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The  development  of  assisted  reproductive  technologies  such  as embryo  transfer  (ET),
artificial  insemination  (AI)  and  in  vitro  fertilization  (IVF)  in  South  American  camelids  is
considerably  behind  that  of  other  livestock  species.  Poor  success  of  the  embryo  trans-
fer  technique  has been  related  to a lack of  an  effective  superstimulatory  treatment,  low
embryo recovery  rate,  and  the  recovery  of hatched  blastocysts  that  are  not  conducive  to
the  cryopreservation  process.  Superstimulation  has  been  attempted  using  equine  chori-
onic gonadotropin  (eCG)  and  follicle  stimulating  hormone  (FSH)  during  the  luteal,  or  the
sexually receptive  phase,  sometimes  given  at follicular  wave  emergence.  The  rationale  for
inducing  a luteal  phase  prior  to  or during  superstimulation  in  camelids  is not  clearly  under-
stood, but  it  may  simply  reflect  an  empirical  bias  to conventional  methods  used  in other
ruminants.  The  number  of ovulations  or  CL  varies  widely  among  studies,  ranging  from  2
to more  than  15  per  animal,  with  the  number  of  transferable  embryos  ranging  from  0  to  4
per animal.  The  control  of  follicular  growth  combined  with  superstimulatory  protocols  has
resulted  in  a  more  consistent  ovarian  response  and  a greater  number  of  follicles  available
for aspiration  and  oocyte  collection.  Recent  studies  in  llamas  have  demonstrated  that  the
use  of ovulation  inducing  treatments  or follicle  ablation  can  synchronize  follicular  wave
emergence  allowing  the initiation  of  gonadotropin  treatment  in  the  absence  of  a  domi-
nant follicle  resulting  in a more  consistent  ovulatory  response.  Few  studies  in  alpacas  have

been reported,  but it appears  from  recent  field  studies  that  the ovarian  response  is more
variable and  that there  is a greater  number  of poor  responders  than  in  llamas.  A  review  of
superstimulation  protocols  that have  been  used  in  llamas  and  alpacas  in  the  last  15  years  is
provided,  including  a discussion  of  the  potential  of  protocols  designed  to  initiate  treatment
at specific  stages  of follicular  growth.
� This paper is part of the special issue entitled: International Confer-
nce on Camelid Genetics and Reproductive Biotechnologies, Guest Edited
y Gregg P. Adams and Ahmed Tibary.
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1. Introduction

The development of assisted reproductive technologies
in South American camelids is considerably behind that
in other livestock species. Reports of studies on ovarian

superstimulation, embryo transfer (ET) and in vitro embryo
production in llamas and alpacas are scarce and represent
the efforts of a small number of research groups around the
world. Information is even more limited in wild camelids;
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there are only a few reports in the literature regarding the
use superstimulatory protocols in vicunas, and no reports
of the use of any of these biotechnologies in guanacos. An
overview of the current state of ovarian superstimulation
in llamas and alpacas is presented herein, with a focus on
protocols developed in the last 15 years.

Poor success of the ET technique in South Ameri-
can camelidshas been related to high variability in the
superstimulatory response and low embryo recovery rate.
Another major limitation for the establishment of ET pro-
grams is the recovery of embryos at the hatched blastocyst
stage; i.e., a stage that is sensitive to the cryopreservation
process, thus limiting long term storage, transport or com-
mercialization.

Embryo transfer technologies and superovulation treat-
ments have been studied and developed intensively in
other domestic livestock species, allowing their commer-
cial use for the genetic improvement of the herds (i.e. cattle,
sheep and goats). Most of the superstimulation protocols
used in South American camelids have been extrapolated
from those developed for cattle and sheep. However, South
American camelids are induced ovulators rather than spon-
taneous ovulators; therefore, the wave pattern of follicle
growth normally occurs in the absence of a luteal phase
(Adams et al., 1990), and the dominant follicle remains
viable for a relatively long period of time (several days)
until ovulation is induced.

2. Ovarian superstimulation protocols

Ovarian superstimulation in llamas and alpacas has
been achieved using equine chorionic gonadotropin (eCG),
follicle stimulating hormone (FSH), or a combination of
these. Treatment with eCG is usually given as a single
intramuscular dose of 500–1500 IU (Bourke et al., 1994;
Velásquez and Novoa, 1999). Higher doses have been
related to the development of cystic follicles (Bravo et al.,
1995). Porcine FSH is given intramuscularly in a constant or
decreasing dose every 12 h for 4–5 days (Correa et al., 1997;
Ratto et al., 1997; Sansinena et al., 2003). Ovine FSH has also
been used successfully for the induction of follicular growth
in llamas using a decreasing dose regime (Sansinena et al.,
2007). After superstimulatory treatment, females may  be
mated to induce ovulation, but usually mating is followed
by the administration of an ovulation-inducing agent such
as gonadotropin-releasing hormone (GnRH), human chori-
onic gonadotropin (hCG) or luteinizing hormone (LH).

During the last decade, ovarian superstimulation has
been attempted during 3 different physiological states: (a)
the sexually receptive phase, (b) a natural luteal phase
(generated by the induction of ovulation), or (c) an artificial
luteal phase (induced by exogenous progesterone).

2.1. Ovarian superstimulation during the sexually
receptive phase

After 5 consecutive days of sexual receptivity, llamas

were given 20 mg  pFSH (NIH-FSH-P1) i.m. twice daily for
5 consecutive days (total dose of 200 mg)  followed by the
administration of 750 IU of hCG i.m. to induce ovulation
(Correa et al., 1997; Ratto et al., 1997). Superstimulation
 Science 136 (2013) 164– 169 165

during the sexually receptive phase has also been reporte-
din alpacas (Velásquez and Novoa, 1999), except that
females were treated with a single dose of 1000 IU eCG (Day
0) followed by 1000 IU of hCG on Day 6 to induce ovulation
(Table 1).

2.2. Ovarian superstimulation during the natural luteal
phase

Females with a follicle at least 9 mm  in diameter were
treated with GnRH or hCG to induce ovulation (Day 0). After
7 days, 1000 IU of eCG was  administered i.m. At Day  9,
a luteolytic dose of prostaglandin was  given, and finally,
a dose of 750 IU of hCG was  administered when follicles
reached a diameter of 9–13 mm to induce a synchronous
ovulation (Bourke et al., 1995a;  Table 1).

2.3. Ovarian superstimulation during an artificial luteal
phase

To mimic the luteal phase, progesterone/progestins
have been administered by the application of vaginal
sponges containing 60 mg  of medroxyprogesterone acetate
(MAP), 0.3 g of progesterone in a controlled intravagi-
nal drug-releasing device (CIDR), subcutaneous implants
of 3 mg  of norgestomet (Crestar), or daily intramuscular
administration of 50 mg of progesterone for 7 to 12 days
(Bourke et al., 1992, 1994, 1995a; Correa et al., 1994;
Velásquez and Novoa, 1999). Ovarian superstimulation has
been achieved by either the administration of 20 mg pFSH
(NIH-FSH-P1) i.m. twice daily for 5 days (total dose of
200 mg)  or 1000 IU of eCG starting 48 h before progesta-
gen removal. Finally, an ovulatory dose of hCG or GnRH is
given. The need to induce a luteal phase prior to or dur-
ing superstimulation in camelids is not clearly understood,
but it may  simply reflect an empirical bias to conventional
methods used in other ruminants (Table 1).

3. Ovarian superstimulation after control of
follicular growth

On the assumption that follicular dominance reduces
the superstimulatory response, as it does in other rumi-
nants, different approaches have been used to control
follicular development in llamas and alpacas. With the
use of daily ultrasonography, it is possible to start ovarian
superstimulation in females at a time when follicular dom-
inance is minimal (i.e., largest follicle is <7 mm diameter;
Aller et al., 2002b; Carretero et al., 2010; Trasorras et al.,
2009). However, regular ultrasonography in commercial
herds may  be not economical or practical. Hence, attempts
have been made to inhibit follicular dominance by treat-
ing females with progesterone/progestins, with or without
estradiol, or through the use of an ovulation-induction
agent (GnRH or LH) or by follicular ablation. With successful
development of protocols to control follicle development,

the scope of possibilities under which superstimulation
may  be initiated is increased; i.e., superstimulation may
then be started at a pre-scheduled time, regardless of the
presence of a natural or artificial luteal phase.
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Table  1
Ovarian superstimulation protocols given under different physiological status in llamas and alpacas.

Species No. of donors Physiologic status Hormone Viable embryos/donor Reference

Llama 6 Luteal (hCG) eCG 2.3 Bourke et al. (1992)
Llama 24 Luteal (GnRH) eCG 1.4 Bourke et al. (1992)
Llama 5 Luteal (CIDR) eCG 2.0 Bourke et al. (1992)
Llama 17 Luteal (norgestomet) eCG 1.3 Bourke et al. (1992)
Llama 6 Luteal (norgestomet) eCG 0 Bourke et al. (1994)
Llama 4/4 Sexually receptive eCG 0 Correa et al. (1994)
Llama 4/4 Sexually receptive FSH 0.5 Correa et al. (1994)
Llama 4/4 Sexually receptive eCG+FSH 0.5 Correa et al. (1994)
Llama 12 Luteal (GnRH) eCG 1.4 Bourke et al. (1995a)
Llama 15 Luteal (norgestomet) eCG 1.3 Bourke et al. (1995a)
Llama 20 Sexually receptive FSH 1.5 Ratto et al. (1997)
Alpaca 5 Sexually receptive eCG + hCG 8.2a Velásquez and Novoa (1999)
Alpaca  5 Luteal (CIDR) eCG + hCG 17.8a Velásquez and Novoa (1999)
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dapted from Ratto and Adams (2006).
a Average number of CL determined by laparotomy.

In llamas, progesterone treatment apparently inhibited
ollicular development temporarily and synchronized the
mergence of a new dominant follicle approximately 7
ays after the beginning of treatment (Alberio and Aller,
996; Chaves et al., 2002). The use of progesterone alone
r associated with the administration of 1 mg  EB at the
eginning of progesterone treatment reportedly resulted

n the emergence of a new follicular wave 4.5 and 6.5 days
fter the beginning of treatment, respectively (Aller et al.,
010). Additionally, authors reported that treatment with
onadotropins after EB + progesterone resulted in a higher
mbryo recovery rate than in llamas treated with proges-
erone alone.

The synchronizing effect of progesterone and estradiol
reatment, however, was not observed in other studies
Ratto et al., 2003; Vaughan, 2006). Ovarian follicular wave
mergence in llamas treated with progesterone in combi-
ation with 17�-estradiol was no better than in untreated
ontrols; a new follicular wave emerged 4.5 ± 0.8 and
.5 ± 1.0 (mean ± SEM) after treatment, respectively (Ratto
t al., 2003). Other approaches, involving administration
f LH to induce ovulation of the extant dominant follicle,
r transvaginal ultrasound-guided ablation of all follicles
5 mm,were more effective for synchronizing the emer-
ence of a new follicular wave (2 days after treatment) and
he development of an ovulatory-sized follicle (5 days after
reatment; Ratto et al., 2003). Manual transrectal rupture
f the dominant follicle has also been described as an effec-
ive method for the suppression of follicular dominance
Sansinena et al., 2003, 2007), with superstimulatory treat-

ent started after follicle rupture, but has the inherent
isk of rectal wall damage with inexperienced operators
Table 3).

In a recent study in llamas (Aller et al., 2010), embryo
ecovery was not improved when superstimulatory treat-
ent was started at the time of follicular wave emergence

nduced by EB plus intravaginal sponges of MPA. How-
ver, other studies in llamas (Huanca et al., 2009) and
lpacas (Huanca, 2008) have demonstrated an improved

mbryo recovery rate when superstimulatory treatments
re started at the time of follicular wave emergence
nduced by LH administration (Table 2). As stated previ-
usly, there appears to be no physiologic basis for inducing
a luteal phase prior to or during superstimulation in
camelids, and this practice may  simply be a reflection of
conventional methods used in other species. In this regard,
eCG with or without MPA  effectively induced a superovu-
latory response and multiple embryo production in llamas;
i.e., addition of progestin during superstimulation provided
no beneficial effects (Huanca et al., 2009).

Field studies conducted in alpacas in our laboratory
(unpublished) suggest that the ovarian response is more
variable than that observed in llamas, and that there is a
greater proportion of non-responders. These findings are
supported by results of a study in which only 53% (18/34)
of alpacas produced embryos after superovulation, with a
recovery rate of 41% (number of embryos/number of CL
detected by ultrasound examination; Huanca, 2008). In the
same study, only 6% of the superstimulated females pro-
duced an average of 7 transferable embryos and 45% of the
females produced between 1 and 3 embryos.

Despite efforts to improve superovulation protocols in
llamas and alpacas, the ovarian response is still frustrat-
ingly variable. The total number of CL reported ranges from
0 to 17 per female, and the embryo recovery rate does
not exceed 45% (i.e., 0–4 transferable embryos per female),
with a proportion (∼20%) of females rendering no embryos
at all. Further investigation is required to determine the
extent to which follicular status contributes to the vari-
ability in the superstimulatory response.

4. Ovarian superstimulation for the collection of
cumulus–oocyte complexes by follicular aspiration

The control of follicular growth combined with super-
stimulatory protocols has resulted in a consistent ovarian
response with a large number of follicles available for fol-
licular puncture and oocyte collection (Table 3). However,
it appears that when ovarian superstimulation treatments
are used for superovulation and embryo collection, ovu-
lation, in vivo fertilization or gamete transport may be
compromised, resulting in a poor embryo recovery rate;

e.g., the mean number of CL was 11.5 per female after eCG
treatment and the mean number of embryos recovered
was  4.8 (Huanca et al., 2009). Therefore the collection of
viable cumulus–oocytes complexes by follicular aspiration
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Table  2
Ovarian superstimulation protocols in llamas and alpacas after control of follicular growth.

Species No. of
donors

Follicular growth
status

Method to control follicular
growth

Hormone Follicles ≥7 mm Viable embryo/donor Reference

Llama 12a Inhibition of DF EB + CIDR eCG 4.2 ± 1.9 1.8 Aller et al. (2002b)
Llama  26 Wave emergence LH induced ovulation eCG 16.6 ± 5.3 4.8 Huanca et al. (2009)
Llama 27 Wave emergence LH induced ovulation + MPA eCG 12.9 ± 3.7 3.5 Huanca et al. (2009)
Llama 18 Wave emergence MPA  eCG 9.4 ± 1.0 1.1 Aller et al. (2010)
Llama  18 Wave emergence EB + MPA  eCG 12.4 ± 1.0 2.4 Aller et al. (2010)
Llama  16b Inhibition of DF EB eCG 4.4 ± 0.9 1.6 Carretero et al. (2010)
Llama 14c Inhibition of DF EB + Progesterone eCG 4.8 ± 0.7 1.9 Carretero et al. (2010)
Llama 10d Absence of DF Checked by ultrasound eCG 4.6 ± 0.6 2.2 Carretero et al. (2010)
Llama 22 Absence of DF Checked by ultrasound eCG Not reported 3.0 Trasorras et al. (2010)
Alpaca 23 wave emergence LH induced ovulation eCG 10.7 ± 1.3 2.7 Huanca (2008)

FSH 

al drug 

/16, 4/1
Alpaca 22 wave emergence LH induced ovulation 

EB: estradiol benzoate; DF: dominant follicle; CIDR: controlled intravagin
abcdProportion of donors that failed to respond to superovulation: 3/12, 7

for in vitro fertilization, could be an alternative method
to overcome the difficulties observed during the in vivo
embryo production procedure.

In llamas and alpacas, ovarian stimulation with eCG
and FSH provides a uniform population of oocytes (Ratto
et al., 2005; Brogliatti et al., 2000). The best response to
gonadotrophins was obtained when treatment was  initi-
ated after inhibition of the dominant follicle or synchro-
nization of follicular wave emergence (Ratto et al., 2005,
2007; Berland et al., 2011). These treatments also had the
advantage of providing more expanded cumulus–oocyte
complexes (COC; Ratto et al., 2005; Conde et al., 2008;
Trasorras et al., 2009). In llamas, superstimulation with
eCG was associated with a slightly greater proportion
of expanded COC and COC in metaphase II compared to
superstimulation with FSH (Ratto et al., 2005); however,
in another study (Berland et al., 2011), superstimulatory
treatments with FSH and eCG were equally effective.

Although, a great number of cumulus–oocyte com-
plexes can be obtained from in vivo animals, there are
not many studies related to in vitro embryo production
in these species. Successful llama in vitro embryo produc-
tion has been reported after control of follicular growth
by EB + progesterone administration (Conde et al., 2008) or
follicle ablation (Berland et al., 2011) and the use of either
eCG (Conde et al., 2008; Berland et al., 2011) or FSH (Berland

et al., 2011) to obtain in vivo mature cumulus–oocyte com-
plexes. Reported blastocyst rates range from 17 (Conde
et al., 2008) to 21.9% (Berland et al., 2011) of presump-
tive zygotes developing into early to expanded blastocysts.

Table 3
Ovarian superstimulation protocols intended for cumulus–oocyte complexes (CO

Species No. of
donors

Follicular growth
status

Method to control follicular
growth

Ho

Llama 9 Inhibition of DF Manual rupture DF pF
Llama  20 Wave emergence Follicle ablation eC
Llama 20 Wave emergence Follicle ablation pF
Alpaca 7 Absence of DF Checked by ultrasound pF
Alpaca 7 Absence of DF Checked by ultrasound eC
Llama 21 Inhibition of DF EB + CIDR eC
Llama  11 Inhibition of DF Manual rupture DF oF
Llama 20 Inhibition of DF EB + CIDR eC
Llama 16 Wave emergence Follicle ablation pF
Llama 16 Wave emergence Follicle ablation eC

DF: dominant follicle.
6.0 ± 1.5 2.7 Huanca (2008)

release of 0.33 g of progesterone; MPA: medroxyprogesterone acetate.
4 and 1/10, respectively.

Moderate success has also been reported for llama embryo
production using ICSI (Sansinena et al., 2007; Conde et al.,
2008) and nuclear transfer (Sansinena et al., 2003).

In light of these results, and considering the low embryo
recovery rates observed in conventional ET programs,
ovarian superstimulatory protocols could be used more
effective as a potential method to obtain mature COC for
in vitro fertilization and embryo production. The improve-
ment of in vitro embryo production will be a challenge
before this technique may  be available in commercial
farms.

5. Ovarian superstimulation in wild South
American camelids

Genetic conservation of vicuna and guanaco popula-
tions is of importance because of their high quality fiber
production and threatened status. However, considerably
less information has been produced for these wild species
than for domesticated llamas and alpacas. Two studies
(Aller et al., 2002a; Aba et al., 2005) have demonstrated
that ovarian superstimulatory protocols used in llamas
are effective in vicunas (Table 4). However, these studies
involved a very small number of animals and only data
of follicular development after ovarian superstimulation

were reported; i.e., no information is available regarding
embryo recovery or ET. Therefore, the use of ET and ovar-
ian superstimulatory treatments in wild South American
camelids is still an unexplored field of research.

C) collection in llamas and alpacas.

rmone No. of follicles
≥ 6/donor

No. of
COC/donor

Reference

HS 34.1 33.1 Sansinena et al. (2003)
G + LH 17.7 11.2 Ratto et al. (2005)
SH + LH 17.9 10.7 Ratto et al. (2005)
SH + hCG 20 26.2 Ratto et al. (2007)
G + hCG 27 23.3 Ratto et al. (2007)
G + GnRH 10.6 9.2 Conde et al. (2008)
SH 14.2 13.1 Sansinena et al. (2007)
G + GnRH 11.8 9.7 Trasorras et al. (2009)
SH + LH 16 11.5 Berland et al. (2011)
G + LH 14 9.7 Berland et al. (2011)
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Table  4
Ovarian superstimulation protocols in vicunas (Vicugna vicugna).

Species No. of donors Follicular growth status Control follicular growth Hormone No. of follicles Embryos/donor Reference

Vicuña 24 Inhibition of DF EB + MPA  Sponge eCG Not reported Not reported Aller et al. (2002a)
Vicuña  2 Absence of DF Checked by ultrasound eCG 16.5 Not reported Aba et al. (2005)
Vicuña  2 Inhibition of DF CIDR treatment for 5 days eCG 29 Not reported Aba et al. (2005)

DF: dominant follicle; EB: estradiol benzoate; MPA: medroxyprogesterone acetate; CIDR: controlled intravaginal device release of 0.33 g of progesterone.

Table 5
Pregnancy and live birthing rates after embryo transfer in South American camelids from 1968 to 2010.

Species No. of donors Superstimulation No. of recipients No. of conceptions Crias born Reference

Alpaca 3 eCG 3 0 0 Novoa and Sumar (1968)
Alpaca  15 NR 44 4 1 Sumar and Franco (1974)
Llama 2 NR 2 1 1 Wiepz and Chapman (1985)
Alpaca 2 NR 3 3 2 Palomino et al. (1987)
Llama 33 NR 11 3 2 Bourke et al. (1992)
Llama 24 GnRH + eCG 7 3 3 Bourke et al. (1992)
Llama 17 Progesterone implant + eCG 4 0 0 Bourke et al. (1992)
Llama 1 NR 2 1 1 Gatica et al. (1994)
Llama/Guanaco 12 eCG 10 5 4 Bourke et al. (1995b,c)
Alpaca 8 pFSH/eCG 30 23 19 Palomino (2000)
Llama  22 No treatment 49 18 NR Taylor et al. (2000)
Llama 12 eCG/pFSH 5 2 NR Aller (2001)
Llama/Alpaca 1 No treatment 2 2 2 Taylor et al. (2001)
Llama 15 CIDR-EB-eCG 10 4 0 Aller et al. (2002b)
Llama/Alpaca NR NR 34/13 25/4 21/4 Huanca et al. (2006)
Alpacas 34 pFSH/eCG 32 14 NR Huanca (2008)
Llama 22 eCG 50 12a NR Trasorras et al. (2010)

A
E 3 g of p

6
t

s
1
b
h
f
a
w
e
P
b
E
2
i

f
d
s
n
r
p
4
c
a
e
r
r

dapted from Ratto and Adams (2006); Miragaya et al. (2006).
B:  estradiol benzoate; CIDR: controlled intravaginal device release of 0.3
a Embryos transferred ipsi or contralateral to the side of the CL.

. Pregnancy and live birthing after embryo
ransfer in SAC

Since the first birth of an alpaca cria reported in 1968 by
urgical embryo collection and transfer (Novoa and Sumar,
968), the development of ET in llamas and alpacas has
een slow. During the last 35 years, less than 60 live births
ave been reported throughout the world, with success-

ul events reported in only 4 countries (Perú, Chile, USA
nd UK). Although in early studies, a non-surgical approach
as feasible for the successful collection and transfer of

mbryos in these two species (Wiepz and Chapman, 1985;
alomino et al., 1987), improvements on pregnancy and
irthing rates have been marginal. Successful interspecies
T in camelids was reported a decade ago (Taylor et al.,
001) where two alpaca crias were born using llama recip-

ents.
The diameter of the embryos at the time of the trans-

er into recipients appears to be crucial for the successful
evelopment of pregnancy. In this regard, an early llama
tudy (Bourke et al., 1995a)  reported that successful preg-
ancies were achieved with the transfer of embryos that
anged from 600 to 1200 �m in diameter. Similarly, alpaca
regnancies were achieved only after transfer of embryos
00–1000 �m in diameter (Huanca, 2008). The low suc-
ess rate of ET in South American camelids has also been

ttributed to the narrow window of time that transferred
mbryos have to suppress luteolysis, increased PGF2�

elease due to manipulation of the cervix, and donor-
ecipient asynchrony. However, recent data suggests that
rogesterone; NR, not reported.

cervix manipulation during ET procedures induces a short-
lived increase in PGF2� which is not enough to affect CL
function or pregnancy (Trasorras et al., 2010). Pregnancy
rates and live births after ET in llamas and alpacas are sum-
marized in Table 5.
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