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ABSTRACT

Background: Goats from subtropical and temperate latitudes show reproductive seasonality. For this reason, the products obtained
from goats also shows the same seasonality, reducing the finances of goat keepers. Several studies have focused on reducing
reproductive seasonality through the use of hormonal protocols based on progestogens, in addition to the use of equine chorionic
gonadotropin (eCG) hormone, used for its double biological activity that ensures an optimal response to induce estrus and pregnancy
in goats. The objective was to assess whether reduced doses of eCG are effective in inducing reproductive activity in anestrous goats.
Methods: During the transition reproductive period (June), mix-breed Creole goats (n=39), were treated with intramuscular progesterone
(P4), later, the experimental treatments, consisting in different doses (50, 100, 50+50 or 200 1U) of equine chorionic gonadotropin
(eCG) were applied. After the application of the experimental protocols, the reproductive activity of the goats was evaluated.

Result: This study shows that one dose of 100 |U of eCG effectively induced reproductive behavior in anestrous Creole goats towards
the end of the seasonal anestrus. This protocol makes the use of exogenous hormones more efficient, with reduce doses, decreasing

expenses and is practical use by goat producers.
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INTRODUCTION

Goats from subtropical and temperate latitudes are
characterized for showing a marked reproductive seasonality
(Duarte et al., 2008). For this reason, the supply of products
obtained from goats (milk and kid meat) also show the same
seasonality, reducing in parallel a continuous economic
support by the goat keepers (Delgadillo, 2011). Several
studies have centered their attention to decrease such
reproductive seasonality through the use of hormonal
protocols based on the use progestogens, mainly
fluorogestone (FGA; 20-40 mg/sponge) and
medroxyprogesterone acetate (MAP; 60 mg/sponge).
Besides, controlled internal drug release (CIDR) devices
are also used, normally impregnated with 0.30 g of natural
progesterone (P,), (Abecia et al., 2012). The use of these
intravaginal devices has been reduced to 5 d (Martemucci
and D’Alessandro, 2011). In addition, protocols based on
equine chorionic gonadotropin (eCG) have been used and
displayed a dual biological activity; its primary action is
similar to that of the follicle stimulating hormone (FSH), but
it has a second action as luteinizing hormone (LH), (Sim&es,
2015). The afore mentioned actions assure an optimum
response to induce estrus and pregnancy in goats (Simdes,
2015; Rahman et al., 2017). In goats, the interval between
doses of eCG ranges from 200 to 1000 IU, depending on
breed, age and season of the year (Najmi et al., 2011; Abecia
et al., 2012). Nonetheless, these hormonal protocols have
a major drawback, such as vaginal wall imparment, need
for skilled labor, adequate facilities and equipment (Manes
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et al., 2015). When considering both public health, animal
wellbeing, and productive sustainability, the use of high
doses of exogenous hormones and prolonged
administrations are being questioned (Simdes, 2015). On
this respect, Contreras-Villarreal et al. (2016), evaluated the
use of a sole dose of 25 mg i.m. progesterone plus 250 IU
of eCG 24 h apart, which induces 100% of estrus and
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ovulation in goats during the seasonal anestrus. Besides,
Alvarado-Espino et al. (2016) achieved a reduction of the
dose of human chorionic gonadotropin (hCG) down to 50
IU, in the induction of reproductive activity in anovulatory
goats. This hormonal protocol also considered the use of
20 mg i.m. of progesterone, administered 24 h prior to hCG.
For such evidences, the objective of the present study was
to assess whether reduced doses of eCG are effective
ininducing reproductive activity in anestrous goats.

MATERIALS AND METHODS
Ethics statement

All experimental procedures were compliant with the
guidelines for ethical use, care and welfare of animals in
research at international (FASS, 2010) and national
(NAM,2002) levels with institutional approval reference
number UAAAN-UL/02-03-1402-2620.

Experimental animals and their management

This research took place in the in Ejido Eureka, Gomez
Palacio, Durango, México (25°49' North, 03°23' West) during
June 2017, month that corresponds to the transition period
from seasonal anestrus to reproductive activity, in goats
under an extensive system. Mix-breed Creole goats (n=39)
homogeneous by body weight 36.94 + 7.53 kg and body
condition score 2.18 + 0.29 (Walkden-Brown et al., 1997; 1
to 4 scale) were randomly distributed in 35 m?pens. Feeding
was based on alfalfa hay, water and salts ad libitum. In
addition to 200 g of a commercial concentrated per goat/
day (14% CP). To define anestrus status of goats, two
transrectal ultrasounds were performed (Fig. 1) by an
experienced operator, using an echograph (Aloka 500)
provided with a human prostate transducer of 7.5 MHz (Mhz
linear array; Corometrics Medical Systems, Inc., Wallingford,
CT, USA). At the beginning of the scanning, the goats were
placed in vertical position and the transducer was covered
with carboxymethylcellulose as a lubricant. Once the
transducer was inserted in the rectum, both ovaries were
scanned to determine the presence and type of ovarian
structures. The anovulation in the goat was determined by
absence of corpora lutea in the two ovaries observed.

Experimental treatments groups

All goats were received one dose of 25 mg of progesterone
(Progesvit®, Brovel, Mexico, i.m.) and then were randomly
allocated to four experimental groups. Which received 24
h later contrasting i.m. doses of eCG: 1) eCG-200 (200 IU
of eCG (Folligon®, Intervet, Mexico); n=10), 2) eCG-100
(100 U of eCG; n=10), 3) eCG-50+50, (two 50 IU of eCG,
12 h apart, n=10), and 4) eCG-50 (50 IU of eCG; n=9);
groups were balanced according to body weight and body
condition score (Fig 1).

Evaluated response variables

During the 7 d subsequent to the eCG administration, estrus
activity was evaluated during 15 min twice a day (0900 and
1700 h), through the use of 4 sexually active males,

protected with an apron to prevent mating. The male goats
were induced to sexual activity by a hormonal treatment
based on testosterone using the method described by Luna-
Orozco et al. (2012). Females were considered in estrus
when they allowed to be mated and stayed motionless. To
calculate the percentage of females in estrus, the total
number of females in estrus divided into total of females
treated x 100, was considered. The estrus latency was defined
as the time elapsed between the eCG administration and the
first mounting allowed by goats. The estrus duration was
defined as the interval between the first and last mounting
allowed by females. Natural mating was used only once to
serve females during the first 12 h after the beginning of estrus.

The percentage of females that ovulated was calculated
as the total number of females ovulating / total of females
treated x 100. The ovulatory rate was defined as the total
number of corpus luteum per experimental group, divided
by the total number of goats that ovulated within the
experimental group. These two variables which previously
mentioned were measured 10 d after the eCG administration
by means of a transrectal echography. The diagnosis of
pregnancy was performed by a transrectal echography at
45 d after the administration of eCG (Fig 1).

Statistical analysis

The estrus latency, estrus duration and ovulatory rate were
analyzed using an ANOVA and mean comparisons were
performed by the Tukey Test, when required. The percentage
of females in estrus, ovulation and pregnancy were analyzed
using a contingency table and the chi-square test. All the
statistical analyses were calculated using the statistical
package SPSS 15.0. Significance level 0.05 was considered
for all tests.

RESULTS AND DISCUSSION

On this study different doses of eCG were evaluated
successfully induced estrus and ovulation in goats that were
previously treated with intramuscular progesterone during
seasonal transition reproductive period. The total percentage
of females on estrus and ovulating in the experimental
groups was 94.5% (37/39) without differences among
experimental groups (p>0.05), (Table 1). The total
percentage of time elapsed between the eCG administration
and the estrus onset did not differ among the eCG-200, eCG-
100 and eCG-50+50 groups (47.2 + 10.86 h; p>0.05); yet,
the largest value was observed in the eCG-50 group (94.86
+ 9.98 h; p<0.05). Besides, estrus induction occurred
between 36 and 48 h after eCG administration in those
experimental groups with doses equal or higher than 100
IU eCG (Fig 2). All the goats receiving doses equal or higher
than 100 IU showed estrus and 70% of the females were
synchronized from 36 to 48 h post-eCG administration 100%
of ovulation was achieved in all the treated goats. Our results
are consistent with those reported in other studies, similar
doses of eCG and hCG were used in anestrous goats
previously treated with intramuscular progesterone
(Alvarado-Espino et al., 2016; Carrillo et al., 2019). The high
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Table 1: Reproductive outcomes in Creole goats during the seasonal anestrus (transition period, during June) treated with either 200 (eCG-
200), 100 (eCG-100), 50+50 (eCG-50+50) and 50 (eCG-50) IU of eCG. Doses were administered 24 h after the administration of

25 mg of intramuscular progesterone.

Treatment group

Variables eCG-200 eCG-100 eCG-50+50 eCG-50
Goats in estrus (%) 10/10 (100) 10/10 (100) 10/10 (100) 7/9 (78)
Latency to estrus (h) 42 + 3.69° 49.2 + 2.8° 50.4 + 3.49° 94.86 + 9.982
Duration of estrus (h) 32.4 +5.38 34.8 + 4.18 39.6 + 5.67 34.29 £ 9.23
Goats ovulating (%) 10/10 (100) 10/10 (100) 10/10 (100) 7/9 (78)
Owulation rate (n, CL) 1.4 £0.22 1.5+ 0.27 1.6 £ 0.22 1.43 £ 0.20
Goats pregnant (%) 7/102 (70) 7/102 (70) 8/102 (80) 2/9° (22)

&b Means with different superscripts within rows differ (P<0.05).
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Fig 1: Schematic representation of the experimental protocols used to induce reproductive activity in Creole goats during the transition

period (end of seasonal anoestrus, June). The goats were previously treated with intramuscular progesterone (P4), later, the experimental

treatments, consisting in different doses (50, 100, 50+50 or 200 IU) of equine chorionic gonadotropin (eCG) were applied. The transrectal

echography (US) was performed on days -8 and -2 in order to define the anovulatory (AN) state of the goats. At day 10 and 45, the ovulatory

rate (OR) and pregnancy (PG) were confirmed, respectively.

number of estrous goats could have been due to the ability
of eCG to activate the LH and FSH receptors in both the
theca and the granulosa cells, respectively (Murphy, 2012).
Such physio-endocrine scenario possibility induced follicular
growth, increased in estradiol secretion and subsequently
the presence of the estrus activity (De-Rensis and Lopez-
Gatius, 2014).

With respect to the high percentage of females ovulated
it was observed that doses greater than 100 IU of eCG were
enough to induce reproductive activity. Under such scenario,
it is possible to suggest that eCG induced a positive
feedback to estradiol, triggering the preovulatory LH suge,
causing ovulation in most of the treated goats (Murphy, 2012;
Carrillo et al., 2019). It is worth mentioning that our result
regarding goats ovulating are similar to those obtained with
higher doses of eCG (300 IU; Vilarifio et al., 2011). In fact,
the high response to the low doses of eCG could have been
promoted because this hormone has a relatively long-lasting
bioactivity period, potentiating its effects on the ovarian
activity, while inducing follicular growth and warranting
ovulation (Mcintosh et al., 1975).

The total percentage of pregnant females for groups
eCG-200, eCG-100 and eCG-50+50 was 73% (22/30;
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12 24 36 48 60 72 84 96 108 120 132
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Fig 2. Time elapsed after the administration of the equine chorionic
gonadotropin (eCG) until the appearance of estrus behavior in
Creole goats managed under extensive conditions. All the females
were treated at the end of the seasonal anestrus (June, 25°N) with
intramuscular progesterone and 24 h later, with different doses of
eCG (200, 100, 50+50, 50 IU).

p>0.05). The lowest pregnancy rate (22%; 2/9; p<0.05) was
recorded in the eCG-50 group (Table 1). In different studies,
goats subjected to treatment protocols with progestogens +
eCG, the pregnancy rate ranged from 61% (Martemucci and
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D’Alessandro, 2011) to 69% (Leboeuf et al., 2003). In this
study, no differences occurred among the experimental
groups with doses equal or higher than 100 IU of eCG.
Observing an important percentage of pregnant goats (73%),
which confirms the interesting reproductive response
obtained in goats treated with eCG. This could be explained
because of the effect that eCG exerts upon both the theca
and the granulosa cells, giving place to a bigger preovulatory
follicle growth, as well as due to the eCG’s luteotrophic
effect, which favors the corpus luteum growth and
functionality (Thatcher et al., 2001). In fact, a corpus luteum
with a bigger diameter increases its progesterone secretion
(Garcia-Pintos and Menchaca, 2016), favoring embryo
implantation and the subsequent pregnancy.

The estrus and ovulatory responses of the goats treated
with 50 IU of eCG was acceptable (78%) nonetheless, the
dose of eCG and the asynchrony of the estrus activity could
negatively influence the percentage of pregnant goats (22%).
Possibly, this eCG dose was unable to reach the optimum
threshold to correctly perform its different functions, such
as a synchronized follicular growth, ovulation, and
luteinization of the corpus hemorrhagicum. Indeed, a poor
luteinization of the follicular cells could negatively affect the
growth of the corpus luteum and, consequently, an abnormal
progesterone synthesis.

Thus, dysfunctions of the corpus luteum promote
embryonic losses and diminish pregnancy rate (Samir et
al., 2016). It would be convenient to perform more studies
with these hormonal protocols and the intramuscular
administration of progesterone plus eCG or hCG in different
breeds and management systems as well as different
periods of the seasonal anestrus, in order to be able to
respond to these questions.

CONCLUSION

With the evidence provided by this study, we can conclude
that the administration of intramuscular progesterone plus
doses greater than 100 IU of eCG are effective hormonal
strategies to inducing sexual activity of Creole goats, under
subtropical extensive production systems during the
transitional anestrous period (25°N, June). The protocol
described here makes the use of exogenous hormones more
efficient, with reduce doses, decreasing expenses and is
practical use by goat producers. This results can will apply
to other ruminant industries.
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