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Abstract

The dynamics of sperm DNA fragmentation (sDF) and sperm viability were analyzed in frozen—thawed sperm samples of Equus
asinus (Zamorano-Leonés), a breed at risk of extinction. Sperm DNA fragmentation was assessed using an adaptation of the sperm
chromatin dispersion test developed for stallions in five different frozen samples. Sperm were thawed and incubated at different
temperatures (37 °C, 25 °C, and 4 °C) and sDF was assessed at different times and compared. The mean sDF after thawing at the
beginning of the experiment was 18.20 4= 14.77% and did not differ significantly from the results of a neutral comet assay
(22.0 £ 19.34%). The tendency in the sDF of all donkeys indicated that sperm DNA is more sensitive to breakage when incubated at
37 °C than when incubated at 25 °C or 4 °C. Interestingly, the tendency was not the same when different animals were compared,
and differences in sDF dynamics were established among individuals. sDF correlated negatively with sperm viability in some
individuals but not in others. From a conservation perspective, sDF analysis may offer a new way to assess sperm quality in
endangered breeds in order to identify and select the best semen samples for artificial reproduction purposes. In particular, we
recommend for artificial insemination the use of semen samples with a slow increase in sDF with time after thawing.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

The history and geographic distribution of the
donkey are particularly interesting because, since its
domestication about 5000 years ago in either Egypt or
Mesopotamia [1] it has always had economic impor-
tance linked to the activities of human populations.
However, in the last century, these animals have had no

* Corresponding author at: Departamento de Biologia Edificio de
Biologia, C/Darwin s/n Universidad Auténoma de Madrid Canto-
blanco, 20849 Madrid, Spain. Tel.: +34 91 497 82 10.

E-mail address: jaime.gosalvez@uam.es (J. Gosalvez).

0093-691X/$ — see front matter © 2008 Elsevier Inc. All rights reserved.

doi:10.1016/j.theriogenology.2008.02.002

relevance in industrially developed countries and its
ancestral role is only retained in some poorly developed
cultures. These populations act as genetic reservoirs for
the gene pool of these animals. On the Iberian
Peninsula, as in other northwestern regions of the
Mediterranean Basin, populations of donkeys are at
serious risk of extinction. On the Iberian Peninsula, this
situation might be even more critical because the
genetic variation of the donkey is linked to five different
breeds (Andaluza, Catalana, Mallorquina, Encarta-
ciones, and Zamorano-Leonés), all of which have
suffered a rapid and substantial decrease in population
size and consequently in their genetic variability during
the last 100 years [2]. This reduction is so dramatic that
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in certain breeds, no more than 50 animals are considered
of high genetic value. These donkeys are included in the
United Nations Food and Agricultural Organization
(FAO) list of domestic animals to be preserved (FAO,
DAD-IS http://fao.org/dad-is). The population of the
Zamorano-Leonés breed has been reduced to only 1200
animals, of which only 200 females and 35 males are
considered of genetic value. In this context, efforts to
preserve the heritable gene pool must be made to reduce,
as much as possible, the risk of reaching a no-return point
in the reproduction of these animals.

Sperm quality is considered a parameter of crucial
importance in assisted reproduction within conservation
programs for species at risk of extinction. Disturbances
in the organization of the genomic material through
inadequate sperm handling (when using cooled or
frozen—-thawed sperm samples) are detrimental for
fertilization and successful embryonic development.
For example, severe changes in temperature are a
common feature of the semen preservation protocols
used in assisted reproduction, which are not a biological
characteristic to which the spermatozoan has become
adapted. In fact, temperature excursion episodes, or
changes in the constant temperature required by the
sperm in its passage from the male to the female, have
deleterious effects on spermatozoan survival and lower
conception rates after artificial insemination (AI) [3-5].
This reduction in fertilizing ability after thawing is also
associated with a reduced rate of sperm motility and the
production of morphological abnormalities [5,6].
Cryopreservation may also cause damage to the sperm
plasma membrane [4], with a subsequent increase in
oxidative stress. The de novo formation of free radical
oxygen species results in a raised basal level of DNA
damage [7-9]. Although preservation of sperm mem-
brane functions and motility are important measures of
sperm quality, they may not reveal the inherent
pathology associated with changes in the orthodox
sperm DNA configuration. Recently, the analysis of
sperm DNA fragmentation (sDF) and chromatin
stability has helped to explain the infertility of
individuals with apparent normal seminograms
[10,11]. This approach is particularly interesting
because DNA fragmentation correlates poorly with
classical parameters of semen quality [12]. Thus, the
omission of DNA damage assessment from a seminal
analysis would result in a significant proportion of
male-factor infertility remaining undetected.

The aims of this study were to analyze the prevalence
and dynamics of sDF and sperm viability in frozen—
thawed sperm samples of Equus asinus (Zamorano-
Leonés breed), using an experimental model in which

different temperature ramps were applied after thawing.
The general idea was to understand the sensitivity of
sperm DNA to degradation. Although this is the first
report of sDF in donkeys, the broad intention of this and
other ongoing investigations is to improve the
techniques and methodologies for sperm handling after
thawing in these animals.

2. Material and methods
2.1. Semen

Frozen spermatozoa from five different donkeys
located at the Depdsito de Sementales de Avila Fondo
de Explotacion de los Sevicios de Cria Caballar y
Remonta (FESCCR) in Spain were analyzed. The
animals ranged in age from two to four years, and were
currently kept under controlled conditions of feeding,
stabling, and physical exercise. All these animals were
considered of high genetic value and were healthy at the
time of sperm collection.

Semen samples were collected with an artificial
vagina and cryopreserved according to conventional
methods [13]. All the animals included in this analysis
exhibited seminal characteristics within the normal
ranges established for these animals.

The extender used for storage was INRA-96 (IMV
Technologies, Paris, France). Immediately after collec-
tion, the semen was diluted to a final concentration of
50 x 10°mL~" and cooled from 34 °C to 22 °C by
allowing samples to reach room temperature over a
period of approximately 60 min. The semen sample was
then cooled to 5 °C by placing it in a water jacket in a
standard refrigerator. This represented a cooling rate of
approximately —0.6 °C/min. For the sperm cryopre-
servation procedure, the ejaculate was centrifuged at
300 x g for 5 min, the supernatant was removed, and
the pellet was resuspended in a skim milk—egg yolk
(2%) Tris—glycerol-based extender [13]. The diluted
mixtures were cooled from 34 °C to 4 °C at a rate of
—0.5 °C/min. Once at 4 °C, the diluted sample was
packaged into precooled (4 °C) 0.5 mL polyvinylchlor-
ide straws (IMV International, St Paul, MN, USA) and
frozen in liquid nitrogen vapor (4 cm above the surface)
for 15 min, after which they were plunged directly into
liquid nitrogen (—196 °C) for storage.

2.2. Experimental design
All samples were thawed by immersion in a 37 °C

water bath for 30s and diluted at 10-15 x 10°
spermatozoa/mL in a skim milk—egg yolk sperm
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extender (INRA-96). Different aliquots, including
replicates, were thawed and incubated at 4 °C, 25 °C,
or 37 °C for 48 h taking samples for sDF assessing at
1h, 4h, 6h, 24h, and 48 h. For individual sDF
assessments, replicates were used as the internal
controls. The degree of sperm DNA damage in each
sample was calculated using the sperm DNA fragmen-
tation index (sDFI: ratio of fragmented versus total
spermatozoa in the analyzed sample, expressed as a
percentage). The samples were assessed for sDF just
after they were thawed, when the sDFI was considered
as TO (basal sDFI), and after 1 h (T1), T4, T6, T24, and
T48.

2.3. Sperm viability assessment

Sperm viability was assessed using a supravital stain
based on the red/green emission of two fluorescent dyes,
acridine orange (AO) and propidium iodide (PI),
respectively (Fig. 1; Duo-Vital Kit, ChromaCell SL,
Madrid, Spain). Color emission differences were
automatically scored using a computer-assisted semen
analysis system fitted with a specific module for this
purpose (SCA-Vital Module, Microptic SL, Barcelona,
Spain).

2.4. sDF assessment

sDF was analyzed using the Sperm-Halomax™ kit
(Halotech-DNA; Madrid, Spain). The kit series that we
used was specifically designed for sDF evaluation in
stallions [14], but produced consistent results in
donkeys [15]. This methodology is based on the sperm
chromatin dispersion (SCD) test and has been used to
assess sDF in a range of mammalian species, including
humans [16,17], pig [18,19], bull [20,21], and other
species [22]. For each experiment, 25 pL of diluted
spermatozoa (10-15 x 10° spermatozoa/mL) were
added to a vial containing low-melting-point agarose
and mixed. A small aliquot of the agarose—sperm
mixture (10 wL) was then spread onto pretreated slides
(provided in the Halomax® kit), covered with a glass
coverslip, and placed in a refrigerator on a cold metallic
plate for 5 min. Following solidification, the cover slip
was carefully removed and the ‘sperm-gel’ slide placed
horizontally for 5 min in 10 mL of the lysing solution
provided in the Halomax®™ kit. The sperm—gel
preparation was then washed in distilled water
(dH,0), before dehydration in a sequential series of
70%, 90%, and 100% ethanol.

DNA damage after the SCD test was visualized with
fluorescence microscopy. In this case, the dual emission

DNA-red/protein—green fluorochrome combination
provided in the Halomax®™ kit gives sufficient
information for manual scoring by allowing the ready
discrimination of sperm heads containing either
fragmented DNA (large halos of chromatin dispersion)
or unfragmented DNA (small halos or no halos of
chromatin dispersion; Fig. 3a). The sperm flagellum and
those proteins that resist lysis in the SCD protocol
showed strong green fluorescence, which contrasts with
the red emission associated with the DNA. For
automatic scoring, the dehydrated slides were stained
only with the DNA-directed fluorochrome. Fluores-
cence microscopy was used for automatic sperm
counting using the Sperm Class Analyzer (SCA)
DNA module (Microptic SL). The SCA software
discriminates spermatozoa that show a small and
peripheral halo of chromatin dispersion from those
that exhibit a large and “‘spotty” halo of chromatin
dispersion. This software was coupled to a Leica
DMLA motorized fluorescence microscope (Leica SA,
Germany) controlled with Leica-based software for
automatic scanning and image digitalization of each
slide. For automatic evaluation procedures, a 20x
magnification lens was used. A minimum of 300
spermatozoa per sample were counted. The proportion
of spermatozoa with fragmented DNA was then
calculated as a percentage of the total spermatozoa
scored.

Because the SCD kits were used here for the first
time with donkey sperm, sDF was assessed in parallel
using the direct incorporation of labeled nucleotides in
putative DNA breaks using in situ DNA nick translation
(ISNT) and the comet assay. To confirm that the SCD
test used in this study appropriately identified DNA
damage, the direct incorporation of labeled nucleotides
using Klenow polymerase was measured as previously
described by Enciso et al. [18] for boar spermatozoa.
This method directly labels DNA breaks, which can be
observed in spermatozoa as halos of chromatin
dispersion (Fig. 3b). DNA damage was also assessed
using both neutral comet assays for double-stranded
DNA analysis and alkaline comet assays to assess
single-stranded DNA breaks. The alkaline comet assay
was performed according to Singh et al. [23]. Sperm—
gel slides were prepared as described previously for the
SCD test. The slides were immersed in two lysis
solutions for 30 min each, at room temperature. The
first solution containing 0.4 M Tris-HCI (pH 7.5), 0.8 M
DTT and 1% SDS) and the second one containing 0.4 M
Tris-HCI (pH 7.5), 0.8 M DTT, 1% SDS, and 0.05 M
EDTA. The slides were washed in 1x TBE (89 mM
Tris, 89 mM boric acid, 2.5 mM EDTA, pH 8.3) buffer
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Fig. 1. Sperm cells stained with acridine orange (AO) and propidium iodide (PI) ((a) nonviable sperm in red; viable sperm in green). Sperm stained
with AO were analyzed independently with fluorescence microscopy (b) and phase contrast microscopy (c), and then analyzed simultaneously (d).
The arrow indicates a viable sperm cell not detected with AO. (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of the article.)

for 10 min and then treated with fresh alkaline solution
(0.03M NaOH, 1 M NaCl) for 2.5 min to cleave the
alkali-labile sites (ALS). The slides were placed
horizontally in an electrophoresis tray, which was filled
with fresh alkaline electrophoresis solution (0.03 M
NaOH, pH 13). Electrophoresis was conducted at 20 V
for 20 min at room temperature. After electrophoresis,
the slides were gently removed from the tray and
washed with neutralizing buffer (0.4 M Tris—HCI, pH
7.5) for 5 min. The slides were washed in dH,O for
5 min and then dehydrated in a sequential series of 70%,
90%, and 100% ethanol.

For the neutral comet assay, the slides were treated
with the lysis solutions described above and electro-
phoresis was performed in neutral buffer (1 x TBE) at
20 V for 20 min. Finally, the slides were stained with PI
(20 pg/mL) and visualized under a fluorescence
microscope. At least 100 cells per experiment were
analyzed at 600 magnification.

2.5. Image analysis and statistics

Image analysis was performed to compare the
fluorescence intensities obtained after ISNT. For this
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purpose, integrated density (a correlation between area
and fluorescence intensity after background subtrac-
tion) was calculated using the Leica Q-Win image
analysis software.

All data were analyzed with Microsoft Excel, and
statistical comparisons were made with StatGraphics
Plus 5.1 (Manugistics Group Inc., Rockville, MO,
USA). The association between the sDFI and the
viability index was analyzed with the Spearman
correlation. P < 0.05 was considered statistically
significant.

3. Results
3.1. Standard seminal characteristics

The standard sperm characteristics of volume,
concentration, total motility, progressive motility,
hyposmotic test, and abnormal morphology were
assessed for all five donkeys before the sperm samples
were frozen (D1 to D5; Table 1).

3.2. Dynamics of sperm viability

The sperm viability test used in this study was based
on AO, a fluorochrome that stains DNA irrespective of
the membrane status, and PI, which only stains DNA if
the membrane is damaged (Fig. 1a; nonviable sperm are
red).

It is interesting that when this test was used in
donkeys, in some case the level of sperm viability
observed at TO was lower than that observed after sperm

Table 1
Standard seminal characteristics of five different donkeys before the
semen samples were frozen

Seminal characteristics Donkeys

D1 D2 D3 D4 D5

Volume (mL) 75 65 88 56 54
Concentration 10%/mL 345 456 453 91 127
Total motility (%) 70 73 70 85 60

Progressive motility (%) 60 61 55 75 52
Hiposmotic test (+) (%) 75 58 64 71 62
Normal morphology (%) 85 90 90 91 84
Abnormal morphology (%) 15 10 10 9 16

Viability (%) 33 19 21 17 12
sDFI (%) 6 22 14 7 42
Seminal quality 0.69 0.61 0.63 0.69 0.52

Sperm quality: 2 Vi/100n, where “Vi” is an independent variable and
“n” is the number of variables. The independent variables included in
this formula were progressive motility, hyposmotic test (+), normal
morphology, viability, and sDFIL. sDFI: sperm DNA fragmentation
index. D1 to D5: donkey 1 to donkey 5.

incubation at T1 (see Fig. 2; continued line for vitality).
To understand this discrepancy, a parallel experiment
was conducted in which only AO was used as the
primary DNA dye. The slides stained with AO were
analyzed independently with fluorescence microscopy
and phase contrast (Fig. 1b, and c respectively), or
simultaneously under phase contrast and fluorescence
microscopy (Fig. 1d). When the first analysis was
performed, some nuclei did not fluoresce, but were
visible under phase contrast microscopy (compare
Fig. 1b with ¢). When the analysis was performed using
simultaneous epifluorescence excitation and phase
contrast microscopy, the results were the same, but
the images could be observed and captured in one frame
(Fig. 1d). In a similar analysis at T1, the vitality results
were those expected based on the rationale of the test,
and all nuclei fluoresced either red or green. Our
conclusion was that at TO, we underestimated the
frequency of viable nuclei because AO was unable to
reach the DNA. A comparison of the increasing values
for sperm viability from TO to T1 allowed us to
calculate that around 10% of viable nuclei at TO were
not fluorescent. We thus distinguished three main
subpopulations of sperm at TO in donkeys (viable,
green; nonviable, red; and supraviable, no staining). In
terms of orthodox viability assessment, only this system
of nuclei classification (when the viable and supraviable
groups were included in one class) produces valid
values at TO or alternatively after long incubations.

The levels of sperm viability obtained after sperm
thawing were generally low (even when corrected)
compared with those reported for chilled samples. In
these thawed samples, no values higher than 40%
viability were observed. Sperm viability decreased
dramatically after 4 h incubation at 37 °C, and viability
was completely lost after 24 h (Fig. 2; continued line for
viability).

3.3. Sperm morphology after the SCD test

Semen samples processed with the SCD test for
DNA fragmentation assessment could be separated into
two different sperm categories according with the
morphology obtained. Some nuclei remained com-
pacted or displayed small halos of chromatin dispersion,
which should correspond to spermatozoa containing
unfragmented DNA, whereas other sperm nuclei
exhibited large halos of chromatin diffusion with a
stellar appearance (Fig. 3a), which should contain
fragmented DNA. However, after selective DNA
labeling using nucleotide incorporation in DNA breaks,
both types of nuclei were positively labeled (Fig. 3b).
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Fig. 2. Dynamics of sDF (dotted line) and viability index (continued line) of the five donkeys studied (D1-D5). Red line = incubation at 37 °C, green
line = incubation at 25 °C, blue line = incubation at 4 °C. Regression analysis between sDF, and viability index (D1’-D5’) (white line) and,
regression line (red line). (*) Significant correlation (P < 0.05). (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of the article.)
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Nevertheless, the fluorescence intensity of the stellular
nuclei was 7.4 times greater (44,181 4 9566) than that
of the nuclei considered to have normal DNA status
(5,926 £ 606). This high level of background was
unexpected and is also high compared with the results
obtained for other species. Halos larger than those
observed after direct staining with a DNA-specific
fluorochrome were always recovered after ISNT
(compare Fig. 3a with b). This occurred because
DNA polymerases incorporate labeled nucleotides with
high efficiency, even in small DNA fragments that are
not large enough to be visualized with direct
fluorescence. When double fluorescence staining was
used (red emission for DNA and green emission for
proteins), the flagellum was clearly separate from the
chromatin. Halos of stellular dispersed chromatin
consisted mainly of DNA and no traces of proteins
were detected (Fig. 3a). Sperm heads containing
fragmented DNA showed smaller protein cores than
those in sperm heads with unfragmented DNA.
Because of the high level of background in cells with
a small halo or cells in which the halo was absent, the
use of alternative experimental strategies to analyze
sDF in detail is recommended. These results call into
question any direct association between the presence of

Fig. 3. Fluorescence microscopic analysis of DNA fragmentation in
donkey sperm following the SCD test. (a) SCD-processed sample with
dual fluorescence; some nuclei remained compacted or displayed
small halos of chromatin dispersion, other showed large halos of
chromatin dispersion contained fragmented DNA (arrows) and (b)
sperm after SCD and in sifu nick translation; both types of nuclei were
receptive to modified nucleotides after treatment with polymerase.
(For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of the article.)

large halos of chromatin dispersion and sperm contain-
ing fragmented DNA. The comet assay was used to
resolve this ambiguity.

3.4. Comet assay

When a neutral comet assay (Fig. 4a) was performed
to analyze sDF, the results did not differ significantly
(P > 0.05) from the sDFI obtained with the SCD test,
according to the criterion “large halo = fragmented
nuclear DNA” (Table 2). Different individuals exhibited
similar values for sDFI, although the neutral comet
assay tended to produce slightly higher values in
general estimates of sDFI. Interestingly, when a
denaturing comet assay was used, 100% of the sperm
cells produced a visible comet (Fig. 4b and Table 2).
The amount of DNA in the tail varied from one sperm
head to another, but traces of DNA displacement were
always observed.

Fig. 4. Donkey sperm cells after neutral (a) and alkaline (b) comet
assays.
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Table 2
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Basal values for sDF, the neutral and alkaline comet assays, ISNT, and the viability of the frozen sperm of the five donkeys studied

Donkey SCD (%) N-Comet (%) D-Comet (%) ISNT (%) with halo/without halo Viability (%)
D1 6 8 100 5/95 33

D2 22 26 100 22/78 19

D3 14 14 100 15/85 21

D4 7 8 100 7/93 17

D5 42 54 100 45/55 12

X +SD 18.20 £ 14.77 22.0£19.34 100£0 18.80 £ 16.13/81.20 £ 16.13 20.40 £ 7.80
Range 6-42 8-54 100-100 5-45/78-95 12-33

SCD, sperm chromatin dispersion; N-Comet, neutral comet; D-Comet, denaturing comet; ISNT, in situ DNA nick translation.

Because the results obtained for sDF using the SCD
test and the neutral comet assay were not significantly
different, an analysis of the dynamics of sDF under
different experimental conditions was performed using
the SCD test, because technically it is much less
expensive and less time consuming.

3.5. Dynamics of sDF

The basal (TO) sDFI values for the five animals
studied are presented in Table 2. When the SCD test was
used, the mean sDFI was 18.20 & 14.77 and as
previously stated, did not differ significantly from the
results obtained with the neutral comet assay
(22.0 £ 19.34). The range of distribution of sDFI was
wide among the five animals included in the analysis
(Table 2), including one animal (D1) that exhibited a
relatively low level of sDF (around 6%), whereas in
another animal (D5), this value was close to 45%.

The dynamics of sDF after thawing and incubation at
different temperatures are presented in Fig. 2 (dotted
lines in Fig. 2; D1-D5). The common tendency of sDF in
all donkeys indicated that the sperm DNA was more
sensitive to DNA breakage when incubated at 37 °C than
when incubated at 25 °C or 4 °C (compare dotted lines in
Fig. 2). However, itis interesting to note that the tendency
of sDF to increase with temperature and time was not the

same in different animals. When sDF was compared with
sperm viability (Fig. 2; D1'-D5’), D1’ and D4’ showed
significant negative correlations (r=—0.90, and
r=—0.69, respectively), whereas D-2/, D-3/, and D-5'
did not show any significant correlation (r= —0.25,
r=0.07, and r = —0.56, respectively).

Regression analysis of the sDFI of frozen semen
samples did not yield significant differences between the
slopes of individual donkeys when different incubation
temperatures were compared (Fig. 5). Only D4 showed a
different slope for sDFI when the incubation was
performed at 4 °C (Fig. 5). The average regression
coefficient (b) was 1.43, indicating that sDFI increased
with time at the same rate in all individuals (Fig. 5).
However, the intercepts of the regression equations
showed significant variation, signifying that each
individual semen sample had different sDF dynamics;
the average regression coefficient (b) was 1.49. When all
the results for sperm incubated at 37 °C were analyzed,
three clear tendencies in the dynamics of sDF were
identified among individuals. D5 showed a high basal
sDFI, which reached high values rapidly, whereas the
other four animals had almost identical basal sDFIs, thus
establishing two groups. One of these groups includes
donkeys D2, D3, and D4, which had similar slopes for
sDF dynamics. D1 was clearly separate from the other
two groups in having a lower rate of sDF increase.

100
80
60 F
40"
20

0

0 10 20 40

— Donkey 1 Donkey 2

— Donkey 3

30

10

40

—— Donkey 4 —— Donkey 5

Fig. 5. Multiple regression analysis of sDFI at temperatures of 4 °C, 25 °C, and 37 °C in the five donkeys studied. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of the article.)
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4. Discussion

The scant information available regarding the
assessment of sperm quality in Spanish breeds of
donkeys is not consistent with the risk of extinction of
these populations. Whereas the semen characteristics of
some males have been analyzed in the Catalonian [24]
and Zamorano—Leonés breeds [25], information about
their genetic variability is much more abundant [26,27].
We wish to call attention to future programs to preserve
frozen sperm samples from these animals. According to
the results of this study, sperm DNA quality may be
seriously compromised after thawing. Furthermore, the
time required for the sperm to reach the oocyte in Al
might be reduced by correct management of the
temperature excursion episodes experienced by the
sperm during handling or storage. The level of sperm
DNA damage is also much more intense at a biological
temperature of 37 °C.

Our results in this study indicate that sDF in donkeys
is a new parameter with which to assess sperm quality,
and may reveal interesting differences when various
animals are compared. These differences are more
noticeable than those apparent with standard sperm
parameter evaluation. If we assume that sDF has a
similar relevance to the fertility of donkeys as has been
demonstrated in other mammalian species [28], sDFI
analysis of these animals should be considered in the
final decision to use a specific semen sample for Al
This option may be critical in reproduction programs for
endangered species, where maximum control of the
male factor is necessary to ensure a fully successful
pregnancy. It can be concluded from the results of this
study that the semen samples of D1 and D4 are the best
candidates for use in Al, especially because D1 had both
the lowest level of sDF at TO and the smallest increase in
this parameter with time relative to those of the other
animals.

By considering the parameters of sperm quality
(viability and fragmentation) for each animal before the
samples were frozen and after thawing, we estimated
the sperm quality (sQ) by integrating the different
values in a single value ranging from 0-1 according to
the formula sQ = %Vi/100n, where Vi is an independent
variable and » is the number of variables included. The
independent variables included in this case were:
progressive motility, hyposmotic test (+), normal
morphology, viability, and sDFI (Table 1). Interestingly,
after the integration of all these data, D1 and D4 showed
the highest values (0.69) when compared with those of
the other animals; they also exhibited the lowest levels
of sDF. These characteristics and the level of sperm

viability in these two animals were within the ranges
expected for the rest of the animals, but their degree of
sDF with time was significantly lower. Under these
circumstances, greater survival in the female tract
would be expected of the sperm from these animals. The
sperm of D5 should be discarded for Al and those of the
other two animals probably represent the expected
average sDF dynamics for donkeys. In stallions
comparable clusters of individuals were established
after a similar experimental approach [14].

As has been demonstrated in the spermatozoa of
other animals, such as the ram [29], boar [30], bull [21],
and humans [31], we can assume that DNA damage is
not a direct effect of freezing. In fact, D1 and D4
showed a very low level of sDF, probably very similar to
that exhibited by this sample before thawing. This DNA
behavior as has been observed when fresh and frozen
samples of other species. However, the stability of the
DNA molecule after freeze—thawing, during the first
minutes of thawing, is not consistent with the decrease
observed in other parameters, such as sperm viability or
sperm motility. These suggest that DNA damage
following chilling or cryopreservation is likely to be
an indirect consequence of the stressors associated with
changes in temperature, osmolarity, and plasma
membrane instability. This could be why a good or
partial negative correlation was observed in all the
samples analyzed in this experiment when sDF was
compared with the dynamics of sperm viability. The
loss of membrane integrity can be considered a
pathological process because it can result in the
uncontrolled release of active enzymes (proteases,
among others, from the acrosome). This can lead to
autodestructive necrotic processes or alternatively to the
activation of apoptotic pathways, including the oxida-
tive stress that result in fragmented DNA [32-34].
Furthermore, the shortened longevity of sperm may
play an important role in fertilization when semen is
placed in the cervix of the female selected for
insemination. If this reduced longevity is an effect of
sperm handling, intrauterine insemination or conscien-
tious estrus synchronization could help to circumvent
this problem in these cases. These alternatives must be
seriously considered in species at risk of extinction,
especially in species where males of high genetic value
are scarce. The selection of semen samples with delayed
sDF, high estrus synchronization, and laparoscopy-
assisted insemination could improve pregnancy rates.

In addition to establishing the importance of
assessing sDF in these particular animals, we serendi-
pitously found two particular characteristics of donkey
sperm that recommend the reanalysis of this material in
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more detail. One involves the behavior of the sperm
membrane in relation to the permeability of AO, a
fluorochrome that has been used in combination with PI
to assess viability in a large variety of cells [35-37]. The
slow penetration of AO into the donkey sperm is
characteristic of these animals. Similar trials using
human, goat, dog, ram, or stallion sperm have not
produced this effect; all these sperm samples are rapidly
stained after exposure to the AO/PI fluorochrome
combination. This is clear evidence that the composi-
tion/structure of the sperm membranes of donkeys is
substantially different from those of their relatives,
including stallions.

Secondly, the assumption that the level of DNA
labeling in sperm after ISNT with DNA polymerase
reflects the degree of unfragmented DNA must be
analyzed in more detail. The unexpected behavior of
donkey chromatin could be indicative of the presence of
constitutive DNA nicks in the sperm. The observed
phenomenon is wholly consistent with vast numbers of
single-stranded DNA motifs, producing 100% DNA
migration in the comet assay under DNA-denaturing
alkaline conditions. Although the presence of alkali
labile sites (ALS) are not easily explained, it seems that
there is a good correlation between the presence of ALS
in the sperm DNA and the strong labeling of sperm by
techniques that demonstrate the presence of DNA
breaks. ALS could be interpreted as DNA modifications
that can be transformed into DNA breaks or single-
stranded DNA motifs by relatively weak alkaline
solutions. Our group has reported a high frequency of
constitutive ALS in major mouse satellite DNA located
in the pericentromeric chromatin regions in somatic cell
lines [38], and in human leukocytes, specifically within
the pericentromeric 5bp classical satellite DNA
sequence areas, as well as in the constitutive hetero-
chromatic Ygh region [39]. In human sperm cells, the
whole genome is enriched in constitutive ALS [40,41]
compared with somatic cells. Recently, the differential
presence of ALS has been reported in sperm and
somatic cells of boars and rams [42]. Ongoing
investigation of this phenomenon should throw some
light on this motivating observation. However, the
behavior of donkey sperm chromatin in terms of ISNT
reported in this study has no parallel in the literature and
may provide a good model with which to analyze these
chromatin conformations in sperm cells. It is possible
that this effect is produced by a defective method of
freezing the sperm samples. Ongoing experiments with
fresh sperm samples should clarify this particular issue.

In conclusion, from a conservation point of view, as
we try to preserve the gene pool still available in the

different Iberian breeds of donkey, we encourage the
development of novel strategies for assessing improve-
ments in sperm longevity and DNA quality after thawing.
The particular structure of the sperm chromatin of the
donkey exhibits a large proportion of unorthodox DNA
configurations in frozen sperm samples. Therefore, it
could constitute a good model with which to understand
sperm chromatin structure or at least to develop new
models with which to analyze it. By corollary, this could
be another reason to fight, in research terms, for the
genetic patrimony of these species.
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