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Abstract. The aim of the present study was to investigate the effect of short-term progesterone (P4) supplementation
during the early metoestrous period on circulating P4 concentrations and conceptus development in cattle. The oestrous
cycles of cross-bred beef heifers were synchronised using a 7-day P4-releasing intravaginal device (PRID® Delta; 1.55 g
P4) treatment with administration of a prostaglandin F,, analogue (Enzaprost; CEVA Sante Animale) the day before
PRID® Delta removal. Only those heifers recorded in standing oestrus (Day 0) were used. In Experiment 1, heifers were
randomly assigned to one of five groups: (1) control: no treatment; (2) placebo: insertion of a blank device (no P4) from
Day 3 to Day 7; (3) insertion of a PRID® Delta from Day 3 to Day 7; (4) insertion of a PRID® Delta from Day 3 to Day 5; or
(5) insertion of a PRID® Delta from Day 5 to Day 7. In vitro-produced blastocysts were transferred to each heifer in
Groups 2-5 on Day 7 (n = 10 blastocysts per heifer) and conceptuses were recovered when heifers were killed on Day 14.
Based on the outcome of Experiment 1, in Experiment 2 heifers were artificially inseminated at oestrus and randomly
assigned to one of three treatment groups: (1) placebo; (2) PRID from Day 3 to Day 5; or (3) PRID from Day 3 to Day 7. All
heifers were killed on Day 16 and recovered conceptuses were incubated in synthetic oviducal fluid medium for 24 h; spent
media and uterine flushes were analysed for interferon-t (IFNT). In both experiments, daily blood samples were taken to
determined serum P4 concentrations. Data were analysed using the PROC MIXED procedure of SAS (SAS Institute, Cary,
NC, USA). Insertion of a PRID resulted in an increase (P < 0.05) in serum P4 that declined following removal. In
Experiment 1, P4 supplementation from Day 3 to Day 5 (17.0 4+ 1.4 mm) or Day 3 to Day 7 (11.3 + 2.3 mm) increased
conceptus length compared with placebo (2.1 £ 1.8 mm). Serum P4 was significantly lower from Day 9 to Day 14
(P <0.05) and the weight of the Day 14 corpus luteum (CL) was lower in the PRID Day 3—7 group than the placebo or
control groups. In Experiment 2, supplementation from Day 3 to Day 5 (94.0 & 18.8 mm) or Day 3 to Day 7
(143.6 £20.6 mm) increased conceptus length on Day 16 compared with placebo (50.3 +17.4 mm). Serum P4 was
significantly lower in the two supplemented groups following PRID removal compared with placebo (P < 0.05) and was
associated with a lower CL weight in the Day 3—7 group. Conceptus length was strongly correlated with the IFNT
concentration in the uterine flush (» = 0.58; P = 0.011) and spent culture medium (» = 0.68; P < 0.002). The findings of the
present study highlight the somewhat paradoxical effects of P4 supplementation when given in the early metoestrous
period in terms of its positive effect on conceptus development and its potentially negative effects on CL lifespan.
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Introduction

Progesterone (P4) plays a key role in the reproductive events
associated with the establishment and maintenance of preg-
nancy. Elevated concentrations of circulating P4 in the imme-
diate post-conception period stimulate conceptus elongation,
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increase interferon-t (IFNT) production and result in higher
pregnancy rates in cattle and sheep (Garrett et al. 1988b;
Satterfield et al. 2006; Carter et al. 2008). In cattle, most
embryonic loss occurs in the period leading up to maternal
recognition of pregnancy; a considerable proportion of this loss

www.publish.csiro.au/journals/rfd



Short-term progesterone supplementation in heifers

may be attributable to inadequate circulating P4 concentrations
and the subsequent downstream consequences for endometrial
gene expression and histotroph secretion into the uterine lumen
(Inskeep 2004; Diskin and Morris 2008).

There is a strong correlation between circulating P4 in the
days immediately following conception (Days 4-7) and the
likelihood of embryo survival beyond Day 30 (Stronge et al.
2005; Diskin et al. 2006; Parr et al. 2012). Interestingly, there is
both a linear and quadratic component to the relationship; that is,
too much P4 may also lead to a decline in pregnancy rate. Thus,
both sub- and supraoptimal concentrations of P4 from Day 4 to
Day 7 after Al or a suboptimal rate of increase in the concentra-
tion of P4 during this interval are negatively associated with
embryo survival.

Data in the literature on the effects of P4 supplementation on
pregnancy rate are conflicting. Recent data from our group have
demonstrated the following.

1. Significant changes occur in the endometrial transcriptome
during both the oestrous cycle and early pregnancy in cattle
(Forde et al. 2009, 2011a, 2011D).

2. Elevated P4, achieved by insertion of a P4-releasing intra-
vaginal device on Day 3 after oestrus for a period, results in
an advancement in the normal changes that occur over time
in the endometrial transcriptome (Forde et al. 2009) and loss
of the P4 receptor (Okumu et al. 2010), the consequence of
which is advancement in conceptus elongation (Carter et al.
2008).

3. The effect of P4 on conceptus development is mediated
exclusively via the endometrium; most convincingly, the
embryo does not need to be present in the uterus during the
period of P4 elevation in order to benefit from it, suggesting
that P4 concentrations before Day 7 are important and that
the effect of P4 is via the endometrium and altered histotroph
composition (Clemente et al. 2009)

4. Reducing circulating concentrations of P4 during the first
7 days after oestrus results in an alteration in endometrial
transcriptome, delayed loss of the P4 receptor and delayed
conceptus elongation (Beltman et al. 2009; Forde ez al. 201 1a).

As well as the beneficial effects of P4 on conceptus elonga-
tion, there is also evidence in the literature to suggest that
administration of P4 early in the cycle may compromise the
function of the corpus luteum (CL), ultimately leading to
luteolysis and embryo loss (Ginther 1970; Garrett et al. 1988a;
Macmillan and Peterson 1993; Burke et al. 1994; Pope et al.
1995; Van Cleeff et al. 1996). The present study was designed to
test the hypothesis that the timing and duration of the rise in P4
concentrations is critical to the success of early embryo devel-
opment and CL function. Specifically, the aim was to assess the
effect of short-term early P4 supplementation (from Day 3 to
Day 5; from Day 5 to Day 7; or from Day 3 to Day 7) on
circulating P4 concentrations, CL size and subsequent conceptus
elongation in beef heifers following embryo transfer (ET) or Al

Materials and methods

All experimental procedures involving animals were licensed by
the Department of Health and Children, Ireland. Protocols were
in accord with the Cruelty to Animals Act (Ireland 1876) and the
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European Community Directive 86/609/EC and were sanc-
tioned by the Institutional Animal Research Ethics Committee.
Before inclusion, all heifers were scanned to ensure they were
reproductively normal (i.e. cycling and not freemartin) and that
they were not pregnant.

Experiment 1

The aim of Experiment 1 was to examine the effect of short-term
P4 supplementation between Days 3 and 5, Days 3 and 7 or Days
5 and 7 after oestrus on CL size, circulating P4 concentrations
and conceptus development in cattle following transfer of
in vitro-produced blastocysts on Day 7.

The experimental design is shown in Fig. la. Beef-cross
heifers (n =50), predominantly Charolais and Limousin cross,
were used (mean (& s.e.m.) age 26.0 + 0.4 months; mean weight
575.1 £ 5.6 kg). All animals were housed indoors on slats for the
duration of the experiment and were fed a diet consisting of grass
and maize silage supplemented with a standard beef ration. The
oestrous cycles of all heifers were synchronised using a 7-day
P4-releasing intravaginal device (PRID® Delta; Ceva Sante
Animale, Libourne, France; containing 1.55 g P4) with admin-
istration of a prostaglandin F,, (PGF,,) analogue (Enzaprost;
Ceva Sante Animale; 5 mL, equivalent to 25 mg dinoprost) the
day before PRID® Delta removal. Heifers were checked for
signs of oestrus four times each day commencing 30h after
PRID® Delta withdrawal and only those recorded in standing
oestrus (= Day 0) were used.

After synchronisation, heifers were blocked on bodyweight
and randomly assigned to one of five treatment groups: (1) con-
trol: no treatment; (2) placebo: insertion of a blank device (no
P4) from Day 3 to Day 7; (3) insertion of a PRID® Delta from
Day 3 to Day 7; (4) insertion of a PRID® Delta from Day 3 to
Day 5; or (5) insertion of a PRID® Delta from Day 5 to Day 7.
Blood samples were collected daily by jugular venipuncture
from Day 0 to Day 14 to determine serum P4 concentrations.

In vitro embryo production

The techniques for producing embryos in vitro have been
described in detail elsewhere (Rizos ef al. 2002). Immature
cumulus—oocyte complexes (COCs) were obtained by aspirat-
ing follicles from the ovaries of heifers and cows collected at the
time of death. The COCs were matured for 24 h in TCM-199
supplemented with 10% (v/v) fetal calf serum (FCS) and
10 ng mL ™" epidermal growth factor at 39°C in an atmosphere of
5% CO, in air with maximum humidity. Matured COCs were
inseminated with frozen—thawed Percoll-separated bull sperm at
a concentration of 1 x 10° spermatozoamL ™. Gametes were
coincubated at 39°C in an atmosphere of 5% CO, in air with
maximum humidity. Semen from the same bull was used
throughout. At approximately 20 h post insemination (h.p.i.),
presumptive zygotes were denuded of surrounding cumulus
cells and accessory spermatozoa and cultured in 500 pL syn-
thetic oviduct fluid (SOF) supplemented with 5% FCS (n =50
per well) until Day 7.

Embryo transfer and recovery

In vitro-produced Grade 1 blastocysts were transferred to the
uterine horn ipsilateral to the CL of synchronised recipients on
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Experimental design. The oestrous cycles of cross-bred beef heifers were synchronised using a 7-day progesterone

(P4)-releasing intravaginal device (PRID® Delta; Ceva Sante Animale, Libourne, France; containing 1.55g P4) with
administration of a prostaglandin F,, analogue (PG) the day before PRID® Delta removal. (¢) Experiment 1. Heifers (n = 50)
were allocated to one of five groups: (1) control: no treatment; (2) placebo: insertion of a blank device (no P4) from Day 3 to
Day 7; (3) insertion of a PRID® Delta from Day 3 to Day 7; (4) insertion of a PRID® Delta from Day 3 to Day 5; or (5) insertion
of a PRID® Delta from Day 5 to Day 7. Ten in vitro-produced blastocysts were transferred to each heifer on Day 7 and all
animals were killed on Day 14 after oestrus. (b) Experiment 2. Heifers (n =40) were allocated to one of three groups:
(1) placebo; (2) PRID® Delta from Day 3 to Day 5; or (3) PRID® Delta from Day 3 to Day 7. All heifers were inseminated at

standing oestrus and killed on Day 16 after oestrus.

Day 7 (10 blastocysts per recipient), as described previously
(Clemente et al. 2009). All recipients were killed on Day 14 to
assess embryo survival. The reproductive tracts of all animals
were flushed within 60 min of death with phosphate-buffered
saline (PBS) containing 5% FCS. The dimensions (length and
width) of each conceptus were measured. In addition, the CL
was dissected from the ovary and weighed. Any incidence of
uterine infection was recorded.

Experiment 2

Based on the outcome of Experiment 1, the aim of Experiment 2
was to examine the effect of P4 supplementation between Days
3 and 5 or between Days 3 and 7 on CL size, circulating P4
concentrations, conceptus development and IFNT production
following Al (i.e. single conceptus).

The experimental design is shown in Fig. 15. Beef-cross
heifers (n =40), predominantly Charolais and Limousin cross
(mean age 22.2 +0.4 months; mean weight 595.9 +5.1kg),
were housed indoors on slats for the duration of the experiment
and managed as described above. The oestrous cycles of all
heifers were synchronised as described for Experiment 1 and all
heifers seen in standing oestrus (n=33) were inseminated

twice, 12 and 24 h after the onset of oestrus, with semen from
a single proven sire.

Heifers were randomly assigned to one of three treatment
groups: (1) placebo: insertion of a blank device (no P4) from
Days 3 to 7 (n=12); (2) PRID® Delta from Day 3 to Day 5
(n=11); or (3) PRID® Delta from Day 3 to Day 7 (n=10).
Blood samples were collected daily to determine P4 concentra-
tions from Day 0 to Day 16. Heifers were killed on Day 16 to
assess embryo survival. The CL was dissected from the ovary
and weighed. The uterine horn ipsilateral to the CL was flushed
with 10 mL PBS. The flush medium was stored at —80°C for
analysis of IFNT. Recovered conceptuses (n = 18) were mea-
sured and cultured individually for 24 h in 500 pL SOF supple-
mented with 5% FCS. After 24 h incubation, the spent medium
was removed and stored at —80°C for measurement of IFNT.

Progesterone measurement

In both experiments, following collection, blood samples were
refrigerated (4°C) for 12-24 h before being centrifuged at 1500g
at 4°C for 20 min. Serum was separated and stored at —20°C
until assayed to determine P4 concentrations by solid phase
radioimmunoassay using the Coat-A-Count Progesterone kit
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(Siemens Medical Solutions Diagnostics, Los Angeles, CA,
USA), as described previously (Forde ef al. 2011a). The sensi-
tivity of the assay was 0.03 ngmL "' P4. The interassay CV for
quality control samples was 10.7% (low), 6.2% (medium) and
3.6% (high), respectively. The intraassay CV were 11.7% (low),
6.8% (medium) and 5.4% (high).

Analysis of IFNT

The quantity of biologically active IFNT in conditioned medium
was determined using a cytopathic antiviral assay (Michael et al.
2006; Roberts et al. 1989). Samples were examined in duplicate
by titrating in a 96-well plate (1 : 3 serial dilution). Madin-Darby
bovine kidney (MDBK) cells were added and incubated at 37°C
for 24 hin 5% CO, in humidified air. Cells were challenged with
vesicular stomatitis virus for 1 h and then incubated with growth
medium (Dulbecco’s modified Eagle’s medium containing 10%
FBS) for 18 h. Cell viability was determined after fixation (75%
ethanol) using 0.5% (w/v) Gentian violet. The ability of samples
to prevent lysis by 50% was compared with a recombinant
human interferon-o. standard (EMD Biosciences, Gibbstown,
NJ, USA; 3.8 x 10°TU mg ™ '). Data are presented as IU antiviral
activity per mL conditioned medium. Unconditioned medium
(blanks) did not contain antiviral activity.

Statistical analysis

Heifer was the experimental unit in all models. Data were
checked for normality and homogeneity of variance by histo-
grams, qq plots and formal statistical tests as part of the
UNIVARIATE procedure of SAS (version 9.1.3; SAS Institute,
Cary, NC, USA). Data that were not normally distributed were
transformed by raising the variable to the power of lambda. The
appropriate lambda value was obtained by conducting a Box—
Cox transformation analysis using the TRANSREG procedure
of SAS. The natural logarithmic transformation of IFNT was
used to normalise data distribution for this variable because
preliminary analyses revealed that the distribution of values for
this analyte was positively skewed. In addition, embryo width
and area required transformation and were raised to the power of
0.25. The transformed data were used to calculate P-values. The
corresponding least squares mean+s.e.m. of the non-
transformed data are presented in the Results for clarity. Con-
centrations of P4 were analysed using repeated-measures with
the MIXED procedure of SAS. Fixed effects included experi-
mental treatment, day and their interaction. The interaction
term, if not significant (P > 0.10), was subsequently excluded
from the final model. Heifer within treatment was included as a
random effect. The type of variance—covariance structure used
was chosen depending on the magnitude of the Akaike infor-
mation criterion (AIC) for models run under compound
symmetry, unstructured, autoregressive, or Toeplitz variance—
covariance structures. The model with the least AIC value was
selected. Embryo -elated data were analysed using the PROC
MIXED procedure of SAS. The model had experimental treat-
ment as a fixed effect and heifer within treatment was included
as a random effect. Differences between treatments were
determined by F-tests using Type III sums of squares. The
PDIFF command incorporating the Tukey test was applied to
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evaluate pairwise comparisons between treatment means.
Pearson correlation coefficients among traits were determined
within day using the CORR procedure of SAS. Correlation
coefficients were classified as strong (> 0.6), moderate
(r=0.4-0.6) or weak (r<0.4). Changes in P4 concentrations
(used in the correlation analyses) during the test period for each
animal were computed as the coefficient of the linear regression
of measurements upon time (day) using the REG procedure
of SAS.

Results

In some tables and figures, the numbers of heifers indicated may
be slightly different to the initial number of heifers. This is due to
the fact that some heifers were recycled and used again if:
(1) they did not show standing oestrus after synchronisation;
(2) insufficient embryos were available on the day of transfer
(Experiment 1); or (3) they short cycled (both experiments) due
to treatment (as evidenced by showing standing heat before time
of death and/or a regressed CL or fresh ovulation at the time of
death). Thus, in some cases, heifers may contribute to the P4
data, for example, but not to the conceptus or CL data. Numbers
of heifers contributing to specific parameters are clearly indi-
cated in the relevant tables and figures.

Experiment 1
Circulating P4 concentrations

Daily P4 concentrations between Day 0 and Day 14 in heifers
are shown in Fig. 2. Insertion of a blank (placebo) device had no
effect on circulating P4 concentrations compared with control
heifers. Insertion of a PRID® Delta on Day 3 or Day 5 resulted in
an immediate increase in serum P4 concentrations (P < 0.05)
that remained elevated until removal of the device on Day 5 or
Day 7. Insertion of a PRID® Delta from Day 3 to Day 7 was
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Fig. 2. Circulating concentrations of progesterone (P4) from Experiment
1. Cross-bred beef heifers were allocated to one of five groups: (1) control:
no treatment (n = 10); (2) placebo: insertion of a blank device (no P4) from
Day 3 to Day 7 (n=11); (3) insertion of a P4-releasing intravaginal device
(PRID® Delta) from Day 3 to Day 7 (n = 13); (4) insertion of a PRID® Delta
from Day 3 to Day 5 (n = 13); or (5) insertion of a PRID® Delta from Day 5
to Day 7 (n=12). Data are the mean + s.e.m. TRT, treatment.
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Table 1. Incidence of uterine infection or short cycles associated with
treatment (Experiment 1)
Data show numbers in each group, with percentages in parentheses. PRID,
progesterone-releasing intravaginal device

Control Placebo PRID
Day 3-7 Day 3-5  Day 5-7
No. heifers® 10 12 19 18 14
Incidence of 0 (0) 1(8.3%) 5(26.3%) 1(5.5%) 3(21.4%)
infection®
No. short 1(10.0%) 2(16.7%) 5(26.3%) 6(33.3%) 1(7.1%)
cycles©

AThe number of heifers is >50 because some heifers were recycled and used
again if insufficient embryos were available for transfer or if the heifers short
cycled.

BEvidence of infection at flushing on Day 14. Note that this incidence of
infection was much higher in groups in which the PRID was removed on the
day of embryo transfer.

CSeen in standing oestrus between Day 7 and Day 14 and/or with a fresh
corpus luteum at the time of death on Day 14 (P > 0.05).

7 -
a a
6 -
ab
5 ab
2 b
£ 4 m Control
-% I 0O Placebo
E 3 M PRID Day 3-5
O PRID Day 3-7
27 ® PRID Day 5-7
1 .
0
Fig.3. Corpus luteum (CL) weight recorded at the time of death on Day 14

following oestrus (Experiment 1). Cross-bred beef heifers were allocated to
one of five groups: (1) control: no treatment (n = 7); (2) placebo: insertion of
a blank device (no progesterone (P4)) from Day 3 to Day 7 (n=9);
(3) insertion of a P4-releasing intravaginal device (PRID® Delta) from
Day 3 to Day 7 (n = 11); (4) insertion of a PRID® Delta from Day 3 to Day 5
(n=12); or (5) insertion of a PRID® Delta from Day 5 to Day 7 (n=28).
Three heifers (one from each of the P4-treated groups) did not have a CL at
the time of death. Data are the mean £ s.e.m. Columns with different letters
differ significantly (P < 0.05).
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followed by a significant reduction (P <0.05) in serum P4
concentrations from Day 9 to Day 14 compared with the control
and placebo groups.

Effect of uterine infection and short cycles

The incidence of uterine infection associated with embryo
transfer was higher when the PRID® Delta was removed on the
day of ET (Day 5 to Day 7, 21.4%; Day 3 to Day 7, 26.3%)
compared with removal on Day 5, 2 days before transfer (5.5%)
or the control (0), although the differences did not reach
statistical significance (Table 1). One heifer in the placebo
group (8.3%) showed evidence of infection.

The incidence of short cycles, as evidenced by heifers seen in
standing oestrus at the time of death on Day 14 and/or the
presence of a fresh CL at the time of death, was highest in groups
receiving a PRID® Delta on Day 3 (Day 3-7, 26.3%; Day 3-5,
33.3%) compared with those receiving a PRID® Delta on Day 5
(7.1%) or the placebo (16.7%) or control groups (10.0%),
although the differences were not significant (Table 1). The
weight of the CL on Day 14 was lowest (P < 0.05) in heifers
receiving a PRID® Delta from Day 3 to Day 7 compared with
those receiving a placebo or in control heifers (Fig. 3).

Conceptus recovery and development

The number of heifers from which conceptuses were recov-
ered on Day 14 is given in Table 2. The overall recovery rate
(conceptuses recovered as a proportion of embryos transferred)
was 31.0%; significantly fewer embryos (P < 0.05) were recov-
ered in the PRID® Delta Day 3—7 group (13.8%) compared with
the other groups. Progesterone supplementation from Day 3 to
Day 5 or from Day 3 to Day 7 increased conceptus length and
area at Day 14 (P <0.05; Fig. 4) compared with the placebo
group. Supplementation from Day 5 to Day 7 did not affect
conceptus dimensions compared with the placebo group.

Experiment 2
Circulating P4 concentrations

Daily P4 concentrations between Day 0 and Day 16 in heifers
are shown in Fig. 5. Consistent with Experiment 1, insertion of a
PRID® Delta on Day 3 resulted in an immediate increase
(P <0.05) in serum P4 concentrations that remained elevated
until removal of the device on Day 5 or Day 7. In both cases,

Table 2. Conceptus recovery on Day 14 after oestrus following transfer of 10 in vitro-produced blastocysts to heifers on Day 7 (Experiment 1)
Data show numbers in each group, with percentages in parentheses. Within rows, values with different superscripts differ significantly (P < 0.05). PRID,
progesterone-releasing intravaginal device

Control Placebo PRID Total
Day 3-7 Day 3-5 Day 5-7
No. heifers receiving blastocysts 7 9 13 14 9 500
No. heifers yielding conceptuses on Day 14 6" (85.7%) 5% (55.6%) 3 (23.1%) 6™ (42.9%) 5% (55.5%) 25 (48.1%)

No. conceptuses recovered 38% (54.3%)

27° (30.0%)

18° (13.8%) 44> (31.4%) 34° (37.8%) 161 (31.0%)

AThe number of heifers is >50 because two heifers were recycled because of short cycles.
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Fig. 4. Conceptus dimensions on Day 14 (Experiment 1). Data represent
25 animals and 161 embryos in total. Cross-bred beef heifers were allocated
to one of five groups: (1) control: no treatment (n = 6); (2) placebo: insertion
of a blank device (no progesterone (P4)) from Day 3 to Day 7 (n=5); (3)
insertion of a P4-releasing intravaginal device (PRID® Delta) from Day 3 to
Day 7 (n = 6); (4) insertion of a PRID® Delta from Day 3 to Day 5 (n = 3); or
(5) insertion of a PRID® Delta from Day 5 to Day 7 (n=15). Data are the
mean £ s.e.m. Significant differences are denoted by different superscripts:
P <0.001 for a versus b and a versus ¢; P =0.04 for b versus c.
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Fig. 5. Progesterone (P4) profiles from Experiment 2. Cross-bred beef
heifers (n = 40) were allocated to one of three groups: (1) placebo (n = 12);
(2) PRID® Delta from Day 3 to Day 5 (n=11); or (3) PRID® Delta from
Day 3 to Day 7 (n=10). All animals were inseminated at standing oestrus
and killed on Day 16 after oestrus. Data are the mean+s.e.m. TRT,
treatment.

following PRID® Delta removal P4 concentrations dropped to
significantly lower levels (P < 0.05) than in the placebo and
remained lower until Day 16.

Conceptus recovery and development

Conceptus recovery rates ranged from 50.0% to 58.3%
across the three groups (Table 3). Mean conceptus length was
greater (P =0.004) in those heifers that had received a PRID®
Delta from Day 3 to Day 7 (143.6 £20.6 mm) compared with
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Table 3. Conceptus recovery following AI and death on Day 16
(Experiment 2)
PRID, progesterone-releasing intravaginal device
Treatment No. heifers inseminated No. conceptuses recovered (%)
Placebo 12 7 (58.3)
PRID Day 3-5 11 6 (54.5)
PRID Day 3-7 10 5(50.0)
180 -
b
160
T 140 -
S
Z 120 A ab
k) O Placebo
c 100 A
o M PRID Day 3-5
8 80~ PRID Day 3-7
a
Q60 ~
<
8 40
TRT P<0.01
20
0

Fig. 6. Conceptus dimensions on Day 16 following insertion of a placebo
(n="7) or a progesterone-releasing intravaginal device from Day 3 to 5
(n=6) or Day 3 to 7 (n=>5; Experiment 2). Data are the mean +s.e.m.
Significant differences between treatments are denoted by different letters:
P =0.004 for a versus b; P=0.1 for a versus ab; P =0.09 for ab versus b.

those receiving placebo (50.3 4+ 18.8 mm). Those receiving a
PRID® Delta from Day 3 to Day 5 yielded conceptuses of
intermediate length (94.0 4 15.1 mm; Fig. 6).

Secretion of IFNT

Concentrations of IFNT were higher in the uterine flush
medium from heifers receiving a PRID® Delta from Day 3 to
Day 7 compared with those receiving placebo (P =0.006) and
those receiving a PRID® Delta from Day 3 to Day 5 (P =0.004;
Fig. 7). Consistent with these data, following overnight culture
in SOF, conceptuses derived from heifers receiving a PRID®
Delta from Day 3 to Day 7 secreted significantly more IFNT
than did conceptuses from either of the other two groups
(P<0.01).

Luteal tissue weight

Luteal tissue weight on Day 16 was lower in heifers receiving
a PRID® Delta from Day 3 to Day 7 than in those receiving
placebo (4.77 £0.59 vs 6.28 + 0.50 g, respectively; P < 0.05).
Those receiving a PRID® Delta from Day 3 to Day 5 had
intermediate luteal tissue weight (Fig. 8).

Correlation of parameters with conceptus development

Concentrations of P4 on Day 4 (the day after PRID® Delta
insertion) were strongly correlated with conceptus length on
Day 16 (r=0.53; P=0.025), IFNT in the uterine flush
(r=0.68; P=0.002) and IFNT in the spent culture medium



334 Reproduction, Fertility and Development

P = 0.006
P = 0.001
400000 7 | 3 Placebo —
350000 - M PRID Day 3-5
PRID Day 3-7
£ 300000 A
L P =0.006
g 250000 - O
> 200000 F=0004
=
T 150000 1 I
P =087
= P=0.35
£ 100000 ; — )
£ 50000 - 1
0 4
Flush Media
~50000 -

Fig. 7. Concentrations of interferon-t (IFNT) in uterine flush samples on
Day 16 (left side) and in media after overnight culture of conceptuses in vitro
(right side) from heifers receiving a placebo (n=7) or a progesterone-
releasing intravaginal device from Day 3 to 5 (n=6) or Day 3to 7 (n=5;
Experiment 2). Data are the mean + s.e.m.
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Fig. 8. Luteal tissue weight recorded at the time of death on Day 16
following oestrus (Experiment 2). Cross-bred beef heifers were allocated to
one of three groups receiving placebo (n=12), a progesterone-releasing
intravaginal device (PRID) from Day 3 to Day 5 (n=10) or a PRID from
Day 3 to Day 7 (n=9). Data are the mean + s.e.m. Columns with different
letters differ significantly (P =0.05). Two heifers (one from each of the
progesterone groups) did not have a corpus luteum at the time of death.

following overnight culture (r=0.74; P =0.0004). Similarly,
conceptus length on Day 16 was correlated with the concentra-
tion of IFNT in the uterine flush (»=0.58; P=0.011) and IFNT
in the culture medium after overnight culture (r=0.68;
P <0.002). Concentrations of IFNT in uterine flushings and
in spent culture medium from the same conceptus were highly
correlated (r=0.82; P <0.0001).

Discussion

The main findings of the present study are that short-term P4
supplementation, for as little as 2 days, from Day 3 to Day 7 after
oestrus, is sufficient to increase peripheral P4, increase con-
ceptus size and increase IFNT secretion, regardless as to
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whether ET or Al was used to establish pregnancy. Furthermore,
in a proportion of heifers, P4 supplementation was associated
with a reduction in CL lifespan.

The data from Experiment 1, in which ET was used to
establish pregnancy, on the effects of P4 on conceptus elonga-
tion are consistent with previous findings that showed that the
embryo does not have to be present in the uterus at the time of
elevated P4 in order to benefit from it (Clemente ez al. 2009).
These data indicate that the well-described association between
early increases in P4 after conception and advanced conceptus
length is not due to a direct effect of P4 on the embryo, but rather
due to P4-induced changes in the environment in which the
embryo is developing. This is supported by an advancement or
retardation in the normal temporal changes that occur in the
endometrial transcriptome in the presence of high (Forde ef al.
2009) or low (Forde et al. 2011a) P4, respectively.

Despite the positive effects of elevated P4 on the conceptus, a
significant number of treated heifers exhibited short cycles,
evidenced by being recorded in standing oestrus before death on
Day 14 (Experiment 1) or Day 16 (Experiment 2) and/or the
presence of a fresh CL at the time of death. These findings
highlight the somewhat paradoxical actions of P4. On the one
hand, increased P4 concentrations stimulate conceptus elonga-
tion (Garrett ef al. 1988a; Satterfield et al. 2006; Carter et al.
2008) via well-characterised changes induced in the endometrial
transcriptome (Forde et al. 2009, 20115) and associated changes
in the histotroph (Costello et al. 2010; Hugentobler ez al. 2010).
Conversely, there is convincing evidence in the literature that
administration of P4 early in the cycle may compromise CL
function, ultimately leading to luteolysis and embryo loss
(Ginther 1970; Garrett et al. 1988a; Burke et al. 1994; Pope
et al. 1995; Van Cleeff et al. 1996).

Garrett et al. (1988b) reported that administration of P4 from
Day 1 to Day 4 resulted in a transient increase in P4 concentra-
tions that was associated with a marked increase in conceptus
length at Day 14. Furthermore, following the last P4 injection,
P4 concentrations decreased to levels significantly below the
control, in agreement with the present study. Administration of
exogenous P4 from Day 1 to Day 4 shortened the interoestrous
interval (16.7 days) compared with controls (21.6 days), result-
ing from an earlier decline in peripheral P4 coincident with an
increased pulsatile release of PGFM in both progesterone-
treated and control cows (Garrett et al. 1988a). The results
indicate that administration of exogenous P4 stimulates an
earlier maturation of endometrial development, causing an
advanced release of PGF,,, which shortens the interoestrous
interval of the cow (Garrett et al. 1988a). Pope et al. (1995)
showed that the minimal daily dose of P4 required to stimulate
and advance early embryo development in ewes (6 mg) is also
the dose that will produce shortened cycles (i.e. it is both
luteolytic and embryotrophic).

The timing of the premature elevation of P4 during the
metoestrous period is critical to its subsequent effect on luteal
lifespan. Ginther (1970) reported the cycle-shortening effect of
exogenous P4 when administered from Day 0 to Day 3, from
Day 1 to Day 4 or from Day 2 to Day 5. Similarly, Burke ef al.
(1994) reported that administration of P4 from Day 1 to Day 5,
but not from Day 4 to Day 9, reduced CL lifespan. Macmillan
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and Peterson (1989) reported that when an intravaginal P4
device was inserted from Day 1 to Day 4 of the oestrous cycle,
the interoestrous interval was reduced to 7-9 days in 60% of
treated cows. Van Cleeff et al. (1996) reported that P4 supple-
mentation within 2 days of insemination for 7 days suppressed
fertility in dairy heifers (18.2% vs 46.4%). Interestingly, Ginther
(1970) reported that simultaneous administration of P4 and
human chorionic gonadotrophin (hCG) prevented the cycle-
shortening effect of P4 given on Days 1-4.

Other strategies aimed at increasing peripheral P4 concen-
trations in the days after oestrus include the administration of
hCG (De Rensis et al. 2010; Lonergan 2011; Wiltbank et al.
2012). Most studies have used administration on Day 5 after
oestrus with the aim of inducing the ovulation of a dominant
follicle and the formation of an accessory CL. In a recent study
from our group (Rizos et al. 2012), as well as in the study of
Kerbler et al. (1997), P4 concentrations diverged significantly
from the control 2—3 days after hCG administration, indicating a
trophic effect on the endogenous CL in addition to the formation
of an accessory structure.

In Experiment 2, mean conceptus length was greater in
heifers that had received a PRID® Delta from Day 3 to Day 7
(143.6 £20.6mm)  than  those  receiving  placebo
(50.3 £ 18.8 mm). Those receiving a PRID® Delta from Day
3 to Day 5 yielded conceptuses of intermediate length
(94.0 £ 15.1 mm). Measurement of antiviral activity indicative
of IFNT in the uterine flush and in spent culture medium
following overnight culture was highly correlated within
embryo. The IFNT concentrations were higher in uterine flush
media from heifers receiving a PRID® Delta from Day 3 to Day
7 compared with those receiving placebo and those receiving a
PRID® Delta from Day 3 to Day 5. Of a total of 35 heifer uteri
flushed, a conceptus was located in 18. With the exception of
two heifers, failure to locate a conceptus after flushing the uterus
was associated with undetectable IFNT in the flush (n=17),
suggesting that a conceptus was not missed in the flushing
procedure.

In conclusion, these data support the positive association
between circulating P4 concentrations in the metoestrous period
and conceptus elongation. Furthermore, they highlight the
paradoxical nature of the P4 effect in that, when administered
early, it is associated with short cycles in a proportion of heifers.
This highlights the caution that is required when supplementing
P4; it may be that strategies aimed at stimulating the develop-
ment of the endogenous CL (e.g. manipulation of preovulatory
follicle development (Wiltbank ez al. 2011) or administration of
luteotrophic agents such as hCG (De Rensis ef al. 2010; Lone-
rgan 2011; Rizos et al. 2012)) rather than supplementation with
exogenous P4 will be most effective. Alternatively, a combina-
tion of exogenous P4 and luteal support may prove beneficial in
achieving a balancing between the apparent negative effects of
P4 supplementation on development of the CL and the positive
effects on conceptus development.
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