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The rosette inhibition test was used to determine early pregnancy factor activity in culture
media from oestrous mouse ovaries and oviducts stimulated in vitro for early pregnancy
factor production under different experimental conditions. Embryo conditioned media,
platelet-activating factor and cortical granule release media could all stimulate the
production of early pregnancy factor by oestrous mouse ovaries and oviducts. This
stimulation was completely blocked by the presence of BN 52021, a platelet-activating
factor receptor antagonist. This study indicates that platelet-activating factor is the 'ovum
factor' released by the zygote on fertilization to initiate the synthesis of early pregnancy
factor.

Introduction
is one of the earliest biochemical
indicators of pregnancy (Morton et al, 1974). It has been
detected at about the time of the pronuclear stage of the
embryo in all mammals investigated including mice (Morton
et al, 1974), humans (Morton et al, 1977), several domestic
(Morton et al, 1979; Nancarrow et al, 1981) and exotic species
(H. Morton, personal communication). Cavanagh et al (1982)
proposed that the synthesis of EPF was initiated by a signal
from the fertilized ovum ('ovum factor') and subsequently
demonstrated that oestrous mouse ovaries and oviducts
together in culture could be induced to release EPF in response
to the addition of embryo conditioned media (ECM, a source of
'ovum factor') and prolactin to the culture media (Cavanagh,
1984), thereby confirming that the maternal ovaries are the
initial site of EPF production.

Early pregnancy factor (EPF)

In mice and humans fertilization induces a pregnancyassociated thrombocytopenia (O'Neill, 1985a) which has been
attributed to the release of platelet-activating factor (PAF) by
the zygote (O'Neill, 1985b,c). Ammit and O'Neill (1991)
subsequently confirmed the release of embryonic PAF into
culture media, and O'Neill and Saunders (1984) identified a
correlation between media PAF concentration, embryo implan¬
tation rate and successful pregnancy. Orozco et al (1986)
injected PAF into mature female mice at four stages of the
oestrous cycle, mature male mice and immature female mice.
Only animals that were in dioestrus, pro-oestrus or oestrus
gave a positive EPF result within 1 h of injection. This group
also demonstrated that PAF in combination with oestrous
mouse serum could give a positive response in the rosette
inhibition test (Orozco et al, 1990). They went on to show that
soluble factors (S2 factors) were produced by the spleen cell
population in response to the PAF and that they came from the
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lipoxygenase pathway (Clarke et al, 1990). Sueoka el al. (1988)
investigated whether the administration of PAF to rabbits
would stimulate the production of EPF and, if so, which organs

involved. Concentrations of EPF were measured after the
administration of synthetic PAF to intact rabbits (i.V. injection
into the marginal ear vein), rabbits after bilateral salpingo—
oophorectomy and isolated in vitro perfused rabbit ovary or
oviduct. Serum EPF was detected 30 min after PAF injection
into intact rabbits; no EPF response was detected from rabbits
that had undergone bilateral salpingo—oophorectomy only.
From the experiments performed in vitro they found EPF only
in the perfusate from both ovaries and oviducts; however, if the
perfusates from the two organs perfused separately were
combined, a positive EPF response was obtained (Sueoka et al,
1988). All other studies investigating the relationship between
PAF and EPF have involved mice as the experimental animal.
Cavanagh et al (1991) carried out similar experiments to
Orozco el al (1986) but compared the efficacy of PAF and
ECM to induce an EPF response from whole animals (mice) and
in the in vitro culture system (Cavanagh, 1984). They found
that ECM and PAF had different reactions in mice; PAF could
elicit a response in male as well as female mice and the response
time was faster than for ECM, whereas ECM could only elicit
a response from female mice. In their in vitro culture system
PAF could not elicit an EPF response.
were

Materials and Methods

Animals
Mature C5 7BL/6J BALB/cJ and BALB/cJ x C57BL/6J Fj
hybrid female mice (6-10 weeks old) were used throughout for
the organ culture experiments. Spleens from mature male mice
of the same Fj hybrids were used for the lymphocyte prep¬
aration in the rosette inhibition assay. All animals

by

cervical dislocation. The animals

were

were killed
housed in cages with
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water and food (Reliance Stock Food Pellets, Dunedin, NZ)
ad libitum and were on a 12 h light:12 h dark cycle with lights
on at 07:30 h. All animal experiments had animal ethics

committee

approval.

Determination
Animal
smears

oestrus

of oestrus

cyclicity was determined by examination of vaginal

(van der Salm and Legge, 1994). Those animals in
were killed and dissected under sterile conditions for

removal of ovaries and oviducts.

Embryo conditioned media (ECM)
Mice were superovulated using 12 iu pregnant mares
serum gonadotrophin (PMSG, Folligon, Intervet, Pharmaco,

48 h later by 20 iu hCG (Sigma Chemical
Co., St Louis, MO) (Legge and Sellens, 1994). Males were
introduced at this stage and females checked for vaginal plugs
on the next morning. Animals with vaginal plugs were killed
and their embryos collected into embryo culture media. After
three washes, the embryos were cultured in Hoppe and Pitts
embryo culture media (Hoppe and Pitts, 1973) for 24-48 h at
37°C in a 5% C02 in air incubator. Media were collected and
used either fresh or stored at 20°C until required for use.

Auckland) followed

sterile Hank's balanced salt solution (HBSS), washed briefly and
transferred to RPMI 1640 tissue culture media containing
penicillin (100 units ml" ) and streptomycin (100 pg ml- ).
Both sets of ovaries and oviducts from each animal were
cultured together in a total of 2 ml of culture media. The
cultures were maintained in a humidified atmosphere of 5%
carbon dioxide in air at 37°C for 24 h. The media were then
collected and replaced with fresh RPMI 1640 containing the
agents (PAF, ECM or CGRM) to be tested both in the presence
and absence of prolactin (sheep, 0.2 pg, Sigma Chemical Co.).
The agents were used at the following concentrations: 0.2 ng
platelet-activating factor (Sigma Chemical Co.), 50 µ ECM,
and 50 µ CGRM. PAF receptor antagonist (BN 52021,
10 nmol 1~ Sigma Chemical Co.) was added at the same time
as the PAF, ECM and CGRM in the inhibitor experiments. The
cultures were incubated for 48 h and the medium was then
replaced once more with the same additives. All media were
collected and stored at 20°C until required for assaying in
the rosette inhibition test. Ovaries and oviducts were also
cultured separately, and each of the agents was tested but not
with the inhibitors. Control cultures contained either ovaries
and oviducts, ovaries alone or oviducts alone with culture
media alone or in the presence of prolactin.
,

—

Rosette inhibition test

—

the rosette inhibition test as estab¬
adapted by Rolfe et al.
(1984) using mouse lymphocytes, a rabbit anti-mouse antilymphocyte serum and human red blood cells. This assay has
been previously described by Lash and Legge (1994). Briefly,
lymphocytes were isolated from mouse spleens according to
Rolfe et al. (1984). The spleens from male BALB/cJ x C57BL/6J
Fj or C57BL/6J BALB/cJ Fj mice were used throughout these
investigations. Rabbit anti-mouse anti-lymphocyte serum was
raised according to Morton et al (1975) using lymphocytes
from BALB/cJ C57BL/6J F1 and C5 7BL/6J BALB/cJ F1 male
mice. Human red blood cells were collected fresh each day by
finger prick from the same donor and washed three times in
Hank's balanced salt solution (HBSS). Guinea-pig complement
was purchased from Serotec Ltd. (Oxford). The rosette inhibi¬
tion titre is taken as the highest dilution of anti-lymphocyte
serum (ALS) in which the number of rosettes is less than 75%
of the number found in the two control tubes. This titre is
expressed as log2 (reciprocal ALS dilution) 10 7. A sample is
positive for EPF if it has a rosette inhibition titre > 14 (Rolfe
et al, 1984). The rosette inhibition test is not a quantitative
assay. A sample is either positive or negative for EPF activity;
the concentration of EPF activity in an assay cannot be
measured.
EPF

lished

Cortical granule release media (CGRM)

Oocytes were induced to release their cortical granules by
the method of Ducibella et al. (1988). Oocytes were collected
from superovulated (PMSG/hCG) mice into magnesium- and
calcium-free Hoppe and Pitts embryo culture medium. Cumulus
cells were removed by treatment with bovine testicular
hyaluronidase (Sigma Chemical Co.) and washed three times
before they were transferred into media containing 5 pmol
A23187 1_I (calcium ionophore, Sigma Chemical Co.) for
2 min. The oocytes were then transferred to fresh media
without ionophore and left for 30 min at 37°C in 5% carbon
dioxide in air incubator. This media was taken to contain the
products of cortical granule exocytosis and was used either
fresh or stored at 20°C until required for use.
-

Quinacrine embryo conditioned media
Embryos were collected and incubated in quinacrine
1
(100 µ
Sigma Chemical Co.) for 24 h as described by
al.
The media was collected and stored at
et
(1987).
Braquet
~

,

20°C until

required for use

in the inhibitor studies.

—

was

by

assayed using

Morton et al (1974) and

"

Organ culture
Five cultures were established for each experimental group.
Organ culture of oestrous mouse ovaries and oviducts was
established according to the method of Cavanagh (1984).
RPMI 1640 tissue culture media (Gibco, Life Technologies,
Auckland) containing penicillin (100 units ml Sigma Chemi¬
cal Co.) and streptomycin (100 pg ml" Sigma Chemical Co.)
was used throughout. Briefly, ovaries and oviducts were
removed from animals in oestrus and immediately placed in
~

,

,

Results
Oestrous ovaries and oviducts cultured

together

Oestrous ovaries and oviducts

were cultured with ECM,
without prolactin and BN 52021. ECM
induced EPF activity in the culture system only in the presence
of prolactin. PAF could induce EPF activity in the culture
system both in the presence and absence of prolactin (Table 1).

PAF, CGRM with

or
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Table 1.

Early

pregnancy factor (EPF) response to
and oviduct culture in vitro

mouse

Table 2.

oestrous ovary

Prolactin

RPMI 1640
EPF response

BN 52021
EPF response

Negative
Negative

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Early

pregnancy factor (EPF) response to
culture in vitro
Prolactin

ECM

+

PAF

+

CGRM

+

Positive

Negative
Positive
Positive
Positive

Negative
ECM: embryo conditioned media; PAF:
cortical granule release media.
5 for each group.

platelet activating factor;

CGRM:

EPF

Response

Negative
Negative

RPMI 1640

RPMI 1640

mouse

oestrous ovary

Positive

ECM

Negative
PAF

+

CGRM

+

ECM: embryo conditioned media; PAF:
cortical granule release media.
= 5 tor each
group.

Positive
Positive
Positive
Positive

platelet-activating factor;

CGRM:

=

CGRM had a similar pattern of action as the ECM and could
induce EPF activity only in the presence of prolactin. No EPF
activity was detected in any of the cultures that contained
RPMI 1640 alone or that were in the presence of prolactin
alone. There was no EPF activity in any of the cultures that
contained trace amounts of A23187. When the same series of
cultures were established in the presence of BN 52021 (a PAF
receptor antagonist), the ability of ECM, PAF and CGRM to
induce EPF activity was abolished completely, regardless of the
presence of prolactin (Table 1).
Media was collected from embryos that had been cultured in
the presence of quinacrine (an inhibitor of phospholipase A2
involved in PAF biosynthesis), which was used in the in vitro
culture system for the production of EPF. No EPF activity was
detected in these cultures either in the presence or absence of
prolactin. We have no evidence to suggest that quinacrine
affects the rosette inhibition test itself.
For each experimental group all media tested gave identical
EPF results.

Oestrous ovaries and oviducts cultured

separately

The site of EPF production was determined by culturing
oestrous ovaries and oviducts separately with ECM, PAF and
CGRM with and without prolactin. EPF was not present in any
of the oestrous oviduct cultures with ECM, PAF or CGRM
with or without prolactin. The pattern of detectable EPF
activity from the cultures with oestrous ovaries alone was
identical to that of oestrous ovaries and oviducts cultured
together (Table 2) except after treatment with CGRM. In the
cultures with ECM, EPF activity was detectable only in the
presence of prolactin. Both the PAF and CGRM induced a
positive EPF response regardless of the presence or absence of

prolactin.

For each experimental group all media tested gave identical
EPF results.

Discussion
The chemical nature of the EPF inducing 'ovum factor' has not
been elucidated, although several studies have attempted to do

this. At present only one definitive candidate molecule, PAF,
has been investigated. This lipid is very potent in its activity
and is known to be released by preimplantation embryos
(Battye et al, 1991). Several studies have investigated the
relationship between PAF and EPF, and different conclusions
have been presented. Cavanagh et al (1991) concluded that
there was no relationship between PAF and 'ovum factor' since
they gave different responses in vivo, in mice and in an in vitro
culture system. They identified a positive response to PAF in
female and male mice (with ECM only positive in female mice)
and the time course of activation of EPF was different between
mice injected with PAF and ECM (PAF induced EPF activity
was first detectable at 1 h after injection, had declined signifi¬
cantly by 2 h after injection and was completely abolished by
3 h after injection; ECM induced EPF activity, however, was
first detectable at 2 h after injection and increased up to 6 h
after injection). However, Sueoka et al (1988) and Orozco el al
(1986) both concluded that PAF and 'ovum factor' were
identical.
Contrary to the results of Cavanagh et al. (1991), we were
able to demonstrate the activation of EPF release from oestrous
ovaries and oviducts in culture in the presence of PAF. It must
be noted here that the concentration of PAF used in this study
was ten times greater than that used by Cavanagh et al (1991),
although it was comparable to the concentrations described in
embryo culture media (Ammit and O'Neill, 1991). The other
difference between the culture system of Cavanagh et al (1991)
and our system was the media used and the presence of bovine
serum albumin (BSA) in their media. The culture media should
not affect the system since in the original report of this culture
system (Cavanagh, 1984) RPMI 1640 was used. The effect of
BSA in the culture media is, however, more significant. BSA is
known to bind PAF (Kudolo and Harper, 1990) and inhibit its
biological activity. On the basis of BSA:PAF binding studies
(Kudolo and Harper, 1990) we consider that there was
sufficient BSA in the culture system used by Cavanagh to
inhibit the action of PAF on the organs in culture and negate an
EPF response.
Further evidence that PAF is the 'ovum factor' comes from
the inhibitor studies done with BN 52021. BN 52021 is a
specific PAF receptor antagonist and has been used in several
studies that have attempted to elucidate the role of PAF in the
Downloaded from Bioscientifica.com at 11/19/2018 06:23:58PM
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establishment of pregnancy (Acker et al, 1988; Norris et al,
1994; O'Neill, 1995; Velasquez et al, 1995). When BN 52021
was added to the culture system, no EPF activity was detected
in response to any of the agents used: ECM, PAF and CGRM.
If PAF was working through its receptor and a second
messenger pathway to switch on the synthesis of PAF, it is
expected that in the presence of BN 52021 this action of PAF
would be inhibited. BN 52021 was also able to inhibit the
synthesis of EPF in response to ECM and CGRM, suggesting
that whatever they contain that induces the synthesis of EPF
also acts through the PAF receptor and in all probability is
PAF. Taking together the results that PAF has the same ability
as ECM to induce the synthesis of EPF from mouse ovaries and
oviducts in culture and that a specific PAF receptor antagonist
inhibits this ability, it can be concluded that PAF is the 'ovum
factor'.
To date the origin of the 'ovum factor' has not been
investigated, except that it is present in cultures of embryos but
not oocytes. Whether it is newly synthesized on fertilization or
comes from a store within the oocyte that is released on
fertilization has not been documented. We have shown in this
study that the 'ovum factor' can be released from oocytes by
activation of the cortical granule release pathway. Preliminary
data from our laboratory have shown that if the cortical
granule reaction is blocked (as seen with the lectin from Lens
culinaris), the resultant media cannot induce the synthesis of
EPF from the in vitro culture system. It was also shown that
embryos can synthesize the 'ovum factor' since incubation with
quinacrine inhibited its action. PAF can be synthesized by two
different pathways, the 'membrane remodelling pathway' and
the 'de novo pathway'. Quinacrine is an inhibitor of phospho¬
lipase A2, one of the enzymes involved in the 'membrane
remodelling pathway' for PAF synthesis (Braquet et al, 1987).
However, Wells and O'Neill (1992) showed that embryos have
the ability to synthesize PAF. In addition, they showed that the
final enzymes for both the 'de novo pathway' and the 'mem¬
brane remodelling pathway' have been identified in preimplan¬
tation embryos (Wells and O'Neill, 1994). The embryos treated
with quinacrine were still able to synthesize PAF via the 'de
novo pathway'. It is not known whether all PAF synthesis by
these embryos was inhibited but they were in a very minimal
media with no precursors for the 'de novo pathway' and, if
PAF was being produced by this pathway, it may not have
been sufficient to induce an EPF response in the in vitro
culture system.
The role of prolactin in the culture media is still unclear.

Cavanagh et al. (1982) gave no explanation as to why prolactin
necessary in their culture system, although no EPF

was

response is obtained without it. In contrast to ECM and
CGRM, in the case of pure PAF no prolactin was required to
give a positive EPF response. Prolactin possibly removes
inhibitory substances present in the ECM and CGRM so that
they can elicit their action. Further investigations will be
required to identify the role of prolactin in this in vitro system
and to determine whether this has any relevance to the in vivo
situation.
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