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a  b  s  t  r  a  c  t

The  objective  of this  study  was  to design  an  AI protocol  using  cooled  semen  to  obtain  preg-
nancies in  the  llama.  Each  raw  ejaculate  was  subdivided  into  four  aliquots  which  were
extended  1:1 with:  (1)  11%  lactose–egg  yolk  (L–EY),  (2)  Tris–citrate-fructose–egg  yolk
(T–F–EY),  (3)  PBS-llama  serum  (S-PBS)  and  (4)  skim  milk-glucose  (K).  Each  sample  reached
5 ◦C  in  2.5  h  and  remained  at that  temperature  during  24 h. Percentages  of  the  semen
variables  (motility,  live  spermatozoa)  in  ejaculates  and  samples  cooled  with  L–EY were
significantly  greater  than  those  obtained  when  cooling  with  the other  extenders;  therefore
this extender  was  used  (1:1)  for  all inseminations.  Females  were  randomly  divided  into
four groups  (A–D)  according  to insemination  protocol.  Group  A:  females  were  inseminated
with  a fixed  dose  of  12  ×  106 live  spermatozoa  kept  at 37 ◦C. Group  B: females  were  insemi-
nated  with  a fixed  dose  of  12  × 106 live  spermatozoa,  cooled  to  5 ◦C and  kept  for 24  h.  Group
C: females  were  inseminated  with  the whole  ejaculate  (variable  doses),  cooled  to  5 ◦C  and
kept  for  24  h.  These  groups  (A–C)  were  inseminated  between  22  and  24 h  after  induction  of

ovulation.  Group  D:  females  were  inseminated  with  the  whole  ejaculate  (variable  doses),
cooled  to 5 ◦C,  kept  for  24  h  and  AI  was  carried  out  within  2 h  after  ovulation.  Pregnancy
rates  were  75%,  0%,  0%  and  23%  for  groups  A, B, C and  D  respectively.  These  results  indicate
that  it is  possible  to  obtain  llama  pregnancies  with  AI  using  cooled  semen  and  that  the
success  of the  technique  would  depend  on  the  proximity  to ovulation.
. Introduction
A  complete knowledge of the reproductive characteris-
ics and the implementation of artificial insemination (AI)
rograms and of assisted reproductive technology (ART)
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are of utmost importance for increasing fertility in herds
and for obtaining genetic improvement. With regard to the
development of AI in South American Camelids (SAC), this
technology is limited to the use of raw semen, with a max-
imum pregnancy rate of 77% in experimental insemination
centers and no more that 50% in private establishments
(Huanca et al., 2007). Although AI with cooled semen has
shown very good results in allowing genetic improvement

in different species, this has not been the case for SAC.
The only report of AI with cooled alpaca semen is from
Vaughan et al. (2003) with no pregnancies obtained. These
authors inseminated female alpacas prior to ovulation

dx.doi.org/10.1016/j.anireprosci.2012.03.010
http://www.sciencedirect.com/science/journal/03784320
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with semen extended 4:1 with Triladyl® and cooled to
4 ◦C during 24 h. The insemination dose was 125–170 × 106

spermatozoa with approximately 45% motility. The lack
of success of these results is not only due to the prob-
lems in semen collection and evaluation, but also because
the semen extender most adequate for conserving fertiliz-
ing ability in cooled camelid sperm is currently unknown.
Another unknown variable in these species is the optimal
interval between induction of ovulation and insemination
when using cooled semen (Adams et al., 2009). Preg-
nancy rates greater than 40% have been reported when
raw semen or semen extended at 37 ◦C was inseminated,
either immediately or 24 h after inducing ovulation (Aller
et al., 1997; Bravo et al., 1997) and fertilization rates of
52% have been reported using raw semen (Calderon et al.,
1968). Nevertheless, when this same interval (24 h) was
used to inseminate cooled semen, no pregnancies were
obtained (Vaughan et al., 2003). Lack of information has
restricted cooled semen AI implementation in SAC, limit-
ing this technology to use with raw semen (Huanca et al.,
2007). Development of an AI protocol with cooled semen
would permit conservation and transport of genetic mate-
rial from greater quality animals.

The objective of this study was therefore to design an AI
protocol using cooled semen to obtain pregnancies in the
Lama glama species.

2. Materials and methods

2.1. Location and animals

The study was carried out at the Faculty of Veterinary
Sciences of the University of Buenos Aires, in Buenos Aires,
Argentina. The city is situated at sea level, latitude 34◦36’
and longitude 58◦26’. A total of 8 llama males, between 5
and 10 years old and an average weight of 148 ± 14.40 kg
(mean ± SD) and 39 llama females, between 6 and 10 years
old and an average weight of 100 ± 25 kg (mean ± SD) were
used. Animals were kept out at pasture in pens and sup-
plemented with bales of alfalfa; they also had free access
to fresh water and shade throughout the study. This study
was approved by the Committee for the Use and Care
of Laboratory Animals (CICUAL) of the Faculty of Veteri-
nary Sciences of the University of Buenos Aires (protocol
2010/24).

2.2. Semen collection and evaluation

Ejaculates were obtained using an artificial vagina (AV),
according to the technique described by Giuliano et al.
(2008) and using electroejaculation (EE) according to the
technique described by Director et al. (2007).

Macroscopic and microscopic raw semen character-
istics evaluated were: semen pH and volume, sperm
concentration, motility, sperm showing swelling, live
spermatozoa and sperm morphology. The pH was  mea-
sured using a universal indicator (Merck, Germany) with

a range of 6.4–8. Volume was measured in a gradu-
ated collection tube. Sperm concentration was calculated
using a Neubauer chamber. Sperm motility was  evalu-
ated on a warm stage (37 ◦C) using a phase contrast
n Science 131 (2012) 204– 210 205

microscope. Unless otherwise specified, percentage of
motility is total, i.e. progressive and non-progressive.
The percentages of sperm with membrane swelling were
obtained according to Giuliano et al. (2008).  Briefly,
semen was incubated (37 ◦C) 20 min  in a hypoos-
motic stock solution of fructose–sodium citrate, adjusted
to 50 mOsm.  The reaction was stopped by adding a
hypoosmotic formaldehyde solution. A minimum of 200
spermatozoa were evaluated using a phase contrast
microscope (400×). Percentage of live spermatozoa was
evaluated using a supravital stain with the fluorochromes:
6-Carboxifluorescein diacetate (CFDA) and Propidium
iodide (PI) according to Giuliano et al. (2008).  Briefly, sam-
ples of semen were incubated at 37 ◦C in staining medium
for 20 min. This medium contained 10 �l of a stock solution
of CFDA and 10 �l of a stock solution of PI in 500 �l of saline
medium. A Leica® model DMLS microscope was  used with
the corresponding filters and 200 cells per sample were
evaluated. Sperm morphology was  evaluated using phase
contrast microscopy, obtaining the percentages of normal
and abnormal sperm after evaluating 200 cells per sample.
No fixative was used to evaluate morphology because the
seminal plasma of this species tends to coagulate in the
presence of saline formaldehyde solutions.

2.3. Management of the female llamas

Ovarian dynamics was  monitored daily by rectal pal-
pation and ultrasonography, using a Berger® LC 2010 plus
ultrasound (Buenos Aires, Argentina) with a 5 MHz  lin-
ear transducer. When a dominant follicle (≥7 mm)  in the
growth phase was detected, ovulation was induced by
intravenously administering 8 �g of buserelin (Receptal®,
Laboratorio Hoescht, Buenos Aires, Argentina).

The AI maneuvres were conducted with the female
either standing or in sternal recumbency. The animal
was restrained in stocks, the tail was  wrapped and the
rectum was  emptied of faeces. The perineum was then
scrubbed using a 2% iodine solution, rinsed carefully with
clean water and then dried. A lubricated gloved hand
was placed in the rectum to hold the cervix while an
assistant separated the vulva labia and an AI pipette,
covered with a sterile sheath, was inserted into the
vagina. Cervical threading was  performed through tran-
srectal manipulation and the semen was  deposited as
close as possible to the uterotubal junction of the uter-
ine horn ipsilateral to the ovary with the dominant
follicle.

Pregnancy diagnosis was performed by transrectal
ultrasound visualization of the embryonic vesicle 21 days
after inducing ovulation and 3 days later, embryo viability
was confirmed by observing the heartbeat.

2.4. Experimental design

2.4.1. Experiment 1: semen extender selection
A split-plot experimental design was used to study
the protective capacity of different extenders on motility
and functional integrity of cooled spermatozoa. A total
of 30 ejaculates were collected from 8 llama males using
either AV (11/30) or EE (19/30). Nevertheless, only the
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aliquots cooled with different extenders and to com-
pare between extended aliquots, confidence intervals were
made with a level of significance set at 95%.
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9 ejaculates obtained by EE were processed because
he volume of the samples obtained with the AV did not
llow subdivision into aliquots. Raw semen evaluation
as performed at 37 ◦C, immediately after collection, and

ooled semen was evaluated after 24 h of storage at 5 ◦C.
After raw semen evaluation, each ejaculate was  divided

nto four aliquots and each one was diluted 1:1 with one
f four different extenders: (I) 11% lactose (80%) with egg
olk (20%) (L–EY); (II) Tris–citric acid–fructose–egg yolk
T–F–EY); (III) llama blood serum (without complement)
40%)–PBS (60%) (S-PBS); (IV) Skim milk–glucose (Kenney’s
xtender) (K).

Each aliquot of extended semen was incubated 10 min
t 37 ◦C and, before cooling, sperm motility was again eval-
ated. Each sample was  placed into a polypropylene bag,
hich was closed after removing the air. Each bag was

hen put into a conical 50 ml  tube that was then closed and
laced in a glass container with 150 ml  of water at 37 ◦C.
he container was then placed in a refrigerator at 5 ◦C for
4 h.

.4.2. Experiment 2: artificial insemination using a fixed
nsemination dose (FID)

In Group A (n = 8 females; pre-ovulation AI with semen
iluted at 37 ◦C), semen was diluted 1:1 with L–EY at 37 ◦C
nd inseminated at a dose of 12 × 106 live spermatozoa
FID), according to that reported by Bravo et al. (2000).
verage sperm motility was 46.8 ± 3.1% (mean ± SD).

nsemination was carried out between 22 and 24 h after
userelin administration (prior confirmation by rectal pal-
ation and ultrasonic assessment that the female had not
et ovulated).

In Group B (n = 8 females pre-ovulation AI with cooled
emen), semen was diluted 1:1 with L–EY, cooled to 5 ◦C
nd kept for 24 h. Average sperm motility was 41.9 ± 21.6%
mean ± SD). The same insemination protocol and FID as in
roup A was used.

.5. Experiment 3: pre- and post-ovulation AI using
ooled whole ejaculates (variable insemination dose, VID)

According to the results of Experiment 2, where no preg-
ancies were obtained using cooled semen at a FID as
pposed to raw semen, the whole ejaculate was insem-
nated (variable total number of sperm, hence variable
nsemination dose: VID). A total of 23 ejaculates were
btained from 8 males using EE or AV. Females (n = 23) were
andomly distributed in two groups: C and D.

.5.1. Group C (n = 10 females): pre-ovulation AI
The whole ejaculate [range of VID: (57–133) × 106

ive spermatozoa, motility: 53.3 ± 15.6% (mean ± SD)] was
iluted 1:1 with L–EY, cooled to 5 ◦C, kept for 24 h,
nd inseminated between 22 and 24 h after buserelin
dministration (prior confirmation by rectal palpation and
ltrasound that the female had not yet ovulated).
.5.2. Group D (n = 13): post-ovulation AI
The whole ejaculate [range of VID: (12–250) × 106

ive spermatozoa; motility: 41.7 ± 21.3% (mean ± SD)] was
iluted 1:1 with L–EY, cooled to 5 ◦C, kept for 24 h, and
n Science 131 (2012) 204– 210

inseminated within 2 h after ovulation (confirmed by tran-
srectal palpation and ultrasonography). This insemination
time was chosen to shorten the interval between ovula-
tion and insemination because cooling possibly decreases
sperm survival in the female tract.

2.6. Reagents

The L–EY extender contained lactose (Carlo Erba,
Milan, Italy), Mili Q deionized water and fresh egg
yolk. The T–F–EY extender contained 3.63 g of Tris
[(hydroxymethyl)-aminomethane] (Merck Química,
Argentina), 1.99 g of citric acid (Mallinckrodt, NY, USA),
0.50 g of fructose (Merck Química, Argentina), 14 ml of
fresh egg yolk and enough Mili Q deionized water for
100 ml.

To obtain serum for the S-PBS extender (Dulbecco’s
PBS, Gibco BRL, New York, USA), blood was extracted
from llamas without anticoagulant. The blood was  left
at room temperature for 2 h and then taken to the
refrigerator 24 h. After this lapse of time, samples were
centrifuged at 3000 rpm during 15 min  and the super-
natant was  aspirated. To remove the complement, the
serum was  maintained at 56 ◦C for 30 min. The serum thus
treated was divided into aliquots and frozen at −20 ◦C until
use.

The K extender contained 2.4 g of powdered skim milk
(Molico®, Argentina) and 4.9 g of glucose (Carlo Erba, Milan,
Italy).

2.7. Statistical analysis

Statistical analysis was conducted using the R 2.2.1.
Program. The Kolmorogov test was used to test normality
of all variables.

2.7.1. Experiment 1
To compare sperm variables with the different exten-

ders between raw and cooled semen, a mixed linear model
was  used considering the extenders as the fixed effect (five
levels: raw semen, semen cooled with L–EY, T–F–EY, S-PBS
and K) and the male as the random effect (eight levels, one
for each of the eight males). As none of the variables stud-
ied showed a significant male-extender interaction, this
was  excluded from the model. Owing to the asymmetry
shown by the variable of sperm motility, evaluated at 37 ◦C
and at 24 h at 5 ◦C with the different extenders, Friedman’s
non parametric test was used instead of the mixed linear
model.

To separately compare raw semen with each of the
2.7.2. Experiments 2 and 3
Descriptive statistics were performed. Mean insemina-

tion doses were compared using the t test.
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3. Results

3.1. Experiment 1: semen extender selection

Results of the descriptive study are summarized in
Table 1. No significant differences (P > 0.05) were observed
between raw semen (control) and semen diluted with the
different extenders at 37 ◦C. In contrast, significant differ-
ences (P < 0.01) were observed between semen diluted at
37 ◦C with the different extenders and cooled semen.

When assessed at the 95% confidence intervals, there
were no significant differences between the percentages of
sperm motility in raw semen and semen cooled in L–EY. In
addition, the percentages of sperm motility in raw semen
and L–EY cooled semen were greater (P < 0.05) than those
obtained when cooling with the extenders: T–F–EY; S-PBS
and K.

Differences (P < 0.01) were observed between raw
semen (control) and semen cooled with the different exten-
ders. When assessed at the 95% confidence intervals, no
significant differences were observed between the percent-
ages of spermatozoa with intact membranes in raw semen
and those cooled with L–EY extender. The percentages
of spermatozoa with intact membranes in semen cooled
with L–EY, T–F–EY and K were greater (P < 0.05) than those
obtained with semen cooled with S-PBS.

Differences (P < 0.01) were observed between raw
semen (control) and semen cooled with the different exten-
ders. When assessed at the 95% confidence intervals, no
significant differences were observed between the percent-
ages of sperm with functional membranes in raw semen,
semen cooled in L–EY and semen cooled in K. Percentages of
sperm with functional membranes were greater (P < 0.05)
in semen cooled in L–EY and K than those cooled in T–F–EY
and S-PBS.

3.2. Experiment 2: artificial insemination using a fixed
insemination dose (FID)

The pregnancy rate in Group A (pre-ovulation AI with
semen diluted at 37 ◦C and FID) was 75% (6/8) with a
range in induction of ovulation (IO) and AI interval (IO–AI
interval) of 22–24 h. The pregnancy rate in Group B (pre-
ovulation AI with cooled semen and FID) was 0% (0/8) with
a range in IO–AI interval of 22–24 h.

3.3. Experiment 3: pre- and post-ovulation AI using a
variable insemination dose (VID) of cooled semen

The pregnancy rate obtained in Group C (pre-ovulation
AI with cooled semen and VID) was 0% (0/10). The IO–AI
interval ranged between 22 and 24 h. Average VID for
this group was 72.7 ± 60.44 × 106 live cooled spermatozoa
(mean ± SD).

The pregnancy rate obtained in Group D (post-ovulation
AI with cooled semen and VID) was 23% (3/13). The
IO–AI interval ranged between 26 and 30 h (average

28.0 ± 1.3 h) (mean ± SD). Average VID for this group was
51.52 ± 49.93 × 106 live cooled spermatozoa (mean ± SD).
The range in insemination dose with which pregnancy was
obtained was between 76 and 210 × 106 spermatozoa. The Ta
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Table 2
Interval between induction of ovulation (IO) and artificial insemination (AI), insemination dose (mean ± standard deviation) and pregnancy rates with
semen  diluted with L–EY at 37 ◦C and semen cooled to 5 ◦C for 24 h in llamas.

Group Number of females
inseminated

Temperature of
the sample (◦C)

Insemination
dose (106)

IO–AI interval
range (h)

Pregnancy
rate (%)

A 8 37 12.0a 22–24 75 (6/8)
B 8 5 12.0a 22–24 0 (0/8)
C 10 5  72.7 ± 60.4b 22–24 0 (0/10)
D 13  5 51.5 ± 49.9b 26–30 23 (3/13)

I n; A: pr ◦

w  VID; D:
i
D

r
A
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w
t
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s
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w
e
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L
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e
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O–AI: interval between induction of ovulation and artificial inseminatio
ith  cooled semen and FID; C: pre-ovulation AI with cooled semen and

nsemination dose was based on the number of live spermatozoa.
ifferent letters in columns indicate differences (P ≤ 0.05).

esults obtained in the different groups with the different
I protocols are summarized in Table 2.

. Discussion

Given the importance of implementing AI programs
ith cooled Lama glama semen, it was necessary to study

he protective capacity of different extenders on sperm
otility and functional integrity and obtain an appropriate

nterval between induction of ovulation and insemination,
uch that pregnancy could be obtained in this species. As
revious reports of pregnancy rates are 0% (Vaughan et al.,
003), the present study reports the first AI pregnancies in
AC using cooled semen.

When comparing sperm motility at 37 ◦C between raw
emen and semen diluted 1:1 with the different extenders,
o significant differences were observed between the sam-
les. Nevertheless, only the samples with extenders having
gg yolk (L–EY and T–F–EY) showed a similar mean motil-
ty to raw semen samples and a greater motility than the
amples extended with S-PBS and K (Table 1). These results
ould seem to indicate that the presence of egg yolk in the

xtender at 37 ◦C would maintain sperm motility in this
pecies. To be able to explain the effect of the egg yolk in the
xtender on sperm motility, Miceli et al. (1998) examined
he effect of preserving human semen in the TEST buffer
ith egg yolk (TYB). These authors observed that specific

urface proteins on spermatozoa were phosphorylated to
 greater extent in sperm incubated with TYB than those
ncubated in other media. Results of this previous study also
ndicated that TYB proteins could also be phosphorylated
y the spermatozoa during the incubation and attached to
he sperm membranes. Taking into account that initiation
nd maintenance of progressive sperm motility seem to
e regulated by phosphoproteins, it would be necessary to
onduct studies in llama semen to confirm if the observa-
ions made by these authors in human semen are also valid
n llamas.

When studying the influence of the extenders on
perm variables after 24 h of cooling, samples diluted with
–EY were the only ones that maintained sperm motil-
ty after cooling and that this motility was greater than
hat obtained with the rest of the extenders. Huanca and
auly (2001) diluted llama semen 1:1 in BSA–glucose,

ooled the samples to 5 ◦C and obtained a 50% decrease
n the initial sperm motility 12 h after cooling. Vaughan
t al. (2003) obtained a sperm motility of 50% after cool-
ng alpaca ejaculates for 24 h in a commercial extender
e-ovulation AI with semen diluted at 37 C and FID; B: pre-ovulation AI
 post-ovulation AI with cooled semen and VID; Insemination dose: the

with egg yolk (Triladyl®). Santiani et al. (2005),  however,
extended samples with either: (1) Tris, glucose, egg yolk
(20%) and cryoprotectants such as glycerol or ethylene gly-
col or (2) cow skim milk, egg yolk (5%), glucose and glycerol
or ethylene glycol. They kept the samples 30 min  at 5 ◦C and
obtained similar percentages of motility to those of the raw
semen in all groups except the samples extended with milk,
egg yolk and glycerol. Morton et al. (2007),  after extending
and cooling alpaca epididymal sperm to 4 ◦C, also reported
that the percentage of sperm motility was  higher extending
1:1 with 11% lactose (80%)–egg yolk (20%) than extending
1:1 or 1:2 with Tris–citric acid–glucose and egg yolk (20%).
In addition, Morton et al. (2010) observed that alpaca epi-
didymal sperm motility was  similar after cooling to 4 ◦C
with 11% lactose (80%)–egg yolk (20%) to after harvesting
the sperm. These results would confirm the beneficial effect
egg yolk has on sperm motility in SAC as it is present in the
commercial extender used by Vaughan et al. (2003) and
in the extender used by Santiani et al. (2005) in the same
proportion (20%) as we  used in this study.

With regard to sperm membrane integrity (viability),
it is interesting to note that only samples cooled with the
L–EY extender did not differ in viability from raw semen.
It is also noteworthy that although the K extender main-
tained the percentage of sperm with membrane function
(swelling), this was  not similar for motility; and that only
L–EY extender was  able to maintain both sperm motility
and membrane function.

The amount of egg yolk used in this study (20%) was sim-
ilar to that used by other authors: 5–20% in alpaca (Santiani
et al., 2005); 20% in epididymal alpaca sperm (Morton et al.,
2007, 2010); 15–30% in bovines (Vishwanath and Shannon,
2000); 20% in buffalo (Sansone et al., 2000) and 10–20%
in camels and dromedaries (Tibary and Anouassi, 1997).
The mechanisms by which egg yolk protects sperm from
cold shock are not completely clear. There is some evi-
dence the protective effect of egg yolk is due to its ability
to interact with the membrane lipid bilayer (Foulkes, 1977;
Watson, 1995), and thus prevent phase transition events
in the membrane lipids (Drobnis et al., 1993; Watson,
1995). Nevertheless, inconsistencies in results exist con-
cerning the stability of this association between egg yolk
and the plasma membrane (Watson, 1975; Foulkes, 1977).
Bergeron and Manjunath (2006) have suggested that the

protective effect of egg yolk consists in competing with
the harmful factors present in the seminal plasma. In
this previous study, it was  determined that in bull semi-
nal plasma there is a family of proteins that bind to the
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lipids (BSP proteins) that would have an adverse effect on
sperm conservation by inducing cholesterol and phospho-
lipid removal from the sperm membrane. It was, therefore,
suggested that the main mechanism of protection consists
in the low density lipoproteins (LDL) of the egg yolk con-
fiscating this family of BSP proteins.

Lactose, the remaining component of the L–EY exten-
der, and other non-permeable sugars such as fructose,
glucose, galactose, sucroseand trehalose, have all been
used for preserving bull sperm (Vishwanath and Shannon,
2000); rams (Aisen et al., 2000); buffalo (Sansone et al.,
2000); alpacas (Morton et al., 2007, 2010), camels and,
dromedaries (Tibary and Anouassi, 1997). The activity of
lactose in preserving the osmotic pressure of the medium
is reflected in the maintenance of the percentage of sper-
matozoa with intact plasma membranes.

The present and previous results generate new ques-
tions and new research possibilities, such as, which are
the mechanisms the L–EY extender uses to maintain sperm
motility and membrane function and integrity. With regard
to the curves used for cooling, Vaughan et al. (2003),
Santiani et al. (2005) and Morton et al. (2007, 2010) all
reported similar curves (between 1.5 and 2 h) to those used
in the present study.

In the present study, AI were performed using the same
insemination route used in a majority of the previous
research in llamas and alpacas (Fernández Baca and Novoa,
1968; Aller et al., 1997, 2003; Bravo et al., 1997, 1999, 2000;
Vaughan et al., 2003), and also in camels and dromedaries
(Skidmore and Billah, 2006) as it is the most physiological
imitation of the placing of semen during ejaculation. The
75% pregnancy rate obtained inseminating with raw semen
diluted 1:1 with L–EY (Group A) is greater than the AI preg-
nancy rates obtained by Leyva et al. (1977) and Aller et al.
(1997, 1999) using raw llama semen both with and without
dilution. Likewise, it is also greater than those obtained by
Fernández Baca and Novoa (1968),  Calderon et al. (1968),
Leyva et al. (1977),  Bravo et al. (1997, 1999) and Apaza et al.
(2001) using raw alpaca semen. In addition, it is similar
to the percentages reported by Huanca et al. (2007) for AI
of raw or diluted semen in the Andean camelid producing
communities of Peru.

With regard to the IO–AI interval, the references indi-
cate that pregnancy rates are greater than 40% (Aller et al.,
1997; Bravo et al., 1997) and fertilization rates greater than
52% (Calderon et al., 1968) when inseminating with raw
semen (either diluted or undiluted) at 37 ◦C, both immedi-
ately and 24 h after having induced ovulation. When using
this same IO–AI interval with cooled semen in the present
study, pregnancies did not occur (Groups B and C), and
neither were there pregnancies in alpacas when these tech-
niques were used (Vaughan et al., 2003). If one considers
that ovulation occurs 28.6 ± 0.36 h after exogenous admin-
istration of LH or GnRH analogues (Bourke et al., 1992) one
could deduce that at the time of insemination (24 h), most
females had not yet ovulated, a fact which we confirmed
ultrasonographically (Groups A–C). It should be empha-

sized that when insemination using cooled semen was
performed after ultrasononic confirmation of ovulation,
more desirable results were obtained. This was  reflected
in the 23% (3/13) pregnancy rate seen in Group D. Calderon
n Science 131 (2012) 204– 210 209

et al. (1968) also obtained more desirable results (greater
fertilization rates, 75%) when they inseminated alpacas
using an IO–AI interval of 35–45 h.

Due to the fact that in Groups C and D the whole
ejaculate was inseminated, the VID range was very large
((12–250) × 106 live spermatozoa). The insemination doses
that achieved pregnancy (as from 76 million live spermato-
zoa) are greater than the doses used to attain pregnancies
with raw semen: 12 × 106 live spermatozoa (FID) in our
study, 28.9 ± 18.7 × 106 total spermatozoa (Aller et al.,
1997) and (4–12) × 106 total spermatozoa (Bravo et al.,
1999). In this previous study, results obtained were sim-
ilar to results obtained with the cooled semen doses used
by Vaughan et al. (2003),  (125–170) × 106 total sperm,
where no pregnancies were obtained. Therefore to obtain
pregnancies with cooled semen it seems to be necessary
to inseminate soon after confirming ovulation and use a
greater dose than when using raw semen. This is similar to
what occurs in other species, where more sperm are needed
to achieve an acceptable degree of fertilization when using
preserved semen (Watson, 2000). The need to shorten the
time between ovulation and insemination could indicate
that cooling is perhaps inducing sperm capacitation or pro-
ducing a capacitation-like process, as has been reported in
other species (Watson, 1995; Neild et al., 2003; Silva and
Gadella, 2006) making it necessary to shorten the inter-
val between the meeting of the gametes or sperm will
acrosome react before reaching the oocyte. This would be
achieved by inseminating after confirming ovulation (not
more than 2 h later).

In conclusion, when using cooled llama semen it would
be important to carry out artificial insemination within
2 h after detecting ovulation and use insemination doses
greater than 76 million total live spermatozoa. The present
study provided evidence that is possible to implement
cooled semen protocols for AI, thus allowing the trans-
portation of semen from genetically superior animals.
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