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ABSTRACT - The objective of this study was to evaluate the reproductive parameters of Sindhi cows aiming to improve

the efficiency of fixed-time artificial insemination protocols in this breed. For this purpose, sixteen Sindhi cows were divided

into two groups: in group I (EB, n = 8) animals received an intravaginal P4 implant and an application of 2 mg of estradiol

benzoate on day 0. On day 8 the implant was removed and 10 mg of Dinoprost were applied; on day 9, 1 mg of estradiol

benzoate was applied, and animals were fixed-time artificially inseminated 36 hours later; in group II (EB + eCG, n = 8) animals

were subjected to same treatment, and on day eight 400 IU of eCG were applied. From day 0 animals were examined daily by

a trans-rectal ultrasound device, where in each assessment the largest follicles of each day were measured. The reproductive

parameters observed for groups I and II were: emergence of follicular wave, 4.5+1.4 and 3.8+0.3 days; interval between wave

emergence and ovulation, 5.8+1.4 and 7.1+0.3 days; interval between wave emergence and implant removal, 3.5+1.4 and

4.1£0.3 days; interval between implant removal and ovulation, 74.0+11.8 and 82.5+4.2 hours; diameter of the dominant follicle
(DF) at the time of implant removal, 7.5£2.5 and 6.6+1.5 mm; maximum diameter of DF, 10.47+8.85 and 3.7£1.2 mm; growth
rate of DF, 0.90+0.83 and 0.7+0.6 mm/day; ovulation rate, 75% and 100%; and pregnancy rate, 0% and 50%, respectively.
There was no significant difference between the groups. We observed that eCG was not efficient in improving the reproductive

parameters analyzed in this breed.
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Introduction

The Brazilian cattle herd consists of more than 200 million
of animals (MAPA, 2010), and zebu cattle corresponds to
approximately 80% of that heritage. The prevalence of this
genetic group is due to greater availability of food found in
tropical Brazil (Baruselli et al., 2007). However, in the vast
majority of Brazilian cattle there are many difficulties for
an accurate heat detection, which affects the reproductive
efficiency of the herd (Baruselli & Marques, 2002).

To avoid the problem of estrus detection in herds of zebu
cattle, protocols for estrus and ovulation synchronization,
which allow for inseminating a large number of animals
within a predetermined time, were developed (Bo et al., 2004).
These treatments are known as protocols for fixed-time
artificial insemination (FTAI), and are divided between those
using combinations of GnRH and PGF20, and using devices
with progesterone and estradiol (Baruselli & Marques, 2002).
Despite the high levels of estrus and ovulation synchronization
achieved with the various existing treatments, the results
are not always translated into pregnancy (Porto Filho, 2004).
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In cattle, there are some factors that may contribute to
the reduction of fertility, such as postpartum anestrus,
low nutritional status (B6 et al., 2001) and low plasma
concentrations of progesterone (Binelli et al., 2001).

Thus, strategies that produce high concentrations of P4
may be critical to inhibit the synthesis of PGF2a, which
usually occurs during the critical period of gestation. In this
context, the equine chorionic gonadotropin (eCG) could be
used to stimulate the production of P4 by corpora lutea
(CL), increasing plasma concentrations of P4 in subsequent
estrous cycles (Baruselli et al., 2000).

The Sindhi zebu breed, originated from an arid region
of Pakistan, has excelled in milk production (Santiago,
2009). Although much research is being developed with the
Sindhi breed, such experiments are focused predominantly
on aspects of animal production. Studies involving the
reproductive tract of the Sindhi zebu breed, especially
those related to reproductive biotechnologies, are still scarce
(Carvalho, 2009).

The objective of this study was to evaluate the
reproductive parameters of Sindhi cows subjected to an
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ovulation synchronization protocol so as to improve the
efficiency of this FTAI protocol in this breed and contribute
to an effective diffusion of genetics of these animals.

Material and Methods

This experiment was carried out at the Department of
Animal Evaluation and Reproduction, Institute of Animal
Science at Universidade Federal Rural do Rio de Janeiro,
located in the city of Seropedica, state of Rio de Janeiro,
Brazil, from January 10 to February 11, 2011. Sixteen non-
lactating, non-pregnant Sindhi (Bos taurus indicus) cows,
with a body condition score between 3.0 and 4.0 on a scale
from 1.0 to 5.0 (Wildman et al., 1982), registered in the
Brazilian Association of Zebu Breeders and aged between
3 and 17 years were used.

All animals were previously subjected to gynecological
examination by rectal palpation to detect cyclicity and
reproductive tract abnormalities. During the experiment,
the animals were kept confined in the Department of
Animal Breeding and Evaluation, where they had access
to Brachiaria decumbens grass pastures and water ad
libitum.

The methodology used to assess the reproductive
parameters was proposed by Porto Filho (2004). Cows
were first synchronized with two applications (im) of
2 mL of PGF2a (Lutalise®) with an interval of 14 days.
Seven days after the second application of PGF2a, cows
were divided into two groups according to assessment age,
undergoing treatments to synchronize ovulation. In Group I
(EB, n = 8), the animals received an intravaginal silicone
implant impregnated with 1.9 g of progesterone (CIDR®)
and an application (im) of 2 mg of estradiol benzoate (EB,
Estrogin®) on day 0. On day 8, the intravaginal implant was
removed, and 10 mg (im) Dinoprost® (PGF2a) were applied.
After 24 hours, 1 mg (im) of estradiol benzoate was applied.
Fixed-time artificial insemination was performed 36 hours
later (Figure 1).

In Group II (EoB + eCG, n = 8), the animals received
an intravaginal silicone implant impregnated with 1.9 g
of progesterone (CIDR®) and an application (im) of 2 mg
of estradiol benzoate (EB, Estrogin®) on day 0. On day
8, the intravaginal implant was removed, and 10 mg (im)
of Dinoprost® (PGF2a) and 400 IU of equine chorionic
gonadotropin (eCG, Novormon®) were applied. After 24
hours, 1 mg (im) of estradiol benzoate was applied, and
FTAI was performed 36 hours later (Figure 2).

Ultrasonographic examinations were performed by
transrectal technique with a 7.5 MHz linear-array transducer
(CHISSON® D600 VET), and began on day 0 of the

synchronization protocol, repeated every 24 hours. In each
assessment, the largest follicle of each day with a diameter
greater than 4 mm was measured by the ultrasound of the
device itself to monitor the follicular growth and determine
the maximum diameter of the dominant follicle (DF). After
the second application of EB (day 9), the animals were
assessed by ultrasound twice daily (every 12 hours) until
ovulation was detected, and then subjected to FTAI 36
hours later. The reproductive parameters evaluated were:
emergence of follicular wave (days); interval between wave
emergence and ovulation (days); interval between wave
emergence and implant removal (days); interval between
implant removal and ovulation (hours); diameter of DF
at the time of implant removal (mm); maximum diameter
of DF (mm); growth rate of DF (mm/day); ovulation rate
(%); and pregnancy rate (%). Pregnancy diagnosis was
performed by ultrasonography (CHISSON® D600 VET) 55
days after FTAI

Data were analyzed using the software Sistema para
Andlises Estatisticas e Genéticas (SAEG, version 9.1).
Differences between groups (meantstandard deviation)
were tested by general linear model of variance (ANOVA),
and the treatment means were compared by the Tukey
test at a significance level of 5%. To analyze the ovulation
and pregnancy number in different groups, descriptive
statistics were used through histogram and frequency
table. In the variance analysis the effects of categorical
variables treatment I (Group I: without eCG) and treatment
IT (group II: 400 IU eCG) were analyzed. The response

36 hours

> |rm

\ |
[ \

P4 implant of 1.9 g +
2 mg of EB

Removal of P4 implant +
10 mg of PGF2a

D - day; EB - estradiol benzoate; FTAI - fixed-time artificial insemination.

Figure 1 - Scheme of ovulation synchronization without the use
of eCG.
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D - day; EB - estradiol benzoate; FTAI - fixed-time artificial insemination.
Figure 2 - Scheme of ovulation synchronization with eCG.
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variables analyzed in the experiment were: emergence of
follicular wave (days); interval between wave emergence
and ovulation (days); interval between wave emergence and
implant removal (days); interval between implant removal
and ovulation (hours); diameter of DF at the time of implant
removal (mm); maximum diameter of DF (mm); growth
rate of DF (mm/day); ovulation rate (%); and pregnancy
rate (%).

Results and Discussion

There was no statistical difference (P>0.05) for groups I
(without eCG) and II (400 IU eCQG) in relation to emergence
of follicular wave; interval between wave emergence and
ovulation; interval between wave emergence and implant
removal; interval between implant removal and ovulation;
diameter of dominant follicle (DF) at the time of implant
removal; maximum diameter of DF; and growth rate of DF
(Table 1).

The ovulation synchronization protocol based on the
use of progesterone and estradiol used in this study has been
widely discussed in the literature (Porto Filho, 2004). The
effects attributed to these hormones, such as atresia of FSH
and LH-dependent follicles and ovulation in a predetermined
time, resulting in the emergence of a new wave of follicular
growth and in the ovulation synchronization, are reported
by several researchers (Bo et al., 1994; Bo et al., 1995;
Driancourt, 2000; Rocha, 2000; Lane et al., 2001).

The results presented in this study regarding the
emergence of follicular wave, in which 2 mg EB were
used at the beginning of treatment, are consistent with
the findings of Bridges et al. (1999), who, evaluating 46
lactating beef cows at 28 days postpartum, obtained the
emergence of a new follicular wave in 3.9+0.6 days with
the administration of 2 mg EB at the time of progesterone
implant. Similarly, Carvalho (2004) obtained the emergence
of a new follicular wave in 3.3+£0.3 days in 12 Nellore
cyclic heifers aged between 20 and 24 months with the
administration of 2 mg EB at the time of progesterone
implant. Thus, the results in this study corroborate the data
cited in the literature (B6 et al., 1995), where treatments

with progestogen and estradiol, like the use of intravaginal
implants of P4 + EB, can promote synchronous emergence
of a new wave of follicular growth 4 days after initiation
of treatment, regardless of the developmental stage of the
dominant follicle at the time of treatment (Table 1).

The elevations in blood concentrations of FSH are
responsible for follicular recruitment, and an increased
concentration of estrogen entails a negative response from
FSH secretion (Carvalho, 2004). Evans et al. (1997) showed
that androgen secretion is inversely related to circulating
concentrations of FSH, demonstrating that androgens
regulate the pattern of fluctuation in the secretion of FSH
and the emergence of follicular waves. According to
Gibbons et al. (1999), estrogen plays an important role in
the suppression of FSH. In the presence of high levels of
P4 depending on the dose, estrogen also blocks the release
of LH, and may influence the emergence of the subsequent
wave of follicular growth (Carvalho, 2004). The variations
observed on the day of emergence of follicular wave are
associated with dose and preparations of estrogen used,
such as estradiol benzoate (EB), estradiol valerate (EV)
and estradiol cypionate (ECP), which can produce different
effects on concentrations of gonadotropins (Carvalho,
2004). Given this variation, the close synchrony between
the day of emergence of new wave of follicular growth
between two groups suggests that the dose of 2 mg EB
(im) was adequate to maintain high concentrations of
estrogen in the circulation. Treatment with 2 mg EB, used
at the moment the insertion of P4 intravaginal implant, can
promote the emergence of a new wave of follicular growth
in a range of 2 to 6 days after the beginning of treatment
(Table 1).

Studies on animals show that treatment with eCG at the
withdrawal of P4 intravaginal implant does not influence
the interval between implant removal and ovulation
(Baruselli et al., 2008); as observed in this experiment, no
statistical difference was found between groups. Indeed,
Marques et al. (2003); Sa Filho et al. (2004); Duffy et al.
(2004); Souzaetal.(2006); and Maranaetal. (2006) observed
that the use of eCG did not influence the interval between
removal of CIDR® and ovulation in female Bos taurus

Table 1 - Reproductive parameters of Sindhi cows treated with two ovulation synchronization protocols

Parameters Group | Group II
Emergence of follicular wave (days) 4.5+1.4 3.8+0.3
Interval between wave emergence and ovulation (days) 5.8+1.4 7.1+0.3
Interval between wave emergence and implant removal (days) 3.5+1.4 4.1£0.3
Interval between implant removal and ovulation (hours) 74.0+11.8 82.5+4.2
Diameter of the dominant follicle at the time of implant removal (mm) 7.542.5 6.6+1.5
Maximum diameter of the dominant follicle (mm) 10.4+3.7 8.8+1.2
Growth rate of the dominant follicle (mm/day) 0.9+0.7 0.8+0.6
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taurus and Bos taurus indicus. Thus, the works contained
in the literature indicate that treatment with progestogen,
estradiol, and eCG can promote a synchronized ovulation
in a range from 72 to 84 hours between P4 implant removal
and ovulation in the treated animals. The wide variation
observed in the results of the mean and standard deviation
regarding the interval between P4 implant removal and
ovulation between the groups can be explained by the fact
that two animals of group I did not show ovulation during
the experiment (Table 1). Treatment with eCG, at the time
of P4 implant removal, can increase the growth rate of the
follicles, resulting in a higher pre-ovulatory follicle and,
consequently, a higher CL, or even stimulate the growth
of several follicles that could be induced to ovulate (Porto
Filho, 2004). Thus, eCG has been used to improve fertility
rates due to an increase in ovulation rate and plasma
concentrations of progesterone during the subsequent luteal
phase (Sa Filho et al., 2010a). Accordingly, several authors
have observed an increase in the follicular growth with
the use of eCG in cattle (Marques et al., 2003; Baruselli
et al., 2004b,c; Sa Filho et al., 2010a,b; Sales et al., 2011).
However, no positive effect of eCG on the diameter of
ovulatory follicle and on the follicular growth was verified
in this study, with no difference between the groups (Table 1).
This may be related to the fact that Sindhi cows were in
good body condition score (BCS>3.5 on the scale from
1.0 to 5.0) during the experiment, and their estrous cycle
(presence of a functional CL) was normal at the beginning
of treatment, since the effect of eCG to stimulate follicular
growth becomes more evident in animals with low body
condition score and intense degree of anestrus (<2.5 on the
scale from 1.0 to 5.0), a fact that was not confirmed with
the Sindhi cows used in this experiment.

In the present study, ovulation between groups (Table 2
and Figures 3 and 4) could not be discussed because the
number of animals used in the treatments (n = 8) was low.
Regarding ovulation rate, Souza et al. (2009) assessed
96 Holstein cows synchronized with CIDR® and 400 IU
eCG on day 8 and found no significant difference between
groups (84% and 87.5%, P=0.61). In their experiment, the
level of milk production did not affect the concentration
of progesterone and pregnancy rate, and there was also no
interaction between the ¢CG and level of milk production.

However, in the same study there was a positive interaction
between the eCG and BCS: animals that had a low BCS
(<2.75 on the scale from 1.0 to 5.0) responded best to the
use of eCG, demonstrating that this gonadotropin may also
be used in protocols for FTAI in cow milk production,
improving the reproductive and productive efficiency of
these animals. Many of continued reports in the literature
indicate the use of eCG to promote increase in large
luteal cells, which are responsible for about 80% of the
synthesis of progesterone (P4) giving it greater volume
and greater capacity to produce P4 (Souza et al., 2009)
and, consequently, increased plasma concentrations of
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Figure 3 - Ovulation and pregnancy frequencies of 16 Sindhi cows
treated in the experiment.
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Figure 4 - Ovulation and pregnancy rates of 16 Sindhi cows
treated in the experiment.

Table 2 - Frequency of ovulation and pregnancy for groups observed in the experiment

Group I Group 11
Parameters N K
Total frequency Relative frequency Percentage Total frequency Relative frequency Percentage
Ovulation 6 0.75 8 1 100
Pregnancy 0 0 4 0.50 50
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progesterone (luteal greater mass) after completion of
FTAI in order to improve conception rates (Porto Filho,
2004). Marques et al. (2003) observed an increase in
plasma concentrations of P4 twelve days after ovulation
in beef cows that received 400 IU eCG associated with P4
intravaginal implant for FTAI (8.1+0.9 ng/mL; P<0.05).
The results of Baruselli et al. (2004b) corroborate these
findings in heifers. Animals treated with 400 IU eCG on
day 8 associated with P4 intravaginal implants had higher
plasma concentrations of progesterone than those not
treated (1.3+£0.2 and 3.4+0.6 ng/mL, P<0.05). According
Baruselli et al. (2004a,b), the administration of eCG can
improve the effectiveness of FTAI protocols, so the use of
eCQG at the time of P4 intravaginal implant removal has been
an alternative to increase conception rates and pregnancy in
heifers Bos indicus subjected to FTAI Thus, several authors
have observed an increase in pregnancy rates with the use
of eCG. Bo et al. (2001) achieved pregnancy rates of 71.4%
in cows that received eCG and 46.6% in those which did not
received it. S& Filho et al. (2010a,b) observed a significant
increase in pregnancy rates in Nellore lactating anestrus
cows (25% and 46.2%, P = 0.07) and Nellore cyclic and
acyclic heifers (36.8% and 50.0%, P = 0.04) treated with
eCG. Likewise, Marques et al. (2004) apud Baruselli et al.
(2004d) also observed an increase in pregnancy rate in
Nellore cyclic heifers treated with eCG (15.7% and 34.9%).
In the present study, pregnancy between groups (Table 2
and Figures 3 and 4) could not be discussed because the
number of animals used in the treatments (n = 8) was low.
Final pregnancy rate observed in this study was low (25%),
and this fact may be related to the advanced age of cows
(10 years on average), along with the long period in which
they were not pregnant (3 years) for being used as embryo
donors in FTET programs, and also due to the time of FTAI
36 hours after the inducing ovulation on day 9.

However, the effects of eCG on pregnancy rates after
FTAI in cattle were inconsistent (Sa Filho et al., 2010a).
The positive effect of eCG has been most evident in cows
that are in anestrus or low body condition score (Cutaia et al.,
2003; Souza et al., 2009), not only on pregnancy rates, but
also on other reproductive parameters analyzed. In a study
with 1984 animals, Baruselli et al. (2004c) evaluated the
interaction between BCS and eCG on pregnancy rates, and
observed that they were only improved by eCG in cows
with low BCS (£2.5; without eCG = 40.7% and eCG =
55.4%, P>0.05). Likewise, Cutaia et al. (2003), evaluating
the responses to the use of CIDR® and 400 IU ¢CG in cows
that had a corpus luteum, cows that had follicles larger than
8 mm in diameter, and cows that had no palpable structures.
When the authors compared pregnancy rates between the

control group (which did not receive eCQG) and treated
group, they found that in cycling animals (with CL), the
eCG was not significant (52.7% and 59.6%), but in those
which had only follicles and those which had no palpable
structures, the eCG significantly influenced the pregnancy
rate (31.3 and 50.9% and 30.6 and 54.2%, respectively),
indicating that the effect of ¢CG may be beneficial in
anestrous cows, and may become more significant in
animals with intense degree of anestrus. Consequently, the
use of eCG in FTAI protocols can be more effective in herds
with a high proportion of anestrous cows, cows with low
BCS, or both (Sa Filho et al., 2010a). In the present study,
the treatment with this gonadotropin was not efficient
in improving the reproductive parameters analyzed.
However, the number of animals used was small (n = 16),
which may have affected the results. Thus, further studies
on the reproductive physiology of Sindhi cows with a
greater number of animals should be conducted to better
understand the factors that influence the fertility of this
breed when subjected to FTAI protocols, and thus improve
reproductive efficiency indicators in these animals.

Conclusions

The efficiency of FTAI protocols in Sindhi breed
animals may be dependent on the time of FTAI and
the time of ovulation, and the time of 36 hours after
application of inducing ovulation to perform the Al
was not effective in promoting satisfactory pregnancy
rates. The administration of 2 mg of estradiol benzoate
associated with P4 intravaginal implant at the beginning
of treatment caused follicular atresia and synchronized
emergence of a new wave of follicular growth in all Sindhi
cows subjected to the FTAI protocol. The effect of eCG
on Sindhi cows synchronized for FTAI was not efficient
in improving the reproductive parameters analyzed. No
conclusions can be drawn about ovulation and pregnancy
rates because the number of animals used in treatments
was low, so more research is needed with a larger number
of these animals.
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