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ASSESSMENT OF SPERM MOTILITY, ACROSOMAL INTEGRITY AND
HETEROLOGOUS IN VITRO FERTILIZATION FOLLOWING SPERM
CRYOPRESERVATION IN THE FISHING CAT (Prionailurus viverrinus)

INTRODUCTION

The fishing cat (Prionailurus viverrrinus) is one of several felid species native
to Southeast Asia that are threatened with extinction in the wild. This cat species is
strongly adapted to an aquatic environment and its survival is dependent on
preservation of adequate habitat within wetland and riparian ecosystems (Nowell and
Jackson, 1996). Because wetlands are in precipitous decline throughout Southeast
Asia due to conversion to aquaculture and rice cultivation, wild fishing cat
populations presumably are exposed to a high degree of risk for disappearance.
Accordingly, the fishing cat is listed as vulnerable on the IUCN Red List (IUCN,
2004) and is included on Appendix II of the Convention on International Trade in
Endangered Species (CITES, 2004).

 Conservation of fishing cats and other ecologically-imperiled felid species
could benefit from the application of genome resource banking, used in conjunction
with assisted reproductive technology such as in vitro fertilization (IVF), embryo
transfer (ET) and artificial insemination (AI) (Wildt and Roth, 1997; Wildt et al.,
1997; Howard, 1999; Farstad, 2000; Holt et al., 2003). Maintenance of adequate
genetic variation in ex situ (captive) and/or in situ (wild) populations could be
facilitated by storage of frozen gametes and embryos, permitting easier transport for
genetic exchange between distant locations and promoting long-term preservation to
counter genetic drift and catastrophic loss (Wildt et al., 1997; Holt et al., 2003).
Achieving the true potential of this technology, however, depends on establishing
effective protocols for collection and cryopreservation of these fragile biological
samples and then applying this genetic resource via assisted reproduction to generate
viable offspring on a routine and consistent basis.

Very little is known about the natural history of fishing cats or their
reproductive physiology, although ongoing in situ and ex situ studies are beginning to
address some of these gaps in our scientific knowledge (Moreland et al., 2002).
Similarly, minimal data are available on any application of assisted reproductive
technology to this species (Pope, 2000). Our primary goal in this study was to
evaluate the potential for semen collection and cryopreservation in the fishing cat as
the first step to developing an efficient strategy for genome resource banking and
assisted reproduction. Specifically, our objectives were to 1) characterize basal
seminal traits of fishing cats maintained in Khoa-Kheow open zoo, Thaiand; 2)
investigate the effectiveness of sperm cryopreservation, including examining the
impact of temperature of glycerol addition on sperm motility and acrosomal integrity
and 3) assess the usefulness of heterologous IVF with domestic cat oocytes for
evaluating the function of frozen-thawed fishing cat spermatozoa.
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LITERATURE REVIEW

Fishing Cat

The fishing cat is one of 36 wild cat species in the world. They are classified
in

Order Carnivora
Family Felidae
Genus Prionailurus
Species Viverrina

Contradicting to the belief that cat don't like water, fishing cats are found in a
number of water habitats, including marshy thickets, mangrove swamps, and densely
vegetated area along rivers and stream. They are found in a range that spreads from
northern India, Sri Lanka, across Burma, the Thai peninsular and down to Sumatra
and Java, where record show the cat populations to be in critical decline.
Powerful swimmers, they push themselves along with their webbed hind feet. They
have been wading and swimming in shallow water, hunting for a variety of aquatic
prey, including fish, frogs and toads, snails and crustaceans. They will also take small
birds and mammals, snakes and domestic stock such as calves and young goats.

Larger than a domestic cat, the fishing cat is robustly built with a big, broad
head, and a short tail. The short, coarse fur is a grizzled grey in colour, and tinged
with brown. There are elongate dark brown spots arranged in longitudinal rows
extending over the entire body. There are six to eight dark lines running from the
forehead to the neck, and the underparts are whitish and spotted. The head is
relatively big and broad, the muzzle somewhat elongated. Their eyes have greenish
irises, and the ears are rather short and rounded, with black backsides and prominent
white spots in the middle. The legs are short with the forelimbs having two distinct
elbow bars. Their claw sheaths are incomplete, which prevents the claws from being
fully retracted. The tail is less than half the head and body length, is relatively thick,
and has a series of incomplete rings with a black tip.

One remarkable feature is the layered structure of their fur, a crucial
adaptation to life in the water. Next to the skin lines a layer of short hair so dense that
water cannot penetrate it. Like snug-fitting thermal underwear, this coat helps keep
the animal warm and dry even during chilly fishing expeditions. Sprouting up though
the first coat is another layer of long guard hairs which gives the cat its pattern and
glossy sheen.

These cats are assumed to be polyestrus year round. They are said to have a
characteristic mating call, but the call has not been described. Dens are constructed in
dense shrubbery, reeds, hollow trees, in rocky crevices, or in other secluded locations.
Kittens have been seen in the wild in April and June, and have been born at the
Philadelphia Zoo in March and August. One to four, usually two, kittens are born
after a 63-70 day gestation, and weigh around 170 grams at birth, their eyes are open
by 16 days, meat is taken around 53 days, and the kitten are weaned between four and
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six months. Adult size is attained at eight to nine months, and the young are
independent between 12-18 months. It is thought that in the wild the adult male may
help with the care and supervision of the young, but this is unverified. Captive
individuals have lived to 12 years of age.

Wetland destruction is the primary threat facing this species, as over 50% of
Asian wetlands are under threat and disappearing. Fishing cat are considered a food
item in some areas of their range, and are also persecuted for taking domestic stock.
Skins sometimes turn up in Asian markets, though far less frequently than other cats.
They are protected over most of their range, with the exception of Bhutan, Malaysia
and Vietnam. Although they are considered locally common around wetlands, their
wild status overall is poorly known, and they have been placed on Appendix II of
CITES.

Figure 1  Fishing cats maintain in Khoa-Kheow Open Zoo
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Figure 2  Distribution of fishing cat

Current Research and the Development of Genetic Resource Banks in Wild Cats.

Most of the 36 wild species of felids are classified as threatened, vulnerable or
endangered (Nowell and Jackson, 1996) including the fishing cat (Prionailurus
viverrrinus), maybe with the exception of the Northern European lynx (Lynx lynx),
which is again hunted, although by restricted licences, in Norway and Sweden. In
wild cats, research for biotechnology development is well underway with the
establishment of conservation programs in which assisted reproduction plays an
important part (Wildt, 1992). Research on maturation, fertilization and embryo
development in vitro, as well as embryo transfer (ET) and cryopreservation has
increased rapidly during the last decade in domestic cat as well as in wild felids
(Donoghue et al., 1993, 1996; Howard et al., 1992, 1997; Swanson et al., 1996; Pope
et al., 1993). In most of these studies, the domestic cat has served as a convenient
research model species for endangered felids.

Generally, cat are seasonally polyestrus carnivores with sexual activity during
the months of increasing day length, and sexual inactivity during the month of
declining day lengths. Contrary to other domestic animals, cat are (usually) reflex
ovulators, i.e. oocytes are ovulated 24-48 h after the post-coital LH release. The
oocytes are ovulated as secondary oocytes in metaphase II. Goodrowe et al. (1988)
first demonstrated that unovulated follicular oocytes after IVF were able to sustain
development to term with the birth of live kitten. IVM rates are relatively high in cat
oocytes (40-60%) depending on the quality of the oocyte and the type of hormonal
supplementation. The stage of the estrus cycle and supplementation of maturation
media with gonadotrophins (Goodrowe et al., 1991; Schramm and Bavister, 1995;
Wood and Wildt, 1997) influence in vitro development. The highest incidence of MII
can be expected after 40-48 h of IVM, similar to the time period from mating to
ovulation in the queen (Goodrowe et al., 1989). However, other studies have found
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that most oocytes reach MII within the first 24 h of IVM, and insemination at 40 h or
later does not result in development to blastocysts (Luvoni and Oliva; Wolfe and
Wildt, 1996). The average rate of oocytes that complete maturation to MII in vitro is
40-60% MII, 24 h IVM. IVM has also been successful in some non-domestic felids
(Johnston et al., 1991).

The quality of ejaculated sperm differs within felid species. Some breeds with
low genetic variability have a high incidence of teratospermia and high number of
sperm with acrosomal defects, such as the cheetah (Acinonyx jubatus) (Wildt et al.,
1992). The structural mechanisms relating to the acrosome and functional defects in
protein phosphorylation of some wid feline sperm may be the cause of decreased
sperm function (Goodrowe, 1999). Homologous or heterologous zona binding system
and oocyte penetration assays have been developed for feline sperm (Goodrowe and
Hay, 1993; Swanson et al., 1998; Nelson et al., 1999). Fertilization rates after in vitro
fertilization of domestic cat oocytes varies between 40% and 50% in vitro matured
and 60-80% of in vivo matured oocytes (Pope, 1999). In vitro fertilization has been
successful in domestic cat in term of production of both embryos and live offspring
(Goodrowe et al., 1989; Hoffert et al., 1997). In few non-domestic felid, such as the
tiger (Panthera tigris) and Indian Desert cat (F. silvertris), offspring have been
obtained (Pope et al., 1989; Donoghue et al., 1990)

Report on the use of frozen semen for the exchange of feline genetic material
has been limited (Howard et al., 1997). Cat semen may be chilled to 4oC and stored
for 24-48 h in Test buffer (base on a trishydroxymethyl amino methane sulphonic acid
buffer, Tes) at pH 7.4, and subsequently used for AI or in vitro insemination (Axner,
1998). Buffer, such as Test and Tris (trihydroxy methylamino methane), have been
used with 4% glycerol or dimethylsulphoxide (DMSO) and 20% egg yolk, yielding no
differences between the tested extenders. High cryoprotectant concentration (i.e., 8%)
compromised cat sperm (Nelson et al., 1999). Pelleted freezing has often been the
standard method (Howard, 1986). Freezing in straws has been found to be equal to
freezing in pellets (Wood et al., 1993). A pregnancy rate of only 10% was obtained in
cat after the use of frozen-thawed semen with vaginal deposition of semen (platz et
al., 1973), and vaginal insemination in wild felids have been unsuccessful (Howard,
1999). Offspring from IU laparoscopic AI with frozen-thaw semen have been
obtained in ocelot (F. pardalis), leopard cat (F. bengalensis), cheetah (Aci. Jubatus),
snow leopard (P. uncial), clouded leopard (Neofelis nebulosa) and tiger (P.tigris)
(Howard, 1999).

Semen Collection and Evaluation in Wild Cats

Electroejaculation is an appropriate method for nondomestic species, because
it can be conducted on anesthetized animals.(Howard, 1993) This technique involves
the stimulation of the nerves supplying the reproductive organs by means of a weak
electric current. For electroejaculation, food is withheld for 12 – 24 hours, and males
are anesthetized to a surgical plane of anesthesia with either an intramuscular
injection of ketamine hydrochloride or tiletamine-zolazepam or a combination of
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ketamine and a low dose of xylazine. Certain anesthetics relax the musculature
surrounding the bladder, which can result in urine contamination of the semen during
collection and rapid loss of sperm motility. Urine contamination also occurs
frequently when the voltage exceeds the minimum necessary for ejaculation, or when
the probe and electrodes are displaced cranially.

Various electrostimulator circuits delivering either direct current (DC) pulses
or and alternating current (AC) sine wave or square wave has been used. Various
sizes and designs of rectal probes are available. The best ejaculatory responses in
carnivores are observed when probes with longitudinal electrode strips (Howard,
1993).

A standardized electroejaculation regimens differ among different
laboratories. At Smithsonian’s National Zoo, Washington DC, they used a total of 80
stimuli divided into three series consisting of 30 (10 stimulation at 2, 3 and 4 volt :
series 1), 30 (10 stimulations at 3, 4 and 5 volt :  series 2), and 20 (10 stimulation at 4
and 5 volt :  series 3) stimuli, respectively. The stimulus cycle constitutes
approximately 1 second from 0 to the desired voltage, 2 to 3 seconds at the desired
voltage, and an abrupt return to 0 voltage. The animal is rested for 2 to 3 minutes
between series.

Semen Evaluation

Semen is assessed by a descriptive analysis designed to determine ejaculate
volume, pH, percentage of sperm motility, progressive motility, concentration,
structural morphology and acrosome integrity. Immediately after collection, semen is
examined microscopically at 37oC for percentage of sperm motility (range, 0 to
100%) and the type of progressive motility on a scale of 0 to 5 (0, no forward
progression; 2, moderate side-to side movement with occasional forward progression;
3, slow forward progression; 4, steady forward progression; 5, rapid forward
progression). At least 5 µl of semen is placed on a warm microscopic slide, and a
coverslip is positioned over the drop. At least four separate fields at 250 to 400x are
examined, and average sperm motility (%) and progressive motility are calculated. To
determine an overall sperm motility rating with equal emphasis on both percentage of
motility and progressive motility, a sperm motility index (SMI) is calculated:

SMI = Sperm motility (%) + (20 x sperm progressive motility)
2

The ejaculate volume and pH are measured, and sperm concentration is
determined by manual method using a hematocytometer or by an automated method
using a Coulter counter.

Sperm morphology is evaluated by fixing an ejaculate aliquot (20 µl) in 0.5 ml
glutaraldehyde (1% solution in physiological saline) followed by phase contrast
microscopic examination of 200 sperm/aliquot at 1000x. Sperm morphology can be
classified by categorizing sperm as normal or as having one of the following
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anomalies: macrocephalic, microcephalic, bicephalic or tricephalic, abnormal
acrosome, mitochondrial sheath aplasia, tightly coiled flagellum, bent midpiece with
or without a cytoplasmic droplet, bent flagellum with or without a cytoplasmic
droplet, or proximal or distal cytoplasmic droplet.

Assessing acrosomal integrity is a necessary adjunct to semen evaluation,
because the sperm acrosome is critical to the fertilization process. Acrosomal
morphology is assessed using phase contrast microscopy (1000x) and is categorized
into four classes: (1) normal apical ridge, with the acrosome possessing a smooth,
crescentic apical ridge; (2) damaged apical ridge, with the acrosome possessing an
irregularly shaped apical ridge; (3) missing apical ridge, with the apical ridge absent,
but the acrosomal cap firmly adhered to the nucleus; and (4) loose acrosomal cap,
with the acrosomal cap loosened and vesiculated.

The acrosomal membranes are especially sensitive to damage during freeze-
thawing. Therefore, assessing acrosomal status is an important criterion for
determining the cryoprotective abilities of various freezing method and diluents
(Howard, 1993).
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MATERIAL AND METHODS

Materials

1. Animals

Three adult male fishing cats (ages 1.5 – 3 yrs; all captive-born) maintained at
the Khao Kheow Open Zoo in Chonburi, Thailand were used as semen donors for this
study.  These males were listed in the International Fishing Cat Studbook (SB), an
inventory of animals in ex situ breeding programs. Two males (SB 555 and SB 556)
were siblings and the offspring of the third male (SB 505), the only proven breeder in
the study. All fishing cats were provided raw chicken meat (containing some bone) as
their primary diet, supplemented daily with a vitamin-mineral mixture (Special Cat
Formula, Purina Mills, St. Louis, MO).

2. Equipments for Semen Collection

• Electroejaculator (P.T. Electronics, Boring, OR, USA)
• K-Y Gel
• Collecting cups
• Micropipett
• Microcentrifuge tube

3. Anesthetic Agents

• Ketamine HCl (Katamil, Troy Laboratories, Smithfield, NSW, Australia)
• Xylazine HCl (Ilium xylaxil, Troy Laboratories)
• Isoflurane (Aerane, Baxter Health Care Corp., Deerfield IL, USA)

4. Equipments for Semen Evaluation

• Phase-contrast microscopy
• Fluorescent microscopy
• Slide warmer
• Glass slides and cover slips
• pH paper
• Unopett 10 µl
• Counting chamber
• Hand count

5. Reagent for Evaluation of Sperm Morphology and Acrosomal Integrity

• 0.3% Glutaraldehyde in phosphate-buffered saline
• 4% Paraformaldehyde
• Coomassie blue G-250 (Fisher Biotech, Springfield, NJ, USA)
• Mounting medium (Krystalon, EM Science, Gibbstown, NJ, USA)
• 0.1M Ammonium acetate
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6. Equipments for Semen Processing

• Microcentrifuge
• Plastic beaker
• Styroform ice chest
• Metal rack
• Liquid nitrogen tank
• 5o C refrigerator
• Straws
• Heat sealer for straw sealing

7. Reagents for Semen Processing

• Ham’s F10 medium with Hepes buffer (Irvine Scientific, Santa Ana, CA,
USA)

• TEST-Egg Yolk without glycerol (Irvine Scientific, Santa Ana CA, USA)
• TEST-Egg Yolk with 8%glycerol (Irvine Scientific, Santa Ana CA, USA)
• 5% heat-treated fetal bovine serum (Hyclone Laboratories, Logan UT, USA)
• Liquid nitrogen

8. Equipments for Sperm Thawing

• 37oC water bath
• Petri dish

9. Equipment for Heterologous IVF

• Incubator (5% CO2; 38oC)
• Petri dish
• Sterio microscopy

10. Reagents for In vitro Maturation (IVM) and Heterologous In vitro
Fertilization (IVF)

• Minimal Essential Medium (Sigma Chemical Company, St.Louis, MO, USA)
• 0.4% BSA (Fraction V)
• Estradiol
• FSH (oFSH-19; National Hormone and Pituitary Program, Bethesda MD)
• LH/ml (oLH-26; National Hormone and Pituitary Program, Bethesda MD)
• Ham’s F10 medium with sodium bicarbonate (Irvine Scientific, Santa Ana,

CA, USA)
• Washed mineral oil

11. Reagents for Fluorescent Staining

• Ham’s F10 containing 5% buffered formalin
• Hoescht 33342 fluorescent stain



10

Methods

1. Semen Collection and Evaluation

Fishing cats were anesthetized with an intramuscular injection of ketamine-
HCl (Katamil, Troy Laboratories, Smithfield, NSW, Australia; 15 mg/kg) and
xylazine-HCl (Ilium xylaxil, Troy Laboratories; 0.5 mg/kg), supplemented as
necessary with isoflurane inhalant anesthesia (Aerane, Baxter Health Care Corp.,
Deerfield IL, USA; 1-2%, v/v). Following anesthetic induction, the dimensions of
each testis were measured (in cm) for length (L) and width (W) using laboratory
calipers, and total testes volume (V) was calculated (V=LxW2 x 0.524) (Howard et
al., 1990). Semen was collected from each male using a standardized
electroejaculation procedure (Howard et al., 1999) consisting of a total of 80 stimuli
divided into three series, delivered using a lubricated rectal probe (1.3 cm diameter,
24 cm length, 3 longitudinal electrodes; P.T. Electronics, Boring, OR, USA) and an
electrostimulator (AC, 60-Hz sine wave; P.T. Electronics).

Raw semen recovered in each series was evaluated for ejaculate volume, pH,
percentage of motile sperm and progressive forward motility (scale of 0-5; 0 = no
forward movement and 5 = rapid, linear forward movement) (Howard et al., 1999).
Motility data were used to calculate a sperm motility index (SMI = % sperm motility
+ [20 x motility status])/2). Sperm morphology was assessed using phase-contrast
microscropy (1000x; 200 spermatozoa / sample) of fixed aliquots (0.3%
glutaraldehyde in phosphate-buffered saline) of raw semen. For processing, raw
semen was diluted (1:1, v/v) initially with TEST-Egg Yolk without glycerol (TEY;
Irvine Scientific, Santa Ana CA, USA), and evaluated immediately post-dilution for
concentration, percentage of motile sperm and progressive forward motility. Diluted
semen was centrifuged (200g, 8 min) to form a sperm pellet and allow removal of the
supernatant containing seminal plasma and TEY.

For assessment of the longevity of sperm motility in fresh, non-frozen
samples, an aliquot (2 µl) of the sperm pellet was resuspended in culture medium (50
µl; Ham’s F10 medium with Hepes buffer, Irvine Scientific, Santa Ana, CA, USA),
supplemented with 5% heat-treated fetal bovine serum (FBS; Hyclone Laboratories,
Logan UT, USA). One microdrop (40 µl) of the resuspended fresh sperm was pipetted
into a Petri dish, covered with washed mineral oil and  maintained at 25oC, protected
from light. Sperm concentration of the resuspended sample was determined and the
sperm microdrop subsequently adjusted by addition of culture medium to a final
concentration to 10 x 106 motile sperm/ml.  Aliquots of the sperm microdrop were
evaluated over time for sperm motility and progressive status (0, 1, 2, 4 h) and
acrosomal status (0, 4 h).

For acrosomal evaluation, sperm samples were fixed in 0.5 ml 4%
paraformaldehyde solution at room temperature for 15 min, then stored at 4oC until
processed for acrosomal staining. Fixed sperm then were centrifuged for 8 min at
5,000 rpm and the supernatant discarded. Pellets were washed twice with 0.5 ml 0.1
M ammonium acetate (pH = 9.0) and the pellet resuspended in approximately 50 µl of
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the ammonium acetate solution. An aliquot of this suspension was smeared onto
microscope slides and allowed to dry at room temperature. After drying, slides were
flooded with Coomassie stain (0.22% Coomassie Blue G-250, Fisher Biotech,
Springfield, NJ, USA; in 50% methanol, 10% glacial acetic acid and 40% deionized
water) for 90 seconds (Larson and Miller, 1999), rinsed with deionized water, dried at
room temperature and permanently preserved by placing a coverslip over a drop of
mounting medium (Krystalon, EM Science, Gibbstown, NJ, USA). From each
sample, 200 spermatozoa were assessed individually for acrosomal integrity using
bright field microscopy at 1000x. Acrosomal integrity was classified as: 1) intact
(uniform dark staining overlying the acrosome region with light or no staining of the
post-acrosomal region); 2) damaged (non-uniform or patchy staining overlying the
acrosomal region); 3) non-intact (total absence of acrosomal staining or staining only
in the equatorial segment; post-acrosomal region usually is lightly stained blue).

2. Sperm Cryopreservation

Following centrifugation, the remaining sperm pellet was resuspended in TEY
to a concentration of 60 x 106 motile sperm/ml.  To study the influence of temperature
of glycerol addition on sperm cryopreservation, the resuspended sperm sample was
divided into two aliquots for the respective treatments: Treatment 1, glycerol addition
at 5oC; Treatment 2, glycerol addition at 25oC. For Treatment 1, the diluted sperm
sample was transferred into a microcentrifuge tube, secured in a foam float, and
placed into a plastic beaker containing 300 ml of room temperature (25oC) water. The
sperm sample was cooled slowly (over a 3 h time period) to 5oC in a refrigerator.
After cooling, the sperm sample was further diluted (1:1) with chilled TEY
(containing 8% glycerol), divided into three aliquots (i.e., ¼, ¼ and ½ of sample
volume) and added at 15 min intervals, to provide a final glycerol concentration of
4%. After 15 min of final equilibration, the sperm sample was evaluated for sperm
motility, progressive status and acrosomal integrity before loading and sealing into
0.25 ml plastic straws within the deep confines of the refrigerator. The sperm straws
then were cryopreserved using a two-step freezing method (Spindler et al., 2004).
Briefly, sperm straws were suspended horizontally on a metal rack in a styroform ice
chest, 7.5 cm above the liquid nitrogen surface, for 1 min and then quickly lowered to
a second rack at 2.5 cm over liquid nitrogen for 1 min before plunging. Frozen sperm
straws were transferred into a liquid nitrogen tank for transport and storage. For
Treatment 2, sperm processing and straw freezing were the same as for Treatment 1
with the following modification. Glycerol was added to the sperm sample at room
temperature (25oC) in three aliquots over a 1 h period to provide the final
concentration of 4%. The glycerated sperm sample then was cooled slowly over 3 h to
5oC in the refrigerator before being transferred into straws and freezing.

3. Sperm Thawing and Assessment

For thawing, frozen straws were exposed to air (25oC) for 10 sec and
immersed in a 37oC water bath for 30 sec before expelling straw contents into a
microcentrifuge tube. Immediately post-thaw, sperm aliqouts were evaluated for
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motility, progressive status and acrosomal integrity. To achieve isotonicity,
spermatozoa were diluted (1:10) slowly in Ham’s F10 medium (with Hepes and FBS)
and then washed by centrifugation (100g, 8 min). The resulting sperm pellet was
resuspended in 50 µl of Ham’s F10 medium (with Hepes and FBS) and sperm
motility and concentration assessed. Sperm concentration was adjusted to 10 x 106

motile sperm/ml and three sperm microdrops (25 µl each) were placed under washed
mineral oil in a petri dish protected from light at room temperature (25oC). Frozen-
thawed spermatozoa were evaluated over time for motility and status (0, 1, 2, 4 h) and
acrosomal integrity (0, 4 h).

4. Heterologous In Vitro Fertilization

Heterologous IVF with domestic cat oocytes was used to assess the function of
frozen-thawed fishing cat spermatozoa. For this assay, oocytes were recovered from
the ovaries of female domestic cats (n = 12) ovariohysterectomized at the Kasetsart
University Veterinary Teaching Hospital, Kamphang Saen, Thailand. In vitro
maturation of oocytes was conducted using a standard protocol (Herrick and
Swanson, 2003). Briefly, oocytes with uniformly dark cytoplasm and multiple layers
of compacted cumulus cells were selected for maturation in drops (100 µl) of Minimal
Essential Medium (MEM; Sigma Chemical Co.) containing 0.4% BSA (Fraction V),
2.5 µg/ml estradiol, 0.5 IU FSH/ml (oFSH-19; National Hormone and Pituitary
Program, Bethesda MD) and 2.2 IU LH/ml (oLH-26; National Hormone and Pituitary
Program) under mineral oil in an incubator (5% CO2; 38oC). Following 24 h of
maturation, oocytes were washed through equilibrated drops of Ham’s F10 medium
(with sodium bicarbonate and FBS) and placed into insemination drops (95 µl) of the
same medium maintained in the incubator. Recovered oocytes from each pair of
ovaries were randomly divided into two groups for insemination using frozen-thawed
spermatozoa from each respective cryopreservation method (glycerol addition at 5oC
versus 25oC). Following thawing, centrifugation and resuspension, frozen-thawed
sperm samples from each treatment group were evaluated for sperm motility and
progressive status, and sperm concentration was adjusted to10 x 106 motile sperm/ml.
Each IVF drop (10-20 oocytes/drop) was inseminated with a sperm aliquot (5 µl) to
obtain a final sperm concentration of 5x105 motile sperm/ml. Remaining frozen-
thawed spermatozoa was placed in microdrops under oil in a separate Petri dish,
cultured in vitro (5% CO2; 38oC) and evaluated over time (0, 1, 2, 4 h) for sperm
motility and progressive status.

After 12-18 hours of co-culture, inseminated oocytes were washed through
three drops of Ham’s F10 to remove cumulus cells and unattached spermatozoa and
placed into Ham’s F10 culture drops (100 µl). Oocytes were evaluated for cleavage at
30 hours and 48 hours post-insemination. Oocytes were assessed for developmental
stage (1 cell, 2 cell, 3-4 cell, 5-8 cell, 9-16 cell and >16 cell) and quality (grade 1:
distinct membranes, uniform shape, dark cytoplasm; grade 2: slight asymmetry or
paleness of cytoplasm, membranes not as distinct; grade 3: asymmetrical blastomeres,
pale cytoplasm, vacuoles, indistinct membranes, degenerate) at each time point. At 48
hours post-insemination, oocytes were fixed in Ham’s F10 containing 5% buffered
formalin and stained with Hoescht 33342 fluorescent stain (Pursel et al., 1985).
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Fluorescent microscopy was used to assess each oocyte for maturation status (i.e.,
germinal vesicle (GV), metaphase I (MI), metaphase II (MII), degenerate) and/or
fertilization (i.e., confirmation of pronuclei or blastomeres) and to determine the total
number of spermatozoa attached to or penetrating the zona pellucida.

5. Statistical Analyses

Basal seminal data for fishing cats was expressed as mean values (± SEM).
Variation in SMI and acrosomal integrity for each sperm processing step was assessed
using a two-way ANOVA with differences between treatments determined using
Tukey’s means comparison (NCSS/PASS 2000, Dawson Edition, Kaysville UT). A
repeated measures ANOVA was used to analyze variation in SMI and acrosomal
integrity over time for fresh versus frozen-thawed spermatozoa with differences
assessed using a Tukey’s means comparison.  For comparing the effect of temperature
of glycerol addition on heterologous IVF, differences in fertilization percentages and
sperm number per oocyte were assessed using Chi square analysis and the Mann-
Whitney U test, respectively. The correlation between SMI and the percentage of
acrosome intact spermatozoa also was evaluated. A P value < 0.05 was considered
significant.
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RESULTS

1. Basal Reproductive Traits

The three male fishing cats evaluated used in this study were each anesthetized
for electroejaculation over a two day period in January of 2003. The injectible
anesthetic regimen provided adequate relaxation for approximately 40-50 minutes
post-induction but supplementation with low volumes of isoflurane was required for
two males to complete semen collection. Urine contamination occurred only on a
single series of stimuli with one male; this damaged sub-sample was discarded.
Spermic ejaculates were recovered from each male, but sperm quantity and quality
were variable among individuals. Males averaged 45% morphologically normal
spermatozoa, with major abnormalities including bent tails (mean, 21%), bent
midpieces (17%) and cytoplasmic droplets (12%). Individual and mean (± SEM)
values for reproductive characteristics are presented in Table 1.

2. Sperm Motility and Acrosome Status

Coomassie staining of fishing cat spermatozoa proved to an effective method
for assessing acrosomal status in this species (Figure 3). Several of the successive
procedural steps involved in semen processing, cryopreservation and thawing resulted
in decreases (P < 0.05) in SMI and intact acrosome (Figure 4a and 4b). Dilution of
raw semen with TEY, centrifugation and slow cooling to 5oC (with or without
glycerol) had a negligible effect (P > 0.05) on SMI or acrosomes. Immediately after
sperm thawing, SMI was reduced (P < 0.05) from values observed in raw semen but
did not show further decline (P > 0.05) after cryoprotectant dilution, centrifugation
and resuspension in culture medium. The percentage of intact acrosome decreased (P
< 0.05) immediately after thawing compared to raw semen and to fresh sperm samples
after centrifugation, resuspension and cooling. Comparing the timing of glycerol
addition, SMI did not differ (P > 0.05) between treatments either immediately post-
thaw or after centrifugation and resuspension. Intact acrosomes, however, were higher
(P < 0.05) immediately post-thaw when glycerol was added at 5oC versus 25oC.
Following removal of cryoprotectant and resuspension in culture medium, the
incidence of intact acrosomes was similar (P > 0.05) between treatment groups.

Temperature of glycerol addition also affected the SMI of frozen-thawed
spermatozoa evaluated over time (Figure 5a). Addition of glycerol at 5oC resulted in
improved (P < 0.05) maintenance of SMI during the four hours of in vitro culture
compared to glycerol addition at 25oC. Post-thaw acrosomal status did not differ (P >
0.05) based on the temperature of glycerol addition but, across treatments, the
percentage of acrosome intact sperm declined (P < 0.05) during culture (Figure 5b).
All frozen-thawed samples, regardless of temperature of glycerol addition or post-
thaw culture conditions, had decreased (P < 0.05) SMI and acrosomal status compared
to fresh (non-frozen) spermatozoa. For all sperm samples (n = 24; fresh and frozen-
thawed), SMI and percentage of spermatozoa with intact acrosomes were positively
correlated (r = 0.70; P < 0.05) (Figure 6).
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Table 1. Reproductive characteristics of male fishing cats maintained in Khoa-Kheow
open zoo, Thailand.

Male
SB 505

Male
SB 555

Male
SB 556

Mean±S.E.M.

Semen volume (ml) 0.51 0.87 0.44 0.60 ± 0.13

Semen pH 9.0 8.3 9.0 8.7 ± 0.2

Sperm concentration/m(x 106) 225 76 213 171 ± 48

Total sperm/ejaculate(x 106) 114.8 66.7 93.9 91.8 ± 13.9

Sperm motility (%) 90 85 80 85 ± 3

Sperm progressive Motility
(scale, 0-5; 5 = best)

4.5 4.5 4.0 4.3 ± 0.2

Sperm motility index (SMI)* 90 88 80 86 ± 3

Normal sperm (%) 60 28 47 45 ± 9

Intact acrosomes (%) 92 90 94 92 ± 1

Testicular volume (cm3) 6.51 4.78 4.60 5.30 ± 0.61

*SMI = [(% sperm motility) + (20 x progressive motility)]/2
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Figure 3. Coomassie staining of frozen-thawed fishing cat spermatozoa showing
intact (open arrow) and non-intact (closed arrow) acrosomes.
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Figure 4. a) Sperm motility index (SMI) and b) acrosome status of fishing cat
spermatozoa following successive procedural steps in sperm processing
and freezing: Step 1, raw semen; Step 2, washed fresh sperm diluted in
TEY; Step 3a, fresh sperm cooled to 5oC without glycerol; Step 3b, fresh
sperm cooled to 5oC with 4% glycerol; Step 4a, immediate post-thaw
sperm (5oC glycerol addition); Step 4b, immediate post-thaw sperm (25oC
glycerol addition); Step 5a, washed frozen-thawed sperm (5oC glycerol
addition); and Step 5b, washed frozen-thawed sperm (25oC glycerol
addition). Columns with different superscripts differ (P < 0.05)
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Figure 5. a) Sperm motility index (SMI) and b) percentage of intact acrosome over
time for freshly-collected and frozen-thawed fishing cat spermatozoa with
variation in temperature of pre-freeze glycerol addition (Trt 1, glycerol at
5oC; Trt 2, glycerol at 25oC) and post-thaw culture conditions (25oC /room
air; 38 oC/5% CO2 in air). SMI over time was higher (P < 0.05)  post-thaw
when glycerol was added at 5oC compared to 25oC and for in vitro culture
at 25oC /room air versus 38oC/5% CO2 in air. For acresome status,
columns within each time period with different superscripts differ (P <
0.05).
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Figure 6. Positive correlation (r = 0.70; P < 0.05) of acrosome intact status and
sperm motility index (SMI) for freshly collected and frozen-thawed fishing
cat spermatozoa

3. Heterologous IVF

All thawed fishing cat sperm samples were able to fertilize in vitro matured
domestic cat oocytes, although fertilization percentages (range, 5 – 94%) varied
considerably by individual, freezing treatment and oocyte maturation status. Overall,
32.7% (36/110) of total inseminated domestic cat oocytes were fertilized, based on
cleavage to at least the two-cell stage of embryo development by 48 h post-
insemination (as verified by fluorescent staining, Figure 5). Considering matured
oocytes only, 62.1% (36/58) of oocytes were fertilized. Of the total oocytes that were
fertilized, most (75%, 27/36) had cleaved to the two-cell stage by 30 h post-
insemination. Comparing temperature of glycerol addition, there was no difference (P
> 0.05) in fertilization percentages based on total oocytes (36.4%, 20/55, 5oC; 29.1%,
16/55, 25oC) or matured oocytes only (71.4%, 20/28, 5oC; 53.3%, 16/30, 25oC)
(Figure 6a). For all oocytes, sperm numbers per oocyte were similar (P > 0.05) for
glycerol addition at 5oC versus 25oC (4.25 ± 0.91 sperm/oocyte; 1.98 ± 0.37
sperm/oocyte, respectively); however, for matured oocytes, sperm number per oocyte
did differ (P < 0.05) by treatment (6.13 ± 1.68 sperm/oocyte, 5oC; 1.45 ± 0.51
sperm/oocyte, 25oC) (Figure 6b).
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Figure 7. Fluorescent staining of compressed fishing cat /domestic cat heterologous
IVF embryo for determination of sperm number (open arrows), oocyte
maturation status and/or fertilization success (presence of blastomeres,
closes arrow).
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Figure 8. a) Fertilization percentage and b) sperm number per oocyte following IVF
of in vitro matured domestic cat oocytes (total and mature only) with
frozen-thawed fishing cat spermatozoa.  (Trt 1, glycerol addition at 5oC;
Trt 2, glycerol addition at 25oC). Within oocyte groups, columns with
different superscripts differ (P < 0.05).
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DISCUSSION

Although genome resource banking has been touted for decades as one key to
the survival of many endangered species, including felids, there have been remarkably
few systematic investigations into the cryobiologic properties of gametes from any
imperiled cat population (Farstad, 2000). Minimal reproductive research has been
reported in the fishing cat (Moreland et al., 2002), despite this species being relatively
well-represented (~150 cats) in North American and European zoos (Robert, 2001)
and vulnerable to extinction in the wild (Nowell and Jackson, 1996). One research
priority should be characterization of basal reproductive traits in the captive fishing
cat population to establish species norms and facilitate evaluation of individual
fertility status for improved population management. Results from the present study
indicate that fishing cats may be anesthetized adequately with injectible anesthetics
alone and that standard electroejaculation protocols, used in other cat species, permit
consistent recovery of good quality semen with little risk of urine contamination.
Compared to reproductive values reported for fishing cats maintained in North
American zoos (Howard, 1999), the Thailand fishing cats in this study provided
ejaculates with greater average semen volume, total spermatozoa, percentage of sperm
motility and incidence of normal sperm morphology.  These findings are of
importance because of the intrinsic genetic value of Thailand fishing cats as founders
for the global captive population and growing interest among conservationists in
improving the breeding management of this species through the collaboration of
Thailand and North American zoos (Swanson, 2004).

The success of sperm cryopreservation using standardized protocols is known
to vary among individuals and species (Holt, 2000). In felids, the variable occurrence
of teratospermia (ejaculates with >60% morphological abnormal spermatozoa) among
the 36 non-domestic cat species is well-documented and has been shown to have a
genetic inbreeding basis in some species and exert pronounced effects on sperm
function as well as cryobiological characteristics (Pukazhenthi et al., 1999, 2000,
2002). For example, spermatozoa from teratospermic felids are more sensitive to
temperature-related acrosomal injury and osmotic damage to plasma membranes than
spermatozoa from normospermic domestic or nondomestic cats. Limited data
obtained from six male fishing cats in North American zoos suggest that this species
may be teratospermic, with an average of 25% normal sperm per ejaculate (Howard,
1999), but this finding may reflect the relatively inbred status of fishing cats in North
American zoos (Swanson, 2004). The three fishing cats in this study had variable
percentages of morphologically normal spermatozoa (i.e., 28%, 47% and 60%) but,
based on pedigree information, had inbreeding coefficients of zero. Further research
with Thailand fishing cats may determine that this population is actually
normospermic or intermediate in sperm morphology, a finding that could have
positive implications for genome resource banking of this species.

Processing of raw semen for cryopreservation requires a series of successive
steps designed to removal seminal fluid, concentrate spermatozoa, resuspend the
sample in a cryoprotectant solution, and then cool and package the spermatozoa for
freezing.  Notably, thermal and osmotic shock associated with sperm processing
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before freezing have the potential to damage acrosomal and plasma membranes and
adversely affect sperm viability and function after thawing (Holt, 2000; Watson,
2000). The actual freezing and thawing process can result in ice crystal formation and
additional osmotic and thermal stress. For example, in horses, each step in semen
processing, including dilution and centrifugation of raw semen, sperm resuspension
and cooling to 5oC causes a decrease in sperm viability and motility, with further
reductions seen after sperm freezing and thawing (Neild et al., 2003). In domestic
cats, rapid cooling of spermatozoa to 5oC has been shown to cause significant
acrosomal damage (Pukazhenthi et al., 1999). Similarly, osmotic stressors, such as
rapid dilution in cryoprotectant or hypotonic medium, can result in reduced sperm
motility (Pukazhenthi et al., 2002; Glover et al., 1985). Our findings indicate that
fishing cat spermatozoa are fairly resilient to osmotic and temperature stress when
samples are cooled slowly and glycerol added in multiple steps, as recommended for
domestic cat spermatozoa (Pukazhenthi et al., 1999, 2002).

The temperature and timing of glycerol addition to the sperm sample prior to
cryopreservation also may be an important consideration. Because pre-freeze cooling
and cryoprotectant exposure are both potentially damaging to sperm membranes,
temporal separation of these two processing steps could limit cryoprotectant toxicity
and allow the spermatozoa time to re-equilibrate in response to each individual insult.
In fishing cats, glycerol addition after slow cooling to 5oC proved to be beneficial for
improving post-thaw longevity of sperm motility and binding of spermatozoa to
domestic cat oocytes. These results are similar to finding in the ram (Gil et al., 2003)
but differ from those in the dog, in which the temperature of glycerol addition had
minimal effect on sperm motility or acrosomal integrity (Pena et al., 1998).

Most previous sperm freezing research in felids have used pelleting on
indentations in dry ice as the method of choice (Howard et al., 1990; Platz et al.,
1978; Donoghue et al., 1992; Swanson et al., 1996a, 1996b) with only a few studies
investigating straw freezing techniques (Swanson et al., 1996b; Hay and Goodrowe,
1993; Wood et al., 1993). Compared to post-thaw acrosomal data reported in these
other studies, the percentage of acrosome intact spermatozoa in fishing cat was
similar with most (>70%) acrosomes experiencing some damage during the sperm
cryopreservation process. Intact acrosomes are required for penetration and
fertilization of oocytes and, in this study, acrosomal integrity was positively
correlated with fishing cat sperm motility. Accordingly, because of substantial
acrosomal damage and reduced motility, it might be expected that frozen-thawed
fishing cat spermatozoa would be compromised in fertilization ability. However, as
assessed by heterologous IVF, these samples were able to function adequately and
produce high (>60%) average fertilization percentages. Sperm cryopreservation has
been shown to induce capacitation-like changes in frozen-thawed samples, increasing
the proportion of viable spermatozoa capable of binding and fertilizing oocytes
(Watson, 2000; Neild et al., 2003). In humans, fertilization success in vitro was not
reduced despite decreases in sperm motility traits following cryopreservation
(Marcus-Braun et al., 2004). In domestic cats, cryopreservation of epididymal
spermatozoa increased sperm binding to homologous zona pellucida, although sperm
motility was decreased relative to non-frozen samples (Hay and Goodrowe, 1993).
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Our findings are consistent with those observed with frozen-thawed tiger
spermatozoa, in which sperm freezing accelerated the rate of capacitation and allowed
high fertilization percentages following IVF of homologous oocytes (Donoghue et al.,
1992; Byers et al., 1989). Because IVF requires relatively few spermatozoa for
insemination, sperm concentrations can be easily adjusted to compensate for sperm
damage. In this regard, IVF offers one distinct advantage over AI where total sperm
numbers cannot be readily increased, especially in small-sized felids that may produce
comparatively few spermatozoa per ejaculate.

Heterologous IVF assays constitute a critical component of sperm freezing
studies in allowing evaluation of all sequential aspects of sperm function required for
fertilization, including capacitation, zona binding, acrosome reaction, zona
penetration, plasma membrane fusion, oocyte activation, sperm head decondensation
and syngamy (Roth et al., 1998, 1999). Embryo cleavage and continued development
in vitro provide additional evidence for the physiological relevance of this type of
sperm function assay. The key requirement for using heterologous IVF for evaluating
spermatozoa from nondomestic species is identification of a closely-related domestic
animal counterpart that can serve as a source of viable, cross-fertilizing oocytes.

Previous studies in felids have used salt-stored in vitro matured domestic cat
oocytes for primarily assessing sperm binding and zona penetration in domestic cats
(Herrick and Swanson, 2003; Andrews et al., 1992; Howard et al., 1993) and non-
domestic cats (Roth et al., 1995). More recently, viable in vivo matured domestic cat
oocytes, recovered laparoscopically from gonadotropin-treated females, have been
used for sperm function assays with eight non-domestic felid species, demonstrating
broad cross-species capacity for fertilization and embryo development (Swanson et
al., 1998). This approach, however, is limited to those laboratories that can maintain a
domestic cat research colony as a source of oocyte donors. With improvements in
protocols for in vitro maturation of domestic cat oocytes (Pope et al., 1997) and the
routine availability of cat ovaries from veterinary spay clinics, heterologous IVF using
viable cat ova has become more accessible as an experimental tool for investigating
sperm function in non-domestic felids.

Few studies have examined IVF success with frozen-thawed cat spermatozoa,
but heterologous fertilization percentages observed in fishing cats are consistent with
values observed using frozen-thawed spermatozoa for heterologous IVF in Pallas’
cats (46%; unpublished) and homologous IVF in domestic cats (50%)(Swanson et al.,
2000), tigers (70%)(Donoghue et al., 1992), and caracals (62 %)(Pope et al., 2001).
Developmental kinetics of fishing cat/domestic cat hybrid embryos in vitro appear
similar to those of domestic cat IVF embryos, with the initial cleavage division
observed in most embryos by 30 hours post-insemination and one or two additional
divisions occurring by 48 hours (Roth et al., 1994; Goodrowe et al., 1988).
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CONCLUSION

This study represents the first detailed investigation of sperm cryopreservation
in the fishing cat and one of the few such studies conducted in any non-domestic felid
species. The three fishing cats in this study had greater average semen volume, total
spermatozoa, percentage of sperm motility and incidence of normal sperm
morphology compare with previous studies in North America.

In this study, our findings indicate that fishing cat spermatozoa experience
substantial acrosome damage and reduced sperm motility following semen
processing, cryopreservation and thawing. Although compromised, these frozen-
thawed samples still remain functional, as shown by their capacity to fertilize viable
domestic cat oocytes in vitro. Further improvements in cryopreservation technology
undoubtedly will be required, especially for use of frozen-thawed spermatozoa with
AI. Our present results, however, suggest that freezing of fishing cat spermatozoa
using the described methodology is likely adequate for initial application with IVF
procedures and incorporation into applied conservation efforts.

For studying the impact of temperature of glycerol addition on sperm motility
and acrosomal integrity, this study has demonstrated that glycerol addition after slow
cooling to 5oC proved to be beneficial for improving post-thaw longevity of sperm
motility and binding of spermatozoa to domestic cat oocytes but not for acrosomal
integrity.

Finally, IVF using domestic cat ova has become more accessible as an
experimental tool for investigating sperm function in non-domestic felids. This study
has demonstrated the usefulness of heterologous IVF with viable, in vitro matured
domestic cat oocytes for assessing functionality of frozen-thawed fishing cat
spermatozoa.
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