity was substantiated by the recry-
stallization of radiocactivity with authentic El to constant specific
activity (Table 12). Only the CHOR converted A4 to El (Fig. 38) and
only at#erm was there conversion of A4 to El by most animals (2/5,
4/9, and 9/10 samples on days 50-60, day 130-135, and spontaneous
labaur at term, respectively.) The conversion of A4 to El was about
1/100 the conversion of E1-S to El. The specific activaity of El
produced from A4 by CHOR at term was unchanged by purification using
micro-celite columns (2.50 after extraction vs 2.27 after extraction,
and purification). Thin layer chromatograms of radioactive material
from incubations of all cell types with 3H-A4 did not show signi-

ficant accumulation of any metabolites.

8.3.5 Time Course and Dose Response: flet Production of’rogesterone
and Estrone .

Cells, dispersed from tissues collected from two animals in late
pregnancy were incubated for 0-8h with 100ng/ml PS5, 20a-DHP, and E1-S
or for 4h with several concentrations of the substrates. The net
production of P4 from PS5 ian the CHOR, ENDO and cotyledons increased
up to 8h incubation; however, the greatest net production occurred in
the first 1lh (Figure 39). In these two animals the ENDO and
cotyledons proddced P4 in similar amounts and both produced more than
the GHOR. The net prod?ction of P4 increased as the concentration of
PS5 increased from 10 to 500ng/ml (Figure 39). The net production of
P4 from 20a-DHP bhad similar time course and dose }esponse

relationships (Figure &40) with the one exception that the fetal

‘
cotyledons of one animal did not produce any P4 irrespective of
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TABLE 12. 3*H:"'C ratios in successive

recrystallizations of estrone

Tissue » 3H C

X )(1 XZ X3
CHOR 0.404 0.281 0.272 .280
ENDO 0.489 0.373 0.361 321
AMN 0.996 0.690 0.621 .613
ALL 1.014 0.690 0.601 . .609
MYO 0.426 0.213 0.177 .205

1

X = 3H : 4C ratio post thim-layer chromatography

Xl' XZ’ X3 = JH,:}4C ratios in successive recrystallizations

of estrone from ethanol with water

* Tritiated material was co-chromatographed with authentic
estrone and added to purified 14C-estrone prior to
recrystallization.
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FIGURE 39. Time course (upper panel) and dose response

relationships (lower panel) of the conversion of pregnenolone

to progesterone in endometrium (squares), chorion (circles)
and fetal cotyledons (trxangles).‘ Open and closed symbols

represent data from two different animals. Cells were

——

incubated with 100ng/ml pregnenolone for 0-8h (time course)
or with several concentrations-of substrate for 4h (dose
response) . Each symbol is the mean of quadruplicates.

Error 'bars were smaller than the sywbols and, therefore, not

shown. |
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FIGURE 4O0. Time course (upper panel) and dose respoase
relationships (lower panel) of the conversion of 20a-dihydro-

progesterone to progesterone 1n endometrium (squares), chorion
L]

(circles) and fetal’ cp't.yledons; (triangles). Open ard ‘closed
symbols represent aa;.a from  two {fl?ﬁ.eréut animals. Cells
. \

were incubated with 100ng/ml ZM-di‘ydrqbrbgeste/t}{ o\r\_‘O-Sh
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] . N
(time course) 'or with several concegntrations of:é‘subst e for L4
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4h (dose response). Each symbol i";s the me;u’ of quadruplicates.
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Error bars were smaller than the sy#fs and, therefore, fot.

shown.
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FIGURE 41. Time course (upper panel) and dose response
(lower panel) of the coonversion of estrone ;ulphate to
estrode in éndometrium (squares), amnion (circles) and fetal
cotyle&o s (triangles). Open and closed symbols represent
data from two different apimals. Cells were incubated with
J100ng/ml estrone sulphate for 0-8h (time course) or with
several coﬁcentratioﬁs of substrate for 4h (dose response).
Each symbol 1s the mean of quadruplicates. Error bars were

smaller than the symbols and, therefore, not#shown. .
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incubation time and substrate concentration. The fetal cotyledons of
~

the other animal produced P4 from 200-DHP 1n similar amounts as the
CHOR and both produced less thamn the ENDO. The conversions of El-S
to El in ENDO, AMN and cotyledons were similar with respect to net
production and time course and dose respons; patterns (Figure 41)
8.3.6 Pregnenolone 1n Intrauterine Tissues

IR-PS measured after purification on micro-celite columns was
53%, 111%, 84% and 72.6% that measured directly after extraction from
AMN (537.5%100.6 pg/mg protein * SEM; range 31.4-1627.7) CHOR
(405.6£72.2; 44.5-853.5); ENDO (282.7%48.5; 29.2-686.4) and MYO

(135.8229.5; 25.3-431.6) respectively.

8<4 Discussion

I bave shown that intact cells of intrauterine tissues possess
sevefal enzymatic activities capable of synthesizing and metabolizing
P4 and Es and that the distribution of these enzymatic activities is
tissue specific. P4 was produced from PS5 (3B-HSD activity) 1n cells
from CHOR and ENDO and from 20a-DHP (200-HSD activity), io cells from

all tissues, but more so in the CHOR, AMN, and ENDO than in the ALL

and MYO. El was produced from A4 (aromatase activity) in cells from
CHOR and.from El-S in cells from all tissues, but more so in the ENDOQ:
apd AMN. In these experiments production of P4 was about ten-fold
greater with 200-DHP as substrate and éroduction of E1 was about
100-fold greater with E1-S as substrate. E2 was produced from E1-S
(estrone sulphatsse and 17B-HSD activities) in cells from all tissues.
Since the interconveriion of E1 and E2 was not examined directly, it

is difficult to draw any conclusions .as to levels of 17B8-HSD activity




in the cells. The 3B-HSD, 20a-HSD, estrone sulphatase and 17B-HSD

activities were present throughout gestation but no significant
change in the nef production of P4 or ES from a constant level of
substrate could be associated with the onset of parturition.

Both 3?H-PS and 3H-P4 were wmetabolized to polar metabolites
cochromatographing with their monohydroxylated derivatives on TLC.
In both experiments conversions were most prominent in the CHOR and
ENDO and relatively low in the ALL and MYO. The similarities between
the relative levels of 3H-P5 and 3H-P4 metabolism throughout gesta-
txo; and between tissues suggests that 3H-PS and 3H-P4 were sub-
strates of the same enzyme(s). Most of the radiocactive products from
3H-P4 metabolism in AMN, ALL, ENDO and\HYO cochromatographed on HPLC
with 20a-DHP suggestfng reduction of P4 by 20a-HSD in these tissues.
The radioactive products from 3H-P4 mgtabolism in CHOR eluted in two
peaks on HPLC with ;imilar retention times as 200-DHP and both
testoster02f and l7a0-hydroxyprogesterone. These results suggest P4
may be métabolized 40 the CHOR by 200-HSD and l7c-hydroxylase. The
production of Zba-DHP and 17a-P4 was confirmed by the recrystalliza-
tion data. The relative levels of 200-HSD activity (20a-DHP to P4)
throughout gestatioh and between tissues‘bears resemblance to that of
the conversion of 3H-P4 to 3H-200-DHP. In these experiments, the
20a-HSD activity showed, generally, no preferehce for the reduced or
oxidized substrate.

Chorionic cells of the day 21 sheep conceptus produce proges-
terone from en&ogeﬁous substrate (Marcus, Ainsworth and Lucis, 1979)
and metabolize exogenous radioactive progesterone (Marcus, Lucis,
Ainsworth, 1979). In _particular progesterone was metabolized by

20a-HSD, 170-OHase and 5a-reductase. My studies established the
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presence of 200-HSD, 3B-HSD, and 170-OHase throughout gestation 1in
CH&R but did not 1dentify Sa-reductase activity under the conditions
of the ‘experiments. It 1s 1interesting that after incubations of
subcellular preparations of CHOR and AMN with 3H-P5 (described in
Chapter 7) only radioactivity corresponding to 3H-P5 and 3H-P4 was
1solated. In those experiments cofactor availability (NAD+) was
optimized. The lack of 3B-HSD in the amnion of intact cells and of
any other metabolism of 3H-PS in the subcellular studies may be
explained by differences 1in cofactor availability and the oxido-
reductase state of the preparations. In the subcellular studies
3B-HSD activ;ty in the CHOR was higher at term compared to earlier
times in gestation. These findings were not verified i1n the 1intact
cell preparations; however, the substrate P5 and the produced P4 were
metabolized extensively by other enzymes 1n the intact cells. The
human fetal membranes also possess several steroid metabolizing
enzymes. 3B-HSD has been demonstrated in subceliular preparations of
chorion laeve (Gant, Miiewich, Calvert and MacDonald, 1977, DHEA-S as
substrate); (Gibb et al, 1978, P5 and DHEA as substrate) and amnion
(Gibb et al, 1978).  3B-HSD activity is low in amni;n and there 1s
significantly greater 3B-HSD activity in chorion and decidua (Gibb
et al, 1978; Mitchell et al, 1982; Gibb, Lavoi and Morin-Gonthier,
1985). Both amnion and chorion laeve homogenates metabolize 3H-P4 to
tritium labelled 200-DHP and Sa-pregnan-3,20-dione and, thus, possess
20a-HSD and SA-reductase activ;ties‘(ﬂilewich, Gant, Schwarz, Prough,
Chen, Athay and MacDonald, 1977). In the same studies So-pregnan-3,
20-dione was further metabolized to 5Sa-pregnan-3p-ol-20-one. The
specific aéiivity (per mg protein) of 20a-HSD was higher in chorion
and that ofVSG-reductase was \{fber in amnion.

. AN
»
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A number of years ago Tseng, Stolee and Gurpide (1972) reported
aryl sulphatase in chorion and aromatase and 17B-HSD activities 1n
both chorion and amnion 1n experiments designed to study transfer of
steroids across human fetal membranes. More recently Mitchell,
Cross, Hobkirk and Challis (1984) demonstrateq'tbg ;;lllty of intact
cells of chorion, and, to a lesser extenp;raé€;on. to convert JH-El-§S

~

to radiochemically pure 3H-El and 3H-E2. These authors suggested

. o
that the hydrolysis of El-S was catalysed by a specific estrogen

sulphatase since the reaction was not altered by excessive amounts of
dehydroepiansdrosterone sulphate. Gibb and Lavoie (1981) coafirmed
the presense of aromatase 1n amnion and ehogzoﬁ using subcellular

< Ppreparations.

The results from my studies extend the imitial findings demon-
strating 200-HSD (Rosstier and Pierrepoint, 1976b) estrone sulphatase
and 178-HSD (Rossierland Pier}epoint, 1974a) in minced tissue prepar-
ations of pregnant sheep myometrium and estrone sulphatase activity

] in endometrium (Dwyer and Robertson, 1980) Rossier and Pierrepoint

% (1974b) also demonstrated 5o-reduction of P4 in the myometrium. In

the intact myometrial cells of my experiments no 5a-reduction of P4

ey 4

was apparent.’ Cell yields of myometrium were relatively low in my

experiments and a number of enzymatic activities may not have been

L& 7 e 43

detected. The human gestational myometrium (Trolp, Graf, and
Breckwoldt;<1982) and decidua (Hitch;ll et al, 1984) also have the
capacity to convert El-Srto El and E2B.

Mitchell et &l (1984) deménstrated that human chorion cells from
tissue obtained at spontaneous 1a$our produced significantly more El
from E1-S than,chor;on cells from tissue obtained at cesarean section

before the onset of labour. In addition the chorion and decidua
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cells from the spontaneous labour éroup produced significantly more
E2 from E1-S than corresponding cells from the cesarean se;txon
group. Tng argued that an i1ncrease in El-§ hydrolysis at term could
lead to a marked 1increase 1n free estrogen levels locally within the
intrauterine tissues without significantly altering the maternal
peripheral plasma. [ have not demonstrated a similar increase 1n the
intrauterine tissues of pregnant sheep.

Milewich et al (1972) reported a decreased rate of P4 metabolism
in human chorion and amnion several weeks preceeding normal partur-
rtion at term. 200-HSD and Sa-reductase activities decreased ten- to
twenty-fold and two- to six-fold respectively after 33 weeks' gesta-
tion. The conversion of exogenous PS5 to P4 was higher in decidua
obtained at cesarean section than from patients at spontane;us labour
(Mitchell, Challis, and Lukash, 1987), which could contribute to.a
1ocai decrease in P4 production in decidua at the time of labour 1n
women. I could not 1dentify similar changes in the cells of sheep
ggtrauter1;e tissues.

Despite large differences between mean net conversions, espec-
1ally characteristic of 3B-HSD activity and 20a-HSD activity in the
CHOR and ENDO between d130 and term, effects of gestational age and
labour were not statistically significant. The cause of the large
variation about the means of these activities is unknown though may
be attributed to several factors. The enymatic activities may show
fluctuations of activity through time or differ with respect to
location in the uterus (i.e. distance from cotyledons). Tissues were

taken consistently from the same area of the pregnant uterus (in the

inter-cotyledonary space on the ante mesometrial side of .the uterus)

to decrease any effect different intrauterine locations would have on
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. results were interpreted as resulting from 1intermittent output of

the enzymatic activities. The levels of endogenous P4 in CHOR and

.

ENDO also were characterized by large variations about the mean
concentratiens (Chapter 5). Between day 130 and 135 of gestation the

plasma levels of cortisol show marked flurtuations when measured at

15 min 1ntervals over several hours (Challis et al, 1981). These

cortisol from the fetal adrenal as 1t regained 1ts respomsiveness to
ACTH 1n late pregnancy (Wintour et al, 1975; Glickman and Challis,
1980). The factors regulating steroidogenic enzymes 1in the intra-
uterine tissue require elucidation; however, -it 1s interesting to
speculate that these tissues are responding to a dyn?mic environment
around day 130 in gestation resulting in gross changes 1n steroido-
genic enzymatic activities and steroid levels over time.

IR-P5 was measured in the fetal membranes and maternal intra-
uterine tissues at levels comparable to those of P4 (see Chapter 5)
10 the respective tissues. In the CHOR' and ENDO, the two extra-_
placental 1ntrauterine tissues possessing significaﬁt 3B-HSD acti-
vity, most of the IR-P5 was authentic P5 on micro-celite cofﬁmns.

Thus PS is a potential endogenous substrate for conversion to P4 by

these tissues. In the AMN, authentic P5 accounted for only ~50% of
the IR-P5, but was present at levels similar to those in the CAOR.
PS ;s present at similar levels.in the maternal and fetal plasmas in
late pregnancy (Nathanielsz, Elsuer,.Hagyar, Fridshal,- Freeman and
Buster, 1982). The sulphaconjugated to unconjugated ratio is ~50:1
(Nathanielsz et al, 1982). It is possible that P5-5 may be available
to the CHOR and ENDO via the circulation for subsequent conversion to

PS5 or be secreted into the fetal fluids and subsequently made avail-
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able to the fetal membranes. P5-S and P5 have not been measured 1n
the fetal fluids.

L J

The sheep placenta has been well described as having a gesta-
tional age dependent ability to produce and metabolize P4 and Es (see
lxter;ture review). Evidence 1s now emerging that the extraplacental
extraembryonic .derived fetal tissues possess similar capabilities.
In these experiments the net productions of P4 and El from exogenous
substrate 1n several 1intrauterine tissues were similar to those
in éhe placenta. These enzymatic activities may be iwmportant with
respect to a tissue's ability to regulate the local hormone milieu.
The present studies indicate clearly the potential for steroid
preduction in the fetal membranes endometrium and myometrium of
pregnant sheep. However, the lack of change in these activities at

term does not suggest that they occupy a major role in the sequence

of events leading up to birth.
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CHAPTER 9

GENERAL DISCUSSION

The results of the experiments described herein expand gpur
knowledge of the role of progesterone (P4) and estrogens (Es) 1 the
physiological mechanisms leading to parturition. P4 and Es figure
prominently :1n the endocrine control of parturition in many species.
The literature abounds with i1nformation describing the effects of
these steroids on myometrial contractility. Tissues known or presumed
t; be targets of P4 and Es include the myometrium, endometrium and
fetal membranes. Within these tissues P4 and Es have been implicated
in the control of a) gap jﬁnction formation between myometrial smooth
muscle cells b) receptor formation og myometrial stimulants such as
oxytocin and adrenergic agents and c) prostaglandin production and
release.

Viviparous species have adopted different endecrine controls of
pregnancy and parturition thus complicating our understanding of
these précesses. There exist fundamental differences between sheep

and” humans. In particular, the falling progesterone and rising

-estrogen levels in peripheral plasma prior to parturition in sheep do

not occur in the pregnant woma The endo¢rinology of pregnancy and
v p g .

parturition probably provides only a partial characterization of
these processes. .We are mow learning that there may exist paracrine/
autocrine mechanisms ,that may be similar or different between

.

species.



The objective of the studies herein was to investigate the
origin and fate of P4 and Es outside the circulation 1n their target
tissues.: The results are summarized below:

1. Progesterone levels 1n the amniotic and allantoic fluids continue
to rise throughout pregnancy until term and do not fall 1in late
pregnaancy as do levels 1o the maternal and fetal peripheral plasma.
2. Progesterone levels 1n the myometrium (MY0O) and endometrium

(ENDO) fall at spontaneous labour at term (SL) but not at ACTH

induced premature labour. Changes 1a the MYO were less impressive

than those in the ENDO.

3. Progesterone levels in the chorjon (CHOR) and amnion (AMN) reach

a maximum 1n late pregnancy but do not change at SL or ACTH-ianduced

-

premature labour.

4. Estrogen levels in the MYO and ENDO rise at SL but levels in
only the MYO rise at ACTH induced premature labour.

5. Estrogen levels in the AMN and CHOR do not change at SL or ACTH

induced premature labour. ‘~‘

6. The ratio of estrone (El) to estradiol-178 (E2) 1o the MYO ana

ENDO 1s 1-2:1 compared to a ratio of 5-10:1 1n the maternal peri-

T T SSR—rg——

pheral plasma.

7. The ratio of P4:E2 1n the MYO decreases at SL and ACTH 1induced
premature labour.

8. There is a tissue specific distribution of steroad metaboli;ing
enzymes 1in the intrauterine tissues. The enzymes and their relative
distribution are as follows:

Estrone sulphatage, ENDO, AMN>MYO, CHOR, sallantois (ALL)

‘ 17B-hydroxysté?::;)dehydrogenase: CHOR, ENDO, AMN, ALL, MYO

-
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20a hydroxysteroid dehydrogenase: CHOR, ENDO, AMN>ALL, MYO
38-hydroxysteroid dehydrogenase: CHOR, ENDO

Aromatase: CHOR .

l7a-hydroxylase: CHOR

No change in the levels of activity of these enzymes could be 1denti-

fied with the onset of parturition. P4 was produced from 200-

dihydroprogesterone (20a-DHP) and pregnenolone (PS) with a 10:1

preference for 20a-DHP. El was produced from androstenedione and
estrone sulphate (E1-S) with a 100:1 preference for E1l-S.
9. The specific activity of 3B-hydroxysteroid dehydrogenase (3B-HSD;
per mg protein) in the CHOR was similar to that in the cotyledons.
10. The Vmax of 3B-HSD i1n the CHOR was higher at term than at day 50.
11. The activaty of 38-HSD could be inhibited by El and E2.

From these results the following conclusions are drawn:
1. A rise in the levels of El and E2 1n the myometrium was corre-
lated with labqpr. The onset of labour can occur without changes 1n
the levels of Pé 1n all tissues studied and without changes in the
levels of Es in ENDO, CHOR, and AMN.
2. The levels of steroids 1n the intrauterine tissues may be influ-
enced by local steroid metabolism; however, net conversions by thg
steroidogenjc enzymes were unchanged at labour.
3. The inhibition of 3B-HSD in the CHOR by Es would a;pear to be
chronic since their levels do not change significantly i1n this tissue
throughout pregnancy and at labour. It supports the possibility of
direct effects of steroids on steroidogenic enzymes.

I have not reported changes 16 endogenous steroid levels with

.

respect to duration of labour. Animals 1n the studies herein were in

labour for various lengths of time. As labour progresses it 1is

o
92




possible that the levels of P4 and Es may change 1n tissues in which
no change was observed. In addition, 1t cannot be concluded that the
changes 1n estrogen levels in the MY0O preceded the onset of spon-
taneous labour at term; however, during ACTH infusion the mean levels
of El and E2 were elevated prior to the onset of labour. Kendall et
al (1977) reported that ACTH 1induced labour occurs 1o sheep with
hypothesectomized fetuses without a rise 1in the levels of Es in the
maternal peripheral plasma. It would be 1interesting to know whether
a rise in the levels of Es 1n the MYO and ENDO occurs 1in those
animals. |

It appears that any alteration of the prostaglandin producing
capacity of the fetal membr;nes at term 1s not dependent on a change
1n the levels of P4 and Es 1in these tissues. P4 and Es may have no
role in prostaglandin production by the fetal membranes or may act
permissively allowing the action of other stimulants of prostaglandin
i production. In any case, they have been implicated'in the regulation
of fetal fluid volumes throughout pregnancy (Wintour et al, 1986).
l . The significance of steroidogenic enaymes in the intrauterine

1 tissues 1is wunclear. My results describe an overview of several

Ve enzymatic activities in five different tissues. The tissue specific

distribution suggests specific regulatory processes. I have only
analysed the activity of 3B-HSD in tha CHOR in detail. Its activity
found to be similar to that in the placenta, a major source of P4

ic apalysis of the other enzymes needs to be

pregnancy. Ki
cells, the activities of BB-HSDz 20a-HSD and
estrone sulphatase, as expressed as net conversions of exogenous
substrate, are similar between several of the major tissues poss-

essing these activities and the placenta. It is interesting to note
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thet the endometrium and chorion are the most active tissues. The

juxtaposition of these two tissues within the pregnant uterus pro-
vides a route of communication between mother and fetal tissues other
than a't the placenta. T.heu' enzymatic capabilities may allow them to
regulate fetal to maternal and maternal to fetal steroid fluxes.

I have used dispersed cell preparations to 1nvestigate the
enzymatic capsbilities of the intrauterine tissues. I was interested
whether potential substrate present 1n maternal or fetal plasma,
fetal fluids or intra}xterine tissues could be incorporated into the
cells and metabolized. The ‘placenta m'eéaboli;_es P4 to 200-DHP
(Ainsworth and Ryan, 1967) and releases it into the virculation
(Elsner et ﬂ,' 1980) where 1t may be distributed to the intrauterine
tissues for conversion back to P4. EL1-S is the major estrogen 1in the
fetal (Findlay and Cox, 1970; Currie et al, 1973) and maternal
(Tsand, 1974% Carnegie and Robertson, 1978) plasmas and fetal fluids
(Carnegie‘,and Robertson, 1978; Cpallis and Patrick, 1980). Hydro-
lysis of El1-S- to unconjugated Eliand subsequent conversion to E2B
within intrauterine tissmes provides a mechanism "to alter local
biocactive Es. I have measured PS5 in the CHOR and ENDO and found
levels similar to those of P4. P5-S is the predominent form of P5 in
the maternal and fetal plasma (Nathanxelsz‘e_t_ al, 1982). Hydrolysis
of P5-S to PS5 and subsequent conversion to P4 within the END(? agd
CHOR provides a mechanism t; alter local Pl;. Though not investigated
in the st.u'dies described herein, cholesterol, either provided exogen-
ously in low density lipoprotein (LDL) or prc;duced de novo within the

intrauterine tissues, can serve as a substrate for steroid biosyn-

a
+

thesis. Trophoblastic tissue from the early sheep conceptus can

produce cholesterol from simple ‘precursors (Ha'rcus et al, 1979).




Human trophoblastic cells 1in primary culture cao internmalize LDL
{Winkel, Gilmore, MacDonald and Simpson, 1980) and increase therr
output of cholesterol and P4 (H1;ke1. Snyder, MacDonald and Simpson,
1980). It 1s worth noting that I used crude cell populations. it is
possible that particular cell populations within a tissue may be
responsible for a specific enzymatic activity described. A change in
its contribution to "the total cell population may have wmasked a
change in net conversions per cell. Use of cell separation techniques
1s required to inbestiéate this possibility. Gibb and Lavoie (1986)
found different 3B-HSD:aryl sulphatase ratios in enriched prepara-

tions of collagenase dispersed cells from human chorion laeve iso-

lated on Percoll gradients, thus lending support to this contention.

The net production or metabolism of P4 and Es can be regulated

at at least two levels. Firstly, there 1is 1induction of enzyme

synthesis. Cortisol has been shown to increase placental l7a-hydro-

xylase (Anderson et al, 1978) and aromatase (Ricketts et al, 1980).
Progesterone stimulates an increase in human endometrial 17B-and

200-HSD. (Tseng and Gurpide, 1974, 1975). Catecholestrogens increase

the secretion of P4 and E2 from placental explants maintained in

’ organ cultufe (Barnea and Hasan, 1985). This effect was iahibited by
a- and B- adrenergic blockers suggesting an effect mediated through

adrenergic receptors. Caritis and Zeleznik (1980) have reported that

the p-sympathomimetics, isoproterenol and ierbutaline, could stim-
ulate the accummulation of P4 in human placental explant media.
B-adrenergic receptors have been fodnd on human placenté (Falkay and
Kovacs, 1983). P4 secretion by choriocarcinoma has been shown to be

stimulated by epidermal growth factor (EGF; Benvenesti, Spéeg,




Carpenter, Cohen, Linder, and Robinowitz, 1978). EGF receptors have
been found on human placental syncyt1otr$pbob1;st membrane (Richard,
Beardmore, Brown, Molloy and Johnson, 1983, Rao, Carman, Chegini and
Schultz,.1984; Chegen and Rao, 1985), decidua (Chegini and Rao, 1985)
and human fetal membranes (Rao et al, 1984, Chegini and Rao, 1985).
Thus steroids, ﬁeptide hormones and regulatory transmitters are
putative regulators of steroidogenic enzymes in intrauterifne tissues.
Direct effects of these substances on sterpidogenic enzymes :in intra-
uterine tissues needs to 'be studied 1in cells grown as monolayer
cultures. .

Secondly, there are the direct effects ‘of substances on the
enzymes altering substrate enzyme affinity and maximym velocaty.
Powell and Challis (1986) reported an increase 1n the net conversion
of 3H-P5 to °3H-P4 in the presence of 260-DHP. -It was shown that
200-DHP inhibited metabolism ;} 3H-P4 to 3H-20a-DHP.- Grimshaw,
Mitchell and Challis (1983) showed that P4 output by human piacental
cells could be increased by 5Sa-dihydrotestosterone and 5a-pregnane-

dione by preventing P4 metabolism by So-reductase. P4 production is

dependent not only on the direct effects of steroids such as Es and

DHEA on the synthesizing enzymes but also on end product inhibition

of the metabolizing enzymes. In addition, it is important to note
that these regulatory steroids are not necessarily biocactive.
Studies need to be performed to investigate net conversions of
substrate to product in the presence of different levels of sub-
strate, product, metabolites and inhibitors.

Sequestraiion within tissues by specific and non-specific
protein receptors 1is another way the cell can alter endogenous

concentrations of P4 and Es within the tissues. Studies on
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progesterone and estrogen teceptoi levels in 1potrauterine tissues of
pregnant sheep are lacking. The rise 1in the levels of El and E2 at
labour may result from an 1increase in the levels of an estrogen
receptor. The relative predominance of E2 in the MYO and ENDO
compared to the maternal peripheral pla;ma may suggest a higher
affinity of tbxg‘receptor for E2. ’Alternatlvely 178-HSD acti§1ty may
set this predominance of E2. P4 and estrogen receptors have been
measured in the human intrauterine tissues during pregnancy (Dawood
and Dawood, 1984; Giamnopoulos, Goldberg, Shea and Tulchiosky, 1980;
Giannopoulos and Tulchinsky, 1579; Tulchinsky and Giannopoulos,

1983). The total estrogen and total P4 receptor levels in the

myometrium are lower at term and labour than :during the menstrual

cycle. Tulchinsky and' Giannopoulos (1983) argued that the receptor

levels were lowered by the high concentrations of P4 during

=03

pregnancy. They also showed a 30% to 50% reduction of both estrogen .

and PéAreceptor levels in the myometrium in labour; howevgr, this
result may ﬁave been an artifact of sample collection. Cytéplasm1c
receptors for P4 and Es are low or undetectable at term and the
nuclear receptors are 2almost saturated with eadogencus hormone.
During the menstrual cycle most of Ehe.teceptors are cytoplasmic.
This distribution of receptor was attributed to the high circulating
and tissue levels of both Es and P4 during‘pregnancy resulting in a
greater degree of translocation of cytoplasmic receptor toA.the
nucleus.

In the rat, a species ;n which there is a withdrawal ;{ P4 and a
rise of Es in peripheral glood toward the end of pregnancy, there is
a fall of nuclear P4 receptors as well as a rise of nuclear estrogen

receptors. (Vu Hai, Logeat, Warembourg and Migrom, 1977). As the




concentration of P4 falls so does the translocation of cytoplasmic P&
receptors to the nucleus. As the peripheral estrogen levels rase
there 1s an 1increase 1n the translocation of cytoplasmic estrogen
receptors to the nucleus.

Dawood and Dawood (1984) were unable to detect cytoplasmic or
nuclear receptors for E2 or P4 :i1n the chorion and amnmion; however
both tissues had higher levels of E2 and P4 than those 1n the decidua
and myometrium. It is possible that the steroid levels 1n human
fetal membranes are influenced more by local steroidogenesis than by
sequestration at receptors.

Intraﬁterine tissues of both the pregnant sheep and pregnant
woman possess the potential to produce P4 and Es. At least in the
human, the activity of some of the steroidogepig enzymes change with
the onset of labour. These changes might alter tﬁe local steroid
levels without effecting peripheral plasma levels. These enzywe
activities must also be ¢tonsidered when administering steroid either

into the peripheral plasma of mother and fetus or info the fetal

fluids. They will effect the flux of steroid across fetal membranes

and between maternal and fetal tissues.

It is only through an elucidation of the physiological mech-

L
anisms that control pregnancy and the onset of parturition will the

.

etiology of preterm labour be determined. In the future 1t 1s hoped

that the obstetrician will be able to use a more scientific approach '

to the management of an old obstetrical problem.
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APPENDIX 2: Progesterone antibody (Dr. B.J.A. Furr):

~ [y

cross reactivities

. _—— .
Percent Cross Reactivity
; Pregn-4-en-3,20-d1one - 180.0
Pregn-4-en-1lx-01-3,20-dione 35.9
Pregn-4-en=21-01-3,20-done - 23.8
Pregn-4-en-115-01-3,20-dione ) 3.4
. > .
Pregn-4-en-113,21-di01-3,20-dione 0.92
Estra-1,3,5(10)-trien-3-01-17-one ‘ <0.25
- i .
Estra-1,3,5(10)-trien-3,172-dio]l -0.25
L .
Pregn-4-en-l7a-ol-3.11.25-tnione ~0.18
Pregn-4-en-17a,21-di0l1-3,20-cTene <0.18
Pregn-5-en-33,17a-dici-C0-one <0.18
. Pregn-5-en-33-01-20-one L ~0.18
; Sa-pregnan-3-,20a=dicl ' , : <0.18
- pregn-4-en-17a,21-diol-3,11,20-trione" 1 .0.18 -
Cholesterol " o <0.18
LY b
i f
} .
i‘ ‘ |
iﬂ .
| . ~
i i .
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APPENDIX 3: Estrogen antibodres, cross reactivities

Estrone
163-epiestriol
16-0x0-estradiol-17: °
Estragiol-17z
fstradiol-172
Progesterone

: Pregnenolone

Testosterone

e

Cortisol

Percert {ross Reactivity

Antibody

£strone

160.0

2.

S

on

—

Estraciol-17-

1.1

-
3

C.
0.
100.

o
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