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Human chorionic gonadotropin affects original (ovulatory)
and induced (accessory) corpora lutea, progesterone concentrations,
and pregnancy rates in anestrous dairy goats
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A B S T R A C T

Two experiments were conducted in acyclic Alpine (A) and Saanen (S) goats that received intravaginal
sponges containing 60 mg of medroxyprogesterone acetate for 6 days, as well as 200 IU of eCG and 30 mg
d-cloprostenol i.m. 24 h before sponge removal. On day 7 (day 0 = onset of synchronized estrus), all goats
were randomly divided into two groups: animals treated with 300 IU of hCG i.m. (hCG; Exp.1: n = 8A;
Exp.2: n = 75A + S) and untreated controls (Control; Exp.1: n = 8A; Exp. 2: n = 70A + S). In Exp.2, all goats
were artificially inseminated. Transrectal ovarian ultrasonography and blood collection were done on
days 7, 10, 13, 17, and 21 (Exp.1), and pregnancy detection on day 60 (Exp.2). Estrus and ovulations
occurred in five hCG and seven Control animals. Accessory CL (aCL) were detected in all hCG does. The
total luteal area of ovulatory corpora lutea (oCL) increased (P < 0.05) on day 10 in hCG does and remained
greater (P < 0.05) than in Control until day 21. Total and high-velocity color Doppler area were greater (P <
0.05) for oCL of hCG does on days 13 and 17. Progesterone concentrations were greater (P < 0.05) in hCG
does from days 13 to 21 and related directly to the total luteal and oCL area for the duration of the study in
all does. The pregnancy rate was higher (P < 0.05) in hCG than in Control by 22.5 %. Human chorionic
gonadotropin given on day 7 of the synchronized estrous cycle positively affected CL function and
pregnancy rates in seasonally anovular dairy goats.
© 2021 Society for Biology of Reproduction & the Institute of Animal Reproduction and Food Research of

Polish Academy of Sciences in Olsztyn. Published by Elsevier B.V. All rights reserved.
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1. Introduction

An attainment of a threshold in blood progesterone (P4)
concentration is necessary for the establishment of pregnancy in
mammalian species. Inadequate P4 production causes 30–40 % of
embryonic deaths in goats and sheep [1–3], resulting in
significantly reduced pregnancy rates in small ruminants.
* Corresponding author at: Embrapa Caprinos e Ovinos, Rodovia MG 133, Km 42,
Cep 36155-000, Coronel Pacheco, MG, Brazil.
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Reduced luteal function occurs mainly in the non-breeding
season of small ruminants [4]. Therefore, strategies must be
employed to boost luteal function after estrus induction
protocols in seasonally anestrous goats. The administration of
luteotrophic hormones is a strategy to raise the concentration of
P4 and can be used in the early or late luteal phase. The use in the
early phase is based on the induction of accessory corpora lutea
(aCL) and initial luteotrophic action on the post-ovulation
corpus luteum (oCL), while the late phase has action in
increasing ovarian function, conceptus growth, and placental
attachment [5].
duction and Food Research of Polish Academy of Sciences in Olsztyn. Published by
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Administration of human chorionic gonadotropin (hCG) during
the period when growing antral follicles have sufficient amounts of
luteinizing hormone (LH) receptors can induce accessory corpora
lutea (aCL) via stimulating follicle rupture and luteogenesis or by
luteinization of large antral follicles [6]. Exogenous hCG given on
day 5 of the estrous cycle (day 0 = onset of estrous) induces aCL
formation and an increase in serum P4 concentrations in heifers [7]
and goats [8,9]. Accessory CL also formed in hair sheep that
received hCG on day 7 of the estrous cycle [10]. A significant
increase in luteal area and a rise in blood P4 concentrations were
observed; however, neither blood P4 concentrations nor total luteal
tissue changed in Toggenburg goats injected with hCG seven days
after the onset of estrus [11], leading the authors to speculate that
P4 mediated the increased pregnancy rates in the hCG-treated
goats.

In addition to inducing the formation of aCL, human chorionic
gonadtropin also enhances the functionality of the post-ovulation
corpora lutea (oCL) [12], because hCG exerts luteotropic effects in
LH-responsive small luteal cells [13,14]. Heifers not forming aCL
after the administration of hCG five days after the onset of estrus
still show a significant increase in circulating P4 concentrations
[12]. However, the influence of hCG on the size and vascularity of
post-ovulation CL in small ruminants has yet to be described
because all previous ultrasonographic studies of luteal function in
hCG-treated ewes [10,15,16] and goats [11,17] only reported the
changes in cross-sectional area and blood supply of all detectable
luteal structures.

Hence, the main objective of this study was to assess the effects
of hCG administrated seven days after the onset of the synchro-
nized estrus on post-ovulation corpus luteum (oCL) and accessory
CL (aCL) as well as plasma P4 concentrations and fertility in
artificially inseminated dairy goats during the non-breeding
season. We expected that transrectal ovarian ultrasonography
(B-mode and color Doppler) would help us delineate the influences
of hCG on oCL and aCL in does.

2. Material and methods

All experimental procedures were reviewed and approved by
the Ethics Committee of Embrapa Gado de Leite (protocol
#3050060218). The present study was conducted from
October to November, during the middle portion of the non-
breeding season that spans a period from September to November
[18].

2.1. Location and experimental animals

Experiment 1 (n = 16 Alpine goats) was conducted in the
Embrapa Gado de Leite experimental field station situated in
Coronel Pacheco, MG, Brazil (latitude 21�350S, longitude
43�150W, and altitude of 435 masl). Experiment 2 (n = 60 Alpine
goats and n = 85 Saanen goats) was conducted in a commercial
dairy goat farm in Ouro Fino, MG, Brazil (22�160 S and 46�220 W,
and altitude of 908 masl). In both experiments, goats were
reared in an intensive system, fed 50 % of corn silage and 50 % of
Napier grass with concentrate supplementation (soybean, corn,
and mineral nucleus based mixture; with 16 % of crude protein
and 68 % of total digestible nutrients) according to their
nutritional needs [[19]]. Mineral salt licks and water were
available ad libitum. All goats were clinically healthy and free of
reproductive disorders. The mean body condition score (BCS: 1 =
very thin and 5 = very fat [20]) was 3.0 � 0.1, and body weight was
56.8 � 4.2 kg. All goats were in the last third portion of their
lactation period, with a mean annual milk yield (305 days of
lactation) of 727 kg [21].
2.2. Estrus induction and treatments applied

All goats received intravaginal sponges containing 60 mg o
medroxyprogesterone acetate (MAP; Progespon1, Zoetis, Sã
Paulo, SP, Brazil), which were inserted in the late afternoo
(1700–1800 h) and were left in place for six days. One day befor
sponge removal, all goats received an i.m. injection of 200 IU o
equine chorionic gonadotropin (eCG; Novormon 50001, Zoetis
São Paulo, SP, Brazil) plus 30 mg d-cloprostenol (Prolise1

Tecnopec, São Paulo, Brazil), late in the afternoon (1700–180
h). In both experiments, estrus was detected twice daily wit
fertile bucks placed in a pen with the does for 30 min. I
Experiment 2, artificial insemination (AI) was performed by th
Embrapa1 transcervical technique [22] using the flexible-time
approach (FxTAI) [23]. Semen from seven bucks (three Alpine an
four Saanen bucks owned by the Brazilian progeny testin
corporation CapraGene) was donated by Embrapa Goats an
Sheep. Inseminate doses stored frozen in French straws (0.25 mL
contained 100 � 106 viable spermatozoa before freezing, wit
minimum progressive motility of 45 % and spermatic vigor of 

(range 0–5) were thawed in a water bath at 35 �C for 30 s. Seme
quality of all bucks was subjected to semen soundness evaluatio
protocols and was assessed during the breeding [24] and non
breeding seasons [23]. The time of AI time was based on th
detection of estrus; does with an early, intermediate, or late onse
of estrus (relative to the time of MAP sponge removal) wer
inseminated 24, 18, or 10 h after the onset of estrus, respectively
Following the onset of behavioral estrus (Experiment 1) or FxTA
(Experiment 2), goats were divided by breed, body weight, BCS
age, parity, and time elapsed from intravaginal device removal t
estrus into two equinumerous groups: goats that received i.m
injections of 300 IU of hCG (Vetecor1; Hertape-Calier do Bras
Ltda, São Paulo, SP; Brazil) (hCG; n = 83) and animals injected wit
1 mL of saline solution (Control; n = 78) on day 7 after the onset o
estrus (Fig. 1).

2.3. Ultrasound and luteal evaluation

In Exp. 1, transrectal ovarian ultrasonography (B-mode an
color Doppler) was conducted one week before estrous induc
tion to assure seasonal anestrus (CL absence) and on days 7, 10
13, 17, and 21 (day 0 = onset of behavioral estrus) using a portabl
ultrasound scanner equipped with a 7.5-MHz transducer (M
Vet1; Mindray Medical International Limited, Shenzhen, China
(Fig. 1). The transducer was taped to a PVC tube to facilitat
external manipulation during the transrectal exam. Does wer
examined in a standing position. Fecal pellets were remove
manually from the rectum, and 10 mL of carboxymethylcellulos
gel (Carbogel UTL; Carbogel Indústria e Comércio LTDA, Sã
Paulo, SP, Brazil) were deposited with a syringe into the rectum
and approximately 5 mL were applied to the transducer befor
each ultrasonographic examination. Corpora lutea forming afte
initial ovulations (oCL) were observed on day 7, whereas th
accessory corpora lutea (aCL) were recorded from day 1
onwards. The diameter, position, and vascularization of a
detected luteal structures were sketched on individual ovaria
charts. B-mode images were used to measure the luteal are
(cm2) defined as the sum of the cross-sectional regions of a
detected luteal structures (oCL and aCL); the areas of centra
cavities, if present, were subtracted from the total luteal are
[11]. The Doppler area (DA) of each corpus luteum wa
determined using ImageJ1 software, with the number of colo
pixels ultimately converted to cm2 [25]. The high-velocity D
(HVDA) was then determined using ImageProPlus1 analytica
software (Media Cybernetics Inc., San Diego, CA, USA); HVD
color pixels (an upper and lower quarter of the Doppler scale ba



Fig.1. Experimental design of the study. Evaluation of the effect of administering 300 IU of hCG i.m. on day 7 after the onset of estrus (day 0) in dairy goats during the seasonal
anestrus. In Exp. 1 (A), Alpine goats received 1 mL of saline or 300 IU hCG. Females were allocated randomly to the two groups immediately after estrus detection. Jugular
blood samples were drawn, and B-mode and color Doppler Alpine and Saanen the goats received 1 mL of saline or 300 IU hCG on day 7, and were artificially inseminated based
on the timing of behavioral estrus (flexible time artificial insemination, FxTAI); ultrasonographic pregnancy check was done 60 days later. US: transrectal ovarian
ultrasonography; MAP: medroxyprogesterone acetate (progestin)-soaked sponges.
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that corresponds to the velocity range of 0.04 m/s to 0.08 m/s)
were counted with the “Count/size” tool and converted to cm2

[26]. In Exp. 2, pregnancy was detected with ultrasonography 60
days after FxTAI, using the same equipment and operated by the
same experienced technician as in Exp. 1. All examinations were
performed at the constant settings of the ultrasound scanner (75
% color gain, pulse repetition frequency (PRF) of 1.0 kHz, 6 cm of
depth, and wall filter (WF) of 75 MHz).

2.4. Blood collection and progesterone measurements

In Exp. 1, pre-prandial jugular blood samples were drawn from
all goats into vacutainers containing lithium heparin (anticoagu-
lant) on each day of the ultrasonographic examination between
0600 and 0700 h. The collection tubes were immediately placed on
ice, transported to the laboratory, and centrifuged in a refrigerated
centrifuge for 15 min at 1500 x g. After centrifugation, blood
plasma was aspirated and stored at �20 �C in 1.5-mL microtubes
until P4 analysis at a later date. Plasma P4 concentrations were
determined by a solid-phase radioimmunoassay technique using
commercial kits (ImmuChem, MP Biomedicals, Santa Ana, CA,
USA). Sensitivity and intra-assay coefficients of variation were 0.05
ng/mL and 11 %, respectively [17].

2.5. Statistical analysis

For statistical analyses in Exp. 1, only goats with active CL on day
7 were included (Control = 7 does and hCG = 5 does). Luteal data
were analyzed for the entire observation period (days 7–21) except
for various characteristics of aCL that were evaluated from days 13
to 21 (period of ultrasonographic detection of aCL). In Exp. 2, values
for the following variables were determined: (after the onset of
estrus)-estrus response (number of does in estrus/total number of
does�100); interval from MAP sponge removal to the onset of
estrus (h); interval from MAP sponge removal to FxTAI (h); interval
from the onset of estrus to FxTAI (h); (on days 7, 10, 13, 17 and 21)-
numbers of oCL and aCL corpora lutea; total luteal area (TA, cm2);
oCL and aCL area (cm2); color Doppler area of oCL and aCL (oCL DA
and aCL DA, cm2); relative DA areas (oCL DA/oCL area x 100 % and
aCL DA/aCL area x 100 %); high-velocity DA for oCL and aCL (oCL
HVDA and aCL HVDA, cm2); relative HVDA for oCL and aCL (oCL
HVDA/oCL DA x 100 % and aCL HVDA/aCL DA x 100 %; plasma P4
concentrations (ng/mL); (at the time of pregnancy detection)-
pregnancy rate (number of pregnant does/number of does
artificially inseminated�100); and proportion of inseminated
goats with hydrometra (number of does with hydrometra/number
of inseminated does�100).

Data analysis was performed using the libraries of the "car,"
"stats," "geepack," and "emmeans" packages of the R software
(version 3.6.3, The R Foundation for Statistical Computing). The
Shapiro-Wilk test was used to evaluate the normality of the
residual. The Box-Cox transformation of the data was performed
whenever necessary. Luteal dynamics data were analyzed by a
repeated measurement statement, using generalized estimation
equations (GHG) with a logit link to the counting data; the main
effects of the treatment group, day and their interaction were
included in the statistical model. Different covariance structures
were evaluated, and the self-regressive one was selected for
presenting the lowest value for Akaike's criterion (AIC). Fisher's
exact test was used for nonparametric analyses and the analysis of
variance (ANOVA) was used for parametric data. The Tukey test
was used to compare the means of the treatments. Correlational
analyses utilized simple linear regression. The significance level
used for all analyses was 5%. The values are presented as mean �
SEM.

3. Results

In Exp. 1, twelve out of 16 goats (75 %) that showed estrus had
ultrasonographically detectable corpora lutea (CL) on day 7 (hCG: n
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= 5, and Control: n = 7). Mean CL count on day 7 was similar (P >
0.05) to hCG (1.8 � 0.1) and Control (2.1 � 0.1) goats, while on day
13 it was superior (P < 0.05) in hCG (2.1 � 0.1) than in Control (1.7 �
0.1) goats. Accessory CL (aCL) were detected in all hCG treated does
and in none of the Control animals. In one hCG goat, an aCL was
detected on day 10, while in the remaining does aCL were observed
from day 13 onwards. Three of the hCG-treated does had aCL. One
doe had a single aCL, and two does formed two aCL.

There were significant effects of day and group and significant
day x group interaction for total luteal area and ovulatory CL (oCL)
area in goats of the present study (Fig. 2 A and B). Total luteal area
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Fig. 2. Mean (�SEM) total luteal area (A) as well as mean cross-sectional areas of
ovulatory (oCL) (B) and accessory corpora lutea (aCL) (C) detected ultrasono-
graphically in seasonally anovular Alpine goats with (hCG) or without (Control) a
single i.m. injection of 300 IU of human chorionic gonadotropin (hCG) given seven
days after the onset of induced estrus. Numbers of goats with detectable aCL are
given in parentheses (C). Mean values denoted by different letters vary over time
within each group and asterisks indicate the differences between groups of does.
Note: total luteal area = oCL area in Control does.
increased (P < 0.05) in hCG goats from day 7 to day 10 and agai
from day 10 to day 17 (Fig. 2A), whereas the mean oCL area in thi
subset of goats increased (P < 0.05) from day 7 to day 10 but the
did not change (P > 0.05) until day 21 (Fig. 2B). Both variables wer
greater (P < 0.05) in hCG compared with Control (in Control group
the total luteal area was equal to oCL area) from day 10 to 21. Th
mean cross-sectional area of aCL in hCG-treated goats increased (
< 0.05) from day 13 to 21 (Fig. 2C).

There was a significant effect of day post-estrus for the colo
Doppler area (oCL DA) and color Doppler area percentage (oC
DA/oCL area x 100 %) as well as high-velocity DA of ovulatory C
(oCL HVDA; Fig. 3). In addition, there was a significant effect o
group x day interaction for oCL DA (Fig. 3A) and oCL HVD
(Fig. 3C), and a significant main effect of the treatment (group) fo
oCL HVDA (Fig. 3C). Both mean oCL DA and oCL DA/oCL area x 10
% increased (P < 0.05) from day 10 to day 13 and then declined (
< 0.05) from day 17 to day 21 in hCG goats (Figs. 3A and B). Mea
oCL DA was greater (P < 0.05) in hCG compared with Control goat
on days 13 and 17 (Fig. 3A) and mean oCL DA/oCL area x 100 % wa
significantly greater in hCG than in Control animals on day 1
(Fig. 3B). Finally, hCG animals exceeded (P < 0.05) their contro
counterparts in mean oCL HVDA on days 13 and 17, and mean oC
HVDA values increased (P < 0.05) in hCG goats from day 7 to da
13 (Fig. 3C). There were no significant fluctuations in colo
Doppler characteristics of accessory CL recorded in hCG goat
(Fig. 4).

Plasma P4 concentrations increased (P < 0.05) from day 7 to da
10 in hCG group and from day 10 to day 13 in Control goats (Fig. 5
In control animals, plasma P4 concentrations declined (P < 0.05
from day 17 to 21. Plasma P4 concentrations were greater (P < 0.05
in hCG compared with control goats from day 13 to 21. Plasma P
concentrations decreased to basal or non-detectable levels on da
21 in one of five hCG goats (20 %) and four of seven control animal
(57 %). A diagram of the main morphological and hemodynami
changes observed in the original (oCL) and accessory (aCL, �

corpora lutea, and determined with B-mode and color Dopple
transrectal ovarian ultrasonography is presented in Fig. 6. Durin
the entire blood collection period (day 7–21), plasma P4 concen
trations were positively correlated (P < 0.05) with total luteal area
oCL area, oCL DA, and oCL DA/oCL area x 100 in both groups of goat
(Table 1).

There was not a breed x group interaction in Exp. 2 (P > 0.05) fo
any of the variables analyzed. The overall estrus response was 98.
% (143/145) and mean pregnancy rates were 56.7 % in Alpine an
58.0 % in Saanen goats. The pregnancy rate, however, was 22.5 

higher (P < 0.05) in hCG-treated goats than controls (Table 2). A
goats showing hydrometra presented uterine US features wit
early fetal loss.

4. Discussion

To the best of authors’ knowledge, this is the first stud
documenting different luteotropic effects of hCG on oCL and aC
using B-mode and color Doppler ultrasonographic techniques. I
addition, similar to previous studies, the present study confirme
significant effects of hCG on plasma P4 concentrations [27] an
pregnancy rate in goats [11]. Our present results indicate that hCG
administration on day 7 after synchronized estrus can effectivel
be used in the reproductive management of goat herds in a
intensive breeding system, increasing the pregnancy rates durin
the anestrous period.

In Alpine and Saanen goats, estrus can be induced hormonall
during seasonal anestrus [18]. High estrus responses in Exp. 1 (10
%) and 2 (98.6 %) confirm the efficacy of the protocol used to induc
estrus, which can be employed for both FxTAI [23] and intensiv
natural mating [11] in seasonally anovular lactating goats



Fig. 3. Summary of the absolute and relative color Doppler area (DA; panels A and B) and high-velocity DA (HVDA) (panels C and D) determined in ovulatory corpora lutea
(oCL) in Alpine goats that received a single i.m. injection of 300 IU of human chorionic gonadotropin (hCG) seven days after the onset of induced estrus (hCG) and their
respective controls (Control). Mean values denoted by different letters vary over time within each group (ab-hCG and AB-Control) and asterisks indicate the differences
between the two groups of does.

Fig. 4. Summary of the absolute and relative color Doppler area (DA; panels A and B) and high-velocity DA (HVDA) (panels C and D) determined in accessory corpora lutea
(aCL) detected in Alpine goats that received a single i.m. injection of 300 IU of human chorionic gonadotropin (hCG) seven days after the onset of induced estrus. Numbers of
goats with detectable aCL are given in parentheses (A).
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However, four out of sixteen Alpine goats (25 %) did not have
detectable CL on day 7 (day 0 = onset of estrus). Application of the
same estrus induction protocol resulted in an average ovulation
rate of 81 % in Toggenburg goats in the non-breeding season [28].
Interestingly, a single dose of hCG given 7 days after the onset of
estrus induced CL formation in all ovulating goats in this study. In a
previous study using Toggenburg goats during the transitional
period (December to January), only 46.5 % of hCG-treated goats
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Fig. 5. Mean (�SEM) circulating progesterone (P4) concentrations in seasonally
anovular Alpine goats with (hCG) or without (Control) a single i.m. injection of 300
IU of human chorionic gonadotropin (hCG) given seven days after the onset of
induced estrus. Numbers of goats with detectable aCL are given in parentheses (C).
Mean values denoted by different letters vary over time within each group and
asterisks indicate the differences between the two groups of does.

Fig. 6. A diagram of the main morphological and hemodynamic changes observed
in the original (oCL) and accessory (aCL, #) corpora lutea, and determined with B-
mode and color Doppler transrectal ovarian ultrasonography in Alpine goats that
received 300 IU of hCG (hCG) or 1.0 mL of saline solution (Control) on day 7 of the
synchronized estrous cycle (day 0 = onset of estrus). Both red and blue colors within
luteal tissue represent color Doppler area, but blue specifically corresponds to the
approximate content of high-velocity Doppler signal.
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formed aCL [11]. This difference in the ovarian response to hCG
could be due to breed-specific differences in the wave-like pattern
of antral follicular development, season, or both of these factors.
Two follicular waves per interovulatory interval is a predominant
Table 1
Summary of significant correlations between plasma progesterone (P4) concentration
Alpine goats on days 7, 10, 13, 17, and 21 (day 0 = onset of estrus and day 7 = day o

Dependent variable (y) vs. independent variable (x) Coefficien

hCG
P4* vs. total luteal area (cm2) 0.60 

P4 vs. oCL area (cm2) 0.75 

P4 vs. oCL DA (cm2) 0.63 

P4 vs. oCL DA (%) 0.42 

P4 vs. oCL HVDA (cm2) 0.43 

Control
P4 vs. total luteal area (cm2) or oCL area (cm2) 0.69 

P4 vs. oCL DA (cm2) 0.76 

P4 vs. oCL DA (%) 0.65 

P4 vs. oCL HVDA (cm2) 0.52 

P4 vs. oCL HVDA/oCL DA x 100% 0.42 

* P4: plasma progesterone concentrations (ng/mL); DA: color Doppler area; HVDA
pattern of antral follicular kinetics in cyclic Toggenburg goats [29
but four emerging waves were more commonly in Saanen [30] an
Alpine goats [31]. The first wave of the estrous cycle invariabl
emerges at or around the time of ovulation and the larges
(dominant) follicles of the wave attain their maximum diamete
approximately 5–6 days later [23,30]. Depending on the periodici
ty of wave emergence, hCG administered 7 days after the onset o
estrus may cause ovulation/luteinization of follicles developing i
the first (static phase follicles) and/or second follicular wave afte
ovulation (growing phase follicles) as long as the follicles presen
are responsive to LH [32]. However, the days of follicle wav
emergence in small ruminants may vary over the year [33] a
ovarian follicular responsiveness to gonadotropic stimuli i
seasonal breeders is significantly diminished outside of th
breeding season [34–37].

The timing of ultrasonographic detection of aCL in does of th
present study (days 10–13) agrees with those reported by Côrte
et al. [11] and Fonseca et al. [10] in estrus-synchronize
Toggenburg goats and Santa Inês ewes, respectively, whic
received 300 IU of hCG on day 7 in the non-breeding season
Based on those studies, the average time to induce ovulation and
or luteinization of LH-responsive antral follicles is 108 h (4.5 days
following an application of hCG [38].

In Exp. 1, a sudden decline in plasma P4 concentrations to 

basal or non-detectable level occurred on day 21 in 57 % o
control does, whereas the proportion of such does in the hCG
group was 20 %. Thus, hCG administration on day 7 apparentl
did not prevent functional luteal regression in all synchronize
goats in the non-breeding season, despite transiently improvin
oCL functionality and facilitating aCL formation, which ulti
mately led to an increase in total luteal tissue content and a
least a transient rise in plasma P4 concentration in individua
goats. Declining blood P4 concentrations herald pregnanc
failure [11]. In Exp. 2, a lack of ovulation and prematur
luteolysis likely resulted in 52 % and 30 % of non-pregnant Alpin
and Saanen goats, in the control and hCG-treated groups
respectively. In the present study, plasma P4 concentration
remained elevated for 14 days following hCG administratio
(day 10 to day 21), which includes the period of materna
recognition of pregnancy in goats [39]. Because such a shift in P
secretion did not occur in Toggenburg goats treated with hCG
during the transitional period [11], it can be speculated that th
mechanisms governing the effects of hCG vary between th
reproductive seasons in goats. While during the seasona
anestrus, hCG appears to primarily enhance P4 secretion o
the luteal structures [10,25], during the transitional period it
actions may be mainly associated with embryotropic and uterin
effects [11,40]. As this is only a speculation based on our earlie
s and quantitative ultrasonographic variables determined in hCG-treated and control
f hCG administration).

t of correlation (r) P value Regression equation

0.002 y=–0.92 + 3.05x
<0.001 y = 1.10 + 1.64x
<0.001 y = 2.55 + 6.00x
0.04 y = 3.30 + 0.09x
0.03 y = 4.07 + 12.40x

<0.001 y=–0.94 + 2.66x
<0.001 y = 2.03 + 4.84x
<0.001 y = 1.23 + 0.12x
0.005 y = 2.44 + 16.01x
0.02 y = 2.41 + 7.34x

: high-velocity Doppler area; oCL: ovulatory corpora lutea.



Table 2
Reproductive performance of Alpine and Saanen goats that underwent flexible time artificial insemination (FxTAI) after estrus induction in the non-breeding season, with or
without 300 IU of hCG given i.m. seven days after the onset of behavioral estrus (Exp. 2).

Variable Control (n = 69) hCG (n = 74)

Estrus response (%)
36 h after device removal (early) 92.8 (64/69) 93.2 (69/74)
48 h after device removal (intermediate) 4.3 (3/69) 6.8 (5/74)
60 h after device removal (late) 2.9 (2/69) 0.0 (0/74)
Total 98.6 (69/70) 98.7 (74/75)

Interval from device removal to the onset of estrus (h) 29.2 � 1.2 28.5 � 1.0
Interval from the onset of estrus to FxTAI (h) 25.3 � 0.8 25.1 � 0.7
Interval from intravaginal device removal to FxTAI (h) 55.0 � 1.0 54.6 � 0.9
Goats with hydrometra (%) 2.9 (2/69) 1.4 (1/74)
Pregnancy rate (%)

AI 24 h after the onset of estrus 46.4 (32/69) 64.9 (48/74)
AI 18 h after the onset of estrus 0.0 (0/69) 5.4 (4/74)
AI 10 h after the onset of estrus 1.4 (1/69) 0.0 (0/74)
Total 47.8 (33/69)a 70.3 (52/74)b

ab P < 0.05.
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and present observations, more research is needed to elucidate
these mechanisms.

No previous study looking at the effects of hCG on luteal
morphology and function in sheep or goats entailed ultrasono-
graphic evaluation of ovulatory and induced CL. In the first
experiment, the luteotropic effect of hCG on oCL size was observed
as early as 3 days post-treatment (day 10), and it was mediated by
LH receptors on luteal cells [41–43] promoting cellular hypertro-
phy [12]. A nearly 2.5-fold increase in oCL area was noted after day
7 in the hCG-treated group. This stimulatory effect of hCG was
sustained up until day 21, resulting in a greater oCL area in hCG-
treated compared with control does; no fluctuations in the mean
oCL area (or total luteal area) occurred in control animals during
the entire observation period. Concurrently, the mean cross-
sectional area of aCL nearly doubled from day 13 to day 21 in hCG-
treated does.

Present Doppler data and correlational analyses shed a new
light on the role of luteal vascularity in sustaining elevated blood
P4 concentrations during early pregnancy in does. While luteal
vascularity in untreated animals tended to increase after day 13
(based on the percentage of color Doppler area), the mean
Doppler area within oCL of hCG-treated does declined signifi-
cantly from days 13 to 21. High-velocity blood flow area
(indicative of elevated steroidogenic activity of ovarian struc-
tures; [26]) increased significantly in oCL of hCG-treated animals.
Moreover, the analyses of correlation equations for significant
linear relationships between circulating P4 concentrations and
total/color Doppler area of oCL revealed that during days 7–21, the
same amounts of luteal tissue and blood vessels were “generat-
ing” 1.6 times (2.76/1.72) and 1.2 times (8.55/6.87) more plasma
P4 in hCG-treated than in control does, respectively. Therefore, it
may be suggested that hCG treatment not only increased the
amount of luteal tissue while suppressing oCL blood perfusion,
but it also “improved the efficiency” of luteal cells and blood
vessels in synthesizing and releasing luteal P4 in early pregnant
does. The latter appears to be supported by a rise in high-velocity
blood flow in the ovulatory CL of hCG-treated goats. This is
intriguing, but the specific underlying mechanisms of these
effects of hCG remain to be elucidated.

Hydrometra was diagnosed in Exp.2 in three of the
inseminated goats (two Control and one hCG doe), which
showed early gestational loss � 60 days post-AI. Thus, in the
present study, fetal loss that occurred despite CL maintenance
was probably the cause of hydrometra [44]. Hydrometra is the
main cause of reproductive disorders in dairy goats managed in
the production systems like that in the present study [44], and
the etiology of hydrometra remains complex [45]. Hormonal
treatments used to synchronize estrus in cyclic and anovular
goats [46] are not a likely cause of hydrometra since this disorder
has also been identified in goats with estrus synchronized by the
light program [17,47] as well as non-synchronized animals (i.e.,
without estrus induction) [47].

5. Conclusion

The administration of 300 IU of hCG seven days after the
beginning of estrus in anestrous dairy goats resulted in the
formation of aCL and had a hypertrophic effect on the existing
(ovulatory) CL. Consequently, mean plasma P4 concentrations were
greater in hCG-treated does during the period of maternal
recognition of pregnancy. A single dose of hCG increased the
pregnancy rate in seasonally anovular estrus-induced dairy goats
subjected to FxTAI by 22.5 %. The present study provides novel
information on the luteotropic effects of exogenous hCG in
gestating goats. It also suggests that the mechanism whereby
hCG increases pregnancy rates in dairy goats in the non-breeding
season appears to be mainly luteotropic.

CRediT authorship contribution statement

J.N.D. Rodrigues: Methodology, Validation, Investigation,
Writing - Original Draft, Writing - review & editing. J.D.
Guimarães: Writing - review & editing. J.H. Dias: Methodology,
Investigation. A.M. Arrais: Methodology, Investigation. M.E.F.
Oliveira: Methodology, Writing - review & editing. M.A.P. Sousa:
Statistical analyses. R. Bastos: Methodology, Investigation. B.
Ahmadi: Formal analysis, Writing - review & editing. P.M.
Bartlewski: Methodology, Formal analysis, Writing - review &
editing. J.F. Fonseca: Conceptualization, Methodology, Resources,
Investigation, Writing - review & editing, Supervision, Project
administration, Funding acquisition.

Declaration of Competing Interest

The authors report no declarations of interest.

Acknowledgements

This study was supported by the CNPq (314952/2018-7),
EMBRAPA (20.19.01.004.00.03.001) and FAPEMIG (CVZ-PPM-
000201-17). The authors also thank all the farmers involved.
LRC was supported by CNPq, JMGS-F and ALRSM are fellows of
FAPERJ. Moreover, JDG, MEFO and JFF are CNPq fellows.



.

e
f

9,

,

ly
i.

l.

.

,

,

f

F.
e
s

,

 e

al

l.

8,

S.

l.

d

s
i.

f
/

 J,

,

r
–

f

y

 a
2,

8 J.N.D. Rodrigues et al. / Reproductive Biology 22 (2022) 100591
References

[1] Nancarrow CD. Embryonic mortality in the ewe and doe. In: Zavy MT, Geisart
RD, editors. Embryonic mortal. Domest. Species. London. UK: CRC Press; 1994.
p. 79–97.

[2] Lonergan P. Influence of progesterone on oocyte quality and embryo
development in cows. Theriogenology 2011;76:1594–601, doi:http://dx.doi.
org/10.1016/j.theriogenology.2011.06.012.

[3] D’Alessandro AG, Martemucci G. Superovulatory response to gonadotrophin
FSH/LH treatment and effect of progestin supplement to recipients on survival
of transferred vitrified embryos in goats. Theriogenology 2016;85:296–301,
doi:http://dx.doi.org/10.1016/j.theriogenology.2015.09.038.

[4] Blaszczyk B, Udala J, Ga ̧czarzewicz D. Changes in estradiol, progesterone,
melatonin, prolactin and thyroxine concentrations in blood plasma of goats
following induced estrus in and outside the natural breeding season. Small
Rumin Res 2004;51:209–19, doi:http://dx.doi.org/10.1016/S0921-4488(03)
00190-1.

[5] Khan TH, Beck NFG, Khalid M. The effects of GnRH analogue (buserelin) or hCG
(Chorulon) on Day 12 of pregnancy on ovarian function, plasma hormone
concentrations, conceptus growth and placentation in ewes and ewe lambs.
Anim Reprod Sci 2007;102:247–57, doi:http://dx.doi.org/10.1016/J.
ANIREPROSCI.2006.11.007.

[6] Driancourt M. Regulation of ovarian follicular dynamics in farm animals.
Implications for manipulation of reproduction. Theriogenology
2001;55:1211–39, doi:http://dx.doi.org/10.1016/S0093-691X(01)00479-4.

[7] Fonseca JF, Fillio JMS, Palhares MS, Ruas JRM, Neto AP. Plasma
progesterone concentration in recipient heifers submitted to
administration of rbST, GnRH or hCG on day five of the estrous cycle. Arq Bras
Med Vet e Zootec 2001;53:451–8, doi:http://dx.doi.org/10.1590/s0102-
09352001000400012.

[8] Fonseca JF, Silva filho JM, Pinto neto A, Palhares MS, Ruas JRM, Alvim MTT, et al.
Indução de corpo lúteo acessório em novilhas. Rev Bras Reprodução Anim
2000;24:143–7.

[9] Fonseca JF, Torres CAA. Administration of hCG 5 days after breeding and
reproductive performance in nulliparous dairy goats. Reprod Domest Anim
2005;40:495–9, doi:http://dx.doi.org/10.1111/j.1439-0531.2005.00612.x.

[10] da Fonseca JF, Castro ACR, Arashiro EKN, Oliveira MEF, Zambrini FN, Esteves LV,
et al. Effects of hCG administration on accessory corpus luteum formation and
progesterone production in estrous-induced nulliparous Santa Inês ewes.
Anim Reprod 2018;15:135–9, doi:http://dx.doi.org/10.21451/1984-3143-
AR2017-957.

[11] Côrtes LR, Souza-Fabjan JMG, Dias DS, Martins BB, ALRS Maia, Veiga MO, et al.
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 2020;66:50–62, doi:
http://dx.doi.org/10.4213/mzm1141.

[12] ÉJP Schmitt, Barros CM, Fields PA, Fields MJ, Diaz T, Kluge JM, et al. 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 1996;74:1915–29, doi:http://dx.doi.org/10.2527/
1996.7481915x.

[13] Niswender GD, Schwall RH, Fitz TA, Farin CE, Sawyer HR. Regulation of
luteal function in domestic ruminants: new concepts. Recent Prog Horm
Res 1985;41:101–51, doi:http://dx.doi.org/10.1016/B978-0-12-571141-
8.50007-X.

[14] 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 1988;38:413–21, doi:http://dx.doi.org/
10.1095/biolreprod38.2.413.

[15] Coleson MPT, 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 2015;150:43–52, doi:
http://dx.doi.org/10.1530/REP-14-0632.

[16] Fernandez J, Bruno- Galarraga MM, Soto AT, de la Sota RL, Cueto MI, Lacau IM,
et al. Hormonal therapeutic strategy on the induction of accessory corpora
lutea in relation to follicle size and on the increase of progesterone in sheep.
Theriogenology 2018;105:184–8, doi:http://dx.doi.org/10.1016/j.
theriogenology.2017.09.020.

[17] Netto MM, Balaro MFA, Cosentino IO, do Espírito Santo CG, de Oliveira RV,
Souza-Fabjan JMG, et al. Use of two cloprostenol administrations 11.5 days
apart efficiently synchronizes estrus in photostimulated multiparous dairy
goats in the non-breeding season. Reprod Domest Anim 2020;0–2, doi:http://
dx.doi.org/10.1111/rda.13736.

[18] Balaro MFA, de Mello SGV, da Silva Santos A, Cavalcanti LM, Almosny NRP,
Fonseca JF, et al. Reproductive seasonality in Saanen goats kept under tropical
conditions. Trop Anim Health Prod 2019;51:345–53, doi:http://dx.doi.org/
10.1007/s11250-018-1696-2.

[19] National Research Council-NRC. Nutrient requirements of small ruminants.
Washington, DC. 2007.

[20] Villaquiran M, Gipson T, Merkel R, Goetsch A, Sahlu T. Body condition scores in
goats. Proc 22nd Ann Goat F Day 2007;125–31.

[21] Faco O, MVGB Silva, Panetto JC do C, Otto PI, Lobo AMBO, Fonseca JFda, et al.
Programa de Melhoramento Genético de Caprinos Leiteiros - Capragene, 3�

Sumário de Avaliação Genética, 2� Sumário de Avaliação Genética
Genômica, Ano 2020 - Raça Saanen. Sobral: Embrapa Caprinos e Ovinos
2020.

[22] Fonseca JF, Souza-Fabjan JMG, Oliveira MEF, Cruz RC, Esteves LV, Matos d
Paiva MPSL, et al. Evaluation of cervical mucus and reproductive efficiency o
seasonally anovular dairy goats after short term progestagen based estrous
induction protocols with different gonadotropins. Reprod Biol 2017;17:363–
doi:http://dx.doi.org/10.1016/j.repbio.2017.10.002.

[23] Carvalho-de-Paula CJ, Souza-Fabjan JMG, Gonçalves JD, Dias JH, de Souza GN
Oliveira MEF, et al. Effect of a 12-h increment in the short-term treatment
regimen on ovarian status, estrus synchrony, and pregnancy rate in artificial
inseminated dairy goats. Anim Reprod Sci 2020;221:106571, doi:http://dx.do
org/10.1016/j.anireprosci.2020.106571.

[24] Bonato GC, Maia ALRS, Côrtes LR, Oliveira TA, Arrais AM, Figueira LM, et a
Effects of d-cloprostenol administrations with 7.5 and 11.5-day intervals
between administrations on pregnancy rates after artificial insemination in
estrous cyclic dairy goats. Anim Reprod Sci 2019;209:106172, doi:http://dx
doi.org/10.1016/j.anireprosci.2019.106172.

[25] Vergani GB, Fonseca JFda, Trevizan JT, Pereira VS do A, Garcia AR, Esteves SN
et al. Luteotropic effects of human chorionic gonadotropin administered
7.5 days after synchronous estrous induction in Morada Nova ewes.
Anim Reprod Sci 2020;223, doi:http://dx.doi.org/10.1016/j.
anireprosci.2020.106644.

[26] Oliveira MEF, Bartlewski PM, Jankowski N, Padilha-Nakaghi LC, Oliveira LG
Bicudo SD, et al. Relationship of antral follicular blood flow velocity to
superovulatory responses in ewes. Anim Reprod Sci 2017;182:48–55, doi:
http://dx.doi.org/10.1016/j.anireprosci.2017.04.009.

[27] Maia ALS, Fonseca JF, Maffili VV, Rodrigues MT, Santos ADF, Rovay H. Effects o
hCG on progesterone concentrations and fertility in cyclic, lactating Alpine
goats. Anim Reprod 2006;3:410–4.

[28] Nascimento-Penido PMP, Brandão FZ, Penido AO, Pereira PFV, Fonseca J
Parâmetros reprodutivos após indução de estro com diferentes intervalos d
permanência do dispositivo vaginal em cabras Toggenburg acíclicas. Arq Bra
Med Vet Zootec 2018;70:773–8.

[29] Amorim EAM, Torres CAA, Amorim LS, Fonseca JF, Bruschi JH, Guimarães JD
et al. Dinâmica folicular em cabras da raça Toggenburg em lactação
tratadas ou não com somatotropina bovina recombinante. Arq Bras Med Vet
Zootec 2007;59:1500–8, doi:http://dx.doi.org/10.1590/S0102-
09352007000600024.

[30] De Castro T, Rubianes E, Menchaca A, River A. Ovarian dynamics, serum
estradiol and progesterone concentrations during the interovulatory interv
m goats. Theriogenology 1999;52:399–411.

[31] Alves NG, Torres CAA, Guimarães JD, Moraes EA, Rodrigues MT, Cecon PR, et a
Effect of urea in the diet on ovarian follicular dynamics and plasma
progesterone concentration in Alpine goats. Rev Bras Zootec 2011;40:1512–
doi:http://dx.doi.org/10.1590/S1516-35982011000700016.

[32] Xu Z, Allen Garverick H, Smith GW, Smith MF, Hamilton SA, Youngquist R
Expression of follicle-stimulating hormone and luteinizing hormone
receptor messenger ribonucleic acids in bovine follicles during the first
follicular wave. Biol Reprod 1995;53:951–7, doi:http://dx.doi.org/10.1095/
biolreprod53.4.951.

[33] Oliveira MEF, Ayres H, Oliveira LG, Oba E, Kridli RT, Bartlewski PM, et a
Follicular wave emergence in Santa Inês ewes subjected to long-term,
progesterone-based estrous synchronization protocols at different times of
the year. Anim Reprod Sci 2016;174:80–6, doi:http://dx.doi.org/10.1016/J.
ANIREPROSCI.2016.09.008.

[34] Bartlewski PM, Baby TE, Giffin JL. Reproductive cycles in sheep. Anim Repro
Sci 2011;124:259–68, doi:http://dx.doi.org/10.1016/J.
ANIREPROSCI.2011.02.024.

[35] Bartlewski PM, Beard AP, Cook SJ, Rawlings NC. Ovarian follicular dynamic
during anoestrus in ewes. Reproduction 1998;113:275–85, doi:http://dx.do
org/10.1530/JRF.0.1130275.

[36] Bartlewski PM, Beard AP, Rawlings NC. Ovarian function in ewes at the onset o
the breeding season. Anim Reprod Sci 1999;57:67–88, doi:http://dx.doi.org
10.1016/S0378-4320(99)00060-3.

[37] Bartlewski PM, Beard AP, Chapman CL, Nelson ML, Palmer B, Aravindakshan
et al. Ovarian responses in gonadotrophin-releasing hormone-treated
anoestrous ewes: follicular and endocrine correlates with luteal outcome.
Reprod Fertil Dev 2001;13:133–42, doi:http://dx.doi.org/10.1071/RD00092.

[38] Alvarado-Espino AS, Meza-Herrera CA, Carrillo E, González-Álvarez VH
Guillen-Muñoz JM, Ángel-García O, et al. Reproductive outcomes of Alpine
goats primed with progesterone and treated with human chorionic
gonadotropin during the anestrus-to-estrus transition season. Anim
Reprod Sci 2016;167:133–8, doi:http://dx.doi.org/10.1016/j.
anireprosci.2016.02.019.

[39] Spencer TE, Burghardt RC, Johnson GA, Bazer FW. Conceptus signals fo
establishment and maintenance of pregnancy. Anim Reprod Sci 2004;83:537
50, doi:http://dx.doi.org/10.1016/j.anireprosci.2004.04.014.

[40] Nephew KP, Cárdenas H, McClure KE, Ott TL, Bazer FW, Pope WF. Effects o
administration of human chorionic gonadotropin or progesterone before
maternal recognition of pregnancy on blastocyst development and pregnanc
in sheep. J Anim Sci 1994;72:453–8, doi:http://dx.doi.org/10.2527/
1994.722453x.

[41] Li W, Xu X, Huang Y, Li Z, Yu G, Wang Z, et al. Establishment and evaluation of
stable steroidogenic caprine luteal cell line. Theriogenology 2012;78:263–7
doi:http://dx.doi.org/10.1016/j.theriogenology.2012.01.009.

http://dx.doi.org/10.1016/j.theriogenology.2011.06.012
http://dx.doi.org/10.1016/j.theriogenology.2011.06.012
http://dx.doi.org/10.1016/j.theriogenology.2015.09.038
http://dx.doi.org/10.1016/S0921-4488(03)00190-1
http://dx.doi.org/10.1016/S0921-4488(03)00190-1
http://dx.doi.org/10.1016/J.ANIREPROSCI.2006.11.007
http://dx.doi.org/10.1016/J.ANIREPROSCI.2006.11.007
http://dx.doi.org/10.1016/S0093-691X(01)00479-4
http://dx.doi.org/10.1590/s0102-09352001000400012
http://dx.doi.org/10.1590/s0102-09352001000400012
http://dx.doi.org/10.1111/j.1439-0531.2005.00612.x
http://dx.doi.org/10.21451/1984-3143-AR2017-957
http://dx.doi.org/10.21451/1984-3143-AR2017-957
http://dx.doi.org/10.4213/mzm1141
http://dx.doi.org/10.2527/1996.7481915x
http://dx.doi.org/10.2527/1996.7481915x
http://dx.doi.org/10.1016/B978-0-12-571141-8.50007-X
http://dx.doi.org/10.1016/B978-0-12-571141-8.50007-X
http://dx.doi.org/10.1095/biolreprod38.2.413
http://dx.doi.org/10.1095/biolreprod38.2.413
http://dx.doi.org/10.1530/REP-14-0632
http://dx.doi.org/10.1016/j.theriogenology.2017.09.020
http://dx.doi.org/10.1016/j.theriogenology.2017.09.020
http://dx.doi.org/10.1111/rda.13736
http://dx.doi.org/10.1111/rda.13736
http://dx.doi.org/10.1007/s11250-018-1696-2
http://dx.doi.org/10.1007/s11250-018-1696-2
http://dx.doi.org/10.1016/j.repbio.2017.10.002
http://dx.doi.org/10.1016/j.anireprosci.2020.106571
http://dx.doi.org/10.1016/j.anireprosci.2020.106571
http://dx.doi.org/10.1016/j.anireprosci.2019.106172
http://dx.doi.org/10.1016/j.anireprosci.2019.106172
http://dx.doi.org/10.1016/j.anireprosci.2020.106644
http://dx.doi.org/10.1016/j.anireprosci.2020.106644
http://dx.doi.org/10.1016/j.anireprosci.2017.04.009
http://dx.doi.org/10.1590/S0102-09352007000600024
http://dx.doi.org/10.1590/S0102-09352007000600024
http://dx.doi.org/10.1590/S1516-35982011000700016
http://dx.doi.org/10.1095/biolreprod53.4.951
http://dx.doi.org/10.1095/biolreprod53.4.951
http://dx.doi.org/10.1016/J.ANIREPROSCI.2016.09.008
http://dx.doi.org/10.1016/J.ANIREPROSCI.2016.09.008
http://dx.doi.org/10.1016/J.ANIREPROSCI.2011.02.024
http://dx.doi.org/10.1016/J.ANIREPROSCI.2011.02.024
http://dx.doi.org/10.1530/JRF.0.1130275
http://dx.doi.org/10.1530/JRF.0.1130275
http://dx.doi.org/10.1016/S0378-4320(99)00060-3
http://dx.doi.org/10.1016/S0378-4320(99)00060-3
http://dx.doi.org/10.1071/RD00092
http://dx.doi.org/10.1016/j.anireprosci.2016.02.019
http://dx.doi.org/10.1016/j.anireprosci.2016.02.019
http://dx.doi.org/10.1016/j.anireprosci.2004.04.014
http://dx.doi.org/10.2527/1994.722453x
http://dx.doi.org/10.2527/1994.722453x
http://dx.doi.org/10.1016/j.theriogenology.2012.01.009


J.N.D. Rodrigues et al. / Reproductive Biology 22 (2022) 100591 9
[42] Harrison LM, Kenny N, Niswender GD. Progesterone production, LH receptors,
and oxytocin secretion by ovine luteal cell types on Days 6, 10 and 15 of the
oestrous cycle and day 25 of pregnancy. J Reprod Fertil 1987;79:539–48, doi:
http://dx.doi.org/10.1530/jrf.0.0790539.

[43] Gnanaprakasam MS, Gupta PD, Talwat GP. Ontogenesis, distribution and
relative sensitivity of hCG receptors to hCG and L in goat ovaries. Mol Cell
Endocrinol 1976;6:81–90.

[44] Maia A, Brandão F, Souza-Fabjan J, Veiga M, Balaro M, Facó O, et al.
Transrectal ultrasound evaluation in tropical dairy goats: an
indispensable tool for the diagnosis of reproductive disorders. Trop Anim
Health Prod 2018;50:787–92, doi:http://dx.doi.org/10.1007/S11250-017-
1496-0.
[45] ALRS Maia, Silva MR, Brandão FZ, Souza-Fabjan JMG, Faria LS, Côrtes LR, et al.
Epidemiological survey and risk factors associated with hydrometra in dairy
goat herds. Small Rumin Res 2019;178:79–84, doi:http://dx.doi.org/10.1016/j.
smallrumres.2019.08.006.

[46] ALRS Maia, Brandão FZ, Souza-Fabjan JMG, Balaro MFA, Oliveira MEF, Facó O,
et al. Reproductive parameters of dairy goats after receiving two doses of d-
cloprostenol at different intervals. Anim Reprod Sci 2017;181:16–23, doi:
http://dx.doi.org/10.1016/j.anireprosci.2017.02.013.

[47] ALRS Maia, Souza-Fabjan JMG, Rangel PSC, Côrtes LR, Oliveira MEF, Fonseca JF.
Estrus induction in the non-breeding season is not associated with
hydrometra in dairy goats. Res Soc Dev 2021;10:, doi:http://dx.doi.org/
10.33448/rsd-v10i11.19162.

http://dx.doi.org/10.1530/jrf.0.0790539
http://dx.doi.org/10.1007/S11250-017-1496-0
http://dx.doi.org/10.1007/S11250-017-1496-0
http://dx.doi.org/10.1016/j.smallrumres.2019.08.006
http://dx.doi.org/10.1016/j.smallrumres.2019.08.006
http://dx.doi.org/10.1016/j.anireprosci.2017.02.013
http://dx.doi.org/10.33448/rsd-v10i11.19162
http://dx.doi.org/10.33448/rsd-v10i11.19162

	Human chorionic gonadotropin affects original (ovulatory) and induced (accessory) corpora lutea, progesterone concentratio...
	1 Introduction
	2 Material and methods
	2.1 Location and experimental animals
	2.2 Estrus induction and treatments applied
	2.3 Ultrasound and luteal evaluation
	2.4 Blood collection and progesterone measurements
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


