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Abstract

Thuwanut, P.2007. The effect of antioxidants on motility, viability, acrosome integrity and
DNA integrity of post-thaw epididymal cat spermatozoa. Master Thesis. ISSN 1403-2201
Report no. 67

Living cells stored under aerobic conditions require oxygen (O,) to support their
metabolism. Their metabolite products are reactive oxygen species (ROS). In general, the
ROS need to be continuously inactivated to keep a minimal amount necessary to maintain
normal cell function but an excessive accumulation can cause cell damage. In addition,
ROS can be produced and accumulated during the freezing and thawing process of
mammalian spermatozoa. However, an adverse effect of ROS can be reduced by
antioxidants. The aim of this study was to investigate effects of antioxidant (cysteine or
water soluble vitamin E analogue Trolox) supplementation of a tris egg yolk extender on
post-thaw epididymal cat spermatozoa. Epididymal spermatozoa were collected from eight
male cats. The sperm sample from each cat was divided into three aliquots, resuspended
with (1) tris egg yolk extender | (EE-I), (2) tris egg yolk extender | with cysteine (EE-C) or
(3) tris egg yolk extender | with vitamin E (EE-Ve) and extended with tris egg yolk
extender with Equex STM paste (EE-II) for freezing. Sperm motility, progressive motility,
membrane integrity stained with SYBR-14/EthD-1 and acrosome status stained with FITC-
PNAV/PI were evaluated after collection, prior to freezing at 4 °C and 0, 2, 4, and 6 h post-
thaw. Acridine orange was used to evaluate DNA integrity at 0 and 6 h post-thaw. Vitamin
E supplementation had positive effects on post-thaw motility, progressive motility and
membrane integrity (P<0.05), while cysteine supplementation improved post-thaw motility
and DNA integrity (P<0.05). However, antioxidant supplementation had no significant
positive effect on post-thaw acrosome integrity (P>0.05). These results demonstrated that
cysteine and vitamin E supplemented to the egg yolk tris extender can improve post-thaw
epididymal cat spermatozoa qualities such as motility, progressive motility, membrane
integrity and DNA integrity but not acrosome integrity. In conclusion, when the tris egg
yolk extender containing Equex STM paste is used, the addition of cysteine or vitamin E is
recommended in order to protect post-thaw epididymal cat spermatozoa from ROS-induced
sperm damage.
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Background

Of the 36 species of non-domestic cats in the world nine live in Thailand. These
include Leopard cat (Prionailurus bengalensis), Fishing cat (Prionailurus
viverrinus), Flat headed cat (Felis planiceps), Asiatic golden cat (Profelis
temminckii), Leopard (Panthera pardus), Jungle cat (Felis chaus), Marbled cat
(Pardofelis marmorata), Clouded leopard (Neofelis nebulosa), and Indochinese
tiger (Panthera tigris). Several felid species or subspecies are classified as
threatened or endangered due to poaching or habitat loss. Non-domestic cats are
often affected by teratozoospermia which might impair fertility (Pukazhenthi et al.,
2006). Because of the difficulties in captive breeding of wild cats and an
increasing interest in breeding of pedigree cat, protocols for cat sperm preservation
and gene banking for conservation are established and developed. The domestic
cat (Felis silvestris catus) has proven to be a suitable model for development of
assisted reproductive techniques (ARTs) (Donoghue et al., 1992) such as sperm
preservation or artificial insemination. Reproductive biotechnologies might,
however, also have an application in the domestic cat. There is an increasing
interest in requiring pedigree domestic cats as pets. Pedigree cats are bred in
isolated populations. Most pedigree male cats kept as pets are early castrated to
decrease behavioral problems such as spraying. This contributes further to a
tendency for decreasing genetic variation.

Sperm cryopreservation together with artificial insemination could contribute to a
genetic exchange over long distances and could also be used together with other
ARTs such as in vitro fertilization or embryo transfer. Cryopreservation of
spermatozoa can be used to preserve both ejaculated and epididymal cat
spermatozoa. Although the protocols for both ejaculated and epididymal domestic
cat sperm cryopreservation have been continuously improved, several factors can
impair sperm survivability and cause sperm damage after cryopreservation such as
cold shock, osmotic (Watson, 2000) or oxidative stress (Alvarez & Storey, 1992;
Aitken & Krausz, 2001; Sikka, 2001, Agarwal et al., 2003). Cryopreservation
induced sperm damages are related to diminished fertilizing ability of the
spermatozoa.

Semen collection and utility of sperm preservation

The main obstacles in the development of ARTs in the domestic cat are related to
difficulties associated with sperm collection and handling. The volume of
ejaculated semen and the total number of spermatozoa are low as shown in Table
1. Therefore experimental design is associated with limitations compared with
development of ARTs is other species in which higher sperm numbers can be
collected, such as dog, boar or stallion.

Feline spermatozoa can be collected by an artificial vagina, by electroejaculation
of anesthetized male cats and from the cauda epididymides (Axnér & Linde-
Forsberg, 2002). Sperm samples collected by electroejaculation or from the



epididymides have lower sperm concentration and lower total number of
spermatozoa than samples collected by an artificial vagina as shown in Table 1.
However, sperm collection by the electroejaculation and from the epididymides is
often more practical than collection by an artificial vagina because the male cats
do not need to be trained. Furthermore, collection of epididymal spermatozoa
makes it possible to save valuable genetic material from felids that die
unexpectedly or that are castrated. Epididymal cat spermatozoa showed lower
initial motility and viability than ejaculated spermatozoa but there were no
significant differences between ejaculated and epididymal spermatozoa in their
sensitivity to chilling or freezing-thawing process (Tebet et al., 2006; Hermansson
& Axnér 2007). In addition, cat spermatozoa can be maintained within
epididymides stored at 4°C for 24 h without any significant decrease of sperm
quality compared to epididymal spermatozoa that were immediately harvested into
storage media (Chatdarong et al., 2006). Therefore shipment of cooled testes can
be a valuable alternative to conserve the genetic material from wild felids
especially when the testis of wild felids can not be immediately transported to a
laboratory for the cryopreservation process.

Table. 1. Semen parameters in male domestic cats

Semen collection method

Parameter Artificial vagina  Electroejaculation Cauda
epididymides
Volume (mL)
e  Average 0.034 to0 0.04 0.076 to 0.22 *
e Range 0.01 t0 0.12 0.019 t0 0.74
Sperm concentration
(10%/mL)
e  Average 1730 168 to 361 37.8t0 80.3 (a)
e Range 96 to 5101 - 55t072

Total number of
spermatozoa (10°)

e  Average 57 to 61 12 to 30 18.9 to 122 (b)

e Range 3to 117 9to 153 2.25 to 160
Sperm morphology 38.2 to more than 90 normal 4910 50.6 (c)
(% of normal spermatozoa. This average differs
spermatozoa) between studies probably due to

different fixation and classification
methods.
Motility (%0) 56 to 84 50to 80 (d)
Mean;51.9 to 80.8

pH 6.6t0 8.8 ok
Osmolarity
(mOsm/kg)

e Average 320 to 339 ok

e Range 274 to 390

This table is modified from Axnér & Linde-Forsberg, 2002.
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* Epididymal spermatozoa are collected into a collection media why the volume
of the epididymal fluids is not measured

** There is no information available about pH and osmolarity in the feline cauda
epididymidis (Axnér, 2006).

(a) Goodrowe & Hay, 1993; Axnér et al., 2004; Tebet et al., 2006; from research
report part of this thesis

(b) Tsutsui et al., 2003; from research report part of this thesis

(¢) Goodrowe & Hay, 1993; Axnér et al., 2004

(d) Goodrowe & Hay, 1993; Axnér et al., 2004; Kashiwazaki et al., 2005;
Hermansson & Axnér, 2007

Furthermore, it was shown that, the addition of Equex STM paste to an egg yolk
tris extender improved post-thaw acrosome integrity of epididymal cat
spermatozoa (Axnér et al., 2004). The potential usefulness of frozen-thawed cat
epididymal spermatozoa has been demonstrated by their ability to bind to
homologous zona pellucida (Kashiwazaki et al., 2005) in vitro and for in vivo
fertilization after artificial intrauterine insemination resulting in birth offspring
(Tsutsui et al., 2003).

Causes of sperm damage

In felid species, a main barrier in the success of artificial insemination or other
ARTs is poor sperm quality and low sperm survivability after cryopreservation
(Pukazhenthi et al., 1999). Sperm cryopreservation involves several steps such as
centrifugation, sperm dilution, cooling, freezing and thawing (Luvoni, 2006). Each
of these steps can cause sperm damage which impairs normal sperm function and
fertilizing potential. The main causes of sperm damage during cryopreservation
are classified as (1) cold-shock (Watson, 2000), (2) osmotic stress (Watson, 2000)
and (3) oxidative stress (Aitken & Krausz, 2001; Sikka, 2001, Agarwal et al.,
2003). Cooling before the freezing process causes stress to the spermatozoa due to
the temperature changes that result in sperm damage known as cold shock
(Watson, 1981; Luvoni, 2006). In one study, a rapid or ultra rapid cooling rate
(4°C/min or 14°C/min) resulted in acrosomal damage while a slow cooling rate
significantly reduced the acrosomal damage (0.5°C/min) (Pukazhenthi et al.,
1999).

The addition of cryoprotectants such as glycerol or dimethyl sulfoxide (DMSO) is
used to minimize the formation of ice crystals. However, addition of
cryoprotectants results in sperm shrinkage because water efflux from cells due to
hyperosmotic environment and then spermatozoa swells due to water and
cryoprotectant influx to cells for maintaining isotonic solution (Gao et al., 1997).
Extensive sperm membrane damages occurred when cat spermatozoa were
returned from hyperosmotic conditions to the isotonic solution (Phukazhenthi et
al., 2000). Pukazhenthi et al. (2000) also demonstrated that cat sperm motility is
sensitive to changes in osmolarity similar to human (Curry & Watson, 1994), ram
(Curry & Watson, 1994) or stallion spermatozoa (Ball & Vo, 2001).
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In addition to cold shock and osmotic stress, another important cause of sperm
damage is the oxidative stress (Aitken & Krausz, 2001; Sikka, 2001, Agarwal et
al., 2003). Several studies have shown that oxidative stress induces sperm
membrane and DNA damage in human (Aitken, 1999; Agarwal et al., 2003),
stallion (Baumber et al., 2000; Baumber et al., 2003), ram (Peris et al., 2007) or
bull spermatozoa (Bilodeau et al., 2001; Bilodeau et al., 2002; Nair et al., 2006).

Physiology and effects of oxidative stress on sperm functions

The term of oxidative stress refers to an imbalance between excessive production
or accumulation of reactive oxygen species (ROS) and an impaired antioxidant
mechanism (Sikka, 2001; Agarwal et al., 2003). Living cells stored under aerobic
conditions such as during sperm cooling, freezing and thawing, require oxygen
(O,) to support their normal metabolism. Excessive metabolites of oxygen such as
ROS can, however, cause cell damage or apoptosis (de Lamirande & Gagnon,
1995). The ROS are free radicals and thus have an unpaired electron. The unpaired
electron finds other electrons to become paired. Thus, the free radicals always
attack other molecules to complete their unpaired electron (Nogushi & Niki,
1999). Examples of ROS are superoxide radicals (O,"), hydroxyl radicals (OH’) or
hydrogen peroxide (H,0,) (Halliwell, 1997; Nogushi & Niki, 1999; Silva, 2006).

The ROS have been reported as a main cause in human diseases such as
cardiovascular, cancer or neurological disease (Papas, 1999). Furthermore, an
adverse effect of ROS on mammalian spermatozoa and reproduction was firstly
reported by McLeod (1943). Since then several studies have demonstrated that
ROS have been involved in male infertility (Aitken & Krausz, 2001; Sikka, 2001,
Agarwal et al., 2003). A high level of ROS in human seminal plasma is related to
poor sperm morphology, poor motility and a low sperm concentration (Aitken,
1989). Excessive ROS can be generated by (1) leukocytes and endothelial cells,
(2) lack of antioxidants in seminal plasma and spermatozoa (3) normal and
immotile or abnormal spermatozoa (Silva, 2006, Engel et al., 1999).

Generally, ROS must be continuously inactivated to keep a minimal amount of
them necessary to maintain normal cell functions (Agarwal et al., 2003). Low
levels of ROS are for example beneficial for the ability of spermatozoa to undergo
the acrosome reaction and capacitation (de Lamirande & Gagnon, 1993; de
Lamirande & O’flaherty, 2007; Roy & Atreja, 2007). An excessive accumulation
of ROS such as superoxide radicals (O,"), or hydrogen peroxide (H,O,) can cause
stallion (Baumber et al., 2000), bull (Chatterjee & Gagnon, 2001), and human
sperm plasma membrane damage and DNA damage in both mitochondrial and
nuclear genomes (Aitken & Krausz, 2001). Hydrogen peroxide (H,O;) has the
most harmful oxidant property (Alvarez & Storey, 1989; de Lamirande & Gagnon,
1992). It can freely cross cell membranes and cause DNA damage (Halliwell,
1997; Baumber et al., 2003). Moreover, Baumber et al. (2003) showed that
exogenous ROS generation by the xanthine-xanthine oxidase (X-XO) system can
significantly increase the percentages of DNA fragmentation in equine
spermatozoa which is similar to the study of Lopes et al. (1998) on human
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spermatozoa. This indicates that hydrogen peroxide (H,0,), the product of X-XO
system, is responsible for sperm DNA damage. In addition, hydrogen peroxide
(H,0,) can detrimentally produce hydroxyl radicals (OH') via the Fenton reaction
(Silva, 2006). Hydroxyl radicals (OH’) can directly react with DNA components
(Baumber et al., 2003) leading to DNA damage.

Furthermore, the mammalian sperm plasma membrane, rich in polyunsaturated
fatty acids (PUFA) (Alvarez & Storey, 1995), can be easily damaged by the
reaction between ROS such as hydroxyl radicals (OH) and the polyunsaturated
fatty acids. This mechanism is widely known as the lipid peroxidation reaction
(Agarwal et al., 2003). Lipid peroxidation is composed of three major steps;
initiation, propagation and termination (Nogushi & Niki, 1999). The initiation step
is the process of producing lipid radicals by ROS. In the propagation step the lipid
radicals from the initiation step attack other unsaturated fatty acid molecules on
the cell membrane or steal electrons from oxygen (O,) to become hydrogen
peroxide (H,0O,). Hydrogen peroxide (H,O,) can continue to attack other
polyunsaturated fatty acids (PUFA) on the cell membrane. This step can continue
so the lipid peroxidation reaction is also known as the chain reaction (Herrera &
Barbas, 2001). In the termination step, which is the end stage of the lipid
peroxidation reaction, there is combination of free radicals to form paired stable
electrons. This step can be stopped earlier by antioxidants that can trap free
radicals (Silva, 2006). The lipid peroxidation reaction results in changes in sperm
membrane fluidity, loss of membrane integrity as well as irreversible loss of sperm
motility (Storey, 1997). Lipid peroxidation has been reported to reduce the ability
of human spermatozoa to penetrate zona free hamster oocytes (Aitken et al., 1989)
and is also related to DNA strand breaks (Baumber et al., 2003).

It has been demonstrated that free oxygen radicals such as superoxide radicals
(Oy7) are produced during the freezing-thawing process in human (Mazzilli et al.,
1995), bovine (Chatterjee & Gagnon, 2001) and dog spermatozoa (Tselkas et al.,
2000; Michael et al., 2007). In addition, the cycle of freezing and thawing has
been reported to be responsible for a decrease in the level of antioxidants such as
glutathione (GSH) or superoxide dimutase (SOD) in bovine (Bilodeau et al., 2000)
and human (Alvarez & Storey, 1992) spermatozoa. This indicates that the ROS
can cause sperm damage during the process of sperm freezing.

Physiology and effect of antioxidants on oxidative stress and
sperm functions

Antioxidants act as protective agents against aerobic organism cell damage which
is induced by ROS or other free radicals (Halliwell, 1997). The antioxidants are
classified into two categories due to their function, enzymatic and non-enzymatic
antioxidants (Silva, 2006). The antioxidants can also be classified due to their
water or lipid solubility (Papas, 1999). The function of enzymatic antioxidants is
to suppress the formation of free radicals by decomposition of the free radicals
(Fig. 1) (Papas, 1999). The enzymatic antioxidants include catalase (CAT),
superoxide dimutase (SOD) and glutathione peroxidase (GPx).
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Fig. 1. The defense system of enzymatic antioxidants (catalase and glutathione
peroxidase)

CAT
2H202 _> 2 H20+02 (1)
GPx
H,0,+ 2GSH —p 2H,0+GSSG )

The first reaction (1) demonstrates that catalase (CAT) is a hydrogen peroxide
(H,0,) detoxifier.

The second reaction (2) demonstrates that gluthathione peroxidase (GPx)
decomposes hydrogen peroxide (H,O,) to be water and glutathione disulphide
which is an important cellular antioxidant.

(These reactions are modified from Nogushi & Niki (1999) and Silva (2006))

The function of non-enzymatic antioxidants is to inhibit chain initiation and break
chain propagation stages in the lipid peroxidation reaction (Nogushi & Niki,
1999). The non-enzymatic antioxidants are also called radical scavenging
antioxidants and are classified into two sub-types; hydrophilic and lipophilic
antioxidants (Nogushi & Niki, 1999). They include vitamin A (retinol), vitamin C
(ascorbic acid), vitamin E (a-tocopheral) and uric acid (Nogushi & Niki, 1999;
Silva, 2006).

The antioxidants can be found in mammal serum and cells and can also be found
as a composition in food. A low level of antioxidants in the body system or an
imbalance between antioxidants and reactive oxygen species level can lead to cell
dysfunction and diseases. Therefore antioxidants can be used as medication in
treatment of human disease (Papas, 1999). In human, it has been shown that
infertile clients had lower levels or absence of some antioxidants in seminal
plasma such as glutathione compared to fertile men (Lewis et al, 1995;
Ochsendorf et al., 1998). Addition of antioxidants to semen extenders or oral feed
medication with some antioxidants such as glutathione, cysteine, vitamin E or
vitamin C have been reported to improve semen quality in human (Askasi et al.,
1994; Sulieman et al., 1996), boar (Peiia et al., 2003; Funahashi & Sano, 2005;
Sartorre et al., 2007), bull (Bilodeau et al., 2001), stallion (Almeida & Ball, 2005),
and dog (Michael et al., 2007).

Cysteine is included in Thiols (-SH) group which is a large class of antioxidants
(Van Zandwijk, 1995). Cysteine is an o-amino acid and is a precursor in the
production of intracellular glutathione (GSH) which functions as a cofactor of
glutathione peroxidase to destroy hydrogen peroxide (H,O,) (Meister, 1994). In
addition, it has been shown that glutathione (GSH) can denote hydrogen atoms to
repair damaged DNA why glutathione (GSH) and the other Thiols (-SH)
compounds such as cysteine or N-acetyl-L-cysteine may be important substances
to protect cells from DNA damage. Addition of cysteine to the semen extender
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prevents loss of sperm motility by inhibition of lipid peroxidation caused by ROS
in frozen-thawed bull semen (Bilodeau et al., 2001). Funahashi & Sano (2005)
showed that cysteine can enhance viability of boar spermatozoa in chilled liquid
preservation. Furthermore, N-acetyl-L-cysteine, one form of cysteine has been
shown to be advantageous for inhibition of programmed sperm cell death
(apoptosis) in the seminiferous tubules of human (Erkkila et al., 1998).

Vitamin E is classified as the most potent non-enzymatic antioxidant (Silva, 2006).
The major component of vitamin E is a-tocopherol which is well known as a
potent substance to prevent membrane peroxidation by scavenging the free
radicals or lipid peroxyl radicals involved in the lipid peroxidation chain reaction
(Herrera & Babas, 2000). Vitamin E reacting with lipid peroxyl radicals is formed
to be vitamin E radicals but this free radical form is, however, stable because the
free electron is delocalized to be an aromatic ring structure (Cadenas, 1995;
Herrera & Babas, 2000). Thus, the radical reaction chain of lipid peroxidation is
stopped. Moreover, it has been reported that in the biological system, one
molecule of vitamin E can protect 1,000 molecules of unsaturated fatty acids
(Kontush et al., 1996). Vitamin E supplemented to the semen extender has been
reported to be more effective than vitamin C in improving post-thaw sperm
motility in human (Askasi et al., 1994). The addition of vitamin E has also been
shown to protect membrane integrity in chilled boar spermatozoa (Cerolini et al.,
2000) while water soluble vitamin E analogue Trolox improved boar sperm
motility and mitochondrial membrane integrity during post- thaw incubation (Pefia
et al., 2003).
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Introduction to the research report

Semen preservation in domestic cats has been developed over the past years with
the main aim to conserve the genetic variation in threatened wild felids. Cat
spermatozoa can be collected by an artificial vagina, electroejaculation and from
the epididymis (Axnér & Linde-Forsberg, 2002). Although epididymal cat
spermatozoa had a lower concentration and motility than spermatozoa collected by
electroejaculation, epididymal cat spermatozoa can be used to rescue and conserve
genetic material from castrated or unexpectedly died male felids. Sperm collection
and preservation techniques developed in the domestic cat can also be applied in
endangered wild felid species (Donoghue et al., 1992). The protocols of
epididymal cat sperm preservation have been continuously developed toward the
ultimate goal to achieve high sperm quality. Although both chilled and frozen-
thawed epididymal cat spermatozoa can be used to produce embryos after IVF
(Kashiwazaki et al., 2005) or new offspring after artificial insemination (Tsutsui et
al., 2003), sperm damage caused by the sperm preparation process such as cold
shock (Watson, 2000), osmotic stress (Watson, 2000) and oxidative stress results
in an impaired sperm function and reduced fertility (Alvarez & Storey, 1992;
Aitken & Krausz, 2001; Sikka, 2001, Agarwal et al., 2003).

During the sperm preservation process, spermatozoa are generally stored under
aerobic conditions. Spermatozoa require oxygen to support and maintain their
normal cell functions and metabolism. The excessive oxygen metabolite products
such as reactive oxygen species (ROS) are, however, considered as a cause of
sperm damage such as loss of membrane fluidity, decrease in motility and increase
in DNA breakage (Aitken, 1999; Baumber et al., 2000; Agarwal et al., 2003;
Baumber et al., 2003). Excessive metabolite oxygen products can be eliminated or
restricted by the function or the activity of antioxidants which can be generally
found in the seminal plasma. An imbalance between the metabolite oxygen
products and antioxidants level is known as oxidative stress (Sikka, 2001;
Agarwal et al., 2003). The oxygen metabolites such as ROS can be eliminated by
antioxidants. During the sperm preservation process, the seminal plasma is,
however, removed and thus the antioxidants are absent. Chatterjee & Gagnon
(2001) demonstrated that the ROS can also be found during the cycle of freezing
and thawing bull spermatozoa which is similar in human (Mazzilli et al., 1995)
and dog (Tselkas et al., 2000; Michael et al., 2007). Furthermore, when the
spermatozoa were challenged with exogenous ROS such as hydrogen peroxide
(H,0,), the sperm motility decreased and sperm DNA damage increased (Lopes et
al., 1998; Baumber et al., 2003). This indicates that when spermatozoa are stored
under aerobic conditions and exposed to ROS and when there is a lack of
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antioxidants in the sperm preservation media, oxidative stress can cause sperm
damage leading to poor sperm quality.

In order to improve the post-thaw epididymal cat sperm quality this study was

conducted with the main purpose to gain knowledge about the effect of
antioxidants on post-thaw epididymal cat spermatozoa quality.
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Aims of the study

The overall aim of the present work has been to study the effects of antioxidants
on the sperm quality in post-thaw epididymal cat spermatozoa. This could result in
an improvement in the cat sperm preservation process leading to an increase in the
post-thaw epididymal cat sperm quality. The specific aims of the study were

e To investigate the effects of two different type of antioxidants; cysteine
and water soluble vitamin E analogue Trolox, on post-thaw epididymal
cat sperm quality such as motility, progressive motility, viability,
acrosome integrity and DNA integrity

o To compare the potency of cysteine and water soluble vitamin E analogue
Trolox, on post-thaw epididymal cat sperm quality
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Abstract

Reactive oxygen species (ROS) are produced and accumulated during
cryopreservation of spermatozoa. Their adverse effects can be reduced by
antioxidants. The aim of this study was to investigate the effect of antioxidant
(cysteine or water soluble vitamin E analogue Trolox) supplementation of a tris
egg yolk extender on post-thaw epididymal cat spermatozoa. Epididymal
spermatozoa were collected from eight male cats. The sperm sample from each cat
was divided into three aliquots, resuspended with (1) tris egg yolk extender I (EE-
D), (2) egg yolk tris extender I with cysteine (EE-C), or (3) tris egg yolk extender I
with vitamin E (EE-Ve), and extended with tris egg yolk extender with Equex
STM paste (EE-II) for freezing. Sperm motility, progressive motility, membrane
integrity (SYBR-14/EthD-1), and acrosome status (FITC-PNA/PI) were evaluated
after collection, prior to freezing, and 0, 2, 4, 6 h post-thaw. DNA integrity
(Acridine orange) was evaluated at 0 and 6 h post-thaw. Vitamin E
supplementation had positive effects on post-thaw motility, progressive motility,
and membrane integrity (P<0.05), while cysteine supplementation improved post-
thaw motility and DNA integrity (P<0.05). However, antioxidant supplementation
had no significant positive effect on post-thaw acrosome integrity (P>0.05). These
results demonstrate that cysteine and vitamin E supplementation of tris egg yolk
extender can improve post-thaw epididymal cat spermatozoa qualities such as
motility, progressive motility, membrane integrity, and DNA integrity, but not
acrosome integrity. In conclusion, when egg yolk tris extender containing Equex
STM paste is used, the addition of cysteine or vitamin E is recommended in order
to protect post-thaw epididymal cat spermatozoa from ROS-induced damage.

Keywords: Feline; Frozen-thawed sperm; Reactive oxygen species; Antioxidative
enzyme; Non-enzymatic antioxidant
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1. Introduction

Cryopreservation of epididymal cat spermatozoa has a potential as a tool for
rescuing genetic materials from felids that die unexpectedly or that are castrated
[1, 2]. However, sperm damage can occur during the freezing and thawing process
[3], due to factors such as cold shock [4], and osmotic [S] or oxidative stress.

Living cells stored under aerobic conditions require oxygen (O,) to support their
metabolism; however, an excess of metabolites such as reactive oxygen species
(ROS) can cause cell damage [6]. The ROS include superoxide radicals (O;),
hydroperoxyl radicals (HO, ) and hydroxyl radicals (OH ) [7]. Excessive
accumulation of ROS products such as hydrogen peroxide (H,0O,) has been shown
to be toxic to human [5] stallion [8, 9] and bull spermatozoa [10]. Hydrogen
peroxide (H,0,), the end product of superoxide radicals (O,"), is considered to be
the most harmful oxidant [11] and the main cause of sperm DNA damage in both
human [12, 13] and stallion [14]. These ROS need to be continuously inactivated,
retaining only the minimal amount necessary to maintain normal cell function [6].
ROS can be detected during the cycle of freezing and thawing of spermatozoa in
bull [10] and stallion [15], resulting in a decrease in sperm function following
cryopreservation [10].

The sperm cell membrane has a high content of polyunsaturated fatty acids, and
so it is easily damaged by ROS, particularly the hydroxyl radical (OH). This
biomedical reaction is known as lipid peroxidation reaction [7]; it results in
changes of sperm membrane fluidity, loss of membrane integrity and decrease of
sperm motility [16].

ROS can be neutralized by the combined action of antioxidative enzymes and
non-enzymatic antioxidants, resulting in a cellular oxidation/reduction reaction
(redox) homeostasis [7]. Addition of cysteine has been shown to prevent loss of
sperm motility by inhibition of lipid peroxidation caused by ROS (hydrogen
peroxide; H,0,) in frozen-thawed bull semen [17]. Funahashi and Sano (2005)
[18] have demonstrated that cysteine can enhance viability of boar spermatozoa in
liquid preservation. Furthermore, a form of cysteine known as N-acetyl-L-cysteine
has been shown to be advantageous for inhibition of programmed sperm cell death
(apoptosis) in the seminiferous tubules of humans [19]. Therefore, cysteine is
likely a useful effective potential antioxidant which can reduce the toxic effect of
the ROS during sperm metabolism.

Vitamin A (retinol), vitamin C (ascorbic acid) and vitamin E (tocopherol) are
non-enzymatic antioxidants [7]. Vitamin E can inhibit the propagation stage of
lipid peroxidation in the membranes by scavenging peroxyl (RO), alkoxyl (RO)
and other lipid derived radicals [7]. Vitamin E has been reported to be more
effective than vitamin C in improving post-thaw sperm motility in humans [6, 20].
Addition of vitamin E (a-tocopherol) has been shown to protect membrane
integrity in chilled boar spermatozoa [21] while the water-soluble vitamin E
analogue Trolox has been shown to improve boar sperm motility and
mitochondrial membrane integrity during post-thaw incubation [22].
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The protocol for freezing cat spermatozoa has been continuously developed
towards the ultimate goal of achieving high post-thaw quality. Addition of Equex
STM paste to an egg yolk tris extender has been reported to improve post-thaw
acrosome integrity but decrease post-thaw sperm longevity [1]. The addition of
antioxidative enzyme or non-enzymatic antioxidant such as cysteine and vitamin E
to semen preservation media has been reported to improve chilled and post-thaw
sperm longevity and quality in several animal species [17-18, 20-22] but not yet in
cats. Thus, the aim of the present study was to investigate whether two selected
antioxidants, cysteine and the water soluble vitamin E analogue Trolox, would
improve the quality of cat epididymal spermatozoa during the process of
cryopreservation and post-thaw incubation.

2. Materials and methods
2.1. Animals

The study included eight privately owned domestic male cats of mixed breeds,
aged between 8 and 16 mo, subjected to routine castration at the Small Animal
Hospital of the Swedish University of Agricultural Sciences. After castration, the
testes were immediately transported to the laboratory at room temperature for
processing.

2.2. Sperm recovered and cryopreservation media

The semen extenders were composed of two components, I and II (Table 1).
Component I, prepared according to the protocol described by Axnér et al. [1,23],
was used alone as a control (EE-I). To create the experimental extenders,
component I was supplemented with 5 mM DL-cysteine (Sigma Chemical Co., St
Louis, MO, USA) (EE-C) or 5 mM Trolox (Aldrich Chem. Co, WI, USA) (EE-
Ve). Component II had the same composition as component I except that it
contained 7% glycerol (v/v) and 1% Equex STM paste (Nova Chemical Sales,
Scituate, Inc., MA, USA) (pH 6.5, 1352 mOsm) (EE-II). The tris buffered solution
used as a medium for sperm recovery and thawing had the same composition as
EE-I but it did not contain egg yolk or glycerol. The composition of components I
and II, and the thawing medium are presented in Table 1. All media were prepared
in the same batch at room temperature, and kept at -20°C until used.

2.3. Collection of epididymal spermatozoa

The caudae epididymidum were dissected free of the visible blood vessels and
connective tissues, placed in a 700 pL warmed tris buffer, and transversely cut
into four pieces. After 10 min incubation at 38°C, the tissue was removed and an
aliquot of 20 pL of the fresh sample was evaluated for sperm motility, progressive
motility, membrane integrity, acrosome integrity, and sperm concentration. The
sample was then divided into three equal aliquots of approximately 200 puL, placed
in 0.5 mL small Eppendorf tubes, and centrifuged at 600 X g for 6 min.

2.4. Freezing and thawing of spermatozoa

After removal of the supernatant, a sperm pellet was extended at room
temperature (approximately 20°C) with 85 uL of EE-I, EE-C, or EE-Ve. The
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sperm sample was placed in a bench cooler and slowly cooled to 4 °C for 1 h. An
aliquot of 20 puL of each sperm sample was taken for evaluation of sperm motility
and progressive motility (5 pL), sperm membrane integrity (5 pL), and acrosome
integrity (10 pL). A volume of 65 pL of EE-II was added to the sample, giving a
final concentration of 5% glycerol and 0.5% Equex STM paste. For each cat, a
volume of approximately 0.06 mL was loaded into each of two straws. Before
loading of the extended sample, 10 pL of a 1:1 (v/v) mixture of the egg yolk tris
extender (EE-I, EE-C, or EE-Ve) and EE-II was loaded into the straw to fill the
cotton plug of the straw in order to prevent loss of the spermatozoa in the plug.

The straws were frozen as described by Rota et al. [23]. In brief, a maximum of
six straws were put into a goblet and a cane. The goblet was put into a canister
which was lowered into an Apollo SX-18 liquid nitrogen (LN, ) tank with a level
of 16-18 cm of LN, (MVE Cryogenetics®, New Prague, MN, USA) in three steps,
with the top of the goblet held 7, 13, and 20 cm below the opening of the tank for
2, 2, and 1 min respectively. Finally, the canister was plunged into the liquid
nitrogen.

For thawing, the straws were thawed in a water bath at 70°C for 6 sec and
emptied into a small Eppendorf tube containing 65 pL of warmed thawing medium
(1:1 v/v). One straw was thawed for evaluation of motility, progressive motility,
membrane, and acrosome integrity, while the other was used to assess DNA
integrity. The sperm samples were kept dark at 38°C for 5 min before evaluation.
Motility, progressive motility, membrane integrity, and acrosome integrity were
evaluated at 0, 2, 4, and 6 h post-thaw, and DNA integrity at 0 and 6 h post-
thawing.

2.5. Sperm evaluation

2.5.1. Sperm concentration, motility and progressive motility

Sperm concentration was determined using a hemocytometer chamber (Boeco,
Humburg, Germany). To evaluate sperm motility and progressive motility, a 5 uL.
aliquot of the sperm sample was placed on a pre-warmed glass slide, covered with
a warmed cover slip, and subjectively assessed under a phase contrast microscope
at magnification: X200. The motility was reported with the percentage of motile
spermatozoa. The quality of progressive motility was scored on a scale from 0 to
5; with 0 being immotile spermatozoa and 5 spermatozoa that could move fast
forward and straight.

2.5.2. Sperm membrane integrity

Sperm membrane integrity was determined according to the protocol described
by Axnér et al. [1]. In brief, a 5 pL aliquot of the sperm sample was mixed
thoroughly with 1 uL of 14 uM EthD-1 (Molecular probes Inc., OR, USA) in PBS
and 1 pL of 0.38 uM SYBR-14 (Molecular probes Inc., OR, USA) in DMSO, and
then incubated in the dark at 37°C for 30 min. The sperm sample was placed on a
glass slide and covered with a cover slip. Sperm evaluation was performed under
epifluorescent microscope (Laborlux-11 Leitz, Jena, Germany) with objective lens
set (ParaLens®) (Becton Dickinson; Lieden, The Netherlands). Two hundred
spermatozoa were evaluated and classified into three categories — live, moribund,
and dead spermatozoa — which stained green from SYBR-14, stained both green
and red, and stained red from EthD-1, respectively.
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2.5.3. Acrosome integrity

A 10 pL aliquot of the sperm sample was gently smeared on the glass slide, air-
dried, and membrane permeabilised with 95% ethanol for 30 sec. FITC-PNA
staining was used for evaluation of acrosome integrity as described by Axnér et al.
[1]. Briefly, a 90 pL aliquot of FITC-PNA (100 pug/mL in PBS) was mixed with 5
pL of propidium iodide (PI, 340 uM in PBS, final concentration in 18 pM), and 20
pL of this solution was spread over the smeared slide. The slide was incubated in
the dark in a humidity chamber at 4°C for 30 min. After incubation, the slide was
rinsed with 4°C distilled water and air-dried in the dark at 4°C. Two hundred
spermatozoa were evaluated under the epifluorescent microscope and classified
into three categories: intact acrosome (stained with bright green from FITC-PNA
at the acrosomal cap), damaged acrosome (stained with green and red), and
missing acrosome (stained with red from PI) [1, 24].

2.5.4. DNA integrity

The method for evaluation for DNA integrity of spermatozoa using an Acridine
orange (AO) was modified from the method used for evaluation of human
spermatozoa [25, 26]. Briefly, a 10 pL aliquot of sperm sample was gently
smeared on a glass slide, and air-dried. The smeared slide was fixed overnight or
for at least 3 h in daily prepared methanol-glacial acetic acid (Carnoy’s solution;
3:1 v/v) at room temperature. The slide was removed from the fixative solution,
air-dried, and then stained with 1% (100 mg/mL) AO [26] (Sigma) in distilled
water for 5 min. After staining, the slide was gently rinsed by a stream of distilled
water and covered with the cover slip. Two hundred spermatozoa were evaluated
under an epifluorescent microscope. The heads of the sperm cells with normal
DNA integrity (double-stranded) had green fluorescence, while those with
denatured or single stranded DNA showed orange, yellow, or red fluorescence.
The stained slide was evaluated within 1 h after staining. The AO staining solution
was prepared by adding 10 mL of 1% AO in distilled water to 40 mL of 0.1 M
citric acid (Merck, Darmstadt, Germany) and 2.5 mL of 0.3 M Na,HPO,.7H,0O
(Merck, Darmstadt, Germany) pH 2.5. The AO staining solution was prepared

daily and stored in the dark at room temperature until use.

2.6. Statistical analysis

Statistical analysis was performed using the Statistical Analysis Systems
software package (Version 9, SAS Institute Inc., 2002, Cary, NC). Normal
distribution of residuals from the statistical models was tested using the
UNIVARIATE procedure option NORMAL. The dependent variables
(percentages of sperm motility, progressive motility, membrane integrity,
acrosome integrity, and DNA integrity) were evaluated using analysis of variance
(ANOVA). The differences between fresh, cooled, and post-thaw sperm
parameters and between control and treatment groups were compared using a
paired-t test when the data were distributed normally and the Wilcoxon test when
the data were not distributed normally. The statistical models for all parameters
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included the fixed effect of time and treatment. The interaction between time and
the treatments in each parameter was analyzed using the General Linear Model
(GLM). Values are presented as mean + SD. The level of significance was set at P
<0.05.

3. Results

The range of sperm concentration from the eight male cats was 5.5-72.0 x
10°/mL, while the mean sperm concentration was 37.8+23.9 x 10/mL. The effect
of time was significant, with all sperm evaluation parameters decreasing with time.
There was, however, no interaction between time and treatment in any of the
sperm evaluation parameters.

3.1. Motility

The sperm motility in fresh samples ranged from 75% to 90% (80+4.6%). The
motility of cooled samples did not differ from that of fresh samples (P > 0.05), and
sperm motility in the cooled samples did not differ between treatments (P > 0.05)
(Table 2). The post-thaw sperm motility after incubation for 0, 2, 4, and 6 h was
higher in EE-Ve than in the control samples (P <0.05). At 2 h incubation, the post-
thaw sperm motility in both EE-Ve and EE-C was higher than in the control
samples (P <0.05).

3.2. Progressive motility

The progressive motility in fresh samples ranged from 4 to 5 (4.4+0.2).
Progressive motility did not differ between the cooled samples and the fresh
samples (P > 0.05), and progressive motility in the cooled samples did not differ
between treatments (P > 0.05) (Table 2). After post-thaw incubation for 6 h,
progressive motility was highest in the EE-Ve samples (Table 2).

3.3. Sperm membrane integrity

The percentage of spermatozoa with an intact membrane in the fresh samples
ranged from 67.5% to 93% (78.7+£7.9%). Sperm membrane integrity did not differ
between the fresh and cooled samples (P > 0.05), and sperm membrane integrity
in the cooled samples did not differ between treatments (P > 0.05). Immediately
post-thawing, the spermatozoa in the EE-Ve sample had a higher proportion of
intact membranes than those in the EE-C and control samples (P <0.05). At 6 h
post-thaw incubation, the EE-Ve sample had a higher percentage of sperm with
intact membrane than the control sample (P <0.05) (Table 3).

3.4. Acrosome integrity

The percentage of intact acrosomes in fresh samples ranged from 41% to 56.5%
(47.946.1%). There were no significant differences in the percentage of sperm
with intact acrosome before and after cooling, nor between control and treatment
samples at any time after post-thaw incubation (P > 0.05) (Table 3).
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3.5. DNA integrity

Immediately after thawing, the percentage of spermatozoa with intact DNA did
not differ between treatments (P > 0.05) (Table 4). However, at 6 h after post-thaw
incubation, the EE-C sample had a higher percentage of spermatozoa with intact
DNA than the control sample (P <0.05) (Table 4).

4. Discussion

Our results show that supplementation of the egg yolk tris extender with one of
two antioxidants, cysteine or the water soluble vitamin E analogue Trolox,
significantly improved post-thaw epididymal cat sperm quality after the freeze-
thaw process. However, antioxidant supplementation did not improve sperm
quality after cooling. Addition of vitamin E to the egg yolk tris extender resulted
in improved post-thaw sperm motility and progressive motility immediately after
thawing and at 2, 4, and 6 h post-thaw (Table 2). Sperm membrane integrity was
significantly better at 0 and 6 h after thawing in vitamin E supplemented samples
than in control samples (Table 3). The addition of cysteine to the egg yolk tris
extender significantly improved progressive motility and DNA integrity at 6 h
after thawing compared to control samples (Tables 2 and 4). However, acrosome
integrity did not differ significantly between control and treatment samples (Table
3).

Addition of either antioxidant (cysteine or vitamin E) to the egg yolk tris
extender did not improve sperm quality immediately after cooling (Tables 2, 3,
and 4). Chatterjee and Gagnon [10] showed that levels of ROS products such as
superoxide radicals (O,7) increased when bovine spermatozoa were cooled from
22°C to 4°C over a period of 2 h, but the antioxidative enzyme activity levels in
stallion semen stored at 5°C were maintained and had a positive effect on
membrane integrity over and after a period of 24 h [27]. Moreover, no increase in
the lipid peroxidation products was seen during this period [28]. It is interesting to
note that a steady rise of ROS (superoxide anion; O,") in frozen-thawed bull
spermatozoa was observed immediately after thawing [10], while a significant
reduction of antioxidative enzymes could also be noticed [29]. It may be that the
ROS products can be accumulated during the freeze-thaw process, in a latent
period of time and in inverse proportion to the antioxidative enzyme level which is
reduced by the cryopreservation process and time.

In the present study, vitamin E supplementation improved post-thaw sperm
motility and membrane integrity compared to control samples. The lipid
peroxidation reaction has been reported as the main cause of sperm dysfunction,
especially in terms of the loss of membrane fluidity or sperm membrane damage
which can lead to decrease of sperm motility and viability [16]. Vitamin E is
postulated as the most potent antioxidant, and it can be recycled to function again
even when its concentration is low [6]. Addition of vitamin E to the freezing
extender has been reported to enhance post-thaw motility for boar spermatozoa
[22], and to improve post-thaw motility [20] and membrane integrity [30] for
human spermatozoa.

During the freeze-thaw process, ROS products can induce premature acrosome
capacitation, reaction, or damage [31, 32]. The presence of Equex STM paste in
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the egg yolk tris extender has been shown to protect the acrosome of epididymal
cat spermatozoa from the freeze-thaw process [1]. However, our results show that
antioxidant supplementation in EE-I does not have an additional beneficial effect
on post-thaw acrosome integrity (Table 3). This is in accordance with a study by
Luvoni et al. [32], who showed that the addition of taurine did not improve the
post-thaw acrosome integrity of cat sperm. Luvoni et al. [32] concluded that the
process of cryopreservation was the main cause for the acrosome damage. Other
researchers have concluded that the cause of live acrosome integrity improvement
in stallion spermatozoa was not catalase supplementation, but the removal of
seminal plasma before antioxidant supplementation [33]. Furthermore, Baumber et
al. [8] showed that the acrosome integrity of stallion spermatozoa was not affected
by exogenous ROS (xanthine(X)-xanthine oxidase (XO) system). However,
vitamin E (a-tocopherol) supplementation of the freezing extender decreased post-
thaw acrosome capacitation-like changes in boar spermatozoa [34]. This
contradictory effect may be related to the type of antioxidant, or to the difference
of oxidative stress susceptibility among species [8, 34].

In the present study, cysteine supplementation of the egg yolk tris extender had
a protective effect on DNA integrity of epididymal cat spermatozoa after freezing
and thawing (Table 4). Hydrogen peroxide (H,O,), a ROS product, has been
reported to induce sperm DNA damage in horse [14] and human [6, 35]. In the
present study, a higher percentage of intact DNA was observed when cysteine was
added to the freezing extender. It should be noted that DNA integrity was
evaluated by means of AO [25]. Our preliminary trials made use of the Sperm
Chromatin Structure Assay (SCSA) by flow cytometry, but this technique did not
produce reliable results, due to contamination by debris or red blood cells during
the process of epididymal spermatozoa collection. We therefore chose to evaluate
the samples with the epifluorescent microscopy. We tested AO concentrations of
0.001, 10, 50, and 100 mg/mL [26, 36, 37] (results not shown), and based on these
tests and the study of Liu and Baker [26], we finally chose 1% (100 mg/mL) AO
in distilled water. The most reliable concentration of AO for DNA integrity
staining remains to be elucidated. This is the first description of DNA integrity
stained with AO in the frozen-thawed epididymal cat spermatozoa. In a study by
Hingst et al. [38], 86.5% of fresh epididymal cat spermatozoa had intact DNA
when stained with 0.02% (2 mg/mL) AO, a similar proportion to our result
immediately after thawing (Table 3). Comparison with, for example, the SCSA,
might be used in further studies on cat sperm DNA integrity.

Further studies are needed to evaluate the antioxidative enzyme activity in
seminal plasma, and the ROS levels generated during cooling and the freeze-thaw
process. The optimal concentration of antioxidants and the effect of antioxidants
on the in vitro fertility test under the restricted aerobic condition such as in Vitro
fertilization in the domestic cat would also merit further study.

In conclusion, antioxidant supplementation of the egg yolk tris extender
containing Equex STM paste, prior to freezing, using 5 mM of either cysteine or
the water soluble vitamin E analogue Trolox, improved the motility, progressive
motility, membrane integrity, and DNA integrity — but not the acrosome integrity
— of epididymal cat spermatozoa during post-thaw incubation.
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Table 1. The composition of semen freezing and thawing extenders

Extender EE-I EE-C EE-Ve EE-II Tris
Tris? (g) 2.4 24 2.4 24 2.4
Citric acid ° (2) 1.4 1.4 1.4 1.4 1.4
Glucose ° (g) 0.8 0.8 0.8 0.8 0.8
Glycerol d (mL) 3 3 3 7 -
Egg yolk (mL) 20 20 20 20 -

Na benzyl pencillin © (g) 0.06 0.06 0.06 0.06 0.06
Streptomycin sulphate ' (g) 0.1 0.1 0.1 0.1 0.1
Equex STM Paste € (mL) - - - 1 -
DL-cysteine b (mM) - 5 - - -
Water soluble Vitamin E analogue Trolox | (mM) - - 5 - -
Distilled water (mL) To 100 mL To 100 mL To 100 mL To 100 mL To 100 mL
pH 6.4 6.48 6.44 6.5 6.5
Osmolarity (mOsm) 877 939 919 1374 256

2 Merk Eurolab AB, Stockholm, Sweden
" Sigma Chemical Co St Louis, MO, USA
¢ Kebo Lab., Stockholm Sweden
4Kebo-Lab., Stockholm, Sweden
Boehrlnger Ingelheim Vetmedla Copenhagen, Denmark
Sigma Chemical Co., St Louis, MO, USA
gNova Chemical Sales Scrcuate Inc., MA, USA
" Sigma Chemical Co., St Louis, MO, USA
" Aldrich Chem. Co, WI USA
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Table 2. Motility (%) and progressive motility of fresh, cooled and post-thaw epididymal cat spermatozoa in three different extenders; egg yolk
tris extender | (EE-1), egg yolk tris extender | with cysteine (EE-C), egg yolk tris extender | with vitamin E (EE-Ve). Mean+SD. n=8 cats.

Time (h) Motility Progressive motility
Tris EE-1 EE-C EE-Ve Tris EE-I EE-C EE-Ve
Fresh 80+4.6a 4.4+0.2a

Cooled 76.3+£8.8a 76.3+£8.8a 77.5+6.5a 3.8+0.7a 4.1+0.4a 4.1+0.5a
Oh 59.4+11.5a 61.9+8.4a 69.4+5.6b 3.6+0.6a,b 3.7+0.4a 3.9+0.3b
2h 45.6+15.9a 53.8+12.2b 58.1+9.9b 3+0.7a 3.4 +0.4a,b 3.6+0.3b
4h 32.5+12.8a 33.8+14.1a,b 35.6+12.9b 2.2+0.9a 2.5+ 0.6a,b 2.6+ 0.6b
6h 7+3.5a 11.9+5.9a,b 15+8.0b 0.9+0.5a 1.3+0.7b 1.5+0.7¢

The motility was reported with the percentage of motile spermatozoa.
The progressive motility was scored with 0 to 5.
Means within row with different letters differ significantly (p<0.05)
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Table 3. Intact sperm membrane and intact acrosome of fresh, cooled and post-thaw epididymal cat spermatozoa in three different extenders;
egg yolk tris extender | (EE-I), egg yolk tris extender | with cysteine (EE-C), egg yolk tris extender | with vitamin E (EE-Ve). MeantSD. n=8

cats
Time (h) Intact sperm membrane Intact acrosome
Tris EE-1 EE-C EE-Ve Tris EE-1 EE-C EE-Ve
Fresh 78.7£7.9a 47.9+6.1a

Cooled 72.4+11.3a 73.6+9.2a 73.3+7.1a 51.6£8.9a 49.5+7 8a 50.3+8.2a
0 59.7+10.6a 61.4+7.6a 65.1+8.1b 47.2+7.6a 41.6+6.4a 44.945.1a
2 53.2+10.3a 56.9+5.5a 58.3+7.3a 33.2+6.1a 28.3+4.1a 32+7a
4 47.5+12.7a 53.8+5.9a 53.6+8.5a 20.6+5.9a 23.3+5.7a 24.149.1a
6 43.3+9.6a 49.1+£3.7a,b 50.1+£7.8b 16.7+6.8a 13.9+6.9a 15+7.1a

Means within row with different letters differ significantly (p<0.05)

Table 4. DNA integrity of frozen-thawed epididymal cat spermatozoa stained with 1.0% Acridine orange (AQO) in distilled water in three
different extenders; egg yolk tris extender | (EE-I), egg yolk tris extender | with cysteine (EE-C), egg yolk tris extender | with vitamin E (EE-

Ve). Mean£SD. n=8 cats

Time after thawing (h) EE-I EE-C EE-Ve
0 86.7+5.2 89.1+3.4 88.1+4.3
6 77.4+5.8a 84.1+4.4b 79.7+6.3a,b

Means within row with different letters differ significantly (p<0.05)
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Conclusions

The results of the present study can be summarized as follows:

e Supplementation of the egg yolk tris extender including Equex STM
paste with antioxidants (cysteine or water soluble vitamin E analogue
Trolox) resulted in significant positive effects on post-thaw epididymal
cat sperm qualities such as motility, progressive motility, sperm plasma
membrane integrity and DNA integrity. Supplementation with the
antioxidants did not improve the epididymal cat sperm quality after a
short period of cooling (1 h before freezing process).

e Supplementation with the water soluble vitamin E analogue Trolox
improved motility, progressive motility, sperm plasma membrane
integrity while cysteine supplementation improved motility and DNA
integrity of post-thaw epididymal cat spermatozoa.
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Additional comments and future prospects

The present study investigated the effects of antioxidants on post-thaw epididymal
cat sperm quality based on the hypothesis that oxidative stress is a cause of sperm
damage and that it can be eliminated or restricted by the positive effects of
antioxidants. Although the oxidative stress has been studied and demonstrated as a
cause of sperm damage in many mammalian species, this has not been studied in
cat spermatozoa. Thus, the oxidative status in fresh semen or during the process of
semen collection and preservation in the domestic cat should be considered.
Parameters that would be of interest to evaluate are;

e The level of reactive oxygen species (ROS) measured by using Luminal-
dependent chemiluminescence assay. This should be evaluated in
ejaculated, epididymal cat spermatozoa after cold storage and the freeze-
thaw process.

e Detection of the lipid peroxidation reaction in chilled and frozen-thawed
ejaculated or epididymal cat spermatozoa by using lipophilic fluorescent
dye (C11-BODIPY>*"*",

These parameters could further confirm the results of this study. Furthermore,
evaluation of other antioxidants and their optimal concentration could lead to
further improvements in cat sperm preservation cryoprotocols.
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