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The effect of Equex STM paste and post-thaw dilution rates on sperm survival
after thawing of frozen cat spermatozoa in straws

Kaywalee Chatdarong* and Chainarong Lohachit

Department of Obstetrics, Gynaecology and Reproduction, Faculty of Veterinary Science,
Chulalongkorn University, Pathumwan, Bangkok 10330

Abstract

Spermatozoa are exposed to the potential of lysis due to ice crystal formation as well
as to osmotic stress during freezing and thawing. The objective was to evaluate if post-thaw
dilution or thwing temperature would affect quality and longevity of ejaculated cat
spermatozoa. Six ejaculates were obtained from each of six male cats with 2 weeks interval.
The semen from each ejaculate was frozen in four of half filled 0.25 mL straws. Straws were
thawed 1) at 37 °C for 15 s and diluted with 0.25 mL Tris buffered, 2) at 37 °C for 15 s
without dilution, 3) at 70 °C for 6 s and diluted with 0.25 mL Tris buffered, 4) at 70 °C for 6 s
without dilution. Sperm motility, progressive motility, membrane integrity (SYBR-14/EthD-1
staining) and acrosome integrity (FITC-PNA/PI staining) were evaluated after collection and
at times 0, 2, 4 and 6 hours post-thaw. The different treatments were analyse with GLM and
pairwise comparisons were made with a paired t-test. At time 0, mean motility ranged
between 59.2 £ 11.1 and 65.4 £ 11.2%, mean progressive motility between 3.6 £0.5 and 4.1 %
0.4, mean membrane integrity between 63.8 + 8.8 and 65.1 + 14.7%, and mean acrosome
intact between 39.6 & 22,1 and 47.7 + 20.2% for the different treatments. Thawing at 70°C for
6 s resulted in the best motility compared to the others (£ < 0.05). Regardless of the different
thawing temperatures, post-thaw dilution significantly improved motility, progressive motility
and acrosome integrity (P < 0.05). Membrane integrity did not differ significantly between
treatments. Equex STM paste can be used successfully as a cryoprotectant for ejaculated cat
spermatozoa without deleterious sperm longevity. With the freezing protocol used in this
study, it is preferable to thaw frozen ejaculated cat spermatozoa at 70 °C for 6 s. A post-thaw
dilution with Tris buffered solution is favourabie to sperm motility and acrosome integrity.

Keywords: feline, freezing, semen
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The effect of Equex STM paste and post-thaw dilution rates on sperm survival after
thawing of frozen cat spermatozoa in straws

Kaywalee Chatdarong and Chainarong Lohachit

Department of Obstetrics, Gynaecology and Reproduction, Faculty of Veterinary Science,
Chulalongkorn University, Pathumwan, Bangkok 10330

Abstract

Spermatozoa are exposed to the potential of lysis due to ice crystal formation as well as to osmotic
stress during freezing and thawing. The objective was to evaluate if post-thaw dilution or thawing
temperature would affect quality and longevity of ejaculated cat spermatozoa. Six ejaculates were
obtained from each of six male cats with 2 weeks interval. The semen from each ejaculate was
frozen in four of half filled 0.25 mL straws. Straws were thawed 1) at 37 °C for 15 s and diluted
with 0.25 mL Tris buffered, 2} at 37 °C for 15 s without dilution, 3) at 70 °C for 6 s and diluted
with 0.25 mL Tris buffered, 4} at 70 °C for 6 s without dilution. Sperm motility, progressive
motility, membrane integrity (SYBR-14/EthD-] staining) and acrosome integrity (FITC-PNA/PI
staining) were evaluated after collection and at times 0, 2, 4 and 6 hours post-thaw. The different
treatments were analyse with GLM and pairwise comparisons were made with a paired t-test. At
time 0, mean motility ranged between 59.2 £ 11.1 and 65.4 = 11.2%, mean progressive motility
between 3.6 £0.5 and 4.1 £ 0.4, mean membrane integrity between 63.8 = 8.8 and 65.1 + 14.7%,
and mean acrosome intact between 39.6 + 22.1 and 47.7 £ 20.2% for the different treatments.
Thawing at 70°C for 6 s resulted in the best motility compared to the others (P < 0.05). Regardless
of the different thawing temperatures, post-thaw dilution significantly improved motility,
progressive motility and acrosome integrity (# < 0.05). Membrane integrity did not differ
significantly between treatments, Equex STM paste can be used successfully as a cryoprotectant for
¢jaculated cat spermatozoa without deleterious sperm longevity. With the freezing protocol used in
this study, it is preferable to thaw frozen ejaculated cat spermatozoa at 70 °C for 6 s. A post-thaw
dilution with Tris buffered solution is favourable to sperm motility and acrosome integrity.

Keywords: feline, freezing, semen

Introduction

Except for the domestic cat (Felis catus) and a few other felid species, the Felidae are listed as
threatened by the Convention on International Trade in Endangered Species (CITES, 2000). Among
nine species of felid in Thailand, one (Felis marmorata) is considered nearly extinct. The other
eight species (Panthera tigris, Panthera pardus, Neofelis nebulosa, Felis temmincki, Felis
viverrina, Felis bengalensis, Felis chaus and Felis planiceps) are deemed highly in risk of
extinction. Cryopreservation of spermatozoa allows the preservation of genetic material from
endangered wild species. Because wild felids are in risk of extinction, the domestic cat has been
used as a model of these wild species for reproductive studies (Wild et al., 1986).

Cryopreservation induces a series of osmotic, chemical, and mechanical stresses to sperm, causing
death of some spermatozoa, membrane and acrosome disruptions, and reducing fertility ability as a
consequence (Watson, 1995). Several cryoprotocols have been experimented with the ultimate goal
to minimize damages in cat spermatozoa (Platz et al., 1978; Wood et al., 1993; Lengwinat and
Blottner, 1994; Zambelli et al., 2002; Axnér et al., 2004). During freezing and thawing, the
spermatozoon is exposed to non-physiological concentrations of extracellular soiutes. Addition and
removal of cryoprotectant has been reported as the major factor altering cellular volume excursions
during freezing process and subsequently causing sperm damages (Gao et al., 1997). During
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addition, the spermatozoon transiently shrinks (Joss of intracellular water across an osr v
gradient) and then returns to its near original volume upon cryoprotectant intracellular permeati.
{Gao et al,, 1997). Significant volume change also occurs at thawing when the cell exchange.
intracellular cryoprotectant for re-entry of water (Gao et al., 1995, Gao et al., 1997). Furthermore,
the spermatozoon is exposed to the potential of lysis due to ice crystal formation during freezing
and thawing. All these fators can stress and perturb the morphological architecture of the
spermatozoon, disrupting membranes, the motility apparatus and survival itself. However, a
proportion of rapidly cooled cells can be rescued by rewarming rapidly and slowly cooled cells can
be rescued by rewarming siowly thus limiting the time for recrystallization to oocur (Mazur, 1984).
Slow dilution after thawing prevents the sharp change in osmolarity and viscosity between the
cryopreservation solution and diluent (Nakagata and Tadeshima, 1992).

Addition of Equex STM paste to a Tris extender has been reported to improve post-thaw viability,
motility, acrosome integrity and longevity of frozen-thawed dog spermatozoa (Rota et at,, 1997;
Pefia and Linde-Forsberg, 2000). In cat, Equex has a positive effect on the acrosomes but has a
negative effect on the longevity of the epididymal spermatozoa after thawing {Axnér et al.,, 2004).
However, ejaculated and epididymal spermatozoa have different membrane characteristics which
may result in different susceptibility for cold shock (White, 1993). This study aimed to find the
optimal temperature and condition for thawing frozen ejaculated cat spermatozoa.

Materials and methods

Animals

Six male cats aged 1-2 years, weighed 4-6 kg, were kept in individual stainless steel cages
measuring 1.5x1.5x1.8 m (WxLxH) located in a confined room. The cats were provided the
ambient light from the windows, a commercial feline diet (Science diet, Hill’s Pet Nutrition Inc,
USA) and free access to water.

Semen collection

Generalized anesthesia was induced using single bolus of 10 mg/kg of propofol (Fresofol 1%;
Fresenius Kabi Austria GmbH, Graz, Austria) intravenously {(Chatdarong et al, 2006).
Electrogjaculation was performed in the cats using a previouslty described protocol (Howard et al,,
1986), consisting of a total of 80 stimuli (2-5 V) divided into three series, delivered through a rectal
probe (1.3 cm diameter, 24 cm length) and an electrostimulator (AC, 60-Hz sine wave; PT
Electronics, Boring, OR, USA). Ejaculate was immediately diluted 1:1 in Tris buffered solution.
Aliquots of the sample were evaluated for sperm quality. Six ejaculates were obtained from each
six male cats at 2 weeks interval,

Evaluation of sperm concentration and morphology

To determine sperm concentration, a 5 pL aliquot of the sample at room temperature was diluted in
200 pL of formol-saline and spermatozoa were counted in 25 squares of a haemocytometer
chamber. For evaluation of sperm morphology, the combined use of wet smears and stained smears
was used since abnormal sperm heads require different evaluation techniques than do other sperm
abnormalities to get the most accurate counts of all sperm defects (Sekoni et al., 1981). Two
hundred spermatozoa in the formol-saline were evaluated under a phase-contrast microscope at
1000x magnification. Morphology of the sperm heads was evaluated separately by counting 500
spermatozoa on carbol-fuchsine stained smears under a light microscope at 1000x magnification.

Evaluation of motility, membrane integrity and acrosome integrity

To evaluate sperm motility and progressive motility (scale of 0-5; Platz and Seager, 1978), an
aliquot of the sperm sample was placed on a warm slide at 38 °C and a minimum of four fields were
evaluated subjectively under a phase-contrast microscope at 200x. Plasma membrane integrity was
evaluated with a combination of the fluorophores EthD-1 and SYBR-14 (Molecular probes Inc.,
OR, USA). Aliquots of 5 L sperm suspension were mixed with 1 pL 0.38 uM SYBR-14 in DMSO
(final concentration 0.054 uM) and 1 ul. 14 pM EthD-1 in PBS (final concentration 2 uM) and
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incubated in the dark at 37 °C for 30 min. Samples were evaluated with an epifluoresent
microscope. A total of 200 spermatozoa were evaluated from each sampie. Live spermatozoa
stained green with SYBR-14 while dead spermatozoa stained red with EthD-1. Some moribound
spermatozoa stained with both red and green were not reported. A fluorescein isothiocyanate
conjugated peanut agglutinin (FITC-PNA, Sigma, St.Louis, USA) stain was used. A 5 pL sperm
suspension was smeared onto a micro-slide, and then sperm membranes were permeabilized with
95% ethanol for 30 s. After mixing 90 pL FITC-PNA (100 pg/mL in PBS) with 5 pL propidium
iodide (P1, 340 M in PBS, final concentration 18 uM), 20 pL of this mixture was spread over each
smear. The slides were incubated in a moist chamber at 4 °C for 30 min then rinsed with 4 °C
distilled water and air dried at 4 °C. The slides were evaluated using epifluoresent microscopy
under a glycerine solution. Propidium iodide was used as a counterstain to give a better
visualization of the spermatozoa. Two hundred spermatozoa were assessed in each smear and
classified into three categories based on their FITC-PNA patterns (Cheng et al., 1996). Briefly, the
acrosome region of sperm head displaying bright fluorescence was defined as intact acrosome. The
acrosome region of sperm head displaying disrupted, patchy image of fluorescence was defined as
reacted acrosome. The sperm head displaying equatorial segment was defined as acrosome loss.

Media used for freezing and thawing

The sperm-freezing media consisted of two formulas of extender. Extender 1 contained 2.4% (w/v)
Tris (Fluka, Buenos Airez, Argentina), 1.4% (w/v) citric acid (Fluka, Buenos Airez, Argentina),
0.8% (w/v) glucose (BDH, VWR International, Poole, England), 3% (v/v) glycerol (Fluka, Buenos
Airez, Argentina), 20% (v/v) egg yolk, 0.06% (w/v) Na-benzylpenicillin {(M&H Manufacturing,
Samudprakan, Thailand), 0.1% (w/v) streptomycin sulphate (M&H Manufacturing, Samudprakan,
Thailand) in distilled water (pH 6.5, 833 mOsm). Extender 2 had the same omposition as that of
Extender 1 except that it contained 7% glycerol (v/v) and 1% (v/v) Equex STM paste (Nova
Chemical Sales, Scituate, Inc., MA, USA) (pH 6.5, 1630 mOsm). The thawing medium (Tris
buffered) had the same composition as Extender 1 except that it did not contain egg yolk or glycerol
(pH 6.5, 270 mOsm). Each freezing extender and thawing medium were prepared in one batch and
stored frozen at -20 °C.

Freezing of spermatozoa

The semen sample was centrifuged at 300 x g for 6 min and the supernatant was discarded. The
sperm pellet was extended with 250 puL of Extender 1. The extended sample was cooled in a bench
cooler from a room temperature to reach 4 °C in about 45 min. The cooled sample was then diluted
1:1 with Extender 2. A 0.25 mL mini-straw was half filled with the extended semen. Before loading
the extended semen, 10 pL of a 1:1 mixture of Extenders | and 2 was drawn into the straw to fill
the cotton plug in the top of the straw according to Axnér et al (2004). Each sample was divided
and fill into four straws. The straws were frozen as described by Rota et al. (1997). Briefly the
straws were put into goblets and frozen by lowering the goblets into an Apolio SX-18 LN; tank
(MVE Cryogenetics, New Prague, MN, USA) 16-18 cm filled with liquid nitrogen in three steps, at
7, 13 and 20 cm from the top of the tank, for 2, 2 and 1 min, respectively.

Thawing of spermatozoa

Four straws from each ejaculate were thawed in a water bath 1) at 37°C for 15 s and emptied into a
prewarmed tube containing 250 pL of thawing medium 2} at 37°C for 15 s and emptied into a
prewarmed tube 3) at 70°C 6 s and emptied into a prewarmed tube 4) without dilution at 70°C 6 s
and emptied into a prewarmed tube containing 250 pL of thawing medium. Thereafter they were
held in the dark at 38 °C. After 5 min at 38 °C (time 0) and 2, 4 and 6 h after thawing, aliquots were
removed for evaluation of sperm motility, progressive motility, membrane integrity and acrosome
status.

Statistical analyses

Means are expressed as means + SEM. Data on post-thaw motility, plasma membrane integrity and
acrosome integrity were analyzed using ANOVA. (PROC GLM; SAS Institute Inc., Cary, NC,
USA). A pair-wise t-test was applied to compare differences between the means of sperm
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characteristics after thawing at different temperatures and with or without dilution. A value of P <
- 0.05 was considered statistically significant.

Results

Volume of ejaculates from all males averaged 64.5 + 34.9 pL with sperm motility of 85.5 = 6.8%,
progressive motility of 4.7 + 0.4, percentage of intact membrane of 88 + 7.2 and percentage of
intact acrosome of 74 + 11.2. Total number of spermatozoa per ejaculate averaged 30.6 + 23.6 x
10°%. The mean percentage of morphologically normal sperm head was 72.9 + 8.7 and the mean
percentage of morphologically normal midpiece and tail was 75.5 + 7.5. Mean percentage of
various morphological abnormalities of head, midpiece and tail was demonstrated in Table 1.
Sperm characteristics were different between cats, between ejaculates and between times of
incubation after thawing (P < 0.05). Freezing and thawing resulted in a significant reduction of
spermatozoa with motility, progressive motility, intact membranes and intact acrosomes (P < 0.05)
(Table 2, 3, 4, and 5). Thawing at 70°C 6 s and diluted with Tris buffered resulted in the best
motility compared to the others (P < 0.05).The post-thaw dilution significantly improved the sperm
motility, progressive motility and percentages of intact acrosomes (£ < 0.05). However, there was
no difference of the membrane integrity at 0 h after thawing (2 > 0.05).

Table I Means (= SEM) percentages of abnormal and normal cat spermatozoa in the ejaculate

Head abnormalities

Proximal droplet 3.8+£1.9
Distal droplet 1.7+1.4
Simple bent tail 12.246.9
Coil tail 4.4+3.7
Abnormal midpieces 1.0+£0.5
Acrosome defect 2.1£1.9
Loose 3.3£1.9
Normal head 72.948.7
Midpiece and tail abnormalities
Narrow 5.3£3.2
Narrow at the base 3.6+2.1
Pear-shape 1.5+0.9
Giant, broad,round 4.5+3.6
Abnormal contour 3.5%1.9
Abaxial 2.6x1.7
Loose 5.044.1
Normal midpiece and tail 75.5+7.5

N = Six cats with six ejaculates each.

Table 2 Means (= SEM) percentages of motility of cat spermatozoa at 0, 2, 4, and 6 h after thawing

Thawing method 0h 2h 4h 6h

At 37°C 59.749.7" 52,5207  38.1x10.9°  25.3x10.0°
At37°C, diluted in Tris buffered  64.2+10.4°  61.749.3°  47.2%11.1° 33.1+13.7°
At 70°C 59.2+11.1°  53.3%9.9°  43.8+11.2°  26.7x10.7°

At 70°C, diluted in Tris buffered  65.4+11.2° 617496  51.1+12.6° 33.6+11.5°

Means within columns with different letters differ significantly (P < 0.05).

Table 3 Means (£ SEM) progressive motility of cat spermatozoa at 0, 2, 4, and 6 h after thawing

Thawing method Oh 2h 4h 6h

At 37°C 3.610.6° 3.3£0.5° 2.5+0.7° 2.1£0.7*
At 37°C, diluted in Tris buffered  3.9+0.5" 3.7+0.5° 3.140.6° 2.4+0.9°
At 70°C 3.60.6° 3.440.5° 2.7+0.5° 2.0+0.5°
At 70°C, diluted in Tris buffered  4.1+0.4" 3.8+0.5° 3.3+0.6° 2.6£0.7°
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Means within columns with different letters differ significantly (P < 0.05).

Table 4 Means (£ SEM) percentages of intact membranes of cat spermatozoa at 0,2, 4,and 6 h
after thawing

Thawing method Oh 2h 4h 6h

At 37°C 61.0+12.5° 57.4+x13.4>  483x10.7° 46.5+10.6™
At 37°C, diluted in Tris buffered  63.848.8*°  62.949.1° 55.6+10.58°  51.5+10.2
At 70°C 64.5£14.0° 60.2+12.5*  51.7+11.1** 44.8+13.8°

At 70°C, diluted in Tris buffered 65.1£14.7  61.0+14.3*® 557143  50.6%14.3°
Means within columns with different letters differ significantly (P < 0.05).

Table 5 Means (+ SEM) percentages of cat spermatozoa with intact acrosomes at 0, 2,4,and 6 h

after thawing

Thawing method 0h 2h 4h 6h

At 37°C 39.7£19.0°  32.0+17.7° 28.2+17.4°  18.7x12.9°
At37°C, diluted in Tris buffered ~ 47.0+20.3°  39.7£18.6" 34.2+14.8%  23.7+13.2°
At 70°C 39.6+£22.1*  31.3x19.3° 28.0+17.8* 17.8+{3.0°

At 70°C, diluted in Tris buffered 47.74202*° 34.6+16.2*°  323+16.0° 24.0+13.4°

Means within columns with different letters differ significantly (P < 0.05).

Discussion

With the cryoprotocol used in this study, frozen ejaculated cat spermatozoa can be thawed either at
37 or 70 °C, resulting in similar post-thaw sperm characteristics. However, thawing at 70°C for 6 s
and diluted with Tris buffered resulted in the best motility at 0 h compared to the others. This is in
agreement with the study in dogs, demonstrating that thawing at 70 °C is preferable for sperm
longevity during incubation at 38 °C regardless of slow or fast freezing rates (Pefia and Linde-
Forsberg, 2000). Different rates of warming have been shown to influence post-thaw motility and
acrosome integrity of dog spermatozoa (Olar et al., 1989, England, 1992). At rewarming, if not fast
enough, the small ice crystals formed in the cell can recrystallize, building up larger crystals that
will mechanically damage the cell. A too fast thawing when the freezing rate has been very slow, in
contrast, might create a sudden osmotic stress to the dehydrated cell, resulting in swelling of the
spermatozoa (Mazur 1984).

The thermoresistance test has been shown to be an accurate clinical test for predicting fresh human
sperm fertilizing potential and the fertilization rate in in vitro fertilization (Alvarez et al., 1996). In
boars, the thermoresistance test gives a better indication of fertility than does estimation of
immediate post-thaw motility (Larsson and Einarsson, 1976). The results from this study indicated
that neither thawing temperature nor dilution did influence the thermoresistance of cat ejaculated
spermatozoa, indicated by the similar decreased values of sperm characteristics between different
temperatures at thawing in a time-dependent manner.

Addition of Equex STM paste to the freezing extender has been postulated as causing reduction of
sperm longevity during post-thaw in vitro incubation of cat epididymal spermatozoa (Axnér et al.,
2004). Using the same cryoprotocol, lower reductions of all sperm characteristics during post-thaw
in vitro incubation were demonstrated in this study compared to the previous report (Axnér et al,,
2004), indicating that the ejaculated cat spermatozoa were more resistant to in visre incubation in
the medium containing Equex. Ejaculated and epididymal spermatozoa have different membrane
characteristics. Ejaculated and epididymal spermatozoa have for example different susceptibility for
cold shock (White, 1993). Since cat spermatozoa are easily damaged by the freeze-thaw process
(Pope et al., 1991; Wood et al., 1993; Lengwinat and Blottener, 1994), the cryopretective effect of
Equex on the sperm quality may be valuable for post-thaw ejaculated spermatozoa.
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Significant volume change occurs at thawing when the cell exchanges intracellular cryoprotectant
* for re-entry of water (Gao et al., 1995). The better post-thaw results in the diluted samples in this
study likely indicated that post-thaw dilution reduces osmotic stress caused by rewarmed
cryoprotectants. However, it seems that membrane integrity was less sensitive to changes in
osmolality than motility and acrosome integrity because similar percentages of membrane integrity
were observed in post-thaw samples with and without a dilution. This is in agreement with the
previous report in cat spermatozoa exposed to anisotonic conditions and return to isotonicity
(Pukazhenthi et al., 2002).

In conclusions, Equex STM paste can be used successfully as a cryoprotectant for ejaculated cat
spermatozoa without deleterious sperm longevity. With the freezing protocol used in this study, it is
preferable to thaw frozen ejaculated cat spermatozoa at 70 °C for 6 s. A post-thaw dilution with Tris
buffered solution is favorable to sperm motility and acrosome integrity.
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