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Abstract

A suitable method for the cryopreservation of donkey semen would be very valuable for the
ex situ management of genetic diversity in this species. This report uses a variety of
observation and trials to evaluate the effect of cryoprotectants in per cycle pregnancy rates
(PC) in equids females (jennies (donkey) and mares (horse)). This was explored by 1)
comparing the results of insemination of jennies and mares with cooled or frozen donkey
semen, 2) examining the possible toxic effect of the cryoprotectant (CPA) glycerol in these
two species and 3) studying alternative solutions.

Donkey and horse semen was either used immediately, or cooled according to some steps of
the pre-freezing procedure or frozen and thawed. The pre-freezing procedure included semen
dilution, centrifugation, resuspension in milk or in INRA82 + 2% egg yolk + various % CPA
(expressed as final concentrations in extended semen (v/v)) and then cooling to 4°C.

PC was similar in mares and jennies inseminated with donkey semen cooled to 4°C in milk.
However the PC was significantly higher in mares than in jennies when donkey semen was
frozen with 2.2 % glycerol (36%, n=50 cycles vs 11%, n=38 cycles; P<0.01).

Increasing the concentrations of glycerol (0, 2.2, 3.5, 4.8 %) before cooling stallion semen
resulted in a progressive decrease in mare PC (87, 53, 53, 13% (n=15 cycles for each
concentration); P<0.0001).

The addition of 2.2% glycerol before cooling donkey semen decreased the PC measured in
jennies to 0. The replacement of glycerol by 2% dimethylformamide increased the fertility
obtained in jennies with cooled donkey semen (PC: 67%, n=12 cycles) but did not increase
the fertility obtained with frozen-thawed donkey semen (PC: 11%, n=28 cycles with
dimethylformamide vs 0%, n=16 cycles with glycerol).

In conclusion, this study clearly shows that the ability of jennies to conceive after AI with
donkey frozen semen is lower than that of mares. Glycerol affects the fertility of donkey and
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stallion spermatozoa as early as during the pre-freezing procedure. In consequence, the
glycerol level must be low in frozen equine semen to provide good fertility. The toxic dose of
glycerol for donkey spermatozoa seems to be almost half that for stallion spermatozoa.
Whether this greater sensitivity of donkey spermatozoa to glycerol is responsible for the low
success of semen cryopreservation in jennies is not so obvious because replacement of
glycerol by dimethylformamide was not much more effective in terms of fertility.

1. Introduction

The donkey speciesis mainly distributed in small and often consanguine and endangered
breeds in Europe. For example, 7 breeds with approximately 13 to 191 births per year per
breed were reported in France in 2004 (Baudet du Poitou (BdP), Grand Noir du Berry, du
Cotentin, de Provence, du Bourbonnais, Pyrénéen and Normand). A suitable method for
cryopreservation of donkey semen would therefore be very valuable for the ex situ
management of genetic diversity in this species. Nevertheless, very few laboratories have
studied the technology of donkey semen cryopreservation (Glatzel et al. 1981, Piao, 1988,
Trimeche et al., 1996, 1998, Silva et al., 1997) until recently (Oliveira et al., 2006, Alvarez et
al., 2006), and often for the production of mules (donkey male x mares (= horse females)).
The methods used for donkey semen are usually derived from those used for stallion semen.
A method derived from the French stallion technique (Palmer, 1984) but using a higher
amount of glycerol, the addition of glutamine and quail egg yolk instead of hen egg yolk was
suggested by Trimeche et al. (1998). However pregnancies in jennies (= donkey females)
were obtained only after redilution of the semen after thawing. Oliveira et al. (2006) recently
failed to obtain pregnancies in jennies inseminated with semen frozen with different
combinations of cryoprotectants (CPAs).

Although glycerol added to spermatozoa of numerous species before freezing provides good
post-thaw motility, its negative effect on fertility has been clearly demonstrated in chickens
(Hammersted & Graham, 1992). The negative effect of glycerol on fertility in mares has been
suspected for several years (Pace & Sullivan, 1975, Pickett et al., 1975, Palmer, 1984) and
such toxicity may also be questioned in donkeys. Glycerol removal from frozen chicken
spermatozoa by dilution and washing, dialysis or centrifugation gradient as part of the
thawing process restores their fertilizing capacity. The use of alternative CPAs such as
dimethylacetamide (DMA) without removal at thawing also gives good results in this species
(Challah et al., 1999; Tselutin et al., 1999).

Dimethylformamide (DMF) (Vidament et al. 2002, Squires et al. 2004, Alvarenga et al. 2005)
and ethylene glycol (EG) (Ball et al. 2001, Mantovani et al, 2002, Squires et al. 2004) have
also been proposed to replace glycerol for freezing semen in the horse with variable success
rates reported.

The aim of the present study was to demonstrate the low fertility observed in jennies
inseminated with frozen semen and to examine whether this was related to the use of the CPA
glycerol. This was explored by 1) comparing the results of insemination of jennies and mares
with cooled and frozen donkey semen, 2) examining the possible toxic effects of glycerol in
these two species and 3) studying alternative solutions.

2. Materialsand Methods
2.1. Animals

The 13 donkey males used in this study were from different breeds: 11 Baudet du Poitou
(BdP) (~ 500 kg), 1 Grand Noir du Berry (~ 400 kg) and 1 Pyrénéen (~ 350 kg). All males



belonged to Les Haras Nationaux (French National Studs) or to SABAUD (French
Association of Preservation of Baudet du Poitou) and were housed individually. Thirty-five
field jennies and 62 jennies (BdP or undefined breed) housed at the donkey centre of
Dampierre (in which comparative trials were performed) were used.

Three male Welsh ponies were housed individually at INRA Nouzilly. Ninety female Welsh
ponies (250-450 kg) were housed in pens of 4-5 at INRA Nouzilly. Mares (light and draught
breeds) were managed in field practice.

2. 2. Semen preparation

Semen was collected routinely with a closed-ended vagina. Sperm concentration was
estimated photometrically, and semen was diluted rapidly in ultra-high temperature treated
milk (UHT) or in extender E1 ((INRA82 = 1/2 UHT milk and 1/2 solution containing sugars
and salts) + 2% egg yolk (v/v)) (Palmer, 1984). Semen was used either freshly diluted or
prepared according to pre-freezing or freeze-thaw procedures. The steps of the freezing
technique (Vidament et al., 2000) were as follows: after initial dilution of semen in extender
E1 at 50.10° per mL and cooling at 22°C for 10 minutes, the semen was centrifuged (600 X Q)
for 10 min at ambient temperature (step 1). The resulting supernatant was discarded, the
pellets resuspended in the freezing extender E2 (E1 + various % CPA) to reach the
concentration of 100 x 10° spermatozoa /ml (step 2), and then cooled at 4°C for 1 h 15 min
(step 3) before being packaged in straws (0.5 ml) and frozen (at — 60°C/min down

to — 140°C), then plunged in liquid nitrogen (step 4). The different treatments are described
precisely within each experiment (paragraph 2.5).

The CPAs, glycerol, DMF and EG were purchased from Sigma (Saint Quentin Fallavier,
France). CPA concentrations are expressed below as final concentration in the diluted semen
(v/v). If not specified, the CPA used in E2 was glycerol at ~ 2.2 % (v/v) (2.5% in extender).
In two trials, glutamine was added to E2 (final concentration ~ 44 mmol.L™?).

2.3. Evaluation of sperm motility

The sperm motility characteristics were measured by a computer-assisted motility analyzer
(CASA) (HTM-IVOS, version 10.9, Hamilton Thorn Research, Beverly, MA, USA). Rapid
motility was defined as the percentage of motile spermatozoa with average path velocity
(VAP) higher than 40 um/sec. The parameter settings for this HTM-IVOS system were: 30
frames acquired at 60 frames per second, sorting on 16 frames/30 to define a track, minimum
contrast 80, minimum cell size 4 pixels, lower VAP cut-off 20 pm/s, VAP cut-off for
progressive and rapid cells 40 pm/s and straightness cut-off for progressive cells 80.

2.4 Insemination and evaluation of fertility

Follicular growth and ovulation were monitored daily by transrectal ultrasonography and
mares and jennies were inseminated during oestrus, when they presented growing follicles of
33 mm (pony mares) or 35 mm (jennies and mares except ponies). If not specified, mares and
jennies were inseminated just behind the cervix with 400 x 10° fresh or frozen total sperm per
Artificial Insemination (AI) (4 ml), twice (24 and 48h) before ovulation, without further
preparation of the semen. Pregnancy was diagnosed ultrasonographically 14 to 16 days after
ovulation. Fertility was measured according to the per-cycle pregnancy rate (PC), defined as
the total number of pregnancies divided by the total number of oestrus cycles bred.

When frozen semen was used, only ejaculates with post-thaw rapid motility greater than 35%
were selected for insemination.



2.5. Experimental procedures:

2.5.1. Fertility of mares and jennies inseminated with cooled and frozen donkey semen
Insemination with fresh semen diluted in milk

Breeding records from 2 donkey males (1 BdP and 1 Pyrénée breed) were analyzed
retrospectively for their respective fertility in field mares (n= 49) and jennies (n=13). These
females were inseminated with 200 x10° total sperm diluted in milk (10 ml total volume) and
stored at 4°C for less than 8 h before insemination every other day, as long as they were in
oestrus.

Insemination with semen frozen with glycerol

Semen of 6 BAP donkeys was frozen in E2 containing 2.2% glycerol and glutamine (n=4) or
without glutamine (n=2). Field mares (n=25) and jennies (n=22) were inseminated with 800
x10° total sperm (16 straws, 8 ml total volume) per Al before ovulation (usually twice, 24 and
48 h before ovulation) in different Al centres.

2.5.2. Fertility of mares and jennies inseminated with intraspecies semen prepared with or
without glycerol

The aim of these experiments was to establish whether glycerol was the factor explaining the
lower fertility observed in jennies: fresh stallion and donkey semen prepared according to
prefreezing steps using different concentrations of glycerol was inseminated in mares and
jennies, respectively.

2.5.2.1. Horse species

The effects of increasing glycerol concentrations (0, 2.2, 3.5, 4.8 and 6.2%) were first measured
on horse spermatozoa motility in vitro. Fresh semen of five pony stallions (x 1 ejaculate) was
divided and prepared according to steps 1 to 3 with increasing glycerol concentrations in E2.
At the end of step 3, semen was diluted at 20 x 10° spermatozoa/ml with the extender
containing the corresponding glycerol concentration. Velocity VAP and motility were
evaluated after 48h of storage at 4°C.

Fresh semen of three pony stallions was prepared for in vivo study according to steps 1 to 3
with increasing glycerol concentrations (0, 2.2, 3.5 and 4.8%). At the end of step 3, pony
mares were inseminated once with 400 x 10° total sperm (4 ml total volume) 24h before
ovulation. Mares were randomly allocated to the different glycerol concentrations. The
experiment was stopped when 5 cycles per stallion and per glycerol concentration group had
been allocated. To monitor any possible post-Al uterine reaction due to glycerol, the uterus
was scanned by ultrasonography 5 times (at Day 0, just before insemination, Day 1 (= Day of
ovulation), Day 3, Day 5 and Day 8-10 after insemination). The following criteria were
recorded: 1) measurements of uterus : maximum height of uterine body (on scans where the
body was of regular pear shape (longitudinal section)), height and width of the base of each
uterine horn (on scans where the base could just be distinguished from the body and was of
regular elliptical shape), 2) uterus score (0 = no endometrial folds, 2 = small folds, 3 = marked
folds and 4 = prominent folds with oedema), 3) presence of liquid in the uterine body. The
surfaces of the base of each horn were then calculated and pooled. These examinations were
performed during the insemination cycles with semen from the first two stallions.

2.5.2.2. Donkey species
Fresh semen from two BdP donkeys was divided and prepared according to the following four
treatments. The semen was 1) diluted in milk at 35°C (treatment 1), 2) diluted in milk at 35°C



and then centrifuged; the pellet was resuspended in milk at 22°C and then cooled to 4°C
(treatment 2), 3) diluted in E1 at 35°C and centrifuged; the pellet was resuspended in E1 and
then cooled to 4°C (treatment 3) or 4) diluted in E1 at 35°C and centrifuged; the pellet was
resuspended in E2 containing glycerol and then cooled (treatment 4). Treatment 4 represented
steps 1-3 of the prefreezing procedure. In treatment 1, 400 x 10° sperm were diluted in 10 ml.
In treatments 2-4, 460 x 10° sperm were diluted in 10 ml and centrifuged, and the pellet (1 ml)
was diluted with the extender (total 4 ml). Seven undefined breed jennies (x 2 or 3 cycles) and
6 BdP jennies (x 2 cycles) were inseminated immediately after the end of preparation of
semen with 400 x 10° total sperm every other day until ovulation.

2.5.3. Fertility of jennies inseminated with cooled donkey semen prepared with or without
different CPAs

Concentrations of alternative CPAs were chosen for donkey semen according to findings
obtained for stallion semen in our laboratory. A dimethylformamide (DMF) concentration of
around 2% was chosen according to previous results of motility and fertility (Vidament et al.,
2002) and to other unpublished data. For ethylene glycol (EG), a preliminary in vitro study
evaluated the effects of increasing concentrations (0, 1.4, 1.9, and 3.8%) on spermatozoa
motility: semen of five stallions (x 1 ejaculate) was prepared according to steps 1 to 3 and
cooled to 4°C. After 1 h 15 min, semen was either frozen or kept unfrozen, and then diluted at
20 x 10° spermatozoa/ml with the extender containing the previous EG concentration and
stored at 4°C for 48 h.

In an in vivo study, fresh semen from three BdP donkeys was prepared according to steps 1 to
3, as described for treatment 4 in the above trial (paragraph 2.5.2.2.). The final concentration
of CPAs in E2 were: 0 % or 1.9% glycerol (0.26 M), 2% DMF (0.26 M) or 1.3% EG (0.26
M). Jennies (7 undefined breed jennies x 4 cycles and 6 BdP jennies x 3 cycles) were then
inseminated with fresh semen at 4°C every day until ovulation.

2.5.4. Attempts to improve the fertility of jennies inseminated with frozen donkey semen
2.4.4.1. Removal of glycerol during the thawing process (post-thaw dilution or washing)
Semen of five BdP donkeys was frozen in E2 containing glycerol and glutamine (3 donkeys)
or without glutamine (2 donkeys). After thawing 8 straws (400 x 10° sperm), 10 ml of milk
were added drop by drop to the semen tube (total 14 ml). Al was performed in BdP jennies
(11 BdP jennies x 1 or 2 cycles).

Semen of two other donkeys (1 BdP and 1 Grand Noir Berry) was frozen in E2 containing
glycerol. After thawing, the semen was inseminated either without further dilution (8 straws)
(Control), or after washing in milk (9 straws) as follows. The contents of the 9 straws were
divided into two centrifugation tubes. Eleven ml of milk at 35°C were added drop by drop to
each tube and the pellet (1 ml) was resuspended in 1 ml of milk at 22°C after centrifugation.
The contents of both tubes were gathered (4 ml) and used for insemination. Four hundred
million total sperm diluted in 4 ml were inseminated (6 undefined breed jennies x 2 or 3
cycles).

2.5.4.2. Substitution of glycerol by DMF

Ejaculates from two BdP donkeys (n=3 for male 1 and n=6 for male 2) were divided into two
parts and frozen with 2.1 % glycerol or with 2.2 % DMF. Ejaculates with post-thaw rapid
motility of 35% or more with glycerol and DMF were used for insemination (7 undefined
breed jennies x 3 cycles and 12 BdP jennies x 1 or 2 cycles).

2.6 Statistical analysis



The Chi-square test was used to compare the percentages (PC) in the field trials. In
experimental fertility trials, differences between percentages (PC) were tested with linear
categorical data analysis, considering effects of treatment and male sand treatment x male
interaction (CATMOD, SAS Institute Inc., Cary, NC, USA). If the treatment x male
interaction was not significant, the model was considered as valid. The software calculated
then weighed least squares estimates of the mean percentage on overall data (intercept) and of
all effects and their significance. In the fertility trial with fresh donkey semen prepared with
different CPAs, one donkey (“Leo”) with hemospermia was replaced by another (“Mar™)
during the trial. A smaller number of cycles per treatment was allocated to these 2 donkeys,
and the statistical analysis was therefore performed after removing the result of treatment 1
with donkey “Mar” (1 cycle) because the model was not valid if this result was retained.
General differences between means of sperm characteristics were tested by a factorial analysis
for balanced or unbalanced data (GLM procedure of SAS, SAS Institute Inc., Cary, NC,
USA) considering the effects of sperm treatment, male and ejaculate within male (if more
than one ejaculate per male was being considered).

3. Results
3.1. Fertility of mares and jennies inseminated with cooled and frozen donkey semen

The results reported on Table 1 clearly show that per-cycle pregnancy rates (PC) obtained
with jennies and mares were similar (45 %) when the females of the two species were
inseminated with donkey semen diluted in milk and used unfrozen.

The results were very different with frozen donkey semen. The PC obtained with jennies was
very low (11 %). However, the PC obtained with mares were 3-4 times higher (P< 0.01),
although the post-thaw motility was the same for the sperm used to inseminate mares and
jennies (mean: 56 % rapid motility).

3.2. Fertility of mares and jennies inseminated with intraspecies semen prepared with or
without glycerol

Horse species

The addition of glycerol to unfrozen stallion semen had a del eterious effect on motility and
PC (Tables 2 and 3). In fertility study, the highest amount tested (4.8 % glycerol) wasthe
most deleterious (P< 0.0001). The lower concentrations (2.2 and 3.5 % glycerol) gave
intermediate results. The toxicity of glycerol could not be related to any possible strong
inflammation of the uterus as measured by uterine scores, height of uterine body (data not
shown) and uterine horn size (surfaces) (Table 4): al of these uterine parameters decreased
rapidly with the interval between insemination and measurement, but there was no
relationship with the glycerol concentration added at the time of insemination. In addition,
liquid in the uterus was very rare (8 times on 200 examinations : 1 time / 40 at Day 0, 6
times / 40 at Day 1 (1 or 2 times in each glycerol concentration / 10 cycles) and 1 time / 40 at
Day 3).

Donkey species

The effects of the successive steps of the pre-freezing procedure of donkey semen on the PC
measured after insemination of jennies are reported on Table 5. The successive steps
gradually decreased PC (P<0.0001). However, the addition of 2.2% glycerol induced the most



dramatic fall as PC decreased from 64 % before addition of the cryoprotectant to 0% after
addition.

3.3. Fertility of jennies inseminated with cooled donkey semen prepared with or without
different CPAs

In the preliminary in vitro study evaluating the effects of increasing EG concentrations (0, 1.4,
1.9, and 3.8 %) on stallion spermatozoon motility, rapid motility of unfrozen sperm was 84",
8178, 81" and 77 %®, respectively. For frozen semen, rapid motility was 22°, 33"?, 40" and
47 % *, respectively. Different superscript letters denote differences between concentrations
(P<0.05).

Finally all CPAs (glycerol, DMF, EG) were used at the same molarity (0.26 M) in the in vivo
study. When glycerol was replaced by DMF or EG during the prefreezing procedure, the PC
obtained with jennies was less dramatically affected (Table 6) (P< 0.0001). In addition, DMF
did not seem to be toxic because the PC obtained with this cryoprotectant was similar to that
obtained without the addition of CPA (78 vs 81 %). Moreover, these PCs were significantly
higher than the adjusted mean for all treatments (54%) (P < 0.03). EG tended to be less toxic
than glycerol although the PC results obtained with this CPA were intermediate (45%).

3.4. Attempts to improve the fertility of jennies inseminated with frozen donkey semen

Removal of glycerol during thawing process (post-thaw dilution or washing).

No pregnancies occurred in jennies when frozen donkey semen was diluted in milk without
washing at thawing (Table 7). The same occurred after additional dilution of frozen-thawed
semen in milk to reduce the proportion of glycerol. When frozen semen was washed in milk
after thawing, one pregnancy occurred out of 8 cycles. However, there were no significant
differences between treatments.

Substitution of glycerol by DMF.

The motility characteristics of frozen-thawed donkey semen were not significantly different
when similar concentrations of glycerol or DMF were used: rapid motility was 54% and 47%
(pooled S.E.M = 2) and VAP was 99 and 101 pm/sec (pooled S.E.M.= 3), respectively.

PCs were low and not significantly different when semen was frozen in the presence of
glycerol or DMF (Table 8) (P=0.08).

4. Discussion

Semen cryopreservation is now successfully used in 80-85% of the stallions of light breeds in
France (Vidament, 2005). The situation is very different for the donkey species, despite the
close phylogeny with the stallion. Semen cryopreservation is not successful in the donkey
species although donkeys of different breeds are often reported to produce large quantities of
high quality semen (Ferreira et al., 1992, Santos et al., 1995, Gastal et al., 1997, Trimeche et
al, 1998, Miro et al. 2005). This situation, which is dramatic for the maintenance of genetic
diversity, leads to questions regarding the freezability of donkey spermatozoa, the ability of
jennies to be inseminated with frozen semen, and consequently the validity/quality of the
current methods of cryopreservation and /or insemination. The present study sheds new light
on the effects of cryopreservation procedures on donkey and stallion semen, and it provides
information regarding the fertility obtained after Al of jennies and mares with frozen or
unfrozen semen, with or without the CPA glycerol.



We showed in this study that fertility is similar when mares and jennies are inseminated with
cooled donkey semen diluted in extender without CPA, thus complementing previous results
obtained on sperm motility (Santos et al., 1995, Cotorello et al. 2002, Seres et al., 2002) and
on fertility obtained after insemination of mares for mule production (Glatzel et al., 1981,
Ferreira et al., 1992). However, no fertility results are available in the literature regarding
fresh donkey semen inseminated in jennies, although this seems to be the practice in some
places and in some countries. According to previous studies, the motility of frozen-thawed
semen is often very high (Trimeche et al. 1996, 1998, Oliveira et al. 2006). However, despite
this high motility after freeze-thawing, we demonstrated that the resulting fertility was very
low in jennies but clearly higher in mares. The low fertility obtained with frozen donkey
semen has already been documented by other authors using different extenders and amounts
of cryoprotectant or combinations of cryoprotectants. Trimeche et al. (1998) reported no
pregnancies in 17 cycles for jennies inseminated with donkey semen frozen in an extender
containing 4% glycerol, 10% quail egg yolk and 80 mM glutamine (final glycerol
concentration ~ 3%), then thawed and inseminated without dilution. In a preliminary report,
Oliveira et al. (2006) obtained no pregnancies in jennies (53 cycles) inseminated with semen
of one donkey male, frozen with different combinations of glycerol, DMF, DMA or DMSO
(total concentration: 2 to 5%). Moreover, they obtained 4 pregnancies in 10 cycles in mares
inseminated with semen of this donkey, frozen with one combination (3% glycerol and 2%
DMF).

The higher fertility obtained after insemination of mares with frozen donkey semen in the
present study (50 cycles) raises numerous questions. One hypothesis is that the potential
toxicity of glycerol on spermatozoa or on the female genital tract may be more enhanced in
jennies than in mares. All our intra-species results with donkey semen were in agreement:
when ~ 2% glycerol was added to semen, the resulting fertility was nil or very low, both with
fresh and frozen semen. In contrast, fertility results obtained with mares inseminated with
frozen equine semen containing 2-2.2% glycerol are very satisfactory (Vidament 2005).
However, even in the equine species, we demonstrated in the present study a significant
deleterious effect of the highest concentration of glycerol (4.8%) on fertility. These results are
in agreement with the decline in motility observed in fresh semen (Table 2) and with the
results published by Ball and Vo (2001) that showed deleterious effects on motility and
acrosome integrity of fresh equine sperm diluted in extender containing increasing
concentrations of glycerol. Such effects could explain the low fertility results previously
obtained with stallion semen extended with high glycerol concentrations (4 to 7%: Pickett et
al., 1975, Demick et al., 1976, Bedford et al., 1995).

Glycerol toxicity has also been demonstrated on spermatozoa of other species including bulls
(at 10%), rams (at 7-10%) and boars (at 8%) (Graham et al., 1978, Watson 1979, Buhr et al.,
2001). Taken together, the present results show that donkey and stallion spermatozoa may be
damaged by glycerol, but the toxic effect of glycerol is more obvious at higher concentrations
for stallion than for donkey sperm. The glycerol concentration for maximum post-thaw
motility is difficult to determine in horses, and could be influenced by the composition of the
extender. The optimal concentration would represent a compromise between the maximal
post-thaw sperm characteristics and negative effects on fertility. The recommended final
glycerol concentration for both motility and fertility could be 2.5 to 3.5% for equine species
(see review in Vidament 2005).



The second hypothesis to explain the deleterious effect of semen frozen with glycerol on the
fertility of jennies but not of mares could be a direct effect of glycerol on the female genital
tract. It is commonly accepted in equines that insemination with frozen semen leads to greater
post-Al fluid accumulation than insemination with fresh semen or natural service. We
therefore explored the effects of increased glycerol concentrations in the insemination dose on
the mare uterus. Uterus score, body size and horn surfaces decreased from Day 0 to Day 3
post-insemination due to the ovarian cycle, but no changes related to glycerol concentration
were observed. This was also the case for fluid accumulation. These simple techniques of
observation of uterine inflammation were compatible with the beginning of pregnancies.
These results are in agreement with recent studies in which frozen semen was reported not to
induce more uterine inflammation and fluid accumulation than fresh semen or natural service
in mares (Watson et al., 2001, Barbacini et al., 2003, Card et al., 2004, Katila et al. 2005). The
contraceptive effect of glycerol has mostly been documented in bird species, especially in
chickens and turkeys, although glycerol is one of the most successful cryoprotectants for
spermatozoa in these species (reviewed by Hammerstedt and Graham 1992, Tselutin et al,
1999). The contraceptive effect is noticeable with intra-vaginal insemination but fertility can
be restored by removing glycerol to below 0.1M during the thawing process (by high dilution
or by washing with centrifugation). Glycerol is contraceptive if it is deposited between 5 min
before and 10 min after insemination in the vagina, but insemination in higher parts of the
female tract (oviduct) does not reduce fertility (Hammerstedt and Graham, 1992). Glycerol
can also affect the female tract by changes in osmolarity, uterine liquid, ciliary movements,
sperm storage and release (Hammerstedt and Graham, 1992) and composition of uterine or
vaginal liquid in birds (Delee et al, 1991). The situation is very different in horse and donkey
species because of specific physiological features (e.g. sperm storage tubules in birds at the
utero-vaginal junction, not in mares and jennies...) and because insemination is intra-uterine.
Possible interaction between glycerol and milk extender in jennies genital tract may also not
be excluded. However many of the potential effects of glycerol on the donkey female genital
tract remain to be explored.

Whatever the explanation, it is difficult to suggest a decrease in the concentration of glycerol
for spermatozoa of donkey species because 2% is already quite low to obtain a cryoprotectant
effect. Two strategies were therefore developed to limit the effect of glycerol and to improve
the fertility of frozen semen in donkey species, i.e. partial post-thaw removal of glycerol and
pre-freezing replacement of glycerol by DMF. However, the simple dilution or washing (high
dilution/centrifugation/re-dilution) of frozen donkey semen was not sufficient to improve
fertility in jennies. In the first procedure, the concentration of the extender components
(glycerol, egg yolk.....) delivered to the jennies was halved. In the second procedure, the
extender components delivered to the jennies was divided by ten and their concentrations in
the Al dose were very weak. However, our results did not agree with those of Trimeche et al.
(1998) who obtained 8 pregnancies in 21 cycles when donkey semen frozen in an extender
containing 4% glycerol was diluted after thawing with the same volume of the base extender
without glycerol, added sequentially. These results have not been confirmed to date.

On the other hand, when glycerol was replaced by DMF and EG for donkey semen, the
fertility of fresh semen was similar to that of fresh semen without CPA, showing that DMF
and EG are less toxic than glycerol. However, the fertility of jennies after insemination of
donkey spermatozoa frozen with DMF was still very low, despite satisfactory post-thaw
motility (Table 8). This discrepancy between good motility and low fertility obtained with



frozen semen in donkey species has also recently been described with semen frozen with
different combinations of CPA (Oliveira et al., 2006), indicating that motility is a very poor
predictor of fertility, in this case. The different strategies to limit the effects of glycerol were
thus unsuccessful.

In addition to the negative effect of glycerol, there was certainly a profound effect of the
semen freezing process itself, small changes in spermatozoa being enhanced in jennies
compared to mares. Among the many potential factors involved, the interactions between
semen and the female genital tract (uterus, oviduct, oocyte) are so numerous and complex,
that a single dysfunction may result in reduced fertility. It would therefore be important to
explore 1) spermatozoon functions known to be important during their transit in the female
tract such as capacitation, membrane stability and acrosome reaction, 2) the interactions
between the genital tract and spermatozoa (uterus transport, oviduct storage), 3) seminal
plasma composition before and after freezing, 4) the effects of freezing on the components of
the freezing extender. Some of these aspects are currently under study in our laboratory.
Deep-horn insemination in jennies near the oviductal papilla could be an approach to rise the
number of spermatozoa near the site of storage.

In conclusion, the present study clearly showed that the ability of jennies to conceive after Al
with frozen donkey semen is lower than that of mares. The greater efficacy of inter-species
crossing compared to intra-species fertilization raised several questions, one of which being
the CPA used, i.e. glycerol. However, we also demonstrated that removal of glycerol on
thawing does not restore fertility and that glycerol may affect the motility and fertility of
donkey and stallion spermatozoa as early as the prefreezing process. This effect was
concentration-dependent but the toxic concentration for donkey spermatozoa was almost half
that of stallion spermatozoa. Whether this greater sensitivity of donkey spermatozoa to
glycerol was responsible for the low success of semen cryopreservation in jennies is not so
obvious because replacement of glycerol by DMF, that seemed less toxic to donkey
spermatozoa, was not much more effective. Taken together, these results show that further
studies should focus on the sensitivity of donkey sperm to cryopreservation and on the
suitability of the jenny’s oviduct to storing frozen-thawed semen.
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Table 1: Per-cycle pregnancy rate after insemination of jennies
(=donkey females) and mares (=horse females) with donkey semen
either cooled to 4°C or frozen

Fresh semen Frozen semen
diluted in milk and with 2.2% glycerol'
Female species cooled (2 males) (6 males)
Jennies 9/20 (45%) 4/38 (11%) *
Mares 33/73 (45%) 18/50 (36%) ®

1
A%
AB Different letters within a column denote significant differences (P<0.01).

Table 2: Motility of stallion semen centrifuged, diluted in extender
supplemented with increasing concentrations of glycerol and stored for
48 h at 4°C.

Glycerol 0 2.2 3.5 4.8 6.2 Pooled
(final % ") S.E.M.
Rapid motility (%) 77 & 744 70 A8 63° 54 ¢ 4
VAP (pmy/sec) 99 A 87" 82" 75 ¢ 67 P 3
Yyiv 2 VAP: average path velocity

Values are means of 5 split ejaculates (5 stallions x 1 ejaculate)
ABDifferent letters within a line denote significant differences (P<0.05).

Table 3: Per-cycle pregnancy rate (PC) after insemination of mares
with cooled semen of 3 stallions (diluted, centrifuged, diluted in
extender supplemented with increasing concentrations of glycerol and
cooled to 4°C for 1 hour).

Glycerol Male 1 Male 2 Male 3 Total Observed Estimated
(final %") PC PC?
0% 4/5 5/5 4/5 13/15 87% 88 %o***
22 % 2/5 3/5 3/5 8/15 53% 53 %
3.5% 1/5 3/5 4/5 8/15 53% 54 %
4.8 % 1/5 1/5 0/5 2/15 13% 3 Qo***
Yuw 2 Weighed least square estimates

*#%* Significant difference from the estimate of the mean percentage of all treatments : 50%, P<0.0001
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Table 4 : Size of uterus of mares before and after insemination with
cooled stallion semen (diluted, centrifuged, diluted in extender

supplemented with increasing concentrations of glycerol and cooled to

4°C for 1 hour).

“ Significant difference from the estimate of the mean percentage of all treatments : 61%, P<0.0001

Glycerol (final %')  Day 0 (before Al) Day 1 (OV) Day3 Day5 Day8-10 Total
0% 19 16 16 15 14 16
22% 19 18 14 14 13 15
3.5% 18 16 14 14 15 15
4.8 % 18 18 15 16 13 16
Total 184 17° 15 15% 14"
Yy Al: insemination OV: ovulation
The size of uterus was evaluated ultrasonographically by measuring the
sum of the transverse sections (cm?) of the bases of both uterine horns
before insemination at Day 0 (one day before ovulation) and 3, 5, 8-10
days after. Values are those observed in 10 mares per day per glycerol
concentration (pooled SEM : 0.9).
AB Different letters within a row denote significant differences (P<0.05).
Table 5: Per-cycle pregnancy rate (PC) after insemination of jennies
with semen of 2 donkey males (diluted in milk and inseminated
immediately or prepared with different steps of the pre-freezing
procedure)
Glycerol Malel Male2 Total Observed Estimated
Semen treatment (final %')  Her Lor PC (%) PC? (%)
1: Milk 0 3/3 3/4 6/7 86% 99 9p*H*
2: Milk/Centri /Milk/4°C 0 4/5 3/4 7/9 78% 78 %
3: E1 /Centri /E1 /4°C 0 2/4 3/4 5/8 63% 64 %
: E1 /Centri/E1 +2.2% G /4°C 2.2 0/4 0/4 0/8 0% 0 9p*ok*
Y 2 Weighed least square estimates
E1: INRA82 + 2% egg yolk  Centri: centrifugation G: Glycerol
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Table 6: Per-cycle pregnancy rate (PC) after insemination of jennies with cooled
semen of 3 donkey males (diluted, centrifuged, diluted in extender supplemented
with different cryoprotectants and cooled to 4°C for 1 hour).

Cryoprotectant Malel Male2 Male3 Total Observed Estimated
(final %") Leo" Mar Lor PC PC’
0% 3/4 0/1 4/6 7/11 64% 81%*
19%G 0/4 1/4 0/4 1/12 8% 119%***
2 % DMF 1/2 3/3 4/7 8/12 67% 78%*
1.3 % EG 1/2 2/4 2/5 5/11 45% 45%
Lyw Molarity of G, DMF, EG: 0.26 M. 2 Weighed least square estimates

G : glycerol, DMF : dimethyl formamide, EG : ethylene glycol

h : this donkey was replaced by the donkey (“Mar”) because of hemospermia

" Significant difference from the estimate of the mean percentage of all treatments: 54%, P<0.03

" Significant difference from the estimate of the mean percentage of all treatments: 54%, P<0.0001.

Table 7: Per-cycle pregnancy rate (PC) after insemination of jennies with semen of
donkey males frozen with 2.2% glycerol, thawed and either used directly (Control)

or after dilution with milk or after washing with milk

Semen treatment No of males Observed PC
Dilution with milk 5 0/15 (0%)
Control 2 0/8 (0%)
Washing with milk 2 1/8 (13%)

Table 8: Per-cycle pregnancy rate (PC) after insemination of jennies with frozen
semen of 2 donkey males (with glycerol or with dimethylformamide).

Cryoprotectant Male 1 Male 2 Total Observed Estimated
(final %") Fri Lor PC PC?
G (2.1%) 0/7 0/9 0/16 0% 0 %
DMF (2.2%) 1/13 2/15 3/28 11% 10%
Yy 2 Weighed least square estimates

G : glycerol, DMF : dimethylformamide
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