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Abstract

Cryopreservation of spermatozoa from endangered species is a valuable tool for genetic management.
Previous studies showed the feasibility of cryopreservation of spermatozoa from various endangered gazelles
but have also revealed difficulties with available protocols for semen freezing in Cuvier’s gazelle (Gazella
cuvieri). Experiments were carried out to investigate the effect of (a) 5% or 20% egg yolk or 4% or 6%
glycerol, and (b) addition of sugars (glucose, fructose, lactose and raffinose) on cryopreservation using a
Tes-Tris-based diluent (TEST). A diluent containing 13.5% raffinose, 5% or 20% egg yolk, and 6% glycerol
(REYG) was also evaluated. Semen was obtained by electroejaculation from 22 G. cuvieri males. Diluted
samples were loaded into 0.25 ml straws, cooled to 5 ◦C over 1.5 h (−0.16 ◦C/min), equilibrated at that
temperature for 2 h, frozen in nitrogen vapours for 10 min and plunged into liquid nitrogen. Subsamples
were assessed for motility and acrosome integrity upon collection, after refrigeration–equilibration, after
freezing and thawing, and 2 h after thawing. Use of TEST with 20% egg yolk or with 4% glycerol led to
worse motility preservation, whereas TEST with 5% egg yolk and 6% glycerol led to better results. Addition
of fructose, lactose or raffinose to TEST resulted in similar or worse preservation of motility than inclusion
of glucose. On the other hand, use of a raffinose-based medium with 20% egg yolk and 6% glycerol (REYG)
afforded better preservation of motility than use of TEST. With REYG, 20% egg yolk was better than 5% egg
yolk for motility preservation. Differences were noted between males in their responses to cryopreservation
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when using different egg yolk or glycerol concentrations. Moreover, spermatozoa from most males exhibited
better cryopreservation with REYG although some were better cryopreserved in TEST. The raffinose-based
diluent thus represents an improvement over previous results but more work is needed to better characterize
cryopreservation conditions for future routine banking of Cuvier’s gazelle spermatozoa.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Cuvier’s gazelle (Gazella cuvieri) inhabits the mountain regions of Morocco, Algeria and
Tunisia. Extensive habitat destruction and hunting have reduced the wild populations of this
species to small scattered groups inhabiting inaccessible areas (Alados et al., 1988) and this has
resulted in the species being currently categorized as “Endangered” (IUCN, 2007). Under these
circumstances, captive breeding represents a good opportunity to avoid extinction (IUCN, 2002).
Since 1971 the Estación Experimental de Zonas Áridas (EEZA) has developed captive breeding
programmes for this endangered gazelle and for two others from northern Africa which are also
endangered: the Mohor gazelle (Gazelle dama mhorr) and the dorcas gazelle (G. dorcas neglecta).
These three species have reproduced successfully in captivity allowing for the translocation of
animals to zoos and animal parks in Spain, Europe and the USA. The history and reproduction of
populations of these species have been reported previously (Olmedo et al., 1985; Alados et al.,
1988; Alados and Escos, 1991; Cano, 1991; Escos, 1992; Barbosa and Espeso, 2005; Roldan et
al., 2006; Moreno and Espeso, 2007).

In 1975, one male and two female Cuvier’s gazelles were brought to the EEZA, and in 1986,
a new male was incorporated into the population (Escos, 1992; Moreno and Espeso, 2007). This
small number of founders has resulted in high levels of inbreeding in the captive Cuvier’s gazelle
population. This is an important issue since the future of this species relies heavily on the success
of the captive breeding programme established at the EEZA. Deleterious effects of inbreeding on
reproductive traits have been identified in G. cuvieri males. A negative relation exists between
inbreeding and semen characteristics such as sperm motility, morphology and acrosome integrity
(Roldan et al., 1998, 2006; Gomendio et al., 2000). Since these traits are important for fertilization,
it is believed that reproductive success of males with high levels of inbreeding may be seriously
compromised.

Semen preservation and artificial insemination could become powerful tools for the genetic
management of gazelle breeding programmes since these assisted reproductive techniques would
allow the storage of semen from genetically valuable animals, extend generation times, circumvent
husbandry or health problems that may prevent certain animals from breeding, and may facilitate
transfer of semen between subpopulations that are geographically or biologically isolated (Wildt,
1992; Holt and Pickard, 1999; Watson and Holt, 2001).

Few studies have addressed semen preservation in gazelles. There have been attempts of
cryopreservation and artificial insemination in the Speke’s gazelle (G. spekei) but no births were
obtained using frozen–thawed semen (Boever et al., 1980). Earlier work has achieved semen
cryopreservation in dorcas gazelle (G. dorcas) using either pellets (Howard et al., 1981) or straws
(Garde et al., 2003). The latter study also reported better cryosurvival with various diluents (Garde
et al., 2003). However, no attempts have been reported on artificial insemination in this species. In
Mohor gazelle (G. dama), the feasibility of semen cryopreservation has been demonstrated (Holt
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et al., 1996) and results improved in recent work (Garde et al., 2003) and artificial insemination
trials have resulted in the birth of live offspring (Roldan et al., 2006).

Our earlier work has revealed that although it is possible to cryopreserve semen from Cuvier’s
gazelle, poor survival after freezing and thawing was obtained when three different semen diluents
(Triladyl, Tes-Tris-glucose, and Tris-trehalose) were used (Garde et al., 2003). These results
indicate that improvement of protocols for semen cryopreservation are needed for this species
if samples are to be stored in a genetic resource bank for future use in assisted reproductive
techniques.

The survival of spermatozoa during freezing and thawing is affected by many factors, including
the composition of the cryodiluent (Curry, 2000; Yoshida et al., 2000; Watson, 2000; Leibo and
Songsasen, 2002). Among diluent components, the concentration of egg yolk may be important
for gazelle sperm cryopreservation since it has been reported for Mohor gazelle spermatozoa that
a concentration of 20% egg yolk in a Tes-Tris-based diluent leads to poorer cryosurvival than a
concentration of 5% egg yolk (Holt et al., 1996). The amount of glycerol, or other cryoprotectants,
and the presence or absence of sugars in the cryodiluent, may also be important (Salamon and
Maxwell, 1995, 2000; Loskutoff et al., 1996; Leibo and Bradley, 1999; Holt, 2000; Watson and
Holt, 2001; Cheng et al., 2004). Glycerol is considered the most effective cryoprotectant for rumi-
nants (Leibo and Songsasen, 2002). Nevertheless, for gazelle species an optimal concentration
has not been defined.

The beneficial effects of sugars in the diluent on the post-thaw viability of mammalian sperm
cells have been described (Lapwood and Martin, 1966; Garcı́a and Graham, 1989; Abdelhakeam
et al., 1991; Molinia et al., 1994). Sugars provide an energy substrate for sperm cells during
incubation, maintain the osmotic pressure of the diluent and act as cryoprotectants (Leibo and
Songsasen, 2002). Many studies have used glucose or fructose in TEST extenders for freezing
ungulate spermatozoa. However, no studies exist examining the influence of different sugars in
TEST diluent on gazelle semen cryosurvival (Salamon and Maxwell, 1995, 2000).

We have undertaken this study to explore the ability of various diluent components to sup-
port cryopreservation of spermatozoa from Cuvier’s gazelle. We sought to improve freezing
protocols by modifying a Tes-Tris (TEST) diluent employed previously in this and related
species (Garde et al., 2003), changing the concentrations of egg yolk and glycerol, or incor-
porating various sugars (mono-, di- and trisaccharides). In addition, we have examined the ability
of a raffinose-based cryodiluent that has been successfully employed for cryopreservation of
bull spermatozoa (Nagase and Graham, 1964; Nagase et al., 1964; Roldan, 1966) to support
cryosurvival.

2. Materials and methods

2.1. Animals

Animal manipulations were performed in accordance with the Spanish Animal Protection
Regulation, RD223/1988, which conforms to European Union Regulation 86/609.

Adult G. cuvieri males used in this study were maintained at the Parque de Rescate de la
Fauna Sahariana (PRFS) in the outskirts of Almeria. The PRFS is located at 36◦50′10′′ north,
and 2◦27′48′′ west, and at 100 m above sea level. A total of 22 males of G. cuvieri (age > 3 years,
weight > 28 kg) were used, distributed in various experimental series. All the males were kept as
isolated animals in individual enclosures and they were healthy and reproductively mature at the
beginning of the study.
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2.2. Semen collection

Semen collection was performed under surgical anesthesia, using a combination of intramuscu-
lar administration of xylazine (0.2 mg/kg bodyweight) (Bayer, Barcelona, Spain) and intravenous
injection of ketamine chlorohydrate (15 mg/kg bodyweight) (Rhône Merieux, Lyon, France).
When necessary, surgical anesthesia was maintained using halothane inhalation (Fluothane,
AstraZeneca, Madrid, Spain). After semen collection, the effects of anesthesia were reversed
by intravenous injection of the antidote, yohimbine chlorohydrate (0.025 mg/kg bodyweight)
(Sigma, Madrid, Spain).

Semen was collected by electroejaculation using a sine-wave stimulator (P.T. Electronics,
Boring, OR, USA) as described previously (Garde et al., 2003). The stimulator was capable of
monitoring voltage and amperage and used an AC current of 220 V, 60 Hz, with a transformer
producing a maximum of 55 V and 1.5 A. The stimulating voltage was delivered using a nylon
rectal probe with three longitudinal, surface mounted electrodes. Probe diameter, probe length
and electrode length were 2.7 cm, 29.5 cm and 5.8 cm, respectively. The probe was lubricated and
gently inserted into the rectum, and orientated so that the electrodes were positioned ventrally.
The penis was prolapsed beyond the prepuce and semen collected using a 30 ml sterile plastic
container which was kept warm by covering it with the hand.

The electroejaculation protocol used consisted of consecutive series of 5-s pulses of similar
voltage, each separated by a 5-s break. Each series consisted of a total of 4 pulses. The initial
voltage was 1 V and was increased in each series until 3 V were reached. Thereafter, 0.5 V
increases were used in each series. A standard period of 7 min stimulation was used for all males.
If stimulation was interrupted, the series was re-started using 1 V less than that in the current
series. Maximum voltage and amperage used were 5 V and 70 mA. Responses to each pulse were
recorded.

Semen was placed at 30 ◦C in a water bath pending analyses. Semen evaluation and freezing
were carried out at laboratory facilities at the PRFS and, hence, transport of the semen samples
was not necessary.

2.3. Semen evaluation

Semen evaluation was carried out as described previously (Cassinello et al., 1998; Garde et
al., 2003). Semen volume, wave motion and sperm concentration were assessed shortly after
collection, within 40–60 min. Also within this interval, aliquots were diluted in PBS with 5 mg
bovine serum albumin/ml and used to assess individual sperm motility. Percentages of individual
and progressively motile sperm were noted and quality of motility was assessed using a scale of 0,
lowest, to 5, highest. The sperm suspension was also used to assess viability, sperm morphology,
and acrosome integrity. Samples were also taken to assess membrane integrity by means of the
hypo-osmotic swelling (HOS) test (Garde et al., 1998).

The volume was measured aspirating semen with a micropipette. Concentration was estimated
using a hemocytometer. Motility was assessed by placing 10 �l of sperm suspension between
a glass slide and a 22 mm × 22 mm coverslip, prewarmed to 37 ◦C. The proportion of motile
spermatozoa and of spermatozoa with progressive motility, among motile ones, in each sample
was estimated subjectively. Viability and proportion of morphologically normal spermatozoa were
assessed by staining aliquots of sperm suspension with eosin–nigrosin and Giemsa (Tamuli and
Watson, 1994; Cassinello et al., 1998). Acrosomal integrity was evaluated after a 1:1 dilution of
sperm samples in 2% glutaraldehyde in 0.165 M cacodylate/HCl buffer (pH 7.3). The percentage
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of spermatozoa with intact acrosomes (i.e., with normal apical ridges; % NAR) was assessed by
phase-contrast microscopy.

Sperm membrane integrity was assessed using the HOS test as described previously (Garde et
al., 1998, 2003). Five microlitres of semen or a diluted sperm suspension was mixed with 50 �l
of a hypo-osmotic sodium citrate solution (100 mOsm/kg) and incubating the mixture at room
temperature for 30 min. The samples were then fixed in 2% glutaraldehyde/cacodylate buffer,
as above, and evaluated under phase-contrast microscopy. The sperm membrane was considered
intact if the sperm tail was coiled at the end of the assay and the result was expressed as % positive
endosmosis.

2.4. Semen diluents

All diluents were prepared in the laboratory using reagent-grade chemicals purchased from
Sigma or Merck (both from Madrid, Spain). All other chemicals were of reagent grade and were
purchased from Sigma or Merck.

The effects of diluent components (Table 1) on sperm cryosurvival were examined in
a total of four experimental series. A diluent based on the zwitterionic buffers Tes (N-tris
(hydroxymethyl)methyl-2 aminoethane sulfonic acid) and Tris(tris(hydroxymethyl)
aminomethane) (TEST), and containing also 0.4% (w/v) glucose, 5% (v/v) egg-yolk and
6% (v/v) glycerol, was used as control in all experimental series since it rendered the best
cryopreservation results in our previous study on this species (Garde et al., 2003). Modifications
of its components (egg yolk and glycerol concentrations, or addition of sugars) were examined,
as well as cryosurvival using a raffinose-based diluent (REYG).

In Experimental Series 1, we compared cryosurvival in TEST with glucose, 5% egg yolk and
6% glycerol (osmolality measured before addition of glycerol: 360 mOsm/kg) with variants of
this diluent prepared with 20% egg yolk (osmolality: 418 mOsm/kg) or 4% glycerol (osmolality:
360 mOsm/kg) (Table 1). Thus, the effects of 5% vs. 20% egg yolk and 4% vs. 6% glycerol were
examined.

Table 1
Composition of diluents used for cryopreservation of Cuvier’s gazelle (Gazella cuvieri) spermatozoa

Component Diluent

TEST TEST
(−Glu + Fru)

TEST
(+Lac)

TEST
(+Raff)

TEST
(−Glu + Raff)

REYG

Tesa (w/v) 4.83 4.83 4.83 4.83 4.83 –
Trisb, % (w/v) 1.15 1.15 1.15 1.15 1.15 –
Glucose, % (w/v) 0.4 – 0.4 0.4 – –
Fructose, % (w/v) – 0.4 – – – –
Lactose, % (w/v) – – 3.8 – – –
Raffinose, % (w/v) – – – 13.5 13.5 13.5
Egg yolk, % (v/v) 5 5 5 5 5 20
Glycerol, % (v/v) 6 6 6 6 6 6
pH 7.2 7.2 7.2 7.2 7.15 6.5
Osmolality (mOsm/kg)c 360 370 580 670 645 355

a N-Tris(hydroxymethyl)methyl-2aminoethanesulphonic acid.
b Tris(hydroxymethyl)aminomethane.
c The osmolality of the various diluents was measured in the absence of glycerol.
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In Experimental Series 2, changes in sugar composition of the TEST diluent were explored.
Control TEST contained glucose with 5% egg yolk and 6% glycerol, and diluent variants were
made with the addition of fructose, lactose or raffinose (Table 1). In addition, a TEST diluent
without glucose but with raffinose was used (Table 1).

In Experimental Series 3, we compared TEST containing glucose, 5% egg yolk and 6% glycerol
with a diluent originally used for bull semen cryopreservation (Nagase and Graham, 1964; Nagase
et al., 1964; Roldan, 1966) and consisting of 13.5% raffinose, 20% egg yolk, and 6% glycerol
(REYG).

Finally, in Experimental Series 4, two egg yolk concentrations (5% and 20%) were examined
for the diluent containing 13.5% raffinose and 6% glycerol. Osmolalities of these diluents were
336 mOsm/kg and 355 mOsm/kg, respectively.

2.5. Semen cryopreservation

Semen samples were diluted in one step with the chosen diluent containing glycerol and which
has been previously warmed to 30 ◦C. Diluted semen samples were then allowed to reach room
temperature (about 20 ◦C). The extended semen was loaded into 0.25 ml plastic straws at room
temperature and then cooled slowly for 1.5 h to 5 ◦C (−0.16 ◦C/min), and held for equilibration at
that temperature for 2 h (total refrigeration time was therefore of 3.5 h). At this point, subsamples
were taken for evaluation of motility, and acrosome and membrane integrities, using the methods
described above. The straws were frozen for 10 min in nitrogen vapours, 4 cm above the surface
of the liquid nitrogen, and then plunged into liquid nitrogen.

The straws were thawed for 30 s at 37 ◦C in a water bath and contents poured into a glass tube
and assessed for sperm motility and acrosome integrity. Thawed samples were incubated at 37 ◦C
for 2 h and were again assessed for motility and acrosome integrity.

2.6. Statistical analyses

For sperm assessments, 100–200 spermatozoa were counted in each preparation. Results are
means ± S.E.M. Paired t-tests or Analysis of Variance (ANOVA) were used for analyses, and the
usual transformations were applied to those variables that were not normally distributed (arcsin
for percentages and log10 for other variables).

Sperm parameters were combined in order to obtain a more thorough indication of sperm
quality. Two indices were calculated, one to encompass % motile sperm and the quality of sperm
motility, and another one to include % motility, quality of motility and % intact acrosomes. They
were calculated as follows:

Sperm Motility Index (SMI) = [% individual motility + (quality of motility × 20)]

2
.

Motility plus Acrosome Index (MQAI)

= [% individual motility + (quality of motility × 20) + % intact acrosomes]

3

Various rates were calculated to assess the cryoprotective abilities of the different diluents
at different stages and to allow for comparisons between experimental series. These rates were
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calculated as follows:

Refrigeration rate =
(

Value after refrigeration and equilibration

Value in fresh semen

)
× 100.

Freezing rate =
(

Value after thawing

Value after refrigeration and equilibration

)
× 100.

Overall freezing rate =
(

Value after thawing

Value in fresh semen

)
× 100.

Post-thaw survival rate =
(

Value 2 h after thawing

Value after thawing

)
× 100.

3. Results

3.1. Semen collection and characteristics

Semen was collected successfully by electroejaculation from all males and no contamination
with urine took place. Semen quality varied between males and samples with less that 50%
motility or 40% acrosome integrity were not used in this study since the objective of the work
was to use good quality semen to evaluate the effects of diluent components on cryopreservation.
Once samples below threshold values were eliminated, differences in semen quality between
individuals were still observed. Average values for sperm parameters in fresh semen samples
used in this study are presented in Table 2.

3.2. Experimental series 1: effect of egg yolk and glycerol concentrations

All seminal parameters decreased during cooling and equilibration, after freezing and thaw-
ing, and after a further incubation for 2 h in cryodiluent. Differences between diluents, due

Table 2
Seminal parameters of fresh ejaculates from Cuvier’s gazelle (Gazella cuvieri) used in the present study

Mean ± S.E.M.

Volume (�l) 2863.2 ± 221.9
Concentration (×106/ml) 402.6 ± 27.3
Total sperm number (×106) 1192.4 ± 220.8
Wave motion (0–5) 2.3 ± 0.2
%Motile sperm 73.2 ± 2.6
%Progressively motile sperm 42.4 ± 3.1
Quality of motility (0–5) 2.1 ± 0.1
Sperm Motility Index (SMI) 57.9 ± 0.8
%Viable spermatozoa 83.3 ± 1.3
%Positive endosmosis 75.4 ± 5.8
%Normal spermatozoa 86.6 ± 2.8
Acrosome integrity (%NAR) 84.1 ± 2.9

Assessments were made on independent ejaculates (N = 22 males) in the different experimental series. Ejaculates with
less than 50% motile sperm or 40% acrosome integrity were not used for experiments and data are not included here.



J.J. Garde et al. / Animal Reproduction Science 108 (2008) 384–401 391

Table 3
Seminal parameters after cooling and equilibration, freezing and thawing, and incubation for 2 h after thawing of sperma-
tozoa from Cuvier’s gazelle (Gazella cuvieri) in diluents buffered with Tes-Tris (TEST) containing 5% or 20% egg yolk
and 4% or 6% glycerol (Experimental Series 1)

Diluent

TEST (5% egg yolk,
6% glycerol)

TEST (20% egg
yolk, 6% glycerol)

TEST (5% egg yolk,
4% glycerol)

After cooling and equilibration
Sperm Motility Index (SMI) 58.8 ± 3.1 57.2 ± 2.5 56.9 ± 3.0
%Positive endosmosis 51.5 ± 8.2a 52.0 ± 6.5b 39.9 ± 5.3a,b

Acrosome integrity (%NAR) 74.5 ± 4.7 74.6 ± 6.0 76.5 ± 4.3

After freezing and thawing
Sperm Motility Index (SMI) 44.7 ± 1.9a,b 29.7 ± 4.9a 34.1 ± 4.2b

Acrosome integrity (%NAR) 19.8 ± 3.8 13.1 ± 3.0 18.5 ± 4.4

2 h incubation post-thawing
Sperm Motility Index (SMI) 23.4 ± 4.5a,b 6.9 ± 4.2a 12.6 ± 5.8b

Acrosome integrity (%NAR) 11.9 ± 1.9 6.1 ± 1.7 7.1 ± 1.1

Values are means ± S.E.M. (N = 8). Data were examined using paired t-tests, after value transformation (arcsin for
percentages and log10 for other variables).

a Similar letter between columns indicate statistically significant differences (p < 0.04).
b Similar letter between columns indicate statistically significant differences (p < 0.04).

to changes in egg yolk or glycerol concentrations, were observed during the cryopreservation
process (Table 3).

An increase in egg yolk concentration from 5% to 20% in the TEST diluent resulted in a
significant decrease in the Sperm Motility Index (SMI) upon freezing and thawing (Table 3;
Fig. 1). A higher decrease in motility was also seen 2 h after thawing when spermatozoa were
preserved with 20% egg yolk than when 5% egg yolk was used. On the other hand, no differences
were seen in the average proportion of intact acrosomes when spermatozoa were cryopreserved in
TEST with 5% or 20% egg yolk. Variations between males in the response to higher concentration
of egg yolk were observed in sperm motility and acrosome integrity after thawing (Fig. 1A and B).

A reduction in glycerol concentration from 6% to 4% in TEST diluent resulted in a significant
decrease in membrane integrity (as measured using the HOS test) during cooling and equilibration
(Table 3). Upon freezing and thawing, lower values were noted in motility for spermatozoa
cryopreserved in 4% glycerol. Differences were also observed after 2 h incubation, with significant
reductions in motility in the diluent containing 4% glycerol. However, no differences were found
in the % intact acrosomes between both glycerol concentrations. Variations between males were
also identified after freezing and thawing both in sperm motility and in acrosome integrity (Fig. 1C
and D).

Taken together, results from this experimental series indicate that TEST with 5% egg yolk and
6% glycerol led to better cryopreservation than the same diluent with a higher concentration of
egg yolk or a lower concentration of glycerol.

3.3. Experimental series 2: effect of sugars

Since up to three diluents can be tested with each ejaculate of Cuvier’s gazelles (due to the
limited number of total spermatozoa ejaculated), experiments designed to examine the effects of
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Fig. 1. Sperm Motility Index and acrosome integrity after thawing spermatozoa from Gazella cuvieri males cryopreserved
in diluents with different egg yolk (EY) or glycerol (G) concentrations. Each panel shows results for spermatozoa from
each male cryopreserved in either one or the other diluent. (A and B) Spermatozoa cryopreserved in TEST with 0.4%
glucose and 6% glycerol, and either 5% or 20% egg yolk. (C and D) Spermatozoa cryopreserved in TEST with 0.4%
glucose and 5% egg yolk, and either 4% or 6% glycerol.

sugars were carried out in two sub-series (Series 2a and 2b), each including TEST with glucose,
5% egg yolk and 6% glycerol as control. In the first sub-series, fructose and lactose were examined
(Table 4) whereas, in the second sub-series, the effect of raffinose (in the presence or absence of
glucose) was tested (Table 5).

Fructose had no beneficial or detrimental effects on cryopreservation when compared with
glucose. Comparison of semen parameters after cooling and equilibration, freezing and thawing,
and a 2 h-incubation after thawing showed no statistically significant differences between TEST
with glucose and TEST in which glucose was replaced by fructose (Table 4). On the other hand,
the addition of lactose led to poor cryopreservation results. Significant lower values in motility
parameters were seen after cooling-equilibration, thawing, and 2 h after thawing in TEST con-
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Table 4
Seminal parameters after cooling and equilibration, freezing and thawing, and incubation for 2 h after thawing of sper-
matozoa from Cuvier’s gazelle (Gazella cuvieri) in a Tes-Tris diluent with 5% egg yolk, and 6% glycerol, and containing
0.4% glucose (TEST), no glucose but with 0.4% fructose, or containing 0.4% glucose and 3.8% lactose (Experimental
Series 2a)

Diluent

TEST TEST (−Glucose + Fructose) TEST (+Lactose)

After cooling and equilibration
Sperm Motility Index (SMI) 50.4 ± 7.3a 53.2 ± 5.6b 28.2 ± 7.8a,b

%Positive endosmosis 33.9 ± 7.1a 39.7 ± 7.5b 21.1 ± 6.2a,b

Acrosome integrity (%NAR) 74.6 ± 5.7 69.6 ± 7.4 69.0 ± 6.7

After freezing and thawing
Sperm Motility Index (SMI) 35.4 ± 4.6a 27.5 ± 5.1 18.2 ± 5.0a

Acrosome integrity (%NAR) 19.6 ± 5.0a 23.9 ± 7.2 26.3 ± 5.0a

2 h incubation post-thawing
Sperm Motility Index (SMI) 13.9 ± 5.1 6.4 ± 4.3 6.8 ± 4.4
Acrosome integrity (%NAR) 7.1 ± 1.9 7.6 ± 2.9 7.6 ± 1.9

Values are means ± S.E.M. (N = 7). Data were examined using paired t-tests after value transformation (arcsin for
percentages and log10 for other variables).

a Similar letter between columns indicate statistically significant differences (p < 0.05).
b Similar letter between columns indicate statistically significant differences (p < 0.05).

taining lactose when compared with TEST. Acrosome integrity appeared to be better preserved in
the lactose-containing medium after freezing and thawing, but this difference disappeared upon
incubation for 2 h (Table 4).

Raffinose, when added to TEST diluent either with or without glucose, tended to be detrimental.
Data in Table 5 show that sperm motility was much lower in TEST with raffinose and either with
or without glucose than in TEST containing only glucose. The differences, however, were not

Table 5
Seminal parameters after cooling and equilibration, freezing and thawing, and incubation for 2 h after thawing of sper-
matozoa from Cuvier’s gazelle (Gazella cuvieri) in a diluent with Tes-Tris, 5% egg yolk and 6% glycerol, and containing
0.4% glucose (TEST), 18.5% raffinose, or with no glucose but with 18.5% raffinose (Experimental Series 2b)

Diluent

TEST TEST (+Raffinose) TEST (−Glucose + Raffinose)

After cooling and equilibration
Sperm Motility Index (SMI) 58.3 ± 11.7 23.3 ± 13.0 23.3 ± 13.0
%Positive endosmosis 14.7 ± 3.8 4.7 ± 1.7 5.3 ± 4.8
Acrosome integrity (%NAR) 78.0 ± 5.2 79.7 ± 1.9a 76.0 ± 2.6a

After freezing and thawing
Sperm Motility Index (SMI) 37.5 ± 21.0 15.8 ± 10.2 14.2 ± 7.4
Acrosome integrity (%NAR) 28.0 ± 7.9 29.3 ± 10.9 26.7 ± 4.2

2 h incubation post-thawing
Sperm Motility Index (SMI) 0.3 ± 0.2 0.2 ± 0.2 0.2 ± 0.2
Acrosome integrity (%NAR) 13.7 ± 10.2 19.3 ± 7.7 13.3 ± 4.9

Values are means ± S.E.M. (N = 3). Data were examined using paired t-tests after value transformation (arcsin for
percentages and log10 for other variables).

a Similar letter between columns indicates statistically significant differences (p < 0.04).
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statistically significant probably due to the reduced number of males used in this experiment.
Acrosome integrities showed no differences when spermatozoa were cryopreserved in diluents
with raffinose and glucose or with raffinose but no glucose.

Overall, results suggest that replacement or addition of sugars to glucose-containing TEST
diluent did not improve cryopreservation; inclusion of some sugars actually led to worse results.

3.4. Experimental series 3: TEST-based diluents vs. raffinose-based diluents

We compared the cryopreservation ability of the Tes-Tris (TEST)-based diluent with that of
a diluent in which the buffer system was replaced by the trisaccharide raffinose (REYG). These
diluents also differed in egg yolk concentration, being 5% in TEST and 20% in REYG. Both had
6% glycerol (Table 1).

As seen in Table 6, cooling and equilibration in either one or the other diluent resulted in
similar sperm motility values, although membrane function (as revealed by the HOS test) was
significantly better preserved in REYG. Acrosome integrity appeared to be better preserved in
REYG during this process but the differences were not significant. Upon freezing and thawing,
there was a significantly higher % motility (not shown) and a trend towards higher SMI in REYG
than in TEST, but no differences were seen in acrosome integrity between diluents. After a
2 h-incubation after thawing, there were no significant differences between diluents.

Since differences between males in fresh semen parameters and in the response to each cryop-
reservation step could be confounding the comparison of average values, we compared relative
changes in sperm parameters during each of the cryopreservation steps, namely, refrigeration,
freezing, and post-thaw incubation. In addition, overall changes encompassing both the first and
second step (“overall freezing”) were also compared (see Section 2).

The results of these comparisons revealed further differences between TEST and REYG.
During cooling and equilibration (refrigeration), % positive endosmosis (indicative of mem-
brane integrity) was higher in REYG than in TEST, in agreement with results mentioned above

Table 6
Seminal parameters after cooling and equilibration, freezing and thawing, and incubation for 2 h after thawing of sper-
matozoa from Cuvier’s gazelle (Gazella cuvieri) in a diluent containing either Tes-Tris, 0.4% glucose, 5% egg yolk and
6% glycerol (TEST), or 13.5% raffinose, 20% egg yolk and 6% glycerol (REYG) (Experimental Series 3)

Diluent

TEST (5% egg yolk, 6% glycerol) REYG (20% egg yolk, 6% glycerol)

After cooling and equilibration
Sperm Motility Index (SMI) 54.6 ± 3.3 54.6 ± 3.1
%Positive endosmosis 43.7 ± 4.3a 51.2 ± 4.5a

Acrosome integrity (%NAR) 65.2 ± 5.4 69.0 ± 6.3

After freezing and thawing
Sperm Motility Index (SMI) 34.1 ± 3.3 40.5 ± 3.4
Acrosome integrity (%NAR) 22.4 ± 4.5 23.1 ± 4.4

2 h incubation post-thawing
Sperm Motility Index (SMI) 16.6 ± 4.0 15.2 ± 3.8
Acrosome integrity (%NAR) 9.2 ± 1.8 12.0 ± 2.6

Values are means ± S.E.M. (N = 14). Data were examined using paired t-tests after value transformation (arcsin for
percentages and log10 for other variables).

a Similar letter between columns indicates statistically significant differences (p < 0.03).
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(refrigeration rates for % positive endosmosis: TEST, 58.8 ± 5.4; REYG, 63.5 ± 5.1; p < 0.05).
Acrosome integrity was significantly better preserved in REYG than in TEST during refrigera-
tion (refrigeration rates for % acrosome intact spermatozoa: TEST, 77.2 ± 5.1; REYG, 81.6 ± 6.2;
p < 0.05).

During the freezing and thawing step, significant differences were found in the proportion of
sperm showing better motility preservation with REYG than with TEST; this was true not only for
the % motile spermatozoa (freezing rates for % motility: TEST, 40.6 ± 5.5; REYG, 56.8 ± 7.3;
p < 0.05) but also for SMI (freezing rates for SMI: TEST, 63.7 ± 6.3; REYG, 74.9 ± 5.7; p < 0.05).
No differences between diluents were found in acrosome integrity when comparing freezing rates
(freezing rates for % intact acrosomes: TEST, 31.4 ± 5.4; REYG, 32.8 ± 5.1; not significant). If
values for both the refrigeration and the freezing–thawing steps are considered together (overall
freezing rate), differences between diluents were seen for % motility (overall freezing rate for
% motility: TEST, 33.7 ± 5.6; REYG, 46.3 ± 6.3; p < 0.05) and SMI (overall freezing rate for
%SMI: TEST, 61.4 ± 6.8; REYG, 72.1 ± 6.2; p < 0.05). No differences were detected in % intact
acrosomes (overall freezing rate for % intact acrosome: TEST, 25.1 ± 4.6; REYG, 26.6 ± 4.6; not
significant) indicating that differences seen in intact acrosomes during the refrigeration step are
cancelled during freezing and thawing.

During incubation after thawing, motility was significantly better preserved in TEST than in
REYG (post-thaw survival rate for % motility: TEST: 38.6 ± 10.4, REYG: 16.0 ± 5.8, p < 0.05).
A better preservation of acrosome integrity appeared to be achieved with REYG but differ-
ences did not reach statistical significance (post-thaw survival rate for % intact acrosomes:
TEST: 47.0 ± 7.3, REYG: 58.5 ± 12.6, p > 0.05), probably due to a wide variation between
samples.

To further define the cryopreservation ability of TEST and REYG we compared differences in
motility and acrosome integrity upon thawing between individual males (Fig. 2). In most males,
REYG led to a recovery of higher % motility after thawing but there were two males in which
results were lower with this diluent (Fig. 2A). As for acrosome integrity, most males showed
better results with REYG but three individuals exhibited better results with TEST (Fig. 2B). In
order to obtain a more general indication of how spermatozoa from different males behaved with
each diluent, we compared two indices that encompass information on several sperm parameters
(SMI, Sperm Motility Index; MQAI, Motility, Quality and Acrosome Index). Comparison of SMIs
revealed that, out of 14 males, most individuals showed better results with REYG although two
males had better motility preservation with TEST (Fig. 2C). Comparison of MQAIs showed that
the majority of individuals had a better score with REYG although four males exhibited better
overall results with TEST (Fig. 2D).

Taken together, these results suggest that the raffinose-based diluent (REYG) was significantly
better for the preservation of membrane and acrosome integrities during cooling and equilibration
and significantly better for motility preservation during the freezing and thawing process. Dif-
ferences were cancelled at the end of the post-thaw incubation period because a proportionally
better survival took place in TEST than in REYG probably due to the fact that the latter diluent
contains no sugar that could be metabolized by spermatozoa.

3.5. Experimental series 4: egg yolk concentration in the raffinose-based diluent

The diluents compared in the previous series (TEST and REYG) differ not only in the presence
or absence of a buffer system but also in the concentration of egg yolk. Therefore, it is not clear
whether the better result obtained with the raffinose-based diluent (REYG) is solely due to the
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Fig. 2. Motility and acrosome integrity after thawing spermatozoa from Gazella cuvieri males cryopreserved in Tes-Tris
with 0.4% glucose, 5% egg yolk and 6% glycerol (TEST) or 13.5% raffinose, 20% egg yolk, and 6% glycerol (REYG).
Each panel shows results for spermatozoa from each male cryopreserved in TEST or REYG. Sperm parameters shown
are (A) %motile spermatozoa, (B) %intact acrosomes, (C) Sperm Motility Index, (D) Motility, Quality and Acrosome
Index (for details, see Section 2).

buffer system or whether the concentration of egg yolk has also an effect. To examine this second
possibility we compared two concentrations of egg yolk (5% and 20%) in the raffinose-based
diluent containing 6% glycerol.

Differences were observed between diluents during cooling and equilibration. REYG contain-
ing 20% egg yolk resulted in significantly higher % motile sperm (not shown), a trend towards
higher SMI, a significantly higher % positive endosmosis and a trend towards higher % acrosome
intact sperm than REYG with 5% egg yolk (Table 7). These differences were maintained after
freezing and thawing although none of them reached significance. After thawing, incubation for
2 h resulted in no differences between diluents (Table 7).

These results suggest that a higher concentration of egg yolk (20%) in a raffinose-based diluent
(REYG) seems to be better for cryoprotection than a lower level of egg yolk.
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Table 7
Seminal parameters after cooling and equilibration, freezing and thawing, and incubation for 2 h after thawing of sper-
matozoa from Cuvier’s gazelle (Gazella cuvieri) in REYG diluent (13.5% raffinose and 6% glycerol) containing either
20% or 5% egg yolk (Experimental Series 4)

Diluent

REYG (20% egg yolk, 6% glycerol) REYG (5% egg yolk, 6% glycerol)

After cooling and equilibration
Sperm Motility Index (SMI) 51.0 ± 6.0 40.0 ± 8.1
%Positive endosmosis 53.4 ± 11.0a 37.0 ± 9.3a

Acrosome integrity (%NAR) 71.6 ± 14.9 65.4 ± 14.2

After freezing and thawing
Sperm Motility Index (SMI) 39.0 ± 3.6 37.0 ± 2.6
Acrosome integrity (%NAR) 14.2 ± 4.2 14.6 ± 6.0

2 h incubation post-thawing
Sperm Motility Index (SMI) 5.1 ± 5.1 9.5 ± 6.5
Acrosome integrity (%NAR) 6.6 ± 1.7 8.8 ± 4.0

Values are means ± S.E.M. (N = 8). Data were examined using paired t-tests after value transformation (arcsin for
percentages and log10 for other variables).

a Similar letter between columns indicates statistically significant differences (p < 0.02).

4. Discussion

The results of this study indicate that differences exist between diluents with regards to their
abilities to maintain survival (as measured by sperm motility) and acrosome integrity during
cryopreservation of Cuvier’s gazelle spermatozoa. Best results were obtained with a raffinose-
based diluent (containing no buffer system) with 20% egg yolk and 6% glycerol although a few
males showed better cropreservation with a Tes-Tris-based diluent containing 5% egg yolk and
6% glycerol.

Cryopreservation success can be affected by various diluent components such as buffer system,
concentrations of egg yolk or glycerol, or the inclusion of different types of sugars (Salamon
and Maxwell, 1995, 2000; Curry, 2000; Holt, 2000; Yoshida et al., 2000; Watson and Holt,
2001; Leibo and Songsasen, 2002). We examined the effect of several diluent components on the
ability of Cuvier’s gazelle spermatozoa to withstand freezing and thawing in an effort to define
better cryopreservation conditions for the future establishment of a genetic resource bank for this
endangered species.

An earlier study has reported that a high concentration of egg yolk is detrimental to Mohor
gazelle spermatozoa (Holt et al., 1996). A comparison of different concentrations of egg yolk (5%,
10% and 20%) in a Tes-Tris-based diluent (TEST) revealed that higher egg yolk concentrations
negatively affected preservation of motility and acrosome integrity during cryopreservation (Holt
et al., 1996). We therefore evaluated whether this is true for spermatozoa of the related Cuvier’s
gazelle. When TEST diluents containing 5% or 20% egg yolk were compared results showed
that the higher concentration led to lower values of sperm motility upon thawing. These results
therefore agree with data previously reported for the Mohor gazelle. However, integrity of the
acrosome was not differentially affected by a higher concentration of egg yolk, contrary to the
results found in Mohor gazelle. Discrepancies may in part be due to the fact that in earlier work
(Holt et al., 1996) a preparation of clarified egg yolk (i.e., diluted and centrifuged) was used,
whereas in our study we employed whole egg yolk. The negative effect of a high concentration
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of egg yolk on motility preservation was not seen when spermatozoa were cryopreserved in a
raffinose-based diluent (REYG) without Tes-Tris. Better results of motility preservation during
freezing and thawing were obtained in REYG with 20% egg yolk than in TEST with 5% egg
yolk. Moreover, comparison of 5% vs. 20% egg yolk in REYG revealed no differences between
concentrations with a trend towards a better motility preservation with the higher concentration
of egg yolk. The higher egg yolk concentration in REYG also resulted in a better preservation of
motility and membrane integrity during the cooling and equilibration period, in agreement with
results recently found in red deer (Fernandez-Santos et al., 2006). It therefore seems that the effect
of egg yolk concentration may vary depending on the buffer system used, as suggested in earlier
work with other species (Watson, 1976). Egg yolk protects the sperm cell from the damaging
effects of low temperature. Several hypotheses have been presented to account for this protective
action. Recent evidence supports the idea that egg yolk low-density lipoproteins may prevent the
binding of deleterious major seminal plasma proteins on the sperm surface that would cause lipid
efflux (Manjunath et al., 2007).

Glycerol concentration usually ranges between 4% and 8% in diluents employed for ungulates
and acceptable results have been obtained using this range (Holt, 2001; Leibo and Songsasen,
2002). In the present study, the concentration of glycerol in the Tes-Tris-based diluent was found
to affect sperm motility during cryopreservation, with better results obtained with 6% than with
4% glycerol, although no effect of glycerol concentration on acrosome integrity was seen. The
lower glycerol concentration led to a worse preservation of motility during freezing and thawing
and during the subsequent incubation for 2 h after thawing. Interestingly, during the initial cooling
and equilibration step, the lower concentration of glycerol did not negatively affect motility but it
did affect sperm membrane integrity suggesting that this may be the underlying factor lowering
motility in the subsequent cryopreservation step. This would be in agreement with the mechanism
by which glycerol may afford cryoprotection, namely, the regulation of cell dehydration by osmotic
replacement of intracellular water which, in turn, minimizes formation of intracellular ice crystals
(Mazur, 1970; Mazur and Cole, 1985; Hammerstdt et al., 1990).

Sugars, especially the non-permeant saccharides, may contribute to cellular dehydration before
freezing. Di- and tri-saccharides may be more effective than monosaccharides at increasing
this osmotic dehydration (Nagase and Graham, 1964; Salamon, 1968). In our study, the effect
of various mono-, di- and trisaccharides added to TEST diluent varied but, in general terms,
they did not result in better cryopreservation than glucose, the standard sugar included in this
diluent. Inclusion of fructose instead of glucose resulted in similar cryopreservation, but inclu-
sion of lactose or raffinose (either in addition to or instead of glucose) to TEST led to worse
preservation of motility during freezing and thawing. On the other hand, a diluent based on raf-
finose alone led to better cryopreservation than TEST, reinforcing the idea that an interaction
between sugar and buffering system may occur. Another possible reason behind these differ-
ences relates to the freezing rates used. Slow freezing rates, as used in this study, may lead to
better cryopreservation when using the raffinose-based diluent (REYG). The beneficial effect
of the trisaccharide raffinose for gazelle sperm cryopreservations agree with results found ear-
lier in other ungulates (Nagase and Graham, 1964; Roldan, 1966; Salamon, 1968; Salamon and
Maxwell, 2000).

Differences between males were found with regards to cryosurvival in different diluents. These
variations in the resistance to freezing and thawing of spermatozoa from different individuals have
been observed for spermatozoa from domestic (Curry, 2000) and wild (Leibo and Songsasen, 2002)
species. This was true in experiments comparing 5% vs. 20% egg yolk or 4% vs. 6% glycerol
concentrations. A more dramatic difference was found when comparing diluents based on raffinose
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(REYG) and Tes-Tris (TEST) because spermatozoa from most males were better cryopreserved
with REYG although spermatozoa from some males were better cryopreserved with TEST. It is not
apparent which may be the source of variation between males in susceptibility to cryopreservation
but the possibility that genetic factors may be involved has been suggested both for ungulates
(Thurston et al., 2002; Garde et al., 2003) and rodents (Sztein et al., 2000).

In conclusion, our results indicate that acceptable cryopreservation of Cuvier’s gazelle sper-
matozoa can be obtained using a diluent containing 18.5% raffinose with 20% egg yolk and 6%
glycerol but that further research is required for the improvement of sperm freezing protocols for
this endangered species with the aim of initiating a genetic resource bank.
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