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Summary

Objective: To determine sow fertility to a
single timed intracervical or intrauterine
insemination of conventional or low sperm
numbers.

Materials and methods: A total of 411
mixed-parity sows were subjected to
controlled ovulation by injection of 600
IU equine chorionic gonadotrophin at
weaning and 5 mg porcine luteinizing
hormone (pLH) 80 hours later. Sows were
assigned to a single insemination of 1 or

3 x 10 sperm delivered into either the
cervix or uterus. Inseminations were per-

formed approximately 36 hours after pLH

injection. Intensity of standing estrus at
insemination was subjectively scored as 1
to 3, with 3 being a stronger response, and
semen backflow was recorded as yes or no.

Results: Number of sperm and site of
deposition did not affect pregnancy or far-
rowing rates or subsequent litter size. Mean
farrowing rates were 68.32% and 68.63%
in sows inseminated using an intrauterine
catheter and either 1 or 3 x 107 sperm,
respectively. In sows inseminated using
the cervical method, farrowing rates were
77.88% and 67.31% when 1 and 3 x 10°
sperm were used, respectively. Greater
intensity of estrus at insemination was

associated with higher pregnancy and far-
rowing rates (P < .001), and backflow dur-
ing insemination was associated with lower
pregnancy and farrowing rates (P < .01).

Implications: When appropriately timed
after induced ovulation, insemination of
low sperm numbers does not adversely
affect sow fertility, and this lack of effect
is independent of the site of sperm
deposition.
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Resumen - Porcentaje de fertilidad
obtenido después de la inseminacién
intrauterina con un nimero bajo o con-
vencional de espermatozoides en hem-
bras con ovulacién sincronizada

Objetivo: Determinar la fertilidad de

las hembras con una inseminacién dnica
intrauterina o intracervical, programada

y con un niimero bajo o convencional de
espermatozoides.

Materiales y métodos: Un total de 411 hem-
bras de paridad mixta se sometieron a una
ovulacién controlada con una inyeccién de
600 IU de gonadotropina coridnica equina al
destete y 5 mg de hormona luteinizante por-
cina (pLH por sus siglas en inglés) 80 horas
después. Las hembras se asignaron a una
inseminacién dnica conteniendo ya sea 1 6

3 x 107 espermatozoides depositados en el

cérvix o en el dtero. Las inseminaciones

se realizaron aproximadamente 36 horas
después de la inyeccién de pLH. La inten-
sidad del estro en el momento de la insemi-
nacién recibié un puntaje subjetivo de 1 a 3,
siendo 3 la respuesta mds fuerte, y el contra
flujo de semen se registré como si 6 no.

Resultados: El nimero de espermatozoi-
des y el sitio de depdsito no afectaron la
gestacién o el porcentaje de fertilidad o el
subsiguiente tamafio de camada. El porcen-
taje de fertilidad fue de 68.32% y 68.63%
en hembras inseminadas utilizando un caté-
ter intrauterino y una cantidad de esperma-
tozoides, de 1 6 3 x 107, respectivamente.
En hembras inseminadas utilizando el
método cervical, el porcentaje de fertilidad
fue de 77.88% y 67.31% cuando se utilizé
1y 3 x 107 espermatozoides, respectiva-
mente. Una mayor intensidad de estro en
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la inseminacién se asocié con indices mds
altos de gestacién y fertilidad (P < .001), y el
contra flujo durante la inseminacién se aso-
cié con porcentajes mds bajos de gestacién y

fertilidad (P < .01).

Implicaciones: Cuando la inseminacién
con bajo niimero de espermatozoides se
programa correctamente, después de la
ovulacién inducida, esta no afecta negati-
vamente la fertilidad de la hembra, y esta
falta de efecto es independiente del sitio en
el que se depositen los espermatozoides.

Résumé - Fertilité apres insémination
intra-utérine avec un nombre conven-
tionnel ou réduit de spermatozoides chez
des truies avec ovulation synchronisée

Objectif: Déterminer la fertilité chez

des truies suite 2 une insémination intra-
cervicale ou intra-utérine unique calculée
d’un nombre conventionnel ou réduit de
spermatozoides.

Matériels et méthodes: Un total de 411
truies de parité mixte ont été soumises &
une ovulation contrdlée en leur injectant
600 UI de gonadotrophine chorionique
équine lors du sevrage et 5 mg d’hormone
lutéinisante porcine (pLH) 80 heures
plus tard. Les truies ont été inséminées
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avec une dose unique de 1 ou 3 x 107
spermatozoides déposés soit dans le col
utérin ou l'utérus. Les inséminations ont
été effectuées environ 36 heures apres
I'injection de pLH. Lintensité de la chaleur
au moment de I'insémination était mesuré
subjectivement par un pointage de 1 4 3, 3
étant la réponse la plus forte, et le reflux de
semence noté comme oui ou non.

Résultats: Le nombre de spermatozoides
et le site de déposition n'ont pas affecté les
taux de gestation ou de mise-bas, de méme
que la taille des portées. Les taux moyens
de mise-bas étaient de 68.32% et 68.63%
chez les truies inséminées en utilisant un
cathéter intra-utérin avec, respectivement, 1
ou 3 x 107 spermatozoides. Chez les truies

inséminées au niveau du col utérin, les taux de
mise-bas étaient respectivement de 77.88% et
67.31% lorsque 1 et 3 x 10” spermatozoides
éraient utilisés. Une intensité plus grande de

I cestrus au moment de I'insémination était
associée avec des taux de gestation et de mise-
bas plus élevés (P < .001), et le reflux lors de
Pinsémination était associé avec des taux plus
faibles de gestation et de mise-bas (P < .01).

Implications: Lorsque calculée de manicre
appropriée apres 'induction de ovulation,
linsémination d’'un nombre réduit de
spermatozoides n'a pas affecté de maniere
adverse la fertilité des truies, et cette
absence d’effet est indépendante du site de
déposition de la semence.

Ithough artificial insemination (AI)
of sows has been established for
any decades, the use of boar ejac-

ulates remains inefficient, in that relatively
large numbers of sperm are inseminated
multiple times during estrus. Early research
suggested that 5 to 10 x 107 sperm in
100 mL extender was necessary to achieve
optimal fertility.! Since then, numbers of
sperm per dose have decreased, but 2 to
4 x 10? sperm in 80 to 100 mL extender
are still currently considered necessary for
optimum fertility.? Improved efficiency of
use of boar ejaculates requires insemina-
tion of fewer sperm. The number of sperm
inseminated per service may be reduced
either by reducing the number of sperm
per insemination dose or the number of
inseminations per service.

Adoption of new techniques involving
insemination of low sperm concentrations
requires optimization of insemination
protocols.>* Martinez et al® nonsurgi-
cally deposited sperm two-thirds of the
way along one uterine horn, a procedure
referred to as deep intrauterine insemina-
tion. They reported that in sows in which
ovulation was synchronized and deep intra-
uterine insemination used with as few as
50 x 10 sperm, fertility was comparable to
that of nonsynchronized sows inseminated
conventionally with 3 x 10° sperm. If
sperm are surgically placed at the utero-
tubal junction, as few as 10 x 10° sperm
are required.>® This illustrates that fewer
sperm are required for normal sow fertility
with progressively deeper sites of sperm
deposition. Insemination catheters that
deposit sperm beyond the cervix into the
uterine body are commercially available.
Sow fertility was maintained” when semen
doses containing only 1 x 10° sperm were

deposited transcervically (ie, intrauterine
insemination), although multiple insemi-
nations were still employed.

It has been established that for optimal sow
fertility, sperm must be deposited within
24 hours before ovulation,® but that if
intrauterine inseminations of fewer sperm
are performed, then timing of insemination
relative to ovulation becomes more impor-
tant.” If the time of ovulation is known,
then a single insemination should suffice
for optimal fertility. In order to obtain
good predictability of the time of ovula-
tion, pharmaceutical control is required. A
protocol that uses equine chorionic gonad-
otrophin (eCG) for induction of a synchro-
nous estrus, followed by porcine luteinizing
hormone (pLH) for accurate timing of
ovulation, has been successful.!? Further,
subsequent to a controlled estrus and ovula-
tion, sow fertility after a single insemina-
tion was comparable to that after double
inseminations.”!® The cost of the exogenous
hormones can be offset by the reduction in
labor needed for estrus detection and the
reduced semen costs associated with only
one insemination per service. The present
study was undertaken to test the hypothesis
that sow fertility will be maintained if fewer
sperm are deposited transcervically close to
the time of ovulation.

Materials and methods

This study was conducted from February
to October 2005 in a commercial 350-sow
farrow-to-finish purebred pig operation.
The University of Guelph Animal Care
Committee approved the experimental
protocol. Breeding records for the previous
3 years were examined before the study

began. Farrowing rate averaged approxi-
mately 70% each year.

Each week at weaning, each sow was
randomly assigned to one of four treat-
ment groups. A total of 411 mixed-parity
purebred Yorkshire (n = 248), Landrace

(n =119), and Duroc sows (n = 44) each
received an intramuscular (IM) injection
of 600 IU eCG (Pregnecol 5000; Bion-
iche Animal Health, Belleville, Ontario,
Canada) at the time of weaning to induce
synchronous ovarian follicular develop-
ment and estrus. At 80 hours after the eCG
injection, sows received an IM injection of
5 mg pLH (Lutropin-V; Bioniche Animal
Health) to induce ovulation. The predicted
time of ovulation was 38 hours after

pLH injection.!®!! Sows were randomly
assigned by parity and breed to treatment
in a 2 x 2 factorial arrangement. The main
effects were site of sperm deposition (cervi-
cal or intrauterine) and number of sperm
inseminated (1 or 3 x 10°). Treatment
groups are described in Table 1. All semen
doses were extended to 80 mL in Andro-
hep (Minitube Canada, Ingersol, Ontario,
Canada). Sows were inseminated 36 hours
after pLH injection, within 48 hours of
semen collection. Intrauterine and cervical
insemination catheters (both foam tipped)
and Androhep semen extender were sup-
plied by Minitube Canada.

Semen was supplied by Total Swine Genet-
ics (Tillsonburg, Ontario, Canada), with
sire selected for each sow by the herdsman,
who was blinded to sow treatment group.
Duplicate samples of each semen dose
were prepared and evaluated for numbers
of live sperm per dose (concentration and
motility) and progressive motility using a
computer-assisted semen-analysis machine
at the University of Guelph (Sperm Vision;
Minitube Canada).

During insemination, the intensity of
estrus behavior was subjectively scored by
the breeding technician (1 to 3, with 3 the
most intense behavior), and occurrence of
semen leakage during insemination was
noted. The volume of lost semen was not
measured. Pregnancy status was deter-
mined 28 days post breeding by real-time
ultrasonography (Agroscan, Angouleme,
France). Treatment effects were assessed on
the basis of pregnancy and farrowing rates
and subsequent total born litter size. Three
different technicians performed the insemi-
nations over the course of the project.
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Table 1: Conception rate, farrowing rate, and total born litter size of sows inseminated with either a cervical or intrauterine
catheter and either 1 or 3 x 10° sperm per dose*

Cervical catheter Intrauterine catheter

Group A Group B Group C Group D
Sperm dose 1x10° 3x10° 1x10° 3x10°
No. of sows 104 104 101 102
Conception rate (%) 80.77 74.04 73.27 78.43
Farrowing rate (%) 77.88 67.31 68.32 68.63
Total litter sizet 10.30 £ 3.51 10.93 £ 3.08 10.79 £ 2.83 10.27 £3.27

* Conception rate (chi-square; P = .53), farrowing rate (chi-square; P = .30), and litter size (two-way ANOVA; P = .67) did not differ among

the four treatment groups.
T Mean + SE.

The efficacy of the ovulation synchroniza-
tion protocol was confirmed in 14 sows
enrolled in the trial by transrectal real-time
ultrasound (RT'U) examination of their
ovaries using an Aloka SSD 500 (Aloka,
Vaudreuil-Dorion, Quebec, Canada) with
a7.5-MHz linear array transducer for
visualization of the ovaries.!> These sows
were a convenience sample selected when
equipment was available. The purpose of
this small ultrasound study was to reassure
the herdsman that the induction protocol
resulted in synchronized ovulation in this
herd as described in published reports.'®
Examinations were performed 1 hour prior
to pLH injection, then at 13, 22, 36, 46,
and 60 hours after pLH injection. Ovula-
tion was considered to be complete when
there were fewer than four follicles > 6.5-

mm diameter remaining on the ovaries.!3

Statistical analysis

The calculated sample size (number of
SOWS per treatment group) was approxi-
mately 100, with 80% power and 95%
confidence to show a difference in litter
size of one pig per litter, assuming a stan-
dard deviation of two pigs per litter. This
sample size would be sufficient to calculate
a difference in farrowing rate of approxi-
mately 18% (Stata 9; StataCorp, College
Station, Texas). Descriptive statistics (eg,
means, standard deviations, and propor-
tions) were conducted in the Statistix7
program (Analytical Software 2000, Talla-
hassee, Florida). Data were analyzed using
the Statistical Analysis System package
version 8.2 (SAS Institute Inc, Cary, North
Carolina). Univariant models were used to
assess the effect of catheter type and sperm
number per dose on fertility parameters.

Treatment effects on conception rate

and farrowing rate were analysed using
chi-square tests. The association between
estrus status or observed semen leakage
and conception rate and farrowing rate
were tested using a Spearman correlation
coefficient. Association between type of
catheter or sperm concentration and litter
size was tested using a two-way analysis

of variance (ANOVA). The interaction
between treatments after adjusting for
observed backflow, sow parity, and semen
motility as fixed effects, and boar and breed
as random effects, was tested with a linear
mixed model. This model was evaluated
using tests of normality and equal variances
and fit all criteria. Results are presented as
mean + SE, and P < .05 was considered
statistically significant.

Results

Ovarian RTU examinations revealed that
no sow had ovulated earlier than 36 hours
after pLH injection, one sow was ovulating
at 36 hours, and all sows had completed
ovulation by 46 hours. There were no
significant effects of treatment on concep-
tion rate, farrowing rate, or subsequent total
litter size (Table 1). However, estrus status
of the sows at the time of insemination was
associated both with conception rate and
farrowing rate (Table 2). As the score for
estrus status at the time of insemination
increased, the more likely the sow was to
conceive and farrow. Semen leakage was also
related to conception and farrowing rates
(Table 3). Occurrence of leakage at insemi-
nation decreased the likelihood that a sow
would conceive and subsequently farrow.

The intrauterine catheter was relatively easy to
use, although there were some difficulties in

passing the inner catheter into the uterine
body of a few sows (generally the young-
est animals). In this study, the catheter

was inserted to the point of no resistance
(the uterine body). If too much resistance
was encountered, the catheter was left in

the sow’s cervix for a few minutes before
proceeding. In most cases, it then passed
through the remainder of the cervix into the
uterine body with no further

difficulty. In the few sows where this was not
the case, the catheter was gently advanced as
far as possible (though not to the full length)
and insemination was performed at that
point. There appeared to be no difference in
conception rate among sows inseminated by
different breeding technicians.

The average parity in this herd during the
study period was 3.17.

Discussion

Previous studies have shown that conven-
tional cervical insemination of relatively low
numbers of sperm (1 x 10° compared to
the conventional 3 x 10? sperm) resulted

in lower farrowing rates and smaller litters,
an effect that was prevented by intrauterine
insemination.” Others have reported that
maintenance of sow fertility subsequent

to low-dose insemination was affected by
the wean-to-estrus interval,'# supporting
the suggestion that as numbers of sperm
inseminated decrease, the accuracy of timing
of sperm deposition relative to ovulation
becomes more important.” In the present
study, we observed no difference in sow fer-
tility associated with insemination of fewer
sperm, regardless of whether deposition
was cervical or intrauterine.
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Table 2: Conception and farrowing rates of sows evaluated at the time of
insemination for intensity of estrus behavior*

Score of estrus intensity Pt
1 2 3
No. of sows 10 42 148 NA
Conception rate (%) 20 60 81 <.001
Farrowing rate (%) 20 60 76 <.001

* Scored as 1 to 3, with 3 the most intense behavior.

1 Spearman correlation coefficient. NA = not applicable.

Table 3: Conception and farrowing rates of sows when semen leakage either
was or was not observed at the time of insemination using either intracervical

or intrauterine insemination

Leakage No leakage P*
No. of sows 364 NA
Conception rate (%) 79 .001
Farrowing rate (%) 73 .01

* Spearman correlation coefficient. NA = not applicable.

The lack of detrimental effect after conven-
tional insemination of only 1 x 107 sperm
was unexpected and likely resulted from
optimal timing of insemination relative to
ovulation. The ability to accurately predict
the time of ovulation, and so optimize the
timing of insemination, was presumably

a function of our control of the time of
ovulation with pLH. Administration of
gonadotrophins such as ¢CG to induce
estrus is associated with a longer interval
between estrus detection and ovula-
tion.!>15 In sows expected to ovulate 40
hours or more after estrus detection (late-
ovulating sows), controlling the time of
ovulation becomes relatively simple, since
injection of pLH will advance ovulation
to an average of 38 hours after the pLH
injection.!®!! Indeed, in the present study,
all sows examined with RT'U had ovulated
within 8 hours after insemination. The
objective of the insemination, regardless
of numbers of sperm originally deposited,
site of deposition, or timing of insemina-
tion, is to achieve a sufficient number of
sperm in the oviductal sperm reservoir at
the time of ovulation to ensure optimal
fertilization. If timing of insemination is
less than optimal, then insemination of
larger numbers of sperm, either as a single
insemination or multiple inseminations,

will likely be necessary. In contrast, results
of the present study indicate that sow fertil-
ity is maintained even with conventional
insemination of a lower than conventional
number of sperm, as long as insemination
occurs close to the time of ovulation.

Estrus score is routinely used as a behavioral
indicator of when to breed a sow.” It is
generally accepted that when a sow is first
observed in standing estrus, she is likely

to ovulate within 24 to 48 hours. In the
present study, sows were bred at a fixed time
regardless of their estrus behaviour. It was
believed that the injection of pLH would
ensure that all sows would ovulate within 8
hours post insemination, regardless of estrus
status. However, the association between
intensity of estrus behavior and sow fertility
in this study indicates that factors in addi-
tion to timing of insemination are involved
in reproductive outcomes. It is possible that
in sows exhibiting a less intense behavioral
estrus, uterine contractility is less intense,
which might result in poorer transport of
sperm from the site of deposition to the
uterotubal junction and the sperm reservoir,
and so adversely affect fertility.

In this study, semen backflow was observed
during both cervical and intrauterine
inseminations. Although evidence of semen
backflow has been associated with reduced

sow fertility, this adverse effect was noted
only for sows receiving low numbers of
sperm.'®17 The use of intrauterine cath-
eters has been suggested as a means of
reducing the amount of backflow during
insemination.!” However, in our study, the
number of sows in which semen backflow
occurred was similar for both catheter
types. This agrees with the results of
Mezalira et al,!8 who stated that backflow
during insemination is a common occur-
rence in sows, independent of the site of
semen deposition. Stimulation of uterine
contractility during insemination can nega-
tively affect sperm transport and fertility by
increasing the amount of leakage and back-
flow observed.!” The use of an intrauterine
catheter, compared to the standard cervical
catheter, is an additional cervical stimulus
and therefore may cause greater uterine
contractility and a greater risk of backflow
or leakage. The leakage associated with

use of intrauterine catheters in this study
may have masked the superior conception
rate previously reported® for this type of
catheter over standard cervical catheters
when fewer sperm are inseminated. These
results show that backflow at the time of
insemination decreases the sow’s ability to
conceive, independent of the type of cath-
eter or sperm concentration used.

It has been noted previously that intra-
uterine catheter placement requires more
time than placement of cervical catheters.
Watson and Behan” stated that a propor-
tion of animals have pre-existing lesions
in the reproductive tract which predispose
them to injury if the catheter is forced
beyond the point of resistance. They also
stated that there is no disadvantage if the
device cannot be introduced to its full
depth. However, in the present study,
difficulty with proper placement of the
intrauterine catheter in some sows perhaps
decreased its effectiveness, in comparison
with cervical catheters, when low numbers
of sperm were inseminated. Intrauterine
catheters proved to be practical, but of no
economic advantage in this study. Further
work needs to be done to assess whether
conception rates would differ between
cervical and intrauterine insemination
methods if even lower numbers of sperm
were used.

19

In addition to observations at the time of
insemination (leakage and estrus status),
other factors must be considered when a
sow’s reproductive performance is assessed.
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Realistic targets of productivity for indi-
vidual herds must take into account the
genotype, parity distribution, and disease
level of the animals, as well as management
practices and housing. All of these factors
affect the number of piglets born alive and
resulting litter size.?’

Due to multiple factors affecting a sow’s
reproductive performance, blinded random-
ization of the sows to treatment was per-
formed to ensure that parity and breeds were
evenly distributed among treatment groups.
It was concluded that there was no effect of
sow breed or sow parity on litter size.

Implications

*  When sows are inseminated with
fewer sperm close to the time of
predicted ovulation, fertility is main-
tained even when sperm are deposited
into the cervix.

* Insemination of sows expressing rela-
tively weak estrus signs likely results in
poorer fertility.

* Intrauterine insemination does not
prevent semen leakage.

e Under the conditions of this study,
semen leakage is associated with
poorer fertility regardless of original
sperm dose or site of deposition.
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