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Effect of equine chorionic gonadotropin on pregnancy rate in Brown Swiss cows
under high altitude conditions
C. Mínguez and A. Calvo

Departamento de Producción Animal y Salud Pública. Facultad de Veterinaria y Ciencias Experimentales, Universidad Católica de Valencia San Vicente
Martir, Valencia, España

ABSTRACT
The objective of the present study was to evaluate the administration of Equine Chorionic Gonadotropin
(eCG) in a protocol of fixed-time artificial insemination (FTAI) to increase the pregnancy rate in cows
subjected to high altitude conditions. These conditions could generate a syndrome of right-sided heart
failure and, as consequence, animals trend to have a low body score condition with a decrease in
fertility. The research was conducted with 84 lactating cows (Brown Swiss) randomly into two groups
with a body condition score between 2.5 and 3.5, allocated at 3100 m above sea level. In the FTAI
protocol, 400 IU of eCG was administered (n = 42) or not (n = 42) at progesterone intravaginal device
removal. A significant improvement in pregnancy rate was found with eCG treatment in those cows
with low body condition score (BCS of 2.5, scale 1–5), while no effect was found in those cows with
higher BCS (i.e. 3.0 and 3.5). In conclusion, the addition of 400 IU of eCG in an FTAI in cows under high
altitude conditions and low body conditions can improve the fertility.
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1. Introduction

The fertility rate is a very important parameter in the production
of dairy cattle. However, this aspect has been reduced over the
years as a result of genetic improvement in milk production
(Royal et al. 2000). For this reason, in dairy cattle, it is necessary
to include fertility as selection criterion in breeding pro-
grammes (Jorjani 2005) as well as to develop hormonal treat-
ments to increase fertility (Friedman et al. 2014). As a result,
in the last decade, numerous protocols of synchronized ovu-
lation have been developed (Martínez et al. 2014).

The main characteristic of Ecuador and the Andean Region is
its high altitude. The syndrome associated with altitude is called
‘altitude sickness’. Evidence of this sickness occurs at a modest
elevation of 1600 m (Malherbe et al. 2012). The ‘altitude sick-
ness’ produces the syndrome of right-sided heart failure due
to the elevated blood pressure in the pulmonary arterial tree,
generating a considerable drop in conception both in humans
(Vitzthum et al. 2000) and in livestock species (Malherbe et al.
2012; Parraguez et al. 2014; Gonzalez-Bulnes et al. 2016).
Brown Swiss herd is usual in this region, because it is more
adapted to altitude conditions (Bartl et al. 2008).

Equine Chorionic Gonadotrophin (eCG) has been used in
procedures of fixed-time artificial insemination (FTAI) in cattle
to try to improve the fertility rate because it produces, among
other effects, an increase of follicular growth (Murphy 2012;
Núñez-Olivera et al. 2014). The application of 400 IU of eCG
has shown that it can be a good treatment to increase fertility,
especially in beef breeds (Menchaca et al. 2013; Nogueira et al.

2014); nevertheless, in dairy cattle results have been contradic-
tory (Pulley et al. 2013).

Worldwide, experiments have been carried out using doses
of 300–800 IU, obtaining different results. These unknowns in
cattle do not diminish the usefulness and use of eCG in other
species for the induction of folliculogenesis; the early onset of
puberty, the resolution of anoestro and the induction of super-
ovulation for embryo transfer (Murphy 2012).

The aim of this study was to evaluate the effect of adminis-
tering 400 IU of eCG on a fixed-time artificial insemination pro-
tocol to increase the fertility of Swiss Brown dairy cows of
different body condition scoring (BCS) kept in high altitude
habitat.

2. Material and methods

2.1. Animals

Animals were reared and slaughtered in compliance with the
regulations for the care and use of animals in research in the
‘Código Orgánico del Ambiente’ (ROS No 983, Ecuador).

The study began in December 2016 and included 84 multi-
parous, cycling Swiss Brown cows, repeated breeders (≥ 2 nega-
tive AI), clinically healthy and in the lactation period. The cows
were farmed at the ‘Centro de Excelencia Experimental Agrope-
cuaria Burgay’ (2° 40′ 0′′ South, 78° 56′ 0′′ West) belonging to the
‘Gobierno Autónomo Descentralizado del Cañar (Ecuador)’. It
has an altitude of 3100 m with a temperature average of
12.5°C and an annual rainfall average of 1180 mm. The farm
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has a conception rate to the first service of 59%. On the day
treatment began, the cows underwent a gynaecological exam-
ination by external inspection, transrectal palpation and ultra-
sound (Aloka ProSound 2 Hitachi-Aloka Medical Ltda., Tokyo,
Japan). Cows with ovarian or uterine pathologies were dis-
carded from the experiment.

The cows had a milk production average of 16.8 ± 1.4 kg/day
in 154.2 ± 16.6 days in lactation. The animals were among the
second and fourth lactation and were between 4 and 6 years
old with a BCS between 2.5 and 3.5 (560 ± 40 kg), which was
calculated by using the 5-point system (1 = thin – 5 = obese)
(Ferguson et al. 1994).

A total of 84 animals were distributed randomly in two
experimental groups (42 per group) and were milked twice a
day (every 12 h approximately). Both groups of animals
grazed on a pasture cultivated with an association of gamine
and legumes consisting of perennial ryegrass, red clover and
Kikuyu grass. At the time of milking, all animals received a com-
mercial supplement that allowed them to cover their nutritional
needs according to the requirements described in the NRC
(2001). In addition, they had fresh water ad libitum, and no
health problems were observed during the experimental
period.

2.2. Experimental design

In the FTAI protocol (Figure 1), the moment when animals were
placed an intravaginal progesterone device of 1.38 mg (P4;
CIDR®, Pfizer Cambridge, USA), as well as an intramuscular

dose of 2 mg estradiol benzoate, (Fertigan®; Laquinsa, San
Jose, Costa Rica) was designated as day 0 (D0). On day 7 (D7)
an intramuscular dose of 0.5 mg of PGF2α (Lutalyse®; Zoetis
Quito, Ecuador) was given.

On day 9 (D9), the intravaginal device was removed and
cows received 1 mg of estradiol benzoate (Fertigan®;
Laquinsa, San Jose, Costa Rica). Immediately after P4 withdra-
wal, a dose of 400 IU of eCG (Folligon®; Intervet Ecuador) was
applied to cows of the ‘Treated group’ (‘Non-Treated group’
remained as the control group). On Day 11 (48 h after P4
withdrawal), all cows were inseminated by using straws of
frozen semen (0.5 ml). Prior to the artificial insemination (AI),
semen had been thawed at 37°C during 40 s (Bernardi et al.
2015). The cows were inseminated by the same experimented
technician to avoid the operator effect. To avoid the influence
of semen in the pregnancy rate (Anderson et al. 2004) the
semen doses came from the same bull (Brown Swiss) being
supplied by the ‘Ministerio de Agricultura, Ganadería, Acuacul-
tura y Pesca’ (MAGAP, Ecuador). MAGAP guaranteed the
minimum standard of motility and vigour in the semen by a
computer-assisted sperm analysis (CASA) and flow cytometry
(Vincent et al., 2012). Also, on the day of AI, the diameter of
the largest follicle was determined from ovarian transrectal
ultrasonography. Ovulation was considered when cows had
the presence of a follicle with a diameter ≥ 8.5 mm on day
11 and the absence of this follicle 48 h later (D13) (Sá Filho
et al. 2009).

On day 39 (D28 after AI), a pregnancy diagnosis was per-
formed by ultrasound observation. It is important to state that

Figure 1. Schematic diagram of the experimental design for evaluating the effect of the administration of eCG in a fixed-time artificial insemination protocol (FTAI) in the
fertility rate in lactating cows subjected to altitude conditions. P4 = 1.38 g of progesterone by intravaginal device; FTAI = fixed-time artificial insemination; EB = 2 mg.
estradiol benzoate; eCG = 400 IU equine chorionic gonadotropin; D = day.
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the survey data refer only to insemination on day 11 and do not
include any subsequent AI. Conception rate was obtained by
dividing the number of pregnant cows by the number of cows
that ovulated. The pregnancy rate was obtained by dividing
the number of pregnant cows by the number of treated cows.

2.3. Statistical analysis

Statistical analysis of the data was performed using a model
with the interaction between treatment and BCS (D0). Data
were analysed using the GLM package of the R project software
(R project, version 3.1.2; University of California, Los Angeles,
USA). In the package GLM, the option ‘family = binomial’ was
used for ovulation, conception, and pregnancy rates, and
‘family = normal’ for follicular diameter. If p-value was lower
than 0.05 the difference was assumed significant.

3. Results

Results of the different combinations ‘Treatment x BSC’ for ovu-
lation, conception, and pregnancy rates are present in Table 1.
Significant differences were found for conception rate and
pregnancy rate against the interaction ‘Non-Treated x BSC2.5’.

Diameter of the largest follicle does not differ among groups
(Treated * BSC 2.5 = 10.24 ± 0.19 mm; Treated * BSC 3.0 = 10.19
± 0.14 mm; Treated * BSC 3.5 = 10.18 ± 0.13 mm; Non-Treated *
BSC 2.5 = 10.14 ± 0.16 mm; Non-Treated * BSC 3.0 = 10.21 ±
0.13 mm; Non-Treated * BSC 3.5 = 10.17 ± 0.14 mm).

4. Discussion

In this study, the improvement of pregnancy rates in dairy cows
with a low BSC due to the application of eCG was observed.

The cases in which the application of eCG at the moment
when the P4 device is removed in dairy cows shown beneficial
effects in the conception rate are referred for animals in anoes-
trus (Bryan et al. 2010; García-Ispierto et al. 2012), with a low
body condition (Souza et al. 2009), in old age (Bryan et al.
2010) or in heat conditions (Bó et al. 2008; Suplicy et al. 2012;
De Rensis and López-Gatius 2014).

In dairy cattle, the absence of a positive conception rate effect
by the use of eCG at a 400 IU dose has been reported in Souza
et al. (2009) and Pulley et al. (2013) and in Ferreira et al. (2013).

On the other hand, applying a high eCG dose (800 IU) two
days after the beginning of the FTAI protocol reduces the con-
ception rate (Kenyon et al. 2012). Regarding postpartum (a
single dose of 600 UI between days 9 and 15 postpartum),
Freick et al. (2017) did not observe a significant increase in
the reproductive performance.

Similarly, Rostami et al. (2011) observed that application of
500 UI of eCG 6 days after birth in primiparous Holstein cows
quickly resumed ovarian activity.

There are more studies regarding the application of eCG on
beef cattle. In Angus, Martínez et al. (2014) reported an
improvement in the conception ratio after the application of
400 IU of eCG on day 2 and day 7 (when P4 device was
removed). Gaievski et al. (2015), in Nellore and in Simmental
× Nelore, included a dose of 400 IU of eCG at day 10 in an
FTAI. In Nellore, Sá Filho et al. (2010a) applied the same dose
at the moment in which the P4 device was removed with a posi-
tive effect on pregnancy rates.

However, some studies demonstrated an improvement in
pregnancy rates of postpartum cows after the application of
eCG in the FTAI with a lower BCS (Baruselli et al. 2004; Sá Filho
et al. 2010b). Tortorella et al. (2013) in cross beef cows, applying
400 UI of eCG two days prior removal of the progesterone intra-
vaginal device in cows in anoestrus obtained an increase in the
diameter of the dominant follicle, total luteal volume, concen-
tration of serum progesterone and conception rate. In Nellore,
the eCG + Temporary Weaning protocol was efficient in primi-
parous cows (Campos et al. 2013; Souza et al. 2016).

Definitely, there is enough evidence in the literature that the
inclusion of eCG in an FTAI does not improve the fertility rate in
cattle with a good BCS. Binelli et al. (2009) mentioned that the
eCG effectiveness varies with the BCS and Nogueira et al. (2014)
observed that the BCS had a positive effect on the probability of
pregnancy using eCG in an FTAI. Ferreira et al. (2013) indicated
that the differences observed in the inclusion of eCG in FTAI
might be explained by the corresponding inequalities in BCS.
Also, Sales et al. (2011) and Pinheiro et al. (2009) showed that
in animals with a good BCS, the eCG treatment does not
promote an increase in pregnancy rates.

5. Conclusion

The addition of 400 IU of eCG in an FTAI protocol in Brown Swiss
cattle under high altitude conditions and low BCS could
improve the pregnancy rate.
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