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Abstract
Background: Egg yolk is the main cryoprotectant agent in semen freezing extenders which is used
in order to protect spermatozoa against cold shock. However, elimination of animal bioproducts
from the cryopreservation protocol is becoming mandatory. Therefore, the aim of this study is to
compare a previously studied, homemade soya bean lecithin based extender with a commercially
available extender for ram sperm cryopreservation.
Materials and Methods: Samples from three rams were pooled and split into two equal aliquots and
diluted (1:20) with i%lecithin - 7%glycerol (L1G7) and Bioxcell®. The effects of L1G7 and Bioxcell® on
sperm parameters and the in vitro fertilization ability of frozen-thawed ram spermatozoa were assessed.
Results: The results of this study revealed no difference between the two extenders in terms of motility,
viability, and capacitation status. The results of in vitro fertilization in terms of rate of blastocyst formation
were similar for both extenders, but significantly lower than that of freshly processed ram sperm.
Conclusion: We conclude that both extenders are suitable for ram sperm cryopreservation.
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Introduction

Sperm cryopreservation has become a part of the routine procedure for assisted reproductive techniques
(ART) in both humans and animals. Cryoprotectants
play a central role in this procedure by resisting sudden temperatures changes, protecting sperm against
cold and warm shock as well as preventing ice formation during freezing and dissolution during the
thawing process (1-3). Such shocks can alter different compartments of sperm and thereby may alter the
integrity and function of the acrosome, nucleus, mitochondria, axoneme and plasma membrane (4-6).
Freezing media consists of one or two cryoprotectants such as glycerol, di methyle sulfoxide (DMSO),
egg yolk, milk and lecithin that are added to diluents
for the freezing of semen. Diluents usually contain
ionic or nonionic substances that sustain osmolarity and have buffering capacity; glucose or fructose
as an energy source; and other additives, such as
enzymes and antibiotics (7, 8). Egg yolk and skim
milk are the most common additives of animal origin that are used for sperm cryopreservation (9-12).
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Recent studies have raised concerns regarding these
two cryoprotectants mainly due to their varied and
diverse composition which makes their quality certification difficult (13-15). In addition, they present
a potential risk for microbial contamination and
production of endotoxins which, in turn, affect the
fertilizing capacity of spermatozoa (7, 16). Therefore, the bull stud industry has replaced egg yolks
with a combination of phospholipids extracted from
lecithin found in plants such as soybean oil (7, 17,
18). Indeed, 10% of soybean lipids are lecithin
based which is believed to be the active component
of low-density lipoproteins in egg yolks (13, 15,
19).
We previously reported, for the first time, that 1%
lecithin can replace egg yolks for ram sperm cryopreservation (20). The objective of this study was
to evaluate the potential cryoprotective property of
lecithin on ram semen in in vitro fertility after undergoing the freezing-thawing process by using 7%
glycerol with Bioxcell® (IMV, Aigle, France), a
commercially available extender.
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Materials and Methods

All chemical reagents were obtained from Sigma
(St. Louis, MO, USA) unless otherwise indicated.
Extender preparation
The basic extender used in this study was prepared
according to our previous publication (20). Briefly,
1% (w/v) soybean lecithin and 7% (v/v) glycerol
was added to a basic extender and named L1G7.
Semen collection and processing
The present study was conducted in the Department of Reproduction and Development at Royan Institute for Animal Biotechnology (Isfahan,
Iran). Semen samples were obtained from three
mature Bakhtiari rams (3 and 4 years of age)
with proven fertility by using an artificial vagina.
The range of semen parameters for the samples
were: volume 0.75-2 ml, sperm concentration ≥
3 × 109 spermatozoa/ml, sperm motility ≥ 70%,
and frequencies of total morphological abnormalities≤ 10%. Samples used for cryopreservation were pooled from the three rams. Samples
were split in two equal aliquots and diluted (1:
20) with L1G7 and Bioxcell® (IMV, L’Aigle,
France). For gradual cooling, the diluted semen
samples were refrigerated at 4°C for 2-3 hours.
Subsequently, 0.25 ml French straws were filled
with diluted semen and placed 4 cm above liquid
nitrogen (LN2) for 12 minutes before plunging
into LN2 and stored until used for assessment of
sperm parameters and in vitro fertilization.
Semen evaluation
Semen parameters, the hypo-osmotic swelling test
(HOST) and chlortetracycline (CTC) assay were
carried out according to Forouzanfar et al. (20),
Revell and Marode (21) and Perez et al. (22), respectively.
In vitro fertilization (IVF)
Oocyte recovery and in vitro maturation
This procedure was carried out according to
Forouzanfar et al. (20). Briefly, aspirated cumulusoocyte complexes (COCs) were cultured in hepesbuffered TCM 199, penicillin- streptomycin 100
IU/ml and 10% (v/v) fetal calf serum (FCS) for 24
hours in 5% CO2 at 39°C and maximum humidity. The conditions for maturation were a slightly
modified version of those described by Shirazi et
al. (23).
Sperm preparation and IVF
Matured COCs were washed four times in the fertilization medium before being transferred into final
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fertilization medium fertilization medium (FertTALP) (24). Oocytes were transferred in groups
of 40-50 into 200 μl drops of fertilization medium.
For insemination, three straws of frozen sperm representing one treatment, were thawed (37°C, 40
seconds) and pooled. Motile spermatozoa were obtained by centrifugation at 700 rpm, on Pure Sperm
(Nidacon; Gothenburg, Sweden) for 10 minutes at
room temperature. A total 2×106 spermatozoa/ml
was added to each droplet of fertilization medium
containing matured COCs and incubated for 24
hours in 5% CO2 in humidified air at 39°C.
In vitro culture
After in vitro fertilization, cumulus cells were removed from presumptive zygotes by vortexing in
2 ml phosphate buffered saline solution (PBS) for
1 minute.
In vitro embryo culture was carried out in
modified SOF medium (25) containing FCS
(10% v/v) under mineral oil in a humidified
atmosphere of 5% CO2 and 90% N2 at 39°C.
The cleavage rate and number of embryos that
reached the blastocyst stage were recorded at
3 and 7-8 days post insemination, respectively
(day 0 = day of insemination).
Statistical analysis
After freezing - throwing, we had two strategies
one for sperm parameters and one for assessment
of fertilization and embryo development. Six and
three replicates were done for assessment of sperm
parameters and fertilization / embryo development
respectively.
The analysis of variance (ANOVA) was used for
comparisons of means. When the ANOVA test
showed statistical differences, the mean of the
treatments were compared using Duncan’s multiple range test (DMRT) and a confidence level of
p<0.05 was considered to be significant. Statistical evaluations were carried out using the Statistical Package for Social Studies Software (SPSS,
16.0). Information on CTC staining was analyzed
using the GENMOD procedure of SAS (version 9)
to fit a generalized linear model with a logit link
function.

Results

The effects of L1G7 and Bioxcell® on sperm parameters and the in vitro fertilization ability of frozen-thawed ram spermatozoa are shown in Tables
1 and 2, respectively. Comparison between these
two extenders showed no significant difference in
terms of sperm motility or viability between the
two groups (Table 1).

Ram Semen Cryopreservation

Table 1: Mean percentages of motility, viability and acrosome status of ram spermatozoa frozen with L1G7 and Bioxcell® extenders.
Extenders
Sperm Parameters

L1G7

Bioxcell®

Total Motility

52.6 ± 3.9

50.1 ± 3.7

Viability

49.1 ± 3.4

47.4 ± 2.8

Uncapacitated (F)

10.5 ± 2.7

8.4 ± 3.1

Capacitated (B)

61.7 ± 3.2

59.8 ± 2.9

Acrosome-reacted (AR) 27.8 ± 1.9

31.8 ± 2.4

No significant differences were observed between the two
extenders at p≤0.05

Fig 1 shows the pattern of staining for uncapacitated, capacitated, and acrosome reacted sperm. The
percentage of each pattern was compared between
the two extenders and the results showed no difference between the two groups (Table 1 and Fig 1).
Table 2: Number of in vitro matured oocytes, as well as their
cleavage and blastocyst rates, that have been inseminated
with fresh or thawed spermatozoa using L1G7 and Bioxcell®. Blastocyst rate is expressed in terms of the number of
inseminated oocytes or cleaved embryos.
Proportion (%) of embryos
developed to
Semen
type

Oocytes
(n)

Cleavage

Blastocyst/
oocytes

Blastocyst/
cleaved
embryos

Fresh

220

90.6 a

34.3

40.2

Frozen/
255
thawed
(Bioxcell
®)

74.6 b

31.4

42.7

Frozen/
thawed
(L1G7)

73.2 b

32.6

41.9

240

Different letters within the same column show significant
differences among the groups (p≤0.05).

AR

F

B

Fig 1: Fluorescent patterns of spermatozoa stained with
CTC staining. Uniform fluorescence head or non-capacitated sperm (F pattern), post-acrosomal region without fluorescence or capacitated sperm (B pattern), and fluorescent freehead or a thin fluorescent band on the equatorial segment or
acrosome reacted sperm (AR pattern).

Results for the cleavage rate and blastocyst devel-

opment per oocytes and per cleaved embryos for
fresh and frozen sperm, using L1G7 and Bioxcell®, are presented in Table 2. The cleavage rate
was significantly higher in oocytes fertilized with
fresh semen as compared to those fertilized with
L1G7and Bioxcell® (p <0.05). The blastocyst
rates in terms of inseminated oocytes were 32.6,
34.3 and 31.4% in L1G7, fresh, and Bioxcell®
groups, respectively. The differences between the
three groups were not significant. The rates of blastocyst formation in terms of cleaved oocytes were
also not significant between the three groups.

Discussion

The use of animal free culture medium also known
as chemically defined medium is becoming mandatory in assisted reproductive technology (19, 26). Egg
yolks are the effective agent in semen extenders (13,
19, 27). Considering the aforementioned fact, in addition to inconsistency in the individual quality differences that are inherent in egg yolks (7, 14, 26), it is
apparent that substitution of egg yolk with animal free
products would have several advantages including
enhancing consistency in the components of semen
extenders and exclusion of hygienic risks (7, 14, 1620). The results of our previous study revealed that the
substitution of egg yolk with 1% lecithin resulted in
development of a suitable extender for cryopreservation of ram semen (20). In this study we compared the
L1G7 extender with a commercially available product, Bioxcell®. The results of this study revealed that
both extenders are efficient for cryopreservation of
ram semen. We observed no significant difference in
terms of sperm motility, viability and capacitation status between the two extenders. In addition, no significant difference was observed in terms of cleavage rate
and blastocyst formation between the two extenders.
However, the cleavage rates of both extenders were
lower than fresh sperm, indicating that additional investigation for optimization of ram cryopreservation
is required. Therefore, from the results of this study it
can be concluded that both extenders are suitable for
ram semen cryopreservation.
The results of this study only reveal that these two
extenders are suitable for ram semen cryopreservation for in vitro use. In order to evaluate the use of
the extenders for in vivo use, further studies are necessary. Indeed soybean lecithin based extender has
been used for cryopreservation of bovine semen and
resulted in higher motility, viability and non-return
rate after artificial insemination compared with egg
yolk based extender. To our knowledge, the only report available on ram semen cryopreservation using
Bioxcell® has resulted in a pregnancy rate of 35.9%
(NRR-21), which was far below the rate reported for
151
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other soybean based-extenders applied in bovines.
Moreover, there is a report on using a commercial
soybean lecithin based extender (AndroMed®) in
sheep which resulted in a 56.7% pregnancy rate after
artificial insemination (26).

Conclusion

Considering that these products have GM, therefore we
recommend the use of commercially available products for field work. Therefore, from our study there is
a need to investigate the efficiency of our homemade
extender to be used for artificial insemination.
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