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Abstract

Semen cryopreservation and artificial insemination (Al) are potentially valuable methods
for supporting the breeding management of endangered species like the Asian elephant.
Cryopreservation of Asian elephant semen has however proven problematic with respect to
maintenance of both adequate semen quality and fertility post-thaw. In this study, nine ejaculates
from three adult bulls were used to compare the influence of extender (TEST versus INRA96®)
and penetrating cryoprotectants (3% glycerol, 5% glycerol and 4% methylformamide) on post-
thaw semen quality. We demonstrate that not only the freezing process, but also the quality of the
semen before freezing, significantly influences the freezability of Asian elephant semen. Pre-
freeze motility, viability, semen volume, semen pH, sperm concentration and the incidence of
sperm mid-piece and tail abnormalities all significantly (p<0.05) affected post-thaw semen quality.
While extender and cryoprotectant did not significantly affect any of the above semen quality
parameters post-thaw, the skim-milk based extender (INRA96®) preserved DNA integrity better
(p<0.05) than the egg yolk extender (TEST). Considerable between-ejaculate variation in all post-
thaw semen quality parameters was also noted. It is concluded that strict criteria for semen quality
is essential for the selection of Asian elephant bull ejaculates suitable for cryopreservation; stricter
initial selection should improve the mean post-thaw quality.
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Introduction

In1972 the Convention on International Trade in Endangered Species of wild fauna and
flora (CITES) listed the Asian elephant (Elephas maximus indicus) in Appendix I; in 2012 the
International Union of Conservation of Nature (IUCN) again included this species in the
endangered group of the Red List of Threatened Species, reflecting its continued vulnerability to
extinction in the wild. Although captive populations have been established and maintained, they
are not currently considered sustainable due to a combination of factors, including the risk of
inbreeding within the geographically isolated populations, low fertility, unbalanced sex ratios and
high infant mortality. Artificial insemination (Al) techniques have been developed in an attempt
to facilitate genetic management (Saragusty et al., 2009; Thongtip et al., 2009), and are relatively
successful when using fresh or chilled semen (Schmitt et al., 2001). In addition, African elephant
semen has been cryopreserved successfully, and this encouraged attempts to cryopreserve Asian
elephant semen using the same extenders. Unfortunately, the post-thaw quality of cryopreserved
Asian elephant semen proved to be very low, and relatively few bulls were capable of providing
semen able to adequately survive the freezing process (Graham et al., 2004; Thongtip et al., 2004;
Sa-Ardrit et al., 2006; Saragusty et al., 2009). While post-thaw semen quality depends on a variety
of factors, fresh semen quality is used as one of the primary indicators of suitability for semen
cryopreservation in many species; in particular, the percentage of motile sperm is a widely used
criterion for selecting semen samples prior to freezing (Isachenko et al., 2004; Saragusty et al.,
2009; Akhter et al., 2010; Stoops et al., 2010). In some species (e.g. the dog), however, it has been
reported that the percentage of progressively motile and morphological normal spermatozoa in
fresh semen do not correlate well with the percentage of motile sperm post-thaw (Né&thling et al.,
1997). On the other hand, semen volume, sperm concentration and the percentage of
morphologically normal sperm in fresh ejaculates have been proposed as useful parameters for
selecting (caprine) semen samples for freezing (Dorado et al., 2010), and the same authors also
reported that the percentages of motile sperm and sperm with abnormal morphology, in particular
acrosome damage, in fresh semen were the best predictors of suitability for freezing (Dorado et
al., 2009). Similarly, the proportion of spermatozoa with damaged plasma membranes (often
termed “non-viable”) in fresh semen has been reported to best predict the proportion of stallion
spermatozoa with membrane damage after freezing and thawing (Vidament et al., 1998). However,
the most informative fresh semen parameters for predicting post-thaw semen quality may well
differ between species.

Extender composition is another factor that plays a significant role in the success of sperm
cryopreservation (Salamon and Maxwell, 2000). In general, the components of a sperm
cryopreservation extender include a non-permeating cryoprotectant, a penetrating cryoprotectant,
a buffer, one or more sugars, salts and antibiotics (Evans and Maxwell, 1987). The earliest reports
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on the cryopreservation of Asian elephant sperm described the use of egg-yolk as the non-
permeating cryoprotectant and glycerol as the penetrating cryoprotectant (Thongtip et al., 2004;
Saragusty et al., 2009). Recent studies have indicated that skim-milk powder is an equally effective
non-permeating cryoprotectant for Asian elephant sperm (Saragusty et al., 2009). Although
glycerol is a widely used, and useful, permeating cryoprotectant for sperm cryopreservation,
several authors have reported toxic or apparently contraceptive effects of glycerol included in the
inseminate (reviewed by Fahy et al., 1990). The results from pilot fertility trials in stallions
indicated that using amides as penetrating cryoprotectants may help to avoid the postulated
contraceptive effects of higher concentrations of glycerol. Due to their lower viscosity and low
molecular weight, the amides may also inflict less osmotic damage on spermatozoa (Alvarenga et
al., 2005).

The aim of the current study was to examine the influence of fresh semen quality and
extender composition on the ability of Asian elephant spermatozoa to survive cryopreservation.
Semen volume, pH and concentration and the percentages of motile, viable, and morphologically
normal spermatozoa were analyzed in fresh semen and used to categorize ejaculates into quality
groups. TEST (egg-yolk based) and INRA96® (skim-milk based) extenders in combination with
glycerol or methylformamide (an amide) as cryoprotectant were used to evaluate the relative
effects of different types of non-permeating and permeating cryoprotectants on the ability of sperm
to survive cryopreservation. Following freezing and thawing, the DNA fragmentation index, and
the dynamics of DNA fragmentation were also evaluated, using the sperm chromatin dispersion
test. As sperm DNA stability tends to be disturbed during or after cryopreservation, especially in
terms of the dynamics of sperm DNA fragmentation (SDF) (Lopez-Fernandez et al., 2007; 2008),
SDF is considered to be a very informative parameter for assessing post-thaw semen quality. The
sperm chromatin dispersion test involves an uncomplicated and inexpensive protocol for SDF (de
la Torre et al., 2007) such that this test is appropriate for use with wild animal species. Finally,
analyses were performed to determine which pre-freeze characteristics best predicted adequate
freezability.

Materials and methods
Chemicals

All reagents were purchased from Sigma Chemical Company (Sigma, St. Louis, MO,
USA) unless otherwise stated.

Semen collection and evaluation

Semen was collected from seven Asian elephant bulls (Elephas maximus indicus) during
October 2009 — January 2010 at the National Elephant Institute (NEI), Lampang, Thailand (latitude
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18°21.60°N and longitude 99°14.92’E). During the semen collection period bulls were not used for
natural breeding. Semen collection was performed by per rectum massage of the ampullae as
described by (Schmitt and Hildebrandt, 1998). The semen was recovered into sequential 50-ml
tubes covered with an opaque cloth bag and attached to a long stick for ease of handling.
Immediately after collection, each ejaculate was evaluated for volume, pH, sperm concentration,
and the percentages of motile, viable and morphologically normal and abnormal sperm.

Sperm concentration was assessed using a haemocytometer (Bane, 1952), and the
percentage of motile sperm was evaluated using a phase-contrast microscope at a magnification of
x200 to examine a standardized 10 ul drop of semen pipetted onto a pre-warmed (38 °C) glass
slide and covered with a cover-slip Sperm viability was estimated using eosin-nigrosin staining
(Bjorndahl et al., 2003), and only ejaculates with more than 50% viable sperm and no evidence of
urine contamination (colour, smell, pH) were used for the cryopreservation studies. From the seven
bulls initially included in this study, we obtained a total of 28 ejaculates; however, using the above
criteria only 9 ejaculates from 3 bulls (3 ejaculates from each of 3 bulls) were considered to be of
sufficient quality for cryopreservation.

Sperm morphology was evaluated using a protocol developed by Sarder (2008). Smears of
fresh semen were air-dried and fixed in absolute alcohol for 3 min and then stained with William’s
stain for 5 min. The William’s stain was prepared from stock solutions I, IT and III. Stock solution
I consisted of 10 g basic fuchsin and 95% alcohol. Stock solution Il was a saturated bluish eosin
in 95% alcohol. Stock solution 111 consisted of 10 ml stock solution I and 170 ml of 5% phenol.
25 ml of Stock solution 11 and 50 ml of stock solution 111 were mixed to produce the final staining
solution, which was filtered before use (Sarder, 2008). After staining, the slides were washed in
running tap water, dried and examined using bright field light microscopy at a magnification of
x1000. 200 spermatozoa per sample were examined for primary (head abnormality) and secondary
sperm abnormalities (mid-piece abnormality and tail abnormality), or classified as having normal
morphology.

Extenders and cryoprotectants

Two extenders were selected for this study; INRA96®, a skimmed milk based extender
(IMV Technologies, L’Aigle, France), and TEST an egg yolk based extender (Thongtip et al.,
2004). INRA96® is a commercial extender used for both chilled and frozen storage of sperm. The
INRA96® was supplemented with 2% (v/v) egg yolk as described by Pillet et al. (2008). The
permeating cryoprotectants trialed were 3% glycerol, 5% glycerol and 4% methylformamide.
Combination of the 2 extenders with the 3 cryoprotectants resulted in 6 freezing media that were
tested in this experiment; INRA96® + 3% glycerol, INRA96® + 5% glycerol, INRA96® + 4%
methylformamide; TEST + 3% glycerol, TEST + 5% glycerol and TEST + 4% methylformamide.



Semen freezing and thawing

Each ejaculate was divided and treated with all six freezing media. Freezing and thawing
was performed as described previously by Thongtip et al. (2004). In short, fresh semen was diluted
with TEST or INRA96® to a concentration of 100 x 106 spermatozoa per ml immediately after
collection. The diluted semen was cooled to 5 °C at 1 °C/min in a cooling cabinet. Subsequently,
an equal volume of extender containing twice the desired final concentration of cryoprotectant (i.e.
6% glycerol, 10% glycerol or 8% methylformamide) was divided into four parts that were added
stepwise at 15 minute intervals to the diluted semen, at 5 °C. After complete addition of the freezing
extender, the diluted semen (with a final concentration of 50 x 10° spermatozoa per ml) was
incubated in a cooling cabinet for a further 1 hour, before the equilibrated semen was loaded into
0.5 ml plastic straws (Kruuse, Ltd., Leeds, UK). The straws were sealed with sealing powder
(ARSTM, Chino, CA, USA) and placed on a stainless steel rack that was suspended at 2.5 cm
above liquid nitrogen in a polystyrene box for 10 min. At the end of the 10 min period in nitrogen
vapour, the straws were plunged into liquid nitrogen and stored.

Post-thaw evaluation

Semen samples were thawed (four straws at a time) by immersing them in a 37 °C water
bath for 30 s; the semen from 4 straws from a single bull-extender-cryoprotectant combination was
pooled for subsequent analysis. One milliliter of the sample was used for assessment of viability
and acrosome integrity, while the other 1 ml was diluted 1:1 (v:v) with the original extender
(without permeating cryoprotectant); INRA96® or TEST. During evaluation, thawed semen was
maintained in a water bath at 37 °C.

Post-thaw sperm motility was assessed subjectively by examining a 10 pl droplet of the
diluted sample pipetted onto a glass slide and covered with a cover-slip, using a phase-contrast
microscope at a magnification of x200. Post-thaw sperm morphology analysis was performed, as
previously, on a thin smear of the diluted sample stained with William’s stain. The remainder of
the diluted part of the sample was incubated in a water bath at 37 °C and sub-samples were taken
for DNA fragmentation analysis after incubation for 0, 4, 8, 24 and 48 h. DNA fragmentation
(SDF%) was analyzed using the SPERM-HALOMAX® kit (Chromacell SL, Madrid, Spain) for
sperm chromatin dispersion as described previously (Imrat et al., 2012a); the time points were
chosen specifically to examine the dynamics of DNA fragmentation as an additional ‘stress test’
for sperm quality.

Sperm viability and acrosome integrity were assessed using a modification of the flow
cytometric technique described by Thongtip et al. (2004). Briefly, 1 ml of the undiluted thawed
sample was mixed with 1 ml of Hepes-buffered modified Tyrode’s medium (SP-TALP; 116 mM



NacCl, 20 mM Hepes (pH 7.58), 5.0 mM Glucose, 3.1 mM KCI, 0.4 mM MgS04+7H20, 21.7 mM
lactate, 0.3 mM NaH2PO4<H20, 1 mM sodium pyruvate, 2.0 mM CaCl2, and 3mg/ml BSA; pH
7.4; osmolarity of 300 mOsm/kg) and centrifuged at 500 g for 10 min at room temperature. The
sperm pellet was resuspended with SP-TALP and centrifuged again. The sperm pellet was again
resuspended in 1 ml of SP-TALP and adjusted to a concentration of 50 x 106 spermatozoa/ml. For
fluorescent labeling, 440 pl of the sperm suspension was mixed with 10 pl of 1.25 mg/ml
Propidium lodide (PI) and 50 pl of 0.1 mg/ml Fluorescein isothiocyanate (FITC)-conjugated
peanut agglutinin (PNA; Arachis hypogaea) (FITC-PNA) and incubated at 37 °C for 30 min in a
light-tight box. Before flow cytometric analysis, the stained samples were filtered through a 41
mm nylon mesh (Spectrum, Los Angeles, CA) to remove cell debris and extender particles.

Stained sperm suspensions were examined using a FACS vantage flow cytometer (Becton
Dickinson, San Jose, CA) as described by Thongtip et al. (2004). The two dyes were excited in the
flow cytometer using a 488-nm argon ion laser (Coherent Innova, Palo, Alto, CA) with 80 mW
laser power. Nonviable spermatozoa would be P1 positive and their red fluorescence signal could
then be detected using fluorescence detector 2 (FL2) with a 560 nm short-pass dichroic mirror in
the emission pathway, and measured using a band-pass filter of 575/15 nm. Acrosome damaged
spermatozoa would become FITC-PNA positive and the resulting green fluorescence could be
detected using fluorescence detector 1 (FL1), and measured using a band-pass filter of 530/30 nm.
Non-sperm events were gated out of the analyses on the basis of the forward scatter (FSC) and
side scatter (SSC) properties that indicated particles with the size and granularity of sperm cells,
respectively (scatter-gated sperm analysis). 10000 events from each sample were recorded
at 500-1000 events/s and analysed using WinMDI version 2.8 (J. Trotter, http://facs.scripps.edu
/software.html).

Statistical analysis

Coefficients of Variation (CV) for the data for fresh semen parameters was calculated using
the equation: CV = Standard Deviation (S.D.)/Mean. To analyze the predictive value of fresh
semen parameters on post-thaw semen quality, simple and multiple linear regression analyses were
used. Fresh semen parameters were set as independent variables (X variables) and post-thaw
semen parameters were used as dependent variables (Y variables). Normality of distribution of X
and Y variables and residual of regression models were analyzed using the Kolmogorov-Smirnov
test. Logarithmic transformation was used when X and/or Y variables did not show a normal
distribution and the residuals did not show the homoscedasticity. In this respect, the fresh semen
volume data and the post-thaw mid-piece abnormality data were log transformed. After
transformation, the post-thaw percentage of motile sperm did not meet the normality criteria and
therefore logistic regression was used to test the predictive value of fresh semen parameters on the
absence (0% motility) or presence (>0% motility) of sperm movement post-thaw. Alkaline
Information Criterion (AIC) and 2 Log Likelihood (using the Hosmer and Lemeshow test) were
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used as criteria in linear and logistic regression analyses, respectively, for choosing the best model
for regression. A generalized linear model (GLM) was used to examine the effects of bull,
ejaculate, extender, cryoprotectant and the interaction between extender and cryoprotectant on
post-thaw semen parameters, with the exception of post-thaw motility. Kruskal-Wallis’ test was
used for comparing post-thaw motility results between bulls, ejaculates and the six freezing media
(INRA96® + 3% glycerol, INRA96® + 5% glycerol, INRA96® + 4% methylformamide; TEST +
3% glycerol, TEST + 5% glycerol and TEST + 4% methylformamide). The Y -axis intercepts and
the slope of the DNA fragmentation dynamic curves were calculated from the regression equation
(X=time during 37°C incubation, and Y=SDF %). The Y -axis intercepts of the DNA fragmentation
curves were taken to indicate overall differences in the incidence of sperm DNA fragmentation (I-
SDF), whereas differences in the slope of the line indicated differences in the rate (dynamics) of
sperm DNA fragmentation (r-SDF) during incubation at 37 °C. All statistical tests were performed
using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
Fresh semen

Descriptive data for fresh semen quality are presented in Tablel. None of the ejaculates
presented sperm head defects and this parameter is therefore not displayed in the table. Differences
were apparent between and within bulls for most parameters, in particular for semen volume, and
the percentages of motile spermatozoa and tail abnormalities (over all CV =1.32, 0.70 and 0.83,
respectively). Low deviation between and within bulls was apparent for pH and the percentage of
sperm with normal morphology (overall CV = 0.07 and 0.09, respectively). While the percentage
of viable spermatozoa from all selected ejaculates was higher than 50% (by definition since this
was a selection criterion), the percentage of motile spermatozoa achieved a similar threshold for
only three of the nine ejaculates (B1.3, B3.2 and B3.3). By contrast, the percentage of spermatozoa
with normal morphology was consistently high (>70%) in all ejaculates.



Table 1 Sperm quality parameters for freshly collected semen from 3 Asian elephant bulls (3 ejaculates per bull) with coefficient of
variation for each bull (CV1, CV2 and CV3) and for all bulls (CV).

Parameters Bulll Bull2 Bull3 Mean = S.E.M.
CVv
Bi1l Bl2 B12 CVvl B21 B22 B23 CV2 B31 B32 B32 CV3 (N=9)
Volume (ml) 11 6.5 5 0.42 12 3 3 0.87 62 21 5 1.00 14.3+6.3 1.32
pH 7 8 7.75 0.07 8 8 746 0.04 685 7.05 812 0.09 76+0.2 0.07

H 6
Concentration (X 10° 1570 555 685 035 1940 1970 1290 022 760 1610 360 070  1137.8+200.0 053

sperms/ml)

% Motile 20 5 70 115 5 40 50 083 30 70 60  0.39 38.2 +8.9 0.70
% Viable 625 68 88 018 62 59 69 008 525 87 68 0.5 68.4 + 4.0 0.17
0,

% Normal 965 835 905 007 835 72 845 009 835 965 82 0.9 85.8 + 2.6 0.09
morphology

g

% Mid-piece 2.5 1 2 042 2 0 25 088 1 0.5 1 035 1.4+03 0.64
abnormality

% Tail abnormality 15 85 4 076 85 24 75 069 65 15 12 079 8.2+23 0.83

% Detached head 0 8 3 1.10 5.5 3 6 0.33 9 15 5 0.73 46+10 0.65




Table 2 Results of simple regression analysis using p<0.05 and fresh semen parameters as
independent variables (X) and post-thaw semen parameters as dependent variables (). The
direction of the regression slope is shown together with the p-value as positive (+) or negative (-).

Post-thaw (Y) Fresh (X) R square F p-value
% Motile* pH 0.168 9.942 0.002 (-)
Motile 0.403 27.853 0.000 (+)
% Viable Volume** 0.271 19.356 0.000 (-)
pH 0.109 6.388 0.015 (+)
Concentration 0.117 6.87 0.011 (-)
Motile 0.073 4.099 0.048 (+)
Viable 0.095 5.467 0.023 (+)
% Live, acrosome intact Volume** 0.274 19.579 0.000 ()
pH 0.113 6.624 0.013 (+)
Concentration 0.115 6.787 0.012 (-)
Motile 0.078 4.385 0.041 (+)
Viable 0.098 5.646 0.021 (+)
% Normal morphology Motile 0.266 18.887 0.000 ()
Mid-piece abnormality 0.104 6.042 0.017 (+)
% Mid-piece abnormality** Volume** 0.275 19.359 0.000 ()
pH 0.094 5.321 0.025 (+)
Mid-piece abnormality 0.130 7.654 0.008 (+)
% Tail abnormality Concentration 0.094 5.418 0.024 (-)
Motile 0.247 17.072 0.000 (+)
Viable 0.086 4.914 0.031 (+)
Mid-piece abnormality 0.099 5.725 0.020 (-)
% Detached head Viable 0.212 13.980 0.000 (-)
Normal morphology 0.226 15.217 0.000 (-)
Tail abnormality 0.261 18.357 0.000 (+)
r-SDF Volume** 0.113 6.629 0.013 ()
I-SDF Volume** 0.189 12.098 0.001 ()
pH 0.264 18.621 0.000 (+)
Concentration 0.087 4.946 0.031 (+)

*Only %motile post-thaw was examined using logistic regression analysis; R square ~ Cox & Snell R2 and F ~ Chi-
square. **%mid-piece abnormality in post-thaw semen and fresh semen volume were transformed using logarithmic
function before analysis by simple regression.



Post-thaw semen quality

Effect of fresh semen parameters on post-thaw semen quality

Table 2 shows the significant (p<0.05), but mostly weak, relationships between fresh
semen parameters and post-thaw semen quality (one independent variable) detected using
regression tests. The percentage of motile sperm in fresh semen significantly influenced the
percentage motile post-thaw (R? = 0.40) but showed only weak relationships with viability (R? =
0.07), live spermatozoa with intact acrosomes (R? = 0.08), normal morphology (R? = 0.27) and tail
abnormalities (R? = 0.25). Fresh semen volume had similar and significant relationships with the
percentage of viable spermatozoa post-thaw (R? = 0.27), live spermatozoa with intact acrosomes
(R? = 0.27), and mid-piece abnormalities (R = 0.28), but was largely uncorrelated with the DNA
fragmentation effects; r-SDF (R? = 0.11) and I-SDF (R? = 0.19). Fresh semen pH significantly
affected the percentage of motile spermatozoa post-thaw (R? = 0.17), viable spermatozoa (R? =
0.11), live spermatozoa with intact acrosomes (R? = 0.11), mid-piece abnormalities (R? = 0.09)
and I-SDF (R? = 0.26). Unexpectedly, the percentage of motile sperm in fresh semen (R? = 0.25)
was positively correlated with the percentage of tail abnormalities post-thaw and was negatively
correlated with the percentage of sperm with normal morphology post-thaw (R? = 0.27). The best
models (Tables 3 and 4) for predicting the various post-thaw semen quality parameters appeared
to involve more than one fresh semen parameter (more than one independent variable) in the
model, even though some fresh semen parameters included in the model had not previously been
significantly related to post-thaw semen quality. The best model (R? = 0.51) for predicting post-
thaw motility involved fresh semen pH, the percentage of motile sperm in fresh semen, sperm
viability, and the percentage of detached heads. The probability of the presence of post-thaw
motility (post-thaw (P-T) motility > 0%) could be predicted from the following equation;

P (P_T motile > 0%) = e[26.527 - 3.04(fresh pH) + 0.135 (fresh % motile) - 0.117(fresh % viable) + 0.007(fresh % detached head)]

1+ e[26.527 - 3.04(fresh pH) + 0.135 (fresh % motile) - 0.117(fresh % viable) + 0.007(fresh % detached head)]

where e is the base of natural logarithms, i.e. approximately 2.71828.
Several regression models were generated from the data presented here.

The post-thaw percentages of viable sperm and live spermatozoa with an intact acrosome
could best be predicted using models including fresh semen volume, concentration and the
percentage of viable sperm pre-freeze (R? = 0.44): i.e. post-thaw viablity % = 17.384 — 7.605(log
fresh volume) — 0.004(fresh concentration) + 0.089(% viable); and % post-thaw live spermatozoa
with intact acrosome = 17.1 — 7.647(log fresh volume) — 0.004(fresh concentration) + 0.092(%
viable).



For predicting post-thaw percentage of sperm with normal morphology (R? = 0.41) the best
model was: post-thaw % morphologically normal sperm = 48.121 + 0.008(fresh concentration) —
0.272(fresh % motile) + 5.502(fresh % mid-piece abnormality; for sperm with tail abnormalities
(R? = 0.39) the best model was: post-thaw tail abnormality % = 43.285 — 0.008(fresh
concentration) + 0.26(fresh % motile) — 5.398(fresh % mid-piece abnormality).

In addition the post-thaw percentage of sperm with mid-piece abnormalities could be
predicted using fresh semen volume and percentage of sperm with mid-piece abnormalities in fresh
semen using the model (R? = 0.37): log (post-thaw mid-piece abnormality %) = 0.569 — 0.424(log
fresh volume) + 0.129(fresh % mid-piece abnormality). The combination of pre-freeze sperm
motility, viability and normal morphology was a good model (R? = 0.44) to explain the percentage
of detached sperm heads after freezing = 26.178 + 0.076(fresh % motile) — 0.219(fresh % viable)
— 0.096(fresh % normal morphology).

Two fresh semen parameters (semen volume and percentage of motile spermatozoa) were
combined for the best model to predict post-thaw r-SDF (R? = 0.22); i.e. post-thaw r-SDF = 2.143
—0.424(log fresh volume) — 0.006(fresh % motile). The best model for predicting post-thaw I-SDF
(R? = 0.49) incorporated fresh semen volume, pH, sperm concentration and the percentage of
sperm with mid-piece abnormalities in fresh semen; i.e. post-thaw I-SDF = — 69.356 + 1.775(log
fresh volume) + 14.301(fresh pH) + 0.007(fresh concentration) + 5.008(fresh % mid-piece
abnormality).

Effect of extenders and cryoprotectants

The percentages of motile, viable and morphologicaly normal sperm, live spermatozoa
with intact acrosomes and sperm with mid-piece abnormalities, tail abnormalities or detached
heads post-thaw are presented in Table 5. Appreciable percentages of spermatozoa with head
abnormalities were not detected in semen samples post-thaw. None of these parameters were
significantly affected by extender or cryoprotectant used. However, while the rate of increase in
the SDF did not differ between extenders and cryoprotectants, the I-SDF (figure 1a) in TEST was
significantly higher (p<0.05) than in INRA96®.

Effect of bull and ejaculate

Percentages of sperm with normal morphology, mid-piece abnormalities and tail
abnormalities post-thaw differed significantly (p<0.01) between bulls. There was also an apparent
effect of ejaculate on freezability since significant differences (p<0.01) between ejaculates were
found in all post-thaw semen parameters. Both bull (Figure 1b) and ejaculate effects were also
apparent with respect to both the I-SDF (p<0.001) and the r-SDF (p<0.003).



Table 3 The best-fit model from the logistic regression for predicting percentage of motile
spermatozoa post-thaw. This model used fresh semen parameters as predictors (independent
variables).

Post-thaw parameter Best model Cox &2 Chi-square  p-value
Snell R
0, i 0, i 0
% Motile Pl o s, o Vklls v 38.645 0.000

Detached head

Table 4 The best-fit models from the multiple linear regressions for predicting post-thaw semen
parameters, with the exception of the percentage of motile spermatozoa. These models used fresh
semen parameters as predictors (independent variables).

Post-thaw parameter Best model R square F p-value
% Viable Volume*, Conc.**, % Viable 0.437 12.928 0.000
% Live, acrosome intact Volume*, Conc.**, % Viable 0.439 13.057 0.000

Conc.**, % Motile, % Mid-

% Normal morphology piece abnormal 0.408 11.483 0.000
TR

% Mid-piece abnormality* Vo'umgb'n g‘r’n':’;'ld piece 0.372 14.836 0.000
** i 0, id-

% Tail abnormality (e, piéc? a“ggg:;af e 0.385 10.419 0.000

0, 1 0, 1 0,

% Detached head % Mo“'e'm/(‘;r\;r'%t;:féyﬂ’ Normal = 449 13.157 0.000

r-SDF Volume*, % Motile 0.223 7.303 0.002
* ** 0, id-

I-SDF volume?, pH, Conc. =, % Mid-~ ;g7 11647 0.000

piece abnormal

* 0% mid-piece abnormal in thawed semen and fresh semen volume were logarithmically transformed before analysis
by multiple linear regression.
** Conc. is sperm concentration of fresh semen.



Table 5 Mean = S.E.M. post-thaw semen quality for 3 Asian elephant bulls (3 ejaculates per bull). The results are separated on the basis
of extender (INRA96® + 2% egg yolk versus TEST) and permeant cryoprotectant (3% glycerol (3%Gly), 5% glycerol (5%Gly) and 4%
methylformamide (4%Met)). There were no significant differences in semen quality between the six treatments.

INRA9G® + 2% egg yolk TEST Mean + S.E.M.
Parameters
3% Gly 5%Gly 4% Met 3% Gly 50 Gly 4% Met (N=54)

% Motile 1.7+£05 31+0.6 31+0.6 20+0.6 29+0.7 3.1+0.6 27+03

% Viable 11.8+x14 12717 12.8+1.3 10.2+1.8 11.0+2.7 14.1£3.0 12.1+0.8
% Live, acrosome intact 11515 126+18 126+1.3 101+18 10926 141x30 12.0+0.8
% Normal morphology 56.3+5.2 56.7+4.8 46.8+4.7 61.3+51 59.0+54 49.1+6.5 549+22
% Midpiece abnormality 2.7+05 24104 3.9+1.2 25105 2.7+0.6 35+10 3.0+£0.3
% Tail abnormality 35.8+4.9 36.1+5.0 43.1+5.6 30.4£5.0 31.8+5.7 41.0%6.1 36.4+22

% Detached head 52+10 48+0.9 6.2+14 58%15 6.4+1.3 6.4+10 5.8+0.5
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Figure 1 Graphs showing sperm DNA
fragmentation dynamics in frozen-thawed Asian
elephant sperm; the mean (+ S.E.M.) percentages
of sperm with fragmented DNA (%SDF) are
plotted for O, 4, 8, 24 and 48 h of incubation at
37°C. The graphs are subsequently divided to
show differences between (a) TEST and INRA96®
extenders (b) the three bulls examined.

Discussion

This study demonstrated that aspects of fresh
semen quality such as semen volume, pH, sperm
concentration, and percentages of motile, viable and
morphologically abnormal sperm have an important
impact on the freezability of Asian elephant semen.
This supports the widespread, but poorly
documented, view that the evaluation of fresh semen
quality is helpful in predicting the suitability of
semen samples for cryopreservation (Blesbois et al.,
2008).

Seminal plasma composition and/or presence
have been reported to influence quality of both fresh
and frozen semen (Rodriguez-Martinez et al., 2011),
possibly through effects on semen pH, volume and
concentration. Excessive alkalinity of both bull and
ram semen has been related to poor fertility or
motility (Mann, 1964), and we previously reported a
positive correlation between semen pH prior to
freezing and the proportion of spermatozoa with
detached-heads post-thaw (Imrat et al., 2012a),
These observations parallel the present findings that

high initial semen pH negatively influences sperm
DNA stability post-thaw. Seminal plasma
components and volume vary between both
individuals and ejaculates because of individual
male differences but also as a result of semen
collection techniques (Rodriguez-Martinez et al.,
2011); this is especially true for semen collection by
manual rectal massage in bull elephants since it is

almost impossible to obtain the same mix of seminal plasma components in each ejaculate, and
there is a high likelihood of urine contamination (Imrat et al., 2012a). Removing seminal plasma
has been reported to be useful during preparation of semen for freezing because it helps to
ameliorate the detrimental effects of seminal plasma on cryopreserved sperm that have been
reported in a range of species (Barbas and Mascarenhas, 2009). In the brown bear for example,
centrifugation with a suitable diluent is an important method for ‘cleaning’ urine-contaminated
semen samples before processing for cryopreservation (Nicolas et al., 2012). On the other hand,
improper removal of seminal plasma (e.g. high speed centrifugation) may damage spermatozoa



(Purdy, 2006) and/or lead to loss of an unacceptably high percentage of the sperm (trying to
remove too much of the supernatant). Moreover, sperm separation techniques such as swim-up
and density gradients that help to select viable spermatozoa and eliminate those with membrane
damage, abnormal morphology or DNA damage (Jayaraman et al., 2012) can lead to significant
increases in post-thaw semen quality, albeit with a marked decrease in total number of sperm
remaining. The high incidence of SDF immediately after thawing semen supports the view that it
might be beneficial to add a supplement to protect sperm DNA stability during the semen
processing steps. This was confirmed in our previous study (Imrat et al., 2012b), which showed
that a DNA-protecting extender was helpful during cooling and storage. However, the initial DNA
stability within fresh semen is the primary determinant of SDF in every subsequent
cryopreservation step (Imrat et al., 2012a).

Our findings also support the idea that it would be useful to separate Asian elephant sperm
populations on the basis of their sperm DNA integrity before freezing. Unexpectedly, high sperm
motility and viability in fresh semen tended to result in more spermatozoa with tail defects post-
thaw (thereby compromising percentage with normal morphology); these effects may be
attributable to the hypo-osmotic stresses involved during the freezing-thawing process. This
suggests that the acquisition of the tail defect is a response of viable spermatozoa, and therefore
that it is induced osmotically, as occurs in the hypo-osmotic swelling test (Stanger et al., 2010).
This implies that the diluting process after thawing should be considered as a critically important
part of the thawing process. For human spermatozoa, a serial stepwise dilution after thawing limits
the increase in sperm volume to a smaller range and therefore improves post-thaw motility from
less than 30% in a single-step dilution to more than 90% (Critser et al., 1987). It is interesting that
unrelated pre-freeze parameters were included in the predictive models for some post-thaw
parameters, and that most models needed more than one pre-freeze parameter for the best fit.
Furthermore, it is fortunate from a practical point of view that the most informative pre-freeze
parameters were those most easily measured; i.e. semen volume, pH, concentration, motility and
viability.

In the current study, post-thaw semen quality parameters such as percentages of motile,
viable, and morphologically normal spermatozoa, or live spermatozoa with intact acrosomes, and
the dynamic DNA damage responses did not differ between extenders or cryoprotectants, with one
exception; the SDF in INRA96® was lower than that in TEST. However, poor maintenance of both
viability and the percentage of motile spermatozoa were recorded for both extenders and for both
permeating cryoprotectants (glycerol and methylformamide). We had hoped that using an amide
cryoprotectant such as methylformamide with a lower molecular weight and viscosity than
glycerol, would reduce the cellular damage presumably caused by osmotic stress (Dalimata and
Graham, 1997; Ball and Vo, 2001), however this was not demonstrated. Neither was there any
significant difference between 3% and 5% glycerol with regard to post-thaw semen quality. In this
respect, Saragusty et al. (2009) reported that 2.5% glycerol and 15% glycerol were, respectively,
too low and too high for cryopreserving Asian elephant spermatozoa, but that there was little effect



of concentration in between these extremes; they recommended using 4% glycerol for
cryopreserving Asian elephant sperm. On the side of caution, while post-thaw sperm motility is
often very good after cryopreservation with a medium containing a high percentage of glycerol
(e.g. >7% glycerol: (Robbins et al., 1976), high concentrations of glycerol have been reported to
negatively affect fertility (Barbas and Mascarenhas, 2009).

Species differences have a major impact on the survival of spermatozoa during
cryopreservation, and the cryoprotectants most appropriate for protecting against cell damage; this
has been attributed to differences in sperm membrane composition and the way in which the
membrane changes during the cooling process (reviewed by Loomis and Graham, 2008). It is
therefore essential to develop species-specific cryopreservation protocols (Holt, 2000). The skim
milk extender, INRA96®, has proven to be useful for maintaining post-thaw quality of stallion
semen and for preserving fertility potential after Al with frozen-thawed semen (Fayrer-Hosken et
al., 2008; Pillet et al., 2008). In the current study with Asian elephant sperm, INRA96®
supplemented with 2% (v/v) egg yolk was slightly better than the egg yolk extender, TEST, for
maintaining sperm DNA stability post-thaw; otherwise, there was little to choose between the two
base media. However, it is possible that, as for stallions (Loomis and Graham, 2008), semen from
individual elephant bulls may preserve better in one extender than the other and that initial trials
are required to determine the most desirable cryopreservation diluent for a given bull.

Certainly, our results showed between bull and ejaculate differences in semen freezability,
as previously noted for other species (Watson, 1995). These may, in part, explain why the absolute
levels of post-thaw semen quality in this study were low, despite using general techniques that had
yielded better mean results in a previous study (Thongtip et al., 2009). Differences in post-thaw
semen quality between males and between ejaculates from a specific male have been reported for
many species (Neild et al., 2003; Garde et al., 2008; Lopes et al., 2009; Dorado et al., 2010). The
dairy cattle industry has selected bulls for Al that deliver spermatozoa able to withstand standard
cryopreservation protocols well. Consequently, semen cryopreservation techniques in the dairy
cattle industry have become more uniform (Loomis and Graham, 2008); in effect, the animals have
been selected to fit the system, rather than vice versa. This situation differs significantly to that for
Asian elephant bulls in Thailand, where selection for a specific trait (such as ability of spermatozoa
to withstand a predetermined semen cryopreservation protocol) would be detrimental to the overall
aim of the conservation program, i.e. preserving as much genetic diversity as possible.
Cryopreservation protocols that are only suitable for a single bull or a small subset of bulls do not
fulfill the goal of helping to establish gene banks for this species, because they lead to the rejection
of too many bulls or ejaculates. In this respect, Saragusty et al. (2009) rejected semen from five of
the six bulls that they studied, while Kiso et al. (2011) only used ten of the seventy five ejaculates
that they collected. In terms of genetic management and conservation, every bull and every
ejaculate should be regarded as valuable and every effort should be made to avoid discarding them.
In this respect, the aim should be to develop a cryopreservation protocol (or panel of



interchangeable protocols) that offers a reasonable likelihood of being able to preserve semen from
as large as possible a range of fertile bulls.

In conclusion, we have shown that aspects of fresh semen quality are important for
predicting the success of semen cryopreservation for Asian elephant bull semen. Moreover,
because there is considerable variation in freezability between individual bulls and ejaculates,
specific protocols will need to be developed for the species as a whole (e.g. see Saragusty et al.
(2009)) but tailored to suit individual bulls. These individually tailored protocols concern not only
which media and cryoprotectants to use, but also how to improve collection protocols to reduce
the influence of urine contamination and differences in seminal plasma composition, sperm
concentration and initial semen quality. For example, the high rate of non-viable spermatozoa and
parallel high incidence of DNA fragmented spermatozoa post-thaw suggests that there may be
some value in adding antioxidants to cryopreservation media and implementing a routine sperm
‘washing’ step by cushioned centrifugation, as described by Saragusty et al. (2009).
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