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ABSTRACT 

A heterologous bovine in vitro fertilization (IVF) system was 
used to study the functional competence of scimitar-horned oryx 
spermatozoa after cryopreservation. Four sperm-freezing meth- 
ods were compared after dilution of ejaculates from six oryx 
with an equine semen extender: 1) dry ice, 2) dry shipper one- 
step, 3) dry shipper two-step, and 4) liquid nitrogen vapor. Post- 
thaw sperm motility, longevity, and acrosomal status were as- 
sessed and zona pellucida penetration, fertilization, and embryo 
cleavage were evaluated after coincubation of thawed oryx sper- 
matozoa with in vitro-matured domestic cow oocytes. Sperm 
motility index (SMI) decreased (p < 0.05) over a 6-h period, 
but a high percentage (> 65%) of spermatozoa contained intact 
acrosomes in all treatments. Despite differences in sperm mo- 
tility among methods, oocyte penetration, fertilization, and em- 
bryo cleavage did not differ (p > 0.05). However, cleavage suc- 
cess was < 50% across all treatments. There were positive cor- 
relations (p < 0.05; r = 0.81-0.97) between sample SMI at 3 
and 6 h and fertilization, penetration, and cleavage, but no cor- 
relations (p > 0.05) between SMI at 0 or 1 h and IVF success. 
This study demonstrates that compatible heterologous gamete 
interaction allows thorough assessment of post-thaw sperm 
function in an endangered antelope. Scimitar-horned oryx sper- 
matozoa appear relatively tolerant of varied cryopreservation 
methods, and preserved samples exhibit adequate post-thaw 
function to warrant use for assisted reproduction. 

INTRODUCTION 

The concept of using genome resource banking to facil- 
itate the management and conservation of endangered spe- 
cies is being promoted extensively [1-3]. In fact, germ 
plasm cryopreservation is becoming increasingly popular 
among zoos for helping to preserve genetic variability. The 
production of offspring from preserved sperm samples now 
has been realized in several wildlife species [4-8]. One 
recent example was the production of offspring in an en- 
dangered African antelope, the scimitar-horned oryx (Oryx 
dammah), after artificial insemination (AI) with cryopre- 
served spermatozoa [9]. These results are encouraging, but 
with pregnancy success usually less than 50% for insemi- 
nated females, efficiency still could be improved. One fac- 
tor possibly affecting success rate is the quality of frozen- 
thawed sperm samples used for AI. 

Sperm cryopreservation in endangered species is chal- 
lenging. Typically, there is little (if any) available infor- 
mation about processing semen or about the effects of dil- 
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uents, cryoprotectants, and freeze-thaw methods on sperm 
cells of these rare species. Additionally, species within a 
common taxon can express unique characteristics requiring 
fundamental studies to determine basic sperm-handling and 
cryopreservation requirements [10-12]. Furthermore, sam- 
ples frequently are of poor quality, either because of factors 
inherent to the species (usually a lack of genetic diversity) 
[13] or because they are "rescued" from animals postmor- 
tem. Logistical complications also can hinder sperm cryo- 
preservation success. For instance, if samples are collected 
under field conditions it often is difficult to obtain the nec- 
essary supplies, maintain appropriate temperatures, and 
avoid sample contamination. After samples are collected 
and cryopreserved, there is the challenge of thoroughly 
evaluating post-thaw sperm function so that the potential 
of producing embryos is known. 

Often, post-thaw sperm quality is evaluated by a single 
subjective assessment of motility within minutes of thaw- 
ing. Although providing useful information, this approach 
is known to be an insufficient predictor of fertility in many 
species [14]. With a number of fluorescent stains now read- 
ily available for assessing sperm plasma membranes, ac- 
rosomes, and mitochondria [15, 16], it seems logical to con- 
duct a more comprehensive sample evaluation when one is 
comparing sperm processing and cryopreservation proce- 
dures. However, in vitro fertilization (IVF) still offers the 
best method for assessing overall post-thaw sperm function 
in vitro. Recently it was determined that freshly collected 
oryx spermatozoa readily interact with and fertilize in vitro- 
matured (IVM) domestic cow oocytes [17]. Therefore, a 
heterologous IVF system is available to fully assess the 
functionality of cryopreserved spermatozoa in this antelope 
species. 

The general goals of this study were to compare scimi- 
tar-horned oryx sperm quality and function after cryopres- 
ervation on dry ice, in a dry shipper, and over liquid nitro- 
gen vapor and to confirm that spermatozoa cryopreserved 
by each method were functionally competent. These three 
test methods were chosen because each is simple and the- 
oretically could be done under field conditions. Specifically, 
post-thaw sperm motility, longevity, acrosomal status, and 
functionality in a heterologous IVF system were compared 
among cryopreservation methods. 

MATERIALS AND METHODS 

Semen Collection 

Six male scimitar-horned oryx (ages 3-14 yr) served as 
semen donors. Animals were maintained on diets consisting 
of alfalfa hay and pelleted feed, with unlimited access to a 
mineral block and water Anesthesia and semen collection 
by electroejaculation were conducted according to Roth et 
al. [17] during the months of January and March, since 
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semen quality is high year-round [18]. In brief, food and 
water were withheld for 24 h before a surgical plane of 
anesthesia was induced using a combination of etorphine 
HCl (0.022-0.024 mg/kg, M99; Lemmon Co., Sellersville, 
PA), xylazine (0.25-0.27 mg/kg, Rompun; Mobay Corp., 
Shawnee, KS), and ketamine HCl (0.62-0.69 mg/kg, Ke- 
taset; Fort Dodge Laboratories Inc., Fort Dodge, lA) deliv- 
ered i.m. via a projectile dart (Cap-Chur Dart; Palmer 
Chemical and Equipment Co., Douglasville, GA). Supple- 
mental ketamine HCl i.v. (100-200 mg) was administered 
as needed during the 15- to 30-min procedure. 

Electroejaculation was conducted according to previous- 
ly described methods [17]. Each male received one to four 
series of stimulations delivered using a rectal probe (3.9 cm 
in diameter). A series typically consisted of 10 stimuli at 
each of 2, 3, and 4 volts or 3, 4, and 5 volts (maximum 
voltage and total number of stimuli per animal were 6 and 
100, respectively). Semen samples were evaluated imme- 
diately for sperm motility (0-100%), and good-quality sam- 
ples (those containing > 70% motile spermatozoa and not 
contaminated with urine) were transferred immediately into 
a sterile 15-ml tube suspended in a 37°C water bath. Sperm 
concentration was determined using a hemacytometer, and 
a 5-|xl aliquot was fixed in PBS containing 6% glutaral- 
dehyde for later morphological analysis. 

Anesthesia was reversed using yohimbine HCl (0.15- 
0.17 mg/kg i.V. and 0.15-0.17 mg/kg i.m., Antagonil; Wild- 
life Laboratories, Fort Collins, CO) and diprenorphine HCl 
(0.022-0.048 mg/kg i.v., M50-50; Lemmon Co.). 

Sperm Processing 

Ejaculates from each oryx (n = 6) were diluted 1:1 with 
EQ extender (20% egg yolk, 5.5% lactose, 1.5% glucose, 
0.25% sodium triethanolamine lauryl sulfate) prewarmed to 
37°C. Warm water baths containing the extended semen 
samples were placed in a cold room (~4°C) and allowed 
to cool. At 1.5 h, concurrently cooled EQ containing 10% 
glycerol was added incrementally to the extended semen 
(25%, 25%, and 50% of volume) with 20-min equilibration 
intervals between each addition. The final sample consisted 
of 1 part semen to 3 parts EQ in 5% glycerol. After an 
additional 1-h equilibration, 0.5-ml straws were filled with 
semen and sealed using a heat sealer 

Sperm Cryopreservation 

At least three straws per ejaculate were subjected to each 
cryopreservation method: dry ice (DI), dry shipper one-step 
(DSl), dry shipper two-step (DS2), and liquid nitrogen va- 
por (LNV). For the DI method, straws were placed directly 
on a block of dry ice in a covered polystyrene cooler for 
10 min and then plunged into liquid nitrogen. A fully 
charged but empty dry shipper (model BDS-5; MVE, New 
Prague, MN) was used for DSl and DS2 methods. Straws 
were placed in the canister (at 4°C), which was lowered 
into the core of the dry shipper For DSl, the canister was 
lowered rapidly (within 1-2 sec) to the bottom of the dry 
shipper in one step. For the DS2 method, the canister was 
lowered until the top rim of the canister was level with the 
top rim of the dry shipper; the canister was then held for 
1 min before being lowered rapidly (1 sec) to the bottom 
of the shipper After 10 min in the dry shipper, straws were 
plunged into liquid nitrogen. For the LNV method, straws 
were placed horizontally on a plastic rack that was lowered 
slowly over liquid nitrogen vapor. The cooling rate was 
monitored using a thermocouple (Cole-Parmer Instrument 

Co., Vernon Hills, IL), and straws typically were sub- 
merged in liquid nitrogen within 4 min. 

Cooling rates were monitored using a thermocouple 
probe secured inside an unsealed straw of semen that was 
cryopreserved by each method alongside the sealed straws 
of semen. Temperature readings on the thermocouple were 
recorded approximately every 10 sec for up to 5 min. 

Semen Thawing 

After 2 yr of liquid nitrogen storage, straws (n = 1 per 
method per male) were removed and held in air 5 sec before 
they were plunged into a 37°C water bath and shaken vig- 
orously for 25 sec. Thawed semen was emptied into an 
Eppendorf tube, and a 5-|JL1 aliquot was used to prepare a 
slide for acrosome evaluations. For IVF and all other as- 
sessments, approximately 400 |JL1 of semen was diluted with 
1 ml IVF-Talp (IVF-Talp: Tyrode's albumin lactate pyru- 
vate [TALP] without glucose [19] supplemented with 4 mg/ 
ml ESA [Sigma Chemical Co., St. Louis, MO]), 100 lU/ 
ml penicillin and streptomycin, 0.1 mM pyruvate, and 2 
|jLg/ml heparin (Sigma); the sample was then centrifuged 
(600 X g; 10 min). The resulting sperm pellet was layered 
under 0.5 ml IVF-TALP in an Eppendorf tube in an incu- 
bator (38°C; 5% CO2), and spermatozoa were allowed to 
swim up for 1 h. The swim-up supernatants were recovered 
(•300 |JL1), sperm concentration was determined, motility 
was evaluated, and an aliquot (5 |xl) was fixed in 6% glu- 
taraldehyde in PBS for morphological evaluation. 

Heterologous IVF 

IVM domestic cow oocytes were prepared by Homed 
Incorporated (Madison, WI). Vials of maturing oocytes 
were shipped overnight to our laboratory in Cincinnati in 
a heated (~39°C) transportable incubator (Minitube of 
America, Verona, WI). Upon arrival, vials were placed in 
a 38°C incubator until all semen samples were thawed. Oo- 
cytes were removed from the maturation medium (22-24 h 
after IVM was initiated), rinsed through three dishes con- 
taining 3 ml IVF-TALP (5-min incubation at 38°C in each 
dish), and transferred randomly into 90-|JL1 IVF drops under 
oil (•10-15 oocytes per drop). 

Each IVF drop was inseminated with 1 X 10^ motile 
spermatozoa (delivered in a 10-|JL1 drop). Two IVF drops 
were inseminated with each sample (20-30 oocytes per 
sample). At the time of insemination, percentage motile 
spermatozoa and forward progressive motility (on a 0-5 
scale; 0 = no movement, 5 = rapid forward progression) 
[20] for each sample were recorded (0 h), and a sperm 
motility index (SMI) was calculated (SMI = [percentage 
motile spermatozoa + (forward progressive motility X 20)] 
^ 2). Additionally, a 5-|JL1 aliquot was used to prepare a 
slide for acrosomal assessment. Motility evaluations and 
acrosome slide preparation were repeated at 1, 3, and 6 h 
postinsemination (hpi) with the remaining swim-up sperm 
samples contained within an open Eppendorf tube in a hu- 
midified incubator (38°C; 5% CO2 and air). For each ship- 
ment of oocytes, one IVF drop containing ~5 oocytes was 
not inseminated. These oocytes served as parthenogenetic 
controls. 

At 18 hpi, IVM/IVF oocytes were removed from IVF 
drops, pipetted through a small-bore pipette to remove cu- 
mulus cells, and transferred into fresh 100-|JL1 culture drops 
of IVF-TALP Oocytes were evaluated 24 h later (42 hpi) 
for cleavage, and all uncleaved oocytes were fixed and 
stained with Hoechst 33342 to determine maturation status 
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FIG. 1. SMI over time for thawed, swim-up processed scimitar-horned 
oryx spermatozoa cryopreserved on dry ice (Dl), in a dry shipper (DS1, 
DS2), or over liquid nitrogen vapor (LNV). Treatments with different su- 
perscripts differ (p < 0.05). 

and/or fertilization by the presence of > 2 pronuclei or 
décondensée! sperm heads. Numbers of spermatozoa pene- 
trating the zonae also were determined. Developing embry- 
os were evaluated 24 and 48 h later (66 and 90 hpi) for 
cleavage stage; and at 90 hpi, all embryos were fixed and 
stained with Hoechst 33342 to determine the number of 
nuclei. 

Sperm Acrosome Evaluations 

To assess sperm acrosomal status, slides were stained 
with fluorescein isothiocyanate-conjugated Arachis hypo- 
gaea (peanut) agglutinin (FITC-PNA; Sigma) according to 
Roth et al. [17]. In brief, 10- to 20-|xl aliquots of FITC- 
PNA (0.1 mg/ml PBS) were gently spread across slides that 
were incubated for 15 min in a dark, humidified container 
at 4°C. After incubation, slides were rinsed by dipping in 
cold PBS and air dried in the dark. Just before evaluation, 
a drop of mounting medium (4.5 ml glycerol, 0.5 ml PBS, 
and 5 mg p-phenylenediamine [Sigma]) was placed on the 
slide and covered firmly with a coverslip. Using fluorescent 
microscopy, acrosomal status of 100 spermatozoa per slide 
was evaluated (X400). Sperm cells were considered acro- 
some intact if the acrosome stained bright green, the ac- 
rosomal membrane was intact, and the acrosomal cap was 
located over the head region of the spermatozoa [17]. 
Sperm without intact acrosomes were those with no or only 
faint, patchy green staining of the head region, a single 
band of green stain at the equatorial segment, acrosomal 
caps lifted halfway or more off the head, or ballooning 
acrosomes. A third category included those spermatozoa 
with structurally abnormal heads and/or acrosomes. 

Statistics 

Data for sperm post-thaw motility and acrosomal status 
and for oocyte penetration, fertilization, and cleavage were 
assessed by ANOVA, and means were compared using a 
least significant difference test [21]. All percentage data 
were converted using arcsine transformation prior to AN- 
OVA. For sperm motility and acrosomal status evaluations, 
independent variables were treatment and time. Across 
treatments, cortelation coefficients were calculated between 
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FIG. 2. Percentages of scimitar-horned oryx spermatozoa with intact, 
nonintact, and structurally abnormal acrosomes after cryopreservation on 
dry ice (Dl), in a dry shipper (DSl, DS2), or over liquid nitrogen vapor 
(LNV). Different superscripts within sperm categories denote differences 
between treatments (p < 0.05). 

sperm characteristics (acrosomal status and motility at 0, 1, 
3, and 6 h) and oocyte penetration, fertilization, and cleav- 
age. Polynomial regression analysis was used to assess the 
cooling rate data and to compare the slopes of the curves. 
Data are presented as means ± SEM. 

RESULTS 

Sperm Motility and Acrosomal Status 

Ejaculates contained 7.9-92.7 X 10* total sperm. Mean 
SMI for the six fresh ejaculates was 75.6 ± 2.4. Most sper- 
matozoa in each ejaculate contained intact acrosomes (> 
75%) and were morphologically normal (range, 58-94.5%). 
Final sperm concentration in straws ranged from 41 to 321 
X lO^/ml. 

Post-thaw SMI for unprocessed samples ranged from 
44.4 ± 4.1 for the DS2 treatment to 55.4 ± 5.0 for the Dl 
method. Even after swim-up processing, the SMI for the 
DS2 method was lower (p < 0.05) than for the other three 
methods (Fig. 1). Across all treatments, SMI decreased (p 
< 0.05) over time. 

There were no differences (p > 0.05) in the mean per- 
centages of acrosome-intact spermatozoa at 0 and 6 h post- 
thaw for any treatments, so data for the time points were 
combined (Fig. 2). Most spermatozoa (> 65% on average) 
retained intact acrosomes regardless of the cryopreservation 
method (Fig. 2). However, fewer (p < 0.05) spermatozoa 
had intact acrosomes in the DS2 than in the DSl or LNV 
treatments. 

Heterologous I VF 

A total of approximately 100 oocytes per treatment were 
evaluated. Percentage of oocytes with penetrated zonae did 
not differ (p > 0.05) among methods, ranging from 47.2 
± 5.9 (DS2) to 87.4 ± 9.4 (Dl) (Fig. 3). Similarly, mean 
number of penetrating spermatozoa did not differ (p > 
0.05), ranging from 1.6 ± 0.4 (DS2) to 4.4 ± 0.6 (LNV). 
Hybrid embryos were produced using samples cryopre- 
served by all four methods. Incidence of fertilization and 
polyspermy (range, 37.8 ± 14.8% [DS2] to 55.6 ± 4.8% 
[DSl] and 4.1 ± 2% [DSl] to 11.1 ± 3.7% [DS2], respec- 
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FIG. 3. Percentages of penetrated, fertilized, and cleaved hybrid embry- 
os after insemination of IVM domestic cow oocytes with scimitar-horned 
oryx spermatozoa cryopreserved on dry ice (Dl), in a dry shipper (DS1, 
DS2), or over liquid nitrogen vapor (LNV). 

lively) did not differ (p > 0.05) among treatments. Cleav- 
age success varied among sperm samples (range, 0-63%) 
but was similar (p > 0.05) across treatments (Fig. 3), with 
< 40% of inseminated oocytes cleaving in any treatment. 
However, > 50% of cleaved embryos developed at least to 
the 5- to 8-cell stage. None of the parthenogenetic controls 
(n = 22) cleaved. 

There were no correlations (p > 0.05) between cryo- 
preservatlon method and post-thaw sperm quality traits ex- 
amined. Across all treatments, there were positive correla- 
tions (p < 0.05; r = 0.81-0.97) between sample SMI at 3 
and 6 h and penetration, fertilization, and cleavage success. 
In contrast, there were no significant correlations (p > 
0.05) between IVF success and SMI at 0 or 1 h. 
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FIG. 4. Cooling rates associated with the four sperm cryopreservatlon 
methods tested: 1) dry ice (Dl), 2) dry shipper one-step (DSl), 3) dry 
shipper two-step (DS2), and 4) liquid nitrogen vapor (LNV). No two meth- 
ods produced similar cooling curve slopes (p < 0.05; n = 6 replicates). 

Cooling Rates 

On the basis of polynomial regression analysis, all cool- 
ing rate profiles followed quadratic functions with r = 
0.993 (Dl), 0.994 (DSl), 0.993 (DS2), and 0.951 (LNV). 
However, no two curves had similar slopes (p < 0.05; Fig. 
4). The most apparent difference in cooling rate was as- 
sociated with the DS2 method. Compared to what occurred 
with the DS1 and Dl methods, temperatures in straws cryo- 
preserved by the DS2 method decreased slowly, taking 
twice the amount of time to reach • 60°C. 

DISCUSSION 

It is generally known that semen cryopreservatlon re- 
duces sperm quality compared to that in fresh ejaculates 
[16]. However, a reduction in sample quality does not nec- 
essarily translate into reduced fertility. Because optimal lab- 
oratory cryopreservatlon protocols used in domesticated 
animals often are impractical when one is working with 
endangered species, especially in the field, it is important 
to identify alternative methods for storing spermatozoa un- 
der more challenging environments. Sperm preserved by 
these alternative methods may exhibit suboptimal post-thaw 
traits but still demonstrate high fertilizing ability. Results 
in the present study suggested that oryx spermatozoa tol- 
erate a range of cooling rates associated with diverse cryo- 
preservatlon methods. Even though post-thaw sperm mo- 
tility varied, zona pellucida penetration, fertilization, and 
embryo cleavage were similar across methods. 

Because the acrosome is particularly sensitive to damage 
during cryopreservatlon [22, 23], it was surprising that the 
percentage of acrosome-intact spermatozoa after thawing 
was high for all methods. The percentage of spermatozoa 
with intact acrosomes in freshly collected oryx ejaculates 
typically ranges from 70% to 90% [17], a finding consistent 
with this study. Interestingly, post-thaw samples contained 
65-80% acrosome-intact spermatozoa, suggesting that only 
10% of spermatozoa sustained acrosomal damage during 
the freeze-thaw process. A much higher incidence (40%) 
of post-thaw acrosomal damage was reported for the sper- 
matozoa of other African hoof stock, including the greater 
kudu (Tragelaphus strepsiceros) and wildebeest (Conno- 
chaetes taurinus), in a study in which EQ extender also 
was used [10]. However, in that study, spermatozoa were 
cryopreserved by pelleting on dry ice, which may have 
accounted for some of the damage. Yet even after extensive 
studies in domestic species like the bull, ram, and boar, the 
freeze-thaw process still typically results in > 20% of sper- 
matozoa experiencing acrosomal damage [16, 22, 24]. Dif- 
ferent methods of evaluating acrosomal status are unlikely 
to account for the higher proportions of acrosome-intact 
spermatozoa reported here, since results among methods 
are highly correlated [15]. The FITC-PNA stain is easy to 
use and reliable for evaluating oryx sperm acrosomes [17], 
so it was our method of choice. 

A significant challenge to studying sperm quality in en- 
dangered species is identifying a method for fully assessing 
sperm function. Typically, it is not possible to conduct 
large-scale fertility trials or homologous IVF studies be- 
cause the animals are not available. Even in domestic spe- 
cies, such trials can be expensive and time-consuming. 
Therefore, alternative sperm-oocyte interaction assays like 
the hemi-zona, salt-stored egg, and hamster egg penetration 
assays have been developed to evaluate sperm function in 
vitro [25-28]. Some of these approaches have proven useful 
in studies of wildlife species [29-31]. However, assays uti- 
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lizing nonviable, preserved oocytes or zonae may be in- 
adequate and unreliable [17, 32, 33]. Furthermore, sperm 
penetration success in these assays does not always corre- 
late with in vivo fertility or IVF success [17, 34, 35]. A 
heterologous IVF system developed previously for assess- 
ing oryx sperm function in vitro [17] offers a useful alter- 
native. 

The most significant finding in this study was the ability 
of oryx spermatozoa to fertilize domestic cow oocytes and 
produce hybrid embryos in vitro after cryopreservation by 
several different methods. These data provided strong evi- 
dence that oryx spermatozoa are fully functional after thaw- 
ing and that various cryopreservation methods can be ef- 
fective for sperm banking. Sperm cryopreserved by all 
methods maintained motility for > 6 h post-thaw. Despite 
reduced motility in the DS2 treatment, embryo production 
did not differ from that of spermatozoa cryopreserved by 
the other three methods. These results suggest that sample 
fertilizing ability is not necessarily compromised when 
post-thaw sperm motility is reduced by 20%. 

Heterologous IVF success varied considerably among 
oryx bulls regardless of cryopreservation method. This was 
not surprising, since no fertility trials or ejaculate quality 
criteria were used to select study animals. Furthermore, 
there can be inherent variation among males in ability of 
spermatozoa to survive cryopreservation [36, 37]. It was 
noteworthy that spermatozoa from the animal producing the 
poorest sample were capable of producing embryos. In do- 
mestic livestock species, semen donors for assisted repro- 
duction are chosen, in part, on the basis of semen quality 
and fertility ratings. In contrast, sperm banking in endan- 
gered species is dictated by genetics and driven by efforts 
to maintain optimal genetic diversity among populations 
[3, 38]. Therefore, animals targeted for genome resource 
banking are not necessarily producing the highest-quality 
ejaculates, and it is important that cryopreservation proto- 
cols maintain sperm function even of lower-quality sam- 
ples. 

On the basis of sperm functional competency post-thaw, 
all cryopreservation methods tested appeared acceptable for 
freezing oryx spermatozoa. This information is important 
because it provides alternatives that are better suited for 
field conditions. For example, dry ice can be difficult to 
acquire in some countries and dissipates rapidly in hot, arid 
climates. A tank of liquid nitrogen and the LNV method 
could provide a viable alternative. The dry shipper method 
obviates the need for dry ice or liquid nitrogen. Considering 
the simplicity of the method and post-thaw sample perfor- 
mance, DSl might be the cryopreservation protocol of 
choice, even in the laboratory. 

Overall, embryo cleavage success after insemination 
with frozen oryx spermatozoa was relatively low compared 
to the typical > 70% cleavage achieved in homologous 
bovine IVM/IVF systems [39, 40]. Furthermore, cleavage 
can average as high as 70% in this heterologous system 
with the use of freshly collected oryx spermatozoa [17]. 
Lower fertilization and cleavage success with cryopre- 
served samples might suggest a reduction in sperm func- 
tionality compared to that of freshly collected samples. 
However, a high percentage of zonae pellucidae were pen- 
etrated by spermatozoa. Therefore, it is possible that the 
spermatozoa are fully functional but the IVF system simply 
is inadequate for supporting optimal fertilization and em- 
bryo cleavage. The goals of this study did not include re- 
fining post-thaw sperm processing and/or the IVM/IVF sys- 
tem to optimize IVF success. Instead, a standardized meth- 

od was used throughout the study to determine whether 
spermatozoa could fertilize oocytes post-thaw and to com- 
pare results across treatments. Despite low cleavage suc- 
cess, > 50% of cleaving embryos developed to the > 5-8 
cell stage. These developmental data are similar to those 
reported for embryos produced using freshly collected sper- 
matozoa [17]. Additional studies are under way to deter- 
mine whether the functional competence of frozen-thawed 
oryx spermatozoa is inferior to that of the domestic bull 
and/or freshly collected oryx spermatozoa [17]. 

The lack of a significant correlation between sperm qual- 
ity assessments and cryopreservation method or IVF suc- 
cess was likely observed because sample quality, overall, 
was relatively high. The positive correlation between IVF 
success and sperm motility at 3 and 6 h was not surprising. 
A similar relationship between sperm longevity and IVF 
success has been reported for another endangered species, 
the cheetah [41]. It was interesting that there were no cor- 
relations with IVF success and sperm motility at 0 or 1 h, 
but this also was probably due to relatively high motility 
assessments for all samples. These data suggested that a 
single post-thaw evaluation of sperm motility before AI or 
IVF may not be an accurate method for estimating a sam- 
ple's potential fertility. Instead, sample longevity may be a 
more valuable predictor Although caution should be exer- 
cised when one is extrapolating in vitro results to predict 
in vivo fertility, these data indicated that cryopreserved 
oryx spermatozoa are functionally competent and should 
be adequate for use in AI. In any case, because of the grad- 
ual decrease in SMI over time, as well as the correlation 
between post-thaw sperm longevity and embryo cleavage 
success, it might be important that females are inseminated 
within the 6-h interval preceding ovulation to maximize 
fertility. 

Heterologous IVF systems substantially enhance our 
ability to study gamete function in endangered species. It 
seems likely that spermatozoa from diverse bovids will be 
capable of interacting with and fertilizing domestic cow 
oocytes. Therefore, this assay could have wide-reaching ap- 
plications with regard to sperm function and cryopreser- 
vation studies among nondomestic hoof stock species. In 
this study, heterologous IVF was used to determine that 
spermatozoa from an endangered antelope are functionally 
competent in vitro after cryopreservation on dry ice, in a 
dry shipper, or over liquid nitrogen vapor These results 
support the suggestion that these protocols can be used for 
sperm banking and that the quality of frozen-thawed sper- 
matozoa is sufficient for assisted reproduction in the scim- 
itar-homed oryx. 
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