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ABSTRACT: Artificial insemination plays a key role in the genetic
management of elephants in zoos. Because freshly extended semen
is typically used for artificial insemination in elephants, it has become
imperative to optimize conditions for liquid storage and semen
transport. The objectives of this study were to examine the interactions
between different extenders and storage temperatures on sperm total
motility, progressive motility, and acrosomal integrity in Asian
(Elephas maximus) and African (Loxodonta africana) elephants.
Ejaculates were collected by rectal massage, diluted using a split-
sample technique in 5 semen extenders: TL-Hepes (HEP), Modena
(MOD), Bilady! (BIL), TEST refrigeration medium (TES), and INRA96
(INR), maintained at 35°C, 22°C, or 4°C. At 0, 4, 6, 12, and 24 hours,
aliquots were removed and assessed for sperm total motility,
progressive motility, and acrosomal integrity. After 24 hours of
storage, African elephant spermatozoa exhibited greater longevity
and higher values in sperm quality parameters compared with those of

Asian elephants. In both species, semen storage at 35°C resulted in a
sharp decline in all sperm quality parameters after 4 hours of storage,
whereas storage at 22°C and 4°C facilitated sperm survival. In Asian
elephants, MOD and HEP were most detrimental, whereas BIL, TES,
and INR maintained motility up to 12 hours when spermatozoa were
cooled to 22°C or 4°C. In African elephants, there were no differences
among extenders. All media maintained good sperm quality param-
eters at 22°C or 4°C. However, although MOD, BIL, and INR were
most effective at lower temperatures, HEP and TES maintained sperm
motility at all storage temperatures. This study demonstrated sperm
sensitivity to components of various semen extenders and storage
temperatures and offers recommendations for semen extender
choices for liquid semen storage for both Asian and African elephants.
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he North American captive Asian (Elephas max-

imus) and African (Loxodonta africana) elephant
populations are not self-sustaining owing to poor
reproduction (Brown, 2000; Olson and Wiese, 2000;
Wiese, 2000). Poor reproductive rates are largely due to
the limited number of bulls in captivity, few opportu-
nities for natural breeding, high infant mortality, and
reproductively older female demographic with many
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females exhibiting reproductive tract pathologies, ovar-
ian acyclicity, or both that prevent successful conception
(Brown, 2000; Olson and Wiese, 2000; Wiese, 2000;
Brown et al, 2004b, c). A recent analysis of birth sex
ratios in captive elephant populations suggested that a
large proportion of artificial insemination (Al) attempts
result in male calves (Saragusty et al, 2009a). The
reduced fecundity and skewed birth sex ratio further
threaten the already unsustainable elephant popula-
tions. As a result, the future of North American captive
elephant populations has become a major concern for
elephant managers throughout the country. In an
attempt to increase reproduction, many elephant-hold-
ing facilities are now using Al to augment offspring
production (Olson and Wiese, 2000; Wiese, 2000; Brown
et al, 2004a). Therefore, investigations on semen storage
and/or additional semen research, such as sperm sex
sorting, are high priorities for developing effective
management strategies for elephants.
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Although several studies have explored the efficacy of
sperm cryopreservation in Asian (Hedrick and Schmitt,
2001; Thongtip et al, 2004; Saragusty et al, 2009b;
Thongtip et al, 2009) and African (Howard et al, 1986;
Buice et al, 1995; O’Brien et al, 1997) elephants,
postthaw sperm survival remains low and inconsistent.
Until reliable sperm cryopreservation technologies are
developed for routine use, there is an urgent need to
examine short-term (<24 hours) liquid semen storage to
minimize loss of sperm viability, motility, and function.
Currently, semen is typically collected from multiple
bulls housed at different institutions throughout North
America. Semen is diluted immediately after collection
in a commercial medium, chilled, and shipped to
another institution within the country in 24 hours to
be used for Al or further processed for cryopreservation
and/or sperm sex sorting. Improvements in liquid semen
storage within a 24-hour period will not only enhance
Al efficacy but also permit routine shipment of samples
to centralized laboratories for cryopreservation and
additional investigations in semen research, such as
sperm sex sorting and understanding mechanisms
regulating sperm function.

Although elephants produce large ejaculates, sperm
quality is highly variable, and liquid storage in vitro
remains a challenge. Elephant semen with or without
dilution often exhibits a dramatic decline in sperm
motility and viability within 12 hours of storage. The
decline in sperm motility and viability may be attributed
to rapid depletion of energy substrates as well as the
presence of additional factors that inhibit sperm motility
(Lindholmer, 1974; Yildiz et al, 2000; Gadea, 2003).
Typically when semen is collected from mammalian
species and stored, ejaculates are diluted in media that
provide spermatozoa with nutrients, prevent microbial
growth, and protect cells against damage from cold
shock, changes in pH, and osmotic pressure (Gadea,
2003). Many extenders also contain a source of
lipoprotein, such as egg yolk or skim milk, to provide
additional protection to spermatozoa during cooling.
There are various types of media recipes and extender
cocktails that are available commercially, and the type
of extender that is used for optimal sperm survival may
vary according to species and/or the individual (Holt,
2000; Medeiros et al, 2002). Various semen extenders
have been examined in an effort to enhance sperm
longevity for short- and long-term storage of both
African (Jones, 1973; Howard et al, 1986; Buice et al,
1995; O’Brien et al, 1997; Gilmore et al, 1998) and Asian
(Kitiyanant et al, 2000; Hedrick and Schmitt, 2001;
Graham et al, 2004; Thongtip et al, 2004; Saragusty et
al, 2005; Sa-Ardrit et al, 2006; Hermes et al, 2009)
elephant spermatozoa. African elephant spermatozoa
have exhibited adequate sperm survival in various types
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of semen extender (Jones, 1973; Howard et al, 1986;
Buice et al, 1995; Gilmore et al, 1998), and TL-Hepes
extender is currently used for transporting fresh
extended semen within a 24-hour period. In contrast,
although various types of semen extenders with buffer-
ing systems, including Tris—citric acid, TEST, or Hepes,
have also been examined in Asian elephants (Hedrick
and Schmitt, 2001; Graham et al, 2004; Thongtip et al,
2004; Sa-Ardrit et al, 2006; Portas et al, 2007; Hermes et
al, 2009), the survival of Asian elephant spermatozoa
during storage appears to be dependent upon an
extender with a source of lipoprotein, such as skim milk
and egg yolk (Graham et al, 2004; Saragusty et al, 2005;
Hermes et al, 2009; Saragusty et al, 2009). Egg yolk—
based extenders have been found to provide optimal
protection during storage for spermatozoa from many
species, including Asian elephants. However, those
extenders also interfere with the uniform staining of
DNA that is critical to separate X and Y chromosome-—
bearing populations of sperm during sperm sex sorting
(Johnson and Welch, 1999), which is a highly desired
goal of elephant conservation efforts. As a result, this
study was conducted to identify an extender that will
optimize elephant sperm storage within a typical
shipment period (=24 hours) and ideally will be
simultaneously compatible with the needs of sperm
sex-sorting technology.

In addition to dilution with extender, holding
temperature influences how well spermatozoa survive
storage. Semen from domestic species is often diluted
and cooled to 4°C to reduce the metabolic activity of
spermatozoa to enhance sperm survival for longer
durations (Blackshaw et al, 1957; Christensen, 1994;
Blanchard et al, 1998; Gadea, 2003). Although many of
the methods that have been adopted to process elephant
semen are based on methods used in domestic species,
an extensive and controlled study to specifically examine
the optimal holding temperature for storage of elephant
spermatozoa has not been conducted. As a result, this
study was also designed to determine an optimal holding
storage temperature during short-term (=24 hours)
semen storage that will optimize and prolong sperm
longevity for both Asian and African elephants.

This is the first comprehensive study to collect semen
from multiple captive bulls to systematically investigate
and compare semen storage preferences between Asian
and African elephants. The specific objectives of this
study were to 1) examine the influence of storage media
(extenders) and storage temperature on elephant sperm
motility and acrosomal integrity, 2) identify an optimal
extender and storage temperature that will support
sperm survival for up to 24 hours, and 3) determine
whether species-specific differences exist in semen
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storage conditions between Asian and African ele-
phants.

Materials and Methods

Animals

Semen collections were attempted on 13 Asian (6-35 years; 7
institutions; 131 collections) and 7 African (7-31 years; 4
institutions; 104 collections) elephant bulls in North America.
Collection frequency for each bull ranged from 1 to 3 months.
All but 3 Asian and 3 African bulls were proven breeders. The
bulls were managed under a protected contact training
regimen and housed in individual enclosures with visual,
olfactory, and/or controlled access to females. The bulls were
given free access to water and regular access to feed. Animal
research protocols were approved by the Smithsonian
Conservation Biology Institute’s Institutional Animal Care
and Use Committee.

Semen Collection and Evaluation

Semen was collected using the rectal massage technique as
previously described by Schmitt and Hildebrandt (1998).
Ejaculation was accomplished by massaging the pelvic portion
of the rectum dorsal to the urethra and ampullae. Ejaculates
were collected into a modified palpation sleeve attached to an
insulated 50-mL collection tube to minimize exposure to light
and extreme temperature fluctuations. To prevent urine
contamination of ejaculates, the collection sleeve was replaced
frequently throughout the collection process. The collection
tubes containing ejaculates were immediately placed in a
portable incubator (Brooder; Dean’s Animal Supply, St
Cloud, Florida) and maintained at 32°C to 35°C until
evaluation. A real-time handheld ultrasound with a 3.5-MHz
transducer was used to assess the fullness of the ampullae
before and after collection to ensure a complete collection
(Schmitt and Hildebrandt, 1998).

Each ejaculate was immediately evaluated for volume
(mL), and an aliquot (8 pL) was assessed subjectively for
percentage of motile spermatozoa (%tMOT) and forward
progressive motility (%pMOT) using a phase-contrast micro-
scope. Sperm concentration was determined using a portable
spectrophotometer (DVM rapid test; Value Diagnostics,
Spring Valley, Wisconsin) calibrated for measuring concen-
trations of Asian and African elephant spermatozoa.
Osmolality (mOsm) was determined using a vapor pressure
osmometer (VAPRO; Wescor Inc, Logan, Utah), and pH was
determined using a handheld pH meter (Twin pH; Horiba
Ltd, Kyoto, Japan).

Sperm morphology and acrosomal integrity were evaluated
using Spermac stain (Conception Technologies, San Diego,
California) as described by Baran et al (2004). Briefly, smears
were prepared by placing a drop of semen on glass slides, thin
smeared, and air dried for 5 minutes. Slides were then fixed in
formaldehyde for 5 minutes and rinsed 6 to 7 times in water.
Excess water was removed, and the slides were immersed into
reagent A for 1 to 2 minutes. This procedure was repeated for
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reagents B and C per the manufacturer’s instructions. The
slides were allowed to air dry before assessment. For each
sample, a minimum of 200 spermatozoa were assessed
individually for acrosomal integrity (%INT) using bright-field
microscopy under oil immersion ( X 1000). Each spermatozoon
was categorized as having an intact or nonintact acrosome,
and the number of spermatozoa with intact membranes was
converted to a percentage (%INT). For morphology, a
minimum of 200 spermatozoa were evaluated using phase-
contrast optics ( x1000).

Preparation of Semen Extenders

Five semen extenders with or without egg yolk were evaluated:
1) Biladyl with 20% egg yolk (BIL; pH 7.0; 320 mOsm;
Minitube of America, Verona, Wisconsin); 2) TEST egg yolk
refrigeration medium (TES; pH 7.0-7.4; 310-330 mOsm;
Irvine Scientific, Santa Ana, California); 3) INRA96 + 4%
egg yolk (INR; pH 6.9; 300 mOsm; IMV Technologies, Maple
Grove, Minnesota); 4) TL-Hepes (HEP; pH 7.4; 265 mOsm;
Cambrex Corp, East Rutherford, New Jersey); and 5) Modena
(MOD; pH 6.90; 290 mOsm; SGI International, Cambridge,
Iowa). These extenders were chosen to compare efficacy of
maintaining sperm motility over time as well as identify one or
more media to facilitate sperm sorting using flow cytometry.
BIL, TES, and INR all contained a source of lipoprotein (BIL,
20% egg yolk; TES, 20% egg yolk; and INR, skim milk + 4%
egg yolk). All extenders were prepared per manufacturer’s
instructions and stored at —20°C until use.

Semen Processing, Dilution, and Storage

Ejaculates exhibiting at least 60% total sperm motility were
divided into 5 aliquots and slowly diluted with the respective
extender treatments to a final concentration of 250 x 10°
spermatozoa/mL. A control (CON) aliquot consisting of the
undiluted raw ejaculate was also included in the analysis. To
examine the effect of storage temperature, each aliquot was
further divided into 3 equal aliquots (6 X 3 factorial
arrangement) and incubated at 1 of 3 storage temperatures:
1) body (BODY; 35°C), 2) ambient (ROOM; 22°C), or 3)
chilled (COLD; 4°C). BODY aliquots were maintained on a
dry heating block set at 35°C. The ROOM aliquots were
maintained in an insulated covered box. The COLD samples
were placed in a water jacket (300 mL; 22°C) and held in a
refrigerator (4°C) for more than 2.5 hours until they reached
4°C. For the duration of the study, the COLD samples were
maintained at 4°C.

Analysis of Spermatozoa

To evaluate the effect of each diluent and storage temperature,
an aliquant of semen was analyzed at 0, 1, 2, 4, 6, 12, and
24 hours. Briefly, 8 pL of semen from each treatment was
placed on a prewarmed (35°C) glass slide, covered with a cover
slip, and examined using a phase-contrast microscope. For
each time period, %tMOT, %pMOT, and %INT were
evaluated. Analysis for each storage temperature began (ie,
time 0 hour) when samples reached their respective storage
temperatures.
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Table 1. Seminal characteristics of Asian and African
elephant bulls
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Table 2. Seminal traits of Asian and African elephant
ejaculates with =60% initial total motility

Asian Elephant  African Elephant

Asian Elephant  African Elephant

(12 bulls; n =75 (4 bulls; n = 50 (4 bulls; n =10 (2 bulls;n=5

Seminal Characteristic ejaculates)? ejaculates)? Seminal Characteristic ejaculates)? ejaculates)?
Total volume, mL 48.3 + 58.3 30.1 £ 38.7 Total volume, mL 123.9 = 93.6 20.3 £ 12.0
Total motility, % 25.8 = 31.4 22.9 = 30.3 Total motility, % 82.5 = 8.9 87.0 = 6.7
Total progressive motility, % 15.7 = 26.3 18.5 = 28.6 Total progressive motility, % 78.0 £ 7.6 87.0 £ 6.7
Morphologically normal, % 56.5 = 26.9 45.6 = 25.6 Morphologically normal, % 79.2 £ 13.1 67.3 £ 225
Normal acrosome, % 17.3 = 23.9 23.0 = 31.0 Normal acrosome, % 541 = 12.7 78.2 = 8.7
Sperm concentration Sperm concentration

(x10°) 1308.8 + 794.9  2276.9 * 706.7 (x10°) 649.1 = 633.4  2500.6 + 934.2
pH 72141 72 0.9 pH 74 £ 0.7 7.5+ 0.8
Osmolality, mOsm 256.2 = 55.0 356.6 = 124.4 Osmolality, mOsm 253.5 + 11.4 273.6 = 17.7

& Values represent means + SD. Ejaculates with urine contamination
were not included in the analyses.

Statistical Analysis

The experimental design was set in a 6 X 3 factorial
arrangement, with 5 extender treatments (plus CON) and 3
storage temperature conditions. Treatment differences among
extender treatments and storage temperatures were determined
by analysis of variance using SAS (version 9.1; SAS institute
Inc, Cary, North Carolina). A Shapiro-Wilk test was used to
test for normality of the data. Generalized linear model
analyses was used to determine the differences and the effects
of bull (as a random effect), sample within bull, extender,
temperature, and time on %tMOT, %pMOT, and %INT of
elephant spermatozoa treated with different extenders and
storage temperatures. The bull effect was included in the model
to account for the variation among bulls. Significant
differences between treatment means were determined using
Tukey’s honestly significant difference (HSD) test. Values were
expressed as means = SEM. The level of statistical significance
was set at P < .05 for all hypotheses tested. Tukey’s HSD test
employed an experiment-wise error rate of protection for type
I error.

Results

Seminal Traits

A total of 125 ejaculates were collected from 12 Asian
(6-35 years; 7 institutions) and 4 African (8-31 years; 3
institutions) elephant bulls (Table 1). Ejaculates con-
taminated with urine (n = 110) were not included in the
analyses. Mean (= SD) sperm %tMOT (Asian, 25.8% *
31.4%; African, 22.9% = 30.3%) and %pMOT (Asian,
15.7% = 26.3%; African, 18.5% = 28.6%) were low in
raw ejaculates with more than 45% morphologically
normal sperm (Table 1). Overall, only 10 of 75
ejaculates (13.3%) and 5 of 50 ejaculates (10%) from 4
Asian (14-35 years; 4 institutions) and 2 African (8-
24 years; 2 institutions) elephant bulls, respectively, met
the minimum quality criterion (=60% %tMOT) to be

& Values represent means = SD.

used in the study (Table 2). Average %tMOT of
ejaculates that were included in the study were 82.5%
* 89% and 87.0% £ 6.7% for Asian and African
elephants, respectively.

Asian Elephant

Effect of Semen Extenders on Asian Elephant Sperm
Y0t MOT, %pMOT, and %INT—At 0 hours, no differ-
ences in %tMOT, %pMOT, or %INT were observed
among extenders (Table 3). At 4 hours, INR, BIL, and
TES retained the highest %tMOT and %pMOT in
Asian elephants. Dilution of semen in HEP or MOD
resulted in a 50% decline in %tMOT from initial values.
Although there was no difference in %pMOT among
CON, HEP, or MOD, spermatozoa in MOD exhibited
the lowest (P < .05) %pMOT compared with INR, BIL,
and TES. The proportion of spermatozoa with normal
acrosomes (%INT) was higher (P < .05) in INR and
TES compared with HEP. At 6 hour, both egg yolk—
based extenders, BIL and TES, maintained higher
0tMOT (P < .05) compared with HEP and MOD,
whereas INR and BIL exhibited higher %pMOT (P <
.05) compared with HEP and MOD. A higher (P < .05)
proportion of spermatozoa maintained INT in INR,
BIL, and TES compared with HEP and MOD. When
ejaculates were incubated for 12 or 24 hours, there were
no differences (P > .05) among extenders in either
%tMOT or %pMOT. However, BIL maintained higher
PINT (P < .05) compared with CON, HEP, or MOD
but was not different than INR or TES.

Diluted ejaculates maintained 45% and 27% of initial
motility at 12 and 24 hours, respectively (Table 3).
Overall, BIL, TES, and INR maintained higher
9%0tMOT, %pMOT, and %INT values compared with
other treatments through the duration of the study,
maintaining 45%, 40%, and 38% of initial motility at
12 hours and 27%, 13%, and 14% at 24 hours,
respectively. In contrast, sperm stored in HEP, MOD,
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Table 3. %tMOT, %pMOT, and %INT of Asian elephant spermatozoa stored as neat semen or in various extenders®

Time
Oh 4h 6h 12 h 24 h

Extender 9%tMOT %pMOT %INT %tMOT %pMOT  %INT ~ %tMOT %pMOT  %INT  %tMOT %pMOT %INT %tMOT %pMOT %INT
CON 671 61.3 348 42.3°° 33.8>cd 236°¢ 32 1Pcdepgzghcd 1gged 158 81 10.2¢ 0.4 0.0 3.0¢
HEP 59.8 54.6 331 29.3° 20.8°¢ 20.0° 23.8% 13.8%¢ 17.2¢ 11.0 38 8.6 2.2 0.0 3.1¢
MOD 621 555 352 255° 102%  26.6°° 19.8° 579  23.3%¢ 8.4 03 16.4%¢ 20 0.0 9.8°d
INR' 704 653 382 57.3° 54.1° 29.1° 46.3°°9 420° 26.7°° 26.8 21.3 20.3°° 10.1 6.5 14.2°°
BILf 709 650 39.7 57.6° 50.8°  28.0°° 52.8° 46.0° 27.9° 320 264 259° 193 108 18.8°
TES' 69.1 611 386 57.8° 50.5° 29.8° 49.1° 385°° 272° 273 163 19.0°° 8.9 0.0 13.5°¢
SEM 3.3 4.0 12 33 4.0 1.2 3.3 4.0 1.2 3.3 40 1.2 3.3 40 1.2

Abbreviations: BIL, Biladyl; CON, control (neat semen); HEP, TL-Hepes; INR, INRA96; MOD, Modena; TES, TEST refrigeration medium;
%INT, percentage of acrosomal integrity; %pMOT, percentage of progressive forward motility; %tMOT, percentage of total sperm motility.

& Values represent means of 10 ejaculates.

b.e.d.e Within each column, values with different superscripts differ significantly (P < .05).

f Extender treatment is egg yolk or skim milk based.

and CON exhibited a greater loss in motility and
maintained only 24%, 18%, and 14% of initial values at
12 hours and only 1%, 4%, and 3% of initial values
remained by 24 hours, respectively.

Effect of Storage Temperature on Asian Elephant
Sperm DtMOT, %pMOT, and %INT—At 0 hours,
9%tMOT and %pMOT were similar among all 3 storage
temperatures (Table 4), but the proportion of sperma-
tozoa with INT was higher (P < .05) at BODY and
ROOM compared with aliquots stored at COLD. For
all storage temperatures, a further decline was observed
in all sperm parameters at 4 hours of storage, but no
differences (P > .05) were observed among storage
temperature treatments. At 6 hours, both %tMOT and
%pMOT were higher (P < .05) at ROOM compared
with BODY but similar to COLD. No differences (P >
.05) were observed in the proportions of INT among
storage temperatures. By 12 hours, %tMOT and
%pMOT were abolished in aliquots stored at BODY,
whereas aliquots stored at ROOM maintained 35.9% =
2.4% %tMOT and 28.2% = 2.8% %pMOT and COLD
maintained 29.0% = 2.4% %tMOT and 16.9% = 2.8%

J%pMOT. At 12 and 24 hours, there were no differences
(P> .05) in %tMOT and %pMOT between ROOM and
COLD, and the proportion of spermatozoa with intact
acrosomes was higher (P < .05) at ROOM and COLD
compared with BODY.

Effect of Semen Extender and Storage Temperature on
Asian Elephant Sperm %tMOT, %opMOT, and %INT—
Among extenders maintained at BODY (Table 5), there
were no differences in %tMOT, %pMOT, or %INT. At
ROOM storage, BIL maintained higher (P < .05)
9%tMOT and %pMOT compared with MOD but was
not different than CON, HEP, INR, or TES. Sperma-
tozoa in BIL also maintained a higher (P < .05)
proportion of %INT compared with HEP, but was not
different (P > .05) than CON, MOD, INR, and TES. At
COLD storage, semen extended in INR, BIL, or TES
exhibited higher %tMOT and %pMOT compared with
aliquots extended in HEP. Aliquots extended in INR
also maintained higher (P < .05) %pMOT compared
with HEP and MOD, but there were no differences
compared with CON, BIL, or TES. The proportion of
INT spermatozoa was higher (P < .05) in TES

Table 4. %tMOT, %pMOT, and %INT of Asian elephant spermatozoa stored in 3 temperature conditions®

Time
Oh 4h 6h 12 h 24 h
Storage % % % % % % % % % % % % % % %
Temperature tMOT pMOT INT tMOT pMOT INT tMOT pMOT INT tMOT pMOT INT tMOT pMOT INT
BODY (35°C) 725 657 411° 411 320 262 265° 17.6° 230 0.0° 0.0° 104° 0.0° 0.0 4.2°
ROOM (22°C) 70.9 66.8 383° 546 473 287 494° 417° 265 359° 282° 228> 75°° 12 138°
COLD (4°C) 56.3 49.0 30.4° 39.1 308 237 36.0°° 255°° 211 29.0° 16.9°° 17.0° 19.8° 81 132°
SEM 2.4 28 08 2.4 2.8 08 24 2.8 08 24 28 08 24 2.8 0.8

Abbreviations: %INT, percentage of acrosomal integrity; %pMOT, percentage of progressive forward motility; %tMOT, percentage of total

sperm motility.

@ Values represent means of 10 ejaculates.

B¢ Within each column, values with different superscripts differ significantly (P < .05).
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Table 5. %tMOT, %pMOT, and %INT of Asian elephant spermatozoa stored as neat semen or in various extenders under

different storage temperatures®

Storage Temperature

BODY (35°C) ROOM (22°C) COLD (4°C)

Extender %tMOT %pMOT %INT %tMOT %pMOT %INT %tMOT %pMOT %INT
CON 29.6' 24.0 22.9°f 50.6°°¢ 45.8°° 25.goce 36.0°0ef 26.3>¢d 1459
HEP 32.5°f 28.1 21.1¢f 41.5°¢e 32.20¢ 21.7%¢ 20.7%" 10.0¢ 14.19f
MOD 25.8 12.9 26.8 35.9° 24.4° 27.00¢ 29.1P¢ 17.8%¢ 21.6%¢
INRY 418 37.1 27.4 52.5°¢ 49.0°° 27.9°¢ 52.0° 47.8° 29.1P¢
BILY 445 38.2 27.8 60.8° 55.3° 33.6° 51.5° 43.15¢ 28.8°¢
TESY 42.9 35.3 24.8 57.0°°¢ 51.20¢ 29.30¢ 46.7° 33.7>¢ 30.8°
SEM 2.2 2.6 0.8 2.2 2.6 0.8 2.2 2.6 0.8

Abbreviations: BIL, Biladyl; CON, control (neat semen); HEP, TL-Hepes; INR, INRA96; MOD, Modena; TES, TEST refrigeration medium;
%INT, percentage of acrosomal integrity; %pMOT, percentage of progressive forward motility; %tMOT, percentage of total sperm motility.

& Values represent means of 10 ejaculates.

b.ed within each column, values with different superscripts differ significantly (P < .05).
fWithin each row, values with different superscripts differ significantly (P < .05) between storage temperatures for each sperm parameter.

9 Extender treatment is egg yolk or skim milk based.

compared with CON, HEP, and MOD, but there were
no differences among INR, BIL, or TES. Likewise,
%INT was similar among CON, HEP, and MOD.

Among storage temperatures, ROOM  exhibited
higher (P < .05) values in %tMOT, %pMOT, and
9%INT (Table 5). CON exhibited higher (P < .05)
9%tMOT at ROOM compared with BODY, whereas
HEP maintained higher (P < .05) %tMOT at ROOM
compared with COLD. The proportion of spermatozoa
with INT in both CON and HEP was higher (P < .05) at
ROOM compared with COLD but was not different
than BODY. All other extender treatments (ie, BIL,
INR, TES, and MOD) did not exhibit any differences in
maintaining sperm survival regardless of storage tem-
perature.

African Elephant

Effect of Semen Extenders on African Elephant Sperm
YtMOT, Y%pMOT, and P%INT—Similar to Asian
elephant bulls, spermatozoa from their African coun-
terparts also exhibited a decline over time (0 hours vs
24 hours) in %tMOT, %pMOT, and %INT (Figure).
However, no differences in sperm parameters were
observed among extenders within each time interval.

Effect of Storage Temperature on African Elephant
Sperm YotMOT, Y%opMOT, and %INT—At 0 hours, all
sperm parameters were similar among storage condi-
tions (Table 6). Between 4 and 24 hours, the %tMOT,
%pMOT, and %INT were higher (P < .05) at ROOM
compared with BODY, and these parameters remained
similar at COLD. At 12 hours and 24 hours, all sperm
parameters evaluated were higher (P < .05) at ROOM
and COLD compared with BODY.

Effect of Semen Extender and Storage Temperature on
African Elephant Sperm %ot MOT, Yop MOT, and %INT—

At BODY, there were no differences in %tMOT and
%INT among extenders (Table 7). HEP and TES
maintained a higher (P < .05) %pMOT compared with
MOD at BODY storage, but values remained similar to
those with CON, INR, and BIL. At both ROOM and
COLD, there were no differences (P > .05) among
extender treatments in maintaining %tMOT, %pMOT,
and %INT for each storage temperature.

Among storage temperatures, there was a difference
among extenders in their ability to maintain %tMOT,
%pMOT, and %INT (Table 7). HEP and TES were
effective at maintaining %tMOT, %pMOT, and %INT
across all storage temperatures. CON, MOD, INR, and
BIL exhibited an interaction with storage temperature
and exhibited lower values in %tMOT, %pMOT, or
%INT when stored at BODY. Specifically, CON,
MOD, INR, and BIL exhibited lower (P < .05) %tMOT
values at BODY compared with COLD but remained
similar to that at ROOM. CON also exhibited lower (P
< .05) values in %pMOT and %INT when sperm were
stored at BODY compared with ROOM (P < .05) but
was not different than COLD. In addition, %pMOT
values were lower (P < .05) for MOD and INR at
BODY compared with COLD, and %INT values were
lower (P < .05) for BIL and INR at BODY compared
with COLD.

Discussion

This study represents the first comprehensive assessment
of liquid storage on both Asian and African elephant
semen parameters and has resulted in several major
findings, including 1) inherent differences in sperm
sensitivity to components of various semen extenders
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Figure. Percentage of (a) total sperm motility (%tMOT), (b) progressive forward motility (%pMOT), and (c) intact acrosomal status (%INTACT)
of African elephant spermatozoa stored as neat semen (control [CON]) or in various extenders. HEP indicates TL-Hepes; MOD, Modena; INR,

INRA9G6; BIL, Biladyl; TES, TEST. Values represent means = SEM.
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Table 6. %tMOT, %pMOT, and %INT of African elephant spermatozoa stored in 3 temperature conditions®

Time
Oh 4h 6h 12h 24 h
Storage % % % % % % % % % % % % % %
Temperature tMOT pMOT INT  tMOT pMOT INT tMOT pMOT INT tMOT pMOT INT tMOT pMOT INT
BODY (35°C) 81.0 77.7 740 51.4° 39.7° 47.0° 412° 269° 339° 55° 39° 148 07° 06° 56°
ROOM (22°C) 84.4 847 76.0 77.5° 721° 632° 705° 61.7° 552° 511° 36.6° 448" 269° 17.7° 322°
COLD (4°C) 80.0 69.4 734 72.7°° 53.4>° 60.6™° 62.9°° 41.6°° 52.9° 60.0° 39.7° 47.7° 47.9° 27.1® 38.0°

SEM 3.4 4.5 25 34 4.5 2.5 3.4

4.5 2.5 3.4 4.5 2.5 3.4 4.5 2.5

Abbreviations: %INT, percentage of acrosomal integrity; %pMOT, percentage of progressive forward motility; %tMOT, percentage of total

sperm motility.

@ Values represent means of 5 ejaculates.

B¢ Within each column, values with different superscripts differ significantly (P < .05).

and storage temperatures, 2) spermatozoa from African
elephants maintained both %tMOT and %pMOT
longer than their Asian counterparts, 3) storage at
temperatures lower than BODY improved sperm
survival, 4) media containing a source of lipoprotein
(ie, egg yolk [BIL or TES] or skim milk supplemented
with 4% egg yolk [INR]) are better able to maintain
Asian elephant sperm %tMOT and %pMOT than other
extenders, and 5) African elephant sperm are less
discriminating and tolerate all storage temperature
(35°C, 22°C, or 4°C) conditions and survive best in
HEP (tissue culture medium) or TES (containing 20%
egg yolk). Collectively, the data demonstrated that both
extender composition and storage temperature influence
longevity of elephant spermatozoa.

A major challenge to the study of male reproduction
in elephants is the unpredictability of ejaculate quality.
In the present study, less than 13% (Asian) and 10%
(African) of the ejaculates exhibited at least 60% sperm

motility and rendered them suitable as test ejaculates.
90tMOT, %pMOT, and %INT were highly variable
among ejaculates from both species. Intraindividual and
interindividual variations in semen quality have previ-
ously been reported in elephants (Howard et al, 1984;
Mar et al, 1993; Thongtip et al, 2004; Saragusty et al,
2005; Portas et al, 2007; Thongtip et al, 2008; Saragusty
et al, 2009b). Factors such as method of semen
collection, frequency of ejaculation, length of time since
last emission, hormonal and diurnal rhythms, temper-
ature and light conditions, season, and nutrition may
influence ejaculate quality (Mann and Lutwak-Mann,
1981; Goeritz et al, 2003; Thongtip et al, 2008), perhaps
as a result of variations in seminal plasma composition
(ie, volume, pH, osmolality, proteins, macroelements,
and microelements) that might have repercussions on
various aspects of sperm structure and function (Mann
and Lutwak-Mann, 1981; Topfer-Petersen et al, 2005;
Yoshida et al, 2008). Investigations are underway in our

Table 7. %tMOT, %pMOT, and %INT of African elephant spermatozoa stored as neat semen or in various extenders under

different storage temperatures®

Storage Temperature

BODY (35°C) ROOM (22°C) COLD (4°C)

Extender %tMOT %pMOT %INT %tMOT %pMOT %INT %tMOT %pMOT %INT
CON 35.6° 34.5°°e 37.3° 69.9¢ 65.2¢ 60.3¢ 62.0¢ 40.2%¢ 51.24¢
HEP 57.9 52.9° 451 75.1 63.6 58.1 67.4 38.8 54.7
MOD 35.4° 14.8%° 40.7 50.8%¢ 46.34 495 61.8¢ 4424 52.6
INR' 45.2° 38.9>ce 40.1¢ 66.8%° 63.9%¢ 58.34 73.8¢ 67.3¢ 64.9¢
BILf 48.1° 41.9°° 48.3° 68.89¢ 64.6 63.19¢ 7419 64.6 64.89
TES' 56.5 52.3° 50.1 76.0 70.1 65.6 70.5 53.1 60.5
SEM 2.4 3.2 1.8 2.4 3.2 1.8 2.4 3.2 1.8

Abbreviations: BIL, Biladyl; CON, control (neat semen); HEP, TL-Hepes; INR, INRA96; MOD, Modena; TES, TEST refrigeration medium;
%INT, percentage of acrosomal integrity; %pMOT, percentage of progressive forward motility; %tMOT, percentage of total sperm motility.

@ Values represent means of 5 ejaculates.

b Within each column, values with different superscripts differ significantly (P < .05).
¢ Within each row, values with different superscripts differ significantly (P < .05) between storage temperatures for each sperm parameter.

fExtender treatment is egg yolk or skim milk based.
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laboratory to correlate seminal plasma composition (eg,
chemistry and proteins) with ejaculate quality in both
elephant species.

Asian elephant spermatozoa exhibited a faster decline
and lower %tMOT, %pMOT, and %INT over a shorter
duration compared with African elephant spermatozoa.
After 24 hours of semen storage, maximum sperm
motility was 19.8% = 2.4% compared with 47.9% =
3.4%, and %INT was 13.8% * 0.8% compared with
38.0% = 2.5% for Asian (Table 4) and African
(Table 6) elephants, respectively. The faster loss in
sperm survival exhibited by Asian elephant spermatozoa
demonstrated an overall greater sensitivity to in vitro
storage and chilling compared with their African
counterparts and is a major concern because of the
unacceptable semen quality.

The differences in sperm membrane structure between
the 2 elephant species have been suggested to be
responsible for the disparity in sperm survival rates
during in vitro semen storage (Swain and Miller, 2000).
The composition and combination of various membrane
components, including cholesterol, phospholipids, satu-
rated and unsaturated fatty acids, and proteins,
characterize the intrinsic properties and fluidity of the
sperm membrane and determine its adaptability to
temperature phase transitions during cooling (Darin-
Bennett and White, 1977; Quinn et al, 1980; Watson and
Morris, 1987; Hammerstedt et al, 1990; Parks, 1997;
Cross, 1998; Giraud et al, 2000; de Albuquerque
Lagares et al, 2008). Swain and Miller (2000) determined
that African elephant spermatozoa contain higher levels
of long-chain polyunsaturated fatty acid (eg, docosa-
hexaenoic acid) in their membranes compared with
Asian elephant spermatozoa. Perhaps the differences in
polyunsaturated fatty acids, in addition to other
membrane properties and factors such as cholesterol
and phospholipid ratios, may exert a synergistic
influence on the susceptibility of spermatozoa during
cooling and warrants further investigation.

In the present study, media containing a source of
lipoprotein (BIL, TES, and INR) protected spermato-
zoa during cooling. For Asian elephants, the inclusion
of egg yolk or milk was a necessary component in
extenders to support sperm survival as evidenced by the
precipitous decline in the parameters measured as a
function of non-egg yolk—containing extenders. In
contrast, African elephant spermatozoa were less
discriminating, surviving just as well in media that did
not contain egg yolk (eg, HEP, MOD). These results
agree with earlier reports in which egg yolk (Graham et
al, 2004; Saragusty et al, 2005) and skim milk-based
media (Hermes et al, 2009) better preserved Asian
elephant spermatozoa during cooling and non-egg yolk
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media was effective at short-term liquid storage of
African elephant spermatozoa (Jones, 1973).

The protective effect of egg yolk in semen extenders
has been known for decades (Phillips and Lardy, 1940),
and its ability to enhance sperm survival at a broad
range of temperatures, including ambient (Dunn et al,
1950; Shannon and Curson, 1983) and lower tempera-
tures (Phillips and Lardy, 1940; Watson, 1981; de Leeuw
et al, 1993; Amirat et al, 2004), has allowed it to be
successfully used in a variety of species (Parks and
Graham, 1992). The value of egg yolk is particularly
evident during cooling and freezing, when its presence
reduces the severity and extent of cold shock on
spermatozoa (Medeiros et al, 2002; Saragusty et al,
2005), perhaps by a mechanism whereby phospholipid
low-density lipoproteins coat and enhance the stability
and integrity of the sperm plasma membrane, which in
turn confers protection on spermatozoa (Watson, 1975;
Quinn et al, 1980; Blanchard et al, 1998; De Pauw et al,
2003). The presence of lipoprotein in extension media
may also prevent an efflux of membrane cholesterol that
destabilizes sperm and is deleterious to their survival
(Bergeron et al, 2004; Bergeron and Manjunath, 2006).

One of the major objectives of this study was to
identify an extender that will optimize short-term
storage of elephant spermatozoa while simultaneously
being compatible with the needs of sperm sex-sorting
technology. Egg yolk—based extenders have been used in
the past to preserve Asian and African elephant
spermatozoa because the inclusion of egg in extenders
is known to enhance sperm survival during in vitro
semen storage. However, egg yolk must be removed
before sperm sex sorting because it interferes with the
uniform staining of DNA that is critical to separate X
and Y chromosome-bearing populations of sperm
(Johnson and Welch, 1999). Further processing and
handling to remove remnants of egg yolk before sperm
sex sorting can cause additional sperm damage and loss
in sperm viability to an already vulnerable sperm
population. For these reasons, non-egg yolk— or
reduced egg yolk-based extenders (ic, MOD, HEP,
and INR), which do not require additional processing
for sperm sex sorting, were included in this study to
determine their efficacy at maintaining sperm survival
for both Asian and African elephants. For Asian
elephants, INR, a skim milk medium supplemented
with only 4% egg yolk sustained sperm as well as media
containing 20% egg yolk and thus can be safely used for
extending ejaculates and shipment to centralized sperm-
sorting facilities. A similar conclusion was recently
reached by Hermes et al (2008) who reported that a
skim milk—based medium was ideal for storage and sex
sorting of Asian elephant sperm. For African elephants,
this was the first study to systematically investigate an
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optimal semen extender for sperm sex sorting. We found
that HEP maintained sperm survival at all storage
temperatures, whereas MOD was the most effective
extender for cold storage. Because neither HEP nor
MOD contain egg yolk, it appears that either could
safely be used for extending African elephant ejaculates
and shipment to sorting facilities. However, because
these results were based only on ejaculates from 2
donors, additional studies with more bulls are warranted
to confirm these findings.

In both species, semen storage at body temperature
was detrimental regardless of extender treatment, and
spermatozoa demonstrated a precipitous decline in all
parameters after 4 hours of storage. This was particu-
larly evident for the storage at 35°C of raw semen, which
exhibited lower semen parameter values compared with
those at 22°C and 4°C. As a result, storage of both
Asian and African elephant semen at body temperature
(35°C) should be avoided, and storage at 22°C and 4°C
is recommended. Similar results also have been reported
in cattle for which semen stored at a temperature above
refrigeration (4°C) exhibited reduced values in both
sperm survival and fertility (Vishwanath and Shannon,
1997), with semen storage at body temperature exhib-
iting the lowest values (Bartlett and Van Demark, 1962).
The decline in sperm survival at 35°C can be attributed
to the increased energy consumption and rate of
metabolism that spermatozoa undergo at warmer
temperatures. Exposing spermatozoa to cooler temper-
atures reduces the rate of consumption and metabolism,
thus allowing sperm to be preserved for a longer
duration (Blackshaw et al, 1957; Bartlett and Van
Demark, 1962; Clarke et al, 1982; Gadea, 2003).
Interestingly, for both species, storage at 22°C was no
different than storage at 4°C. This is of economical and
practical importance, for it suggests that elephant semen
can be collected and preserved under field conditions
where electricity, refrigeration, or liquid nitrogen may
not be immediately available for cooling or freezing.
However, it is important to mention that although we
did not find significant differences in sperm motility and
acrosome status between 22°C and 4°C over the
duration of our study, perhaps a significant difference
may exist between the 2 storage temperatures following
more than 24 hours of semen storage.

In summary, our study of the sensitivity of Asian and
African elephant spermatozoa to various semen extend-
ers and storage temperatures suggests differences
between the 2 species in the ability of spermatozoa to
survive during in vitro storage. African elephant
spermatozoa were more robust in maintaining motility
compared with Asian elephant spermatozoa. Under all
conditions evaluated, it was best to store semen at
temperatures lower than body temperature. Further-
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more, Asian elephant spermatozoa were preserved
better in extenders containing egg yolk (BIL and TES)
or skim milk (INR), whereas spermatozoa from their
African counterparts did not have such a requirement
and survived just as well in buffers containing no egg
yolk or skim milk (MOD and HEP). These findings
advance our understanding of elephant sperm sensitivity
to extenders and storage conditions and could improve
our overall ability to implement sound genetic manage-
ment practices to ensure the long-term survival of
elephants in captivity and in the wild.

Acknowledgments

The authors thank all staff at the following elephant bull holding
institutions for their participation in the study: Ringling Bros Center
for Elephant Conservation, Indianapolis Zoo, Riddle’s Elephant
Sanctuary, Fort Worth Zoo, Tulsa Zoo and Living Museum, African
Lion Safari, Jacksonville Zoo and Gardens, Pittsburgh Zoo & PPG
Aquarium, Rosamond Gifford Zoo, and Columbus Zoo & Aquarium.
The authors thank the Association of Zoos and Aquariums
Conservation Endowment Fund, Feld Entertainment Inc, Interna-
tional Elephant Foundation, Indianapolis Zoo, and Friends of the
National Zoo for their support.

References

Amirat L, Tainturier D, Jeanneau L, Thorin C, Gerard O, Courtens
JL, Anton M. Bull semen in vitro fertility after cryopreservation
using egg yolk LDL: a comparison of Optidyl a commercial egg
yolk extender. Theriogenology. 2004;61:895-907.

Baran A, Sahin BE, Evecen M, Demir K, Ileri IK. Use of Spermac
staining techniques in the determination of acrosomal defects in cat
semen. Turk J Vet Anim Sci. 2004;28:519-525.

Bartlett FD, Van Demark NL. Effect of temperature on the survival of
bovine spermatozoa stored in carbonated diluents. J Dairy Sci.
1962;45:368-374.

Bergeron A, Crete MH, Brindle Y, Manjunath P. Low-density
lipoprotein fraction from hen’s egg yolk decreases the binding of
the major proteins of bovine seminal plasma to sperm and prevents
lipid efflux from the sperm membrane. Biol Reprod.
2004;70:708-717.

Bergeron A, Manjunath P. New insights towards understanding the
mechanisms of sperm protection by egg yolk and milk. Mol Reprod
Dev. 2006;73:1338-1344.

Blackshaw AW, Salisbury GW, Van Demark NL. Factors influencing
metabolic activity of bull spermatozoa. I. 37, 21, and 5°C. J Dairy
Seci. 1957;40:1093-1098.

Blanchard TL, Varner DD, Schumacher J, Love CC, Brinsko SP,
Rigby SL. Manual of Equine Reproduction. 2nd ed. St Louis, MO:
Mosby Elsevier Science; 1998.

Brown JL. Introduction to the special issue on elephant biology. Zoo
Biol. 2000;19:297-298.

Brown JL, Goritz F, Pratt-Hawkes N, Hermes R, Galloway M,
Graham LH, Gray C, Walker SL, Gomez A, Moreland R, Murray
S, Schmitt DL, Howard JG, Lehnhardt J, Beck B, Bellem A,
Montali R, Hildebrandt TB. Successful artificial insemination of an
Asian elephant at the National Zoological Park. Zoo Biol.
2004a;23:45-63.



430

Brown JL, Olson D, Keele MN, Freeman EW. Survey of the
reproductive cyclicity status of Asian and African elephants in
North America. Zoo Biol. 2004b;23:309-321.

Brown JL, Walker SL, Moeller T. Comparative endocrinology of
cycling and non-cycling Asian (Elephas maximus) and African
(Loxodonta  africana)  elephants. Gen  Comp  Endocrinol.
2004¢;136:360-370.

Buice R, Maloy D, Raath C, Loskutoff N. Effects of various
cryoprotectants on epididymal sperm from the African elephant
(Loxodonta africana). In: Proceedings of the Association of Zoo
Veterinary Technicians 15th Annual Conference. Baltimore, MD:
Association of Zoo Veterinary Technicians; 1995.

Christensen VL. Diluents, dilution, and storage of poultry semen
for six hours. In: Bakst MR, Wishart GJ, eds. Proceedings of the
First International Symposium on the Artificial Insemination of
Poultry. College Park, MD: Poultry Science Association Inc;
1994:90-106.

Clarke RN, Sexton TJ, Ottinger MA. Effects of holding temperature
and storage time on respiratory rate, motility, and fertility of
chicken and turkey semen. Poult Sci. 1982;61:1912-1917.

Cross NL. Role of cholesterol in sperm capacitation. Biol Reprod.
1998;59:7-11.

Darin-Bennett A, White IG. Influence of cholesterol content of
mammalian spermatozoa on susceptibility to cold-shock. Cryobi-
ology. 1977;14:466-470.

de Albuquerque Lagares M, de Oliveira CH, de Vasconcelos AB,
Varago FC, Souza FA. Incorporation and removal of cholesterol
from stallion sperm membranes during semen cryopreservation.
Anim Reprod Sci. 2008;107:303-304.

de Leeuw FE, de Leeuw AM, den Daas JHG, Colenbrander B,
Verkleij AJ. Effects of various cryoprotective agents and mem-
brane-stabilizing compounds on bull sperm membrane integrity
after cooling and freezing. Cryobiology. 1993;30:32-44.

De Pauw IMC, Van Soom A, Maes D, Verberckmoes S, De Kruif A.
Effect of sperm coating on the survival and penetrating ability of in
vitro stored bovine spermatozoa. Theriogenology. 2003;59:
1109-1122.

Dunn HO, Bratton RW, Collins WJ. Fertility and motility of bovine
spermatozoa in buffered whole egg extenders. J Dairy Sci.
1950;33:434-437.

Gadea J. Review: semen extenders used in the artificial insemination of
swine. Span J Agric Res. 2003;1:17-27.

Gilmore JA, McGann LE, Ashworth E, Acker JP, Raath JP, Bush M,
Critser JK. Fundamental cryobiology of selected African mamma-
lian spermatozoa and its role in biodiversity preservation through
the development of genome resource banking. Anim Reprod Sci.
1998;53:277-297.

Giraud MN, Motta C, Boucher D, Grizard G. Membrane fluidity
predicts the outcome of cryopreservation of human spermatozoa.
Hum Reprod. 2000;15:2160-2164.

Goeritz F, Quest M, Wagener M, Fassbender A, Broich A,
Hildebrandt TB, Hofman RR, Blottner S. Seasonal timing of
sperm production in roe deer: interrelationship among changes in
ejaculate parameters, morphology and function of testis and
accessory glands. Theriogenology. 2003;59:1487-1502.

Graham LH, Bando J, Gray C, Buhr MM. Liquid storage of Asian
elephant (Elephas maximus) sperm at 4°C. Anim Reprod Sci.
2004;80:329-340.

Hammerstedt RH, Graham JK, Nolan JP. Cryopreservation of
mammalian sperm: what we ask them to survive. J Androl.
1990;11:73-88.

Hedrick H, Schmitt DL. Comparison of Semen Extenders and
Cryoprotectants in an Asian Elephant [master’s thesis]. West Plains,
MO: Southwest Missouri State University; 2001.

Journal of Andrology - July/August 2011

Hermes R, Behr B, Hildebrandt TB, Blottner S, Sieg B, Frenzel A,
Knieriem A, Saragusty J, Rath D. Sperm sex-sorting in the Asian
elephant (Elephas maximus). Anim Reprod Sci. 2009;112:390-396.

Holt WV. Fundamental aspects of sperm cryobiology: the importance
of species and individual differences. Theriogenology. 2000;
53:47-58.

Howard JG, Bush M, de Vos V, Schiewe MC, Pursel VG, Wildt DE.
Influence of cryoprotective diluent on post-thaw viability and
acrosomal integrity of spermatozoa of the African elephant
(Loxodonta africana). J Reprod Fertil. 1986;78:295-306.

Howard JG, Bush M, de Vos V, Wildt DE. Electroejaculation, semen
characteristics and serum testosterone concentrations of free-
ranging African elephants (Loxodonta africana). J Reprod Fertil.
1984;72:187-195.

Johnson LA, Welch GR. Sex preselection: high-speed flow cytometric
sorting of X and Y sperm for maximum efficiency. Theriogenology.
1999;52:1323-1341.

Jones RC. Collection, motility and storage of spermatozoa from the
African elephant Loxodonta africana. Nature. 1973;243(5401):
38-39.

Kitiyanant Y, Schmidt MJ, Pavasuthipaisit K. Evaluation of sperm
acrosome reaction in the Asiatic elephant. Theriogenology.
2000;53:887-896.

Lindholmer CH. The importance of seminal plasma for human sperm
motility. Biol Reprod. 1974;10:533-542.

Mann T, Lutwak-Mann C. Male Reproductive Function and Semen:
Themes and Trends in Physiology, Biochemistry and Investigative
Andrology. Berlin, Germany: Springer-Verlag; 1981.

Mar KU, Maung M, Thein M, Khaing AT, Tun W, Nyunt T.
Electroejaculation and semen characteristics in Myanmar timber
elephants. Proceedings of A Week With Elephants: International
Seminar on the Conservation of Asian Elephant. Bombay, India:
Oxford University Press; 1993:473-482.

Medeiros CMO, Forell F, Oliveira ATD, Rodrigues JL. Current status
of sperm cryopreservation: why isn’t it better? Theriogenology.
2002;57:327-344.

O’Brien E, McCullough K, Jefferies E, Williams K, Loskutoff NM.
Effect of different cryoprotectants on the short- and long-term
storage of semen from the African elephant (Loxodonta africana).
In:  Proceedings of the 2nd International Elephant Research
Symposium. Pittsburgh, PA: International Elephant Foundation;
1997:4.

Olson D, Wiese RJ. State of North American African elephant
population and projections for the future. Zoo Biol. 2000;19:
311-320.

Parks JE. Hypothermia and mammalian gametes. In: Karow AM,
Critser JK, eds. Reproductive Tissue Banking. San Diego, Califor-
nia: Academic Press; 1997:229-261.

Parks JE, Graham JK. Effects of cryopreservation procedures on
sperm membrane. Theriogenology. 1992;38:209-222.

Phillips PH, Lardy HA. A yolk-buffer pabulum for the preservation of
bull semen. J Dairy Sci. 1940;23:399-404.

Portas TJ, Bryant BR, Goritz F, Hermes R, Keeley T, Evans G,
Maxwell WM, Hildebrandt TB. Semen collection in an Asian
elephant (Elephas maximus) under combined physical and chemical
restraint. Aust Vet J. 2007;85:425-427.

Quinn PJ, Chow PYW, White IG. Evidence that phospholipid protects
ram spermatozoa from cold shock at a plasma membrane site.
J Reprod Fertil. 1980;60:403-407.

Sa-Ardrit M, Saikhun J, Thontip N, Damyan M, Mahasawangkul S,
Angkawanish T, Jansittiwate S, Faisaikarm T, Kitiyanat Y,
Pavasuthipaisit K, Pinyopummin A. Ultrastructural alterations of
frozen-thawed Asian elephant (Elephas maximus) spermatozoa.
Int J Androl. 2006;29:346-352.



Kiso et al - Liquid Storage of Elephant Semen

Saragusty J, Hermes R, Goritz F, Schmitt DL, Hildebrandt TB.
Skewed birth sex ratio and premature mortality in elephants. Anim
Reprod Sci. 2009a;115:247-254.

Saragusty J, Hildebrandt TB, Behr B, Knieriem A, Kruse J, Hermes R.
Successful cryopreservation of Asian elephant (Elephas maximus)
spermatozoa. Anim Reprod Sci. 2009b;115:255-266.

Saragusty J, Hildebrandt TB, Natan Y, Hermes R, Yavin S, Goeritz F,
Arav A. Effect of egg-phosphatidylcholine on the chilling
sensitivity and lipid phase transition of Asian elephant (Elephas
maximus) spermatozoa. Zoo Biol. 2005;24:233-245.

Schmitt DL, Hildebrandt TB. Manual collection and characterization
of semen from Asian elephants (Elephas maximus). Anim Reprod
Sci. 1998;53:309-314.

Shannon P, Curson B. Effect of egg-yolk levels on the fertility of
diluted bovine sperm stored at ambient temperatures. N Z J Agric
Res. 1983;26:187-189.

Swain JE, Miller RR. A postcryogenic comparison of membrane fatty
acids of elephant spermatozoa. Zoo Biol. 2000;19:461-473.

Thongtip N, Mahasawangkul S, Thitaram C, Pongsopavijitr P,
Kornkaewrat K, Pinyopummin A, Angkawanish T, Jansittiwate
S, Rungsri R, Boonprasert K, Wongkalasin W, Homkong P,
Dejchaisri S, Wajjwalku W, Saikhun K. Successful artificial
insemination in the Asian elephant (Elephas maximus) using chilled
and frozen-thawed semen. Reprod Biol Endocrinol. 2009;7:1-8.

Thongtip N, Saikhun J, Damyang M, Mahasawangkul S, Suthunma-
pinata P, Yindee M, Kongsila A, Angkawanish T, Jansittiwate S,
Wongkalasin W, Wajjwalkul W, Kitiyanant Y, Pavasuthipaisit K,
Pinyopummin A. Evaluation of post-thaw Asian elephant (Elephas
maximus) spermatozoa of extender and cryoprotectant. Therioge-
nology. 2004;62:748-760.

431

Thongtip N, Siakhun J, Mahasawangkul S, Komkaewrat K,
Pongsopavijitr P, Songsasen N, Pinyopummin A. Potential factors
affecting semen quality in Asian Elephant (Elephas maximus).
Reprod Biol Endocrinol. 2008;6:1-19.

Topfer-Petersen E, Ekhlasi-Hundrieser M, Kirchhoff C, Leeb T, Sieme
H. The role of stallion seminal proteins in fertilisation. Anim
Reprod Sci. 2005;89:159-170.

Vishwanath R, Shannon P. Do sperm cells age? A review of the
physiological changes in sperm during storage at ambient
temperature. Reprod Fertil Dev. 1997;9:321-332.

Watson PF. The interaction of egg yolk and ram spermatozoa
studied with a fluorescent probe. J Reprod Fertil. 1975;42:105—
111.

Watson PF. The roles of lipid and protein in the protection of ram
spermatozoa at 5°C by egg-yolk lipoprotein. J Reprod Fertil.
1981;62:483-492.

Watson PF, Morris GJ. Cold shock injury in animal cells. In:
Proceedings of the Symposia of the Society for Experimental
Biology (No. XXXXI): Temperature and Animal Cells.
Durham, United Kingdom: Biochemical Society Book Depot;
1987:311-340.

Wiese RJ. Asian elephants are not self-sustaining in North America.
Zoo Biol. 2000;19:299-309.

Yildiz C, Kaya A, Aksoy A, Tekeli T. Influence of sugar
supplementation of the extender on motility, viability and
acrosomal integrity of dog spermatozoa during freezing. Therioge-
nology. 2000;54:579-585.

Yoshida M, Kawano N, Yoshida K. Control of sperm motility and
fertility: diverse factors and common mechanisms. Cell Mol Life
Sci. 2008;65:3446-3457.



