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ABSTRACT

Objective: To describe some reproductive management programs that allow increasing the productive
efficiency of ewes.

Design/methodology/approach: Description of the main hormones and their application in sheep
reproductive management protocols. The subjects are reviewed based on academic references as well as on
their use in sheep reproductive protocols at the Sheep and Goat Reproduction Laboratory of the Colegio de
Postgraduados, Mexico.

Results: Hormones, socio-sexual strategies, reproductive protocols and techniques are tools that improve the
reproductive efficiency of ewes during the reproductive season and seasonal anestrus.

Study limitations/implications: The basic techniques of reproductive management and protocols in sheep
are mostly available, however, they still have room for improvement, therefore, multiple efforts involving all
participants, such as the primary sector, public and private institutions, are required.

Findings/conclusions: Reproductive management is an important pillar for animal production; thus its
implementation is fundamental to improve the reproductive and productive efficiency of a herd.

Keywords: Reproduction, ewe, reproductive season, seasonal anestrus.

INTRODUCTION
Sheep production must begin with knowledge of each breed’s productive characteristics
to select those that have the best productive yield according to the environmental

conditions at each region, particularly of each production unit. Subsequently implementing

reproductive management programs, fundamental to increase production efficiency.
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The objective in traditional sheep production systems is to obtain one lambing per year;
however, as production systems incorporate technologies, production becomes intensive
and management practices incorporate biotechnologies to manipulate reproduction,
making it possible to achieve three lambings in two years or five in three.

For example, in an intensive sheep production system, the main objective is to increase
their biological efficiency and economic profitability. From the reproductive point
of view, they aim to increase the number of born lambs per ewe (prolificacy) and their
frequency. This is a complicated task, given that many sheep breeds in the world have a
seasonal reproduction rhythm (photoperiod), which is an evolutionary strategy to ensure
that the offspring are born at the most adequate time of the year, mainly related to food
and temperature. This evolutionary strategy naturally limits ewes’ productivity, so it is
necessary to implement management strategies to induce reproductive activity during
the long days (seasonal anestrus) (Martin et al., 2004) and improve estrus response and
ovulation synchronization schemes during the reproductive season.

Thus, reproductive management consists of techniques and strategies that are applied to
improve the animal’s productivity and should be specific for each breed and environment

to optimize the productive performance of the production unit.

Reproductive Season

At puberty, ewes acquire ovulating capacity (cyclically producing eggs) and manifesting
estrous behavior. The reproductive activity of ewes is defined as a series of physiological
events that occur during different periods throughout the year; that is, ewes have a
reproductive season, alternating with an anestrus period (Figure 1).

The reproductive season is characterized by the presence of regular estrous cycles,
estrous behavior and ovulation (Figure 2); in the northern hemisphere, it occurs from
August to February (short days) but varies depending on breed and geographic location
(latitude). The sheep estrous cycle has an average 17-day duration. The receptivity period
is generally 36 to 40 h; however, it varies between breeds, prolific breeds have a longer
estrous duration compared to low prolific breeds, for example, the Romanov breed has a
70 h estrous duration. The females’ age is another factor that affects estrus duration; adult
females have a longer estrus duration than first-time or pubescent females. The ovulation
period is of between 24 and 27 h after the estrus onset (Robertson, 1977).

Hormones in the estrous cycle

In the estrous cycle, there is a sequence of cellular events at the ovarian level (follicular
development; Figure 2) that are related to endocrine changes. Endocrine control of
reproduction is exerted through different hormones secreted by the reproductive axis
(hypothalamus, pituitary, ovary and uterus). For example, the ovary secretes progesterone,
estradiol and inhibin, among others. The corpus luteum (CL), secretes progesterone to
maintain the luteal phase during the estrous cycle or a possible gestation, inhibits new
ovulation since progesterone causes an inhibition of the frequency of secretion of GnRH/

LH pulses (gonadotropin-releasing hormone/luteinizing hormone; Figure 3).
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Figure 1. Schematic representation of the annual production cycle in sheep, showing the different stages of
production in their two seasons (reproduction and anestrus) at a 45° north latitude.
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Figure 2. Schematic representation of hormonal profiles and follicular development during the estrous cycle
of ewes. FSH (follicle stimulating hormone), LH (luteinizing hormone), PGF2a (prostaglandin F2a), Estradiol
(17gE).
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Figure 3. Hormonal profiles during the estrous cycle in ewes and LH secretion frequency.

F'SH (follicle stimulating hormone), stimulates the follicular development responsible for
producing estrogen and inhibin. Estradiol (17gE) and inhibin cause negative feedback on
F'SH secretion (Figure 3; Findlay and Clarke, 1987). Prostaglandin I'oae (PGFoat) secretion
occurs in the endometrium (Inskeep and Murdoch, 1980) and causes LC lysis by inhibition
of lipoprotein uptake that limits intracellular cholesterol transport in the luteal cells, which
is induced by oxytocin secreted by the LC, and stimulated by estrogens (Bazer, 1989).

The progesterone secretion decrease, and increased secretion of 17gE, increases the
frequency of GnRH pulse secretion, and therefore, increases the frequency of LH secretion
up to one pulse every hour, causing the preovulatory LH discharge between 2 and 6 h
after the onset of estrus (Figure 3). estrus manifestations occur by an increase in 17gE levels
and a progesterone decrease. Ovulation produces a new CL and the previous endocrine
process, which stimulates and controls follicular growth and dynamics at the ovarian level,
will repeat (Figure 2) (Goodman and Hodgen, 1983) (Goodman and Hodgen, 1983).

Seasonal anestrus

In sheep, seasonal anestrus is characterized by the absence of estrous cycles, estrous
behavior and ovulation (Figure 1). It occurs during long days when the duration of
melatonin secretion is shorter; in the northern hemisphere, it occurs between February
and August but varies depending on geographic location (latitude) and breed (Thiéry et
al., 2002). During anestrus, estradiol, which is released at basal concentrations, exerts a
negative feedback effect at the hypothalamus, specifically in the lateral retrochiasmatic
area (nucleus Al5), where it acts using dopamine as an intermediate and reduces the
GnRH/LH pulses frequency (Gallegos-Sanchez et al., 1997) despite no estradiol receptors
were found in Al5 nucleus. Therefore, the exact physiological mechanism of this event
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is not clear. However, there is evidence suggesting that GABA (gamma butyric acid)
producing neurons present synaptic connections with dopaminergic neurons in nucleus
A15 and one of the effects of GABA is to inhibit dopamine synthesis (Bogusz et al., 2008),
therefore, GABA secretion reduction in the Al) nucleus causes dopaminergic neurons
stimulation and increases dopamine synthesis, which reduces the frequency of GnRH/LH
pulse secretion.

Studies in Mexico, to establish the seasonal reproductive behavior of wool sheep, are
limited. There are two methodologies to analyze the reproductive seasonality in sheep.
The first, relatively simple, consists of the estrus detection, using males with apron,
vasectomized, with a deviated penis, or with a testosterone implant or androgenized
females. The second is to take blood samples once or twice a week and determine the
progesterone concentration, concentrations greater than or equal to 1 ng mL ™" indicate
that a female is ovulating; ewes in anestrus have lower than 1 ng ml ™! progesterone

concentrations (Arroyo et al., 2007).

Reproductive Management: Induction and Synchronization of Estrus
and Ovulation

There are two alternatives to improve production in the reproductive management of
a flock; the first relates to the management of the reproductive efficiency of the females
(fertility and prolificacy), the second, to the using reproductive biotechnologies through the
synchronization and induction of estrus and ovulation, these techniques allow to increase
the reproductive efficiency of the sheep.

Manipulation of the timing of estrous onset is essential for good reproductive
management; it allows to determine the time of lambing, inducing ovulation during
anestrus, estrous synchronizing during the reproductive season, as well as choosing and
managing the parental genealogy using techniques such as artificial insemination and
embryo transfer.

The ovulation synchronization and induction protocols mentioned below are used in
the Sheep and Goat Reproduction Laboratory of the Colegio de Postgraduados, Mexico.
Still, there are other drugs and protocols variants in the market that can be used.

Progestogens application

Protocols for the induction and synchronization of estrus and ovulation are generally
based on progestin application. Since the 1950s, various devices have been used to
administrate progestogens, which have been evaluated to determine their mode of action
and the time at which estrus is initiated. Progesterone or progestogens can be orally,
intramuscularly, subcutaneously, or intravaginally administered. Comparative studies
in ewes with the most common progestogens: FGA (fluorogestone acetate) and MAP
(medroxyprogesterone acetate) have shown similar efficiency.

In ewes, progestogens reach their maximum concentration 48 h after vaginal
introduction of the sponge or device and slowly decrease until the time of withdrawal.
Currently, they can be maintained for 9 to 12 days in anestrus and cycling ewes (Figure 4),

to overcome the duration of a possible CL in the ovary (Fukui ez al., 1999). If it is desired
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Figure 4. Scheme of synchronization and induction of estrus in seasonal anestrus (A) and reproductive season
(B), used in the Sheep and Goat Reproduction Laboratory (LaROCa) at Colegio de Postgraduados.

to inseminate at a fixed time, it is necessary to wait for 48 to 60 h after withdrawal of the

progestogen, a time that should be adjusted according to the administered drugs.

Prostaglandin (PGFyx)

Using PGFoa or its analogs, as a synchronization tool, is limited to cycling ewes, as
they cause CL lysis, susceptible to PGFoa action five days after estrus. Estrus occurs
between 36 and 144 h after PGFoa administration, almost 100% of cycling ewes respond
to 2 prostaglandins injections at a 9 to 12 days interval (Figure 5). For this effect, a 125
mg cloprostenol dose is effective and, in the case of natural PGFoa, a dose of 15 mg is

recommended.

Equine Chorionic Gonadotropin (eCG)

¢CG is a glycoprotein produced in the endometrial ridges of pregnant mares; its activity
is similar to that of 'SH, but it also has LH action. Its usage is mainly due to its low cost,
availability in the market and its long half-life (approximately three days in the ewe), this is
due to the amount of sialic acid (Schams ¢f al., 1978).
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Figure 5. Oestrus synchronization scheme applying PGFoa, used in the Sheep and Goat Reproduction
Laboratory (LaROCa) of the Colegio de Postgraduados.
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¢CG 1s used in several protocols for induction and estrus synchronization and ovulation;
it is administered by intramuscular injection two days before or at the time of the removal
of the progestogen-impregnated device. It stimulates the recruitment of small follicles,
follicular development and increases the ovulatory rate, which allows estrus and ovulation
to occur rapidly and homogeneously. The doses of eCG vary from 200 to 600 IU, depending
on the breed, time of year, age and physiological state of the females, thus promoting the
development of a greater number of follicles, increasing the ovulation rate by up to 30%.
The dose of eCG is one of the most important variables in using this type of treatment; for
example, the dose in wool-producing ewes is approximately (depending on the weight of
the female) 500 IU and in hair ewes, it is 300 to 350 IU (Figure 6). An inadequate dose may
cause a failure in the stimulation, doses higher than that recommended cause an undesired
increase in the ovulation rate, and, therefore, multiple lambings and the birth of lambs

with low survival capacity.

Male effect

Currently, and almost in all sheep production systems, the international trend is to
reduce to the maximum the drug application to increase the reproductive efficiency of
sheep. Therefore, new reproductive management strategies have been implemented,
such as socio-sexual effects, mainly the “male effect”, which has been shown to work by
increasing the frequency of GnRH/LH pulse secretion (Figure 7).

Although there is controversy in the ram’s ability to induce ovulation, mainly in highly
seasonal breeds, such as the Suffolk, since the sudden introduction of the ram in the middle
of the seasonal anestrus does not always produce the expected effect (ovulation); however, it
has been shown that the lack of ram stimulation to induce ovulation under these conditions
in the Suffolk breed is not due to the absence of response in the increase of pulsatile LH
secretion. One of the advantages of using the male effect is that it induces an increase
in pulsatile LH secretion and ovulation when females are more sensitive (Hawken et al.,
2005). For example, in Mexico, in ewes in anestrus (seasonal or postpartum), the sudden

introduction of the male causes the resumption of ovarian activity; from the total number

I days
PGF2a Remove P,
B eCG
7 o
(PR O G E ST E R 0O NE S by
0o 1 2 3 4 5 6 7 8 9dafe. )
Poﬁgu Remove P,

Figure 6. Synchronization scheme and induction of estrus using eCG, in seasonal anestrus (A) and reproductive
season (B), at the Laboratory of Reproduction of Sheep and Goats (LaROCa) of the Colegio de Postgraduados.
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Figure 7. Physiological events triggered by the “male effect”. Increase of the frequency of secretion of GnRH/
LH pulses.

of ewes exposed to the sire, a high percentage ovulate within the first three to five days. It
is suggested that to obtain a higher male effect response (stimulation of anestrus females),
males should be isolated (not in contact with females) because the male should represent a

“novel” stimulus.

Pregnancy diagnosis

The productive yields of flocks can be improved with an early pregnancy diagnosis, since
it reduces the interval between lambings and facilitates the homogeneous management
of animals, for example, ewes can be managed by groups, a new estrus can be induced
in females that did not become pregnant and a feed supplement can be offered to the
pregnant ones.

Pregnancy diagnosis is mainly done with ultrasound and a transabdominal probe;
it is also possible to assess the number of embryos and the viability of the pregnancy.
The diagnosis of gestation can be made from 24 days after insemination on (natural or
artificial), although it is better to diagnose gestation between day 30 and 35, since the
embryo presence and especially its cardiac activity increases the efficiency of the diagnosis
up to 90%, reducing errors due to confusion of embryonic vesicles with intestinal loops,
cross-sections of blood vessels, a localized accumulation of liquid inside the uterine horns
or with possible uterine pathologies.

The assessment of the number of embryos and the separation of single, double, or
multiple gestations is very useful in sheep farming. This assessment should be done by
a complete sweep of the maternal genital tract, differentiating each embryo or fetus
individually in the different sections of each uterine horn. The assessment of the number
of embryos should be done between 50 and 55 days, where about 85% is obtained for
single births and 100% for multiple births. The main errors occur by underestimation
if one of the fetuses is not detected or by overestimation if the same fetus is considered
as two different ones when two embryos are not simultaneously displayed on the screen
(Dawson et al., 1994).
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CONCLUSIONS

The techniques for artificial insemination and synchronization and induction of
estrus, socio-sexual effects (male effect) and gestation diagnosis are tools that improve the
reproductive efficiency of sheep, so their application is essential. It is important to mention
that there are other techniques that in addition to the above mentioned, can improve sheep

production, such as: in vitro embryo production, transgenesis and cloning.
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