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Abstract

van Leeuwen, Jessika (2011). Altrenogest use in sows - Follicle growth, endocrine profiles and 
subsequent fertility. PhD thesis, Wageningen University, the Netherlands

A severe negative energy balance during first lactation may result in poor reproduc-
tive performance in the second litter. Allowing the sow recovery time after weaning by in-
seminating the sow the second estrus after weaning (skip a heat) improves reproductive 
performance. Postponing estrus for a shorter period after weaning using daily altrenogest 
administration has also been found to inf luence reproductive performance. The aim of this 
thesis was to develop a better understanding of consequences of altrenogest after wean-
ing for follicle development and subsequent reproductive performance. Therefore, a first 
experiment investigated follicle development during and after post weaning altrenogest 
treatments and related this to subsequent fertility. It showed that follicle size increased dur-
ing altrenogest treatment (independent of dose and duration), but no effects were found 
on fertility parameters on day 5 of gestation. Therefore, a second experiment studied the 
effect of duration of treatment on follicle development and subsequent farrowing rate and 
litter size. This experiment showed again an increase in follicle size and also showed that 
long altrenogest treatments (15 d) improve fertility, but that shorter treatments (8 d) reduce 
farrowing rates in sows with large follicles at weaning.  So, to prevent outgrowth of follicles 
before weaning a third experiment started altrenogest treatment 3 d before weaning. This 
did not suppress follicle growth, but fertility was improved after altrenogest treatment in 
primiparous sows with compromised body condition at weaning. A fourth experiment at-
tempted to stimulate follicle growth before weaning using split-weaning (reducing litter size 
to the 6 smallest piglets 3 d before complete weaning) and found that  split-weaning resulted 
in lower embryonic survival, especially in sows with large follicles at weaning or high follicle 
growth during treatment. Because in all experiments sows showed follicle growth during 
altrenogest treatment, it was suspected that LH release was not completely suppressed dur-
ing altrenogest treatment. Therefore, a fifth experiment investigated LH pulsatility during 
the last day of altrenogest treatment and indeed showed that LH release was suppressed dur-
ing only a part of the 24 h between altrenogest administrations. Finally a last experiment 
showed a release pattern of both FSH and estradiol that varied over the day related with the 
moment of daily altrenogest administration. Further, a decrease of estrogenic activity was 
found during the second week of post weaning altrenogest treatment, probably as a result of 
reduced LH responsiveness. The level of estrogenic activity was related to weight loss dur-
ing lactation. Therefore, it is assumed that LH and FSH release during altrenogest treatment 
stimulate follicle growth, but that levels are not high enough to sustain outgrowth of the 
follicles to pre-ovulatory sizes and, as a result, follicles go into atresia after on average 5-8 d 
of treatment. This may explain why long altrenogest treatments (12-15 d) result in improved 
fertility, short altrenogest treatments (3-4 d) have little effect on fertility and intermediate 
altrenogest treatments (5-8 d) may reduce fertility.  As there is large variation between sows 
(parity, lactational burden, follicle size), this may also affect their response to altrenogest 
treatment. In general, to improve reproductive performance, it is recommended to start al-
trenogest treatment 3-6 h before weaning and to apply intermediate treatments (5-8 d) only 
in primiparous sows that suffered a severe lactational burden and are in low body condition 
at weaning.

___________________________________________________________________________ Abstract
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1.1 Introduction

Generally litter size increases with parity and largest litter sizes are found in parity 3-5 
(Koketsu et al., 1999). However, in many sows the second litter is similar or even smaller than 
the first litter (Morrow et al., 1990). Suboptimal reproductive performance in the second par-
ity is referred to as the second litter syndrome (Morrow et al., 1989) and is expressed as an in-
creased weaning-to-estrus interval (Zak et al., 1997), a small litter size (Morrow et al., 1989) and 
a low farrowing rate. Decreased reproductive performance in the second litter may decrease sow 
longevity, because culling rates increase with decreasing reproductive performance (Sasaki and 
Koketsu, 2008; Hoving et al., 2011). 

The cause of the second litter syndrome is attributed to consequences of a negative energy 
balance (NEB) during first lactation on follicle development, which may also affect embryo mor-
tality during early pregnancy (Almeida et al., 2000; Algriany et al., 2004). The effects of NEB on 
weaning-to-estrus interval, nowadays are less pronounced since intervals to estrus have become 
less variable (Knox and Zas, 2001; Tummaruk et al., 2001; Belstra et al., 2004; Hoving et al., 2010).

During lactation follicle development is minimal because of low serum gonadotropin concen-
trations (for a review see: Schwarz et al., 2009), nevertheless a steady increase in average follicle 
size is seen. Only 2% of the follicles present grow to a size of 4 mm (Kunavongkrit et al., 1982) and 
follicles larger than 5 mm are rarely seen (Lucy et al., 2001). Follicle size is therefore small (3 mm) at 
weaning (Lucy et al., 2001). The stress of separation from the piglets at weaning, combined with the 
removal of the suckling stimulus, causes an increase in the level of FSH (Shaw and Foxcroft, 1985) 
and an increase in pulsatile LH release (Shaw and Foxcroft, 1985; Quesnel and Prunier, 1995). FSH 
stimulates growth of small (antral) follicles and stimulates the number of follicles in a cohort (Shaw 
and Foxcroft, 1985; Madej et al., 2005). Pulsatile LH release allows for selection and growth of the 
larger (antral) follicles (Driancourt et al., 1995) that eventually grow out to pre-ovulatory sizes. 
Morbeck et al. (1992) estimated that it takes a newly formed, antral follicle about 2 weeks to grow 
from 0.4 mm to 3 mm in size. This means that the antral follicle population present at weaning 
started to grow during the last 2 weeks of lactation. Development of the antral follicle pool during 
lactation can be impaired because of a low nutritional status of the sow (Quesnel et al., 2000). Zak 
et al. (1997a) demonstrated that feed restriction during lactation reduced LH release during lacta-
tion. So, a negative energy balance during lactation may change the endocrinological environment 
in which follicles mature, resulting at weaning in a follicle pool that matured under suboptimal 
conditions with reduced follicle quality and oocyte competence (Zak et al., 1997b). Restricted feed-
ing may also directly affect follicle quality (reduced estrogenic activity) and reduce plasma IGF-1 
levels which affects oocyte competence (Ferguson et al., 2003). Recruitment of these impaired fol-
licles results in lower ovulation rates (Hazeleger et al., 2005; Zak et al., 1997a),  impaired embryo 
development (Algriany et al., 2004; Zak et al., 1997a) and increased embryo mortality (Almeida et 
al., 2000; Zak et al., 1997a). This may subsequently reduce farrowing rates and litter sizes.   

Because primiparous sows have limited feed intake capacities, their feed intake during lacta-
tion usually does not meet the requirements for milk production, resulting in substantial body 
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weight and back fat loss (Everts et al., 1994).  A complicating factor in primiparous sows is that 
they are not full grown, so they require energy for growth. Hoving et al. (2010) found that a higher 
weight gain from first insemination to first weaning is associated with an increase in pregnancy 
rate and larger litter sizes after post weaning insemination. This makes primiparous sows espe-
cially sensitive for reduced reproductive performance in the subsequent litter, (e.g. Zak et al. 1997a; 
Thaker and Bilkei, 2005).

A logical approach to prevent the occurrence of the second litter syndrome is to stimulate 
nutritional intake during lactation in primiparous sows. However, the possibilities to do so are 
often limited. Chances are that with the current selection for litter size, the possibilities may even 
be more limited in the future.  

Allowing the sow to recover from lactation by inseminating at second estrus after weaning 
(skip-a-heat) improves reproductive performance (Morrow et al., 1989; Clowes et al., 1994; Ves-
seur et al., 1997). This improved reproductive performance is largely attributed to higher embryo 
survival rates (Clowes et al., 1994). During the recovery period the metabolic status of the sow 
improves (Clowes et al., 1994) which results in improved levels of glucose, insulin and leptin. 
The improved status of metabolic hormones provides a signal to the HPO axis (Quesnel, 2009), 
resulting in resumption of normal GnRH release from the hypothalamus. This stimulates LH 
(pulsatile) and FSH release and allows for follicle development in more optimal conditions than 
during lactation, leading to improved follicle quality as can be seen in a higher progesterone pro-
duction of the CL’s after ovulation (Clowes et al., 1994). The improved metabolic status results in 
increased IGF-I levels, which directly stimulates improved follicle quality (enhanced estrogenic 
activity) and oocyte competence (Ferguson et al., 2003). The disadvantage of skip-a-heat is that 
the number of non-productive days per sow increases and that detection of second estrus is more 
difficult (Clowes et al., 1994). Providing a shorter recovery period after weaning by daily admin-
istration of altrenogest, a progesterone analogue, may also improve reproductive performance 
while not extending the recovery period too much. 

The aim of this thesis was to develop a better understanding of the effects of altrenogest after 
weaning on sow physiology and follicle development and the relation with subsequent fertility. 
This should lead to strategies to improve reproductive performance in the second litter and extend 
the productive life of sows. Before the aim and outline of this thesis will be described in detail, the 
following paragraphs will first provide a historical overview of the use of altrenogest as a reproduc-
tive management strategy.

1.2 Post weaning altrenogest treatment

A strategy to overcome the effects of a negative energy balance during lactation is the use of a 
progestagen treatment after weaning. Postponing estrus after weaning, by daily oral administra-
tion of a progesterone analogue (altrenogest) allows for a recovery time after weaning, which has 
been found to positively affect subsequent ovulation rate (Koutsotheodoros et al., 1998; Patterson 
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et al., 2008), early embryonic development (Martinat-Botté et al., 1994), fetal development (Pat-
terson et al., 2008), farrowing rates (Morrow et al., 1989; Martinat-Botté et al., 1994) and litter 
size (Morrow et al., 1989; Morrow et al., 1990; Martinat-Botté et al., 1994). It is yet unclear what 
causes this improved reproductive performance after Altrenogest treatment, but it is thought to 
be related to improved follicle development and follicle quality during treatment.

The orally active progestagen Altrenogest is a synthetic trienic C21 steroidal progestomi-
metic and member of the 19-nor-testosterone group (for the chemical structure see Figure 1). 
The most important effects of Altrenogest are progestomimetic and anti-gonadotrophic. It also 
has weak estrogenic, anabolic and androgenic effects, but has no corticoid or anti-inflammatory 
effects. Altrenogest’s liposolubility allows it to penetrate the target cells of the hypothalamus 
easily, where it binds to specific receptors (Committee for Veterinary Medical Products, emea.
europa). This causes a negative feedback on GnRH release from the hypothalamus resulting in 
inhibition of LH and FSH release from the anterior pituitary (Stevenson et al., 1985). Altrenogest 
is currently registered to synchronize estrus in gilts and in some countries (Belgium, UK) also 
to postpone estrus after weaning (Committee for Veterinary Medical Products, emea.europa).

After oral administration of 20 mg of altrenogest peak levels are reached within 3 to 6 hours. 
Plasma concentrations decline biphasically, with an elimination half-life of about 10 days in pigs. 
The main routes for elimination are through bile via the faeces and urine. Data indicate that, in 
line with all steroids, the major metabolic pathway for altrenogest is oxidation and conjugation. 
The metabolites of Altrenogest show little or no hormonal activity (Committee for Veterinary 
Medical Products, emea.europa).

The first trials that used Altrenogest to control estrus and ovulation in pigs were performed 
more than thirty years ago. Davis et al. (1979) found effective synchronization of estrus and higher 
ovulation rates, but also a higher incidence of cystic follicles for gilts that were fed altrenogest (12.5 
mg/day) for 18-19 days, compared to control gilts.  Redmer and Day (1981) also found successful 
synchronization of estrus but an increase in the incidence of cystic follicles in gilts that received 
2.5 mg/day compared to gilts that received 15 mg/day. In their study plasma E2 levels were higher 
in sows that received 2.5 mg altrenogest than in sows that received 15.0 mg of altrenogest, but LH 
levels were low (<1.5 ng/ml) throughout altrenogest treatment.  Estrus was effectively synchronized 

Figure 1. Chemical composition of altrenogest. Adapted from Flowers. 2002.
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5-7 days after removal of altrenogest in gilts given 15 mg of altrenogest, whereas in the 2.5 mg group 
an increased incidence of anestrus occurred, due to the development of cystic follicles.

So it seemed that a minimum dose was required to assure estrus after treatment. Kraeling 
et al. (1981) found that 10 mg/day was needed to effectively synchronize estrus in gilts. A longer 
duration of treatment (18 days) resulted in better synchronization of estrus of gilts, that initi-
ated treatment at different stages of the estrous cycle, than a shorter (14 days) treatment period 
(Stevenson and Davis 1982). To establish optimal dosage in gilts, Varley (1983) compared repro-
ductive performance of gilts that received 16 mg, 20 mg or no altrenogest for 18 days and found 
no differences in onset of estrus, but larger litter sizes in gilts that received 20 mg. Later studies 
also found a positive effect of the use of altrenogest on subsequent gilt reproduction (increased 
farrowing rate and litter size, Martinat-Botté et al., 1990; increased pregnancy rate and ovulation 
rate, Martinat-Botté et al., 1995).

Soon after the first experiments with gilts, altrenogest was also used in sows to improve re-
productive performance of the subsequent cycle. Boland (1983) was one of the first to administer 
Altrenogest to sows to synchronize estrus. Primiparous sows were fed 20 mg of Altrenogest for 
either 3 or 7 days from weaning onwards or served as untreated controls. No estrus was observed 
during treatment and over 80% of the treated sows had shown estrus by day 8 after altrenogest 
withdrawal versus 56% of the control sows. This is in accordance with the findings of Martinat 
Botté et al., (1985) who also found improved estrus synchronization for altrenogest-treated sows. 
To establish the best timing of treatment Kirkwood (1986) conducted an experiment with pri-
miparous sows where sows were treated for 7 days from weaning onwards. No differences in (the 
long) weaning to estrus interval (10.0 vs. 12.6 days for control and altrenogest, respectively) or 
pregnancy rates were found, but altrenogest treated sows had a numerical increase in live born 
piglets after treatment when compared with untreated controls (+1.5 piglets). He suggested that 
the larger litter size resulted from an increase in ovulation rate and that this was a direct con-
sequence of the altrenogest treatment and not caused by an extended recovery period since the 
weaning to estrus interval was not extended. 

After this, several studies have been conducted (for a complete summary, see Table 1): some 
with positive effects on reproductive performance (synchronization rate, Fernandez et al., 2005; 
ovulation rate, Koutsotheodoros et al. 1998; Patterson et al., 2008, embryo survival, Patterson et 
al., 2008) and others with no effect or a negative effect on reproductive performance (farrowing 
rate and litter size, Dos Santos et al., 2004; Werlang et al., in press). 

Nowadays, it is hypothesized that the positive effect of altrenogest treatment may be attrib-
uted to the extended recovery period after weaning, which restores follicle development and 
thereby improves subsequent reproductive performance, as mentioned earlier in this chapter. 
Soede et al., (2007) studied follicle development during altrenogest treatment and indeed found 
larger follicle sizes at the final day of an altrenogest treatment when compared with follicle size 
at the late luteal phase in untreated, control gilts. 

Why some studies find improved reproductive performance after post weaning altrenogest 
treatment while others find no effect or even a reduction in reproductive performance may be 
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attributed to e.g. different breeds, parity or lactational burden, but also to the diversity of ap-
plication methods in those studies. Large differences are found in day of initiation of treatment 
(before or after weaning), duration of treatment and dosage of treatment (Table 1).

Studies vary in the moment of initiation of treatment. A study that started before weaning 
found improved reproductive performance (start 2 days before weaning, Patterson et al., 2008). 
Others started at the day of weaning and found improved reproductive performance (start at the 
day of weaning, Stevenson et al., 1985), no effect (start at weaning, Boland, 1983) or a negative 
effect on (start 3 hours after weaning, Werlang et al., in press) reproductive performance. Some 
started after weaning and found improved reproductive performance (start 1 day after weaning, 
Koutsotheodoros et al., 1998; Fernandez et al., 2005).

Also duration and dosage may affect the reproductive outcome. Daily administration for 3 to 7 
days synchronizes estrus well in weaned sows (Boland, 1983; Martinat-Botté et al., 1985; Martinat-
Botté et al., 1994), but a longer treatment is thought to result in better synchronization of estrus 
(Koutsotheodoros et al., 1998). Indeed Patterson et al. (2008) found better synchronization of es-
trus after 14 days of altrenogest than after 7 days. The minimal recommended dose in gilts was 
found to be 10 mg (Kraeling et al., 1981), but no such data are available for sows. Depending on 
the country of registration, altrenogest is fed at a daily dosage of 15 mg or 20 mg, which both have 
found to synchronize estrus effectively in sows. However, Kauffold et al. (2007) found a higher 
incidence of cystic follicles in sows treated with 16 mg compared to sows treated with 20 mg of 
altrenogest for 15 days after being diagnosed non-pregnant on days 21-35 after insemination. 

Table 1. Reproductive performance after post weaning altrenogest treatment compared to 
untreated controls

1 Weaning = D0   2 Viable number of embryos on day 25-28 of gestation   3 sows were weaned after 12 
days of lactation   4 Live fetuses on day 50 of gestation   5 2 different breeds were used in this study

Treatment Results Reference

Start treatment1 Lactation
length Parity Dose (mg) Length 

(days) WEI % synchrony 
of estrus Ovulation rate Pregnancy rate Farrowing rate Litter size

D0 35  1 20 3 ns ns - ns ns ns Boland, 1983

D0 35  1 20 7 ns ns - ns ns ns Boland, 1983

D0 28  1 20 7 +9 -30 - - +22% ns Stevenson et al., 1985

D0 35  1 30 7 ns +30 - ns - ns Kirkwood et al., 1986

D1 12  1 20 12 -0.9 +33 +1.5 - - +2.62 Koutsotheodoros et al., 19983

D1 22  1 20 5 ns +21 - ns - ns Fernandez et al., 2005

D-2 18 2-7 15 7 +1.7 +10 +3.4 ns - ns Patterson et al., 2008

D-2 18 2-7 15 14 +2.2 - ns - +1.84 Patterson et al., 2008

D0 21 1 20 5 -0.7 -10 - - -14% -1.7 Werlang et al., in press5

D0 21 1 20 5 -0.7 ns - - -30% ns Werlang et al., in press5
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1.3 Aim and outline of this thesis

 Since there is no established protocol for optimal post weaning altrenogest use (initiation, 
dose and duration of treatment) and the reproductive outcome of post weaning altrenogest treat-
ments is variable, there is a need for a better understanding of the working mechanism of al-
trenogest and its effect on follicle development. The aim of this thesis was to develop a better 
understanding of the use of altrenogest after weaning as a strategy to overcome the negative ef-
fects of first lactation on follicle development and subsequent reproductive performance. For this 
purpose, follicle development and endocrine changes during and after post weaning altrenogest 
treatments (differing in dose and duration) were investigated and this was related to subsequent 
reproductive performance. 

In Chapter 2 different post weaning altrenogest treatments were used to develop a better un-
derstanding of follicle growth during altrenogest treatment and the effect of dosages and duration 
of treatment on follicle growth and reproductive performance. Follicle development was studied 
daily from weaning till ovulation and sows were slaughtered 4-5 days after ovulation to study 
ovulation rate, CL quality and embryo development. The increase in follicle size, as seen during 
altrenogest treatment, was not affected by dose.  So, in Chapter 3 altrenogest treatments of different 
durations, but at same dosage, were used to study follicle development and relate this to subsequent 
farrowing rate and litter size. Follicle size at initiation of treatment was found to affect reproductive 
outcome (farrowing rate). To investigate this further, 2 other experiments were conducted in which 

Treatment Results Reference

Start treatment1 Lactation
length Parity Dose (mg) Length 

(days) WEI % synchrony 
of estrus Ovulation rate Pregnancy rate Farrowing rate Litter size

D0 35  1 20 3 ns ns - ns ns ns Boland, 1983

D0 35  1 20 7 ns ns - ns ns ns Boland, 1983

D0 28  1 20 7 +9 -30 - - +22% ns Stevenson et al., 1985

D0 35  1 30 7 ns +30 - ns - ns Kirkwood et al., 1986

D1 12  1 20 12 -0.9 +33 +1.5 - - +2.62 Koutsotheodoros et al., 19983

D1 22  1 20 5 ns +21 - ns - ns Fernandez et al., 2005

D-2 18 2-7 15 7 +1.7 +10 +3.4 ns - ns Patterson et al., 2008

D-2 18 2-7 15 14 +2.2 - ns - +1.84 Patterson et al., 2008

D0 21 1 20 5 -0.7 -10 - - -14% -1.7 Werlang et al., in press5

D0 21 1 20 5 -0.7 ns - - -30% ns Werlang et al., in press5
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an attempt was made to create more variability in follicle size at weaning. The first one (Chapter 
4) attempted to prevent outgrowth of follicles before weaning, using different pre weaning altre-
nogest treatments. The second experiment (Chapter 5) used split-weaning (reducing litter size 
to six piglets during the last 3 days of lactation) in half of the (multiparous) sows, to stimulate 
follicle growth before (complete) weaning.

To understand the endocrine background of the increased follicle size during altrenogest 
treatment a last experiment was performed. Chapter 6 describes LH release during the last day 
of a 15 day altrenogest treatment and relates this to subsequent ovulation rate. In Chapter 7 pul-
satile LH release around weaning and subsequent FSH release, follicle size and estradiol levels 
during a 15 day post weaning altrenogest treatment are described.

Finally, in the general discussion (Chapter 8) results of all experiments using altrenogest 
in weaned sows are combined and their reproductive results discussed based on the acquired 
knowledge. Further, scientific and practical implications for the use of altrenogest treatment 
are given.
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Abstract

Our objective was to investigate follicle development in sows during and after different 
altrenogest treatments post weaning and relate this to subsequent ovulation rate and embryonic 
development. Primiparous UPB sows (n = 47) were randomly assigned to (weaning = Day 0): 
control (no altrenogest, n = 12), RU8-15 (15 mg of altrenogest, Day -1 till Day 7, n = 12), RU8-20 
(20 mg of altrenogest, Day -1 till Day 7, n = 12) or RU15-15 (15 mg of altrenogest, Day -1 till Day 
14, n = 11). From weaning onwards, trans-abdominal ultrasound was performed daily. Sows were 
slaughtered on Day 4 or 5 after ovulation. 
Follicle size increased during altrenogest treatment and reached a plateau around Day 6, 
regardless of dose (4.6 ± 1.5, 4.6 ± 1.6, and 4.6 ± 1.6 mm for RU8-15, RU8-20 and RU15-15, 
respectively). This increase resulted in larger follicles (P = 0.0002) at the onset of the follicular 
phase (i.e. time of weaning for control sows and 24 h after last administration of altrenogest for 
treated sows); 4.8 ± 1.8, 5.0 ± 1.3, 4.8 ± 1.1 and 3.0 ± 0.8 mm, for RU8-15, RU8-20, RU15-15 and 
controls, respectively. Pre-ovulatory follicle size tended (P = 0.07) to be larger for treated animals 
(7.9 ± 2.4, 7.9 ± 0.7, 8.6 ± 1.3 and 6.9 ± 0.9 mm for RU8-15, RU8-20, RU15-15 and controls, 
respectively). The interval follicular phase-estrus was shorter (P = 0.001) for treated animals. 
Treatment did not affect ovulation rate or early embryonic development. However, for treated 
animals, the increase in follicle size during treatment was positively related with ovulation rate 
(P = 0.05). In conclusion, post weaning treatment with altrenogest of first litter sows influenced 
follicle size and shortened the follicular phase, but did not affect ovulation rate or early embryonic 
development. 

Keywords
Follicle development, Sows, Altrenogest, Ovulation rate, Embryonic development 
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2.1 Introduction 

Many first litter sows suffer from a suboptimal reproductive performance in the second 
breeding cycle including an increased weaning-to-estrus interval, a low farrowing rate and a 
smaller litter size (Morrow et al., 1989). These negative effects on reproduction are associated 
with a negative energy balance during first lactation (e.g. Thaker and Bilkei, 2005). Several 
authors have shown that feeding levels either during lactation or during the luteal phase of 
the estrous cycle affect the antral follicle pool and subsequent follicle development (Quesnel 
et al., 2000), ovulation rate (Hazeleger et al., 2005) and also oocyte development (Zak et al., 
1997a), contributing to embryo development (Algriany et al., 2004), leading to increased embryo 
mortality (Almeida et al., 2000).

Postponing mating of first litter sows to the second estrus after weaning (‘skip-a-heat’) 
consistently improves subsequent reproductive performance (Morgan Morrow et al., 1990; 
Clowes et al., 1994). Also postponing estrus for a shorter period, by administration of a 
progesterone analogue (altrenogest) from weaning onwards, positively affects subsequent 
reproductive performance (Morgan Morrow et al., 1990; Koutsotheodoros et al., 1998; Martinat-
Botté et al., 1994; Martinat-Botté, 1995; Patterson et al., 2008). It is unclear what the cause is of 
this improved performance after altrenogest treatment, but it may be related to improved follicle 
development during this period. Until now follicle development during altrenogest treatments in 
post weaning sows has not been studied. It is our hypothesis that during altrenogest treatment, 
follicle development (measured as an increase in size of the largest follicles) improves and as a 
consequence, ovulation rate and early embryonic development also improve. If true these effects 
may be dependant on the dose and duration of altrenogest treatment. Testing this hypothesis 
will provide insight into post weaning follicle dynamics and its consequences for reproductive 
processes in sows and is needed to develop optimal altrenogest treatment schemes to improve 
second litter fertility.

Therefore, the current experiment used first litter sows to study follicle growth during and 
after altrenogest treatments differing in dosage and duration and relate this to subsequent 
ovulation rate and early embryonic development. 

2.2 Materials and methods

2.2.1 Animals, housing and diets
A study was conducted during spring and summer from October 2007 to March 2008 in a 

commercial swine herd in Intendente Alvear, Argentina (35° 14’ 0” S, 63° 35’ 0” W ) in accordance 
with the Argentine law for the protection of animal welfare (Ley penal 14346). Pregnant gilts (n 
= 47, UPB Genetic World) entered the maternity facilities on average 5 to 9 days before farrowing 
and were individually housed in farrowing crates. Postpartum cross-fostering was performed 
within 3 days after farrowing to adjust litter size to 9-11 piglets. During lactation sows received a 
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corn and soybean based diet, formulated to contain 14.07 MJ digestible energy/kg with 17% crude 
protein and 1% lysine, to a maximum of 8 kg per day. At weaning, at day 21 (18-24) of lactation, 
piglets were individually weighed and the sows moved to individual crates in another barn where 
they were fed twice a day (8 a.m. and 4 p.m.), to a maximum of 4 kg of the lactation ration. 

Barns were equipped with individual drinking nipples providing ad libitum access to water 
for all sows. Daily minimum and maximum environmental temperatures were registered 
throughout the experiment. Average temperature varied between max. 23.2 ± 5 °C and min. 
11.7 ±  2 °C (October) and max. 31.2 ± 4 °C and 17.3 ± 4 °C (December) (range of maximum 
temperature; 14.2 °C-38.1 °C). Whenever environmental temperature exceeded 25 °C spray 
coolers were activated in the gestation barn.

Sows were weighed and P2-back fat was measured using A-mode ultrasound (lean-meater®, 
Renco Corporation, Minneapolis, USA) (6.5 cm off the midline at the level of the last rib) at 
entering of the farrowing facilities. Sow weight before farrowing was corrected for the weight 
of the litter at birth, estimated placenta and amnion weight (216 g/piglet) and estimated fetal 
growth during the days between weighing of the sow and farrowing (60 g/fetus/day; based on 
Leenhouwers et al. (2002) and van Rens et al. (2002; 2005). Sow weight and P2 back fat were also 
assessed at weaning and at slaughter. 

2.2.2 Treatments
The day before weaning (weaning = Day 0), sows were randomly assigned to one of four 

treatments; control (no altrenogest treatment; n = 12), RU8-15 (15 mg altrenogest, Day -1 till 
Day 7; n = 12); RU8-20 (20 mg altrenogest, Day -1 till Day 7; n = 12) and RU15-15 (15 mg 
altrenogest, Day -1 till Day 14; n = 11). These dosages were chosen because these represent the 
commercially used dosages for extension of the luteal phase in pigs (15 mg in North America 
and 20 mg in Europe and South America). Altrenogest (Regumate®, Intervet Productions S.A.), 
a progesterone analogue containing 4 mg of altrenogest/mL, was administered daily, as a top 
dressing, over a small portion of the morning feed to assure full ingestion of the entire dose, 
using a 5 mL syringe. 

2.2.3 Estrus detection and insemination
From weaning onwards, estrus detection was performed at 8.30 a.m. and 4.30 p.m. by 

a trained farm technician using fenceline boar contact and a back pressure test. Sows were 
considered to be in estrus when they exhibited a standing reflex in the presence of the boar. Onset 
and end of estrus were recorded for each sow. Sows were inseminated on the first insemination 
session after first detected estrus and inseminations were repeated twice daily to a maximum of 
4 inseminations as long as the sows exhibited a good standing reflex. Inseminations consisted 
of an 80 mL dose of semen containing approximately 4.4 x 109 spermatozoa derived from the 
farm’s Large White boars. Semen was diluted with a semen extender (BTS® extender, Mini Tüb, 
Germany) and stored for a maximum of 3 days after collection.
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2.2.4 Follicle development 
From weaning until day of ovulation, trans-abdominal ultrasonography (Piemedical Aquila, 

Maastricht, the Netherlands) was performed daily with a 5 MHz multi convex transducer. One 
ovary was scanned each time since it was considered to be representative for the contra lateral 
one (N.M. Soede; unpublished results). Recorded images were subsequently reviewed using the 
cineloop application of the scanner. The diameters of the five largest follicles were measured 
and averaged. Ovulation was presumed to have occurred when previously present pre-ovulatory 
sized follicles (6-9 mm) had disappeared. This was confirmed by an additional scanning the next 
day. Since follicle size can decline during the last hours before ovulation (Soede et al., 1998), pre-
ovulatory follicle size was defined as the largest average follicle size during estrus. 

2.2.5 Ovulation rate and embryo development
Inseminated sows were slaughtered by stunning and exsanguination at 96 h (n = 8) or 120 h (n 

= 36) after ovulation to recover their reproductive tracts.  The number of corpora lutea was assessed 
on both ovaries and size of all corpora lutea and total luteal weight were assessed. Furthermore, 
when present, cystic follicles (>11 mm) were counted on both ovaries.

Embryos were recovered and processed as described previously (Soede et al., 1995) to determine 
embryo quality, morphology, numbers of nuclei and sperm cells in the zona pellucida. Fertilization 
rate was established by dividing the number of embryos with at least 2 nuclei by the total number 
of recovered embryos and oocytes. The percentage of good embryos was established by dividing the 
number of good embryos as judged after flushing by the total number of fertilized oocytes.  Per sow 
the average number of sperm cells in the zona pellucida, average and SD of the number of nuclei 
and average and SD of the number of cell cycles (2log of the nuclei count) were assessed. Embryo 
development was evaluated in more detail by counting the percentage of embryos that developed 
to compacted morula (CM) stage and further (well developed embryos). As a measure for the 
within-litter variation in the development of viable embryos, the range in number of cell cycles was 
assessed for the embryos in a litter that had more than 90% of the litter average in cell cycles, since 
we assumed that the 10% less developed, retarded embryos would die at an early stage of pregnancy.

2.2.6 Statistical analysis
Data were analysed using SAS (SAS User’s Guide: Statistics (Version 5) (1990) SAS Inst. 

Inc Cary, NC). Only sows with ovulation within 8 days after either weaning (Control sows) or 
end of altrenogest treatment (RU sows) were included. The onset of the follicular phase (Day 0) 
was defined to start at the time of weaning for control animals. For treated animals the follicular 
phase does not start at the moment of last daily altrenogest administration, since altrenogest 
treatment suppresses follicle development and prohibits estrus when administered at 24 hour 
intervals. Previous studies have found longer intervals from last altrenogest treatment to estrus 
compared with weaning-to-estrus intervals of control animals (Patterson et al., 2008; Dos Santos 
et al., 2004). Therefore, the arbitrary choice was made to define the onset of the follicular phase 
in treated animals to be 24h after last altrenogest administration.
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Normality of parameters was checked with the Univariate procedure of SAS; the normally 
distributed parameters (follicle size at different days, increase in follicle size during treatment, onset 
and duration of estrus, ovulation rate and embryo- and ovarian parameters) were analyzed with 
the GLM procedure of SAS with treatment as main effect. For embryo- and ovarian parameters 
(e.g. number of cell cycles, SD of cell cycles and average CL size) day of slaughter (4 or 5 days after 
ovulation) was always included as covariate. 

For each of the parameters relevant co-variates were analyzed, e.g. for follicle size at weaning, 
effects of lactational parameters (weight of sow before farrowing and at weaning, litter size, weight loss 
and back fat loss) were considered and also the interaction with treatment. If the interaction was not 
significant, it was omitted from the model. To analyze the increase in follicle size during altrenogest 
treatment, the increase in follicle size between 2 consecutive days was compared using a Student’s t-test 
for paired observations.  For animals in the RU15-15 treatment, follicle growth during the first and last 
week of treatment was also compared with the student’s t-test for paired observations.  

Embryo quality (good embryos in the litter, expressed as a percentage of the recovered embryos) 
and embryo development (stage 1 (up to CM) vs. stage 2 (CM and further)) were analyzed for all 
animals slaughtered at Day 5 using the GENMOD procedure of SAS with treatment as factor in 
the model and sow as a repeated subject. 

Relations between parameters were tested by calculating the Pearson correlation coefficients. 
Also the effect of average maximum temperature during lactation on lactational parameters and 
the effect of average maximum temperature during the follicular phase on subsequent reproductive 
performance were tested calculating the Pearson correlation coefficients.

A probability level of less than 0.05 was considered significant and a probability between 0.05 and 0.1 
indicated that a difference approached significance (tendency). Whenever main effects were significant 
means were compared by the least significant difference method adjusted for multiple comparisons 
according to Bonferroni. Data are presented as means ± standard deviation unless stated otherwise.

2.3 Results

2.3.1 Animals
On average  9.3 ± 1.2 piglets were weaned after a 21 ± 3 day lactation, during which sows lost 

8.0 ± 10.2 kg (4.3 ± 5.5%) of their body weight and 1.9 ± 2.2 mm of P2 back fat. No difference 
between treatments was found for any lactational parameter. 

Of the 47 sows, 3 sows did not ovulate and were deleted from further analyses. One of them was 
a control sow with 4.3 mm sized follicles at weaning that grew to 6.9 mm at Day 6 and subsequently 
became cystic. She did not show estrus. The second sow was in treatment RU8-15 with 2.2 mm 
follicles at weaning. During treatment, follicles grew to 8.7 mm and thereafter became cystic (to 21 
mm within 6 days) and she did not ovulate. The third sow was also in RU8-15, with follicles of 1.9 
mm at weaning. During treatment, follicles grew to a size of 2.4 mm and subsequent follicle size 
never exceeded 5.7 mm and she did not show estrus.
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2.3.2 Follicle development
Of the 44 remaining sows follicle size at weaning (Day 0) varied considerably between sows 

from 1.0 to 6.3 mm, but average follicle size at weaning (2.7 ± 1.1 mm) was not different between 
treatments (P > 0.10; Figure 1). 

In the altrenogest treated animals follicle size increased during the first 24 h after weaning 
(P = 0.002) and then progressively increased during the next 5 days with a plateau reached at the 
6th day after weaning of on average  4.6 mm ( Figure 1). 

The gradual growth during the treatment period resulted in a significant difference in follicle 
size at the start of the follicular phase (Day 0) between the treated animals and control animals 
(2.9 ± 0.8, 4.8 ± 1.8, 4.8 ± 1.4 and 4.9 ± 0.9 mm for controls, RU8-15, RU8-20 and RU15-15 
respectively; Figure 1).  This difference remained significant until Day 4 of the follicular phase, 
but thereafter follicle sizes were similar in all treatment groups.  Pre-ovulatory follicle size tended 
(P = 0.07) to be larger for treated animals than for controls (6.9 ± 0.9, 7.9 ± 2.4, 7.9 ± 0.7 and 8.6 
± 1.3 mm for controls, RU8-15, RU8-20 and RU15-15 respectively). 

2.3.3 Estrus, ovulation rate, embryo and luteal development
 RU8-15 and RU8-20 had a shorter interval between start of follicular phase and onset of 

estrus than control animals (P = 0.005; Table 1). Duration of estrus was not affected by treatment, 
neither was ovulation rate or luteal weight (Table 1). Two animals had multiple cystic follicles; 
one sow in the RU8-15 group had 12 CLs and 5 cystic follicles at slaughter and one RU8-20 sow 
had 30 CLs and 6 cystic follicles at slaughter. A further 5 animals had 1 cystic follicle at slaughter; 
1 in RU8-15, 2 in RU8-20 and 2 in RU15-15. 

Figure 1. Follicle development (mean ± SD) during altrenogest treatment and the follicular phase. 
Day 0 = weaning for control sows and day after last altrenogest administration for RU8-15, RU8-20 
and RU15-15.
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Control
(n = 11)

RU8-15
(n = 9-10)

RU8-20
(n = 11-12)

RU15-15
(n = 10-11)

Estrus

Onset estrus (d)c 6.5 ± 1.41 4.6 ± 1.42 4.7 ± 0.92 5.2 ± 1.63

Duration estrus (h) 52.4 ± 8.1 56.4 ± 18.8 54.0 ± 9.6 53.5 ± 9.8

Ovaries

Ovulation rate 19.5 ± 3.1 18.9 ± 4.0 21.2 ± 5.4 18.8 ± 4.0

Average CL size (mm) 9.7 ± 1.5 9.5 ± 1.6 10.0 ± 2.2 10.3 ± 1.6

Total luteal weight (g) 7.58 ± 3.14 7.46 ± 3.33 9.81 ± 4.47 7.67 ± 3.40

P4 (ng/mL) 25.0 ± 2.0 24.5 ± 2.2 26.3 ± 1.9 27.4 ± 2.0

Embryos

Unfertilized oocytes % 7.7 ± 13.7 10.7 ± 31.5 13.0 ± 28.3 6.2 ± 12.9

Good embryos % 66.3 ± 16.5 63.4 ± 29.5 63.4 ± 40.9 64.6 ± 28.8

Well-developed embryo’s % 
(morula and up)d 84 ± 16 91 ± 91 75 ± 353 82 ± 20

Nuclei (mean number)e 59.3 ± 38.6 68.1 ± 26.1 62.0 ± 36.8 66.4 ± 47.7

Cell cycles (mean number)e 5.4 ± 1.2 5.8 ± 0.6 5.4 ± 0.8 5.3 ± 1.8

Cell cycles (SD)e 0.7 ± 0.3 0.8 ± 0.4 1.0 ± 0.8 0.6 ± 0.3

Cell cycle range of viable 
embryo’se 1.15 ± 0.16 1.23 ± 0.15 0.98 ± 0.22 1.22 ± 0.15

Sperm cells (median) 11 24 46 14

a P4, Nuclei, cell cycles and cell cycle range of viable embryos were corrected for embryo age (day of 
slaughter).

b 1 sow in control was not included because she did not show estrus, 2 sows in RU8-15 were not 
included because they did not show estrus, 1 sow in RU 8-20 and 1 sow in RU15-15 were deleted 
for embryo data, because at slaughter they had endometritis and embryos could not be examined 
well.

c Controls: from weaning; Treated animals: from 24h after last Altrenogest treatment
d Analysed based upon real number of embryos with logistic regression but presented as %
e Analysis done with all embryos classified as good
12 P = 0.005
13 P < 0.1

Table 1. Estrus, ovarian and embryo parameters for control, RU8-15, RU8-20 and 
RU15-15 ab  (mean ± SD)
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In total 643 embryos were recovered from 44 sows, which were analysed to assess quality 
and development (Table 1). Average fertilization rate of the recovered embryos and oocytes was 
90.6%, which was not affected by treatment. The majority of the recovered embryos consisted 
of compact morulas (26%) and blastocysts (53%). No treatment effect was found on embryo 
quality (visual appraisal), number of nuclei in the embryos, number of accessory sperm cells, 
number of cell cycles or homogeneity of the litter (expressed as the range in number of cell cycles 
for embryos with more than 90% of the litter average in cell cycles) (Table 1). None of these 
parameters were related with follicle size at weaning, follicle size at the start of the follicular 
phase or pre-ovulatory follicle size. 

2.3.4 relations 
Follicle size at weaning was negatively related to average weaning weight of the piglets (r = 

-0.36, P = 0.02) and positively related to weight of the sow at weaning (r = 0.37, P = 0.02).
For treated animals, the increase in follicle size during treatment, was related to follicle size 

at weaning (r = -0.54, P = 0.0015) and with ovulation rate (b=1.11; thus every 1mm increase in 
follicle size was accompanied by a 1.11 increase in ovulation rate P = 0.05).

Also for treated animals, follicle size at the end of treatment was positively related to weight 
of the sow at weaning (r = 0.50, P = 0.003) and tended to be negatively related to the total weight 
of the weaned litter (r = -0.29, P = 0.1).

Pre-ovulatory follicle size was found to be related to follicle size at the start of the follicular 
phase (r = 0.45, P = 0.006). 

Average maximum temperature during the follicular phase which varied between 14.2 and 
38.1 °C, tended to be related to average number of nuclei in the embryos (r = 0.29, P = 0.07) and 
average number of cell cycles of the embryos (r = 0.28, P = 0.08). Average maximum temperatures 
during lactation or the follicular phase were not related with any other parameters.

2.4  Discussion
The current study used primiparous sows to evaluate restoration of follicle development during 

post weaning altrenogest treatment. Altrenogest acts through a negative feed back mechanism 
on the hypothalamus, causing it to produce less GnRH which prevents the typical post weaning 
high frequency/low amplitude pituitary LH release which is responsible for outgrowth of follicles 
to ovulatory sizes (Kemp et al., 1998). During altrenogest treatment average follicle size remained 
less than 5 mm. 

It was expected that the different dosages (15 versus 20 mg) of altrenogest used in the current 
experiment would lead to a different follicle size at the end of treatment. In this study however, 
follicle size at the end of a 8 day treatment was similar for sows treated with either 15 mg or 20 
mg altrenogest daily (4.8 ± 1.8 vs. 4.8 ± 1.4 mm). A longer duration of the 15 mg treatment (for 14 
days) did not increase follicle size at the end of treatment.

Follicle growth during treatment varied highly between individual animals. Some sows 
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showed a steady growth, while follicular growth in others showed a more “spiky” pattern and 
also in some sows a large decline in follicle size was seen, followed by an increase in follicle size 
during several days. This may indicate that a new cohort of follicles started to grow. Lucy et al. 
(2001) described follicle turnover in sows during lactation. They observed synchronized waves of 
follicular growth in lactating sows. Each wave consisted of a cohort of 20-30 follicles that grew 
from 2 mm to 4-6 mm after which the follicles regressed and a new cohort started to develop. 
Our observations seem to indicate that follicle turnover or follicular waves may not only occur 
during lactation, but also during altrenogest treatment after weaning.  This turnover occurred 
only in few animals. We were therefore unable to calculate if there is a relation with subsequent 
reproductive performance. 

Related to an increased follicle size at the onset of the follicular phase, treated animals also 
tended to have larger pre-ovulatory follicles than control animals. Soede et al. (1998) found that 
pre-ovulatory follicle volume was positively related to luteal weight at Day 5 after ovulation which 
may be relevant for later pregnancy. Similarly, a positive correlation between pre-ovulatory 
follicle size and subsequent luteal size has been observed for cows (Perry et al., 2005) and ewes 
(Murdoch and Van Kirk, 1998).  However, in our study no relation between follicle- and CL-size 
was found. 

The question remains as to whether a larger follicle is also a qualitatively better follicle, 
holding a better quality oocyte. Hunter and Wiesak (1990) found a correlation between follicular 
fluid volume and stage of oocyte maturation for non treated animals and a correlation between 
follicular diameter and stage of oocyte maturation for animals treated with PMSG followed 72 
h later by hCG. In cattle, the relation between follicle size and oocyte competence has been well 
investigated. In experiments with oocytes derived from slaughterhouse material subjected to 
IVM, IVF and IVC, it was shown that embryos developed from oocytes, derived from larger 
follicles, were further developed than embryos developed from oocytes, derived from smaller 
follicles (Lonergan et al., 1994; Salamone et al., 1999). Extrapolating from these results it can be 
suggested that larger follicles are functionally better or at least contain more competent oocytes, 
so the larger follicles seen in treated animals in this experiment could result in improved 
subsequent fertility. 

Despite larger follicles for treated animals, both at the onset of the follicular phase and at 
ovulation, no effect of treatment was found on ovulation rate or embryonic development. That 
no difference between the different altrenogest treatments was found may be explained by the 
fact that in all treatments, follicle growth was similarly restored within 7 days of treatment. 
Nevertheless, differences between the treatment groups and the control group were expected 
since the altrenogest treated animals had more time to recover from lactational weight loss. 
Several authors have found reduced post weaning reproductive performance when lactational 
weight losses exceeded 10 to 15% of body weight (Zak et al., 1997b; Thaker and Bilkei, 2005; 
Clowes et al., 1994). Similarly, Bracken et al. (2003) found smaller follicles 3 days post weaning 
for sows with low body condition scores and Clowes et al. (2003b) found that sows with high body 
mass had significantly more large follicles,  higher follicular estradiol concentrations and higher 
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uterine weight at weaning than low body mass sows. So, it was expected that the effect of improved 
nutritional status after weaning during pre-ovulatory follicle development in altrenogest treated 
animals would improve reproductive performance since an increase in recovery time improves 
reproductive performance (Morgan Morrow  et al., 1990; Clowes et al., 1994; Vesseur et al., 1997) 
presumably due to improved follicle and oocyte quality and subsequent embryo survival (Zak et 
al., 1997ab; Cosgrove, 1998). The sows in the current experiment on average only lost 8 kg of body 
weight during lactation, corresponding to only 4% of their body weight. Their lactational burden 
was therefore relatively low and may not have been sufficient to depress follicle growth to such an 
extent that it compromised follicle quality or subsequent ovulation rate. 

This experiment was conducted during summer months and the relatively high temperature 
may have affected reproductive performance since high temperature is known to reduce appetite 
and body reserve mobilization (Prunier et al., 1997). An effect of temperature during lactation 
on lactational weight loss or back fat loss was therefore expected, but no such effect was seen 
in this study. The only tendency of a temperature effect in this study was a positive relation of 
the average (maximum) temperature during the follicular phase (14.2 - 38.1 °C) with average 
number of nuclei in the embryos and average number of cell cycles. This tendency for a positive 
effect on embryo development goes against the general belief that high temperatures may lead to 
increased early embryonic death (Christianson, 1992). 
Despite the fact that the major cause of seasonal variation in reproductive performance in 
warm climates is related with the consequences of high temperature (e.g. Prunier et al., 1997) 
and in our study no relations with temperature were found, it is still possible that season may 
have negatively affected reproductive parameters in our study through changes in melatonin 
production associated with day length changes (e.g. Tast et al., 2001 and Ramirez et al., 2009). If 
this was the case, this may have caused a damping effect on the expected positive effects of the 
altrenogest treatment.

Nevertheless in our study a larger increase in follicle size during treatment was related with 
a higher ovulation rate, suggesting that sows with more compromised follicle development 
at the onset of altrenogest treatment would benefit more in terms of follicle development and 
subsequent fertility.

In this study, sows were slaughtered on Day 5 after ovulation, which allows for assessment 
of all oocytes/embryos, including assessment of fertilization rate and early degeneration. At this 
stage, no differences in embryo development were found between treatments. It is possible that 
treatment effects on embryo development or embryo survival are not expressed until a later stage 
of pregnancy. 

In total 9 sows either developed complete cystic ovaries (n = 2), or did ovulate but had one (n 
= 5) or multiple (n = 2) persistent follicles that turned cystic. This was the case for 1, 0 and 1 of 
the 12 control sows (17%) and 1, 2, and 4 of the 35 altrenogest treated sows (20%). Sub-minimal 
dosage (2.5 mg/day) of altrenogest has been associated with high incidence of cystic follicles 
(Redmer and Day, 1981). The development of cystic follicles did not increase with daily dosages 
of altrenogest of 15 or 20 mg.
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In conclusion, follicle size increased during the first 6 days of post weaning altrenogest 
treatment, independent of dosage, resulting in larger follicles for treated animals during the first 
four days of the follicular phase and also at ovulation. The follicular phase was significantly 
shorter in treated animals and the increase in follicle size during treatment was related with 
higher ovulation rates. However, in contrast to expectations, treatment with altrenogest did not 
improve average ovulation rate or embryo development, not even during a treatment period of 14 
days. Therefore, in these sows, the extra open days due to the post weaning altrenogest treatment 
would probably not be compensated by improved reproductive performance. 

More research is needed to investigate effects of duration and dose of altrenogest treatment 
on subsequent reproductive performance in animals with a stronger negative energy balance 
after lactation. 
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Abstract

This study investigated follicular development during and after post weaning altrenogest 
treatment of primiparous sows in relation to subsequent reproductive performance. Primiparous 
sows (n = 259) were randomly assigned at weaning (D0) to 1 of 4 groups: control (no altrenogest, 
n = 71), RU4 (20 mg of altrenogest D-1 till D2, n = 62), RU8 (20 mg of altrenogest D-1 till D6, n 
= 65) or RU15 (20 mg of altrenogest Day-1 till D13, n = 61). Average follicle size (measured by 
ultrasound) increased during altrenogest treatment and resulted in larger follicles at the start of 
the follicular phase for RU4, RU8 and RU15 compared with controls (5.3 ± 0.9, 5.5 ± 1.3, 5.1 ± 
1.2 and 3.4 ± 0.6 mm P < 0.0001, respectively). Farrowing rate was greater in RU15 (95%) than 
in RU8 (76%; P = 0.04).  The RU15 group also had more piglets (2 to 3 more piglets total born 
and born alive; P < 0.05) than the other treatment groups. Follicular development at weaning 
clearly affected reproductive performance. At weaning average follicle size: small (< 3.5 mm), 
medium (3.5 to 4.5 mm) or large (≥ 4.5 mm), was associated with farrowing rates of 86%, 78% 
and 48%, respectively (P < 0.001). Sows with large follicles at weaning had low (71%) in RU4, very 
low farrowing rates (22%) in RU8, but normal farrowing rates in RU15 (83%). In conclusion, this 
study showed that 15 d of post weaning altrenogest treatment of primiparous sows may allow 
follicle turnover in sows that had large follicles at weaning and that this was associated with an 
improved reproductive performance. It also showed that shorter treatment with altrenogest (4 
or 8 d) is beneficial for sows with small follicles at weaning, but is not recommendable for sows 
with large follicles at weaning.  

Key words: altrenogest, follicle development, litter size, pregnancy rate, sow 
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3.1 Introduction

A negative energy balance during first lactation affects subsequent follicular development 
(Quesnel et al., 2000), ovulation rate (Hazeleger et al., 2005), oocyte development (Zak et al., 
1997a) and embryo development (Algriany et al., 2004), and ultimately leads to embryo mortality 
(Almeida et al., 2000). As a result, primiparous sows commonly have increased intervals from 
weaning to estrus, reduced farrowing rates and reduced litter sizes (Morrow et al., 1989).  

Administering an orally active progestagen from weaning onwards improves reproductive 
performance post weaning. Several studies have found greater ovulation rates (Koutsotheodoros 
et al., 1998), better synchronization of estrus (Martinat-Botté et al., 1994; Martinat-Botté, 
1995) and improved embryo survival (Patterson et al., 2008) for primiparous sows treated with 
altrenogest post weaning. These positive effects are probably related to an improvement in 
follicular development. In a previous study, altrenogest-treated, primiparous sows were found to 
have larger follicles at the start of the follicular phase than non-treated controls, but these sows 
showed no improvement in embryo development at d 5 of pregnancy (van Leeuwen et al., 2010 ). 

The current study was designed to investigate the relation between follicular development 
during and after post weaning altrenogest treatment and relate this to subsequent pregnancy 
rate, farrowing rate and litter size. We hypothesized that treatment with altrenogest would result 
in larger pre-ovulatory follicles and would positively affect pregnancy rate on d 30, farrowing 
rate and subsequent litter size.

3.2 Materials and methods

The study was conducted during spring, from October 2008 to December 2008 in a commercial 
swine herd in Monte Buey, Argentina (32°25'00"S, 62°27'00"W) following the Argentine animal 
welfare law (Ley penal 14346).

3.2.1 Animals, housing and diets
Pregnant gilts (n = 259; PIC23) entered the maternity facilities with individual farrowing 

crates on average 5 to 8 d before farrowing at 309 ± 15 d of age, when they weighed on average 
243 ± 19 kg. On d 114 of gestation all sows received 10 mg intramuscularly (i.m.) of a PGF2α 
analogue: dinaprost tromethamine (Lutalyse Pfizer Inc, NY USA). Post-partum crossfostering 
was performed within 3 d after farrowing to adjust litter size to 11 to 13 piglets. During lactation 
sows were fed a corn and soybean based diet formulated to contain 14.48 MJ DE/kg with 18 % 
crude protein and 1% lysine to appetite to a maximum of 8 kg/d. On day 20 (18 to 22) of lactation 
piglets were weaned (11 ± 2 piglets per sow) and sows were moved to individual crates in another 
barn and fed twice each day (0800 and 1700h) to a maximum of 4 kg/d of a corn and soybean 
based diet that was formulated to contain 13.65 MJ DE/kg with 14% crude protein and 0.7% lysine. 
All crates were equipped with individual drinking nipples providing water for all sows ad libitum.



34

Chapter 3 _________________________________________________________________________

 Daily minimum and maximum environmental temperatures were registered throughout the 
experiment. Average temperature varied between a  maximum of 28.0 ± 1°C and a  minimum 
of 12.9 ± 3°C (October) and a maximum of 31.2 ± 5°C and minimum of 15.5 ± 4°C (November). 
When the environmental temperature exceeded 28°C, spray coolers were activated in the 
gestation barn.

Sows were weighed and backfat depth was measured using A-mode ultrasound (Lean-Meater, 
Renco Corporation, Minneapolis, USA) at the P2 spot (6.5 cm from the midline at the level of 
last rib) when entering the farrowing barns, at weaning and for altrenogest-treated sows also on 
the day after last altrenogest treatment. Farrowing weight was corrected for weight of the litter 
at birth + estimated placenta and amnion weight (216 g/fetus), and for estimated fetal growth 
during the time between weighing and farrowing (60 g/fetus/d) based on Leenhouwers et al. 
(2002) and van Rens et al. (2002, 2005). 
Farrowing weight averaged 223 ± 18 kg and backfat depth 19.4 ± 3.7 mm. During lactation, sows 
lost 19.4 ± 16 kg (equivalent to 8.4 ± 7%) of their body weight, and 3 ± 3 mm of their backfat 
thickness.

3.2.2 Treatments
The day before weaning (weaning = D0) sows were randomly assigned to 1 of 4 treatments: 

control (no altrenogest treatment; n = 71), RU4 (20 mg of altrenogest D-1 to D2; n = 62), RU8 
(20 mg of altrenogest D-1 to D6; n = 65) and RU15 (20 mg of altrenogest, D-1 to D13; n = 61). 
Five milliliters of altrenogest (Regumate, Intervet, http://www.intervetusa.com), a progesterone 
analog containing 4 mg of altrenogest/mL, was administered daily as a top dressing over a small 
portion of the morning feed to ensure ingestion of the entire dose. 

3.2.3 Estrus detection and insemination
Starting at weaning, estrus detection was performed twice each day at 0830 and 1730 h with 

fence-line boar contact. Estrus was considered to start when a sow first exhibited a standing reflex 
during a back pressure test in the presence of the boar and to end when a sow first failed to exhibit 
a standing reflex. Sows were inseminated in the morning or afternoon after first detected  estrus 
(0900 or 1700 h, respectively), and inseminations were repeated every am / pm for a maximum 
of 4 inseminations as long as the sow exhibited a standing reflex. Inseminations consisted of a 
100 mL dose of semen that was obtained from the farm’s boars (PIC 415), with a dosage of 4 x 
109 sperm cells. The extender used was Merck III  (Mini Tüb, Tiefenbach, Germany) was used.   
Semen was stored at 17°C for a maximum of 3 d.

3.2.4 Follicular development 
Trans-abdominal ultrasound with a 5-MHz multi convex transducer (Aquila, Piemedical, 

The Netherlands) was performed to assess follicular development on the day of weaning, after 
8 d of treatment for RU15, 1 d after last altrenogest treatment for treated sows, and on d4 of the 
follicular phase (4 d after weaning for controls and 5 d after last altrenogest treatment for treated 



35

______________________________________ Post weaning altrenogest treatment in primiparous sows

3

The effect of different post weaning altrenogest treatments of primiparous 
sows on follicular development, pregnancy rates and litter sizes

sows).  The follicular phase was assumed to start at weaning for control animals and 1 d after last 
altrenogest administration for treated animals. One ovary was scanned each time because it was 
considered to be representative of the contra lateral ovary (N.M. Soede; unpublished results). 
Recorded images were subsequently reviewed using the scanner’s cineloop application. The 
diameter of the five largest follicles was measured. Due to practical reasons, only 206 from the 
259 animals (80%) were scanned.

3.2.5 Pregnancy rate and litter size
Inseminated sows were checked for pregnancy on d 30 after insemination with A-mode 

ultrasound (Scanopreg, Scanco, Ithaca, NY). On d 114 of gestation, pregnant sows received 10 mg 
i.m. of Lutalyse (Pfizer). At farrowing of the second litter, piglets were weighed and the number 
of total born piglets, the number of piglets born alive, the number of piglets born dead and the 
number of mummified fetuses were recorded. 

3.2.6 Statistical analyses
Data were analyzed using SAS ( SAS Inst. Inc., Cary, NC). Only sows showing estrus within 

10 d after weaning (control sows) or 11 d after last altrenogest treatment (treated sows) were 
included (n = 235). Follicle size at weaning was divided into three classes: small (< 3.5 mm), 
medium (3.5 - 4.5 mm) or large (≥ 4.5 mm) and tested for relations with reproductive parameters.  
Nine animals had a follicle size larger than 9 mm at the start of the follicular phase and eight of 
those did not show estrus. Therefore, 9 mm was considered a threshold for abnormal follicular 
development. These follicle data were not included in the analyses unless stated otherwise. 
Normality of parameters was checked with the UNIVARIATE procedure of SAS. The normally 
distributed parameters: follicle size at different days and onset and duration of estrus were 
analysed with the GLM procedure of SAS with treatment as the main effect. For each of the 
parameters, relevant co-variates: farrowing weight sow, lactational weight loss, weaning weight, 
backfat and lactational backfat loss were considered as well as the interaction with treatment. If 
they were found not to be significant, covariates and interactions were omitted from the model. 
Lactation length was included for all analyses but omitted from the model when not significant. 
When main effects were significant, means were compared by the least significant difference 
method adjusted for multiple comparisons according to Bonferroni. 

Treatment effects on litter size were analyzed using the GENMOD procedure of SAS with 
a Poisson distribution. Relations between parameters were tested by calculating the Pearson 
correlation coefficients. Treatment effect on pregnancy rates and farrowing rates was analyzed 
using the FREQUENCY procedure in SAS for a χ2 distribution. A probability value of less than 
0.05 was considered significant and P < 0.1 was considered a tendency. Data are presented as 
means ± SD unless stated otherwise.
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3.3 Results

3.3.1 Follicular development and estrus 
Follicle size at weaning was on average 3.7 ± 1.0 mm and varied from 1.4 to 9.8 mm between 

animals (Table 1). Average follicle size increased (P < 0.05) during altrenogest treatment, 
resulting in larger follicles at the start of the follicular phase for RU4, RU8 and RU15 compared 
with controls (5.3 ± 0.9, 5.5 ± 1.3, 5.1 ± 1.2 and 3.4 ± 0.6 mm, respectively; Table 1).  Additionally, 
4 RU8 sows and 5 RU15 sows had a follicular size of more than 9 mm at the start of the follicular 
phase (15.7 ± 6.3 mm). Follicle size increased to 19.4 ± 3.1 mm on d 4 of the follicular phase and 
8 of the 9 sows subsequently did not show estrus. 

At d 4 of the follicular phase, the difference in follicular size between treated and control 
sows had become smaller, and control sows tended only to differ from RU15 sows (6.8 ± 2.2 vs. 
7.6 ± 1.0 mm, respectively; P = 0.1, Table 1). However, 1 control sow had a follicle size of 19.6 
mm on d 4 of the follicular phase, but she did show estrus and was found non-pregnant on d 
30 after insemination. Without this sow average follicular size on d 4 of the follicular phase 
was 6.5 ± 1.1 mm for controls, which differed (P < 0.05) from RU8 and RU15, but did not differ 
(P > 0.1) from RU4.

Table 1. Follicle size in mm (mean ± SD and range) for control, RU4, RU8 and RU15 sows

Item 
Treatment1

Control RU4 RU8 RU15

No. assigned 45 56 53 43

Weaning  3.4 ± 0.6 3.8 ± 1.1  3.8 ± 0.9 3.7 ± 1.1

After 7 days of treatment - - - 5.4 ± 1.5

Start follicular phase  3.4 ± 0.6a  5.3 ± 0.9b  5.5 ± 1.3b  5.1 ± 1.2b

Growth during treatment 1.5 ± 1.3 1.6 ± 2.0 1.7 ± 2.0

Day 4 of the follicular phase3  6.8 ± 2.2x 7.2 ± 0.9 7.4 ± 1.6  7.6 ± 1.0y

1 Treatments involved no altrenogest treatment (control), 20mg of altrenogest Day -1 till Day 2; 
Day 0 = weaning (RU4), 20mg of altrenogest Day -1 till Day 6 (RU8) and 20mg of altrenogest, 
Day -1 till Day 13 (RU15).
ab means within a row without a common superscript number are different P < 0.05
xy  means within a row without a common superscript number tended to be different for P = 0.1

The percentage of sows showing estrus within 10 d after start of the follicular phase was 
similar (89 to 92%) for the 4 treatments and duration of estrus was also not affected by treatment 
(Table 2).  A total of 25 sows did not show estrus within 10 d after the start of the follicular phase. 
These consisted of 8 of the 9 animals with follicles larger than 9 mm at the start of the follicular 



37

______________________________________ Post weaning altrenogest treatment in primiparous sows

3

The effect of different post weaning altrenogest treatments of primiparous 
sows on follicular development, pregnancy rates and litter sizes

phase, an additional 2 of 2 animals with follicles larger than 9 mm at d 4 of the follicular phase (1 
in control and 1 in RU8), and another 15 of 248 animals (7 in control, 5 in RU4, 2 in RU8 and 1 in 
RU15) with smaller follicles at both times (5.0 ± 1.4 and 6.1 ± 0.6 mm at the start of the follicular 
phase and on d 4 of the follicular phase, respectively). 

Table 2. Estrus, pregnancy rate, farrowing rate and litter sizes for control, RU4, RU8 and RU15 sows

Item
Treatment1

Control RU4 RU8 RU15

No. assigned 71 62 65 61

Estrus

Estrus within 10 days (%) 89 92 91 90

Onset of estrus (d)2 4.9 ± 1.2ax 3.5 ± 1.1b 4.3 ± 1.7y 3.8 ± 0.9b

Duration of estrus (h)2 59 ± 11 58 ± 11 60 ± 13 62 ± 13

Reproductive performance

Pregnancy rate on Day 30 (%)3 91 91 80x 95y

Farrowing rate (%)4 89 88 76a 95b

Total number of piglets born 11.9 ± 3.5a 12.1 ± 3.0a 12.0 ± 4.3a 14.4 ± 3.0b

Number of piglets born dead 0.6 ± 1.0 0.5 ± 0.7 0.5 ± 0.8 0.7 ± 1.1

Number of piglets born alive 11.0 ± 3.0a 11.4 ± 2.9x 10.9 ± 3.7a 12.9 ± 2.8by

Average weight of piglets (kg) 1.70 ± 0.25x 1.66 ± 0.17x 1.70 ± 0.30x 1.54 ± 0.18y

1 Treatments involved no altrenogest treatment (control), 20mg of altrenogest Day -1 till Day 2; 
Day 0 = weaning (RU4), 20mg of altrenogest Day -1 till Day 6 (RU8) and 20mg of altrenogest, 
Day -1 till Day 13 (RU15).
2 Of sows that showed estrus within 10 days
3 No. of pregnant sows / no. of inseminated sows x 100%
4 No. of farrowing sows / no. of inseminated sows x 100%
ab means within a row without a common superscript number are different P < 0.05
xy  means within a row without a common superscript number tended to be different for  P < 0.1

3.3.2 Pregnancy rate, farrowing rate and litter size
 Pregnancy rate at d 30 was on average 89% overall, but tended (P < 0.1) to be greater for 

RU15 (95%) compared with RU8 (80%; Table 2). Farrowing rate was on average 87% and was 
greater (P = 0.04) in RU15 (95%) than in RU8 (76%). Average litter size was 12.6 ± 3.6 piglets born; 
RU15 had more piglets (total born and born alive; P < 0.05) than the other treatment groups 
(Table 2). 
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3.3.3 Follicle size at weaning and its relation to subsequent reproductive performance
Follicular size at weaning was affected by lactational BW loss (loss in kg, r = -0.25; P = 0.06; 

loss in %, r = -0.26; P = 0.04). Other lactational parameters (lactation length, weaning weight and 
backfat at weaning) did not affect follicular size at weaning. Table 3 shows follicular sizes and 
reproductive performance for control, RU4, RU8 and RU15 sows, with small (< 3.5 mm), medium 
(3.5 - 4.5 mm) or large (≥ 4.5 mm) follicles at weaning. The percentage of animals showing estrus 
within 10 d after the start of the follicular phase was not affected by  follicular size at weaning (94, 
88 and 88%, for sows having small, medium or large follicles, respectively). 

Farrowing rates were greater (P < 0.001) for sows with small or medium follicles at weaning 
compared with sows with large follicles at weaning (86 and 78 vs. 48%, respectively). Differences in 
farrowing rates between follicular size classes were affected by treatment. In controls, farrowing 
rates were 86 and 84% for sows having small or medium follicles at weaning, respectively. 
Farrowing rates for treated animals were 90, 88 and 71% in RU4, 94, 83 and 22% (P < 0.05) in 
RU8 and 95, 100 and 83% in RU15 for sows having small, medium or large follicles at weaning, 
respectively. Litter size was not affected by follicular size at weaning.

For treated animals, a large follicular size at weaning resulted in less follicular growth during 
treatment (2.6 ± 2.7, 2.3 ± 3.9 and 0.04 ± 2.1 mm for sows having small, medium or large follicles 

1 Follicle size at weaning was defined as small; < 3.5 mm, medium; 3.5 - 4.5 mm or large; ≥ 4.5 mm)
2 Including the 9 sows with a follicle size larger than 9mm at the start of the follicular phase
3 Treatments involved no altrenogest treatment (control), 20 mg of altrenogest Day -1 till Day 2; Day 
0 = weaning (RU4), 20 mg of altrenogest Day -1 till Day 6 (RU8) and 20 mg of altrenogest, Day -1 till 
Day 13 (RU15).

Item
Treatment3

Control RU4 RU8 RU15

Follicle size at weaning Small Medium Large Small Medium Large Small Medium Large Small Medium Large

All sows 

No. assigned 23 21 0 21 28 7 19 27 11 21 18 7

Follicle size at weaning 
(mm) 2.9 ± 0.4 3.9 ± 0.3 - 3.0 ± 0.4 3.9 ± 0.3 5.8 ±  1.8 2.8 ± 0.6 4.0 ± 0.3 5.1 ± 0.5 2.8 ± 0.6 3.9 ± 0.3 5.4 ± 1.1

Showing estrus (%)4 91 91 - 95 89 100 95 89 82 95 83 86

Farrowing rate (%)5 86 84 - 90 88 71 94a 83a 22b 95 100 83

Farrowing sows

No. assigned 18 16 0 18 22 5 17 20 2 19 15 5

Litter size (total born) 11.8 ± 3.9 12.7 ± 3.4 - 13.2 ± 3.3 11.8 ± 2.8 11.4 ± 3.3 12.1 ± 5.1 12.2 ± 3.5 12.5 ± 0.7 15.1 ± 3.5 14.3 ± 2.7 14.2 ± 0.8

Table 3. Effects of follicle size at weaning1 on estrus, pregnancy rate, farrowing rate and litter size for 
control, RU4, RU8 and RU15 sows2
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at weaning, respectively, r = -0.35; P < 0.01).  Therefore, follicular size at weaning was not related 
to follicular size at the start of the follicular phase (P > 0.1), but some clear follicle growth patterns 
were seen. For example, of the RU15 sows that farrowed, sows that had small follicles at weaning 
(< 3.5mm; mean = 2.8 ± 0.6 mm) showed an increase in follicular size during the first 7 d of 
treatment to 4.7 ± 1.0 mm and stabilized thereafter to 4.9 ± 1.4 mm (at the start of the follicular 
phase). The RU15 sows that had medium-size follicles at weaning (≥ 3.5, < 4.5 mm; mean = 4.0 ± 
0.3 mm) showed an increase in follicular size during the first 7 d of treatment to 6.2 ± 2 mm and 
thereafter a decrease to 5.4 ± 1.0 mm (at the start of the follicular phase). The RU15 sows with 
large follicles at weaning (> 4.5mm; mean = 5.5 ± 1 mm) did not show an increase in follicular 
size during the first 7 d of treatment to 5.3 ± 3 mm and even had smaller follicles (3.9 ± 1 mm) at 
the start of the follicular phase.

3.4 Discussion

In this experiment altrenogest was used to extend the interval from weaning to estrus in 
primiparous sows. In general, positive effects on ovulation rate, pregnancy rate and litter size 

Item
Treatment3

Control RU4 RU8 RU15

Follicle size at weaning Small Medium Large Small Medium Large Small Medium Large Small Medium Large

All sows 

No. assigned 23 21 0 21 28 7 19 27 11 21 18 7

Follicle size at weaning 
(mm) 2.9 ± 0.4 3.9 ± 0.3 - 3.0 ± 0.4 3.9 ± 0.3 5.8 ±  1.8 2.8 ± 0.6 4.0 ± 0.3 5.1 ± 0.5 2.8 ± 0.6 3.9 ± 0.3 5.4 ± 1.1

Showing estrus (%)4 91 91 - 95 89 100 95 89 82 95 83 86

Farrowing rate (%)5 86 84 - 90 88 71 94a 83a 22b 95 100 83

Farrowing sows

No. assigned 18 16 0 18 22 5 17 20 2 19 15 5

Litter size (total born) 11.8 ± 3.9 12.7 ± 3.4 - 13.2 ± 3.3 11.8 ± 2.8 11.4 ± 3.3 12.1 ± 5.1 12.2 ± 3.5 12.5 ± 0.7 15.1 ± 3.5 14.3 ± 2.7 14.2 ± 0.8

4 No. of sows showing estrus within 10 days after start of the follicular phase (10 days after weaning 
for controls and 11 after last altrenogest for treated animals)/ no. of weaned sows x 100%
5 No. of farrowing sows /no. of inseminated sows x 100%. Overall significant difference in farrowing 
rate between small, medium and large follicles at weaning (P < 0.001)
ab means within a row without a common superscript number are different P < 0.05



40

Chapter 3 _________________________________________________________________________

are found when the post weaning period is extended by altrenogest treatment after lactation 
(Morrow et al., 1990; Martinat-Botté et al., 1994; Martinat-Botté 1995; Koutsotheodoros et al., 
1998;  Patterson et al., 2008). Primiparous sows especially suffer from a negative energy balance 
at the end of lactation (Zak et al., 1997b; Quesnel et al., 2000), which suppresses follicular 
development (Quesnel et al., 1998). In these sows, postponement of follicular recruitment by 
a post weaning altrenogest treatment is believed to restore follicular development, resulting in 
greater pregnancy rates and larger litter sizes after treatment (Morrow et al., 1990; Martinat-
Botté et al., 1994; Martinat-Botté 1995; Koutsotheodoros et al., 1998; Patterson et al., 2008). 

In this study, the post weaning period was extended with altrenogest treatments of different 
durations to evaluate the relation between follicular development during and after altrenogest 
treatments and to relate this to pregnancy rate and litter size in primiparous sows. It was 
shown that short altrenogest treatment (4 d) results in similar reproductive performance as in 
nontreated control sows, an altrenogest treatment for 8 d results in a poorer farrowing rate than 
control sows and a long altrenogest treatment (15 d) results in superior farrowing rates and litter 
sizes compared with control sows. Surprisingly, no positive effects on farrowing rate and litter 
size were found for sows treated for 4 or 8 d. In all altrenogest treatment groups, follicular size 
increased during treatment, resulting in larger follicles at the start of the follicular phase for 
treated animals compared with controls. This increase in follicular development is presumably 
a reflection of greater LH levels during altrenogest treatment than during lactation because 
decreased LH levels have been associated with reduced follicular size at weaning (Quesnel et al., 
1998; Brand et al., 2000). However, the increase may also be related to the positive energy balance 
during treatment. Quesnel et al., (2007) found a positive relation between follicular development 
and insulin resistance. Poretsky and Kaling (1987) thought that this was caused by the binding 
of circulating insulin to ovarian insulin and IGF-1 receptors, thereby interacting with LH and 
FSH to stimulate follicular development (Poretsky and Kalin, 1987). Van Leeuwen et al., (2010) 
also found that follicular size increased during altrenogest treatment, which reached a plateau of 
5 mm around 6 d of treatment, but no improvement in embryo development on d 5 of gestation 
was found. 

Although the 4 and 8 d altrenogest treatment did result in an improved reproductive 
performance, this depended on the follicular size at weaning. It appeared that sows with small 
follicles at weaning (<3.5mm) benefited from a 4- and 8-d altrenogest treatment in terms of 
farrowing rate. Small follicles at weaning most likely resulted from a heavier lactational burden 
because sows with small follicular sizes at weaning lost the most BW during lactation and had 
the least backfat at weaning, which agrees with the findings of other authors (Quesnel et al., 2000; 
Bracken et al., 2003; Clowes et al., 2003b). These results therefore indicate that sows with a more 
catabolic body condition benefit from a 4- to 8-d post weaning altrenogest treatment, but that 
less catabolic sows do not. 

The finding that sows with large follicles at weaning did not benefit from altrenogest treatment 
for 4 to 8 d maybe related to LH concentrations during treatment. Redmer and Day (1981) 
measured relatively low but constant levels of LH during altrenogest treatment, which may result 
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in the growth of especially the large follicles because large follicles are much more responsive to 
LH than small follicles (Guthrie 2005). If this is true, then it means that larger follicles at weaning 
are at risk of being partly recruited for ovulation during treatment and therefore do not become 
atretic but remain present and grow out to larger sizes after 4 or 8 d altrenogest treatments. 
These remaining follicles grow to ovulatory size and finally ovulate a relatively “aged” oocyte.  In 
cows, progestagen treatments to synchronize the estrous cycle have been found to prolong the 
lifespan of the dominant follicle, preventing it from becoming atretic (Sirois and Fortune, 1990). 
Posttreatment ovulation of this follicle leads to decreased pregnancy rates (Stock and Fortune 
1993; Townson et al., 2002). Luteal deficiency cannot be blamed for these decreased pregnancy 
rates because progesterone concentrations after ovulation of a dominant follicle have been shown 
to be similar to progesterone concentrations in untreated cows (Stock and Fortune 1993). The 
negative effects of a prolonged follicular lifespan are more likely related to decreased maturation 
and fertilization capacities of the oocyte (Revah and Butler, 1996) that compromise fertilization 
rates, embryo survival or both. Thus, if larger follicles under altrenogest treatment do not turn 
over this may similarly lead to overmatured oocytes in pigs resulting in decreased farrowing 
rates and litter sizes. Surprisingly, no effect of follicular size at the start of the follicular phase on 
subsequent reproduction was found. However, a follicular size that was too large at the start of the 
follicular phase was not beneficial for subsequent reproductive performance because all 9 sows 
(4 RU8 and 5 RU15) that had a follicle size of more than 9 mm at the start of the follicular phase 
had cystic ovaries 4 d later; only 1 of those sows showed estrus and none farrowed. This lack of 
estrus display in cystic animals maybe explained by an early shift from estrogen  to progesterone 
production, because the development of cysts after weaning has been associated with an early  
rise in progesterone secretion (Lucy et al., 2001). 

There is no good explanation for the fact that there were no control sows with large follicles 
at weaning because there was no difference  in BW loss or backfat depth loss during lactation 
between treatments. Only 80% of all sows were scanned, but this does not explain the lack of 
control sows with large follicles at weaning. Therefore, unfortunately, no comparisons between 
reproductive performance of control sows with large follicles at weaning and treated sows with 
large follicles at weaning could be made.

In sows treated for 15 d with altrenogest, follicle growth patterns during treatment differed 
depending on the follicular size at weaning. Small follicles at weaning had increased in size by d 7 
and further increased to d 14, whereas large follicles at weaning had decreased by d 7 and further 
decreased to d 14. In a previous study (Van Leeuwen et al., 2010) daily ultrasound during 15 d of 
altrenogest treatment showed that the largest 5 follicles increased in size during the first 6 d and, 
after a small decrease in size at d 7 to 8, remained more or less stable for the remainder of the 
period. This was thought to be indicative for the occurrence of synchronized waves of follicular 
growth under altrenogest treatment, similar to the ones observed by Lucy et al. (2001) during 
lactation. Lucy et al. (2001) described cohorts of 20 to 30 follicles that developed from 2 mm to 
4 to 6 mm and regressed after which new follicles started to develop. If indeed follicles turnover 
during extended altrenogest treatment, this may be an explanation for improved reproductive 
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performance in the long-treatment group (RU15) for sows with large follicles when treatment 
was initiated at weaning.

In accordance with the findings of Patterson et al. (2008) 15-d altrenogest treatment (RU15) 
resulted in the best reproductive results. An explanation for this improved performance may 
be found in the improved nutritional status of these sows during pre-ovulatory follicular 
development. The RU15 sows were inseminated on average 19 d post weaning versus 12, 8 and 
5 d post weaning for RU8, RU4 and controls, respectively. Such an increase in recovery time 
improves reproductive performance (Morrow et al., 1990; Clowes et al., 1994; Vesseur et al., 1997) 
due to improved follicle and oocyte quality and subsequent luteal quality and embryo survival 
(Zak et al., 1997ab; Cosgrove, 1998). Cosgrove (1998) called this improvement in oocyte quality 
‘nutritional imprinting of oocytes’ resulting in better quality oocytes, which are essential for 
good embryo development and thus embryo survival to maintain litter size (Webb et al., 2007). 

In conclusion, this study showed that post weaning altrenogest treatment in primiparous 
sows increased follicular size, resulting in larger follicles at the start of the follicular phase, 
and also improved reproductive performance (increased farrowing rate and litter size) in sows 
treated for 15 d. It also provided evidence that shorter treatment with altrenogest (4 or 8 d) is 
beneficial for sows with compromised follicular development (small follicles at weaning) but 
is not recommendable for sows with large follicles at weaning, because treatment of the latter 
results in a lower farrowing rate. 

The changes in follicular size during treatment may indicate the occurrence of follicular 
turnover during 15 d of altrenogest treatment, resulting in improved reproductive performance 
for sows with large follicles at the start of treatment. Therefore, positive results from post weaning 
altrenogest treatment should only be expected in sows with small follicles at weaning unless the 
duration of treatment is long enough to ensure turnover of the follicle pool present at weaning.
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Abstract

In a previous study, we showed that follicle size at weaning affects the response of a sow to a short-
term altrenogest treatment after weaning. In this study, an attempt was made to prevent growth 
of follicles into larger size categories before weaning using different altrenogest treatments before 
weaning to improve reproductive performance after postweaning altrenogest treatments. Sows 
(87 primiparous and 130 multiparous) were assigned to the following treatments: control (no 
altrenogest treatment; n = 59), RU0-20 (20 mg altrenogest, d -1 to d 6; weaning = d 0; n = 53), 
RU40-20 (40 mg altrenogest, d -3 to d 0 and 20 mg altrenogest d 1 to d 6; n = 53), and RU20-20 
(20 mg altrenogest, d -3 to d 6; n = 52). Follicle size was assessed daily with trans-abdominal 
ultrasound. Follicle size on d -3 (3.6 ± 0.7 mm) and at weaning (4.0 ± 0.7 mm) was similar for all 
treatments. Altrenogest-treated sows had larger follicles at the start of the follicular phase than 
control sows (5.4 ± 0.1 and 3.8 ± 0.2 mm, LS Means, respectively; P < 0.0001) and on d 4 of the 
follicular phase (8.0 ± 0.1 and 6.7 ± 0.2 mm, LS Means, respectively; P < 0.0001). Multiparous 
sows had larger follicles than primiparous sows at the start of the follicular phase (5.3 ± 0.1 and 
4.7 ± 0.1 mm, LS Means, respectively; P < 0.01) and on d 4 of the follicular phase (8.0 ± 0.1 and 7.0 
± 0.1 mm, LS Means, respectively; P < 0.0001). Farrowing rate and litter size (born alive + dead) 
were not affected by treatment or parity. However, in primiparous sows, when mummies were 
included in litter size, altrenogest sows had larger litters than control sows (13.4 ± 0.5 and 11.9 
± 0.7 piglets, respectively; P = 0.02). In primiparous control sows, backfat depth at weaning and 
litter size were positively related (slope of the regression line = 0.82; P < 0.05), which was not the 
case in primiparous altrenogest sows. In conclusion, the different altrenogest treatments before 
weaning did not prevent growth of follicles before weaning and similarly affected subsequent 
follicle development and fertility. In primiparous sows, altrenogest treatment after weaning 
increased the number of fetuses during pregnancy, but positive effects seemed limited by uterine 
capacity. Altrenogest treatment after weaning improved litter size in primiparous sows with 
reduced backfat depth at weaning, which suggests a specific positive effect of a recovery period 
after weaning in sows with reduced BCS at weaning. 

Key words: altrenogest, farrowing rate, follicle development, litter size, sow 
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4.1 Introduction

Reduced reproductive performance in the second litter as a result of a negative energy 
balance during first lactation can be prevented by altrenogest treatments after weaning. Several 
studies, differing in timing, duration, and dose of altrenogest treatments have found greater 
ovulation rates (Koutsotheodoros et al., 1998; Patterson et al., 2008), better synchronization of 
estrus (Martinat-Botté et al., 1994; Martinat-Botté, 1995), improved embryo survival (Patterson 
et al., 2008), and greater litter sizes (Martinat-Botté et al., 1990; van Leeuwen et al., 2010) for 
primiparous sows treated with altrenogest after weaning. 

The positive effect of altrenogest treatment after weaning on subsequent reproductive 
performance seems dependent on the duration of treatment in relation to follicular status at 
weaning. Van Leeuwen et al. (2011) found that a postweaning altrenogest treatment for 15 
consecutive days resulted in improved reproductive performance (increased farrowing rate 
and litter size) regardless of follicular status at weaning, but shorter postweaning altrenogest 
treatments (4 or 8 d) were only beneficial for sows with small follicles at weaning, and adversely 
affected fertility in sows with large follicles at weaning. It was hypothesized that these adverse 
effects were caused by “aging” of the larger follicles that failed to go into atresia during short 
altrenogest treatments (van Leeuwen et al., 2011a).

Therefore, this study used altrenogest treatments before weaning of different doses in an 
attempt to prevent growth of follicles before weaning, and it investigated the consequences on 
reproductive performance after subsequent postweaning altrenogest treatments.

4.2 Materials and Methods

The study was conducted during spring, from September 2009 to December 2009 in a 
commercial swine herd in Monte Buey, Argentina (32°25'00"S, 62°27'00"W) following the 
Argentine animal welfare law (Ley penal 14346). 

4.2.1 Animals, housing, and diets
Pregnant sows (n = 217; line PIC23) entered the maternity facilities at 2 to 6 d before farrowing, 

at approximately 319 to 323 d of age, weighing an average 246 ± 29 kg. On d 114 of gestation, all 
sows received 75µg intramusculary of a PGF2α analog (D cloprostenol, Bioprost, Biotay, Buenos 
Aires, Argentina).  At farrowing, the numbers of piglets born alive or dead were recorded, and 
the total weight of piglets born alive and dead was assessed. Litter size (total born) averaged 12.6 
± 2.7 piglets. Postpartum cross fostering was performed within 3 d to adjust litter size to 11 to 13 
piglets. During lactation, sows were fed a corn- and soybean-based diet, formulated to contain 
14.48 MJ DE/kg with 18% CP and 1% lysine, to appetite to a maximum of 8 kg/d. On d 21 (d 19 to 
23) of lactation, piglets were weaned (10.8 ± 1.1 piglets/sow) and sows were moved to individual 
crates in another barn and fed once each day (0700 h) to a maximum of  4 kg of a corn- and 
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soybean-based diet formulated to contain 13.65 MJ/kg with 14% CP and 1% lysine. All crates 
were equipped with individual drinking nipples providing water ad libitum. 

Daily minimum and maximum environmental temperatures were registered throughout the 
experiment. Average temperature varied between maximum of 20.0 ± 5°C and a minimum of 
6.6 ± 4°C in September and a maximum of 27.7 ± 3°C and a minimum of 17 ± 3°C in December. 
When the environmental temperature (outside the barn) exceeded 28°C, spray coolers were 
activated in the gestation barn. 

Sows were weighed and P2 backfat depth was measured using A-mode ultrasound (Lean-
Meater, Renco Corporation, Minneapolis, MN) when entering the farrowing facilities, at 
weaning and for altrenogest-treated sows on the day after last altrenogest treatment. Farrowing 
weight was corrected for weight of the litter at birth + estimated placental weight, amnion weight 
(216 g/fetus), and for estimated fetal growth during the time between weighing and farrowing 
(60 g/fetus/d) based on Leenhouwers et al. (2002) and van Rens et al. (2002, 2005).  Corrected 
farrowing weight averaged 227 ± 28 kg and backfat depth at farrowing was 18.0 ± 7 mm. 

4.2.2 Treatments
Sows  [primiparous: n = 87; multiparous (parity 2 to 3): n = 130] were randomly assigned 

to 1 of 4 treatments (weaning = d 0): control (no altrenogest treatment; 30 primiparous and 29 
multiparous sows), RU0-20 (20 mg altrenogest, d-1 to d 6; 16 primiparous and 37 multiparous 
sows), RU40-20 (40 mg altrenogest, d -3 to d 0 and 20 mg altrenogest d 1 to d6;  23 primiparous 
and 30 multiparous sows) and RU20-20 (20 mg altrenogest, d -3 to d 6; 18 primiparous and 34 
multiparous sows). Altrenogest (20 mg = 5 mL Regumate, Intervet SPAH, Huixquilucan, Estado 
de Mexico, Mexico), a progesterone analog, was administered daily as a top dressing over a small 
portion of the feed to ensure ingestion of the entire dose. 

4.2.3 Estrus detection and insemination 
From weaning onwards, estrus detection was performed daily at 1030 h by a trained farm 

technician using fence line boar contact. Estrus was considered to start when a sow first exhibited 
a standing reflex during a back pressure test in the presence of a boar and to end when a sow first 
failed to exhibit a standing reflex. Sows were artificially inseminated in the afternoon after the 
first detected estrus (1400 h), and inseminations were repeated every next morning at 0830 h, 
if the sow still exhibited a good standing reflex. Inseminations consisted of a 100 mL dose of 
semen that was obtained from the farm’s boars (PIC 415), with a dosage of 4 x 109 sperm cells. 
Merck III (Mini Tüb, Tiefenbach, Germany) was used as extender. Semen was stored at 17°C for 
a maximum of 3 d.

4.2.4 Follicular development and reproductive performance
Transabdominal ultrasound with a 5-MHz multiconvex transducer (Aquila, Piemedical, 

Maastricht, The Netherlands) was performed to assess follicular development. One ovary was 
scanned each time because it was considered to be representative of the contra lateral ovary (N.M. 
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Soede; unpublished results). Recorded images were subsequently reviewed using the cineloop 
application of the scanner. The diameters of the 5 largest follicles were measured and averaged.

Follicular development was assessed on d -3 for controls, RU40-20 and RU20-20, at d 0 
(weaning) for all sows, 1 d after last altrenogest treatment for altrenogest-treated sows, and on 
d 4 of the follicular phase for all sows. The onset of the follicular phase was assumed to start at 
weaning for control animals and 1 d after last altrenogest administration for altrenogest-treated 
animals (van Leeuwen et al., 2010; 2011). 

On d 114 of gestation, pregnant sows received 75 µg intramuscularly of a PGF2α analog (D 
cloprostenol, Bioprost). At farrowing, piglets were weighed and the numbers of piglets born alive 
or dead were recorded and placentas were thoroughly checked for (hidden) mummies, after 
which total number of mummies was recorded.

4.2.5 Statistical analyses
Data were analyzed using SAS (SAS Inst. Inc., Cary, NC). Sows that failed to show estrus 

within 10 d after weaning (4 out of 59 control sows) or 11 d after last altrenogest treatment (4 
out of 158 altrenogest-treated sows) were marked as not showing estrus and their follicular 
development and subsequent reproductive performance were not included in the analyses. 
Normality of the model residuals was checked with the UNIVARIATE procedure of SAS. The 
normally distributed parameters were analyzed with the GLM procedure of SAS with treatment 
+ parity class as main effects plus their interaction (model 1). When the interaction was not 
significant, it was omitted from the model. Whenever main effects where significant, means were 
compared by the LSM method adjusted for multiple comparisons according to Bonferroni. 

Because none of the reproductive performance parameters differed among the 3 altrenogest 
treatments, analyses for treatment effects on subsequent fertility were also performed on pooled 
data from all altrenogest-treated sows vs. control sows.

To study the effects of lactational burden with follicular development and litter size, model 
1 was extended with backfat depth at weaning, backfat depth loss, BW at weaning or BW loss 
during lactation, and their interactions with treatment or parity (model 2).  

Follicular development was further analyzed with the GLM procedure of SAS using repeated 
measures. The GLM model included treatment, parity (primiparous or multiparous), sow within 
treatment x parity, and day of the follicular phase (start of follicular phase = d 0 for controls and 
d 7 for altrenogest-treated animals, or fourth day of the follicular phase). Differences in follicle 
size between treatments and between parities were tested against the error term of sow within 
treatment x parity, and differences in follicle size between days of the follicular phase were tested 
against the overall error term. The interaction between treatment and day of the follicular phase 
and between treatment and parity were not significant and therefore were omitted from the model. 

Treatment effects on estrous rate (percentage of sows showing estrus within 10 d from 
weaning or 11 d from last altrenogest treatment) and farrowing rate were analyzed using the 
FREQUENCY procedure in SAS with a Fisher’s exact test. Synchrony of estrus was expressed 
as % of sows in estrus within a 48-h period. For primiparous sows (controls and altrenogest-
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treated), the 48-h time window covered d 4 to 5 after start of the follicular phase.  For multiparous 
altrenogest-treated sows and control sows respectively, the tightness of synchronization was 
measured on d 3 to 4 or d 4 to 5 after start of the follicular phase.

A probability level of < 0.05 was considered significant and P < 0.1 was considered a tendency. 
Data presented in the text are means ± SD unless stated otherwise, and data presented in the 
tables are least square means ± SE.

4.3 Results

4.3.1 Lactation, BW loss, and backfat depth loss
From 20.6 ± 1.6 d of lactation, sows lost on average 19.3 ± 17.6 kg of BW. This was 8.3 ± 7.6% 

of their BW and 3.7 ± 2.1 mm of backfat depth, which was similar for all treatments. Primiparous 
sows differed from multiparous sows in farrowing weight [203 ± 2 and 243 ± 2 kg (least square 
means), respectively; P < 0.0001) and number of piglets weaned [10.6 ± 0.1 and 11.0 ± 0.1 piglets 
(least square means), respectively; P < 0.008], and tended to have lost less backfat depth [3.4 ± 0.2 
and 3.9 ± 0.2 mm (least square means), respectively; P < 0.06].

4.3.2 Follicular development
Two sows showed abnormal follicular development and their data were excluded from the 

analyses on follicular development: 1 primiparous sow in the RU20-20 had a follicle size of 16 mm 
at weaning and of 9 mm at the start of the follicular phase. She showed estrus and subsequently 

Item
Treatment1 Parity

control RU0-20 RU40-20 RU20-20 1 2 to 3

No. assigned 55 49 53 50 82 125

d -3 3.5± 0.1 - 3.6 ± 0.1 3.6 ± 0.1 3.6 ± 0.1 3.6 ± 0.1

d 0 (weaning) 3.9 ± 0.1 4.1 ± 0.1 3.9 ± 0.1 4.1 ± 0.1 3.8 ± 0.1a 4.1 ± 0.1b

Start follicular phase2 3.9 ± 0.2a 5.4 ± 0.2b 5.3 ± 0.2b 5.3 ± 0.2b 4.7 ± 0.1a 5.3 ± 0.1b

d 4 follicular phase 6.7 ± 0.2a 8.0 ± 0.2b 7.7 ± 0.2b 7.7 ± 0.2b 7.0 ± 0.1a 8.0 ± 0.1b

Growth d -3 to d 0 0.5 ± 0.2 - 0.2 ± 0.2 0.7 ± 0.2 0.3± 0.2x 0.6 ± 0.1y

Growth rate d -3 to d 03 0.11 ± 0.06 - 0.07 ± 0.06 0.21 ± 0.06 0.05 ± 0.06a 0.21 ± 0.04b

Growth during treatment4 - 1.4 ± 0.3 1.7 ± 0.3 1.2 ± 0.3 1.0 ± 0.3 1.9 ± 0.2

Growth rate after weaning5 0.72 ± 0.03a 0.16 ± 0.03b 0.20 ± 0.03b 0.15 ± 0.03b 0.27 ± 0.03x 0.34 ± 0.02y

Table 1. Follicle size in mm (LS Means ± SE) for control, RU0-20, RU40-20, and RU20-20 and 
primiparous or multiparous sows
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delivered 15 piglets. One multiparous sow in the RU0-20 treatment had a follicle size of 19 mm at 
d 4 of the follicular phase, showed estrus, but was found non-pregnant on d 30. 

Follicle size on d -3 was similar for control, RU40-20, and RU20-20 (on average 3.6 ± 0.7 mm) 
and was not affected by parity (Table 1). From d -3 until weaning, follicles grew on average 0.5 ± 
0.9 mm (0.15 ± 0.3 mm/d), which resulted in an average follicle size at weaning of 4.0 ± 0.7 mm. 
Follicular growth rate between d -3 and d 0 was less in primiparous than in multiparous sows 
(0.05 ± 0.06 and 0.21 ± 0.04 mm/d, respectively; P = 0.03). Follicle size at weaning was similar 
among treatments, but primiparous sows had smaller follicles at weaning than multiparous sows 
(3.8 ± 0.1 and 4.1 ± 0.1 mm, respectively; P = 0.004, Figure 1). During altrenogest treatment, 
follicles grew 1.6 ± 2.1 mm, resulting in larger follicles at the start of the follicular phase for 
altrenogest-treated animals compared to control (5.4 ± 0.2, 5.3 ± 0.2, 5.3 ± 0.2, and 3.9 ± 0.2 
mm, for the RU0-20, RU40-20, RU20-20 and control treatments, respectively; P < 0.0001, Table 
1 and Figure 1). Overall, follicle size was smaller at the start of the follicular phase than on d 4 of 
the follicular phase (4.9 ± 0.1 and 7.7 ± 0.1 mm, LS means, respectively; P < 0.0001), was smaller 
in control sows than in altrenogest-treated sows (5.3 ± 0.1, 6.7 ± 0.2, 6.5 ± 0.2 and 6.6 ± 0.2 
mm, LS Means for control, RU0-20, RU40-20, and RU20-20, respectively; P < 0.0001), smaller in 
primiparous sows than in multiparous sows (5.9 ± 0.1 and 6.7 ± 0.1 mm, LS Means, respectively; 
P < 0.0001), and there were no significant interactions among day, treatment, and parity. When 
comparing the pooled data of altrenogest-treated sows with control sows, follicle size at the start 
of the follicular phase was larger for altrenogest-treated sows than for control sows (5.4 ± 0.1 and 
3.8 ± 0.2 mm, LS Means, respectively; P < 0.0001). 

Item
Treatment1 Parity

control RU0-20 RU40-20 RU20-20 1 2 to 3

No. assigned 55 49 53 50 82 125

d -3 3.5± 0.1 - 3.6 ± 0.1 3.6 ± 0.1 3.6 ± 0.1 3.6 ± 0.1

d 0 (weaning) 3.9 ± 0.1 4.1 ± 0.1 3.9 ± 0.1 4.1 ± 0.1 3.8 ± 0.1a 4.1 ± 0.1b

Start follicular phase2 3.9 ± 0.2a 5.4 ± 0.2b 5.3 ± 0.2b 5.3 ± 0.2b 4.7 ± 0.1a 5.3 ± 0.1b

d 4 follicular phase 6.7 ± 0.2a 8.0 ± 0.2b 7.7 ± 0.2b 7.7 ± 0.2b 7.0 ± 0.1a 8.0 ± 0.1b

Growth d -3 to d 0 0.5 ± 0.2 - 0.2 ± 0.2 0.7 ± 0.2 0.3± 0.2x 0.6 ± 0.1y

Growth rate d -3 to d 03 0.11 ± 0.06 - 0.07 ± 0.06 0.21 ± 0.06 0.05 ± 0.06a 0.21 ± 0.04b

Growth during treatment4 - 1.4 ± 0.3 1.7 ± 0.3 1.2 ± 0.3 1.0 ± 0.3 1.9 ± 0.2

Growth rate after weaning5 0.72 ± 0.03a 0.16 ± 0.03b 0.20 ± 0.03b 0.15 ± 0.03b 0.27 ± 0.03x 0.34 ± 0.02y

ab means within a row without a common superscript number are 
differ (P < 0.05).
xy means within a row without a common superscript number 
tended to differ (P = 0.1).
1 Treatments involved no altrenogest treatment (control), 20mg 
of altrenogest d -1 to d 6; d 0 = weaning (RU0-20), 40 mg of 
altrenogest d -3 to d 0 and 20 mg of altrenogest d 1 to d 6 (RU40-
20) and 20 mg of altrenogest, d -3 to d 6 (RU20-20). Sows that did 
not show estrus within 10 d after start of the follicular phase were 
excluded.
2 start follicular phase = weaning for control sows and 1 d after last 
altrenogest administration for altrenogest treated sows.
3  Average growth rate (mm/d) from d -3 to d 0.
4 Treatment*Parity (P = 0.04): 0.7 ± 0.5 (RU0-20/Primiparous), 2.2 
± 0.3 (RU0-20/Multiparous), 2.0 ± 0.4 (RU40-20/Primiparous), 1.5 
± 0.4 (RU40/Multiparous), 0.5 ± 0.5 (RU20-20/Primiparous) and 
1.9 ± 0.3 (RU20-20/Multiparous) mm, LS Means ± SE.
5 Average growth rate (mm/d) from weaning until d4 of the 
follicular phase for controls and from weaning until start of the 
follicular phase for altrenogest treated.
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Figure 1. Follicular development (means ± SD) in primiparous (a) and multiparous (b) sows for 
control (no altrenogest, RU0-20 (20 mg of altrenogest d-1 to d6), RU40-20 (40 mg of altrenogest d-3 
to d0 and 20 mg of altrenogest d1 to d6), and RU20-20 (20 mg of altrenogest d-3 to d6). Sows that 
did not show estrus within 10 d after start of the follicular phase were excluded. The follicular phase 
started at weaning for controls and 1 d after last altrenogest administration for treated animals.
ab Means within a day without a common superscript number differ (P < 0.05).
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On d 4 of the follicular phase, average follicle size was still larger for altrenogest-treated sows 
as compared with control sows (8.0 ± 0.1 and 6.7 ± 0.2 mm, respectively; P < 0.0001), and was 
similar for all altrenogest treatments (8.0 ± 0.2, 7.7 ± 0.2, and 7.7 ± 0.2 mm, for RU0-20, RU40-20, 
and RU20-20, respectively; P = 0.4). The follicular growth pattern was similar among parities but 
primiparous sows had smaller follicles than multiparous sows at the start of the follicular phase 
(4.7 ± 0.1 and 5.3 ± 0.1 mm, respectively; P = 0.009) and on d 4 of the follicular phase (7.0 ± 0.1 
and 8.0 ± 0.1 mm, respectively; P < 0.0001, Figure 1; d 4 of the follicular phase = d 11 in Figure 
1). Follicles of altrenogest-treated sows grew on average 0.18 ± 0.18 mm/d during altrenogest 
treatment versus 0.72 ± 0.27 mm/d from weaning until d 4 of the follicular phase for control 
sows (P < 0.0001).

4.3.3 Estrus, farrowing rate, and litter size
On average, 96% of the sows showed estrus within 10 d after the start of the follicular phase. 

In primiparous sows this percentage was lower in control sows than in altrenogest-treated sows 
(87% and 100%, respectively; P = 0.01). Estrus started on average 4.4 ± 1.1 d after start of the 
follicular phase. In primiparous sows the interval to estrus was not affected by treatment, but 
multiparous, altrenogest-treated sows had shorter intervals to estrus than control sows (3.6 ± 
0.1 and 4.3 ± 0.2 d, respectively; P = 0.001, Table 2). In primiparous sows, estrus tended to be 
more synchronized (% of sows in estrus within a 48-h period) in RU0-20 (88%) and RU20-20 
(89%) compared to RU40-20 (78%) and control (63%; P = 0.1; Figure 2a). In multiparous sows, 
synchrony of estrus was not affected by treatment (Figure 2b). Duration of estrus was similar 
among treatments and lasted on average 63 ± 13 h, but was shorter in primiparous sows than in 
multiparous sows (59 ± 2 and 65 ± 1 h, respectively; P = 0.007, Table 2).

Farrowing rate was on average 87% and was not affected by treatment or parity (Table 2). 
In primiparous sows, litter size averaged 12.3  ± 2.5 piglets (born alive + dead), and altrenogest-
treated sows had on average 0.9 more piglets per litter than control sows, although this increase 
failed to reach significance  (P = 0.16; Table 2). However, when mummies were included in litter 
size, primiparous altrenogest-treated sows had larger litters than primiparous control sows (13.4 
± 0.5 and 11.9 ± 0.7 piglets, respectively; P = 0.02). In contrast, in multiparous sows, treatment 
did not affect litter size (13.2 ± 0.4 and 13.7 ± 0.6 piglets, for altrenogest-treated sows and control 
sows, respectively). Total litter weight was not affected by treatment and primiparous sows had a 
lower litter weight than multiparous sows (P < 0.0001; Table 2). 
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Table 2. Follicle size in mm, estrus, farrowing rate, and litter size (LS Means ± SE) for control and 
altrenogest-treated, primiparous and multiparous sows

Parity Primiparous Multiparous
Treatment control altrenogest control altrenogest
Item n = 26 n = 56 n = 29 n = 96
Follicle development

Follicle size at weaning 3.6 ± 0.2 3.9 ± 0.1 4.2 ± 0.1 4.1 ± 0.1
Follicle size start follicular phase2 3.6 ± 0.2a 5.0 ± 0.2b 4.2 ± 0.1a 5.6 ± 0.1b

Follicle size d 4 follicular phase 6.5 ± 0.2a 7.3 ± 0.2b 7.0 ± 0.2ab 8.3 ± 0.1c

Estrus n = 30 n = 57 n = 29 n = 101
Estrus within 10 d (%) 87a 100b 100b 96b

Onset estrus (d)3 4.8 ± 0.2a 4.8 ± 0.1a 4.3 ± 0.2a 3.6 ± 0.1b

Duration estrus (h)4 59.1 ± 3a 59.4 ± 2a 63.7 ± 2ab 65.8 ± 1b

Synchrony of estrus5 63a 84b 90 77
Reproductive performance n = 26 n = 57 n = 29 n = 97

Farrowing rate6 88 86 93 86
Total born (alive +dead) 11.7 ± 0.6 12.6 ± 0.4 13.3 ± 0.6 12.8 ± 0.3
Total born + mummies 11.9 ± 0.7a 13.4 ± 0.5b 13.7 ± 0.6b 13.2 ± 0.4b

Born alive 11.0 ± 0.6 12.2 ± 0.4 12.4 ± 0.6 12.1 ± 0.3
Total litter weight (kg) 17.26 ± 0.8a 17.59 ± 0.6a 21.04 ± 0.8b 20.07 ± 0.4b

Average weight / piglet (kg) 1.6 ± 0.5 1.5 ± 0.3 1.6 ± 0.4 1.5 ± 0.02

abc means within a row without a common superscript number differ (P < 0.05).
1 Treatments involved no altrenogest treatment (control) or altrenogest treatment until d6 after 
weaning (weaning = d0).
2 start follicular phase = weaning for control sows and 1 d after last altrenogest administration for 
altrenogest treated sows.
3 Of sows that showed estrus within 10 d. 
4 Of sows that showed estrus within 10 d. Effect of Parity 59.2 ± 2 and 64.8 ± 1, LS Means ± SE, for 
primiparous and multiparous, respectively; P = 0.007.
5 % of sows in estrus within 48h period.
6 No. of farrowing sows / no. of inseminated sows x 100%.

4.3.4 Backfat depth at weaning and litter size
In primiparous sows, an interaction was found between treatment and backfat depth at 

weaning (P = 0.02; Figure 3a) for litter size. Control sows with a greater backfat depth at weaning 
had a larger litter size (regression line, y = 0.82x + 0.13; P = 0.05), which was not the case in 
altrenogest-treated sows (regression line, y = 0.22x + 9.6; P = 0.6). In multiparous sows, backfat 
at weaning was not related with subsequent litter size (Figure 3b).
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Figure 2. Onset of estrus (days from start of the follicular phase) in primiparous (a) or multiparous (b)
sows for control (no altrenogest), Ru0-20 (20 mg of altrenogest d-1 to d6), RU40-20 (40 mg of 
altrenogest d-3 to d0 and 20 mg of altrenogest d1 to d6), and RU20-20 (20 mg of altrenogest d-3 to 
d6). The follicular phase started at weaning for controls and 1 d after last altrenogest administration 
for altrenogest-treated animals.
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4.4 Discussion

In an earlier study (van Leeuwen et al., 2011a), we demonstrated that short-term altrenogest 
treatments after weaning have beneficial effects on reproductive performance only when small 
follicles are present on the ovaries at weaning. Therefore, in this study an attempt was made to 
prevent growth of follicles into larger size categories during the last days of lactation using 
altrenogest treatments before weaning, and to study subsequent fertility after a postweaning 

Figure 3. Back fat depth at weaning (mm) and subsequent litter size (born alive + dead) in (a) 
primiparous sows ----x control (litter size = 0.82 (P < 0.05) * back fat + 0.13), and --- Δ altrenogest 
(litter size = 0.22 (P > 0.1) * back fat + 9.6) sows (P (interaction) = 0.02) and (b) multiparous sows ----x 
control and ---Δ altrenogest (not significant).
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altrenogest treatment. In this study, follicle size increased similarly before weaning in control 
sows and altrenogest-treated sows, resulting in a similar average follicle size at weaning of 4.0 mm. 
Follicles become fully LH dependent between 2 to 4 mm (Liu et al., 2000) and it was expected that 
the synergistic suppressive effects of lactation and altrenogest administration on LH release would 
stop the growth of the LH-dependent follicles, and possibly induce atresia (as happens during 
inadequate LH pulsatility in lactation; Lucy et al., 2001). It was surprising, however, altrenogest 
administration before weaning did not prevent follicular growth before weaning. 

Regardless of dose, follicle size increased also during altrenogest treatment after weaning 
to approximately 5.3 mm at the start of the follicular phase, which is similar to the results of  
previous studies where follicle size after altrenogest treatment averaged 4.8 mm (van Leeuwen et 
al., 2010) and 5.3 mm (van Leeuwen et al., 2011a). Effects of progestagen treatment on follicular 
development have been extensively studied in cattle. During progestagen treatments, the 
frequency of LH pulses reduces, which allows for some follicular development to occur, but 
prevents further development and ovulation of the dominant follicle in dairy (Burke et al., 1994) 
and beef (Bo et al., 1995) breeds. Low LH pulsatility, as found during progestagen treatment, is 
not sufficient to sustain continued growth of the dominant follicle, which as a result, becomes 
atretic. Therefore, rates of atresia are greater during progestagen treatment (Savio et al., 1993). A 
similar situation may be happening during altrenogest treatment in sows, where LH pulsatility 
is reduced. The suppressed LH level may be great enough to sustain follicular development of 
larger follicles up to a size of about 5 mm, but too small to support final development to pre-
ovulatory sizes. Outgrowth of new cohorts of follicles is prevented by inhibin production of the 
larger follicles. Results from a recent study in our laboratory indicate that LH pulsatility is fully 
suppressed for the first 12 h after a 20-mg altrenogest administration, after which LH pulsatility 
progressively resumes (van Leeuwen et al., 2011b). Thus, once daily altrenogest administration 
results in variable intensity of inhibition of LH secretion throughout the day. This may explain 
why LH-dependent follicles may grow and survive until they reach 5 mm in diameter, but fail to 
increase further to reach pre-ovulatory sizes. 

However, follicle size at weaning did not affect fertility in the present study, which seems to 
contradict earlier results (van Leeuwen et al., 2011a) where farrowing rates were reduced in sows 
with large follicles at initiation of an 8-d post weaning altrenogest treatment. The current study 
was conducted on the same farm, under similar conditions, with animals of the same genetics, 
and after a similar lactational burden. Sows also had similar follicle sizes at weaning and at the 
start of the follicular phase. It is, therefore, not clear why effects of follicle size at weaning on 
fertility after altrenogest treatment were not replicated in the present study.

In primiparous sows, altrenogest-treated sows had larger litters (piglets born alive + piglets 
born dead + mummified fetuses) than did control sows (13.4 vs. 11.9). This is in agreement 
with studies that found improved ovulation rates after post weaning altrenogest treatment 
(Koutsotheodoros et al., 1998; Patterson et al., 2008). However, Foxcroft et al. (2006) already 
demonstrated that when ovulation rates exceed uterine capacity, uterine crowding during the 
fetal stage of pregnancy results in fetal mortality. Indeed, the fact that litter sizes of primiparous, 
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altrenogest-treated sows were not significantly larger after exclusion of mummies indicates 
that fetal mortality rate was indeed increased in altrenogest-treated sows. This agrees with the 
findings of Patterson et al. (2008) who found that viable embryo numbers decreased between 
d 30 and d 50 of gestation after post weaning altrenogest treatment, specifically in those sows 
that had a high ovulation rate. Thus, altrenogest treatments may generate larger litter sizes when 
uterine capacity is not limiting during the last part of pregnancy.

Primiparous sows are often weaned with a low BCS score associated with suboptimal 
reproductive performance in the subsequent breeding cycle (Morrow et al., 1989; Zak et 
al., 1997b). Primiparous sows in this study lost on average 9% of their BW compared to 7% 
in multiparous sows, also showing that in this study, the lactational burden was greater for 
primiparous sows. Because BCS at weaning is often related to lactational BW loss (in our study 
backfat at weaning was related to lactational BW loss in primiparous sows; results not shown), it 
is not clear which of the two is more limiting for reproductive performance. In this experiment, 
primiparous control sows with low backfat depth at weaning had a smaller subsequent litter size 
than primiparous control sows with high backfat depth at weaning; but this effect was absent in 
sows that received altrenogest treatment. Altrenogest-treated sows were inseminated on average 
12 d after weaning, while control sows were inseminated on average 5 d after weaning. So the 
positive effect of altrenogest administration is most likely to be an effect of the extended recovery 
period from weaning as provided by altrenogest treatment. This longer post weaning recovery 
period allows for an improved nutritional status during pre-follicular and pre-ovulatory 
follicular development, which may improve follicle and oocyte quality and thereby, increase 
embryo survival (Zak et al., 1997ab; Cosgrove, 1998). Multiparous sows that were treated with 
altrenogest did not show an increased litter size. This seems to indicate that a recovery period 
after weaning (during altrenogest treatment) only improves reproductive performance in sows 
with a compromised body condition at weaning.  

In conclusion, the altrenogest treatments before weaning that were used in this study did not 
prevent an increase in follicle size in the last days before weaning. Altrenogest treatment after wean-
ing resulted in an increased follicle size at the onset of the follicular phase compared to the control 
animals. Primiparous altrenogest-treated sows overall had larger litters when mummies were in-
cluded in litter size, but did not have significantly more piglets (born alive + born dead), probably 
due to a limited uterine capacity. An increase in litter size was seen for altrenogest-treated primipa-
rous sows (but not multiparous sows) with a reduced backfat depth at weaning. This indicates that 
the longer recovery period after weaning improved litter size in sows with a compromised body 
condition after lactation, a more common finding in primiparous sows than in multiparous sows.
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Abstract
This study used split-weaning to induce differences in follicle size at weaning and study its con-
sequences for follicle development during and after post weaning altrenogest feeding and for 
reproductive performance. Multiparous sows (n = 47) were assigned to split-weaning (SW; n = 
23; litter size reduced to the six smallest piglets 3 days before weaning) or Control (C; n = 24; 
normal weaning). Altrenogest (20 mg/day) was fed to all 47 sows from Day -1 till Day 5 (com-
plete weaning = Day 0). Follicle size on Day 1, 2 and 8, was smaller in C than in SW (P ≤ 0.05). 
Ovulation rate was similar, but C sows had higher embryo survival rate (ESR) than SW sows (83 
± 19 and 58 ± 31 %, respectively; P = 0.001). SW sows with low ESR (<63%; n=10) had a greater 
follicle size on days 3-6 than SW sows with high ESR (>63%; n=10; P ≤ 0.04). A decrease in fol-
licle size between Day 5 and 6 of altrenogest feeding was associated with increased ESR in both 
treatments (P = 0.002). Follicle pool analyses (assessment of all follicles >2 mm) revealed that, on 
Day 3, sows with low ESR had a higher percentage of follicles >5 mm on D3 compared to sows 
with high ESR   (30% vs. 10%; P = 0.04). Thus, sows in which follicle growth was less suppressed 
during altrenogest feeding had a lower ESR. These effects on follicle development and ESR were 
more pronounced in split-weaned sows.

Keywords: altrenogest, embryo survival, follicle development, split-weaning, sow 
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5.1 Introduction

In sows, post weaning altrenogest feeding has been found to sometimes improve ovulation 
rate (Martinat-Botté et al., 1995; Koutsotheodoros et al., 1998; Patterson et al., 2008), farrowing 
rate (Martinat-Botté et al., 1990; Morrow et al., 1990), embryo survival rate (Patterson et al., 
2008) and litter size (van Leeuwen et al., 2011a). 

A sow’s response to post weaning altrenogest feeding may depend on duration of altrenogest 
feeding (Patterson et al., 2008; van Leeuwen et al., 2010) or on follicular size at initiation of al-
trenogest feeding (van Leeuwen et al., 2011a). For example, sows with large follicles at weaning 
had decreased farrowing rates after an 8 days post weaning altrenogest feeding (van Leeuwen et 
al., 2011a), possibly due to “ageing” of the larger follicles during altrenogest feeding. Follicle size 
at weaning is related to the metabolic impact of lactation on the sow. Alleviating this burden by 
split-weaning three days prior to weaning resulted in an increase in LH secretion (concentration 
and pulse frequency) and a higher number of follicles >3 mm on the day after weaning compared 
to conventionally weaned sows (Zak et al., 2008). 

In this study, split-weaning (litter size reduced to the 6 smallest piglets 3 days before wean-
ing) was used in half of the sows, to create differences  in follicle size at weaning, to subsequently 
study changes in follicle size during and after post weaning altrenogest feeding in relation to 
subsequent reproductive performance. It was hypothesized that split-weaned sows would have 
larger follicles at weaning, which would lead to reduced reproductive performance after post 
weaning altrenogest feeding.  

5.2 Materials and Methods

5.2.1 Animals, split-weaning, housing and diets
The study was conducted from January 2010 till April 2010 at research facility “De Haar” of 

Wageningen University and approved by its “Ethical Committee for Animal Experiments”. Mul-
tiparous sows (n = 47; parity 3-10; Topigs20, Vught, The Netherlands) were randomly assigned to 
one of two treatments: split-weaning (SW; n = 23), where litters were reduced to the smallest six 
piglets (smallest of the litter) during the last three days of lactation, or control (C; n = 24), where 
litter sizes were not reduced. Final weaning took place at 0800 h on day 24.1 ± 3.4 of lactation. 
Lactation length differed between treatments (22.8 ± 3.3 and 25.5 ± 2.9 d for C and SW, respec-
tively; P = 0.006). Average litter size (before SW) was 11.8 ± 2.2 piglets (11.7 ± 2.3 and 12.1 ± 2.2 
for C and SW, respectively; P > 0.1).

After weaning (weaning = Day 0) sows were transported to the research facility where sows 
were weighed, back fat depth was measured using A-mode ultrasound (Lean Meater ®, Renco 
Corporation, Minneapolis, USA) at the P2 spot and sows were moved to individual crates. Sow 
weight and back fat depth at weaning averaged 251 ± 30 kg and 16.3 ± 3.1 mm, respectively and 
did not differ between treatments (P > 0.1). The ambient temperature was set at 22° C and lights 
were on between 0700 h and 2300 h.
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From weaning till estrus sows were fed twice a day (0800 h and 1600 h) a total of 3.5 kg/day 
of a commercial lactation feed (Rijnvallei, Wageningen, The Netherlands), formulated to contain 
14.3 MJ DE with 155 g/kg crude protein and 7.7 g/kg lysine. From estrus till slaughter sows were 
fed twice a day (0800 h and 1600 h) a total of 2.5 kg/day of a commercial gestation feed (Rijnval-
lei, Wageningen, The Netherlands), which was formulated to contain 13.5 MJ DE with 141 g/kg 
crude protein and 5.8 g/kg lysine.

5.2.2 Altrenogest feeding
All 47 sows were given a 7 day oral altrenogest feeding (20 mg/day, Regumate®, Janssen Ani-

mal Health, Beerse, Belgium), administered directly into the sows’ mouth, at 1600 h on the day 
before weaning (Day -1), at 1100 h on Day 0 and at 0900 h on Days 1-5. 

5.2.3 Follicle development
From Day 0 till 5 (during altrenogest feeding), on Day 6 (24h after last altrenogest feeding; 

start of the follicular phase, van Leeuwen et al., 2010; 2011a) and on Day 8, sows were scanned 
trans-rectally with a multi convex transducer  (MyLab 30®, Pie Medical, Maastricht, The Nether-
lands) to assess average follicle size of the five largest follicles present on one ovary. One ovary was 
scanned each time since it was considered to be representative for the contra lateral one (N.M. 
Soede; unpublished results). From the first detection of estrus till ovulation sows were scanned 
every 12 hours (2000 h and 0800 h) until ovulation occurred. Since follicle size can decline dur-
ing the last hours before ovulation (Soede et al., 1998), pre-ovulatory follicle size was defined as 
the largest average follicle size during estrus. From a selected number of sows (n = 17; C = 8 and 
SW = 9), digitized video clips of Days 0, 3 and 6 were subjected to frame-by-frame viewing and 
were analyzed with a custom-written Matlab (The MathWorks, Natick, Massachusetts, U.S.A.) 
script to obtain number and diameter of follicles ≥ 2 mm on both ovaries. The largest diameter 
of each follicle was measured in multiple (³ 2) consecutive frames. Using this method, follicles 
larger than 2 mm can be reliably assessed (Gonzalez-Añover et al., 2009). These selected sows 
were evenly distributed over treatment (C and SW) and were representatively distributed over 
embryo survival classes (low vs. high).

5.2.4 Estrus detection and insemination 
Estrus detection was done twice a day (0830 h and 1630 h) starting at Day 7, using back-

pressure testing during fence-line contact with a mature and high-libido boar. Sows showing 
estrus within 10 d after weaning (46 of 47) were inseminated every afternoon of standing estrus 
(1330 h), until they had ovulated using non-pooled semen containing 2.2 × 109sperm/AI doses 
from a commercial AI centre.

5.2.5 Slaughter and Dissection Procedures
Sows were slaughtered at the research facility by electrical stunning and exsanguination at 10 

or 10.25 days after detected ovulation. Reproductive tracts were recovered and number, weight 
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and size of corpora lutea on both ovaries was measured. Both uterine horns were flushed at least 
twice with 30 ml 0.9% NaCl to obtain embryos. The diameter of each embryo and its embryo 
blast were measured using a stereo microscope. Embryo survival rate was calculated as (total 
number of viable embryos/ovulation rate) * 100%. 

5.2.6 Progesterone analysis
A 10 ml blood sample of each sow was collected on the day of slaughter to analyze plasma 

progesterone concentrations. Samples were collected in vacutainers that contained EDTA, and 
put on melting ice before being centrifuged at 3000 x g for ten minutes at 4° C. Plasma was stored 
at -20° C until further analyses. Progesterone was analyzed using solid-phase 125I Radio Immuno 
Assay (RIA) methods (Coat-A-Count TKPG ®; Diagnostic Products Corporation, Los Angeles, 
CA, USA). The intra-assay coefficient of variation was 4.7%. Sensitivity was 0.1 ng/mL.

5.2.7 Statistical analyses
One control (C) sow was deleted from all analyses because on the day of slaughter she had 

over 250 corpora lutea (CL) and 12 follicular cysts. One C sow did not show estrus within 10 days 
after last altrenogest feeding and was excluded from estrus, CL and embryo parameters. Further, 
three SW sows had elongated embryos and one C sows had no embryos. Therefore, embryo data 
of these sows could not be analyzed.

Data were analyzed using SAS (SAS Inst. Inc., Cary, NC, USA). All parameters were checked 
for normality using the UNIVARIATE procedure of SAS. 

Follicle size was analyzed with the GLM procedure of SAS using repeated measures. The 
GLM model included treatment and parity (Low; parity 3–4; n = 14, Medium; parity 5–6; n = 17 
and High; parity ≥ 7; n = 15), sow within treatment x parity, day and treatment*day. Differences 
in follicle size between treatments were tested against the error term of sow within treatment x 
parity and differences between day and treatment were tested against the overall error term. The 
interaction between treatment and parity was not significant and was therefore omitted from 
the model.

The GLM procedure of SAS was used to analyze effects of treatment (C or SW) on follicle 
growth during Altrenogest feeding, follicle growth during the last day of Altrenogest feeding, fol-
licle growth during the follicular phase, onset and duration of estrus, ovulation rate and ovarian- 
and embryo parameters. Models included class variables parity (low, medium or high) and, for 
embryo development, gestation length (depending on time of slaughter, gestation length was 10 
or 10.25 days). Relevant interactions were added to the model and omitted when not significant. 

Because lactation length differed between treatments, the effect of lactation length on follicle 
size and development, onset and duration of estrus, ovulation rate and ovarian- and embryo pa-
rameters was tested within treatments, using the GLM procedure of SAS. No effect of lactation 
length on any of the above mentioned parameters was found.

To analyze relations between follicle size and embryo survival rate within treatments, sows 
were divided in low ≤ 63% (SW; n = 10 and C; n = 4) and high > 63% (SW; n = 10 and C; n = 17) 
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embryo survival rate, because this was the median of embryo survival rate in SW sows.   The 
GLM model included embryo survival class (low vs. high), sow within embryo survival class, 
Day (Day 0 to Day 6), and the interaction between embryo survival class and day. Differences 
between embryo survival classes were tested against the error term of sow within embryo sur-
vival class and day effects as also interactions between day and embryo survival class were tested 
against the overall error term.

To study relations between follicle development and embryo development (embryo survival 
and total number of embryos), the increase in follicle size from D0-D6, from D5-D6 and follicle 
size at the start of the follicular phase (D6) were analyzed as continuous variables using the GLM 
procedure of SAS. The model included treatment, (increase in) follicle size and their interaction 
(which was omitted when not significant). To further study relations with the increase in follicle 
size during the last day of altrenogest feeding, sows were divided in sows with a decrease in fol-
licle size from Days 5 to 6 (≤ 0 mm; n = 27) vs. sows with an increase in follicle size from Day 5 
to 6 (> 0 mm; n= 15) and analyzed using the GLM procedure of SAS. The model included class 
variables treatment, follicle growth class and their interaction. Relations between follicle size 
during the last day of altrenogest feeding (D5-6), increase in follicle size during the first two days 
after altrenogest feeding (D6-8) and embryo survival rate were analyzed, calculating the Pearson 
correlation coefficients, using the CORR procedure of SAS.

Analysis of the follicle pool (> 2mm) on Days 0, 3, 6 and 8 (n = 17) included main effects of 
treatment (C vs. SW), embryo survival class and their interaction. Average follicle diameter of 
the 5 largest, the 10 largest and of all follicles and number of follicles in specific diameter size 
classes (2 to 3 mm; 3 to 5 mm; 5 to 7 mm and ≥ 7 mm) were analyzed using the MIXED proce-
dure of SAS. The models included the main effects of treatment, day, embryo survival class and 
interactions.  Sow was included as random variable. 

When main effects were significant, least square means were compared by the least signifi-
cant difference method adjusted for multiple comparisons according to Bonferroni. 

The Pearson correlation coefficients between parameters were calculated, using the CORR 
procedure of SAS. When the correlation coefficient was significant in both treatments and had a 
similar r-value, then the overall correlation coefficient is shown. 

P-values < 0.05 were considered significant and P-values between 0.05 and 0.10 were consid-
ered to approach significance. Results are expressed as means ± standard deviation unless stated 
otherwise.

5.3 Results

5.3.1 Follicle development in control and split-weaned sows
Follicle size at weaning was 3.7 ± 0.5 mm on average and did not differ between treatments 

(3.6 ± 0.6 and 3.7 ± 0.4 mm, for C and SW, respectively; P = 0.2; Figure 1). On Day 1, 2 and 8, 
but not on other days follicle size was smaller in C than in SW sows (3.9 ± 0.8 vs. 4.3 ± 0.5 mm 
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on Day 1, 4.4 ± 0.5 vs. 4.6 ± 0.5 mm on Day 2, and 5.3 ± 1.2 vs. 6.1 ± 1.6 mm on Day 8; P ≤ 0.05). 
At the end of altrenogest feeding, follicle size was 4.9 ± 1.3 mm on average, follicle size during 
altrenogest feeding increased by 1.3 ± 1.3 mm on average and pre-ovulatory follicle size was 7.3 
± 1.0 mm on average. Neither of these was affected by treatment.

5.3.2 Estrus, luteal- and embryonic development in control and split-weaned sows
Onset of estrus started 4.3 ±1.0 days after start of the follicular phase and did not differ 

between treatments (Table 1). No effects of treatment were found on ovulation rate, CL charac-
teristics and progesterone levels. C sows had more embryos (25.1 ± 6.6 and 17.6 ± 9.8 embryos, 
respectively; P = 0.005; Table 1) and a higher embryo survival rate (83 ± 19 and 58 ± 31 %, re-
spectively; P = 0.001; Table 1) than SW sows. Average embryo diameter and embryo blast size did 
not differ between treatments and total number of embryos and embryo survival rate were not 
affected by parity.

 

Figure 1. Follicle development (mean ± SD) in control (n = 23) and split-weaned (n = 23) sows 
during altrenogest feeding and the follicular phase. Day 0 = weaning, Day 6 = start follicular phase 
and pre-ovulatory = largest average follicular size measured during estrus.
* P < 0.05
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Table 1. Effects of treatment (Control or Split-Weaning) on subsequent reproductive characteristicsa

Treatment
Item Control Split-Weaned P-value
No. assigned 23 23
Onset of estrus (d) 4.4 ±1.0 4.3 ± 1.1 0.84
Duration of estrus (d) 2.8 ± 0.8 2.5 ± 0.7 0.30
Onset follicular phase to ovulation (d) 6.7 ± 0.9 6.7 ± 1.2 0.83
Ovaries
Ovulation rate (n)b 30.4 ± 6.3 30.1 ± 8.3 0.52
Average CL size (mm) 9.9 ± 0.8 9.9 ± 0.9 0.98
Average CL weight (g) 0.41 ± 0.08 0.41 ± 0.09 0.85
Total luteal weight (g)b 11.2 ± 3.2 11.5 ± 3.3 0.73
P4 (ng/ml) 42.9 ± 7.2 46.2 ± 10.8 0.23
Embryosc (n = 22) (n = 20)
Total number of embryo’s 25.1 ± 6.6 17.6 ± 9.8 0.005
Embryo survival rate (%) 83 ± 19 58 ± 31 0.004
Mean embryo size (mm)d 6.0 ± 1.9 5.8 ± 2.9 0.47
SD embryo size (mm)d 1.58 ± 0.72 1.64 ± 0.82 0.88

a Sows were randomly assigned to one of two treatments: split-weaning (litters were reduced to the six 
smallest piglets three days before weaning) or control, where litter sizes were not reduced until weaning 
(D0). All sows received a daily oral dosage of 20 mg of Altrenogest from D-1 to D5. 
b Corrected for parity class P ≤ 0.05
c Data on embryos was not available for four sows due to elongated embryos (all split-weaning) or no 
embryos (control).
d Corrected for gestation length

In split-weaned sows, sows with low (< 63%; n = 10) vs. high (> 63%; n = 10) embryo survival 
rate had a higher follicle size on Days 3, 4, 5, 6 and 8 (Figure 2).  In C sows, only 4 of 21 sows had 
a low embryo survival rate and follicle size did not significantly differ between these embryo 
survival classes on any of the days. 

Overall, embryo survival rate (79 ± 4 vs. 55 ± 6%, LS means, respectively; P = 0.002) and the 
total number of embryos (23.4 ± 1.6 vs. 17.9 ± 2.1 embryos, LS means, respectively; P = 0.04) 
were higher in sows that showed a decrease in follicle size from Day 5 to Day 6 than in sows that 
showed an increase in follicle size from Day 5 to Day 6 (Figure 3). In these analyses, the interac-
tion between treatment and increase in follicle size was not significant. The increase in follicle 
size from Day 5 to Day 6 was not related to the interval to onset of estrus or to ovulation.
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5.3.3 relations between follicle development and reproductive performance
Strong positive relations existed between the increase in follicle size during altrenogest feed-

ing, the increase in follicle size during the last day of altrenogest feeding and follicle size at the 
start of the follicular phase (r = 0.67-0.93; P < 0.0001). These follicle parameters were all strongly 
related to embryo survival (similarly in both treatments); every additional mm increase in fol-
licle size during altrenogest feeding, decreased embryo survival rate by 13 ± 3%  (P < 0.0001); 
every additional mm increase in follicle size during the last day of altrenogest feeding decreased 
embryo survival rate by 13 ± 4% (P = 0.003) and every additional mm increase in follicle size at 
the start of the follicular phase, decreased embryo survival rate by 14 ± 3% (P < 0.0001). Further, 
every additional mm increase in follicle size during the last day of altrenogest feeding tended to 

Figure 2. Follicle development (mean ± SD) during altrenogest feeding for (a) split-weaned (SW) 
sows with low (≤ 63%, n = 10) or high (> 63%, n = 10) embryo survival (ES) and (b) control (CTRL) 
sows with low (≤ 63%, n = 4) or high (> 63%, n = 17) embryo survival (ES). Day 0 = weaning, Day 6 = 
start follicular phase. * P < 0.05.
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decrease embryo size by 0.8 ± 0.4 mm (P = 0.06). 
Increase in follicle size during the last day of altrenogest feeding (Day 5-6) was not related to 

increase in follicle size from Day 6 to Day 8, neither was the increase in follicle size from day 6 to 
Day 8 related to embryo survival rate or total number of embryos.

5.3.4 Follicle pool
In the 17 sows in which the entire follicle pool (> 2mm) was assessed, average follicle size of 

the follicle pool was strongly related to average follicle size of the 10 largest follicles and of the 5 
largest follicles present, on all days analyzed (10 largest; r = 0.87 (0.80 - 0.90), 5 largest; r = 0.74 
(0.55-0.84); P ≤ 0.02). At weaning, sows had on average 34.3 ± 10 follicles (total no. of follicles; 
> 2mm), which tended to be higher for Control sows than for Split-weaned sows (37.5 ± 13 and 
31.0 ± 6, respectively; P = 0.06). Total follicle numbers were similar at Days 3 and 6, but on Day 8 
Control sows tended to have more follicles than SW sows (41.6 ± 12 and 31.7 ± 11, respectively; P 
= 0.06). On Day 3, Split-weaned sows with low embryo survival (SW-low) tended to have larger 
follicles than Split-weaned sows with high embryo survival (4.3 ± 0.5 and 3.6 ± 0.4 mm, respec-
tively; P = 0.09), but no differences in follicle size were found on Day 6 or 8.

The distribution of follicles over the different size classes did not differ between treatments 
on days 0, 3, 6 and 8 (Figure 4), but on Day 3, sows with low embryo survival (≤ 63%) compared 
with high embryo survival (> 63%)  had a  higher percentage of sows with follicles > 5 mm (30% 
vs. 10%; P = 0.04), which seemed mainly due to an increase in follicles of 5-7 mm (28% vs. 11%; P 
= 0.06) at the expense of follicles of 3-5 mm (42% vs. 60%; P = 0.1).

Figure 3. Follicle growth between D5 and D6 (mm) and embryo survival rate on day 10 of pregnancy.

Figure 4. Percentages of follicles in different size classes (class 1; ≥2 to <3 mm, class 2; ≥ 3 to < 5 mm, class 3; ≥5 to 
< 7 mm and class 4; ≥ 7 mm) in control sows (C) or split-weaned sows (SW) with low ≤ 63% or high > 63% embryo 
survival (C-low; n = 2, C-high; n = 6, SW-low; n = 5 and SW-high; n = 4).
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5.4 Discussion
This study used split-weaning to stimulate follicle development before weaning and study ef-

fects on subsequent reproductive performance after post weaning altrenogest feeding, because a 
previous study showed  that a sow’s response to post weaning altrenogest feeding is influenced by 
follicle size at weaning (van Leeuwen et al., 2011a). It was expected that split-weaned sows would 
have larger follicles after weaning because the reduced suckling stimulus after split-weaning causes 
an immediate increase in LH secretion resulting in more follicles > 3 mm the day after weaning 
(Zak et al., 2008). Indeed, in our study, at the day after weaning split weaned sows had a higher 
average follicle size of the 5 largest follicles compared to control sows. No differences were found 
between split-weaned and control sows for any of the ovarian parameters or P4 levels at slaughter, 
but split-weaned sows had lower embryo survival rates than control sows (only 58% vs. 83%).

Daily assessment of the 5 largest follicles of each sow revealed, that split-weaned sows with 
low embryo survival had a higher increase in follicle size throughout altrenogest feeding, whereas 
split-weaned sows with high embryo survival had a lower increase in follicle size, reaching a pla-
teau between Day 3 and 5 and slightly decreasing in size between Day 5 and 6. The differences in 
average follicle size between SW sows with High or Low embryo survival were significant at Days 
3-6 and 8. In control sows, the limited number of sows with low embryo survival (n = 4) made it 
difficult to make similar comparisons. However, follicle size in control sows remained consistently 
lower (numerically) than in split-weaned sows, which may similarly affect follicle quality as in the 
split-weaned sows with high embryo survival rate.  Indeed, a decrease in follicle size at the end of 
altrenogest feeding (between Days 5 and 6) was related to higher embryo survival in both treatment 
groups. This decrease in follicle size suggests that large follicles became atretic and a new “healthy” 
set of antral follicles was recruited and selected to ovulate. In the sows with low embryo survival, on 
the other hand, it seems that the same follicles were persistent and continued growing throughout 

Figure 4. Percentages of follicles in different size classes (class 1; ≥2 to <3 mm, class 2; ≥ 3 to < 5 mm, class 3; ≥5 to 
< 7 mm and class 4; ≥ 7 mm) in control sows (C) or split-weaned sows (SW) with low ≤ 63% or high > 63% embryo 
survival (C-low; n = 2, C-high; n = 6, SW-low; n = 5 and SW-high; n = 4).

5
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the altrenogest feeding period, finally resulting in the selection of aged follicles. This seems to be 
substantiated with the finding that, at Day 3 after weaning, split-weaned sows with low embryo 
survival had fewer medium sized follicles (3-5 mm) and higher numbers of larger sized follicles in 
their follicle pool. These results are in accordance with findings from a previous study (van Leeu-
wen et al., 2011a), in which reduced farrowing rates after a 4-8 day post weaning altrenogest feeding 
period were found by possible ageing of the larger follicles during altrenogest feeding which could 
have reduced fertility. It is not clear how exactly ageing may affect embryo mortality. However, it is 
possible that ageing of follicles ultimately compromises the ovulation process, prohibiting fertiliza-
tion or results in ovulation of compromised oocytes that are not fertilized or that result in impaired 
embryo development leading to early embryo mortality. On the other hand, early stages of ageing 
as we suggest occurs in sows in which follicles decrease in size between Day 5 and 6, may also be 
an explanation for the higher embryo survival in these sows.  Blondin and Sirard (1995) showed 
in cows that early atresia can have a favorable effect on developmental competence of the oocytes, 
because early follicular atresia is similar to some intra-follicular changes that happen after the LH 
surge (Sirard and Blondin, 1996).

The variation in follicle development during altrenogest feeding may be related with varia-
tion in (response to) LH-pulsatility. Split-weaning causes an immediate increase in LH levels 
(Zak et al., 2008), which stimulates follicle growth. Because larger follicles have more LH recep-
tor mRNA (Liu et al., 2000) this allows them to respond more rapidly to LH during the first 
days of altrenogest feeding. However, individual variation exists in LH-pulsatility after weaning 
(e.g. van den Brand et al., 2000), which may be related to differences in energy balance (van den 
Brand et al., 2000) or stress response (Kluivers-Poodt et al., 2010). Sows with a high LH response 
to split-weaning or final weaning may therefore have a higher stimulation of the larger follicles. 
Therefore, follicles of sows with larger follicles at weaning or with a larger increase in LH at 
weaning will probably increase more in size during altrenogest feeding. In the presence of larger 
follicles, outgrowth of a new cohort of follicles is prevented by the inhibin production of these 
larger follicles (de Jong, 1988). The prolonged life span of the selected larger follicles can lead to 
ovulation of an aged oocyte, with decreased maturation and fertilization capacities (Revah and 
Butler, 1996). Follicle size of the control sows during altrenogest feeding was numerically lower 
than that of the split-weaned sows, which suggests that indeed split-weaning stimulated follicle 
development, resulting in increased follicle sizes after weaning. In most control sows, LH levels 
probably do not increase much during the last days of lactation (Zak et al., 2008), resulting in less 
developed follicles with less LH receptor mRNA (Liu et al., 2000). These follicles therefore were 
probably less responsive to LH at weaning and the suppressed LH levels, during altrenogest feed-
ing (Redmer and Day, 1981; van Leeuwen et al. 2011b), were not high enough to induce a further 
increase in follicle size. The fact that embryo survival rate was higher in these control sows may 
be related to the possibility that such small follicles are less affected by ageing, or that follicle 
turnover occurred during the altrenogest feeding period. 

On the other hand, the reason that some sows show more follicle growth during altrenogest 
feeding than others, may also be related to the “status” of these follicles at (split-)weaning. Lucy et 
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al. (2001) showed that synchronized waves of follicle growth exist before weaning and the inter-
val to post weaning estrus may depend on the stage of the cohort of follicles at weaning. Similar-
ly, the status of the follicles at split-weaning or at initiation of altrenogest feeding may determine 
subsequent responsiveness to LH and therefore follicle growth. In our study, however, follicle 
development around the end of altrenogest feeding did not affect the interval to ovulation.

Unintentionally, split-weaned sows had longer lactation lengths than control sows (25.5 vs. 
22.8 days). Shorter lactation lengths (less than 21 days) have been associated with lower embryo 
survival rates (see review by Soede et al., 2009), however analyses of lactation length effects with-
in treatments did not reveal any effect of lactation length on embryo survival rate or the number 
of viable embryos in either of the treatments (results not shown). 

In the current study, the entire follicle pool was assessed in 17 animals at 4 moments during 
altrenogest feeding. A high correlation was found between the average follicle size of the entire 
follicle pool and the average size of the 10 largest follicles (r = 0.87), but also between the average 
follicle size of the entire follicle pool and the average size of the five largest follicles (r = 0.71). 
Therefore, assessment of the 5 largest follicles is a valid tool to study patterns of follicle develop-
ment in time. However, obviously, the assessment of only the 5 largest follicles does not allow 
for assessment of numbers of follicles in different size classes, nor does it provide evidence for 
recruitment of a new cohort of follicles.

In conclusion, split-weaning stimulated post weaning follicle development, resulting in larg-
er follicles in split-weaned sows compared with control sows. Split-weaned sows had reduced 
embryo survival rates, especially in SW sows with increased follicle size and sustained follicle 
growth during altrenogest feeding. It is possible that the prolonged lifespan of these larger fol-
licles resulted in ageing of follicles and oocytes, negatively affecting the chances of embryo sur-
vival. On the other hand, the decrease in follicle size from Days 5 to 6 in sows with high embryo 
survival suggests that slight atresia occurred before ovulation, which can have a positive effect on 
oocyte competence and thus improved embryo survival.  
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Abstract

This study assessed pulsatile release of LH during altrenogest treatment after weaning in primip-
arous sows and related this to follicle development, estrus and ovulation rate. Weaned sows (n 
= 10) received altrenogest 20 mg/day from D-1 to D13 (weaning = D0) at 0800 h. On D13, blood 
samples were collected every 12 minutes from 1000 until 1900h (1st sampling period) and from 
2300h until 0800h (2nd sampling period). During the 1st sampling period, LH concentrations re-
mained low and no LH pulses were detected in 8/10 sows. During the 2nd sampling period, aver-
age and basal LH concentrations (P < 0.04) and frequency of pulses (P < 0.0001) were higher than 
during the 1st sampling period. Sows with short versus long intervals to estrus (< 5 days vs. ≥ 5 
days) had higher basal and average LH concentrations during the 2nd sampling period (P ≤ 0.004) 
and showed more follicular growth during treatment (P = 0.007), generating larger follicles at 
D14 (P = 0.005). Sows with high ovulation rate (≥ 25) displayed more LH pulses in total than sows 
with low (< 25) ovulation rates (P = 0.03). In conclusion, this study showed that altrenogest ef-
ficiently prevented LH pulsatility during the first sampling period and that low frequency / high 
amplitude LH pulses were generally present during the second sampling period.
This variability in LH release in between two altrenogest administrations (24h) may explain why 
follicular growth progresses to 5 mm during altrenogest treatments. LH pulsatility was related to 
length of the follicular phase and ovulation rate, which signifies its relevance.  

Keywords: altrenogest, follicle, lactation, LH, sows 
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6.1 Introduction

In pigs, altrenogest (a progesterone analogue) treatments are applied to synchronize estrus 
in gilts and to postpone estrus after weaning in sows to alleviate negative consequences of lacta-
tion. Treatment with altrenogest has been reported to have positive effects on fertility, both in 
gilts (Martinat-Botté et al., 1990) and in sows (increased ovulation rate: e.g. Martinat-Botté et 
al., 1995, embryo survival rate: Patterson et al., 2008 and litter size: van Leeuwen et al., 2011a), 
although not at all times (sows: Boland, 1983; Everaert et al., 2007; Kirkwood et al., 1986; Marti-
nat-Botté et al., 1985).

Recent studies in our lab (van Leeuwen et al., 2010; 2011a; Soede et al., 2007) have shown that 
follicle size increases during altrenogest treatment, the largest follicles reaching a size of around 
5 mm (at dosages of 15-20 mg daily and a treatment length of 4-18 days). This suggests that fol-
licle growth is not fully suppressed during altrenogest treatment. Pulsatile LH release is related 
to antral follicle development in many studies (Britt et al., 1985; Driancourt et al., 1995). Hence, 
pulsatile LH release may also support follicular growth during altrenogest treatment. Redmer 
and Day (1981) found that LH concentrations remained low throughout altrenogest treatment. 
In their study, however, a low sampling frequency was used, and no further data are available on 
pulsatile LH release during altrenogest treatment.

The current study, therefore, investigated LH release patterns during the last day of a post-
weaning altrenogest treatment in primiparous sows and related this to follicle development.

6.2 Materials and Methods

6.2.1 Animals, housing and diets
The study was approved by the “Ethical Committee for Animal Experiments” of Wageningen 

University and conducted at research facility “The Haar” of Wageningen University. 
On d92 (batch 1) or d98 (batch 2) of gestation, gilts (n = 10; Topigs 20, The Netherlands) 

 were fitted with an indwelling jugular vein catheter, that was inserted surgically under full an-
esthesia (Soede et al., 1997). Subsequently, gilts were housed in individual farrowing pens. After 
farrowing, sows were weighed (201 ± 12 kg on average) and back fat depth was measured using 
A-mode ultrasound (Lean Meater, Renco Corporation, Minneapolis, USA) at the P2 spot (6.5 cm 
from the midline at the level of the last rib), which averaged 19.6 ± 3.2 mm. Cross fostering was 
performed within 3 days after farrowing to adjust litter sizes to 9-13 piglets. At 0800 h on d 26 ± 2 
of lactation (D0) 11.0 ± 1.2 piglets on average were weaned per sow and sows were weighed (184 ± 
13 kg on average) also back fat depth was measured (15.8 ± 3.0 mm on average). During lactation, 
sows lost 17 ± 10 kg on average which was 8 ± 5 % of their body weight at farrowing and 3.9 ± 4.2 
mm of back fat depth which was 18 ± 21% of their back fat depth at farrowing. 

During the entire experimental period animals were fed twice per day at 0730 h and 1530 h. 
During gestation sows received 2.5 kg of a commercial gestation feed formulated to contain 13.5 
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J DE/kg with 14.1% crude protein and 0.6% lysine (Rijnvallei, Wageningen, The Netherlands). 
From 5 days before expected farrowing until end of estrus sows received a commercial lactation 
feed, formulated to contain 14.3 MJ DE/ kg with 15.5% crude protein and 0.8% lysine (Rijnvallei, 
Wageningen, The Netherlands).  Sows received 2.5 kg/day before farrowing and from farrowing 
onwards the ration was gradually increased from 1 kg at farrowing to a maximum of 7 kg at d14 
of lactation. From weaning until end of estrus sows received 3.5 kg/day of the lactation feed and 
after estrus until d10 of gestation sows received 3 kg/day of the gestation feed.  Individual drink-
ing nipples provided ad libitum access to water at all times.

Lights were on between 0700h and 2300 h. Barn temperature was maintained at 19°C during 
the experimental period. 

6.2.2 Altrenogest treatment
Sows received 20 mg of altrenogest (Regumate, Janssen Animal Health, Beerse, Belgium) 

from D-1 to D13 (weaning = D0). Altrenogest was administered directly into the sows’ mouth 
using a dosing gun at 0800 h every morning.

6.2.3  Blood sampling
Blood samples to measure LH pulsatility were taken every 12 min from 1000 until 1900 h 

and from 2300 h until 0800 h on D13, being the last day of altrenogest treatment. Blood samples 
were collected in ice-cooled polypropylene tubes containing 100 µL of EDTA solution (144 mg/
mL saline), placed on ice and centrifuged at 2000 x g for 10 minutes at 4°C. Plasma was stored at 
-20°C until analysis. 

6.2.4  Follicle development, estrus and ovulation rate
From D-1 until ovulation sows were scanned trans-abdominally daily (MyLab 30, Pie Medi-

cal/Esaote, Maastricht, The Netherlands) to assess average follicle size of the five largest follicles 
present on one ovary. One ovary was scanned each time since it was considered to be representa-
tive for the contra lateral one (N.M. Soede; unpublished results). The follicular phase was defined 
to start at D14, 24 hours after last altrenogest administration (van Leeuwen et al., 2010, 2011a).

Estrus detection was done twice a day (0830 h and 1630h) starting at D14, using back-pres-
sure testing during fence-line contact with a mature, high-libido boar. From the first detection of 
estrus until ovulation sows were scanned every 12 h (0800h and 2000h) until ovulation occurred. 
Ovulation was presumed to have occurred when previously present pre-ovulatory sized follicles 
(6-9 mm) had disappeared. Since follicle size can decline during the last hours before ovulation 
(Soede et al., 1998), pre-ovulatory follicle size was defined as the maximum average follicle size 
during estrus. The interval to onset of estrus was calculated from D14 (0830h) until first detec-
tion of estrus. 

On d10 of gestation animals were slaughtered by stunning and exsanguination after which 
the reproductive tract was removed and ovulation rate assessed.
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6.2.5  LH pulsatility
Plasma LH concentrations were analyzed in triplicate, using homologous double-antibody 

RIA, following the method described by Cosgrove et al. (1991), with the following modifica-
tions: 1% BSA was used in the assay buffer, for the precipitation 50 μL cold Saccel (anti sheep/
goat, IDS-AA-SAC2, Lucron Bioproducts BV, Gennep, the Netherlands) was used, after mix-
ing and incubation for 1 hour tubes were centrifuged at 6,240 x g for 6 min at 4ºC, aspirated 
and counted. Porcine LH was supplied by the National Hormone & Peptide Program (NHPP, 
NIDDK, Dr. Parlow, Harbor-UCLA Medical Center, Torrance, CA, USA). The lower limit of 
detection was 0.012 ng/ml; the intra- and interassay CV were 7.0% (n = 73) and 6.5% (n = 15), 
respectively. 

Definition of LH pulses was based on the definitions described by Langendijk et al., (2007a) 
and van den Brand et al. (2000) with a few adjustments. A rise in LH concentration was defined 
as pulse when (Fig. 1): (1) the maximum concentration is reached within two samples from the 
previous nadir, (2) there were at least two samples between the peak and the subsequent nadir, 
and (3) the increase was at least four times larger than the coefficient of variation of duplicate 
pairs of the assay (which was 0.2 ng/ml). The following LH characteristics were defined for the 
two sampling periods separately: average and basal concentration, the amplitude and frequency 
of pulses, average pulse maximum, average pulse area, cumulative pulse area and mean LH con-
centration during the first and last 2 h of sampling. The average LH concentration was the aver-
age of all samples. Basal LH concentration was the average of the six lowest values. The amplitude 
of a LH pulse was the difference between the maximum value and the previous nadir. Pulse area 
was defined as average of samples belonging to one LH pulse, starting with previous nadir and 
ending at the subsequent nadir.

6.2.6   Statistical analyses
Data were analyzed using SAS (SAS Inst. Inc., Cary, NC, USA). All parameters were checked 

for normality using the UNIVARIATE procedure. Differences in LH parameters between the 
two sampling periods were tested using the GLM procedure of SAS with the following model: y 
= μ + Periodi + Sowj + eijk, where Periodi is the sampling period (first or second sampling period) 
and Sowj is the correction for within-sow variation. The sow effect was never significant, but 
remained in the model. To test differences between the two sampling periods within sows, aver-
age concentration of the two sampling periods was compared with a student’s t-test using the T-
TEST procedure of SAS for paired observations. Within sampling period average concentration 
during the first 2 hours and last 2 hours of sampling was compared with a student’s t-test using 
the T-TEST procedure of SAS for paired observations.

Pearson correlation coefficients between LH parameters and follicle size, onset to estrus and 
ovulation rate were calculated, using the CORR procedure of SAS. When the correlation coef-
ficient was significant in both sampling periods and had a similar r-value, then the overall cor-
relation coefficient is shown.

Sows were classified as low (< 25) and high (≥ 25) ovulation rate (average ovulation rate was 
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24.6 ± 5.4) and differences in follicle development and LH parameters between these groups 
(corrected for sampling period) were analyzed, using the GLM procedure of SAS. Sows were 
also classified as having short (< 5 days) or long (≥ 5 days) intervals to estrus (average interval 
to estrus was 5.0 ± 0.9 days) and differences in follicle growth during altrenogest treatment, fol-
licle size at the start of the follicular phase, follicular growth during the follicular phase and LH 
pulsatility during first or second sampling period between sows with short or long intervals to 
estrus were analyzed, using the GLM procedure of SAS.

P-values < 0.05 were considered significant and P-values between 0.05 and 0.10 were con-
sidered to approach significance. Results are expressed as means ± standard deviation unless 
stated otherwise.

  
  

6.3 Results

6.3.1 Follicle development, estrus and ovulation rate
Follicle size at weaning was 3.1 ± 0.5 mm and during altrenogest treatment follicles grew 1.2 

± 0.8 mm on average, resulting in an average follicle size of 4.3 ± 0.5 mm at the start of the fol-
licular phase. During the follicular phase, follicles grew by 2.9 ± 0.4 mm on average, resulting 
in an average follicle size of 7.2 ± 0.5 mm before ovulation. Estrus started 5.0 ± 0.9 d (3.5 - 6.5 d) 
after the start of the follicular phase on average and sows ovulated 6.5 ± 0.7 d (5.5 – 7.5 d) after 
the start of the follicular phase. Ovulation rate was 24.6 ± 5.4 on average.

6.3.2 LH pulsatility
Large differences in the pattern of LH secretion were observed throughout the day. During 

the first 11 h after altrenogest feeding, 8 out of 10 sows failed to display LH pulses and the other 
2 sows displayed their first LH pulse 9 h and 10 h after altrenogest administration. In contrast, 
the pattern of LH secretion was clearly different during the second sampling period (Table 1 
and Fig. 1) as pulses appeared in all animals during the second sampling period (second vs. first 
sampling period: 3.1 ± 1.0 vs. 0.3 ± 0.7 pulses, respectively; P < 0.0001, Table 1 and Fig. 1). Aver-
age LH concentrations were higher during the second sampling period (P < 0.0001). Basal LH 
concentrations were higher during the second sampling period than during the first sampling 
period (P ≤ 0.04; Table 1). Within sampling period, LH levels during first and last 2 sampling 
hours were similar. 
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Table 1. LH pulsatility during altrenogest treatment (D13) during the first (1000 – 1900h) or second 
sampling period (2300 – 0800h). Means ± SD.

D13
(n = 10)

Parameter 1st  sampling 
period

2nd sampling 
period P-value

Average LH concentration ( ng/mL) 0.49 ± 0.10 0.83 ± 0.17 < 0.0001
Basal LH concentration (ng/mL) 0.33 ± 0.07 0.42 ± 0.11 0.04
No. LH pulses per 9 h 0.3 ± 0.7 3.1 ± 1.0 < 0.0001
Average pulse maximum per 9 h (ng/mL)a 2.3 ± 0.3 2.00 ± 0.37 0.35
Average LH amplitude (ng/mL)a 1.81 ± 0.6 1.50 ± 0.39 0.36
Average pulse area (ng/mL)ab  6.17 8.34 ± 2.34 0.40
Total pulse area (ng/mL)ab 6.17 23.9 ± 8.23 0.21
Mean LH concentration first 2 hours (ng/mL) 0.52 ± 0.14 0.78 ± 0.32 0.03
Mean LH concentration last 2 hours (ng/mL) 0.56 ± 0.22 0.78 ± 0.28 0.06

a  comparison based on only 2 animals with pulses during first sampling period
b missing value for one animal during first sampling period due to incomplete profile

Sows with short (< 5 days) compared to long (≥ 5 days) intervals to estrus had larger total 
LH pulse areas during the second sampling period (31.5 ± 3.9 and 20.6 ± 2.5 ng/mL, LS means,  
respectively; P = 0.05), higher basal LH concentrations during the second sampling period 
(0.56 ± 0.04 and 0.37 ± 0.03 ng/mL, LS means, respectively; P = 0.004) and higher average 
LH concentrations during the second sampling period (1.0 ± 0.06 and 0.74 ± 0.04 ng/mL, LS 
means, respectively; P = 0.003). Follicles from sows with short intervals to estrus grew more 
during treatment (1.9 ± 0.3 mm vs. 0.9 ± 0.2 mm, LS means, respectively; P = 0.007), were 
larger at the start of the follicular phase (D14: 4.7 ± 0.15 vs. 4.1 ± 0.1 mm, LS means, respec-
tively; P = 0.005) and grew less during the follicular phase (2.6 ± 0.1 vs. 3.1 ± 0.1 mm, LS means, 
respectively; P = 0.006).

Sows with a high ovulation rate (≥ 25; n = 5) had more LH pulses than sows with a low (< 
25; n = 5) ovulation rate (2.2 ± 0.2 and 1.4 ± 0.2 pulses, LS Means, respectively; P = 0.03). No 
differences in follicle growth during treatment, follicle size at the start of the follicular phase 
and before ovulation were seen between sows with a high or low ovulation rate.

6.3.3 relations
Follicle size at the start of the follicular phase was related to average LH concentration during 

the second sampling period (r = 0.63; P = 0.05; Fig. 2). The increase in follicle size during the fol-
licular phase was negatively related to second sampling period average LH concentrations, total 
pulse areas and average concentrations during the last 2 hours of sampling (r = -0.67; P = 0.03, r 
= -0.64; P = 0.05 and r = -0.70; P = 0.03, respectively). 



79

_________________________________________________________________________________

6

Variation in LH pulsatility during 24 hours after a postweaning altrenogest 
treatment in relation to follicle development in primiparous sows

6.4 Discussion

This study investigated LH release during the last day of a postweaning altrenogest treat-
ment in primiparous sows as well as follicle development and subsequent reproductive per-
formance. To our knowledge, this is the first study that investigated pulsatile LH release dur-
ing altrenogest treatment. Altrenogest binds to the progesterone receptors of target cells in 
the hypothalamus, suppressing (by negative feedback) GnRH release from the hypothalamus, 
therefore inhibiting LH and FSH release from the anterior pituitary (Stevenson et al., 1985). 
When fed at 20 mg/day, peak plasma altrenogest concentrations are reached within 3-6 hours 
after altrenogest administration (European Medicines Agency; Veterinary Medicines and In-
spections, EMEA; 2005). Treatment with altrenogest consistently blocked all pre-ovulatory 
LH surges and resulted in constant, low LH levels throughout the entire treatment period 
(Redmer and Day, 1981). According to Redmer and Day (1981), this explains the ability of 
altrenogest treatment to prevent estrus during treatment and to synchronize resumption of 
follicular growth following the end of treatment. 

This study clearly shows that in 8 out of 10 sows, pulsatile LH release was complete-
ly blocked between 2 and 11 h after altrenogest administration. In the last two sows, it was 
blocked between 3 and 9 h after altrenogest administration. However, during the second, nine 
hour sampling period, elapsing from 15 to 24 h after altrenogest administration, all 10 sows 
displayed pulsatile LH release (1-4 pulses reaching around 1.5 ng/ml) A similar low frequency/
high amplitude pulsatile release of LH has been shown to occur during progesterone domi-
nance (luteal phase; Dusza et al., 1988; Langendijk et al., 2007a, d22 of pregnancy; Virolainen 
et al., 2005 and during late lactation; Langendijk et al., 2007b). 

The limited suppression of LH release during the second half of the 24 h period follow-

Figure 2.  Average LH concentration (ng/mL) on D13 during the second sampling period and 
average follicle size (mm) on D14 for 10 sows treated with altrenogest from D-1 until D13 (weaning 
= D 0).
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ing altrenogest administration may allow an increase in follicle size up to 5 mm in diameter 
during altrenogest treatment, regardless of dose or duration of treatment (gilts: Soede et al., 
2007 and sows: van Leeuwen et al., 2010, 2011a). Hence, LH concentrations observed during 
altrenogest feeding are adequate to support follicular growth between 3 and 5 mm in diameter, 
but the low frequency LH release pattern, generated between 14 and 24 h after each altrenogest 
dose, does not support development of follicles to pre-ovulatory sizes, which depends on high 
frequency/low amplitude release (Britt et al., 1985; Driancourt et al., 1995). 

The impact of the within day variability in the pattern of LH secretion on follicle quality 
and subsequent fertility is not fully clear. On one hand, a study using an intermittent suckling 
regime (sows separated from piglets during 12 h per day), demonstrated that LH release was 
suppressed during the period when piglets were allowed to suckle but not during the separa-
tion period (Langendijk et al., 2007a), triggering a large variation in onset of estrus in these 
sows, but not affecting subsequent fertility (Langendijk et al. unpublished results). This would 
suggest no detrimental effects of a variable LH release pattern over the day on subsequent 
fertility. On the other hand, in our study, LH concentrations and release patterns during the 
second sampling period were associated with follicle development, as well as with subsequent 
interval to estrus and ovulation rate. This seems to indicate that LH release at the end of an 
altrenogest treatment is related to follicle growth during treatment and subsequent fertility. 
In previous studies, we found that fertility after an altrenogest treatment was modulated by 
follicle size at the beginning of treatment and/or follicle development during altrenogest treat-
ment. Farrowing rates were lower (van Leeuwen et al., 2011a) and embryo survival rates were 
reduced (van Leeuwen, unpublished results) in sows that had larger follicles (≥ 4.5 mm com-
pared to < 4.5 mm) at weaning or that showed a larger increase in follicle size during a 6-8 days 
altrenogest treatment after weaning, respectively. This suggests that growth and aging of the 
largest follicles may have detrimental effects on subsequent reproductive performance. 

Since follicle size at weaning and LH release during altrenogest may vary between animals 
and/or studies, depending on e.g. the energy balance of sows (Clowes et al., 2003ab, Zak et al., 
1997), this may explain variable effects of altrenogest treatment on subsequent performance 
(e.g. Boland, 1983; Kirkwood et al., 1986; van Leeuwen et al., 2011a; Martinat-Botté et al., 1995; 
Patterson et al., 2008). Thus, effects of altrenogest treatment after weaning on subsequent per-
formance seem related to the LH release during altrenogest. It may, however, also be (partly) 
related with direct influences of e.g. insulin and IGF-1 on follicle development (Clowes et al., 
2003b; Zak et al., 1997). Experiments in which altrenogest treatment would be applied at 12 h 
intervals could verify the specific role of LH release in subsequent performance. 

In conclusion, full suppression of pulsatile LH release was commonly visualized during the 
first bleeding period but low frequency/high amplitude LH pulses were generally present dur-
ing the second bleeding period. This variability in the pattern of LH release throughout the 24 
h period elapsing between two altrenogest administrations may explain why follicular growth 
progresses to 5 mm during altrenogest treatments. 
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Abstract

This study assessed LH pulsatility before and after weaning, FSH and estradiol profiles, and fol-
licle size, during a 15-day post weaning altrenogest treatment in primiparous sows. Primiparous 
sows (n = 26) received altrenogest (20 mg) from D-1 to D13 (weaning = D0) at 0800 h. Blood 
samples were collected every 12 minutes on D-1 and D0 from 0800h till 1700h to assess LH 
pulsatility and from D-1 till D14 3 times daily (at 0700h, 1500h and 2300h) to asses FSH and 
estradiol levels. Sows were subjected to ultrasound daily to assess follicle size of the five larg-
est follicles. On D-1 only 3 out of 13 altrenogest sows showed LH pulses compared to 8 out 8 
control sows (P = 0.001). On D0, no LH pulses were seen in altrenogest treated sows for the first 
4-5 h after weaning/altrenogest administration, but 85% (11 out of 13) of the altrenogest treated 
sows showed LH pulses hereafter. LH levels increased after weaning, but average LH levels and 
basal LH levels were lower in altrenogest treated animals than in control animals (average: 0.63 
± 0.16 vs. 0.82 ± 0.12 ng/ml, respectively; P = 0.0009 and basal: 0.34 ± 0.1 vs. 0.47 ± 0.17 ng/ml, 
respectively; P = 0.05). In altrenogest treated sows, both FSH and estradiol levels showed a di-
urnal release pattern with low levels found 7h after altrenogest administration and high levels 
23h after altrenogest administration. Levels of FSH measured on D0 were higher compared to 
D-1 and subsequently increased till D5 after which FSH levels declined and remained stable. 
Coinciding with this increase in FSH, follicle size increased till D5 and decreased again. This was 
thought to be caused by antrum formation of FSH stimulation, since estradiol levels declined 
after D2, indicating a decreased estrogenic activity of the follicles and thus a disturbed follicular 
development. In conclusion, altrenogest treatment effectively suppressed pulsatile LH release on 
the day of weaning during the first 4-5 hours after weaning/ altrenogest administration, but LH 
pulsatility increased from 5 to 9 hours after treatment. FSH and estradiol levels showed a diurnal 
release pattern in accordance with time of altrenogest administration. An increase in FSH levels 
coincided with an increase in follicle size till D5, but follicles showed reduced estrogenic activity 
after D2 and the increase in follicle size is therefore thought to be the result of antrum formation 
by FSH instead of normal follicular development, which could explain the reduced fertility after 
shorter altrenogest treatments as found in previous studies. 

Keywords: altrenogest, estradiol, follicle, FSH, LH, sow 
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7.1 Introduction

Post weaning altrenogest (a progesterone analogue) treatments can be applied in sows to 
postpone estrus after weaning. Such treatments have been found to improve subsequent repro-
ductive performance parameters in several studies, affecting e.g. ovulation rate (Martinat-Botté 
et al., 1995), embryo survival rate (Patterson et al., 2008) and litter size (van Leeuwen et al., 
2011a). Improved performance after altrenogest treatment may be related with the extra recovery 
time between weaning and subsequent estrus, since also skip-a-heat improves litter size (Clowes 
et al., 1994; Vesseur et al., 1997). It is also possible that altrenogest treatment itself might affect 
follicle and/or oocyte quality, since positive effects of altrenogest treatment have been found in 
gilts (Martinat-Botté et al., 1990; 1995). However, post weaning altrenogest treatments have not 
always resulted in improved reproduction (Boland, 1983; Everaert et al., 2007; Kirkwood et al., 
1986; Martinat-Botté et al., 1985) and have even been found to reduce litter size and farrowing 
rate (Wergang et al., 2011). These differences in reproductive performance after post weaning 
altrenogest treatments may be related with differences in follicle size at the onset of and during 
altrenogest treatment. It has been shown in previous studies that follicle size increases during 
altrenogest treatment (van Leeuwen et al., 2010, 2011a, 2011c), which raises the question to what 
extent altrenogest effectively suppresses post weaning LH and/ or FSH levels. Redmer and Day 
(1981) concluded that LH levels during altrenogest treatment in gilts remain low. However, they 
did not use frequent blood sampling and could therefore not asses LH pulsatility.   

Recently, we established that LH-pulsatility at D13 of a post weaning altrenogest treatment 
was suppressed for only 9-11h after altrenogest administration and resumed low frequency/high 
amplitude pulses in the remaining period between 2 altrenogest administrations (van Leeuwen 
et al., 2011b).  After weaning, LH release normally follows a high frequency / low amplitude re-
lease pattern (e.g. Shaw and Foxcroft, 1985). The question is to what extent the post weaning 
increase in (pulsatile) LH  and FSH release is blocked by altrenogest and how FSH and estradiol 
profiles, and follicle size develops during altrenogest treatment. 

The current study investigated pulsatile LH release at the day before weaning and the day of 
weaning in altrenogest treated animals and untreated controls and also studied FSH and estra-
diol levels and follicle size during a 15 day altrenogest treatment.

 
7.2 Materials and Methods

7.2.1 Experimental set-up in short
Primiparous sows were either given a daily dose of a progesterone analogue (altrenogest, n = 

15; 20 mg from D-1 to D13 (D0 = day of weaning)), or were not treated (n = 11). Follicle sizes were 
monitored daily from d-1 till end of altrenogest treatment, LH-pulsatility was assessed at D-1 
and D0, FSH- and estradiol levels were assessed at 8h intervals throughout the treatment period 
only in altrenogest treated animals. 
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7.2.2 Animals, housing and diets
The study was approved by the “Ethical Committee for Animal Experiments” of Wageningen 

University and conducted at research facility “De Haar” of Wageningen University. Pregnant 
gilts (n = 26; Topigs 20, The Netherlands) arrived at the research facility at the same day, on day 
80 (batch 1 (n=12)) and day 60 of gestation (batch 2 (n=14)) and were housed in pairs. 

On day 92 (batch 1) or day 98 (batch 2) of gestation an indwelling jugular vein catheter was 
inserted surgically under full anesthesia according to the procedure described in Soede et al. 
(1997) and sows were housed in individual farrowing pens.

After farrowing, sows were weighed (on average 201 ± 15 kg) and back fat depth was mea-
sured using A-mode ultrasound (Lean Meater, Renco Corporation, Minnaepolis, USA) at the P2 
spot (6.5 cm from the midline at the level of the last rib) which averaged 19.2 ± 3.5 mm. Cross fos-
tering was performed within 3 days after farrowing to adjust litter sizes to 9-13 piglets. At 0800h 
on day 26 ± 2 of lactation on average 11.1 ± 1.2 piglets were weaned per sow. Sows weighed 182 
± 16 kg and had a back fat depth of 15.6 ± 3.6 mm at weaning. After weaning, sows were moved 
to individual pens with a closed run that was opened after estrus. During lactation, sows lost on 
average 19.0 ± 9.9 kg, which was 9 ± 5 % of their body weight at farrowing and 3.7 ± 4.7 mm of 
back fat depth which was 17 ± 24 % of their back fat depth at farrowing. 

During the entire experimental period animals were fed twice daily at 0730h and 1530h. 
During gestation sows received 2.5 kg of a commercial gestation feed formulated to contain 13.5 
J DE/kg with 14.1% crude protein and 0.6% lysine (Rijnvallei, Wageningen, The Netherlands). 
From 5 days before expected farrowing till end of post weaning estrus sows received a com-
mercial lactation feed, formulated to contain 14.3 MJ DE/ kg with 15.5% crude protein and 0.8% 
lysine (Rijnvallei, Wageningen, The Netherlands). From farrowing onwards the feed ration was 
gradually increased from 1 kg at farrowing to a maximum of 7 kg at day 14 of lactation. From 
weaning till end of altrenogest treatment sows received 3.5 kg/day of the lactation feed. Indi-
vidual drinking nipples provided ad libitum access to water at all times.

Lights were on between 0700h and 2300h. Ambient temperature was maintained at 19 °C 
till insertion of the catheter, after which ambient temperature was raised to 24 °C and gradually 
reduced to 19 °C again in 5 days. Three days before expected farrowing of the first sow, temperature 
was raised to 24 °C and gradually reduced to 19 °C in 5 days after last farrowing. 

7.2.3 Altrenogest treatment
Two days before weaning sows were assigned to one of two treatments: control (no treatment; 

n = 11) or altrenogest (20 mgs of altrenogest from D-1 to D13 at 0800h; weaning = Day 0 at 0800h; 
n = 15). Sows were assigned to treatments such that farrowing weight, back fat depth and follicle 
size at D-2 were similar between treatments. Altrenogest (Regumate, Janssen Animal Health, 
Beerse, Belgium) was administered directly into the sows’ mouth. From weaning onwards, sows 
of the two treatments were housed in different rooms to avoid boar stimulation in altrenogest 
treated animals before the end of treatment.
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7.2.4 Blood sampling
Blood samples (2 mL) to measure LH pulsatility were taken on D-1 and D0 at 12 min inter-

vals from 0800h (weaning time at D0) till 1700h. From D-1 till D13, blood samples (10 mL) were 
taken from altrenogest treated animals every 8 hours (0700 h, 1500h and 2300h) to determine 
FSH and estradiol levels. 
Blood samples were collected in ice-cooled polypropylene tubes containing 100 µL of EDTA 
solution (144 mg/mL saline), placed on ice and centrifuged at 2,000 x g for 10 minutes at 4°C. 
Plasma was stored at -20°C until analysis. 

7.2.5 Follicle size 
From D-1 till ovulation sows were scanned trans-abdominally daily (MyLab 30, Pie Medical/

Esaote, Maastricht, The Netherlands) to assess average follicle size of the five largest follicles pres-
ent on one ovary. One ovary was scanned each time since it was considered to be representative 
for the contra lateral one (N.M. Soede; unpublished results). 

7.2.6 Hormone assays
7.2.6.1 LH assay 
Plasma LH levels were analyzed in triplicate, using homologous double-antibody RIA, fol-

lowing the method described by Cosgrove et al. (1991), with the following modifications: 1% BSA 
was used in the assay buffer, for the precipitation 50 μL cold Saccel (anti sheep/goat, IDS-AA-
SAC2, Lucron Bioproducts BV, Gennep, the Netherlands) was used, after mixing and incubation 
for 1 hour tubes were centrifuged at 6,240 x g for 6 min at 4ºC, aspirated and counted. Porcine 
LH was supplied by the National Hormone & Peptide Program (NHPP, NIDDK, Dr. Parlow, 
Harbor-UCLA Medical Center, Torrance, CA, USA). The lower limit of detection was 0.012 ng/
ml; the intra- and interassay CV were 7.0% (n = 73) and 6.5% (n = 15), respectively. 

Definition of LH pulses was based on the definitions described by Langendijk et al., (2007ab) 
with a few adjustments. A rise in LH levels was defined as pulse when: (1) the maximum level is 
reached within two samples from the previous nadir, (2) there were at least two samples between 
the peak and the subsequent nadir and (3) the increase was at least three times greater than the 
coefficient of variation of duplicate pairs of the assay (which was 0.17 ng/ml).  The following LH 
characteristics were defined for the two sampling periods separately: average and basal levels, the 
amplitude and frequency of pulses, and mean LH levels during the first and last 2 hours of sam-
pling. The average LH level was the overall average of all samples. Basal LH level was the average 
of the six lowest values. The amplitude of an LH pulse was the difference between the maximum 
value and the previous nadir (Langendijk et al., 2007ab).

7.2.6.2  Estradiol assay
Plasma estradiol levels were assessed in a single RIA in triplicate according to the procedure 

described in Yang et al. (2000). To ensure that all sample potencies were estimated from the linear 
part of the standard curve, neat and a 20 fold dilution in PBS gel buffer were carried out. A serially 
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diluted plasma pool was parallel to the standard curve. Extraction efficiency was 72.35 +/- 0.57 % 
and estimated potencies were not corrected for recovery. Assay sensitivity, defined as 86 % of total 
binding, was 0.35 pg/mL. The intra assay CV was 9.6 %. and the inter assay CV was 15.9 %. 

7.2.6.3 FSH assay
FSH determinations were performed in duplicate according to the assay procedure described 

in Wagner et al., (2006) with a standardized double antibody RIA.  FSH (AFP 10640B) for stan-
dards and iodination and the species-specific antiserum for FSH (AFP 2062096RB) were ob-
tained from Dr. Parlow (NHPP, NIDDK, Dr. Parlow, Harbor-UCLA Medical Center, Torrance, 
CA, USA). The FSH antiserum was used at a final dilution of 1:200 000. The sensitivity was 36 pg/
mL, the intra-assay coefficient of variation was 6 % and the inter-assay coefficient was 7 %. Cross 
reactivity with LH was less than 0.001%.

7.2.7  Statistical analyses
Of the initial 26 sows, one control sow was excluded from all analyses because she showed 

estrus at weaning and one altrenogest sow was excluded from all analysis because of a non-
functional catheter. 

Data were analyzed using SAS (SAS Inst. Inc., Cary, NC, USA). All parameters were checked 
for normality using the UNIVARIATE procedure of SAS. The GLM procedure of SAS was used 
to analyze effects of treatment (control or altrenogest) on follicle size. Models included class vari-
ables batch (1 or 2). The interaction between treatment and batch was added to the model and 
omitted when not significant.

Differences in LH characteristics between treatments and sampling day (day before weaning 
or day of weaning) were analyzed using the GLM procedure of SAS. The model included treat-
ment, sow, day of sampling, batch and the interactions between treatment and day of sampling 
and between treatment and batch. Interactions were omitted when not significant. 

The effect of treatment on the distribution of sows showing LH pulses was tested using the 
FREQ procedure of SAS with a Fisher’s exact test.

To analyze differences in LH levels between treatments within day of sampling the GLM pro-
cedure of SAS was used. The GLM-model included treatment, batch (1 or 2), sow within (treat-
ment *batch), time of sampling and the interaction between treatment and time of sampling. 
Differences in LH levels between treatments were tested against the error term of sow within 
(treatment*batch) and differences between time of sampling and the interaction between treat-
ment and time of sampling were tested against the overall error term. Differences in LH levels be-
tween the first 2 hours of sampling and the last 2 hours of sampling were tested with a Student’s 
T-test for paired observations using the TTEST procedure of SAS.

Differences in FSH or estradiol levels between days and time of sampling were tested using 
the GLM procedure of SAS. Models included the class variables sow, day of sampling (d-1 till d 
14) and time (0700h, 1500h or 2300h). The interaction between day of sampling and time was 
added to the model and omitted when not significant. Differences in follicle size between days 
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were tested with a Student’s T-test for paired observations using the TTEST procedure of SAS.
In altrenogest treated sows, relations were studied between LH release before and after wean-

ing and FSH release, estradiol release and follicle size during treatment by calculating the Pear-
son correlation coefficients using the CORR procedure of SAS. 

P-values < 0.05 were considered significant and P-values between 0.05 and 0.10 were consid-
ered to approach significance. Results are expressed as means ± standard deviation unless stated 
otherwise.

7.3. Results

7.3.1 LH
Pulsatile LH release on D-1 was completely blocked during the nine hours after altrenogest 

administration in altrenogest treated animals while LH release was seen in control sows. Profiles 
of altrenogest treated animals on D0 showed an initial suppression of LH release during approxi-
mately the first 4.5 hours after which LH pulses were seen and control sows showed pulsatile 
LH release from shortly after weaning onwards. Figure 1 shows representative LH profiles of 2 
altrenogest and 2 control sows on D-1 and D0. 

Of the 13 altrenogest treated sows only 3 showed LH pulses during D-1 compared to 8 out of 
8 sows in control sows (P = 0.001; table 1), which resulted in fewer pulses for altrenogest treated 
sows than for control sows (0.3 ± 0.7 vs. 2.5 ± 1.4 pulses, respectively; P = 0.001; table 1). There-
fore, average LH levels tended to be lower for altrenogest treated sows than for control sows (0.46 
± 0.08 vs. 0.56 ± 0.14 ng/ml, respectively; P = 0.06; table 1). This difference was mainly seen from 
1000-1500h (P = 0.04; table 1; figure 2) and from 1500-1700h (P = 0.02; table 1; figure 2). 

On D0, pulsatile LH release was completely suppressed in altrenogest treated sows during 
on average the 4.5 h following weaning (0800h), after which LH pulses were seen in 85% of the 
altrenogest treated sows (11 out of 13; table 1). Control sows, showed LH pulses from on average 
1.5 h following weaning onwards and pulses were seen in 100% of the control sows (8 out of 8; 
table 1). This resulted in 2.7 ± 2.2 vs. 3.1 ± 2.0 pulses for altrenogest treated and control sows, 
respectively (P > 0.1; table 1). 

On D0 no differences in LH levels were seen during the first 2 hours after weaning/altreno-
gest administration between altrenogest treated and control animals, but LH levels were lower 
for altrenogest treated animals between 1000h and 1500h (0.55 ± 0.16 vs. 0.84 ± 0.15 ng/mL, 
respectively (P = 0.0005; table 1, figure 2). No difference in LH levels was seen during the last 2 
hours of sampling (P > 0.1; table 1, figure 2).
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Figure 1. LH levels (ng/mL) on the day before weaning (D-1) and the day of weaning (D0) for 2 
representative altrenogest-treated sows (a) and 2 representative control sows (b). Altrenogest was 
supplied to altrenogest-treated sows at 0800 h. 
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D-1 D0

Parameter Control 
(n = 8)

Altrenogest 
(n=13) P Control 

(n = 8)
Altrenogest

(n = 13) P

Mean LH 
level (ng/

mL)
0.56 ± 0.14 0.46 ± 0.08 0.06 0.82 ± 0.12 0.63 ± 0.16 0.0009

Basal LH 
level (ng/

mL)
0.32 ± 0.08 0.32 ± 0.07 0.96 0.46 ± 0.17 0.34 ± 0.10 0.05

Mean LH 
0800-1000h 

(ng/mL)
0.52 ± 0.18 0.54 ± 0.12 0.78 0.59 ± 0.22 0.59 ± 0.15 0.94

Mean LH 
1000- 1500h 

(ng/mL)
0.56 ± 0.16 0.44 ± 0.08 0.04 0.84 ± 0.15 0.55 ± 0.16 0.0005

Mean LH 
1500- 1700h 

(ng/ mL)
0.61 ± 0.19 0.44 ± 0.10 0.02 0.93 ± 0.13 0.82 ± 0.28 0.32

Sows with 
LH pulses 8/8 3/13 0.001 8/8 11/13 0.5

No. LH puls-
es per 9 h 2.5 ± 1.4 0.3 ± 0.7 0.001 3.1 ± 2.0 2.7 ± 2.2 0.64

1 Altrenogest treatment was administered daily at 0800h on D-1 and D0. Weaning (= D0) took place at 
0800h and sows were sampled every 12 minutes on D-1 and D0 from 0800h till 1700h

In both altrenogest treated animals and control animals an increase in LH levels was seen 
during the sampling period (figure 2). LH levels were higher during the last 2 hours of sampling, 
than during the first 2 hours of sampling in both treatments (control; P = 0.007, altrenogest; P = 
0.03), but average LH levels and basal LH levels were lower in altrenogest treated animals than in 
control animals (0.63 ± 0.16 vs. 0.82 ± 0.12 ng/mL, respectively; P = 0.0009 for average LH levels 
and 0.34 ± 0.1 vs. 0.47 ± 0.17 ng/mL, respectively; P = 0.05 for basal LH levels; table 1). 

7.3.2 FSH during altrenogest treatment
During altrenogest treatment FSH levels varied (figure 3). On D-1 FSH levels showed a de-

cline from 0700 to 1500h, after which FSH levels increased again and on D0 FSH levels increased 
from 0700 to 1500h and from 1500 to 2300h (figure 3). A clear daily pattern was seen in FSH 

Table 1. LH levels and pulsatility (mean ± SD) for Control and Altrenogest treated primiparous sows 
at D-1 and D01
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Figure 2. Average LH levels (ng/mL) on the day before weaning and the day of weaning (=D0) for 
control and altrenogest-treated sows (mean ± SD).
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release throughout altrenogest treatment with highest levels of FSH normally found at 0700h 
(23 hours after last altrenogest administration) and lowest levels normally found at 1500h (7 
hours after last altrenogest administration) resulting in different FSH levels for the three daily 
sampling moments (1.93 ± 0.03 vs. 1.62 ± 0.03 vs. 1.83 ± 0.03 ng/ml, LS Means, for 0700h, 1500h 
and 2300h, respectively; P < 0.0001; figure 3). 

Daily FSH levels increased till D5 after which FSH levels declined and remained stable here-
after. This resulted in different FSH levels between days (P < 0.0001; figure 3). Average LH levels 
on D0 were related to FSH levels on 0 (r = 0.61; P < 0.0001) 

Figure 3. Average FSH levels (ng/mL)(1), follicle size (mm) and estradiol (E2) levels (pg/mL) (2) 
during Altrenogest treatment. Altrenogest was administered every morning at 0800 h from D-1 till 
D13 and blood samples were taken every 8 hours at 0700 h, 1500 h and 2300 h. ab, xy, cd; P ≤ 0.05
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7.3.3 Follicle development; size and estradiol levels
Follicle size at weaning was on average 3.1 ± 0.4 mm and did not differ between altrenogest 

treated and control sows. During altrenogest treatment follicle size increased from 3.1 ± 0.5 mm 
at weaning to 4.4 ± 0.6 mm on D5, after which follicle size declined again to 3.7 ± 0.5 mm on D9 
and remained stable (figure 3). Follicle size after treatment (D14) was 3.9 ± 0.5 mm which was 
higher than at weaning (P = 0.02). Average LH levels on D0 were related to average follicle size 
on D0 (r = 0.37; P = 0.0002).

 Estradiol levels also varied during altrenogest treatment (figure 3). On D-1 estradiol levels 
decreased slightly from 0700h to 1500h and increased thereafter till 0700h on D1 (figure 3). A 
clear daily pattern was seen in estradiol release throughout altrenogest treatment with highest 
levels of estradiol normally found at 0700h (23 hours after last altrenogest administration) and 
lowest levels normally found at 1500h (7 hours after last altrenogest administration), but the 
difference between sampling moments became smaller as altrenogest treatment progressed (P 
(interaction day * sampling moment) < 0.0001; figure 3).

Average estradiol levels increased till D2 after which levels declined again and remained sta-
ble from D7 onwards (figure 3). Average LH levels on D0 were related to estradiol levels on D0 (r 
= 0.40; P < 0.0001).

7.4 Discussion

This study investigated pulsatile LH release around weaning in altrenogest treated primip-
arous sows and untreated controls and measured FSH and estradiol levels during altrenogest 
treatment to relate this to follicle size of the five largest follicles during and after treatment. 

The day before weaning almost no LH pulsatility was observed in altrenogest treated sows dur-
ing the nine hours following administration of treatment. Only 3 out of 13 altrenogest sows showed 
LH pulses while in control sows all sows (8 out of 8) showed LH pulses. LH release in control sows 
showed the typical low frequency/high amplitude release as is known to occur during lactation 
(Shaw and Foxcroft, 1985), when serum gonadotrophin levels are low due to the inhibitive effect 
of the suckling stimulus (DeRensis et al., 1993).  Weaning of the piglets results in increased GnRH 
release and therefore an increase in LH pulsatility after weaning, which shows a typical high fre-
quency/low amplitude release pattern (Shaw and Foxcroft, 1985; Quesnel and Prunier, 1995). 

Pulsatile LH release on D0 in altrenogest treated animals was almost completely suppressed dur-
ing the 4.5 hours following weaning/altrenogest, indicating that altrenogest indeed provides a nega-
tive feedback to the hypothalamus, slowing GnRH release and so inhibiting LH release from the an-
terior pituitary (Stevenson et al., 1985), during the first hours after altrenogest administration. During 
the second half of the sampling period (5-9h after altrenogest administration) LH pulses were already 
seen in 11 out of 13 altrenogest treated sows, which indicates that LH release was not suppressed for 
a long period of time after altrenogest administration. This is in contrast with the assumption of 
Redmer and Day (1981), that LH levels remain low during altrenogest treatment. They found in gilts 
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that altrenogest effectively suppressed LH release throughout treatment. The findings of this study are 
consistent with the results from a previous study, where LH release was studied on the last day (d13) 
of a 15 day post weaning altrenogest treatment (van Leeuwen et al., 2011b). In that study also pulsatile 
LH release was seen in 10 out of 10 sows during the 15 to 24 hours following altrenogest administra-
tion. During the first 11 hours after altrenogest administration, however, only 2 out of 10 sows showed 
pulses indicating that LH pulsatility was more suppressed on day 13 than on the day of weaning. 
This indicates that LH is less suppressed by altrenogest on the day of weaning. This may be caused by 
the enhanced metabolism of sows coming out of lactation (Clowes et al., 1998), which has probably 
increased altrenogest’s clearance rate and therefore reduced its effectiveness. Also the increased LH 
pulsatility induced by weaning (Shaw and Foxcroft, 1985) may have contributed to this effect.

Levels of FSH and estradiol showed a clear diurnal pattern with low levels found 7h after al-
trenogest administration and high levels 23h after altrenogest administration. LH is only blocked 
during first hours after altrenogest treatment, which is likely to be the result of blocking GnRH 
pulses. With restoration of GnRH pulses and especially when GnRH is released in a low frequency, 
as is the case during altrenogest treatment, also FSH may increase (Dalkin et al., 1989; Burger et 
al., 2002). This could explain the diurnal pattern in LH and FSH release from the pituitary, and the 
diurnal pattern in E2 secretion by these relatively small follicles. An increase in FSH levels was seen 
from D1 till D5 after which FSH levels decreased again. Coinciding with increasing levels of FSH, 
follicle size increased during treatment and maximum follicle size was reached at D5 after which 
follicle size declined again. This is consistent with an earlier study (van Leeuwen et al., 2010), where 
a plateau in follicle growth during altrenogest treatment was found around day 6 of treatment and 
other studies where follicle growth was also seen during altrenogest treatment (van Leeuwen et al., 
2011a; 2011c). Follicle size at day 5 of altrenogest treatment was approximately 4 mm and follicles 
are known to reach their full LH dependency between 2-4 mm (Liu et al., 2000). This indicates 
that FSH and LH levels during the first days of altrenogest treatment were sufficient to initiate 
and sustain follicle growth, but the LH levels during the remainder of the treatment were insuf-
ficient to sustain outgrowth of the follicles to pre-ovulatory sizes. Follicular development during 
progestagen treatments in cattle also shows an increase in size at the beginning of treatment, after 
which a plateau in follicle size is reached (dairy: Burke et al., 1994 and beef: Bo et al., 1995) and also 
a higher incidence of follicular atresia occurs during progestagen treatment (Savio et al., 1993). In 
our study follicles showed estrogenic activity during the first days of treatment because estradiol 
levels increased from D1 till D2. 

After D2 estradiol levels declined and remained lower for the remainder of the treatment. This 
indicates that follicles lost competence to produce estradiol or were insufficiently stimulated by LH 
and FSH after some days of treatment. Follicle size however, increased till D5, which seems in dis-
agreement with the reducing estradiol levels. Right after weaning (D0 and D1), the high metabolic 
status of the sows (Clowes et al., 1998) probably results in a less suppressive effect of altrenogest on 
LH and FSH release, which explains the initial follicle growth and increase in estradiol levels. As 
LH levels become more suppressed, when the suppressive effect of altrenogest becomes more ap-
parent, less LH, which is an important stimulant for follicular estradiol production (Cardenas and 
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Pope, 2002), is available and therefore estradiol levels decline. The decreased estradiol levels were most 
likely accompanied by a decrease in inhibin production, since inhibin production is lower in atretic 
follicles (Guthrie et al., 1997), which together allowed for an increase in FSH levels between D2 and 
D5. FSH is responsible for antrum formation of the follicle (Itoh et al., 2002; Serafim et al., 2010) and it 
may also cause an increase in size of the follicles by expansion of the antrum. This could explain why 
follicles increased in size, while follicles were not undergoing normal follicle development, since estra-
diol concentrations remained low. The question is why follicle size decreased after D5.  This decrease 
in size may indicate that low estrogenic follicles turnover after D5 and a new cohort of follicles is 
selected. This new cohort does not grow out to similar size as the previous cohort, because LH release 
is more suppressed later on during altrenogest treatment (van Leeuwen et al., 2011b). 

A previous study (van Leeuwen et al., 2011a) found reduced fertility after an 8 day altrenogest 
treatment. This was mainly caused by sows with large follicles at weaning and it was hypoth-
esized that this could be caused by aging of the follicles during treatment. The current results 
indicate that even though follicles increase in size during altrenogest treatment, they show little 
estrogenic activity, indicating loss of competence, possibly as a result of aging of the follicle. 
This reduced competence may affect oocyte maturation (Ding and Foxcroft, 1994), so ovula-
tion of these follicles could indeed explain the reduced fertility. This could be an explanation 
for reduced fertility found after altrenogest treatment in other studies (Dos Santos et al., 2004; 
Werlang et al., in press, Chapter 5).

In conclusion, Altrenogest treatment effectively suppressed pulsatile LH release during the 
first 4-5 hours after administration of the treatment, but LH pulsatility increased from 5 to 9 
hours after treatment. Both FSH and estradiol levels showed a diurnal release pattern related to 
time of altrenogest administration. FSH levels increased during the first 5 days of treatment and 
this coincided with an increase in follicle size. This increase in follicle size seems mainly caused 
by atrum expansion through FSH stimulation, because follicles showed decreased estrogenic ac-
tivity after 2 days of treatment. This disturbed follicle development may also affect oocyte matu-
ration and therefore explain reduced fertility after altrenogest as found in some other studies.
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8.1 Introduction

Reproductive performance after post weaning altrenogest treatments can be highly variable. 
This thesis evaluated reproductive performance after different altrenogest treatments and stud-
ied physiological events both on follicular and endocrine level. This chapter combines the results 
of experiments using altrenogest in weaned sows and discusses reproductive results based on 
the acquired knowledge. In paragraph 8.2, follicle development and endocrine dynamics during 
altrenogest treatment are discussed. Then, in paragraph 8.3, the effect of application strategy on 
reproductive outcome is dealt with, after which an evaluation of reproductive performance in 
studies using post weaning altrenogest treatment is made. Sow related factors that may influence 
reproductive outcome after altrenogest treatments are discussed in paragraph 8.4. Consequences 
for the practical application of post weaning altrenogest treatment are given in paragraph 8.5 
and recommendations for further research are made in paragraph 8.6.

8.2 Follicular and endocrine dynamics during altrenogest treatment

In all 5 experiments that evaluated follicle development during altrenogest treatment (Chap-
ter 2-5 and 7) an increase in average follicle size (5 largest follicles) was seen during post weaning 
altrenogest treatment, from 2.5 - 4.2 mm at weaning to 3.8 – 5.6 mm after 7 days of treatment 
(Table 1). Chapters 2, and 7 evaluated follicle size daily during altrenogest treatment and both 
revealed a strong increase in follicle size during the first 5-6 days of treatment (e.g. +2.1 mm to an 
average size of 4.6 mm on Day 6 in Chapter 2 and +1.3 mm to an average size of 4.4 mm on Day 5 
in Chapter 7), after which follicle size remained relatively stable till the end of treatment (Day 14; 
4.9 mm in Chapter 2 and 3.9 mm in Chapter 7). There is, however, a large variation in follicle size 
between experiments; 2.5 – 4.2 mm at weaning, 3.8 – 5.6 mm after 7 days of treatment and 3.9 – 
5.1 mm after 14 days of treatment (Table 1) and the differences in increase in follicle size during 
altrenogest treatment (Table 1) do not seem to be affected by follicle size at weaning.

An increase in follicle size was also seen during altrenogest treatment in gilts (Soede et al., 
2007) and the authors suggested that altrenogest had a less suppressive effect on LH release than 
endogenous progesterone, which resulted in some LH release that had stimulated follicle growth. 
Indeed, the current thesis shows (Chapter 6 and 7) that, although altrenogest (when given once 
daily) suppresses LH pulsatility during the first hours after treatment, the suppressive effect does 
not last for 24h. On the day of weaning, LH pulses were found in 11 out of 13 altrenogest treated 
sows from 4.5 (3.5 - 8) hours after altrenogest administration onwards (Chapter 7) and no pulses 
were seen within 9 hours after altrenogest administration in the remaining 2 sows. When pulses 
had resumed, pulse frequency during altrenogest treatment at the day of weaning was not lower 
than that of untreated control sows (2.7 vs. 3.1 pulses in the whole 9 hour sampling period), and 
also LH levels were similar from 7-9h after altrenogest administration. On Day 13 of treatment 
LH pulses were suppressed for more hours after treatment; first LH pulses were seen from 9h 
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after altrenogest administration onwards (Chapter 6). The pulses had a higher amplitude and 
longer frequency than at the day of weaning, similar to LH profiles under progesterone domi-
nance (e.g. 3.7 pulses/9h; Langendijk et al. 2007a). These differences in LH suppression at Day 13 
compared to the day of weaning may be related to differences in the clearance rate of altrenogest. 
As time after weaning progresses, sow metabolism, which was enhanced during lactation, due to 
the high feeding level and increased metabolism for milk production (Clowes et al., 1998), stabi-
lizes at a lower level. Miller et al. (1999) showed that a high feeding level increases the clearance 
rate of progesterone, so altrenogest clearance may also be enhanced shortly after lactation, due 
to the higher metabolic rate during lactation. When sow metabolic rate decreases, altrenogest 
clearance may also decrease, which would explain the increased period of LH suppression after 
altrenogest administration on Day 13 of treatment. These results show that during a substantial 
time of the day LH release is not suppressed by a once-daily-dose altrenogest treatment, which 
may explain why follicles increase in size during treatment.

Like LH, also FSH and estradiol levels were affected by the suppressive effect of altrenogest 
on GnRH release. Both FSH and estradiol levels showed a daily release pattern, which was as-
sociated with time after altrenogest administration. Blood samples taken at 7 hours, 15 hours 
and 23 hours after daily treatments, revealed that lowest levels of both FSH an estradiol were 
found 7 hours after altrenogest administration while highest levels were found after 23 hours 

Chapter 1

2 3 4 4 5 7

Parity 1 1 1 2-3 3-10 1

No. assigned 31 165 50 91 46 14

Weaning 2.5 ± 1.2 3.7 ± 0.9 3.9 ± 0.7 4.2 ± 0.9 3.7 ± 0.5 3.1 ± 0.5

After 7 days of tre-
atment 4.6 ± 1.5 5.3 ± 1.4 5.0 ± 0.9 5.6 ± 1.2 4.9 ± 1.32 3.8 ± 0.8

After 14 days of 
treatment 4.9 ± 0.9 5.1 ± 1.2 - - - 3.9 ± 0.5

Follicle growth 0-7 2.1 ± 1.5 1.6 ± 1.7 0.9 ± 1.0 1.8 ± 2.0 - 0.7 ± 0.9

Follicle growth 0-14 2.9 ± 1.2 1.7 ± 2.0 - - - 0.8 ± 0.8

Day 4 of the follicu-
lar phase3 7.8 ± 1.6 7.4 ± 1.3 7.3 ± 0.9 8.5 ± 1.9 7.0 ± 1.1 5.6 ± 0.4

Table 1. Follicle size in mm (mean ± SD and range) for Chapter 2-5 and 7 for altrenogest treated sows

1 All post weaning altrenogest treatments started the day before weaning and consisted of 8 days 15 
or 20 mg or 15 days 15 mg (Chapter 2), 4, 8 or 15 days 20 mg (Chapter 3), 8 days 20 mg (Chapter 4), 6 
days 20 mg (Chapter 5) and 15 days 20 mg (Chapter 7).
2 After 5 days of treatment
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after altrenogest administration.  Peak values of FSH were reached on Day 1, probably as a result 
of increased GnRH release after weaning. FSH levels were lowest at Day 2, which coincided with 
increased estradiol levels at Day 2. The increase in estradiol levels at Day 2 probably reflected 
the increase in follicle development as a response to increased LH and FSH levels after weaning. 
However, as estradiol levels increased, this subsequently resulted in a decrease in FSH levels. 
When estradiol levels declined after Day 2, possibly also inhibin levels declined, resulting in 
increased FSH levels up to Day 5. The increase in FSH during the first 5 days of treatment coin-
cided with an increase in follicle size. So, it seems that LH and FSH levels were high enough to 
stimulate an initial recruitment of follicles from the follicle pool present at weaning. After Day 
5, FSH levels decreased. Like for LH, this may be related to reduced clearance of altrenogest, and 
thus a more suppressive effect of altrenogest on FSH release, when sow metabolism stabilizes at 
a lower level after weaning. During the follicular phase a positive relation between increase in 
follicle size and increase in estradiol levels exists (Henderson et al., 1982), but during altrenogest 
treatment follicles increased in size up to Day 5 while estradiol levels decreased from Day 2 on-
wards.  A similar uncoupling between follicle growth and estradiol production was described by 
Langendijk et al. (2009). They found that sows, that failed to respond with ovulation to an inter-
mittent suckling regime, also showed an increase in follicle size without a rise in estradiol pro-
duction. They hypothesized that this could be due to reduced follicular responsiveness to LH in 
these sows. During altrenogest treatment, estradiol production may either decrease because LH 
stimulation of the follicles decreases as treatment progresses (as the suppressive effect of altreno-
gest becomes stronger) or may decrease because LH responsiveness of the follicles becomes re-
duced, which could be related to insufficient LH receptor formation during follicle development. 

In Chapter 7 follicle size was 4.4 mm at Day 5, declined about 0.7 mm in the following 1-2 
days and remained relatively stable till end of treatment (average size 3.9 mm). Average estradiol 
levels declined for Day 2 till Day 5 and remained on this lower level for the rest of altrenogest 
treatment. However, the daily variation in estradiol release remained present.

A large individual variation in follicle development was seen between sows. Figure 1 shows 
individual follicle growth curves of 3 representative sows (Chapter 7). Some sows show a strong 
increase in follicle size followed by a decrease in follicle size during treatment (panel a and c), 
while others show a more or less stable follicle size throughout treatment (panel b).

The differences in follicular growth patterns may, as mentioned before, be caused by varia-
tion in LH release between animals and thus variation in the suppressive effect of altrenogest or a 
variation in the follicular responsiveness to LH between animals (Langendijk et al., 2009). When 
follicular responsiveness to LH differs, this may affect follicular development during, but also 
after altrenogest treatment. During altrenogest treatment gonadotropin levels are relatively low. 
Follicles that do not receive sufficient gonadotropin support will eventually go in atresia (Dri-
ancourt et al., 1987), so it seems reasonable to assume that follicles will become atretic at some 
point during treatment. When they become atretic may differ between follicle size classes as Dri-
ancourt et al., (1987) found that follicles that were large (> 2 mm) at the moment of hypophysec-
tomy in hypophysectomized ewes stopped growing, but were able to survive for a longer period 
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of time without gonadotropic support than smaller follicles. Sows of Chapter 7 were classified as 
having high (≥ 0.58 ng/mL) or low (<0.58 ng/mL) levels of LH at weaning to investigate differ-
ences in subsequent follicular development. Surprisingly, no difference in follicle development 
was found between sows with high or low levels of LH at weaning (3.4 vs. 2.9 mm at weaning and 
3.6 mm vs. 4.0 mm on Day 7, respectively.). This indicates that follicles of similar sizes may vary 
in their LH responsiveness.  

In Figure 2 variation in LH responsiveness during altrenogest treatment is demonstrated. 
Sows were classified as low (a), intermediate (b) and highly (c) responsive to LH based on the 
daily variation in estradiol level during the second week of treatment. Estrogenic activity de-
creased almost completely (a), partially (b) or hardly (c) as treatment progressed, which seems to 
reflect a low (a), intermediate (b) or high (c) responsiveness to LH. This may indicate that (partial) 
atresia occurred in (a) and (b), because as follicles become atretic their responsiveness to both 
FSH and LH reduces (resulting in a decrease in estrogenic activity) as a result of a reduction in 
gonadotropin receptors (Carson et al., 1979). FSH levels and follicle sizes during altrenogest did 
not differ significantly for sows with low, intermediate and high responsiveness to LH (Figure 2).  
This shows that follicle size is not a valid indicator of follicle quality during altrenogest treatment.  
The variation in estrogenic activity seems to be related to the lactational burden, since sows with 
high estrogenic activity had lost less bodyweight and less back fat during lactation (Table 2). Also 

Figure 1. Different follicle growth patterns as seen during a 15 days altrenogest treatment for 3 
representative sows. Weaning = Day 0.
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LH levels tended to be higher at the day before weaning and at weaning for sows with high estro-
genic activity (Table 2), probably as a result of a less severe lactational burden (Zak et al., 1997b). 
Normally the number of LH receptors present on the follicle, increases as follicle size increases (Liu 
et al., 2000), but a negative energy balance during lactation may reduce plasma insulin levels, which 
are necessary for LH receptor development (Poretsky and Kalin, 1987). So, low insulin levels may 
result in insufficient LH receptor development at weaning and thus a reduced responsiveness to 
LH.  So, in sows with a less severe lactational burden this could have led to follicles that were better 
equipped (more LH receptors) to respond to the higher LH levels. Sows with high estrogenic activ-
ity during the second week of estrus also tended to have shorter intervals to estrus. 

Table 2. Lactational parameters and subsequent reproductive performance for altrenogest treated sows with 
low, intermediate or high estrogenic activity during the second week (d7-d13) of altrenogest treatment.1

Estrogenic activity

Item Low
(n = 3)

Intermediate 
(n=3)

High
(n = 4) P-value

Average LH levels on D-1 (ng/mL) 0.35 ± 0.01 0.42 ± 0.05 0.51 ± 0.08 0.06

Average LH levels on D0 (ng/mL) 0.51 ± 0.07 0.56 ± 0.22 0.78 ± 0.13 0.08

Weight loss during lactation (kg) 25 ± 2 22 ± 7 9 ± 7 0.04

Back fat loss during lactation (mm) 7 ± 1 7 ± 2 2 ± 2 0.03

Onset to estrus (days) 6 ± 0.4 4 ± 0.5 4 ± 0.7 0.09

1 Based on the level of variability in estradiol between 0700h and 1500h sampling at d7-d13

Figure 2. FSH levels (ng/mL) in top panels and follicle growth (mm) (solid line) and E2 levels (pg/
mL) (dotted line) in bottom panels for sows with low (a, n = 3), medium (b, n = 3) or high (c, n = 4) 
estrogenic activity during the second week (d7-d13) of altrenogest treatment.
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Figure 3 shows follicle development and estrogenic activity for sows that had high (a) 
weight loss (> 8%) or low (b) weight loss (≤ 8%) during lactation. Sows that suffered a higher 
lactational burden had follicles that declined in size sooner (Day 6 vs. Day 7) and showed 
reduced estrogenic activity after this decline in follicle size, compared to sows with a low lac-
tational burden. This indicates that in the latter group the old cohort of follicles may have 
been replaced by a new cohort of healthy (estrogenic) follicles while in the sows that suffered a 
higher lactational burden no healthy (estrogenic) cohort was recruited after the decline in fol-
licle size, because very little estrogenic activity is seen till the end of treatment.

Average follicle size of sows with low, intermediate and high estrogenic activity in the second 
week of treatment reduced after Day 5, Day 6 and Day 7, respectively (Figure 2). This reduction 
in average follicle size, which coincided with a reduction in estrogenic activity, seems to indicate 
that follicles became atretic. The fact that in the sows with high estrogenic activity follicle size 
did not decline until Day 7 may indicate that follicles that are more responsive to LH indeed are 
better equipped to survive with low gonadotropin support before they become atretic.

In sows with high estrogenic activity, the reduction in follicle size was accompanied by 
only a small decrease in estrogenic activity, which suggests that the initial follicle pool was
replaced by a new, LH responsive (healthy), follicle pool. This may also explain why there was 
interval to estrus was shorter in these sows and why high embryo survival rate was related to 

Figure 2. FSH levels (ng/mL) in top panels and follicle growth (mm) (solid line) and E2 levels (pg/
mL) (dotted line) in bottom panels for sows with low (a, n = 3), medium (b, n = 3) or high (c, n = 4) 
estrogenic activity during the second week (d7-d13) of altrenogest treatment.

Figure 3. Follicle growth (mm) (solid line) and E2 levels (pg/mL) (dotted line) during altrenogest 
treatment for sows with high (> 8%) weight loss (a) or low (≤ 8%) weight loss (b) during lactation.
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high estrogenic activity on D13 (r = 0.7; P = 0.04). Interestingly, estrogenic activity on D13 was 
not related to lactational parameters or LH pulsatility around weaning.

From the above it becomes clear that there is a large variation between sows in response to 
altrenogest treatment (LH levels, follicle size, estrogenic activity) and that this may be related 
to lactational burden, which ultimately may affect the reproductive outcome of altrenogest 
treatments. As sows with similar follicle sizes, at weaning and during treatment, showed dif-
ferent levels of estrogenic activity, follicle size during altrenogest treatment is not a good indi-
cator of follicle quality.

8.3 Altrenogest application strategy and subsequent fertility 

Reproductive performance of sows can be positively affected, negatively affected or not af-
fected by post weaning altrenogest treatments (for an overview see Table 3). Such treatments 
may vary in the moment at which treatment is started, in the duration of treatment and in 
the applied dose. The following paragraph discusses how application strategies may influence 
subsequent fertility.

8.3.1 Start and duration of altrenogest treatments
After weaning normally a rapid increase in LH pulsatility is seen (Shaw and Foxcroft, 

1985), resulting in a short interval to estrus. Primiparous sows, especially ones with a more 
severe negative energy balance during lactation, may have low LH pulsatility around weaning, 
which is associated with a longer interval to estrus (van den Brand et al., 2000). Along with 
the selection for prolifacy also a direct or an indirect selection for short weaning to estrus 
intervals occurred (Quesnel, 2009). So, the modern sow is more likely to have a rapid increase 
in LH levels after weaning. Several studies showed that FSH levels also increase after weaning, 
but this effect was not seen in other studies (for an overview see Prunier et al., 2003). But Lan-
gendijk et al., (2009) found that on the day of weaning 50% of the LH pulses coincided with a 
FSH pulse, indicating that FSH levels, like LH, respond to the increase in GnRH release after 
weaning. Altrenogest provides a negative feedback on GnRH release from the hypothalamus, 
resulting in reduced LH and FSH release from the pituitary. Plasma peak levels of altrenogest 
are not reached before 3 to 6 hours after administration (Committee for Veterinary Medical 
Products, emea.europa). So, in order to minimize LH pulsatility after weaning it seems that 
altrenogest should be applied between 3-6 hours before weaning. Altrenogest is a progestagen 
and it is unclear whether accumulation of plasma altrenogest levels occurs. However, in Chap-
ter 4 pre-weaning altrenogest treatment from 3 days before weaning onwards did not result 
in suppression of follicle growth before and after weaning, so if accumulation of altrenogest 
occurs then it takes longer than 3 days to reach more effective doses. If this is the case then 
treatment should be started earlier than 3 days before weaning to improve the effective dose 
around weaning. However, if accumulation of altrenogest occurs then also effects of duration 
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of treatment on follicle development after treatment and/or interval to estrus would be ex-
pected. There are no indications that those parameters are effected by duration of treatment, so 
it is more likely that no accumulation of altrenogest occurs, so initiating altrenogest treatment 
3-6 hours before weaning would be sufficiently effective. 

If altrenogest treatment is first applied at the moment of weaning than chances are that an 
initial increase in LH pulsatility (Shaw and Foxcroft, 1985; Quesnel and Prunier, 1995) is not 
prevented, resulting in the selection of (antral) follicles (Driancourt et al., 1995).  The increase 
in LH pulsatility together with the increase in FSH levels will stimulate follicle growth. When 
treatment is initiated a day after weaning, then the suppressive effect of altrenogest on GnRH 
release is not established until at least 24 hours after weaning, which means that LH pulsatil-
ity increases after weaning, as normally occurs in untreated sows (Shaw and Foxcroft, 1985; 
Chapter 7). This results in recruitment of the follicle pool present at weaning and outgrowth 
of follicles before suppression of GnRH release is reached. Follicles that are more responsive 
to LH, or follicles that were more stimulated by LH around weaning, will develop more dur-
ing altrenogest treatment and, as Figure 2 showed, will survive longer during a period of low 
gonadotropin support as the suppressive effect of altrenogest becomes stronger. It is not clear 
what it means for follicle quality to survive during low gonadotropin conditions, but as sows 
with low, intermediate and high responsiveness to LH (estrogenic activity) showed a decline 
in follicle size and reduced estrogenic activity after 5, 6 or 7 days, respectively (Figure 2) it 
indicates that follicle quality is affected by a few days with little gonadotropic support. This 
may subsequently affect their response to increased levels of LH after treatment withdrawal.  

As follicles become atretic during altrenogest treatment they may be replaced by a new co-
hort of follicles that developed predominantly during a period of improved nutritional status 
after weaning (restored levels of insulin; van den Brand et al. 2000 and IGF-1; van den Brand et 
al., 2001), because it takes antral follicles around 2 weeks to grow from 0.4 mm to 3 mm (Mor-
beck et al., 1992). An improved nutritional status during follicle development may improve 
follicle and oocyte quality (Zak et al., 1997ab; Cosgrove 1998 Ferguson et al., 2003; Quesnel et 
al., 2009). That follicle quality indeed may be improved by 15 day altrenogest treatments fol-
lows from the higher progesterone levels (on day 10 of gestation), that were found compared 
to untreated controls (31 ± 1 vs. 22 ± 1 ng/ml, respectively; P < 0.0001; Chapter 7; results not 
shown). So, if treatment withdrawal occurs when a new cohort of follicles has developed, it may 
improve subsequent fertility. This is probably the reason why long altrenogest treatments of 12-
15 days (Table 3) usually result in improved reproductive performance (ovulation rate: Kout-
sotheodoros et al., 1998, increased litter size: Koutsotheodoros et al., 1998, Patterson et al., 
2008 and Chapter 3). Duration of treatment between 12 and 15 days is probably long enough 
to assure complete atresia of the antral follicle pool present at weaning and also long enough to 
overcome the negative effects of lactation. This indicates that in order to improve reproductive 
performance after altrenogest treatment, follicular atresia during altrenogest treatment may 
be necessary. A decrease in follicle size between Days 5 and 6, with altrenogest withdrawal 
at Day 6, was associated with higher embryo survival rates (Chapter 5). This decrease in size 
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Treatment Results
Start treat-

ment
Lactation 

length Parity Dose (mg) Length 
(days) Weaning-Estrus Intervala % Estrusb Ovulation Rate Farrowing Rate Litter Size Ref

C Alt C Alt C Alt C Alt C Alt
before 

weaning
-48h 18 2-7 15 7 5.1 +1.7 78.8 +10 - * - - 11.8 nsc 1

-48h 18 2-7 15 14 5.1 +2.2 78.8 - - - - 11.8 +1.8c 1

-36h 21 1 15 8 6.5 -1.9 - - 19.5 ns - - - - 2

-36h 21 1 15 15 6.5 -1.3 - - 19.5 ns - - - - 2

-36h 21 1 20 8 6.5 -1.8 - - 19.5 ns - - - - 2

-36h 20 1 20 4 4.9 -1.4 89 ns - - 89 ns 11.9 ns 3

-36h 20 1 20 8 4.9 -0.6 89 ns - - 89 ns 11.9 ns 3

-36h 20 1 20 15 4.9 -1.1 89 ns - - 89 ns 11.9 +2.5 3

-36h 21 1 20 8 4.8 ns 87 +13 - - 88 ns 11.9 +1.5 4

-36h 21 2-3 20 8 4.3 -0.7 100 ns - - 93 ns 13.7 ns 4

-36h 26 1 20 15 4.4 +0.5 - - 23.2 ns - - 16.7 nsd 5
day of 

weaning
0h 35 1 20 3 10.2 ns 92 ns - - - - 10.5 ns 6

0h 35 1 20 7 10.2 ns 92 ns - - - - 10.5 ns 6

0h 28 1 20 7 5.6 +9 94 -30 - - 46 +22 8.9 ns 7

0h 35 1 30 7 10.0 ns 70 +30 - - - - 10.7 ns 8

+3h 21 1 20 5 4.4 -0.7 96.1 -10 - - 84 -14 11.1 -1.7 9

+3h 21 1 20 5 4.4 -0.7 89.5 ns - - 97 -30 10.7 ns 9
after 

weaning
+24h 12 1 20 12 7.3 -0.9 64 +33 15.4 +1.5 - - 10.3 +2.6e 10

+24h 22 1 20 5 6.9 ns 66 +20 - - - - 12.3 ns 11

Table 3. Reproductive performance after post weaning altrenogest treatments (Alt) compared to un-
treated controls (C).

1 Patterson et al., 2008,  2 Chapter 2, 3 Chapter 3, 4 Chapter 4, 5 Chapter 7, 6 Boland,1983, 7 Steven-
son et al., 1985, 8 Kirkwood et al., 1986, 9 Werlang et al., in press; 2 different breeds were used in this 
study, 10 Koutsotheodoros et al., 1998; sows were weaned after 12 days of lactation, 11 Fernandez et 
al., 2005, a interval from weaning to estrus (controls) and from 1d after last altrenogest administration 
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Treatment Results
Start treat-

ment
Lactation 

length Parity Dose (mg) Length 
(days) Weaning-Estrus Intervala % Estrusb Ovulation Rate Farrowing Rate Litter Size Ref

C Alt C Alt C Alt C Alt C Alt
before 

weaning
-48h 18 2-7 15 7 5.1 +1.7 78.8 +10 - * - - 11.8 nsc 1

-48h 18 2-7 15 14 5.1 +2.2 78.8 - - - - 11.8 +1.8c 1

-36h 21 1 15 8 6.5 -1.9 - - 19.5 ns - - - - 2

-36h 21 1 15 15 6.5 -1.3 - - 19.5 ns - - - - 2

-36h 21 1 20 8 6.5 -1.8 - - 19.5 ns - - - - 2

-36h 20 1 20 4 4.9 -1.4 89 ns - - 89 ns 11.9 ns 3

-36h 20 1 20 8 4.9 -0.6 89 ns - - 89 ns 11.9 ns 3

-36h 20 1 20 15 4.9 -1.1 89 ns - - 89 ns 11.9 +2.5 3

-36h 21 1 20 8 4.8 ns 87 +13 - - 88 ns 11.9 +1.5 4

-36h 21 2-3 20 8 4.3 -0.7 100 ns - - 93 ns 13.7 ns 4

-36h 26 1 20 15 4.4 +0.5 - - 23.2 ns - - 16.7 nsd 5
day of 

weaning
0h 35 1 20 3 10.2 ns 92 ns - - - - 10.5 ns 6

0h 35 1 20 7 10.2 ns 92 ns - - - - 10.5 ns 6

0h 28 1 20 7 5.6 +9 94 -30 - - 46 +22 8.9 ns 7

0h 35 1 30 7 10.0 ns 70 +30 - - - - 10.7 ns 8

+3h 21 1 20 5 4.4 -0.7 96.1 -10 - - 84 -14 11.1 -1.7 9

+3h 21 1 20 5 4.4 -0.7 89.5 ns - - 97 -30 10.7 ns 9
after 

weaning
+24h 12 1 20 12 7.3 -0.9 64 +33 15.4 +1.5 - - 10.3 +2.6e 10

+24h 22 1 20 5 6.9 ns 66 +20 - - - - 12.3 ns 11

to estrus (altrenogest treated),  b % of sows showing estrus after weaning (controls) or after altrenogest 
withdrawal (altrenogest treated),  c Live fetuses on day 50 of gestation, d total number of embryos on 
day 10 of pregnancy, e viable embryos on day 25-28 of gestation, * significant increase of 3.4 ovulations 
was seen in parity 2-3 altrenogest sows compared to parity 2-3 controls
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indicates that follicular atresia may have occurred, after which the old cohort was replaced 
with a new cohort of follicles resulting in improved embryo survival rates. Other sows did not 
show a decrease in follicle size between Days 5 and 6. In these sows, the old cohort of follicles, 
still being LH responsive, may have grown out to pre-ovulatory sizes and eventually ovulated 
after treatment withdrawal. This extended lifespan of relatively large follicles (4-5 mm) may 
reduce subsequent fertility (in cows: Townson et al., 2002), due to reduced oocyte competence 
(in cows: Revah and Butler, 1996). Therefore, it may not be desirable to ovulate follicles that 
remain present during altrenogest treatment unless treatment length is very short and follicle 
lifespan is not extended significantly. 

Short altrenogest treatments (3-4 days) may not result in recruitment of new follicles, 
because withdrawal of treatment occurs before a decline in follicle size (atresia) is normally 
seen during altrenogest treatment (Day 5-7). So, little effect on subsequent reproductive per-
formance is to be expected. However, it is possible that the improved nutritional status im-
mediately after weaning positively affects follicle quality (Zak et al., 1997ab, Cosgrove 1998) 
and thereby may lead to improved fertility after treatment withdrawal. Nevertheless, the short 
period of improved nutritional status may limit the effects. Indeed, no improved reproductive 
performance has been found after short altrenogest treatments (Table 3), but no adverse effects 
on reproductive performance have been reported either (Boland 1983; Chapter 3). Thus, the 
benefit of such short treatments may only be to synchronize estrus on a herd level for manage-
ment purposes.

Contradicting results have been found for reproductive performance after altrenogest 
treatments of 5-8 days (Table 3). Some studies found improved reproductive performance 
(percentage of sows in estrus: Kirkwood 1986; Fernandez et al., 2005; Patterson et al., 2008; 
Chapter 4, farrowing rate: Stevenson et al., 1985 and litter size: Chapter 4) while other studies 
reported a negative effect on reproductive performance (percentage of sows in estrus: Steven-
son et al., 1985; Werlang et al., in press, farrowing rate: Werlang et al., in press and litter size: 
Werlang et al., in press). Intermediate durations of treatment (5-8 days) may result in with-
drawal of altrenogest treatment before follicles are completely atretic. Partially atretic follicles 
may still respond to the increased LH levels after altrenogest withdrawal and finally ovulate. 
As lifespan is extended in these follicles it seems reasonable to assume that follicle quality and 
oocyte competence can be reduced. Especially sows with follicles with high responsiveness to 
LH at initiation of treatment may be at risk for reduced fertility after 5-8 days treatment. Their 
follicles are likely able to survive for a longer period with low gonadotropin levels (during al-
trenogest treatment) and may therefore still be responsive to LH after treatment withdrawal. 
Combined data of Chapter 3 and 4 indeed show that sows with a high increase (>1.5mm) in 
follicle size (in other words: follicles, that responded well to the increase in FSH and LH levels 
after weaning) had lower pregnancy rates after 8 days treatment than sows with a low increase 
(≤ 1.5 mm) in follicle size (69%; 31 out of 45 vs. 85%: 46 out of 54, respectively; P = 0.05). Thus, 
for intermediate treatments to be effective atresia must have occurred before withdrawal of 
altrenogest. Atresia is affected by follicular development at weaning and follicle growth during 
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the first days of treatment. Positive effects on subsequent fertility are only expected in sows 
with follicles that show minimal LH responsiveness at weaning, which ensures that follicles 
go into atresia quickly when receiving little gonadotropin support, or in sows with minimal 
LH release at weaning. To achieve the latter, altrenogest should be applied 3-6 hours before 
weaning. 

Studies that found a negative effect on reproductive performance (percentage of sows show-
ing estrus: Stevenson et al., 1985; Werlang et al., in press, farrowing rate: Werlang et al., in press 
and litter size: Werlang et al., in press) started on the day of weaning (not specified at what time; 
Stevenson et al., 1985) and 3 hours after weaning (Werlang et al., in press). This relatively late 
start of altrenogest treatment may have caused an increase in LH pulsatility before the suppres-
sive effect of altrenogest was established. This may have stimulated follicle growth immediately 
after weaning and as a result follicles developed further and survived for a longer period of time 
during altrenogest treatment. Depending on length of treatment, withdrawal may occur before 
atresia is complete, which can result in outgrowth and ovulation of these follicles, with negative 
effects for subsequent fertility. Koutsotheodoros et al. (1998) started altrenogest treatment 2 days 
after weaning and, surprisingly, found positive effects of treatment on subsequent fertility. Start-
ing altrenogest treatment 2 days after weaning is expected to have a negative effect on subsequent 
reproductive performance, because the suppressive effect of altrenogest on GnRH release is not 
established until at least 48 h after weaning and the initial rise in LH and FSH levels could result 
in rapid outgrowth of the follicles after weaning. However, Koutsotheodoros et al. (1998) weaned 
sows already at day 14 of lactation. At this time, LH levels were likely to be very limited (Willis 
and Zak, 2003), which would explain why starting altrenogest treatment after weaning did not 
negatively affect reproductive performance in this study.

8.3.2 Dose of treatment
Altrenogest is registered to use at a daily dose of either 15 or 20 mg, depending on the country 

of registration. No dose depended studies have been performed to establish minimum required 
dose in sows, but both 15 mg and 20 mg have been found to synchronize estrus effectively. For 
gilts the minimum dose was found to be 10 mg (Kraeling et al., 1981). Lower doses may not sup-
press LH and FSH release sufficiently and stimulate follicle growth during altrenogest treatment 
as lower doses have been associated with an increase in the occurrence of cystic follicles (2.5 mg 
Redmer and Day, 1981). Also doses of 16 mg were seen to increase the incidence of cystic follicles 
(Kauffold et al., 2007), although, other studies did not find any relation between a dose of 15 mg 
in sows and an increased occurrence of cystic follicles in comparison to untreated controls (Pat-
terson et al., 2008; van Leeuwen et al., 2010). No differences were found in follicle development, 
ovulation rate and subsequent early embryonic development between 15 and 20 mg (Chapter 2). 
Therefore, 15 mg and 20 mg are probably both adequate doses to use in sows if the administra-
tion method is precise enough. Altrenogest administration directly into the sow’s mouth (dosing 
gun) is preferred over mixing the dose through the sows feed as the latter makes it more difficult 
to assure full ingestion of the dose.  Nevertheless, no studies using 20 mg reported a higher inci-
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dence of cystic follicles and this is the dose that is most commonly used in studies investigating 
the effects of altrenogest on subsequent fertility.

8.4 Sow related parameters and fertility after altrenogest treatments

Altrenogest treatments show a large variation between sows in their response; endocrine 
profiles, follicle development and reproductive performance. The question is can we predict the 
reproductive outcome of altrenogest treatment for specific sows? In Chapter 3 we found that 
follicle size at weaning affected the reproductive outcome of altrenogest treatments. In order to 
measure follicle size at weaning all sows could be routinely subjected to ultrasound at weaning, 
but in commercial set-up this is a very time consuming method. Therefore, the question rises; 
can we predict follicle size at weaning? Data of Chapter 3 and 4 were pooled to study relations be-
tween lactational parameters and follicle size at weaning. These data consisted of large numbers 
of sows, from the same farm and the same genetics. Figure 4 shows scatter plots that represent 
the relations between weaning weight (a), back fat depth at weaning (b), lactational weight loss 
in kg (c) and lactational weight loss as % of body weight (d) in relation to follicle size at wean-
ing. Smaller follicles at weaning are expected for sows with a more negative energy balance during 
lactation (Kauffold et al., 2008; Quesnel et al., 2000). Also follicle quality at weaning of sows with a 
negative energy balance during lactation may be impaired (Zak et al., 1997b). Recruitment of these 
impaired follicles may have negative consequences for subsequent fertility: reduced ovulation rates 
(Hazeleger et al., 2005; Zak et al., 1997a), impaired embryo development (Algriany et al., 2004; Zak 
et al., 1997a) and increased embryo mortality (Almeida et al., 2000; Zak et al., 1997a). 

Surprisingly, weight loss during lactation and sow weight and back fat depth at weaning were 
not related to follicle size at weaning (Figure 4). This may be explained by the relatively light 
lactational burden of these sows. These primiparous sows lost on average only 8% of their body 
weight during a 21 day lactation. Thaker and Bilkei (2005) found negative effects on reproductive 
performance (weaning to estrus interval, farrowing rate, litter size) in primiparous sows when 
weight loss exceeded 10% (Thaker and Bilkei, 2005). The relative large follicle size at weaning 
(3.7-3.9 mm) also indicates that the effects of lactation on follicle development were limited. The 
limited weight loss in our experiments may also explain why hardly any relations between lac-
tational parameters and reproductive performance after altrenogest treatment were found. In 
primiparous sows, however, a positive relation between back fat at weaning and subsequent litter 
size was seen in untreated control sows, while this relation was absent in altrenogest sows. This 
shows that altrenogest improved reproductive performance in primiparous sows and especially 
in those with low body condition scores at weaning.

Application of post weaning altrenogest treatment in sows with limited weight loss during 
lactation or high body condition scores at weaning may actually result in a reduced subsequent 
fertility. Follicles of sows with limited weight loss during lactation may be highly responsive 
to LH at weaning because their follicles acquired sufficient LH receptors during development. 
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The sows that showed high estrogenic activity during the second week of treatment (Figure 2) 
were sows that had lost less weight during lactation than sows that showed intermediate or low 
estrogenic activity. As can be seen from Figure 2, sows with high estrogenic activity in the sec-
ond week of treatment also showed higher estrogenic activity after weaning than sows with low 
estrogenic activity. Because of the limited weight loss in sows with high estrogenic activity their 
FSH and LH levels around weaning were probably higher than in sows with low estrogenic activ-
ity (that lost more body weight during lactation) as a negative energy balance during lactation 
may affect gonadotropin levels and/or pulsatility around weaning (Zak et al., 1997b, Quesnel et 
al., 1998; van den Brand et al, 2000). This results in better equipped follicles to survive during 
conditions with low gonadotropin support, which may cause an extension of follicle lifespan and 
may have negative consequences for fertility (reduced embryo survival and reduced farrowing 
rates) after altrenogest treatment of 5-8 days.

Multiparous sows suffer less from a negative energy balance during lactation than primipa-
rous sows and also the effects of weight loss during lactation on subsequent fertility are less 
severe (Thaker and Bilkei, 2005). Therefore, little improvement would be expected after post 
weaning altrenogest treatment on subsequent reproductive performance in multiparous sows. 
Indeed, in Chapter 4 no effect of altrenogest treatment was found on pregnancy rate, farrowing 
rate or litter size in multiparous sows (parity 2-3) compared to untreated multiparous control 
sows.  Surprisingly, Patterson et al. (2008) found more viable fetuses on D50 of gestation  after 14 
days altrenogest treatment, but not after 7 days altrenogest treatment in multiparous sows (parity 

Figure 4.  Weaning weight (a), back fat depth at weaning (b), weight loss during lactation in kg 
(c) and weight loss during lactation as % of body weight (d) in relation to average follicle size (five 
largest follicles) at weaning for primiparous sows.
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2-7), which was attributed to improved follicle and oocyte treatment in the longer treatment due 
to the longer recovery period after weaning. There is no information on the lactational burden of 
sows in the study of Patterson et al. (2008), but the positive effect on reproductive performance 
in multiparous sows may also be related to improved nutritional status of the sows during long 
altrenogest treatment and the occurrence of follicle turnover during treatment, which improves 
follicle quality. Since no improved fertility in multiparous sows was found after 8 days of treat-
ment (Patterson et al., 2008; Chapter 4), it seems that post weaning altrenogest treatment in 
multiparous sows may have a positive effect only when the recovery period is long enough. This 
may be related to improved follicle quality due to follicle turnover in long altrenogest treatments.

Additionally, lactational factors such as lactation length, number of weaned piglets and feed 
intake during lactation that affect the lactational burden (and thus follicle development during 
lactation) may all influence reproductive outcome after post weaning altrenogest treatment as well.

8.5 Recommendations for practical use of once-daily altrenogest treatment after weaning

To use once-daily, post weaning altrenogest treatment as a successful management tool to 
overcome the negative effects of first lactation, and thus to improve fertility in the second parity, 
one should take the following in consideration (for an overview see Table 4). Treatments should 
be initiated before weaning and altrenogest levels should reach peak levels at the moment of 
weaning to suppress an increase in FSH and LH levels immediately after weaning. Therefore, 
ideally, altrenogest should be administered 3-6 hours before weaning. Both treatments of 15 or 
20 mg can be used, but as no detrimental effects on subsequent reproductive performance have 
been reported using 20 mg (the use of 15 mg has been reported to increase the incidence of cystic 
follicles) the higher dose probably results in a more adequate suppression of GnRH release and 
is therefore a more recommended dose to use. Long altrenogest treatments (12-15 days) maybe 
applied without any risk for reduced reproductive performance and herd fertility of primiparous 
sows (and maybe even multiparous sows) maybe improved by this strategy. However, a treatment 
of around 2 weeks increases the number of days NIP (Not In Pig) per sow and also treatment 
costs are higher than with shorter treatment periods. Intermediate treatments (5-8) days may 
improve reproductive performance, but should be applied only in sows that suffered a severe lac-
tational burden and are in low body condition at weaning to lower the chances of reduced fertil-
ity after treatment. Shorter treatments (3-4 days) have not been reported to have a negative effect 
on subsequent reproductive performance, but positive effects of short treatment on subsequent 
reproductive performance are probably limiting.
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Table 4. Recommendations for once-daily application of post weaning altrenogest in primiparous 
and multiparous sows that had high or low body condition loss during lactation1

Treatment
Animal group Short (3-4 days) Intermediate (5-8 days) Long (12-15 days)
Primiparous 

Low body condition loss Yes2 No3 Yes4

High body condition loss Yes2 Yes Yes4

Multiparous
Low body condition loss No 5 No 5 Yes4

High body condition loss No 5 Maybe6 Yes4

1 On the day of weaning treatment should be administered 3-6 hours before weaning 
2 Little improvement in reproductive performance is to be expected
3 May have negative consequences for reproductive performance
4 Preferred application with most chances on reproductive performance
5 No negative effects on reproductive performance are expected but no improvement either
6 Application may improve reproductive performance

8.6 Recommendations for future research

This thesis improved the understanding of follicular and endocrine changes during al-
trenogest treatment. Nevertheless some questions remain unanswered. It is clear that follicle 
growth is stimulated during the first days of altrenogest treatment due to incomplete suppres-
sion of LH and FSH release. Depending on follicle responsiveness to LH this may have different 
effects on subsequent fertility, probably because of reduced follicle quality. It is however, not 
clear what exactly happens in the follicle and if/how this affects oocyte quality and quality of 
the corpora lutea developing from the follicles after ovulation. It would, therefore, be interest-
ing to investigate follicular fluid contents of e.g. the 10 largest follicles per ovary at D0 (wean-
ing), D4 (just before follicles may start to become atretic), D8 (immediately after atresia) and 
D12 (after follicle turnover) of sows that receive altrenogest treatment from D-1 till slaughter 
(D0, D4, D8 or D12). Follicular fluid could be analyzed on the E2:testosterone ratio, to inves-
tigate gradations of atresia (Whitley et al., 1998) and levels of IGF (Whitley et al., 1998) and 
VEGF (Mattioli et al., 2001) could be measured to study follicle health. To determine follicle 
receptiveness to LH, LH receptor mRNA (Liu et al., 2000) could be analyzed. Oocyte matura-
tion capacities could be measured in vitro (Hunter and Wiesak , 1990; Zak et al., 1997a) on day 
3 after altrenogest withdrawal of sows that received no altrenogest, altrenogest till D4, till D8 
and till D12. This would provide proof of the theory of follicular atresia and follicle turnover 
during post weaning altrenogest treatments.
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Follicular atresia played an important role in the success of altrenogest treatments with in-
termediate duration (5-8 days). Withdrawal of treatment should occur after atresia is complete 
and as follicles go into atresia when receiving little gonadotropin support it would be interesting 
to study LH and FSH release when time between 2 altrenogest administrations is reduced. This 
should lead to a more severe suppression of LH and FSH release which may trigger follicular 
atresia sooner after weaning.

A large variation in follicle development was seen between sows, which seemed related to 
variation in LH responsiveness of the follicles. For practical applications it would be interesting 
to investigate whether LH responsiveness of sows can be predicted by lactational parameters or 
follicle characteristics and whether this leads to follicle variation within sows, which may explain 
effects on subsequent fertility (litter size).

Such studies should be performed in sows that vary in their lactational burden, because the 
lactational burden has long-lasting consequences for follicle quality during altrenogest treat-
ments. Experiments should have a group of sows with a more severe lactational burden (that lost 
substantial body condition) than used in the current studies, because in those sows effects of 
altrenogest treatment on subsequent reproductive performance are expected to be greater.

8.7 Conclusion

The aim of this thesis was to develop a better understanding of the use of altrenogest after 
weaning as a strategy to overcome the negative effects of first lactation on follicle development 
and subsequent reproductive performance.  

Responses to post weaning altrenogest treatment (follicle development, endocrine profiles 
and reproductive performance) are highly variable between sows and this is affected by ap-
plication strategy (start and duration of treatment, dose) and sow related factors (parity, lac-
tational burden).

An increase in follicle size during altrenogest treatment was consistently seen in all experi-
ments. This is likely caused by an incomplete suppression of GnRH release during altrenogest 
treatment, resulting in LH and FSH release during a part of the 24 hours between daily altreno-
gest administrations. The suppressive effect of altrenogest on GnRH release increases in the peri-
od after lactation. This is probably related to a lower metabolism of altrenogest. The gonadotropin 
levels during sustained altrenogest treatment prevent outgrowth of the follicles to pre-ovulatory 
sizes. Instead, follicles show reduced estrogenic activity and finally go into atresia. 

A treatment length of 12-15 days is long enough to assure atresia of the entire follicle pool. 
The atretic follicle pool is replaced by a new cohort of follicles, which predominantly developed 
during more favourable metabolic conditions and therefore may improve follicle and oocyte 
quality, resulting in improved reproductive performance.

Short altrenogest treatments (3-4 days) are too short to ensure follicular atresia before al-
trenogest withdrawal. Improvement of subsequent fertility as a result of follicular turnover is 
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therefore not to be expected, even though the improved nutritional status after weaning may 
directly improve follicle quality and thus subsequent fertility. 

Altrenogest treatments of intermediate durations (5-8 days) may result in withdrawal of 
altrenogest treatment before follicles are completely atretic. The extended lifespan of these 
follicles may negatively affect follicle quality and oocyte competence. These intermediate treat-
ments may improve subsequent fertility when follicle growth during treatment is limited by 
adequate suppression of GnRH release and should only be applied in sows with follicles that 
show little responsiveness to LH and/or in sows that have low LH levels at weaning. 
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Summary

Primiparous sows may suffer from suboptimal reproductive performance in the second lit-
ter, which is expressed as an increased weaning-to-estrus interval, reduced litter size and low 
farrowing rates. This reduced fertility in the second litter is also known as “the second litter 
syndrome”. This is caused by a negative energy balance during first lactation, which negatively 
affects follicle development and oocyte competence, resulting in lower ovulation rates, impaired 
embryo development and increased embryo mortality. This may subsequently reduce farrowing 
rates and litter sizes.   

Allowing the sow some time to recover after weaning by inseminating at second estrus af-
ter weaning (skip-a-heat), improves reproductive performance. During the recovery period the 
metabolic state of the sow improves and levels of glucose, insulin and leptin are restored, which 
results in resumption of normal GnRH release and thus LH (pulsatile) and FSH release to stimu-
late follicle development. It also directly improves follicle and oocyte quality. Providing a shorter 
recovery period after weaning, by daily administration of altrenogest, a progesterone analogue, 
has also been found (in some studies) to improve reproductive performance (ovulation rate, early 
embryonic development, fetal development, farrowing rates and litter size (a complete overview 
is given in Chapter 1). This is thought to be related to improved follicle development and follicle 
quality during treatment. The aim of this thesis was to develop a better understanding of the use 
of altrenogest after weaning, as a strategy to overcome the negative effects of first lactation on 
follicle development and subsequent reproductive performance. 

Effect of post weaning altrenogest treatments on follicle sizes and embryo development
To study follicle development during and after different post weaning altrenogest treatments 

and relate this to subsequent fertility, an experiment was carried out (Chapter 2). Primiparous 
sows (n = 47) were assigned to control, RU8-15 (15 mg altrenogest, for 8 days), RU8-20 (20 mg 
altrenogest for 8 days) and RU15-15 (15 mg altrenogest for 15 days). All altrenogest treatments 
started the day before weaning (D-1) and lactation length was on average 21 days. Daily ultra-
sound revealed a progressive increase in follicle size during altrenogest treatment for the first five 
days of treatment, after which a plateau was reached at Day 6. The increase in follicle size resulted 
in larger follicles at the start of the follicular phase for altrenogest treated sows (4.8-4.9 mm) 
compared to controls (2.9 mm); the size was not affected by dose or duration of treatment. This 
difference in follicle size remained significant till day 4 of the follicular phase. Onset of estrus 
was sooner in RU8-15 and RU8-20 then in control animals (P = 0.005), but no difference in ovu-
lation rate, CL size or embryo development was found. Ovulation rate, however, was positively 
related to follicle growth during altrenogest treatment (b = 1.11; P = 0.05). This study showed, that 
follicle size increases during altrenogest treatment (independent of dose and duration) resulting 
in larger follicles at the start of the follicular phase. This did not result in improved fertility on 
day 5 after ovulation and it was thought that 5 days after ovulation may have been too early to see 
differences in fertility between treatments.
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Effect of post weaning altrenogest treatments on follicle size and litter size
To study the effect of length of treatment on follicle development and subsequent reproduc-

tive performance (farrowing rate and litter size) a second study was carried out (Chapter 3). 
Primiparous sows (n = 259) were assigned to control, RU4 (20 mg altrenogest for 4 days), RU8 
(20 mg altrenogest for 8 days) or RU15 (20 mg altrenogest for 15 days). All altrenogest treatments 
started the day before weaning (= D-1) and lactation length averaged 20 days. Follicle size was 
similar between treatments at weaning and increased during altrenogest treatment, resulting in 
larger follicles at the start of the follicular phase (5.3 ± 0.9, 5.5 ± 1.3, 5.1 ± 1.2 vs. 3.4 ± 0.6 mm 
for RU4, RU8, RU15 and controls, respectively; P < 0.05). Farrowing rate averaged 87% and was 
higher in RU15 (95%) than in RU8 (76%; P = 0.04). Litter size (Total born) was larger in RU15 
than in all other treatments (14.4 ± 3 vs. 11.9 ± 3.5, 12.1 ± 3.0 and 12.0 ± 4.3 piglets, for RU15, 
control, RU4 and RU8, respectively; P < 0.05). Farrowing rates were higher for sows with small 
or medium follicles, than for sows with large follicles at weaning (86% and 78% vs. 48%, respec-
tively; P < 0.001). Especially in RU8 sows, a large decrease in farrowing rate was seen for sows 
with large follicles at weaning, compared to sows with small or medium follicles (22% vs. 94% 
and 83%, respectively; P < 0.05). The results of this experiment demonstrated that follicle size in-
creases during altrenogest treatment and that a 15 day treatment resulted in improved fertility. It 
also showed that shorter treatment may only be beneficial for sows with compromised follicular 
development at weaning and may negatively affect fertility in sows with large follicles at weaning.

Altrenogest before and after weaning in relation to follicle development and fertility 
Chapter 3 showed that follicle size at initiation of treatment may influence subsequent fer-

tility and that a large follicle size at weaning may have negative effects on subsequent fertility. 
Therefore in this study an attempt was made to prevent outgrowth of follicles before weaning, 
using altrenogest treatment from 3 days before weaning onwards (Chapter 4). Sows (87 parity 1 
and 130 parity 2-3) were randomly assigned to one of the following 4 treatments: control, RU0-
20 (20 mg altrenogest from D-1 till D6), RU40-20 (40 mg altrenogest from D-3 till D0 + 20 mg 
of altrenogest from D1 till D6) or RU20-20 (20 mg altrenogest from D-1 till D6). Weaning was at 
day 21 of lactation = D0. Despite the use of altrenogest before weaning follicle size increased from 
D-3 till D0 in all treatments. During subsequent altrenogest treatment follicle size increased 
even further, resulting in larger follicles for altrenogest treated animals than control animals at 
the start of the follicular phase (5.4 ± 0.1 vs. 3.8 ± 0.2 mm, respectively; P < 0.0001). Primipa-
rous altrenogest treated sows had larger litters (Total born + mummified fetuses) than control 
sows (13.4 ± 0.5 vs. 11.9 ± 0.7 piglets, respectively; P = 0.02). Also in primiparous control sows a 
positive relation was found between back fat depth at weaning and litter size (total born; slope 
of the regression line = 0.82; P < 0.05), which was absent in altrenogest treated sows. So clearly, 
the use of altrenogest before weaning did not suppress follicular growth before weaning and no 
differences between altrenogest treatments in subsequent follicle development and fertility were 
found. The use of post weaning altrenogest treatment in primiparous sows increased the num-
ber of fetuses, but uterine capacity may have been limiting. Especially primiparous sows with 
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compromised body condition (low back fat depth at weaning) may benefit from post weaning 
altrenogest treatment, since low back fat depth at weaning was associated with smaller litter sizes 
in control sows but not in altrenogest treated sows. This may be related to the positive effect of a 
recovery period after weaning in altrenogest treated sows.

Split weaning before altrenogest treatment and subsequent follicle growth and fertility
To investigate in more detail the effect of follicle size at initiation of treatment on subsequent 

fertility, as found in chapter 3 in this study, an attempt was made to stimulate follicle growth 
before weaning to induce differences in follicle size at weaning (Chapter 5). Multiparous sows 
(n = 47) were either split-weaned (SW; litter size reduced to the smallest 6 piglets 3 days before 
weaning; n = 23) or normally weaned (C; litter size not reduced; n = 24). All sows were fed al-
trenogest (20 mg) from the day before complete weaning (weaning at day 24 of lactation = D0) 
till D5. At weaning no difference in follicle size existed between control or split-weaned sows, 
but SW sows had larger follicles on D1 and D2 than C sows (P ≤ 0.05). No differences were found 
in interval to estrus, ovulation rate or progesterone levels, but C sows had higher total number 
of embryos and higher embryo survival rates on day 10 of pregnancy than SW sows (25.1 ± 6.6 
vs. 17.6 ± 9.8 embryos, respectively; P = 0.005 and 83 ± 19 vs. 58 ± 31%, respectively; P = 0.001). 
When SW sows were divided in sows with low (<63%; n = 10) or high (≥ 63%; n = 10) embryo 
survival, sows with low embryo survival rate had larger follicles on D3-6 (P ≤ 0.04). Increase in 
follicle size during altrenogest feeding was negatively related to embryo survival rate for both C 
as SW sows (P < 0.0001). This study showed that SW sows had reduced embryo survival rates af-
ter post weaning altrenogest treatment. Especially SW sows with large follicle sizes and sustained 
follicle growth during altrenogest feeding suffered from low embryo survival rates. It is possible 
that the sustained growth and subsequent extended lifespan of the follicles negatively affected 
follicle quality and oocyte competence and thereby embryo survival. This seems to be confirmed 
by the observation that sows, that showed a decrease in average follicle size between D5 and D6, 
had higher embryo survival rates. A decrease in follicle size may indicate that atresia occurred, 
after which a new “healthy” set of antral follicles was recruited and selected to ovulate ultimately, 
resulting in improved fertility. 

LH pulsatility during the final day of altrenogest treatment and follicle development
The previous studies showed a variation in response to altrenogest treatment but they all 

showed an increase in follicle size during treatment. Therefore, it was suspected that pulsatile 
LH release was not completely suppressed during altrenogest treatment. So LH release patterns 
were investigated during the last day of 15 days post weaning altrenogest treatment in relation to 
follicle development (Chapter 6). Weaned, catheterized, primiparous sows (n = 10) received 20 
mg of altrenogest from D-1 till D13 (weaning at day 26 of lactation = D0). Blood samples were 
collected from an indwelling jugular vein catheter every 12 minutes from 1000h till 1900h (1st 
sampling period) and from 2300h till 0800h (2nd sampling period). Altrenogest was administered 
at 0800h. LH levels were low throughout the first sampling period; only 2 out of 10 sows showed 
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an LH pulse at the end of the period. During the 2nd sampling period, LH levels increased (aver-
age: 0.83 ng/mL (period 2) vs. 0.49 ng/mL (period 1) and all sows showed LH pulses (3.1 pulses 
(period 2) vs. 0.33 pulses (period 1). Thus, full suppression of pulsatile LH release was only seen 
from 3h till 9h after altrenogest administration and by 20h after altrenogest administration all 
sows had resumed LH pulsatility.  Since pulsatile LH release stimulates follicular growth, this 
variation of suppressive effect of altrenogest on LH release during the 24 hours between 2 al-
trenogest administrations may explain why generally an increase of follicle size to approximately 
5 mm is seen during altrenogest treatment.

Levels of LH, FSH, estradiol and follicle size during altrenogest treatment 
The previous study established that LH pulsatility is not fully suppressed during the last day 

of altrenogest treatment. This study investigated  to what extent LH pulsatility was suppressed 
before and (immediately) after weaning and how FHS and estradiol profiles, and follicle size de-
veloped during altrenogest treatment (Chapter 7). Catheterized primiparous sows were assigned 
to control (n = 11) or altrenogest (20 mg altrenogest from D-1 till D13, weaning at day 26 of 
lactation = D0; n = 15). Therefore, blood samples were taken every 12 minutes on D-1 and D0 to 
assess LH levels and every 8 hours during altrenogest treatment to asses FSH and estradiol levels. 
Fewer altrenogest than control sows showed LH pulses on D-1 (P = 0.001). On D0 LH pulsatility 
was suppressed during the first 4-5 hours after altrenogest feeding in altrenogest sows, but 85% of 
altrenogest sows showed LH pulses later on. Nevertheless, average and basal LH levels were still 
lower in altrenogest (average: 0.63 ng/mL and basal: 0.34 ng/mL) than in control sows (average: 
0.82 ng/mL and basal: 0.47 ng/mL). Release patterns of FSH and estradiol were related to mo-
ment of altrenogest administration with lowest levels 7 hours after administration and highest 
levels 23 hours after administration. This means that FSH, like LH, is only suppressed for a part 
of the day, allowing for estradiol production during time when FSH is less suppressed. FSH levels 
increased from weaning onwards and reached peak levels on D5 after which FSH concentration 
declined. Coinciding with FSH an increase in follicle size was seen till D5 after which follicle 
size declined again. Estradiol levels also increased after weaning but peaked already on D2 after 
which they declined. So follicles showed decreased estrogenic activity after D2 while FSH levels 
and follicle size increased till D5. So this decrease in estrogenic activity seems to indicate a loss 
of LH responsiveness. If such follicles are recruited after altrenogest withdrawal, it may explain 
reduced fertility after intermediate (5-8 days) altrenogest treatments.

Post weaning altrenogest treatment and different application strategies
The experiments clearly showed that follicle growth occurs during altrenogest treatment, 

most likely as a result of incomplete suppression of (pulsatile) LH release and FSH release. An 
increase in follicle size to 4-6 mm was seen in all experiments but follicles did not grow out to 
pre-ovulatory sizes. So LH and FSH levels were high enough to initiate partial recruitment from 
the follicle pool at weaning, but not high enough, as the suppressive effect of altrenogest became 
more apparent after some days of treatment, to sustain further outgrowth of the follicles (a more 

Summary _________________________________________________________________________
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detailed explanation is given in Chapter 8). A high variation between sows existed in respon-
siveness to LH, while follicle size was similar, which seemed related to lactational burden. Sows 
that had lost more bodyweight during lactation showed less responsiveness to LH and thus less 
estrogenic activity. In order for a post weaning altrenogest treatment to be successful 3 aspects 
of the application strategy should be taken in consideration: moment of start of treatment, treat-
ment length and dose of treatment. In general good results can be expected after long treatments 
(12-15 days), because this provides a recovery period that is long enough to restore metabolism 
and follicle quality.  When using short periods of treatment (3-4 days) than no large effects on 
subsequent fertility are to be expected, because treatment length is not long enough to establish 
a recovery period after weaning. However, since follicles grow till 5-6 days after weaning under 
altrenogest treatment, no negative effects are expected of withdrawal, because follicles are still 
highly responsive to LH and will grow out to pre-ovulatory sizes. It becomes more complicated 
when using treatment of 5-8 days, because treatment withdrawal occurs when follicles have be-
come (slightly) atretic. Treatment should be initiated before weaning to prevent a large increase 
in FSH and LH release immediately after weaning and thus prevent rapid growth of follicles after 
weaning. Large follicles survive longer during periods of low gonadotrophin concentrations and 
may therefore go into atresia later during altrenogest treatment than smaller follicles. At the 
moment of withdrawal this results in outgrowth of follicles that are still responsive to LH, but 
these follicles have aged during altrenogest treatment and will eventually ovulate an oocyte with 
reduced competence with negative consequences for subsequent reproduction. A similar reduc-
tion in fertility may occur in sows that already have large follicles at weaning which are there-
fore more responsive to LH. No differences between the use of 15 or 20 mg were found, so both 
dosages maybe used provided that the sows ingest the entire dose. Consequences and practical 
implications of these findings are further discussed in the general discussion (Chapter 8) of this 
thesis. In this chapter also recommendations for future research are made.
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Samenvatting

Eersteworps zeugen kunnen een verminderde vruchtbaarheid laten zien in de tweede worp, 
wat zich kenmerkt door een langer interval spenen-bronst, lager afbigpercentage en kleinere to-
men. Deze verminderde vruchtbaarheid wordt ook wel het tweedeworpssyndroom genoemd. 
Het wordt veroorzaakt door een negatieve energie balans tijdens de eerste lactatie wat een nega-
tief effect kan hebben op follikelontwikkeling en eicelcompetentie. Dit resulteert uiteindelijk in 
lagere ovulatiegraden, verminderde embryo-ontwikkeling, een toename in embryosterfte en dus 
lagere afbigpercentages en kleinere tomen.

Een herstelperiode na spenen door de zeug pas te insemineren tijdens de tweede bronst na 
spenen (skip-a-heat) kan de vruchtbaarheid bevorderen. Tijdens deze herstelperiode verbetert 
de metabole status van de zeug en herstellen glucose, insuline en leptine niveaus wat leidt tot 
hervatting van normale GnRH afgifte en dus (pulsgewijze) LH en FSH afgifte om de follikelgroei 
te stimuleren. Ook is er een direct effect van een verbeterde metabole status op follikelontwik-
keling en eicelkwaliteit. Een kortere herstelperiode door het dagelijks toedienen van altrenogest, 
een progesteron analoog, kan in sommige gevallen ook een positief effect op de vruchtbaarheid 
(ovulatiegraad, vroeg embryonale ontwikkeling, foetale ontwikkeling, afbigpercentage en toom-
grootte) hebben (een compleet overzicht wordt gegeven in Hoofdstuk 1). Dit wordt waarschijnlijk 
veroorzaakt door een verbetering van follikelontwikkeling en follikelkwaliteit tijdens de behan-
deling. De doelstelling van dit proefschrift was om een beter begrip te krijgen van het gebruik 
van altrenogest na spenen, om de negatieve effecten van de eerste lactatie op follikelontwikkeling 
en de hierop volgende vruchtbaarheid te verminderen. 

Altrenogest na spenen en gevolgen voor follikelgrootte en embryonale ontwikkeling
Om follikel ontwikkeling tijdens en na verschillende altrenogest behandelingen na spenen te 

bestuderen en dit te relateren aan hierop volgende vruchtbaarheid is er een experiment uitgevo-
erd (Hoofdstuk 2). Eersteworps zeugen (n=47) werden ingedeeld als controle, RU8-15 (15 mg al-
trenogest voor 8 dagen), RU8-20 (20 mg altrenogest voor 8 dagen) en RU15-15 (15 mg altrenogest 
voor 15 dagen). Alle altrenogest behandelingen begonnen de dag voor spenen (D-1) en lactatie-
lengte was gemiddeld 21 dagen. De zeugen werden dagelijks gescand en follikelgrootte nam toe 
tijdens de eerste 5 dagen van altrenogest, waarna een plateau in follikelgrootte werd bereikt op 
Dag 6. Deze toename in follikelgrootte leidde tot grotere follikels bij de start van de follikulaire 
fase voor altrenogest zeugen (4.8-4.9 mm) in vergelijking met controle zeugen (2.9 mm). Follikel-
grootte was niet beïnvloed door dosering of duur van de behandeling. Altrenogest zeugen bleven 
grotere follikels houden dan controle zeugen tot dag 4 van de follikulaire fase. Het interval tot 
bronst was korter voor RU8-15 en RU8-20 dan voor controle zeugen (P = 0.005), maar ovu-
latiegraad, CL grootte en embryonale ontwikkeling verschilden niet tussen de behandelingen. 
Ovulatiegraad was echter wel positief gecorreleerd met follikelgroei tijden altrenogest behandel-
ing (b = 1.11; P = 0.05). Dit experiment liet zien dat follikelgrootte toeneemt tijdens altrenogest 
behandeling (onafhankelijk van dosering en duur van behandeling) wat leidt tot grotere follikels 
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tijdens de start van de follikulaire fase. Dit resulteerde echter niet in verbeterde vruchtbaarheid 
5 dagen na ovulatie waarschijnlijk omdat 5 dagen na ovulatie te vroeg was om verschillen tussen 
de behandelingen te kunnen zien.

Altrenogest na spenen en gevolgen voor follikelgrootte en toomgrootte 
Om het effect van duur van de altrenogestbehandeling na spenen op follikelontwikkeling 

en de hierop volgende vruchtbaarheid (afbigpercentage en toomgrootte) te bestuderen werd een 
tweede experiment uitgevoerd (Hoofdstuk 3). Eersteworps zeugen (n = 259) werden ingedeeld als 
controle, RU4 (20 mg altrenogest voor 4 dagen), RU8 (20 mg altrenogest voor 8 dagen) of RU15 
(20 mg altrenogest voor 15 dagen). Alle altrenogestbehandelingen startten de dag voor spenen (= 
D-1) en lactatielengte was gemiddeld 20 dagen. Bij spenen was follikelgrootte vergelijkbaar voor 
alle behandelingen, maar follikelgrootte nam toe tijdens altrenogestbehandeling wat leidde tot 
grotere follikels bij het begin van de follikulaire fase (5.3 ± 0.9, 5.5 ± 1.3, 5.1 ± 1.2 vs. 3.4 ± 0.6 
mm voor respectievelijk, RU4, RU8, RU15 en controle; P < 0.05). Afbigpercentage was gemiddeld 
87% en was hoger voor RU15 (95%) dan voor RU8 (76%; P = 0.04). Toomgrootte (totaal geboren) 
was hoger voor RU15 dan voor alle andere behandelingen (14.4 ± 3 vs. 11.9 ± 3.5, 12.1 ± 3.0 en 
12.0 ± 4.3 biggen voor respectievelijk, RU15, controle, RU4 en RU8; P < 0.05). Afbigpercentages 
waren hoger voor zeugen met kleine of medium follikels bij spenen dan voor zeugen met grote 
follikels bij spenen (respectievelijk, 86% en 78% vs. 48%; P < 0.001). In het bijzonder was dit het 
geval in RU8 zeugen; zeugen met grote follikels bij spenen hadden een veel lager afbigpercentage 
dan zeugen met kleine of medium follikels (respectievelijk, 22% vs. 94% en 83%; P < 0.05). Uit de 
resultaten van dit experiment bleek dat follikelgrootte toeneemt tijdens altrenogestbehandeling 
en dat een behandeling van 15 dagen leidt tot verbeterde vruchtbaarheid. Ook is gebleken dat 
een kortere behandeling wellicht alleen maar leidt tot verbeterde resultaten in zeugen met kleine 
follikels bij spenen en zelfs negatieve gevolgen voor vruchtbaarheid kan hebben in zeugen met 
grote follikels bij spenen. 

Altrenogest voor en na spenen en gevolgen voor follikelontwikkeling en vruchtbaarheid 
Hoofdstuk 3 liet zien dat follikelgrootte bij het begin van de altrenogestbehandeling de hi-

erop volgende vruchtbaarheid kan beïnvloeden en dat een grote follikelgrootte aan het begin 
van de behandeling negatieve gevolgen voor vruchtbaarheid kan hebben. Daarom is er in dit 
experiment geprobeerd om uitgroei van follikels voor spenen te voorkomen door altrenogest-
behandelingen 3 dagen voor spenen te beginnen (Hoofdstuk 4). Zeugen (87 eersteworps en 130 
tweede -en derdeworps) werden ingedeeld in de volgende 4 behandelingen: controle, RU0-20 (20 
mg altrenogest van D-1 tot D6) RU40-20 (40 mg altrenogest van D-3 tot D0 + 20 mg altrenogest 
van D1 tot D6) of RU20-20 (20 mg altrenogest van D-1 tot D6). Spenen vond plaats op dag 21 
van de lactatie (= D0). Ondanks de altrenogestbehandeling voor spenen nam de follikelgrootte 
toe van D-3 tot D0 in alle behandelingen. Tijdens de hierop volgende altrenogestbehandeling na 
spenen groeiden de follikels nog verder door wat uiteindelijk resulteerde in grotere follikels aan 
het begin van de follikulaire fase voor altrenogest zeugen in vergelijking met controle zeugen 
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(respectievelijk 5.4 ± 0.1 vs. 3.8 v 0.2 mm; P < 0.0001). Eersteworps, altrenogest zeugen kregen 
grotere tomen (totaal geboren + mummies) dan controle zeugen (respectievelijk 13.4 ± 0.5 vs. 
11.9 ± 0.7 biggen; P = 0.02). In eersteworps, controle zeugen werd er ook een positieve relatie 
gevonden tussen spekdikte bij spenen en toomgrootte (totaal geboren; helling van de regressieli-
jn = 0.82; P < 0.05), deze relatie werd niet gevonden bij altrenogest zeugen. Altrenogestbehandel-
ing onderdrukte follikelgroei voor spenen niet en er werden geen verschillen gevonden tussen de 
altrenogestbehandelingen in follikelontwikkeling en vruchtbaarheid. Het gebruik van altreno-
gest na spenen in eersteworps zeugen resulteerde in een toename van het aantal foetussen, maar 
mogelijk is de baarmoedercapaciteit een beperkende factor geweest waardoor dit niet resulteerde 
in meer geboren biggen. In het bijzonder eersteworps zeugen met een lage bodyconditie (weinig 
spekdikte bij spenen) kunnen mogelijk profiteren van altrenogestbehandeling na spenen omdat 
weinig spekdikte bij spenen was geassocieerd met kleinere toomgroottes in controle zeugen maar 
niet in altrenogest zeugen. Dit zou kunnen komen door het positieve effect van een herstelperi-
ode na spenen tijdens behandeling in altrenogest zeugen.

Gedeeltelijk spenen voor altrenogestbehandeling en follikelgrootte en vruchtbaarheid
Om in detail het effect van follikelgrootte bij begin van altrenogestbehandeling op de vrucht-

baarheid (zoals in Hoofdstuk 3 werd gevonden) te onderzoeken is er een poging gedaan om 
follikelgroei voor spenen te stimuleren om zo verschil in follikelgrootte bij spenen te krijgen 
(Hoofdstuk 5). Meerdereworps zeugen (n = 47) werden of gedeeltelijk gespeend (SW; toomgrootte 
gereduceerd tot de 6 kleinste biggen 3 dagen voor spenen; n= 23) of normaal gespeend (controle, 
C; toomgrootte niet gereduceerd voor spenen; n = 24). Alle zeugen kregen altrenogest (20 mg) 
van de dag voor spenen (spenen vond plaats op dag 24 van lactatie = D0) tot D5. Bij spenen werd 
er geen verschil in follikelgrootte gevonden tussen controle en gedeeltelijk gespeende zeugen, 
maar SW zeugen hadden grotere follikels op D1 en D2 dan C zeugen (P ≤ 0.05). Interval tot 
bronst, ovulatiegraad en progesteronniveaus verschilden niet tussen C en SW, maar C zeugen 
hadden meer embryo’s en een hogere embryonale overlevingsgraad op dag 10 van de dracht dan 
SW zeugen (respectievelijk 25.1 ± 6.6 vs. 17.6 ± 9.8 embryo’s; P = 0.005 en 83 ± 19 vs. 58 ± 31; P 
= 0.001). Als SW zeugen werden onderverdeeld in zeugen met een lage (<63%; n=10) of een hoge 
(≥63%; n = 10) embryonale overlevingsgraad dan hadden zeugen met een lage embryonale over-
levingsgraad grotere follikels op D3-6 (P ≤ 0.04). Een toename in follikelgrootte tijdens altreno-
gest behandeling was negatief gecorreleerd met embryonale overlevingsgraad in zowel C als SW 
zeugen (P < 0.0001). Dit experiment liet zien dat SW zeugen verminderde embryonale overleving 
hadden na een altrenogest behandeling na spenen. In het bijzonder SW zeugen met grote follikels 
en continue follikelgroei tijdens altrenogest behandeling hadden lagere embryonale overlevings-
graden. Mogelijkerwijs heeft continue follikelgroei tijdens altrenogest behandeling en daardoor 
een verlengde levensduur van de follikel een negatief effect op follikelkwaliteit en eicelcompeten-
tie, wat kan leiden tot verminderde embryonale overleving. Dit lijkt bevestigd door het feit dat 
zeugen, die een daling in follikelgrootte lieten zien tussen D5 en 6, hogere embryonale overlev-
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ingsgraden hadden. Een afname in follikelgrootte kan betekenen dat atresie optrad, waarna een 
“gezonde” groep antrale follikels werd gerekruteerd en uiteindelijk geselecteerd voor ovulatie, 
wat resulteerde in verbeterde vruchtbaarheid. 

LH pulsatiliteit tijdens de laatste dag van altrenogestbehandeling en follikelontwikkeling
De voorgaande experimenten lieten een variabele respons op altrenogestbehandeling zien, 

maar follikelgroei tijdens altrenogestbehandeling werd waargenomen in alle experimenten.  
Daarom werd er vermoed dat pulsatiele LH afgifte niet volledig onderdrukt was tijdens altreno-
gestbehandeling en werd LH afgifte tijdens de laatste dag van een 15-daagse altrenogestbe-
handeling na spenen onderzocht in relatie tot follikelontwikkeling (Hoofdstuk 6). Gespeende, 
gecanuleerde, eersteworps zeugen (n = 10) kregen 20 mg altrenogest van D-1 tot D13 (spenen 
vond plaats op dag 26 van lactatie = D0). Bloedmonsters werden verzameld met behulp van een 
vene jugularis canule met een interval van 12 minuten van 10.00 uur tot 19.00 uur (1ste mon-
stername) en van 23.00 uur tot 08.00 uur (2e monstername). Altrenogest werd toegediend om 
08.00 uur. LH niveaus waren laag gedurende de eerste monstername; slechts 2 van de 10 zeu-
gen lieten aan het eind van de periode een LH puls zien. Tijdens de 2e monstername namen de 
LH niveaus toe (gemiddeld: 0.83 ng/mL (monstername 2) vs. 0.49 ng/mL (monstername 1) en 
lieten alle zeugen LH pulsen zien (3.1 pulsen (monstername 2) vs. 0.33 pulsen (monstername 
1). Dus volledige onderdrukking van de LH pulsatiliteit werd alleen waargenomen van 3 tot 9 
uur na altrenogesttoediening en 20 uur na altrenogesttoediening was pulsatiele LH afgifte her-
vat in alle zeugen. Omdat pulsatiele LH afgifte de follikelgroei stimuleert, kan deze variatie in 
onderdrukking van de LH afgifte tijdens de 24 uur tussen 2 altrenogesttoedieningen verklaren 
waarom een toename van follikelgrootte tot ongeveer 5 mm algemeen wordt waargenomen 
tijdens altrenogestbehandeling. 

LH, FSH en estradiol niveaus en follikelgrootte tijdens altrenogest behandeling 
Uit het vorige experiment bleek dat LH pulsatiliteit niet volledig onderdrukt wordt tijdens 

de laatste dag van altrenogest behandeling. Dit experiment onderzocht hoe LH pulsatiliteit on-
derdrukt was voor en (direct) na spenen en hoe FSH en estradiol niveaus en follikelgrootte zich 
ontwikkelden tijdens altrenogest behandeling (Hoofdstuk 7). Gecanuleerde, eersteworps zeugen 
werden ingedeeld als controle (n = 11) of altrenogest (20 mg altrenogest van D-1 tot D13, spenen 
vond plaats op dag 26 van lactatie = D0; n = 15). Bloedmonsters werden genomen op D-1 en D0 
met intervallen van 12 minuten om LH niveaus te bepalen en elke 8 uur om FSH en estradiol 
niveaus te bepalen. Minder altrenogest zeugen dan controle zeugen hadden LH pulsen op D-1 
(P = 0.001). LH pulsatiliteit op D0 was onderdrukt gedurende de eerste 4-5 uren na altrenogest-
toediening, maar 85% van de altrenogest zeugen liet hierna LH pulsen zien. Desalniettemin, 
waren gemiddelde en basale LH niveaus lager in altrenogest zeugen (gemiddeld: 0.63 ng/mL en 
basaal: 0.34 ng/mL) dan in controle zeugen (gemiddeld: 0.82 ng/mL en basaal: 0.47 ng/mL). Af-
giftepatronen van FSH en estradiol waren gerelateerd aan het moment van altrenogesttoediening 
en laagste niveaus werden gevonden 7 uur na altrenogesttoedieining en hoogste niveaus werden 



134

Samenvatting  _____________________________________________________________________

gevonden 23 uur na altrenogesttoediening. Dit betekent dat FSH, net zoals LH, alleen voor een 
gedeelte van de dag onderdrukt is, waardoor er estradiolsecretie optreedt tijdens de periode waa-
rin FSH minder onderdrukt is. FSH niveaus stegen na spenen en bereikten hun hoogtepunt op 
D5 waarna FSH niveaus weer daalden. Tegelijkertijd werd er ook een toename in follikelgrootte 
waargenomen tot D5 waarna follikelgrootte afnam. Estradiol niveaus stegen ook na spenen maar 
bereikten hun hoogtepunt al op D2 waarna ze weer afnamen.  Dus follikels hadden verminderde 
oestrogene activiteit na D2 terwijl FSH niveaus en follikelgrootte stegen tot D5. Het lijkt erop dat 
deze afname in oestrogene activiteit te maken heeft met een verminderde responsiviteit van de 
follikels voor LH. Als zulke follikels gerekruteerd worden na het stoppen van de altrenogestbe-
handeling, zou het de verminderde vruchtbaarheid kunnen verklaren na altrenogestbehandelin-
gen met een duur van 5-8 dagen.

Altrenogest behandeling na spenen en verschillende toepassingsstrategieën. 
Uit de experimenten is duidelijk gebleken dat follikelgroei optreedt tijdens altrenogestbehan-

deling. Waarschijnlijk wordt dit veroorzaakt door onvolledige onderdrukking van (pulsatiele) 
LH afgifte en FSH afgifte tijdens behandeling. In alle experimenten nam follikelgrootte met on-
geveer 4-6 mm toe, maar groeiden follikels niet uit tot pre-ovulatoire grootte. Dus LH en FSH 
niveaus waren hoog genoeg om een initiële, gedeeltelijke rekrutering van de follikelpopulatie bij 
spenen op gang te brengen, maar niet hoog genoeg, omdat het onderdrukkende effect van altreno-
gest sterker werd na een paar dagen van behandeling, om een verdere uitgroei van de follikels 
te onderhouden (in Hoofdstuk 8 wordt dit verder toegelicht). De responsiviteit op LH varieerde 
enorm tussen zeugen met vergelijkbare follikelgroottes wat gerelateerd leek te zijn aan lactaties-
tress. Zeugen die meer gewicht hadden verloren tijdens lactatie bleken minder LH responsiviteit 
en dus verminderde oestrogene activiteit te vertonen. Om altrenogest na spenen succesvol toe te 
kunnen passen moet er rekening gehouden worden met de volgende 3 aspecten: moment van het 
starten van de behandeling, duur van de behandeling en dosering van de behandeling. Over het 
algemeen kunnen goede vruchtbaarheidsresultaten verwacht worden na lange behandelingen 
(12-15 dagen), omdat deze herstelperiode lang genoeg is om metabolisme en follikelkwaliteit te 
herstellen. Bij korte behandelingen (3-4 dagen) hoeven geen grote effecten op vruchtbaarheid te 
worden verwacht, omdat duur van de behandeling niet lang genoeg is om te herstellen na spenen. 
Maar omdat follikels tot 5-6 dagen na spenen blijven groeien onder altrenogestbehandeling zijn 
er geen negatieve effecten van korte behandeling met altrenogest te verwachten, want de follikels 
zijn op het moment van stoppen van de behandeling nog steeds gevoelig voor stimulatie door LH 
en zullen dus uitgroeien tot pre-ovulatoire follikels. Dit is ingewikkelder bij behandelingen van 
5-8 dagen omdat het stoppen van de behandeling dan samenvalt met het (gedeeltelijk) in atresie 
gaan van de follikels. Om een stijging van de FSH en LH niveaus na spenen en dus een snelle 
uitgroei van de follikels na spenen te voorkomen zou de altrenogestbehandeling voor spenen 
moeten beginnen.  Grotere follikels kunnen langer overleven met minder gonadotrope stimu-
latie en gaan daardoor mogelijk later in atresie tijdens altrenogest behandeling dan kleine fol-
likels. Op het moment van stoppen van de behandeling kan dit leidden tot uitgroei van follikels 
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die nog steeds gevoelig zijn voor LH stimulatie, maar omdat deze follikels verouderd zijn tijdens 
altrenogest behandeling kan de eicelcompetentie van deze follikels zijn verminderd waardoor 
vruchtbaarheid negatief kan worden beïnvloed. Een vergelijkbare afname in vruchtbaarheid kan 
optreden bij zeugen die al grote follikels (en daardoor meer LH responsiviteit vertoonden) had-
den op het moment van spenen. Er zijn geen verschillen gevonden in behandelen met 15 of met 
20 mg, dus het mag aangenomen worden dat beide doseringen gebruikt kunnen worden zolang 
de volledige dosis opgenomen word. Consequenties en praktische implicaties van deze bevindin-
gen worden verder besproken in de algemene discussie (Hoofdstuk 8) van dit proefschrift. In dit 
hoofdstuk worden ook enkele aanbevelingen voor verder onderzoek gedaan. 
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