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Regulation of embryo survival in cattle
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Evidence is presented that bovine somatotrophin (bST) treatment of lactat-
ing dairy cows enhances both expression of oviductal insulin-like growth
factor II (IGF-II) mRNA and endometrial insulin-like growth factor binding
protein 3 (IGFBP-3) mRNA between day 3 and day 7 of the oestrous cycle.
mRNA encoding growth hormone (GH) receptor in endometrial tissues
increased between day 3 and day 7 of the oestrous cycle. The changes
induced by bST treatment may contribute to stimulation of embryo de-
velopment and increase pregnancy rates in lactating dairy cows. Additive
effects of bST and rb interferon T (rbIFN-T) to inhibit phorbol ester induc-
tion of prostaglandin F70 secretion in immortalized bovine endometrial
cells indicates that there is interplay between their signal transduction
pathways. Non-lactating dairy cows were killed at day 17 after oestrus
to evaluate the effects of pregnancy status (cyclic versus pregnant) and
bST (bST versus control) treatment on endometrial gene expression. Dis-
tinctly different mRNA and protein responses were detected between
cyclic and pregnant cows that were related to luteolytic—antiluteolytic
drive (that is expression of progesterone receptor, oxytocin receptor, oes-
tradiol receptor a and prostaglandin GH synthase 2 (PGHS-2)). The bST-
induced changes in PGHS-2 protein (+), oxytocin receptor mRNA (+) and
oestrogen receptor a protein (+) may potentially affect the mechanisms
associated with maintenance of pregnancy. Two experiments were con-
ducted to evaluate whether ovarian follicular suppression induced by bio-
degradable deslorelin implants would reduce either early or late embryo
losses. A 450 [ig deslorelin implant used to induce ovulation in a timed
insemination programme decreased subsequent follicular development
and tended to reduce early embryo losses, whereas a 2.1 mg deslorelin
implant failed to reduce late embryonic losses when inserted on day 27
of pregnancy.
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Introduction

Reproductive performance in dairy cattle has declined in association with increased milk
production (Lucy, 2001). Owing to alterations in metabolic state associated with lactation

and management of high producing cows, the occurrence and intensity of oestrus as well as

embryo survival have been reduced. Major advances have been made in the control of ovarian

follicular development, ovulation and corpus luteum function that permit insemination at a

fixed time without the need to detect oestrus (Burke et al., 1996; Pursley et al., 1997).

Pregnancy rate for a group of cows is a product of the percentage of cows detected in oestrus
and the percentage of cows that became pregnant after insemination at the detected oestrus.

Optimized timed insemination programmes allow for a 100% submission rate and offer

alternative systems of reproductive management to complement nutritional and herd health

management programmes. Embryo losses are substantial with estimates of early embryo
mortality of 20.5-43.6% with luteolysis occurring before day 24, and of late embryonic

mortality of 8.0-17.5% with return to oestrus after 24 days (Humblot, 2002). Estimates of

pregnancy losses to a timed insemination after an initial positive diagnosis of pregnancy at

approximately day 32 and a second diagnosis at approximately day 74 was 14.6% (Moreira
et al., 2001). Thus, the combination of early and late embryo losses may be about 40%. An

experimental advantage of timed insemination programmes is that they allow investigators

to focus on strategies to improve embryo survival after an insemination associated with a
well-synchronized oestrus or to a timed ovulation. Variability in pregnancy rates associated

with errors in oestrus detection is minimized and provides a greater experimental sensitivity in
examining factors that may improve pregnancy rates. For example, exogenous administration

of bovine somatotroph in (bST) increased pregnancy rates when administered as part of a timed

Al protocol in cyclic lactating dairy cows (Moreira et al., 2000, 2001; Santos et al., 2002a)
or in protocols involving cows that were inseminated at detected oestrus (Morales et al.,

2001; Santos et al., 2002a). Furthermore, pregnancy losses did not differ between timed

insemination and insemination after observed oestrus (Santos et al., 2002a). The observation
in lactating dairy cows that pregnancy rates were improved and did not differ among control

recipients receiving bST-treated embryos and bST-treated recipients receiving control embryos
at day 7 after oestrus (Moreira et al., 2002) implied that bST treatment, acting directly or

indirectly via a stimulation in the insulin-like growth factor (IGF) system, is essential for early

blastocyst development and embryonic growth. The focus of this review is to characterize
the responsiveness of the oviduct and uterus to bST at different reproductive windows that

are associated with early embryo development and subsequent maintenance of pregnancy.

The interacting effects of cyclic pregnancy with exposure to bST on cellular and endocrine
responses require investigation, as treatment with bST results in higher pregnancy rates.

Other strategies to reduce embryo losses involving regulation of follicle development will be

examined.

Effect of bST on oviductal and endometrial IGF system in lactating dairy cows

On the basis of observations that bST stimulates both pregnancy rates and early embryo
development in vitro, an experiment was designed to characterize the responsiveness of the

IGF system to bST within the bovine oviduct and uterus during the period of early embryo

development on day 3 and day 7 after ovulation. Holstein cows (n=21), producing milk on

average for 80 days, were assigned randomly to receive bST (Posilac®, 500 mg; n=11) or
to serve as untreated controls (n=10) to examine the effect of exogenous bST on oviductal

and uterine genes encoding components of the IGF system when administered at 16 h after

the second GnRH injection in an Ovsynch/TAI protocol (Pershing et al., 2001). Within each
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treatment group, cows were killed on day 3 or day 7 of the oestrous cycle. Oviducts and uterine
horns ipsi lateral to the corpus luteum were trimmed free of the broad ligament, and samples
of oviductal and intercaruncular endometrial tissue were collected and frozen immediately
at —80°C for subsequent mRNA analyses. The mRNAs encoding 1GF-11, 1GF binding protein
2 (1GFBP-2) and 1GFBP-3 were evident in all northern blots for oviductal and endometrial
tissues. Both IGF-I and growth hormone receptor (GHR) mRNAs were detected in the uterus,
but not in the oviduct (Table 1). 1GF-1 mRNA tended to increase in the endometrium at day 7,
but treatment with bST had no detectable effect on the abundance of IGF-I transcript in the
uterine endometrium. The steady-state concentration of mRNA encoding IGF-II was induced
by bST in oviducts at both day 3 and day 7 and downregulated in endometrium at day 7. The
abundance of IGFBP-2 mRNA transcript was greater in endometrial than in oviductal tissues
and did not differ between treatments. Both oviductal and endometrial mRNA encoding
IGFBP-3 increased between day 3 and day 7 of the oestrous cycle, and there was a tendency
for a greater abundance of endometrial IGFBP-3 mRNA in cows treated with bST at day 7
of the oestrous cycle (Table 1). At day 7 of the oestrous cycle, mRNA encoding endometrial
GHR was decreased by 30% in bST-treated cows. Treatment with bST appeared to stimulate
uterine content of IGF-1 at day 7 but not at day 3 of the oestrous cycle. Appreciably higher
amounts of protein were recovered from the uterine lumen than the oviduct, and protein
content decreased between day 3 and day 7 in the uterus, perhaps associated with increased
protease activity.

These responses indicate that exogenous bST induces oviductal IGF-11mRNA as early as day
3 of the oestrous cycle, and that IGF-I1 may play a modulatory role in oviductal differentiation
and early embryonic development in cattle. The observation that bST downregulated IGF-II
transcript in the endometrium at day 7 of the oestrous cycle, when IGF-I transcript increased
between day 3 and day 7 in the endometrium, infers that bST regulation is not only tissue-
specific (that is, oviduct versus uterus), but is also causing a differential regulation of IGF-1
versus IGF-II. These mitogenic hormones may have either overlapping or distinct roles in the
control of embryo cleavage and ensuing blastocyst development. Indeed at day 7, the luminal
content of IGF-I in the endometrium was increased in response to bST. The physiological
significance of bST-induced IGFBP-3 transcript in the uterine endometrium at day 7 of the
oestrous cycle warrants further investigation, because bST appears to upregulateIGFBP-3 gene
expression at a stage of the oestrous cycle when uterine lumina! IGFBPs undergo substantial
proteolytic cleavage (data not presented). It is also clear that total luminal protein is reduced by
day 7 (Table 1). Collectively, these findings imply complex and tissue-specific regulation of the
uterine IGF system components by exogenous bST that may contribute to fertility responses
induced by bST in lactating dairy cows. This finding is further supported by the observations
that both GH and IGF-I stimulate blastocyst development in vitro (Moreira et al., 2002).
However, it is important to recognize that the effects induced by bST may differ between
dairy cows that are under homeoretic challenges associated with lactation versus the non-
lactating dairy cow. The IGF system is involved markedly in regulating functions of the ovary
(Lucy, 2000), oviduct (Pushpakumara et al., 2002), uterus and placental development (Wathes
et al., 1998) in ruminants, and may contribute to autocrine and paracrine interrelationships
in early pregnancy.

Effects of bST and pregnancy status on endocrine responses and endometrial gene

expression in non-lactating dairy cows

There is substantial evidence for cross-talk between hormonal signal transduction systems,

such as oestrogen receptor a and IGF-I (Klotz et al., 2002), and bST effects on fertility may
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involve an interaction between bST and interferon T (IFN-T) signalling pathways to regulate

prostaglandin secretion. Some evidence for such a phenomenon is that treatment of bovine

immortalized endometrial cells with phorbol ester increases prostaglandin F2e, (PGF2a) se-
cretion and prostaglandin GH synthase 2 (PGHS-2) gene expression (BineIli et al., 2000).

Badinga et al. (2002) demonstrated that preincubation of cell monolayers with rbIFN-T sup-

pressed PGF2a and PGHS-2 mRNA responses to phorbol ester. However, a co-preincubation

with rbGH and rblFN-T induced an additive inhibitory effect on PGF2a secretion. This syn-

ergism between GH and rbIFN-T infers that these molecules may affect the PGF2, cascade

through distinct signal transduction pathways particularly as the attenuation in PGF2, secre-

tion due to GH preincubation alone did not alter PGHS-2 mRNA responses to phorbol ester

(Badinga et al., 2002). The potential for downstream responses to bST and the IGF family to
influence sensitivity of cellular systems via alterations in receptor dynamics or influencing

signal transduction systems in different physiological states (for example lactation and preg-

nancy) has profound implications relative to regulating production responses (for example,

follicle development, embryo survival and milk production).

An experiment was designed to examine the effects of pregnancy status and bST on uterine

gene expression and function (Guzeloglu et a/., 2002). Non-lactating cows were either in-

seminated (n=31) or not inseminated (cyclic, 0=14) to a timed ovulation (day 0) following

an Ovsynch programme in which GnRH (100 p,g, i.m., Cystoreling; Merial Ltd, Iselin, NJ)

was injected on day -10 followed 7 days later (day -3) by an injection of PGF?e, (25 mg,

i.m., Lutalyseg; Pharmacia Corp., Kalamazoo, MI). At 48 h after injection of PGF2a, GnRH

(day -1) was administered followed by insemination 16 h later for the pregnant cow group.

Cows either received bST (n=28; day 0 and day 11, 500 mg, Posilac, Monsanto Co., St Louis,

MO) or did not receive bST (n=17). On day 17, cows were killed and uteri were flushed to

recover secretions and conceptuses. Endometrial tissues were collected from the uterine horn

ipsilateral to the corpus luteum for protein and mRNA analyses and immunocytochemical

evaluation. Pregnancy rate to the timed insemination was reduced in the bST-treated cows

in which conceptuses were recovered from four of 21 cows (19%) compared with six of ten

(60%) control (P < 0.01) cows. In conceptuses that were recovered, length was greater in bST-

treated cows (49.7 ± 7.0 cm > 24.5 ± 5.0 cm; P < 0.02). Additional replications resulted in

estimates of accumulated pregnancy rate (9 of 33 bST (27.2%) and 14 of 22 control ((63.6%),

P < 0.01) and conceptus length (bST > control: 39.2 ± 4.8 cm > 20.0 ± 4.3 cm; P < 0.01)

that reflect the initial experimental observations. It is clear that in non-lactating multiparous

dairy cows, there was a reduction in fertility. It is important to recognize that in addition to

using experimental cows that were non-lactating, cows were also injected twice with bST at

an interval of 11 days. This procedure was performed to ensure that there was sustained ex-

posure to bST for the entire 17 day period up to slaughter. In lactating cows that were treated

with bST (500 mg Posilacg at 2 week intervals), fertility was increased (Moreira et al., 2001).

Treatment with bST each day (25 mg i.m. each day) stimulated follicle development (number

of follicles of 6-9 mm in diameter) during the first follicular wave to that of non-lactating con-

trol cows (De la Sota et al., 1993). However, prolonged continuous infusions of bST (29 mg

day-1) for 63 days resulted in stimulation of follicular development based on an increase in

the number of corpora lutea, oestrogen active follicles and the proportion of cows with five or

more follicles > 5 mm in diameter at day 5 of the oestrous cycle (Jimenez-Krassel et al., 1999).

Thus, it is possible that over-stimulation with bST may have distinct physiological effects, and

the dosing regimen used in the present experiment with non-lactating cows contributed to a

reduction in fertility.

Plasma concentrations of progesterone were measured in 22 cows each day from the

day of GnRH injection (day 0) to day 17 when the non-lactating dairy cows were killed.
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4 6 8 10 12 14 16

Days after GnRH

Fig. 1. Profiles of plasma concentrations of progesterone from day 0 to day
17 after a synchronized ovulation induced by GnRH in cows confirmed

pregnant (•) or cyclic (0) (aP < 0.10; bP < 0.05).

Table 2. Oligonucleotide primers for cloning bovine oxytocin receptor (OTR), prostaglandin E

synthase (PGES) and progesterone receptor (PR) cDNAs

cDNA Primer set Size (bp) GenBank accession number

OTR F 5' GCACCTGAGCATAGCCGACC 3' 397 AF101724




R 5' GTGGCAAGGACGATGACGGG 3'




PGES F 5' GCGCGCTGCTGGTCATCAAA 3' 314 AY032727




R 5' GTGTAGGCCAGGGAGCGGGT 3'




PR F 5' TCTGGAAATTCAACACTCAG 3' 291 AY116891




R 5' GCTTCAAGTCAGCCAAGAAG 3'




There were no differences in plasma progesterone concentrations up to day 10 between

cyclic and pregnant cows. However, after day 10, pregnant cows appeared to have lower

progesterone concentrations (Fig. 1). This progesterone profile is in contrast to previous studies

on lactating dairy cows demonstrating that a late post-ovulatory increase and low luteal phase

concentrations of progesterone occurred in cows that failed to become pregnant (Mann et al.,

1999). In the present study, the timed insemination protocol, involving the use of GnRH to

induce ovulation precisely, was used to ensure that ovulation was synchronized. Formation

of the corpus luteum was confirmed by ultrasonography. With well-synchronized ovulations

in non-lactating dairy cows, we failed to detect any differences in the post-ovulatory increase

in progesterone. The lower plasma progesterone concentration in the later luteal phase of

pregnant cows may reflect a greater clearance rate of progesterone by the uterus under the

influence of a conceptus or a pregnancy-induced attenuation in progesterone secretion by

the corpus luteum. Treatment with bST failed to have any effect on plasma progesterone

concentrations.

Complementary DNA was transcribed from total RNA prepared from the bovine corpus

luteum. A set of primers (Forward and Reverse; Table 2) was synthesized based collectively

on conserved sequences from bovine oxytocin receptor and prostaglandin E synthase (PGES)

a

6

5
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Table 3. Least squares means for uterine endometrial expression responses at day 17 after oestrus in

non-lactating cyclic or pregnant dairy cows (n=30) injected with or without bovine somatotrophin (bST) on


day 0 and day 11 after oestrus

Treatments

Response Cyclic Pregnant

Cyclic


bST

Pregnant


bST

Pooled


SE




Contrasts




Status' bST Status x bST

Plasma progesterone

(ng m1-1)
6.9 5.1 6.4 5.3 0.66 P < 0.05 NS NS

PR mRNA (AU) 137 140 147 147 1.3 NS P < 0.01 NS

PR protein glandb (SA) 1.25 1.91 1.44 1.64 0.11 P < 0.01 NS P < 0.06

PR protein stromab (SA) 1.27 1.30 0.85 1.02 0.15 NS P < 0.03 NS
ERa mRNA (AU) 156 149 152 131 4.6 P < 0.01 P < 0.03 P < 0.12
ERa protein (AU) 161 130 176 149 9.6 P < 0.01 P <0.08 NS

ERa lumenb (SA) 1.71 1.40 1.54 1.34 0.10 P < 0.05 NS NS
OTR mRNA (AU) 108 111 150 129 5.7 NS P < 0.01 P < 0.04
PGHS-2 mRNA (AU) 166 176 171 164 11 NS NS NS
PGHS-2 protein (AU) 43.5 69.7 56.3 97 9.4 P < 0.01 P < 0.03 NS
PGFS mRNA (AU) 126.8 128.6 125.3 127.7 5.9 NS NS NS
PGES mRNA (AU) 135.6 129.1 138.3 137.1 3.0 NS P < 0.10 NS

'Status: Pregnancy versus cyclic.
b n=22 cows.
mRNA results are adjusted for GAPDH as a covariate.
AU: Arbitrary units were generated by densitometry.
SA: Staining (immunohistochemical) intensity weighted average for luminal oestrogen receptor a (ERa),
glandular or stromal progesterone receptor (PR) proteins (0= No, 1 = less, 2 = moderate and 3 = heavy
staining).
OTR: oxytocin receptor; PGHS-2: prostaglandin growth hormone synthase 2. PGFS; prostaglandin F synthase;
PGES: prostaglandin E synthase.

mRNAs as well as sheep and pig progesterone receptor m RNAs. The primers were used in PCR

amplification with cDNA template. The expected cDNA fragments were subcloned and the

nucleotide sequences compared with respective gene sequences reported in GenBank. The

bovine PGHS-2 (Liu et al., 2001; GenBank accession number AF031698) and prostaglandin

F synthase (PGFS; Xiao et al., 1999) cDNAs were gifts from J. Sirois (Université de Montreal,

St-Hyacinthe, Quebec). The oestrogen receptor a cDNA (Ing et al., 1996) was a gift from

N. H. log (Texas A&M University, College Station, TX). The radiolabel led cDNAs were used for

northern blot analyses of respective mRNAs. Specific polyclonal antibodies (PGHS-2, Cayman

Chemical, Ann Arbor, MI; oestrogen receptor oc, Santa Cruz, CA; progesterone receptor, Zymed

Laboratories, San Francisco, CA) and non-immune serum were used for western blot analysis

and immunohistochemistry.

In 30 cows (cyclic (n= 7), pregnant (n= 7), cyclic-bST (n= 7) and pregnant-bST (n= 9)),

oestrogen receptor a, progesterone receptor, oxytocin receptor, PGHS-2, PGFS, PGES

mRNAs, oestrogen receptor a protein, PGHS-2 protein and immunohistochemical-spatial

localization of oestrogen receptor-a protein and progesterone receptor protein were quanti-

fied in the endometrium (Table 3). Treatment with bST increased steady-state concentrations

of progesterone receptor mRNA in endometrial tissue. Spatial differences were detected in

which progesterone protein staining of uterine glands was high in pregnancy but the increase

in staining between cyclic and pregnant cows was greater in cows that were not treated with

bST (Table 3). In the luminal epithelium of the intercaruncular region, progesterone receptor

staining was negative, whereas some positive cells were found in the caruncle. Staining inten-

sity of progesterone receptor protein was greater in the deep glands compared with superficial
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glands. In contrast, progesterone receptor protein staining in the stroma was not influenced

by pregnancy status but was reduced in cows treated with bST. Overall, progesterone receptor

protein staining was greater in the superficial than in the deep stroma.

Endometrial oestrogen receptor a mRNA, as measured by northern blot analysis, was high

(Table 3; P < 0.01) in cyclic cows at day 17, and bST treatment further reduced oestrogen

receptor a mRNA content in pregnant cows (Table 3; P < 0.03). A further quantification of

mRNA using the technique of solution hybridization in a sub-sample of 22 cows, with the

same oestrogen receptor a probe, verified that cyclic cows had higher endometrial oestrogen

receptor a mRNA (0.602 ± 0.046 > 0.421 ± 0.05 fmol mg-1 total nucleic acid; P < 0.02).

This finding was substantiated by increased staining intensity for oestrogen receptor a protein

in lumina] epithelial cells (P < 0.05), as well as increased overall oestrogen receptor a protein

in endometrial tissue lysates of cyclic versus pregnant cows (P < 0.01). Heavy staining for the

oestrogen receptor a protein was detected in deep endometrial glands (P < 0.01) compared

with superficial and medium glands irrespective of bST treatment and pregnancy status (data

not shown). An interesting main effect of bST (P < 0.08) was detected for oestrogen receptor

a protein in endometrial tissue lysates indicating that bST possibly enhanced translation

rate into oestrogen receptor a protein (Table 3). However, even in bST-treated cows with high

amounts of oestrogen receptor a protein, the responses were greater in cyclic cows (P < 0.01).

Treatment with GH increased both cytoplasmic and nuclear oestrogen receptor content in

the guinea-pig uterus (Bezecny et al., 1992).

Steady-state concentrations of oxytocin receptor mRNA were higher in bST-treated cows

(P < 0.01), and the interaction of bST x status (P <0.04) indicated oxytocin receptor

mRNA steady state concentration was higher in bST-treated cyclic cows (Table 3). An in-

crease in mRNAs encoding oxytocin receptor and oestrogen receptor a in cyclic cows in

comparison with pregnant cows at day 17 after oestrus is in agreement with the results of

Robinson et al. (2001).

A dichotomy of responses is evident regarding bST effects. In non-lactating cows, bST

reduced pregnancy rate, as evident in this study, compared with increased pregnancy rates in

lactating cows (Moreira et al., 2000, 2001; Santos et al., 2002a). Among the uterine responses

in the present study, expression of oestrogen receptor a gene was reduced in bST-treated

animals, which would be compatible with a potentially greater anti-luteolytic mechanism. In

contrast, the amount of oestrogen receptor a protein was increased in endometrial tissue of

bST-treated cows and may have contributed to the lower pregnancy rate.

The differential regulation of prostaglandin secretion between the cyclic and pregnant

status is pivotal to our understanding of pregnancy-induced effects and the response of

these states to a factor such as bST that appears to have associated effects on fertility.

Pregnant cows had higher concentrations of PGF2c, and PGE2 in uterine flushings (PGE20„

619 ± 95 > 109 ± 51 ng, P < 0.01; PGE2, 86 ± 12 > 12 ± 7 ng, P < 0.01). There was no

major difference in steady state concentrations of PGHS-2 mRNA due to pregnancy state or

bST treatments. However, PGHS-2 protein was increased due to both pregnancy (P < 0.01)

and bST (P < 0.03) treatments (Table 3). The bST-induced increase in PGHS-2 protein par-

allels a comparable bST-induced increase in oestrogen receptor a protein as a main effect.

Although endometrial tissues from pregnant and bST treatments had increased masses of

PGHS-2 protein as measured by western blot analysis, it is important to determine the re-

sponses of PGFS and PGES mRNAs (that is, relative gene expression that may or may not

be related to enzymatic protein or activity) regarding potential downstream metabolism of

PGH2. Indeed, if PGHS-2 protein is increased in pregnancy then downstream metabolism

to PGF2e, should be reduced in pregnancy. Relative expression of PGFS mRNA did not differ

among all the treatments. There was no evidence for an upregulation of PGES mRNA in
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early pregnancy, and it tended to be higher in bST-treated cows (P < 0.10). Collectively, the
present responses imply that either inhibition of PGHS activity or differential metabolism of

PGH2 to products with a less luteolytic drive (that is, decreased PGF2a, secretion) may be in

operation.

In the luteolytic cascade, oestrogen receptor a mRNA was positively correlated with PGHS-

2 mRNA (r= 0.55, P < 0.01; partial r= 0.58, P < 0.01) and negatively correlated with pro-
gesterone receptor mRNA (r =-0.47, P < 0.01; partial r =-0.54, P < 0.01). An increase in the
content of oxytocin receptor mRNA was associated with an increase in progesterone receptor

mRNA (r= 0.38, P < 0.03; partial r= not significant). Kombe et al. (2002) demonstrated a

greater PGF2e, secretory response to oestrogen receptor in progesterone-primed bovine endo-
metrial epithelial cells.

Pregnancy induced an increase in PGHS-2 protein in the endometrium, although expres-

sion of PGHS-2 mRNA did not change. Similar results were reported in sheep as pregnancy

increased PGHS-2 protein but not PGHS-2 mRNA content (Charpigny et al., 1997). These
results may indicate pregnancy-associated increases in translation efficiency of PGHS-2 pro-

tein in the presence of steady state concentrations of mRNA. In contrast, Kim et al. (2002)
reported that pregnancy induced an increase in mRNA expression for PGHS-2 in sheep.

Response of primary cultures of day 17 endometrial epithelial cells to rbIFN - t

Characterization of the differences in endometrial regulation of prostaglandin secretion

between cyclic and pregnant cows and the potential influence of other regulatory systems

on the luteolytic-antiluteolytic system is vital for the development of programmes to stim-

ulate reproductive performance. Cultures of primary endometrial epithelial cells from day
15 of the oestrous cycle indicate that rbIFN-T decreased PGF20„ secretion either in the pres-

ence or absence of oxytocin (Danet-Desnoyers et al., 1994). In primary cultures of endo-
metrial epithelial cells established from cows during days 1-3 of the oestrous cycle, Assel in

et al. (1998) demonstrated that high doses of rbIFN-T stimulated PGF2, secretion and low

doses of rbIFN-T decreased PG F2o, secretion. Furthermore, Asselin et al. (1998) proposed that
rbIFN-T caused a preferential secretion of PGE2 that may be important for maintenance of
pregnancy.

In a sub-sample of seven cyclic cows at day 17 of the oestrous cycle, endometrial epi-

thelial cells were isolated from the uterine horn contralateral to the ovary bearing the corpus

luteum and cultured in a serum-free Dulbecco's modifield Eagle's medium-F12 media until
90% confluent. Epithelial cells were treated in a factorial design with IFN-T (0, 50 or 500 ng

m1-1) and phorbol 12,13 dibutyrate (PdBu: 0 or 100 ng m1-1) and media were collected

after 24 h for measurement of PGF2e, and PGE2 in the conditioned culture media. Treatment
with PdBu induced PGF2, secretion (P < 0.01), and IFN-T (50 and 500 ng m1-1) caused a

reduction in PGF2e, secretion induced by PdBu (P < 0.01; Fig. 2). In the absence of PdBu,

rbIFN-T caused an increase in basal secretion of PGF2e, (P < 0.02). Secretion of PGE2 was
lower than that of PGF2c, (PGE2:PGF2e, <1). Concentrations of PGE2 increased in response

to PdBu (P < 0.05), and 50 ng IFN-T m1-1 had a slight stimulatory effect on PGE2 concen-

trations compared with the 500 ng m1-1 doses (P < 0.05) either in the presence or absence
of PdBu (Fig. 2). The changes in PGF20, secretion imply a differential effect in that rbIFN-T

stimulates basal secretion of PGF2a, perhaps through a type I IFN receptor activated system.
Type I IFNs have been shown to activate downstream molecules including NFKB (Yang

et al., 2001) which induces PGHS-2 gene transcription through its potential binding site on the

PGHS-2 gene promoter (Kelly et al., 2001; Thatcher et al., 2001). However, with post-receptor
activation of protein kinase C (that is, PdBU activation), rbIFN-T reduced PGF2e, secretion.
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Fig. 2. Effect of phorbol 12,13-dibutyrate (PdBu) and rb interferon T
(rblFN-T) on (a) prostaglandin F2, (PGF2„,) and (b) prostaglandin E2 (PG E2
secretion in primary culture of bovine endometrial cells from seven cows
at day 17 after oestrus. Cultures of serum-starved endometrial epithelial
cells were treated with PdBu (100 ng m1-1) (•) or control (0) and with
either 0, 50 or 500 ng rb1F1\1-1-mH for 24 h. Each treatment combination
within a cow was repeated three times and least squares means ± SEM
are presented. Superscripts a versus b represent differences among rbIFNI-T
treatments for PdBu (P < 0.05), whereas superscripts c versus d indicate
differences among rblEN-T treatments for control (that is, PGF2,,, P < 0.02;
PGE2, P < 0.05).

This response was similar to but not as inhibitory as that observed with a bovine immortalized

endometrial cell line (Binelli et al., 2000). Oxytocin acts through a seven-transmembrane

receptor coupled to a G protein activation of phospholipase C that ultimately activates pro-

tein kinase C (PKC) via increases in intracellular Ca2+ and diacylglycerol (Thatcher et al.,

2001). Present results indicate that rblFN-T attenuates PKC activation of PGF2,1 secretion in

primary culture of epithelial cells and supports earlier observations of an rblFN-T attenuation

of oxytocin induced secretion of PGF2e, in primary epithelial cells originating from uteri at

day 15 of the oestrous cycle (Danet-Desnoyers et al., 1994).

Strategies for reducing early and late embryo mortality

There are four lines of evidence indicating that regulation of ovarian function after insem-




ination may improve embryo survival. Normal ovarian follicular development is regulated

locally during early pregnancy and follicular development is somewhat attenuated in early
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Table 4. Reproductive responses of lactating dairy cows to a Presynch-Ovsynch programme using deslorelin

implants (450 [ig and 750 jig) or GnRH injection to induce ovulation

Response

GnRH control Deslorelin implants

100 IJ,g 450 1g 75011g

Number of cows 293 150 153

Pregnancy rate (%) at day 27 39.0" 40.00 27.5b

Pregnancy rate (%) at day 41 33.5' 38.0" 24.8b

Pregnancy loss (%) at days 27-41 12.7c 5.0d 9.5cA

Number of follicles of 5-9 mm
in diameter

2.10 + 0.18' 0.89 ± 0.241' 0.94 ± 0.17b

Number of follicles of 10-19 mm
in diameter

1.27 + 0.12' 0.58 ± 0.161) 0.58 ± 0.11b

Progesterone at day 11 (ng m1-1) 7.08 ± 0.33 7.01 ± 0.44 7.75 + 0.38

Pregnancy rate (%) at second Al 25.2' 16.71) 9.6b

'bValues with different superscripts within the same row are significantly different (P < 0.01); "Values with
different superscripts within the same row are significantly different (P < 0.13).

pregnancy on the ovary with the corpus luteurn that is ipsi lateral to the uterine horn bearing
the conceptus (Thatcher et al., 1991). On day 17 after oestrus, there is an upregulation of oes-
trogen receptor a mRNA, oestrogen receptor a protein, oestrogen receptor a protein staining
in the luminal epithelium, oxytocin receptor mRNA, and a spatial decrease in progesterone
receptor in the uterine glands of cyclic cattle that is not evident in pregnant cows. Normal or
aberrant follicular development approaching the time of conceptus signalling may contribute
to embryo losses. Induction of an accessory corpus luteum by hCG at day 5 after oestrus in
cows induced three follicular waves, high progesterone concentrations (Diaz et al., 1998)
and increased pregnancy rates in lactating dairy cows (Santos et al., 2001). On the basis of
these reports and observations, a series of experiments was conducted to test the hypothesis
that strategic implantation of a deslorel in implant to attenuate ovarian follicular development
(Mattos et al., 2001) would reduce either early (Santos et al., 2002b) or late (Bartolome et al.,

2002) embryo mortality.
After blocking for lactation, body condition score and milk production, 596 Holstein cows

were assigned randomly to one of two treatments at day 30 ± 3 after parturition. Cows re-
ceived PGF2, injections at days 30 ± 3 and 44 ± 3 after parturition (Santos et al., 2002b).
At day 58 ± 3 after parturition, cows received a GnRH injection followed 7 day later by a
PGF2„ injection. At 48 h after the last PGF2, injection, cows received either a GnRH injec-
tion (100 vg Gonadorelin) or GnRH agonist implants (deslorelin, 450 or 750 lig; Peptech,
Animal Health, North Ryde) and were inseminated 12-16 h later. Pregnancy was diagnosed
by ultrasonography at day 27 after Al and reconfirmed 14 days later. Follicular populations
and the presence of corpora lutea were determined for non-pregnant cows at day 27 after Al.
Non-pregnant cows at day 27 were re-synchronized with initiation of the Ovsynch protocol
at day 27 after Al. Pregnancy rates at day 27 for a total of 596 cows differed between the
deslorelin implant groups and the control (Table 4), with the 750 lig deslorelin implant group
having a lower pregnancy rate than the 450 lig implant group (P < 0.01). Pregnancy rates
were approximately 40% for the GnRH control and the 450 lig implant groups. Pregnancy
losses between day 27 and day 41 tended to be lower for the 450 jig deslorelin implant
group than for the GnRH control (5.0% versus 12.7%; P < 0.13; Table 4). The numbers of
follicles that were 5-9 mm and 10-19 mm in diameter at the time of pregnancy diagnosis at
day 27 (Table 4) were reduced in the deslorelin implant groups indicating that follicular de-
velopment was attenuated. Indeed, both implant doses reduced the number of non-pregnant
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animals that were re-inseminated by day 27 after Al (51.4, 28.7 and 11.7% for the GnRH

control, 450 and 750 p,g implant groups, respectively). No differences in luteal phase con-

centrations of plasma progesterone were detected (Table 4). The trend of reduced pregnancy

losses for the 450 vg deslorel in implant group supports the concept that follicular develop-

ment during the period of early embryo development may adversely affect embryo survival.

However, the present experimental approach with deslorelin implants had a carry over effect

in which delayed follicular development reduced the percentage of cows presented for second

service by day 27 (51.4, 28.7 and 11.7% for GnRH, 450 and 750 deslorelin implants, re-

spectively (P < 0.01)). The delays in return to oestrus were also associated with percentages

of cows with a follicle 10 mm in diameter (83.1, 60.2 and 45.9% for GnRH, 450 and

750 deslorelin implants, respectively (P <0.01)), and with a corpus luteum (72.9, 60.2 and

49.5% for GnRH, 450 and 750 deslorelin implants, respectively (P < 0.01)), at day 27. These

significant responses that were incremental between treatments may be associated with the

differences in pregnancy losses to first service between the 450 and 750 ug deslorelin im-

plants. In cows that did not conceive to first service, pregnancy rates to the subsequent second

timed insemination were decreased in cows treated with either dose of the Deslorel in implants

(Table 4).

A biodegradable 2.1 mg deslorelin implant (Ovuplant, Peptech) was inserted s.c. on day

27 of pregnancy to evaluate whether an induced accessory corpus luteum and suppressed

follicular growth may reduce late embryonic mortality, and pregnancy rates were evaluated

on day 45 and day 90 in comparison with a control group that did not receive implants.

The experiment included pregnant cows (n=179) as detected by ultrasonography on day

27 after insemination. Cows were assigned randomly to receive (n=89) or not to receive

(control; n=90) a deslorelin implant on day 27. On day 27 and day 45, pregnancy was

confirmed by ultrasonography and the numbers of class 2 follicles (6-9 mm), class 3 follicles

(>10 mm) and corpora lutea were recorded. On day 90, pregnancy was determined by rectal

palpation. Blood samples were collected on day 27 and day 45 for progesterone analysis.

Pregnancy losses were evaluated after adjustment for parity and number of previous services.

Pregnancy losses between day 27 and day 45 were 15.5% (14 of 90) for control and 20.2%

(18 of 89) for deslorelin implant (OR = 0.8; 95% CI = 0.34,1.75; P=0.54) groups. Overall

pregnancy losses (day 27 to day 90) were 24.4% (22 of 90) for control and 25.8% (23 of 89) for

the deslorel in implant group. The deslorelin implant group suppressed the number of class 2

(0.72 ± 0.19 < 1.90 ± 0.18) and class 3 (0.86 ± 0.12 < 1.92 ± 0.12) follicles and increased

the number of corpora lutea (1.80 ± 0.07 > 1.31 ± 0.07; P < 0.01) and plasma progester-

one concentrations on day 45 (8.03 ± 0.33 > 6.40 + 0.31 ng m1-1). Although a deslorelin

implant administered on day 27 of pregnancy was able to reduce follicular growth, increase

the number of corpora lutea, and increase plasma progesterone, it failed to increase embryo

or fetal survival between day 27 and day 90 of gestation. Collectively, these two experimental

approaches, to attenuate follicular development and stimulate plasma progesterone, indicate

a period of pregnancy sensitivity regarding early embryo mortality but not late embryonic

mortality.

Conclusion

Treatment of lactating dairy cows with bST resulted in oviductal and endometrial changes

in the IGF system that may be conducive to blastocyst development and embryonic

growth. There are clear differences in the balance of luteolytic-antiluteolytic drive (that is,

expression of progesterone receptor, oxytocin receptor, oestrogen receptor a, PGHS-2) within
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the endometrium at day 17 after oestrus between cyclic and pregnant non-lactating cows.

Expression of oestrogen receptor a (that is, mRNA and protein) and oxytocin receptor mRNA

was attenuated in pregnant cows. As endometrial PGHS-2 protein is high in pregnancy, there
may be differential metabolism of PGH2 between pregnant and cyclic endometrium. Inter-

feron T stimulated basal secretion of PGF2, from primary culture of endometrial epithelial
cells but attenuated the phorbol ester induced increase in PGF21, secretion. There appears to

be cross-talk between bST and intrauterine regulatory systems of the cycle and pregnancy

based on bST amplification of oestrogen receptor a and PGHS-2 proteins and attenuation

in oxytocin mRNA. Responses to bST may differ markedly depending on whether cows are

lactating or not. Programmed suppression of ovarian follicular development via insertion of
a deslorelin implant tended to reduce early embryo losses but not late embryonic losses in

lactating dairy cows. Perhaps exposure to oestradiol secreted by the ovarian follicle stimulates
early embryonic losses.
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