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Abstract: During lactation the sow generally remains anestrus. However, lactational estrus and ovulation sometimes
occurs under unusual circumstances. Practical outcomes of lactational estrus are reducing the interval between
weaning and estrusand therefore the non-productive days in the herd. Although various techniques to induce
lactational estrus have been performed through natural management of the animals or the use of exogenous
hormones during lactation, induction of estrus during lactation has not been recommended for commercial use. The
objective of this study was to review and analyze the basic lactating sow physiology and the different
methodologies to induce lactational ovulation, in order to improve her reproductive and productive performance,
as a possible alternative to the early weaning system, especially in those cases where lactation length is determined
by welfare constraints.
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Introduction

A common practice in swine production is to increase the number of litters per sow per year by reducing the
intervals between farrowings with the use of an early weaning system (Dial et a/., 1995 and King et a/., 1998).
This practice allows increasing productivity while reducing the lactation length; piglet heaith and growth rate is
improved, preventing vertical transmission of disease from the sow to the piglets (Dritz et a/., 1994). From an
economic perspective shorter lactation lengths have cost savings and make better use of farrowing rooms.
Unfortunately, these potential benefits are sometimes nullified by a reduction in the subsequent reproductive
performance of the sow (Xue et a/., 1993). Aiternatively, to this technique, breeding sows during the lactation
period increase their productivity too. This manipulation proves sometimes to be successful, it will enhance the
development of the litter without affecting the reproductive cycle of the sow and the piglets will continue nursing
even though the dam is pregnant. Therefore, reducing the reproductive cycleand obtaining a greater number of
litters per sow per year (Kirkwood and Thacker, 1998). The interval between farrowings may be reduced if the
sows are able to conceive during estrus, which would at the same time allow for a decrease in non-productive days
in the herd. ‘

Studies published in the 1950 's, indicate that behavioural estrus occurs in 50 to 99% of the pigs at or just after
farrowing (Warnick et al., 1950; Baker et al., 1953; Self and Grummer, 1958). This estrus is anovulatory, except
in unusual circumstances such as the death of the litter or the removal of the piglets at birth {(Warnick et a/., 1950).
Under natural conditions, the sows that have farrowed show estrus between the fifth and tenth day post partum.
This heat is anovulatory and can occur in 80 to 99% of the sows (Burger, 1952). Aiso, under natural conditions
the sows show a tendency to reduce nursing initiation, especially after the 10" week post partum {Alonso-Spilsbury
and Mayagoitia, 1998)and all throughout the 14" or 17" week (Jensen, 1986)}. This reduction in the frequency
of lactation allows a positive feedback of GnRH, eliciting FSH and LH release, thus allowing the sow to manifest
signs of estrus. Lactational estrus without ovulation could be due to an insufficiency of gonadotrophins or
specifically to a failure in the release of FSH and synthesis of LH (Cole et a/., 1972; Guthrie et a/., 1978).
Induced pregnancy during lactation has a moderate success only after the third week of lactation (Crighton, 1970b;
Newton et al.,, 1987a and Varley and Foxcroft, 1990); however, detection of estrus during lactation is difficultand
the subsequent litter size has been reduced (Varley and Foxcroft, 1990). Although complete involution of the uterus
does not occur until about 3 weeks into lactation, it would appear that most of the important changes have taken
place by day 7 of lactation and there seems little reason why the uterus should not function again normaily by 2-3
weeks post partum (Graves et al., 1967). The latter point is extremely pertinent to the success or failure of early
weaning (EW) systems (Hughes and Varley, 1980}, since incomplete uterine involution is generally accepted as a
contributing factor to the reduced embryo survival of EW sows.

According to Hays et a/. (1978) and Marsteller et a/. {1997), short lactation lengths do not seem to reduce the
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number of eggs shed (ovulation rate) or the percentage of those eggs that are fertilized, but the percentage of
embryos that survive is substantially reduced by day 25 to 30 post-mating. The suckling stimulus is almost
certainly involved in the control of uterine involution as suckled sows show a faster rate of involution than sows
which have had their litters removed very early in lactation (Graves et al., 1967).

Varley and Atkinson (1985) have shown that although a majority of sows remain anestrus or did not show estrus
on day 30 post partum (according to the levels of progesterone in plasma), 28% of the pigs had silent heats on
13.8 days average after parturition, while in a further 38% estrus and ovulation occurred 12.1 days post partum.
Kemp (1998) indicates six factors that increase the incidence of lactational estrus: frequent boar contact, group
housing systems, low milk production (low number of piglets), high food intake, split weaning and interrupted
suckiingand advanced parity of the sow. Besides these, some other factors influencing the occurrence of lactational
estrus have been identified: sow weight and weight change during lactation {Bryant et a/., 1983b) and litter size
(Rawlinson and Bryant, 1981). Also, induction of estrus and ovulation in a lactating sow can be achieved using
exogenous hormones (Crighton, 1870a and b; Rowlinson et a/., 1974 and Petchey and Jolly, 1979).

Various authors (Petchey and English, 1980; Rowlinson and Bryant, 1981, 1982b; Bryant et a/., 1983ab and
Hultén, 1995a) suggest that the presence of estrus during lactation is due to lactations longer than 45 days,
grouping lactating sowsand the presence of a boar.

The present review will address first the basic lactating sow physiology, so a better understanding of the different
methodologies to induce lactational ovulation is achieved in the second part.

Factors Affecting the Presence of Lactational Estrus: The factors that affect the occurrence of lactational estrus
are the suckling stimulus that reduces the secretion of gonadotrophins by the hypothalamus (Armstrong et al.;
1988a) and the metabolic state of the lactating sow. Suckling stimuli does not allow for post partum ovulation,
inhibits the release of GNRH and promotes the release of prolactin, oxytocin and opioids. All of these hormones
play an important role in the modulation of estrus.

Stimulation During Suckling

Gonadotrophin Release Factor (GnRH): The inhibition of GnRH release during lactation suppresses release of FSH
and LH, eliciting lack of estrus (Britt et a/., 1985). If suppression of GnRH production is a cause of lactational
anestrus, administration of GnRH at an appropriate dose and frequency might overcome lactational anestrus.
Furthermore, pulsatile administration of GnRH induces follicular growth, estrus and ovulation in lactating sows (Cox
and Britt, 1982). Suckling frequency and social interaction between the sow and her piglets decrease when sows
are group-housed (Stolba et a/., 1990).

Luteinizing Hormone {LH): Once the sow has farrowed and initiated lactation, the ovaries become inactive for an
approximate period of 10 days. Although smali follicles might begin to develop after this period, rarely do they
become a Graff follicle (Britt et a/., 1985).

During lactation the LH pulses decrease in frequency, gaining amplitude which affects the positive feedback of FSH
and makes the ovaries inactive. The suppression of the pulsatile LH release during lactation is an important reason
why a sow normally remains anestrus during lactation (De Rensis et a/.,, 1996; Kemp, 1998). In fact, separation
of the sow and piglets for periods of 4 h or more per day has been shown to increase basal LH concentrations
(Armstrong et a/., 1988a). In the absence of lactation during this post partum period, the elevated levels of LH can
promote highly estrogenic follicles showing cysts (Foxcroft et a/., 1992). Furthermore, it has been reported that
although some zero-weaned sows show within 2 weeks an ovulatory heat of normal duration, other animals show
a high incidence of cystic ovaries, prolonged non-ovulatory estrusand an increasing interval from farrowing to
conception (Varley and Foxcroft, 1990). The number of sows that develop follicular cysts also increases following
short lactation lengths (Self and Grummer, 1958 and Svajgr et a/., 1974). In other words zero-weaned or very early
weaned sows that develop cystic follicles are characterized by one or more of the following: 1) prolonged and
unpredictable return to estrus, 2) constant estrus 3) prolonged anestrus and 4) irregular returns (Britt, 1996).
There is accumulating evidence that the suckling induced suppression of LH release may be mediated by opioid
peptides (Malven, 1986; Armstrong et al., 1988ab and Kemp, 1998).

Prolactin: The ovary is one of the target tissues for prolactin (Dusza and Tilton, 1990). The levels of prolactin in
plasma reach its maximum peak 8 to 12 hours after farrowing (Castrén et al., 1993)and then decrease during
lactation (Algers et a/., 1991). During lactation, suckling of piglets results in an elevation of prolactin levels about
10-15 min after initial nuzzling and teat messageand returns to basal levels about 30-40 min after suckling (Kendall
et al., 1983). A gradual decrease in prolactin levels is seen during the course of lactation, apparently as a result
of a gradual decrease in suckling frequency (Holmes et a/., 1988). After six hours of reaching its basal levels, a
mechanism of positive GnRH feedback is established (Loseth and Crabo, 1994). )
Prolactin levels are elevated during suckling stimulus and estrus cycle (Stevenson et a/., 1981; Edwards and
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Foxcroft, 1983). A rapid decline in this hormone is seen after weaning (Foxcroft et a/., 1987) in most zero-weaned
animals (De Rensis et a/., 1993), or when piglets are separated from sows during partial weaning (Stevenson et
al., 1981 and Shaw, 1984).

The prolactin released by the nursing sow can inhibit the ovarian function in an indirect way by influencing the
release of LH pulses and inhibition of the ovarian estradiol synthesis (Dusza and Tilton, 1990).

If the sow is to enter lactational estrus, the levels of prolactin should descend so that GnRH will stimulate release
of LH and FSH. Prolactin is also indispensable in the induction and the maintenance of LH receptors (Holt er a/.,
1976). The LH and the FSH are slowly secreted during prolonged lactations and only in these cases the sows are
capable of exhibiting fertile estrus (Hughes and Varley, 1980).

Prolactin not only plays a role in steroidogenesis, it enhances lipoprotein concentrations by maintaining the
membrane receptors for the high-density lipoproteins (HDL), that are precursors of luteal steroidogenesis (Murphy
and Rajkumar, 1985). Prolactin also stimulates progesterone secretion in luteal cells during the early stages of pig
luteal function. As such, the luteotropic function of this hormone during lactation and the estrus cycle is still
controversial.

Endogenous Opioids: Suckling stimuli induces the release of endogenous opioids in the sows " brain (Varley and
Foxcroft, 1990 and Rushen et a/., 1993) and inhibits the release of GnRH and LH concurrently. There has been
recent interest in the role of opioids and their antagonists in the control of ovulation. Experiments performed on
lactating sows demonstrate that when given naloxone (an opioid antagonist), an increase in LH release and
pulsatility occurred (Barb et a/,, 1986 and Mattioli et a/., 1986} while concentrations of peripheral prolactin
decreased (Armstrong et al., 1988a; De Rensis et al., 1993 and 1996). Moreover, Armstrong et a/. {1988b)
indicated that morphine —agonist endogenous opioid- diminished the secretion of LH after removal of the litter.
Inhibition effect of prolactin also occurred, a suggestion that two different opioid receivers exist (De Rensis et a/.,
1996).

Metabolic State of the Sow: Recently, several researchers have suggested that changes in reproductive hormone
release in response to dietary manipulation are mediated through a blood metabolite, metabolic hormone, or a
combination of metabolites and hormones, rather than through direct effects of body fat or protein reserves.

As it has been stated, suckling stimuli causes a neuroendocrine reaction involving prolactin and oxytocin, both of
which contribute to the metabolic changes that occur during lactationand promote the use of protein and energy
reserves (carbohydrates and fat) in milk synthesis (Einarsson and Rojkittikhun, 1993).

If food intake is low, energy and protein requirements do not allow milk production. Therefore, the sow enters a
negative energy deficit that produces the catabolic process where her energy deposits will be used. This catabolic
state is evaluated according to the metabolites and metabolic hormone concentration, which means that if there
is an increase of urea, fatty acids and creatinin, instead of milk production the protein and energy reserves are
being used by the sow (Quesnnel and Prunier, 1995).

It is important to recognize that the sow’s milk production increases during the first 3 to 4 weeks of lactationand
the effect of the catabolic state in the sow in regards to the metabolites and metabolic hormones is more
pronounced when lactation is in progress and the reserves of energy are depieted (Kemp, 1998).

If food intake is low during lactation, it will provoke an inhibition of LH puises before ovulation. Consequently
luteinization of the corpora lutea and a decrease of progesterone levels in plasma during early pregnancy jeopardize
embryo survival. Moreover, hyponutrition during lactation, besides from its effects on the sow as well as on the
nursing piglets, also affects the reproductive performance of the female in the subsequent reproductive cycle. The
quantity of food given to lactating sows is not the only important factor; individual differences have been found
in the regulation of the metabolic energy level during the lactation period of sows that are well nourished
(Rojkittikhun et al., 1992).

A protein and energy restriction during lactation produces a suppression of LH release in the pituitary gland, caused
in turn by a decrease of the release GnRH in a lactating sow with a large litter or in primiparous sows. On the
contrary the administration of glucose during lactation increases the levels of insulin in plasma, but does not have
positive results on the LH levels (Tokach et a/., 1992).

Pettigrew and Tokach (1993) showed that insulin receptors are found in the brain and pituitary glandand that in
vitro insulin enhances the release of FSH and LH. Whereas Cox et al. {1987) demonstrated that insulin injection
in the cerebro-ventricular area elicited LH production, indicating there is a direct effect of insulin on the
hypothalamic/pituitary axis that increases the ovulation rates.

It has been established that occurrence of lactational estrus is positively related to weight gain (or less weight loss)
and negatively related to litter size during the group housing period (Petchey and Jolly, 1979; Rowlinson and
Bryant, 1982b). Moreover, ad /ibitum feeding decreases weight loss during lactation in group-housed sows and
seems to increase the occurrence of lactational estrus (Rowlinson and Bryant, 1982ab).
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Follicular Development: There is extensive /n vitro evidence of glucose, insulin and various growth factors (like IGFs
and TGFs) effects on follicular development (Cox et al., 1987; see Cosgrove and Foxcroft, 1996, for a review).
Meurer et al. (1991) proved that the presence of foilicular atresia in diabetic sows is due to the lack of insulin, as
administration of insulin facilitates ovulation in sows. According to Poretsky and Kalin {1987}, insulin might
stimulate the granulosa cells to form LH receptors and produce estrogen. Also, overfeeding induced increases in
follicular aromatase activity and/or follicular development, that has been associated with a marked increase in
insulin status (Cosgrove et a/.,, 1992). Previous studies done by Cox et a/. (1987} showed that the ovulation rate
was higher when administering insulin alone or combined with an increase caloric intake during the follicular growth
in primiparous pigs. These different experiments demonstrate a strong link between insulin and follicular
development, but it is important to understand that there are metabolic and growth factors that are involved,
though their participation is unknown and is still under study (Kemp, 1998).

Methods Used to Induce Lactational Estrus: Diverse techniques to induce lactational estrus have been used such
as: partial litter weaning (Burger, 1952; Smith, 1961; Duggan et a/., 1982; Variey and Foxcroft, 1990; Loseth and
Crabo, 1994 and Mota et a/., 2002); pheromonal stimuli from a mature boar (Smith, 1961; Cole et a/., 1972;
Henderson and Hughes 1984; Stevenson and Davis, 1984; Newton et a/., 1987b and Costa and Varley, 1995);
grouping lactating sows (Rowlison et al., 1982ab; Rowlinson et a/., 1974, Petchey and Jolly, 1979; Duggan et
al.,, 1982; Henderson and Stolba, 1989 and Hultén et a/,, 1995 ab); communal lactating of sows in outdoor
systems (Jensen and Stangel, 1992 and Alonso-Spilsbury et a/., 1998); gonadotrophin treatments (Crighton, 1970
ab; Hausler et a/., 1980; Kirkwood and Thacker, 1998); estrogen treatments {Cox et a/., 1988); administration of
GnRH (Guthrie et a/., 1978 and Cox and Britt, 1982)and application of peptide opioids (Barb et a/., 1986 and
Armstrong et al/., 1998 ab).

Most of the researchers have used one or a combination of more than one method with various degrees of succass
in inducing lactational estrus. Due to the limited success of these techniques, none of them have been commercially
adopted.

Grouping Sows and Litters Plus Contact with the Boar: The use of natural methods, avoiding the use of exogenous
hormones, consists of grouping lactating sows and their litters while allowing contact with a boar (Stolba et a/.,
1990; Vesseur et al., 1995 and Wechsler, 1995, 1996). This method has been very successful on occasions
(Rowlinson et al., 1975; Stolba et a/., 1990; Alonso-Spilsbury et a/., 1998), but in others there is no apparent
effect on the manifestation of lactational estrus (e.g. Petchey et a/., 1978), or it is disadvantageous delaying the
breeding period of group-housed sows (Hultén et a/., 1995ab).

Boar presence generally causes a high estrus frequency (Rowlinson et a/.,, 1975; Rowlinson and Bryant, 1981}and
if sows are mated the conception rate is often high, indicating normal ovulations. Rowlinson and Bryant (1982b)
found that grouping sows and their litters on the 10™ day of lactation and introducing the boar 24 hours later,
resulted in 100% of the sows showing signs of estrus on approximately the 34" post partum dayand the
subsequent litter size was about 11 piglets. Petchey and Jolly {1979) found that of the 49% of the sows kept with
their litters that presented lactational estrus in the study, 78% conceived without problems. Yet sows breed at the
early stages of lactation farrowed lighter piglets compared with sows that were mated during advanced lactation,
indicating that lactational estrus is associated with decreased milk production. Concerning the above, there are
works reporting contradictory results. Crighton (1970b) found that the piglets that had been weaned from
pregnant-lactating sows weighed 0.45 kg more than the contros. On the other hand, Rowlinson and Bryant (1982a)
did not find any differences. This finding could well be related to other variables. Although there is no work
showing that lactational estrus produces lighter litter weights, it is known that group-housed sows during lactation
interrupt the nursing process, by favoring cross-suckling {(Algers, 1991) and making it easier for dominant piglets
to increase their milk intake, while weaker piglets reduce their own (Hultén et a/., 1995ab). The apparent
disadvantage of is that cross-suckling gives some sows the opportunity to abandon their piglets, leaving nursing
to the other sows of the group (Bee, 1994). Alternatively some piglets might abandon their mothers and nurse with
other sows, causing their weight after weaning to be heterogenous and that some sows may lose weight during
that process (Henderson and Stolba, 1989).

The grouping system, -often used in Swedish farms- presents advantages in reproductive terms, it has been
demonstrated that not all sows show the same behavior; the multiparous present atrophy of the teats before
weaning, due to the lack of stimulation of being suckled, which does not occur with the primiparous (Hultén et a/.,
1995b). This might be due to the decrease in contact between the sow and her piglets, which seems mainly to
occur in older sows, whereas younger sows seem to maintain in close relationship with their offspring (Hultén et
al., 1995b}. This clearly iliustrates that the housing systems wiil have to be used according to the category of the
sows that will be managed in it. '

Stolba (1981 and 1982) has demonstrated that lactational estrus can be consistently induced in sows housed in
enriched environment family pens. The Pig Family Pen system, originally designed by Stolba (1981), consists in
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managing small groups of related pigs housed in specifically designed pens, having an enriched environment,
provided with areas of activity and straw bedding. Four sows are housed with their litters, allowing a boar to
stimulate them 20 days after farrowing. Favorable results include the conception of sows 38 + 12 days after birth,
a reproductive cycle of 150 +15 days and 2.4 farrowings per sow per year (Stolba, 1984). Even allowing
prolonged lactation, the sows weaned the litters naturally between the 12th and 14th weeks post partum (Moser,
1989).

The Pig Family Pen was put into practice by Wechsler (1996), finding that the sows presented lactational estrus
before piglets were 7 weeks old, this happened in 53.8% of the cycles, the sows reared 21.4 piglets a year,
showing that this system has advantages comparable to the intensive production.

Hultén et al. (1995a) studies comparing systems, group-housing versus single penned sows, found that 65% of
the sows showing lactational ovulation were mated within 10 days after weaning in the group-housing system.
Moreover, he found that parity number seemed to strongly influence the occurrence of lactational ovulation. None
of their conventionally housed sows ovulated, supporting previous reports concluding that ovulations are rare
among singly housed lactating sows (Burger, 1952 and Kunavongkrit et al., 1985).

Partial Weaning of the Litter: Lactational estrus induction through partial weaning of the litter was recommended
by Marshall and Hammond since 1937. Afterwards, Smith (1961}, induced estrus by separating for 12 hours the
litters on the 21, 31 and 35 days of lactation, observing that primiparous sows needed at least 14 days of
separation to induce estrusand second parity sows needed only 5-6 days of separation when the treatment had
begun on the 21st day of lactation. Eight hours separation on a daily basis after the 21st day of lactation did not
produce estrus in any of the sows until the 8th week of lactation.

At present, the techniques used to induce lactational estrus or reduce the interval of weaning-estrus are a reduction
of the litter size many days before weaning the sow {Stevenson and Britt, 1980; Stevenson and Davis, 1984}, or
fractionated weaning, in which the heavier piglets in a litter are weaned, followed by the weaning of the lighter
pigs a few days later (Cox et a/., 1983; Henderson and Hughes, 1984; Kunavongkrit et a/., 1985; Riley et al., 1985
and Matte et a/., 1992). Generally these treatments reduce the weaning-estrus interval without undesired effects
in the subsequent fertility rate or litter size. Regarding this statement, it is important to note that Vesseur (1997)
found better rates of fertility in sows that had been subjected to split weaning in a previous lactation.
Considering that separating the litter from the mother for a period of 4 hours or more a day, elicits LH increase
(Booman and van der Wiel, 1980; Newton et al., 1987ab; Armstrong et al., 1988a), one should study the
feasibility of using this procedure without compromising the health and growth of the piglets. For example, 10
years of experience managing grouped sows separated from their litters 4 hours daily —divided in two hours in the
morning and two hours in the afternoon- during the first 15 days post partum and stimulated from day 17 to 20
by a group of boars showed very good results: 2.59 farrowings per sow per year, conception rates of 89%, a total
of 9.48 born alive piglets, a total of 24.27 piglets per sow per year; 21% of the sows presented estrus before the
25 days post partum and the periods between farrowings and conception was 23.63 days (Anon, 1984). Although
this experience has never been repeated.

Loseth and Crabo (1994) performed experiments with two groups of females; the control group remained with its
litters 24 hours a day, in the experimental group the litter was removed 8 hours a day, during this time the sows
had contact with a boar to evaluate the presence of estrus. In the experimental group the levels of prolactin
decreased to 50% in one hour, 20% more in three hours and returned to the basal levels six hours after litter
removal. Moreover, 4 of the 6 females were mated on days 5 and 6 after initiating the separation.

More recently, Mota et al. (2002) demonstrated that both partial withdrawn of the litter and boar stimulus induced
lactational estrus without negative effects. Sows in this study significantly shortened their reproductive cycle;
100% of the sows showed estrus on day 11 post partum, they did not show non-productive daysand furthermore,
their litter size was increased in their subsequent farrowing.

From these studies we can conclude that the percentage of sows exhibiting an induced estrus in lactation varies
considerably, from 45.5% (Burger, 1952), to 100% (Rowlison and Bryant, 1981; and Mota et al., 2002).
Differences in the mode of estrus induction are probably the cause of variation between experiments. Burger (1952)
relied solely on the technique of removing the litters from the dams for 12 hours daily in lactation, whereas
Rowlison and Bryant {1981} grouped sows and litters at day 20 of lactation and introduced a boar to the whole
group a day later. On the other hand, Mota et al. (2002), removed the litters from the dam on day 11 for 4 hours
and introduced the boar at the same time. A factor in common within these three experiments is that sows were
housed either in pens or groupedand lactation was longer than 21 days.

Communal Lactation in Outdoor Systems: Preliminary works (Bryant et a/.,, 1983a) have shown that the intervals
between sucklings are much more prolonged when housing sows in groups or when they are kept separated from
their litters, this probably enhances estrus during lactation (Castrén et a/., 1989; Henderson and Stolba, 1989;
Stolba et a/., 1990). '
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Resuits from Jensen and Stangel (1992), showed that European domestic sows maintained in temperate forests
show lactational estrus. Similarly, preliminary results obtained in Mexico (Alonso-Spilsbury et a/, 1998),
demonstrated that the Mexican hairless sow kept in agro-forestry conditions, allowed prolonged lactations of more
than 10 weeks, also presented lactational estrus and 30% of the herd became pregnant while lactating. Both
research groups coincide in that only one third of the animals had a shorter reproductive cycle of 140 days,
achieving 2.8 farrowings per sow per year. What is not clear from both studies is weather the stimuli was caused
by the boar, as it was in permanent contact with the sows, or if it was due to separation of the sows from their
litters, which prolonged the intervals between sucklings {Alonso-Spilsbury and Mayagoitia, 1998). Most surely the
results can be attributed to both stimuli (Crighton, 1970a; Stolba et a/., 1990 and Vesseur et al., 1995), plus the
administration of food ad /ibitum (Rowlinson et al., 1975; Rowlinson and Bryant, 1982ab).

Use of Release Factors: Cox and Britt (1982) administered to lactating sows on the 24th day of lactation, GnRH
pulsés at doses of 2.5 ig every 2 hours for 7 days. Fifty percent of the treated sows showed estrus 4 days after
beginning the treatment and got pregnant. In a second experiment with 11 sows, the GnRH dosage was decreased
to 1.5 ig every hour for 7 days, initiating treatment on the 31st day of lactation. All of the sows showed estrus
(3.8 days after initiation of treatment)and 85% got pregnant, concluding that this LHRH treatment during lactation
induced follicular development, estrus and ovulation (Cox and Britt, 1982 and De Rensis et al, 1991).

Use of Exogenous Gonadotrophins: Exogenous hormone therapy as a means of inducing estrus during lactation has
limited success and has often involved a series of injections which is both time consuming and impractical
{Crighton, 1970ab and Guthrie et a/., 1978).

Administering gonadotrophins during lactation may induce ovulation more predictably than release factors do.
However, the response varies with the stage of lactation at which the sow is treated (Kirkwood and Thacker,
1998). Ovulation has been induced in days 7 to 15 post partum, but subsequent pregnancy rates have been
uniformly poor (Guthrie et a/., 1978 and Hausler et a/., 1980).

Cole and Hughes (1946) induced ovulation in 96% of sows that received pregnant mare serum gonadotrophin
(PMSG) at 40 days post partum but few sows ovulated when injected prior to that day. Crighton (1970b)
demonstrated that when PMSG was administered after 21 days post partum, the majority of the sows did not come
into heat. But if the dosage of PMSG (1500 U.l.) was combined with the partial separation of the litter from the
21% day of lactation during 12 hours daily for three days, 83% of the treated sows showed estrus signs, saving
25 days in the period between farrowings when compared with those sows that were mated after weaning. The
subsequent litter size was unaffected. In other words, Crighton {1970b) was unable to achieve a consistent
response with either partial weaning or with the injection of PMSG, but when both treatments were combined
better results were obtained. These experiments contrast with later work from Foxcroft et al. (1987). These
authors evaluated the effects of a combination of split weaning and gonadotrophin treatment at weaningand
reported that gonadotrophin treatment had no significant effect on any aspect of reproductive performance, but
split weaning in mid lactation was associated with shorter weaning to estrus intervaland increased litter size in the
subsequent farrowing.

Britt et a/. (1985) reviewed experiments concerning the application of gonadotrophins to lactating sows. It appears
the later in lactation the gonadotrophins are used the better the response. Fourteen percent of sows responded to
treatment between the 1st and the 5th day of lactation, whereas treatment between 30 and 36 days post partum
produced a 64% and 72% response, respectively. Britt et a/. (1997) tested three treatment regimens in 40
primiparous and 83 multiparous hybrid lactating sows nursing 8 to 12 piglets. They concluded that none of the
control primiparous or multiparous sows ovulated during the 21 days of lactation period. Treatment with HCG alone
on the day of farrowing induced ovulation in 90% of primiparous and 71% of multiparous sows. Treatment with
PG600 on day 4 and HCG on day 7 was more successful in inducing ovulation in primiparous (90%) than
multiparous {55%) sows. In contrast, treatment with PG600 on day 11 followed by HCG on day 14 stimulated
more multiparous than primiparous sows to ovulate during lactation (95 Vs. 70%).

Yet, the results in the use of gonadotrophins are not consistent. Costa and Varley (1995) found no signs of
lactational estrus when treating sows with PMSG and HCG after 17 days post partum and separating them from
their litters for 3 to 12 hours daily and exposing them to the boar; there were any differences in the size of the
subsequent litter. Moreover, Kirkwood and Thacker (1998) have advised against the protocol of gonadotrophin
treatment at 28 days of lactation. Ovulation and subsequent pregnancy were successfully establishedand although
pregnancy concurrent with lactation did not adversely affect the performance of the suckled litter or the size of
the subsequent litter, there was a lower farrowing rate of induced sows and a potential for unpredictable returns
to estrus.

Another way of inducing lactational ovulation has been by treating sows with an LH-like hormone (HCG) soon after
parturition to induce ovulation and formation of the corpus luteum that can be lysed using PGF, analog causing the
sows to start a new cycle and return to estrus. This strategy is experimental and since a number of sows do not
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ovulate in response to the HCG and the CL formed on those that do may not lyse in response to PGF, treatment,
it will remain experimental unless improvements in efficiency are made (Armstrong et a/., 1999 and Kirkwood et
al.,, 1999).

From these data we conclude that the response to the use of gonadotrophins varies according to the stage of
lactation, the parity of the sow, if they are primiparous or multiparous, the dosage applied and the management
of the animals.

Use of Estrogens: Cox et al. (1988) gave estradiol benzoate (EB) at the end of the second, third or fourth week
of lactation. Only one sow out of four in the first group and 4 out of 5 sows in the other groups showed estrus:
only one animal ovulated in the experiment (estradiol treatment at the end of the second week). On the other hand,
Sesti and Britt (1993) with the use of estradiol benzoate shots induced lactational estrus in 95 and 100% of
treated sows on the 14th or 28th day of lactation, respectively; however, ovulatory response was not successful,
suggesting that suckling inhibited the ovarian response to a LH surge induced by EB by yet undetermined
mechanisms. .

Use of Opioid Peptides: During lactation the opioid peptides are closely linked to the inhibition of GnRH release and
consequently to LH and FSH (Armstrong et a/., 1988a; Barb et a/., 1986 and Mattioli et a/,, 1986). Acute
administration of morphine at 25 days post partum prevented the increase of LH secretion associated with partial
weaning. On the other hand, chronic administration of morphine delayed the onset of estrus after weaning,
presumably through suppression of LH secretion (Armstrong et a/., 1988b). Contrary, the infusion of naloxone in
lactating sows caused an increase of LH secretion and a decrease of peripheral prolactin (Armstrong et al., 1988a;
Barb et al., 1986 and Mattioli et a/., 1986).

Conclusion

Reproductive management has become one of the major areas of interest in industrialized porcine production. We
have observed how in theory, although conflicting evidence, the reproductive efficiency of the sow can be
increased if the advantages of lactational estrus are utilizedand the sow is successfully pregnant while she is still
lactating. However, if this were to occur commercially the lactational estrus in the sow should be present in a high
percentage of females while maintaining the normal parameters of survival and growth of the piglets, without
compromising the subsequent reproductive cycle of the sows in terms of fertility and litter size and weight. We
have to remember that the management of the lactating sow affects total herd productivity by influencing milk
production and subsequent reproductive performance.

Worldwide porcine production has suffered drastic changes. During the last decade there has been a clear tendency
to reduce the lactation length (Dial et a/, 1995 and Becerril et a/., 1996). In the beginning the lactations were
reduced to eliminate or control diseases, afterwards this was dismissed when it was surmised that if the period
of lactation become shorter, the number of litters and the number of piglets weaned/farrowing crate per sow per
year were higher. Yet, sows that are allowed to lactations shorter than 21 days have a pressure for intense
production, thus resulting in a shorter longevity (Koketsu et a/., 1996a and Xue et a/., 1996ab, 1997), putting at
risk the immunity of the herd (Gadd, 1998). Cole et a/. (1972} stated that sows subjected to ultra-early weaning
presented a higher incidence of ovarian cysts and anovulatory follicles. Koketsu et a/. (1996b) showed that early
weaning elicits alterations in the sows and the piglets, while a decrease in fertility rate and subsequent litter size
has been observed as well (Xue et a/., 1993; Koketsu et a/.,, 1994 and Belstra et a/., 1999). Besides, there has
been an increase in the weaning to estrus interval (Xue et a/., 1993, 1996ab; Koketsu et a/., 1996b and Truijillo
et al., 1997}, increasing the open days and reducing the number of farrowings/sow/year. In this sense it is worth
to mention that this resuits depend on the lactation length. It appears that those sows with lactation lengths of
more than 12-14 days have a significantly higher first service-farrowing rate when compared with those with a
lactation length of less than 12-14 days. This does, however, indicate that sows can be weaned at ages as early
as 12-14 days and not suffer a significant reduction in subsequent farrowing rate (Mabry et a/., 1996 and Britt,
19986).

Behavioral problems in the piglets that have been weaned precociously (e.g. Algers, 1984; Robert et a/., 1999 and
Worobec et al.,, 1999) are another concern of these systems. The behavioral implications of weaning at 3 weeks
of age had been observed by Fraser {1978), who conclude that piglets have a difficulty lying together comfortably
compared with piglets weaned at 6 weeks of age. Dybkjaer (1992) observed redirected oral behavior in piglets
weaned at 4 weeks, such as belly-nosing and oral manipulation of pen-mates * ears, tails and other body partsand
suggested these were possibly indicators of stress. There is evidence that weaning at young ages can result in
piglets developing behavior patterns and physiological changes that are suggestive of reduced welfare (Worobec
et al., 1999); the European Economic Community has banned weaning at <21 days suggesting it is detrimental
to sow welfare. However, there is no evidence to indicate that early weaning is a greater stressor on sows than
weaning after a conventional lactation length. In fact short lactations should minimize loss of body reserves (fat
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and muscle), which should theoretically improve sow welfare and reproductive performance (Belstra, 1999).
The increasing use of shorter lactations in animals subjected to intensive systems has obligated us to propose
alternative systems of production. The induction of conception during lactation could in the future eliminate the
use of shorter lactations to increase the productivity of the sow without risking longevity, health and physical
condition. It also could be the key to shorten the periods between farrowings without subjecting the animals to
pressures of production and respecting their welfareand at the same time, cutting down the costs of the facilities
in which the lactating-pregnant pigs are housed.
We still have to study the different factors that contribute the induction of lactational estrus in the sow in a
practical manner for the producer. As we conclude in this review, the task is not easy. The use of exogenous
hormones has not proven to be quite successful. Although there are natural methods for lactational estrus
induction, these never act separately; there is a potential managing sows in groups exposed to boars, but at the
same time we do not know if this estrus is due exclusively to both factors or if it has to do with an environmental
*or nutritional interaction, since the animals are subjected to more natural systems of housing, with an enhanced
and richer environment. Three features appeared crucial to the induction of estrus during lactation: First, the sows
are allowed to lactate for longer (>45 days) than is allowed in most current commercial farms in the world.
Secondly, the sows are group housed during lactation with a mature boar present. Thirdly, they are provided with
generous feeding which minimizes weight loss. Therefore, few farmers would use this technique for improving pig
welfare and productivity at the same time. These would be both the outdoor farms, the family pig farms or those
who have lactation length constraints.
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