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It is not easy to separate frozen-thawed South American camelid sperm from seminal

plasma (SP) and diluents to be used for in vitro embryo production. The objective of this

study was to evaluate Androcoll-ETM (AE) efficiency to separate llama sperm from SP and

freezing extender in frozen-thawed semen. A total of 22 ejaculates from five Lama glama

males were collected using electroejaculation. After performing semen analysis (sperm

motility, concentration, viability, membrane function, and acrosome integrity), samples

were cryopreserved with a diluent containing lactose, ethylenediaminetetraacetic acid

(EDTA), egg yolk, and 7% dimethylformamide. After thawing, samples were divided

in aliquots, one of which was used as a control and the others processed by AE.

Experiment 1 (12 ejaculates): 100 µl of frozen-thawed semen was placed on top of 1,000

µl AE column and centrifuged at 800 g for 10min. Experiment 2 (10 ejaculates): two

samples of 100 µl of frozen-thawed semen were placed on two columns of 500 µl AE

each, and both were centrifuged at 800 g for 10 and 20min, respectively. Pellets were

resuspended in Tyrode’s albumin lactate pyruvate (TALP) medium, and sperm parameters

were evaluated. A significant decrease in all sperm parameters was observed in thawed

samples compared to raw semen. AE allowed the separation of frozen-thawed sperm

fromSP and freezing extender independently from the height of the column used and time

of centrifugation assayed. Although no significant differences were found between AE

columns, higher sperm recovery was observed with 500 µl of AE coupled with 20min of

centrifugation. Despite the significant decrease observed in spermmotility in AE samples,

no changes in sperm viability, membrane function, and acrosome integrity were observed

when comparing control thawed semen with the sperm recovered after AE (p > 0.05).

The use of AE columns, either 500 or 1,000 µl, allows the separation of frozen-thawed

llama sperm from SP and freezing extender, preserving the viability, membrane function,

and acrosome integrity. Of the protocols studied, 800 g centrifugation during 20min using

a 500µl column of AE would be the method of choice to process frozen-thawed llama

semen destined for reproductive biotechnologies.
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INTRODUCTION

It is well-known that South American camelid (SAC) semen
presents special rheological characteristics such as high structural
viscosity (1) and the capacity to form a thread when handled (2).
Furthermore, ejaculated sperm of these species have a particular
motility pattern, they possess oscillatory motility with practically
no progressivemotility (2–4). Due to these characteristics, several
in vitro SAC embryo production studies have reported the
use of sperm recovered from animals with deviated deferent
ducts or collected from the epididymis after death or castration,
since those samples are free of seminal plasma (SP) and have
sperm with progressive motility (5–13). Moreover, the absence
of high viscosity and thread formation are advantages when
processing these SP-free samples. However, protocols designed
for epididymal sperm will not necessarily have similar outcomes
when applied in raw semen samples that have SP, and the surgical
intervention performed to deviate the deferent ducts renders the
animal useless for future breeding.

Also, SAC embryos have been obtained in vitro using
spermatozoa from enzymatically treated ejaculates subsequently
processed with colloids such as Percoll R© or Androcoll-ETM

(AE) (14, 15). Although enzymatic treatment reduces thread
formation of camelid semen and facilitates manipulation of
samples, the effect that it could induce in sperm membrane
components is still unknown. In addition, it has been suggested
that Percoll R© could be potentially dangerous to sperm cells (16).
Thus, it is recommended to wash and centrifuge sperm after
using this colloid, consequently increasing the time required for
preparation of samples (17) and producing cell damage due to the
rise in production of reactive oxygen species (18).

The use of frozen-thawed semen for in vitro embryo
production in llamas is a very interesting tool, since it would
allow the use of sperm at a later date and thus become
independent from the day of sample collection, permitting
a better planning of in vitro fertilization (IVF) timing.
Additionally, it would allow the use of ejaculates from males of
high genetic value that are no longer available to work with or
even after their death. Moreover, survival of SAC cryopreserved
sperm is very low, obtaining very poor pregnancy rates when
artificial insemination (AI) is performed with frozen-thawed
semen in these species (19–22). The results have been related
to the rheological characteristics previously mentioned, which
prevent accurate homogenization of ejaculates with the diluents
and probably affecting proper penetration of cryoprotectants
across sperm cell membranes. However, cryopreservation of
llama sperm in the absence of SP does not improve sperm survival
(23, 24). Considering all these facts, selection of suitable frozen-
thawed sperm from samples where the majority are dead could
be an alternative to SAC. In other species, greater percentages
of motile, viable, and morphologically normal sperm with intact
acrosomes and intact DNA have been reported in frozen-thawed
samples treated with Androcoll [horse: (25, 26); dog: (27, 28);
donkey: (29, 30); brown bear: (31)]. Recently, AE allowed the

Abbreviations: SACs, South American camelids; SP, seminal plasma; AE,
Androcoll-ETM.

separation of llama sperm from SP in raw semen samples,
avoiding the use of enzymatic treatments (32). However, this
colloid has not yet been used with llama frozen-thawed semen
samples. In this context, the objective of this study was to evaluate
the efficiency of AE to separate llama frozen-thawed sperm from
SP and the freezing extender.

MATERIALS AND METHODS

Reagents
Propidium iodide (PI), 6-carboxyfluorescein diacetate, dimethyl
sulfoxide, and the reagents for the Tyrode’s albumin lactate
pyruvate (TALP) medium and for the hypoosmotic swelling
(HOS) test were purchased from Sigma Chemicals (Sigma
Aldrich, Buenos Aires, Argentina). Coomassie Blue (CB) was
purchased from Bio-Rad, California, United States.

Animals and Location
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′.

For the study, five male Lama glama ranging between 7 and
11 years of age and weighing 142.6 ± 19.2 kg (mean ± SD) were
used. Animals were kept out at pasture in pens and supplemented
with bales of alfalfa; they also had free access to fresh water
throughout the study. All males were shorn during the month
of November.

Experimental Design
Semen collections were carried out between April and October
using electroejaculation (EE) under general anesthesia according
to the technique described by Director et al. (33). The frequency
of collection for each male was determined randomly. As EE
requires general anesthesia, this method was not used on the
same male at an interval of <15 days. All procedures were
approved by the Committee for the Use and Care of Laboratory
Animals (CICUAL) of the Faculty of Veterinary Sciences of the
University of Buenos Aires (protocol 2019/22).

A total of 22 ejaculates from five adult llama males
were processed. After the evaluation of semen characteristics,
samples were cryopreserved with a diluent containing lactose,
ethylenediaminetetraacetic acid (EDTA), egg yolk, and 7%
of dimethylformamide. Briefly, ejaculates were diluted to a
final concentration of 40 × 106 spermatozoa/ml or, if initial
concentration was lower, a 1:1 (semen:extender) dilution was
carried out. Then, samples were equilibrated for 20min at room
temperature, loaded into 0.25-ml straws and frozen using a
manual method (34). Briefly, temperature descent was carried
out in three phases by placing the straws, together with a digital
thermometer, submerged in a mixture of ethanol:acetone (1:1)
in a bronze canister with a graduated handle and holding over
liquid nitrogen vapors inside a 10-L nitrogen tank. Temperature
phases were as follows: (i) from room temperature to −15◦C
(temperature descent at a rate of 10◦C−12◦C min−1), (ii) from
−15◦C to −120◦C at a rate of 25◦C−40◦C min−1, and (iii)
the straws were plunged into liquid nitrogen at −196◦C. The
samples were thawed in a water bath at 37◦C for 60 s. After

Frontiers in Veterinary Science | www.frontiersin.org 2 January 2021 | Volume 7 | Article 594926

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Guillén Palomino et al. Androcoll-ETM in Frozen Llama Semen

thawing, semen samples were divided into aliquots, one of which
was used as a control (unprocessed sample) and the others were
processed through AE according to the experiment. Experiment
1 (12 ejaculates): 100 µl of frozen-thawed semen was placed on
top of 1,000 µl AE column and centrifuged at 800 g for 10min.
Experiment 2 (10 ejaculates): two samples of 100 µl of frozen-
thawed semen were placed on top of two columns of 500 µl
AE each, and both were centrifuged at 800 g for 10 and 20min,
respectively. In both experiments, after centrifugation through
AE, pellets were resuspended in TALP medium and the sperm
were evaluated.

Sperm Evaluations
Each ejaculate was evaluated for sperm quality before freezing
(raw semen), after thawing (frozen-thawed semen control), and
after processing by AE (frozen-thawed AE samples).

Volume of the ejaculates was evaluated using a micropipette.
Thread formation was evaluated indirectly according to the

capacity of the samples to form a thread when 20µl of the sample
was pipetted onto a slide using a micropipette. This parameter
was classified as either present or absent.

Sperm motility was evaluated using a phase contrast
microscope (100×) and a warm stage (37◦C). The patterns
observed were oscillatory motility and progressive motility. In
addition, total sperm motility was calculated (total motility =

oscillatory+ progressive).
Sperm concentration was calculated using a Neubauer

hemocytometer chamber.
The 6-carboxyfluorescein diacetate (CFDA) and PI stains were

used for assessing membrane integrity (viability) according to
Giuliano et al. (35). Briefly, samples (12.5 µl) were incubated
at 37◦C for 10min in 127 µl of staining medium. This medium
contained 2 µl of a solution of CFDA (0.5mg ml−1 in dimethyl
sulfoxide) and 125 µl of saline medium [described by Harrison
and Vickers (36)]. After the first 10min of incubation, 2
µl of a solution of PI (0.5mg ml−1 in isotonic saline) was
added and the samples were incubated for another 10min at
37◦C. A minimum of 200 spermatozoa were evaluated per
sample using an epifluorescencemicroscope (400×) (Leica R©, 134
DMLS, Heerbrugg, Switzerland). Spermatozoa that fluoresced
green throughout their length were classified as being viable
(intact membrane), while sperm nuclei that fluoresced red were
classified as non-viable (damaged membrane).

The HOS test in combination with CB staining, according to
Carretero et al. (37), was performed to evaluate spermmembrane
function and acrosome integrity. Briefly, for the HOS test,
12.5 µl of samples were incubated at 37◦C for 20min in 50
µl of a hypoosmotic solution containing fructose and sodium
citrate (50 mOsml l−1). After the incubation, 62.5 µl of 4%
paraformaldehyde in PBS was added and samples were incubated
for 4min at room temperature, with subsequent centrifugation at
800 g for 10min. Pellets were then resuspended in 100 µl of PBS.
Next, small drops of the sample were placed onmicroscope slides,
within previously marked wells using a hydrophobic barrier
pen, and were left to dry at room temperature. Samples were
stained with 0.22% CB for 5min and were examined using
an optical microscope at 1,000× magnification. Sperm cells

that showed the characteristic tail swelling were classified as
HOS positive (HOS+), while sperm cells without tail swelling
were classified as HOS negative (HOS-). At the same time,
sperm cells were classified according to CB acrosome staining
as follows: purple-stained acrosomes (CB+; acrosome present)
or absence of acrosome staining (CB-; acrosome absent).
Finally, 200 spermatozoa from each sample were analyzed and
classified into the following categories: (1) sperm with functional
plasma membranes and presence of acrosomes (HOS+/CB+),
(2) sperm with functional plasma membranes and without
acrosomes (HOS+/CB–), (3) sperm with non-functional plasma
membranes and presence of acrosomes (HOS–/CB+), and (4)
sperm with non-functional plasma membranes and without
acrosomes (HOS–/CB–).

Statistical Analysis
Statistical analyses were performed using InfoStat software
(Student Version) (https://www.infostat.com.ar/index.php?
mod=page&id=15). In all cases, normal distribution and
homogeneity of variances of the data were corroborated
using the Shapiro–Wilk’s normality test and a Bartlett’s test,
respectively. The level of significance was set at 0.05 for
all analyses.

To compare raw and frozen-thawed semen, a paired Student
t-test was used to assess sperm viability, membrane function,
and acrosome integrity; because sperm motility did not show a
normal distribution, this was analyzed by Wilcoxon test.

To compare frozen-thawed semen (control) and frozen-
thawed samples processed by AE, a paired Student t-test
(experiment 1) and a factorial design with a Tukey test
(experiment 2) were used to evaluate sperm concentration,
viability, membrane function, and acrosome integrity. Because
sperm motility did not show a normal distribution, these data
were analyzed by a Wilcoxon test (experiment 1) and a Kruskal–
Wallis test (experiment 2).

RESULTS

Raw Semen vs. Frozen-Thawed Semen
(Control)
The volume of the ejaculates was 1.2 ± 0.6ml (mean ± SD).
Thread formation was observed in 15 of the 22 ejaculates that
were collected (68.2%), which was maintained in nine of the 22
frozen-thawed semen samples (40.9%).

In both experiments (1 and 2), a significant decrease (p <

0.05) in all sperm parameters, except progressive motility, was
observed in frozen-thawed semen samples (untreated controls)
compared to raw semen (Table 1 for experiment 1 and Table 2

for experiment 2).

Frozen-Thawed Semen (Control) vs.
Frozen-Thawed Samples Processed by
Androcoll-ETM

The use of AE allowed separation of frozen-thawed llama
sperm from SP and from the freezing extender independently
of the height of AE column (500 and 1,000 µl) and time
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TABLE 1 | Sperm parameters evaluated in raw semen and frozen-thawed (FT)

llama semen (untreated control) in ejaculates used for experiment 1.

Sperm (%) Raw semen FT semen (control)

Oscillatory motility 51.3 ± 8.6a 7.3 ± 7.2b

Progressive motility 2.7 ± 4.6a 1.1 ± 2.6a

Total motility 54.0 ± 13.0a 8.4 ± 6.6b

Viability 69.2 ± 11.2a 13.5 ± 9.5b

HOS+CB+ 60.0 ± 10.5a 14.2 ± 4.8b

Values are expressed as means ± SD (n = 12 ejaculates). HOS+CB+: percentage

of sperm positive to the hypoosmotic swelling test (HOS+) with an acrosome present

(CB+). a,bFor each sperm parameter, different letters between columns indicate significant

differences (p < 0.05).

TABLE 2 | Sperm parameters evaluated in raw semen and frozen-thawed (FT)

llama semen (untreated control) in ejaculates used for experiment 2.

Sperm (%) Raw semen FT semen (control)

Oscillatory motility 41.3 ± 19.7a 6.1 ± 6.0b

Progressive motility 3.1 ± 4.5a 3.0 ± 3.8a

Total motility 44.4 ± 19.1a 9.1 ± 5.8b

Viability 51.6 ± 16.8a 17.3 ± 6.8b

HOS+CB+ 44.7 ± 11.9a 22.3 ± 8.9b

Values are expressed as means ± SD (n = 10 ejaculates). HOS+CB+: percentage

of sperm positive to the hypoosmotic swelling test (HOS+) with an acrosome present

(CB+). a,bFor each sperm parameter, different letters between columns indicate significant

differences (p < 0.05).

TABLE 3 | Sperm concentration, motility (oscillatory, progressive, and total),

viability, and spermatozoa with functional membranes and an acrosome present

(HOS+CB+) in frozen-thawed (FT) llama semen (untreated control) and FT

samples centrifuged 20min through 1,000 µl of Androcoll-ETM columns (FT-AE).

FT semen (control) FT-AE (1,000 µl)

Concentration (×106 sperm/ml) 30.0 ± 6.1a 4.4 ± 9.5b

Oscillatory motility (%) 7.3 ± 7.2a 1.4 ± 2.0b

Progressive motility (%) 1.1 ± 2.6a 0.4 ± 1.0a

Total motility (%) 8.4 ± 6.6a 1.8 ± 2.1b

Viability (%) 13.5 ± 9.5a 12.1 ± 10.0a

HOS+/CB+ 14.2 ± 4.8a 11.0 ± 5.5a

Values are expressed as means ± SD (Experiment 1, n = 12 ejaculates). a,bFor

each sperm parameter, different letters between columns indicate significant differences

(p < 0.05).

of centrifugation used (10 and 20min.). Although it is not
possible to statistically compare experiments 1 and 2, the highest
sperm recovery was observed in samples processed with 500 µl
AE columns combined with 20min of centrifugation at 800 g
(Tables 3, 4).

None of the sperm pellets resuspended in TALP medium
after AE treatment presented thread formation. In both
experiments, a significant decrease (p < 0.05) in total and
oscillatory sperm motility was observed in frozen-thawed
samples centrifuged through AE compared to untreated control

TABLE 4 | Sperm concentration, motility (oscillatory, progressive, and total),

viability, and spermatozoa with functional membranes and an acrosome present

(HOS+CB+) in frozen-thawed (FT) llama semen (untreated control) and FT

samples submitted to different centrifugation times (10 and 20min) through 500 µl

of Androcoll-ETM columns (FT-AE).

FT semen

(control)

FT-AE (500

µl) 10 min

FT-AE (500

µl) 20 min

Concentration(×106 sperm/ml) 33.8 ± 10.0a 5.1 ± 4.1b 7.4 ± 4.5b

Oscillatory motility (%) 6.1 ± 6.0a 1.0 ± 1.1b 1.0 ± 1.6b

Progressive motility (%) 3.0 ± 3.8a 1.0 ± 1.7a 0.7 ± 1.6a

Total motility (%) 9.1 ± 5.8a 2.0 ± 2.6b 1.7 ± 3.2b

Viability (%) 17.3 ± 6.8a 21.5 ± 9.8a 24.7 ± 11.9a

HOS+/CB+ 22.3 ± 8.9a 15.0 ± 8.9a 15.8 ± 9.2a

Values are expressed as means ± SD (Experiment 2, n = 10 ejaculates). a,bFor

each sperm parameter, different letters between columns indicate significant differences

(p < 0.05).

frozen-thawed semen. However, no significant differences were
observed in sperm viability, membrane function, and acrosome
integrity (HOS+CB+) between processed and control semen
samples (Table 3 for experiment 1 and Table 4 for experiment
2). In addition, no statistical differences were observed
in the other HOS/CB categories (HOS+/CB–, HOS–/CB+,
and HOS–/CB–) between frozen-thawed samples centrifuged
through AE and untreated control frozen-thawed semen (data
not shown).

DISCUSSION

To our knowledge, this is the first study that evaluated the
efficiency of a single-layer centrifugation (SLC) through AE
to separate frozen-thawed llama sperm from SP and the
freezing extender.

A significant decrease in all sperm parameters (total and
oscillatory motility, viability, sperm membrane function, and
acrosome integrity) was observed after thawing all samples.
Several authors have observed the same results, not only in
llamas and alpaca (20, 24, 34, 38–40) but also in thawed semen
samples from other species [horse: (41); ram: (42, 43); dog:
(28); bull: (44); donkey: (29, 30); brown bear: (45)]. The main
concern in SACs is the greater loss in sperm quality after
thawing (between 65 and 85%) compared to other species,
in which the expected decrease in sperm survival is around
50% of the initial value (46). Accordingly, frozen-thawed SAC
semen samples harbor a high percentage of damaged and dead
cells; therefore, selecting good-quality sperm would be a useful
procedure to implement.

Although sperm recovery in frozen-thawed samples processed
by AE was low, it was possible to obtain llama sperm free
of SP and freezing extender. In contrast, Giuliano et al. (47)
observed that the use of AE colloid was unable to separate cooled
llama sperm from the egg yolk extender used to preserve the
samples. Bertuzzi et al. (32), on the other hand, successfully
achieved the separation of llama sperm from SP in raw semen
without previous enzymatic treatment using AE, but similarly
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to the present study, obtained low sperm recovery. In our
opinion, it would be possible to obtain greater numbers of
recovered sperm by increasing the number of columns used
and process the whole ejaculate (and not only an aliquot). In
this study, a small volume of sample (100 µl) was placed over
the AE column, but considering that the total volume of llama
frozen-thawed semen varies between 0.25 and 5ml, multiple
columns could be used to process the whole frozen ejaculate,
thus increasing the efficiency of the protocol in terms of sperm
recovery. Furthermore, it has been suggested that the initial
presence of thread formation in llama ejaculates would seem to
play an essential role in the percentage of sperm recovery after
the AE treatment (32). These authors observed a lower sperm
recovery in samples that showed thread formation compared to
the ones that did not. Thus, the same influence could be occurring
in llama frozen semen since 40% of thawed samples presented
thread formation. In addition, the presence of egg yolk in the
diluent could further increase thread formation and exacerbate
the situation.

Although total and oscillatory motility decreased in samples
processed with AE, sperm viability, membrane function, and
acrosome integrity were preserved. The presence of immotile
sperm with intact and functional membranes in raw and frozen-
thawed llama semen has been reported previously (24, 34, 35, 40).
In contrast to our results, Giuliano et al. (47) observed that
cooled llama sperm processed with Percoll R© maintained the
percentages of total sperm motility, while viable sperm decreased
in comparison with the untreated cooled semen samples. The
differences between the studies could be attributed to the
different sperm preservation methods used (freezing vs. cooling)
and also to the different colloids applied to process the samples
(AndrocollTM vs. Percoll R©).

Notably, in the present study and the one by Giuliano et al.
(47), the use of AE and Percoll R©, respectively, did not accomplish
sperm selection, in consequence, the seminal quality of llama
cryopreserved samples did not improve. In other species, greater
percentages of motile, viable, and morphologically normal sperm
with intact acrosomes and DNA have been reported in frozen-
thawed samples treated with Androcoll [horse: (25, 26); dog:
(27, 28); donkey: (29, 30); brown bear: (31)]. Differences
in our results could be due to the fact that these authors
used a species-specific Androcoll (Androcoll-E, Androcoll-P,
Androcoll-C, and Androcoll-bear). It is worth noting that,
currently, there are no reports on the use of a specific type
of Androcoll for SACs. In a study performed in dromedary
semen, the incorporation of SLC prior to freezing improved
post-thaw sperm variables; however, these authors omitted
the type of Androcoll used (48). The use of AE in the
present study was decided because this treatment proved to
be effective as part of a protocol to obtain llama embryos by
IVF using raw llama semen previously treated with collagenase
and then selected by AE (15). Other differences between the
abovementioned studies and ours are the colloid:semen ratio
and the centrifugation speed used. Regarding the colloid:semen
relation, a similar proportion to the one used in Experiment
2 was tested in stallions (25, 26), while in studies carried
out in brown bears, the authors used columns with similar

volumes to those used in our experiment 1 (31). On the
other hand, in dogs and donkeys, higher volumes of semen
were placed over the colloid compared to our study (27–30).
Finally, concerning centrifugation velocities, in the species where
sperm quality improved after the use of Androcoll columns,
lower centrifugation speeds were used (300 g 20min and 600
g 10min) compared to the one applied in the present study
(800 g). We decided that testing a higher centrifugation speed
was a good strategy because, taking into account the rheological
characteristics of SAC semen (high structural viscosity and thread
formation) and the fact that we did not treat the samples
enzymatically prior to centrifugation through Androcoll, we
considered that a higher speed could counteract the possible
interference of these seminal characteristics with the separation
of sperm from SP. Besides, in a previous experiment, we
evaluated a lower centrifugation speed (600 g) to treat raw llama
semen with AE without improving the quality of the sperm
obtained and with less sperm recovery compared to 800 g (32).
These results would seem to indicate that not only is the use
of a species-specific Androcoll important when processing the
samples but, for the protocol be efficient, the colloid:semen ratio
and the centrifugation speed used perhaps also need to be varied
according to the species.

Further research needs to be conducted to determine which
modifications in the protocol such as colloid density, columns
heights, and centrifugation speeds and time are required to
improve sperm recovery and to increase the quality of the sperm
obtained. Additionally, raw semen samples could be treated with
AE before freezing as it has been demonstrated in other species
that sperm selection with a SLC prior to cryopreservation can
increase post-thaw sperm quality [horse: (41); boar: (49); brown
bear: (45)]. One possible disadvantage of AE treatment prior to
llama semen cryopreservation could be the low sperm recovery
and thus an inadequate sperm pellet for cryopreservation. Added
to this, previous studies have shown that freezing llama sperm
in the absence of SP does not improve post-thaw cryosurvival
(23, 24).

CONCLUSIONS

The use of AE columns, either 500 or 1,000 µl, allowed
the separation of cryopreserved llama spermatozoa from SP
and freezing extender, preserving sperm viability, membrane
function, and acrosome integrity. Of the protocols tested,
centrifugation through a 500µl column of AE at 800 g during
20min would be the method of choice to process frozen-thawed
llama semen bound for reproductive biotechnologies such as IVF
or intracytoplasmic sperm injection (ICSI). However, different
AE:semen ratios, as well as other colloids, should be assayed
to improve sperm recovery and to increase the quality of the
sperm obtained.
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