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Resumo

A identificagcdo das ondas foliculares ovarianas e de seu padrdo hormonal revelou que os
foliculos ovarianos dominantes da onda ovulatoria (FDOO) crescem em ambiente hormonal com
predomindncia crescente de estradiol, diferentemente daqueles da primeira (FDPO) e das ondas
foliculares intermediarias (FDOI), que crescem sob forte impacto da progesterona (P4). O horménio
luteinizante (LH) é considerado o hormonio gonadotrofico decisivo para direcionar se um foliculo
dominante ovulara (1 LH) ou ndo (| LH). Estratégias foram desenvolvidas para aumentar o LH
endogeno (administra¢do de GnRH) ou fornecer LH exdgeno de origem suina (pLH) ou, ainda,
gonadotrofinas semelhantes ao LH, como gonadotrofina corionica humana (hCG). Estas medidas sdo
capazes de disponibilizar LH para maturagdo final, ovulagdo e/ou luteiniza¢do de FDPO ou FDOI,
formando corpos luteos acessorios (CLa). Como consequéncia, a P4 aumenta e favorece o
estabelecimento da gestacdo, sobretudo em condigoes em que a P4 for o fator limitante para a
implantagdo e manutengdo embrionaria. Em ovelhas e cabras, em diferentes estudos, a hCG foi
administrada de cinco a sete dias apos o inicio do estro e revelou que o FDPO responde positivamente a
administra¢do de hCG, formando CLa e/ou promovendo a hipertrofia do CL formado originalmente,
aumentando a area luteal. O incremento da P4 normalmente acompanha o aumento de area do tecido
luteal. Como efeito final e mais desejavel, a gestagdo e o nascimento de cordeiros/cabritos também
aumentam. Esses conceitos serdo discutidos na presente revisdo sobre indu¢do de CLa em ovinos e
caprinos.

Palavras-chave: CLa, gonadotrofinas, hCG, onda folicular ovariana, progesterona.
Abstract

The identification of ovarian follicular waves and associated hormonal milieux has revealed that
dominant follicles of the ovulatory wave (OWDF) grow in a hormonal environment where there is an
increasing predominance of estradiol, unlike first-wave dominant follicles (FWDF) and intermediate-
wave dominant follicles (IWDF), which grow under increasing progesterone (P4) concentrations. The
luteinizing hormone (LH) is considered the decisive gonadotropic hormone to direct whether a dominant
follicle will (1 LH) or will not (| LH) ovulate. Based on this, strategies have been developed to either
increase endogenous LH (GnRH administration) or provide exogenous LH of porcine origin (pLH) or
LH-like gonadotropins, such as human chorionic gonadotropin (hCG). Such strategies are able to provide
LH for final maturation, ovulation, and/or luteinization of the FWDF or IWDF, forming accessory
corpora lutea (aCL). As a consequence, P4 increases and favors the establishment of pregnancy,
particularly when P4 is the limiting factor for the success of the conceptus implantation and maintenance.
In sheep and goats, previous studies have administered hCG five to seven days after the onset of estrus
and revealed that FWDF positively respond to hCG administration by either forming aCLs and/or
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promoting hypertrofia of the original CL which, in turn, increases its luteal tissue area. Normally, P4
synthesis increases along with the increase in luteal tissue area. As a final and most desirable outcome,
pregnancy and the birth of lambs/kids also increase. These concepts will be discussed in this review,
focusing on aCL induction in sheep and goats.

Keywords: aCL, gonadotropins, hCG, ovarian follicle wave, progesterone.
Introduction

Knowledge of ovarian follicular dynamics in ruminants has opened new and interesting
windows for the control of the estrous cycle combined with assisted reproductive technologies (ARTs). In
cattle (Sirois and Fortune, 1988), goats (Ginther and Kot, 1994), and sheep (Bartlewski et al., 1999),
antral ovarian follicles emerge on the ovarian cortex in pools and grow in a wave-like pattern, in so-called
follicular waves. Each follicular wave has dominant and subordinate follicles in cattle (Ginther et al.,
1995), but it is common for sheep and goats to have more than one dominant follicle, a phenomenon
referred to as “co-dominance” (Rubianes and Menchaca, 2003). Although there is often more than one
ovarian follicular wave in a regular estrous cycle, normally only the last one develops sufficiently to
allow the ovulation of one or more given dominant follicle(s) (Ginther et al., 1996), yet the dominant
follicle of a previous wave can still ovulate (Bartlewski et al., 1999; Gibbons et al., 1999).

LH pulses and frequency vary during the estrous cycle and are decisive in determining whether
the dominant follicle acquires ovulatory capacity or undergoes atresia (Campbell et al., 2007; Forde et al.,
2011). Progesterone (P4) secretion starts after ovulation by a newly formed original corpus luteum (oCL),
reaches a plateau at mid-cycle, and then declines due to the luteolysis process. In cattle, LH concentration
changes are proportionally inverse to P4 concentrations during the estrous cycle (Wheaton et al., 1984).
Thus, in the presence of an active CL, plasma LH pulse frequency is lower, preventing the dominant
follicles from growing to the last stage and ovulating (Badinga et al., 1992). In addition, the negative
effect of P4 on LH pulse secretion during the onset (early luteal phase) and end of the estrous cycle
(follicular phase) allows the FWDF and ovulatory follicles to last longer and attain a larger diameter than
the other IWDFs (Sirois and Fortune, 1988; De Castro et al., 1999).

Endogenous increase of plasma LH after the administration of gonadotropin-releasing
hormone (GnRH; Rajamahendran et al., 1998) or exogenous supply of pLH or its analogues, such as
hCG, has been used to induce the formation of aCL. Such aCL are derived from dominant follicles
growing during the luteal phase (Price and Webb, 1989; Kerbler et al., 1997), from either FWDFs (Price
and Webb, 1989; Schmitt et al., 1996a; Fonseca et al., 2000) or IWDFs (Wiltbank at al., 1961, Price and
Webb, 1989). As a consequence, P4 may increase in response to hCG administration (Fonseca et al.,
2001a). Although it is well known that P4 concentration is positively associated with uterine environment
and, consequently, interferon-t production by the conceptus (Kerbler et al., 1997; Lonergan and Sanchez,
2020), early embryo development and pregenancy survival (Lonergan et al., 2016) rates may increase
(Vergani et al., 2020) or not (Fonseca et al., 2001b). In addition, P4 is known to be lower after ovulation
in seasonally induced estrus than in cyclic ewes (Rhind et al., 1978), and this limiting factor can be
minimized by administering gonadotropins at the beginning of the estrous cycle (Fonseca et al., 2006;
Fonseca et al., 2018) in seasonal ewes (Balaro et al., 2014) and goats (Balaro et al., 2019). These
strategies can lead to either the formation of an aCL or hypertrophia of the oCL, which is followed by a
P4 increase and a potential positive impact on pregnancy rates.

It is well known that the early stages of gestation are the timepoints when most pregnancy
losses occur (Rhind et al., 1978), and the most common causes are related to the insufficient production
of P4, pre- and post-ovulation, which leads to a reduction in the growth and elongation of the conceptus
and decreased production of interferon-t (IFNT) (Forde and Lonergan, 2017), which is essential for
proper maternal recognition of pregnancy. Therefore, the aim of this review is to discuss the
physiological basis and potential effects of gonadotropin administration at the beginning of the estrous
cycle to improve reproductive efficiency in sheep and goats.

Ovarian follicular dynamics in goats and sheep

Goats and sheep are seasonally polyestrous animals with ovulatory estrous cycles occurring in
periods of shortening daylengths (Medan et al., 2005; Bartlewski et al., 2011). However, there may be
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greater or lesser seasonal effects depending, in particular, on the breed and the latitude where the animals
are raised (Fatet et al., 2011). Antral ovarian follicular development occurs in a wave-like pattern, and
there are typically three or four waves per interovulatory interval, that is, five- to four-day intervals
between waves (Simdes et al., 2006; Bartlewski et al., 2011). Although this pattern is generally observed,
the day of follicular wave emergence is mainly influenced by the number/frequency of follicular waves in
a given cycle (Oliveira et al., 2016), and it remains unclear what determines the number of follicular
waves per estrous cycle.

The initial growth of antral follicles is associated with elevations in FSH concentrations and,
later, growing follicles synthesize inhibin and estradiol, which, in turn, suppress FSH secretion (Medan et
al., 2005). Follicular deviation and dominance in small ruminants is still unclear (Medan et al., 2005;
Bartlewski et al., 2011); however, in general, at around 1.5 days after emergence (Evans, 2000) one or
more follicles are selected to dominate and acquire LH receptors in granulosa cells to continue their
growth. These follicles with LH receptors are the focus to induce the formation of aCL by exogenous
supply of LH or hCG. According to Driancourt (2001), follicles with a diameter >4 mm in sheep already
have LH receptors; however, Vergani et al. (2020) suggest that slightly smaller follicles (> 3.5 mm) may
already be responsive to aCL development.

The length of the follicular dominance period (i.e., the period of the follicular wave in which
follicles with LH receptors are present on the ovaries) varies between non-ovulatory and ovulatory
waves, as does the maximum diameter reached by the dominant follicles. These differences are associated
with variations in hormonal profiles among follicular waves that occur during the luteal phase relative to
those occurring at the follicular phase of the estrous cycle. The main difference is due to the fact that P4
and estradiol are acting in concert to modulate the frequency and amplitude of LH pulses (Barrett et al.,
2007) and, consequently, restrict the final growth of the follicles, preventing them from reaching a
preovulatory size and, thus, from ovulating. Conversely, the continuous increase in estradiol secretion
during the follicular phase of the estrous cycle is reflected in an increase in LH receptor density in
preovulatory follicles (Bartlewski et al., 2011).

Therefore, when focusing on the induction of aCL, it is essential to consider the administration
of luteotrophic agents at a timepoint when responsive follicles are present on the ovaries, whether from
the first or second follicular wave. Thus, understanding the follicular dynamics of different breeds of
sheep and goats under different environmental influences will certainly allow greater efficiency in the
induction of aCL.

Induction of aCL in sheep

The use of luteotropic agents, such as hCG and GnRH, to induce the formation of aCL and,
consequently, to increase the P4 and the conception rate has been widely investigated in sheep (Khan et
al., 2009; Fonseca et al., 2018; Vergani et al., 2020), as listed in Table 1. In this regard, hCG seems to
give better results than GnRH, since GnRH is not always able to produce a functional aCL and may even
not affect P4 concentrations (Fernandez et al., 2018). The hCG dose previously used has differed among
studies, varying from low (100 IU, Nephew et al., 1994) through intermediate (250—300 IU, Catalano et
al., 2015; Fernandez et al., 2018; Fonseca et al., 2018; Vergani et al., 2020) to high (600 IU, Colenson et
al., 2015). These studies aimed to increase P4 concentrations and promote greater percentages of aCL
formation, which ranged from 71% to 100% (Table 1). These findings suggest that there is a positive
effect in the oCL and from the aCL to increase the P4 concentration profile.

One of the most important criteria to implement a protocol for induction of aCL is the moment
of administration of the luteotropic agent, considering the already-mentioned need for the presence of LH-
responsive follicles (Driancourt, 2001). Other factors to consider are the moment of the maternal recognition of
pregnancy in ewes and the influence of IFNT production at high P4 levels (Satterfield et al., 2006), improving
embryonic survival and providing better chances for embryonic development. Furthermore, hCG improved the
crown-rump length, amniotic sac length, and number of caruncles in ewe lambs (Khan et al., 2007), including a
high number of placentomes in ewes, in addition to increasing progesterone concentrations, presumably
providing better survivability and developmental condition for the embryos.

Although several studies have investigated aCL induction in ewes, few have obtained an
increase in pregnancy rates (Catalano et al., 2015; Fernandez et al., 2019). In a recent study of aCL
induction during the transitional period (from the end of the anestrus season to the beginning of the
breeding season), a greater pregnancy rate was observed in ewes that successfully formed at least one .
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Table 1. Summary of studies on the effects of exogenous gonadotropins administered after breeding on reproductive efficiency in goats and sheep at different

reproductive seasons

Breed (n) Reproductive Day of treatment / aCL’ Positive effect/increase (yes or no) Authors
Season dose of hormone (%) P4” Pregnancy TLA" MVA~
Goats
Alpine and Saanen (24) Transitional / D5 /250 IU hCG - No No - - Fonseca and Torres (2005)
Breeding
Alpine (81) Breeding D5 /250 IU hCG - - No - --- Fonseca et al. (2005a)
Alpine (18) Transitional / D5 /250 IU hCG - Yes (D45) No - - Fonseca et al. (2005D).
Breeding
Alpine and Saanen (76) Non-breeding / D5/250 IU hCG - No No -—- - Maffili et al. (2005)
Transitional
Alpine (64) Breeding D5/250 IU hCG --- Yes (D13 to --- --- --- Fonseca et al. (20006)
21)
Toggenburg (43) Transitional D7 /300 IU hCG 46.5 No Yes No No Cortes et al. (2021)
Sheep
Targhee (90) Breeding D11.5/100 IU hCG / - Yes No - - Nephew et al. (1994)
12 mg P4
Karayaka (132) Breeding D12 /150 IU hCG/ - - Yes --- --- Cam & Kuran (2004)
4 ug GnRH
Welsh Halfbred (445) Breeding / Non- D12 /200 IU hCG 71.4 - No --- - Khan et al. (2009)
breeding
Western Whiteface (19) Breeding D4 /600 IU hCG --- Yes - --- --- Coleson et al. (2015)
Corriedale (103) Non-breeding D12 /300 IU hCG 100.0 Yes No -—- - Catalano et al. (2015)
Merino (12) Breeding D4 /300 IU hCG 91.6 Yes - --- - Fernandez et al. (2018)
Merino (12) Breeding D4 /4 ug GnRH - No - - - Fernandez et al. (2018)
Santa Inés (7) Non-breeding D7/250 IU hCG 85.7 Yes No Yes --- Fonseca et al. (2018)
Merino (92) Breeding D4 /300 IU hCG - - No --- - Fernandez et al. (2019)
Merino (99) Breeding D4 /4 pg GnRH - - Yes - - Fernandez et al. (2019)
Morada Nova (55) Non-breeding D7.5/300 IU hCG 81.5 Yes No Yes No Vergani et al. (2020)
"Days (D) after the onset of estrus; aCL: accessory corpus luteum; P4: progesterone; TLA: total luteal area; MVA: mean vascular area; ---: not assessed in the paper;
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aCL, and there was an increase in the number of lambs born as a function of the number of treated ewes
(Vergani et al., 2020).

Considering all reports on the effects that hCG can have on embryonic survival and
development, besides increasing P4 concentrations and improving the uterus milieu, further studies are
still required to adjust aCL induction protocols, with the ultimate goal of increasing pregnancy rates in
ewes.

Induction of aCL in goats

hCG has also been used to improve reproductive efficiency in goats, stimulating the elevation of
P4 concentrations (Fonseca et al., 2005b, 2006) and inducing the formation of aCL (Cortes et al., 2021),
as shown in Table 1. During the breeding season, nulliparous and lactating Alpine females received 250
IU of hCG five days after natural mating; although the plasma P4 concentrations increased from Days 13
to 21 in hCG-treated goats, regardless of parity (Fonseca et al., 2006), there was no difference in
pregnancy outcomes, kidding, or prolificacy (Fonseca et al., 2005a, 2006). When the same dose was
tested in nulliparus Saanen and Alpine goats after estrus, but in the transitional period, no difference was
observed in most variables assessed, except for plasma P4 concentration, which only increased on the 45™
day of pregnancy (Fonseca and Torres, 2005; Fonseca et al., 2005b). Similarly, treatment with hCG (250
IU) on the 20™ day of the estrous cycle had no effect on the reproductive performance of multiparous
females (Maffili et al., 2005).

The dominant follicle of the first follicular wave in goats reaches its maximum diameter (~6.3
mm) (De Castro et al., 1999; Cortes et al., 2021) on the sixth day after ovulation or seven days after the
onset of estrus (De Castro et al., 1999) and, by this time, is able to respond to the gonadotropic stimulus
of hCG. This fact allows us to understand the lack of success in the development of accessory luteal
structures in the studies described above, which administered hCG on the fifth day. Goats in the transition
period to the breeding season submitted to treatment with 300 IU of hCG, seven days after estrus, were
able to develop accessory luteal structures and improve pregnancy rates (Cortes et al., 2021). The dose of
300 IU of hCG was compared with 100 IU administered seven and 14 days post-artificial insemination
(AI) in multiparous and anovulatory goats (Bustamante-Andrade et al., 2021). The study confirmed the
efficiency of the 300 IU dose in increasing reproductive efficiency (fecundity rate, corpus luteum area,
and embryo implantation rate), although the formation of aCL was not evaluated.

Despite the results observed in the studies conducted to date, where hCG was able to increase P4
concentrations, pregnancy, fecundity rate, and embryo implantation rate, as well as to induce the
formation of aCL, further research is needed to adjust these protocols and thus increase the reproductive
efficiency of goats.

Effects of gonadotropins on oCL function and aCL formation

When administering gonadotropins or their analogues between Days 5 and 12 of the estrous
cycle in small ruminants, some studies have reported an increase in P4 concentration and/or success in
inducing aCL (Table 1). It is noteworthy that, in addition to the induction of aCL, as in heifers (Fonseca
et al., 2001a), these hormones also act on the oCL, since the CL of small ruminants reaches its maximum
size around Day 9 of the estrous cycle in goats (Balaro et al., 2017) to Day 12 of that in sheep (Figueira et
al., 2015), and small luteal cells have LH receptors and may be stimulated with a possible increased
production of P4 (Niswender et al., 1985). Administration of 120 pg of intravenous LH every 6 h from
Day 5 to Day 10 of the estrous cycle (estrus = Day 0) decreased the proportion of small to large luteal
cells of the oCL (Farin et al., 1988), reinforcing the hypothesis that LH stimulates small luteal cells to
differentiate into large luteal cells, and this luteotrophic action may be important in oCLs. In addition, the
administration of 100 IU of hCG on Day 11.5 of the estrous cycle in sheep led to aCL formation,
although oCLs at Day 13 were larger in treated animals (Nephew et al., 1994).

In large ruminants, there are some more concrete reports on the action of these hormones on the
oCL. hCG given daily from Day 2 to Day 7, or as a single administration on Day 1 or 3 of the estrous
cycle, in cows caused a significant increase in the size of the oCL between Days 9 and 11 in all treated
groups (Veenhuizen et al., 1972). Schmitt et al. (1996) studied the cellular and endocrine effects of hCG
or a GnRH-agonist treatment on Day 5 upon both aCL and oCL in Holstein cows. They observed an
increased mean size of small luteal cells, further evidence of the luteotrophic action of LH/hCG on oCL.

Rev Bras Reprod Anim, v.45, n.4, p.309-317, out./dez. 2021 313



DY

Fonseca et al. Induction of accessory corpus luteum in goats and sheep: From physiological basis to
reproductive effects.

On Day 17 of the estrous cycle, there was a greater amount of P4 in luteal tissue (mg/CL) in oCL treated
either with hCG or GnRH agonist than in the control group (Schmitt et al., 1996).

More recently, it has been possible to study this luteotrophic effect with the aid of

ultrasonography to evaluate the effects of hCG administered on Day 5 after estrus detection on the
characteristics of the CL in cows. hCG treatment promoted a significant increase in oCL area from Day 7
to Day 13 in treated animals compared with the control group (Rizos et al., 2012). In buffaloes, the
administration of buserelin acetate or hCG on Day 5 after ovulation demonstrated a luteotrophic action of
these hormones on the oCL at Day 12, which maintained a larger diameter until the end of the cycle (Day
21). Plasma P4 concentrations from Day 12 to Day 21 post-ovulation did not differ between treated
buffaloes, whether or not they had an aCL, suggesting that this luteotrophic action on the oCL may be the
main source of P4 for treated animals (Pandey et al., 2015).
Finally, data from our research group, studying the effects of hCG administration on Day 7 of the estrous
cycle in dairy goats, showed the induction of aCL in 100% of the goats. Interestingly, a significant
increase was detected in total luteal area and mean cross-sectional area of the oCL on Day 10 in the
treated group, and both variables remained greater until Day 21. Moreover, circulating P4 concentrations
were greater in hCG-treated goats from Days 13 to 21 and were directly related to total luteal and oCL
area for the duration of the study (Rodrigues et al., 2022).

Final Considerations

The potential advantageous effects of the strategic administration of gonadotropins appear to be
dependent on ovarian status at the time of hormone administration, reproductive cyclicity, and limiting
factors for pregnancy establishment. Both increased P4 concentration profile and other unknown
mechanisms have been reported as responsible for pregnancy increases. hCG is the most commonly used
gonadotropin to induce aCL, but the consolidation of this strategy for reproductive management in sheep
and goats will depend on the repeatability of positive effects on pregnancy rates.

Acknowledgements

The authors thank the Brazilian Agricultural Research Corporation (EMBRAPA; Project
20.19.01.004.00.03.001), the National Council for Scientific and Technological Development (CNPq;
Project 314952/2018-7) and State of Minas Gerais Foundation for Research Support (FAPEMIG; Project
CVZ-PPM 00201-17) by the financial support. JFF, JMGS-F and MEFO are CNPq fellows. JFF is also a
fellow of FAPEMIG and JMGS-F of FAPERJ.

References

Amorim EAM, Torres CAA, Fonseca JF, Amorim LS, Bruschi JH, Guimaraes JD, Cecon PR,
Alves NG. Follicular dynamics of lactating Toggenburg does treated with recombinant bovine
somatotropin. Arg Bras Med Vet Zootec, v.59, p.1500-1508 , 2007.

Badinga M, Driancourt MA, Savio JD, Wolfenson D, Drost M, De La Sota RL, Thatcher WW.
Endocrine and ovarian responses associated with the first-wave dominant follicle in cattle. Biol Reprod,
v.47, p.871-883, 1992.

Balaro MFA, da Fonseca JF, Oba E, da Cruz Cardoso E, Brandao FZ. Is the Santa Inés sheep a
typical non-seasonal breeder in the Brazilian Southeast?. Trop Anim Health Prod, v.46,n.8, p.1533-1537,
2014.

Balaro MFA, de Mello SGV, da Silva Santos A, Cavalcanti LM, Almosny NRP, Fonseca JF,
Brandao, FZ. Reproductive seasonality in Saanen goats kept under tropical conditions. Trop Anim
Health Prod, v.51, p.345-353, 2019.

Balaro MFA, Santos AS, Moura LFGM, Fonseca JF, Brandao FZ. Luteal dynamic and functionality
assessment in dairy goats by luteal blood flow, luteal biometry, and hormonal assay. Theriogenology,
v.95, p.118-126,2017.

Barrett DMW, Duggavathi R, Davies KL, Bartlewski PM, Bagu ET, Rawlings NC. Differential
effects of various estradiol-17beta treatments on follicle-stimulating hormone peaks, luteinizing hormone
pulses, basal gonadotropin concentrations, and antral follicle and luteal development in cyclic ewes.
Biology of Reproduction, v.77, p.252-262, 2007.

Rev Bras Reprod Anim, v.45, n.4, p.309-317, out./dez. 2021 314



DY

Bartlewski PM, Baby TE, Giffin JL. Reproductive cycles in sheep. Animal Reproduction Science,
v.124, p.259-268, 2011.

Bartlewski PM, Beard AP, Cook SJ, Chandolia RK, Honoramooz A, Rawlings NC. Ovarian antral
follicular dynamics and their relationships with endocrine variables throughout the oestrous cycle in
breeds of sheep differing in prolificacy. J Reprod Fertil, v.115, p.111-124, 1999.

Bazer FW, Burghardt RC, Johnson GA, Spencer TE, Wu G. Mechanisms for the establishment and
maintenance of pregnancy: synergies from scientific collaborations. Biol Reprod, v.99, p.225-241, 2018.
Bustamante-Andrade JA, Meza-Herrera CA, Rodriguez-Martinez R, Santos-Jimenez Z, Angel-
Garcia O, Gaytan-Aleman LR, Gutierrez-Guzman UN, Esquivel-Romo A, Véliz-Deras FG.
Luteogenesis and Embryo Implantation Are Enhanced by Exogenous hCG in Goats Subjected to an Out-
of-Season Fixed-Time Artificial Insemination Protocol. Biology, v.10, p.429, 2021.

Cam MA, & Kuran M. Effects of a single injection of hCG or GnRH agonist on day 12 post mating on
fetal growth and reproductive performance of sheep. Anim Reprod Sci, v.80(1-2), p.81-90, 2004.
Campbell BK, Kendall NR, Baird DT. The Effect of the Presence and Pattern of Luteinizing Hormone
Stimulation on Ovulatory Follicle Development in Sheep. Biol Reprod, v.76, p.719-727, 2007.

Catalano R, Teruel M, Gonzalez C, Williams S, Dorna IV, Callejas S. Reproductive performance of
ewe lambs in non-breeding season exposed to hCG at day 12 post mating. Small Rumin Res, v.124, 63-
67, 2015.

Coleson MP, Sanchez NS, Ashley AK, Ross TT, Ashley RL. Human chorionic gonadotropin increases
serum progesterone, number of corpora lutea and angiogenic factors in pregnant sheep. Reproduction,
v.150, 43-52, 2015.

Cortes LR, Souza-Fabjan JMG, Dias DS, Martins BB, Maia ALRS, Veiga MO, Arashiro EKN,
Brandio FZ, Oliveira MEF, Bartlewski PM, Fonseca JF. Administration of a single dose of 300 IU of
human chorionic gonadotropin seven days after the onset of estrus improves pregnancy rate in dairy goats
by an unknown mechanism. Domest Anim Endocrinol, v.74, p.106579, 2021.

De Castro T, Rubianes E, Menchaca A, Rivero A. Ovarian dynamics, serum estradiol and progesterone
concentrations during the interovulatory interval in goats. Theriogenology, v.52, p.399-411, 1999.
Driancourt MA. Regulation of ovarian follicular dynamics in farm animals. Implications for
manipulation of reproduction. Theriogenology, v.55, p.1211-1239, 2001.

Evans ACO, Duffy P, Hynes N, Boland MP. Waves of follicle development during the estrous cycle in
sheep. Theriogenology, v.53, p.699-715, 2000.

Evans ACO, Duffy P, Quinn KM, Knight PG, Boland MP. Follicular waves are associated with
transient fluctuations in FSH but not oestradiol or inhibin-A concentrations in anoestrous ewes. Anim Sci,
v.72, p.547-554,2001.

Farin CE, Moeller CL, Mayan H, Gamboni F, Sawyer HR, Niswender GD. Effect of Luteinizing
Hormone and Human Chorionic Gonadotropin on Cell Populations in the Ovine Corpus Luteum. Biol
Reprod, v.38, p.413-421, 1988.

Fatet A, Pellicer-Rubio MT, Leboeuf B. Reproductive cycle of goats. Animal Reproduction Science ,
v.124, p. 211-219, 2011.

Fernandez J, Bruno-Galarraga MM, Soto AT, de la Sota RL, Cueto MI, Lacau IM, Gibbons AE.
Hormonal therapeutic strategy on the induction of accessory corpora lutea in relation to follicle size and
on the increase of progesterone in sheep. Theriogenology, v.105, 184-188, 2018.

Fernandez J, Bruno-Galarraga MM, Soto AT, de la Sota RL, Cueto MI, Lacau-Mengido IM,
Gibbons AE. Effect of GnRH or hCG administration on Day 4 post insemination on reproductive
performance in Merino sheep of North Patagonia. Theriogenology, v.126, 63-67, 2019.

Figueira LM, Fonseca JF, Arashiro EKN, Souza-Fabjan JMG, Ribeiro ACS, Oba E, Viana JHM,
Brandido FZ. Colour doppler ultrasonography as a tool to assess luteal function in Santa Inés ewes.
Reprod Dom Anim, v.50, p.643-650, 2015.

Fonseca JF, Castro ACR, Arashiro EKN, Oliveira MEF, Zambrini FN, Esteves LV, Brandao FZ,
Souza-Fabjan JMG. Effects of hCG administration on accessory corpus luteum formation and
progesterone production in estrous-induced nulliparous Santa Inés ewes. Anim Reprod, v.15, p.135-139,
2018.

Fonseca JF, Filho JMS, Neto AP, Palhares MS, Ruas JRM, Alvim MTT, Belissario H, Pardini WS.
Indug@o de corpo liteo acessorio em novilhas (induction of accessory corpus luteum in heifers). Rev Bras
Reprod Anim, v.24, n.3, p.143-146, 2000.

Fonseca JF, Fillio JMS, Palhares MS, Ruas JRM, Pinto Neto A. Plasma progesterone concentration in

Fonseca et al. Induction of accessory corpus luteum in goats and sheep: From physiological basis to
reproductive effects.

Rev Bras Reprod Anim, v.45, n.4, p.309-317, out./dez. 2021 315



DY

Fonseca et al. Induction of accessory corpus luteum in goats and sheep: From physiological basis to
reproductive effects.

recipient heifers submitted to administration of tbST, GnRH or hCG on day five of the estrous cycle. Arg
Bras Med Vet e Zootec, v.53, p.451-458, 2001a.

Fonseca JF, Maffili VV, Rodrigues MT, Santos ADF, Rovay H, Neto AP, Brandao FZ, Torres CAA.
Effects of hCG on progesterone concentrations and fertility in cyclic, lactating Alpine goats. Anim
Reprod, v.3, p.410-414, 2006.

Fonseca JF, Silva Filho JM, Palhares MS, Ruas JRM, Pinto Neto A. Pregnancy rates of recipient
heifers submitted to administration of rbST, GnRH or hCG on day five of the estrous cycle. Arg Bras
Med Vet Zootec, v.53, p.1-6, 2001b.

Fonseca JF, Torres CAA, Costa EP, Maffili VV, Carvalho GR, Alves NG, Rubert MA. Progesterone
profile and reproductive performance of estrous-induced Alpine goats given hCG five days after
breeding. Anim Reprod, v.2, p.54-59, 2005b.

Fonseca JF, Torres CAA, Maffili VV, Borges AM, Espeschit CJB, Balbinot PZ, Oliveira RFM,
Leite PAG. Desempenho reprodutivo de cabras alpinas tratadas com hCG cinco dias apds o
acasalamento. Rev Bras Zootec, v.34, p.508-513, 2005a.

Fonseca JF, Torres CAA. Administration of hCG 5 days after breeding and reproductive performance in
nulliparous dairy goats. Reprod Dom Anim, v.40, p.495-499, 2005.

Forde N, Beltman ME, Lonergan P, Diskin M, Roche JF, Crowe MA. Oestrous cycles in Bos taurus
cattle. Anim Reprod Sci, v.124, p.163-169, 2011.

Forde N, Lonergan P. Interferon-tau and fertility in ruminants. Reproduction, v.154, n.5, p.33-43, 2017.
Gibbons JR, Kot K, Thomas DL, Wiltbank MC, Ginther OJ. Follicular and FSH dynamics in ewes
with a history of high and low ovulation rates. Theriogenology, v.52, p.1005-1020, 1999.

Ginther OJ, Kot K, Wiltbank MC. Associations between emergence of follicular waves and
fluctuations in FSH concentrations during the estrous cycle in ewes. Theriogenology v.43, p.689-703,
1995.

Ginther OJ, Kot K. Follicular dynamics during the ovulatory season in goats. Theriogenology, v.42,
p-987-1001, 1994.

Ginther OJ, Wiltbank MC, Fricke PM, Gibbons JR, Kot K. Selection of the Dominant Follicle in
Cattle. Biol Reprod, v.55, p.1187-1194, 1996.

Khan TH, Beck NFG, Khalid M. The effect of hCG treatment on Day 12 post-mating on ovarian
function and reproductive performance of ewes and ewe lambs. Anim Reprod Sci, v.116, p.162-168,
2009.

Kerbler TL, Buhr MM, Jordan LT, Leslie KE, Walton JS. Relationship between maternal plasma
progesterone concentration and interferon-tau synthesis by the conceptus in cattle. Theriogenology, v.47,
p.703-714, 1997.

Lonergan P, Forde N, Spencer, T. Role of progesterone in embryo development in cattle. Reprod Fertil
Dev, v.28, p.66-74, 2016.

Lonergan P, Sanchez JM. Symposium review: Progesterone effects on early embryo development in
cattle. J D Sci, v.103, p.8698-8707, 2020.

Maffili VV, Torres CAA, Prosperi CP, Fonseca JF, Pontes RAM, Moraes EA, Costa EP, Santos
ADF. Performance reprodutiva de cabras Alpinas e Saanen tratadas com gonadotrofina coridnica humana
no quinto e vigésimo dia pds-servigo durante a estacdo de monta induzida. Veterindaria Noticias, v.11,
p-75-80, 2005.

Medan M, Watanabe G, Sasaki K, Groome NP, Sharawy S, Taya K. Follicular and hormonal
dynamics durgin the estrous cycle in goats. Journal of Reproduction and Development, v.51, p.455-463,
2005.

Meites J, Webster HD, Young FW, Thorp Jr F, Hatch RN. Effects of corpora lutea removal and
replacement with progesterone on pregnancy in goats. J Anim Sci, v.10, p.411-416, 1951.

Nephew KP, Cardenas H, McClure KE, Ott TL, Bazer FW, Pope WF. Effects of administration of
human chorionic gonadotropin or progesterone before maternal recognition of pregnancy on blastocyst
development and pregnancy in sheep. J Anim Sci, v.72, 453458, 1994.

Niswender GD, Schwall RH, Fitz TA, Farin CE, Sawyer HR. Regulation of Luteal Function in
Domestic Ruminants: New Concepts. Recent Prog Horm Res, v.41, p.101-151, 1985.

Oliveira MEF, Ayres H, Oliveira LG, Oba E, Kridli R, Bartlewski PM, Fonseca JF, Bicudo SD,
Vicente WRR. Follicular wave emergence in Santa Inés ewes subjected tolong-term. progesterone-based
estrous synchronization protocols at different times of the year. Anim Reprod Sci, v.174, p.80-86, 2016.
Pandey AK, Dhaliwal GS, Ghuman SPS, Agarwal SK. Impact of buserelin acetate or hCG

Rev Bras Reprod Anim, v.45, n.4, p.309-317, out./dez. 2021 316



DY

Fonseca et al. Induction of accessory corpus luteum in goats and sheep: From physiological basis to
reproductive effects.

administration on day 5 post-ovulation on subsequent luteal profile and conception rate in Murrah buffalo
(Bubalus bubalis). Anim Reprod Sci, v.66, p.50-62, 2015.

Price CA, Webb R. Ovarian response to hCG treatment during the oestrous cycle in heifers. J Reprod
Fert, v.86,p.303-308, 1989.

Raheem KA. An insight into maternal recognition of pregnancy in mammalian species. J Saudi Soc Agri
Sci, v.16, p.1-6, 2017.

Rajarnahendran R, Ambrose JD, Schmitt E.J-P, Thatcher M-J, Thatcher WW. Effects of buserelin
injection and deslorelin (GnRH-agonist) implants on plasma progesterone, LH, accessory CL formation,
follicle and corpus luteum dynamics in Holstein cows. Theriogenology, v.50, p.1141-1155, 1998.

Rhind SM, Chesworth JM, Robinson JJ. A seasonal difference in ovine peripheral plasma prolactin
and progesterone concentrations in early pregnancy and in the relationship between the two hormones.
Reproduction, v.52, p.79-81, 1978.

Rizos D, Scully S, Kelly AK, Ealy AD, Moros R, Duffy P, Al Naib A, Forde N, Lonergan P. Effects
of human chorionic gonadotrophin administration on Day 5 after oestrus on corpus luteum characteristics,
circulating progesterone and conceptus elongation in cattle. Reprod Fertil Dev, v.24, p.472-482, 2012.
Rodrigues JND, Guimaries JD, Oliveira MEF, Dias JH, Arrais AM, Sousa MAP, Bastos R,
Ahmadi B, Bartlewski PM, Fonseca JF. Human chorionic gonadotropin affects original (ovulatory) and
induced (accessory) corpora lutea, progesterone concentrations, and pregnancy rates in anestrous dairy
goats. Reprod Biol, v.22, 100591, 2022.

Rubianes E, Menchaca A. The pattern and manipulation of ovarian follicular growth in goats. Anim
Reprod Sci, v.78, p.271-287, 2003.

Satterfield MC, Bazer FW, Spencer TE. Progesterone regulation of preimplantation conceptus growth
and galectin 15 (LGALS15) in the ovine uterus. Biol Reprod, v.75, 289-296, 2006.

Schmitt EJ-P, Barros MC, Fields PA, Fields MJ, Diaz T, Kluge JM, Thatcher WW. A cellular and
endocrine characterization of the original and induced corpus luteum after administration of a
gonadotropin-releasing hormone agonist or human chorionic gonadotropin on day five of the estrous
cycle. J Anim Sci, v.74, p.1915-1929, 1996.

Simoes J, Almeida JC, Valentim R, Baril G, Azevedo J, Fontes P, Mascarenhas R. Follicular
dynamics in Serrana goats. Animal Reproduction Science, v.95, p.16-26, 2006.

Sirois J, Fortune JE. Ovarian follicular dynamics during the estrous cycle monitored by real-
timeultrasonography. Biol Reprod, v.39, p.308-317, 1988.

Veenhuizen EL, Wagner JF, Tonkinson LV. Corpus luteum response to 6-chloro 6-17
acetoxyprogesterone and HCG in the cow. Biol Reprod, v.6, p.270-276, 1972.

Vergani GB, Fonseca JF, Trevizan JT, Pereira VSA, Garcia AR, Esteves SN, Bradniao FZ, Souza-
Fabjan, JMG, Oliveira MEF. Luteotropic effects of human chorionic gonadotropin administered 7.5
days after synchronous estrous induction in Morada Nova ewes. Anim Reprod Sci, v.223, p.106644, 2020.
Wheaton JE, Mullett MA, Cornelius SG. Plasma follicle stimulating hormone and luteinizing hormone
patterns during the estrous cycle of ewes. Theriogenology, v.21, p.989-999, 1984.

Wiltbank JN, Rothlisberger JA, Zimmerman DR. Effect of human chorionic gonadotropin on
maintenance of the corpus luteum and embryonic survival, in the cow. J Anim Sci, v.20, p.827-829, 1961.

Rev Bras Reprod Anim, v.45, n.4, p.309-317, out./dez. 2021 317



