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- ) The objectives of the work deécribed\in this thesis weré to
.de1ineate major sites of prostanoid (PG) produc}ion in pregnant shegﬁ

_ by examining the concentrations of PG in intra-uterine tissues taken
at different stéges of pregnancy dand corre]atinp these with isb]ated
cells prepared from these fissues and with concentration changes in
amnjotic and allantoic fluids. I e%amined patterns of output of
different PG's jg_gi;rg, and the variatioﬁ‘in PG concentrations within

i different areas of uterine tissues. The effects of infusing“ﬁCTH to

the fetal lamb and indomethacin to the mother on patterns of uterine

~

activities and steroid changes were correlated with tissue steroid and

PG concentrations during labour and PG outputs in vitro. Effecfs of
steroids* and prqtein hormones.on PG output ig_jj;gg_were.examined in
1sp}ated ce]lé.. Finally, the sequelae of fetal death, PG concentf tio
and uterine activity chénges were examined. The principal finding
were: e |

| 1) Regional differences in PG cohcenératibns within some
intra-uterine tissues in some animals. R

., 2) During normal prégnancy, PG conqentfations and PG output

.Qf‘ in vitro from isolated cells were lower on Days 50 and 100 for coty-

ledons, and on bay 50‘for chorioa]Iantois;ahd'amnidn, than in Tlater

stage; of pregnancy. In amiotic and‘allantoﬁp fluids, 6-6xo—PGF]u

was the major PG found and céncentratidns of all PG's were éignificanﬂx' 2
higher on Day']45 than at earlier stages of ﬁregnancy. PG concentrations'

1

i1 : :
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: 1in cotyledons.

.indicated by changes in materna1 and fetal stero1d concentrat1ons,

.

P . ) “ . ' .

1 ! t

in these fluids were significantly cotre]éteojwith PG con;enttations
a N

3} Labour was 1n1t1aten after 1ntva feta1 ACFH treatment as
and by 1ncreased ‘uterine act1vxty The t1ssues w1tw hwghest PG
concentrations were coty]edons and chor1oa11anto1s ‘and these high
concentrat1ons were corre]ated with estrone c0ncentrat1ons in these
tissues. Concentrat1ons of 6- oxo-PGF] were e1evated in myometrium
adJacent to the cervtg during ACTH- 1nduced labour and PGF and PGE
concentrat1ons were h1gher at the tubal and cervical ends of-the |

‘myometrium in &1 apimals. Concentrat1ons of PGE ih endometrium gpd

. of PGF and 6roxo-PGF]a in cotyledons and chorioallantois were elevated

*

dur;ng‘Acrﬁ-tﬁduced 1abour...fndomethacin,‘given to ACTH-treated
animals, roducéd PG concentrations, the de§¥9e of cervical dilation
and the frequency of uteniné contractions but did not affect the
max imum amp11tude of contract1on myometr1a1 cyclic AMP or plasma

stero1d concentrat1ons <

4) The output of PG's in vitro from carunc]e cells in

\
?

résponse to lﬂ.!lIiQ hormone treatments were examined in ovariecto-
mized, non-pregnant ewes, treated in vivb with corn oil or estradiol-
178 and/or prGQESterone for -9 days. (ﬁhe in vitro output of PG's was
not(altered by in_yitrg_estradiol717e, progesterone or relaxin treat-
ments. Howevér, the output of PGE from carunc]e cells was increased '
in cel]s from ewes treated with estradiol- 178 in viva and the output

of all PG’s examthed were “decreased folJowing in vitro ovine placental

JJactogen treatment. .

jv
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_5) The concen%rations of all PG's were elevated in th

-

myometrium in sheep‘beariﬁg?¥etu5es which had gjed.12-26 h prevﬁéus]y.

The proportions of animals showing uterine activity, however, wgre

elevated only in~sheep beéring fetuses which had died‘34-72.h) :
prévious]y, and the frequency and maximum amplitudes of contractions
in these animals were not different from those observed during ACTH-

induced .1abour.

~ The results of this study suggest an.association between

elevated PG concentrations and uterine aqiivity during ACTH-induced

labour and labour associated with the presence of a dead fetus. An

increase in tissue PG concéntrations and in PG output in vitro occurs

during the last third of pr gnéncy. Furthermore, these results
. / )
suggest that estrogen apd/ovine placental lactogen may play a role

in the regulation of-uterine Pg‘préduction.
.-

.-r—"'"""
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INTRODUCTION

Luukkainen and Csapo (1963) showed that the intravenous
infusibn of a 1ipid emulsion into pregnant rats resulted in increased
fesppnsivgness to oxytqcin, suggesting a role for lipids in the ini-
tiation of parturition. The active comp&nent in éhesg emulsions was

‘1ater found to be phosphatidy]chq]ine enriched with liﬁoleic acid.

In ratsségystemic infusions of arachﬁdonic acid induces parturition
(Luukkainen and Csapo, 1963). Subsequent studi;s have suggested a

role for arachidonic acid metabo]ites‘?srostanbids) in the final train
of events leading t¢ parturition in a variety of species. Although
evidence indicates a role for prostanoids (PG's) primarily in the regu-
lation of myometrial activity during parturition, the mechanism of

~
action, site of production and the effects and interactions of differ-

ent PG's on the uterine events associated—with parturition remai;\jT

”G;Eertain. In addition, the control of PG production throughout preg-
nancy and during parturition is in doubt. Although a {?riety of honﬁones
has been shown to influence the production)pf PG's by intra-uterine
tissoes, it is not known whether production is inhibited throughout
pregnancy, and parturition results from the release from inhibition of
PG proﬁuction, or whether PG production-increases during pregnancy

and is further stimulated during parturition. Until this enigmq\is

resolved, the precise mechanism by which the fetus and/or mother

-

~.

° /
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controls PG production in intra-utgfine tissues during pregnancy and
parturition remains purely specufg%ive.

Although this th?sis is primarily ‘concerned withi the role |
of PG's during pregnancy and p;}turiyion in the ewe, it is iﬁportant
to point out that the events occurring from the activation of the
:fetal adrenal fungtion (initiation of parturition). to the delivery of
the fetus involve the interaction of a number of complex events, of
which the involvement of PG's represents but one stepping stone. In
addition, 4f is not known exactly how or where these eveﬁts start, or
how théy exert their ultimate action. ’

The primary goals of this study were: 1) to examine the
ébility of various intra-uterine tissues to produce PG's during
different stages of gestation; 2) to test the hypothesis that PG's
are mediafors in the initiation of ACTH-induced labour; 3) to
investigate the association between PG's and labour following fetal
death; and 4) to examine the hormonal control of PG broduction

in vivo and in vitro in pregnant and non-pregnant uterine tissues.

The 1literature review is divided into the following

headings:

1. Role of'the fetus in the control of parturition;

2. Effects of glucocorticoids on p]acentél steroidogenesis;
3 H‘mona] changes during pregnancy;

4. Uterine activity; possible role of gap juqctipns;

5. Factors which may* regulate uterine PG production during
- pregnancy and.parturition;

> 6. Possible roles of PG's du}ing‘ﬁregnancyi and




7. The ppss{ble role of PG's during abortive labour and the
delivery of dead fetuses.

wheré it seemed relevant, information from species other than the -

r

sheep is also incTuded.

7
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CHAPTER 1

LITERATURE REVIEW

1.1 Rd]e of the Fetus in the Control of Parturition _

It is generally accepted that in sheep, parturition which
occurs spontaneously on Day 145-150 of pregnancy, is initiated by the
activation of the fetal pituitary-adrenal axis. The observations that

\pregnancy\is prolonged fo]iowing gither hyppphysectomy or bilateral
adrena]ectomy of the fetal lamb in utero, and that the intra-fetal
infusion of ACTH or g1ucocont1coiq§ resu]%s in premature parturition
(Drost and Holm, 1968; Liggins et al., 1973) lend strong support for a
fetal role in t;e initiation of parturition. Fvidence indicates that
there is maturation of the sensitivity of feté] adrenal glands to

- trophic hormonal stimulation during late pregnancy in sheep. The
fetal adrenal secretes little corticosteroid in response to a 60 min
intra-fetal infusion of ACTH]_24 before~D§ys 130-135, after whicH there
is an increase in plasma cortisol in response to both exogenous and

endogenous ACTH (Liggins et al.; 1977). In vitro studies indicate
that there is én increase in 118~ and 17a-hydroxylase activity in
adrenal tissue near term and that these enzymes could be stimulated by

ACTH (Anderson et al., 1972). The capacity of the fetal adremal glard

to secrete cortisol is high during early pregnancy, is suppressed

during mid-pregnancy and increases again after Day 130 (Glickman and




Challis, 1979; Glickman et al., 1979; Wintour et al., 1975). At

present, the mechanism by which fetal adrenal function is reactivated o

around the time of parturition is uncertain.

s

1.2 Effects of Glucocorticoids on Placental Steroidogenesis._

T
Evidence suggests that the increase in fetal cortisol
inf]uence; the onset of labour in sheep through its effects on pla-
cen;a] steroidogenesis (Flint et al., 19}éa,b). During late
pregnancy, the ovine pltacenta is the major source of progesterone
(Edgar and Ronaldson, 1958; Bassett et al., 1969; Heap et al., 1973)
and under the influence of the increase in fetal cor%iso] at term,
becomes a complete endocriné‘g1and capable of metabo]fzing pregneno-
lone to estrogen. Placental. tissue previously exposed to cortisol had
increased‘17a-hydroxy1ase activity (Anderson et al., 1975) which may .
be associated with the prepartum decrease in progesterone'productidn
(Flint et al., 1975a,b) and for the provision of preeursors for -
aromatization. Flint et al. (1975a) have demonstrated the formation of
estrone following the addition of 17a—hydroxyprbgesterone in vitro.
It has been shown that the activity of placental C17_20 lyase was
increased by cortisol, possibly explaining the increased preterm
es trogen produét{on. Evidence suggests that direct effects of -
cortisol on placental aromatase (Anderson et al., 1978) and steroid

sulfatase (Ash et al., 1973) may also occur in the ovine placenta.
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1.3 Hormonal Changes during Pregnancy

A detailed account of hormonal changes during ovine
pregnancy and their possible physiological role during pregnancy and
parturition has been described previously (Thorburn et al., 1977;
Thorbuyrn and~Challis, 1979; Challis, 1980). Since these changes con-
tribute to the mechanism of parturition, but are not the focus of this

thesis, they will receive only brief consideration .here.

t.3.1 Progestérone

Evidence suggests that after Day 50 of pregnancy in sheep,

Yy

progesterone production occurs.prim§§i1y in the placenta (Thorburn
et al., 1977). In sheep, progegéerone concentrations in maternal
. plasma decrease during the last 5-15 day; of pregnancy, following the
increase in fetal plasma corticosteroids (Bassett et al., 1969;
Fy]]ing, 1970; Bedford et al., 1972a,b). Maternal plasma progestéroné
éoncentrations also fall after the administration of glucocorticoids
to the fetus (Liggins et al., 1972; Currie et al., 1973; Flint et al.,
1974).

A similar pattern in feta] plasma progesterone levels has

been reported, although congentrations were lower than maternal plasma

(Nancarrow and Seamark, 1968). Myometrial progesterone concentrations

increase progressively from Day 45 to Day 140 (Raw]inds and Waxd, 1976). .

Similarly, there is a progressive increase in progesterone concentra-
tions in amniotic fluid between Days 50 and term (Power et al., 1981),

concentrations increasing markedly during the last 10 days of

gestation (Challis et al., 1981). The source of this progesterone is




g
uncertain, however recent evidence suggests that fetal membranes have

some -steroidogenic activity (Swartz g;_gl,,f1977; Gibb et al., 1978,
1980). R

In the rabbit, t%e effect of progesterone in maintaining
' uterine quiescence is well established (Csapo, 1969, 1973).I In the
sheep, however, progesterone withdrawal does not appear to be a pre-
requisite for parturition. Daily doses of 80 mg (Bengtsson and
Schofield, 1963) or 100 mg (Liggins et al., 1972) of progesterone do
not prevent the onset of labour in sheep. At larger doses, however
(150-200 mg/day), cervical dilatation and uterine activity were
blocked (Bengtsson and Schofield, 1963; Liggins et al., 1972). In
contrast, Stys et al. (1978) has shown that the administratian of
progesterone, in amounts which suppressed uterine contractions_di@ not

inhibit the increase in cervical compliance accompanying dexamethasone-

induced parturition in sheep. 2

rd

1.3.2 Estrogens ' e

In sheep urinary estrogens first-appear at about Day 70
of gestation (Fevre and Rombauts, 1966) and their excretion increases
markedly between Day 90 and term. In contrast, the maternal Q]aSma
concentrations of estrone and estradiol-178 are low throughout .
pregnanc&; increasjgg only during the.last 24 h before parturition
(Challis, 1971; Thorburn et al., 1972) when estrogen production rate
increases (Challis et al., 1§73). There is also a massive increase in

estrogen sulfate concentrations in fetal (Currie églgl., 1973) and .

maternal (Tsanﬁ, 1974) plasma at this time. Myometrial estrogen
#:



concentrations correlate well with estrogens in maternal plasma
(Rawlings and Ward, 1976). -
In sheeb, the onset of parturient uterine activity is

preceded by increased concentrations of unconjugated estrogen and

;o o~ »

PGFZa in maternal ﬁ]asma (Rawlings ana*wgrd, 1976, 1978). A marked
increase in the sensitivity to oxytocin ;Bd spontaneous contractions
were bbserved 12-24 h after a single injection of 20 mg of
sti]besterol to pregnant ewes (Hindson et al., 1967; Liggins gglgl.,
1973). A1though induction of parturition with estrogens has been
reported (Hindson et al., 1967), this treatment was associated with

impaired cervical ripening.

1.3.3 Placental Lactogen

S

A p]acen}aW hormone with. somatotrophic and lactogenic
activities has been recently purified and characterized for the sheep
(Handwerger et al., 1974; Martal and Djiane, 1975; Martal et al.,

1975, 1976; Chan et al., 1976). Concentrations of this hormone, ,
ovine pIacenta] lactogen (OPL), have been mea§i§§§ in blood and
utérine tissue by radioreceptox assay and raﬁibimmunoassay (Kelly

et al., 1974; Djiane and Kann, 1975; Martal and Djiane, 1977; Chan

et al., 1978). Concéntrations of maternaliplasma OPL generally

bgcame detectable between Days 48-60 and increased as pregnancy
advanced, to peak levels on Days 131-141, followed by a decline in OPL
concentrations about 5 days before partu}ition. Using a specific
radigimmunoassay, Chan et al. (1978) found that OPL concentrations

were detectable as early as 40 days of gestation in uterine vein
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blood and amniotic fluid. In contrast to concentrations found in 8
maternal peripheral sera, OPL was detected as early as Day 18 in
allantoic fluid, reaching peak levels betweeq_Days 35-50. In
addition, OPL concentrations in fetal sera were found to be 9 times
higher fhan maternal sera from Days 46-70, but after Déy 110, OPL
concentrations in maternal sera were 5 times higher than fetal -sera
(Chan et al., 1978). Before Day 40, OPL concentrations in fetal
membranes were higher than in maternal cqrunc]eé-iChan’ggl_l., T978).' A
The role of OPL during ovinéipfggnancy is uncertain. For
humans, Kaplan (1974) proposed the placental lactogen is the "growth
hormone" of pregnancy that induces a constant tonic effect on maternal
metabolism and ensures for the fetus a steady source of various fuels.
In the sheep, OPL may exert direct growth-promoting effects during
early gestation (Handwerger et al., 1974; Chan et al., 1976, 1978;
Martal and Djiane, i977)$§hd\iFf1uence the rate of mgmmogenesis and
lactation during late pregnanpy\(Djiane and Kann, 1975; Martal et al.,

N

1976; Martal and Djiane, 1977). ‘ »

]

1.3.4 Relaxin

In general, data from both bioassaQS'and radioimmunoassays
(RIA's) show that Bﬁood levels of relaxin tend to rise as p?egnancy
progresses, reaching a maximum shortly before birth and falling at
parturition (rat - 0'Byrne and Stéinetz, 1976 Ande;son et al., 1973;
Shergood anq‘Crnekovic, 1979; guinea pig - 0'Byrne qu Steinetz, 1976;
rabbit - Marder and Money, 1944; hamster - 0'Byrne et al., 1976;

mouse - 0'Byrne and Steinetz, 1976; and sow - Sherwood et al., 1975).
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Using the assay of Bryant-Greenwood (Bryant, 1972), immunoreactive

relaxin has been reported in the blood of sheep during the estrous
cycle (Chamley et al., 1975), pregnancy and parturition (Bryant and
Chamley, 1976). However, it appears that this radioimmunoassay was
not measuring "immunoreactive relaxin" due to the'impurity of the
relaxin preparation and the iodination procedures used (0'Byrne et al.,
1978). Some care must therefore be taken when evaluating these
results.

Evidence for a physiological role of relaxin during
pregnancy’and parturition has been presented in reviews by Hall (1960)

and Sthwabe et al. (1978).

~ A

An overwhelming body of evidence suggests th;t relaxin
inhibits spontane?us 5%erine activity in a variety of species ksee///
Hall; 1960; Schwabe et al., 1978), including the sheep (Lye, 1981).
This response appears to be immediate. However, the uterus remains
responsive to stimu1anfs such as oxytocin and prostaglandins (Sawyer
et al., 1953; Steinetz et al., 1957; Porter, 1972; Chamley et al.,
1977; Porter et al., 1579). The mechanism of this inhibition action
s unknown. The involvement 6f catecholamines has been suggesped . ‘
(Miller and Murray, 1959) and discounted in vitro (Paterson, 1965) and
in vivo (Porter et al., 1979). However, relaxin increaseé‘myometria1
cyclic AMP concentrations (Sanborn éﬁ_gl., 1980; Judson et al., 1980),
possibly accounting for the‘ihhibition of ﬁterine contractions.

Porter (1974) has suggested that in species in which pro-

gesterone inhibits myometrial activity, relaxin may.provide a mechanism

ynder which progesterone can be withdrawn without the development of o

N




12

- premature oponjaheous activity. Since responsivenéss to oxytocin and
_PGan is retained dqring relaxin inhibition, maximal myometrial '
‘acfivity can be developed rapidly when these substdnces are released

at partur1t1on n the absence of relieble data concerning the p]asma
- concentrations of relfx1n in the ewe during pregnancy and partur1t1on,.

it is premature to speculate on its role in this species.

|
1.3.5 Oxytocin/

P]asma éxytoc1n levels are very low or undetectable in
late pregnancy or ear]y 1abouré1n -the pig (Forsling et al. 1979)Aand_
‘goat (Chard g;_gl.; 1970) and show a great increase 1n second-stage
labour. These oﬁ&@rvations heve led to suggestioﬁs that rather than
initiating pertur{tion, oxxtooin acts to increase further uterine
aotivity during ﬁ§t51 expu]sion in these species (Cﬁard, 1973;
.Fors1ing et glf,f19795. This suggestion is supported by observations '
by Denamur and Martinet (1961) and Bosc (1972) show?ngAhormal partur-
ition-ao term 1n sheep after materna] hypopﬁyéectom& at Days 50-134. .
,'It seems 11ke1y, therefore, that oxytocin secreted during second -stage
1abour pﬂays a supportive role in Tabour.

Vaginal d1stens1on is known to provoke the reflex re]ease
of oxytocin (Ferguson, 1941; Debackere et al., 1961; Roberts and
Share, 1968) , acoounting for the increasing amounts of oxy;ocfn in.
maternal blood at the time of:parﬁdrition (gorsl{ng gglgl.,']979). &
EQidenee suggesi; that the;reTease and. action of\oxytocin ma} also be.
influenced by changes in steroid hormones at tﬁ§§:tioe. In the sheep;‘

oxytocin release in response to vaginal distension s augmented in
N )




estrogen-dominated animals and reduced in proéesterone-domfhated
animals (Roberts and Shére, 1969). In addition, Alexandrova and
Soloff (1980a,b) have shown in thé rat that exogenous estrogen
increased mygmetrial oxytocin receptor concentrations and that during
parturition there is a parallel rise in cytbsol %ftrogen'receptor and
oxytocin receptor concentrations coinciding with progesterone with-
drawa1; They suggested that the increase in estrogen receptors ;
resulting from progesterone withdrawal allowed the circu]ating
estrogen to effect an 1ncrease in oxytocin receptors. It remaéggggo
be estab11shed whether myometrial oxytocin receptors are controlled by

a similar mechanism in sheep.

~

1.4 Uterine Activity; Possible Role of Gap Junctions

. L Pertinent ?é the above studies a;e the findings of Garfield
and cotworkers kGa?fie]d et al:, 1977, 1978, 1979, 1980, 1981) who
ﬁoted the presence of'gap junctions between the uterine muscle cells
of the rat, guinea pig, sheep and human only immediately Béfore,
during and after deljvery. . ,é§

.These junctions were not found, or were present with only

‘a Tow frequency in noh-pregnént animals or at any other time during

pregnancy. There were fewer gap junctions in the non-gravid than in

" the gravid horns in unilaterally pregnant rats at term (Garfield et

al., 1978). In the rat, progesterone in the presence of estrogen

inhibits, whereas estrogen stimulates the formation of gap junctions
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.

(Garfield et al., 1979, 1980). Evidence saggests that products of

arachidonic acid metabolism may. also be involved in gap -junction

formation, possibly as mediators of the steroid éffects'(Garfield\\\\\_”/// .

et al., 1986Y. ‘-

Garfield et al. (]979)Lpfoposed that -gap junctions are
essential for normal-labour and de]iveEY"anq in the synchronization off
uterine‘contractions. The e]ectr{ca1 and contractile aciivity of the

uterus in s%tu are irpegular and locali‘ed unti] just before and

dur1ng parturlsion when they become synchronized and spread throughout ‘
the muscle (Fuchs, 1969; Csapo, 1973; Kao, 1977}. However, it is not

-y tear how or if gap junctions are related to these ppysio]ogic?1"

changes. Moreover, @here are few, if any, gap junctions in the non-
pregnant ute;Ls, yet the cells in thjs musc]e'appegr to be eﬁectrica]]y '
:coupled (Abe, 1970; Kuriyama and-Suzuki, 1976). Gap-junctions, there-
:fore, may not be thé only" route for current spreaa between cells.
Membranous interdigitations and’projections frequently come in c]ose‘
contact (10-15 nm) with neighbouring cells bécoming especia17y?'
prominent in ute}{ from pregnant or estrogen-treated rats {Garfield
and Daniels, 1974). Sperelakis and Mann (1977) have postulated that '
electrical current might spread between cells by way of the extra-
ce]]u]ar space in these reg1éﬁs »f close contact. J

- Gap junctions, therefore, appear in the myometriuin when
co-ordination of contractjgps is essential. Whether their formation

~

is related to the spread of e]éctrica]factiVin within the uterus:

4+

remains to be established. . ( . .
. - ’ o
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- concentrations of free arachidonic acid is low (Leaver and Poyser,

e 2l

1.5 Prostaglandins

-

In 1930, human seminal fluid was shown to contain a f@cfar:

+

resulting in contraction and relaxation of uterine strips in vitro

(Kurzrok and Lieb, 1930). A few years later, Goldblatt (1935) in’

Eng]éhd and Von Euler (1936) in Sweden independently reported smooth

muscle contracting and vasopressor activity in seminal fluid, and

Von Euler identified the active material as a lipid-soluble acidqwhich

"he named "prostaglandin". It is now known that there is not one but :

A

a whé]e family of prostaglandins which areall C20 acids formed from

polyunsaturated fatty acids by oxygenation and cyclization.

Prostaglandins are synthesized from three essential unsaturated fatty

- acids: " 8,11,14 eicosatrienoic acid, 5,8,11,14 eicosatetraenoic acid

{arachidonic ach) and 5,8,11,14,17 eicosapanaenoic acid, which lead to
prostaglandins of the 1,2 and 3 series respectively (gxamp]e PGE];PGE2
and PGE3; for review, see Bygdeman.and Green, 1980). .Quantitatively,
the most important precursor acid‘is'érachidonic acid and therefore
tﬁe physiological role of PG's of the 2 series has received much‘ |
attention.

Arachidonic acid is released® from membrane glycero-

phospholipids by the action of phdspho]ipases. In most tissues, the

1981). -;Qv'this rea§6n, it is generally believed that endogenous _
biosynthesis of PG's and related compounds depend on th? phospholipid
stores. F]o;er (1978) and Marcus (1978) rhave hypothesized that
phospho]ipasé A2 is tﬁe,comnon.ﬁéte-1imiting step in-the enhanced

biosynthesis that occurs in response to widely divergent physical,

~



16

chemical, hormonal and neurohumoral influences. .
Once released, arachidonic acid is rapidly mgtabo]ized to
oxygenated products by two distiﬁcf eé;ymatic mechanisms, a cyclo-
oxygenase and a lipoxygenase. A summary of the known routes of
bioconversions of arachidonic acid is shown in Figure 1. Through the
action of’{gboxygenases, arachidonic ac{d is oxidized to form hydro- *
peroxy acids which are reduced to hydroxy-eicosatetraenoic acids (HETE).
Although these compounds are formed by a number of t{;sues, the |
physiological significance of hydroperoxy acids is unknown (Samuelsson
et al., 1975). The leukotrienes are formed in muscle cells and Q
leukocytes and although nothihg is known about their possible role of
reproduction, they appear to be the constftuentsrof"s1ow—reacting

substance and thus may play a role in conditions such as allergen-

¢ - .
. provoked asthma (Murphy et al., 1979; Parker et al., 1979).

The enzyme, prostaglandin endopéroxide synthetase
(prostaglandin synthetase, cyc]o-oxygénase),'cata1yses the transfor-
mation of arachiaonic acid to the cyclic endoperoxides (PGG2 and

PGH whi&h are key intermediates in the biosynthesis of PGEZ, PGFzg,

)
thromboxane A, (TXA2) and PG, (prostacyclin). Some of the enzymes

involved in the biosynthesis of these compounds from the endoperoxides

" have been partially purified and studied (see Samuelsson et al., 1978-

for references). The enzymes PG endoperoxide E isomerase and PG \

A

endoperoxide an isbmerase catalyse the conversions of endoperoxide to
PGE2 and PGan, respectively. Several p(oteins catalyse the formation

of PGD,. Thrombq;ane A isomerase catalyses the formation of TXA2 and

2
prostaglandin endoperoxide I isomerase catalyses the formation of sz.

°

o




©

i

FIGURE 1 N

Summary of some of the presently known bioconversions of

arachidonic.acid (from Gréen et al., 1981).
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Thromboxane B2 and é—oxo—PGF]a are formed by non-enzymatic hydrolysis
of TXA2 and PGIZ, resggctiVe]y. Prostacyclin may also be metabolized
enzymatically in the lung to form 6,15-dioxo-PGF]a (Sun and Taylor,
1978) and in platelets to form 6-oxo-PGE, (Wong et al., 1980). The
1att;r compound has potent PGIz-iike activity.

It is generally agreed that the production of arachidonic
acid metabolites represents,at least in part, the final common pathway
by which the different hormonal events asséciated with parturition
exert their action on the myometrium. Prostaglandins have been shown
to cause stimulation of uterine activity in a variety of species,
both in vivo and in vitro (Ramwell and Shaw, 1970). The emphasis in
" this section will be placed on the role of PG's in non—pregnanf
animals and during parturition (see Challis, 1980 and Thorburn and
Challis, 1979 for recent reviews).

3

1.5.1 Sites of PG Production and Metabolism

In the non-pregnant sheep with a 16-day estrous cycle,
évidence suggests that PGan is produced in the uterus and exerts a
local effect on the adjacent ovary, resulting ih regression of the
corpora lutea (éee Horton and Poyser, 1976). During the estrous
cycle, PGF concentrations in the utero-ovarian vein increase slowly
and progresgiQely between Days 6 and 12 (Thorburn gg_gl., 1973;
Robinson g}_gl,,A1976). A complex series of peaks 1nlthe concentra-
tion; of PGF was observed between Days 13 and 17 of the cycle,
normally lasting less than 6 hours. The first major ﬁéak was observed

on Day 13, followed by another peak on Dayj]4 and a series of peaks

~
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PGF biosynthesis and metabolism during the Tuteal phase of the estrous
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of high concentrations on Days 15 and 16 (Thorburn et al., 1972, ' »

1973). The high PGF concentrations in the utero-ovarian zgin on

Days 15 and 16 are associated with regression of the corpora lutea

and the subsequent decrease in‘p1asma progesterone concentrations .
(Thorburn et al., 1973). In vitro studies suggest that the caruncles,
specialized foldings of endometrium which give rise to the maternal

cotyledons (placentomes) during pregnancy, may be the major site of

cycle (Louis et al., 1976). Using an immunocytofluorescence procedure,
Hus1ig et al. (1979) measured the activity of PG forming cyclo-
oxygenase during the estrous cycle in sheep. The specific aEtivity

in uterine microsomes was higher on Days 13 to 15 than earlier in the
cycle, correlating with a three-fold increéase in cyclio-oxygenase
activity in caruncular endometrium but not in other tissues. Incuba-
tion in vitro of sheep uterine tissue homogenates revealed that
although both caruncular and non-caruncular endometrium can synthesize
and G-éxo—PGF

PGF,,» PGE o (Alwachi et al., 1980; Marcus, 1981), the

2 1
myometrium synthesizes predominantly 6-0x0-PGF; (Alwachi et al.,
1980). - Endometrial cells and intact eﬁbryos on Day: 15 of pregnancy,
and chorionic membrane én Day 20 of pregnancy have been shown to
produce PGI,, PGF, and PGE, from labelled arachidonic acid in vitro
(Marcus, 1981). Although PGF concentrations in'the utero-gvarian vefn
increase slightly between Days 1? and 14 in pregnant sheep, PGF peaks
on Days 15 and 16 were not observeﬁf,PGF levels fell to relatively low

concentrations by Day 20, and there was no overall change in plasma

progesterone concentrations (Thorburnet al., 1973; Roberts et al., 1975).




The reduced levels of PGF appear to persist throughout pregnancy since
Tow concentrations of both PGE and PGF in the utero-ovarian vein
plasma were also found from Day 125 to just before parturition when
concentrations increased sharply (Challis et al., ]976). Since PG
concentrations have not been measured between'Days 20 and 125 of
pregnancy, it is not certain whether the reduced levels observed on
Days 20 and 125 are indicative of decreased synthesis of all PG's
throughout pregnancy. Clearly, more studies need to be carried out
before statements can be made on the rotes of PG's during this period.
" During Tate pregnancy in sheep, the concentrations of PGF
and 6-oxo—PGF]a in maternal plasma increased during spontaneous
delivery (Thorburn et al., 1972; Mitchell et al., 1979), and at
delivery induced by intrafetal infusions of ACTH or of glucocorticoids
{Currie et al., 1973; Kendall et al., 1977; Mitchell et al., 1979).
Similarly, the concentrations of PGE in fetal plasma (Challis et al.,
1976) and of PGE, PGF and 6-0x0-PGF, ~in amniotic fluid (Mitchell
et al., 1977b, 1978; Challis et al., 1978), increase prior to

delivery. In contrast, however, concentrations of TXB2 in maternal
ang fetal plasma did not increase during spontaneou; de]ive;}
(Mitchell et al., 1979). Concentrations of TXB2 in amniotic fluid
and of all arachidonic acid metabolites in allantoic fluid have not
_ been measured in’ sheep.

. Concentrations of PGE and PGF have been measured in

myometrium and placental tissue {cotyledons) in sheep (Liggins and

Grieves, 1971; Mitchell and Flint, 1977). " In Ehis species, the

maternal and fetal placentomes can be separated during late pregnancy

-~




(Liggins et al., 1973). Commencing 24 h after an intrafetal infusion

of dexamethasone, before the onset of uterine contractions, ‘concen-
trations of PGF, but nof PGE, increased in maternal cotyledons
followed by e]evatgd concentrations in fetal cotyledons and myometrium
after the establishment of labour (Liggins and Grieves, 1971). In
contrast, other investigators (Mitchell and Flint, 1977) reported high
levels of PGE in fetal cotyledons, but not in myometrium or maternal
cotyledons after spontaneous or dexamethasone-induced delivery. These
seemingly paradoxical results may be due, in part, to the considerable
variation among single observations taken from the few animals used in
these studies. Furthermore, PG determination in separated feta]{and
maternal cotyledons may be influenced by incomplete separéyion :?\§pe
placental components and by the artifactual effects of tradma j
associated with manual separation. Since PG concentrations have n&g%
been measured in whole (upseparated) cotyledons, the possible contri-

bution of these artifactual sources of PG's is undetermined.

Using a superfusion system, Mitchell and Flint (1976)

il

observed higher PGE Joutput" by fetal and maternal cotyledons from

3 sheep, than of PGF, possibly explaining thé high PGE concentrations
found in fetal plasma (Challis et al., 1976). In addition to PG's of
the E and F series, human placental tissue has been shown to generate
an unstable substance with properties resembling thosé of PGI2 (Myatt
and Elder, 1977). The production of P612 hgs since been demonstrated
in rat (Fenwick et al., 1977; Jones et al., 1977; Williams et al.,
1978), sheep (Jones et al., 1977) and human (Abel and Kelly, 1979)
\Efg}ine tissues. During parturition, myometrial P612 synthesis

e
g
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in vitro, increased 18.5-fo]d in the rat (Williams é;_gl., 1978) and
6-oxo-PGF]a oufput in vitro from minced human myometrial tissue
increaged 4-fold during labour (Bamford et al., 1980). In contrast,
however, Satoh et al. (1981) reports a 50% decrease in 6-oxo-PGF;
/butput from minced human myopetria] tissue using essentially the same
procedure. The changes in myometrial PGI2 synthes%g during labour in
the human therefore remain uncertain.

In humans, PGF output in vitro increased during labour in
the myometrium and decidua but not in the amnion (Satoh et al., 1981).
Other investigators have a]so«reported elevated PGF output by human
decidua during 1a56ur (Mitchell, 1986; Okazaki et al., 1981). Both
human chorion and amnion make predominantly PGE (Mitchell et al.,
1978a; Okazaki et al., 1981; Satoh et al., 1981). Kinoshita and Green

]4C-arach1donic acid is mainly converted into

(1980) demonstrate& that
PGE2 in whole homogenates of human amnion following vaginal delivery.
However, confusion exists as to whether PGE production in amnion is
stimulated during labour. Using similar techniques, inpfeased PGE
output in vitro by amnion oBtained ggom primates has been observed by
some investigators (Okazaki et al., 1981) but not by others (Mitchell
et al., 1978a; Satoh gg.gl;, 1981). Results from studiés on PG dqtput
in vitro by minced or homogenates of human tissues therefore are
inconclusive. The paradoxicé] results obtained from human tissueg,
possibly as a consequence of different incubation conditions, suggest
that serious reservations must be considered when interpreting such
studies, especially whep }issue concentrations.or other supportive

data are not included. For this reason, it is difficult to’detefﬁﬁhe

4
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" have been detected. Since a factor which inhibits PG synthesis

24

which uterine tissues in sheep may be the major sites.of PG production

during Tabour. The possibility that fetal membranes and endometrium

are also sites of PG production at this time in sheep, and the identity

*

of PG's produced in these tissues have not been inveﬁtigated.

¢

1.5.2 Factors Regulating Uterine PG Production during

Pregnancy and Parturition

The apparent low p]asmq PG concentrations during most of
pregnancy, compared to the luteal phase of the estrous ¢ycle in non-
pregnant\ewes,‘and duéing parturition suggests that pariurition is
initiated by the "release of a suppressive influence" on arachidonic
acid metabolism and/or by the "emergence of a stimulatory influence"
on uterine PG synthesis.

‘PG'; produced by homogenates of\bovine seminal vesicles is
inhibited by a factor present in human p]asma (Saeed et al., 1977).
Although an endogenous circulating 1nh1b1tor of PG synthes1s has also
been found in the plasma of pregnant women (Brennecke et aTl., 1981a)
inhibition of PG synthesis in bovine seminal vesicles by plasma of
pregnant and ‘non- pregnant women does not d1ffer and parturition does
not appear to ée preceded by a withdrawal of th1s inhibitor
(Brennecke et al., 1981b). However, if PG production. during pregnancy
is further suppressed by a factor of %eta], placental or ovarian\‘

origin, receptors for this factor may not be present in bovine seminal

vesicles and hence inhibition and/or withdrawal of inhibition may not

specifically during pregnancy~ha?§ﬁot been identified, most authors

ey



~r

believe that the increase in PG production during labour is a

.consequence of the emergence of stimulatory factors.

1.5.2.1 Steroids

The possibility that steroids reguiate uterine PG produc?
tion was suggested by the observation that concentrations of estrogen
and PGF in the utero-ovarién vein rise in parallel during the last
24 h of pregnancy (Chafﬁis et al., 1972; Currie et al., 1973; Liggins,
1973), corresponding with the evolution of uterine activity.

The ;o]e of estrogen in the regulation of uterine PG pro-
duction during late pregnancy was supported by the observation thap
diethylstilbestrol, administe}ed to pregnant ewes (130 days post
coitum), resulted in elevated PGF concentrations in maternal cotyle-
dons, myometrium and utero-ovarian vein plasma. This effect could be
b]ockgd by high doses (200 mg per day) of progesterone (Liggins et al.,
1973), Although the administration of diethylstilbestrol resulted in
the siimu]ation of uterine activity aqdrPGF release ét earlier stages
of pregnancy (bay 125), cervical. ripening and delivery were not
observed (Hindson et al., 1967; Liggins et al., 1973). In the experi:
ments of Liggins et al. (1973), uterine activity and utero-ovarian

vein PGF levels during the induction of premature parturition by the

intra-fetal infusion of d%xumé%hasone were suppressed by high doses of

progesterone, although the increased PGF concentrations in myometngm,.,

and matérna] cotyledons were not affected by proge§terone:treatment.
Unlike larger doses, however, éheep treated with progesterone

(150 mg/24 h) did not prevent the spontaneous onset of Tabour at term
ana uterine activity in these animals was indistinguishable from that

of nqnmé] labour. ¢
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The results of these in vivo experiments in pregnant ewes
suggest that estrogen stimulates uterine PG production and release
while the main effect of progesterone is inhibition of PG release. In
an attempt to control the effects of endogenous‘fteroids on uterine PG
production, a number of investigators have examined the effects of N

"steroids on uterine PG production in non-pregnant sheep. Iﬁ the nén-
prégnant,- ovariectomized ewe, injection of estradiol is followed by an
1ncreaseiin~the concentration of PGF in the caruncles and utero-
ovarian vein plasma, provided that the animals were primed with

“progesterone (Caldwell et al., 1972; Ford et al., 1975; Louis et al.,
1977; Scaramuzzi et al., 1977). The effects of*estrbgen or progesterone
31one on uterine PG prod¥ction are not_fu11y understood. Although
progesterone a]&ne'increases PGF production and re}ease from uterine
caruncles (Louis et al., 1977), a decline in its plasma concentrations
in pregnant qr\non-pregnant ewes lead to further :PG release (Challis
g;_él:, 1976).’ In contrast, corcentrations of PGF in uterine tissues
and utero-ovarién vein b]asma were not affected by estradiol treatment
alone in non-pregnant ewes (Ford et al., 1975; Louis*gg_gl., 19775
Scaramuzzi et al., 1977; Rexroad, 1978).- Thus in vivo studies in non-
pregnaﬁt sheep suggest that progesterone "priming" is essential for
ute}ine PG synthetase activity and that after the uterus is suffi-
ciently primed, progesterone withdrawal and/or increase in estrogen

will enhance the release of PGF. The existence of alternate mechanisms

for the stimulation of uterine PG production during parturition is

* supported by the observation that passive immunization against total

unconjugated estrogens did not affect the nofmi;vincrease in maternal

venous plasma PGF concentrations during parturition in ewes (Rawlings

+
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et at., 1978). The potential role of progesferOne withdrawal in
stimulating uterine PG prodbction is further suggested by the work of
Mitchell and Flint (1977a). In one animal, the intra-amniotic admin-
istration of cyanoketone (an inhibitor of progesterone synthesis) on
Day 120 of pregnancy, resulted in a decrease in. the concentration of
progesterone, and a corresponding increase in 14,15—d1‘bxo-PGF20L con-
centrations with no significant effeé% on total unconjugated estrogens
in the utero-ovarian veiqiplasma. \

In cycling ana ovariectomized,'estrogen—treated rats, the
in vitrp determination of PG synthetase activity in uterine microsomal
fractions suggested that the primary action of estrogen was not to
increase the rate of'KE'production but rather to alter the direction
of PG's produced, resulting in an increased ratio of PGF:PGE (Ham
et al., 1975). The possibility that treatments wf%h progesterone
di/or estrogen results in a similar alteration in the nature of PG's
produced in sheep uterine tissue remains uncertain. The output of
PGF but not.PGE from non-pregnant human endometrium obtained during
the secretory but not the proliferative phase of the cycle, maintained
in organ culture, was increased by estradiol. Progesterone suppressed
the spontaneous output of PGE and PGF by endiietrium obtained at all
stages of the cycle and also prevénted the estrogen-induced stimula-
tion (Abel and Baird, 1980). More recently, marked and dose-
dependent stimulation was observed in PGF and PGE productjon by rat
ufetjng homogenates following tﬁe addition of tatecholestrogen, while
sﬁppressing the prqducti&ﬁ o; 6-oxo—PGF1; (Kelly and Abel, 1980Y. It

-

is possible, therefove, that the increasing estrogen concentrations

g
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during parturition in sheep is converted to catecholestrogens which
then"stimu1ate the production of'specific’PG’s, primarily PGF.

It has been proposed that factors regu]at1ng 1ysosoma1
stab111ty, and ﬂgn;;‘the availability of phospholipase AZ,,may also
control PG biosynthesis during parturition (MacDonald et al., 1978;
Chal?is, 1980). Lipid dropiets accumulate under the influence of
progesterone in the epithelial cells of the endometrium of ovariecto-

mized sheep, while estrogen results in their depletion from progester-

one-treated ewes. The possibility that these droplets contain fatty

acid precursors for PG synthesis has been su
1977).

In humans, decidual and amnion lysosomes are paf\icu]ar]y
susceptib]e to fracture at the time of labour (Gustavii and Brynk,
1974 Schwarz et al., 1980). Grieves and Liggins (1976) demonf;rated‘

high phosphgﬂ%pase A2 activity in human amnion, and ovine amnion and

chorioallantois and suggested that these tissues may participate in

' PG biosynthesis by releasing stored arachidonic acid. In women, the

fetal membranes are enriched in phosphatjdjlethano]amine which contains

approximately 60% of the total esterified arachidonic acid (MacDonald

etal., 1978). In human fetal membréneé, phospholipase Aé has

substrate speciffcit& for phb§phatidy1ethano]amine, and dﬂrﬁhg11abour
there is a reduction in the arachidonic acid content of phosshéfﬁdy]-
ethanolamine in amnion (Gkita et al., 1980)., This finding is consis- }
tent with the hypothesis (MacDonald et al., 1978) thét\fhe liberat%on
of arachidonate as a result of decregsed Tysosomal stability and sub-

sequent increased phospholipase A2 éctivity may Ee,a major regulatory

/
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. step in PG biosynthesis during pé?turitibns The recent observation

thqt arachidonic acid is selectively lost from the phosphatidyl- -
inosiéo] fraction of humqn amnidﬁ'ﬁuring Tabour (Okita et al., 1980)
and the presence of phosphatidy]inosi;o]-specific phospholipase C
activity in human fetal membran;s and decidua may provide an additional
mechanjsmrfor arachidonic acid release (DiRenzo et al., 1981). The
observation that the specific activities of phospholipase C and A2
incrgase in amnion tisgue with 9dvanding gestation (Okazaki et al.,
19813, is cbnsistent with the finding that unesterified arachidonic
acid coricentrations increase disproportionately to other free fatty

.

acids in the amniotic f]d%d of women in labour (MacDonald et al.,

1974, 1978).
Recently, attention has focussed on the physio]ogicéi
regu1ation.of lysosomal phospholipase activities in the fetal membranes.
According;f% the_ hypothesis of MacDonald and co-w;rkers (1978) 1yso-
somal stability during'pregpancy is maintaingd, in part, by progesteroné

and the appearance of a high-affinity progesterone-binding protein in

the fetal membranes a few weeks prior to parturition (Schwarz et al.,

o\

5

1976) affects local progesterone withdrawal, and subsequedt]y augments
phospho]ipase,Az, and pqss{bly phospholibase C, activity. Although

there is no direct evidence for a’ role of progesterone in promoting

uterine lysosomal staﬁility, low concentrations of prégesterone have

been *shown to stabilize erythrocyte membranes against hypotonic
hemolysis (Seem;n, 1966). The progesterone-binding protein is found

in sign{ficant quaﬁtifﬁey“only after the thirty-seventh week of human

Loy

'pregnancy and binds progesterone, 5a-dihydroprogesterone and cortisol

(MacDonalq,g__gj,, 1978). Moreover, these investigators have shown

-
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that there is a decrease in progesterone metabolism by human fetal

membranes in late pregnancy (Milewich et al., 1979), possibly due to
effective progesterone withdrawal as a result of the appearance of
this bi@%ing protein. A o

There is also substantial evidence that glucocorticoids

inhibit the release of arachidonic acid from phospholipids, possibly
by increasing lysosomal stability and therefore decrease the formation
of PG's and related compounds. (Gryglewski et al., 1975; Heng and
§T{Levine, 1976; Blackwell gt_gj}, 1978). Although a proge;terdne;

< \?hding protein in association with fetal membranes has not been
identified in shb-primate species, such a protein may also bind.-
corggso1, and result in decreased fetal membrane fysosomal stability
and the'liberation of'free arachidonié acid. Szego (1974) has sug—
gested that estrogen may “have the opgos1te effect of progesterone and
cortisol on Tysosomes, and 1abilize theiy membranes. The hypothes1s

that estrogen, present in the amniotic fluid, results in increased

phgsphoiipase A2 dnd.Pé biosynthesis has also been-advanced (Cha]]is,
1980). In addition, once PG'; ere prdduced and released by the fetal
membranes, they may also stimulate PG synthesis in other uterine -
tissues by labilizing Tysosomes (Gustavii, 1977). |
| It should be emphas1zed that most of the studies impli- LI

cating phospho]wpase A2 and C activities as the rate-limiting step in

the synthes1s of PG's and re]ated compounds during pregnancy and
parturition have been carried out .on human “tissues. The roles of
phospholipase A2 and C end the fetal membranes in the control of PG

s \biosynthesis during pregnancy in sheep remain uncertain.
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1.5.2.2 Oxytocin

In éddition to progesterone and estrogen, oxytocin also

o

appears to cause the release of PGF into utero-ovarian vein blood.

Elevations of PGF céncentrations occur in plasma of late pregnant
sheep (Currie, 1974; Mitchell et al., 1975) and of estrogen-treated
anestrous ewes (Sharma and Fitzpatrick 1974) following the intravenous
infusion of oxytdciﬁ. In addition, PG's are released in association
with suckling (Currie, 1974)-a;d a marked increase in PGF release
occurs immediately before delivery during second-stage labour (Currie
et al., 1973). The release of oxytocin in response to vaginal dis-
tension was followed 1-4 min later by an increase in both utero-

ovarian venous PGF concentrations (Flint et al., 1975c) and uterine

activity (Mitchell g;_gl,;\1975),‘an effect which was augmented towards

thé time of parturition. Oxytocip also enhanced the in vitro rejease
of PGF from ovine endometrial but not myometrial tissde during the
estrous cycle (Roberts et al.,-1976).

The progressive increase in the responsiveness to oxytocin
during late pregnancy in sheep is likely due, in part, }o an, increase
iﬁ‘the number 6f oxytocin receptors. The changesvin circu]atiqg
levels of estrogen and progesterone at the time of barturi;ion may
cause the appearance of more oxytocin receptors (see Section‘1.3.5)‘
which,(?ndihe presence o} oxytocin, could result in increased PGF
release from the uterus. It should be pointed out, however, that the

increased uterine activity following oxytocin injection is not inhibi-

ted in the ewe when P& production:is suppressed by indomethacin *

(Roberts and McCracken, 1976). Furthermore, the stimulatory effect of
=
oxytocin on uterine activity in vitro is not suppressed by -indomethacin

e < = o=




in the rat (Chan, 1977; Dubin et al., 1979). It appears, therefore,
that an increase in PG synthesis is not essential for the gtimulatory
effects of oxytocin; however, oxytocin and PGF may act synergistically
to increase myometrial activity. /////’T—~§\\‘"’//

' - In addition to an”E??EEE of oxytocin on uterine PG produc-
tion, there is also evidence suggesting that high cin£31ating levels
of PG's augment oxytocin release. The injection of PGF in humans
(Gillespie et al., 1972) and pigs (Fors11ng et al., 1979) resulted in
a sharp increase in plasma oxytocin conceq}rat1ons. During second-
stage labour, therefore, a positive feedback relationship between
oxytocin release and uterine PG production may play an important role
in the generation of strong.contractions and subsequently placental

N

delivery.

1.5.2.3 Placental lactogen and relaxin

Thorburn and Challis {1979) have suggested that parturi-

tion in the rat may result from the decrease in circulating placental

q‘>]ac‘cogen prior to delivery which then results in decreased estrogen

re;eptor concentrations in luteal cells and subsequently decrease
progesterone production. These authors further suggest that the
increased uterine PG released as a result of changes in circulating
séeroid levels rgsu]ts in luteolysis and parturition. Possible effects
of placental lactogen on uterine PG synthesis and metabolism as well

as on relaxin production in the corpora lutea have also been suggested
(Thorburn and Chal]isf 1979); however at present there is Jitf1e

direct evidence which supports this hypothesis.

e
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Ovarian autotransplantation studies in rats indicate that
a factor causing the r%lease of relaxin from the corpora lutea prior

to pé?turition travels sytemically (Sherwood et al., 1977) and

evidence suggests that this factor.may be PGan (Sherwood et al.,
1976, 1979). In rats,‘immunoreactive relaxin ]eye1§ increase gradu-
ally from Day.lQ_Eﬂfil 12 to 24 h before parturition; levels .then fall
progressively until the surge occurring during”delivery (Sherwood

et al., 1980). It is possible that this relaxin surge results from
the elevated utero-ovarian vein LGF levels at this time. Consistent

<

with this suggestion is the observation that althougfi parturition can
o .
be delayed by progesterone (Sherwood et al., 1978) and indomethacin -

¥

(Sherwood et al., 1979), only the latter will delay the relaxin surge
occurring at the time of parturition (Sherwood et al., 1979). '

The direct effect of relaxin and/or placental Tactogen on
uterine PG production has not beeﬁ }nvestigated. During early preg-
nancy in sheep, ovine placental ]acfogen production coincides with a
period of uterine quiestence, possibly due to inhibition of uterine
PG production. In addition, the inhibitory effects of relaxin on

uterine activity hay be mediated by a similar mechanism.

1.5.2.4 Other factors
- - . _
In guinea pigs, mechanical distention of the uterus iﬂ

vitro has been shown to increase PG release (Horton et al., 1971).
"Physiologically", uterine distention occurs during pregnancy as a
result of fetal growth.‘ A; pointed out earlier, Tow PG concentga-
tions in the utero-ovarian venous plasma appear to persist until the

time of delivery. Ipese results suggest that PG output is not
-0 %

.
e e - -
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increased during "physiological” utérine stretch, possibly the result

of adaptive mechanisms operating during this period. PG output in

response to uterine distention in vitro may result in iqgreased muscle
tension, thus preventing excessive stretch and subsequent muscle
injury. It should be stresseds however, that PG concentratiofs in
myometria]\tissdes have not been measured at different gestational
ages. Since the cotyledons are thought to be the major source of PG's
in the utero-ovarian venous plasma {Chal:lis, 1980), small changes in
PG content in the myometrium may go undetected. Hence, until these

measurements are made, the effects of uterine stretch on PG output

from the myometrium remain uncertain.

&

1.6 Possible Roles of PG's during Pregnancy

1.6.1 Uterine Activity

It is generally accepteﬁ that PG's play an important role
in the regulation of uterine contractility during parturition (Liggins
et al., 1973; Flower, 1977; Thorburn and Challis, 1979; Challis, 19éOL
Prostaglandins cause stimulation of uterine contractile activity in a
variety of species both in vivo and in vitro (Ramwell and Shaw, 1970).
When infused during estrus or fo1low1ng estrogen treatment in -ovari-

. . ) * . .
ectomized ewes, intravenous PGan causes an increase in the frequency

. and amplitude of uterine contractions (Rexroad and Barb, 19757 Roberts

and McCracken, 1976). During the luteal phase of the estrous cycle,
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however, the uterus is unresponsive to exogenous PGan (Roberts and
McCraqgen,'1976). Moreover, elevated myometr{a1 PGFZa synthesis is
associated with the high levels of uterine activity and responsiveness
to oxytocin during estrus (Roberts et al., 1976). These results are
consistent with the observation that the concentrations of high
affinity PG receptors in the myometridm of monkey, human, rat and
hamster vary with the cycle (Goldberg and Ramwell, 1976). It appears,
therefore, that PG receptors are regulated by ovarian steroids and

the concentrations of PG receptors is proportional to the rate of PG

-

production and myometrial activity.

In human subjects, as well as in rats, mice and monkeys,
exogenous PG's have been shown to induce parturition and abortion
(Weeks, 1972). In pregnant sheep, however, the effects of exogenous
PG's onyutgrine contractile activity ;; uncertain. The injeétion or
infusion 6F high doses (up to 10 ug/kg) of PGFZa or PGE2 into near-
term sheep fqi]ed to cause an immediate increase in spentaneous‘uterine
“activity (Liggins et al., 1972; Oakeset al., 1973). fSince PG infusions
were not associated with conéomitant changes in'méternal or fetal
cardiovascular functions, Oakeset al. (1973) concluded that sheep were
insensitive to the effects of PG's. A]thgugh Mitchell et al. (1976a)
were able to elicit spontaneous uterine activity using high PGan "
“infusion vates (94 Hg/min), the data were not analyzed and control
data weré not presented. Similarly, chronic infusions of PGFZq into
the haternal aorta have been reported to increase spontaneous.uterine
activity in pregnant ewes aﬁ%@r a time lag of about 24 h (Liggins -
et al., 1973). These results suggest that in pregnant sheep,
myometrial PG receptors are present in low coﬁcentrations. In g&ﬁéns,

A
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however, PGFZa receptors were found in high concentrations in myo-"
metrium during pregnancy (Bauknecht et al., 1980).

The contribution and interactions of other arachid%ggc
acid metabolities in the regulation of uterine activity in sheep is
unknown. The bolus administration 6f PGI2 (20 ng/kg) had no effect on
uterine activity in a near-term sheep, although PGE, (10 ng/kg) was
stimulatory (Rankin et al., 1979). Some investigators have suggested
that in primates, P612 inhibits spontaneous myometrial and tubal
contractions in vitro in a dose-dependent manner (Omini et al., 1979),
as well as inhibit those contractions induced by PGF (Bennett and
Sanger, 1979). The effects of PGI2 on the *human Fallopian tube was
studied in~great§r detail by Lindblom et al. (1979). These investi-
gators found that although PGI2 caused relaxation of the circular
muscle Tayer in vitro, it contracted the 1ongitud}na1 muscle layer..
Thorburn and Challis (1979) reasoned that since PGI2 is produced in -
large quantities by the human myometrium (Omini et al., 1979; Satchet
et al., 1981), it may functiqn as an endogenous inhibitor of‘utéi%he’
activity during pregnancy. However, in vitro studies on uterine
strips from pregnant rats show that PGIZ, though less effective than
PGFZa’ stimulated uterine contractility and potentiated the stimulatory
effects of oxytocin (Williams et al., 1979). In view of these para-
doxical results, the role of PGI2 in the regulation of uterine activity
during pregnancy is difficult to reconcile. f; a recent study, Lyé
and Challis (1982) demonstrated a dose-dependent inhibition of uterine
contractility following the administration of 50 ug and 200 ug of PGI2

into ovariectomized, non-pregnant sheep. These results support the

hypothesis that PGIé may act as an endogenous inhibitor of uterine
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Aactivity during pregnancy in this species. ‘In contrast, TXA2 contracts
vascular smooth muscle strips (Dﬁsting g;jgl,, 1978; Samueligon
et al., 1978) andﬂTXA2 was found to stimulate contractions i;“non-
‘pregnant human uterine smooth muscle in vitro (Wilhelmsson gt al.,
1981): However, the effects of thromboxangs on uterine acggvity in
_sheep have not been investigated. Challis (1980) suggests that in
the human and possibly the sheep, changes in myometrial activity
during pregnancy may be regulated by alterations of the relative con-
centrations of different arachidonic acid metabolites. Since thgse
metabolites have not been measured in uterine tissues and fluids at
different times during pregnancy and parturition, their relative
importance in the regu]atfbn of uterine activity during pregﬁgncy is
uncertain. o ‘ - \
The importance of PG's during parturition has been con-

firmed in a number of species by the use of drugs that inhibit.the
biosynthesis of PG's and related compounds. The delivery of fetuses,

induced by the intrafetal administration of dexamethasone is delayed

in sheep (Mitchell and Flint, 1978) and pigs (Nara and First, 1981),

o\%m

and the duration of gestation-is prolonged in the human (Lewis and'
Schulman, 1973) and rhesus monkey (Novy et al., 1974a) by inhibitors
of PG synthesis. However, these investigators also reported high
fetal mortality rates in 1pdomethacin iyovy et al., 1974a; Nara and
First, 1981) and meclofenamic acid (Mitchell and Flint, 1978)-treated
animals. In addit%on, some inhibition'by indomethacin of myometrié]
phosphodiesterase activity has been reported (Beaty et al., 1976) and

AN

in sheep, Kendall et al. (1977) have shown that estrogen concentratims




rise to unphysiological levels at the amounts of dexamethasone used by

Mitchell and Flint (1978). Therefore, the possibility that the effects
of inhibitors of PG synthesis on the length of gé;tation were due to

an -€levation of myometrial cyclic AMP or fetal distress, cannot be
excluded. In humans, Schwartz et al. (1978) demonstrated a decrease
in uterine PG output following the administration of f]ufenamié acid
which preceded the inhibition of uterine contractility during pre-

term labour, suggesting that PG's may play a role in the initiation of
uterine contractions at this time. At present, the role of PG's in

-

the onset of uterine contractions in sheep and the mechanism(s) by
‘ .
which PG's act on the myometrium remain uncertain.

Garfield et al. (1978) have suggested that PG's may be

- involved in the control of gap junction formation, which may be

important in the generation of strong synchronized uterine contrac-
tions. The\gbservation that indomethacin prevents gap junction forma-
tion when myometrial tissues from pregnant rats are incubated in
vitro (Garfield et al., 1978), is consistent with this hypothesis.
However, the possibility that these results were due to the accumula-
tion of cyclic AMP as a result of the non-specific actions of the drug
were not considered. The increase in size and frequenqx:ef gap
junctions towards parturition in sheep has been corre]azga with 1&9
increases in fetal and maternal estrogen to progésterone ratios
(Garfield et gl.: 1979). 'Since an increase in this ratio is thought
to stimulate PG synthesis in the sheep uterus (see Section 1.5.2.1),

it is possible that PG's play a role in gap junction formation in

this spécies.
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— )
1.6.2 Cervd Dijatation :

N

Dilatation of the.uterine cervix:is an essential part of
the process of bifth. The ovine cervix is a long (about 10 cm) and
firm structure that is tightly closed by rings of cartilaginous-like
connective tissue. The cervix shows little change in jts physical
properties %h?oughout pregnancy until 12 A before the onset of labour,
when the cervix rapidly softens (Liggins, 1978). Cervical ripening is

associated /ith increased secretion of glycosaminoglycans, altered

composition Yof glycosaminoglycans and perhaps reduced -secretion of
collagen (see\Liggins, 1978). The mechanism of cervical ripening
tﬁerefore appears to depend on\a1terpd fibroblast activity. However,
the stimulus/that promotes these changss is unknown.
Stys g&,gl: (1978) have defionstrated in the sheep that
'atiqn between uterine activity and changes in cérvical com-
pliance is possible after mechanical isolation of the cervix from the
uterus. These authors recorded intra-amniotic pressure and cervical
compliance and found that compliance jncreased 10-fold within the 12 h _
preceding uterine activity. These results suggest that cervical
ripening is not directly related ;B hte;?ﬁé activity. The observation
(Liggins et al., 1973) that the cervix doeé not dilate during spon-
taneous labour in sheep receiving. low doses of progesterone
(150 mg/24 h) is consistent with this hypothésis.

The role for relaxin, estrogen and PG's has been impli-

cated in the control of cervical ripening (see Liggins, 1978).

N
-

Injections of PGE2 cause cervical softening in the pregnant rat

(Zarrow and Yochum, 1961) and mouse (0'Byrne and Steinetz, 1976). In
. ~

e
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addition, the local application of estradiol to tHe unripé cervix at’
term in humans appears to hasten ripening (Gordon and Ca]der, 1977).
These resu]ts suggest that changes in c1rcu1at1ng estrogen levels at ..
the time of parturition may play a role in the process of cervical.
dilatation. : o . |
Evidence suggests that PG's may play a Fo]e in_cervical
ripening in sheep. Liggins and co-workers (1977) showed cervical
§oftening, shortening and dilatation, accompgnfgd;by little or ho
change in uterine activity after th? intra-arééria] jnfusion of.PGan

and PGE2 (5 to 10 ug/min) in sheep at 125 d%ys of pregnancy. In
3

addition, cervical softening and dilatation in the absence of uterine

activity have been demonstrated qftér tﬁef?ntra}um%nai infusion of
PGF,, and PGE, into the cervix (Fitzpatrick, J9#7; Liggins et al.,
1977). The effects of PG's on cervical ?1pening;§ppear to be aug-
mented when circulating progesterone levels are‘faw (Liggins et al.,

1977), suggesting that progesterone blocks the action of prostﬁ-?

glandin on the cervix, possibly by reduc{né the popu]atioh»ﬁf PG

s

. receptors. y

Cervical tissue obtained from late pregnant shégp has

been shown to produce PG's during in v1tro superfus1on (E1lwood et al.,

ks

1979a; Ellwood.and Mitchell, 1980). In add1t1on PGE and 6-oxo- PGF]
production, but not PGF or TXBZ,were shown to bg e]evatgd in cervical
tissues obfained from sheep after delivery. Moreover, PGE and -
6-o0xo0- PGF] concentrat1ons are elevated in the cervical venous dra1nage

during¢parturition in this species, suggesting that these PG's may be

related to the connective tissue changes which take place in the

5
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cervix at parturition (E1lwood 2t al., 1979b).

‘ MacKkenzie and Embrey (1979) have shown that the efficacy .
of PGE is greater than that of PGF in promoting cervical sofFéning in
wohen.‘ There are also reporfs that both in vivo and in vitro ;dmin-
istration of PGE reduces the stretch modulus of human cervical tissue
strips (Conrad and Ueland, 1976, 1978). The effect of prostacyclin
on the ‘cervix is unknown.

The importance of PG synthesis in the pwocess of cervical
ripening in sheep is suggested from the studies by Mitchell and Flint
(1978). These authors report that bﬁth uterine activity and cervical
softening weég inhibited by meclofenamic acid, an inhibitor of PG .
synfﬁesis, during the induetion of labour by the intrafetal infusion
of dexamethasone in sheep, despite the occurrence of increasing
estrogen and decreasing progesterone concentrations. These observa-
tigqs.suggést that brogesterone aﬁd estrogen are not directly involved

in cervical ripening,-and they support a direct action of-PQfs on the

. cervix. ?ﬁrther wérk %s needed to establish tﬁé.exact”ro1es of PG's

in the cellular mechanism involved in cervica{ softening. .-

1.6.3 Uterine Blood Flow

Von Euler (1938) observed that a crude PG preparation
increased the resistance of isolated human placental véssels to per-
fusion. More recently, Novy et al. {(1974b) observed an increased

feta1'arteria1 pressure and umbilical blood flow following the intra-

i

fetal administration of PGan‘(loq-BOO ug/kg) in anesthetized sheep

“on 115 to 135 days of pregnancjl Prostaglandin E, (20-100 ug/kg)

M e v g,

‘e
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exerted a profound active vasoconstrictor effect op the fetal placental Ry
bed and decreased umbilical blood flow in these animals (Novy et al.,

1974b). Similarly, Rankin and Phernetton (1976a) have also shown

that in the awake, unanesthetized, chronically catheterized near-tem

sheep, the injection of PGE2 into the fetal circﬁ]ation was followed <

by profound vasoconstriction in the umbilical vasculature. These

o

findings, combined with the observation that PGE is present in high ’

-7

concentrations in the fetal blood (Challis et a].; 1976),quggest that J/

PGE2 may play a role in the regulation of placental hemodynamics.
ig

Rankin (1978) has recently provided evidence suggesting that PGEZ‘

meets the criteria of the substance which may regulate perfusion

ratios in the placenta.

In addition to its vasoc?ngirictor properties in the
' .

umbi]ical‘gircu]atﬁon, there are several reports in the literature
indicatingthat'PGE2 may have 8 vasodilating action on the uterine
p]acenta}‘circulatjon (Ryanrggjgj,; 1974; Terragno g}__l,; 1974;
Venuto g;_gl;, 1975; Rankin and Phernetton, 1376b): Ebidence suggests
that the,pregnant uterus synihesizes PGE and.Terranéo gﬁ_gl. (1974)

have shown that both thé rate of P_GE2 synthesis and uterine blood , B N

. flow decrease after indomethacin treatment. -

It is not certain whether PGE2 crosses the placenta and

_.reaches the umbilical circulation in its vasoactive form. Persaud °

and-Jackson (1977) have shown tﬁét'tritiated PG's dppear to cross the
placenta in rats. Similarly, Beazley and co-workers {1972) have ‘

shown p]%éénta] transfer of’PGan or its radioactive metabolites,

during human pregnancy. Ho&eyer, high concentrations of = . '
¢ ’ NI ! '
.. .

1

3T
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_possible that~p1acentaL‘and umbilical vessels mef%bo]ize arachidonic

43

15-hydroxy-PG dehydrogenase have been repprted in the human placenta
P . i ~

(Jarabak, 1972). Moreover, this enzyme has been -shown to be active in
- /

the human (Keirse et al., 1975, 1976) and sheep (Kéirse et al., 1975)

placenta. i

’ In addition to PGEZ, ev1dence is emerging which suggests

that PGI2 andAposs1b1y TXB may a]so play a role in the regu1at1on of .
placental perfusion rat1os.) Prostaglandin I2 is synthes1zed 1n*the
pregnant‘utérus (Myatt and Elder, 1977; Williams et al., 1978)4and in

anan umbilical arteries (Hamberg et al., 1979). :Rankin‘and co-' b
" workers (1979) féund that PGI2 (20 uy/kg) given 1nto the materna]
circulation caused an increase in.the vascular res1stance ‘of materna]
coty]enons in fneep. In contrest,qHamﬁerg g;kgl, (1979) found that

PGIé was four times more effective than PGE, *in relaxing the human

) £ . ' .
umbilical artery in vitro. Prostacyclin,- therefovre, may play a

similar role as PGE in the Fegu]ation of'p]Ecenta] perfusionuratios.

It appears, therefore, that the substance which best

e 1

spits the criteria described by Rankin (1976) for gpe regulation-of °

p]acentai—umb%]ica] b%pod flows may be arachidonic acid. It is

acid into efther tontractile dr relaxing prostanoids, depending on

loca] condi tions, 1n an attempt to stab11lze the perfus1on ratios of

- B

tﬁ’/pﬂacenta

»

In the sheep, blood flow to the coty1edonsAindreasés

- -
e M . !

markedly with—édvancing gestation, while the flows to the myometritm

and endometrium show 11¢t1e (Rosenfeld et al. 1974) or no (Markqwsk1
et .al. 1968) changes In addition to the: redistr1but1on of blood

flow dur1ng pregnancy, there is-a 1arge 1ncrease in overall uterine .
2 " ’




. blood flow (Rosenfeld gglgli, 1974). During spontaneous (Assali

-

‘ et al., 1958) Tabour, however, uterine contractions are accompanied by
a significant decrease in uterine blood flow. In addition, £heee

'1nvestigators observed that uterine blood f]ow decreased with each
contraction and that the degree of f]ow reduction correlated w1th the¥
intensity of the uter1ne/contract1ons The pverall decrease in.
uterine blood flow at th1s time 11ke]x;1§%gects'a‘shuﬁting of blood
flow away from the c@?&]edons in an atteJ;t to minimize blood loss
fo?]owing ﬁfhcenta] separation. G}%ess (1965) reasoned that the
maternal eﬁpdlsive efforts (bearing down) sfﬁhu]ated uterine Sympa-

" thetic nerve discharge with secondary vasoconstfictﬁon. It is also L
ﬁoséib]e that catecholamines released from the maternal and possibly
fetal adrenal medulla influence uterine hemodynamics (Rankin et al.,
1979). |

‘Récent evidence suggests that the’change in utefine b}ood
flow during pa}turitioh may be FETated to changes in p1acent51 -

\sterbid production. - The. uterine vascilature of ;on-pregnEnt,
oophorectomized ewes is extremely sensitiye*to the va:odilatory
effect of physiological.doses of estradiol. Rosenfeld et . (1973,

’3976) and Anderson and Huckshaw (1974) observed a 15-fold increase in

utérine b]ooﬁ flow following the systemic infusion of esfradio]

(1 mg/kp). This increase in blood flow seemed to be everly distrib-
uted~be%ween myometrium, endometrium and earuncles. *In addition, <
Rosenfeld g;_gl,‘(1976)’noted'that the responses of the Vasodilatopy
effects of estrogen in these tis$ues changed during the course of

gestation. In the last third of gestation, the systemic infusionvof . -
~ ‘ ‘ N '



estrﬁdio] resulted in a 3-fold increase in blood flow- to the myoméa-
trium and a 4-fold decrease in placental coty]edgn;. In non-pregnant,
oophorectomized ewes, concurrent estradiol and p#ogestérone treatment
reduced the elevated blood flow 6bserved with estradio] alone
(Andersdn et al., 1977). These results are coﬁsistent with those of
Resnik (1976), who reported a significant;decrease in the magni;hgg of
the uterine blood flow respoﬁse to estradiol when given simultaneous
infusions of progesterone. These’authors also noteds%hat the intra-
uterine distribution of blood flow to th; myometrium is favoured by
estradiol and that caruncular flow is favoured by progesterone. It is
possibile, therefore,°that the gecreased blood flow occurring during
parturition ﬁn sheep results from the increase in the estrogen:pro-
.g;ste(one ratio in the circu]atjng blood and the subsequent redistri-
bution of bPood flow. Since-an increase in this ratio may,a]so/
itimulate PG biosynfﬁgsis, it seems reasonable that these changes in
blood flow might be PG-mediated. The abi]fty of estrogens to increase
the uterine blood flow may be mediated by'thé.secondary productio; of
specific PG's (Ryanug§_§1.2,1974). In the rgflutgrus, estrqgsn

N R ~
stimulates the production of PGF prefegéntially over PGE (Kueh]

et al., 1976;.Ham et al., 1975). ,If‘estrogeh exerts a similar action
on the pregnant sheep uterus, then a decreased b]ooJ flow to the
. placental cotyledon would be predicted. In addition, prostacyclin has

recently been shown to cause placental vasoconstriction mui%wome-

~

trial vasodilation (Rankin et al., 1979). buring pa;turition in

A

. sheep, PGF concentrations increase in the placental cotyledon and
myometrium (Mitchell and Flint, 1977; Liggins and Gfﬁéves; 1971);
however, concentrations of PGIZ or its stable hygrolxticfpfbduét

\ “ !
N ° .

or

y]

-~
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(6-oxo-PGF]a) in these tissues are unknown.

1.7 Possible Role of PG's during Abortive Labour and the

Delivery of Dead Fetuses

Spontaneous parturition in s@eep is thought to be trig-
gered by fetal a¥renal activation which results in changes in the
pattern of placental steroidogenesis and sybsequent PG‘biosynthesis.
Howeyer, 1abour ensues in the absence of fetal adrenal activity
following fetal death in §heep. Evidence sugge§ts that in these ¢ir-
cumstances, increased intra-uterine PG productfon may represent ther
majar signal for the initiation of 1abour.’ -

After fetq1»death in utero in ewes following fetal
catheterization (Carson and Challis, 1981) or due to infection (Smith

and Hughes, 1974; Carter gg_gl,§34976), abortion was preceded by a

" decline in the progesterone concentrations in maternal plasma in the

absenceyof -a significant riSe,jn estradiol. The mechanisms leading
to the rapid decrease in progesterone and subsequent development of
Tabour in the presence of & dead fetus are unééntain. The importance
of PG's ;n the initiation of abortive labour is suggested from the
studies of Mitchell and Flint (1978). The authors found that the ~
mate}na1 adminjstration of mec]ofenémic acid, a PG synthétase inhibi-

tor, delayed delivery after fetal death jh‘utero in sheep.' In ®

< .addition, these authors claim that the intrq—uterine fetal death is

. ) /s
associated with increased plasma PG concentrations and heightened \\5\§m,

L 3
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_responses to oxytocin anﬁ PGFZG; however, the data were not presented.

- For the sheep, Carson and Challis (1981) suggested that
the delivery of the dead fetus may be initiated by an abrupt drop in
endogenous progesterone 1eveis, leading to the complete withdrawal of
the block of PG production -and myometrial contractility.

In two monkeys bearing dead fetuses, maternal venous
plasma concentrations of 13,14-dihydro—15-oxo-PGF2a did not increasg
until the time of delivery, approximately 25 and 50 days after fetal
death (Mitchell et al., 1976). However, in the monkey, fetal death
appears to result in decreased peripheral plasma estrogen withpno
changes ip progesterone concentrat%ons (Mitchell et al., 1976; Challis -
et al., 1977). | ” \

Thése may explain the rapid onset of abortive 1abourrin
sheep following fetal death (éarson and Cha11{s, 1981), compared to
monkeys (Mitchell et al., 1976). PG's may also be released from
necrotic placental tissue after fetal death (Myers et gl., 1974)
and/or from'the dead fetus. It is possible that in the monkey, tissue
necrosis following fetal death may represent the major stimulus for
PG production. A]térnative]y, Mitchell and Flint (1978) have suggested
that fetal death may be a;sociated with the withdrawal of a fetus-
associated factor which has inhibitory effééts on PG synthetase.
Furthb insight on the action of PG's during abortive 'Iabour.awaits
studies investigating the identity and intra-uterine sources of the
different arachidpnic ac;d metabolites produced in response to fetai
death. | |

Increased concentrations of PGFZa in amniotic fluid have

been observed following the extra-amniotic injectiop of hypertonic




saline during mid-pregnancy (Gustavii and Green, 1972; Llewellyn-

Jones et al., 1975). The decidual cells and their lysosomes have
been shown to be extremely fragile (Brunk and Gustav11, 1973) and
rupture of decidual lysosomes during sa]ine-induced abortion has been
reported (Gustavii and Brunk, 1974; Vassilakos et al., 1974). On the
basis of these observations, Gustavii (1973) suggested that the saline-

induced rupture of decidual lysosomes resulted in the release of

phospholipase A2 and subsequent PG biosynthesis. In addition, the

,acidosis resulting from the contractile effects of PG's on smooth

muscle may lead to the release of additional lysosomal enzymes

‘-(Bengmark et al., 1974). In support of this hypothesis, Waltman and

co-workers (1973) found that the administration of PG synthesis

1nh1b3fors, such as aspirin or indomethacin, resu]ted in the prolonga-

4

tion of the 1nst111at1on abortion interval in saline-induced

- ,aborfions in the human. In addition, exogenous PG's or their

”analogygs‘éfe commonly used to induce abortion and labour in women

ZK&rﬁh and Sharma, 1971). However, recent evidence suggests that the

fetaT membranes part1cu1ar1y the amn1on in humans are the major

7

s1tes of arach1don1c acid liberation and phospholipase activity

(Okazaki gg_gl., 1981; MacDonald et al., 1978).

Labour induced'by.amniotomy also appears to result from a
local stimulation of PG production.-iﬁuring the last 2-3 weeks df
pregnancy, Mitchell et al. (1977) demonstrated higher PG concentra-
tions in amniotic fluid collected by amniotomy than by amniocentesis.
Whether the increased PG synthesis following amniotoﬁy results from

damage and subsequent labilization of the lysosomes in the fetal

N,

& -



membranes and/or from the loss of excessive amounts of amniotic
fluid is unknown. MNor is it known how PG's that are produced in the
fetal membranes and/or decidua, or how PG's placed exogenously in
the vaginal canal or amniotic cavity, reach the myometrium to exert

their action. —

AN )
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CHAPTER 2
RATIONALE

4

The following hypotheses were investigated in sheep:

1) prostanoid concentrations and output in vitro from intra-uterine

tissues remain at low levels throughout pregnancy and do not increase

until shertly before or during parturition; 2) prostanoids are
essential mediators of ACTH-induced labour, and labour associated with
the presence of a dead fetus; 3) the amniotic and allantoic membranes
produce prostanoids throughout pregnaﬁcy3 and this production is
further increased during-parturition; and 4) estr;gén, progesterone,
placental lactogen and ré]axin play a role in the regulation of’
uterine prostanoid production.

This investigation was assisted by the development of a
chronic fetal lamb preparationwhich a11oweduthe simul taneous measure-
ments of fetal breathing movements, heart rate, plood pressure, &\
uter%ne actiV}ty and the concentrations€of various hormones in fetal
and maternal blood during normal and experimentally manipulated
pregnancy. This development is paramdﬁnt in studies on fetal physi-
ology since anesthesia and postural changes during acute experimenta-
tion profoundly influence blogod flow to‘the fetus and placenta, fetal
CNS activity and fetal hormone production (Rudolph and Heymann, 1973).

OIf brostag]andins'are essential mediators in the initia-

tion of labour, it was anticipated the prostanoid concentrations
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would be elevated during labour and that indomethaiin, an inhibitor
of PG synthesis, would inhibit the in}tiation of parturition. More-
over, if the ratio of estrogen:progesterone was important in the
regulation of uterine prostanoid production, then this ratio should
be elevated in the-maternal circu]atign during par?urition and in the
intra-uterine tissues showing elevated prostanoid concentrations at
this time. Since PGE, PGF, PGI2 and Tsz have beenlshown to exert
effects upon smooth muscle activity (see Chépter 1), concentrations
of PGE, PGF, 6-0x0-PGF, (the sFable product of PGI,) and TxB, were
measured in uterine fissue by radioimmunoassay.

If estrogen, progesterone, placental lactogen and/or
relaxin influences the pattern of arachidonic acid metabolism in
intra-uterine tissues, then it was anticipated.that the addition of
thése hormones to incubation media containing dispergéd cells from
different intra-uterine tisstes would alter the output of prostanoids
into the incubation media. :

In addition, it was'anticipateﬁfthat a descr¥ption of the
changes in prostag]andin'concentrations in the various intra-uterine
_&is;ues and fluids at d%fferent gestational ages énd during labour

@ﬁaaid”provide insight regarding the .roles of prostanoids at different

stages of pregnancy and'during partﬁ?ition.

L
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CHAPTER 3

-

GENERAL MATERIAL'S AND METHODS

3.1 Animals | -

Pregnant and non-prégnant sheep 6f_mixed breeds were
obtained from a local farmer. For pregnant sheep, the day of success-
%u] mating was designated as Day zero of pregnancy. The ewes wére fed
ad 1ibitum and were housed with at least two other animals in a quiet
room with 12 h ]ight}dark cycles at about 25°C.

>

3.1.1 The Chronic Fetal Lamb Preparation

B

The technique of fetal and maternal catheterization uséd
in these studies has been published previously (Manchester et al.,
1979). Before surgery, the ewes receivéd an injection of Pen-di-strep
(4 m1, 1,000,000 IU im). Surgery was performed between Days 110 to
115 fo]]ow%ng matihg.‘ (*‘fj

Anesthesia was induced with sodium pentothal, and was
maintained by using a 50:50 nit}ous oxide:oxygen mixture, with 2-3%
halothane delivered at 2-3 1/min. A vertical incision was made in the
Tower midline of the maternal abdomen after it was clipped and washed
with provwiodine detergent. The catheters and electrocardiogram elec-

trodes, which had been sterilized by gamma irradiation, were fed into

. &
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the abdominal cavity through a wound made with a large bladder trochar

Jr

in the right flank of the ewe.

s Thec hind 1imb of the fetal 1aﬁb‘was withdrawn. through a
small uterine incision and'a catheter (Bolab V4; 0.5 mm bore; vinyl
,;ubing) was implanted in the fetal saphendus vein ;nd advanced to the
level of the inferior vena cava. An amiotic fluid catheter (Bolab
V10; 1.0 mm bore; vinyl tubing) was left free-floating in the amniotic
cavity. After expoéing the fetal head and neck through a separate

¢ incision, catheters (Bolab V4; 0.5 mm bore; vinyl tubing) were
implanted into the fetal carotid artery, jugular vein and trachéa.
At this time, four Tleads, each haviqg 24 strands of woven sfainless
steel wire (Cooner Corp., California, U.S.A:) were sutured over thé
sternum. Through a third uterine incision in the reg%on of the utero-

. tubal jdﬁétion, a separate catheter (éolab V10; 1.0 mm bore; vinyl

tubing) was introduced into the allantoic fluid cavity and was left

frée-f]oating. ' —~—

. In most animals, catheters (Bolab V10; 1.0 mm bore; vinyl
A tubing) were also implanted in the maternal femoral artery and vein.
The maternal femoral artery and vein catheters were advanced to the
descending aorta and inferior vena cava, respectively, - -

' Penicillin (1,000,000 IU) was injected into the amniotic
fluid and into a fetal vascular catheter at the time of surgery. In
addifﬁgn;,penicillin was delivered to the fetus and amiotic fluid and

S .
Pen-di-strep was given to the mother (i.m.) for three days following

surgery for prophylactic pu}poses. ; ' /»\)

Al
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" The catheters and wires were secured in plastic bags on

the back of the{gwes after testing each catheter for its patency and
filling them with sterile heparinized saline (1:250)s Fetal demise g

occurred in some animals 8 to 16 days after surgery, possib]y-ﬂug to
infection incurred during subsequent sampling. These animals delivered
deadlfetuses 2 to 5 days after fetal death. ' ,
In a separaté group of non-pregnant sheep, ovariectomies
were performed under general ane;theéia, using a single mid-line
incision. In these animals, catheters were also implanted.in the_
femoral artery and vein and prophylactic antibiotics were administered

\
before and after surgery.

- -

3 ¢

3.1.2. EStimates of Uterine Activity

The frequency (confractions/hour) ;nd maximum ampiitude
of uterine contractions were estimated from recordingg of amniotic
fluid pressure? using thg §a1ine-¥i1]ed amniotic‘catheter, a.Grags
pd]ygrapth.C. Driver Amplifier (Model 7DAC) and Stdtham pressure
transducers calibrated from 0-50 mm Hg. Uteringﬁcontractions were
defined as .increases in resting amniotic f]ﬁ{;>p}gssure exceeding

- 5'mm Hg. The amplitude of contraction was taken as the distance

(mm Hg) between the péak and base of each contraction.’

S

" 3.1.3 Treatments

B L
-.1

3 2 ’

-Ne . .

., g, - -

Indomethacin, an inhibitor of prostdglandin biosynthesis
(Ferretra et al., 1975), was added to 0.12 M phosphate buffer (pH 8.0)

and dissolved by heating to épproximaté]y-50-55°C¢whiTe stirring.

.t
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After titrating to pH“7 4, the solution (308 mOsm) had a final con-
centration of about § mg/ml whu;h did not prec1p1tate after coohng. v

Indomethac1n (25 mg/kg/day) was\g$uen to some animals by a contintous

~ < T
., O

infusion into the maternal femora] véﬁng

In an-attempt to induce parturition prematurely at Day 130

of pregnancy, some animals reteived a 70 h continuous infusion of

240 ng/day dissolved 1n saline) 1nto the fetal saphenous

‘ ACTH] 24 (

>

vein.

* <
4

-

. * Estradiol (50 ug) and/or progesterone (50 mg) was amen1s-
tered in corn 011 by an i.m. injection, once daily for 9 days in a

group of ovar1ectom1zed non-pregnant sheep : a f o,

Z

o

y

3.1.4 Collection of Plasma

P]asma was co]]ected for measurements of steroid concen-

trat1ons in some animals containing, Vascu]ar catheters. First, the

heparinized saline occypying the dead space in the catheters was - .
. collected and discarded. Fetal (2 m1) andwmaternak (5-m) blood ., -

samples were then co]]ected into ch111ed hepar1n1zed plastic tubes

qﬁd the qatheters were flushed with hepar1n1zed sa11ne. The plasma

was separééédzpy centrifugation atﬂapproximately 1,500 x g at 4°C

for 15 min. The plasma for each sample.was'then,transferred into

.

.

‘plastic cu]ture*tuﬂes and stored at -20°C until assayed.

.

.
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3.2 Materials

L]
3

3.2.1 Chemicals

-

2 S [

-

The following chemicals were uséd .in this investigation:

»

absolute alcohgis -
) A
acetic acid

chloroform .

-

.

Qextran'T70°

=
d1ethy1 ethe[ reagent grade)

I
-

ge]at1n

v Nhrit A (aétivated cﬁ}rcoal)
s S

r -

petro]eum ether (re d1st111ed)

PPO (2, 5- d1pheny1oxa2ble)

v

3

prov1od1d§ Hetergent
’\
; sa11ne 0. 9% &ac1)

F

| SR

- o s
«

sesarne ‘0ilk (1abbratony %rade)

sodfium azide A - .

.
s
SRS S

\

Al
“.tolugne
S

.

-

:3.2:2°.Drﬁ§§ ana Hormnnes'

. Commercial Alcohols, Ltd.

* Gatinea, Quebec ‘
—\

Fisher Scientific Co.

Fa1r Lawn, New Jersey, U.S.A.

: Fﬁsher Scientific .Co.

won

L

NS .
Pharmacia®Fine Chemicals HB

Uppsala, @den .

Fisher Scientific Co. ~ .
Fisher Scieptific Co.

“Matheson, Cofleman and Bell
%;xﬁbuse, New, York, U S.A.

~ Fisher, Sc1ent1f1c Cb

Canadian Sc1ent1f1c Products -

¢ London ,; Ontario
.~ Rougier Inc, Quebec‘r
.m‘?
< Travenol Laﬁorator’?s@ Inc'
Mal ton » Qntario -

F1sher Sc1ent1f1c Co”

@

"’

F1sher Sc1ent1f1c Co.

’
Y

M F1sher Sc1eq§3f1c Co. .

“n

°

* -

. .
¥

-
- . ~
o \

-

estradiol: ¢

P S

.e%trone°°

<"

.
¢

\Bé“fb]iowing drugs and honnoﬁes were used. in th1s study.

»

S1gma Chemical Co.
st. Louis Missouri

Sigma chemE}aI'Co. s .

 US.AL

e

-

e
.

o




.

A TINT Ty Se ED e Mo e W WL T AT 2ek S
T kT SRR B N G P R

|
YR T

3
J

58
» ifidomethacin . Sigma Chemical CO. s '
< '
Pen-di- -strep- (pemcﬂhn- " Roger STB . ) K
streptomycm) . ) ,London, Ontario - .t ( |
pentothal ’ . s Abbott Laboratories o j ({

‘ Moptreal, Quebec N : li
progesterone ' Sigma Chemical Co. '
prostag]aandms E , Dr. Jd. E. Pike

6-0x0-PGF, ?mb&%ane B The Upjohn Co." ‘
\;,, Kalamazoo, Michigan, -U.S.A.
Synacthen (ACTH] 24) Ciba-Geigy Co. '
) . >
. \
N @ -
> ) %
"3.3 Analytical Methods a . “
© ¢ ‘ . . ; t’ _ 'J/ * Y - &
(A .
3.3.1 - Collection of Tissues for Prostaglandin Extraction
A1l ta'ssues“ were co'l'lécted under general anesthesia,
v - 1nduced wi th §od1um pentotha] - In some amm‘a]s anesthesia was maﬂ‘\-
tained by usmg 50:50° n}trous oxide:oxygen m1xture with 2-3% ha]othane '
dehvered at 2-3 Wmin. “The pregnant uter'us was exposed by a vertical C
abdominal incision. Samp]es of myometmum, endomet ri um, coty]edons,_
chori oaﬂantois and amnion were collected from the ant1mesometr1a1 o .
s1de of the uterus. T1ssues were?not co]]ected from utérme areas . .
adjacent to the 1ncﬁsion, made at the time of cathetemzatmn oL, \ .;
¢ Tissues were p'l~aced 1nmed'ia,te1y in ice-co'ld phosphate T - o
buffer (pH 7.4, 0 ]2 M) .contaming mdomethacin (100 .ug/ml)f. The °
tissues were blotted and then frozen on dry,. ice.,. Edges of froz.en
tissue, except coty1edons,k were trimmed and djscarded in. an attempt T -
: . , e . RRG - AR, ﬁ;_ﬁ__ A
] o - 0 el “ RS S ' :
¢ B * . oo & ~ .8 '
' . FEERE - w g b el ~
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to minimize the effect of trauma on PG concentrations. The remaining

tissue.yas.weigﬁed, homogenized at 4°G in ethanel and centrifuged.

PR

The supernatant was stored at -20°C until assayed.

3.3.2 In Vitro Experiments

L]
?

_Isolated amnion, chorioaliantois, cotyledons and ceruncle
cells were prepared using a modification of the method of Glickman

gg_g__ "(1979). The tissues were collected as outlined above .

~ (Section 3.3.1); weighed and cut into small pieces. The fragments

. were d1spersed in 15 m] Krebs-Ringer b1carbonate buffer conta1n1ng

0.2% glucose and 0. 05% collagenase (Type I; Sigma) at 37°C under an

atmosphere of 95% 0, and 5% (0, . D1sper51on was performed in a 50 ml |

plastic beaker containing 8x§qmm g]ass beads and a small magnetic
stirrer. Harvests of medium (10 m1) were-made at 10 m1n'1nterva1s,\y:

which time the eﬁzyme preparation was replenished. A total of 3 ¢ol-

4

. . lections were made.

.\' The individual harvests were stored at 4°C, pooied and
centrifuged at 200 x g for 30 min at 4°C efter~slow acceleration

(40 x g/min). After:cehtrifugation, the ceTl pellet was -resuspended
in. 10 ml Krebs -Ringer buffer supp]emented with g]ucose (0. 2%) and .

tryPS1n 1nh1b1tor (0. 05% Type 1; S1gma) The ce]ls were recentr1fuged

at 200 x g for 30 min after sTow acce]erat1on and the second pellet

was resuspended 1n 20 ml of the above buffers After filtration Q;

d .

. through a wet cotton gauze into a 100 m] beaker, an a]1quot of the .

filtrate was taken for counting, using a hemogytometer Ce11*y1gbjl1gi

was &lso assessed at this t1me after a 4_h incubation using trypan bilue
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KN

‘ viab%iffyﬂexclusion stain. Ingubg;ions were performed in polystyrene
cutture tubes (12 x 75‘mm; Canlab) in a total volume of 1 ml. Each
incubation wes carried out at 37°C for 4 h under 95% 02~5% CO2 in a
shaking water bath. Incubations were terﬁinated by centrifuging the
tubes for 10 min at 1,500 x g, and the ‘tubes were stored at -20°C
untf]_assayed: ] '_ .

(o]

3.3.3 Radioimhunoassays

s’

3.3.3.1 Sterofds and cyclic AMP\

Progesterone, estrone, estradiol and cort1so1 were measured
by radioimmunoassay using methodo]ogy described prev1ous1y (Garfield
g ) -
et al., 1979; Glickman et al., 1979). &
" Progesterone was extracted from plasma with petroleum
ether: In nine random samples of maternal sheep blood, the concertra:

tion of progesterone was measured either directly after petroleum.

ether extraction or affe% extraction and subsequent thin iayer chmema-‘ ‘
tography in the system cyclohexane:ethyl acetate (1:1, v/v).. The
mean ratio of progesterone concentrations aetengined by the two
methods were 0.97 = d.Q3 (S-E.M.).- the progesterone antibody
(No. 465/5, donated by Dr. B. J. A; Furr, ICI Limited, Macclesfield,
+ England) had the fq]1owing brog;—reactivi%ies: 11a-hydéexygroges-
terone, 35.9%;cdeoxycorticﬁsté;one, 23.8%; 11s-hydroxyprogesterone,
3.4%; c&?ticosterone, 0.9%. Other CZ], Cig and Cig stetg;%;;tested
had Jess than 0 2% cross- react1v1ty The intra-assay and inter-assay._

co-efficients of variation were 13.9% and 14.7%, respectively. .The

sensitivity of the progestarone immunoassay was 8 pg/tube€nd the

-

BN 50% binding point was 60 pg. -




N

Tota1'éortiso1 was measured in ethanolic extracts of
plasma using the antibody F21-53 (Endocrine Sciences, California,
U.S.A.) prepared against cortisol-21-bovine serum albumin. The sensi-
tivity of theéortiso]inmunoassay wag 5 pg/tube anh solvefit blank
values were always below this value. The principal cross-reacting
steroidsywere’cor;iso[ sulphate (155%), corticosterone (48.4%) and _
deoxycorticosterone (4.3%). The inter-assay and 1n£:a-assay
co-efficients of yariation wére 4.b%\and 8.9%, respectively.

‘ Estrone and estradiol-17g were measured,p% radioimmuno-
ass;y after extraction from ﬁ]asma w{th digthy] ether. The estrone.
and estradiol antibodies were raised in sheep agaiﬁst 1,3,5(10)- -
estratrien-3-01-6,17dione 6-CMO-BSA (Steraloids) and 1,3,5(10)-
estratrien-3,f7s-did1-6;£ne 6-CMO B§A (Ste?éioids), respectively. The
sensitivity of eétrone.and,estradi§1 immunoassays were 3-5 pg/tube and
the 50%'bindiqg pointé.were 30 pg‘and 45 pg: respectively. The estrone
antibody used at an initial di]uffgﬁ of 1:8,000 croés—reacted with:

‘epiestrio1°(2.6%), 16J0xo-estrad§él;17s (1.9%), estradiol-17« (1.5%),
estradiol-178 (0.1%) and progeste#bné, testosterone and cortisol
(< 6.1%). The estradiol antibody usea at an ‘initial dilution of:
*1:13,000 crqs?-reacted with epiestriol (3.0%), estrone (1.1%);
estradiol-17a (0.7%), 16l0x04estradio]-17s (0.4%), progesterone and .
cortisol (< 0.1%). The intra-assay co-éfficients of variation were

]

7.9% and 9.4% and the inter-assay co-efficients af variation were
e © -
14.9% and 9.8% for estrone and estradiol-178, respectively.

1

“> A11 samples from égyoone sheep were measured in the same

assay. A1l measurements were corrected for methodological losses,

+
[}
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assessed from the mean recovéry of (3H)progesterone, (3H)cortiso1,
g‘ . - ' ‘ . '
(3H)estrone and (3H)estradiol-17g added to quadruplicate samples prior

N

to extraction. - ‘ ' .

Measurements of cyclic .adenosine 3',5'-monophosphate

(cyclic AMP) in ethanolic extracts of#myémetrium were performed as

" described previously (Goff and Armstrong, 1972;5

3.3.3.2 Prostag]andins

~-

(1) Tissue“concentrations: Prostaglandin concent;ations ‘
were estimated by RIA, as described previously for PGE (Evans, 1978)
and for 6—oxo-PGF] (Kennedy et a] , 1980), using PGE2 and 6-0x0- PGF]
respectively as standards The RIA for PGF was similar to that for
6-ex0-PGF]a (Kennedy et al. 1989), but -used PGF antiserum, PGFZa
standard and (1251)-1abe11ed histamine PGF, complex as tracer.

S1m1]ar1y, the TXB RIA was similar to that for 6-oxo- PGF (Kennedy

g;_gl., 1980), but uSed TX8, antiserum, TXB, standard and (125I)-

- -

labelled histamine TXB2 complex as tracer. "Sensitivities of the

assays varied between 5 and 15 pg/tube. Spec1f1c1t1es, as assessed by

1nh1b1t1on of b1nd1ng\ f tracers to antisera by a series of prosta-

gland1ns, are presented in Tab]e 1. It shou]d be noted that the PGE
|

antibody cross-reacted with PG's of the A and B series; hence the PGE
concentrations that are reperted may be overestimated.

To assess further the specificities of the various PG

assays, the specific activities for PGE, PGF and 6—oxo-PGF1a were
. , . . .

L]

" determined in ethano]ic ektracts of cotyledons, collected on Day 135

of pregnancy, fb]]owing s111c1c ac1d chromatography Samples, to

which had been added' approx1mate1y 10 000 dpm purified (3H)PGE2 or
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TABLE 1: Croig—Reactivities of @he Antisera Used in These Studies

¢
PGan .

PGF1G
PGE1 \
PGE2
PGA]
PEA,
PGB]
P68, |
13,14 Dihydro-]S-keto-PGF]a

Percent Cross-Reactions
* with Antisera Raised Against

PGFoa

= PGE, "TxB,

‘6-oxo-PGF]&

[
L]

100
125
<1
<1

<1
1.3

13,14 Dihydro-15-ketd-PGF,  *< i

13,14 Dihydro-]S-keto-PGE]
13,14 Dihydro-]S-keto-PGEz'
15-—keto-PGF2

o

ﬁ’ 5
]54ketb-PGE2
15-keto—PGE]
6-oxo-PGF]

o
TXBZ

PGDZ

. (‘ M ~

*N.D., not determined

N.D.*
<1

%
45.8

100
13.2
g9 T
108
88:5
<1
<1

2.7

<1

N

N.

=

.D.
D.

,4.0

N.D.*

N.D.
2.1
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(3H)6-oxo-PGF]a, or 15,000 dpm (%ﬁ)PGF]a were applied to silicic acid
leumns, prepared as described previously (Kennedy, 1978) in 2 x

200 m of 2% methanol in chloroform containing 0.5% acetic acid. «
% -

Fractions (800 1) were collected during elution with 6 ml of 2%,

5 ml of'6%s 2 ml of 104 and 6 ml of 20% methanol in églogoform. For

. T . ‘
each fraction, the amount of radioactivity and the content of PGE, PGF

and 6-ox0-PGF, estimated by RIA and corrected for column blanks were
} ¢

estimated by applying 2 x 200 ul 2% methanol in chlorofomm containing .

0.5% acetic aciq in separate columns and eluting as descrrqu above
The specific actiyities, calculated in fraetions eontain-
ing detectable mass and the co-e1utton profi]es of PGE, PGF and
6-oxo-PGF]a in ethane]ic extracts of cotyledons following silicic acidgy
chromatography are shown in Figures 2-4. Recover1es of mass from all
fractions estimated by direct assay of a separate a11quot were 87.5%,
102.9% and 82.9% for PgF, 6-oxo-PGF]a and PGE, respect1ve]y. The’
possibi}ity that the PG antisera Sross—reacted with other compoueds
presentrin extracts of cotyledons seems unlikely in view of the rela- .
tively uniform specific activities. For PGE;?the initial mass peak. |
determined by RIA‘may be due to the presence of PG's of'tee A and B
series, since these ﬁG's elute before PGE in this*system anh’cress-
react with the PGE ant1body
Accuracy was est1mated by determining the content of PG's
before and after the addition of standard amounts’bf PGE, PGF, TXB2
and 6-oxo0- PGF] to separate ethano11c extracts of non- pregnant sheep .- .

utem The recoveries of. known amounts of PGE, PGF, H(Bj and 6 6)‘(‘2(

PGF] expressed by linear -regression analysis were Y = 2, 02 + 0 86 X

.~ LAY '
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\ \ -
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FIGURE 2
o o | L ok :
N , Specific_activities calculated from the co-elytion of
) $H-prostaglandin E2 and extracts of sheep cotyledons containing
detectable mass of prostaglandin E, estimated by radioimmunoassay
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FIGURE 3

'

Specific activities calcdlated from the .co-elution of

3H-prostaglandin an and extracts of sheep cotyledons containing

detectable mass of prostaglandin’F, estimated by radioimmunoassay

(RIA).
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Specific activities calculated from the co-elution of
3H—6—oxo-pro§tag1pndin Fla and extracts‘of shgep cotyledons

containing/detectable mass of 6~oko-p}ostaglandin E%é,

“estimated by radioimmunoassay (RIA).
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(r Z 099, n =10), Y = 0.86 +0.80 X (r = 0.987, n = 10),
Y=1.07+0.91 X (r-= 0.591, n=10),Y=1.6+0.9 X (r=0.982,

n = 10), respectively, where X = amount added and Y = amount recovered
(corrected for endogenous ;oncentrations). The inf?élassay co-
efficients of variation for PGE, PGF, 6-oxo—PGF.IOL and TXB2 wgré‘3.5%,
10.5%; 4.5% and 3.4%, respectively, and the inter-assay co-efficients
of variation were 13.5%, 13.35%, 12.8% and 13.5%, respectively. The
efficiencies of the extraction procedure were determined for each
uterine tissue by estimating the recoveries of (3H)PGE2, (SH)PGFZa,
(3H)6—oxo-PGF]a and (3H)TXB2 added prior to homogenization. Within
each tissue, recoveries were consistent (Table 2), and PG concentra-
tions wére not corrected\for methodolo@?%al losses. In five random
éamp]es of sheep myometrium, the concentrations of PGE, PGF, TXB2 and

6-0x0-PGF, were estimated either directly after ethanolic extraction

la

or after extraction and subsequent silicic acid column chromatography,
prepared'as described above and e]utgd with 6 ml of 2% and 8 ml of

20% methago? in chloroform. The‘mass of PGE, PGF; TXB, and 6-oxo-

PGF]a determined by direct assay, compared to that detéfmined by

column éh?omatbgraphy expressed by linear regression‘ané1ysis was

y 1.15 X - 1.28 (r = 0.978,

"1.25 X - 2.22 (r = 0.928, n = 5), Y

. . ,
n=5),Y=1.09+ 0\89 X (r=0.982,n=5),Y=5.49+0.8 X
(r=0.998, n = 5), respectively, where X = mass determined after
column chromatography and Y = mas§/determined by direct RIA of

ethano]ic extracts.

.. (2) Amniotic and allantoic fluids: Prostaglandin con-

centrations in amniotic and allantoic fluids were determined by RIA

71
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aftgr acidification to pH 3 and subsequent extraction with 20% methanol

A(r

in chloroform. The efficiency of the extraction procedure was estim-.
ated by determining the recoveries of 2 ng of PGF, PGE, 6-0x0-PGF

la

and TXB, and of {3H)PGF, (3H)PGE, (3H)6-ox0-PGF « and (3H)TXB

1 2
(Table 3). A¥] measurements were corrected for mefhoéo]ogica1 losses,
assessed from the mean recovery Of (3H)PGF2a, (3H)PGE2, (-3H)6-0x0-
PGF, and (3H)TX%2 added to quadrﬁp]icate samples prior to extraction.
In seven random samples of amniotic and allantoic fluids,
Fhe concentrations of PGF, PGE, 6-oxo-PGF]a and TXB2 werg estimated
either directly after ethanolic extraction or after extraction and
subsequent silicic acid column chromatography. Columns were prepared
as'described above and prostanoids were eluted with 6 ml of 2% and
8 ml of 20% methanol in chloroform. For amniotic fluid the concentra-
tioms of PGF, PEE, TIB, and 6-0x0-PGF;  determined by direct assay,
compared to thosg determined by column chromatography, expressed by
Tinear regression ana1;sis were Y = 1.16 + 0.87 X (r = 0.956),

Y 0.981), Y = 1.04 X - 2.61 (r = 0.961), and

1.78 + 0.94 X (r

Y =3.27 +0.98 X (r = 0.989), respectively. Similarly, regression
analysis for PGF, PGE, TX82 and'6-oxo-PGF]a concentrations in allan-

toic fluids were Y = 2.1 +0.82 X (r =0.97), Y = 2.71 + 1.14 X

0.972), Y =0.31+1.21 X (r=0.961) and Y = 1.01 + 0.97 X

(r 0.986), respectively, where X = the concentration determined
after column chromatography and Y = concentration determined by direct

RIA following extraction with 20% methanol in dhloroform.

& (3) Prostaglandin output in vitro: Prostaglandin output

. r
in vitro was estimatedby RIA in aliquots of Krebs-Ringer buffer following

£

3

!

&
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centrifugation. To determine net output, the PG content at the start

of the incubation period (Tg.concentration) was subtracted from that
measured at the end of the incubation., Evaluation of the PG assays
waé performed by adding known amounts (0-4 ng) of PG to Krebs-Ringer
buffer. Regression analyses for PGE, PGF and 6-oxo-PGF]a concentra-
tions were Y = 0.071 + 1.002 X (r = 0.996, n = 6), Y = 0.187 + 0.802 X
(r0.987, n =6) and Y = 0.142 + 0.974 X (r = 0.976,-n = 6),
respectively, where Y = amount of PG added and X = amount of PG
‘recovered. The intra-assay co-efficients of variation for PGF, PGE
and 6—oxo—PGF]a were 10.5%, 3.5% and 4.5%, respectively. The inter-
assay co-efficients of variation ;br PGF, PGE and 6-o><o-PGF]Ol were

13.3%, 13.5% and 12.8%, respectively.




CHAPTER 4

EVALUATION OF TISSUE COLLECTION PROCEDURE FOR PG DETERMINATIONS;

EFFECTS OF UTERINE AREA AND OF TRAUMA

4,1 Introduction

L]
.

A number of investigators have reported PG concentrations
in intra-uterine sheep tissues during late pregnancy and parturition
(Liggins aﬁd Grieves, ]971; Mitchell and Flint, 1977). However,
inEerpretation of. the results from these stu?ies have been confounded
by the high variab?1ity in PG concentratipps between the single sampJés
taken from each animal. -

Mechanical distention of the guinea pig uterus in vitro
has been shown to increase PG release (Horton et al., 1971). During
pregnéncy, physiological distention of perifetal uterine tissues, as
a result of fetal growth, may result in increased PG release in these
areas. Since the degree of distention is not uniform throughout the
uterus, intra-uterihe PG concentrations may vany.. Similarly, Thorbert
and his-colleagues (1977, 1979) have recently shown that during preg-’
nancy in ihe guiﬁea pig, there is a reduction in norebi%ephrine
content, number of neurons and (3H)norepinephrine uptake in perifetal
tissue and that there are qualitative differences in different areas
of the uterus. These cbéﬁges may also influence intra-uterine PG

production (Hedquist, 1973, 1976). In addition, the’effects of trauma,

76
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such as that occurring during the collection of intra-utering tissues,

.
R i e~
P

on the production of different aréchidonic acid metabolites has not
been investigated in sheep. | |

In the present study, therefore, the effects of uterine
area and o} crushing intra-uterine tissues on PG conceﬁtrations were
investigatea by measuring the levels of PGE, PGF and 6-oxo-PGF]a (the
hydrolytic product of Psz) in tissue samples collected from myome-
trium, endometrium, cotyledons, chorioa]]éntois and amnion taken from

five different areas of the uterus.
: ¢

4.2 Materials and Methods

-\i

Eight sheep of .mixed breeds between 120 and 145 days'of
pregnancy were used, Gestational ages were estimated from fetal
brown-rump lengths and fetal weights (Barcroft, 1946). In one ewe, a
vascular catheler was implanted in the femoral vein on Day 115 of

‘pregnancy. Beginning:on Day 127 of pregnancy, indomethacin

(25 mg/kg/day) was infused in phosphate buffer (pH 7.4, 0.12 M) at a

contipuous rate until tissues were collected on Day 130. A1l tissues

were collected under general anesthesia as described previously (see

Chapter 3).

Q The effects of incubating freshly dissected myometrium for
e 1-4 min in ice-cold phosphate buffer, with dr.without indomethacin

(100 ug/m1) prior to freezing on\ary ice, on PG concentrations were

& investigated in five animals. A sample of myometrium was collected

e e e = - - e e mae aom



» -
from the mipd]e of the uterus in egch animal. Each sample Qas cut
into three pieces: one section was placed in phosphate buffer con-
taining indomethacin; a second section'was placed in phosphate Buffer
alone; and the third section was frézen immediately.

v To determine tﬂe effects of uteriner area on tissue PG
concentrations within anima]s; samples were collected from tubal,
middle and cervicai uterine areas for myometrium, endometrium, coty-
ledons, chorioallantois and amnion. Samples were'also obtainéd‘from
regions intermediate between tubal and middle, and between middle and
cervical, designated mid-tubal and mid-cervical, respectively. A
diagranmatic representation of a pregnant sheep uterus showing these
diffgrent areas of the uterus is'shown in Figure 5. Sampling proceeded ’
from middle, mid-cervical, cervical, mid-tubal to tubal uteringnﬁreas
and from myometrium, endometrium, chorioallantois, amnion to cotyledon
tissues. .For each tissue the sampling protocol was repeated four
tiﬁes in égfh sheep. Samples were placed immediately in phosphate
buffer containing indoﬁetpacin (100 pg/m1) for 1-4 min, blotted and
frozen on dry ice.

The effects of crushing on intra-uterine PG concentrations
were investigated in five animals. Ten samples of myometrium, endo-
metrium, chorioa]lantgis and amnion were collected randomly from the -
different uterine areas in each animal. After dissection, each of the
samples was cut into two pieces: one section was crushed repeatedly -
using a hemostat while the other served as a contrﬁ]. Samples were
incubated for 1 min in phosphate buffer containing indomethacin

(100 ng/mi). The surface moisture and blood were then blotted and the

samples were frozen on dry ice. The possibility that crushing does

'\l"




FIGURE 5

&

A diagrammatic representation of a pregnant sheep uterus

showing myometrium, endometrium, cotyledons, chorioallantois,
amnion, and the different uterine areas from which these tissues

were coMected (adapted from D.H. Steven, 1975).
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not result in large increases in uterine PG concentrations because _

the "trauma" of dissection induces maximal PG production rates was
" investigated in a ewe which received a continuous infusion of phos- (
phate buffer containing indomethacin (25 mg/ka/day) for 70 h. Ten
samples of myometrium, endometrium, chorioallantois ind amnion were
collected randomly from the different uterine areas. After dissection,
each of the'samples was cut into two pieces: one section was crushed
using é hemos tat while the other skrved as'a control. Samples were
then placed in phosphate buffer containing indomethacin (160 ug/mi1),
b]ottei and frozen on dry ice. _
‘The possibility that the mechanical "trauma" induced
during the manual separation’ of fetal and maternal cotyledons results
in increased PG production in these tissues was also investigated‘
Eight cotyledons were cd]]ected from a ewe 135 days pregnant. "F ain?
and "maternal"® components of four placentomes were crudely
’ separatéd by squeezing the base of each cotyledon. The/remaining
four cotyledons were left intact and all tissues were placed in phos-
phate buffer containing indomethacin &100 pg/ml1) prior to freezing on
dry ice. The concentrations of PG's in both components of separated
cotyledons were calculated by adding the content of Eﬁ{é in the maternal
component and dividing by the total mass of pbe \1edons.
Prostaglandins E and F and 6-0xo-PGF, Qéhq_extracted and
assayed as described previously (see Chapter 3). )
The results are expressed as either proportions or means

+ S.E.M., the latter being based on within or between animal variation

% Ve

3Since these tissues interdigitate "fetal" cotyledons likely contain
some maternal tissue also and vice versa. ~
7 )




¥
TABLE 4: The effects of incubating myometrial tissue samples in the ,
presence or absence of indomethacin (a) in phosphate -

buffeq‘.(b) on prostaglandin concentrations (pg/mg;

A

mean * S.E.M.; n = 5 animals)

Incubated (1-4 minutes)

With Without {/”

Indomethacin Indomethacin Not "Incubated
6-0x0-PEF, _ 16.8 ¢ 1.8 26.2 + 6.7%  20.9 £ 3.6
Prostaglandin F 3.4 1.8 8.8 x 2.§% 5.2+ 1.6
_ Prostaglandin E 27.6 + 9.8 2.4 £10.2 3.2+ 7.9

*Significant]y different from indomethacin incubations (P < 0.01,
Duncan's New Multiple Range Test)

(a) 100 ug/ml : \\\4
(b) 0.12 M, pH 7.4 .
‘ « S
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as indicated in Reéu]ts.' The significance of uterine area.effects
within each tissue:was determined by one-way ana1ysis of variance.

The 51gn1f1cance éf the‘effects of crushing and of separating maternal
and fetal plzce?tomes of PG concentrations was determined by paired
or unpaired Sgudent's 1 tests, as indicated in Results. When hetero-
geneity of variance was present, determined by the Fmax test (Sokal

and Roh1f, 1969),. the data were transformed logarithmically prior to

statistical analysis.

4,3 Results -

The possibi1iiy that "artifactual® PG production occurs

after dissection during the 1-4 n@n while tissues are incubating in
phospﬂafe buffer confainind indomethacin was- investigated for myome-
trium collected from five sheep (Table 4) Concentrations of PGF and
6-0x0- PGF] were s1gn1f1cant1y h1gher (Duncan S New Multiple Range
Test) in samples which were incubated in 1ce—c¢f§ phosphate buffer - o
compared\to those incubated in the presence .of indomethacin. However,
PG concentrations jn‘samples which were frozen immediately were not‘.
significantly different from those incubated in the presence or absence
of indomethacin. '

~ In a preliminary study, the effects of ute 3ne area on
tissue PG concentrat1ons were examined in a ewe (No. 0;%), 140 days

pregnant (Figure 6). Significant effects of uterine area on ﬁG

concentrations were found in some tissues in this animal (see
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) 1
FIGURE %
<y
Concentrations qf prost'agTa’ndin E (PGE) (— « —),
PGF (- — — — ) and 6—oxo-PGF]a ( =———— ) in samples taken from .

different areas of myometrium, endometrium, cotyledons, chorio-

-

a]’l_antois and amnion “in ewe No. 016. -
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Tables 5-19). To ascertain if these effects of uterine area were
consistent between animals, PG concentrations were determined in
intra-uterineggiSsues obtained from'a number of animals.

The effects of uterine area on myometrial PGF, 6-ox0-PGF]a
and PGE concentrations are summarized in Jables 5-7. For PGF, sig-
nificant effects (analysis of variance) of uterine area were observed
in six out of seven animals (Table 5). The concentrations of PGF were
genera]]x'higher (paired t tests) between the tubal and middle myome-
trial areas, than between the middie and cer?ica] myometrial areas.
Significant effects of uterine area on 6—oxq—PGF]a concentrations
Qeré observed in four out of seven animals examined (Table 6). In
these sheep, 6-oxo-PGF]a concentrations were generally higher (paired
t tests) towards the tubal end of thé uterus than adjacent to the
cervix. Concentrations of PGE in samples taken from different areas
of myometrium are summarized it Table 7. Significant effects
(analysis of variance) of uterine area were observed in two out of
seven sggep examined. In these animals, concentrations of PGE were
signific;nt1y higher (t tedts) between the tubal and mid-uterine areas
than towards the cervix. The sheep thch did nd% have significant
effects of uterine area on PG concentrations were generally at earlier
stages of pregnancy th;n were animals having significant effects of
uterine area.

Concentrations of PGF, 6-oxo—PGF]a and PGE in samples
taken from different areas of endometrium in six sheep 120 to 140 days
pregnant are sunmarized in Tables 8-10. Significant effects of uterine

area (analysis of variance) were observed in two (PGF and PGE) or

et ekl Ah i A . m e o N R N - B L - e v vn s



87

(51591 3 €50°0 > d) snuaan

v

K

899°¢€

€0°0 > *0°LLFL"92 2°1F2' 7 xG°€¥8°G1
500°0 > 9v6°9 0 ¥8°2 8°0%L°¢ 9" Q%L b
€0°0 > £88°¢ 6°070°G §°07€ "L
100°0 > LLL"SL , *6'L F0°6 x€ 012 L"0FL" L
500°0 > £25°9 G0l . %2°0FE"S
SN 6S1°0 8" v¥0"/ 8°0%5°2
10070 > LSS°€L 2'0%2°2 £°0%€°2
oneA 4 (L) 4 EEJUNER) SLPPIW
P -

ddueLdep 40 SLSA|euy

WN1A3BWOAW 4O SEAUR JUIASHSLP WO udNe3 sa|dwes up -4 urpue(beisoud o pSUO13RUUBOUO)

8yl JO SeaJe Jaylo ueyy 4aybLy A[3uedLyLubLs SUGLIRIIUIIUO)
X

‘1M 19M mE\mmc

x9 €¥G°G1 8°1¥G°6 GEL L06
*0 vFY €L £°0%5°§ orl 80
L0%2°§ x6°2¥1°01 sel 60
£°0%0" L 9°0%6" 1 0zl %092
L 1¥Fe°¢ x8°0%€°9 svL €0
£°0%7v°2 §°0%2°2 ozL 0921
*€°0%L°9 * 0%FL°G ovL 910 ~
[eGnMI-p W reqnp Amxmnw‘\ A3qUAN
aby Le3134 daays -
*xouddy

WNta3awoAl 40 eauay

(esur/saldues § €| 3°S ¥ ueaw)

‘g 378Vl




88

&

(s315931-3 ¢S0°0 > d) SN4dIN Y} JO Seade 43yzo ueyy JaybLy AljueotjLubLs suoijedlusduod
- ¥

e

L00°0 > 06L°2L 0°2%2°02
100°0 > 616°0L 9° 2% LL
t00°0 > 68¢°8 0°G¥G 0¥
"S°N GGL°0 8" v¥v° 09

"S*N LLL"2 2 €% e

"S°N 100" L 0°€E¥6° Gt
10070 > lEL'sg 0°9%1°G€
anlep d (SL°v) 4 EEIYER)

3aoueldep JO

+

SLSA|euy

ueaW) WNLJAFWOAW 3Y} JO SPIUR JUBUISSLP WOJL4 udyel sapdwes ul

b 2¥0°€l
€°6¥1°0¢
*G°9¥6°¢29
8°8¥9°bP
¢°5%5°l¢
¢ L¥87LE
£ EFL°0V

—n

[ed1AJD)
“P

Lo¥s" 2t
2 5¥0/€EP
¥»C F0°CS
F6Y
0°9+€"6¢
8°9+8°8Y
E'v¥y s

SLPPW

*IM 13M mE\mam

L'l FLL2 £°0%2°81 gel L06
%2°G2%5°06 xV [79°88 ovl 80
S°€ ¥0°LE 6270 €€ geL 60
v LLFG 2 1°9%6°2§ 0zl 4092
8°¢ ¥6°22 9°€%0° 0¥ ShL . €0
».N 701§ 6°G¥6° LY ozt 0921
*P PLF27260 #8°0Fp G2l orl 910
Leqnl-pii Legny mm@mﬂMmWM Ammumm

wnta3awohy JO eauy

ol

49d-0X0-9 JO ,SUOL}BUIUIIUOY

‘(eauae/sajduwes y WIS
*9 37gvl




<y

"SUN 1280
20°0 > 898V,
SN 16572
"S°N eve 1
"S'N* g§2°L
SN 9LL°0
0070 > 888792

anlep 4 (SL°v) 4

ajduetLdep 40
SLSA| euy

wn L4 3 3wo Aw

"(53593-3 G0°0 > d) SN43IN BY3} JO SEAUR UBYIO0 URY] UAYBLY A[FuedL4LUBLS SUOLFRATUIIUOD

s

%

.u; 13M mE\mam

A4
0°¢ L°s¢ 8°¢ 0°9¢ 6'€ 6°9¢ €'t Vv §5'¢ 870 SE1 L06
6 1*+G7 L1 G'E ¥G°11 6L #6791 x0°€ ¥0°/2 L'l ¥8°¥2 oL 80
6°2FL EE G2 HN.Nm. 8°¢ ¥y GE L°€ ¥€°9¢ Ll ¥2°G2 gl 60
8°6%£° 16 b°8LF0" S €°12¥L°6L £°6L%G°08 L*12%2°96 0ct 409¢
0°v+0°€¢ €°9 ¥ ¥¢ L°8 ¥8°GE L°G ¥9°1¢ L°¢ F¥O°€E ShL €0
£°v+9°2s L7l #b°G6S AR R AN L*¢L+2" G99 LG FE£°65 0clL T 091
6°8%h° LS 8°'b #1799 8°6 ¥0°98 ¥ 2LFB DL xL°L ¥G'261 1) 4} 910
LedLAu3) ‘LeOLAUB] 9[PPW Leani-pth Legny {shep)  uaquny

~PLW ) aby |e3ia4 deays
WN LA3SW0AR 0 €34y x0.ddy
, (eade/sadwes § ¢ 3°S F ueaw)
93Ul JO SPBUR JUSUISSLP wWOu) udye3 sajdwes uL 3 uipue|bersoad jo pSUOLIRAIUBOUOY  :/ 38VL



90

)

(S1s93-31 ¢G0°0 > d) Sn4aIN 3Y3 jJO Seade udYy3xo ueyi Jaybiy A(auedtjiubLs SuoLIBAFUSIUOD
X

‘1M 13M mE\mam

S00°0 > V9.9 *v.o. *6°v¢ 6°0 *0°0L ¢'L ¥6°9 x6°L HN&NN xC'€ F9°¢E SEL £06
£0°0 > 068°F¢ x0°0bv¥F8EGLL €°L01+27 901 - 6°0¢ ¥L762¢ 2" 12 ¥8°LgE LT LLLFP 62 . SsEl 60
‘S°N vL6 2 G°0 ¥L°¢ . £°0 +€*1 L°L #9°¢ 8°0 *§°¢ L'0 *8°¢ ocl 4092
‘S'N 2L i m.mw *L°8LE 9°£9 *0°6LE, .m.w¢ FL°9le 97602+1"8.L9 0-912¥¢" Lt Shl €0
.m.za Lva-L .27l FLtE ¢°0 *¥§°¢ 9°0 +9°¢ - 970 F6°¢ €9 F¥6°¢l 0cli 0921
‘SN LLe" L . 6°09 ¥L°201 ¢'€€ ¥0° 4Ll £ 9ELFE60E G GECFLTEBY L°€8 FE£°61C ovlL gl0

w:—m> d (GlY) 4 LeJLAUB) LBOLALD) 3PP W leqni-ptuW Leqny (sAep) , Jaquny

adueldep 4O -p LW mmMOWMMMm daays

sLsk|euy 7 WN L433WO0pU] JO eady

.

.

i

, *(eaue/saldwes ¢ S W IS
¥ UBSW) WNLAJ3WOPUD SO SBIUR JUIASHSLP wouy udel sadwes up 3 uipueibeisoad jo pSUOLIRAIUIDUOY 8 318YL



91

(535933 G0°0 > d) SN43IN BY} JO SEAUR UBYIO URY 4BYBLY Al3uedty1ubLs SUOLIBUJUSDIUOD
. . »

‘1M 1M Bu/Bd,,

10°0 > /8%°S 6°1 F2°€2 0°L 78" ¥l 0'2 ¥6°91 x€°L 6°82 ©  xL°OL¥E'Gb GEL L06
L00°0 > 9201 xL"G27€° 661 € €1¥6°501 2°S 70°6§ 2°¢ ¥5°8/ L'l ¥ €0l sel 60

SN gsLe 9°21%¢°8L L°2 ¥6°99 £'b 70°v8 2°0 ¥2°28 0'v ' 69 0zl 4092 -
SN L6£°0 2°8272'89L .  €°01¥6°2¢L 2 L1768 8°66%0° L6l 9° 127" 8L Al £0

"S'N  6SE°1 6°8 FE€°LE 8'L T b 9°¢ ¥9°/t 0L F0'b 2°2 ¥2°S¢€ 0zL 0921
20°0 > 509 0" LL¥€°89 G L178°6L x8°2 T6°EEL  x6°0EF6°VEL  x8°8 ¥9°E€ZL Al 910
- \flb l?ﬁ

anfeA 4 (GL°Y) 4 EEIYYER) ERIYYER) S(PP LKW LBqNL~P W [eqny (skep)  Jaquny

-PL aby (e3a4 daaysg

soueLaep fo
sLsAeuy WNLAJ3WOpPU] 40 eody

*xouddy

j
. (eaugy/sa|dues ¢ m.z.m.m
T UPBW) WN1AJ3UOPUD 3YJ LO SBAUR JUBLDHLP WOLS UNe} sa|dwes uL - L494-0X0-9 40 pSUOLIRLIUBOUOY 16 ITEYL

, A




]

-

“

L 8°9 ¥8°19 2°§ *¢2°2§ §°G ¥¢°¥9 6°6 ¥9°99

©(S3S91-1 ¢GO'0 > d) SN4IIN 3yl JO SeauR J8Y30 ueyl 43ybLy A[JuedLiublLs SUOLFeUJUIIUOD

¥*

‘1M 19M bu/6d,

"S°N 51§ 6°0L¥6°LL sel L06
100°0 > Fmﬁ.@r. *6°12¥876/L ¥N.oFﬂm.w~w 6°V wm.om £°¢ FL°LE *8°8 ¥8°1¢l sel 60
"S°N 1£2°2 9°y ¥L°€6 2°9 7188 6t ¥8°801 8L %6°QLL L LLFL 9Lt 0zl 4092
“S°N 6570 2°9 #°G/ £t ¥2°69 £ Z1¥E18 2°5179°68 . L oL¥8" 2L g2 €0
"S°N (22" 1 6°6 79°¥§ 89 752G 9°% ¥£°89 €2 FL'65 2'% 79°2S ozl 0921
¢0°0 > 860" G°G ¥2°L9 Nmmmﬂm.wm . =V v2¥2° 19l *C EEFOTLLL *¥G°6LF2°9E1L ‘o¢— gL0
anfer 4 (GL°¢) 4 _8.::x8 CEJUNER) 3PP IW 1eanL-PtW Leqny (sAep)  JXaquny
aoue LAep 40 . “PiW , mmMOWMMMm dasys
s1sA|euy wn t4jawopuz JOo eady

¥ c(eauessajdwes p W3S F ueauw)
5 .

WNLAJ3WOPUS JO SP3JP US4 LP WOL) udyel sajdwes ut 3 urpueibejsodd jo pSUOLIRAIUBDUO) QL ITEVL



k4

93

*(S3s93-3 600" > d) SN4IIN Y3z JO Seaue usylo ueyy uaybLry Al3ued iy LubLs suoL3eA3USIUOD
X5
‘1M 1M ms\mam.z
‘S°N £€26°2 6°L FvEh S°0L *L°0L [°Gl *0° 68 L°8E FH 9Ll 0°v6 *¥8°10¢ 1t L06
100°0 > 009°01 P G FLT00L 6°C *v°GL 8°6 *E£°'6L £€°G *6°¢6 ¥0°9¢ F1°/LSL 0¢l! 409¢
100°0 > 9G1L°0Z2 8°¢0L*L°LPOL P 621¥0° 9281 2°€9 ¥ 1811 L°Lh ¥F1°€G0L x9°0LEF9°008¢ Ghl €0
L0000 > 96G6°¢Fl 8°L ¥9°8¢ . St F¥9°/b . 9°€t ¥9°'6S x2'€ F6°€9 8°¢ F9°0t ocl 0921
20°0 > (Sl°Y L 8EYF1°GL22 *¢.wmmﬂm.mqmm *L°609%¥8°1882 9°6G£F6°6L61 6°E€PEFS BHOL o¢_: 910
an|ep a‘dwﬁ.qvm LeoLAUdD) L®ILAUD) 3|PPLW Leqni-p leqn (SAep) NELY
adue taep 4O “PLW
siLsfkeuy Snu33) 40 eduy

aby |e3aq4 dasyg
*xo4ddy
(eaue /suopalfl00 v W '3I°S ¥
ueaw) sn4aln 3yl JO SEIAUR JUBUSSSLP WOULJ UBYRY SUOPA|A30D ul 4 utpueibeirsouad 10 pSUOLIBAIUBDUOY 1| I18vt

“
.



three (6-oxo-PGF]a) out of six sheep examined. In these animals,
concentrations were higher (t-tests) in middle and/or mid-cervical
uterine areas compared to tﬁézrest of the uterus. The high between
animal variation observed in these animals did not appear to be related
to the age of the fetus. ‘

The effects of uterine area on concentrations of PGF, PGE
and 6-oxo—PGF1a 16 cotyledons are summarized in Tables 11-13. Signif-
* icant effects (analysis of variance) of uterine area were observed in
one out of five sheep for PGE and 6-oxo—PGF]a. In this animal,
concentrations were higher (t-tests) in tubal areas than elsewhere in
the uterus. For PGF, significant eff;ctg of uterine area were observed
in four out of five sheep and concentrations were 1ower‘(i-tests) in
cervical areas than elsewhere in the uterus.

Tab1e§'li%4%~§dmmarize the effects of uterine area on

PGF, 6-0x0-PGF, and PGE concentrations in the chorioallantois.

la .
Significant effects of uterine area (analysis of variance) were
observed in three out of five shéeé for PGF and two out\of five sheep
for 6—oxo—PGF1a and PGE. For PGF, éoncentrations were higher (t.tests)
in the middle areas of the uterus than {n tubal areas of sheep showing
signi@jcant overall e%fects of uterine areas (analysis of variance).
For amnion, concentrations of PGF, 6—0xo—PGF]a and PGE in
different uterine areas are summarized in Tables 17-19. Significant
effects (analysis of variance) of uterine area were observed in four

out of five anima]s for PGF and 6-0x0-PGF, and three out of five

Ta

animals for PGE. In these sheep, the areas having higher PG concentra-
; ;

tions (t-tests) were also found to correspond with areas havipg little

or no apparent vascularity.

J4
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The proportions of sheep having significant effects of
uterine area on PG concentratjqps in intra-uterine tissues are shown
in #ab1e 20. These results indicate that in'several animals there
were significant effects of uterine area on PG concentrations in each
tissue. The greatest variability in PG concentrations within animals
was found in the myometrium and amnion.

THE possibi]ity'that trauma delivered to tissues during
sample collection induced the biosynthesis of prostaglandins was
investigated. Thé effects of crushing samples collected from myome-
trium, endometrium, chorioallantois and amnion on PGE, PGF and 6-oxo-
PGF]a concengrations in five ewes are summarized in Table 21. For
myometrium, concentrations of PGE and 6-oxo—PGF]a were significantly
higher in tissues which had been crushed, compared to controls. For
endometrium, PGF concentrations were significantly Tower in tissues
which had been crushed, compared to controls. For amnion, crushing

did not significantly alter PG concentrations, and 6-oxo-PGF, concen-

Ta
trations were significantly higher in chorioallantois which had been ~
grushed, compared to control tissue.

Concentrations of PGE, PGF and 6-oxo—PGF]a in samples
‘collected from myometrium, endometrium, chorioallantois and amnion of
a ewe 130 days pregnant and treated for 70 h with indomethacin are
summarized in Table 22. In this animal, concentrations of PGE, PGF

and 6-o0x0-PGF, were significantly higher in myometrium which had been

la
crushed, compared to control tissue. For endometrium, PGF concentra-
tions were significantly lower in tissues which had been crushed,

compared to controls. Concentrations of 6-oxo-PGF]a in chorioallantois



TABLE 20: The proportions of sheep having significant (P < 0.05,

analysis of variance) effects of uterine area on

prostaglandin (Pé) concentrations in intra-uterine

tissues.

Tissue PGF
Myometrium 6/7
Endometrium 2/6
Cotyledons 4/5
Chorioallantois 3/5
Amnion 4/5

\w6—oxo—PGF

4/7
3/6,
1/5
2/5
4/5

) *Number of animals show{ng significant effects of uterine

area/Number of animals examined.
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~

and of PGE in amnion were significantly higher in crushed tissue,
compared to their respective controls.

The possibility Epat PG production is stimulated following
manual separation of fetal and maternal cotyledons was examined in a
ewe 135 days.pregnant. Concentrations of PGF, PGE, and 6-oxo-PGF]a in
fetal, maternal and whole cotyledons are summarized in Table 23. For
comparison Qith whole cotyledons, the calculated overall PG concentra-
tions in separated cotyledons are also presented. In separated ’
cotyledons, Eoncentrations of PGE and 6-oxo-PGF1a were significantly
higher in fetal cotyledons, compared to maternal cotyledons. In
addition, the overall concentrations of these PG's were significantly

higher in separated cotyledons, compared to whole cotyledons which

were not separated prior to PG extraction.

4.4 Discussion
A

The results of this study show that prostaglandin (PG)

concentrations are not uniform throughout tissues in some pregnant
sheep uteri, suggesting that estimations based on single samples may
not be representative of the entire uterus. In non-pregnant sheep,
Rexroad (1980) showed higher PG concentrations in myometrium and
endometrium collected from anterior areas compared to posterior areas.
Whether the§e differences reflect different rates of production

and/or metabolism, or clearance remains to be estab11§hed. The

¥ ]

possibility that variable PG concentrations within uterine tissﬂeg was
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an artifact caused during tissue collection cannot be ruled out.

Although the experimental protocol was able to cont£p1 for thé absolute
effects of £?;e between the dissection of tissues from different areas
of the uterus, it is Possib]e that some areas of the uterus may have a
higher capacity to produce PG's compared to others.

The significance of regional differences in intra-uterine
PG concentrations is unknown. Severéi investigators have suggested
that PG's may regulate uterine blood flow (Novy et al., 1974b; Rankin
and Phernetton, 1976b; Rankin, 1978). Uneven blood flow distribution

between cotyledons within pregnant shgep (Power et al., 1967), and in

myometrium in pregnant women (Jansson, 19667“ﬁ3§“béen-demonstrated.

The differences in PG concentratiens witﬁin uterine tissues, therefore,
may be important in the regulation of regional tissue blood flow.
Alternatively, local differences in blood flow may alter the clearance
of PG's from these sites. The amnion in sheep is relatively avascular
throughout most of pregnancy,mﬁﬁobd vessels being visible only in

small localized areas, usually tubal and/or cervical regions, after
Day 100 of pregnancy. That PG concentrations in this tissue are
significantly Tower in these areas, compared to non-vascularized
areas, lends strong support to the possibility that regional differ-
ences in PG concentrations result from regional differences in clear-
ance rates. In the present study, regional di fferences in myometrial
PG concentrations appeared to occur du}ing later sfages of pregnancy.
The possibility that these differences are related to the redistribu-
tion of uterine blood flow at this time (Rosenfeld et al., 1974) =

deserves further investigation. In guinea pigs, uterine distention
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has been shown to increase PG release (Horton g;_gl.,.3©71) and
functional adrenergic denervation occbrs in association with uterine
distention during pregnancy (Thorbeét et al., 1977, 1979). The’
variable PG concentrations in the myometrium and endometrium may
therefore result from changes in PG production and/or clearance due
to altered norepinephrine availability or distention caused by the -
presence of the fetus. Alternatively, regional differences in PG con-
centrations may be important in the regulation of e}ectrical‘activity
in the myometrium. Clearly, more studies must be conducted before
the significance of these regional dijferences in PG concenﬁrations
may merit further speculation.

Others have suggested that measurements of tissue PG
concentrations reflect the capacity for formation rather than endogen-
ous levels (Green, 1979; Liggins et al., 1980), since PG output is
stimulated from a number of tissues in response to trauma (Piper and
Vane, 197}). The effects of trauma on uterine PG output is, however,
poorly documented. The present results suggest that the capacity of
intra-uterine tissues to produce PG's in response to trauma differs
between tissues and between different arachidonic acid metabolites. .é%
Since crushing uterine tissues afterbfhey were dissected resulted in-
changes in PG concentrations, the capacity for PG production could not
have been maximally stimulated during tissue collection. The possi-
bility that PG production was already at a maximal rate in those
tissues where PG concentrations did not change after crushing was

examined in one ewe which was treated with indomethacin, an inhibitor

of PG synthesis. It was reasoned that PG production in response to

__dissection would-be-attenuated in-this animal and that this reduced PG
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°
production rate may be stimulated by repeated crushing. The observa-
tion that in this animal, PG concentrations after crushing were similar
to’those observed [in animals not receiving indomethacin, is consistent
with the nétion that the capacity for PG production was not maximally
stimulated during tissue collection. However, for tissues not showing
changes in PG concentrations in this animal, PG concentrations may be
maximally stimulated during tissue dissection due to the limited
availability of the éyc]o-oxygenase enzyme. Therefore, the possibility
that trauma,.a§ a result of t}}ﬁgﬁ collection, induces PG synthesis

cannot be ruled out.

In the present study, crushing resulted in changes

Coprimarily in PGE and/or 6-oxo-PGF]a concentrations. It has been

suggested that the release of PGE and PGI2 may be important in the

genesis of the signs and symptoms of the inflammatory process

(Ferreira gt al., 1974; Vane, 1978). Prostaglandins of the E series

increase vascular permeability in inflammatory sites in man and in

various animals (Glenn et al., 1972; Willis et al., 1972; Ikeda

. et al., 1975). " Prostaglandins E, and I, have also been shown to

potentiate the pain-producing and the edema-inducing effect of brédy-
kinin and/or histamine (Moncada et al., 1973; Williams and Morley,
1973; Ikeda et al., 1975; Willjams and Peck, 1977). It is possible,
therefore, that the directed synthesjs of these PG's in response to
crushing may represent local defense mechanisms responaing to_ cell
injury. ‘

Using a superfusion technique{ MitcHZ]l and Flint (1978a)
also showed that the output of PGE was quantitatively greater than

other PG's inyfetal and maternal cotyledons as well as in myometrium,

-
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and that the fetal cpty]edons were’the major Source of PGE under the
coqditions of supqrfysion employed. These results are consistent with
the high levels of PGE in fét§1 plasma during late pregnancy in sheep
(Challis g_g‘g_]_., ]9'76)_ 'and wi_‘fh the role th-at PGE is believed to play
in the control of the.patency of the ductus arteriosus (Coceani et al.,
1976} . However, caution should be exerciSed when interpreting results
of .PG determinations in studies where fetal and maternal components of
c?ty1edons were ménuaj]y separated. In the present study, increased
cbnceqtr?tions of PGE and 6-oxo—PGF1a wer? calculated in cotyledons

which were separated into fetal and maternal components; compared to

wh61e cotyledons which were not separated. Interpretation of these
results are limited in view of the small sample size collected from
one anima]; however the changes in PG concentrations following the

separation of cotyledons may represent a local reaction to cell injury.

. . The observation that PGE concentrations are higher in fetal cotyledons

compared to maternal cotyledons is in agreement with the results of

-

. Mitchell and Flint (1977, 1978a).

In summary, the salient firidings in this chapter include:
T). PG concentrations are not uniform throughout intra-uterine tissues
{n some pregnant sheep; 2) the capaciéy of intra-uterine tissues to
produce PG's in resﬁoﬁse to trauma diffgrs between tissues and differ-
‘ent arachidonic acid metabolites; and 3) PG concentrations are higher

in éoty]edons where fetq1 and maternal components had been separated

. 'wanually, compared to intact cotyledons.

1 s
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CHAPTER 5

* EVIDENCE FOR A ROLE OF PROSTAGLANDINS (PG'S)
IN THE INITIATION OF LABOUR
I. PROSTAGLANDIN AND STEROID CONCENTRATIONS
\ DURING ACTH-INDUCED LABOUR AND
THE EFFECTS OF INDOMETHACIN ON UTERINE ACTIVITY

5.1 Introduction

‘

Evidence supporting a role for prostaglandins (PG's) 1in
the control of parturition in sheep has been presented (see Chapter 1).

Br1ef]y, PG concentrat1ons are elevated in fetal (Challis et al.

1976) and maternal (Thorbum et al., 1972; Curr1e al. 1973
Mitchell et &1., 1979) plasma and in amiotic fluid (Mitchell et al.,

1977, 1978; Challis et al., 1978) in association with birth. Further-

more, the administration of meclofenamic acid, a PG synthetase .

inhibitor, delayed the delivery that normally occurs during dexamet;a—
sone infusion to the lamb (Mitchell and Flint, 1978). However, in
that study, fetal death occurred in one-half of the treated Enima]s
and Kendall et al. (1977) have shown that:estYogens rise to
unphysioTogica] levels at the amounts of dexamethasone used.

. G
Previous measurements of concentrations of PGE and PGF in

“sheep placenta and myometrium dufing Tate pregnancy and labour (lLiggins

and Grieves, 1971; Mitchell and Flint, 1977) have suggested that these

113 ' ,

- .,'.-(,.
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tissues may be sites of PG production. However, PG concentrations in
endometrium and fetal membranes have not been determined and the
concentrations of 6-oxo-PGE]a in different uterine tissues during late
pregnancy and parturition are unknown. ‘

The increased production of PG's during iabour may be
triggered by an increase in the estrogen:progesterone ratio (see
Chapter 1). Howevér, concentrations of steroid hormones in the
different intra-uterine tissues during parturition have not been
/péigim{ ed and estimations of circulating steroid hormones may not

/ necessaii]y reflect the concentrations of steroid hormones ln uterine
! tissues (Rawlings “and Ward, 1976).

In the present study, therefore, concentrations of
estradiol-178, progesterone, PGE, PGF and 6-oxo—PGF]a were measured in
tissue samples of myometrium, endometrium, coty]edons,'chorioaTiantois
and amnion obtained from different ar@as_of the uterus during late
pregnahcy and labour induced by the intrad-fetal administration of
ACTH. The infusion rate df ACTH that was used in this study caused de-
1ivery after about 75 h and was associated with matérnal steroid
changes similar to those seen at full term (Kendall et al., 1977). In
additién,,it was reasbned ihat if inhibitors of endogenous PG biosyn-
thesis delay parturition, analysis. of uterine activity in these
animals might provide insight into the mechanism(s) by which PG's act
on the myometrium. Therefore, the effects of indomethacin, a PG
synthetase inhibitor, on steroid concentrations in maternal and fetal
plasma, PG concentrations in intra-uterine t1§sues and on the frequeng
and maximum amplitude of uterine contractions during ACTH-induced

P

Tabour, were also examined.
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5.2 Materials and Methods

(

Twelve sheep of mixed bree&s and known gestational ages
were used. Fetal and maternal vascular catheters and an amniotic
catheter were implanted on Days'113 to 117 of pregnancy as described
previously (see Chapter 3). On Day 127 of pregnancy, the sheep
were assigned to one of three treatment groups. One group
received continuous infusions of saline (10 ml/day) into the fetal
saphenou§£ve1n and of phosphate buffer (P.B., 0.12 M, pH 7.4, 275 mOsm,
5.0 ml/kg/day) into the maternal femoral vein (n = 4). A second
group received continuous infusions of ACTH]_24 (Synacthen, Ciba;

240 ng/day in 10 m1 of saline) into the fetal saphenous vein and of
P.B. into the maternal femoral vein (n = 4). The third group received
continuous infusions of ACTH]_24 (240 ug in sa1ine/day)‘1nto.the fetal
saphenous vein and indomethacin (25 mg/kg/day in P.B., pH 7.4,

308 mOsm) into the maternal femoral vein (n = 4). Fetal (2 ml) and

‘maternal (5 ml) blood samples were collected at 8 h intervals for

24 h prior to infusion and during the 70 h infusion period for plasma
steroid determinations (see Chapter 3).

The frequency (contractions/hour) and maximum amplitude
(mm Hg) of uterine contr;ctions were,estimated from recordings of )
amniotic pressure as described in .Chapter 3. In all animals uterine-

activity was not evident prior to 19 h after the beginning of the

infusions. After this tinéi;pxessure records were analyzed at 8 h

~intervals for 1 h periods, until 2-3 h before tissues were collected

for PG and steroid measurements.

e
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A1l tissues were collected under genéra] anesthesia as
described in Chapter 3. Samples of myometrium, endometrium, chorio-
allantois, amnion and cotyledons were collected from tubal, middle
and cervical uterine areas for each tissue. Samples were also obtained
from regions intermediate between tubal and middle and between middle
and cervical designated mid-tubal and mid-cervical, respectively. All
tissues were p}ocessed as described i Chapter 3, homogenized in
ethanol at 4°C and centrifuged. The supernatants were stored at -20°C
until assayed. After sample collection was completed, the degree of
cervical di1aEStion was assessed by digital examinations

’ Measurements of prostaglandins and cyclic AMP in ethanolic
extracts of uterine tissues and of plasma steroids were performed as
described previously (see Chapter 3). Estradiol-178 and progesterone
concentrations were also estimated by RIA in the same tissue ethanolic
extracts from which PG and cyclic AMP determinations were made.

The data are epressed as either proportioﬁs or as means *
S.E.M. Average daily plasma sterbid concentratidns were calculated
from the three daily estimates during the infusion period. For each
intra-uterine tissue, average steroid concentrations were calculated
from the five individual estimates from different uterine areas in
each anim;1. When heterogeneity of variance was present, determined
by the F . test (Sokal and Roh1f, 1969), the data were transformed
logarithmically prior to statistical analysis. The significance of
treatment effects within each tissue was determined by analysis of
variance. The significance of thg effects of indomethgcin on thé

ma X imum émp]itude and frequency of uterine contraction and day of

infusion on steroid concentrations and of uterine area was determined



by Student's t tests. The significance of treatment effects on
cyclic AMP, steroid and PG concentrations was also determined by
Duncan's New Multiple Range Test; for steroids and PG's this test
was used only when analysis of variance indicated significant effects

which may be partitioned.

5.3 Results ~

The concentrations of cortisol in fetal plasma collected
from animals receiving saline + P.B., ACTH + P.B. and ACTH + indo-
methacin are summarized in Table 24. In fetuses treated with ACTH,
cortisol concentrations increased 3-fold during the infusion period.
Cortisol concentrations were not different in ACTH + P.B.- and
saline + P.B.-treated animals at the beginning 0f the infusion
(P > 0.05; Duncan's Rew Multiple Range Test); however, they were
significantly elevated on Day 1 qf the infusion due to elevated
concentr;tions 8 h and 16 h after the start of infusion. Concentra-
tions of cortisol in ACTH + indomethacin-treated animals did not
differ from animals receiving ACTH + P.B.

Concentrations of progesterone in maternal arterial plasma
are summarized in Tab]e 25. In ACTH-treated animals progesterone
concentrations were significantly lower on Day 3 of the infusion
compared to Day 3 in saline + P.B.-treated animals and on Day 1 of
infusion in ACTH + P.B.- and ACTH + indomethacin-treated animals.

Duncan's New Multiple Range Test indicated that concentrations at the

117
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TABLE 24: Effects of continuous infusions of ACTH or saline to the
fetus and of indomethacin or phosphate buffer (P.B.) to the
mother on cortisol concentrations in fetal arterial plasma
(mean  SEM) after logarithmic transformation of

o~

concentrations (ng/ml; n = 4 sheep/group)

Day of Infusion

Treatment Day -1 Day 1 Day 2 Day 3
Saline? + 1.124£0.131  1.177+0.106 1.079#0.142  1.138+0.148
p.g.b (13.3)¢ (15.0) (12.0) (13.7)
ACTHE + 1.158£0.119  1.61620.099 2.000:0.07279 2.125:0.1617%
P.B. (14.4) (41.3) (100.0) (133.4)
ACTH + 1.141£0.173  1.6120.230  1.819:0.200° 2.1260.17479
indomethacin®  (13.8) (40.9) _ (79.3) (133.7)

270 h intra-fetal infusion (10 ml/day)
570 h intra-maternal infusion (0.12 M, pﬁ 7.4; 5.0 ml/kg/day)
©70 h intra-fetal infusion (240 ug/day)
470 h intra-maternal infusion (25 mg/kg/day)
®Geometric mean

féignificantly greater than saline + P.B. (P < 0.05; nested analysis of
variance and Duncan's New Multiple Range Test)

gS1gn1f1cant]y greater than Day 1 of infusion (P < 0.05; nested
analysis of variance and paired t-tests)
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TABLE 25: Effects of continuous infusions of ACTH or saline to the
fetus and of indomethacin or phosphate buffer (P.B.) to the

mother
plasma

on progesterone concentrations in maternal arterial
(mean = SEM) after logarithmic transformation of

. ‘concentrations (ng/ml; 4 sheep/group)

Day of Infusion

Treatment

Saline + ]
P.B.¢

ACTH + 1.

p.B.0

ACTH + 1.

indomethacin®

Day -1 Day 1 Day 2 Day 3
L062£0.152  1.13820.251  1.079+0.134  1.172:0.161
(11.5)% (13.7) (12.0) (14.9)

110+£0.098  0.9980.025 1.172x0.117 0.8]010.112ef
(12.9) (10.0) (14.9) (6.5)

028+0.108 0.910£0.113  0.860+0.105 0.67010.162€f
(10.1) (8.1) (7.2) ' (4.7)

270 h intra-fetal

P.B. infusion (0.

saline infusion (10 ml/day) and intra-maternal
12 M, pH 7.4; 5.0 ml/kg/day)

b70 h intra-fetal ACTH infusion (240 ug/day) and intra-maternal P.B.
infusion (0.12 M, pH 7.4; 5.0 ml/kg/day)

°70 h intra-fetal

ACTH infusion (240 ug/day) and intra-maternal

indomethacin infusion (25 mg/kg/day)

dGeometric mean

eSignificant]y lower than control group (P < 0.05; nested analysis of
variance and Duncan's New Multiple Range Test)

of variance and paired t3test)

fﬁignificant]y Tower fiij>0ay 1 of infusion (P < 0.05; nested analysis
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beginning of the infusjon period (Day -1) were not significantly
different (P > 0.05). In addition, concentrations in ACTH +
indomethacin-treated ewes did not differ from those in animals
treated with ACTH + P.B.

Table 26 summarizes maternal plasma estrone concentrations

in saline + P.B.-, ACTH + P.B.- and ACTH + indomethacin-treated sheep.

Analysis of variance and paired t tests indicated that concentrations

on Day 3 were significantly higher than on Day 1 of the infusion in

ACTH-treated sheep, compared to the saline + P.B.-treated animals.

However, concentrations in the latter group of animals were signifi- .
cantly higher than those in the ACTH-treated sheep on Day 1 of the
infusions (P < 0.05, Duncan's New Multiple Range Test), but not during
the .pre-treatment period.

At the time of sacrifice, the cervix had dilated to the
point of admitting 1-3 fingers in sheep treated with ACTH + P.B. and
0-1 fingers in ACTH + indomethacin-. and saline + P.B.-treated ewes.
Viable fetuses were delivered from all animals at this tife.

Steroid conceritrations in intra-uterine tissues in animals
receiving intra-fetal infusions of saline + P.B. or ACTH + P.B. and
intramaternal infusions of phosphate buffer are summarized in Figure 7.
Tissue progesterone concentrations weré highest in the chorioallantois
and lowest in theé cotyledons (both P < 0.05, analysis of variance And
pa#%ed_g tests). In addition, progesterone concentrations in the

cotyledons were significantly Tower (P < 0.05, analysis of variance

and unpaired t tests) in sheep receiving intra-fetal ACTH + P.B.

compared to those receiving saline + P.B. For all animals, tissue
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TABLE 26: Effects of continuous infusions of ACTH or saline to the
fetus and of indomethacin or phosphate buffer (P.B.) to the
mother on estrone concentratigns in maternal arterial plasma

.(mean + SEM) after logarithmic transformation of
concentrations (pg/ml; 4 sheep/group)

Day of Infusion

Treatment Day -1 Day 1 Day 2 - Day 3
Saline + 1.421%0.282  1.540+0.079 1.665:0.119  1.584%0.113
p.g.a (26.4)% (34.7) (46.2) (38.4)
ACTH + 1.281:0.121  1.220%0.051  1.187+0.077  1.486%0.152°
p.B.2 (19.1) (16.6) (154) (30.6)
ACTH + 1.309+0.146  1.283+0.101  1.422:0.141 2.075:0.411°
indomethacin® . (20.4) (19.2) (26.4) (118.6)

270 h infusion of saline (10  ml/day) into the fetus and of P.B.
(0.12 M, pH 7.4; 5.0 ml/kg/day) into the mother (n = 4)

570 h infusion of ACTH (240 ug/day) and of P.B. (0.12 M, pH 7.4;
5.0 ml/kg/day) into the mother (n = 4)

©70 h infusion of ACTH (240 ug/day) and of indomethacin (25 mg/kg/day)
into the mother (n = 4)

dGeometric mean

" Significantly greater than Day 1 of infusion (P < 0.05; nested

analysis of variance and paired t-tests)

™




FIGURE 7

Concentrations of progesterone and estrone, and the ratio
of progesterone:estrone concentrations in myometrium, endometrium,
cotyledons, chorioallantois and amnion, coliected from five
different uterine areas in ewes 130 days pregnant. after the

continuous intra-fetal infusion for 70 h of either ACTH (240 ug/day,

n=4), or of saline (n = 4).
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estradiol-178 concentrations were significan&]y higher in cotyledons
and chorioallantois than in other uterine tissues (both P < 0.05,
analysis of variance and paired t tests). Moreover, estradiol-178
concentrations in these tissues and in endometrium were elevated in
sheep treated with ACTH + P.B. (all P < 0.05, aqa]ysis of variance and
unpaired t tests). However, ratios of progesterone ;o estradiol-178
concentrations were significantly reduced only in the cotyledons and
chorioallantois (both P < 0.05, analysis of variance and unpaired t
tests), decreasing about 3-fold in each tissue. Steroid concentrations
were not determined in-tissues obtained from ACTH + indomethacin-
treated sheep. There was no significant effect of uterine area on
tissue steroid concentrations. /

Concentrations of PGF, PGE and 6-0x0-PGF, 1in myometrium

la
taken from sheep treated with saline + P.B., ACTH + P.B. and AbTH +
indomethacin are shown in Figure 8. For PGF, concentrations tended to
be higher in sheep treated with ACTH + P.B.; however, they did not
attain ;ignificance (Table 27). The concentrations of PGF in ewes
receiving ACTH + indomethacin were significantly lower than in thgéf
receiving ACTH + P.B., but not significantly different from those in
saline + P.B.-treated animals. Analysis of variance (Table 27) also
indicated a significant effect of uterine area on PGF concentrations
in all treatmentvgroups, concentrations being higher in tubal areas
in saline + P.B. and in ACTH + indomethacin groups and in tuBa] and
cervical areas in ewes receiving ACTH + P.B. (all P < 0.05, paired *

t tests). For PGE, analysis of variance (Table 27) indicated that

‘ concentrations were not significantly reduced in ACTH + indomethacin-
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FIGURE 8

Concentrations of prostaglandin-£ (PGE), PGF and 6-oxo-PGF]u
in samples taken from different areas of myometrium in ewes,

130 days pregnant, receiving either saline + phosphate buffer (P.B.)

(___.._ ;n=4),ACTH+b,B,( ; n=14)or ACTH +

indomethacin (— . — ; n = 4) treatments for 70 h.
/
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TABLE 27: A summary of variance analysis

12%

<]

of results in Figure 8

.

Fy
) é% . _PGE 6-oxo-PGF]a_
Source of Variation F p F p F p
Saline \75. ACTH:
_Treatment (1,6)¢ 6.401 0.059 0.634 N.S. 4.989 0.067

Uterine area (4,24) 5.652 <0.01
Treatment x area(4,24) 0.290 N.S.

\
P

Saline vs. A?;‘H + indomethacin:
Treatment (1,6) 0.238  N.S.
Uterine area (4,24) 2.744 0.052
Treatment x area(4,2%) 1.060  N.S.

N

~ACTH vs. ACTH + indomethacin:

Treatment (1,6) 14.492  <0.01
Uterine area (4,24) 10.243 <0.001
Treatment x area(4,24) 0.773 N.S.

-

~e

%degrees of freedom in numerator, degrees

for the determination of P values

<

4.426 <0.01  0.853  N.S.
414 0.077  3.685 <0.05

4.383 0.081  0.165 - N.S.
725 <0.05  1.275  #.S.
295 N.S.  1.806  N.S.

?
.305  N.S.  14.073 <0.0T .

°

.944  <0.05 2.795 <0.05
.907 N.S. 2.098 N.S.

~

of freedom in denominator

?

e
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treated shgep and that concentrations were not significantly elevated
during ACTﬁiinduced Tabour. Analysis'é? variance also indicated a <
significant effect of uterine area for both PGE and 6-oxo-PGF]a
concentrations in the myometrium (TaB]e 27). For ﬁGE, concentrations
were higher in myometrium taken from tub;i regions for saline + P.B.-
and ACTH + P.B.-treated animals (P < 0.05, paired t tests) compared to
other areas. Concentrations of fS-oxo-PGF]OL were also higher in tubal
areas in saline + P.B.- and in ACTH + indomethacin-treated animals
(both P < 0.01, paired t tests); however, during ACTH-induced labour,
concentrations were also significantly higher in myometrium adjacent
to the cervix (P <\0.0§, analysis of variance and paired t tests)
compared to Samples taiénﬁfrom the middle of the uterus.

The ratios of{PGF:PGE in myometrium are summarized in
Table 28. Neither indoégthacinnor‘ACTH treatmeq; had significant -
effects on PGF:PGE ratios; however analysis of variance indicated a
significant effect of uterine area in all treatment groups (all
P < 0.01). The ratio PGF:PGE was higher in tubal and cervical
myometrium than in the middle areas (all P < 0.05, paired t tests). -

Concentrations of PGF, PGE and 6-oxo-PGF]u in' the endome-
trium are shown in Figure 9. Concentrations of PGF and 6-oxo-PGF]a,
but not PGE, were siénificant]y Tower in- ACTH + indomethacin-treated
animals, compared to those treated with ACTH + P.B. (Table 29). 1In
\addition, PGE, but not PGF or 6-oxo-PéF]a, concentraiions were signif-
,~ icantly higher in ewes treated‘wiﬁh‘ACTH + PB., compared to saline

+ P.B.-treated sheep (Table 29). Analysis of variance also indicated

& significant effect of uterine avea on endometrial PGE concentrations
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FIGURE 9
Concentrations of prostaglandin E (PGE), PGF and 6-oxo-PGF]m%§t
"in samples taken %‘om different areas of endometrium in ewes,
130 days pregnant, receiving either saline + phosphate buffer (P.B.)
(—— e — 3 n=4), ACTH + P,B. ( ;n=4) or ACTH +

indomethacin (—— < —; n = 4) treatments for 70 h.
. .
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TABLE 29: A summary of variance analysis

PGF

132

of results in Figure 9

PGE 6-0x0-PGF

la—
Source of Variation F p F p F P
Saline vs. ACTH:
Treatment (1,6)% 0.066  N.S. 733 <0.05  0.536  N.S.

Uterine area (4,24) 2.762 0.05]
Treatmént x area(4,24) 1.311 N.S.

Saline vs. ACTH + indomethacin:
Treatment (1,6) 3.334 N.S.
Uterine area (4,24) 1.665 N.S.
Treatment x area(4,24) 1.978  N.S.

ACTH vs. ACTH + indomethacin:
Treatment (1,6) 16.974 <001
Uterine area (4,24) 2.399 0.078
Treatment x area(4,24) 0.865  N.S.

adegrees of freedom in numerator, degrees

for the determination of P values )

.448 0.074  0.751 N.S.
.348 N.S. 1.610 N.S.

. 365 N.S. 0.008 N.S.
0.420 N.S. 1.339 N.S.
0.901 N.S. 0.865 N.S.

.063 N.S. 7.828 <0.05
.348  <0.01 1.959 N.S.
762 N.S. 1.261 N.S.

of freedom in denominator
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in ACTH + P.B.-treated animals; concentrations. being higher in tubal
regions than in other areas of the uterus (P < 0.05, paired t tests).

' Figure 10 shows PGF, PGE and 6-oxo-PGF, «concentrations in %ﬁé
cotyledons taken from saline + P.B.-, ACTH + P.B.-, or ACTH + indo-
methacin-treated ewes. For PGF, analysis of variance (TabTe 30)
indicated that concentrations in ewes treated with ACTH + P.B. were -
significantly higher than concentrations in the saline + P.B. group.
In addition, concen;rations were significant]} Tower in ACTH + indo-
methacin-treated ewes than in those treated with ACTH + P.B. or in

the saline + P.B.-treated animals. For PGE, concentrations were sig-
nificantly lower in ACTH + indomethacin-treated animals than in saline
+ P.B.- and in ACTH + P.B.-treated ewes. However, in ewes receiving

ACTH + P.B., PGE concentrations were not significantly higher than

those in%the saline + P.B. group. For 6-oxo—PGF]a, concentrations

> &

wereﬁs gnificantly higher in ewes receiving ACTH + P.B., compared to
thoﬁeceiving saline. In addition, analysis of variance indicated
that concentrations in ACTH + indomethacin-treated animals were sig-
nificantly lower than those in animals receiving ACTRG& P.B. and in
the saline + P.B. group. Indomethacin + ACTH treatmént'resu]ted in a éﬂ_
10- to 20-fold decrease in the concentrations of all PG's, compared
to animals receiving ACTH + P.B. There was no significant effect of -
uterine area on PG concentrations in the cotyledons.

Cpncentrations of PGF, PGE and 6-oxo-PGF1a jn chorio-
allantois are shown in Figure 11. Analysis of variance (Table 31)

indicated that concentrations of PGF and 6-oxo—PGF]a, but not PGE were

significantly elevated in ACTH + P.B.-treated ewes, compared to e




/.

FIGURE 10 S

Concentr:étibns of prostaglandin E (PG’E)', PGF ané/ 6-ox0_—PGF]OL
in samples taken from different uterine areas 1"n cotyledons taken
from ewes, 130 days pregnant, receiv'ing either saline + phosphate
buffer (P.B.) (——++ —; n=4), ACTH + P.B. {————— ; n = 4),

or ACTH + indomethacin (=—— s ——; n = 4) treatments for 70 h.

o

*
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TASLE 30: A summary of variance analysis of results in Figure 10

. PGF PGE 6—oxo-PGF]a_
Source of Variation F p F P F ' P

Saline vs. ACTH: /

Treatment (1,6)% 10.571 <0.(§5 2.893  N.S.  9.000 <0.05
Uterine area (4,24) 0.061  N.§,  2.209 0.098 0.852 N.S.
Treatmentjiarea(4,24) 1.107 N.Sf\ 0.657 N.S. 0.548 N.S.

Saline vs. ACTH + indomethacin:
Treatment (1,6) 51.501 <0.0
Uterine area (4,24) 0.932  N.§
Treatment x area(4,24) 0.551

16.374  <0.01 17.594  <0.0]
2.297° 0.088 0.217  N.5. @M
1.773  N.S. 1.801  N.S.

ACTH vs. ACTH + indomethacin:
Treatment (1,6) 9.185 <0.05 10.458 <0.05 20.988 <0.01
Uterine area (4,24) 0.527 N.S. 1.007 N.S. 0.050 N.S.
Treatment x area(4,24) 0.643  N.S. 1.552 N.S. 0.828 N.S.

N

adegnees of freedom in numerator, degrees of freedom n denominatdr
for the determmination of P values
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FIGURE 11

Concentrations of prostaglandin E (PGE), PGF and 6-0x0-PGF;
in samp]és taken from different uterine areas in chorioallantois
taken from ewes, 136 days pregnant, receiving either saline +
phosphate buffer (P.B.) (——+¢+—; n = 4), ACTH + P.B.

( ———— 3 n=4), or ACTH + indomethacin ( —— « —; n = 4)

treatments for 70 h.
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TABLE 31: A summary of variance analysis of results in Figure 11

e

PGF PGE 6-0xo-PGF]
Source of Variation F P F 1% F TP

o—

e ————— R

Saline vs. ACTH: ]

Treatment (1,6)% * 6.670 <0.05 0.034 N.S. 9.341 <0.05
Uterine area (4,24) 2.568 0.064 1.660 N.S.~» 0.786 N.S. <
Treatment x area(4,24) 1.302 N.S. 2.423 0.076 1.096 N.S.

Saline vs. ACTH + indomethacin:
Treatment (1,6) 85.3%2 <0.001 5.364 0.060 73.096 <0.001

Uterine area (4,24) 1,641 N.S. ,l*}73 N.S. 0.153  N.S.
Treatment x area(4,24) 0.415 N.S. 71.163 N.S. 0.204 N.S.

ACTH vs. ACTH + _rindomethacin:

Treatment (1,6) ~ 39.645. <0.001 14.687 <0.01 30.087 <0.01
Uterine area (4,24) 3.020 <0.05 2.061 N.S. 1.075 N.S.
Treatment x area(4,24) 0.999  N.s.  2.088 N.S. . 1.301  N.S.

adegrées of freedom in numerator, degrees of freedom in denominator -
for the determination of P values ‘

°

2
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concentrations in saline + P.B.-treated anima]gt In-addition, con-
centrations of all ﬁGté were‘significant1y lower ih ACTH + indometha-
cin- treated ewes than in ewes rece1v1ng ACTH + P.B. PGF and 6-oxo-

PGF$a cpncentrat1ons in ACTH + indomethacin-treated animals were also

]

significantly 1ower than those in the saline+P.B. group. Analysis of
variance indicated a significant effect of uteride area on PGF con-
éentrat{qns in the chorioallantois, concentrations being higher in the
mid-uterine regions than in areas.cTose to the uterOatubaT Junction or

_the cervig (P < 0.95, paired t tests) In th1s t1ssue, treatment with
ACTH + indomethacin résulted in a 40- to 50- fo}d reduction in PG

concentrations, £ompared to an1mals treated with ACTH + P.B.

i F1gure 12 shows PGF, PGE and 6- oxo—PGF1 concentrat1ons in

7

amnion collected from ewes treated with saline + P.B., ACTH + P.B. - :',

-,

o ACTH + indométhacin. Analysis of variance -{Table 32) indicated’

e 4

" ., thatethe concentrations of all PG's were not sigdificant1y increased

-

during ACTH-induced labour, and that they were significantly Tower in
ACTH + 1Qdomethac{a-treated animals than in the saline + P.B. or .

>

9 L4
. -ACTH + P.B. groups. In addition, PG concentrations were decreased

" 10-" to ]OO—fq]d‘id these animals, combared to animals receiving ACTH

-

+ P.B.
To determﬁne~ij,the changes in PG concentration in intra-

5 -

dterihe tissues followikhg ACTH treatment were borrelated with the
changes in st;ro1d concentrations in these t1ssues, corre]at1on co-
-eff1c1ents and t test of rat1os fbr zero corretation were ca]cu]ated
The average PG\goncentrat1on in myometrium, endometr1um, cotyTedons,

chorioa1]antois and amnion were compared with the average rat1o of

v

I\l
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FIGURE 12

W ®

Concéntratipns of prostaglandin E (PGE), PGF and 6—oxo-PGF]&””
in samples takén frgm differedt uterine areas in amnion takenlfrom
ewes, 130 days pregnant, receiving‘either saline + phosphate buffer

¢

;n=4), or

; n = 4) treatments for 70 h.
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TABLE 32: A summary -of variance analysi$ of results in Figure 12

<

- 6-0x0-PGF

PGF ae

Source of Variation " F " P F P F P
Saline vs. ACTH: , ,

Treatment (1,6)% 2.338  N.S.  2.233  N.S.  0.302 N.S.
Uterine area (4,24) 0.778 N.S. v0.362 N.S.  0.365  N.S.
Treatment x area(4,24) 0.245 N.S. 0.686 N.S 0.979 N.S.
Saline vs. ACTH + indomethacin:

Treatment (1,6) < 10.551 <D.05 5.981 0.050 6.944 <0.05
Uterine area (4,24) 1.016 N.S. 0.959° N.S. 1.316 N.S.
Treatment x avea(4,24) 0.112  N.S.  0.081 _N.S.  0.131  N.S.
ACTH vs. ACTH + indomethacin: \

Treatment (1,6) 49.626 <0.001 17.800 <0.01 18.601 <0.01
Uterine area (4,24) 0.409  N.S. 0.414  N.S. 0.893  N.S.
Tréatment><area(4,24) 0.572 N.S. 0.649 N.S. 1.157 N.S.
: : i

-

&

%degrees of freedom in %Humerator, degrees of freedom in denominator

for the determination of P val

ues
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progeéterone:estrogen concentrations, average progesterone concentra-
E}ons, and average estrogen concentrations for each of the saline +
P.B.- and ACTH + P.B.-treated sheep. For myometrium and chorioallan-

tois, a significant negative correlation was found bétween 6—oxo-PGF]a

o~

concentrations and the ratio of progesterone:estrogen concentrations

oy

(Table 33). -In addition, a significant positive correlation between
6-oxo—PGF]a concentrations and the ratios of progesterone:estrogen
concentrations was found in the endometrium (Table 33). The correla-
tion between PG concentrations and the ratios of progesterone:
estrogen concentrations wene not‘éignificant for ;ther tissues and
PG's examined. Similarly, a significant correlation between PG and
progesterone concentrations was not observed in the tissues examined.
However, iohpared to estrogen concentrations,’significant positive
correlations were found in endometrium for PGE, and in cotyledons and
choriocallantois for PGF and 6-0x0-PGF; (Table 34).

The effects of indomethacin on thé frequency and maximum
amplitude of uterine contractions during ACTH-induced labour are shown
in Figures 13-and 14, respectively. There was a progressive increase
in the. frequency of contractions in sheep~treated with ACTH + P.B.,
beginning 34-35 h prior to tissge collection (35-36 h after the start
of AGTH infusions) (Figure 1;,! In the animals receiving ACTH +
indomethacin, the frequency of uterine contractions did not start to
increase until 2;3 h before tissue collec¢tion (67-6§'ﬁ after the .
beginning of ACTH infusions). At this time, the fréddéncy of uterine
contractions was significantly lower in these animals than in those

not receiving indomethacin (P < 0.01, unpaired t test). There was

he 4

‘ra

144




TABLE 33: Correlation co-efficients (C.C.) for the relationship
between PG concentrations and the ratios of progesterone:
"estrogen concentrations in intra-uterine sheep tissues
(n = 8 animals)
6-0xo-PGF1a__ PGF PGE
C.C. px  (.C. P C.C. p
Myomet i um -0.778 <0.05  -0.579  N.S.  -0.442  N.S.
] -~ »
Endometrium 0.841 <0.05 0.117 N.S. -0.503 N.S.
Cotyledons -0.354 N.S. -0.612 N.S. -0.423 N.S.
Chorioallantois -0.793 <0.05 °~ -0.730 <0.10 0.443 N.S.
Amnion -0.723 <0.10 -0.327 N.S. -0.781 <0.10

*determined from the t-test of ratios for zero correlation’

$
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TABLE 34: Correlation co-efficients (C.C.) for the relationship
between PG concentrations and estrogen concentrations in

intra-uterine sheep tissues (n = 8 animals)

*determined from the t-test of ratios for zero correlation

6—oxo-PGF] PGF PGE
8 =

C.C. p* C.C. P C.C. P
Myometrium 0.613 N.S. 0.610 N.S. 0.329 N.S.
Endometrium -0.596 N.S. -0.242 N.S. 0.870 <0.05
Cotyledons 0.794 <«0.05 ) 0.985 <0.001 0.324 N.S.
Choriocallantois 0.824 <0.05 - 0.912 <0.05 0.682 N.S.
Amnion ; 0.514 \N:S. \0.426 N.S. 0.549 N.S. .




FIGURE 13

\ -

a

The frequency of uterine contractions (contractions/h) in
ewes dhring the continuous infusioh of ACTH and indomethacin

(n = 4) or vehicle (n = 4).
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FIGURE 14

‘ z
The maximum amplitude (mm Hg) of uterine contractions in

~

ewes during the infusion of ACTH and indomethacin (n = 4) or

-

vehicle (n = 4).
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also an increase in the maximum amplitude of contractions after the
start of AéTH infusions (Figure 14), beginning 34-35 h and 2-3 h prior
to tissue collection for animals treated with ACTH + P.B. and ACTH +
indomethacin, respectively. Although indomethacin delayed the increase
in maximum gmp]itude of contractions, it did not significantly suppress
the maxim&h amplitude of contractions 2-3 h prior to sacrifice.

Uterine contractions in saline + P.B.-treated sheep were not observed
in many animals at the times uterine activity was analyzed and when
present, were always of low amplitude (5-7 mm Hg); therefore, these
data were not included in Figures 13 and 14.

To determine if the effects of indomethacin on uterine
activity were due to non-specific effects of the drug on phosphodies-
terase activity, myometrial cyclic AMP concentrations were measu}ed.
Concentrations in saline N P.B.-treated animals (226.9 + 18.8 fm/mg
wet weight) were significantly higher than concentrations in ewes
treated with ACTH + P.B. (P < 0.01; 86.9 + 28.7 fm/mg wet weight) and
in ewes treated with ACTH + indomethacin (P < 0.01; 51.5 = 16.4 fm/mg
wet weight). However, the concentrations of cyclic AMP in ACTE‘+
indomethacin-treated animals were not differeﬁt from those in sheep

receiving ACTH + P.B.
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5.4 Discussion

The changes in plasma steroid concentration in this study
are similar to those reported previously during spontaneous (Thorburn
et al., 1972) and ACTH-induced parturition (Kendall et al., 1977),‘
suggesting that the sheep receiving ACTH were approaching delivery at
the time of sacrifice. Estimates of the frequency and maximum ampli-
tude of uterine contractions and the assessment of cervical dilatation
support this conclusion. The highest PG concentrations were found in
cotyledons and chorioallantois in saline-treated animals. The concen-
trations of PGF and 6-oxo-PGF]a in these tissugs were elevated sig-
nificantly after 70 h of intra-fetal ACTH infusion. Similarly, in
these tissues, the ratio o%.cancentrations of progesterone:estradiol
was significantly reduced following intra-fetal ACTH infusions:and the
concentrations of PGF and 6-oxo-PGF1a were significantly correlated
with estradiol-178 concen%rations. Concentrations of 6—oxo:PGF1a were
elevated also in myometrium adjacent to the cervix in animals treated
with ACTH/+\P.B., while PGE concentrations were elevated significantly
only in the endometriun in these animals. The-chaimges in PG conten-
trations in these tissues were also significantly correlated with
change§,1n estradiol-178 concentrations. Indomethacin, a potent
inhibifbr of PG synthesis, redqced uterine PG,concentratjdns bbt did
not alter significantly the ch;hges in plasma steroid or ﬁyometria] )
cyclic AMP conceﬁtrations characteristic of ACTH-induced labour,
However, the increased frequency and maximum amplitude of uterine

confractions observed during ACTH-induced labour were delayed in these

animals. ‘Furthermore, the frequenéy, but not maximum amplitude, of

>

3

\
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‘tdétractions was significantly attenuated two hours prior to sacrifice

fn indomethacin-treated sheep. s
Liggins and Grieves (1971) pbserved elevated ?GF‘cqncen-
%rations in materpal cotyledons and myometrium but not in fetal

cotyledons while PGE was not detectable in any tissue during dexametha-

'y

..sone-induced labour in sheep. In contrast, other investigators’

(Mitche]T‘ana Flint, 1977) reported high levels -of PGE in fetal coty-

ledons during late prégnancy and glevated PGF concentrations after '

de]ivery in fetal ‘cotyledons, but not myometrium or maternal cotyledons.

These seemingly paradoxical résults may be due, in part, to tﬁe‘COh-
siderable variation among single observations taken frdﬁ.thé,few
animals used in these previous studies. Furthermore, PG détermiha-
tions in $eparated fetal and.haternal cotyledons may be influenced by
the artifactual %fects of trauma associated with manual sepé}ation
(see Chapter 4).3In the preéent study, PG's were n];a?;ured in whole
cotyledons and concentrations of PGF and 6-oxo-PGFi; weréqe]evated
significanglyfduring ﬂCTﬁ-inducéﬁ labour. ’ConCEntrations of PGE were
elevated in bnly two of ;he four animals. Using a superfusion -
éystem, ng output by fetal and maternal cotyiedons frgh three éheea
was generally higher thqnlkha; of PGF (Mitchell any Flint, 1978).
This obéqrvation is consistent with the present resultﬁxsthing ihat -
the mean concentrations of P?E in whole co%y]edons'general]y exé;gded
those of PGF. It is not possible from previous studies to draw any
reasonable conclusions concerning the relative importancglgf fetal
andﬂmaternal cotyledons as sites of PG §jﬁthesis:' o

I _ The results from measurements of tissue steroid concentra-
;ions indicate that concentrations of progesterone or its meféboiites

, -

»
‘ < /
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are lower in cotyledons than in other intra-uterine tissues. This

likely ref]ects the rapid clearance of progesterone from this tissue as

<

a result of "the h%gh percentage‘(BB%) of uterine blood flow to this ™
tissue (Rosenfe]d et al., 1974). However, s1nqe the p]acenta produces o
o g

‘pﬁth progesterone and estradiol- 1?8 (Flint et a]., 1915b4_IE2[Eyrn

et al., 1977),and only progesterone was . present at Jowet concentrations
ompared to other uter1ne tissues, this suggests that mechan1sms other

than 1ncreased clearance rates may be Jnvo1ved. Rawlings and ward

" (1976) observed higher concentrations of progesterone and estrogens %55; )
R - - 2

_myometrial tissue than in the peripheral plasma in sheep and suggested )
. thatisteroid binding proteins in, this tissue may act to effect a
local accumulation of steroids. It is possible, therefore,-that the s .

. ¢ . - . - ~

placenta might have a iower concentyration of a .pregesterone H(/;;ng
. ~

- protefh. The steroid concentrat1ons in myometr1um did not change

- 2

dur1ng ACTH 1nduced 1ab6ur in the present study, and were of the same
order. of magn1tude as those reﬁorféd’by Raw11ngs and Ward (1976)

" These 1nvest1gators s1m31ar1y did not observe changes 1n myometr1a]

~

stér01d concentrat1ons dur1ng the 1n1t1at1on of partur1t1on, however
.-E‘

myometr1a1 estrogen concentrations nere s1gn1f1c5nt1y eTevated -

. S

. fo110w1ng de11very. In the present study, the gat1oﬁpf progesterone

to estrogen concentratIOns wa§ s1gn1f1cant!y reduced only in the éif

- Ntoty1edonsfhnd chorioa11anto1s, 1ndicat1ng that these t1ssues may be ‘
S@té{ of steroidogenesis Hurtng partur1t1on in sheep A]though
this-ratio may befghportant in3the regu]ation of PG production (see
Chaptér 1), wfthout d%ta concerning steroid receptors in these tissuyes,

the physiologica] significance of tissue steroid éoncentrations remains

-
v
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oy
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v uncertain. However, ‘the observations thaf'PG concentrations were

éﬁlewated in the coty]edons ang chorioallantois and that the ratio of

-

progesterdne to estrad1o] concentrations in these tissues were reduced

=4

supports the hypothesis that stero1d hormones may.nﬂay a role in the

- @ “_ 0

regu%ion of uterine PG production. In the tissues examined, proges-
te roffe

and PG coneentrations were not significantly egrre]ated and
concentrations of PGE in endometrium and of PGF and 6-oxo-PGF]a‘in
cotyledons and chorioallantois were corre]ated better with estradﬁol
concentrétions than with the ratio of progestErone:estradiol concen-

: \ trations. These results suggest that brogesterone does not p]ay a

major re]e‘in the'regulation of intra-utertne PG production. In’

¥

addition, these results are consistent with a role_for estrogens in
the regulation of PG'production in endometrium, chorioallantois'and 4

n

cotyTedons. _
¢ . ;

Of the tissues examined, the chorioallantois contained
the highest concentrations of PGF and\6-oxo—{’Gj~'},bl in the control -
- ' ‘..

animals, and PGF. and 6>oxo PGF] but not’ PGE, were e]evated after

P.B. treatment. Grieves and L1gg1ns (1976) . have reported

iodsly that phospholipase A activity is elevated in the chorio- .

allanto%c membranes of a sheep fetus after ACTH infusionfﬁilaken
b

together, these observat1ons suggest that these feta1 membrapes are

major sites of PG prpduct1on in late pregnancy and‘dur1ng ACTH 1nduced . B

Tabour. A]though the concentrat1ons of PGF and. 6-oxo~PGF1\ were

f} elevated 1n this tissue during ACTH-1nduced ]abour, there was no s1g\\
vt ' n1f1cant change in PGE ¢oncentrat1ons in the present study This - N
'might suggest that a]though there may be an- increase 1h the ) \\\
S - ' , ~v \
v , e ) N
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availability of arachidonic acid after ACTH treatment (Grieves and

*® .

Liggins, 1976), there may also be directed synthesis and/or metabolsim

of PG's in this tissue. c _
In_marked contrast to the paétern of PGF and 6-oxo-PGF]a
concentrations {n the chorioallantoic membranes, significant changes'
'in the concentra}ions of PGE, PGF or 6-ox6-PGF]a were not observed in
the amnion after AC%H + P.B. treatment. Other investigators have
repérted elevated concentrations of PGE, PGF and 6-oxo—PGF]a in ‘
amniot{c f]did-prjor to delivery in sheep (Mitchell et al., 1977,
19785 Challis et al., 1978). However, the possibilities that these
PG's are derived from the fetus or uterine tissues other than the
ahnion, or that PG synthesis is increased in the aﬁniqn ddfing later

stages of labour than thpse examined in this study cannot be
excluded. -
A]though a slight delay in the increased maximum émp]ituder
of contractions was observed during ACTH-induced labour in the present
study, the primary effect of indomethacin was suppression of con-_
tractibn frequency. It 1§ possible that the,delayed,;hset of:uterine'
activfty in these sheep resulted from thé fai!ure of "indomethacin to

suppress hyometfia1 PGE concentratiens after 70 h of infusion. The

reason for this, however, is not clear. Myometrial PGF and 6-oxo-PGF]d

*

concentrations were decreased in these animals, which is consistent

with an inhibitory action of indomethacin on myometrial PG synthetase
activity.\ It'is interesting that the effects of indomethacin on:RG‘

‘concentrations were most marked in the fetal membranes and cotyledons

which were also the tissues containing highest PG concentrations:”

* A

!
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* cyclic AMP accumulation.

i

The results of this study are con§?§t§ht with those of
other workers: Thé delivery of fetuses, iﬁduced»by dexamethasone, is
delayed in sheep (Mitchell and Flint, 197é)~and pigs kNara and First,
{981) and the duration.of gestation is prolonged in the rhesus monkey
(Novy et al., 1974) by inhibitors of PG synthesis. However, these
investigators also reéported high fetal mortality rates in 1ndoﬁethacin
(Novy et al., 1974; Nara and First, 1981)- and meclofenamic acid

‘(Mitche11 and Flint, 1978)-treated animals. In addition, some jnhibi~
tion by indomethacin of myometrial phosphodiesterase activityuhés been

reported (Beatty et al., 1976). Therefore, the possibi]%ty that the

& fon

effects of inhibitors of PG synthesis were due to an elevation of e

=3 7

myometrial cyclic AMP or to'events predisposing fetal death, rather

than decreased PG's cannot be excluded. In the present study,
myometrial cyclic AMP concentrations were not altered by indomethacin

“treatment, suggestingfthat the effects of this drug were not due to

all fetuses in this study were viable.
4

Tpe contribution and interactions of different arachidonic ‘

acid metabolites in the regulation of uterine activity in sheep is
unknown. Exogenous PGan induces uterine activity oﬁﬁy after a time

159 of s;vera1 hours (Liggins g;_él,, 1973), or during delivery

e

induced by déxametha;one‘(Mitchqgl et al., 1976a). Some 1nvéstiggrﬁrs
have suggested that in primates prostacyclin inhibits spontaneous
myometrial contractions in vitro in a”dosefdependent manner (Omind

et al., 1979), as well as inhibit those contractions induced by PGF

_{Bennett and Sanger, 1979). In the rat, however, brostacyc]in éppegrs

) =

In addition, at*the time of tissue collection - ’

-3
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after the administration of 50 ug and 200 ng PGI

to be uterotonic (Omini et al., 1977). The role of increased myo-,
metria]vﬁ-oxo-PGF]OL levels following intrg-ﬁeta] ACTH in regu]ating'
uterine tone in sheep is uncertain. Rankin and co-workers (1979) did
not observe any change in uterine activity in‘a near-term sheep
following the administration of 0.7 mg (20 ng/kg) PGIZ; however

0.35 mg PGE, was stimulatory. Recently Lye and Challis (1982) have
demonstrated a dose-dependent inhibition of uterine activity in sheep
X The elevated
levels of 6—ox01€GE]a dhserved n the present study in myometrium

158

adjacent to the cervix during;%CTH—induced labour therefore may exert’

a local effect on uterine tone and facilitate fetal descent. The
cervix produces 6-oxo- PGF (E1lwood et al., 1980) and concéntrations
of-6-oxo—PGF1a increase in the gervical venous drainage (E]]wood

—_—

et al., 1979) during parturition in sheep. Phostacyc]in produced in

" the lower uterine myometrium may also facilitate cervical ripening,
: /

along with PG's produced direct]y in the cervix.

In the present study myometrial concentrat1ons of PGE

-

and PGF varied with uterine area and this effect was not 1nf1uenced
by indomethacin treatment. In non-pregnant sheep, Rexroad (1980)
shdred hjgher P&F concentrations in myometrium and endometrium
co]]edted from anterior areas compared to posterior areas and‘these

-

differences were similarly not affected by indomethacin treatment.
. 0"

'

«
L

el

In the present siuay, the ratio of PGF:PGE was greater at the tubal
and cerv1ca1 ends of the myomet rium than in the rest of the uterus
in- al] tfeatment groups The phys1o]og1ca1 sf%n1f1\ance of this

observation is uncertain; however this rat1o may he important in the

’
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during late pregnancy in the guinea pig (Thorbert et al. '197}

- .

regulation of uterine contractility, perhaps. by faci]itating.the
formation of gap junctione (Garfield et al., 1978, #979). Degenera-
tion of-adrenerg?z nerves has been reported in perifete] tissues
1979).
The decreased ratio of PGF:PGE in mid-uterine areas in the present - E%
study therefore may also be related to reg1ona1 differences in '
catecholamine concentrations. -
" In summary, the salient findings in this chapter inclyde:
1) a 70 h infusion of ACTH k240 ug/day) into the sheep fetus results
in the induction of labour; 2) myometrial PGE and PGF concentrations
vary with uterine area; 3) 6-ox0—PGF]a concentrations are e]eya;ed
in myometniur\adjacent to the cervix during ACTH-induced .labour;
4) PGE concentrations are elevated in endometrium and PGF and
§-oxo—PGF{; concentrations: are elevated in chorioallantois and
cotyledons during ACTH-induced Tabour; 5) the tissues having ‘
highest PG concehtrations were coty]edoh§'and chorioallantois; 6) PG
concentrations in these tissues were unrelated with the tissue con-
centration of estrogen; and 7) infusions of indomethacin into the
materna1‘femera1 rein decreased the frequency, but not the maximum

- 3 . ,
amplitude of uterine contractions during ACTH-induced Tabour, as well

as decrease PG concentrations in intra-uterine tissues but had no

~

effect on cAMP or plasma steroid concentrations.

&




CHAPTER 6

- ¢ )

GESTATIONAL CHANGES IN PROSTAGLANDIN (PG) CONCENTRATIONS
IN INTRA-UTERINE TISSUES AND FETAL FLUIDS

COLLECTED FROM PREGNANT SHEEP EE™S

6.1 Introduction

v
w

Evidence supporting a role for prostaglandins in the
iﬁitiation of ovine pafturition hai been summarized (see Chapter {).
Part pf this evidence is that pros%gnoid (PG) concentrations in

.materna1 and fetal p]asma increase at the time of parturi&ion.
However, relatively little is known about the b1osynthes1s and phys1-
ological roles of PG*S dur1ng early and mid-gestation. Tie reduced

~levels of PGF in the utero-ovarian vein on Days 14-16 of pregnancy
suggest that PGF synthesisemay pe suppreé%edngt this time (Thorburn
et al., 1973; Roberts et al., 1975), a1thou§h not all evidence is
consistent with this-notion (Findley et al., 1981). ﬁéhanges in
myometr1a1 ;;;5v1ty (Nathanielsz et al., 1980; Van Der Weyden et al.,

1981), uterine hemedynamics (Rosenfeld et al., 1974), anqjggganto1c

fluid composition (Mé1lor‘and Stater, 1971,-1972) have been reported
6uring mid-pregnancy in sheep and may be under the_cpntrol of, PG;S.

To investigate the.po§éibility that:uterine PG production is 16wer ’

during early prggnan&y angﬁtp gxamine when intra-uterine‘PG productiogk

mibht change‘during pregnancy, concentrations of PGE, PGF, 6-oxo-PGF]a
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and thromboxane 82 (TXBZ) were measured in intra-uteriﬁe tissues, and
amnioticvf1uid ard allantoic fluid collected on Days 50, 100, 130 and

145 of pregnancy in sheep.

T
—_ ! \\‘;\\

6.2 Materials and Methods

SiXteen sheep of mixed breeds were used. Gestational age
was estimated from known insemination dates, and was confirmed by the
fetal crown-rump lengths and fetal weights (Barcroft, 1946).

g Tissues’were collected from four_sheep,on each of Days 50,A
iOO, 130 and 145 of p;egnancy using procedures similar to those  —.
described previously (see Chapter 3). General anesthesia wa§ induced

with sodium pentothal and was maintained by using a 50:50 nitrous

oxide:oxygen mixture with 2-3% halothane delivered at 2-3 1/min.

' Samp]es‘éf myometrium, endometrium, cotyledons, chorioallantois and

amnion were co]igcted from the anti-mesometrial side of the uterus
from iuba1; %idd]e'and ggr{ica1 uterine areas as described in

Chapter 3. Amniotic fluid (10 m1) and allantoic fluid (10 m1) samples -
were collected by needle puncture of the intact amniotic or allantoic
’fluid sacs. The samples were inmediately frozen on dry}ice and stored

at -20°C until assayed.

Prostanoid contentrations in intra-uterine tissues and

- amniotic fluid and allantoic fluids were estimated by radioimmunoassay,.

as described previously {see Chapter 3). i .

The sidnificance of gestation age effects on tiésue PG

[ v ~

° .
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concentrations was determinedvby ena1ysi§ of variance, with variation
being partitioned on a between and within animal basis. When there
were no differences between sites of sampling, the data were expressed
as means * S.E.M., the latter being based on between animal variation.
The significance of gestatioﬁépsage on RG'con@entration; in amniotic

fluid and allantoic fluid was determined by Duncan's New Multiple

Range Test, The data were 1ogartthmica11y-transformed prior to

q

*statistical analysis when Fmax tests indicated heterogeneity of

yariance (Sokal and Roh]f, 1969).

Sr

a
-

6.3 Re§u1ts e

Cbncentrationscof PGE, PGF, 6-0x0-PGF, and TXB, in

samples taken from d1fferent areas of myometr1um in ewes at d1fferent

-

stages of. pregnancy are shown in Figurel5. Analysis of var1ance

(Table 35) 1nd1cated a significant effect of uterine area for PGE

.PGF, B-on-PGF] and TXQZ, concentrations being lTowergin mid-myometrial

areas compared to $amp1es taken from the tubal end of the uterus

(paired t test; P < 0.05). For-TXB,, analysis of variance indicated

¢ a significant interaction between uterine area and fetal age, concen-

hd "

strations }nfﬁid-myometrial areas on Day 145 being significant]y‘]ower

than on Days 50 and 100 of pregnancy (Duncan s New Mu1t1p1e Range *
Test, P <0. 05) Ana]ysis of variance d1d not indicate a significant
effect of geetat1ona] age on myometriaT concentrations of ‘PGE, PGF or

6-o§o-PGF] .
a




Concentrations of prostaglandin E (PGE) ( zﬁ&

PeF (A

O

m}ometrium on Days 50, 100, 130 and 145 of pregnancy.
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FIGURE 15

( | ‘ -), and thromboxane B, *

)} in samb]es taken from different uterirfe areas of
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TABLE 35: A Summary of variance analysis of results in Figures 15and 16
+ hY

* Source of Variation

Uterine Fetal Age l.Jteri'ne Area Age x Area
Tissue Prostanoid F(3,12) P F{2,24) P F(6,24) P
\
Myometrium " PGF “ 0,172 N.S. 7.612  <0.01 1.244 N.§l
~ PGE 1.667 N.S. 7.602 <0.01 0.304 N.S.
6-oxo-PGF]a 0.599 'N.S. 4.089 <0.05 0.752 N.S.
Tsz 1.732 N.S. 13:440 <0.001 4.163 <0.01
Endometrium PGF 0.840 N.S. 0.794 N.S. 1.]69. N.S.
‘PGE 0.545 N.S. 1.566 N.S.  1.088 N.S.
! - .
6—oxo-PGF]a 1.878 N.S. 0.986 N.S. 1.387 N.S._
.TxB2 2.125 N.S. 0.150 N.S. 1.478 N.S.
Y
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Concgntrgtion% of PGE, PGF, 6—oxo—PGF]OL and TXB2 are
shown for samples taken from ewes at different stages of pregnancy for -
endometrium (Figure 16),\coty1edons (Figure 17), chorioallantois
(Figure 18)\épd ;mnion (Figure 19). Analysis of variance (Tables 35
and 36) did not indicate a significant effect of uterine area on PG
" cancentrations in thes% tissues. There were no significanf effects of
gestational age (Table 35) on thé different PG'concentgéEiggi in .
endometyium.\ For éoty]edons, analysis of variance (Tables 36)
1ndfc§¢ed a éign1f1cant effect of gestational age on concentratlons
of PGF BPGE, 6- SXQ PGF] and TXBZ, concentrations be1ng significantly '\{
higher on Days 130 ;;H\i45~Ihgg_gg_ggz§ 50 and 100, respect1ve]y (an
P < 0.01;'ana1ys1s of variance). For chorioallantois, analysis of
variance (Table 3§) indicated a significant e%fect of gestational age
on PGF, PGE and 6-oxo—PGF] ; significantly higher concent;ations were
found on Days 100, 130 and 145 than on Day 50 of preghancy (a1l
P <0. 001!?ana1¥s1s of variance). For amnion, ana]ys1s of var1ance
(Table' 36) indicated a s1gn1f1cant effect of gestatmona] age on
concentrat1ons of PGE, concentrations be1ng s1gn1f1cant1y higher on

Days 130 and 145 than on Days 50 and 100 ofﬂgnancy (P < 0.05;

~
[

analysis of var1ance)
% F1gure 20 shows prostano1d concentrat1ons in allantoic

fluid collected from sheep at different stages of pregnancy. The

concentrattons of PGF, PGE and 6-oxo- PGF] were s1gn1f1cant1y (an ,

P<0. 05)h1gheron Day 145 than on Days 50, 100 and 130 of pregnancy.

In addit1on, PGF concentrations wére sﬁgn1fidantly 1ower on Day 100,

.compared to other stages of pregnancy (P < 0.05), Cohcentrations of'
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FIGURE 1

Concentrations ‘of 'thromboxane B
\
N

7

5

TxBZ), prostaglandin F

(PGF), PGE and 6-oxo—PGﬁ]a}in samples taken from cotyledons

(Placentomes) on Days 50 ( [:] ), 100 (
145 (H

) of pregnancy.

»

S ), 130 (HHF ) dnd
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.FIGURE 18

Concentrations of thromboxane 82 (TxBZ), prostaglandin F
(PGF), PGE and 6-0><0—PGF]0l in samples taken from chorioallantois

on Days 50 ( [::] e ), 130 ({ift ) and 145 ( EEH ) of

pregnancy.
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-~ FIGURE 19

[

* Concentrations of thromboxane 82 (TxBZ), prostaglandin F

(PGF), PGE and 6-oxo-PGF]a in samples taken from amnion on

pays 50 ([ ), 100 (353 ), 130 (HHE ). and 145

.....

pregnangy. ‘
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TABLE 36: A summary of variance analysis of results in Figures 17-19

Uterine
Tissue Prostanoid
Cotyledons  PGF
PgE
6—oxo—PGF]
a
Tsz .
Chorio- PGF
allantois PGE
6-oxo-PGF]
a
TxB2
Amnion PGF
PGE
6-oxo-PGF]
a
TxB., -

2

Source of Variation

Fethﬁ Age Uterine Area  Age X Area
F(3,12) P F(2,24) P F(6,24) P
26.482 .<0.001 0.263 N.S.  0.138 N.S.
20.842 <0.001 1.098 N.S.  0.177 N.S
26.823 <0.001 1.165 N.S.  0.122 N.S

7.845 <0.01 0.371 N.S.  0.902 N.S

}
18.257 <0.001 2.168 N.S. ~ 0.526 N.S
20.997 <0.001 0.379 N.S. 1.374 N.S
13.800 <0.001 0.692 N.S.  0.793 N.S

0.470 N.S. 0.048 N.S.  0.371 N.S

1.321 N.S. 1.488 N.S.  1.591 N.S.

6.748 <0.01 1.038 N.S. 17329 N.S.

1.922 N.S. 0.462 N.S. . 1.877 N.S.

1.664 N.S. 0.660 N.S.  1.005 N.S




FIGURE 20

«

Concentrations of prostagiandin F (PGF), PGE, 6-oxo-PGF.,a

" - and’ thromboxane B, (T>‘<82) in allantoic fluid on Days 50 (D ),

) of pregnancy.

100 (A7), 130 (HH ) and 105 (B
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TXB2 were significantly higher on Days 130 and 145 than on Days 5Q_and
100 of pregnancy (P < 0.05).
The changes during pregnancy in the concentrations of PGE,
PGF, 6-oxo-PGF]a and TXB2 in‘amniotic fluid are shown in Figure 21.
Concentrations of PGF and TXB2 were significantly lower (both P < 0.05)
/’6h Day 100, compared to the rest of‘;regnancy. .PGF concentrations on
[ Da; 145 were significantly higher (P < 0.05) than during all earlier
stages of pregnan€y. The mean concentration of PGE on Day 145 was
significantly greater than on Day 50 (P < 0.65). The mean concentra-

tion of 6-0x0-PGF o O" Day 145 was significantly greater than on

1

Days 50 and 100 (P < 0.05).
| To determine if the differences in PG concentrations in

_intra-uterine tissues were correlated with the d{fferences in Pé
concentrations in allantoic and amniotic.fluid at different gesta-
tional ages, correlation co-efficients and t tests of ratios for
zero correlation were calculated. For/each animal, the average PG
concentration in cotyledons, chorioa]iantois and amnion were compared
with PG concentrations in allantoic and amniotic fluids. Significant
positive correlations were found between the concentrations of all
PG's in cotyledons and concentrations of these PG's in allantoic
fluid (Table 37). Significan itive correlations were also found

' between PGF and 6-oxo-PGF]a ;oncent>§§jons in the amnion and the
concentrations of these PG's in allantoic fluid (Table 37). For PG
concentrations in amniotic f]uiq, significant positive correlations
were found with PGE and 6-oxo-PGF]a concentrétions in cotyledons and

" with PGE, PGF and 6—oxo—PGF]a in the amnion (Table 38).
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FIGURE 21 R

Concentrations of prostaglandin F (PGF), PGE, 6-oxo-PGF]a‘
. Y .
-and thromboxane B, (TxB'ZT in amn1ot1_§ fluid on Days 50 ( [___] )s . (-

100 (% ), 130 (%) and 145 ( @ ) of pregnancy. | -
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TABLE'37: Correlation co-efficients (C.C.) for the relatiofiship
between PG concentrations in cotyledons, chorioallantois, N
amnfon and PG concentrations in allantoic fluid

- *

(n = 16 sheep)

¥

Cotyledons Chorioai]aqtois Amnion
C.C. p* C.C. P C.C. P

¢ ’ >

Prostaglandip E 0.8502 ~<0.001 0.588 N.S.  0.592 N.S.

Prostaglandin F 0.890  <0.001 0.152 N.S. 0.963  <0.001
|

é—oxo-PGFla 0.936  <0.001 0.614 N.S.  0.935  <0.001
_Thromboxane B, 0.813  <0.001 D.587 N.S.  0.044 N.S.
- *

*determined from the t-test of ratios for zero correlation
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TABLE 38: Correlation co-efficients (C.C.) for the relationship

o - 182

between PG concentrations in cotyledons, chorioallantois,

and amnion, and PG concentrations: in amniotic fluid

(n = 16 sheep) -
* Cotyledons Chorioallantois Amnion
C.C. p* C.C. P C.C. P
Prostaglandin E 0.910 <0.01" 0.647 N.S. 0.902 <0.01
Prostaglandin F 0.635. N.S. 0.115 N.S.  0.958 <0.01
6-0x0-PGF]a 0.878 <0.01 0.559 N.S. 0.923 <0.01
Thromboxane B4 0.585  N.S.  0.644  N.S. -0.343  N.S.

*determined from the t-test of ratios for zero coxrelation
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6.4 Discussion -

ggiiipr—“ ' The results in this study suppért the suggestion that
uterine prostanoid production increases near term in sheep. Concen-
trations of PGF were elevated in amniotic fluid, and PGE, PGF and
6-oxo-PGF1a coﬁcentrations were elevated in allantoic fluid on Day 145,
compared to Day 130 of pregnancy. Other investigators have reported
elevated PGF concentrations 1& amniotic flufd during parturition in
sheep (Mitchell et al., 1977; Challis et al., 1978), possibly
reflecting increased PG production in the fetal membranes. However,
caution should be exercised Qhen interpreting results from measure-
ments of PG concentrations in amniotic and allantoic fluids since the
fetal kidney may be a source of PG's found in thes? fluids (Walker and
Mitchell, 1978), and PG's in\amnibtic fluid may be derived from
metabolism in the fetal Tung (Clyman et al., 1981). In the present
study, however, concentrations of all PG's in cotyledons, and of PGF

and 6-o0xo0-PGF, ~in amnion were significantly correlated with the

Ta

concentrations of these PG's in allantoic fluid. S%milar]y, concen-

trations of PGE and 6-0x0-PGF, in cotyledons, and of PGE, .PGF and

la

.6-oxo-PGF]a in amnion, were significant]f correlated with the concen-

trations of these PG's in the amniotic fluid. These results suggest

~— .

that PG's produced in th“e tissues may be additional sources of PG's
found in amniotic and allantoic fluids. In general, the concentrations
of prostanoids in coty]eéons, chorioallantois and amnion were low in
a éar]y pregnancy put ingreased after Day 100 or Day 130.
Significantly lower prostanoid concentrations in myometrium

and endometrium on Day 50 of pregnancy were not observed in the present

e L e A A AR F A - . & ey b e AT Rt TR b
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study. Other‘inv;stigat&rs pave suggested that at Day 15 of pregnancy
PGan output by endometrial slices may be higher than in non-pregnant
sheep (E1Tinwood et al., 1979). However, Findlay et al. (1981)
reported Tower net PGqu production at this time, possibly®associated
with synthesi; of a PG-binding protein, and lower re1e§:e into the
utero-ovarian vein (Thorburn et al., 1973; Roberts et al., 1975).
Detailed studies of the changes in prostanofd production between this
time and Day 50, the earliest period examined, are not available.
In the sheep, spontaneous activity of the myometrium is
Tow until the fifth week of gestation. After that time, however,
electrical activ{ty occurs in bursts which last 510 min and have a
' periodicity of 1-3 episodes per 2 h'until Tate pregnancy (Nathanielsz
et al., 1980; Van Der Weyden et al., 1981). The amplitude, but not
> the frequency, of electrical discharges increases 10-fold between
Days 50 and 100 of pregnancy. The possibility that the changes in
uterine activity occurring‘between Days 50 and 100 of pregnancy
resulted from an increase in placental steroid prdduction seems
un1}ke1y since plasma progesterone concentrations did not change
during this period (Van Der Weyden et al., 1981). In the bresent
study, placental PG concentrations were not significantly elevated
-until after Day 100, coinciding with the time when placental steroid
production increases (Thorburn et al., 1977). In contrast, a 10-fold

increase in PG concentrations was observed in the chorioallantois

between Days 50 and 100. Although PG produced in the chorioallantois
might reach'the myometrium and influence uterine activity during this

pe?iod, it is possible that increased concentration of steroid or PG
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receptors and/or myometrial stretch mgy also contribute to the -

increased amplitude o;’cpntractisns. This is supported by the obser-

vation that indomethacin inhibits the frequency but not the amplitude

{
of uterine contractions in pregnant sheep (see Chapter 5).

:
The effects of gestational age on the distribution of ions

jn amniotic and allantoic fluids in sheep have been reported

(McDougall, 1949; Alexander et al., 1958a,b; Mellor, 1970; Mellor and

Slater, 1971, 1972). Between Days 50 snd 100, concentrations of

magnesiuf and calcium increase, while chloride concentrations decrease

in a)lantoic fluid (McDougall, 1949). Similarly, concentrations of

potassium in allantoic fluid increase wh@]e sodium decreases after

Day 100 of pregnancy (Alexander et al., 1958a; Mellor, 1970; Melior

and Slater, 1971, 1 . The mechanism by which ion concentrations

in amniotic and allantoic ids are regulated is uncertain. It has

been suggested that the chorioallantois contains pumping mechénisms

operating between allantoic fluid and fetal blood (Mellor, 1970;

Mellor and Slater, 1971, 1972). Evidence suggests that PG may be-

involved in the régu]atibn of similar electrolyte fluxes in the gastro-

intestinal tract (Robert, 1976). In the present study, between

Days 50 and 100 of pregnancy, there was an increase in the concentra-

tions of PGE in amnion, and of PGE, PGF and 6-o0oxo0-PGF, 1in chorio-

la
allantois. These results raise the possibility that changes in the

composition of allantoic fluid.between Days 50 and 100 may be related
to increased PG production in the fetal membranes. It is known that

arachidonate is released in a calcium-dependent process from the

adrenal (Laychock et al., 1977) and thyroid (Haye and Jacquemin, 1977)
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gland. The possibility that increased PG production in the chorio-

>

allantois results from stimulation of arachidonate release by the
rising concentrations of calcium and/or magnesium (McDougall, 1949)
is intriguing. e

In the sheep fetus, urine passes into the allantoic sac
predominantly via the urachus up to approximately 90 days of gestation.
Thereafter, urine passes progressively more and more into £he amniotic
sac, owing to gradual occlusion of the urachus and patency of the
uréthra (Alexander et al., 1957). Whether PG's play a role in this
maturational event remains to be determined. However, in the present
study, PGF and TXB2 concentrations were decreased in amniotic and
allantoic fluids on Day 100, which might reflect changes in PG
production in the fetal urogenital tract. -

In summary, the salient findings in this chapter include:
1) myometrial and endometrial PG concentrations did not change with
increasing gestational age; 2) PG concentrations in cotyledons were
Tow until Days 100-130, when concentrations increased; 3) PG concen-
trations in chorioallantois were higher on Days 100, 130 and 145 than
on Day 50 of pregnancy; 4) PGE concentrations in amnion were higher on
Days 130 and 145 than on Days 50 and 100 of pregnancy; 5)-concentrations
of all PG's in allantoic fluids and of PGF in amniotic fluid were
higher on Day 145 than earlier stages of pregnancy; 6) PG concentrations
in allantoic fluid were correlated with concentrations in cotyledons;

and 7) PG concentrations in amiotic fluid were correlated with con-

centrations in cotyledons and amnion.

ey
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CHAPTER 7

DEVELOPMENT OF A CELL SYSTEM FOR THE INVESTIGATION OF FACTORS
WHICH MIGHT REGULATE INTRA-UTERINE PG PRODUCTION

7.1 Introduction

Evidence supporting a role for hormones in the regulation
of .intra-uterine prostanoid (PG) production and release in pregnant
ang;non-pregnant.ewes has been feviewed (see Chapter 1). The roles 6f
cortisol, re]axin‘and oviﬁe placental lactogen in the regulation of
intra-uterine PG production have not been investigated in sheep.
Howeyer, in vivo stud{es in pregnant sheep suggest that estrogen
stimulates uterine PG productioh and release while the main effect of
progesterone %s inhibition of PG release (Challis et al., 1972; Currie
et al., 1973; Liggins et al., 1973). PG concent?ations were found to
be highest in cotyledons and ehoripa]]antoi§ during late oJine preg-
nancy (Chapters 5 and 6); however, PG c%psfntrations in these tissues
were significantly lower during earlier Zfages of pregnancy
(Chapter 6). Similarly, progesterone and estrogen goncentrations '
remain low until approx%mate1y Days 70 and 100 of ovine pregnancy
(Fevre and Rambauts, 1966; Thorbirn et al., 1977). Although these
changes in PG and stero{d concentrations appear to be related, the
in vitro responsiveness of intra-uterine tissues obtained from sheep

at different gestational ages has not been investigated. In addition,




sion from caruncles in non-pregnant, ovariectomized sheep treated with

fetal plasma cortiso]l concentrations increase during the ldst two

weeks of pregnancx\jBassett and Thorburn, 1969; Nathanielsz et al.,
1972). Although evidence suggests thatxglucocorticoids inhibit the
formation of PG's (Hong and Levine, 1976; Blackwell ggigl., 1978),
this possibility has not been investigated in intra-uterine tissues
obtained during different stages of pregnancy.

In cohtrast to pregnant shéep in vivo estrogen treatment
had no effect on PGF concentrations in uterine tissues and uterine
vein plasma in non-pregnant, ovariectomized ewes (Ford et al., 1975;

Louis et al., 1977; Scaramuzzi et al., 1977; Rexroad, 1978).

Furthermore, in vivo estrogen treatment either has no effect (Louis,

1977) or inhibits (Findlay et al., 1981) in vitro PGF production in
caruncle slices prepared from non-pregﬁant, ovariectomized sheep. It
is possible that estimates of in vitro PG production using tissue
slices reflected altered responsiveness to trauma rather than steroid
treatment since PGF concentrations were also reduced in endometrium
after crushing (see Chapter 4). Alternatively, artifactual PG produc
tion may resq]i from unequal distribution of substrates, nutrient and
oxygen in these tissues.

In the present study, therefore, the in vitro effects of y
estrone, progesterone and cortisol on the output of PG's in vitro were
examinéd in cell suspensions prepared from cotyledons, chorioallantois
and amnion from sheep of different gestational ages. In addition, the
iﬁ vitro effects of estradiol-178, progesterone, relaxin and ovine

placental lactogen on PG output in vitro were examined in cell suspen- ’;////

estradiol and/or progesterone in vivo for 9 days. TN

<
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7.2 Materials and Methods

Thirty-two sheep of mixed breeds were used. In one study,
tissues were collected from the same sixteen sheep of known gesta-
tional age that were described in Chapter 6. In the second study,
sixteen non-pregnant sheep were ovariectomized using procedures
discussed in Chapter 3. General anesthesia was induced with sodium
pentothal and was maintained by using a 50:50 nitrous oxide:oxygen
mixture with 2-3% halothane delivered at 2-3 1/m1n. Prophylactic
antibiotics.were given for 3 days, and beginning one week after

surgery the animals were randomly assigned to one of four in vivo

, receiving either 2.5 m1 corn 01l or estradiol-178

$

treatment ¢

(50 ug)

at approximately 0900 h on each of the nine treatment days.

and/or progesterone (50 mg). Daily s.c. injections were given

7.2.1 Effects of Steroids and of Gestational Age

on PG Qutput in vitro

Prostaglandin output in vitro was determined from éamp]es -
of cotyledons, chorioallantois and amion collected from tubal, middle
and cervical uterine areas. After excision, the tissues were placed
immediately in ice~cold Krebs-Ringer bicarbonate buffer. Samples of
each tissue for the'different uterine areas were pooled for each
animal prior to diépersion into single cell suspension.

The tissue samples of cotyledons, chorioallantois and
amnion were minced at 4°C, dispersed into single cell suspensions and

washed as described in Chapter 3. The cells were counted on a

—

. e e by  — o R aeren e o .
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hemocytometer and their viability was assessed by exclusion of trypan
blue stain. To determine if the relationship between PG output

in vitro and cell number per incubation was linear, quadruplicate samples
of cotyledon, chorioallantois and amnion cells were incubated at final

4, 105 and 2 x 105 cells per incubation in one

concentrations of 5 x 10
ewe which was 145 dgys pregnant. The effects of time of incubation on
PG output in vitro was also assessed in this animal by incubating cell
suspensions (5 x,104 cells/ml) prepared from cotyledons, chorioallan-
tois and amnion for O h, 1h, 2 h and 4 h. In all subsequent studies,
cells were incubated for 4 h at a final concentratign of 5 X 104 ce]]jm]
in Krebs buffer containing 0.2% glucose and' 0.05% Yrypsin inhibitor
(Krebs GI)..

The possibility that the changes in tissue PG concentra-
tions with increasing éestationa} age (Chapter 6) resulted from
changes in responé?céness to steroids was investigated in vitro.
Tissue samples of cotyledons, chorioallantois and amn{on co]]écfea from
four sheep on each of Days 50, 100, 130 and 145 of pregnancy were °
dispersed into cell susﬁensions. The cells were incubated in vitro in
the presence éf different concentrations of estrone (0, 1 ﬁg, 10 ng
and 100 ng), progeste}one (0, 10 ng, 100 ng and 1000 né) or cortisol
(0, 10 ng, 100 ng and 1000 ng). The steroids were diluted in ethanol
and 10 ul was aliquoted in duplicate into 12 x 75 mm plastic tubes
containing 0.5 ml Krebs GI and mixed by vortexing. Arach%donic acid
was not added to the incubations. Cells dispersed from cotyledons, -

chorioallantois and amnion were diluted in Krebs GI, gently mixed and

added to the incubation tubes in 0.5 ml aliguots. Incubations were

a
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performed in a shaking bath at 37°C under an atmosphere of 95% 02:
5% COZ’ After 4 h incubation the cells were centrifuged at approxi-
mately 1506'x'g_and stored at -20°C until assayed. To determine the
PG content prior to incubation, cell suspensions for each tissue were
centrifuged at 4°C after dispersion and were stored at -20°C until

analysis.

7.2.2 Effects of Steroid Treatments in vivo and of Hormone

Treatments in vitro on PG Qutput in vitro from Cell

Suspensions Prepared from Caruncles in Non-Pregnant,

Ovariectomized Sheep

Prostaglandin output in vitro was determined from samples
of caruncles collected from non-pregnant, ovariectomized sheep
treated in vivo with corn o0il, or estradiol-178 and/or progesterone.
for nine days. On.the tenth day of in vivo treatment the tissues were
excised and placed immediately in ice-cold Krebs-Ringer bicarbonate

, buffer. Non—c:runcu1ar endometrium was carefully disected and
discarded. Approximately 25-50 caruncles from each animal were
pooled and weighed prior to dispersion into single cell‘suspensiﬁns,
using methods described in Chapter 3.

To determine if the relationship between PG output in.
vitro and cell number per incubation was'linear% quadruplicate samples
of caruncular cells from a ewe treated with corn oil were incubated at
final concentrations of 5 x 104, 105 and 2 x 105 cells per incubation.
In subsequent studies, cells were incubated in final concentrations of

4 5

3x10 - 1.4 x 107 cells/ml in Krebs GI, depending on cell yields.

- e e el ket r A A —Pi v P At rae e —
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The possibility that PG output in vitro from caruncular

cell suspensions may be modified by in vivo or in vitro hormone treat- 1
ments was examined. The cells prepared from each animal were counted
on a hemocytometer and their viability was assessed before and after

a 4 h incubation by exclusion of trypan blue stain. Cells prepared
from each anima]7were incubated in vitro in the presence of different
concentrations of estradiol-17g (0, 10 ng, 100 ng and 1 ug),
progesterone (0, 10 ng, 100 ng and 1 ng), ovine placentdl lactogen (OPL)
- (0, 1 ng, 10 ng, 100 ng) or relaxin (0, 10 ng, 1 ug and 100 ug) in the
presence or absence of 1 yM arachidonic acid. Dup]jcate aliquots

(10 u1) of estradiol-178 or progesterone in ethanol, and of QPL or
relaxin in Krebs GI were added to 12 x 75 mm plastic tubes containing
0.5 ml Krebs GI. Arachidonic acid or ethanol (10 u%) was aliquoted

and mixed by vortexing immediately prior to the addition ﬂf\O.S ml
caruncle cell suspensions. <The incubations were performed 15\% shgking
| :5% C0,. To determine if

2 2

in vivo or in vitro hormone treatments influenced the relationship
rd

bath at 37°C under an atmosphere of’és% 0

between incubation time and PG output in vitro, cells were incubated SN
:in vitro in the presence of ]“uM‘arachidonic acid plus either 1 ug
estradiol-178, 1 ug progesterone,s 100 ng OPL, 1 ug relaxin or no
hormone for 0, 1 h, 2 h or 4 h., All 6ther cells were incubated for

4 h; In addition, duplicate s%mp]es containing 1.0 ml Krebs GI with
no cells, ang 1 uM arachidonic\gsid were incubated f6?~4 h in order to
estimate PG captent in the Krebs/GI after the incubation which
resulted from aﬁt idation of arachidonic acid. After incubation,

the cells were centrifuged and stored at -20°C until assayed. To
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determjng_;hé PG cofitent prior to incubation, cell suspensions for
each animal were also centrifuged at 4°C after dispersion and stored

at -20°C until analysis.

7.2.3 RIA's and StatisE?ca]'Analxsis

Prostaglandin output in vitro was estimated by RIA in
aliquots of Krebs GI following centrifugation, as described in
Chapter 3. To determine net output (assuming metabolism equals zero),
the PG content of the cells at the start of the incubation period was
subtracted from that measured at the end of the incubation in all
experiments except the in vitro effects of OPL in caruncles.

The data are expressed as mean + S.E.M. The data were
transformed prior to statistical analysis when Fmax tests indicated
' heterogeneity of variance (Sokal and Roh1f, 1969). The significance
of the effects of gestational age, in vivo and in vitro hormone
treatments on PG output in vitro were determined.by analysis of

variance or Duncan's New Multiple Range Test, as indicated in the

Results.

B AR v v A N
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7.3 Results ' . :

3

7.3.1 Effects of Steroid and of Gestational Age on PG Qutput

in vitro

Ihe effects of cell number and incubation time on the -
in vitro output of PGE, PGF and 6-oxoéPGF]a from cells 1soiated from
choriocallantois, cotyledons and amnion of a ewe 145 days pregnant are
summarized in Tables 39 and 40, resbect%Ve]y. The in vitro output of
all PG's from chorioallantois, cotyledons and amnion were significantly
correlated with the number of cells in the incubation (all P < 0.01,
t test of ratios for zero correlation). For chorioallantois, analysis
of variance indicated a significant effect of incubation time on PGE,
PGF and 6-oxo-PGF, output in,vitro (a1l P < 0.01),,putpu;'jncreasing
significantly until 2 h of incubation (all P < 0.05; Duncan's New
Multiple Range Test). Similarly, ana]ygis of vartance indicated a

significant effect of ‘incubation time on the in vitro output of PG's

from cotyledons and amnion cei]s (all P < 0.05). The output of PGE

¥

and PGF from cotyledon cells in vitro increased significantly until

2 h of incubation (both P < 0.05, Duncan's New Mu1tiP1e Range Test).”

However, the in vitro output of 6-oxo-PGF,. from coty]gdon cells and

of all PG's from amnion cells was sjgnifjcant]x.e]evated after 1 h of

incubation (all P < 0.05, Duncan's New Multiple Range Test); but did

not increase further with longer incubation times. N
The effec;s of adding different doses of estrone, proges-

terone or cortisol to the incubations on the output of PG's in vitro
n vitre

from chorioallantois, cotyledon and amnion cells collected from sheep

of different gestational ages were investigated. The effects of




CHAPTER 8

EVIDENCE FOR A ROLE OF PROSTAGLANDINS (PG'S)
. "IN THE INITIATION OF LABOUR
IT. -PROSTAGLANDIN CONCENTRATIONS AND THE GENESIS '
OF UTERINE ACTIVITY FOLLOWING FETAL DEATH
AND COMPARISON WITH ACTH-INDUCED LABOUR

8.1 Introduction

i

It is generally accépted that)spontaheous parturition in
sheep is triggered by fetal adrenal activation which ;esu]ts in
changes in the pattern of placental steroidogenesis (see Chapter 1).-
However, labour ensues in the absence of fetal adrenal activation in
sheep bearing dead fetuses. In these animals, as well as in those
bearing live fetuses, labour is associated with a fall in the concén-
tration of progesterone in p1asmaa however, unlike sheep bearing tive
fetuses, estrogen concentrations¢§6 not rise (Cagon and Challis, -
1981). Delivery of both 1ive and dead sheep fetuses, therefore, is
associated with an increase in the estrogen:progesterone ratio in
maﬁgrna1 peripheral plasma. An increase in this ratio is thoyght to
stim?]ate uterine prostaglandin (PG) biosynthesis and release (see
Chapters 1 and.S), resulting in uterine contractions. Since degene?-
ative changes such as tissue necrosis and/or vascu]gr congestion

. &
following intrauterine death may lead to PG production (Myers et al.,

221




TABLE 40: Effect of incubation time on PG output in vitro
(pg/5 x 10* cells) from cells isolated from intrasuterine
tissues in a ewe, 145 _days pregnant (4 incubations/group;

.

y:

Time of Incubation

4 h

6—oxo—PGF1a ‘19

~
mean + SEM)
0h
Chorioallantois
PGE 24.6+3.9
PGF 52.5+7.8
‘6-0xo-PGF1 16.8x4.1
- o ‘
Cotyledons
PGE 36.6+4.9
PGF 19.2+3.1
6—oxo—PGF] 22.7+3.3
o3 R .
Amnion
PGE 41.3:2.9
PGF ” 16.1+4.3
n242.1

1h 2 h
98.111.2 172.9423.
187.3+27.7 01.7+42.
90.1+18.1 4.9£22.
77.9414.2 41.7+19.
149.9: 5.8 71.0+10.
" 98.2+16.3 132.2+19.
199.2419.3  159.8421.
38.6+ 4.6 44,2+ 6.
71.4211.9 88.2+11.

3

160.8%11.3
324.3+18.6
215.0+24.4 o

136.62 9.3

60.6+ 2.9
116.9+ 7.9

154.4+18.2
48.2+ 7.0
78.1+ 9.1
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estrone on PG output in vitro from cellsgisolated frem.sheep 145 days
pregnant are summarizéd in Table 41. For chorioallantois, analysis of

variance indicated that estrone had no significant effect on the output

of PGE, PGF and 6-oxo-PGF Similarly, analysis of vgriancé indi-

la
cated that estrorie had no significant effect‘on PG output in-.vitro
fromzisolated cotyledon and amnion cells. In addition, estrone treat-
ment ig_gi;gg had no significant effects (data not shown) on PG
output from these tissues collected from animals at other gestational
ages (all P > 0.05, analysis of variance). Similarly, analyses of
variance indicated that progesterone and cortisol treatment in vitro
did not significantly alter the basal PG output: from these tissues at
any gestational age (da;a not shown). There was no significant

effect of steroid treatmenf in vitro on cell viability, and the per-
centage of viable cells before and aftgr the- 4 h incubation period did
not .differ significantly (P > 0.05, paired i_test)‘$6r cotyledons
(88.7 + 3.3’(mean + S.E.M.) vs. 88.4 + 3.7); chorioallantois (88.5 =

4.2 vs. 88.3 + 3.7) or amnion (66.3 + 3.4 vs. 66.4 ¢ 3.4) for all

. < '
animals. The output of PG's from cell suspensions was non-detectable

(< 10 pg/5 x 104 cells/4 h) on Day 50 of pregnancy. for all tissues

examined.

The basal output of PGfs in vitro from cell suspensions

prepared from cotyledons, chorioallantois and amnion, collected at ¢S

di fferent stages of pregnancy are shown in Figures 22-24. For

Wy

cotyledons, there was a progressive incréase in PGF output with
gestational age (Figure 22) in the order: output on Day 50 < Day 100
< Day 130 (P < 0.05, Duncan's New Multiple Range Test) < Day 145
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TABLE 41: Effects of estrone on PG output in vitro (pg/5 x 105cells/

4 h)lfrom cells isolated from sheep, 145 days p?egnant
(n = 4 sheep/group; mean = SEM)

-~

Dose of Estrone per Incubation

0 ng 1 ng 10 ng 100 ng

Chorioallantois

PGE 253.5427.5 273.6+31.7. 221.7:81.2 264.9241.0

PGF . 272.3+31.6 259.6+16.8 301 R+62.4 281.4+22.9

6-oxo-PGF]a 188.8+19.1 210.2+36.3 152.6+26.5 202.5+19.9
Cotyledons ) )

PGE 651.6+71.2 609.7+82.4 692.0+70.2 707.9+84.3

PGF 543.8+67.9 621.7+77.9 601.2+52.1 579.3:72.1%&

6-oxo—PGF]OL 161.8+18.9 132.7+19.2 144.4:17.7 140.9419.6
Amnion

PGE 118.5+74.4 ' 159.2:42.6 ° 129.5419.2 180.8+61.2

PGF 140.8+ 8.1 152.6+21.0 127.9218.8 ~ 136.9+17.1

k.

6-oxo-PGF]a 43.1:13.3  57.8:22. 48.1:17.1 61.0+ 7.9



FIGURE 22

The in vitro outpyt of prostaglandin F (PGF), PGE and
6-oxo-PGF]a (pg/50,000 cells/4 h) by isolated cotyledon cells on

nays 50 ([ ), 100 ), 130 (FHE ) and 195 (EEE ) of

pregnancy. ND, not detectable. ™
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FIGURE 23

Prostag1andin F (PGF), PGE and 6-oxo-PGF]a output in vitro
®
(pg/50,000 cells/4 h) by isolated chorioallantois cells on Days

50 (1), 100 (%#%), 130 (B ) and 145 (
ND, not detectable. toe .

# ) of pregnancy.
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A FIGURE 24

.

Lt
Prostaglandin F (PGF), PGE and 6-ox0-PGF, output in vitro

la

(pg/50,000 cells/4 h) by isolated amnion cells on Days 50 ( )s

100 (W}, 130 (% ) and 145 (% ) of pregnancy. ND, not

detectable.
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(P- < 0.05, Duncan's New Multiple Range Test). The output(of PGE and
6-oxo-PGF]a from cotyledon cell suspensions was significantly greater
on Day 145 than on Days 50 and 100 of pregnancy (both P < 0.05,

_Duncan's New Multiple Range Test). “For chorioa]]anfois cé]l suspen- .
Xsipns, the outputsof PGF, PGE and 6—oxo-PGF]a were greater on Days 100,
130 and 145 than on Day 50 (Figure 23). PGF output oa Days 130 and
145 were also significantly gréater than on Day 100 of pregnancy (both
P < 0.05, Duncan's New Multiple Range Test). - In suspensions of cells
from amnion (Figure 24), the output of PGF, PGE and 6-oxo-PGF,  was
dreéter on Days 100, 130 énd 145 than on Day 50.

The basal outputsof PG's iﬁ_xigré_from cell suspensions of
coty]edons;-chorioa11antois and amnion were compared With PG concen-
trations in these tissues and in amniotic and allantoic fluids

collected from these animals (see Chapter 6). Correlation co-'

efficients for the relationship between basal PG output in vitro and

PG concentrations in amniotic and allantoic fluids are summarized in
Table 42. The basal output in vitro of all PG'§ from cell suspensions
prepared from cotyledons, but not from chorioallantois or amnion, wereb
§ignificantly correlated with ﬁG cbncentrations in amniotic and
allantoic fluids. Similarly, the basal output iﬂ:ngrg of all PG's
from cell suspensions prepared from cotyTédons and chorioallantois

were significantly correlated with PG concentrations in these tissues
(Table 43). For amnion, the basal output in vitro of PGF and 6-oxo-

PéFla’ but not PGE, was significantly'correlated with PG concentrations

in this tissue. .

[PV Spte




296
TABLE 42: Correlation co-efficients (C.C.) for thexelationship
between PG output in vitro (pg/5 x 10% celis/4 h) from
cotyledons, chorioallantois, arid amnion, and PG
concentrations in amniotic and allantoic fluid .
(n = 12 sheep)
Cotyledons Chorioallantois Amnion
C.C. p* C.C. p C.C. p
Allantoic fluid
PGE " 0.781  <0.05  0.598 - N.S.  0.247 N.S.
PGF 0.837 <0.01 ~ 0.624 N.S. 0.143 N.S.
6-oxo-PGF]a 0.869 <0.01 0.619 N.S. 0.362 N.S.
Amniotic fluid )
PG@ 0.872 <0.01 0.492 N.S. 0.351 N.S.
PGF 0.792 <0.05 0.563 N.S: 0.426 N.S.
6-oxo-PGF]a 0.836 ° <0.01 0.377 N.S. 0.501 * N.S

*determined from the t-test of ratios for zero correlation



207

4

TABLE 43: Correlation co-efficients for the relationship between
PG concentration and PG output in vitro in cotyledons,
chorioallantois and amnion (n = 12 sheep)

<

Cotyledons Chorioallantois Amnion
C.C. p* C.C. P c.C. p
< N ]
s
PGE 0.798 ~ <0.05 0.772 <0.05 0.289., NS
PGF 0.849 <0.01 0.653 <0.05 0.670 <0.05
6-oxo-PGF]a 0.864 <0.01 0.648 <0.05 0.658 <0.05

o
e

*determined from the t-test of ratios for zero correlation
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7.3.2 " Effects of Steroid Treatments in’ vivo and of Hormone

—Treatments in vitro on PG Qutput in vitro from qul,

e

. Suspensions Prepared from Cérunc]éé-gﬁAﬁon-Pregnant,

-

T Ovariectomized Sheep

\\\\\\\\\\\The*effect_of,;g]] number on PG output in vitro from T

e —— Iy

caruncular cell suspensions from one animal are summarized in Table 44.

The basal outputsof PGE and PGF were significantly correlated with -
thefnumber of pe1ls in the incubation (both P < 0.01, t test of ratjos
hfor zero correlation). The effects of steroid tre;tment in vivo on i
caruncle we{ght ;nd the viability of caruncle cell suspensions before
‘and after a 4 *h incubation areﬁggnnarizeg in Table 45. Analysis of
variance (Table 46) indicated that the'mean weight per caruncle was
significantly greater in animals treated in vivo with p}ogesteronei
In addition, andlysis of variance indicated that in vivo steroid
treatment did not influence cell viability and tha% cell viability
before and after the 4 h incubations was ﬁot significantly different.
‘ The ;ffects of incubation time on basal PG content in
caruncle cell suspensions incubated in the presence of arachidonic
acid after stefoid treatment in vivosmre summarized in Table 47. For
PEEZ analysis of variance (Table 49).indicated a significant effect of
steroid treatment in vivo, PGE content being significant]j greater in

PRaS- ey

sheep treated with. estradiol-17g in-vivo than in animals not receiving

estradiol-178 (P < 0.05, analysis of_variance). Analysis of variance
also indicated a significlnt effect of time on PGE content in these
incupatibns. For all in vivo ‘treatments; the content of PGE and

N
6-ox0-PGF, was -significantly elevated after 1 h of incubation




-

&

L
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TABLE 44:

PGE

6-oxo-PGF
a2

~

Effect of ceTﬁ number on PG output in vitro (pg/4 h)

- from cells- separated from caruncles in _an ovariectomized

ewe treated with corn oil (4 incubations/group; mean + SEM)

Number- of* Cells per Incubation

Correlation
5 x 10% 105 2 x 103 Co-efficient
\ -t
142.6+£15.8 ~ 201.4:24.9 432.6+52.,7 0.988
251.7+28.7 421.6+57.6 779.7+91.4 0.979
R i
7
%
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TABLE 45: Effects: of estradio]-17sqan%}progesterone treatments -
in vivo on caruncte wefghtwgnd the percentage of viabie
cells prepared from the caruncles in these anima]s, before
'and after a 4 h incubation perioé (n = 4 sheep/treatment;

mean + SEM)
4
Percent Viable Cells
Before After
Treatment Wt/Caruncle Incubation Incubation
Corn o0il 26.3+ 4.6 93.2 £ 2.8- 90.1:1.2 °
Estradiol 54.0 + 12.7 , 89.9 + 1.7 91.4 + 1.0
Progesterone - 74.1 + 3.4 90.9 + 1.1 92.3 £ 1.9
Estradiol + pfogesterone 100.0 * 22.5 ) 90.2 + 0.9 91.7 + 1.3
! g
> \
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© 7T ON_TYABLE 46: A summary of variance

Weight/caruncle

Source of Variation

progesterone
estradiol-

2

progesferone x estradiol

\Percent viable cells

Source of Variation

treatment
: time

treatment x time
&

v

211

analysis of results in Table 45

.

F(1,12) = 15.198

F(1,12)
~
F(1,12

<

F(3,12)
F(1,12)
F(3,12)

3.987
1.146

0.721
0.326
0.842

P < 0.01
P <0.10
N.S.

N.S.
N.S.
N.S.

e - e

A mewan——

g e v
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. " TABLE 47: Effects of incubation time on PG content (pg/5 x 10* cells) ,

in caruncle cell suspensions from ovariectomized ewes
after steroid treatment in vivo (4 sheep/treatment;

Estradiol-178:

PGE 94.6+21.4

6-oxo-PGF]a 12.0£11.2
Progesterone:

PGE 122.4x32.6

6-oxo~PGF]a 86.4+16.4

Estradiol-178 + progesterone:

PGE 92.1:31.4

6-oxo-PeFy ¥ 131.4:18.9

382.0:81.2° 184.7+46.2

106.7:22.2 151.9+81.2

>

185.164.2 280.0+81.0
126.1£27.7 177.1£51.1

-

196.6:87.0 321.4+64.7

151.4:32.1 199.0281..2

>

mean + SEM)
*
Time of Incubation
Treatment 0 h 1h 2 h 4 h
Corn 0il:
PGE 48.3+ 7;2 - 94L6t]9.2 131.4+31.4 102.9220.2
6-oxo-PGF]a 101.4£12.6 181.9:41.2 248.9+64.2 232.6+84.3

" 418.8:214.5

156.7+ 37.5

294.4:141.7
244.5:118.6

383.9+152.1 ®
2244+ 75.0
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TABLE 48:

Treatment

,6-oxo—PGF] :
a

Corn o0il

213

Effects of ovine placental lactogen (OPL) on PG content
(pg/5 x 10" cells/4 h) in cell suspensions prepared from

caruncles in ovariectomized sheep after in vivo steroid

treatments (4 sheep/in vivo treatment; mean * SEM)

Dose of OPL per Incubation

Estradiol-128 +

Prostaglandin E:

Corn oil

Estradiol-178 +

0 ng : 1 ng 10 ng 100 ng

232.6+84.3 129.1£30.6 107.6£10.1 63.3x18.1

Estradiol-178 156.7£37.5 175.5£50.8 120.8+21.2 52.9+22.8
Progesterone 244.5:118.6 163.2:96.3 174.9+85.2 75.4£10.7
progesterone 224.4:75.0 222.6+51.1 259.2+88.6 73.4+31.1

&

102.9+ 20.2 85.0+27.1 79.0+ 32.9 30.0+ 7.3

Estradiol-178 418.8+214.5 250.596.0 314.9+158.4 27.0x15.5
’Pfogesterone 294.4£141.7  242.2:109.4 244.6: 87.7 107.7+32.8
progesterone 383.9:x152.1 496.0+150.5 567.6+227.6 46.2+ 7.2

\

~r
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TABLE 49: A summary of variance analysis of results in Tables 47 and 48

Effects of incubation time on PG output in vitro (Table 47)

Source of Variation

Treatment X
Treatment Time Time
F(3,12) p F(3,36) p F(9,36) p
Prostag]andin E 7.346 <0.05 11.947 <0.01 1.741 N.S.
6-oxo-PGF]a ©1.247 -~ NS, 13.742 <0.01 1.142 N.S.

Effects of oPL on PG Q#;E?;;iﬂ vitro (Table 48) ~

Source of Variation

T Treatment x
Treatment Dose Dose

F(3,12) P F(3,36) P F(9,36) P

Prostaglandin E 5.756 <0.05 45.331 <0.001 3.635 <0.01

6-oxo-PGF 0.524 N.S. 14.064 <0.001 0.853 N.S.

la

v"
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(al1 P < 0.05, Duncan's New Multiple Range Test), but did not increase
further with Tonger incubation times. This effect of time on PG
content was not altered by in vitro hormone treatments.

The effects of estradiol-178, progesterone, relaxin and

ovine placental lactogen on PG output in vitro from cell suspensions

prepared from caruncles in non-pregnant, ovariectomized sheep after

in vivo steroid.treatment were #nvestigated. The effects of OPL on

PG content in caruncle cell suspensions incubated in the presence of
arachidonic acid are summarized in Table 48. In this experiment, PG
content at the end of the incubations was not subtracted from those at
the beginning of the incubatién (Table 47). For 6—oxo-PGF1Q, analysis
of yariance (Table 49) jndicéted that PG content was significantly
decreased by increasing doses of OPL. Analysis of variance also indi-
cated a significant effect of ig_xiyg_treatment.on PGE content,
content bgjng greater in sheep treated with estradiol (P < 0.05,
Duncan's New Multiple Range Test). 1In addition, analysis of variance
1ﬁaigated a sﬁénificant effect of OPL dose on content, content bpeing
significantly decreased a€l1oo ng OPL (P < 0.05, analysis of variance).
As indicated by the significant interaction between in vivo treatment
and dose of OPL in vitro on PGE content, the ﬁagnitude of the effect
of OPL on PGE content was influenced by in vivo treatment, OPL having .
a greater -effect in animals treated w{ih estraz}ol in vivo (P < 0.05,
analysis of variance). PG content was often lower after 4 h incuba-
tion in the presence of 100 ng OPL than content at the béginning of

the incubation (Table 47). Analysis of variance also indicated that

there were no significant effects of in vitro estradiol-178,

-
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progesterone or relaxin treatments on PG output in vitro from caruncle
cell preparations (data not shown). PG output in vitro was low or

4 cells/4 h) when arachidonic acid was

i ' non-detectable (< 10 pg/5 x 10
not added to the incubation. The mean arachidonic acid blank was

22.8 + 4,7 (n = 16) for PGE:%nd 14.7 + 3.2 for 6-oxo-PGF

la

7.4 Discussion

The results of this study indicate that in vitro
treatment with estrone, progesterone or cortisol did not alter. the
output of PG's in vitre from choricallantois, cotyledon or’amnion
cells prepared from sheep at different gestationa] ages. Howevef,
the basal output of all PG's in vitro from thege cells was sigﬁifi-

E cantly lower during early stages of pregnancy. The present.silidy also
indicated that in vitro treatment with estradiol-178, progesterone

or relaxin did not alter the outﬁut of PG's-in vitro from caruncle
cells prepared from non-pregnant, ovariectomized sheep treated.with
corn o0il or estradiol-178 and/or progesterone in vivo. In these
animals, the basal output of PGE was significantly greatér in sheep
treated with estradiql;178 in vivo for nine days. Moreover, in vitro

OPL treatment resulted in a significant decrease in the in vitro

output of both PGE and 6-oxo-PGF For PGE, -this effect was more

lo*
prgﬂgﬁbced in sheep which had been treated with estradiol-178 in vivo.

—

%

In the present study, PG output in vitro increased

Tinearly with increasing numbers of cells in the incubation medium;

~
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however, output was not linear with time. The output could not be
increased after 2 h, even with the addition of arachidonic'acid: This
is consistent with the results of other investigators (Louis et al.,
1977;.ﬁind1ay et al., 1981} and suggests that the accumulation of PG's
in the incubation medium may inhibit further PG production by these
cells. In addition, the extent to which arachidonic acid enters
dispersed cells is not known. It is possible, therefore, that PG output,
using the present system,was substrate-1imiting. Alternatively, the

possibility that the trauma of cé]] separation contributed to the

in vitro PG output cannot be ruled out. Furthermore, the presgnt
incubations were terminated aféer 4 h in order tb examine the
possibility that in vitro steroid trea?ments alter the timeé course of
PG output. Therefore, PG's measured in the incubation media likely
reflect the difference between the release of sequestered (Findlay
et al., 1981) or synthesized PG and’the metabolism of PG's by these
cells. \ R

& "
The failure of in vitro hormone treatments to alter PG

output in vitro from cells prepared from pregnant and non-dfegnant

uterine tissues is consistent with the resu]t; of other investigators
(Naylor and PRoyser, 1975; Kelly and Abel, 1980). In the present
study, this may resu]t.fromcinadequate arachidonic acid concentrations
in'the incubation media or insufficient ingubation periods.

The results of this study suggest that the in vitro output

of PG's from cell suspensions might reflect in vivo PG production.

Significant correlations were found between basal PG output in vitro

in cotyledon, chorioallantois and amnion cell suspensions and PG

concentrations in these tissues collected from sheep at different
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gestational ages. Significant correlations were also found between
basal PG output in vitro from cotyledon, but not chorioallantois or
amnion, cell suspensions and PG concent;ations in allantoic and
amniotic fluids. This observation, together with the finding that PG
concentrations in cotyledons (see Chapter 6) are also significantly
correlated with PG concentrations in these fluids suggest that the
coty]edons may be an important source of PG's found in allantoic and
amniotic fluids.

.Tn non-pregnant sheep, PGF output in vitro from caruncle
slices was significantly increased after in vivo progesterone treat-
ment (Louis et al., 1977; Findlay et al., 1981). Findlay et al.
(1981) suggested that this increased output in progesferone-treatéd
animals may reéu]t from the release of sequestered PG, possibly
resulting from the formation of a PG-binding protein in response to
progesterone. In the present\study, in vivo estradiol-178 or.proges- -
terone treatments‘did not resu]t in siénifieant changes in 6:oxo-PGF]a
output in vitro. However, basal PGE output was significantly higher
in ewes treated with estradiol-178 in vivo. In contrast, Findlay
et al. (1981) reported a suppression of PGF output in ewes treated
with similar doses of estradiol-178. Although PGF was not measured' in | .
the presént study, it is possible that estrogen might alter the ratios ‘
of PG's produced by intra-uterine tissues. This possibility is
supported by the results of studies in other épecies {Ham et al.,
1975; Kelly and Abel, 1980) and casts doubt\upén a current hypothesis
(Samuelsson, 1970; MacDonald gg al., 1978) that intrajuterine PG

production is regulated solely by the availability of ;ubstrate

. precursor acids.
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Thorburn (1977) proposed that placental lactogen may play
a role*in the mechanism of parturition, particularly in species which
are corpus luteum-dependent. In the goat, the pre-parturient rise in
fetal p]asﬁa corticosteroid levels appears to switch off placental
lactogen production by the placenta (Currie and Thorburn, 1977; Currie
et-al., 1977). These authBrs suggested that a small decrease in
progesterone levels may“resu1t from a fall in placental lactogen and
that the decreased ﬁ}ogesterone levels féci]itate the release of PGF
from cotyledons, resulting in final Tuteal regression. A similar
mechanism has been proposed for the initiation of 1uteo]ysis~and
parturition in the rat (Thorburn and Challis, 1979). In the present

study, baéa] output in vitro of both PGE and 6-oxo0-PGF, from caruncle

la

P

% cell suspensions obtained from non-pregnant, ovariectomized sheep
were significantly reduced by jg_yj;gg_oVine placental lactogen’
treatment. These results suggest that placental lactogen might
inhibit PG synthesis during pregnancy, and the fall in gvine placental -
lactogen concentrations prior to parturition (Chan et al., 1978)

might donéributg to the elevated PG concentrations 1n.intra-ute}ine
tissues at this time. It wou]& be inferesting to s?e if placental
lactogen has a similar effect on goat uterine tissues. In addition,
it is possible that the high concentrations of ovine p]acé{ta]
lactogen in coty]edons“!ﬁg chorioallantois during early péegnancy '
(Chan et al., 1978) might contribute to the low PG concentrations (see
Chapter 6) and basal PG output in vitro from these tissues, and

subsequently to the relative uter{ne quiescence during this beriod

- (Nathanielsz et al., 1980; Van Der Weyden gt al., 1981). The mechanism. .

- —
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by which ovine placental lactogen inhibits PG output in vitro awaits
further studies. However, in the present study, PG output at high
doses of ovine placental lactogen was Tower than owtput at the

.beginning of the incubation, suggesting that ovine placental lactogen >
may increase the rate of PG metabolism.

_: In summary, the salient findings in this chapter include:
1) -evaluation of a cell system for the investigation of factors which
might regulate intra-uterine PG production is described; 2) PG output
frém cells isolated from cotyledons, chorioallantois and amnion were
not affected by estrone, progesterone or cortisol treatments in vitro;
3) basal PGF output from coty]eqon cell suspensions increased
progressively with gestational age and PGE and 6-oxo-PGF]a 9utputs
were greater on Daﬁ§§45 than Days 50 and 100 of pregnancy; 4) basal
PG output from chorioallantois and amnion cel] suspensions were
greater on Days 100, 130 and ]45 than Day 50 of pregnancy; 5) basal
PG-output from these tissues were correlated with PG concentrations
in these tissues; and 6) PG output in vitro from caruncle cell
susbensions was decreasgd following ig_xiggé OPL treatment and for
PGE, the magnitude of this effect was greater in animals treated with

- -,

estradiol in vivo.



CHAPTER 8

EVIDENCE FOR A ROLE OF PROSTAGLANDINS (PG'S)
. TN THE INITIATION OF LABOUR
IT. -PROSTAGLANDIN CONCENfRATIONé AND THE GEEESIS ’
_OF UTERINE ACTIVITY FOLLOWING FETAL‘DEATH'
AND COMPARISON WITH ACTH-INDUCED LABOUR

8.1 Introduction‘

" Q

It is generally accepted that‘spontaheous parturition in
sheep is triggered by fetal adrenal activation which gésults in
changes in the pattern of placental steroidogenesis (see Chapter'1).-
However, labour ensues in the absence of fetal adrenal activation in
sheep bearing dead fetuses. In these anima]é, as well as in those
bearing 1ive fetuses, labour is associateg with a fall in the concén-
tration of progesterone in p1asmai‘howevef, unlike sheep bearing live
fetuses, estrogen concentrationsdﬁg not rise (C§i§on and Challis, -
1981). Delivery of both 1ive and dead sheep fetuses, therefore, is
associated with an increase in the estrogen:progesterone ratio in
maggrnal peripheral plasma. An increase ip this ratio is thqyght to
stim?]ate uterine prostaglandin (PG) biosynthesis and release (see
Chapters 1 and~5), resulting in uterine contractions. Since degene?-
ative changes such as tissue necrosis and/or vascu]gr\congéstion

&

following intrauterine death may lead to PG production (Myers et al.,
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1974), and'the pattern of'pormone changes preceding abortive and

induced labour differ, th; identi{& and intra-uterine source of PG'$

produced in response to fetal death were of interest. Therefore, N .
concentrations of PGF, PGE and 6—0xo-PGF1a were measured in differgnt

uterine tissues obtained from sheep in which fetal death had occurred
fo]]oﬁ%ng,féta] catheterization .in utero. The concen£rations of

these PG's were compared with those obtained from sheep bearing live

fetuses of similar gestational age and were treated with either intra-

fetal saline + phosphate buffer (P.B.) or ACTH + P.B. (see Chapter 5).

8.2 Materials and Methods .

In/ige studies discussed in Chapters 4 and 5, approximately *
70-80% of the fetuses were viable two weeks after fetal catherization.
‘In the remgining‘animals fetal demise occurred, possibly as a‘resu1t
5;%¥ inféctién incurred during suBsequent sampling. The opportunity,

s

- presented, therefore, for an ongoing stud& on the possible role of

" PG's in the mechanism of labour associated with the presence of a
dead fetus. Accordidg]y, fetal and maternal vascular cathers, an’

ﬁ$
amniotic pressure catheter and fetal electrocardiogram (ECG) leads were

imp1anted in mixed breed sheep ;% Days 113 to 117 of pregnancy as «
described brevious]y (see Chapter 3). Fetal {2 ml1) blood samp]ég were -’
collected daily after surgery for blood gas determina;ions; Beg%nning .

on Day 120 of pregnancy, continuous recqrdingshof fetal heart rate and

amiotic pressure were made using a Grass Polygraph (see Chapter 3).



A

T

were . compared with those. discussed in Chapter 5. :

1

The fetal heart rate signal was fed through a Grass EKC Tachograph
- M

pre-amplifier (Model 7P4F).

Eight sheep beering dead fetuses were used. At the'time
of-sacrifice, fetuses had beenadead 12 to 26 h in four sheep, and
_ 34 to 72 h in a second group of four sheep These two groups. were
des1gnated fetuses dead less than 30 h and greater than 30 h, respec-
tively. The 1nterva1 between fetal death and the delivery of dead
fetuses was 2 to 5 days in those sheep which were allowed to deliver.

Samples of myometr1um, endometr1um coty]edons, chor103”

a]lanto1s and amnion were co]]eeted under general anesthes1a from :
tubal, m1d tuba], middle, m1d cervical and cervical uterine areas
(see Chapters 3 and 4). The chor1oa1lgnto1c and amniotic membranes in
sheep bearing fetuses dead greater than 30 h were not collected since
in these animals the.feta] membranes could not be separated easily
from each other. Concentretioﬁg of, PGF, PGE and 6-oxo—PGF}a~were
estimated.in these tissues byrRIA using antisera and techniques
described previous1y (see Chapter 3); The results from this study

A' The data are Expressed as means ; S.E.M:, the.latter being
based on bétweennanimal variation in all cases. For eachltissue,'
average'PG coneentratipns were calculated from the five individual

-

estimates from different uterine areas in each animal.’ The~signif1-

’ cance of the effects of fetal death on blood gases and pH_wer'e deter—

. mined by Student s t tests ‘The significance of feta1 death on PG

evels was determined, by analysis of variance, with variation being

partitioned on a betﬁ§Sp and within animal basis. The data were

K

‘ ]ogg;%thmicalty‘trhnsformed prior to stetistical analysi$ when Fmax
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tests indicated heterogeneity of variance (Sokal and Rolf, 1969). .

4 .
.
e
g e
“u
: <

8.3 Results

. X A
The'tfming of fetal death was determined from continuous

recordings of fetal heaut rate. Yo confirm that cessation of fetal

heart rates were due to fetal death and not due to electronic diffif
culties, fetal érterda] p02, pCO2 and pH were detenntned (Table 50).
The animals suspected dead on the basis of heart rate recordings. had

a sigkﬁficant>reduction in fetal arterial pOé and pH (both.P < 0.01)

" and elevated pCO, (P < 0.01) compdred togsheep bearing live fetuses,

of similar gestational age. ; .
Concentrations of PGF in myometriumi'endometrium, coty-
ledons, chorioallantois and amnion are summarized in Figure 25.

Analysis of variance (Table 54) 1nd1cated that for a]] tissues, PGF

" concentrations in ewes bearing fetuses dead greater than 30 h were not

.different from those bear1ng fetuses. dead less than 30 h; however,
there was a s1gn1f1cant effect of uter1ne area in cotyledons co]]ected

from these animals. In this tissue, PGF concentrations were signifi-

cantly higher in samples taken from mid-uterine areas than from other

-areas of the uterus (P = 0. 05 pa1red t tests), Compared to sheep

bear1ng lTive fetuses whlch were treated w1th saline + P.B. (Tab]e 51),

PGF concentrations were significantly higher in cotyledons obtained

«

\trom all sheep beaVing'dead fetuses and in myometrium in sheep bearing

l] ¢
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FIGURE 25

Concentrations of prostaglandin F (PGF) in uterine tissues
taken from sheep bearing live chroﬁica]]y catheterized fetuses
(130 days-of gestation; n = 4) and from sheep beafing chronically
catheterized fetuses (123-130 days after mating) dead 12-26 h
(<305 n=4)or 38-72 h (> 30; n = 4).
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fetuses dead‘greater than 30 h. In all animals bearing dead fetuses
PGF concentrations in all tissues were not significantly different
“from those obtained during ACTH-?nduced labour (Table 51); however,
PGF concentrations in the former 5;oup were much Tower than thosefoung
during ACTH-induced 1abour in cotyledons. As indicated by significantinter
actions between treatment and uterine area (Table 51), PGF -concentra-
tions in myometrium féken from sheep bearinz dead fetuses were greater
than those taken during ACTH-induced labour. In addition, myometrial
PGF concentrations were similar in samples taken from different
uterine areas 1: sheep bearing dead fetuses, but not during ACTH-
induced labour. | .

Results from measurements of uterine PGE concentrations
are summarized in Figure 26. Coﬁcentrations of PGE were significantly
higher (Table 54) in endometrium taken from sheep bearing fetuses
dead greater than 30 h, than in those with fetuses dead less than
30 h (P < 0.01). In these animals, analysis of variance also
indicated a significant effect of\uterine area on PGE concentrations
in goty1édons, concentrations being lower iﬁisamp1es taken from tubal
areas than from other areas bf the uterus (P < 0.05, paired t tests).
Compared to sheep bearing live fetuses which were treated with
. saline + P.B. (Table 52), PGE concentrations were significantly higher
in endometriqnftaken from all sheep bearing -dead fetuses. Analysis of
“-variance also indicated a-significant interaction between treatment
and uterine area in cotyledons collected from sheep bearing fetuseg-

dead Tess than 30 h and those receiving ACTH + P.B., indicating that

concentrations in the latter group were higher than those in the

former graup.

L4 o




229

- s L0°0 > dxx
G0°0 > d«

(103eurwouap) wopaaus 1O saaubap € (40ledswnu) up wopa’dudyd Jo saaubagq
(HLIV) °9°d + HLOV 40 (sasn3ay dALL) ("9 d) 4844nq @3eydsoyd + suL|es BulAaladau (Jueubadd sAep pgl) deayse

0i8°0 L8e "¢ *€E0° Y (b2cy) ®maay X juswiesay
L5670 c¢l60 »092°€ (v2¥) eaJdy autdain
60L° L 829°1 vvLe (9 L) - Juswjeauy
* (Y 0€ ueyy u33eLub) snia4 pesg "SA HIIY (P
¢
. ogz°l 88L°2 869.0 16571 *xl2L°Y . (vzcy) eedy X jusugesuy
80t "0 2LG°1 LS9°0 862°1L *x[8E°§ (v2°y) B34y autLdaln
v2Z'o Ev°0 - 268°0 622°0 €69°0 (9 “L) juawgeady
(4 0 uey3z ssa|) sniaj pesag "sA LHLY (0
0€6°0 8LE"L ev91 (ve v) mmg<,x Juswiesa]
a7 1 Lco"L 174 1 (v2v) eaJdy autudaln
*¥22€°61 9L0°0 *L€97L (9 “L) § usuneasy
(4 0g ueyy uazeaub) sasniaq.pesg "SA ALl (q
pee" L St9°0 9L L ve6° L ¥28° L » (#2°y) eady X jusunesuy
60L°0 89¢°2 2L6" L Li6°L e8 L (v2°7) esady autaalf
L£8°2 L9s°2 xL28°6 902°0 916 b a«o ‘1) Juswjead
’ (4 0g ueyy ssal) sasnlaj pesg °“SA Ny (e
uo Luury sLojue peotdoy) suopa|£309) E:%;pmsoucm ) wn LA} 3wo Al uoLjetdep JO 324noS
saniep 4

|

‘4noqe| padnpul-HlJy BuLanp sanssi] duluaIn-eUdJUL UL ISOYJ pue S8SN3S BAL[ YILM 3soyz o3 padedwod
*(GZ2 @4nbir4) yjesp |e3ay BuiLMOL |04 SUOLIRAIUSIUOD { ULpUR|BRISOUd U0 SLSA[RUR BJUBLARA 1O Adewmwns Y (S 374Vl



FIGURE 26
6
Concentrations of prostaglandin E (PGE) 1in uterine tissues
» taken from sheep bearing live chronically catheterized fetuses
(130 days of gestation; n = 4) and from s"heep bearing chronically
~ catheterized fetuses ~123-130 days after mating) de;ad "12-26 h
% (<3050 =4) or 34721 (> 305 n = 4).
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Uterine concentrations ‘of 6-oxo-PGF, are summarized in

la
Figure 27. Analysis of variance (Table 54) indicated that for all
tissues,\6—oxo-PGF]a concentrations in sheep bearing fetuses dead less
than 30 h and greater than 30 h were not significantly different.
Compared to animals bearing 1ive fetuses which were treated with
saline + P.B. (Table 53), concentrations were significantly higher in
myometrium, endometrium, chorioallantois and amnion from sheep bearing
fetuses dead less than 30 h and in myometrium; endometrium and coty-
1gdons from sheep bearing fetuses dead greater than 30 h? Concentra~
tions. of 6~oxo-PGF]a in endometrium taken from sheep bearing fetuses
dead greater than 30 h were greater than those found during ACTH-
induced labour; however, concentrations in other tissues obtained
after fetal death did not differ from those collected during ACTH-
induced labour. In éddition, analysis of variance indicated a

concen-

significant effect of uterine area on myometrial 6-oxo—PGF]a

trations in sheep during abortive and ACTH-induced labours, concentra-
tions being significantly higher‘in myometrium adjacent to the cervix
than other areas of the uterus (P < 0.05, paired t tests). .
Analysis of the amniotic fluid pressure recordings 1 h
brior to sacrifice is summarized in Table 55. There was a progressive
increase in the maximum amplitude and frequency of uterine contractions
following fetal death, and the proportions of animals showing uterine
contractions at this time tended to be higher in sheep bearing
fetuses dead greater than_30 h than in the saline + P.B.-treated
animals. The maximum amplitude and frequency of uterine contractions
and the pr';bp.hons of animals showing uterine contractions in sheep

bearing fetuses dead greater than 30 h and in those where 1&bour was



/ ~ b
FIGURE 27

Concentrations of 6-oxo-prosta§1andin Fla (6-oxo-PGF]a)
in uterine tissues taken from sheep bearing live chronically
catheterized fetuses (130 days of gestation; n = 4) and from sheep
bearing chronically catheterized fetuses (123-130 days after

mating) dead 12-26 h (< 30; n = 4) or 34-72 h (> 30; n = 4).

AN
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during ACTH-induced labour, hoﬁévér, myometrial PGF and

239

induced by the administration of ACTH to the fetus were not signifi-

cantly different (P < 0.05, t tests and Fisher test).

-

8.4 Discussion

¢

-

Resu]ﬁs in the present study support the hypothesis that
intra-uterine PG production in sheep in responsé to the presence of a
dead fetus stimulated thé onset of abortive labour (Gustavii, 1977).

This study also suggests that this iricreased Pg production varies with

the tissue and PG studied. Prostaglandin E concentrations were

elevated only in the endometrium and’mygme%rium ofégheep bearing dead

) ) .
fetuses, while PGF concentrations were elevated only -in myometrium,

endometrium and cotyledons of these gnima];. Conqentratioﬁs of
6-oxo-PGF1a were elevated in all tissues after fétg] death. Tissue-
specific incneaseé ip int}a-uterine PG coqcentrationa were also
observedrin shgep duringilabour iﬁduce%iby the 1ntra—fepa1 adminis-
tration of ACfH’(see €h$ptér 5). In contrast to concentrations found

®

6—oxo-PGF]
a
concentrations are significantly elevated in the presence of a dead
fetus. Myometria1 6-oxo«PGﬁa concentrations were also Higher iﬁ.
regions adjacent to the cervix while PGF concentrations were fairly
uniform throughout the myometrium. It is possible that the regional
distribution of PG's within'the myometrium during labour is’importgnt
in the regu1dtion of uteripe activity in this tissue. Ip’pregnant

>

sheep, the administration of PGF, causes uterine contractions

\



.
- ke

.
e et e e e = ©
’
o

" concentrations. during both  abortive and ACTH-induced labours may

-dnd concentrations of these PG's were found ‘to be elevated after .

(Liggins et al., 1973; Mitchell et al., 1976a), while PGI, causes

L

uterine relaxation (Lye and ChaTlis:, 1982). It is possib]e,_fherefore,
that the high concentrations 6f\6-oxo-P§?]a‘in myometrium adjacent to
@he cervix{ compared to other areas during both angfTVe and ACTH-
induced Tabours ensure that contractions proceed in a tubal-cervical
diréction. . ‘

Althoug total uterine blood flow does not change after
fetal death in sheep (Raye et al., 1971), the_changes f; the distribu-
tion pf uterine blood flow areunknown. In.the present study, uterine
hyperemia was observed in sheép_bearing dead fetuses, pgésib]y a
consequence of decreased p]aéehta] blood flow. Since PGI, causes
myometrial vasodilation in'préghani sheep (Rankin et-al., 1979) and _
increases uterine biodd flow in non-pregnant sheéb (Resnik and Brink,
1980), the elevated concentrations of 6-ox6—PGF]a in myometrium and

endometrium may contribute to the‘gsgjstribution of uterine blood

flow following fetal déath. Similarly, increased endometrial PGE

contribete to the hemodynamfc chanées in thé hterus.

. 1In sheep, the cotyledons may be major sites of PGF and -
6-0x0-PGF,  production during ACTH-induced labour (see Chapter 5),
feta] death in this tissue. The high concené?gffons of PG's that
were found in cotyledons dur1ng ACTH-induced 1abour were not observed
fo]]ow1ng fetal death, posswb]y a.result of differences in stero1d

_ préduction by these tissues (Carson and Challis, 1981). A]térna-

tively, it is possible that the concentrations of placental 1actogen

- . ,
. . . )
& < .
i . ) .
~ .
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do not decrease in these animals. If this hormone acts to suppress

PG concentrations (sge Chapter 7) during pregnancy, then the release

— — ————from this suppressive influence might not occur following fetal
" death. " : Do

Concentrations of PGF and 6-oxo-PGF]a were elevated in
chorioallantois obtained f}om animals during ACTH-induced labour (see
Chapter 5); however, shortly after fetal death, only 6-0x0-PGF,

* concentrations were elevated in this tissue. PG concentrations could
not be determined in sheep bearing fetuses dead greater than 30 ‘h,
due to the qifficulty in separatiné‘the fetal membranes in these
“animals. Th; possibiiity, therefore, that PGF concentrations afe
elevated at later times in this membrane cannot be ruled out.
Degererative changes, as indicated gy adhésion of fetal membranes and
discolouration of fetal fluids, occurred after fetal death. Such

O
degenerative changes may lead to increased PG production directly by

1a§i]izing lysosomes (Myers et al., 1974; Gustavii, 1977). Alterna-
tively, changes in the compos{tion of amﬁﬁnticgand allantoic fluids
Afo]]owing fetal death might also stimulate PG production in fetal
membranes. '

\&}n two monkeys bearing dead fetuses, maternal venous
plasma concentrations of 13,14-dihydro-15-oxo-PGF2a did not in;reasé
until the time of delivery, approximately 25 and 50.days after fetal
death (Mitchell g;_gll, 1976). In the present study, the proportion
of animals showing uterine activity tended to be higher only
in sheep beéring fetuses dead greater than 30 h and the frequency and

-

maximum amplitude of contractions in these animals were not : N

[4

* e

Y
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significantly different from those,obserygd during ACTﬁ-induced
labour. However, PG concentrations werélelevated in sheep bearing
fetuses dead less than 30 h, suggesting that gG‘s produced in response
to fetal death may result in increased uterinelsctivity in these
animals. In the monkey, fetal death appears to result in decreased
peripheral plasma estrogen with ﬁo changes in progesteéone concentra-

S

tions (Mitchell et al., 1976; Challis et al., 1977). After fetal
death in the sheep, estrogen levels remain unaltered and progesterone
Tevels decline (Carson and Challis, 1981). The causes of these
changes in p]aceﬁta] steroid production are uncertain. It is
possible that in the mbnkey, tissue necrosis following fetal death
may represent the major stimulus for PG production. ~ In the sheep,
however, changes in the relative concentrations of progesterone and
estrogen may contribute an added stimulus for PG biosynthesis.

In suﬁnary, the sa}ient findings reported in this
chapter include: 1) PG concentrations are elevated within 30 h after
fetal death; 2) the proportiods of animals bearing dead fetuses

- e .
having uterine contractions were not increased until .after 30 h

after fetal death.



CHAPTER. 9

CONCLUSIONS

9.1 Methodological Considerations

The methodological problems associated wTth e§timating
endbgenous tissue prostanoid (PG) production have been a concern of
many investigators during the last decade. Estimates 6f PG concentra-
tions in bib]ogica] fluids such as‘p1asma and.amnjotic and allantoic
fluids, have been made in an attempt to estimate BG concentrations in
intra-uterine tissues (Thorburn et al., 1972; Mitchell et al., 1978,
1979). However, such estimates do not differentiate between produc-
tion rate and the rate of release ?y {ntra-uterine tissues, nor do

they identify the major site(s) of PG production and/or release. In

°
-

addition, a number of recent studies have suggested that the inter-
pretation o% results from plasma PG determinations may be obscured by
technigéa artifacts. For example, blood collected from both adult and
fetal\sheep has been shown to contain .prostaglandin-9-ketoreductase
activity{which may result in the interconversion of PGE2 and PGan
(Bolla gg:gl., 1977). In addition, the production of TXA, and subse-
quently TXB2 may be stimulated in platelets durfng the coi]ection of
blood, since this compound is a powerful inducer’of platelet aggrega-

tion (Moncada and Vane, 1978). Therefore, unless inhibitors of.PG-

forming ‘cyclo-oxygenase activity are used, measurements of TXB2 in
»

N
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plasma may not be meaningful. The potential problems of measuring
6-oxo-PGF]a (the hydrolysis product of prostacyclin) are many. The
blood vessels, especially the endofhe]ium, have be&en shown to be a
‘maﬁor site of pro§tacyclin production (MacIntyre et gi., 1978).
' fﬁerefore, damage to the vascular endothelium such as that occurring
during the insertidh of catheters or needles for the collection of
blood, 1ikely results in increased production of prostacyclin and
subsequently 6-oxd:PGF]a. In additioq, platelets have been shown to
contain 9-prostaglandin dehydrogenase activity which may metabolize
6-oxo-PGF]a to 6—oxo-PGE] and ;ubsequent]y reduce immuﬁoassayab]e
6-oxo-PGF]a concentrations ip plasma (Wong ég al., 1980). Moreover,
6-oxo-PGF]a hias been shown to be unstable during acidification and
extraction from plasma with cyclohexane and ethyl acetate (Mitchell
et al., 198i). Measurements of 6-oxo-PGF]a’in plasma, therefore,
Tikely do not represent endogenggiyponcentrations or biological .
activity. In addition to the possible artifactual contribution by
platelets, andlperhaps other blood and vasgg]ar elements, PG's have
been shown to be released from the sheep uéerus in a pulse-1like
fashion into the utero-ovarian vein (McCracken et al., 1973;
Barcikowski et al., 1974). Estimates of PG concentrations in single
samples of plasma from this vessel, thereforg, probably do not reflect
total uterine PG production.

Measurements of PG concentrations in bio]pgica1 fluids
sﬁch as amniotic‘and allantoic f14ids which coritain few cellular

elements probably represent the endogenous{ieve1s provided there is no

contamination with blood (Green, 1979). The results from studies
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4
presented in Chapters.7 and 8 suggest that cotyledons may be the
major source of PG's found in these fluids. However, as pointed out
earlier (see Chapter 7), PG's produced in the fetal kidney contribute
to the PG's measured in these fluids (Walker and Mitchell, 1978) and
PG's in amniotic and allantoic fluid may be metabolized by the fetal
Tung (Clyman et al., 1981) or fetal membranes (Keirse et al., 1975).
Prostaglandin congentrations have been measured in intra-
) uterine tissues in sheep as an estimate of tissue PG production rates
(Liggins and Grieves, 1971; Mitchell and Flint, 1977). However, a
1ar§e‘between animal variation WangQSfrved and the results in these
studies were not comparable, possibly due to differences in method- \
ology. It has recently been suggested that measurémenfs bf‘tiésuq PG
concentrations reflect the capacity for formation rather than
endogenous levels (Green, 1979; Liggins et al., 1980), since PG output
is stimulated from a number of tissues in response to trauma (Piper
and Véne, 1971). However, the effects of trauma on uterine PG produc-
tion is uncertain. Results from studies presented in Chapter 4
suggest that the responsiveness of sheep uterine tissues to trauma

—

differs between intra-uterine tissues and between differegt arachi-
gznic acid metabolites. Therefore, the responsiveness of individual
tissues to.trauma is ]{kely degendeﬁf upon-the availability qf the
various PG synthetases prior to trauma. Since these enzymes
normally regulate endogenous patterns of arachidonic acid metabolism
(Lands, 1979), trauma probably amplifies this pattern by.increasing

the rate of arachidonic acid release from cell membranes due to

rupture and/or distortion. In addition, since crushing after the

~ -
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tissues were excised*from the uterus resulted in changes in PG concen-
trations in most tissues (see Chapter 4), the capacity for PG
production could not have Been maximally stimulated during tissue
dissection. However, the finding that PG concentrations were higher

in cotyledons following the manual separation of fetal and maternaf
placentomes than in cotyledons which were frozen intact (see Chapter 4),
suggests that some PG production may occur du}ing tissue cq]1ection

and processing. In all other experiments, therefore, PG concéntra-
tions were reported’for whole cotyledons which were frozen immediately
after dissection. In the ppe§€ﬁ% study, excised tissues were ‘
immediately placéd in ice-cold phosphate buffer containing indometﬁédn,
frozen, and homogenized in ethanol. Under these circumstances, PG
production is reduced by indomethacin and freezing, and the gthano]ic
extraction_likely results’ in the denaturation of cyclo-oxygenase,
phospholipase, and PG synthetase enzymes. In studies where PG's ;;e
extracted from ti;sues by homogenizing in aqueous buffer, the PG-
forming enzymes will not be denatured and PG's are Tikely produced.

’ In an attempt to reduce the artifactual production of,
PG's in response to such tissue injury, some investigators have:
examined the production and subsgquent release of PG's using tissue
incubation systems (Abel and Baird, 1980; Satoh et.al., 1981).
However, the possibility that PG production and release may balreduced
by the inﬁibitony effects of the end-products of arachidonic acid
metabolism during prolonged incubation periods.(Laﬁds, 1979) prompted
othér investigators to examine PG output from uterine tissues using a

perfusion sysfem (Mitchell and Flint, 1976; Mitchell et al., 1978a;
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Liggins et al., 1980). Other investigators have examined PG output
-énd production (the‘metabolism'of raaiolabelled arachidonic acid) in
microsomes prepared from uterine tissues (Fenwick et al., 1977; Jones
et al., 1977; Abel and Kelly, 1979; Alwachi et al., 1980). Although
a]]lof the:e studies make important contributions to the state of
\ khﬁw]edge on- PG production by intra:uterine tissués, it is difficult
to draw comparisons from studies using different techniques. The
production and output of PG's by homogenates of uterine tissues 1ik;1y
reflect the capacity of these tissues to produce PG's since phospho-
lipase A2 and C are no longer rate-limiting and PG production rateé
in tbese studies were much higher than those in studies using other
techniquesn In additTSﬁ, the production o( PG's and the néture of .
PG's produced using this technique are dependent upon tbiibofactors
added to the incubation medium (Land$, 1979). Simi]ariy, thg output
.of PG's using super%usion»or tissue jncubation systems may not repfg-
sent endogenous PG production rates. Under these circumstances, it
is possible that the availability of sub%trates, nutrients and oxygen
is not uniformly distributed within the tissues an& may result in
artifactual bG ﬁroductibn. :The‘biphasic responses in PG production
rates and the unduly high output qi PG's reported in studies using
the superfusion technique (Mitchell QBHfF1int, 19765 Mi£che11‘_§_gl,,
1978a; Liggins’gg_gl.,ﬁl980) support this possibility. In an attempt
to reduce the possible effects of the non-uniform distribution of
essential nutrients to cells hithin tisgues, the output of PG's in

vitro was examined in the present study following cell separation (see

Chapter 7). For cotyledons, choriocallantois and-amnion, the results

"
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suggest that there was a good correlation between tissue PG concentra-
/ tions and-PG output in vitro. This observation supports the conten- '
tion thaErtissué PG concentrations may provide ugefu1 information
regarding the net tigsue production rates of PG's. On this basis,
therefore, it is reasoned that measurements of tissue PG concentrations
may proviae useful inf&rﬁ%tion regarding the overall state of tissue

PG turnover.

fIn the itudies which have been presented; myometrial
concentrations of PGE{\PGF and 6:oxo—PGF]a varied with uterine area in
most anima]i, concenérations being greater in the tuba] and/or cervical
areas than the rest.of the uterus. Although the physiological signifi-
cance of this observation is uncertain, it suggests that estimations
based on single samples may'not be representative of the entire
uterus. In addition, ‘this finding may partially exp]ain‘fhe high
betwéeh animal variability in PG concentrations in similar studies
where PG concentrations were estimated in single samples (Liggins and
Grieves, 1971; Mitchell and F]int,']é??). Whether the differences in
PG concentrations within animals reflect different rates of production
and/or meta?o]ism or c]earance remains toi;; established. .

In contrast to the myometrium, substantial between animal
variation in PG concentrations persisted in- endometrium and amnion
when\samples were collected from different areas gf the uterus. (see
Chapters 4, 5 and 6). Samples of eqddmetrium wére mére difficuit to
" dissect from the utérus than other intra-uterine tissues. It is

possible, therefore, that results of PG concenfrations measured in

the endometrium, compared to other intra-uterine tissues, are more

-~
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. likely to be influbnced by factors sugh as trauma and/or’contamination
with other tissue types. For the amnion, effects of uterine area
were observed in some animals; however, PG concentrations appear to
re]ate.hore consistently with the 1oéa1 distribution of visible blood

vessels than with uterine area between animals. Since the distribu-

¥

tion of blood vessels in the amnion varied between animals, significant
. . M
effects of uterine area on PG concentrations may not have been

detected, and for a given uterine area a large variation in PG concen-

N

ﬁrations was observed betweer animals.

14

Q@

9.2 PG's-and the Initiation of Parturition in Sheep: A New Hypothesis

13
Evidence suggesting that PG's play a role in the regula-

tion of uterine blood flow, cervical ripening and myometrial activity
ddring ovine pregnancy and parturition has been reviewed in Chapter 1,
and‘is supported by results from the present studies.

Prior to Day 50 of pregnancy jg_ghgggg approximately 59%
of uterine blood flow goes to the endometr{dm and\only 27% to'the e
sites of implantation. After this time theéé is a rapid shift of
flow tao the placenta which receives about 82% of total uterine Blood
flow afterﬁDay 100 of pregnan;y (Rosﬂ%feld g}_gly,*1974). However,
during sponééheous (Assali et al., 1958; Greiss, 1965) or oxytocin;
induced (Assali et al., 1958) labour, uterine blood flow decreases

_significantly. In the present studies, PG output in vitro by

placental cells on Day 100 of pregnancy was predominantly as PG. S
' ° N |3 .
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of the E series. Furthermore PGE output in vitro by these,ce11s
1ncreased 8-fold between Days 50 ane'100, followed by’ a- 10- fo]d
increase in placental PGE concentrat1ons on Day. 130 of pregnancy.

These results, as we]] as the results of others (sée Chapter 1) N

suggest that the 1ncreased.p1acenta1 product1on of PGE between Days 50
and 130-of pregnancy may contr1bute “to the shunting of uterine b}ood.
flow: and to the regu]ation Sf p1acenta1 perfusion during gestation.

" In add1t1on, resu]ts from this study 1nd1cate that PGE concentrations

rt‘

‘are e]evated in the endometrium during ACTH-induced labour and dur1ng

&3

labour associated with the presence of a dead fetus, and that PGF’

. /
concentrations in these animals were e]évated_in'goty]edons (see ’

a <

Chapters 5 and 8). These changes in HG'concentrations might be‘.
important in minimizing blood loss following placental separation
. durino labour. For example, it is possible that PGF Contributes to
the decreased- uterine b]oodwf10w~dur1ng 1abour by mediating placental
vasoconstr1ct1on In afd1t1on, PGE'm1ght contribute to the shunt1ng
of blood flow away from cotyledons by med1at1ng vasodilation in.the

endofetrium, .

s

o

The observation that cervical ripening fgllowing intra-
fetal ACTH treatment is inhibited by indomethacin, despite the

2 . -,
occurrence of iffcreasing estrogen and decreasing progesterone concen-

-
Y N

trat1ons, supportsfa role for PG's in the process of cervical r1pen1ng.

.. These results are consistent with those of M1tche1] and Flint (1978)

and others (see Chapter 1), and ,suggest that estrogen and progesterone

'S

are not d1rect1y involved -in cervxcaI ripening in sheep

>3

Evidence suggests that PG's play an 1mportant role-,in the '
regu]at1on of uterine act1vity dur1ng pregnancy and parturitton (see

\n . 1 s - -
/ b ~
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ported-from thf uterine vefn to ‘the uterdﬁe arteny and thus to the

Chapten 1)1'1In the p;esent e;neniments, myometria] PG cdneentrations
were eiendted during labour associated with the pnesenge of a dead
fetus: and indomethaein'signffieant]y reduced the frequency of uterine
contractions Furin;,ZCTH 1nduced labbur (see Chapters -5 and 8) In

add1t1on, PG concentrat1ons were e?eﬁiiiﬁr"h‘cetyledons, but not

,myometr1um, dur1ng ACTH- 1nduced 1abour (see Chapter 5)- These

»

results are cons1stent with the f:nd1ngs of L1gg1ns et al. (1972)
These 1nvest1gato¢s fbund that a]though PGF concgggrat1ons were

elevated 1n the materna] p1acenta prior to dexamethasone—1nduced

1abour, cdncentrat1ons 1n the myametrium were not glevated until
o

after ]abour had started These ‘authors p posed that the materna1

s - , < '

p?acenta nay bé the source»of PG wh1ch is act1ve dur1ng the ¥nitiation

- .
of partur1t1on and that PG of myometr1a] or1g1n may be more 1mportaﬁﬂﬁ? . ,

1n the ma1ntenanée of°uterrne activity than in the 1n1t1at1on process.

By compar1ng ﬂEasurements of PGF. in btood samp]es obtained ‘simultan-

5T

'eous]y from a coty1edonany( ve)n and the utero Qvarian ve1n <11gglns

.

et a1 (1977) conc1uded that cotyledons were- the major ‘source of (

‘ . e

. estrogen-st1mu1amed PﬁF re1e%se and that the myometrIum was the major-

source of oxytocrn-st1muJated réiease. o

. . ~ *

-aﬁ”JM v At present }t 1s uncerta1n how, or if Pé‘s produced in p:

\
-

. the cotyledons reach and exert the1r actions on the'myometrium.

Liggins et an (T973) Suggested that PG s might be selectiveﬂy trans1

2

Vnwometrium bysa coqnter current mechanism,’but failed to ubtain ' : P

-
experimental sugport fer this hyp thesis;- More recentﬂy, Thorburn and”

'Challis (}929) suggested that the fetai membranes or enddmetrium may

. € ‘ .~-'
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. be magor s1tes of PG product1on and that these PG's m1ght dlffuse to -~
{ ) the myometrium. In support of this hypothes1s PG concentrat1ons were
found .to be high in’ the chorroal]anto1s during 1ate pregnancy, and

.

. these h1gh concentrations were further elevated dur1ng ACTH-induced

%

. labour and Tabour associated withothe presence of a dead fetus (see
. - _ . L . -
PR Chapters 5 and 8). ‘PG concentrations were also found to be elevated

on Day 145 of pregnancy in the allantoic fluid (see Chapter 6). In
] -

- addition, PG'sAp1aced\ﬁn the amniotic or allantoic qavitiesfof sheep

, .
. ’ ~o
' R » \ <

¢ during mid-pregnancy can‘induce abortion (Thorburn, 1977).

©oeeE L. Regard1ess of the pathway’, the suggest%ohs:that there is
. an 1ncrease #n the detlivery of PG s fto the myometr1um and the obse?-
vations that P& concentrat1ons do not change- in this tnssue dur1ng the
) q1n1t1at1on of labour are- d1ff1cu1t to reconc11ej It is poss1b]e that
the rate of PG’ megabo]1sm or c]earance increases in the myometr1um I
dur1ng the 1n1t1at1on of pa;tur1t1on. Howeyer, jn the present study,

n§0metr1a1 PG concentrations did not»cﬁange withAQestataonal age, |

even when samp]es were taken oﬁ‘Day 145 JUSt prlor to spontaneous

A
s W

nlabour (see Chapter 6) In add1t1on, PG concentrat1ons in the my%p .

ESE TN

tr1um d1d not appear to be re1ated tegEG concentrat1ons or PG output

I.—u'

-
’ . e

= .ot 4 r ‘: \ \Q’lfﬁ et o

Jatter, t1ssues belng veny 1ow op Day 50 of pregnancy wh11e concentra-

t1ons 1n the myometrlum d1d not d1ffer from those 1n preterm anlmals

‘H?r

(see Chapters 6 and 7) ‘There also d1d not appear to be\a relatdon-

. °'>," e o0 ’5\ ot

. :.:,; ship between the effects of uterine area on PG, concentratwons fn L.

- -
RS et ‘ ‘.‘:‘_,ﬁ'b Ta

L myometrium\and those in. coty1edons and chorioa]lanto1sﬂ Thorburh -

. “ 'V.t. .
\ oy e

L (1977‘§§yggested that: thenmodest 1ncrea§e*in circulating 1evels of PG s
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during the initiation of labour, combined with an increased sensi-

~

tivity of the myometrium to these PG's might be sufficient,to induce
uterine activity: It is possible that PG's present in the -uterine and
ovarian arter1es might contribute to the elevated concentrat1ons of
PGE and PGF 1thhe cervical and tubal’ areas of the myometr1um,
respectively (See Chapters 4 and 5). ) ‘
With the notable exception of the possible role of PG's in
the mechanism of ]uteo}ysie in sheep, Samuelsson (1970, 1978} claims

\that PG's are _generally prgduced in the tissues where they exert

“their ‘action. It is poss1b1e therefore that the initiation of myo-

metrial activity dur1ng labour 1s not dependent ‘upon PG's from other

~ sources. The presence of myometr1a1 activity 1n the absence of

increased myometrial PGE or PGF concentrations might result from an

increase in the number of PG receotors. In the non-pregnant monkey,

humn, rat and hamster, the concentrations of PG receptors vary w1th

" the ovarian hycle and is proport1ona1 to the rate of myometr1a] ~

act1v1ty (Goldberg and Ramwell, 1976) - It"appearsy therefore, that

PG rébeptors ar’/regu1ated by steroid hormones Prior to the initia-
tion of‘parturient uterine activity, estrogén concentrations increase
and progesterone concentrat1ons decrease in the-maternal c1rcu1at1on
\(see Chapters 1 and 5) These changes 1n hormone 1eVe1s m1ght increase

»

the concentrat1ons of PG receptors in the myometr1um and initiate

-

uterine act1v1ty - - ' . : ‘.

Recently, attent1on has “focussed on the phy51olog1ca1

regu]ation of 1ysosoma1 phospho11pase act1V1t1es in the fetal membranes

Grieyes and.Ligg1ns (1976) demonstrated high phospholipase A,

T
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of spec1f1c PG synthetase enzymes may be involved. <

3 . - - 3 . » J . »
act)v1t1es in, amnion and chor1oan?nto1s in sheep and suggested that

these fissueS'may participate in PG bjosynthesis by releasing stored
arachidonic acid. MacDonald and co-workers (1978) have provided
evidence suggesting that 1ysosoma] stability during.human pregnancy is
maintained in part by progesterone and thét‘the appearance of a high
affinity progesterone-binding protein in‘thé fetal membranes prior to
parturition, effects a local progesterone withdreya] and subsequent1y
incregsed phospholipase A2 activity. These -workers also p?oposed thet
the liberation of arachfdonié acid §; a result of this increased

phospho]1pase A2 act1v1ty may be a maJor regu]atorghstep in PG bio-

‘syntheSTs during partur1t1on In addition, %J@%av11 (1977) suggests

that once PG's are produced and released by the fetal membranes, they-

may also stimulate PG syntﬁesis in other uterine tissues by ]abi]izing
PN . to. . "
1ysosomes. In the present study, the concentrations and in-vitro
output of PG's increased w%th advancing gestational age in coty]edbns,
chorioa]laﬁtois and amnion (see Chapters 6 and 7). Thesegresults g
suggest that there 15 a_progressive increase in PG production with

advancing gestational, age in these tissues, possibly due to increased

phospholipase activities. In addition, thg observations that concen-

" trations of PGF and 6-oxo- PGF1 s but not PGE, are e]evated,1n coty]e-

dons and chor1oa11anto1s and that on]y PGE 1s 1ncreased in endometrium
dur1ng ACTH-1nduceg labour (see Chapter 5) suggests that phospho]1pase

activity may not be completely rate-]imifing and that the synthesis

" The roTe(s) of PG s - produced- by the chor1oa11antof§‘1s

@

uncertain. Although the poss1bi11ty that-these PG S m1ght 1nf]ﬂencev ‘

e,
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uterine activity cannot.be ruled out, it seems‘to this author that

they likely exert a more local action. Fpr example, it is poz;ibie

~ that PG's might é]ten the etability of this membrane. For example;

the infusion of PGF, into the lumen of the cervix has been shown to

cause local goftenjng and dilation (Liggins et al., 1977} Similarly,

" Ellwood et al-. (ﬁ979a,b) and Ellwood and Mitchell (1980) have

suggésted a role for 6-oxo-PGF] .and proseacyc]in in the mechanism of
cervice] ripening A55um1ng these PG's have similar effects on
co11agen and g]ycosam1nog]ycan metabolism 1n the chor1oa11anto1s,
elevated concentrat1ons of PGF and 6-0xo0- PGF]Q may participate in the
mechanism of membrane rupture. In addition, Pnga has been shown to
promote water and mucous secretion in tﬁe stomach and alter sodium
and potassium fluxes in the small inteétine‘(Bennett, 1972; Wilson,
1974). .PG's proddcéd in the chorioa]ﬂahto{s therefore might be
important in the eegu]ation of secreti@ns into the allantoic cavity
dur%ng preg;ency and partueition A]ternat1ve1y, PG's produced in-
the chorioallantois m1qht contribute to the changes in placental per—
fusjon dqr;ng pregnancy and pertur1t1on. ‘

. The factor(s) whjcﬁ‘promote the directed synthesis of PG*s§h
in intrglute?ine tiesues duriné labour is.uncertain. The elevated
concéntrations of PGF and 6-oxo-PGF]a in coty]edoﬁs‘and chdriea]lantois
during‘ACTH-induced labour were €drrelated best.with fhe estrogen

concentrations in these tissues and not with the ratio of estrogen:

progesterone concéntrations see Chépter 5). In add1t10n, in vivo .

“ treatment with estrad1o1 78 %% ovar1ectom1zed non- pregnant sheep

resulted in an increase in the basal output of PGE,'but not 6-0x0-PGF, -,

[} - . ; ‘::
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in vitro from caruncle cell suspensions (see Chapter 7). These
results, and those of dthers (sée’Chapter 1), suggest that estrogen
may be important in the regu]at1on of PG product1on in intra-uterine
tissues. This conclusion is supported by the observat1ons that PG
concentrations and ig_yitrgzoutput in coty]edpns a‘d chorioallantois -
increase between Déys»SO and 100 of pregnancy (see”Chapters 6 and 7),
and that this is associgted.with an increase in the rate”of placental
steroidpgenesis (Thorburn et al., 1977). ) , .

PG content in caruncu]ar cell suspensions was also )
significantly -reduced in the present study fo]]owing_jg_yitrg;pvine
placental dactogen (OPL) treatment. The concentrations of OPL in

cotyledons and chorioallantois are hdghﬂduring early pregnancy. (Chan
al:, 1978) and these high concentrations might contribute to the
Tow PG'concentrations and in vitro output observed in these tissues on
Day 50 of pregnaney (see Chapters 6 and 7). After this times-estrogen”
levels increase (Fevre and Rambauts, 1966), possibly ellowing tor a

partial release from the suppressive effects of OPL on PG cencentra-

" tions. Prior to parturition, however, OPL concentrat1ons deqreese and

~ ~

estrogen concentrations increase (see Chapter 1). The elevated con-
centrat1ons of PGF and 6- oxo PGF] in cotyledons and chorioallantois
during ACTH 1nduced 1abour, therefore, might resu]t from the comb1ned
effects of the xelease from the 1nh1b1tory action of OPL and the
stimulatory actqon of estrogen on PG release from these tissues

The changés in OPL concentrat1ons fo]]owlgg\feta1 death

have not been measured In the present study, PG concentrat1ons in

coty]edonsacollected from ewes in labour assdciated with the presence
. . . * ‘ : > .\'- .oe . \'\
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\ of a dead fetus were not as high as those co]]ected during ACTH-
induced labour (see Chapters 5 and 8). It is poss1b1e that in the
absence of a rise in g]ucocort1co1d congen;rat1ons prior to the
initiation of labour in these animals, OPL concentrations are not
reduced in the cotyledons (see Currie and ThgrbugE; 1977; Currie
et al. 1977) Hence, release from the inhibitory effects of OPL
might not occur in these anlmals and PG product1on in intra-uterine
tissues may be regulated by the changes in the ratios of estroia‘ii V
progesterone concentrations (Carson and Challis, 1981) and pess1bly
also tissue necrosis (yyers et al., 1974). '

In %he myometriqm, progesterene wfthdrawa] associated with

J parturition in rats has been shown‘tg result in an increase in.the
concentrations of estrogen rgcepfg?sd(A1exandrova and Soloff, 1980b).

) it is proposed that an increase in eéyrogén receptors and their F
occupancy by\e;trogen might result in.the appearance of PG receptors

. _ L
.~ and result in the initiation of 1abour In addition; the preparturi-

‘ »

ent 1ncrease in estrogen concentrations may st1mu1ate PG production

in the myometrium and increase PG release from the oéty]edons and
e %

chorioallantois (Liggins g;_gl., 1977). “The resulting §1evated PG
concentr@tiong\in"the peripheral circulation might augment oxytocin
release from tﬁe posterior pituitary’72$a1espie'et al., 19}2' Forsling
et al. 1979), along w1th oxytoc1n released in response to the

Ferguson reflex (see Chapter 1) The comb1n§§ effects of 1ncreas1ng

L 4 -

e s

e

W

ance of uterine act1vity. In addition, prostacyc11n gs been shown

oxytoc1n and PG concentratlons m1ght then be 1mportaj£ 1n the ma1nten-
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.to inhibit uteripe activity in sheep (;ye apd Cha11is,‘1982), and .7
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concentrations of'6-oxo-PGF]a‘were elevated during labour'in
myometrium adjacent to the cervix (see Chapters 5 and 8). It is

possible that the changgs in the ratios of stimulatory:inhibitory PG's

vl

over different areas of the myometrium might be important in“the

—

regulation of the frequency of uterine contractions (see Chapter 5).
In addition, PG‘s‘may also be important in the generation of '
synchronized contractionQ, possibly by facilitating the formation of

- gap junctions (Garfield et al., 1978). '
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