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Summary
Objective: To determine the effect of estra-
diol, either added to extended semen or
deposited onto the vaginal mucosa, on the
reproductive performance of artificially
inseminated sows.

Materials and methods: At 80 hours after
weaning, 227 mixed-parity sows received
an intramuscular injection of 750 IU of
human chorionic gonadotrophin (hCG) to
induce ovulation. At 36 and 46 hours after
hCG injection, sows exhibiting estrous
behaviour (n = 198) were artificially in-
seminated with 3 × 109 spermatozoa in 80
mL extender. At the time of insemination,
sows were sequentially assigned to receive
25 µg estradiol dissolved in the semen dose

(E-semen; n = 66), 25 µg estradiol in an oil
solution deposited onto the anterior vagi-
nal mucosa (E-vag; n = 66), or no estradiol
(Control; n = 66). Real-time ultrasound
was used to determine pregnancy status 26
to 30 days after insemination. Pregnancy
rates, farrowing rates, and subsequent total-
born litter sizes were recorded.

Results: Pregnancy rates were 97.0%,
92.4%, and 90.9%, farrowing rates were
89%, 92% and 89%, and litter sizes were
11.1, 10.8, and 10.5, for E-semen, E-vag,
and Control, respectively. Differences were
not significant (P > .5). These data indicate
no benefit from supplemental estradiol at
the time of insemination. However, any
effect may have been masked by an im-

proved performance of all treatment groups
relative to the herd’s historical farrowing
rate (75.7%).

Implications: The breeding of sows following
a controlled induction of ovulation may
have the potential to improve sow fertility.
However, under these conditions, supple-
mental estradiol provided no significant
further benefit.
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Often, sow fertility following
artificial insemination appears to
be poorer relative to that follow-

ing natural breeding.1 Various factors may
be involved in this apparently reduced fer-
tility, including poor timing of insemina-
tion relative to ovulation.2 Natural breeding
near the onset of estrus may advance the
time of ovulation,3 an effect attributed to a
seminal plasma protein and a high concen-
tration of estrogen in the boar’s ejaculate,4

constituents of seminal plasma diluted out
from fresh extended semen. In sows bred
naturally, it is likely that ovulation is ad-
vanced in females that would otherwise be

late ovulators (eg, estrus-to-ovulation inter-
vals > 40 hours). The consequence of this
would be improved timing of sperm depo-
sition relative to ovulation and, therefore,
improved fertilization and farrowing rates.

In addition to potentially affecting the time
of ovulation, estrogens are reported to stimu-
late myometrial contractions via an estrogen-
induced local release of prostaglandin F2α
(PGF).1,5 Increased myometrial contractil-
ity may result in improved transport of sperm
towards the uterotubal junction, an in-
creased functional sperm reservoir, and so
improved sow fertility. Indeed, it is accepted

that insemination of too few sperm, pre-
sumably due to the establishment of an in-
adequate functional sperm reservoir, com-
promises sow fertility.6,7 Interestingly,
increased serum PGF metabolite concen-
trations persisted longer following natural
service than following a uterine infusion of
estrogen in saline.1 This suggests a more
prolonged release of estrogen following a
natural service, possibly due to initial
stimulation by estrogen in seminal plasma
being followed by a further release of estro-
gen nonspecifically attached to the sperm.1

Additionally, the gel component of the
ejaculate is known to have a high estrogen
content (G. R. Foxcroft, oral communica-
tion, 2004), which would also be expected
to prolong hormone release. To date, the
effects of estrogen-supplemented semen on
sow fertility have been relatively small.8,9

However, it is possible that if a more pro-
longed release of estrogen were achieved, a
greater improvement in sow fertility would
ensue. Therefore, the objective of this
experiment was to determine whether the
sow response to estrogen supplementation
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at insemination is affected by estrogen for-
mulation and route of administration.

Materials and methods
This study was performed during February
to September 2003 on a 700-sow commer-
cial facility. The target lactation length was
21 to 28 days. During an 11-week period,
227 mixed-parity sows were exposed daily
to a boar for estrus detection beginning 24
hours after weaning. At 80 hours after
weaning, sows received an intramuscular
injection of 750 IU of human chorionic
gonadotrophin (hCG; Chorulon; Intervet
Canada, Whitby, Ontario) to induce ovula-
tion. On the basis of literature evidence,
ovulation was expected to occur approxi-
mately 42 hours after hCG injection.10,11

Sows exhibiting estrous behaviour were
artificially inseminated 36 hours after hCG
injection and again 10 hours later. Insemi-
nation doses were 80 mL fresh extended
semen containing at least 3 × 109 sperm
derived from a pool from two boars, each
with a recorded history of acceptable
fertility.

At the time of insemination, sows were
sequentially assigned to receive 25 µg estra-
diol dissolved in the semen dose (E-semen;
n = 66), 25 µg estradiol in an oil solution
deposited onto the anterior vaginal mucosa
(E-vag; n = 66), or no estradiol (Control; n
= 66). The estradiol dose was chosen on the
basis of documented estrogen levels of up
to 11.5 µg in seminal plasma and approxi-
mately the same amount nonspecifically
attached to the sperm.1 All estradiol solu-
tions were prepared by The Veterinary
Pharmacy Inc, Guelph, Ontario. Pregnancy
status of inseminated sows was determined
by transabdominal real-time ultrasonogra-
phy during the first trimester (26 to 30
days), and pregnant sows were allowed to
go to term to determine farrowing rates
and subsequent total-born litter sizes.

Statistical comparisons were performed
using NCSS (Number Cruncher Statistical
Systems, Kaysville, Utah). Treatment effects
on pregnancy and farrowing rates were
compared using a chi-squared test. Litter
size data were subjected to general linear
model analysis of variance with parity as a
covariate. Differences between means at P
< .05 were considered significant.

Results
No sows were observed in estrus prior to
hCG injection. Of the 227 hCG-treated
sows, 198 (87.2%) exhibited estrus

behaviour 36 hours following hCG treat-
ment. There was no effect of treatment on
pregnancy rates at 30 days after insemina-
tion (Table 1). Farrowing rates were ad-
justed to account for one E-vag sow and
four E-semen sows that were culled for
nonreproductive reasons. There was no
effect of treatment on adjusted farrowing
rates or total-born litter size (Table 1).

Discussion
This study detected no significant effect of
estrogen supplementation on sow fertility.
However, it is possible that any potential
effect of estrogen was masked by an overall
increase in sow fertility associated with the
conduct of this experiment. For 370 sows
inseminated immediately prior to this
study, the farrowing rate to insemination at
the first postweaning estrus was 75.7%.
Further, in an analysis of 307 sows that
farrowed after this study, 239 farrowed to
insemination at their first estrus after wean-
ing (77.9%). Compared to the historical
herd data, farrowing rates during the study
period for E-semen, E-vag, and Control
sows improved by 16.2%, 16.6%, and
13.7%, respectively. The etiology of this
general improvement in sow fertility was
not determined, but it is reasonable to sug-
gest an involvement of our protocol of con-
trolled ovulation.

It is known that the optimal time for in-
semination of fresh extended semen is dur-
ing the 24-hour period before ovula-
tion,2,12 and by controlling the time of
ovulation we greatly improved the chance

of optimal timing of insemination relative
to ovulation. An improved sow fertility
associated with controlled ovulation has
been observed earlier, where farrowing rates
were increased from 78% to 95% when
insemination was associated with con-
trolled ovulation.13 Alternatively, we can-
not discount an effect of improved overall
management attention and the insemina-
tions being performed by research person-
nel. However, in a current unrelated study
performed on this farm by the same per-
sonnel, farrowing rates in non-hormone-
treated sows remained below 80%. On the
basis of the present data, we suggest that
when insemination is appropriately timed
relative to ovulation, supplemental estrogen
will not improve sow fertility. However,
further work is needed to determine
whether an improvement would be evident
under normal commercial conditions, ie,
with no control of time of ovulation.

Implications
• Breeding to a controlled ovulation has

the potential to significantly increase
sow fertility.

• Under conditions of controlled
ovulation, there is little effect of
supplemental estrogen on sow fertility.
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Table 1: Effects of adding estradiol to semen (E-semen), deposition of estradiol
onto vaginal mucosa (E-vag), or no supplemental estradiol (Control) on fertility
of sows in a commercial facility 1

1    For all sows, ovulation was induced by injection of 750 IU human chorionic
gonadotrophin 80 hours after weaning. At insemination, sows received 25 µg
estradiol dissolved in the semen dose or 25 µg estradiol in an oil solution deposited
onto the anterior vaginal mucosa. Differences were not statistically significant
(effects on pregnancy and farrowing rates were compared using chi-squared test
and litter size data were analyzed using a general linear model with parity as a
covariate; P > .05).

2    Mean ± SE.
3    Determined by real-time ultrasound 26 to 30 days after insemination.
4    Farrowing rates were adjusted to account for sows culled for nonreproductive

reasons.

nemes-E gav-E lortnoC
swosfo.oN 66 66 66

ytiraP 2 9.8 ± 5.0 2.8 ± 5.0 5.7 ± 5.0
)%(etarycnangerP 3 0.79 4.29 9.09

)%(etargniworrafdetsujdA 4 9.19 3.29 4.98
ezisrettilnrob-latoT 2 2.11 ± 4.0 9.01 ± 4.0 3.01 ± 4.0
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