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Abstract: The aim of this study was to observe the effects of taurine containing and non-containing milk
extenders on the spermatological characteristics of chilled stored male cat semen. Semen was collected from
4 cats of 2-3 ages under general anesthesia (xylazme-ketamine HCL) by an electro-ejaculator during the study.
Total 5 ejaculates with a weekly basis were collected from each male cat. The semen was split into 2 portions
and one was extended with taurine containing Skimmed Milk-Glucose (SMG-T) extender at 26°C (egg yolk
(10 mL)-D (+) glucose (1.00 g)-taurine (50 mM)-skimmed milk (to 100 mL)-penicillin-G (1000 TU mL™")-
streptomyecin sulphate (1000 ng mL ™) the other portion was extended with Skimmed Milk-Glucose extender
(SMG) (egg yolk (10 mL)-D (+) glucose (1.00 g)-skimmed milk (to 100 mL)-penicillin-G (1000 [U mL™")-
streptomycin sulphate (1000 pg mL™")). The extended semen samples were chilled to 5°C in an hour
(0.35°C min™"). Spermatological investigations such as motility (%) and abnormal spermatozeon rates (%)
(acrosome, head, mid-piece, tail and total) were done at dilution, cooling to 24 h, 48 h and 72 h at 5°C.
Morphological defect rates were examined by staining with Spermac® stain by a light microscope at
1000 magnification. The mean motility of cooled semen in the SMG-T extender at the 24 h was the highest with
75.50+£5.82% and this value was 66.25+12.86% in the SMG extender (p<0.05). During the above time period, the
mean acrosome and total abnormal spermatozoon rates in the SMG-T extender were lowest with 18.55+3.15 and
32.70+4.59%, respectively, these averages were highest in the SMG extender with 19.6045.67 and 40.15+9.10%,
respectively (p<<0.05). The motility and morphologic defect rates at the 48 h were similar in the SMG-T and SMG
extenders. At the 72 h, acrosome and tail defect rates in the SMG-T extender were lowest with 33.504+4.36 and
15.65+6.26%, respectively whilst, these values were highest in the SMG extender with 40.45+8.76 and
17.65+3.84%, respectively (p<0.05). At the conclusion of the study, it can be said that SMG-T and SMG
extenders can be successfully employed to store cat semen for shorter periods (24-48 h), also, SMG-T extender
1s superior to the SMG extender in cooled storage of cat semen for 24 h
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INTRODUCTION

Domestic cat seems to be an excellent research model
m wild cats. Preservation of liquid cat semen 1s an
important technique in feline reproduction. Maintaining
the motility and fertility of spermatozoa during short-term
storage at 5°C 18 an iumportant consideration in the use of
liquid semen n cats.

Studies dealing with the effects of low density
lipoprotein  fraction of egg volk, adding various
monosaccarids (fructose, glucose and galactose) to the
test extender and lactose, citrate and test extenders on
short time storage of cat semen at 5°C have been

conducted (Glover and Watson, 1985). Also, comparative
studies on storing cat semen at 4°C with tris and test
extenders are present (Sanchez and Tsutsui, 2002).

The lipid composition of the sperm membrane s a
major determinant of the viability, lipid peroxidation and
cold shock experienced in spermatozoa (Hammerstedt,
1993). The mammalian sperm cell contains a high
proportion of polyunsaturated fatty acids and 1s therefore
particularly susceptible to peroxidative damage, with a
subsequent loss in membrane integrity; impaired cell
function and decreased motility of spermatozoa
(Alvarez et al., 1987, Griveau et ai., 1995). Oxidative stress
is one factor associated with decline in fertility during
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semen storage. The Reactive Oxygen Species (ROS) is a
normal consequence of oxidative metabolism and appears
to be involved in damage to spermatozoa even under
hypothermic storage conditions (Maxwell and Stojanov,
1996).

Antioxidants have been used in attempts to block or
prevent oxidative stress in a variety of cell systems. These
antioxidants act a variety of steps to either scavenge ROS
directly or to prevent propagation of lipid peroxidation in
cell membranes (Ball et al., 2001). Taurine is a sulphur
containing P-amino acid present in the reproductive tract
of several mammals (Meizel et al., 1980) and found high
concentrations in spermatozoa, seminal plasma and
epididymal fluid of domestic cats (Buff ef al., 2001).

In recent years, studies have also been conducted on
rabbit, ram, bull and stallion semen diluents, mcluding
anti-oxidants such as taurine to improve during storage
chilling motility, viability and membrane integrity of
spermatozoa (Maxwell and Stojanov, 1996, Ball et al,
2001; Alvarez and Storey, 1983; Foote et al., 2002). The
uses of taurine with skim-milk extender in cat semen
chilling have not previously been reported. Therefore, the
present study was undertaken to investigate the effects
of anti-oxidants such as taurine on sperm motility and
morphology during storage (24, 48 and 72 h) at 5°C.

MATERIALS AND METHODS
Four male cats of mixed breed aged 2-3
(average 3.5-4.5 kg live weight) served as semen donors
n this study. The male cats were kept n mdividual cages
measuring 60x90x120 (h) cm 1n an animal room in which
the temperature was adjusted to 24+£2°C. The experiments
were performed during the breeding season between
March and April. The male cats were supplied with dry

food (IAMS Company, USA) and fresh drinking water
ad libitum daily.

Semen collection and examination of semen quality: The
anmimals were restrained with xylazine 2 mg kg™
(Alfazyne®, Alfasan Int. Netherlands) in combination
(all injections given im) with ketamine-HCI 10 mg kg™
(Alfamine® 10%, Alfasan Int. Netherlands). Food and
water were withheld from male cats for 12 and 2 h,
respectively, before anesthesia. Semen was collected
from the male cats by means of electro-ejaculator
(P-T Electronics, Model 302, USA). Anesthetized male
cats were fixed horizontally and lubricated rectal probe
was placed into the rectum. Electrical stimulus was
administrated following the Platz and Seager (1978)
procedure. The set of admimistrations was between 2-7 V
and each set contamned 60 stimulus, with a total of

Table 1: Preparation of skim-milk extender with and without containing

taurine
Ingredients SMG extender SMG-T extender
Glucose D (+) CGH;,0;4 1.0g 1.0g
Taurine C,HNO;S - 50 mM
Streptomycin Sulfate 1000 mg mL™! 1000 mg mL™!
Penicillin G 1000 IU L™ 1000 IU mL™!
Egg yolk 10 ml. 10 ml.
Skim-milk -100 mL -100 mL

180 electrical stimulus. The emissions were collected in
pre-warmed Eppendorf tubes. Total 5 ejaculates with a
weekly basis were collected from each male cat. All
procedures dealing with the ammals have been controlled
and confirmed by the Ethical Comity of the Faculty of
Veterinary Medicine.

Evaluation of spermatozoa: The ejaculate volume was
measured with variable pipette (10-100 ul) and 10 pL of
the ejaculate was placed on a microscope slide and
evaluated subjectively for the percentage of progressive
motile spermatozoa in a hot plate phase-contrast
microscope at =200 magnification. Three or four
microscopic fields were evaluated for each ejaculate.
Spermac® stain kit (Stain Enterprises, Republic of South
Africa) was employed in morphologic observations
(Schifer and Holzman, 2000). The preparation was
examined by light microscope at x1000 magnification by
counting 200 spermatozoa (acrosome, head, mid-piece, tail
and total).

Sperm processing and cooling: The semen was split into
2 portions and one was extended with taurine contaming
Skimmed Milk-Glucose extender (SMG-T) at 26°C, the
other portion was extended with Skim-Milk-Glucose
extender (SM@G) (Table 1). The extended semen samples
were cooled to 5°C m 60 min Spermatological
investigations such as motility (%) and abnormal
spermatozoon rates (%) (acrosome, head, mid-piece, tail
and total) were done at dilution, cooling to 5°C, after 24,
48 and 72 h at 5°C.

Statistical analysis: Results were expressed as the
meantSD mean were analyzed using a one-way Analysis
of Variance (ANOVA). Differences with values of p<0.05
were considered to be statistically significant.

RESULTS

No siginificant difference was observed among the
male cats with regard to fresh semen (volume, motility and
morphologic defect rates) (p=0.05). The results for fresh
semen are presented in Table 2 and motility and
morphologic defect rate results after dilution at 26°C and
cooling to 5°C are presented in Table 3 (p=0.05).
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Table 2: Spermatological characteristics in fresh semen

Momphologic defects (%6)

Male cat Volume (ul.) Motility (%o) Acrosome Head Mid-piece Tail Total

A 82.00£13.03 88.00+4.47 T.60+2.40 4.0042.23 2.80+1.48 4.40+0.89 18.8046.10
B 121.00+45.05 89.00+4.18 8.40+3.78 4.20+2.49 3.80+1.78 6.60+4.16 23.0045.10
C 112.00+41.62 88.00+5.70 8.60+3.91 5.00+1.87 3.80+2.68 4.8041.09 22.20+3.56
D 115.00+28.28 86.00=4.18 8.40+2.88 6.60+2.40 2.60+2.19 6.60+4.45 24.2014.55
Means 107.50+£35.15 87.75:4.43 8.2543.05 4.9542.32 3.2541.99 5.60+3.05 22.0544.95

Table 3: Motility and momphologic defect values after dilution and cooling

Morphologic defects (%)

Stage Extender Motility (®0) Acrosorne Head Mid-piece Tail Total

Dilution SMG-T 87.25+4.72 10.65£3.20 3.40+2.37 2.90+£2.51 4.80+£3.15 21.7545.50
SMG 85.50+5.35 12.35+4.39 3.95+2.26 2.80+1.76 7.00+4.57 26.10+8.55

Cooling SMG-T 84.00+5.03 13.10+4.51 3.70+3.09 1.75+1.29 7.05+5.40 25.60+7.91
SMG 82.25+6.78 14.80+4.38 3.85+1.95 2.40+1.53 8.45+5.85 20.50+8.25

Means+SD, p=~0.05

Table 4: Mean (£SD) values for sperm motility and morphology, at different times relative to semen cooling (24, 48 and 72 h after cooling)

Morphologic defects (%)

Duration Extender Motility (%0) Acrosome Head Mid-piece Tail Total
24 h SMG-T 75500582 18.55+03.15= 4.25+2.45 1.25+1.86 08.6045.50 32.70+04.5%
SMG 66.25£12.86" 25.60+05.67" 3.75+£2.40 1.85+£1.50 14.95+£8.73 46.15+09.10¢
48 h SMG-T 64.25+07.30 23.70+05.28 5.60+2.91 2.00+£2.10 14.35+4.27 45.65+06.93
SMG 55.25+11.18 30.70+08.58 4.00£2.25 1.90+1.62 13.40+4.65 50.00+£10.29
72h SMG-T 49,75+10.94 33.50+04.36° 5.15+2.39 1.60+1.67 15.65+6.26 55.90+407.55
SMG 36.50£12.47 40,4508, 76" 5.5542.23 2.30£1.87 17.65+£3.84 66.15:1049°

=*Different superscripts within the same column demonstrate significant differences (p<0.03) by SPSS and ANOVA

The mean motility of cooled semen in the SMG-T
extender at the 24 h was the highest with 75.5045.82% and
this value was 66.25+£12.86% in the SMG extender
(p<0.03). During the above time period, the mean
acrosomal and total abnormal spermatozoa rates m the
SMG-T extender were lowest with 18.554+3.15 and
32.70+£4.59%, respectively, these averages were highest in
the SMG extender with 25.604+5.67 and 46.15+9.10%,
respectively (p<0.05). The motility and morphologic defect
rates at the 48 h were similar in the SMG-T and SMG
extenders. The mean motility of cooled semen in the
SMG-T extender at the 72 h was the highest motility with
49.75410.94% and this value was 36.50412.47% 1n the
SMG extender (p<0.05). During the above time period, the
mean acrosomal and total abnormal spermatozoa rates in
the SMG-T were lowest with 33.5044.36 and 55.90+7.55%,
respectively, these averages were lighest in the SMG
extender with 40.4548.76 and 66.15+10.49%, respectively
(p=0.05) (Table 4).

DISCUSSION

In the present study, we have provided the effects
of taurine containing and non containing skimmed
milk-glucose extenders on the spermatological
characteristics of clulled stored male cat semen. The mean
spermatological traits of 20 fresh electro-ejaculates semen

from four male cats have been m accordance with most
researchers (Glover and Watsorn, 1985; Baran ef al.,
2004a). For acrosomal and total abnormal spermatozoa
rates our results were similar to some researchers
(Baran et al., 2004a, b) lower than some (Glover and
Watson, 1985). The different techmques m morphological
examination of semen samples and the breed of male cats
used could have caused the difference.

The motility value of both groups after cooling
was higher than that 51 and 62.2% motility values of
Harris et al. (2001) and Glover and Watson (1985) with
TesT extender. Cat semen is quite sensitive to cold shock
after diluting and chilling. Especially if chilling 1s rapid
(>0.4°C min~') cat semen is easily deteriorated. For this,
the low cooling rate (0.35°C min~") that we have employed
in the study can be claimed to keep the motility achieved.
According to Glover and Watson (1985), cat ejaculated
spermatozoa are intermediately susceptible to cold shock.
The susceptibility of spermatozoa to cold shock is related
to the composition of the plasma membrane and differs
between species and individuals.

The cooling rate also influences sperm survival
According to Pukazhenti e al. (1999), rapid cooling
harms spermatozoa more than slow cooling does.
Long-term cold storage in both ejaculated (Glover and
Watson, 1985; Pukazhenti et af. 1999) and epididymal
(Harris et al., 2001) cat spermatozoa has been reported,
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the epididymal spermatozoa showing =>50% motility
after 14 days storage. In many species, it has been
demonstrated that epididymal spermatozoa are more
resistant to cold shock than are ejaculated spermatozoa.
Similarly, it was reported by Harris ef al. (2001) that in the
cat, epididymal spermatozoa may have beter motility than
ejaculated spermatozoa (69 vs. 51.4%) after 5 days of cold
storage, although, differences were not tested for
statistical significance. Whether cat ejaculated and
epididymal spermatozoa differ in their sensitivity to
cold shock has, obviously, not vet been fully explored.
Glover and Watson (1987) have compared various
concentrations of egg yolk in storing cat semen at 5°C for
24-72 h and reported the best motility with 10% egg volk
rate and stored semen for 72 h. The motility value of cat
semen kept at 4°C for 72 h m Tris extender by Sanchez and
Tsutsui (2002) and Siemieniuch and Dubiel (2007) was
similar to our value with SMG-T extender. However, the
first researchers have collected the semen via artificial
vagina and the others directly from the epidydimidis of
vasectomised cats.

Under natural system of mating, sperm are exposed
primarily to anaerobic conditions, thus reducing potential
damage by ROS. In addition, oviduct fluids contain
substantial concentrations of taurine (Miller and Shultz,
1987) an important protector of cells agamst accumulation
of ROS when they are exposed to aerobic conditions
(Alvarez and Storey, 1983; Holmes et al., 1992). When
sperm are used for artificial insemination of domestic
animals; they are exposed to oxygen and visible light
radiation during various processing procedures. These
could lead to formation of ROS and damage to sperm cell
motility and genomic mtegrity (Aitken ef af., 1998). Under
these conditions additional tawrine helped to sperm
motility (Alvarez and Storey, 1983). In owr study also,
taurine containing (50 mM) SMG extender, had a
protective effect on both motility and abnormal
spermatozoa rate.

Egg yolk has been shown to have a protective effect
on the motility and fertility of cooled bull spermatozoa. It
15 commonly mcluded in semen extenders used for cold
storage and cryopreservation in a number of species. Egg
yolk exerts its effect through lipoproteins mcluded in the
Low-Density Fraction (LDF), the protection apparently
taking place on the surface of the membrane, although,
we still do not know how the lipoproteins exert this
protection. There are some conflicting results on whether
egg volk is beneficial or not for cold storage of cat
spermatozoa. According to Glover and Watson (1987), the
survival time of cat spermatozoa stored at 5°C 1s not
prolonged in the presence of egg yolk and suggested that

a simple buffer without egg yolk and sugars might be the
best cold storage media for cat spermatozoa. By contrast,
Pukazhenti et al. (1999), reported that motility was
maintained for longer mtervals m the presence of egg
yolk. The effect of EY on sperm membrane mtegrity and
acrosomal integrity was not reported i the study by
Pukazhenti et af. (1999). Similarly, it was reported by
Sanchez and Tsutsw (2002) that ejaculated cat
spermatozoa could be cold stored for up to 72 h in an
EYT extender.

CONCLUSION

It 15 observed that in short term storage of cat semen
at 5°C, addition of an anticxidant substance taurine to
slkammed milk-glucose extender makes a cell protective
effect in relation to motility and abnormal spermatozoa
rate. Further required for a better
understanding of the biochemical changes and obtain
information on the determination of lipid
peroxidation and antioxidant capacities in cooled male cat
semen.

studies are

more

REFERENCES

Aitken, R.J., E. Gordon, D. Harkiss, J.P. Twigg, P. Milne,
Z. Jenmings and D.S. Irvine, 1998. Relative umpact
oxidative stress on the functional competence and
genomic itegrity of human spermatozoa. Biol.
Reprod., 59: 1037-1046. PMID: 9780307,

Alvarez, J.G. and B.T. Storey, 1983. Taurine, hypotaurine,
epinephrine and albumin inhibit lipid peroxidation in
rabbit spermatozoa and protect agamst loss of
motlity. Biol. Reprod., 29: 548-555. PMID: 6626644,

Alvarez, 1.G., I.C. Touchstone, I.. Blasco and B. Storey,
1987. Spontaneous lipid peroxidation and production
of hydrogen peroxide and superoxide in human
spermatozoa: Superoxide dismutase as a major
enzyme protectant against oxygen toxicity. J. Androl.
23: 338-348. PMID: 2822642,

Ball, BA., V. Medina, C.G. Gravance and J. Baumber, 2001.
Effect of antioxidants on preservation of motility,
viability and mtegrity of equine
spermatozoa during storage at 5°C. Theriogenology,
56: 577-589. PMID: 11572439,

Baran, A., B.E. Sahin, M. Evecen, K. Demir and [.K. Tleri,
2004a. Use of spermac® staining technique in the
determination of acrosomal defects in cat semen.
Turk. T. Vet. Anim. Sci., 28: 519-525. journals. tubitak.
gov tr/veterinary/issues/vet-04-28-3/vet-28-3-14-0212-
30.pdt.

acrosormnal

1370



J. Anim. Vet Adv., 8 (7): 1367-1371, 2009

Baran, A., S. Bacinoglu, M. Evecen, B.E. Sahin, S. Alkan,
K. Demir, K. Ak and LK. Iler, 2004b. Freezing of cat
semen in straws with different glycerol levels
containing tris extender. Turk. J. Vet. Amm. Sci.,
28: 545-552. journals.tubitak. gov.triveterinary/issues/
vet-04-28-3/vet-28-3-10-0211-36.pdf.

Buff, 5., A. Donzé, P. Guérin, J. Guillaud, A. Fontbonne
and Y. Ménézo, 2001. Taurine and hypotaurine in
spermatozoa and epididymal fluid of cats. T. Reprod.
Fertil. Suppl., 57: 93-95. PMID: 11787195,

Foote, RH., C.C. Brockett and M.T. Kaproth, 2002.
Motility and fertility of bull sperm in whole milk
extender containing antioxidants. Anim. Reprod. Sci.,
71:13-23. PMID: 1198%368.

Glover, T.T. and P.F. Watson, 1985. The effect of buffer
osmolality on the survival of cat (Felis catus)
spermatozoa at 5°C. Theriogenology, 24: 449-436.
PMID: 16726099,

Glover, T.T. and P.F. Watson, 1987. The effects of egg
yolk, the low density lipoprotein fraction of egg volk
and 3 monosaccarides on the swvival of cat
(Felis catus) spermatozoa stored at 5°C. Amm.
Reprod. Sei., 13:229-237. DOIL: 10.1016/0378-4320(87)
90112-6.

Griveau, J.F., E. Dumont, P. Renard, J.P. Callegari and
D. LeLannou, 1995. Reactive oxygen species, lipid
peroxidation and enzymatic defense systems in
human spermatozea. J. Reprod. Fertil,, 103: 17-26.
PMID: 7707295,

Hammerstedt, R H., 1993. Maintenance of bioenergetic
balance in sperm and prevention of lipid peroxidation:
A review of the effect on design of storage
preservation systems. Reprod. Fertil. Dev., 5: 675-690.
PMID: 9627728.

Hamis, RF., CE. Pope, M.C. Gomez, S.P. Leibo and
B.IL. Dresser, 2001. Storage of domestic cat
spermatozoa for extended periods at 4°C.
Theriogenology, 55: 308. DOL: 10.1016/30093-691X
(0000457-X.

Holmes, R.P., H.O. Goodman, 7Z.K. Shihabi and I.P. Jarow,
1992. The taurine and hypotaurine content of human
semen. J. Androl., 13: 289-292. PMID: 1601 750.

Maxwell, WM. and T. Stojanov, 1996. Liquid storage of
ram semen in the absence or presence of some
antioxidants. Reprod. Fertil. Dev., 8 1013-1020.
PMID: 8896037,

Meizel, S., C.W. Lui, P.X. Working and R.T. Mrsny, 1980.
Taurine and hypotaurine; their effects on motility,
capacitation and the acrosome reaction of hamster
spermm i vitro and their presence m sperm and
reproductive tract fluids of several mammals. Dev.
GrowthDiff., 22: 483-494. DOI: 10.1111/.1440-169X.
1980.00483.X.

Miller, 7.G.O. and G.A. Shultz, 1987. Amino acids content
of preimplantation embryos and fluids of the
reproductive tract. Biol. Reprod., 36: 125-129.
PMID: 3567272,

Platz, C.C. and S.W.J. Seager, 1978. Semen collection by
electroejaculation in domestic cat. J. Am. Vet. Med.
Assoc., 173: 1353-1355. PMID: 730615,

Pukazhenti, B., K. Pelican, 0. Wildt and I. Howard, 1999.
Sensitivity of domestic cat (Felis cafus) sperm
from normospermic versus teratospermic donors to
cold-induced acrosomal damage. Biol. Reprod.,
61: 135-141. PMID: 10377041,

Sanchez A. and T. Tsutsui, 2002. Evaluation of 2 seminal
extenders for the refrigerated preservation of cat
spermatozoa (Fells catus). Technical Note. Revista
Cientifica, 12: 249-253.

Schifer, 5. and A. Holzman, 2000. The use of
transmigration and Spermac™ stain to evaluate
epididymal cat spermatozoa. Anim. Reprod. Sei.,
59: 201-211. PMID: 10837980,

Siemieniuch, M. and A. Dubiel, 2007. Preservation of
tomcat (Felis catus) semen in variable temperatures.
Anim. Reprod. Sci., 99: 135-144. PMID: 16725286,

1371



