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Abstract 
 

The GnRH agonist, Lecirelin (Gestran Plus®; 
ARSA S.R.L., Buenos Aires, Argentina), was tested for 
the ability to induce and synchronize ovulation in sows. 
Sows were uniformly allocated in two groups (n = 56, 
each) according to parity (2-6), weaning to estrus 
interval (WEI) and body condition score (BCS). The 
GnRH analog (25 µg, 1 ml) and saline solution (control 
group) were injected at estrus onset. Estrus detection 
and transcutaneous real-time ultrasonography were 
performed every 8 h. Duration of estrus for the control 
and treated groups was 66.3 ± 1.3 h and 61.3 ± 1.3 h 
(P < 0.007), respectively. Interval from estrus onset 
to ovulation (IEO) was 44.3 ± 1.2 h and 39.9 ± 1.2 h 
(P < 0.012) for the control and treated groups, 
respectively. Up to 40 h after treatment administration, 
70.9% of Lecirelin sows had ovulated whereas 48.2% of 
control sows ovulated in the same period (P < 0.01). 
There was a tendency for a greater proportion of 
Lecirelin sows (92.7%) to ovulate during the 48-h 
period post treatment compared to control sows 
(82.4%). Reproductive performance (farrowing rate, 
number of total piglets born, piglets born alive, 
stillborn piglets and mummified fetuses) was not 
affected (P > 0.05) by induction of ovulation with 
Lecirelin. Based on the results found, it can be 
concluded that Lecirelin injection at estrus onset 
reduces estrus length and interval between estrus onset 
and ovulation with no influence on the subsequent 
reproductive performance. 
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Introduction 
 

On average, ovulation takes place at 35 to 45 h 
after onset of estrus (standing response in the presence 
of a boar; Soede et al., 2003). However, the variability 
in time of ovulation among sows is large, between 10 
and 85 h (Weitze et al., 1994) or 10 and 58 h (Soede et 
al., 1995). Therefore, this variability represents a 
challenge in determining a reliable AI schedule. 

Unfortunately, no physical changes or behavioral 
parameters allow for a practical way to predict the 
moment of ovulation (Soede and Kemp, 1997).  

A pharmacological induction of ovulation with 
GnRH agonists or pLH seems to be the most effective 
way to synchronize ovulation allowing the use of fixed 
time AI (Kirkwood, 2008; Brüssow et al., 2009). 
Synthetic gonadotropin-releasing hormone (GnRH) and 
their derivatives are used for stimulation and 
synchronization of ovulation in pigs (Webel and Rippel, 
1975; Von Kaufmann and Holtz, 1982; Brüssow et al., 
1990; Baer and Bilkei, 2004; Taibl et al., 2007) and 
minimize the variability in the time interval between 
onset of estrus and ovulation (IEO). Several protocols 
using GnRH agonists were proposed for swine (Von 
Kaufmann and Holtz, 1982; Brüssow et al., 1990; Knox 
et al., 2003). Lecirelin is a synthetic hypothalamic 
hormone, a superanalog of GnRH of prolonged action, 
which is obtained through the modification of 
gonadorelin’s structure (Baruselli et al., 2001). 
However, its efficacy on synchronization of ovulation in 
weaned sows has not been reported yet. The objective of 
the present study was to determine the effect of GnRH 
analog (Lecirelin) on synchronizing and advancing the 
time of ovulation in weaned sows and the consequences 
on the reproductive performance. 
 

Materials and Methods 
 

The experiment was conducted on a breeding 
farm, in the west of Santa Catarina state, Brazil, from 
January to March 2009. A total of 112 weaned sows 
(Camborough®) of parity 2-6 were selected for the 
experiment. After weaning, sows were placed in 
individual crates and checked for estrus every 8 h (1:00 
AM, 9:00 AM and 5:00 PM). Estrus detection was 
performed in the presence of a sexually mature boar, 
using the standing reflex in response to back pressure. 
Duration of estrus (DE) corresponded to the period 
between the first observed standing reflex minus 4 h and 
the moment where standing reflex was no longer observed 
minus 4 h. Based on parity, body condition score (BCS), 
weaning-to-estrus interval (WEI) and lactation length, 
sows were paired and then randomly assigned to
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one of the two groups. Sows in group A (n = 56) were 
treated with 25 µg (1 ml; i.m.) of Lecirelin (Gestran Plus®; 
ARSA S.R.L., Buenos Aires, Argentina). Control group 
(B, n = 56) received an i.m. saline (1 ml) injection. 
Lecirelin and saline were injected at estrus onset (at the 
first observed standing reflex). 

In order to determine the ovarian status, 
transcutaneous real-time ultrasonography (Weitze et al., 
1994) was performed using a 5 MHz Aloka (Aloka Co., 
Ltd., Mure, Mitaka-shi, Tokyo 181-8622, Japan) convex 
linear transducer. Ultrasonographic evaluations started 
at estrus onset and were performed every 8 h (2:00 AM, 
10:00 AM, and 6:00 PM), always by the same 
technician. Ovulation time was defined as the first 
examination where no pre-ovulatory follicles were 
observed minus 4 h. One additional ultrasound 
examination was performed at the next estrus detection 
to confirm that ovulation had occurred. The IEO was 
measured from the time when the female was first 
detected in estrus, minus 4 h, to the time when no 
follicles were observed, minus 4 h.  

The first insemination was performed 12 h 
after estrus onset. Sows were subsequently inseminated 
at 12 h intervals as long as they exhibited standing 
estrus (for the three first inseminations and at 24 h 
intervals thereafter if estrus persisted). Sows were 
inseminated with semen doses containing 3.0 x 109 
sperm cells diluted in Beltsville Thawing Solution (total 
volume of 90 ml), which were stored up to a maximum 
of 48 h after collection.  

Farrowing rate (FR) was calculated based on 
the number of females that farrowed as a proportion of 
those inseminated. Number of total piglets born (TB), 
including piglets born alive (BA), stillborn piglets and 
mummified fetuses were recorded at farrowing. 

All statistical analyses were performed with 
SAS version 9.1.3 (SAS, 2005). Variables such as 

parity, lactation length, WEI, DE, and ovulation time 
were submitted to analysis of variance by GLM 
procedure. GLM procedure was also used for the 
analyses of TB and BA with number of total born 
piglets and piglets born alive at previous farrowing 
included, respectively, as covariates in the model of 
analysis. Stillborn and mummified piglets were 
analyzed with NPAR1WAY procedure and groups were 
compared by Wilcoxon test. Percentages of sows 
ovulating at different intervals after the estrus onset 
were calculated by FREQ procedure and compared by 
chi-square test. Percentages of sows that returned to 
estrus after insemination and of sows that farrowed were 
compared by chi-square test. 
 

Results 
 

Sows were inseminated with a mean of 3.4 ± 0.05 
doses of semen, and all of them received at least one 
insemination within 24 h before ovulation. Parity, BCS, 
WEI and lactation length were similar for the two groups 
(Table 1). The DE was 5.0 h shorter and ovulation was 
advanced in 4.4 h in the Lecirelin group. Up to 32 h after 
onset of estrus no differences were found (P = 0.22) 
between control and Lecirelin groups regarding 
percentage of sows that ovulated (16.1 and 25.4%, 
respectively; Fig. 1). However, up to 40 h after estrus 
onset more sows (70.9%) of Lecirelin group ovulated 
(P < 0.01) than in control group (48.2%). A trend of 
more sows ovulating in Lecirelin than in control group 
(92.7 vs. 82.4%) was also seen at 48 h after estrus onset 
(P > 0.09). 

From 112 inseminated sows none were 
removed due to non-reproductive reasons. Return to 
estrus rate, abortion rate, farrowing rate, TB, BA, 
stillborn piglets and mummified fetuses were not 
different (P > 0.05) between groups (Table 2). 

 
 
Table 1. Least square means (±SEM) for characteristics of weaned sows treated with saline (control) or GnRH 
agonist (Lecirelin) at the estrus onset. 

 Control Lecirelin* P-value 
Number of sows 56 56 - 
Parity 4.3 ± 0.2 (2-6) 4.3 ± 0.2 (2-6) 1.0 
Body condition score 2.9 ± 0.04 (2.5-3.5) 3.0 ± 0.05 (2-4) - 
Lactation length (days) 22.1 ± 0.2 (19-27) 22.6 ± 0.3 (20-30) 0.2 
Weaning-to-estrus interval (h) 90.4 ± 1.6 (76-132) 90.3 ± 1.6 (76-132) 0.9 
Duration of estrus (h) 66.3 ± 1.3 (48-88) 61.3 ± 1.3 (16-80) 0.007 
IEO (h) 44.3 ± 1.2 (24-64) 39.9 ± 1.2 (16-64)** 0.01 

IEO = interval from estrus onset to ovulation. Range values are presented within parentheses. 
*25 µg of Lecirelin (Gestran Plus®) i.m. (1ml);  
**One sow was not examined by ultrasound. 
 



 Fries et al. Induction of ovulation in sows with GnRH analog. 
 

364 Anim. Reprod, v.7, n.4, p.362-366, Oct./Dec. 2010 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Interval from onset of estrus to ovulation (h) 
 

Figure 1. (A) Percentage of sows ovulating in different intervals after estrus onset (P > 0.05). (B) Cumulative 
percentage of females ovulating up to 32 h (P = 0.22), up to 40 h (P < 0.01) and up to 48 h (P > 0.09). 
 
Table 2. Reproductive performance of weaned sows submitted to a GnRH agonist (Lecirelin) at estrus onset. 

 Control Lecirelin*** P-value 
Number of sows 56 56  
Farrowing rate, % 92.9 92.9 1.0 
Return to estrus rate, % 1.8 5.4 0.3 
Abortion rate, % 5.4 1.8 0.3 
Total born* 13.7 ± 0.4 13.4 ± 0.4 0.4 
Born alive* 11.8 ± 0.4 11.9 ± 0.4 0.6 
Stillborn, %**   8.6 ± 1.0   8.2 ± 1.2 0.7 
Mummified, %**   4.8 ± 0.9   4.0 ± 1.3 0.2 

*LSMeans ± SEM. 
**Means ± SEM. 
***25 µg of Lecirelin (Gestran Plus®) i.m. (1ml). 
 

Discussion 
 

As the optimum breeding time is difficult to 
predict, controlling time of ovulation is the only 
approach whereby an optimal interval between AI and 
ovulation may be achieved (Martinat-Botté et al., 2009), 
allowing a fixed time insemination (Taibl et al., 2007). 
Several GnRH analogues have been evaluated for 
ovulation induction in swine (Knox et al., 2003; 
Brüssow et al., 1990) as buserelin (Möller-Holtkamp et 
al., 1995), goserelin (Brüssow et al., 2007) and 
triptorelin (Taibl et al., 2007). All of them are effective 
at stimulating preovulatory luteinizing hormone (LH) 
secretion in both gilts and sows (Brüssow et al., 2009). 
In the present study, the average estrus length (66.3 h) 
and IEO (44.3 h) in the control group were similar to 
those observed in other studies performed with not 
hormonally treated multiparous sows (Weitze et al., 
1994; Soede et al., 1995; Kemp and Soede, 1996; Knox 
and Rodriguez-Zas, 2001). Sows of the GnRH agonist 
group showed a decrease of 5 h for DE compared to 
control group. Although DE was not affected in another 
study in which ovulation was synchronized with pLH 
(Degenstein et al., 2008), it was decreased when a 

GnRH-agonist was used (Knox et al., 2003; Baer and 
Bilkei, 2004). 

GnRH agonist-induced LH surge can be of 
short duration (180-240 min) compared to the natural 
surge, which induces a serum LH elevation for longer 
than 12 h (Gooneratne et al., 1989). A positive aspect is 
that induced LH surge does not interfere with the 
natural preovulatory surge, and may even act in 
conjunction enhancing its effects by prolonging the 
duration of elevated LH, as well as by increasing the 
total amount of LH released by the anterior pituitary 
prior to ovulation (Gooneratne et al., 1989). The 
decrease of 4.4 h for IEO observed in Lecirelin sows 
confirms the effect of GnRH agonists on the 
anticipation of ovulation previously reported (Brüssow 
et al., 1996, 2007, 2009; Baer and Bilkei, 2004; 
Kauffold et al., 2007), showing that they are able to 
stimulate adequate surge of LH from the pituitary gland 
to induce ovulation (Brussow et al., 2007). 
Advancement of ovulation to an IEO of approximately 
40 h is similar to intervals observed in other studies, in 
which an intravaginal GnRH agonist (100 μg of 
triptorelin) was administered at the onset of estrus 
(Knox et al., 2003) or 50 μg of gonadorelin was used 
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80 h after eCG injection (Brüssow et al., 1990). The 
degree of synchronization of ovulation with the use of 
GnRH agonists can even be higher as it was shown by 
Martinat-Botté et al. (2009), who administered 10 μg of 
buserelin 94 h post-weaning and observed 100% of the 
sows ovulating within 24 h compared to 69% of 
controls. 

Our results are in accordance with those of 
other experiments in which GnRH has been shown to 
increase the percentage of sows ovulating in a specific 
time interval (Brüssow et al., 1996; Taibl et al., 2007; 
Martinat-Botté et al., 2009). Although Lecirelin 
anticipated time of ovulation, there is a major 
consideration for fixed-time AI protocols, which is the 
degree of ovulation synchronization. Then, it remains to 
be established if the synchrony obtained is suitable for 
the use of fixed-AI protocols. It is generally 
recommended to inseminate swine females whose 
ovulation has been induced with GnRH analogues or 
hCG twice, i.e. 24 and 40 h after ovulation induction 
(Brüssow et al., 2009). Nevertheless, the use of a single 
insemination at a predetermined time seems to be more 
risky since the optimal time for insemination, to ensure 
good fertility in sows, is the interval 28 h before to 4 h 
after ovulation (Nissen et al., 1997). The use of a fixed-
AI protocol was not tested in the present study but it 
seems that the use of a single insemination within 24-
30 h after Lecirelin injection would allow for most of 
the induced females to be inseminated within an optimal 
interval insemination-ovulation.  

Besides GnRH analogues, human chorionic 
gonadotropin (hCG; Hunter, 1967; Degenstein et al., 
2008) and porcine LH (pLH; Candini et al., 1999; 
Cassar et al., 2005; Degenstein et al., 2008) can also 
induce ovulation. Compared to pLH, hCG injection 
does not provide adequate synchronization of ovulation 
(Cassar et al., 2005; Degenstein et al., 2008). Reduced 
variability in the treatment to ovulation interval 
represents an important benefit of pLH compared with 
GnRH (Cassar et al., 2005; Degenstein et al., 2008). 
However, pLH is a biological product that could have 
some restrictions for uses and cost is higher compared 
to GnRH. 

According to De Rensis et al. (2003), if GnRH 
or hCG is employed to induce a predictable time of 
ovulation, the potential to improve the timing of 
insemination relative to the time of ovulation may 
enhance sow fertility. In the present study, however, the 
subsequent reproductive performance of sows was not 
affected by Lecirelin administration. It must be pointed 
out that multiple inseminations with 3 billion sperm 
doses were performed (overall average of 3.4 
doses/sow) and all females received at least one 
insemination within 24 h before ovulation. Moreover, 
no sows with previous reproductive disorders, 
locomotor problems and low BCS were used in the 
experiment. The lack of a GnRH agonist treatment 
effect on conception rate (Gooneratne et al., 1989), 

farrowing rate (Martinat-Botté et al., 2009) or litter size 
(Gooneratne et al., 1989; Martins et al., 1996; Knox et 
al., 2003; Martinat-Botté et al., 2009) has been 
previously reported. 

From these data, it could be concluded that 
Lecirelin injection at estrus onset reduces estrus length 
and interval between estrus onset and ovulation. Almost 
93% of the females ovulate up to 48 h after Lecirelin 
injection. Subsequent reproductive performance, 
regarding farrowing rate and litter size, is not affected 
by Lecirelin use. 
 

Acknowledgments 
 

The authors are grateful to CNPq and CAPES, 
from the Brazilian Government, for financial support, 
and to Cooperalfa for providing the facilities to perform 
the study. 
 

References 
 
Baer C, Bilkei G. 2004. The effect of intravaginal 
applied GnRH-agonist on the time of ovulation and 
subsequent reproductive performance of weaned 
multiparous sows. Reprod Domest Anim, 39:293-297.  
Baruselli PS, Amaral R, Barufi FB, Valentim R, 
Marques MO. 2001. Lecirelin and Buserelin 
(Gonadotrophin releasing hormone agonists) are equally 
effective for fixed time insemination in buffalo. Braz J 
Vet Res Anim Sci, 38:142-145.  
Brüssow KP, Ratky J, Kanitz W, Becker F. 1990. 
The relationship between the surge of LH induced by 
exogenous GnRH and the duration of ovulation in gilts. 
Reprod Domest Anim, 25:255-260. 
Brüssow KP, Jöchle W, Hühn U. 1996. Control of 
ovulation with a GnRH analog in gilts and sows. 
Theriogenology, 46:925-934. 
Brüssow KP, Schneider F, Tuchscherer A, Rátky J, 
Kraeling RR, Kanitz W. 2007. Luteinizing hormone 
release after administration of the gonadotropin-
releasing hormone agonist Fertilan (goserelin) for 
synchronization of ovulation in pigs. J Anim Sci, 
85:129-137. 
Brüssow KP, Schneider F, Kanitz W, Rátky J, 
Kauffold J, Wähner M. 2009. Studies on fixed-time 
ovulation induction in the pig. In: Rodriguez-Martinez 
H, Vallet JL, Ziecik AJ (Ed.). Control of Pig 
Reproduction VIII. Nottingham, UK: Nottingham 
University Press. pp. 95-187. 
Candini PH, Zanella EL, Silveira PRS, Moretti AS, 
Viana CHC, Valentim R. 1999. Utilização de 
gonatrofinas (eCG e LH) para sincronização da 
ovulação em fêmeas suínas desmamadas. In: Anais do 
IX Congresso Brasileiro de Veterinários Especialistas 
em Suínos, Belo Horizonte, MG, Brasil. Belo 
Horizonte: ABRAVES-MG. pp. 375-376. Abstract. 
Cassar G, Kirkwood RN, Poljak Z, Bennett-Steward 
K, Friendship RM. 2005. Effect of single or double



 Fries et al. Induction of ovulation in sows with GnRH analog. 
 

366 Anim. Reprod, v.7, n.4, p.362-366, Oct./Dec. 2010 

insemination on fertility of sows bred at an induced 
estrus and ovulation. J Swine Hlth Prod, 13:254-258. 
De Rensis F, Benedetti S, Silva P, Kirkwood RN. 
2003. Fertility of sows following artificial insemination 
at a gonadotrophin-induced estrus coincident with 
weaning. Anim Reprod Sci, 76:245-250. 
Degenstein KL, O’Donoghue R, Patterson JL, 
Beltranena E, Ambrose DJ, Foxcroft GR, Dyck MK. 
2008. Synchronization of ovulation in cyclic gilts with 
porcine luteinizing hormone (pLH) and its effect on 
reproductive function. Theriogenology, 70:1075-1085. 
Gooneratne AD, Kirkwood RW, Thatcker PA. 1989. 
Effects of injection of gonadotropin-releasing hormone 
on sow fertility. Can J Anim Sci, 69:123-129. 
Hunter RHF. 1967. The porcine ovulation after 
injection of human chorionic gonadotrophin. Vet Rec, 
81:21-23. 
Kauffold J, Beckjunker J, Kanora A, Zaremba W. 
2007. Synchronization of estrus and ovulation in sows 
not conceiving in a scheduled fixed-time insemination 
program. Anim Reprod Sci, 97:84-93. 
Kemp B, Soede NM. 1996. Relationship of weaning-to-
estrus interval to timing of ovulation and fertilization in 
sows. J Anim Sci, 74:944-949.  
Kirkwood R. 2008. Hormonal control and manipulation 
of estrus and ovulation. J Swine Hlth Prod, 16:7-14. 
Knox RV, Rodriguez-Zas S. 2001. Factors influencing 
estrus and ovulation in weaned sows as determined by 
transrectal ultrasound. J Anim Sci, 79:2957-2963. 
Knox RV, Willenburg KL, Rodrigues-Zas SL, 
Greger DL, Swanson ME, Hafs HD. 2003. 
Intravaginal GnRH agonist-gel advances time of 
ovulation and facilitates time AI in weaned sows. In: 
Proceedings of the 34th American Association of Swine 
Veterinarians Annual Meeting, Orlando, FL. Perry, IA: 
AASV. pp. 495-498. 
Martinat-Botté F, Venturi E, Guillouet P, 
Driancourt MA, Terqui M. 2009. Induction and 
synchronization of ovulations of nulliparous and 
multiparous sows with an injection of gonadotropin-
releasing hormone agonist (Receptal). Theriogenology, 
73:332-342. 

Martins MI, Franceschini P, Wentz I. 1996. Effects 
of buserelin acetate on the fertility and litter size of 
sows. Ars Vet, 12:35-42. 
Möller-Holtkamp P, Stickan F, Parvizi N, Elsaesser 
F. 1995. Release of LH in pigs after administration of 
the GnRH agonist buserelin in comparison to D-Phe6-
LHRH. Reprod Domest Anim, 30:21-24. 
Nissen AK, Soede NM, Hyttel P, Schmidt M, 
D’Hoore L. 1997. The influence of time of 
insemination relative to time of ovulation on farrowing 
frequency and litter size in sows, as investigated by 
ultrasonography. Theriogenology, 47:1571-1582. 
Soede NM, Wetzels CC, Zondag W, Koning MA, 
Kemp B. 1995. Effects of time of insemination relative 
to ovulation, as determined by ultrasonography, on 
fertilization rate and accessory sperm count in sows. J 
Reprod Fertil, 104:99-106. 
Soede NM, Kemp B. 1997. Expression of oestrus and 
timing of ovulation in pigs. J Reprod Fertil Suppl, 
52:91-103. 
Soede NM, Langendijk P, Kemp B. 2003. 
Insemination strategies in swine: physiological 
backgrounds and practical consequences. In: Wiseman 
J, Varley MA, Kemp B (Ed.). Perspectives in Pig 
Science. Nottingham, UK: Nottingham University. pp. 
257-277. 
Taibl JN, Breen SM, Webel SK, Knox RV. 2007. 
Induction of ovulation using a GnRH agonist for use 
with fixed time AI in weaned sows. In: 6th International 
Conference on Boar Semen Preservation, Alliston, ON, 
Canada. poster 30. 
Von Kaufmann F, Holtz W. 1982. Induction of 
ovulation in gonadotropin treated gilts with synthetic 
gonadotropin releasing hormone. Theriogenology, 
17:141-157. 
Webel SK, Rippel RH. 1975. Ovulation in the pig with 
releasing hormones. J Anim Sci, 41:385. Abstract. 
Weitze KF, Wagner-Rietschel H, Waberski D, 
Richter L, Krieter J. 1994. The onset of heat after 
weaning, heat duration, and ovulation as major factors 
in AI timing in sows. Reprod Domest Anim, 29:433-
443. 

 
 
 


	In order to determine the ovarian status, transcutaneous real-time ultrasonography (Weitze et al., 1994) was performed using a 5 MHz Aloka (Aloka Co., Ltd., Mure, Mitaka-shi, Tokyo 181-8622, Japan) convex linear transducer. Ultrasonographic evaluation...
	The first insemination was performed 12 h after estrus onset. Sows were subsequently inseminated at 12 h intervals as long as they exhibited standing estrus (for the three first inseminations and at 24 h intervals thereafter if estrus persisted). Sows...
	All statistical analyses were performed with SAS version 9.1.3 (SAS, 2005). Variables such as parity, lactation length, WEI, DE, and ovulation time were submitted to analysis of variance by GLM procedure. GLM procedure was also used for the analyses o...
	Sows were inseminated with a mean of 3.4 ± 0.05 doses of semen, and all of them received at least one insemination within 24 h before ovulation. Parity, BCS, WEI and lactation length were similar for the two groups (Table 1). The DE was 5.0 h shorter ...
	From 112 inseminated sows none were removed due to non-reproductive reasons. Return to estrus rate, abortion rate, farrowing rate, TB, BA, stillborn piglets and mummified fetuses were not different (P > 0.05) between groups (Table 2).

