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Abstract
The effect of hCG administration on accessory
corpus luteum (ACL) formation, CL area, and plasma
progesterone (P4) concentration (ng/mL) seven days
after breeding was studied in nulliparous Santa Inês
sheep. Intravaginal 60 mg MAP sponges were inserted
into ewes for six days and 300 IU eCG i.m. and 30 µg
d-cloprostenol latero-vulvar were administered 24 h
before sponge removal. Ewes were naturally bred and,
seven days after first mating (Day 0; D0), were treated
with either 250 IU hCG (hCG group; n = 7) or 1 mL
saline solution (control group; n = 7). Blood was
collected to determine plasma P4 concentrations and
sonograms were performed on Days 7, 10, 13, 16, 19,
and 22. Number of CL on D7 was similar (P > 0.05)
between hCG (1.3 ± 0.5) and control (1.3 ± 0.5) groups;
however, on D13, it was greater (P < 0.05) in the hCG
group (2.3 ± 0.5) than in the control group (1.3 ± 0.5).
A greater (P < 0.05) luteal tissue area was detected in
hCG-treated ewes (n = 4) on Days 16 to 22 than in the
animals in the control group (n = 7). Plasma P4
concentration on D13 to D22 was higher (P < 0.05) in
hCG-treated animals than in control ewes. Administration
of hCG seven days after estrus onset efficiently induced
accessory CL formation in ewes, increasing luteal tissue
area and plasma P4 concentration.
Keywords: CL, luteotropic effect, ovulation induction,
progesterone, sheep, ultrasound.
Introduction
The Santa Inês sheep is considered to be the
most diffused naturalized breed in Brazil. Originally from
the Northeast region of the country, Santa Inês sheep can
be both crossbreed and purebred stock, and they are now
commonly found in the southeast region of Brazil.
Geographical, seasonal, and climatic variations can
directly impact the reproductive performance of this
breed of sheep (Balaro et al., 2014; Oliveira et al., 2016).
In addition to marking a reduction or cessation of
spontaneous estrus behavior, the non-breeding season is
also associated with a decrease in plasma progesterone
concentration in estrus-induced ewes in comparison to
animals with natural estrus and breeding (Rhind et al.,
1978; Wheeler and Barnes, 1983; Theodosiadou et al.,
2004).
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The positive effect of progesterone (P4) on
embryo quality and its early development, uterine
environment, and the reduction of pregnancy loss has
been previously reported in ruminants (Wiltbank et al.,
1994; Lonergan et al., 2016). The administration of
hCG or other ovulation inductor (e.g., GnRH or LH) to
induce accessory corpus luteum (ACL) formation and
increased P4 concentration has been investigated in
bovine (Fonseca et al., 2000; Fonseca et al., 2001a, b)
and goats (Fonseca et al., 2005; Fonseca et al., 2006)
with the objective of improving pregnancy rates. In a
study on subtropical sheep, hCG treatment on Days 5
and 7.5 after estrus increased luteal weight and induced
conversion of small luteal cells into large luteal cells,
leading to a higher serum P4 concentration (Farin et al.,
1988). However, the effects of hCG on ovary and P4
levels when administered to Santa Inês sheep in tropical
conditions have not yet been investigated in depth and
no study has evaluated the use of this drug to improve the
reproductive performance of the Santa Inês breed in the
southeast of Brazil, when ewes are bred outside the
natural breeding season, which runs from September to
December in this region (Balaro et al., 2014). Thus, the
objective of this study was to evaluate the effect the
administration of hCG seven days after breeding on
accessory corpus luteum formation, luteal tissue area and
plasma P4 concentration in nulliparous Santa Inês ewes.
Materials and Methods
Experimental animals and facilities
This research was reviewed and approved by
the Animal Care Committee of Embrapa Dairy Cattle
(Protocol 15/2014) and conducted across two trials
during the nonbreeding season of Santa Inês (Balaro et
al., 2014), between October and November, at the
Experimental Campus of Embrapa Dairy Cattle, in the
rural area of Coronel Pacheco, Brazil (latitude 21° 35’ S,
longitude 43°15’ W, and altitude of 435 m). A total of
14 nulliparous Santa Inês ewes aged between 12 and 14
months were kept in an intensive system, and were fed
corn silage and Napier grass (Pennisetum purpureum v.
Taiwan) as forage. They were also administered with a
balanced concentrate supplement according to their
nutritional needs (National Research Council, 2007).
Mineralized salt and drinking water were available to
the ewes ad libitum.
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Hormonal protocol for estrus induction and hCG
treatment
Estrus was induced using intravaginal sponges
impregnated with 60 mg of medroxyprogesterone
acetate (Progespon®, Syntex S.A., Buenos Aires,
Argentina), which were inserted on a random day of the
estrous cycle and left in place for six days. One day
before sponge removal, all ewes received 300 IU eCG
i.m. (Novormon®, Syntex S.A.) and latero-vulvar
injection (Fonseca et al., 2017) of 30 μg d-cloprostenol
(Prolise®, ARSA S.R.L., Buenos Aires, Argentina).
After sponge removal, estrus detection was performed
twice a day using two fertile rams. After estrus onset,
ewes were mated twice a day throughout the estrus
period. The first day of mating was Day 0 (D0). On D7,
ewes were randomly allocated into one of two
treatment groups: hCG ewes (n = 7, 39.36 ± 0.64 kg
and 3.14 ± 0.07 of BCS) received 250IU of hCG i.m.
(Vetecor®, Hertape-Calier do Brasil Ltda, São Paulo,
Brazil), while the control ewes (n = 7; 39.24 ± 0.52 kg
and 3.25 ± 0.13 of BCS) received the same volume (1 mL)
of saline solution i.m.
Ovarian ultrasonography and luteal evaluation
Transrectal ultrasonography (US) exams were
performed on Days 7, 10, 13, 16, 19, and 22 using a
portable device equipped with a 7.5 MHz transducer
(M5 Vet®, Mindray Medical International Limited,
Shenzhen, China). Original CL was defined as CL that
formed after ovulation associated with the onset of
estrus. ACL was defined as CL that was not been
detected on Day 7 of the estrous cycle but was identified
on Day 13 of the cycle. The CL, ACL, and luteal tissue
area (cm2) were determined using US equipment
calipers. The luteal tissue area, which was estimated
according to the largest diameter of each CL, was
considered the sum of the area of all CLs detected in
each animal. When present, the luteal cavity area was
subtracted. The same experienced technician performed
all the US exams and the equipment parameters (focus
field, proximal, distal, and total gain) were standardized
and maintained throughout the experiment period.
Blood sampling and plasma P4 measurement
Before each US exam, blood samples were
collected via jugular vein puncture and stored in tubes
containing sodium EDTA within a vacuum system.
Samples were centrifuged at 1000 g for 15 min at 5ºC.
Plasma samples were then aspirated and stored at -20ºC
in 1.5 mL tubes until plasma P4 determination. Plasma
P4 concentration (ng/mL) was determined by
radioimmunoassay (RIA), using commercial RIA kits
(Beckman Coulter; Immunotech, Marseille, France).
The assay sensitivity was 0.05 ng/mL. The mean intraand inter-assay coefficient of variation was 12% and 9%
respectively. In addition, all data were within the
maximum and minimum points of the curve.
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Pregnancy diagnosis
Pregnancy rates were accessed by transrectal
ultrasonography with the same equipment and by
technician previous cited at 60 days after mating.
Statistics and data analyses
Number of CL, luteal tissue area, and plasma
P4 concentrations were analyzed for the main effect of
treatment and days of estrous cycle (within each group)
by one-way ANOVA. Differences between means were
determined by Tukey’s test. A p-value less than 0.05
indicated that the difference was significant. Results are
reported as mean ± SEM. All statistical analyses were
performed using the System for Statistical Analysis
(SAEG) software (Ribeiro Júnior, 2000).
Results
After sponge removal, estrus behavior was
observed in 85.7% (6/7) and 100% (7/7) of hCG and
control animals, respectively. Regardless of the estrus
response, all females in both groups were treated. At
Day 7, US exam showed two ewes from each group
with two CL, while the other animals had only one CL.
The average number of CL at D7 was similar (P > 0.05)
between hCG- (1.3 ± 0.5) and saline- (1.3 ± 0.5) treated
ewes. At D13, hCG-treated ewes (2.3 ± 0.5) had more
CLs (P < 0.05) than saline-treated (1.3 ± 0.5) ewes.
None of the animals from the control group developed
ACL. In the hCG group, the ACL formation rate was
85.7% (6/7), with five ewes developing one ACL and
one ewe developing two ACL. The hCG-treated ewe
that did not respond to the synchronization treatment
had two CL at D7.
Data regarding luteal tissue area and plasma
progesterone concentration of non-pregnant ewes were
not considered for comparison between groups. Luteal
tissue area in control group did not change between D7
and D22 (Fig. 1). Within the hCG group, however, the
luteal tissue area progressively increased (P < 0.05)
after hCG treatment until D16. A comparison of the two
groups from D16 to D22 revealed that the luteal tissue
area was greater (P < 0.05) in the hCG group than it was
in the control group (Fig. 1).
Plasma P4 concentration also exhibited
changes over time. No significant changes (P > 0.05) in
plasma P4 concentration in the control group were
observed between D7 and D22. Plasma P4
concentration progressively increased (P > 0.05) within
hCG-treated ewes until D10; however, no significant
increase (P > 0.05) was observed in the subsequent days
(Fig. 2). A comparison between groups found that
plasma P4 concentration was higher (P < 0.05) in the
hCG-treated ewes than it was in the control ewes from
D10 to D22.
Pregnancy rates, as confirmed on Day 60 postmating, were 100% (7/7) and 66.7% (4/6) for salineand hCG-treated ewes respectively.
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Figure 1. Corpora lutea area (cm ) in estrus induced nulliparous Santa Inês ewes receiving 250 IU hCG (1 mL) or
saline (1 mL) intramuscularly at Day 7 after onset of estrus. * Indicate significant differences between groups in the
respective day (Tukey test; P < 0.05). a,b,c,d Letters within groups indicate difference among days (Tukey test; P < 0.05).
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Figure 2. Plasma progesterone concentration (ng/mL) in estrus induced nulliparous Santa Inês ewes receiving 250 IU
hCG (1 mL) or saline (1 mL) intramuscularly at Day 7 after onset of estrus. * Indicate significant differences
between groups in the respective day (Tukey test; P < 0.05). a,b,c,d Letters within groups indicate difference among
days (Tukey test; P < 0.05).
Discussion
The protocol of estrus induction resulted in
92.8% (13/14) estrus response. In the present study,
administering 250 IU of hCG seven days after breeding
efficiently induced the formation of ACL in estrusinduced nulliparous Santa Inês ewes, including the one
that not show estrus after device removal. The Santa
Anim. Reprod., v.15, n.2, p.135-139, Apr./Jun. 2018

Inês breed appeared to represent a good model for this
type of study since the Santa Inês sheep is a breed of
relative lower prolificacy (1.3; Mexia et al., 2004) and
ovulation rate (1 to 1.3 ovulation per estrus induced
ewe; Cavalcanti et al., 2012; Teixeira et al., 2016).
Previous studies on the Santa Inês breed found that the
number of follicular waves ranged from 2 to 5 with
most animals presenting 4 follicular waves per cycle
137
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(Oliveira et al., 2016). Previous study found that
ovulation in estrus-induced Santa Inês ewes occurred at
around 24 h after estrus onset (Cavalcanti et al., 2012)
and that the first follicular wave emerged near to
ovulation. Thus, although daily ovary scanning was not
performed, there is a possibility that hCG acted on
dominant follicles during the first follicular wave (Day 6
after ovulation) evoking accessory ovulation. No
differences in CL diameter, blood flow, and P4
concentration were reported between pregnant and nonpregnant cows until Day 6 following ovulation in a
previous study (Tarso et al., 2016). In the present study,
similar conditions were noted in Santa Inês sheep. Thus,
any changes in the parameters studied took place
following hormonal administration (seven days after
breeding) and were probably evoked by exogenous hCG.
Because of CL detection at day 7, the ewe that
did not show estrus also received hCG and formed
ACL. It was probably a case of silent estrus. In the hCG
group, the ACL formation rate was 85.7% (6/7) with
one of these six ewes developing 2 ACL. This finding
corroborates with a previous study performed in
Western Range ewes. This study demonstrated that two
doses of 300 IU hCG (at 5 and 7.5 days after estrus)
induced the formation of 1 or 2 ACL (Farin et al.,
1988). When short-term protocols were used for estrus
synchronization/induction in sheep, ovulation occurred,
on average, 60 h after sponge removal or 24 h after
estrus onset (Cavalcanti et al., 2012). Therefore, in the
present study, hCG treatment was administered 5-6 days
after ovulation, when dominant follicles from the first
follicular wave were already present in the ovaries and
responsive to ovulation induction hormones (Menchaca
and Rubianes, 2004). It is also likely that the increase in
P4 levels may alter the following follicular waves;
however, this is a hypothesis that remains to be tested.
The formation of ACL observed in the present
study increased the luteal tissue area within hCG-treated
animals. This progressive increase in luteal tissue area
was subsequently followed by a progressive increase in
plasma P4 concentration. Previous studies on domestic
ruminants demonstrated a significant positive
correlation between luteal tissue area and plasma P4
concentration (Siqueira et al., 2009; Arashiro et al.,
2010; Figueira et al., 2015). In addition, studies have
also demonstrated that animals with multiple ovulations
and, consequently, greater luteal tissue area, did not
exhibit higher plasma P4 progesterone than animals
with single ovulation (Bartlewski et al., 1999; Mann et
al., 2007; Arashiro et al., 2010; Figueira et al., 2015).
However, in all these studies, multiple ovulations
occurred naturally; i.e., without any exogenous hormonal
treatment. In sheep, it was demonstrated that hCG
treatment resulted in the conversion of small luteal cells
to large luteal cells (Farin et al., 1988), thereby increasing
P4 synthesis. Thus, it is likely that the increase in plasma
P4 concentration observed in the hCG group was not only
caused by the increase in the luteal tissue area, but also
by the luteotrophic effect of hCG.
In hCG-treated ewes, a temporal difference was
observed between the increase in luteal tissue area and
plasma P4 concentration. The progressive increase in
plasma P4 progesterone reached a plateau phase earlier
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than the increase in luteal tissue area (D10 and D16
respectively). This same pattern was observed when
these parameters were compared between groups. During
the natural estrous cycle, the luteal tissue area increased
faster than plasma P4 progesterone in bovine (Siqueira et
al., 2009), while both parameters reached the plateau
phase at the same time in goats (Arashiro et al., 2010). In
sheep, plasma P4 concentration increased faster than
luteal tissue area during natural estrous cycle (Figueira et
al., 2015); however, the temporal difference was only 2
days, significantly less time than that observed in the
present study (6 days). This finding demonstrated that the
luteotrophic effect of hCG accelerated the functional
maturation of luteal tissue, leading to a more rapid
increase in plasma P4 concentration.
Thus,
plasma
P4
concentration
was
significantly higher in hCG-treated ewes than it was in
the control ewes before the expected moment of
luteolysis. One of the causes of embryonic loss in
mammals is inadequate plasma progesterone
concentration in the critical window of maternal
recognition of pregnancy. A series of studies
demonstrated a positive relationship between early and
mid-luteal phase concentrations of progesterone and
subsequent embryo survival rate (reviewed by Diskin
and Morris, 2008). In addition, research has found that,
when the estrous cycle was induced in ewes, plasma P4
concentration was 70% lower than it was in animals
with natural estrus and breeding cycles (Rhind et al.,
1978; Theodosiadou et al., 2004). One study found
that the administration of hCG on Days 11, 12, and 13
after breeding resulted in significantly higher
pregnancy rates in treated ewes (58%) than in nontreated (29%) ewes (Kittok et al., 1983). Thus,
administering hCG on Day 7 of the estrus cycle as a
means of increasing accessory CL formation, as tested
in the present study, could be an effective method by
which it is possible to increase P4, and potentially
pregnancy rate, when progesterone is the main limiting
and maintaining factor for pregnancy.
Finally, due to the limited number of ewes used
in the present study (seven ewes per group), it was not
possible to form definitive conclusions pertaining to
conception rate. Further studies in field conditions with
more animals are necessary to confirm the extent to
which hCG administration influences CL function and,
subsequently, conception rate within this breed of ewes.
Conclusion
The results of the present study showed that the
administration of 250 IU hCG seven days after estrus
onset efficiently induced ACL formation in nulliparous
Santa Inês ewes. This ACL formation leads to a
significant increase in luteal tissue area and plasma
progesterone concentration.
Acknowledgments
This work was supported by EMBRAPA
(03.12.01.031.00.00 and 02.13.06.026.00.06) and
FAPEMIG (CVZ PPM 00042-14). FZB and MEFO are
CNPq fellows, and JMGSF is a fellow of FAPERJ.
Anim. Reprod., v.15, n.2, p.135-139, Apr./Jun. 2018

Fonseca et al. hCG and accessory CL formation in sheep.

Conflict of interest
interest.

The authors declare they have no conflicts of
References

Arashiro EKN, Viana JHM, Fonseca JF, Camargo
LSA, Fernandes CAC, Brandão FZ. 2010. Luteal
dynamics in goats: morphological and endocrine
features. Rev Bras Zootec, 39:1937-1942.
Balaro MFA, Fonseca JF, Oba E, Cardoso, EC,
Brandão FZ. 2014. Is the Santa Inês sheep a typical
non-seasonal breeder in the Brazilian Southeast? Trop
Anim Health Prod, 46:1533-1537.
Bartlewski PM, Beard AP, Rawlings NC. 1999. An
ultrasonographic study of luteal function in breeds of
sheep with different ovulation rates. Theriogenology,
52:115-130.
Cavalcanti AS, Brandão FZ, Garcia Nogueira LA,
Fonseca JF. 2012. Effects of GnRH administration on
ovulation and fertility in ewes subjected to estrous
synchronization. Rev Bras Zootec, 41:1412-1418.
Diskin MG, Morris DG. 2008. Embryonic and Early
Foetal Losses in Cattle and Other Ruminants. Reprod
Domest Anim, 43(Suppl. 2):261-268.
Farin CE, Moeller CL, Mayan H, Gamboni F,
Sawyer HR, Niswender GD. 1988. Effect of
luteinizing hormone and human chorionic gonadotropin
on cell populations in the ovine corpus luteum. Biol
Reprod, 38:413-421.
Figueira LM, Fonseca JF, Arashiro EKN, SouzaFabjan JMG, Ribeiro ACS, Oba E, Viana JHM,
Brandao FZ. 2015. Colour Doppler ultrasonography as
a tool to assess luteal function in Santa Ines ewes.
Reprod Domest Anim, 50:643-650.
Fonseca JF, Silva Filho JM, Pinto Neto A, Palhares
MS, Ruas JRM, Alvim MTT, Belisário, H, Pardini
WS. 2000. Indução de corpo lúteo acessório em
novilhas. Rev Bras Reprod Anim, 24:143-147.
Fonseca JF, Silva Filho JM, Palhares MS, Ruas
JRM, Pinto Neto A. 2001a. Concentração plasmática
de progesterona em novilhas receptoras submetidas à
administração de rbST, GnRH ou hCG no quinto dia do
ciclo estral. Arq Bras Med Vet Zootec, 53:451-458.
Fonseca JF, Silva Filho JM, Pinto Neto A, Palhares
MS, Ruas JRM. 2001b. Taxas de gestação de novilhas
receptoras submetidas à administração de rbST, GnRH
ou hCG no quinto dia do ciclo estral. Arq Bras Med Vet
Zootec, 53:459-464.
Fonseca JF, Torres CAA. 2005. Administration of hCG
5 days after breeding and reproductive performance in
nulliparous dairy goats. Reprod Dom Anim, 40:495-499.
Fonseca JF, Maffili VV, Rodrigues MT, Santos ADF,
Rovay H, Pinto Neto A, Brandão FZ, Torres CAA.
2006. Effects of hCG on progesterone concentrations
and fertility in cyclic, lactating Alpine goats. Anim
Reprod, 3:410-414.
Fonseca JF, Souza-Fabjan JMG, Oliveira MEF, Cruz
RC, Esteves LV, Matos de Paiva MPSL, Brandão FZ,
Mancio AB. 2017. Evaluation of cervical mucus and
reproductive efficiency of seasonally anovular dairy goats
after short-term progestagen-based estrous induction

Anim. Reprod., v.15, n.2, p.135-139, Apr./Jun. 2018

protocols with different gonadotropins. Reprod Biol,
17(4):363-369.
Kittok RJ, Stellflug JN, Lowry SR. 1983. Enhanced
progesterone and pregnancy rate after gonadotropin
administration in lactating ewes. J Anim Sci, 56:652-655.
Mann GE, Robinson RS, Hunter MG. 2007. Corpus
luteum size and function following single and double
ovulations in non-lactating dairy cows. Theriogenology,
67:1256-1261.
Menchaca A, Rubianes E. 2004. New treatments
associated with timed artificial insemination in small
ruminants. Reprod Fertil Dev, 16:403-413.
Mexia AA, Macedo FAF, Alcalde Sakaguti ES,
Martins EN, Yamamoto M, Macedo RMG. 2004.
Desempenho reprodutivo e produtivo de ovelhas Santa
Inês suplementadas diferentes fases da gestação. Rev
Bras Zootec, 33:658-667.
National Research Council-NRC. 2007. Nutrient
requirements of Small Ruminants. Washington, DC, Ed.
Natl Acad Science, 384p.
Oliveira MEF, Ayres H, Oliveira LG, Barros, FFPC,
Oba E, Bicudo SD, Bartlewski PM, Fonseca JF,
Vicente WRR. 2016. Effects of season and ovarian
status on the outcome of long-term progesterone-based
estrus synchronization protocols and ovulatory follicle
development in Santa Inês ewes under subtropical
conditions. Theriogenology, 85:452-460.
Lonergan P, Forde N, Spencer TE. 2016. Role of
progesterone in embryo development in cattle. Reprod
Fertil Dev, 28:66-74.
Rhind SM, Chesworth JM, Robinson JJ. 1978. A
seasonal difference in ovine peripheral plasma prolactin
and progesterone concentrations in early pregnancy and
in the relationship between the two hormones. J Reprod
Fertil, 52:79-81.
Ribeiro Júnior, I. Análises estatísticas no SAEG, 2001.
Editora UFV, Viçosa, 301.
Siqueira LGB, Torres CAA, Amorim LS, Souza ED,
Camargo LSA, Fernandes CAC, Viana, JHM. 2009.
Interrelationships among morphology, echotexture, and
function of the bovine corpus luteum during the estrous
cycle. Anim Reprod Sci, 115:18-28.
Tarso SGS, Apgar GA, Gastal, MO, Gastal EL.
2016. Relationships between follicle and corpus luteum
diameter, blood flow, and progesterone production in
beef cows and heifers: preliminary results. Anim Rep,
13:81-92.
Teixeira TA, Fonseca JF, Souza-Fabjan JMG,
Carvalheira LR, Fernandes DAM, Brandão, FZ.
2016. Efficiency of different hormonal treatments for
estrus synchronization in tropical Santa Inês sheep. Trop
Anim Health Prod, 48:545-551.
Theodosiadou E, Goulas P, Kouskoura T, Smokovitis
A. 2004. Oestrogen and progesterone concentrations in
plasma and oviductal tissue of ewes exhibiting a natural
or induced oestrus. Anim Reprod Sci, 80:59-67.
Wheeler AG, Barnes A. 1983. Variation in peripheral
progesterone concentrations with environmental
temperature in ewes on Days 7 and 11 of the oestrous
cycle. J Reprod Fertil, 69:697-701.
Wiltbank MC. 1994. Cell types and hormonal
mechanisms associated with mid-cycle corpus luteum
function. J Anim Sci, 72:1873-1883.

139

