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I. INTRODUCTION

Artificial insemination offers great possibilities for pig
production through the_uée of progeny-=tested. boars. The use of
artificial inseﬁination in swine is not yet as widespregd as in cattle.
During the past tweﬁty years, diluents for preserving boar semen in
‘the liquid étate at 5 to 18°C have been improved and variable fertility
results have been obtained wiﬁh boar semen stored for two to six days
in"the liquid state as reported by Johnson et al. (1980, 1961) and
Koh et al. (1976).

Several factors influencing éperm transport and fertility in.
artifiecially inseminated pigs have been described.. Among them are
the quality of semen itself, volume and number of spermatozoa in-
seminated, eitender coﬁposition, role of anatomical structures of ‘the
genital ‘tract and endocrine stage of the female (Baker et al., 1968;
Bower et al., 1974; Einarsson, 1980; Einarsson and.Viring, 1973a;

First et ‘al., 1968; Hancock and Hovell, 1961; Hunter, 1980a; Melrose,
1966 Poige, 1978; Thibault, 1973; Viring and Einarsson, 1980a,b).

Evans and Dawson (Departmeﬁt of Vete;inary‘CIinical Sc¢iences, Iowa
State University, unpublished results) and Huntet (1972b) observed a
loéal effect of progesterone on the edeﬁatous tissues of the uterotubal
junction and oviductal isthmus in the pig. This relaxative effect of
progesterone may increase the number of spermatozoa present at the site

of fertilization and enhance the chances of Suqceésful fertilization.



The objective of the present study was to determine the effect
of liquid extended semen treated with 5 mg of crystalline progesterone,
on the number of piglets born after artificial insemination of 2 X 10%
spermatozoa. The effect of the addition of 5 mg of progesterone to
liquid extended semen on the number of sperm recoveredlfrqm flushings
of the genital tract of artificially inseminated pigs with 6 X 10°

spermatozoa was also détermined,



II. REVIEW OF LITERATURE

A. General Aspects of Artificial Insemination in the Pig

1. Historical background

Since the early years of artificial insemination.three centuriés
ago when L. Spallangzani impregnated female dogs by injecting semen
iﬁto the reproductive tract (Nishikawa, 1964), the use of artificial
insemination in other domestic animais has become a common practice.

It has been surprising, that compared with other species,
artificial inseminatian in pigs has been slbwer to develop (Melrose,
19663 Erickson, 1974). Polge (1956) cited that early investigations
on the reproductive physiology of the pig were don; almost fifty
years aéo. Reports by Aamdal (1964) and Polge (1956) described
methods of semen collection and evaluation, dilution rate, insemination :
equipment, techniques of insemination;°time of insemination and

conception rates obtained with fresh diluted boar semen.

2. Semen collection

Several methods have been described for the collection of boar
semen: 'Thé earliest recorded collection of boar semen was by McKenzie
in 1931 (Polge, 1956; Basurto—Kubg, 1979). He‘use; a very simple type
of artificial vagina conéisting of a soft rubber_tube. A resfrained

sow was used as a mount for the boar. Polge (1956) observed better semen



quality when using a sow in heat to collect a boar. An ovariectomized
teaser gilt or sow brought into estrus by estrogen treatments may

also be used (Melrose, 1966). Aamdal (1964) considered the use of a

- dummy sow and a modified artificial vagina with relatively high

internal pressure as the best method of collec;ing‘boar.sgmen.

The gloved-ﬁand technique of béar semen collection was developed
through-modification of the artificial vagina method (Hancock, 1959;
Meirose and.b'Hagan, 1959). 1In this technique, the stimuli which cause
ejacqlatidn‘appear to bé essentially tactile. This procedure consists
of graéping the extended penis with the gloved-hand and applying.
‘pressure to simulhﬁe:thé cervical constriction of the sow.

The training of the boar to mount a phantom was deseribed by

several authors (Polge, 1956; Aamdal, 1964; D;iuk, 1959; ClamOhoy et al.,

1966; Niwa, 1961).l Boars can be easily trained to mouﬁt simple.éummy -
devices and they will ejaculate readily with gloved-hand stimulation.
Clamohoy et al. (1960) found that it took about seven days for in-
experienced boars to be trained to mount a'phantom and ejaculate freely,
Males which had previously experienced some éexual activity by natural
service; tock an .average of 14 days. Niwa (1961) recommended that
trainiﬁé for collection purposes should start when the boar reaches
100 kg live-weight.

The electroejaculation technique described by Clark (1976) and.

Basurto-Kuba (1979) has also been used as a reli&ble‘method-to obtain



‘representative samples from boars. When this technique was practiced,
general anesthesia was used to achieve better collection results and
£o provide proper restraint of the animal at the time of electricéal
stimulation. This technique was also used to collect semen from boars
that suffer physical disabilities or were unwilling to mount.

The process of semen collection in the boar is prolonged and
depends ‘on the technique used. It may take from thrée to 20 minutes to
complete a full collection. Ejaculation pattern is distinguished as
three fractions which were described by Rodolfo (1934a). The first
fraction contains very little sperm and is called fpre-sperm" fraction;
the second fraction contains a very high concentration of sperm and is
generally termed "spermrrichf fraction; thé final fraction contains
a much lower concentration of sperm and is called the fpost—sperm"
fraction.. The second and third fractions are usually accompanied by a
ia:ge quantity of tapioca-like lumps which are secreted by the bulbo-
urethral glands (Polge, 1956). Usually an average of 827 of the sperm-
atozoa is ejaculated within two minutes after the start of ejaculation

(Niwa, 1961).

3. Frequency of semen collection

The frequency of semen collection and related factors, such as
semen production capacity, have been reviewed by Melrose (1566). Polge
(1956) proposed that a boar can be collected from two to three times

per week for maximum production. Niwa (1961) recommended a five to



six-day collection interval, while Gerrits ét al. (1962a) found that
over a 20-day period 5, 10, and 20 ejaculations yielded an average

total ‘spermatozoa of 54.9 X 10°, 39 X 10° ?

» and 23.7 X 10° respectively.
Aamdal (1964) reported that using 48-hour or 72-houx collection
intervals, the total number of spermatozoa obtained over time were
similar. However, he found that few boars tolerated collection

every 48 hours over a long period. DuMesnil du Buisson and Signoret
(1970) observed that increasing the colleﬁtion frequency from one to
three per week, resulted in only 14% moré spermatozoa and the farrowing
rate obtained was not altered. They concluded that collection intervals
from five to seven days were suffiéient to obtain. the maximum number

of spermatozoa.

Tﬁe effect of temperature and daylight rhythym on semen production
was investigated by DuMesnil du Buisson and Signoret (1970). They
found that semen obtained from animals kept in temperature-controlled
pens gave significantly better farrowing rates during the summer
months. They also observéd that -increasing the 1ight phase from 10
to 16 hours daily impaired the farrowing rate. Hurtgen (1979) showed
that evaporétive cooling systems used to minimize the detrimental

effects of heat stress on fertility rates did not alter the seasonal

fluctuations in farrowing rate.

4. Semen evaluation

Fertility of boars has been measured by many different means



(Dziuk, 1977). These measurements inclu&e ability to copulate, number
of sperm produced per unit of time or per unit volume of semen,
morpholqgical and biochemical claracteristics of semen and sperm, sperm
motility, conception rate, number of services per-‘conception, and.
littet size. Conceptiog rate and litter sizé are probably the most
important biological and economical characteristics, whereas the other
méasures when examined alone are only indications of potential-fertility.
The main éharacteristics of boar.semen are its very 1arg§ ﬁblume
and rather low sperm density .as compared with semen of most other
domestic farm animals (Polge, 1956). There are wide variations in
the composition of the ejaculate between different boars and from time
to time in the same boar. The volume of the whole ejaculate may
range from between 100 to 500 ml in mature animals, but the most
common volume is about 200 ml per ejaculate. Similarly, the concen-
tration of the sperm may vary between 10,000 and 1,000,000 per mm3
with an average volume of about 100,000 per mm? The total number of
épermlproduced by the boar in a single ejaculate is near 20 X 109 cells,
which is about five to ten times as many sperm as would be expected in
a single ejaculate from a bull (Polge, 1956).
A breeding soundness evaluation for boars was deséribed by Hurtgen
et al. (1977). The recommended evaluation includes .an estimation of
total sperm cells per ejaculate, percent progressive motility and percent

morphologically abnormal sperm (acrosome, head and midpiecé morphology



and proximal cytoplasmic droplets). All these parameters were re-
ported to be highly correlated with fertility (Sinéleton and Shelby,
1974). Infertility in the boar due to inadequate seémen volume has

not been reported (Hurtgen et al., 1977). Sperm cell concentration
can be determined by using a red or white blood cell pipettes and a
hemocytometer. This is a simple and efficient éounting method. A
spectrophotoﬁeter can also be calibrated for boar semen. The ejaculate
of adult boars was found to contain 30 to 80 X 109 sperm, cells
(Swierstra, 1970). Hurtgen et al. (1977) recommended that the total
acceptable number bf spermatozoa for a young boar should not be less
than 20 X 109 per ejaculate.

Koh et al. (1976) recommended that good quality boar semen

should have at least 707 of individual cells with progressive motility.
However, progressive motility estimates are very highly variable due

to sperm concentration, motility of individual sperm, the volume
collected, the tempefature of the slide, the presence of blood, debris,
or gel, and the size of the sample drop evaluated.

Studies have been conducted concerning the relationship of boar

semen quality to fertility, but the majority of these studies have not
.included the evaluation of sperm morphology. Lagerldf and Carlquist
(1961) found that five to six month-old boars had a high percentage

of abnormal spermatozoa due to sexual immaturity and that this

condition may persist until the boar is eight months-old. Bane (1959)



found an acrosomdl abnormality of certain sterile boars and drew
attention to the importance of carrying out a careful morphological check
of the semen of boars used for artificial insemination. Hurtgen et.al.
(1977) repofted approximately the following percentage of sperm
abnormalities may be expected in boars of normal fertility: less than

5% of abnormal acrosomes,-BZ abnormal head shapes, 10% proximal
gytoplasmic droplets, 5% abnormél midpiece segments and 5% coiled

tails. . N

5. Number of spermatozoa per dose

Under natural conditions of mating, the boar deposits a very large
volume of semen directly into the uterus of the female. The published

recommendations on the' threshold number of sperm cells required for

9 9

normal fertility in the sow range from 2 X 10° to 10 X 10° spermatozoa

(Melrose, 1966). Ito, Kudo, and Niwa (1959) found that each insemination

9 9

dose must contain 5 X 10° to 7 X 10° spermatozoa if conception rate and

litter size are to be normal. Polge (1956) observed that the con-

ception rate was not affected if the dose‘'contained more than 2 X 109

sperﬁ cells. Paredis and Vandeplassche (1961) found that conception
rate and litter size increased with increased number of sperm per
insemination dose and concluded that the optimum number of spermatozoa

per insemination for gilts was 7 X 109'and substantially higher for

sows. Stratman and Self (1960) used doses containing between 2.5 X 10°

and 10 X 109 sperm and did not observe significant differences among
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treatments in fertility or litter size at three days post-insemination.

Aamdal.(1964) reported that the conception rate was about 60% when

9 9

artificial insemination was done with a raﬁge of 2.4 X 10" to 3.4 X 10
spermatozoa. Satisfactory results were obtained-by Melrose (1966).when
he inseminated 2.5 X 109 spermatozoa, but that with half of this dose,
the results were considerably impaired. However, studies done by

Wiggins et al. (1951) indicate that 5.8 X 108 spermatozoa were

required for gilts and 2.3 X 10® for sows.

With régard to the volume of semen and number® of spermatozoa per
insemination, ‘Graham et al. (1978) found the early literature extremely
contradictory. Am insemination volume of 30 to 50 ml was generally
coqsidered necessary to initiate uterine contractions and optimal
sperm transport (Bower et al., 1974). Stratman and Self (1960) using

9’ 5.X 109 or

10, 20 or 50 ml of semen containing either 2.5 X 10
10 X 109 spermatozoa observed that there were no significant differences
among treatments in fertility or litter size at three days, but at

25 dayé:thegroupinseminated‘with 50 ml volume had a higher rate of
embryo survival and conception rate than the IQ or 20 ml volume groups
regardless of the number of sperm used. Baker et al. (1968) studied

the effects of volume inseminated (20, 100 or 200 ml) and the number

of sperm ( 1 X 109, 5X 109 or 10 X 109) in all combinations on the
transport of sperm and fertilization rate. They found that gilts

inseminated with 100 ml of semen had a significantly higher proportion
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of egps fertilized than the gilts inseminated with 20 or 200 ml of
semen. Hancock and Hovell (1961) inseminated 48 sows with sperm rich
fraction diluted to 20 ml to contain 10 X 109, 1X 109 or 0.1 X 109
sperm cells. In half of theée animals, inseminati;n of the 20 ml

diluted semen was followed by insemination of 100 ml of extender. No

significant differences in fertility were found between treatments.

6. Liquid semen extenders

The development of artificial insemination in swine depends to a
large extent on being able to preserve the semen in vitro for several
da}s without causing a serious reduction in the fertilizing capacity
of the sperm cells (Graham et al., 1978; Pursel, 1979a). When whole
semen was kept at body temperature in the présence of air, the sperm
cells maint;ined a high degree of motility for six to eight hours,
but after this time they soon became less motile and started to loose
their fertilizing capacity (Polge, 1956). The addition of suitable
diluting fluids or extenders to semen increases greatly the length
of time for which the sperm can be kept alive in vitro.

The major factors that the diluent and the pgesefvation environ-
ment provide are adequate nutrients for metabolism, protection against
rapid cooling, buffering against pH shifts, proper osmotic pressure,
balanced electrolytes, inhibition of bacterial growth, and volume for
multiple inseminations (Foote, 1980; Graham et al., 1978). In additionm,

providing an environment that prevents lipid peroxide formation may be
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one of the keylfunctions of a diluent in maintaining sperm viability
during EE.EEEEE preservation (Pursel, 1979a)., Jones and Mann (1977a,b)
_ reported the serioﬁs debilitating effects of oxidation of the polyunsatu-
rated fatty acids. Most semén extenders contain constituents that aid
in minimizing lipid peroxidation, and‘certain naturally Qccﬁrring
semen constituents have‘chelating properties that prevent metal icns
from actiﬁg as,catalygts in ihe peroxidative process.. Peroxidation

of the plasmalogens, polyunsaturated fatty acids and palmitaldehyde in
the phospholipid of cellular membranes results in the formation of
lysolecithin and other highly toxiec compounds that destroy the
fertilizing capacity of spermatozoa (Pursel, 1979a).

Historically most diluents used for storage of liquid bull Semen
have also been tested for boar semen (Graham et al,, 1978). Exampies
are citrate, glycine; bicarbonate or glucose solutions with oxr without
the addition of skim milk and or egg yolk (Borton, 1965; as cited by
Graham et al., 1978). Citrate has generally been toxic for boar
spermatozoa, but Aamdal and Hogset (1957) oﬁtaineajsatisfaégaf§ results
with boar semeh extended in citrate buffers. Furthermore, Illinois
variable temperature (IVT) buffers which are based on citrate are
widely used in commercial swine artificial insemination throughout the
world. Other buffers used in liquid semen extenders are bicarbonate-—
glucose and those based in milk. Skim milk heated to 92°C for five

minutes is also used where the semen is inseminated the day of collectisdn
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or the following day. Koh et al. (1976) reported that a skim milk-
glucose buffer gavé a pregnancy rate of 79.9%7 for approximately 20,060
inseminations. It appears that most buffers currently used in swine

' |
artificial insemination are essentially based on glucose with added
buffering material (citrate, bi¢arbonate or milk) and, when sodium
bicarbdhate or citrate ére used, potassium is also added. ‘Proteins
in the form of egg yolk or milk proteins are sometimes added.but

appear not be essential (Graham et al., 1978).

The Beltsville L-1 diluent or BL-1 diluent reported by Pursel
et al. (1973b), maintained boar sperm‘fertiiizing caﬁécif&HEGEWiOE
hours of in vitro storage at 15°C to 18°C. Another extender widely
used is the Kiev extender {Plishko, as cited by Pursél, 1979a) also
known as Varohm, and Guelph diluent. Fertility resu?ts of field
trials (Johnson et al., 1980) comparing BL-1 and Kiev extenders indicate
that the Kiev extender was superior (69.3% farrowing rate) to the
BL~1 extender (60.5% farrowing rate) for use in routine artificial
insemination of sﬁine.

Farrowing results with artificial insemination reported by the
Association for Swedish Livestock Breeding and Production was 66.27
in 50,351 sows after first service. Of these sows 18.7% were double
inseminated and 11.2 pigs were born per litter. The farrowing rate was
60.5% in 14,236 gilts with a litter size of 9.1 pigs. Double insemina-

tion was used in 12.97 of these gilts. Each dose contained 2 X 109 to
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2.5 X 109 spermatozoa in IVT extender and was used within three days
of collection (Crabo, 1977).

Koh et al. (1976) using a glucose-skim milk diluéﬁt with 5 X 109
spermatozoa per dose on the first day of heat and :again the following
day, obtained an overall farrowing rate of 79.9%. They also observed
a significant difference between purebred breedings (65.4% farrowing
?ate) and crossbred breédings (78.2% farrowing rate). Johnson et al.
?1981).inla field study obtained a farrowing rate of 79.1% for sows
inseminated with fresh semen using Kiev extender, and an average
number of 10.6 piglets per litter. The total number of sperwatozoa
used per dose was 3 X 10?

There are other diluents used for storing boar spermatozoa in the
liquid state. Among them are the Dziuk diluent (Dziuk, 1958) also
known as EGB (egg yolk-glucose-bicarbonate); Kharkov diluent also
known as Trilon-B diluent (Serdiuk, 1968); SCK-7 (patented composition)
and the Spermlife Ildiluent(patented composition). |

Even.though many of these diluents have preserved the fertilizing
capacity of the spermatozoa for up to six or seven days when stored
in the liquid state at 15°C to 18°C, in actual practice most semen
is used for insemination within two or three days after collection

and dilution (Pursel, 1979a).

1 . .
Immuno Genetics Inc., Dover, New Hampshire.
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7. Heat detection and timing of insemination

Heat detection and time of insemination may be among the factors
:esponsible for the greatest variability in artificial insemination
résults (Crabo and Hurtgen, 1977; Graham et al., 1978). In the absence
of a bo;r, detecting estrus and inseminating at the correct time depend
on close observation of the females for changes in-behavior. The degree
of vulvar swelling alone was unreliable (Melrose, 1966). A technique
was described byl Madden (1961) to select the female for insemination
in which the operator placed the flat of his hands on the loins of
the animal and exerted moderate pressure and if she did not move away,
[he thgn attempted to mount the female in the pelvic region and sat
astride her loins, removing his feet from the ground. A positive response
was obtained when the female stood rigidly and insensibly to be mounted.
DuMesnil du Buisson and Signoret (1970) observed that the presence or
absence of the "standing reaction" in the female at the time of
insemination was very important because the farrowing rate was decreased
by 20 to 30% in sows Wwithout the response. Approximately two thirds
of females on heat will respond to back pressure or riding test when
the boar is absent (Crabo and Hurtgen, 1577). Signoret and DuMesnil ~
du Buisson (1961) demonstrated that both the sound and smell of the

boar can make the signs of estrus much moxe definite. Teaser boars

increase the detection rate. Hughes and Varley (1980) recommend that

heat detection should be carried out twice a day. '
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Incorrect timiné of insemination is probably the biggest single
factor‘réqunsible for poor conception rates (Hunter, 1980a). The onset
of estrus is characterized by gradual changes in bebavio;al patterns
(e.g. restlessness, mounting other animals, lordosis response), vulva
responses (e.g. swelling, pink-red coloring) and occasionally a mucous
discharge (Melrose, 1966; Anderson, 1980). Sexual receptivity lasts an
average of 53 hours (range 40 to 60 hours). Estrus in giigé ié_ugu—
ally shorter than in 'sows. Breed, seasonal variation and endocrine
abnormalities affect the duration of heat (Anderson, 1980; Hunter, T
1980a); Ova are réleased 38 to 42 hours after onset of'estrus.and the
ovulatory process requires 3.8 hours (Signoret, 1972).

Niwa (1961) considered that the proper time for insepination of a
sow was before or around ovulation, or 10 to 30 hours after she allows
the boar to mount. Stratman and Self (1962) reported that no signif-
icaét difference in percent conception or percent fertility was noted
bgtween groups of sows mated naturally and those bred artificially on
the éeéond day of the first post-lactation estrus. Conception rates
and litter size were higher when sows were bred on the second day of
the second post-lactation estrus than when bred on the first day. of
the second post-lactation estrus.

When once daily estrus detection was used and low numbers of sperm.

cells were inseminated, .2 single breeding or service .24 to 36 hours after

the onset of estrus was recommended by Polge (1978). Hunter (1967c),
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observed that artificial insemination of gilts 10 to 14 hours after
induced ovulation resulted in fewer gilts with fertilized ova than

did artificial insemination in gilts six through two hours before
ovulation. Dziuk (1970) related that the optimum time for insemination
appears to be 12 hours before ovulation. Foote (1980)-. recommended
insemination either late on the first day or early on the second day
of estrus. An advantage of about 10 to 157 is gained by inseminating
on both the first and second days of estrus (Graham &t al., 1978;
Foote, 1980; Hunter 1980a). Insemination 12 houré afte}wfﬂ; oﬂsét-—
estrus and reinsemination 12 hours later if the female continues to .
show estrual behavior seems to be a practical rationale for fresh semen
(Crabo and Hurtgen, 1977). An interval of between 8 and 16 hours

from theé first to the second insemination is currently suggested as

offering the best fertility level (Hughes and Varley, 1980).
B. Hormonal Control of Estrus and Ovulation in the Pig

If a technique for comtrolling estrus and ovulation in gilts could
bé developed without any reduction in litter size or fertility, the
difficulties‘and consequent financial loss with mating and farrowing
gilts at irregular and unpredictable intervals would be overcome . Such
a development could undoubtedly lead to'é wider use of artificial
insemination in the pig since the difficulties of heat detéction and

the economic loss through poorly timed inseminations would be lessened
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(Melrose, 1966).

The time of estrus and ovulation can be controlled by administering
compounds which interrupt the normal éstrous cycle. These hormonal
compounds may act to suppreéss the release of gonadotropins and
consequently delaj estrus or others may hasten estrus by inducing
regression of the corpora lutea. Following administration of such
treatments, follicular development and estrus usually occur spontane-
ously with animals exhibiting heat four to eight days after treatment

(ﬁebel, 1977).

1. Progesterone and synthetic progestogens

Prégesterone or synthetic progestogens have been the compounds
moét commonly used to suppress the estrous cycle. Daily injections
of proggéterone inhibited estrus and, if adequate doses were éiven,
resulted in normal fertility (Ulberg et al., 1951; Baker et al., 19543
Gerrits et al., 1962b). Likewise, several synthetic progestogens
administered either orallylor by injection in sufficiently high doses
inhibited follicularhgrowth and estrus. However, consistently satis-
factory results have not usually been obtained because of poor
synchronization of estrus, low fertility and the formation of cystic
follicles (Webel, 1977).

Rather large amounts of 6-methyl-l7-acetoxyprogesterone (MAP)
inhibited estrus without producing cystic follicles, but estrus was

usually not well synchronized and litter size was often reduced
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(Baker et al., 1954; Dziuk, 1969; Nellor et al., 1961; Dziuk and Baker,
1962).

Oral administration of other progestational éompounds including
6-chloro-delta-6-17-acetoxy progesterone {Wagner and Seerley, 1961;
Veenhuizen et al., 1965; Ray and Seerley, 1966), and l7-alfa-acetoxy-
6-methylpregna<4, 6-dien-3, 20-dione (Pond et al., 1965) érodﬁced.similar
results to those obtainéd with MAP.

More recently a new progestogen has been reported (Davis et al.,
1976; Knight et.al., 1976; Schutze and Mayer, 1977; Zerobin, 1977) which
appeared. to control the time of estrus without reducing litter size
or producing cystic ovaries.

In general, the administration of progesterone or progestationmal
compounds has not been a satisfactory treatment for controlling estrus
and ovulation because of the increased incidence of cystic follicles,
decreased fertility at the first post—treatment estrus and a lack of

 précise synchronization (Webel, 1977).

New orally active progestogens have reportedly controlled the time
of estrus in pigs without producing follicular cysts orhreducing
subseqient fertility (Davis et al., 1976; Knight et al., 1976; Webel,
1977; Mayer and Schutze, 1977a; O'Reilly et al., 1979; Kraeling et al.,
1981). In an experiment reported by OfRéilly et al. (1979), they'
obtained a significantly (P € 0.001) shorter interval to estrus and

better synchronization in the treatment groups than with the control
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group. There was no significant difference between treated and control
groups in regard to fertiLity. Treated animals were fed for 19 to

20 days with either 12.5 or 15 mg of the compound 17 alpha-allyl-
estratriene;4—9711, 17 beta-cl-3-one; also called allyl-trenbolone

or RU-2267. Pursel et al. (1981) used the same compound and obtained

a similar farrowing. rate between treated and untreated animals.

Kraeling et al. (1981) determined that the most effective doses of
allyl-trenbolone for synchronizing estrus and ovulation without inducing
development of follicular and/or luteal cysts, were 20 and 40 mg per

day during 18 days.

In contrast to the problems associated with ‘progestogens, effective
céntrol of the estrous cycle has been obtained by inhibiting ovarian
function with a non-steroidal compound ICI-33828 (é dithiocafbamoyl-
Hydrazine derivative). A high prOportion‘of sows or gilts exhibited
estrus five to eight days after withdrawal of the compound following
an 18 to 20-day treatment period with the compound incorporated in the
feed. Furthermore, fertility was not affecte& following treatment
with this compound (Polge et al., 1968). But the use of this compound
was curtailed and regulatory approvals withdrawn in many countries
following reports of teratogenic effects in pregnant gilts. Presently

its use is limited to a very few countries (Webel, 1977).

2. Gonadotrophic preparations

Pituitary gonadotrophic preparations, pregnant mare serum
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gonadotrophin (PMSG), human chorionic gonadotrophin (HCG) and
hypothalamic releasing hormones or combinations of these hormones have
been'widely used to induce follicular growth or ovulation. They have
been used respectively in prepuberal gilts; during the luteal and
follicular phase in the cyecling animal; in anestrus gilts or sows,

in lactating or early weaned sows and following suppression of the
estrous cycle with other exogenous hormones. In addition, these
gorniadotrophic preparafions have ﬁeen'use& to induce superovulation

(Webel, 1977).

3. Induction of ovulation

As early as 1935, Casida demonstrated that ovulation could be
induced in prepuberal gilts by giving multiple injections of PMSG
or purified pituitatry preparations. These observations were confirmed
by Dziuk and Gehlbach (1966); and Baker et al. (1968). Although
injection of PMSG followed by HCG 48 to 96 hours later induced a
fertile‘ovulation, Pregnancy was not usually assoqiated with such a
treatment unléés progestogens or gonadotrophins were given after
breeding, bécause the corpora lutea normally regressed by 20 to 25
days of pregnancy (Rampacek et al., 1976). Other workers using
a combination of PMSG and HCG givenlas‘a single injection have report-
ed synchronized estrus and perhaps improved pregnancy rates in
prepuberal gilts (Schilling and Cerne, 1972).

Superovulation cdn be induced in swine by injection of the
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appropriate gonadotrophins (Tanabe et al., 1949; Hunter, 1966). How-
ever, litter size at farrowing has not consistently'bgen increased and
may only be measurably increased by PMSG in sows which have lower than
average litter sizes when untreated (Schilling and .Cerne, 1972).

The time of ovulation can be precisely cortrelled by injection
of HCG 48 to 96 hours after PMSG (Dziuk and Baker, 1962; Hunter, 1966;
Guthrie, 1979) or gonadotrophin~releasing hormone (GnRH) may be used
in place of HCG (Webel and Rippel, 1975). However; attempts to induce
follicular stimulation, superovulation or estrus with GnRH have
apparently been unsuccessful (Webel, 1977). The ability of PHMSG to
stimulate ﬁollicular development and of HCG to precisely control the
time of ovulationﬁavebeen utilized to synchronize ovulation and hence
to allow insemination at a fixed time. The combined treatment (PMSG
+ HCG) has been used following inhibition or suppression of the estrus
cycle with compounds such as ICI 33828 (Polge et al., 1968; Webel,
1977) or followingtoral progestagen (Dziuk and Baker, 1962; Dziuk and
Polge, 1962). This three stage sequence of treatments (ICI 33828/
Progestagen + PMSG + HCG) is effective in either coﬁtrolling the time
of ovulation in order to allow a single insemination or inducing
superovulation. Other uses of PMSG and HCG have been to synchronize
estrus in sows by injecting PMSG on the day of weaning and hence
shorten the iﬁterval to the first heat and inje;tion of HCG 80 to 96

hours later in order to synchronize ovulation and permit a single
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insemination (Longenecker and Day, 1968; Christenson and Teague,

1975). Injection of PMSG or a combination of PMSG-HCG as a single
injection to sows at weaning or to non-cycling gilts can overcome
anestrus problems (Schilling and Cerne, 1972; ﬁunter, 198035? mi}egn;ﬁéy
has been induced in lactating animals but with quite variable results,
especiqllj if used in early post-partum sows. The ovarian response
became greater as the inter;al.from parturition to injection increased,
but consistently good results were not obtained (Crighton, 1970).

Normal fertility has been obtained in lactating sows with an injection
of PMSG at 25 days post-partum followed 96 hours later by HCG: (Kuo

et .al., 1976).

4. Induction and regression of corpora lutea

Another method for regulating the estrous cycle in the pig is by
inducing accessory corpora lutea. Injection of PMSG followed by HCG
will iﬁduce ovulation at any stage of the estrous cycle and the
accessory corpora lutea induced will regress after an approximately
normal life span with estrus occurring 18 to 24 days after the HCG
injection (Neill and Day, 1964). However,lthis method is not very
precise because of the variability in the duration of lﬁteal function
and the early regression of accessory corpora lutea induced during the
first six days of the cycle (Webel, 1977).

Injection of estrogens during metestrus has a‘luteotrophie effect

in the pig (Gardner, et al., 1963), and will not shorten the life span
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of the corpus luteum as in the bovine. It is not, therefore, an
effective treatment for interrupting the estrous cycle.

Prostaglandins are not luteolytic in the pig until after day 11
or 12 of 'the cycle and so do not offer a practical means of synchronizing
estrus in randomly cycling animals (Guthrie and Polge, 19764,b).-

A sequence of treatments in which corpora lutea are maintained
by the injection of estrogen o£ accessory corpora lutea are:induced
by the injection of gonadotrophins, offers a possible means of utilizing
prostaglandins. In studies repofted by Guthrie (1975) and Guthrie and
Polge (1976a,b), 10 mg of estradiol-benzoate were administered on days
10 to 14 of the cycle in order to maintain corpora lutea, or PMSG and
HCG were given during. the luteal or follicular phase to induce accessory
corpora lutea. Regression of these corpora lutea could then be induced
by the injection of prostaglandins 5 to 20 days later and estrus
occurred four to six days after the injection of prostaglandin with
normal ge;tility ensuing. Guthrie (1979), in é'sfgiléf’Sfﬁdﬁ,_ ]
reports that up to 83% of sows treated had a synchronized.estrus four
to seven days after prostaglandin (PGF2a4 ) injection. This treatment
consisted of induction of corpora lutea by an injection of 1500 IU of
PMSG followed 72 hours later by 750 IU of HCG. On days 13 and 14 after
HCG injection, they were treated with 10 mg of'ﬁGEfﬁf_br‘itsméﬁéTEg and
at the time of the second PGF o< injection, the sogs were again treated

with 100 IU of PMSG folléwed by 500 IU of HCG. A total of 75% of the
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sows inseminated with 6 X 10° spermatozoa in a Beltsville L-1 extender

on the second day of estrus, farrowed.
C. General Aspects of Sperm Transport in the Pig

Fertilization is just one of the essential links in the entire
chdin of reproductive events leading to the production of offspring.
Efficient transport of spermatozoa to the upper reaches of the oviducts

of females in estrus is an esséntial preliminary to fertilizationm.

1. Deposition and transport of sémen

The volume of the ejaculate and the site of its depositiom, vary
lbetween.species. In the pig, the voluminous ejaculate is propelled
through the cervix into the uterine lumen during coitus. In artificial
inseriination, the semen is deposited by means of a catheter into the
uterus. The large volume of semen is then rapidly distributed along
‘the uterine horns and the oviducts (Einarsson, 1980; Polge, 1978). This
transport is facilitated Ey the contractile activity of the repfoductivé
tract (Hunter, 1977). By insemination of non-cellular particles into
the uterus of cows at éstrus, Rowson (1955), demonstrated indirectly
a very rapid transport of seminal plasma along the uterine horns and
into the oviducts. In similar experiments in estral pigs, Polge
(1978) found no radic-opaque material within the oviducts. ‘Mann et al.
(1956), using biochemical methods, detected measurable amounts of

ergothionine, fructose and citric acid in the oviductal flushing from
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mares but not in the oviducts from pigs. It was therefore concluded by
Polge (1978) that there is not bulk tranmsport of fiuids into the
oviducts of pigs. For tracing low concentrations of seminal plasma
constituents Einarsson et al. (1980) preferred to utilize radio-labelled
compounds suspended in seminal plasma Lo study the possible entrance

of different size molecules into the oviducts of estrous gilts. Of

the compounds used, quantities were found in all oviducts measured.
After simultaneous insemination of twé.different compounds there was

a close agreement between their distribution in the genital tract. All
compounds thus entered the oviducts regardlegs of their molecular

size. They also found a difference in total amount of recovered radio-
activiéj between left and right uterine horns, but this was not re-
f}ected in similar differences between oviducts. Rigby (1964) and
Viring (1980) dempnstréted,in opposition to First et al. (1968), a
consistent disproportion of spermatozoa between left and right uterine
horns in pigs. Viring and Einarsson (1980a) did not find any felatiéﬂ-
ship between numbers of large follicles and numbers of recovered
spermatozoa in the -adjacent horn after natural mating. By using
radio-labelled compounds as tracers, Viring et al. (1980a) demonstrated
a transuterine transport of radio-labelled molecules suspended in
seminal plasma in the pig after insemination. This transuterine
transport had already begun in gilts slaughtered five minutes after

deposition in the uterine body.
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2. Sperm reservoirs

Within a few hours of mating or insemination, most of the sperma-
tozoa and seminal fluid have been removed from the uterus and only a
relatively small number of spermatozoa persist in the region of the
uterotubal . junction (UTJ) and lower part of the isthmus (Rigby, 1964;
First-et al., 1968; Polge, 1978; Einarsson, 1980; Hunter, i§§6£;‘19315.
Rigby (1964), studying the fate of spermatozoa in the genital tract
of the sow up to 48 hours after artificial insemination, reported
thatgﬁost of the semen could be reco#é;éd:hffoﬁ th;nﬁgerdgwﬁéméb;
one hour after insemination. At two hours, no measurable amount of fluid
was recovered from the tract. The backflow of whole semen through the
cervix after insemination is comparatively high. Approximately one
quarter to one-third disappears this way (Einarssom, 1980); Horne
and Thibault (1962) found evidence that spermatozoa may pass into
th; peritoneal cavity of women. ‘They obtained live spermatozoa from
the peritoneal fluid of women at laparatomy performed 24 hours after
coiﬁus. Viring‘(1980) demonstrated extreﬁely large numbers of
spermatozoa in the very proximal part of the ampulla of sows two
hours after insemination. Using labelled compounds of different sizes,
Einarsson et al. (1980) found the highest recovered amount in the
very proximal part of the porcine oviduct one hour after insemination,

indicating that spermatozoa and fluid pass through the oviducts into

the abdominal cavity.
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Lovell and Getty (1968) reported that there seem to be several
mechanis;s-involved in the process of immobilization and disappearance
of spermatozoa from the uterus like phagocytosis, clumping, adherence
to the epithelium in glandular tubules and at the pterotubal junctions.
Also, some enzymes-or antibodies are released by 1eukocytes; epithelial
cells, or cilia that would tend to cause immobilization and lysis of
spermatozoa andrthus facilitate phagocytosis and that seminal plasma
was absorbed through the epithelial layers into vascular or:lymph
channels in the pig. Mattner‘(1969) suggested that in the cow live
spermatozoé are more likely than are dead spermatozoa to belengulfed
by‘leukdcytes present in thg vaginal and cervical mucus.

After the removal of most of the spermatozoa and seminal fluid,
.small numbers of spermatozoa persist in the UTJ and lower part of the
iéthmus. In pigs this resgrvoir is established about 12 hours after
insemination (Rigby, 1964, 1966) or even earlier. Viring (1980)
found approximately<thé same numbers of sperm cells at the UTJ six hours
and twelve hours after inseminqtiou. Thereafter, there is a direct
correlation between the number of spermatozoé at the UTJ and the
number in the corresponding isthmus and this reservoir persists
relatively unchanged for 24 hours and declines over the next 48 hours
(Rigby, 1966). Thibault (1973) observed that the spermatozoa were
accumulated essentially in the longitudinal non-coiled folds of the

UIJ where no leukocyte invasion took place. This may explain the
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longer survival time of ﬁpermatozoa at this site. Viring et al.
(1980b) using é similar technique found that most spermatozoa survived
within a 3 mm-area of the UTJ in pigs. Most of the sperm cells were
present in primary and secondary diverticulae between the edematous
ﬁolyp-like-projections of the mucosa. |

In a scanning electron microscope studj of the ﬁTJ and isthmus by
Flechon’and Hunter (1981), they confirmed that those structures regulate
the transfort of spermatozoa through the oviduct. The UTJ appears to
form a mechanical Valve,strongly limiting the number of sperm cells
entefing'the oviduct. The isthmus, especially its proximal part, which”
has few ciliated cells; is a storage place for spermatozoa. It is also
postulated that the transport of spermatozoa in the isthmué towards
the site of fertilization depends in part upon --ciliary  motion. No
ieukocytes which would ingest degenerated spermatozoa were observed
in the lumén of the UTJ or in the isthmus, but they were found in
aggregations at tﬁe border between the UTJ and the uterine horn.

It seems probable that the epithelium of the UTJ produces an
environment favorable for storage of spermatozoa without losgs of
their feftilizing capacity (Viring et al., 1980b). They may stay
in such reservoirs due to the constriction of the lumen by the thick
muscular wall of the duct, or to some chemotactic attraction of tubal
secretions, or simply due to adhesion on the epithelium (Flechon and

Hunter, 1981).
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3. Factors affecting the transport and survival of spermatozoa

There are several factors affecting transport and survival of i
sperméto;oa within the female genital tract. Rodolfo (1934b) found
épérm ceils in the oviducts of a sow within 40 minutgs of artificiai

. insemination. Austin (1964) found that few spermatozoa were in the
ovidycts within 15 to 30 minutes of mating in the pig. Overstreet

and Cooper (1978a,b) reco@ered rabbit spermatozoa frﬁm the upper
ampullé and the fimbrial and ovarian ‘surfaces of all feméles examined
at one minute post coitum., This rapid transit phase of séerm transport
was an asymmetric phenomenon and most of the spermatozoa were non=
'motile and with'disrupted acrosomal membranes. ‘Th;.sustained.phase

of sperm transport was first detected at 90 minutes post coitum when
motile spérm'were recovergg. The tubal isthmus was the most important
region regtricting spérﬁatozoa ascent to the site of fertilization.
There was little migration of sperm cells beyond the isthmus until six
hours after mating-and the majority of the spermatozoa reached the

site of fertilization during‘ﬁhe periovulation period.

Hunter and Hall (1974a) using a technique of post-coital separation
of the oviducts and uterus to define thé timipg of entry of spermatozoa
into the oviducts, found that sufficient sperm cells to fertilize a
proportion of eggs, were present in the oviducts ﬁitﬁiﬁ 30 minutes

of mating. In a similar experiment by Hunter (1981) after the tran-

section of the caudal region of the isthmus, sufficient sperm cells
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were already present in the oviducts within 30 minutes after mating to
ensure a high proportion of ovum fertilization. An increase in the
fertilization rate observed at 60 minutes after mating confirmed a
progressive colonization in the isthmus from sperm reserves in the
uterus. He concluded that a population of spermatozca adequate to
promote 100% fertilization would be established in the oviducts of
most gilts_within'one to two hours of mating.

The increased myometrial activity caused by the volume of fluid
inseminated might contribute to the initial rapid transport of
spermatozoa into the oviduct in the pig (Bower et al., 1974). The
stimuli known to elicit sexual behavioral responses, back pressure,
presence of a boar, ﬁounting by a boar and ‘introduction of inseminating
catheter, had no effect on myometrial activity whereas manual
stimulation of the vulva and clitoris occasionally resulted in a
simple contraction (Bower, as cited by Einarsson, 1980). Thibault
and Winterberger-Torres (1967) observed that stress delays transport

.
of spermatozoa in ewes susceptible to environmental alterations.
Bower EE_EE' (1974) reported that exciting the animal or injection of
0.2 mg epinephrine had a transient effect on the activity lasting
only a few minutes. The addition of 1 to 2 mg of carbamylcholine
to the inseminating fluid greatly increased myometrial activity,
Injection of 10 USP units oxytocin increased activity during estrus

but had no effect during diestrus.
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Numerous experiments have been carried out to determine the
optimum volume of semen and number of spermatozoa inseminated which
may be compatible with high fertility in the pig. Hancock ané Hovell
(1961) provided evidence that a very large volume of semen within
the uterus was not necessarily required for adequate spegﬁ transport
and suggested that the conception rate might be related to the
concentrdation of spermatozoa inseminated. Baker et al. (1968)
proposed that the volume of semen inseminated affects the fertility
rate?'but that the number of spermatozoa reaching the oviducts is
depending on the concentration of spermatozda in the inseminate.

When considering the relationship between conception rate and
number of spermatozoa inseminated, the interval between insemination
and oyu1§tion must also be considered. The conception rate in pigs
inseminated during the early part of estrus could be improved by
increasing the sperm concentration in the insemination dose. A
better alternative might be to inseminate twice during estrus to
ensure that pigs are inseminated close to the time of ovulation
(Einarsson, 1980). Baker and Degen (1972) found an approximately
ten—fola‘difference in concentration of spermatozoa between the

uterine and tubal fluids collected through cannulae inserted in vivo

into the uterine apex and oviduct in the pig.
The UTJ, as well as the lower isthmus, have been proposed as major

barriers to sperm transport (Hunter, 1981; Thibault, 1973; Polge,
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1978; Einarsson, 1980; Flechon and Hunter, 1981; Hunter, 1981). Dead
as well ;s live sperm cells enter the ovidgcts (First et al., 1968;
Baker and Degen, 1972; Viring, 1980), and the transport. of dead
spermatozoa‘is as rapid but less efficient than that of live sperm-
atozoa (Baker and Degen, 1972). Krzanowska (1974)‘reported that the
UTJ in mice acts as a barrier against morphologically abnormal
spermatozoa. Einarsson et al. (1980), inseminating radio-labelled
molecules of different sizes into estrus pigs, found that all
compounds entered the oviducts regardless of their molecular size.
Perez et al. (1981) reported tﬁat following unilateral microsurgical
resection of the UTJ in 15 rabbits, fourteen became pregnant on the
UTJ resected side and 14 on the control side following artificial
insemination and induction of ovulation. They also examined ovum
transport and there was no significant difference in ovum transport
between UTJ resected and control animals. They concludé&mfﬁ;frtﬁe—UTJiJ
is not necessary for normal fertility and ovum transport in the’ rabbit.
To the seminal plasma itself has been ascribed a promoting effect on
sperm transport in the reproductive tract of the female pig (Viring
and Einarsson, 1980b). This effect is localized mainly to the isthmus
part of the oviduct, close to the UTJ. Viring and Einarsson (1980h)
reported that boar seminal plasma did not affect the contractility
of the uterine horn more than electrolyte bufferxs. By recording the

motility of the isthmus part of the oviduct with the use of a balloon—
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tipped catheter in estrus gilts, Viring and Einarsson (1980b) demon-
strated a decreased motility caused by boar seminal plasmi almost
immediately after its deposition in the lumen. This relaxant effect
of semindal plasma on-the myometrium of the isthmus and of the UTJ
probably facilitates sperm transport into the oviducts.

According to Poyser (1974) and Niwa and Hashizume (1978)
small amounts of prostagla?dins-ant and E2 are present in boar
seminal plasma, and both prostaglandins stimulate the smooth circular
muscle activity of the isthmic as well as of the ampullar p;rt of the
porcine oviduct, therefore the relaxative effect of the boar seminal
plasma on the porcine isthmus must be caused by a still unidentified
substance (Viring and Einarsson, 1980b). Evans and Dawson (Department
of Vetérinary Clinical Sciences, Iowa State University, urnpublished

results) studied the effect of progesterone and PGF.,« on gravity flow

2
at the uterotubal junction of estrous gilts and observed that both
compounds increased the flow rate. Intrauterine catheters were placed
surgically on the first day of estrus in sows, and the flow rate was
measured during the next 24 hours. Progesterone caused flow rates to
increase in approximately four hours subsiding by six to seven hours

. after treatment in the test fluids (5% dextrose solution in 0.45% sodium
chloride solution). Flow rate in treated animals was nearly twice to
three times that of control animals during that period. Similarly,

PGF ot increased the flow rate in approximately one hour and this

increased rate of flow lasted for three to four hours at nearly four
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times that of the control.

Pursel et al. (1978a) reported that the oviduétal sperm population
was greater in gilts inseminated with fresh semen two hours before.
. ovulation than.in gilts inseminated twelve hours before ovulation.
Insemination of ewes during late estrus resulted in fewer spermatozoa
in the uterus and in the oviducts than insemination during early
estrug (Mattner and Bradén, 1969). Also in ewes, Robinson (1973)
reported that in a slightly abnormal endocrine state such as that
following progestogen-induced synchronization of ovulation, penetration
and initial establishment of a cervical sperm population does occur,
but it fails to persist beyond 12 hours and a normal oviductal sperm
population does not develop. There is, moreover, an extensive loss of
spermatozoa through phagocytosis due to an unfavorable environment
(ngk and Conley, 1971; Robinson, 1973). Hunter (1981) Eitéaygﬁét_
the formation of a reservoir in the isthmus of gilts is more rapid
even six to eight ﬁours after ovulation than when the insemination
is performed early in the period of estrus. TIto et al. (1959) also
reported that transport of spermatozoa to the oviducts of pigs is
accelerated in the latter part of éstrus. The mechanisms underlying
this change in oviductal activity are thought to be programmed by
ovarian hormones, possibly mediated in part by a local rather than a
systemic vascular pathway (Hunter, 1980b). Specific modifications

in the pig could involve not only the muscular and ciliary activity



36

of the oviducts, but also a reduced state of edema at the UTJ and

in the longitudinal folds of the isthmus, permittipg a greater
permeability to sperm passage as ovulation approaches (Hunter, 1972b).
Because the swollen condition of these structures in pre-ovulatory
pigs can be reduced by iocal microinjections of progesterone in oil,
preovulatory secretion of progesterone by the ovarian follicles may
be invﬁlved in the physiological regulation of this change (Hunter

et al., 1972).

The seminal fluids also may actively iqfluence sperm transport.
Mellish and Baker (1970) inseminated gilts with fresh heterospermic
semen from two boars. When heterospermic inseminations were used, more
spermatozoa were attached to the zona pellucida than when equal numbers
were inseminated from just one boar. Differences in fertilizing capacity
of frozen-thawed semen between boars were reported by Larsson and
Einarsson (1976) and by Polge (1978). Saacke et al. (1980) demonstrated
the effectiveness of heterospermic insemination to study the correlation
between semen quality and fertility.

Another factor that influences sperm transport is the quality of
semen itself. Frozen-thawed spermatozoa are removed from the genital
tract more readily after insemination than are freshly ejaculated
spermatozoa (Mattner et al., 1969; Pursel, 1979a). The medium used for

diluting and thawing fresh and frozen boar semen also influences the
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number of spermatozoa reqovered from different parts of the tract
(Einarsson and Viring, 1973a). Hunter and Dziuk (1968) reported that
sperm penetration of pig ova can occur as early as two to three hours
after inseémination with undiluted fresh semen.

The effects of volume of semen, number of sperm and drugs on
transport of sperm in artificially inseminated pigs have been studied
by Stratman et al. (1959); Stratman and Self (1960); Self (1961);
and Baker et al. (1968). Stratman et al. (1959) reported that intra-
venous injections of gilts with 10 IU of oxytocin produced a beneficial
effect on. the percent of ova recovered that were fertilized‘when
2.5 X 109 sperm cells suspended in 20 ml wexe inseminated. The addition
of 10 IU of oxytocin to the semen had a detrimental but non-significant
effect on litter size and number of fertilized. ova. Sergeev‘(1964)
observed that oxytocin when introduced with semen into the porcine
uterus hastened uterine motility, increased conception rate and reduced

embryonic death.
D. General Aspects of Progesterone

Prbgesterone is a steroid hormone secreted by the ovary, piacenta,
and adrenal cortex. The major site of production Qccurs within the
corpus luteum. Is readily soluble in organic solvents, only sparingly
soluble in plasma and still less in water. The biological half-life

in the cow exhibits a biphasiec curve; phase one lasting 3 minutes and
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phase two lasting 28 minutes. Progesterone is also anlintermediate
in the synthesis of androgens and estrogens. After a period of
estrogen stimulation, the endometrium will proliferate in the presence
of progesterone. The tubular glands undergo changes in length and
tortuosity and epithelial cells enlarge and secrete glycogen. - During
pregnancy, progesterone is responsible for préparation of the uterus
for reception of the fertilized ovum and later for maintenance of the
myometrial quiescence. Progesterone is required for myometrial
hypertrophy and after parturition its withdrawal facilitates uterine
involution. The presence of functional corpora lutea is associated

with both the lack of estrus and ovulation.

1. Historical background

Frankel in 1903, as cited by Duncan (1960), was the first to
demonstrate that removal of corpora lutea from pregnant.rabbits was
responsible for failure of rabbit enbryos to survive. Corner (1928)
confirmed Frankelfs observations, pointing strongly to the existence
of a special action of the corpora lutea upon endometrium proliferation
necessary not only for implantation, but also for nutrition of the
free blastocyst., Corner and Allen (1929) preparéd lipid extracts of
corpora lutea of the sow and injected these extracts into ovariectomized
rabbits to establish some criteria for a biological response. 1In
addition to accomplishing a bioassay, they demonstrated that these

extracts could maintain pregnancy in the ovariectomized rabbit. 1In
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1934, Allen and Wintersteiner; Butenandt et al., and Slotta et al., as
cited by Duncan (1960), each independently succeeded in crystallizing
the active hormone from lipid extracts of sow corpora lutea. In 1934,
Fernholz, "as cited by Tausk (1971), was able to establish the chemical
structure, and the next year Allen, Butenandt, Corner and Slotta
proposea jointly that the hormone should be called "progesterone"
(Tausk, 1971). 1In 1937, Makepeace et al., discovered that progesterone
was responsible for the inhibition of ovulation in the rabbit. 1In

1938, Inhoffen and Hohlweg, as cited by Tausk (1971), reported a
synthetic steroid now known as ethisterone, that produced the same
histological effects characteristic for progesterone. This new. steroid,
which was called progestational, was active in relatively low doses
after oral administ:ation in rabbits and in women. For some time, this
was the only oral substitute for progesterone until Hertz et al. (1954)
discovered a mew compound that had five times the activity of ethisterone.
Since these early discoveries, numerous new progestational compounds

have been produced.

2. Chemical nature of progesterone

Over 1800 biologically active steroids have been isolated from
biological sources or are produced synthetically (Cole and Cupps, 1977).
Naturally occurring progestogens including progesterone (4-pregnen-3,

20 - dione) are biosynthetized from acetate and cholesterol in the

gonads, adrenals, and placenta. Progesterone has the dual functions
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of a hormonal substance and an important bilosynthetic intermediate

in the formation of corticoids, androgens and estrogens (Dorfman,
1973). All these hormones are chemically based on a structure called
a“cyclofentanophenanthrene nucleus (also called gonane or sterane),
coﬁtaining four carbon rings linked together to give a total of 17
carbon atoms. This basic tetracyclic compound is initially synthesized
as part‘of the cholesterol molecule. The active hormones are formed
from the cholesterol molecule by specific enzymes present iﬁ the
particular endocring glands. Some c¢onversion may also occur in

peripheral tissues such as the liver (Bentley, 1980).

3. Distribution of progesterone

Progesterone is secreted by the ovary, placenta and adrenal cortex
(Cole and Cupps, 1977). The principal source of progesterone in the
ovary is the corpus luteum, but it is also biosynthesized in other parts
of the ovary including the follicle and the interstitial tissue
(Dorfman, 1973). Progesterone has been identified in the cdrpus
luteum of many species including cows (Sweat et al.,, 1960); pigs
(Duncan, 1960) and mare (Short, 1962). Duncan (1960) demonstrated the
formation of progesterome by porcine luteal tissue in vitro. The
ovarian follicle of various speciés contains progestagens, although
the concentration is considerably less than that found in the corpus

Liteum (Dorfman, 1973). The concentration of progesterone in the
ovarian follicle. is highest just prior to ovulation (Short, 1964).
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The liver is the principal site for the metabolism of progesterone.
This involves both conjugation reactions and the modification of the
steroid nucleus. Some of the products may be secreted in the bile
and thus enter the intestine, from which it may be reabsorbed due
to hydrolysis and liberation of the free steroid. The kidney has also

an important role in the clearance of progesterone (Bentley, 1980).

4. Actions of progesteroie

The physiological effecfs of progesterone do not appear to be
elicited alone, but ére superimposed or are dependent on thé
priming effects of estrogens. The latter may promote the formation
of progesterone receptors at the target organ. Progesterone and
astrogens usually act on the same organs and tissues. Some of thei;‘
actiohs_appear to be diametrically opposite, but in other important
respects they complement each other (Bentley; 1980).

Progesterone has long been established as an indispensable
steroid mediator of pregnancy. The primary physiological effect of
progesterone appears to be the induced transformation of uterine
endometrial cells so that implantation of the blastocyst is
"facilitated (0'Malley and Strott, 1973). Csapo (1956) studied the
effects of progesterone on the myometrial cell and proposed that
&uring pregnancy, brogesterone is the factor responsible for myometrial
quiescence.

Korenman and O0'Malley (1968) reported that after a single exposure
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to progesterone, the goblet cells 0faﬁ1estrogen—stimulated oviduct
synthesized the protein avidin, which serves as a specific intracellular
biochemical marker for the action of progesterone in the reproductive
target tissue of the chicken.

Progesterone promotes the secretion of a form of mucus by the
cervix, whosé compoéition and properties inhibit the transport of
sperm. It is of small volume and is very viscous.. This effect is
the basis for a contraceptive action of progestagens (Bentley, 1980).

Considering ova transport rate through the oviduct, progesterone
has been reported te have no effect (Black and Asdell, 1959; Greenwald,
1961), while other WOrkgindicate that it ﬁay inhibit movement (Austin,
1949) or increase rate of movement (Harper, 1964). Longley et al.
(1968) reported that estrogen when given alone or in combination with
autonomic drugs, had the greatest influence on the position‘at which
the ova were located, whereas progesterone did not influence ova
position. Hafez et al., (1968), as cited by Cole and Cupps. (1977),
found that progesterone accelerates ova transport in superovulated cows.
Day and‘bolge (1968) observed that an accelerated rate of egg transport
through the oviducts was caused by subcutaneous injection of 100 mg
of progesterone 36 hours before ovulation in pigs. Chang (1966)
also found that the administration of progesterone before ovulation
speeds the transport of eggs through the reproductive tract of rabbits.

Hunter (1972b) injected microdroplets of progesterone (1 mg) beneath
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the serosa of the tubal isthmus and uterotubal junction 8 to 12 hours
before ovulation and found polyspermic fertilization in 32.3% of the
eggs recovered. He concluded that relaxation of the edematous tissues
of the isthmus and uterotubal junction occurred and that a larger
proportion of spermatozoa than normally accumulate in the region of
the uterotubal junction in pigs after mating, may pass directly into
the isthmus and ampulla with very little quantitative regulatiom.

The effect of progestercne oﬁ the epithelialilining of the
oviduct was studiéd by Mastroianni et al. (196;)- Thé& foun&-émﬂécfeésé
in volume of tubal secretions under the inflﬁence of progesterone,

Austin et al., as cited by Hunter (1972b), have suggested the
involvement of progesterone in development of acrosomic reaction.

The possibility of steroid involvement in the capacitation of
porcine spermatozoa has been cited by Hunter (1972b). Thus, progesterone
may have an effect on sperm transport, fertilization and ovum passage

in the oviduct.
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IIT. MATERTALS AND METHODS

A. Experimental Animals

Fifty animals were used in this experiment, In the first part
(experiment A), 20 crossbred sows and 20 crossbred.gilts were
used. ‘Ih the second part (experiment B), four sows and six gilts were
used.

All animals were maintained in total confinement at the swine
unit of the College of Veterinary Hediciqe of Iowa State University.
The animals were fed twice dail& a complete ration of 147% protein based

on corn and soybean meal. One boar was used as semen donor and was

subjected to the same management.
B, Experimental Groups

In experiment A, 20 sows and 20 gilts were allocated to eight
groups (Table 1) of five animals each. Each group consisted of
either sows or gilts exclusively. Any gilt that had shown'éstrus
for the ;hird'time was assigned randomly to one of four groups. Sows

5%

showing their first heat after weaning were randomly assigned to o¢ne
of four other groups. All animals were inseminated with 2 X 108
spermatozoa diluted in 70 ml of liquid semen extender (Spermlife Il).

Only fresh extended semen was used. None of the animals were

synchronized with exogenous hormones.

1Immun6 Genetics Inc., Dover, New Hampshire.



Table 1. Design of experimental groups indicating treatments?
Gilts Sows

Single Service Double Service Single Service Double Service
Liquid
semen C o
extender Group A Group B Group E Group F
with 5 animals 5 animals - 5 animals 5 animals
5 mg of '
progesterone
Liquid
semen
extender Group C Group D Group G Group H
without 5 animals 5 animals 5 animals 5 animals
5 mg of
progesterone

a, . . . o
A single service consisting

\ defined as-an insemination dose.

of 2 X 108 spermatozoa

with or without 5 mg progesterone was

oYy
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Tn half of the animals 5 mg of crystalline progesterone2 (4-pregnen-

3, 20-dioﬁe) were added to the extended semen. Group A consisted

of five gilts receiving just one insemination on the second day of
standing heat (24 hours after they first showed estrus signs}. Gilts
in group B were inseminated 12 hours after they showed standing estrus
and again 24 hours later. Groups A and B received extended semen with
the addition of 5 mg of progesterone. Group C was comprised of five
gilts receiving a single insemination 24 hours after they showed
standing heat. Gilts in group D were inseminated 12 hours after they
showed standing estrus and again 24 hours latér. Both groups (C and D)
were inseminated without the addition of progesterone to the extended
semen. In group E, five sows were inseminated only‘once 24 hours

after they showed standing heat. Sows assigned to group F were
artificially bred 12 hours after they shOwéd standing -estrus and

again 24 hours later. Both groups E and F were artificially inseminated
with the addition of 5 mg of progesterone to the extended semen. Group
G was comprised of five sows artificially bred once 24 hours after they
showed standing heat. Sows in group H were inseminated 12 hours after
they showed standing estrus and again 24 hours later. Groups G and H
were inseminated with extended semen without the addition of progesterone.
All these animals were maintaiped in the same facilities and the number
of piglets born was recorded. |

In experiment B, 10 animals were randomly allocated to either

2United States Biochemical Corporation, Cleveland, Ohio.
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one of two groups of five animals each with three sows and two gilts
per group. They were inseminated once with a total of 6 X 109
spermatozoa diluted in liquid semen extender (Spermlife I). Half of
the animals received the insemination dose with 5 mg of crystalline
progesterone suspended in the diluent, whereas the remainder were
inseminated without the addition of progesterone to the extended semén.

Artificial_inséminapion was carried out 18 to 20 hours after the

injection of 500 IU of HCG.
C. Expérimental Procedure

Experiment A. The incidence of heat was checked twice daily

with:; mature boar (0900 -and 1800h). A teaser boar was walked
outside the pen and the back-pressure test was performed to determine
standing estrus. When a female first exhibited behavioral estrus in
the presence of a boar, it was scheduled for insemination. A boar of
known fertility was used for the present study. Semen was collected
by the gloved-hand technique (Hancock and Hovell, 1959; Melrose and
0'Hagan, 1959) after the boar mounted'a.dummy sow. The seﬁen was
collected in an insulated plastic bottle and taken immediately to

the laboratory for evaluation and dilutionﬁ Volume; motility and
morphology were checked ‘and sperm concentration was determined with

a hemocytometer as described by Koh et al. (1976), and Hurtgen gt al.
(;977). Only semen exhibiting at least 707 of motile spermatozoa and
with less than 5% of abnormal acrosomes, 5% abnormal head shapes,

107 proximal cytoplasmic droplets, and 5% coiled tails, was used.
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‘Baséd onhthis_briteribn,.onlyaone ejaeﬁlate waé dis;;rdgé. Afts;;i-Sf'
2 X 168 spermatozoa'were diluted in 70 ml of liquid semen extender
‘(Spérmlife I) under isotﬁermal conditions., When it was:required,
5 mg of crystalline p?ogesterone.were added to . the extenﬁed’sgmen.
The doses were .transported in aﬁ‘insulated box to the swine unit for
insemination. All inseminations were performed in the presence of a
téasing boar outside of the femalefs pen.- A rubber spiral catheter.
(Melrose and 0‘Hagan<1961).was used for all inseminations. The
catheter was passed through';he vaéiné and then twisted in an anti-
clockwise direction until it iocked firmly in the cervical ﬁolds..
The semen was: drawn into a 35 ml plastic syringe. The sy;inge was
connected to the end of the catheter and the liquid extended'seﬁen
. was infused slowly.

Experiment B. In this experiment, four gilts and six sows

weFe-uFed. <Heat.deﬁectiop, collection, evaluation and handling of
semen, as well as!the insém{nation technique were idéntical-to thgt
in exbériment A. All.animﬁlé in this exﬁeriment were brought into-
estrus by hormonal treatments. This was dqne to synchronize breeding
with available slaughter dates and to assure the colieétian of
specimens 24 to 28. hours afteér breeding. Four cycling gilts were
tFeated with a subcutaneous injection of 5 mg of estradiol cfpionate

(ECPI) on day 11 of the cycle to delay luteolysis (Guthrie, 1975), and

1ECP, The Upjohn Company, Kalamazoo, Michigan.
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6 to 10 days later, they were induced into heat by the subcutaneous
administration of 1000 IU of pregnant mare serum gonadotrophin (PMSG)

and an intramuscular injection of 10 mg of prostaglandin F, o< (Lutalysez)

2

and then, the next day another injection of 10 mg of prostaglandin F2a<
was given. Approximately 72 hours after the PMSG treatment, an intra-
muscular injection of 500 IU of human chorionic gonadotropin (HCG) was
given. Four sows were treated one day after weaning with a subcutaneous
injection of 1000 IU of PMSG, followed 72 hours later by the intra-
muscular administration of 500 IU of HCG. Two cycling sows were
treated in the same manner as the group of gilts. Animals in all
three groups were assigned at random in equal numbers to the two treat-
ments.

In all animals of experiment B, artificial insemination was
carried out 18 to 20 hours after the injection of HCG. A total of
6 X 109 spermatozoa were diluted in 70 ml of liquid semen extender
(Spermlife I), and in five of the animals 5 mg of crystalline
progesterone were added to the extended semen. This larger number of
spermatozoa was utilized in experiment B, because preliminary work
(6 animals) with 2 X 108 sperm cells yielded too few spermatozoa to
count in the oviduct and UTJ. Six to eight hours after insemination,
the sows and gilts were slaughtered at the Meat Laboratory facilities
of the Animal Science Department, and the reproductive tracts were

removed immediately and transported to the laboratory for recovery of

2Lutalyse, The Upjohn Company, Kalamazoo, Michigan.
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spermatozoa. The oviducts and uterotubal junctions were carefully
trinmed away from the mesosalpinx and each oviduct was then flushed
with 10 ml of warm physiological saline solution (0.89% NaCl). The
oviducts were stripped of the saline solution twice during flushing.
Flushings from the two oviducts were pooled and centrifuged to
concentrate the sperm cells for counting as described by Hawk and
Conley (1975). Both uterotubal junctions were placed in a Petri dish
that contained 10 ml of physiological saline solution. The Petri dish
was then gently shaken and maintained with intermittent agitation

for one hour. Aliquots of the flushings of the oviducts and washings
of the uterotubal junctions were counted at 200X in a hemocytometer

under a phase contrast microscope.

D. Experimental Analysis

In experiment A, five replicates of animals were assigned to a
randomized 2 X 2 X 2 factorial arrangement. The factors were two ages
(sows and gilts), two services (single and double), and with or with-
out progesterone treatment. An analysis of variance was carried out
with five observations per group. The dependent variable was the total
number of piglets born. Animals that did not become pregnant were
scored as zero. Data obtained in this experiment were transformed to
square roots as described by Snedecor and Cochran (1967) to make the
variances relatively independent of the means and therefore closer
to a normal distribution. Since there was a substantial number of

non-pregnancies (40%), the data for pregnant animals were analyzed
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separately using a 2 X 2 X 2 factorial non-orthogonal analeis.of
variance. F-tests wetre used to determine the effects upon the variable
used.

In experiment B, the individual sperm cell counts at the uterotubal
junctions were transformed to log16 to normalize the distribution
(Snedecor and Cochran, 1967). When no sperm cells were found in the
washings, the log of the lowest number of cells that would have been
detected was used. The transformed data were analyzed statistically
by the t-test (Snedecor and Cochran, 1967) to determine if there was
a difference between treated and non-treated animals. No sperm cells
were recovered from many of the oviducts; therefore, data for the

oviducts were omitted from the statistical analysis.
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IV. RESULTS

Experiment A. The overall farrowing rate after artificial

insemination with a low spermatozoa concentration (23{108) diluted
in 70 ml ‘of liquid semen extender (Spermlife I), with or without the
addition of 5 mg.of crystalline progesterone was 60%. The number
of piglets born in each group is illustrated in Table 2.

In the initial analysis of variance (Table 3) carried out to
determine differences between groups, sows and gilts inseminated twice
during estrus with or without the addition of progesterone to the
extended semen had a higher (P < .017) ﬁumber of piglets born than
gilts or sows inseminated with only one dose of extended semen with
or without the addition of progesterone. Non-signiﬁicaﬁt differences
in number of pigs born were found between progesterone-treated animals
and non-progesterone treated animals in either gilts or sows. The
interactions of progesterone * reproductive age, progésterone * number
of services, and between reproductive age % number of services *
progesterone were also non-significant (P > .10) when total nqmber of
pigg pefagroup is considgred; | -

The data from the pregnant animals were seﬁarétely analyzed for
litter size using a non-orthogonal analysis procedure (Winer, 1971).
The results of this analysis of variance are given in Table 4.

In the fu}l model analysis of variance of litter size for pregnant
animals shown in Table 4, the total effect for the interaction was

non-significant when using a o - level of 0.25 in order to minimize
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the probability of type II error (Sum of squares = 22.934; F = 0.825),
so the main effects were analysed, and this analysis is shown in
Table 5. The effects of reproductive age (F - 5.97; P = 0.024) and
progesterone (F = 4.87; P= 0.039) were significant.

Theée results suggest that double insemination during estrus is
required t6 produce a.higher number of pregnancies, and that re-
productive age and the addition of progesterone to extended semen had
a significant effect on the litter size. However, these results are
not considered conclusive and replication is recommended.

Experiment B. The total number of spermatozoa recovered from

the washing of the uterotubal junctions and their transformation to
loglo, as well as the values for the t-test, are shown in Table 6.

There was a non-significant difference between the number of sperm-~
atozoa recovered from animals inseminated with extended semen treated
wiph the addition of 5 mg of progesterone and the group of animals
inseminated with extended semen without treatment of.progesterone.

These results indicate that progesterone did not inhibit sperm trénsport

up to the uterotubal junction.

Ly




Table 2. Number of piglets born from animals inseminated with 2 X 108

liquid semen extender

sperm cells diluted in a

Gilts

Sows

Single Service

Double Service

Single Service

Double Service

Gilt Piglets

Gilt  Piglets

Sow Piglets

Sow Piglets.

Number Born Number Born Number  Born Number  Born
Liquid 111 0 121 10 131 0 141 16
semen 112 9 122 0 132 0 142 13
extender 113 0 123 8 133 11 143 11
with 114 0 124 12 134 12 144 0
5 mg of 115 0 125 14 135 0 145 10
progesterone - - —

' Totals 9 44 23 50
Liquid 211 0 221 0 231 0 241 7
semen 212 11 222 9 232 0 242 9
extender 213 0 223 0 233 0 243 13
without 214 5 . 224 8 234 13 244 10
Smg of 215 a 225 2 235 12 245 11
progesterone -

Totals 25 19 25 50
34 63 48 100

Combined Totals
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Table 3. Analysis of variance for the total of piglets born to all groupsa

Source D:E:ZEEm?f g:zaijs Sﬁiige Vaiue Prob > F

Treatments 7 15.319 2.188 1.68 0.149
Age 1 2.327 2.327 1.%9 0.191
Services 1 8.275 8,275 6.36 0.017
Progesterone 1 0.001 0.001 0.00 0.983
Age * Serv 1 0.700 0.700 0.54 0.469
Age * Prog 1 0.114 0.114 0.09 0.770
Serv % Prog 1 1.691 1.691 1.30 0.263
Age * Serv * Prog 1 2.211 2.211 1.70 0.202

Error 32 41.662 1.302

Corrected total . 39 56.981

®Data were transformed to square roots of litter size +l.

19



Table 4. Full model analysis of variance of litter size for pregnént animals?

Source D;‘g::f;csmof gz?:a::s Sﬁﬁ::e Valli‘ue Prob 7 F

Treatments 7 94-.625 13.518 1.98 0.123
Age 1 41,592 41.592 6.09 0.025
Services 1 0.668 0.668 0.10 0.756
Progesterone 1 13.869 13.869 2.03 0.174
Age % Serv 1 0.668 0.668 0.10 0.736
Age % Prog 1 4.365 4.365 0.64 0.436
Serv # Prog 1 16.708 16.708 2.45 9.138
Age * Serv * Prog 1 0.074 0.074 0.01 0.918

Error 16 109.333

Corrected total 23 203.958

%0verall mean and standard deviation are 10.21 t 2.61.

9c



Table 5. Analysis of variance of main effects on litter size for pregnant animals@

Degrees of

Sum of

Mean

F

Source Freedom Squares Square Value Prob 7 F

Treatments 3 71.692 23.897 3.61 0.031
Age 1 39.490 39.490 5.97 0.024
Services 1 1.397 1.397 0.21 0.651
Progesterone 1 32.181 32.181 4 .87 0.039

Error 20 132.267 6.613

Corrected total 23 203.958

80verall mean and standard deviation are 10.21 * 2.61.

ls




Table 6. The total number of spermatozoa recovered from the uterotubal junction of animals -
inseminated with 6 X 109 sperm cells diluted in a liquid semen extender

Extended semen plus prdgeéterbne—S‘mg , Extended semen wiéhout progesterone
Animal Spermatozoa3 Animal Sperma;ozoa
Number Recovered (107) Loglo‘ Number Recovered (107) Log;q

301 0.72 2.8573 401 0.72 2.8573

302 2965.00 5.9845 402 737.00 5.8675

303 2200-.00 6.3424 403 50.00 4.6990

304 1750.00 é,2430 404 375.00 5.5740

305 75.00 4.8751 405 0.72 2.8573

y = 5.2605° | y = 4.3710
8Calculated "t" = 0.966 N.S. 'Table "M = 2.306,

.~ 0.05,8

8¢
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V. DISCUSSION

-In experiment A, the overall farrowing rate obtained after
artificial insemination with a low sperm concentration was 60%. This
percentage is lower than the average expected when £nseminating-fresh
liquid extended semen. Koh et al. (1976) reported farrowing rates up
to 78.2% psing 5X 109 spermatozoa diluted in 50 ml of iiquid semen
extender. Johnson et al. (1981) obtained an overall farrowing rate

9

of 79.1% using 3 X 10° spermatozoa diluted in 100 ml of extender. Im

the present stﬁdy the total number of spermatozoa used per deose was
2 X i08. This was ten-fold smaller than the minimal number of sperm
cells recommended for artificial_inseminatioﬁ with fresh semern
(Mélrose, 1966}. This low number of spermatozoa was used in order to
have a more accurate assessment of the fertility response in the
artificially inseminated animals. Saacke et al. (1980) cited the
theory that when a high dose of spermatozoa is used, optimum fertility
of the female population could be obtained without regard to the semen
quality, but semen quality characteristies would have the greatest
impacf on fertility when sperm doses were minimal and the average
fertilffy_of the female population had not been attained.

Groups of animals inseminated twice during estrus had a 80%
farrowing rate and thus produced significantly (P £ .017) more piglets
per group than single inséminated animals which had only a 40% farrowing

rate (Table 2, Table 3). Similar results have been reported by Crabo
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dnd Hurtgen (1977). A single insemination 24 to 36 hours after the onset
of estrus as recommended by Polge (1978), may not place adequate numbérs
of spermatozoa in the oviducts at the right time to maximize the chances
of fertilization. The timing of insemination in relation to estrus has
been based upon the assumption that the onset of the preovulatory
luteinizing hormone (LH) surge coincided with the onset of estrus. This
assumptior is now open to question because the preovulatory LH surge

in many gilts and sows starts 24 to 36 hours before estrus is detected
(Findley et al., and Aherne et al., as cited by Guthrie 1979). There-
fore, a single insemination-on the second day of estrus may have been
made after the animal had already ovulated. The use of a single in-
semination of low numbers of spermatozoa will probably require ovulation
control with gonadotrophins or gonadotrophin-releasing hormones as
suggested by Johnson et al. (1981).

When the data of animals that became pregnant were separately
analyzed for litter size, sows had a higher (P < .025) number of piglets
than gilts (Table 4). All sows were inseminated during their first
postweaning estrus. Similar results comparing litter size in sows and
gilts have been reported by Graham et al. (1978); Foote (1980); -and
Hughes and Varley (1980).

Sows and gilts inseminated with liquid extended semen treated with
5 mg of crystalline progesterone, farrowed more piglets per group
than gilts and sows inseminated without progesterone in the extended

semen, but this difference was non-significant (P > .98) when congidering
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.all animals in the experiment (Table 3). When the data for pregnant
animals were analyzed fbr litter size using only the main effects

model (Table 5), progesterone significantly (P < .039) increased the
litter size of treated ‘animals. This effect of progesterone was not
-significént (P < .174) for litter size when the data were analyzed with
the full model analysis of variance.

Thus it appears that progesterone in the insemination dose may
have an effect to increase litter size but this effect was confounded
by other variables in this study.

Hunter (1972b) reported that after a local injection of progesterone
beneath the sefosa of the tubal isthmus and the uterotubal junction, the
myometrial cells of the edematous uterotubal junction may relax and
a larger proportion of spermatozoa may have passed directly into the
isthmus and ampulla with very little quantitative regulation. Evans
and Dawson (Department of Veterinary Clinical Sciences, Iowa State
University, unpublished results), found that progesterone when added
to test fluids, produced an increase in the flow rate thrqugh the
utg:otubal junction of treated animals.

On the basis of the results obtained in the present experiment
and those obtained by Hunter (1972b) and Evans and Dawson (Department
of Veterinary Clinical Sciences, Iowa State University, unpublished
results), a positive effect on litter size might be expected witﬁ the
addition of progesterone to liquid semen of low sperm concentration.

Whether or not progesterone-treated semen may alter uterine myametrium
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and transport of semen from the cervix to the uterotubal junction

must be considered since both progesterone trials mentioned previously
were applied locally at the uterotubal junction or upper uterine horns.
Day and Polge (1968) reported that after a subcutaneous injection of

100 mg of progésterﬁne 24 to 36 hours before ovulation, an accelerated .
rate of egg transport through the oviducts was produced in gilts.
Further experiments are required to determine more precisely the role of
progesterone on sperm and ovum transport in the pig.

In experiment B, the effect of progesterone on sperm"transport in
animals artificially inseminated with 6 X 109 spermatozoa in liquid
semen extender and treated with the addition of 5 mg of crystalline
progesterone was tested.

Factors influencing sperm transport have been described by Baker
55_51. (1968); Bower et al. (1974); Einarsson (1980); Einarsson and
Viring (1973a); First et al. (1968); Hancock and Hovell (1961); Hunter
(1972b, 1980a, 1981); Polge (1978); Thibault (1l973); and, Viring and
Einarsson (1980a,b}. The role of the uterotubal junction (UTJ) as a
barrier that effectively regulates the passage of spermatozoa into the
oviducts has been described by Hunter (1980a) and Fleéhon and Hunter
(1981). Viring and Einarsson (1980b) reported that seminal plasma
decreased the spontaneous motility of the isthmus close to the UTJ and
this relaxative effect facilitates sperm transport into the oviducts,
but the effectual constituents are still unidentified. They concluded

that sperm transport through the UTJ is essentially of a béssive nature.
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In early trials of experiment B; six animals were inseminated

8

with 2 X 10° spermatozoa diluted in 70 ml of liquid semen extender,

but no sperm cells were recovered from the oviducts. Consequently,

sperm cell numbers were increased to 6 X 109

and diluted in 70 ml of
- liquid semen extender. Ten females were inseminated with this dose.
Although the number of spermdtozoa recovered from the UTJ was increased

with the latter insemination dose, no sperm cells were recovéred from

the oviducts of'seven animals. Therefore, data from tﬁe_flushinés ;f
oviducts were omitted from the statistical analysis.

The regults of washings of the UIJ to recover the spermatozoa,
indicatg that more sperm cells were recovered from the UTJ of animals
inseminated with'progesterone-treated_gxtended semen but this difference
was non—significant (Table 6). The numbers of sperm cells fecovergd
from the UTJ are comparable to figures reported by Viring (1980) and
Viring and Einarsson (1980&) when the recovery was done six hours after

insemination with 14.6 X 107

live spermatozoa. They also reported
that‘the;e was a positive‘correlation between the number of spermatozoa
in the UTJ and those found in the oviduct.

All animals used in experiment B were brought into heat by hormonal
treatment to synchronize breeding with avéilable slaughter dates and
to assure the collection of specimens at 24 to 28 hours after breeding.
The animals were inseminated 18 to 20 hours after an intramuscularx

injection of 500 IU of HCG. They were-bred at this time in order to-a~

void the possible release of ova which could interfere with the counting
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of sperm cells. When counting sperm in the oviduct after ovulation,
the pumber of spermatozoa attached to the zona pellucida of each egg
may be as many as 100 or more (Hunter, 1972b), and this would require
special ;echniques to separate the spermatozoa from the zona. Viring
(1930) reported that the sperm count in the UTJ remained relatively
unchanged up to 12 hours after insemination with live spermatozoa.
Whether or not the hormonal treatment may have played a negative role
on sperm transport and on the sperm recovery from the oviducts was not
determined. Gﬁthrie (1979) suggested that injection of HCG at 72 hours
after PMSG treatment may terminate follicular estradiol secretion. This
premature injection of HCG could interfere with gamete transport by
altering estradiol production.

In this study, the number of spermatozoa in the oviducts six to
eight hours after artificial insemination could not be determined.
Therefore, the studies of Evans and Dawson (Department of Veterinary
Clinical Sciences, iowa State University, unpubiished results), and
Hunter (1972b) on the relaxatife effect of progesterone at the UTJ
could not be substantiated by sperm counts iﬁ the oviducts. However,
the results of the present experiment suggest that progesterone-treated
extended’ semen does not inhibit sperm transport to the UTJ. Results of
experiment A suggest that more'piglets per litter could be obtained
when progesterone is included in extended semen of low spermatozoa

concentration,
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VI. SUMMARY AND CONCLUSIONS

Artificial insemination of sows and gilts with 2 X 10'-8 spermatozoa
diluted in 70 ml-of liquid semen extender produced an overall farrowing
rate of 60%Z. It was found that doublé insemination of gilts aﬁd 50Ws
resulted in twice as many pregnant animals and significantly more
pigléts born (P < .017) than when only one insemination was carried out.
When analyzing reproductive age effect for pregnant animals, it was
found that sows farrowed significantly. larger littersr(P‘< .025) than
gilts. Among the animals that became pregnant, soﬁs and gilts artificial-
ly inseminated with extended semen treated with 5 mg: of crystalline
progesterone farrowed larger litters than sows and gilts inseminated
with extended semen withoutdprogestefone. Litter size was significantlf
different (P < .039) when analyzing oqu the main effects mpdel but non-
significant when all interactions were included in the.analysis.

The numbexr of spermatozoa recovered from the uterotubal junction
of hormonally-induced estrous animals, six to eight hours after
artificial insemination with 6 X 109 sperm cells diluted in liquid semen
extender and treated with 5 mg of crystalline progesterone, was not
significantly different from that obtained after artificial insemination
with non-treated extended semen.

It can be concluded that the treatment of liquid extended semen
with 5 mg of crystalline progesterone does not inhibit sperm transport
to the uterotubal junction and may increase the number of piglets born

when inseminating with a low sperm concentration.
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IX. APPENDIX



Table Al. Random breeding schedule of animals ihseminated with 2 X 10

sperm cells dfluted in a liquid semen extender

8

progesterone

Gilts
Single Service T " Double Service

Gilt Date of Gilt Date of

number breeding number breeding
Liquid 111(182) 7/21/80 121(187) 9/11,12/80
semen 112(185) 11/11/80 - 122(407) 11/11,12/80
extender 113(188) 12/9/80 123(99) 12/9,10/80
‘with 114(184) b /9/81 -124(97) 4/16,17/81
5 mg of 115(98) .6/1/81 125(89) .-6/1,2/81
progesterone ‘ .
Liquid 211(21-1)  10/22/80 221(186)  10/23,24/80
semen L 212(96) 11/17/80 222(222) . 11/19,20/80
extender . 213(21-3) 1/28/81 223(183) 1/28,29/81
without 214(20-8) 4/16/81 224(181) 4/26,27/81
5 mg of 215(21-2) 6/22/81 .225(189) 6/22,23/81
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_ Sows
Single Service Double Service
Sow Date of Sow Date of

number breeding number . breeding
131(100) 10/21/80 . 141(188g) 11/4,5/80
132(170) 11/21/80 . 142(169)  11/21,22/80
133(167) 1/31/81 143(166) 2/9,10/81-
134(184g) 4/29/81 144(179) 4/29,30/81
135(194) 6/25/81 145(180) 6/29,30/81
231(171) 11/11/80 241(197) ., 11/11,12/80
232(198) ‘11/28/80 242(89) - 11/29,30/80"
233(173) 3/27/81 243(165) 4/9,10/81
234(168g) 5/26/81 244(182g) 5/29,30/81
235(185g) 6/29/81 245(187g) 7/1,2/81






