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PHARMACOLOGIC CONTROL OF
SWINE REPRODUCTION

Anton L. Pressing, MA, DVM, PhD

Pharmacologic intervention in swine reproduction focuses on two main
events: (1) the occurrence of fertile estrus, and (2) the onset of parturition. This
article is divided into two corresponding sections. The first section, control of
estrus and ovulation, addresses in two parts the hormones and regimens to induce
fertile estrus in prepubertal gilts or acyclic sows. A third part discusses approaches
to synchronize estrus in cyclic females and to synchronize ovulation. The second
section, control of parturition, primarily gives an account of compounds and
regimens that are used to induce parturition or to precipitate farrowings more
precisely. Two additional parts discuss induction of abortion and delay of parturi-
tion. Many compounds that are used in other countries are not approved for use in
pigs or are not available in the United States. In spite of these limitations, present
means to control reproduction should be carefully considered. Reproductive effi-
ciency of swine herds is a crucial component of their economic success. There are
many situations in which short-term therapeutic intervention can restore produc-
tivity of females or in which routine, prophylactic measures improve utilization of
replacement gilts and the breeding herd.

Stable reproductive traits and prolificacy have been traditional attributes of
domestic pigs. Modern, intensified swine production is challenging these traits. It
demands an unprecedented degree of precision in reproductive performance and
management of the breeding herd. Sows produce on average more than two litters
per year, and breeding and farrowing of production groups must be accomplished
within 1 week or less. The tight synchrony of reproductive events within groups
optimizes use of labor, facilities, and breeding stock. Induced farrowings allow for
better supervision and reduce the stillbirth rate. Important biologic benefits are
reduced variability of piglet weaning ages, lactation lengths, and occurrence of
estrus after weaning. When sows and gilts are mated over extended periods
of time rather than within several days of each other, the relative synchrony of
reproductive events is increasingly lost. This disrupts movement of females as a
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group through consecutive stages of production and diminishes the biologic bene-
fits that result from synchronous breeding and farrowing.

Pharmacologic intervention in commercial swine production presently con-
centrates on therapeutic measures. Exogenous gonadotropins are used to treat
persistently anestrous sows or to alleviate the problem of delayed puberty onset in
replacement gilts. A second area of pharmacologic intervention that has found
acceptance is the induction of parturition with prostaglandin F,, (PGF,,) or one of
its analogues. There exist other strategies that would improve reproductive effi-
ciency of the breeding herd, but they are not widely used. Selective induction of
estrus in primiparous sows, especially during the summer months, will signifi-
cantly reduce the incidence of delayed returns to estrus (>> 10 days). Also, routine
induction of puberty has been shown to reduce the cost for gilt maintenance and
to facilitate the integration of replacements into production groups. Lastly, there
are regimens that cannot be adopted because certain compounds are not approved
for use in swine or are not marketed in the United States. These are synchroniza-
tion of estrus (progestins, aimax), induction of parturition via feed (epostane), and
improved precision of induced farrowings with a combination of PGF,, and a
B-receptor—blocking agent (carazolol). A list of available compounds with their
current status and use is provided in Table 1.

CONTROL OF ESTRUS AND OVULATION

The control of estrus and ovulation is based on two different strategies. In
acyclic (anovulatory) females, fertile estrus is induced through gonadotropic stim-
ulation of follicular growth culminating in estrus and ovulation. In cyclic (ovula-
tory) females, estrus is synchronized by maintaining the luteal phase and delaying
estrus until a predetermined date. A combination of these strategies is possible and
can be used to increase the synchrony of occurrence of estrus and ovulation.

The most commonly used hormones to induce fertile estrus are pregnant mare
serum gonadotropin (PMSG) and human chorionic gonadotropin (hCG). The
biologic properties of PMSG include those of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH). The gonadotropic actions of hCG equal primarily
those of LH.!” Because the gonadotropic effects of PMSG and hCG are compli-
mentary, the combination of both hormones represents a very effective means to
induce estrus and ovulation in acyclic pigs.#17192114 The use of the naturally
occurring gonadotropins, LH and FSH, is limited because of their short half-life
(30 min or less) in comparison to PMSG or hCG (=40 hr).°® Similar limitations also

Table 1. SUBSTANCES USED TO CONTROL REPRODUCTION IN FEMALE PIGS

Compound Trade Name Dose* Induction of

PMSG + hCG P.G. 600t (Intervet 400 + 200 IU  Fertile estrus
America Inc, Millsboro,
DE)

Dinoprost (PGF,,) Lutalyset (Upjohn, 10 mg Parturition
Kalamazoo, M)

Oxytocin Oxytocint (Upjohn, 5-10 1V Labor/piglet expulsion
Kalamazoo, MI)

hCG Chorionic gonadotropin 500 U Ovulation

Estradiol ECP 1-2mg Estrous behavior

Cloprostenol Estrumate (Haver, 175 ug Parturition
Shawnee, KS)

Fenprostalene Bovilene (Syntex, West 500 ug Parturition

Des Moines, IA)

*Dosages are guidelines provided by the manufacturer or based on references cited in this text.
1Only these substances are approved for use in pigs.
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exist for gonadotropin-releasing hormone (GnRH) or one of its analogues, because
only frequent (hourly) administration will induce estrus and ovulation.®?%

Estrus synchronization in cyclic pigs is possible with compounds that artifi-
cially extend the luteal phase of the estrous cycle. Progesterone, synthetic proges-
tins, and other substances, such as aimax, suppress follicular development through
inhibitory actions on pituitary gonadotropin and/or hypothalamic GnRH release.
Of the numerous compounds that have been evaluated, only few appear to be
both effective and safe. Altrenogest (Regu-Mate, Hoechst-Roussel, Somerville,
NJ), a synthetic progestin, has been used successfully in pigs, but is not approved
for such use.* Other synthetic progestins failed to synchronize estrus satisfactorily
or have been found to compromise fertility of female pigs.84117

Induction of Puberty

The demand for replacement gilts in commercial pig production is predictable,
occurring periodically with each farrowing group. Without reliable induction of
puberty, larger numbers of gilts must be kept in store to provide the females that
can be bred within 1 week or preferably less. Pubertal estrus usually occurs
between 6 and 7 months of age in American and European breeds.*?262.9 Because
onset of puberty occurs at random, a varying number of gilts of similar age will be
in estrus over a period of several weeks. Boar exposure and relocation are fre-
quently used to induce more synchronous onset of puberty in replacement gilts,
but the proportion of females in estrus during the first week is commonly 37% or
less (Fig. 1).'”'** Effective induction of synchronous pubertal estrus with exoge-
nous hormones offers economic and biologic benefits, lowering the cost for gilt
maintenance, reducing the variation in breeding and farrowing dates, and assuring
more uniform lactation lengths and piglet weaning ages.

Prepubertal Gilt

Prepubertal gilts are able to respond with follicular growth, estrus, and ovula-
tion to exogenous gonadotropins and endogenous gonadotropins released by in-
jection of GnRH as early as 100 days of age. Ovulatory and estrous responses
improve as gilts approach puberty, and optimal responses have been observed in
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Figure 1. Onset of estrus in prepubertal gilts after relocation without (controls) or after
treatment with 400 IU of PMSG and 200 IU of hCG (P.G. 600, Intervet America, Inc,
Millsboro, DE). From Britt JH, Day BN, Webel SK, et al: Induction of fertile estrus in prepuber-
tal gilts by treatment with a combination pregnant mare’s serum gonadotropin and human
chorionic gonadotropin. J Anim Sci 67:1148, 1989; with permission.
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gilts between 150 and 160 days of age or older.*>® Common regimens used to
induce fertile, pubertal estrus are the combined use of PMSG (400 to 500 IU) and
hCG (200 to 250 IU), treatment with PMSG alone (500 to 1000 IU), and a
combination of hCG (500 IU) and estradiol-17f (1 mg).

Combined Administration of PMSG and hCG. The combination of PMSG
(400 1U) and hCG (200 IU) is an effective means of inducing fertile estrus in
prepubertal gilts of 5 months of age or older, and initiates estrus in 75 to 90% of
treated gilts and ovulation in 90 to 100%.*® The occurrence of estrus is synchro-
nized (Fig. 1). Few gilts are in estrus within the first 3 days after treatment.*'7102114
Onset of estrus generally peaks on day 4, and most gilts will be in heat between
day 4 and 6 posttreatment.®1711* Most females (range: 85 to 100%) initiate or
complete the ovulatory process within 96 to 144 hours after treatment.'%¢

Hormone freatment does not alter the reproductive performance of gilts.
Farrowing rate (range: 78 to 91%) and litter size (range: 7.5 to 10.1) were similar
for gilts serviced at either induced or spontaneous pubertal estrus.!7?1.10%114 Al
though estrus and ovulation occur with various doses of PMSG and hCG, the
most effective and economical combination is 400 to 500 of PMSG and 200 to 250
IU of hCG.*'% Combinations of FSH (100 to 200 IU) and hCG (200 to 300 IU)
appear to be less effective in inducing estrus and ovulation than the combination
of PMSG and hCG.'** A commercial product containing 400 IU of PMSG and 200
IU of hCG (P.G. 600, Intervet America, Inc, Millsboro, DE) is approved for use in
acyclic gilts in the United States.

Alternative Regimens. The administration of PMSG, hCG alone, and hCG
with estradiol are common alternatives to the combined use of PMSG and hCG.
Although these regimens are used in other countries, none is approved for use in
pigs in the United States.

PMSG. Treatment with 500 to 1500 IU of PMSG induces follicular growth
and ovulation in a high percentage of acyclic gilts (range: 80 to 100%).%* Ovulation
rates and the number of gilts in estrus, however, are reduced in comparison to
treatments using both PMSG and hCG.434%105 When high doses of PMSG (600 IU
or more) are used to induce a superovulatory response, reproductive performance
of gilts is not consistently improved. A higher number of immature ova and
increased embryonic loss limit the usefulness of higher doses of PMSG to increase
litter size.>*!

hCG Alone or in Combination with Estrogens. Administration of 500 to 750
IU of hCG induces ovulation in a large proportion of gilts (range: 50 to 100%), but
the rate of estrus is low.34142 Gilts begin to ovulate uniformly at about 40 hours
after hCG administration, and the ovulatory process is well-synchronized within a
group.3%4142646594 When hCG is combined with estradiol or estrogenic com-
pounds, expression of heat and conception rates are improved, but litter size is
usually reduced.*>91-9°

GnRH. Hourly pulsatile infusion of 10 to 50 ng of GnRH/kg body weight
consistently initiates estrus and ovulation in immature and peripubertal gilts.?*?¢
Estrus occurs within 3 to 4 days after initiation of treatment. Duration of estrus
(40 = 2 hr), ovulation rate (13 % 1), and the pattern of endocrine changes in LH,
estradiol, and progesterone are similar to those observed during spontaneous
pubertal estrus.’® Less frequent administration of GnRH resulted in less consistent
estrous and ovulatory responses of prepubertal gilts.?"1%° Presently, there is no
reliable and economical delivery system for the frequent infusion of GnRH, and
the releasing hormone has remained an experimental tool.

Delayed Puberty Gilt

Delayed puberty is a persistent problem in commercial pig production; be-
tween 10 to 30% of selected gilts are removed for not being observed in
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heat.?¢34112 When gilts exceed the average age of puberty onset relative to pen-
mates by two or more estrous periods, therapeutic measures should be initiated
unless the gilts will be culled. Delayed puberty gilts that are truly acyclic will
respond to exogenous gonadotropins with estrus and ovulation rates similar to
those of gilts in which puberty is induced at a much younger age. After treatment
with PMSG (500 to 750 IU) or PMSG and hCG (400 to 500 IU and 200 to 250 IU),
about 60 to 75% of gilts will be in estrus, and 80% will ovulate, 54072

When gilts fail to show signs of heat after gonadotropin treatment, behavioral
anestrus is frequently the underlying cause. Many delayed puberty gilts (30 to
60%) have cyclic ovarian activity but do not exhibit distinct signs of heat.?6:3133
Because sensitivity to estrogen is decreased in these females, gonadotropin treat-
ment is ineffective in correcting the problem.?® If behaviorally anestrous gilts are
treated during the luteal phase, diestrus will be prolonged. Gonadotropin treat-
ment induces accessory corpora lutea, and estrogen by itself has luteotrophic
effects during diestrus in pigs,!35288

Induction of Fertile Estrus in Sows

In batch farrowing systems, it is important that sows are weaned and bred in
tight synchrony. Collective weaning serves as the event that initiates follicular
growth and synchronous estrus. Commonly, 80% of sows are in heat and bred
within 7 days after weaning.®® However, various factors, such as season, parity,
lactational weight loss, and litter size, affect the reproductive performance of
farrowing groups as well as individual sows. Hormonal induction of postweaning
estrus has been practiced with the goals of shortening the weaning-to-estrus
interval, of preventing delayed returns to estrus (>10 days), and of treating
persistently anestrous sows. Attempts to shorten lactational anestrus and to breed
sows before weaning may be useful in extensive rearing systems with lactation
lengths of 5 weeks or more.

Postweaning Sow

Exogenous gonadotropins alone or in combination with estradiol shorten the
weaning-to-estrus interval and improve the synchrony of postweaning estrus. The
rebreeding interval decreased by 1 day (.9 £ .26 day; range: .5 to 2.5 day) after
treatment of multiparous sows with PMSG (500 to 1000 IU), PMSG and hCG (400
IU and 200 IU), or PMSG (1000 IU) followed by hCG (500 IU). Females given
gonadotropins returned to estrus within 4.0 & .2 days, and those not treated
returned within 4.9 £ .4 days.2477%80 Incidence of delayed returns to estrus (> 10
days) and conception rates did not differ between treatment groups.

Improvements in litter size are small or inconsistent after treatment with
PMSG, although ovulation rates increase considerably. Ovulation rates increased
82.4%. Ovulation rates increased 82.4% (25.9 vs. 14.2 corpus lutea), and the
number of viable embryos was 51% higher (14.5 vs. 9.6) until day 40 of gestation
in multiparous sows given 1000 or 1200 IU of PMSG.?#40 However, corresponding
increases in litter size do not occur at farrowing because of high embryonic loss
and early fetal death. The number of pigs per litter was only slightly higher (.5 to
1.2 pigs/litter) or were similar to those of untreated sows following various gonad-
otropin treatments, such as PMSG (1200 IU), PMSG and hCG (400 IU and 200
IU), or FSH and hCG (400 IU and 200 IU).679.80.120 The economic benefits of estrus
induction in herds without depressed fertility appear to be small.
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Delayed Returns to Estrus

The prevalence of delayed returns to estrus (>10 days) is greater among
primiparous than multiparous sows, and occurs across all parities at a higher rate
during summer and early fall.27196870113113 A common characteristic of herds with
anestrous problems is lengthened weaning-to-estrus intervals of 10 days or
more.!89118 Exogenous gonadotropins alone or in combination with estradiol
alleviate this problem.18386799118 Treatment with PMSG (500 IU to 1200 IU) the
day after weaning induced estrus within 7 days in 93 to 95% of primiparous sows
during summer and early fall. In contrast, a considerable number of sows (38 to
42%) not given PMSG failed to be in heat within 7 days of weaning.*¢” The
anestrous condition lasted for extended periods (> 30 days). About 90% of these
sows failed to cycle within the first month after weaning.6”%

Collectively, these and other studies have shown that various doses and
regimens, such as PMSG (500 to 1500 IU), PMSG and hCG (400 IU and 200 IU),
or hCG plus estradiol (500 IU plus 1 mg) are equally effective in preventing
delayed returns to estrus in primiparous and multiparous sows. Estrus occurs in a
high proportion of females relative to untreated sows within 7 days of treatment
(92 £ 3% vs. 60 £ 2%), and the average length of the weaning-to-estrus interval
decreases by approximately 8 days (5.3 * .9 vs. 13 & 1.6 days), although extremes
of 18 days have been reported.!82#67.99.118 Reproductive efficiency of sows is only
marginally improved when disturbing influences occurring during the summer
and fall season are absent. The number of females showing estrus within 7 days of
weaning during other periods of the year (November to June) was similar for
PMSG-treated sows and sows not treated with PMSG.*” Gonadotropin treatment
in herds with delayed returns to estrus did not compromise farrowing rates or
improve litter size.!867.99118 In contrast, treatment regimens that include estradiol
are consistently associated with smaller litter size.?8%

Persistent Anestrus

When sows have entered a period of delayed returns to estrus, it is not
uncommon for them to remain anestrous for 4 weeks or more, especially if they
are primiparous.®”*® Persistent anestrus after weaning (>>30 days) disrupts breed-
ing management, increases the demand for replacement gilts, and causes substan-
tial economic loss when sows are culled after having remained unproductive for
an extended period. Approximately one third of sows are culled owing to repro-
ductive problems, and a considerable proportion of these females are removed for
not being observed in heat.3>?490-108112 Tp ayoid accumulation of nonproductive
sow days, treatment should be initiated within 7 to 10 days of weaning. Hormonal
regimens that have proven effective in inducing pubertal or postweaning estrus
without adverse effects on farrowing rate and litter size are equally effective in
alleviating persistent anestrus in sows 367475102

After treatment with 1000 IU of PMSG (14 to 42 days postweaning), estrus
was observed in 78 to 100% of sows within 5 days or less, and conception rate was
67 to 95%.3575 The combined use of PMSG (400 IU) and hCG (200 1U) showed
similar results in chronically anestrous sows 10 to 100 days postweaning.74102
Estrus occurred in 70 to 94% within 8 days of treatment and between 70 and 80%
of the sows showing estrus farrowed. To stimulate expression of heat, estrogen (1
mg of estradiol benzoate or cypionate) has been used in combination with hCG
(200 to 500 IU) or PMSG and hCG (400 IU and 200 IU). But the inclusion of
estradiol decreased conception rates and litter size.”>#¢%° Treatment with PMSG
(800 to 1200 IU) or PMSG (400 IU) and hCG (200 IU) appears to be preferable
when the rate of estrous induction, subsequent farrowing rate, and litter size are
considered.
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Anestrous sows belong to any of three categories. Some sows are truly acyclic,
some have ongoing ovarian cycles without distinct outward signs of heat, and
some are subestrous, with only weak signs of heat frequently escaping heat
detection. Inadvertent use of gonadotropins or estrogens during the luteal phase
will induce secondary corpora lutea and prolong the diestrus period by approxi-
mately 14 days.52#8 Consequently, such sows will not respond to treatment within
the expected time frame of 1 week or less. Treatments should be initiated early,
within 7 to 10 days of weaning, to prevent accumulation of nonproductive sow
days. Sows not returning to estrus within 7 days of treatment should be culled.

Lactating Sow

Induction of fertile estrus during lactation would allow initiation of pregnancy
prior to weaning. However, increases in litters per sow per year appear feasible
only in extensive production systems that have lactation periods of 1 month or
more. Occurrence of estrus and conception rates after gonadotropin treatment or
pulsatile GnRH infusion remain unsatisfactory until the fourth or fifth week of
lactation.'® Administration of PMSG (700 IU) induced estrus in a small percentage
of sows during the first week of lactation (14%).?° Treatment with PMSG (1500
IU) between day 7 and 15 of lactation followed 4 days later by hCG (750 to 1500
IU) was associated with highly variable, but generally low, conception rates
(range: 13 to 80%). In these studies, sows were artificially inseminated two to three
times 24 to 40 hours after hCG, independent of signs of heat.”®*” Gonadotropins
become increasingly effective after the third week of lactation, especially when
pigs are periodically removed from the sow before treatment.’*57

Stage of lactation also affects estrous responses to hourly pulsatile infusion of
GnRH. The proportion of sows in estrus increased from 50 to 100% between the
second and fourth week of lactation.'® The present findings suggest that hormonal
induction of fertile estrus during lactation would be useful in extensive rearing
systems. Pigs could be weaned after 6 weeks or longer, while farrowing intervals
would be comparable to those of intensified systems with short lactations.

Synchronization of Estrus and Ovulation

Estrus Synchronization

Estrus synchronization allows the efficient use of randomly cycling females.
Mature, cyclic gilts that have been synchronized can be added to sow groups for
breeding at predetermined times. In farm animals, specifically bovines, control of
estrous cycles is achieved in two ways. First, the luteal phase is terminated prema-
turely with prostaglandins, and estrus occurs spontaneously in a proportion of
females. Second, the onset of spontaneous estrus is delayed with progestins until
its occurrence is desired. Initiating premature luteolysis to control estrous cycles is
not effective in the pig. The porcine corpus luteum remains refractory to PGF,, or
its analogues until days 12 to 14 after ovulation.?” The remaining period until
spontaneous corpus luteum regression is too short to be useful for estrus
synchronization. In contrast, suppression of ovarian cycles has been practced
successfully with various compounds. Progesterone, synthetic progestins, or aimax
(a bithio-urea derivative) prevent cyclic ovarian activity by inhibiting endogenous
gonadotropin or GnRH release.*>7¢

The use of aimax was discontinued in many countries because the compound
showed teratogenic effects,”? Treatment with progesterone or many of the early
synthetic progestins (e.g., chlormadinone acetate [CAP], medroxyprogesterone ac-
etate [MAP]) gave unsatisfactory results or had adverse effects. Use of these
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compounds was associated with poor estrous synchronization, reduced fertility,
decreased litter size, and development of follicular cysts.!*!%7117 Of the many
progestational compounds that have been evaluated, only two, SA-45.249 (a
norprogestogen) and altrenogest (a progestogen, [Regu-Mate]), effectively syn-
chronize estrus without compromising reproductive performance.?*1” When these
compounds are given to a group of cycling females for at least 2 weeks, cyclic
ovarian activity will cease. The reasons for the ensuing synchronicity of estrus
after the withdrawal of compounds are twofold. Corpora lutea are at least 14 days
old and have already undergone luteolysis or begin to regress.?*® Secondly,
endogenous gonadotropin levels that were suppressed for the duration of treat-
ment rebound after drug withdrawal and stimulate renewed, preovulatory follicu-
lar growth. After administration of altrenogest (15 to 20 mg/day), estrus occurs
between 4 to 8 days after drug withdrawal in at least 90% of females.®*!1” None of
the progestins is approved for use in food animals in the United States.

Comparable endocrine mechanisms regulate follicular growth and hence cy-
clicity of sows during lactation and following weaning. Gonadotropin secretion
remains low during most of lactation, resulting in little initial, and later only
modest, follicular development. The low gonadotropin levels rebound at weaning,
initiating a sequence of preovulatory follicular growth, estrus, and ovulation.'® The
synchronous occurrence of estrus is further enhanced when exogenous gonadotro-
pins are given 1 day after weaning or following withdrawal of compounds that
suppress gonadotropin secretion until weaning.?7-2847.79.9293 Gimilarly, treatment of
acyclic females with exogenous gonadotropins also synchronizes occurrence of
estrus, because the period of preovulatory follicular growth until estrus is highly
uniform in sows and gilts (commonly less than 1 week).*®? Most gilts and sows
experience estrus within 4 to 6 days after treatment.

Synchronization of Ovulation

The synchronization of “timing” of ovulation is a modified approach to
estrous induction and has been used in production systems with preset dates for
artificial insemination. Initial treatment with PMSG alone or in combination with
hCG, followed approximately 3 days later by hCG, initiates follicular growth and
substitutes exogenous hCG in place of the preovulatory endogenous LH discharge.
The onset of ovulation after administration of hCG is rather precise. The ovulatory
process begins between 40 to 46 hours after hCG injection (250 to 1000 IU) and
rarely starts before 40 hours >3%64652495.123 This timing allows the insemination of
females at set times independent of signs of estrus.?®? Optimal fertility is observed
in sows inseminated between 12 to 16 hours before onset of ovulations.®

Induction of estrus in combination with synchronized ovulation has been
extensively used in large Eastern European herds. Weaned sows or postpubertal
gilts in which estrus has been synchronized receive PMSG (1000 to 1250 IU)
followed 55 to 72 hours later by hCG (500 IU). Females are inseminated twice, 22
to 26 hours and 36 to 42 hours after injection of hCG. Farrowing rates are
commonly 71% (% 2) for gilts, and 79% (% 1) for sows, and pigs born alive number
8.6 (£.5) and 10.0 (%.3), respectively.!! Various doses of hCG (125 to 750 IU)
have been evaluated. With increasing doses of hCG, ovulations occur earlier and
are more synchronized. However, the number of corpora lutea and both ovarian
and uterine weight decrease following higher doses of hCG (=500 IU).103104 A
combination of hCG (300 IU) and GnRH (300 ug) also has been used. Although
ovulations tend to occur earlier (approximately 36 hours after injection) the
synchrony of ovulations is not consistently improved relative to treatment with
hCG alone.>10%



PHARMACOLOGIC CONTROL OF SWINE REPRODUCTION 715

CONTROL OF PARTURITION

Control of parturition is part of a concerted effort to optimize reproductive
performance of the breeding herd. The administration of PGF,, or one of its
analogues provides an effective, safe technique to induce parturition after day 110
of gestation. Routine use of this regimen will save pigs if records about gestation
length are accurate and management makes an active commitment to supervise
farrowings. Assisting sows with difficult deliveries, using oxytocin to promote
expulsion of delayed piglets (interpiglet interval > 20 min), or resuscitation of
hypoxic pigs will reduce stillbirth rates by 50%, saving about half a pig per
litter.>#11¢ Additional benefits are more efficient use of farrowing rooms, decreased
variation in lactation lengths, and more uniform age of piglets, which facilitates
cross-fostering and improves performance of weaned pigs.

The corpus luteum of pigs must be maintained and secrete progesterone if
pregnancy is to be established and maintained to term. Natural onset of parturition
is initiated by the fetus. Fetal cortisol concentrations increase within 2 days of
delivery and initiate endocrine changes that result in a steep decline of progester-
one, an increase of estrogens, and a rapid rise of PGF,,. Secretion of relaxin and
oxytocin result from the rise in PGF,, concentrations, which peak around the time
of parturition. Because corpora lutea of pregnancy as well as corpora lutea of the
estrous cycle become sensitive to PGF,, by day 12, treatment after this date will
terminate gestation.*® If treatments before 110 days of gestation are avoided,
induced farrowings take a physiologic course. Duration of parturition, piglet via-
bility, and sow performance during lactation are similar to those following natural
delivery of pigs.3>4%4+46345969101 Although many products are available, PGF,,
(Lutalyse; Upjohn, Kalamazoo, M) is the only prostaglandin approved for use in

pigs.
Induction of Farrowing

Use of Prostaglandins

Presently, the only effective and practical method to induce parturition in the
pig is the use of prostaglandins several days in advance of the spontaneous
occurrence of parturition. Gestation length in swine is reasonably precise; approxi-
mately 114 to 116 days (day 0 = first day of estrus), and most sows on commercial
units farrow within 2 days of a mean gestation length of 115 days.*619" When
PGF,,0r one of its analogues is used after day 110 of gestation, the average length
of the interval between injection and onset of parturition is commonly less than 30
hours (27.4 = .7 hr; range: 31.2 to 23.2 hr) 3543445459,6069.73 Approximately two of
three sows will commence parturition between 20 to 36 hours after administration
of PGF,, (65=* 65%) or a prostaglandin analogue cloprostenol (63 +
3.29).12445460.73101 Tf treatment is initiated during the morning, farrowings are
concentrated during working hours of the next day.

Onset of parturition following treatment with synthetic prostaglandins tends
to occur earlier than after use of the parent compound PGF,,. Also, the rate of
failure to induce parturition within 36 hours is less for a commonly used analogue,
cloprostenol (5.0 £ 1.7%), than for PGF,, (15.9 % 1.4%).43:44.54.60,69,73,101 Following
the use of PGF,,, the interval from injection to onset of farrowings was 29.5 + .6
hours (range: 24.3 to 31.4 hr); that for prostaglandin analogues was 25.2 & .7
hours (range: 23.2 to 28 hr).#445459.69.110 Although parturition induction is gener-
ally used in all females beyond 110 days of gestation, it is particularly useful for
females not farrowing by day 114 or 115 of gestation. Selective induction of
parturition represents an attractive option for larger operations, reducing treat-
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ment cost, decreasing the interval from prostaglandin treatment to onset of partu-
rition (18.4 £ 3.5 hr), and minimizing potential risks of early parturition on piglet
viability.'*!

When considering the use of prostaglandins in a farrowing program, various
aspects of this management technique need to be kept in mind. Side effects of the
naturally occurring PGF,, in swine occur within minutes of injection but are
transient. Animals primarily show hyperpnea and sometimes have increased sali-
vation, urination, and defecation. Nestbuilding behavior is common in penned
sows. Sows in crates may engage in intense rooting, pawing, and biting of bars.
Side effects and hyperactivity are of short duration and commonly cease within 60
to 90 minutes of PGF,, treatment.?>21122 The prostaglandin analogues are essen-
tially free of behavioral and systemic side effects, 44110122

Induction of parturition should not be attempted before day 110 of gesta-
tion, because piglet viability will be severely compromised.669110124 Few ad-
verse effects on stillbirth rate, piglet weight, and postnatal survival have been
observed when PGF,, or an analogue is given on day 111 of gestation or
later,354344.46.54.59,69.101 Gimjlarly, there were no adverse effects on sow performance
during lactation, rate of return to estrus, or subsequent fertility.?¢17310?

The primary value of prostaglandins is their efficacy in inducing and
synchronizing the occurrence of farrowings. This facilitates labor management and
farrowing attendance, effectively reducing perinatal losses,?>**11¢ Other potential
benefits, such as a decrease in the occurrence of puerperal disease or a shorter
duration of farrowings, may depend on factors specific to a herd and are not
clearly proven. The duration of farrowings after prostaglandin treatment is mostly
unaltered 24596063101 However, decreases as well increases in the duration of piglet
delivery have been reported.?>”>1® In herds with a history of puerperal disease
(metritis-mastitis-agalactia), the use of prostaglandins generally has decreased
incidence of the problem.?*?%631%1 In some cases, however, prostaglandins were
not effective in reducing the occurrence of puerperal disease.>51%?

Other Compounds

Exogenous glucocorticoids do not have any practical value for the induction
of parturition in sows when compared with prostaglandins. Although dexametha-
sone induces parturition, injections must be given for several days, and precision
of parturition induction is poor. When dexamethasone was given once daily for 3
to 4 days (75 to 100 mg/day/sow) 1 to 2 weeks prior to anticipated spontaneous
delivery (day 115 of gestation), farrowings occurred on average 72 hours or longer
after the last injection. %0

Epostane also has been evaluated for its efficacy in parturition induction. The
compound rapidly inhibits progesterone synthesis and induces farrowings within
approximately 32 hours when given orally for 2 consecutive days (5 or 10 mg/kg
body weight) or once parenterally (5 mg/kg body weight, subcutaneously). Treat-
ment had no adverse effects on the number of pigs born alive or pigs weaned or
the resumption of cyclicity of weaned sows.*® Epostane is presently not marketed
in the United States.

Synchronization of Farrowing

Repeated efforts have been made to increase the synchrony of parturition
onset after prostaglandin treatment and reduce the proportion of sows farrowing
late (>30 hr). Progesterone, progestational compounds, and relaxin have been
used successfully in advance of prostaglandin treatment but are not approved or
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are not readily available.*® Oxytocin alone, carazolol alone (a B-adrenergic antago-
nist), and oxytocin and carazolol have been combined with prostaglandin treat-
ment. Farrowings occur earlier and are better synchronized and duration of far-
rowing decreases after use of carazolol 143559119

Prostaglandins and Oxytocin

The interval to onset of farrowings is shortened and the synchrony of farrow-
ings increases when oxytocin is given within 20 to 24 hours after administration of
PGF,, or one of its analogues.>>**%*11° Treatment with 5 to 30 IU of oxytocin 20
hours after prostaglandin injection on day 112 of gestation induced from 78 (5 IU),
82 (10 IU), to 100% of sows (20 or 30 IU) to farrow during the next working day.
Working hours were defined as an 8-hour period following treatment with oxyto-
cin.'® Depending on dose, approximately 40 to 50% of females begin to farrow
within 6 hours of oxytocin treatment, which allows supervision of these farrow-
ings during the day. In comparison, fewer sows farrowed within 26 hours (30%) or
28 hours (40%) after prostaglandin treatment without oxytocin 35119

Although doses of 20 to 30 IU of oxytocin precipitate earlier parturition in a
larger proportion of sows, the higher doses are frequently associated with inter-
ruptions of piglet delivery. Use of more than 10 IU of oxytocin has been shown to
induce uterine tetany for up to 15 minutes.>® Correction of dystocia is time-con-
suming, and frequently piglets are hypoxic or dead when extracted. Continuation
of piglet delivery may require further treatment with low doses of oxytocin.’* The
likelihood of such complications decreases substantially when low doses of oxyto-
cin are used (=10 IU).%55%119

Prostaglandins and Carazolof

Carazolol, a f; ;-adrenergic blocking agent, has been found to reduce the
duration of parturition, stillbirth rate, and the incidence of dystocia when given
alone at the onset of labor (1 mg/100 kg body weight, intramuscularly). The
compound prevents premature uterine relaxation by reducing the effect of epi-
nephrine on uterine smooth muscle contractility.!*%° Carazolol also has been used
after prostaglandin treatment, either in combination with oxytocin or alone.%119
The combined use of carazolol (3 mg/sow) and oxytocin (2.5 IU) reduced the
average length of the interval between treatment and onset of parturition relative
to treatment with carazolol alone (1.7 vs. 2.6 hr) in one experiment but not in a
second experiment.® It appears that use of carazolol alone (3 mg/sow) 20 hours
after prostaglandin administration is a reliable method to initiate precise onset of
parturition.®® The treatment precipitates early onset of labor (range: 1.2 to 2.6 hr),
shortens the duration of parturition, and is free of the adverse side effects that may
occur after oxytocin use.

Induction of Abortion

Although prostaglandins are not commonly used for induction of abortion or
synchronization of estrus in commercial swine production, some situations require
the termination of pregnancy. Among these are accidental or undesirable matings,
pseudopregnancy (sows failing to farrow on schedule or remaining anestrous
without detectable signs of pregnancy), expulsion of mummies, and the expect-
ancy of small litter sizes during episodes of infectious reproductive disease. In
several studies, treatment with PGF,, or the prostaglandin analogue cloprostenol
resulted in the majority of sows aborting within 1 to 2 days after treatment and
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their return to estrus within 4 to 14 days. No adverse effects on subsequent
reproductive performance of aborted females have been observed.”’7”?” Some
reports indicate that a single injection of PGF,, (dinoprost tromethamine) is effec-
tive in inducing abortion. The percentage of gilts aborting varied between 60 to
100%.%77*77 However, two injections of PGF,, (twice 10 mg 12 hr apart) were
more effective than a single treatment of PGF,, (100 vs. 42%) and equaled the
results observed after a single injection of a prostaglandin analogue, cloprostenol

(500 pg/gilt).””

Delay of Parturition

Parturition can be delayed by the use of f,-adrenergic agonists that exert
tocolytic effects.¥”1?5 Clenbuterol, one such compound, delays onset of parturition
or interrupts parturition in sows. When clenbuterol (150 ug/sow) was given
during onset of labor before delivery of the first pig, parturition was delayed 15
hours. Treatment with the agent after delivery of one to three piglets interrupted
parturition for approximately 3 hours. Short delays as well as interruption of
parturition did not have detrimental effects on perinatal survival rate or maternal
behavior.!® Prolonged delays of parturition with repeated, higher doses (300 ug
every 6 hr) for several days increased stillbirth rate to 40%.%”

SUMMARY
Acyclic Females

PMSG and hCG have been used alone or in combination to induce fertile
estrus in prepubertal gilts and anestrous sows. The combined use of PMSG (400 to
500 IU) and hCG (200 to 250) consistently induces estrus (75 to 90%) and ovula-
tion (90 to 100%). Most females will be in heat between 4 and 7 days after
treatment. Farrowing rate (80 to 90%) and litter size (7.5 to 10) are generally
similar to those of untreated females. Use of PMSG (500 to 1500 IU) alone or hCG
alone (500 to 750 IU) is less effective, compromising either rate of ovulation
(PMSG) or expression of heat (hCG). Inclusion of estradiol (1 to 2 mg/female)
improves the occurrence of estrus, but litter size is usually decreased.

Cyclic Females

Because porcine corpus lutea are refractory to the luteolytic effects of prosta-
glandins until days 12 to 14 of the estrous cycle, suppression of ovarian cycles is
the only effective means to synchronize estrus in the pig. Only few compounds
that regulate ovarian activity were found to be effective and safe. Altrenogest, a
synthetic progestin, is used in some countries to synchronize estrus in replacement
gilts. When the compound is fed for at least 14 days (15 to 20 mg/day), estrus
occurs within 4 to 8 days in 90% of females after drug withdrawal. Exogenous
gonadotropins given 1 day after withdrawal of the compound enhance synchro-
nous occurrence of estrus.

Gestating Females

Treatment with PGF,, or one of its analogues is an effective, safe technique to
induce farrowing after day 110 of gestation. Farrowings commence in 60% or
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more of females within 18 to 32 to hours after prostaglandin injection. Additional
use of oxytocin 20 hours after prostaglandin treatment concentrates farrowings
during the second day. Farrowings commence in approximately 50% of females
within 6 hours after oxytocin administration. Low doses of oxytocin (5 to 10 IU)
should be used, because higher doses are associated with an increase in dystocia.
Prostaglandins induce abortion throughout gestation in the pig.
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