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Summary
Objective: To determine the efficacy of
supplemental oxytocin added to the semen
dose immediately prior to an intrauterine
insemination.

Methods: During September 2002, mixed
parity sows on two commercial farrow-to-
wean units (3000 and 1500 PIC sows)
were inseminated at their first estrus after
weaning (weaned sows; n = 442) or at a
repeat estrus following a previous failure to
successfully conceive (repeat sows; n = 100),
using either a cervical (199 sows) or intra-
uterine AI catheter. For sows inseminated
using the intrauterine catheter, the semen

did (172 sows), or did not (171 sows), con-
tain 5 IU oxytocin. Semen age at insemina-
tion varied from 2 to 8 days.

Results: Farrowing rates and subsequent
litter sizes were not affected by treatment.
However, an interaction between treatment
and the number of inseminations during
estrus indicated a higher farrowing rate
(P = .02) if oxytocin was included in the
semen for sows bred only once. While se-
men age had no effect on litter size, semen
age > 4 days was associated with a reduced
farrowing rate (P < .05). Farrowing rates
were lower (P < .05) for repeat sows
(63.7%) than for weaned sows (84.9%),
but litter size was not affected.

Implications: The use of intrauterine in-
semination does not improve fertility of
sows. Inclusion of oxytocin in extended
semen may benefit sow fertility when
breeding management may otherwise result
in a smaller sperm cell reservoir in the
oviduct.
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The use of artificial insemination
(AI) of swine has grown since
1990, when < 5% of sows were

being bred by AI; approximately 60% of
sows are now being bred by AI.1 However,
in commercial practice, the reproductive
performance of sows bred by AI is often
lower than that achievable with natural
breeding.2 The ultimate objective of the
breeding protocol is to have a sufficient
number of sperm cells in the oviductal
sperm cell reservoir in the 24-hour period
preceding ovulation,3 and any action that
reduces this reservoir may compromise fer-
tility. With AI, such a reduction in the
sperm cell reservoir may result from poor
timing of semen deposition relative to time
of ovulation,4 or inadequate stimulation of
the sow during and after insemination re-

sulting in reduced myometrial contractions5

and a poorer sperm cell transport to the
oviduct. Also, excess semen reflux (backflow)
during insemination may reduce fertility,6

presumably by reducing the potential size
of the sperm cell reservoir.

The boar ejaculate contains high levels of
estrogens,2 and improvements in sow fertil-
ity have been noted following insemination
of semen doses containing supplemental
estrogen.7,8 Estrogen stimulates myometrial
contractions9 via an estrogen-induced local
release of prostaglandin F2∝ (PGF).2,9 Ad-
ditionally, the presence of a boar during
estrus stimulated the endogenous release of
oxytocin and enhanced uterine contractions.5

The endogenously stimulated uterine con-
tractions are coordinated, with contraction

waves being in the tubal direction,10 which
presumably enhances the sperm cell reservoir.

Previous studies have shown improved sow
fertility when PGF or oxytocin has been
added to the semen dose,11–13 but responses
have been variable.14 The reason for the
variable response is unknown, but possibly
reflects pre-existing farm performance and
breeding management. Further, we speculate
that since semen backflow occurs in most
sows,6 and backflow may increase with in-
clusion of uterotonic hormones,15 the
backflow may effectively limit the amount
of active hormone available to stimulate
the uterus. Therefore, if backflow were re-
duced, a more consistent response to oxy-
tocin may ensue. Although it has not been
critically assessed, anecdotal evidence suggests
that semen backflow is less with intrauter-
ine insemination. The reason for this effect
is unknown, but may involve a smaller pool
of semen immediately anterior to the cath-
eter tip. The present study was undertaken
to determine the efficacy of supplemental
oxytocin added to the semen dose immedi-
ately prior to an intrauterine insemination.
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Materials and methods
This study employed 542 mixed parity sows
housed on two commercial farrow-to-wean
swine operations during September 2002.
The farms housed either 3000 PIC Cam-
borough sows or 1500 PIC Camborough line
14 and line 15 sows. The target lactation
length of each herd was 19 days (range 14
to 21 days), and sows were weaned into
individual gestation stalls. Estrus detection
of weaned sows involved boar contact in
front of the stalls once daily starting on day
3 after weaning. Additionally, sows bred in
previous weeks were exposed to the boar to
facilitate detection of estrus in nonpreg-
nant sows (repeat sows). At detection of the
first or repeat estrus, sows were inseminated
with 2.5 × 109 sperm cells in 75 mL
Enduragard extender (Minitube, Verona,
Wisconsin). Insemination was repeated 24
hours later if sows still exhibited estrous
behavior. Third estrus inseminations were
not allowed. Age of semen at insemination
was 2 to 8 days.

At the time of AI, sows were assigned to AI
using either a sponge-tip cervical catheter
(Golden Pig; IMV International Corp,
Minneapolis, Minnesota; control, n =199);
an intrauterine AI catheter (Deep Golden
Pig; IMV; DGP, n =172); or the intrauter-
ine catheter but with 5 IU oxytocin
(Prolabs Ltd, St Joseph, Missouri) added to
the semen dose immediately prior to in-
semination (DGP+OT; n =171).

The dose of oxytocin included in the se-
men was similar to that shown to be effec-
tive by others.12 Assignment to treatment
was serial, ie, first sow, treatment 1; second
sow, treatment 2; third sow, treatment 3;
fourth sow, treatment 1. A total of 442
sows were inseminated at their first estrus
after weaning, and 100 sows were insemi-
nated at a first repeat estrus. Sires were
equally represented among treatments.
Data recorded were service outcome (far-
rowed or returned) and subsequent total
born litter size.

Prior to data analysis, parities were
classified as 1, 2, or > 2; the wean-to-estrus
intervals as < 6 days, 6 to 14 days, or > 14
days; and semen age as 2 to 4 days or 5 to
8 days. The semen age at the last insemina-
tion was used for data analysis because it
was reasoned that this insemination was
likely closest to the time of ovulation. Data
were analyzed using SAS statistical software
(SAS Institute, Cary, North Carolina). A

multifactorial logistic model based on SAS
PROC GENMOD was used to analyze
farrowing rates and yielded a controlled
farrowing rate, calculated after including all
the covariates in the model. Terms included
in the model were farm, treatment, num-
ber of inseminations during estrus (1 or 2),
postweaning estrus of insemination (1 or
2), parity, semen age, and all first order
interactions. Data for total born litter size
were subjected to analysis of variance using
SAS PROC MIXED with the model in-
cluding the same terms as above. The least
squares means option in the SAS procedures
was used to provide adjusted means for
both analyses. To analyze the effects of
wean-to-estrus interval, the above models
were re-run, but limited to weaned sows
(estrus of insemination = 1).

Results
There was no overall effect of treatment on
either controlled farrowing rate (hereafter
referred to as farrowing rate) or subsequent
litter size, but various interactions were
detected. There was an interaction between

treatment and number of inseminations
during estrus. Specifically, when sows re-
ceived two inseminations, farrowing rates
were not different, but when sows received
only one insemination, the addition of
oxytocin to the semen was associated with
an increased farrowing rate (Table 1). The
number of inseminations was not recorded
for six sows.

The use of semen > 4 days old was associated
with a lower farrowing rate (58.1%) than
when semen used was ≤ 4 days old (87.7%;
P <.05). However, this result should be
treated with caution since, as shown in
Table 2, most sows received the older semen.
An interaction between semen age and
number of matings was detected. Specifi-
cally, semen age had no effect on farrowing
rates when sows were inseminated twice,
but older semen was associated with a re-
duced farrowing rate following single in-
seminations (Table 2). Semen age was not
recorded for two sows. Farrowing rates
were lower for repeat sows (63.7%) than
for weaned sows (84.9%, P < .05).

Table 1: Effect of number of inseminations and supplemental seminal oxytocin
(OT) on percent farrowing rate of sows after cervical (control) or intrauterine
(DGP) insemination1

1    Control sows: inseminated using a sponge-tip cervical catheter (Golden Pig; IMV
International Corp, Minneapolis, Minnesota); DGP sows: inseminated using an
intrauterine AI catheter (Deep Golden Pig; IMV); DGP+OT sows: inseminated using
the intrauterine catheter but with 5 IU oxytocin (Prolabs Ltd, St Joseph, Missouri)
added to the semen dose immediately prior to insemination. All sows were
inseminated either once or twice: third inseminations were not allowed.

2    Treatment × number of inseminations interaction (multifactorial logistic analysis;
P < .05).

ab   Within row, treatment means with different superscripts differ (multifactorial logistic
analysis; P = .02).
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Table 2: Effect of semen age1 and number of inseminations on percent
farrowing rate in a group of mixed-parity sows

1     Semen age at the time of the last insemination.
2    Semen age × number of matings interaction (multifactorial logistic analysis; P < .05).
ab  Within row, treatment means with different superscripts differ (multifactorial logistic

analysis; P < .05).
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Subsequent litter size was not influenced
overall by treatment (P > .05) or estrus
number (wean or repeat; P > .05), but a
treatment-by-estrus number interaction
was detected (Table 3). Litter sizes were
similar for weaned sows, but for intrauter-
ine-inseminated repeat sows, litter size
tended to be lower for DGP+OT sows,
with controls being intermediate (Table 3).

There was an overall effect of parity (P <
.01) and interactions between parity and
estrus number and between parity and
number of inseminations during estrus
(Table 4). Specifically, litter size was greater
for parity 1 repeat sows than for parity 1
weaned sows (Table 4). Also, litter size was
lower in parity 2 sows receiving a single
insemination (Table 4).

Analysis of the effect of wean-to-estrus in-
terval on farrowing rates and subsequent
litter sizes was limited to weaned sows.
Within the wean-to-estrus categories of < 6
days, 6 to 14 days, and > 14 days, the
number (and percent) of sows receiving a
single insemination were 57 (23.3%), 39
(28.3%), and 12 (22.6%), respectively.
There was no effect of wean-to-estrus inter-
val on farrowing rate. There was no overall
treatment effect on litter size for sows re-
turning to estrus < 6 days after weaning.
However, for wean-to-estrus intervals of 6
to 14 days, litter sizes were different (P <
.05) between control sows (9.6) and DGP
sows (11.8), with DGP+OT sows being
intermediate (10.7). When wean-to-estrus
intervals were > 14 days, litter size was
maintained in DGP+OT sows (13.0), but
was lower (P < .05) in control sows (6.1)
and DGP sows (6.0).

Discussion
The present study demonstrated no overall
effect of either the site of semen deposition
or the inclusion of oxytocin in the semen
on farrowing rates or subsequent litter size.
This supports the suggestion that no posi-
tive or negative effects will accrue from use
of intrauterine insemination. It is worth
emphasizing that the perceived benefit from
the use of intrauterine insemination is lim-
ited to situations of insemination of low
sperm cell numbers, which did not occur
in the present study. Although no main
effects of site of semen deposition or
supplemental oxytocin were noted, various
interesting interactions were evident.

The interaction between treatment and
number of inseminations on farrowing

rate, ie, higher farrowing rates in single-
inseminated DGP+OT sows, may involve
the ability to establish an effective sperm
cell reservoir. If sows receive only a single
insemination, there is the potential for a
smaller sperm cell reservoir within the ovi-
duct. In this event, fertility may be com-
promised unless the timing of insemination
relative to ovulation is optimal. The higher
farrowing rates for DGP+OT sows receiv-
ing a single insemination may be due to
oxytocin-induced increased uterine con-
tractions improving sperm cell transport
and so allowing the establishment of an
adequate oviductal sperm cell reservoir.
This is supported by the lack of effect of
oxytocin in sows receiving two insemina-
tions, where a smaller sperm cell reservoir
is less likely. This observation also indirectly
argues against an oxytocin-induced increase

in semen backflow following intrauterine
semen deposition. However, since we did
not assess amounts of semen backflow, this
suggestion is speculative.

It is interesting that farrowing rates were
not increased following two inseminations,
compared to sows receiving single insemi-
nations. This may be a consequence of
single-inseminated sows having shorter
estrous periods and, therefore, being in-
seminated relatively close to the time of
ovulation. Also, the farm protocol of limit-
ing sows to only two inseminations may
have adversely affected the fertility of this
group. It has been suggested that about
20% of sows will have prolonged estrous
periods requiring a third insemination.16

There is anecdotal field evidence that the
breeding of these sows would result in a

Table 3: Effect of seminal oxytocin (OT) and estrus number on subsequent
mean total born litter size of sows after cervical (control) or intrauterine (DGP)
insemination1

1    Control sows: inseminated using a sponge-tip cervical catheter (Golden Pig; IMV
International Corp, Minneapolis, Minnesota); DGP sows: inseminated using an
intrauterine AI catheter (Deep Golden Pig; IMV); DGP+OT sows: inseminated using
the intrauterine catheter but with 5 IU oxytocin (Prolabs Ltd, St Joseph, Missouri)
added to the semen dose immediately prior to insemination. Sows were
inseminated either at their first estrus after weaning (weaned sows) or at a first
repeat estrus (repeat sows).

2    Treatment × estrus number interaction (ANOVA; P < .05).
ab   Within row, treatment means with different superscripts tend to differ (ANOVA; P = .07).
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Table 4: Effect of parity, estrus number at insemination, and number of
inseminations during estrus on subsequent mean total born litter size in sows
inseminated either once or twice at the first estrus after weaning or at the first
repeat estrus

a    Parity × estrus number interaction (ANOVA; P < .01).
b    Parity 1 differs from other parities (ANOVA; P < .05).
c    Parity × number of inseminations interaction (ANOVA; P = .02).
d    Parity 2 differs from other parities (ANOVA; P < .05).

(ezisrettilnroblatoT ± )DS
)n(1ytiraP )n(2ytiraP )n(2>ytiraP

noitanimesnifosurtsE ba

swosdenaeW 9.11 ± )37(1.1 5.9 ± )85(0.1 9.11 ± )991(9.0
swostaepeR 4.51 ± )81(3.1 2.9 ± )61(6.1 2.9 ± )02(6.1

snoitanimesnifo.oN dc
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owT 8.31 ± )36(9.0 1.11 ± )95(9.0 3.01 ± )271(8.0
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5% increase in the herd farrowing rate. The
relatively high proportion of sows receiving
single inseminations across all wean-to-estrus
categories and the relatively low farrowing
rates across treatments further indicate that
breeding management could be improved.

The present data appear not to support the
use of a long-term semen extender beyond
4 days. However, these data should be
treated with caution, given the unbalanced
nature of the data. When sows received a
single insemination, older semen was asso-
ciated with a lower farrowing rate. It is pos-
sible that the older semen doses had fewer
viable sperm cells, and this resulted in a
smaller oviductal sperm cell reservoir. This
is supported by there being no effect when
sows received two inseminations. However,
if there had been fewer viable sperm cells, a
semen age × treatment interaction might
be expected, but none was evident.

For the farms in this study, the largest litters
were obtained from the insemination of
primiparous sows. Although the estrus at
insemination and number of inseminations
during estrus did not affect the overall sub-
sequent litter size, there were interactions
between parity and number of inseminations
and between parity and estrus number.
Considering the number of inseminations,
when sows received two inseminations,
there was a decrease in litter size in the
multiparous sows, for which we have no
explanation. When sows received a single
insemination, there was a marked decrease
in litter size for second parity sows, with a
recovery in older sows. We have no expla-
nation for the apparent “sensitivity” of sec-
ond parity sows to a single insemination.
When considered by estrus number,
weaned sows showed the classic “second
parity dip,” with recovery thereafter. The
parity 1 repeat sows had the largest litter
sizes, possibly reflecting the known effect
of “skip-a-heat” breeding in this parity.17

The repeat sows also had smaller litters in
their second parity, but there was no recovery
thereafter. Therefore, although there was
no overall detrimental effect of estrus num-
ber on litter size, these data suggest that,
except for primiparous sows, fertility is
lower for repeat sows than for those con-
ceiving at the first estrus after weaning.

The control sows demonstrated the expected
decrease in litter size when insemination
occurred at 6 to 14 days after weaning.

However, there was no recovery for insemi-
nations occurring at > 14 days. In contrast,
there was a slight improvement in litter size
of DGP sows bred between 6 and 14 days,
suggesting that intrauterine insemination
may be beneficial to otherwise relatively
less fertile sows. Interestingly, even DGP
sows had smaller litters when the wean-to-
estrus interval was > 14 days. When oxytocin
was included in the semen dose, litter size
was maintained at the level seen with sows
bred at < 6 days. Considering the above, it
is possible that part of the reduction in fer-
tility associated with breeding at > 6 days
after weaning involves a failure to establish
an adequate oviductal sperm cell reservoir.

The data presented demonstrated the ex-
pected reduced farrowing rate following
insemination of repeat-breeder sows. The
reason for this effect is not known, but in
the absence of evidence to the contrary, it
has been assumed to reflect a subpopulation
of sows with lower fertility. However, this
assumption is not supported by the data for
litter sizes. On the basis of these data, it is
reasonable to suggest that ovulation rate is
not different in repeat-breeding sows. Simi-
larly, in those repeat-breeding sows that
maintain their pregnancy, embryo-fetal
mortality is unaffected. We have no expla-
nation for the etiology of the lower farrow-
ing rate of this group of sows, but in the
absence of an effect on litter size, it does
appear to be an all-or-nothing effect.

Implications
• The use of intrauterine insemination

does not improve fertility of sows.
• Inclusion of oxytocin in extended

semen may benefit sow fertility when
breeding management may otherwise
result in a smaller sperm cell reservoir
in the oviduct.
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