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Summary. Southern blotting of bovine genomic DNA indicated the presence of at least
3 bovine tIFN genes. The full DNA sequence of one of these genes, thought to be
expressed in trophoblast, has been determined, including 193 bp of 3" non-coding
region. The inferred amino acid sequence of bovine LIFN is more similar to ovine tIFN
(80%) than to bovine IFN-a;, (70%). The 5’ flanking sequence has some similarity with
bovine IFN-a,,, and may contain a viral response element.

A recombinant bovine a, interferon (Ciba Geigy; brIFN), resembling tIFN,
extended oestrous cycle length in sheep when administered by intrauterine infusion
over the period, Days 12-15 after oestrus, when maternal recognition of pregnancy
occurs. Intramuscular injection was only effective at the doses used il given over a
longer period (i.e. Days 9-15).

Our experiments indicate that both tIFN and brIFN inhibit luteolysis by prevent-
ing a rise in endometrial oxytocin receptor concentrations, and suggest that tIFN
achieves this by extending the time for which progesterone suppresses oxytocin receptor
development. Further studies are required to confirm this hypothesis and to elucidate
the interaction of the effects of progesterone and tIFN in endometrial cells.
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Introduction

Major advances in our understanding of the factors controlling the corpus luteum during the
oestrous cycle and in early pregnancy in palyoestrous domestic ruminants arose from the studies of
Wiltbank & Casida (1956), Denamur & Mauléon (1963), Moor & Rowson (1964), Caldwell et al.
(1969), Goding er al. (1972) and others between 19355 and 1970. Experimental surgical procedures,
including hysterectomy, hemi-hysterectomy and utero-ovarian autotransplantation, led to the
identification of the uterus as a source of luteolytic compounds at the end of the oestrous cycle in
sheep. Subsequently, the discovery that prostaglandin (PG) F-2a is a venoconstrictor in dogs and is
luteolytic in rats led to its identification as a possible luteolysin of uterine origin in ruminants (for
references see Flint & Hillier, 1975). Later studies showed that PGF-2a was released in episodes at
luteolysis in the sheep, cow and goat (see Flint er af., 1990).

The observation that corpus luteum function is maintained in early pregnancy led to the realiz-
ation that the uterine luteolytic mechanism must be inhibited or overcome in some way between
Days 12 and 18 of pregnancy in sheep and Days 17 and 22 in the cow and Short (1969) coined the
phrase ‘the maternal recognition of pregnancy’ to draw attention to the mechanisms involved.
Experiments in which embryos were flushed from the ovine uterus in early gestation, or translerred
into the uterus in non-pregnant animals showed that the last time at which the blastocyst could be
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removed without prolonging luteal function was Day 12, and Day 12 was also the latest time at
which embryos transferred into the uterus would maintain corpus luteum function. Day 12 is
therefore known as the time of the maternal recognition of pregnancy in the sheep.

In 1967, Rowson & Moor showed in the sheep that the effect of transferring an embryo to the
uterus could be mimicked by the infusion of aqueous extracts of blastocysts. This experiment
identified the blastocyst itself as one possible source of an antiluteolytic substance responsible for
the maternal recognition of pregnancy, and subsequent attempts to identify this substance led to its
partial purification and identification as a protein, named trophoblastin (Martal er al., 1979). This
protein was later found to be identical to the major secretory product of the blastocyst in vitro.
identified after culture in the presence of labelled amino acids and subsequent two-dimensional
polyacrylamide gel electrophoresis, which Godkin et al. (1984) named ovine trophoblast protein 1.
This protein was produced by trophoblastic vesicles in culture, bound to endometrial receptors,
and prolonged the luteal phase of the cycle when administered to the uterus in purified form (see
Bazer er al., 1986).

The final identification of the ovine antiluteolysin was achieved simultaneously in 1987/8 by
groups in Europe and the USA, using amino acid sequencing of the purified protein and cDNA
cloning (Stewart et al,, 1987; Imakawa er al., 1987; Charpigny et al., 1988; Charlier er al., 1989).
These groups showed that the purified protein was a member ol the interferon (IFN)-a,, family of
proteins, with a greater than 70% homology Lo known bovine IFN-u,, sequences. More recently the
trophoblast 1FNs (tIFNs) have been shown to possess antiviral activity (Pontzer et al., 1988;
Roberts et al., 1989), and to bind to endometrial receptors (Stewart er al., 1987; Hansen er al.,
1989). Furthermore, detailed studies have been carried out by in-situ hybridization on the time of
onset and cessation of secretion of tIFNs (Farin er a/., 1989) and several studies have been made of
the effects of pure IFNs administered systemically and into the uterus (Plante et al.. 1988; Stewart e/
al., 1989a). Bovine tIFNs have also been cloned and sequenced (Imakawa er al., 1989).

These studies have highlighted a number ol questions (see Stewart, 1990) which are the subject
of current research. These include the mechanisms controlling tIFN secretion, the mechanism of
action of tIFNs, in particular their effects on oxytocin receptor concentrations in the endometrium,
and possible compounds acting synergistically with trophoblastic interferons. The work described
here was undertaken to attempt Lo clarily these questions.

The molecular biology of trophoblast interferon synthesis: studies on the number of
interferon-a genes expressed in the trophoblast

Several cDNAs encoding sheep and cow tIFNs have been cloned and sequenced (Imakawa er al.,
1987, 1989; Charlier et al., 1989; Stewart et al., 1989b, 1990) and amino acid sequences have also
been determined for sheep tIFNs separated by HPLC (J. Martal, personal communication). The
results show that, in the sheep. there are at least 5 isoforms of the protein and in the cow at least 4,
having minor differences in nucleotide and in amino acid sequences. None of the bovine tropho-
blast cDNAs is identical to any of the 6 bovine IFN-u genes previously sequenced. 11 1s not known
whether the different isoforms represent different alleles of the protein, or result [rom the expression
of more than one gene. We have approached this question by Southern blotting of bovine genomic
DNA, using a cDNA isolated from a bovine blastoecyst cDNA library (Stewart er al.. 1990).

A bovine cDNA library was prepared from mRNA obtained from a bovine conceptus on Day
18; cDNA was cloned in Agtl0 and positive clones were isolated by probing with labelled bovine
tIFN cDNA. The sequence of one cDNA isolated from this library was identical to the nucleotide
sequence of a bovine gene subsequently isolated using the bovine cDNA to probe a bovine genomic
library (see helow).

For Southern blotting, bovine DNA isolated from blood cells was treated with proteinase K,
extracled with phenol and precipitated with ethanol; this DNA was restricted with Bam H1. Hind
11 and Eco R1 and subjected to clectrophoresis on an 0-8% agarose gel before blotting onto nylon.
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This blot was probed with radiolabelled bovine tIFN ¢cDNA obtained as described above, and at
least 3 genes were identified in the Bam HI and Hind ITI digests (Fig. 1). Restriction with Eco R1
generated more than 3 hybridizing bands; this presumably reflects the presence of an Eco R1 site in
the region to which the probe hybridizes, in the gene described (and possibly in other genes). One of’

the Hind III fragments was 4 kb in length, and this may correspond to the fragment subsequently
cloned (see below).
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Fig. 1. Southern analysis of bovine genomic DNA (20 pg) restricted with Bam HI, Hind III
and Eco R1, hybridized to bovine tIFN cDNA. Size markers comprising Hind IIl-restricted
wild-type ADNA are indicated.

Genomic sequencing and identification of upstream viral response sequences

Twenty positive clones identified in a bovine genomic library, prepared as a Sau 3A partial digest of
bovine DNA cloned into the Bam H1 site of 22001 (kindly donated by J. Walker and S. Heathy,
MRC Laboratory of Molecular Biology, Hills Road, Cambridge, UK) were identified by probing
with a radiolabelled ovine tIFN cDNA. After a second screening using a 54-mer oligonucleotide
probe for the ovine tIFN, a 3-8 kb Hind III fragment, derived from a 20 kb positive genomic clone,
was subcloned into Bluescribe. Single-stranded DNA sequencing was performed on overlapping
subclones in both directions. The resulting genomic sequence (Fig. 2; Stewart er al., 1990) included
193 base pairs upstream of the translation initiation codon, 585 base pairs of the coding region, and

at least 300 base pairs at the 3’ end of the gene. In common with other [FN genes this sequence
contains no introns.
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Fig. 2. Sequence of the bovine LIFN gene, including 5’ and 3' flanking sequences. The deduced
amino acid sequence shows the signal peptide (S1-523), and the 172-residue TFN gene product,
Putative CAAT (bases — 105 to —99) and TATA (bases — 26 to — 18) boxes are underlined. as
are the translation start and termination codons and polyadenylation signal. Vertical arrows
mark the transcription start sites. (From Stewart et al., 1990.)
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There are three pieces of evidence which make it appear likely that this genomic sequence codes
for a protein expressed in the blastocyst. Firstly, the nucleotide sequence is identical with that of a
cDNA isolated from a bovine cDNA library (see above); secondly, this sequence has a closer
homology with that of ovine {IFN than with any other bovine IFN, and a lack of identity with any
previously described bovine IFN-o; and lastly the gene was isolated using a probe coding for an
ovine tIFN; this probe hybridizes to an mRNA from bovine trophoblast with expected size and
time course of appearance during pregnancy.

The ¢cDNA was 727 base pairs long and included the whole coding region of the protein. The
amino acid sequence for which this ¢cDNA and the gene code, and their nucleotide sequences,
differed from all 3 bovine cDNA sequences described by Imakawa ef al. (1989). There are 8 nucleo-
tide and 3 amino acid differences compared with the coding sequence reported by Imakawa et al.
(1989). The existence of 4 variants of bovine tIFN cDNA sequence is consistent with the identifi-
cation of several isoforms of the protein by two-dimensional polyacrylamide gel electrophoresis
(see Bazer et al., 1986).

The predicted amino acid sequence of bovine tIFN had a higher homology with ovine tIFN
than with the bovine IFN-u,, sequence described previously (Table 1). The amino acid sequence of
bovine tIFN was 70-4% identical to bovine IFN-u,,.

Table 1. Comparison of mature amino acid sequences for various
mterferon (IFN) molecules after removal of the signal peptide

Identical residues (%)

Ovine
trophoblast Bovine Bovine
IFN* IFN-o,;t IFN-ayf
Bovine trophoblast TFN T9-7 5046 70-4
Ovine trophoblast IFN — 476 66-3
Bovine IFN-u, — - 533

*Stewarl ef al. (1989b).
TCapon er al. (1985).

Primer extension analysis was performed to determine the transcription initiation site of the
gene using a 54 base oligonucleotide complimentary to bases §8-142 of the coding sequence of
ovine tIFN, A major product of 214 bases and a minor product of 211 bases were synthesized, and
these defined transcription start sites at adenine residues —73 or —70 from the translation start
codon, These putative CAP sites were close to, but distinct from, the CAP site sequence CAGAGA
which is conserved in previously reported IFN-u genes. Thereflore, it appears that the transcription
start site of the IFN-o genes expressed in the trophoblast may differ from those of other IFN-u
genes. Comparison with 5 sequences obtained from bovine tIFN cDNAs does not clarify this
question, as the cDNA obtained here was not full length (missing 22 nucleotides from the 5" end)
and those of Imakawa er al. (1989) have a marked and unexplained lack of homology with the
bovine tIFN gene in this region.

The 5' region of the gene contains sequences characteristic of other eukaryotic genes, including
a sequence al —26 from the transcription start site which is similar to the consensus TATA base
sequence, and a possible CAAT box between bases — 105 and —99. Upstream of base — 38 the
sequence remains similar to bovine IFN-q,, but the degree of homology is reduced. The region
— 106 to — 54 corresponds to the region known to be responsible for viral induction in human IFN-
@, and with a similar region in human IFN-f. The homology of the virus response element to bovine
[FN-g, with the analogous region of bovine tIFN is 74%. The trophoblastic sequence contains
the characteristic high frequency of purine residues typical of this region of 1FN-a. Aligning
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the bovine trophoblast 5 flanking sequence with the consensus sequence of Ryals er af, (1985;
Fig. 3) reveals that the nucleotides of the consensus sequence are mainly represented. Furthermore,
alignment with the 5' sequences given by Dinter & Hauser (1987) shows that 80% of residues in the
tIFN promoter are represented in at least one of a range of mouse, human or bovine u- or p-viral
response elements. However, the hexamer sequences identified as responsible for viral responsive-
ness in human IFN (Fujita et al., 1987) are only weakly represented in bovine IFN-u,, and tIFN,
although the tetramer GAAA appears three times. A sequence similar to that of the negative regu-
latory domain of the IFN-f promoter is not found in bovine tIFN. As a result of these comparisons
it is probable that bovine tIFN can be induced by viral infection, but sequence differences do exist
and lurther experiments with a bovine tIFN promoter will be required Lo confirm this.
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Fig. 3. The 5 flanking sequences of the bovine tIFN gene aligned with the consensus sequence
for viral induction of human IFN-¢; and IFN-u;; derived by Ryals ez /. (1985) and with bovine
IFN-u, (Capon er al.. 1985). Dots represent nucleotides which are not conserved in all IFNs
described. Numbering is from the CAP site. The tetramer GAAA has been underlined wher-
ever it occurs in the virus response region, The TATA box and translation initiation site are
boxed, and arrows indicate transcription start sites. (From Stewart er al., 1990.)

In-vivo experiments

Studies with recombinant bovine a-interferon

A high level of embryo mortality is known to occur in domestic ruminants during early preg-
nancy coincident with the period of maternal recognition of pregnancy. It is possible that a failure
of the timing and/or the intensity of the embryonic antiluteolytic signal could be implicated in
causing some embryo loss. As described above, the trophoblast proteins responsible for the estab-
lishment of pregnancy in sheep and caws are interferons of the ¢ family which interact with sheep
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endometrial receptors Lo reduce the secretion of the uterine luteolysin PGF-2a permitting the con-
tinued secretion of luteal progesterone. It was therefore of interest to establish whether an available
recombinant « interferon produced initially for study of its antiviral activity (brIFN; gift of Ciba
Geigy. Basle, Switzerland) extended luteal function in cyclic sheep. Previous investigations (Stewart
et al., 1989a) had shown that brlFN exhibited 40% amino acid sequence homology with tIFN and
that unlabelled brIFN could displace the binding of *?*I-labelled IFN to sheep endometrial recep-
tors. However, the level of binding with the brIFN to receptors was only 20% that obtained with a
125].1abelled human interferon (Sigma, Poole, Dorset, UK).

The results of these initial studies showing that brIFN does extend luteal function in ewes have
been reported (Stewart ef al., 198%9a). This report extends these observations, particularly by com-
paring the effects of systemic and intrauterine administration of brIFN to sheep and by investigat-
ing suppression of secretion and/or release of uterine PGF-2a measured on Days 14 and 15 after
oestrus, the period of expected luteolysis in the normal cyclic ewe.

Two series ol experiments have been completed during the breeding season using polled Dorset
ewes to study the ability of brIFN to extend cycle length, using the general protocol previously
described (Stewart et al., 1989a). Oestrus and ovulation were synchronized in the ewes by using a
progestagen-releasing intravaginal sponge (Chronogest, Intervet, Cambridge, UK) for 12 days.
After sponge removal, each ewe received 320i.u. PMSG (Intervet) and 350 pug cloprostenol
(Estrumate, Coopers Animal Health, Crewe, UK) by intramuscular injection. Oestrus was detected
using raddled vasectomized rams. When required, bilateral uterine catheters were inserted on Day 7
after oestrus, using appropriate anaesthetic and sterile surgical procedures as previously described
(Stewart et al., 1989a). In all sheep a jugular venous catheter was inserted for routine blood collec-
tion procedures, Daily blood plasma samples were assayed to determine progesterone concen-
trations and therefore cycle length, and all ewes were slaughtered on Day 19 after oestrus when the
reproductive tracts were examined for corpora lutea and, when appropriate, to confirm the position
and patency ofl ulerine cannulae. Animals were considered to be in the luteal phase if plasma
progesterone concentrations were =03 ng/ml. For statistical analysis animals with corpora lutea
at slaughter on Day 19 were allocated a cycle length of 20 days. Methods for procedures and
validation of RIAs for the stable plasma PGF-2a metabolite 13,14-dihydro-15-keto PGF (PGFM)
and for plasma progesterone were as described by Parkinson & Lamming (1990).

In Exp. 1, three doses (200 pg, 667 pug and 2000 pg respectively) of brIFN were administered
mto the uterus daily by constant infusion from Days 9 to 19 after oestrus. A group of control ewes
(N =11) received the vehicle diluent by the intrauterine route over the same period. An additional
group of ewes received 2000 pg brlFN by constant intrauterine infusion from Days 12 to 15.

In Exp. 2 intramuscular administration of brlFN was compared with intrauterine infusion,
using 5 ewes/group. Negative control ewes received the vehicle diluent (i.m.) from Days 9 to 15.
Positive control ewes received 2000 pg brIFFN into the uterus between Days 12 and 15. Two
additional groups received 2-5 mg brIFN i.m. twice daily from Days 9 to [5 or 12 to 15 after oestrus
respectively. In all ewes in both experiments. PGF-2u seeretion was assessed on Days 14 and 15 by
measuring PGFM concentrations in samples collected hourly for 8 h,

The results are presented in Figs 4 and 5 which include data on the percentage of ewes with
extended oestrous cycles and the treatment effect on cycle length. A dose of 200 pg brIFN infused
into the uterus was not effective in extending the cycle, but 2000 pg brlFN given by the same route
between Days 9 and 19 or 12 and 15 was effective in that a significantly higher percentage of ewes
had extended cycle lengths. The lower infusion rate of 667 pg/day was also effective in significantly
extending cycle length, and appears to approximate the daily threshold dose. As shown in Fig. 5
both 667 and 2000 pg brIFN infused into the uterus significantly depressed mean PGFM concen-
trations on Days 14 and 15 when compared to the control group, but sheep receiving the 200 pug
daily dose surprisingly showed higher (P < 0:03, Day 14) PGFM values than did controls.

The results for Exp. 2, also shown in Figs 4 and 5 for comparison, confirm that 2000 ug briFN
infused into the uterus daily from Days 12 to 15 significantly extends cycle length with a significant
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Fig. 4. Effects of intrauterine (i.u.) or systemic (i.m.) administration of bovine @, interferon
{(brIFN) on (a) % of ewes with luteal function extended beyond Day 19 and on (b) mean
(+s.d.) luteal phase length. There were at least 5 ewes/group. In (a) combined increase in ewes
with luteal extension P < 0-01 for Exp. | and P < 0-05 for Exp. 2 (G test); in (b) *P < 0-05,
#% P < (01 (analysis of variance), For treatment see text,

suppression of PGFM concentrations on Day 14-15, and that i.m. administration of 2:5 mg brlFN
twice daily from Days 9 to 15 also achieves this effect. However, a similar i.m. regimen from Days
12 to 15 was not effective, the degree of cycle length extension being intermediate between that of
control ewes and the Day 9-15 brIFN i.m. treatment.

Effect of brIFN on body temperature

Intramuscular injection or intrauterine infusion both caused an increase in rectal temperature
(Fig. 6). In both cases, this increase occurred only after the initial brlFN treatment; subsequent
treatments had no effect on temperature. Intramuscular injection of brlFN caused a 1:25-1-5°C
increase with the peak occurring 3 h after injection (3 h was the earliest measurement obtained),
whereas intrauterine infusion resulted in an increase of 0-75°C, with the peak occurring at 6 h.

Summary of in-vivo effects

These studies therefore confirm that the brlIFN studied (Ciba Geigy), like conceptus secretory
proteins and tIFN, significantly extended interoestrous intervals when infused into the uterus of
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Fig. 6. Rectal temperature changes in ewes receiving brIFN (bar and arrows) by constant
intrauterine infusion or by twice daily intramuscular (i.m.) injection compared to vehicle-
injected control ewes.

cyclic ewes over the period equivalent to the maternal recognition of pregnancy in sheep (i.e. Days
12-15 after oestrus). This effect was accompanied by suppression of PGF-2a secretion as revealed
by lower plasma PGFM values on Days 14 and 15 after oestrus. Systemic administration of brIFN
was less effective in extending luteal function and suppressing PGF-2a secretion in cyclic sheep and
at the dose used required initiation earlier than with intrauterine infusion, administration between
Days 9 and 15 being effective while that between Days 12 and 15 was not.
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Fig. 7. PGFM concentrations in plasma after oxytocin challenge for (a) cyclic ewes receiving
intrauterine infusions of serum proteins (0SP). Day-16 conceptus secretory proteins (0CSP) or
bovine recombinant interferon @, (brIFN) and (b) ovariectomized ewes treated with progester-
one and intrauterine infusions of oSP, 0oCSP and brIFN. Mean endometrial exytocin receptor
concentrations were (a) 884, 76 and 153 fmol/mg protein and (b) 690, 303 and 857 fmol/mg
protein for the oSP, oCSP and brIFN treated groups, respectively. In (a) the oCSP and brlFN
treated ewes were not different from each other as measured by oxytocin receptor concen-
trations or plasma PGFM concentrations after oxytocin challenge. The oCSP- and brIFN-
treated ewes combined had lower oxytocin receptor concentration (P < 0-05) and less PGFM
in plasma (P < 0-05) after oxytocin challenge than did ewes treated with oSP. In (b) the oSP-
and brIFN-treated ewes did not differ for oxytocin receplor concentration or PGFM. The oSP
and brIFN groups combined had higher (P < 0-05) oxytocin receptor concentrations and
PGFM (P < 0-1) values than did oCSP-treated ewes.

The mechanism of the antiluteolytic action of trophoblast and recombinant interferon

It has been shown that the ovine tIFN was the only protein secreted by the sheep conceptus
which could extend the interoestrous interval when infused into the uterus of cyclic ewes (Vallet et
al., 1988). It has also been shown that this extension was due to the inhibition of PGF-2u release
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caused by oestradiol and oxytocin. It has been suggested that oestradiol- and oxytocin-induced
release of PGF-20 are mediated through the oxytocin receptor in endometrium (McCracken, 1980).
Thus a possible mechanism for tIFN-induced interruption of the cycle is via inhibition of
endometrial oxytocin receptor concentrations.

To examine this possibility, conceptus proteins collected from cultures of conceptuses recovered
on Day 16 of pregnancy (oCSP). brlFN or ovine serum proteins (oSP) were infused (1 mg twice
daily) into both uterine horns of cyclic ewes on Days 12, 13 and 14 after oestrus. Ewes received
oxytocin challenge (1 pgin 1 ml saline) on Day 15 of the cycle and blood samples were collected just
before and at 10-min intervals for | h after oxytocin challenge and measured for PGFM. Ewes were
then slaughtered and endometrium was collected and processed for measurement for oxytocin
receptor. Both the oCSP and brIFN inhibited (P < 0-05) endometrial oxytocin receptor and
oxytocin-induced PGF release (Fig. 7a) suggesting thal a decrease of endometrial oxytocin receptor
concentration is the mechanism whereby both the natural and recombinant IFNs extend the
interoestrous interval.

How the natural and recombinant interferons act to inhibit endometrial oxytocin receptor con-
centrations requires an understanding of the control of these receptors during the cycle.
McCracken (1980) proposed that cestradiol at the end of the cycle induces these receptors. Recent
evidence. however, suggests that this hypothesis is incorrect. Vallet et al. (1990) have implicated
progesterone as the main [actor involved in controlling endometrial oxytocin receptor concen-
trations. Progesterone treatment of suitably pretreated ovariectomized ewes first inhibits then
stimulates endometrial oxytocin receptor expression. Since tIFN does not have a direct effect on
endometrial response to oxytocin (Vallet & Bazer, 1989) it is likely that tIFN inhibits expression of
endometrial oxytocin receptors by prolonging the inhibitory effect of progesterone.

To test this hypothesis, ewes were ovariectomized and then allowed to recover for 1 week. Ewes
then received fluorogestone acetate-containing intravaginal pessaries for 10 days. followed by
oestradiol treatment (25 pg twice daily for 2 days) and subsequently progesterone (10 mg twice
daily for 12 days), a treatment that increases both endometrial oxytocin receptors and uterine
responsiveness to oxytocin (Vallet er al., 1990). Ewes received intrauterine infusions of oCSP,
brIFN or oSP (1 mg) into both uterine horns twice daily on Days 10, 11 and 12 of progesterone
treatment. On the morning of the following day, ewes were challenged with oxytocin and endo-
metrium was collected to measure endometrial oxytocin receptor concentrations as described
above. In this experiment, only oCS8P inhibited endometrial oxytocin receptor (P < 0-05) (Fig. 7b)
and had only a marginal (P < 0-1) inhibitory effect on uterine responsiveness to oxytocin as
measured by PGFM. The brIFN had no effect on either oxytocin receptor level or PGFM
response to oxytocin.

There are’several possible explanations for the difference between the results of this experiment
with ovariectomized hormone-treated ewes and the previous experiment with eyclic ewes. First, it is
possible that oCSP contain factors, other than IFN, which suppress oxytocin receptor concen-
trations i ovariectomized ewes. However, the results ol Vallet ez al. (1988) indicate that tIFN is the
only protein in oCSP which extends the cycle. A second possibility is that the timing of infusion in
the ovariectomy experiment with respect to the progesterone treatment was not optimal. Vallet er
al. (1990) reported that oxytocin receptor concentrations were low after 5 days and higher after 12
days of progesterone treatment. Progesterone therefore induces oxytocin receptor between Days 5
and 12 (now known to be by Day 10: unpublished data). 1t is possible that receptor concentrations
were already increased when infusions began. It is also possible that the optimum effect of oCSP
and brlFN requires that they be administered before the increase in receptor concentration occurs;
this is what occurs in vive during pregnancy. This explanation implies that oCSP/UIFN is more
potent than brlFN in suppressing oxytocin receptor levels. In fact, antiviral activity of oCSP and
brl'N infused into the ovariectomized ewes was 10 times greater than that of brIFN, and this is a
possible explanation. Therefore, when timing of infusion was not optimal, only oCSP may have
been potent enough to inhibit the expression of the oxytocin receptor.
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