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INTRODUCCION

la ventaja de la transferencia de embriones (ET) y las técnicas
asociadas es el mejoramiento genético a través de la seleccién de las
hembras, y reduccién del intervalo entre generaciones (Nagy ef df,
2013; Tibary, 2001; Tibary y Anouassi, 1997; Tibary ef a/., 2013).
Ademds, estas técnicas son utilizadas para prologar la vida
reproductiva de hembras genéticamente superiores con problemas de
fertilidad o incapaces de llevar a término la gestacién. El desarrollo de
técnicas de ovulacién mdltiple, transferencia de embriones (MOET) y
produccién de embriones in vitro viables son muy importantes para el
movimiento de genética a nivel internacional y la conservacién de
especies en peligro o raros, tales como vicufias, guanacos y camellos
bactrianos  silvestres  (Tibary ef al, 2005). Asimismo, estas
biotecnologias ofrecen una herramienta para el estudio de los
mecanismos de fecundacién, desarrollo embrionario e interaccién
embrién-otero (Huanca, 2015).

Las primeras experiencias en la recuperacion de embriones en
camélidos es a finales de los afios 1950 y principios de los afios 1960
(véase revisién Sumar, 2013). Sin embargo, el éxito de la transferencia
de embriones no quirtrgico en camélidos con un nacimiento de la
llama, no fue reportado hasta los afos 1980s (Wiepz and Chapman,
1985). Muchos progresos se han realizado en el desarrollo de MOET
en camélidos, a inicios de los afios 1990 con el financiamiento de la
industria privada (Mckinnon et a/,, 1994; Tibary and Anouassi, 1997).
La transferencia de embriones comercial a gran escala se extendié por
primera vez en el camello dromedario y mas tarde en la industria de la
alpaca (Anouassi y Tibary, 2013; Vaughan ef al,, 2013).

El objetivo del presente trabajo es discutir los estudios fisiolégicos de

importancia que han llevado a la desarrollo de MOET en camélidos y
los factores que afectan el éxito de los programas de ET utilizando
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embriones producidos in vivo e in vifro, y sefialar las
principales limitaciones y areas donde se necesita méas
investigacién. Muchos de estos aspectos han sido objeto
de una excelente (Anouassi y Tibary, 2013; Sumar,
2013; Trasorras ef al., 2013; Vaughan ef al,, 2013).

En este trabajo, a menos que se menciona una especie
especifica, vamos a utilizar el término "Camélidos
Sudamericanos" (SAC) para referirse a la alpaca
(Vicugna pacos), llamas (lama glama), Guanaco (lama
guanicoe) y vicuiias (Vicugna vicugna). El término
"camellos" se referiran a todos los camélidos del viejo
mundo (Camelus dromedarivs y Camelus bactrianus). El
término "camélidos" se utiliza en todo el documento
para incluir todas estas especies.

INTRODUCTION

Advantages of embryo transfer (ET) and associated
techniques include improved genetics through selection
from the female gene pool and reduction of generational
intervals (Nagy ef a/,, 2013; Tibary, 2001; Tibary and
Anoussi, 1997; Tibary efal, 2013). Additionally, these
techniques are useful for prolonging the reproductive life
of genetically superior females that became infertile or
unable to carry a pregnancy to term. Development of
reliable multiple ovulations and embryo transfer (MOET)
and inwitro production of embryos are of particular
importance for international movement of genetics and
the preservation of endangered or rare species such as
vicunas, guanacos and wild Bactrian camels (Tibary ef
al, 2005). These biotechnologies also offer a tool for
the study of mechanisms of fertilization, embryo
development, and embryo-uterus interaction (Huanca,
2015).

The earliest attempts to collect embryos from camelidae
date back to the late 1950’s and early 1960's (see
Review, Sumar, 2013). However,
surgical embryo transfer in camelidae with a birth of a
live offspring was not reported in the llama until the
1980s (Wiepz and Chapman, 10985). Much progress
has been made in the development of MOET in camelids
starting in the early 1990s due largely to private funding
support from the camel racing industry (Mckinnon ef o/,
1994; Tibary and Anouassi, 1997). Llarge scale
commercial embryo transfer became widespread first in
the dromedary camel and later in the alpaca industry
(Anouassi and Tibary, 2013; Vaughan ef o/, 2013).

successful non-

The objective of the present paper is to discuss the
fundamental physiological studies that have led to the
development of MOET in camelids, factors affecting
success of ET programs using in vivo and in vitro
produced embryos, and point out the major limitations
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and areas where further research is needed. Many of
these aspects have been the subject of excellent recent
reviews (Anouassi and Tibary, 2013; Sumar, 2013;
Trasorras ef al, 2013; Vaughan et al., 2013). Unless
a specific species is mentioned, we will used the term
“South American Camelids” (SAC) to refer to alpaca
(Vicugna pacos), llamas (lama glama), Guanaco (lama
ganacoe) and vicunas (V. vicugna). The term “camels”
will refer to all old world camelids (Camelus
dromedarivs and Camelus bactrianus). The term
“camelids” will be used throughout the paper to include
all these species.

PHYSIOLOGICAL FUNDAMENTALS FOR EMBRYO
TRANSFER IN CAMELIDS

Optimization of ET programs requires a thorough
understanding of the physiological mechanisms
controlling follicular dynamics, ovulation, fertilization,
early embryo development, and maternal recognition of
pregnancy. The first attempts at embryo transfer were
made without this knowledge, often leading to
conflicting data and sometimes even publication of
erroneous information.

Follicular dynamics

Ultrasonographic and hormonal studies in the mid to late
1990s have helped define the follicular dynamics in
most of the camelid species (Skidmore, 2001; Tibary ef
al, 2007; Vaughan, 2011). Field and experimental
observations have shown that ovarian activity in the
female camelid is not seasonal under optimal nutritional
conditions. Follicular waves occur in an overlapping
manner. The duration of follicular waves is variable
(Table 1). It is important to note that some of these
follicular waves lead to the development of large
anovulatory follicles that may become hemorrhagic or
luteinized. Anovulatory hemorrhagic follicles (AHF)
seem to be more frequent in camels and llamas than in
other camelid species and seem to be individual female
dependent. The pathophysiology of development of
AHF is poorly understood (Tibary ef al, 2007).

A major difference between SAC and camels is the
timing of postpartum resumption of ovarian activity.
While SAC can resume ovarian activity with 10 days
postpartum, camels have a long lactational anestrus.
This long lactational anestrus is one of the reasons why
MOET can have a huge impact on the generation
interval and genetic improvement in camels (Tibary ef
al, 2007).

Ovulation
The induced nature of ovulation in camelids has long
been suspected based on clinical and hormonal studies
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(Tibary ef al., 2007). However, the major breakthroughs
in defining the mechanisms of induction of ovulation
came in two main groups of studies. The first
demonstrated the hypothalamic response to mating in
camels (Chen efal, 1984; Marie and Anouassi, 1986)
and SAC (Bravo et al., 1992). Luteinizing hormone was
shown to increase sharply within minutes following
mating when a mature follicle was present. The second
group of studies led to the hypothesis of the presence of
an ovulation-inducing factor (OIF) within the seminal
plasma (Chen ef o/, 1983; Chen ef al, 1985; Pan et
al, 2001; Li efal,, 2002; Li et al., 2004). Recent studies
in llamas and alpacas identified the OIF as B nerve
growth factor (BNGF) (Adams and Ratto, 2013;

Kershaw-Young ef af, 2012). Both PNGF and
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endometrial inflammation are required to maximize
ovulation rate (see review Admas and ratto, 2013). In
addition, the BNGF seems to have a luteotrophic effect
on the corpus luteum (Silva ef af, 2014; Ulloa-leal,
2014).

Ovulation occurs on average 30 hours after mating.
Both ovaries are equally active and alternating of
ovulation between ovaries occurs occasionally (Tibary ef
al., 2007). Double ovulations are not uncommon in most
domestic camelids in good health and nutritional status
(Campbell et aof, 2015). Triple and quadruple
ovulations have also been documented in the dromedary
camel (Tibary and Anouassi, 1996).

Table 1: Reproductive parameters in female camelids (Tibary et al., 2007; Skidmore, 2011; Vaughan, 2011).

Parameter C. dromedarivs  C. bactrianus V. pacos L. glama
Follicular wave phases duration

Growth (days) 10.5+0.5 10.9+3 39 39
Maturation (days) 7.6+0.8 7+4.2 2-8 2-8
Regression (days) 11.9+0.8 11.9+4.2 3-8 3-8
Ovulatory follicle characteristic

Minimum size (mm) 9 9 6 8
Growth rate (mm/day) 1.8 1.8 0.43 0.50.9
Average size (mm) 10-18 10-18 8-10 9-12
Maximum size (mm) 25 22 12 13
Incidence of anovulatory follicles (%) 40-50 2 5 10-40
Anovulatory follicle regression (days) 8-45 2 2 4-22
Corpus luteum characteristics

Interval from mating to ovulation 321040 3010 48 28 1o 30 27-36
(hours)

Size (mm) 15-25 15-25 11-15 11-18
Day at CL maximum size 7.2+£1.7 7.3 7-8 8
Luteolysis day 10£1.2 10.5 10-12 10-12

*Extreme variation in onset of postpartum ovarian follicular activity is primarily due fo nutritional condition and

effect on lactation anestrus and seasonality

Fertilization and early embryonic development

During mating, sperm is deposited deep into the uterine
horns. Studies on in vivo sperm migration and
fertilization mechanisms in camelids are scarce (Bravo
etal, 1996; Tibary et al, 2007; Vaughan and Tibary,
2006). Molecular and ultrastructural studies in llamas
have shown that a sperm reservoir is formed in the
isthmus region of the uterine tube following mating
(Figure 1). (Apichela ef of, 2009; Apichela ef of,
2011; Apichela ef af, 2010; Apichela ef o/, 2014;
Apichela ef al, 2015). Sperm may be stored in this
region for up to 5 days (Stekleniov, 1968; Thibault,
1973; Tibary et al., 2007). It is hypothesized that
presence of seminal plasma (secretions from the testis,
epididymis, bulbourethral glands and prostate) is
fundamental in the formation of the sperm reservoir and

may be one of the reasons why artificial insemination
trials have had very low success thus far.

Qocyte maturation is completed within a few hours
following copulation and LH release. The LH surge
triggers resumption of meiosis in the oocyte, disruption
of cumulus cell cohesiveness and rupture of the follicular
wall. Cumulus dispersion is observed in cumulus-oocyte
complexes (COC) recovered by aspiration from follicles
18 to 24 hours after hCG injection (Del Campo ef af.,
1998; Tibary et a/, 2007).

Fertilization rates are very high (>80%) (Tibary ef af,
2007). Higher fertilization rates for ovulation from the
left ovary than from the right ovary have been reported
in alpacas (Fernandez-Vaca ef a/, 1970). However, we
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have not seen this difference in camels and alpacas
(Tibary and Anouassi, 1996; Picha ef af, 2013;
Campbell efaf, 2015). Conception rates per mating are
reportedly lower (50 to 75%) when females are mated
based on receptivity than when mating is based on
presence of a mature follicle (Tibary et al, 2007,
Campbell efal, 2015).

The chronology of early embryo development in

camelids has been poorly studied until recently. The pre-
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hatching stages of embryo development occur in the
uterine tube during the first 6 days post-ovulation (Picha
et al, 2013; Tibary ef af, 2013). The camelid embryo
reaches the uterine cavity between 6 and 6.5 days after
ovulation and fertilization at the hatched blastocyst stage
(Figure 2). This is a unique feature of early camelid
embryo development compared to other domestic
species (Tibary ef al,, 2013). Nonertilized oocytes are
not retained in the uterine tube as in the equine (Picha ef
al, 2013).

Figure 1: Scanning electron microscopy (A) and Transmission electron microscopy images of the sperm reservoir in

alpaca 26 hours after mating.

Figure 2: Group of 12 embryos collected on day 7.5 post-mating from a superstimulated female dromedary. Note
the variation of size of the hatched blastocysts and the presence of degenerating embryos (arrows)
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Maternal recognition of pregnancy

The hatched blastocyst expands rapidly and starts to
elongate on day 9, then grows rapidly to occupy the
entire uterine cavity by day 12 (Figure 3). (Picha ef o/,
2013; Tibary and Pearson, 2015). During the process
of elongation, the embryo migrates from the right uterine
horn to the left uterine horn for females that had a right-
sided ovulation. In alpacas, 83.3% of the embryos
resulting from right ovulations were found in the left
uterine horn on day 9 (Picha efal, 2013). This suggests
that embryo migration fo the left horn is an important
mechanism in prevention of luteolysis in camelids.

Figure 3: Elongating (A) and elongated (B) alpaca
embryos collected from alpacas at Day 9 and Day 11.5
post-mating, respectively.

The mechanism of maternal recognition of pregnancy
(MRP) remains poorly studied in camelids. Clinical and
endocrine studies suggest that MRP in camelids has to
take place relatively early after mating (day 8 to day 10)
in order to prevent luteolysis. Even in presence of a
conceptus, a pulsatile release of PGF2a is observed
between day 7 and 15 postmating resulting in a
transient decrease in progesterone concentrations by
day 9 post-mating (Aba ef al, 1997; Aba et al., 2000).
During the same period, endometrial expression of
cyclooxygenase-2 in the luminal epithelium decreases
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and reaches onethird of the level observed during
luteolysis in non-pregnant animals by day 12 (Bianchi,
2012). It is important to note that MRP occurs at a time
when the embryo undergoes a rapid elongation as is
observed in ruminants. Attempts to identify a substance
such as interferon tau (INFr) were not successful.
Similarly to the equine embryo, camelid embryos have
a high aromatizing ability between days 10 and 15 of
pregnancy (Powell et al., 2007; Skidmore ef al,, 1994).
Additionally, administration of estradiol benzoate (10
mg, IM) to llamas from day 7 to day 15 after induction
of ovulation with hCG, resulted in an extension of the
corpus luteum lifespan and progesterone production
(Powell ef al, 2007). In alpacas, administration of
estradiol on days 8 and 9 post-ovulation improved
embryo survival by 30 to 50% (Chipayo, 2003;
Palomino ef al, 2006). However, a similar protocol in
llomas resulted in a decrease in pregnancy rate
(Trasorras et al., 2011). The involvement of estrogens in
MRP in camelids is further supported by the increase in
estrogen receptor a (ERa) between days 8 to 12 post
mating in pregnant animals and a reduction in the
expression of progesterone receptors by day 12 post-
mating (Bianchi ef af, 2011).

One of the major peculiarities of pregnancy in camelids
is that nearly all fetuses are located in the left uterine
horn despite the fact that ovulation is equally distributed
between the left and right ovary (Tibary ef of, 2007;
Tibary and Pearson, 2015). The side of ovulation does
not influence pregnancy rate (Ratto ef af,, 2011; Tibary
and Anouassi, 1996). The preponderance of left-horn
pregnancies in camelids is aftributed to a difference in
PGF2a release between the two uterine horns. PGF2a
release from the right uterine horn is local whereas its
release from the left horn is systemic. The migration of
the embryo originating from an ovulation in the right
ovary to the left horn is therefore required to prevent
PGF2a release info the general circulation and may even
exert a luteotrophic effect making possible the survival
of the embryo (Picha ef a/, 2013).

The exact mechanism of embryo migration is not known.
Estrogen receptor [ (ERP) expression was found fo be
greater in pregnant than in sterile-mated llamas,
particularly on day 13 (Powell et al,, 2007). Endometrial
expression of ERa and ERP was not affected by uterine
horn side, reproductive status, or days post-mating.
However, the presence of a CL seems to upregulate ERP
expression in the uterus mostly in non-endometrial tissue
(myometrium and perimetrium). While endometrial ERP
was not affected by pregnancy status, uterine ERP was
significantly increased. This led to the hypothesis that the
embryo exerts a direct effect on non-endometrial tissue.
These effects may operate through estradiol secretion.
Because all embryos migrate to the left horn, a greater
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expression of ER in the right horn to promote its

contraction was expected but could not be
demonstrated. This suggests that a more complex
mechanism with differential expression of ER subtypes
may be involved in embryo migration from the right to

the left horn (Powell ef o/, 2007).

The corpus luteum (CL) is necessary for maintenance of
pregnancy throughout gestation. The CL size varies
between 11 and 20 mm in SAC and 15 to 25 mm in
camels and may be cavitary (see reviews Tibary ef o/,

2007; Tibary ef of., 2015).

Donor management

From a practical point of view donor management can
be divided into 2 broad categories: embryo collection
on a per cycle basis (without manipulation of the number
of follicles) and MOET. Results from large embryo
transfer programs using both approaches have been
published recently (Anouassi and Tibary, 2013;
Vaughan et al, 2013).

Donor management without ovarian stimulation
Collection of embryos without ovarian superstimulation
offers several practical advantages such as eliminating
the need for synchronization of a large number of
recipients. In addition, embryo recovery results are more
reliable and in the case of alpacas it may allow easier
manipulation of the genital tract for non-surgical
collection of embryos. Females are mated when the
follicle has reached the mature size and the uterus
presents maximum fone and edema. Although mating is
sufficient for induction of ovulation, in most situations
hCG or GnRH is administered immediately after mating
in order to have a predictable response. Embryo
scheduled 8 days mating
(approximately 7 days affer ovulation) (Anouassi and
Tibary ef af, 2013; Sumar, 2013; Vaughan ef d/,
2013).

collection is after

Studies in our laboratory on dromedaries showed that
the collection rate using this system ranges from 60 to
100% depending on female fertility. In alpacas, the
embryo recovery rate varies between 58 and 100%
(Campbell ef al,, 2015; Pacheco ef af, 2014; Picha et
al, 2013). It is important to note that in this system,
collection of 2 embryos is not rare (25% of the
collections in the dromedary (Anouassi and Tibary
2013) and 8% of the collections in the alpaca Vaughan
etal, 2013). In a recent study on alpacas, the incidence
of double ovulation and presence of two embryos in the
uterine cavity was 30% and 20%, respectively
(Campbell ef al, 2015).

There are no controlled studies on the effect of frequency
of collection from the same females in alpaca. In the
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dromedary camel, collection every 2 weeks from the
same female throughout the breeding season did not
result in any adverse effect on fertility. The number of
collections per season was 10+4.2 resulting in an
average number of transferrable embryos per season of
8.5+3.1 and a mean number of pregnancies per donor
per season of 4.1+1.2 (Anouassi and Tibary, 2013).

Ovarian superstimulation

Approaches to ovarian superstimulation in camelids
have been largely adapted from protocols used in
ruminants. The primary hormones used are FSH and
eCG alone or in combination. As for other species,
response to these hormones depends on timing of
initiation of treatment in relationship to follicular
dynamics, dose and schedule of administration, and
individual Response to gonadotropin
treatment is largely affected by the stage of follicular
wave recruitment and the presence of a dominant
follicle. Although FSH and eCG treatments have been
initiated during the receptive or luteal phase of the cycle
with some success, better results are obtained when the
treatment is initiated in absence of any follicles greater
than 2 mm (Tibary and Anouassi, 1997; Tibary ef o,
2007). Several approaches have been used to control
ovarian follicular dynamics and eliminate dominant
follicles prior to gonadotropin treatment. These include
manual ablation, ultrasound guided aspiration of the
dominant follicles or initiation of treatment following a
period of progestogen treatment (McKinon ef al, 1994;
Tibary and Anouassi, 1997; Sansinena ef af, 2007;
Ratto et al,, 2013; Sansinena efal, 2013). Progestogen
treatments include daily progesterone injection (50 to
100 mg in SAC and 100 to 150 mg in camels),
infravaginal devices (PRID or CIDR with 1.38 mg
progesterone in camels, CIDR with 0.3 g progesterone
or Medroxyprogesterone acetate (MAP, 60 mg) sponges
in llamas and alpacas) or subcutaneous implants of
norgestomet (3mg) in llamas and alpacas (Ratto ef af.,
2013; Hussein ef al, 2015). The length of treatment
varies from 7 to 14 days. However, it is clear that
progesterone alone does not always control follicular
wave emergence (Tibary and Anouassi, 1997; Tibary ef
al, 2007; Hussein ef al, 2015). The combination of
estradiol and progesterone has been more effective in
the control of the follicular wave in some studies (Aller ef
al, 2010) but not others (Ratto ef al,, 2013). In a study
on llamas, daily treatment with 100 or 150 mg
progesterone for 5 days affer a single injection of
estradiol benzoate (1mg) resulted in a higher embryo
recovery rate (Carretero et al., 2010). In our laboratory,
daily administration of estradiol and progesterone for 7
to 10 days produced a more uniform response however
the ovulatory response was poor (Picha ef o/, 2009).
Studies in llamas and alpacas have shown improved
embryo recovery rates when gonadotropin treatment

variation.



was started after administration of LH, supposedly to
synchronize follicular wave emergence (Huanca ef af,
2009; Hussein ef al, 2015). Initiation of gonadotropin
treatment at a specific time (2 to 4 days) following
induction of ovulation has been shown to be more
reliable (Rodriguez ef af,, 2014).

Follicle stimulating hormone (FSH)

Both ovine (oFSH) and porcine (pFSH) FSH have been
used in the stimulation of follicular development with
variable success (Tibary ef a/, 2007). The manner of
administration of FSH (dose, frequency, and timing
during the cycle) has been investigated to some degree.
Unfortunately, detailed description of the treatment
profocol is offen not clearly presented in many
publications. In the dromedary, a total dose of 20 to 30
mg of oFSH is given over 6 days (two injections daily)
starting 2 days before and up to 1 day after completion
of a 7-day course of progesterone treatment by
intravaginal device (PRID) (Cooper ef af., 1992). FSH
was also given in a single small dose (3.3 units) followed
by an injection of 3500 IU of eCG, resulting in an
average of 7 embryos recovered per treated female
(Skidmore ef al, 1992). In another study, oFSH was
given twice a day (1 to 3 mg per injection) for 3 to 5
days following a 10 to 15 day course of progesterone
treatment (100 mg per day for 10 to 15 days)
(Mckinnon ef al,, 1994). Porcine FSH given twice daily
in decreasing doses over 3, 5, or 7 days after a 10 to
15 day progesterone treatment resulted in ovarian
superstimulation of dromedary females (Mckinnon efal,
1994; Anouassi and Ali, 2013; Anouassi and Tibary ef
al, 2013). A single subcutaneous dose of oFSH was
tested with variable results. The interval from pFSH
treatment to development of a mature follicle (10 to 16
mm in diameter) varied between 6 and 8 days (Tibary
and Anouassi, 1997; Tibary et af, 2007). Similar
profocols have been used for superstimulation of
Bactrian camels (Niasari-Naslaji ef o/, 2009; Nikjou ef
al, 2008). The number of embryos collected following
superstimulation with FSH is variable (8 embryos on

average) (Anouassi and Tibary, 2013).

In llamas and alpacas, FSH alone or in combination with
eCG has been used following a 12 day progesterone
treatment (Correa ef al, 1994; Correa et al, 1997).
The best superovulation and embryo collection results
were obtained following administration of pFSH twice a
day for 5 days in decreasing doses (32, 27, 22, 17 and
12 mg, IM) (Correa et al, 1997; Ratto ef al,, 1997;
Aller ef al, 2002). The number of embryos obtained
after pFSH stimulation is generally low. Alpacas
reportedly produce a more variable response to
superstimulation protocols than llamas (Ratto ef o,
2013).
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Equine Chorionic Gonadotropin (eCG)
Superstimulation with eCG has been extensively used in
camelids. In general, a single dose is administered
intramuscularly one day before or on the day of
completion of a 5 to 15 days progesterone regime. The
dose of eCG used varied from 1500 to 6000 in camels
(Yaguil and van Creveld, 1990; Amouassi and Ali,
1993; Cooper ef al., 1993; Mckinnon ef al, 1994),
500 to 2000 IU in the llama (Agiero ef al, 2001;
Bourke ef al, 1992; Bourke ef a/, 1995; Bravo ef o/,
1995; Correa ef al., 1994; Correa ef al, 1997; Ratto
et al, 2013) and 500 to 750 in alpaca (Ancco and
Olivera, 2013; Correa et al, 1994; Mendoza ef al,,
2012; Ratto ef al, 2013) and vicufias (Aller ef al,
2000).

In the dromedary, eCG given as a single injection of
2000 U, 2500 IU or 4000 IU, one day before or one
day after PRID removal, resulted in ovulation in 40% of
treated animals. Only 42% of ovulating females yielded
one or more embryos. The interval from PRID removal
to mating was 5 and 4.5 days respectively for females
receiving 2500 IU and 4000 IU of eCG. This interval
was one day shorter in females treated with eCG one
day before removal of PRID (Cooper ef af, 1993;
Skidmore ef al,, 1992). When eCG (2000 to 3000 IU)
is administered to females with no dominant follicle, the
interval from treatment to mating (follicular diameter of
12 mm) is relatively constant (8 days) (Tibary and
Anouassi, 1997; Tibary ef al, 2007). Follicular
response is variable (0 to 19) with about 20% of the
females not responding (Anouasi and Ali, 1993). In the
llama, eCG (1000 IU) was used following progesterone
priming either in the form of a natural corpus luteum
(ovulation induced by hCG or GnRH injection), CIDR, or
subcutaneous implants (Bourke ef al,, 1992; Bourke ef
al, 1995). Follicular response was variable (0 to 13
follicles) and the number of ovulations ranged from O to
7 with a mean number of embryo collected of 1.3 10 2.3
per donor (range O to 6). Follicles reached the mature
size (9 1o 13 mm) 5to 11 days following eCG treatment.
Many females show premature luteinization 7 to 9 days
following eCG treatment. Increasing the dose of eCG to
2000 IU results in an increase in incidence of
anovulatory follicles. In the alpaca, injection of 750 1U
of eCG resulted in an average of 3.7 embryos per
ovulating female (Correa ef af, 1994; Correa ef af,
1997).

The main disadvantage of eCG is the high incidence of
follicular luteinization and disturbance of ovulation,
probably due to its long half-ife. Dromedary females
tend to become refractory to eCG following multiple
administrations. This suggests that at least in the camel,



the risk of inducing anti-eCG antibodies is real (Tibary
and Anouassi, 1997). Superstimulation protocols
combining both FSH and eCG have been published in
SAC ((Aguero ef al, 2001; Ratto et al, 2013) and
camels (Tibary and Anouassi, 1997; Tibary et al,
2007; Ismail ef o, 2008).

Immunization against inhibin
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Immunization again inhibin results in very high levels of
circulating FSH and consequently an increase in the
number or recruited follicles which will continue to grow
until  maturation.  Preliminary experiments in  the

dromedary using synthetic peptide fragment from N-
terminal sequence of Inhibin-a as an antigen are very
encouraging. An increase in ovulation number (4 to 10)
was observed in 60% of the immunized females (Tibary

and Anouassi, 1997).

Figure 4: Ultrasonography of a hyperstimulated ovary in a dromedary (pFSH supertimualtion protocol). A) prior to

ovulation; B) at 8 days post-mating.

Problems with superstimualtion in camelids
Superstimulation treatments of the female camelidae are
far from being perfect. Ovulation response and embryo
yield remain highly variable (Anouassi and Tibary,
2013; Ratto et al., 2013; Tibary ef o/, 2007; Vaughan
et al, 2013). The major problems that need to be
addressed are: the high incidence of non-responsive
females (20 to 30%), incidence of follicular luteinization,
hyperstimulation in some females (Figure 4), and loss of
pharmaceutical efficacy after multiple treatments. In
addition, the recovery rate (number of embryos
recovered / number of corpora lutea) is low (40%).
Sources of variation that need to be investigated in
response to superstimulation include species, individual
animal variation, and breed variation. In alapacas, the
response to superstimulation seems to be repeatable
within a female (Vivanco ef a/,, 2014). We observed a
similar trend in the dromedary camel.

MATING
COLLECTION

MANAGEMENT AND EMBRYO

Mating management

In  non-superstimulated as well as superstimulated
females the best breeding management is based on
ultrasonographic monitoring of follicular size (Tibary
and Anouassi, 1997; Tibary, 2001; Anouassi and
Tibary, 2013; Vaughan efal, 2013). In camels, mating
or artificial insemination is performed when follicles are
between 12 and 16 mm in diameter. Breeding should
never be delayed beyond the 20 mm follicular size
because of the increased incidence of luteinization or
failure of ovulation at this stage. Although some authors
suggested two matings at 12 to 24 hours interval
(Mckinnon ef al, 1994; Skidmore et al., 1992) our
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results show that a single mating is sufficient. A second
breeding is needed only if the copulation time at the fist
mating was less than 3 minutes (Anouassi and Ali,
1993; Tibary and Anouassi, 1997; Tibary ef al., 2007).
In SAC, mating is performed when the follicles become
mature (8 to 10 mm in llamas, 7 to 10 mm in alpacas)

(Sumar, 2013; Vaughan et af, 2013).

Donors are treated following mating with hCG (1500 to
3000 IU for camels and 750 to 1000 IU for SAC), GnRH
(100 ug in camels, 50 ug in SAC) or its agonist Buserelin
(20 pg in camels, 4 to 8 ug in SAC) (Wiepz and
Chapman, 1985; McEvoy, 1992; Adam ef af,, 1992;
Correa et al., 1994; Bourke et al., 1995; Correa et al.,
1997; Ratto ef al, 2007; Tibary ef a/,, 2007; Vaughan
et al, 2013). In one study, incidence of ovulation after
breeding alone, breeding + hCG, and breeding +
GnRH was respectively 80%, 90% and 81% (Adam ef
al, 1992). The main advantage of treatment with GnRH
or hCG is the synchronization of ovulations. Ovulation
occurs on the average 30 to 40 hours after breeding,
27 + 0.31 hours after hCG or 28.6 + 0.36 hours affer
GnRH (Adam ef o/, 1992).

Ovulation of the donor is detected by ultrasonography
or serum progesterone levels. Plasma progesterone
levels start to increase 2 to 3 days after ovulation and
reach high levels (> 2 ng/ml) by day 5 after ovulation.
Plasma progesterone levels are highly correlated with
the number of corpora lutea but can also be elevated in
the case of luteinization. In large scale embryo transfer
operations, donors are examined by ultrasonography a
day or two before embryo collection to estimate number
of corpora lutea (Anouassi and Tibary, 2013).

Embryo collection and evaluation

Non-surgical collection of embryos is the standard
method used in commercial operations. The best timing
for recovery of blastocysts from the uterus has been a
subject of controversy. This is due to the fact that in most
studies the timing of embryo flushing is based on time of
mating and not time of ovulation. Although blastocysts
can be recovered from the uterine cavity as early as 6
days post-copulation (Carretero ef al,, 2010), for better
recovery rates it is preferable to wait until day 7 or day
7.5. In camels, the rectovaginal technique of
catheterization of the cervix is performed in the standing
position. Sedation may be necessary in some females
(Tibary and Anouassi, 1997; Anouassi and Tibary,
2013). The same technique is used in SAC, however,
alpacas and small llamas require sedation and
sometimes caudal epidural (Wieps and Chapman,
1985). In alpacas the uterus is flushed with the animal
sitting in a sternal position (Picha ef af, 2009; Sumar,
2013; Vaughan ef af, 2013). Catheterization of the
cervix in alpacas may be achieved through a vaginal
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speculum. Foley catheters (12 to 16 Fr gauge for llamas
and 18 to 22 Fr gauge for camels) are used for flushing
the uterus (Tibary and Anouassi, 1997; Sumar, 2013).
Very small catheters (5-8 Fr) have been used in alpacas
by some authors (da Silva et o/, 2012).

The uterine horns are flushed either separately or both at
the same time using commercial complete embryo
flushing medium (Vigro® complete flush, Vetoquinol,
Pullman, WA) in small quantities (20 to 60 mL in SAC
and 60 to 200 ml in camels) (Tibary and Anouassi,
1997; Tibary et al, 2011; Sumar, 2013). The uterus is
flushed with a total volume of 500 mL in llamas and
alpaca and 1 liter in camels. The flushing medium is
recuperated into an embryo filter (Tibary and Anouassi,
1997; Anouassi and Tibary, 2013; Sumar, 2013).

Embryos recovered from the uterus in camelids are at the
hatched blastocyst stage (Wiepz and Chapman, 1995;
Adam ef al, 1992; Mckinnon ef af., 1994; Tibary and
Anouassi, 1997). The size of the embryo is highly
variable. In llamas, the average diameter of the embryo
is 0.3 mm (0.1 to 0.7 mm), 0.9 mm (0.5 to 1.0 mm),
and 7.5 mm (4.0 to 16.0 mm) respectively at 6.0 to 6.5
days, 6.5 to 7.0 days, and 8.5 to 9.0 days post-
ovulation (Adam efal, 1992). Similar sizes are reported
for alpaca embryos (Picha ef o/, 2013). Dromedary
blastocysts range in diameter from 175 to 500 um at 7
days (Mckinnon ef af, 1994; Tibary and Anouassi,
1997). Camelid blastocysts lose their spherical form and
start elongating by day 8.5 or 9 post ovulation (Tibary
and Anouassi, 1997; Tibary ef al, 2007; Picha ef al,
2013). The evaluation system used by the authors
classifies the embryos into 5 grades according to their
morphological characteristics and stage of development
(Table 2) (Figure 5) (Tibary and Anouassi, 1997).

Recipient selection and management

Selection of recipients based on health and fertility is
likely the most important factor in the success of a
commercial embryo transfer program (Anouassi and Ali,
1993; Vaughan et af, 2013). Recipients should be
screened for contagious diseases (Brucellosis, BVD,
Trypanosomiais) (Anouassi and Tibary, 2013). Ideally,
only females that have successfully carried at least one
pregnancy should be used. Maiden and aged females
should not be used. Recipients should be in good body
condition and on a good nutritional plane. Trace mineral
supplementation should be provided where needed. In
our large camel MOET program, all females undergo a
complete breeding soundness examination. Females
with unknown history are submitted for an endometrial
culture and biopsy before being accepted into the
program (Anouassi and Tibary, 2013). Synchronization
between the recipient and donor is extremely important
for pregnancy establishment and maintenance after



transfer of the embryo. Studies on SAC and camels
indicate that the best pregnancy rates are obtained
when the embryo recipient has ovulated a day or 2 after
the donor (Anouassi and tibary, 2013; Mckinnon ef af,
1994; Skidmore et af, 2002; Vaughan ef al,, 2013).
Unfortunately, there are no easy and reliable methods
for synchronization of the donor and recipient ovulation.
Synchronization of follicular development in recipients
with eCG when superstimulation is started in the donor
is possible. However pregnancy rates after ET are
usually low if the number of corpora lutea is greater than
6 or lower than 2 in the recipient (Mckinnon et al.,
1994).

Table 2: Classification of uterine stage of camelid
embryos
Grade  Characteristics

I Excellent quality: Hatched blastocyst.
Should be almost perfectly spherical
between day 7 and day 8

Il Good quality: Some irregularities with
very few extruded cells

Il Medium quality: Small with dark patches,
irregularly shaped, extruded cells

v Poor quality: collapsed blastocysts,
irregular contour with dark areas, light
areas or tears

\Y Non transferrable embryos: collapsed
very dark blastocysts, all stages of
embryonic development still with zona
pellucida (non-hatched)

Ovarian progesterone is required for maintenance of
pregnancy in all camelids. Use of asynchronous
recipients supplemented with progesterone or after
administration of meclofenamic acid to prevent luteolysis
is possible but not practical (Skidmore and Billah, 2015;
Tibary et af, 2007). Contrary to what has been
suggested (Skidmore ef a/, 1992) camelids cannot give
birth in presence of progesterone therapy and the
decision to stop progesterone treatment is very difficult
to make based only on pregnancy length alone as it
does not correlate well with readiness for birth.
Pregnancy length after transfer varies from 349 to 420
days in dromedaries (Anouassi and Tibary, 2013) and
from 319 to 387 days in alpacas (Vaughan ef of,
2013). Mainfenance of pregnancy with exogenous
progesterone has also been associated with dystocia
primarily due fo failure of cervical dilation (Pearson and
Tibary, 2014; Tibary et a/, 2015).

To avoid maintenance of pregnancy with exogenous
progesterone in non-ovulating progesterone-treated
females, formation of new corpora lutea can be induced
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with eCG followed by hCG treatment. However, the
success of this technique depends on the number of
corpora lutea induced (Tibary and Anouassi, 1999;
Skidmore and Billah, 2011). All commercial embryo
transfers are performed using a direct non-surgical
technique. Embryos are loaded in 0.25 mL or 0.5 mlL
straws and are transferred using a standard bovine ET
gun (Anouassi and Tibary, 2013; Vaughan et d/,
2013). The effect of site of embryo deposition on
pregnancy rate has been a subject of research (see
below). We usually administer a dose of flunixin
meglumine to the recipient prior to transfer (Tibary and
Anouassi, 1997).

Figure 5: Different quality of dromedary embryos
collected 7.5 to 8 days post-mating. a) Grade |
blastocyst, b-c) Grade Il embryos both resulted in
pregnancies, d) Grade IV, resulted in early pregnancy
loss, e) Grade V, degenerating, f) Grade V, morula, no
pregnancy affer transfer

FACTORS AFFECTING EMBRYO TRANSFER RESULTS

The overall performance of an embryo transfer program
is based on the percentage of offspring born or weaned
for all treated donors. Very little data of this sort has been
available until recently. In a large commercial embryo
transfer operation in alpacas (4516 embryos
transferred), the overall pregnancy and birthing rates
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were 43.2% and 41.9%, respectively (Vaughan ef o/,
2013). The same retrospective study showed that the
major factors that significantly affected success rate
were: day of collection, embryo quality, recipient age,
and recipient body condition score. The effect of
lactation and poor body condition score has been
reported by others as well (Sumar ef o/, 2010). The
embryo recovery rate was extremely variable and was
lower in stimulated females than in non-stimulated
females. Finally, recovery and pregnancy rates were
significantly affected by the season in single ovulation
donors with winter and spring transfers producing less
pregnancies (Vaughan et af, 2013). In a similar
retrospective study on dromedaries (total of 11,477 ET
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over 18 years), the overall pregnancy rate at 60 days
posttransfer varies from 20 to 92%. The overall weaning
rate for pregnant females varies from 70 to 100%
(Anouassi and Tibary, 2013). The embryo recovery and
pregnancy rates in non-stimulated female were 94.6%
and 42%, respectively. The mean number of collections
per female per season was 10 4.2 which produced a
total of 8.5 £3.1 transferrable embryos and 4.1+1.2
pregnancy per season per donor. For superstimulated
animals, the mean number of embryos collected was 8.2
+ 6.1 (0-36) in FSH-reated females and 7.1 + 4.3
(range 0-19) for eCGHreated females. Pregnancy rate
was significantly affected by quality of embryos and age
of the donor (Anouassi and Tibary, 2013).

Table 3: Pregnancy rate (PR %) obtained following transfer of embryo to the horn ipsilateral or opposite horn to the
CL bearing ovary (Anouassi and Tibary, 2013).

CL side /Horn side Right/Right Left/Left Right/Left Left/Right
Year 1 PR (n) 69a (103) 47b (90) 53b (30) 50b (28)
Year 2 PR (n) 60a (39) 574 (21) 524 (78) 470 (97)
Year 3 PR () 68a (70) 71a (32) 574 (28) 824 (62)
Total PR (n) 65.6a (239) 58b (143) 54b (136) 59.6b (187)

Different letters within the same row represent significant difference (P<0.05).

1 "M

Day 0 Mating Day 7 Day 8 Day 10

Figure 6: Schematic drawing illustrating the challenge with embryo transfer in camelids. Embryo reach the uterine
cavity at the hatched blastocyst stage on day 7 postmating, by day 9 postmating PGF2a is released by the
endometrium if there is no maternal recognition of pregnancy. This gives a very small widow for collection and
transfer of embryos

One of the major factors affecting overall success rate in
large embryo transfer programs is the high rate of
embryo loss between transfer and 60 days (Anouassi

and Tibary, 2013). Early pregnancy losses have also
been reported in SAC and are generally aftributed to
luteolysis or failure of maternal recognition of
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pregnancy. Luteolysis was suspected to be due to overt
cervical manipulation during transfer. However, a study
in llamas did not show any difference in luteal function
between untreated females and females that received an
infusion of PBS in utero transcervically (Trasorras ef af,,
2010). Failure of MRP and release of PGF2a from the
endometrium could be due to embryo quality and a lag
between embryo signaling and CL age. Indeed, one of
the major challenges in embryo transfer in camelids
compared to other domestic species is that the window
for MRP before luteolysis occurs is very narrow (Figure
6). The effect of the side of transfer of the embryo in
relationship to the corpus luteum location on pregnancy
rate has been investigated in some studies. In llamas,
pregnancy rate was higher when embryos were
transferred into the uterine horn ipsilateral to the corpus
luteum (Carnero ef al, 2011). Others have shown that
the best pregnancy rate (50%) is achieved when 8-day
embryos (postmating) are deposited in a 6-day uterus
(post-GnRH treatment) in the left horn when the CL is on
the left. Deposition of the embryo in the right horn when
the CL was on the right resulted in only 30% pregnancy
rates and transfer into the body of the uterus resulted in
only 10% pregnancy rates no matter where the CL was
located (Trasorras ef al, 2010). However, in a large
data set from dromedaries, there was a significantly
better pregnancy rate when the embryos were deposited
in the right horn with an ipsilaterally located CL (Table
3) (Anouassi and Tibary, 2013).

A transient endometritis has been described following
embryo ftransfer in mares that may justify the
administration of an NSAID at the time of transfer
(Koblischke ef al,, 2008). In camels, recipients receiving
flunixin meglumine prior to transfer had lower serum
levels of PGF2a metabolite (PGFM) after transfer than
non-reated recipients (Skidmore ef al., 2002). The effect
of technician and stress during all the steps of embryo
transfer merits further investigation (Tibary and
Anouassi, 1997; Anouassi and Tibary, 2013).

Interspecies embryo fransfer

Interspecies embryo transfer is an attractive technique for
the preservation and multiplication of endangered
species. Interspecies ET has been performed successfully
between SAC species (guanaco in llama, alpaca in
llama, and llama in alpaca) (Sumar, 2013). Transfer of
alpaca embryos into llamas normal
pregnancies. The offspring (alpaca) from llamas are
usually heavier at birth and up to weaning. Similarly,
inferspecies pregnancies were achieved in camels
(Bactrian in dromedary and vice-versa) (Tibary and
Anouassi, 1997; Niasari-Naslaji ef o/, 2009; Niasari-
Naslaji ef af,, 2014). Attempt of embryo transfer from
SAC into camels have resulted in pregnancies but none
have continued beyond 4 months of gestation.

results in
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Manipulation of in vivo produced embryos

Although not used extensively, pregnancies have been
reported from embryos following short term preservation
(24 hours at 4°C) (Tibary and Anouassi, 1997;
Skidmore ef al, 2002; Tibary ef a/., 2007). Successful
transfers were also obtained after short term culture (12
to 24 hours) (Khatir ef o/, 2009).

One of the main challenges in cryopreservation of
camelid blastocysts is their large size and the fact that
they are already hatched. Cryopreservation of camelid
embryos has been attempted using both slow freezing
and vitrification protocols. Slow freezing seems to better
preserve the cytoskeleton of camel embryos (Skidmore ef
al, 2009). Transfer of camel embryos cryopreserved in
in 1.5 M ethanediol followed by stepwise thawing and
rehydration in sucrose resulted in 6.5% to 19%
pregnancy rate (Skidmore ef al, 2004). Vitrification of
camel embryos (20% glycerol+20% ethylene glycol +
0.3M sucrose + 0.375M glucose + 3% polyethylene
glycol) showed a better viability of day 6 embryos
compared fo day 7 and 8 embryos. A pregnancy rate
of 38% was obtained with vitrified camel embryos
(Skidmore ef al, 2005). Vitrification of dromedary
blastocysts with a high concentration of ethylene glycol
(7.0 mol/L) with sucrose (0.5 mol/L) and direct plunging
in liquid nitrogen resulted in the birth of one offspring
but overall low pregnancy rates (Nowshari e a/, 2005).

Transfer of vitrified llama blastocysts  (vitrification
solution; 20% glycerol + 20% ethylene glycol + 0.3 M
sucrose + 0.375 M glucose + 3% polyethylene glycol in
three steps) resulted in a 50% pregnancy rate (Aller ef
al, 2002; Aller ef al, 2002b). Vitrification and slow
freezing of llama embryos resulted in recovery rates of
75% and 57% respectively however no transfers were
performed (Vasquez ef al, 2011). Alpaca embryos
were successfully vitrified using commercial equine or
bovine vitrification kits but no transfers were performed.

Aspects of in vivo embryo manipulation that would be
beneficial for commercial use that have not been
thoroughly studied are trophoblastic biopsies for gender
defermination and genetic testing.

EMBRYO TRANSFER USING IN VITRO PRODUCED
EMBRYOS

In vitro production of embryos in camelids has been
studied infensely in the last decade (for reviews see
Miragaya ef al., 2006; Tibary ef al., 2007; Tibary et
al, 2011; Trasorras ef al., 2013).



Oocyte collection, maturation and activation

Oocyte collection has been attempted using postmortem
and in vivo surgical techniques (Gomez ef af, 2013;
Tibary ef al, 2005; Trasorras ef al, 2013).
Laparoscopic  and  transvaginal  ultrasound-guided
(TUGA) ovum pickup yield variable results depending on
the species (Brogliatti ef a/, 2000; Berland efal, 2011;
Ruso et al,, 2014). In the dromedary, TUGA resulted in
77% oocyte recovery rate with more than 80% of
mature oocytes when performed in superstimulated
females 26 to 28 h after GnRH administration (Wani
and Skidmore, 2010). Similarly, in vivo maturation rates
obtained  following  gonadotropin
superstimulation and administration of hCG or GnRH in

SAC (Ratto ef al,, 2005; Ratto ef al,, 2007).

have  been

In vitro maturation techniques have been developed and
are relatively similar to methods used in ruminants (Kafi
et al., 2005; Tibary et af, 2005; Tibary et al., 2007;
Abdoon ef al, 2011; Trasorras ef al., 2013). Culture
time varies from 27 to 42 hours depending on studies
(Tibary ef al,, 2005; Trasorras et al., 2013; Ayuque ef
al, 2014). Maturation rates achieved are very high
(Khatir ef al, 2007; Khatir ef al, 2009; Wani and
Wernery, 2010). Ovaries can be stored for up to 16
hours at room temperature (22-25°C) prior to processing
(Arriaga ef af., 2014). Vitrification of in vitro matured
oocytes has been achieved with good postthaw in vitro
fertilization in alpacas (Ruiz ef o/ 2011; Ruiz ef aof,

2013).

In vitro fertilization

The first dromedary offspring obtained from in vitro
matured, in vitro fertilized, and in vitro cultured oocytes
was from abattoir oocytes (Khatir and Anouassi, 2006).
Most studies on in vitro fertilization have used
epididymal sperm (Del Campo ef af, 1994; Tibary et
al, 2005; Trasorras ef al,, 2013). In SAC, blastocyst
formation rates vary from 20 to 30% following
fertilization with epididymal sperm (Berland ef df,
2011; Arriaga ef al, 2014; Huanca et af, 2014).
Similar results have been obtained with epididymal
sperm in the dromedary (Wani, 2009; Badr et o,
2010; Fathi ef al, 2014) and Bactrian camel (Bou ef
al, 1993). To our knowledge only two groups have
attempted in vitro production of embryo using ejaculated
sperm (Camels (Khatir ef o/, 2004) and llamas (Conde
et al, 2008; Trasorras et al, 2012; Trasorras et al.
2014)). In llamas, embryo production by IVF with semen
obtained by electroejaculation resulted in a blastocyst
rate of 34 to 36% and hatched blastocyst rate of 20%
after culture in semi-defined oviductal fluid with amino —
acids (SOFaa). A single pregnancy was obtained out of
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7 transferred embryos but was lost at 42 days (Trasoras
etal, 2012; 2014). In the dromedary, various protocols
for embryo production by IVF using semen collected by
artificial vagina were tested. These include culture with
semi-defined media, and co-culture with oviductal or
granulosa cells (Khatir and Anouassi, 2006; Khatir ef
al, 2007; Khatir ef al, 2009; Khatir et al., 2009b).
Despite these advances, in vitro production of embryos
by IVF remains limited as far as commercial use.

Intracytoplasmic sperm injection (ICSI) and somatic cell
nuclear transfer (SCNT)

Development of protocols for chemical activation of
camelid oocytes has led to development of ICSI and
SCNT techniques (Abdoon ef af, 2007; Khatir and
Anouassi, 2008; Silva ef al, 2014; Trasoras ef al,,
2013). Embryos have been produced by ICSI in llamas
(Miragaya ef al,, 2003; Sansinena et al, 2007; Conde
etal, 2008) and camels (Wani, 2008). However, these
techniques have not yet been optimized for commercial
use.

Camel oocyte parthenogenesis has been described
previously (Khatir and Anouassi, 2008). However, in
vitro production of camelid embryos by SCNT is limited
to a few studies in llamas and camels. In llamas, fusion
and cleavage rates of reconstructed embryos obtained
were 62.5% and 32 to 40%, respectively. However, no
pregnancies were obtained (Sansinena ef a,, 2003). In
the dromedary, blastocyst formation rates of 29 to 46%
were obtained from nuclear transfer embryos and one
viable offspring was produced following transfer of 26
embryos (8%) (Wani ef al, 2010). The overall efficiency
of SCNT in camelids is still extremely low to justify use
in production. Camelus bactrianus embryos have been
used from skin fibroblast using xenonuclear transfer with
rabbit, ovine and bovine oocytes (Zhao et al, 2006;
Zhou et al, 2006).

CONCILUSION

Embryo transfer using in vivo produced embryos is now
commercially available in some countries. The overall
efficiency of these programs is still very difficult to
appreciate. Recently published results from the largest
commercial programs [alpacas in Australia (Vaughan et
al, 2013) and dromedaries in UAE (Anouassi and
Tibary ef af,, 2013)] have shed some light on the most
important factors affecting results. More studies are
needed to evaluate sources of variation in the
superstimulation response, particularly with regards to
breed, age, and nutritional management. A more
uniform reporting system for superstimulation protocols,
donor mating management and embryo collection
timing is necessary in order to evaluate these treatments.
Factors affecting embryo quality and their effect on MRP



following transfer need further elucidation. The effect of
changes in  the following
superstimulation on embryo quality needs further
investigation. Recent research on oviductal function may
shed some light on the poor embryo recovery following
superstimulation (Apichela ef af, 2015; Arganaraz et
al., 2015). A recent study in vicunas demonstrate a
difference  in  glycosylation  patterns
superstimulated and non-stimulated females. This finding
indicates that embryos from superstimulation may be in
a different uterine environement than that observed in

uterine  environment

between

non-stimulated females (Lopez ef af,, 2014). The effect
of recipient health and (trace  mineral
supplementation  in  particular)  on  pregnancy
maintenance need to be further investigated. Also,
factors affecting corpus luteum quality need to be studied
in more detail. The risk for disease transmission through
embryo transfer is said to be low (Sutmoller, 1999).
However, no studies have been performed to determine
the risk for transmission of reproductive infectious
diseases such as BVD, Brucellosis, and Chlamydiosis.

nutrition

This is even more important as camelid embryos are
collected at the hatched blastocyst stage which is not
easy to wash. Although some progress has been
achieved in the manipulation of camelid embryos
(cryopreservation) and their in vitro production by IVF,
ICSI, and SCNT, these biotechnologies are not yet
optimized and results have poor repeatability.
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