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The endocrine cycle and the role of nutrition 
George R. Foxcroft, PhD 

Department of Agricultural, Food and Nutritional Science, University of Alberta. Canada 

A major challenge for the pig Indu~try i~ to achieve ac
ceptable levels of ~ow fertility in management ~ituations 
that are nor primarily designed to optimize ~ow repro
ductive performance. For example, the move to SEW sys
tems to maintain improved health ~tatu~ of the weaned 
pig presents a series of challenge, to the breeding herd 
manager. Faced with the challenge of adapting breeding 
herd management to meet other production objectives, 
an understanding of the key biological mechanisms that 
regulate the fertility of the lactating and weaned sow can 
be a great asset. On the basis of this understanding, man
agement strategies can be developed that will minimize 
the detrimental effect of lactation on breeding herd per
formance. Analysis of mo~t breeciIng herd records will 
show that the reproductive performance of the first parity 
sow after weaning is a major lim Itatlon to herd produc
tivity. This may be seen as increa~ed weaning to estrus 
intervals, decreased conceptIon rate), Increased culling 
rates, and a reduction or only a marginal increase in the 
size of the second litter. Therefore, thi~ paper will review 
current knowledge on the endocnne status of the lactat
ing and weaned sow, with particular focus on nutritional 
effects that may reduce fertility In the fir~t parity female. 

The physiology of the lactating and 
weaned sow 

The physiological mechanisms that are the major regula
tors of reproductive function in the sow during lactation 
and after weaning can be con:-idered In three categories: 

• mechanisms that mediate effect~ of tllne after farrow
ing on the function of the reproductIve system; 

o mechanisms that mediate effecb of suckling as the 
primary block to reproduction dUrIng lactation; and, 

o mechanisms that mediate effect~ of nutrition and 
metabolic state during lactation and after weaning on 
sow fertility. 

The relative importance of the:-e Llctors will change, de
pending on the sexual and phY~lcal maturity of the sow 
and the length of lactation. Therefore, the management 
of the sow must allow for the dyn,ll11lc ch,ll1ges over suc
cessive lactations. However, tn practice, Improved man-

agement of the fir~t parity ~ow must be given a high 
pnonty. 

Effects of time after farrowing on the 
reproductive system 
We must accept that there is an unaVOidable period of 
Infertility in the early postpartum period. Pregnancy in 
large mammals requires massIve adaptation on the part 
of the mother to provide for the need, of the fetus. This 
long-term commitment terminates in the dramatic changes 
associated with parturition, not the least of which are the 
hormonal changes that control the delivery of the young, 
and the onset of milk production and nursing behavior. 
Generally, these changes are not condUCIve to good fer
tility Immediately after birth, and the metabolic demands 
of lactation-on top of the earlier metaboliC demands of 
gestation-result in a period of lactatIOnal anoestrus. 
During this period the reproductive tract undergoes a pe
riod of recovery at all levels and key aspects of this re
covery include uterine involution and recovery of the brain 
and pituitary. 

Uterine involution 
This term describes the gradual return of the uterus to its 
non-pregnant state. having increased In all proportIons 
during pregnancy. Although information on uterine invo
lution in the sow is not extensive, the data available sug
gest that involution is not finally complete until around 
21 days postpartum. As suckling IS the cntical stimulus 
for rapid uterine involution, early weanlllg will delay the 
involution process. Although early weanIng studies clearly 
indicate that complete uterine involution IS not essential 
for the next pregnancy to be established, It is generally 
accepted that incomplete uterine involution IS probably 
one factor that contributes to poor embryonic survival, 
and reduced litter size, in early weaned sow~. 

Recovery of the brain and pituitary 
As the sow comes into estrus, the secretion of the pitu
itary gonadotropic hormones, LuteInIZIng Hormone (LH), 
and Follicle Stimulating Hormone (FSH) promotes the 
growth of pre-ovulatory follicles J.nci may, Jl1 part. regu
late the number of ovulations that occur (ovuLttion rate). 
A major "surge" in LH is also needed to J.ctu,l1ly c,luse 
ovulation. Thus if LH and FSH secretIon IS limited be-
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cause the sow is weaned early, there may be consequences 
for sow fertility. In earlier studies such effects were clearly 
evident in sows weaned after either 3- or 5-week lacta
tions (Edwards and Foxcroft, 1983a,b). Even more rel
evant to the early weaned sow situation are the data of 
Kirkwood et al. (1984), which showed that LH concen
trations at estrus were lower in sows weaned at 10 com
pared to 35 days of lactation. These data indicate that not 
only the uterus, but also the central components of the 
reproductive system (the brain and pituitary), need some 
time to recover after farrowing. 

Even this brief review of the biology of the postpartum 
sow indicates why fertility may be reduced if the sow is 
weaned very early and bred at the first observed estrus. 

Suckling as the primary block to 
reproductive activity in lactation 

The mechanisms mediating the effects of suckling on lac
tational anestrus were extensively reviewed by Varley and 
Foxcroft (1990) and Foxcroft et al. (1995). Active LH 
and FSH secretion can be observed in sows immediately 
after farrowing and this period has therefore been de
scribed as the "hypergonadotrophic" phase of lactation 
(Britt, 1996). If the litter remains with the sow, this unin
hibited period of LH secretion is eventually suppressed 
around day 3 of lactation, as the inhibitory effects of suck
ling become established at the level of the brain and pitu
itary. This would then represent the "hypogonadotrophic" 
phase. An extension of the "hypergonadotropic" pattern 
of LH secretion and associated ovarian follicular devel
opment, as a result of removing the litter from the sow at 
farrowing (zero weaning), demonstrates the importance 
of suckling as the primary inhibitor of LH secretion. Al
though zero weaning can be associated with observed 
estrus, in many cases the pattern of follicular develop
ment is abnormal and ovulation does not occur. As lacta
tion progresses, there appears to be a gradual increase in 
LH secretion (a "recovery" phase), as long as the sow 
does not become seriously catabolic. A number of experi
ments have suggested that factors that increase LH secre
tory activity in lactation will also produce increased fer
tility after weaning, indicating that the priming of the 
ovary by LH in lactation may be important. 

Partial removal of the inhibitory effects of suckling-by 
reducing the size of the litter suckling (split or partial 
weaning)-produces a transient increase in LH secretion, 
but longer lasting effects on ovarian development (Grant, 
1989). This suggests that manipulation of litter size be
fore weaning (split weaning) can be an effective manage
ment tool for increasing ovarian development and sow 
fertility. Because the gonadotropin response to split wean
ing is so transient, Britt (1996) suggested that split wean
ing should only occur 2 to 3 days before final weaning. 
Another interpretation of existing data is that any period 

of reduced suckling will give beneficial results. Clearly, 
further information is needed to allow the optimal use of 
split weaning protocols to improve fertility after weaning. 

The pattern of follicular development observed during 
lactation reflects the pattern of gonadotropin secretion. A 
number of large ovarian follicles may be present imme
diately after farrowing, but a week later follicular devel
opment is minimal. Then, as lactation progresses there is 
a gradual increase in the number of medium to large sized 
follicles. The lack of ovarian activity in early lactation 
appears to be primarily suckling dependent and the suck
ling-induced inhibition of LH secretion is the primary 
cause of lactational anestrus. Unfortunately, although we 
understand something of the mechanisms by which suck
ling acts on the brain to inhibit LH secretion 
(Foxcroft, 1992), it has not been possible to develop a prac
tical treatment to reliably induce a fertile estrus during 
lactation. The follicles are responsive to gonadotropins 
because treatment of sows with eCG (PMSG), or with 
repeated pulses of Gonadotropin Releasing Hormone 
(GnRH) to increase LH secretion, results in the growth of 
ovulatory follicles. However, even if such techniques are 
used to drive foil icular development, the detrimental ef
fects of poor metabolic state in the lactating, primiparous 
sow discussed later, would probably still result in reduced 
ovarian responses to such treatments and reduced fertility. 

An immediate increase in LH secretion is invariably ob
served in response to weaning and is the primary stimu
lus for ovarian follicular development. The magnitude of 
the increase in LH secretion after weaning has not been 
consistently related to the weaning-to-estrous interval, or 
to ovulation rate at first post-weaning estrus. However, 
as discussed earlier, a number of studies have reported a 
relationship between the pattern of LH secretion during 
lactation and fertility after weaning, and there has been 
one report of a relationship b~tween FSH concentrations 
after weaning and ovulation rate. Evidence that changes 
in LH and FSH secretion in late lactation and immedi
ately after weaning affect sow fertility, may explain the 
efficacy of treating sows with low doses of exogenous 
gonadotropins (products like PG6(0) at weaning. 

Overall, these data indicate that suckling is the primary 
inhibitor of the reproductive system during lactation. 
Therefore, one effective way to improve fertility in the 
lactating and weaned sow is to further refine techniques 
such as split weaning, that reduce the inhibitory effects 
of suckling. Because the phase of lactation induced by 
the inhibitory effects of suckling coincides with the pe
riod when uterine involution may still be incomplete, this 
is a period in lactation when the reproductive system is 
particularly inactive. Weaning during this period will pre
dictably result in low fertility and yet, unfortunately, wean
ing may be preferred in this period in SEW systems. 

96 1999 Allen D. Leman Swine Conference: Track 1- Sow Herd Management 



Effects of metabolic state during lactation 
and after weaning on sow fertility 

Inadequate voluntary feed intake during lactation in fir~t 
parity sows is often a problem and there i~ extemive data 
to ~how that loss of body condition in lactation can have 
very negative effects on sow fertility after weaning. 

Centrally mediated effects of nutrition 
As the pattern of LH secretion i~ a key regulator of ova
rian function, it is not surprising that nutritionally medi
ated difference~ in sow fertility after weaning are a~~oci
ated with differences in LH ~ecretion. This point is well 
illustrated in the results of Zak et al. (1997a), an experi
ment that involved three patterns of feeding during lacta
tion in primiparous sows. Sows were either fed adlibi
tum (100%) throughout a 2X-day lactation, fed ad libitum 
from days 1-21 and then re~tnct fed to 50% of ad libitum 
feed intake from days 22-2X, or restrict fed from days 1-
21 and then ad libitum from days 22-28. In this way it 
was possible to determine whether the pattern of change 
in the body condition and metabolic state of the sows, as 
well as the absolute amount of body tissue loss, was af
fecting subsequent fertility. Notwithstanding the domi
nant inhibitory effect of suckling, differences in the pat
tern of feed intake during lactation produced significant 
effects on episodic LH secretion during lactation and on 
post-weaning fertility (see Table 1). These results clearly 
indicate that the pattern of metabolic change during lac
tation can affect different components of sow productiv
ity, such as ovulation rate and embryonic survival (and 
thus potential litter size), and weaning to service interval 
(and thus non-productive days). 

The endocrine cycle and the role of nutrition 

Work from the University of Minnesota also led to the 
hypothesis that restricted feed intake and catabolism in 
early lactation, and the associated reduction in LH secre
tIOn, had lasting consequences for the fertility of the sow 
after wean Ing (Tokach et al. 1992; Koketsu 1994; Yang, 
1998). These data also suggested that rcduction~ in feed 
intake in the first or second week of L1Ctcttl0l1 h,l\ ,: Tllore 

profound effect on sow fertility thctn I edllctlOI1, In feed 
intake in later lactation. Howevel. our e\ten,lve ,tudle\ 
on the endocrine mechani~ms medldtlllg effect\ ot null 1-

tion on ovarian function in the prImiparous sow, led us to 
conclude that the pattern of LH secretion immediately 
before weaning i~ a more critical determinant of subse
quent fertility. AI~o, we know that effects of metabolic 
state on subsequent fertility involve both central (gona
dotropin-mediated), as well as local ovarian, effects 
(Cosgrove and Foxcroft, 1996; Cosgrove et aI., 1997; 
Foxcroft et aI, 1995, 1996). 

Locally mediated effects of nutrition 
Relatively short-term effects of nutritional state on ova
rian function can be found in the work on nutritional 
flushing in the gilt (Beltranena et aI., 1991) and in the 
studies of Cox and her colleagues on the influence of en
ergy and insulin treatment on the final stages of ovarian 
follicular development before ovulation (Cox et aI., 1987; 
Matamoros et aI., 1990, 1991). Relating these results to 
the sow, we suggest that periods of catabolism in late lac
tation, which carry over into the period after weaning when 
ovarian development occurs, will be most detrimental to 
fertility. The hormonal status of sows that are catabolic in 
late lactation supports this idea. Hormones such as insu
lin and insulin-like growth factor-I (IGF-I), that are 
known to act locally to promote ovarian function, are in
creasingly depressed as sows become more catabolic. If 

Table 1. Effects of pattern of feed intake over a 28-day lactation on postweaning fertility in primiparous 
sows bred at first postweaning estrus. 

Group AA Group AR Group RA 
Weight loss in 11.00a 21.12b 24.75b 

lactation (kg) 
Backfat loss in 2.19 c 4.61b 5.38b 

lactation (mm) 
Ovulation rate 19.86c 15.44b 15.43b 

Embryo survival 87.53a 64.43b 86.50a 

(%) to day 28 

Weaning- to- 3.7a 5.1 b 5.6b 

estrous interval 
(days) 

Superscripts b and a denote treatment differences at P<.002, and c denotes differences at P<.05. (from Zak et 
al.,1997a) 
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this situation applies in late lactation, then the follicles 
that are "recruited" to ovulate immediately after weaning 
will have been inadequately primed by these key meta
bolic hormones. One mechanism by which nutrition af
fects ovulation rate is by changing the number of matur
ing follicles available for recruitment into the ovulatory 
popUlation, Thus. in the sow. the sensitivity of the ovary 
to gonadotropin stimulation immediately after weaning. 
and hence the number of follicles that are hnally ovu
lated, will be affected by both the previous and current 
metabolic status of the sow. For example. reported asso
ciations between nutritionally mediated differences in 
insulin status during lactation and subsequent fertility 
likely involve direct ovarian effects (see Cox, 1<)<)7). 

The "imprinting" of follicles in early lactation may have 
other, lasting, consequences for follicle development at 
weaning, as the quality of follicles that grow and ovulate 
is important for normal oocyte maturation and early em
bryonic development after fertilization (Ding and 
Foxcroft, I <)94). Differences in follicle quality at wean
ing due to different metabolic states during lactation, and 
related differences in the quality of oocytes destined to 
be fertilized, may therefore be another important factor 
determining subsequent embryonic survival. Data sup
porting this hypothesis have been reported by both Zak et 
al. ( I <)97b) and Yang (1998). 

Importance of the pattern and duration of 
nutritionally induced effect., 
The discussion above highlights the different mechanisms 
by which changes in metabolic state at all stages of lacta
tion affect the fertility of the sow after weaning. Although 
the negative effects of marked catabolism in early lacta
tion on embryonic survival can apparently be reversed by 
feeding to appetite immediately before weaning, effects 
on ovulation rate apparently cannot. Longer-term strate
gies may therefore be needed to ensure optimal ovulation 
rates after weaning. As it has been proposed that the final 
growth of follicles in the pig to ovulatory size covers a 
period of about 19 days, in very early weaned sows the 
follicles that ovulate after weaning may be affected by 
the metabolic state of the sow during late gestation (see 
Cosgrove and Foxcroft, 1996; Foxcroft et ai, 1995). As 
many conventionally managed sows become catabolic in 
late gestation, negative effects on fertility of early weaned 
sows may already occur before farrowing! 

Because the pattern of weight loss, and resulting dynamic 
changes in metabolic state, are likely the key regulators 
of the reproductive status of lactating and weaned sows, 
feeding programs that control the relative metabolic state 
of the sow during lactation may produce improvements 
in breeding performance after weaning. If sows are sim
ply fed to appetite throughout lactation, unexpected peri
ods of reduced appetite in late lactation may result in very 
negative effects on fertility after weaning, even if overall 

weight loss in lactation may be within acceptable limits. 
In contrast, by implementing a more controlled pattern of 
lactation feed intake, it may be possible to ensure that 
sows are always increasingly less catabolic as weaning 
approaches, even if overall weight loss in lactation is 
greater. Recent data from a study with primiparous sows 
weaned after a 21-day lactation support this concept 
(Foxcroft. unpublished data). 

Breeding herd managers should therefore be encouraged 
to consider more innovative patterns of feeding as a means 
of improving the consistency of production from hrst par
ity sows. 

The paramount importance of parity 
The data in Table I illustrate an essential feature of re
cent studies of primiparous lactating sows that cannot be 
over-emphasized. Even when sows are feci to appetite 
throughout lactation, many primiparous sows still lose 
considerable boclyweight and backfat during lactation. In 
comparison, higher parity sows are able to satisfy the 
demands of lactation through adequate feed intake, and 
may even be anabolic during lactation. The resulting dif
ferences in metabolic state of sows of different parities 
underlies the need to consider different management strat
egies for primiparous, as compared to mUltiparous, sows. 
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