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Abstract: Five sexually mature Friesian bulls (3-4 yearsand 600-650 kg as an average body weight) were used
in the present study. Two experiments were cawigd The first experiment aimed to define the dffefcdifferent
types of cryoprotective agents (7%glycerol: GL &3d dimethyl sulfoxide: DMSO) and their combinatiqi3s5%

GL plus 3.5% DMSO) on post-thawing sperm motilifyeezability and acrosomal damage of spermatozoa.
Enzymatic activity (aspartate-aminotransferase: A8MBnine- aminotransferase: ALT, acid phosphatdgeP,
alkaline phosphatase: ALP and lactic dehydrogena3egt) in the frozen-thawed semen was also deterchifiée
second experiment was carried out to establish dffects of 3.5% GL plus 3.5% DMSO (the best
cryoprotectant in the first experiment) supplemedniéth different levels of glutathione (0.0, 0.240and
0.8 mM/ 100 ml) on the frozen-thawed semen quadityl enzymatic activity during thawing-incubation at
37°C for 2 hours. The conception rates of the cowsfieidlly inseminated with the frozen-thawed semen
containing 7% GL, 7% DMSO, 3.5% GL plus 3.5% DMS@hnor without 0.4mM glutathione (GSH) were
also assessed. The results revealed that the higRe®.05) percentage of sperm motility, freezapilof
spermatozoa and the lowest (P<0.05) percentagerosomal damage of spermatozoa were obtainedein th
post-thawed semen extended with 3.5% GL plus 3.5MSD as compared to 7% GL or 7% DMSO
alone.Moreover, the frozen-thawed bull semen exdndith 3.5% GL plus 3.5% DMSO showed significantly
(P<0.05) lower amounts of AST, ALT, ACP, ALP and HDenzymes released into the extracellular medium
than7% GL or 7% DMSO alone the (first experimeifit)e obtained results in the second experiment stidinet
the frozen-thawed semen extended with 3.5% GL Bl6% DMSO added with GSH at levels of 0.2, 0.4 and
0.8mM showed significantly (P<0.05) increased thecpntage of frozen-thawed sperm motility and fabdity of
spermatozoa and decreased (P<0.05) percentageosbatl damage of spermatozoa and amount of AST,, AL
ACP, ALP and LDH enzymes released into the exthaleglmedium compared to free GSH medium (contibls

of interest to note that, the best level (P<0.06)G&H which maintained frozen-thawed semen quadityl
enzymatic activities was 0.4mM/100ml GSH. The ambeament of thawing- incubation time at°G7for up to 2
hours of the frozen-thawed bull semen decreasadfisantly (P<0.05) the percentage of post- thawspgrm
motility and freezability of spermatozoa, while ieased significantly (P<0.05) the percentage ofatesomal
damage of spermatozoa and leakage of AST, ALT, AP, and LDH enzymes into the extracellular medium
with the different glutathione levels or free ghii@ane medium. The highest conception rate (P<Ou@% recorded

in the cows artificially inseminated with the froethawed bull semen extended with 3.5% glycerok @B.6%
DMSO added with 0.4mM GSH, and the lowest (P<Od@Bjception rate was observed with the frozen-thabed
semen extended with 7% GL or 7% DMSO alone.
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1. Introduction survive in the female reproductive tract at theetiof
Success of Al (Artificial Insemination) is fertilization, acrosomal enzymes for the penetratd
dependent on the quality of fresh semen and itsthe ovum, capacity of progressive movement and to
capacity for dilution and storage with minimum lafs  prevent any damage which reduce life span of
fertilizing ability. The best preservation techréqto spermatozoa and its fertilizability (Palacio-Ango,
date of post-thaw survival is restricted to abddfesof 1994).
the sperm population (Watson, 1995). The final The major factor affecting the results of
cryopreservation goal of semen is not only to n@mt insemination with frozen-thawed semen is the adidliti
the initial motility but also to maintain the nesasy of cryoprotectants (Aboagla and Trade, 2004),
metabolism to produce energy, plasma proteins toextension media, extension rate and spermatozoal
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damage due to the formation of internal ice crgste The present study was conducted in the
the increase in solute concentration in the extensi Department of Animal Production, Faculty of
media or interaction of both physical factors (Lebb  Agriculture, Mansoura University. The

et al., 2000). The cryoprotectants are added toexperimental work was carried out at Animal
extenders to protect the sperm from damage duringProduction Research  Station, El-Gemmezah,
freezing process (Singkt al., 1995). The level and Gharbiya Governorate, located in the north eastern
type of cryoprotectants in semen diluent influence part of Nile Delta (31°N), belonging to Animal
these events and their effects on the sperm cetiagl Production Research Institute, Egypt.

freezing (Jorgeet al., 2003 and Abdel-Khalekt al., Two experiments were carried out. The first
2008). experiment was carried out to investigate the éffdéc

Most semen preservation protocols still favor various cryoprotective agents (glycerol: GL and
glycerol in the cryoprotective media (Zeidan, 1264 dimethyl sulfoxide: DMSO) and their combinations on
Abdel-Khaleket al., 2008). In certain instances other post-thawed semen quality in terms of sperm mutilit
cryoprotectants are possibly better, for example,freezability of spermatozoa and acrosomal damage of
dimethyl sulphoxide (DMSO) was preferred for bovine spermatozoa. Enzymatic activity (aspartate-
(Snedocor and Gaunya, 1970) and buffalo bull aminotransferase: AST, alanine -aminotransferase:
(Khalifa, 2001 and Gabr, 2009). Also, ethylenecgly  ALT, acid phosphatase: ACP, alkaline phosphatases:
(Rodrigues et al., 2004), acetamide and lactamide ALP and lactic dehydrogenase: LDH) was also
(Nagaseet al., 1972) provided good protection to bull determined. The second experiment aimed to examine
spermatozoa during freezing. However, little the effects of 3.5% glycerol plus 3.5% DM%e best
information is available on their combinations in obtained cryoprotectant in the first experiment)
extenders for bull semen. supplemented with different levels of glutathio®e0(

On the other hand, mammalian sperm cells are0.2, 0.4 and 0.8 mM / 100 ml) on post-thawing sperm
susceptible to lipid peroxidation by, @nd HO, due to motility, freezability of spermatozoa, acrosomal
their high content of polyunsaturated fatty acidsheir damage of spermatozoa and enzymatic activity (AST,
membranes and the lack of a significant cytoplasmicALT, ACP, ALP, LDH). The conception rates of the
components containing antioxidants which resulta in cows artificially inseminated with the frozen-thaive
decreased sperm motility and viability (Von Schasitz semen extended with 7% glycerol, 7% DMSO, 3.5%
al., 1999 and Satish and Das, 2005). One of enzymeglycerol plus 3.5% DMSO with or without the best

that are distributed in sperm cells is glutathi@8H) level of glutathione (0.4 mM), were also assessed.
where one of its functions is to protect cell aghithe Experimental animals
destructive effect of reactive oxygen species (kéejs Five sexually mature Friesian bulls aging 3-

1983 and Lewis et al., 1997). However, the 4 years with an average live body weight of 600-
endogenous antioxidative capacity of semen may be650 kg were used in the present study. They were
insufficient during storage or dilution (Maxwell gn housed individually under semi-open sheds and
Salamon, 1993) and the addition of antioxidants aspartially roofed with asbestos. All bulls were
GSH, ascorbic acid or catalase (EI-Neneiegl., 2006; healthy and clinically free of external and intelrna
Ahmed, 2008 and Gabr, 2009) improved the motility parasites. Palpation of the external genital tract
and survival of frozen-thawed bull spermatozoa. showed that they were typically normal. The
Therefore, the present study aimed to studytesticular tone was glandular, all epididymal
the effect of various cryoprotective agents (glpter regions were present and both testes were almost in
dimethyl sulfoxide, and their combinations) on post size and moved freely up and down within the
thawing motility, freezability, acrosomal damage of scrotal pouches. Coupulatory patterns for all téste
spermatozoa and enzymatic activity of the frozen-bulls at the beginning of the trials were judged to
thawed semen (the first experiment). The effect ofbe normal.
different levels of glutathion (GSH) addition toeth Feeding system and management
frozen-thawed semen with the best cryoprotectants A concentrate mixture was used in
(based on results of the first experiment) on freze addition to rice straw. The mixture is composed of
thawed semen quality and enzymatic activities durin 25% undecorticated cotton seed cake, 15% corn,
thawing-incubation for 2 hours at 37°C was recorded 44% coarse wheat bran, 8.5% extracted rice bran,
Conception rates of the cows artificially insemetht 3% molasses, 3% limestone and 1.5% sodium
with frozen-thawed semen with the best resultsathb  chloride. The daily ration was offered in a certain
experiments were also assessed (the secondhode of feeding starting with concentrate mixture

experiment). at 8.30a.m followed by the straw at noon and
continuing to next morninfeeding. Bulls were not
2. Material and M ethods allowed to graze or to receive green fodder. The
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bulls were allowed to drink clean fresh watsdt In the first and second experiments, frozen-

libitum. thawed semen samples (5 straws of each
experiment) were centrifuged at 60§ for 20

Semen collection minutes. The superratant fluid (diluted seminal

Semen was collected from five bulls twice plasma) was collected and kept at ‘Qaill assay
a week for ten weeks by means of an artificial of AST, ALT, ACP, ALP and LDH enzymes
vagina between 08.00 and 09.00 a.m. Two activity. All enzymatic activities were assayed in
successive ejaculates were obtained from each bulpost-thawed semen at zero time (immediately after
at each day of collection. Only semen with thawing) and in post-thawed semen incubated at
progressive motility of 70% or more was pooled 37°C for 1 and 2 hours. Activity of AST and ALT

and used for different treatments. enzymes in the post-thawed semen were determined
Semen freezing procedure colourimetrically using QCA kits (Amposta, Spain)
Semen extension according to Reitman and Frankel (1957). While,

Semen was evaluated immediately after activity of ACP, ALP and LDH enzymes were
collection then extended with lactose-yolk — cierat determined colourimetrically using commercial kits
(LYC) at a rate of 1 semen: 20 extender containing(Stanbio kits, Texas, USA) according to Graham
different levels of cryoprotectants as presented inand Pace (1967). All enzymatic activities were
Table (1). The final concentration of cryoprotedtan adjusted according to sperm-cell concentration
was 7% GL (Salisburyet al., 1978), 7% DMSO  (U/10° spermatozoa).

(Hafez, 1993) and 3.5% GL plus 3.5% DMSO in Conception rate

the first, second and third extenders, respectively Based on the best results in the first and
(the first experiment). In the second experiment second experiments, one hundred and twenty normally
,semen was extended and supplemented withcyclic Friesian cows (in heat) were divided intox si
glutathione at levels of 0, 0.2, 0.4, and 0.8 groups. Cows in the first (n=20), second (n=19ixdth
mM/100ml with 3.5% glycerol plus 3.5% DMSO (n=20), fourth (n=21), fifth (n=20) and sixth (n320
(best cryoprotectant in the first experiment). groups were artificially inseminated with the fraze
Equilibration period thawed semen added with 7% glycerol, 7% DMSO, 7%

Extended semen with the different glycerol plus 0.4mM glutathione, 7%DMSO plus
cryoprotective agents was kept at 5°C for 4 hoarara 0.4mM GSH, 3.5% glycerol plus 3.5% DMSO and

equilibration period. Then after, the samphesre 3.5% glycerol plus 3.5% DMSO with 0.4mM GSH,

packaged in straws and frozen in liquid respectively. For each cow, two inseminations were
nitrogen (-196°C) as the method described by Satisb carried out, one in the morning and the secondén t
etal. (1978). evening. Inseminations were usually carried outhan
Evaluation of the frozen-thawed semen same day if the cows were notified to be in heébiee

Frozen semen in straws was thawed in al10.00 hr. Requests received by the Center after thi
water bath at 3T for 30 seconds. The frozen- time were looked to be inseminated on the following
thawed semen was then incubated aC3for up to day. The straws were thawed by dipping immediately
2 hours. After each incubation time (0, 1, and 2 into thermos at 3% for 30 seconds. The number of
hours), the percentage of post-thawing spermmotile spermatozoa per insemination was nearly abou
motility, freezability of spermatozoa, acrosomal 20 x 10 for each straw (0.25 ml). Semen was
damage of spermatozoa, and enzymatic activitydeposited into the uterus by using recto-vaginal
(AST, ALT, ALP, ACP and LDH) of the frozen- insemination technique (Salisburgt al., 1978).
thawed semen were recorded. Conception rate was estimated on the basis of
Post-thawed semen quality pregnancy diagnosis by the rectal palpation af@r 6

The percentage of post-thaw motile days from date of insemination.
spermatozoa was examined according to Amann an®&atistical analysis
Hammerstedt (1980). The percentage of acrosomal Data were statistically analyzed using
damage was assessed according to Watsoreast Square Analysis of Variance according to
(1975).Freezability of the individual samples was Snedecor and Cochran (1982). Percentage values
examined as a percentage of spermatozoa recoveredere transformed to Arcsine values before being
after freezing and thawing according to Patt anthNa statistically analyzed. The differences between

(1969), using the following formula: means of individual treatments were evaluated by
Freezability = Post-thawing motility (%100 Duncan's New Multiple Range Test (Duncan,

Initial motility (%) 1955). The conception rate results were analyzed
Enzymatic activity (U/10° spermatozoa) using Chi-Square test.
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3. Results The results presented in Table (3) revealed
The first experiment: that the highest (P<0.05) AST and ALT enzymes
1. Post- thawed semen quality activity was significantly (P<0.05) obtained in thest-

The results presented in Table (2) revealed thatthawed semen extended with 7% GL or 7% DMSO
the highest (P<0.05) percentage of sperm motility alone. However, the lowest (P<0.05) activity of TAS
and freezability of spermatozoa and the lowestand ALT was observed with the post-thawed semen
(P<0.05) percentage of damaged acrosome in postextended with 3.5% GL plus 3.5% DMSO. Activity of
thawed semen were obtained in semen extendedransaminases (AST and ALT) is a good indicator of
with 3.5% GL plus 3.5% DMSO. The highest semen quality. Good quality of semen was
(P<0.05) percentage of sperm motility (60.20%), characterized by lower AST and ALT activities (Taha
freezability of spermatozoa (75.25%) and the etal., 2000). The present results are in agreement with
lowest(P<0.05) percentage of the acrosomalthose obtained by Zeidaet al. (2002) and Khalifa
damage of spermatozoa (10.00%) was recorded2005), who found that a combination of 2% GL plus
with the post-thawed semen extended with 3.5%2% DMSO recorded the lowest AST and ALT
GL plus 3.5% DMSO as compared to semen activities. However, Gabr (2009) found that activof
extended with 7% GL or 7% DMSO alone. Similar AST in post-thawed buffalo semen was significantly
trend was reported by El-Haraigt al. (2010) in lower in post-thawed semen extended with ethylene
Friesian bulls. The same author found that thedggh glycol than with glycerol or DMSO, being the highes
percentages of post-thawing sperm motility and with DMSO. The activity of AST in post-thawed bull
freezability of spermatozoa and the lowest acrosomasemen was always higher than ALT activity as regabrt
damage of spermatozoa were recorded in the frozenby several authors in semen of Friesian bulls (El-
thawed bull semen diluted with a combination of Sherbieny, 2004 and El-Haraigt al., 2010) and in
glycerol plus DMSO. Gabr (2009) showed that post- buffalo semen (EI-Nagaar, 2008).
thawing and freezability in buffalo semen extended 2.2. Activity of acid (ACP) and alkaline (ALP)
with GL or DMSO were significantly better than phosphatasesand lactic dehydrogenase (LDH)
ethylene glycol). Moreover, Khalifa (2005) reported The results presented in Table (3) revealed
that extender containing 3% glycerol had the highes that the lowest (P<0.05) ALP, ACP and LDH enzyme
percentage of post-thawing motility as compare8%  activity was recorded in post-thawed semen extended
ethylene glycol in goats. On the other hand, Sieigth. with 3.5% glycerol plus 3.5% DMSO as compared to
(1995) showed that both motility apércentage of live 7% glycerol or 7% DMSO alone. These results are in
goat bucks spermatozoa were improved with aagreement with those of Zeida al. (2002) who
combination of GL plus DMSOMoreover, Abd-El-  found that activity of ACP and ALP was significantl
Salaam (2002) and Zeidahal. (2002) found that 2% lower in post-thawed semen extended with 4% DMSO
glycerol and 4% DMSO maintained higher percentageand 2% glycerol plus 2% DMSO than with other
of acrosomal integrity of frozen rabbit spermatozoa  cryoprotectants. El-Harairgt al. (2010) found that the

It is of interest to note that, theeelzing  frozen-thawed bull semen extended with 3.5% GL plus
semen at low temperatures causes structural daasage 3.5%DMSO had significantly lower amounts of AST,
a result of cold shock including damage to thempkas ALT, ACP, ALP and LDH enzymes into the
membrane over the acrosome and damage to thextracellular medium than other cryoprotective agen
plasma membrane of the middle piece. These changesr their combinations. On the other hand, Gabr €200
are followed by decrease in the proportion of revealed that activity of ACP in post-thawed budfal
spermatozoa with intact acrosome. Therefore, thesemen was significantly lower in post-thawed semen
morphological characteristics of sperm acrosome andextended with GL than with DMSO or ethylene glycol
initial motility, gives the best indication, so faof alone.
initial quality for frozen semen. Penetrating Based on the foregoing results, irrgida
cryoprotectants are used to preserve spermatozoaombination of 3.5% glycerol plus 3.5% DMSO as
viability during freezing by reducing or preventirap cryoprotectants to lactose-yolk citrate extendenirgyu
crystal formation. The osmotic effects of molar freezing of bull semen showed the best sperm rtili
concentrations of cryoprotectants may also reqult i recovery rate of spermatozoa and intact acrosome of
membrane damage either during the introductiomef t spermatozoa and maintained enzymatic activity st-po
cryoprotectant or on its removal depending on thethawed semen for use in artificial insemination )(Al
permeability of the cell membrane to the cryoprtaet  programmes.

(Watson, 1995). The second experiment:
2. Enzymatic activity (U/10° spermatozoa) 1. Percentage of post-thawed sperm motility
2.1. Activity of transaminase (AST and ALT) enzymes Data presented in Table (4) showed that GSH

supplementation at levels of 0.2, 0.4 and 0.8mM
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significantly (P<0.05) increased the percentagetiué mitochondria that decrease ATP generation(Zhang
frozen-thawed sperm motility as compared to fre¢iGS etal.,2003).
semen (control), during thawing-incubation at 316C 2. Freezability of spermatozoa (%)
up to 2 hours.Among supplementation levels, the As shown in Table (5), supplementation of
highest (P<0.05) percentage of frozen-thawed spermGSH at levels of 0.2, 0.4 and 0.8ntb! frozen-thawed
motility was recorded with the semen supplementedsemen significantly (P<0.05) increased the mean of
with 0.4mM GSH (57.27%), moderate with 0.2mM freezability of spermatozoa as compared to GSH-free
GSH (52.94%) and the lowest with 0.8mM GSH medium, during thawing-incubation at 37°C for u2to
(50.08%) versus 46.47% in free GSH semen (Table 4)hours. The freezability of post-thawed spermatozoa
These results are in agreement with those repdayed was significantly (P<0.05) highest with 0.4mM GSH
El-Nenaey et al. (2006) and EIl-Kishk (2010) in (71.58%), moderate with 0.2mM GSH (66.17%) and
Friesian and Gabr (2009) in buffalo bull semen. El- the lowest with 0.8mM GSH (62.59%) versus 58.09%
Sherbienyet al. (2006) also found that supplementation with free GSH semen. Similar trends were reportgd b
of bull semen extended with 0.4mM of GSH resulted i EI-Nenaeyet al. (2006) and El-Kishk (2010) in bovine
spermatozoa maintaining their motility and livalyili  and Gabr (2009) in buffalo bull semen.
above 50% and abnormality percentage less than 15% The advancement of thawing-incubation for up
at room temperature (25°C) or at cooling tempeeatur to 2 hours at 37°C, showed significantly (P<0.05)
(5°C) for 48 hours. The observed improvement ofpos decreased freezability of frozen-thawed semen
thawing sperm motility  with antioxidant containing different levels of GSH or free-GSH same
supplementation (GSH) was attributed to maintaining (Table 5). Similar trends were reported by Zeidaal .
bull spermatozoal motility (Lindemana al., 1988, (1998), Gabr (2009) and EI-Kishk (2010).The
Bilodeauet al., 2001 and Footet al., 2002), protecting  reduction of post-thawing sperm motility and
spermatozoa against oxidative damage (Alvarez andreezability of spermatozoa with increasing thawing
Storey, 1989) and preserving spermatozoal vialiljty incubation was discussed by many authors. The
protecting membrane structure and function (Gadeaproduction of free radicals during incubation hagm
2005). suggested as the principal cause of decrease
Due to the effect of thawing-incubat@n37°C  spermatozoa survivability and integrity (Maenal.,
for up to 2 hours, the overall percentage of frezen 1980 and Vishwanath and Shannon, 1997). The leuter
thawed sperm motility decreased significantly (@8). authors found that spermatozoa exhibited an aexbic
in free GSH and all GSH levels with increasing even a partially aerobic system, the production of
incubation time. The reduction rate in frozen-thdwe reactive oxygen species is inevitable. The supdmxi
sperm motility became higher with free GSH semenanion (Q), peroxide (HO,) and hydroxyl free radicals
and with 0.8 iyl GSH than 0.2 or 0.4mM GSH after 2 are of the most damaging. The reaction produciageh
hours of thawing - incubation at 37°C (Table 4). free radicals is more active at higher storage
Similar trend was reported by Zeidanal. (1998) and  temperatures than in the cryopreserved state. dlsey
El-Harairy et al. (2010) in bull semen. Moreover, found that the latent damage during freezing and
frozen-thawed motility decreases significantly dari  thawing is exhibited during incubation and the ¢eet
incubation because of the gradual decline in gbdft latent damage will be caused in the female getriat.
spermatozoa to generate ATP through mitochondrial3. Acrosomal damage of spermatozoa (%)
respiration. This mitochondrial impairment might be Data presented in Table (6) showed that the
due to mitochondrial aging and the toxic effect of supplementation of GSH at levels of 0.2, 0.4 ar&l 0.
membrane bound aromatic amino acid oxidase enzymenM to the frozen-thawed semen significantly (P<.05
resulted from dead spermatozoa (Bh@l., 2004). On  decreased the percentage of acrosomal damage of
the other hand, the decreasing motility during spermatozoa as compared to free GSH medium, during
incubation may be related to change in spermatozodahawing-incubation at 37°C for up to 2 hours. When
morphology, the spermatozoa has usually containingcomparing the differences between different lewdls
mitochondria in mid-piece and tail after freezingda GSH, extended semen supplemented with 0.4mM GSH
thawing. In addition, severe dilation or even lads showed the lowest(P<0.05) percentage of
mitochondria in the mid-piece and tail breakage spermatozoa with acrosomal damage (9.47%), being
frequently occurred in the post-thawed spermatozoasignificantly (P<0.05) lower than 11.80 and 12.60%
These changes might adversely affect the function o with 0.2 and 0.8mM GSH levels, respectively (Table
mitochondria and tails, thus reducing the ).However, semen free GSH showed significantly
spermatozoa flagellum movement. The loss of (P<0.05) higher percentage acrosomal damage of
mitochondria was probably a result of swelling dflim  spermatozoa (16.73%) than other levels of GSH. &hes
piece,the swelling pushed mitochondria away from th results are in agreement with those recorded by El-
mid-piece or caused structural damage within Kishk (2010) who found that the addition of 0.4 noi/
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GSH to frozen bull semen significantly decreasesl th frozen-thawed bull semen showed that the lowest
percentage of acrosomal damage of spermatozoa thaenzymatic activities (AST, ALT, ACP, ALP and LDH)
GSH free medium, during thawing-incubation at 37°C at different thawing-incubation times. The highest
for up to 2 hours. percentage of post-thawing sperm motility and
The advancement of thawing-incubation at freezability of spermatozoa as well as the lowest
37°C for up to 2 hours significantly (P<0.05) iresed percentage of acrosomal damage of spermatozoa,
the percentage of acrosomal damage of post-thawedhdicating beneficial effects of GSH (0.4mM) on sam
spermatozoa either free or supplemented with differ quality in terms of less spermatozoal cell injuryda
levels of GSH. However, the rate of increase wasless membrane damage of spermatozoa (Resall.,
higher with the control semen as compared to those2000).
supplemented with different GSH levels (Table 6). 5. Conception rate (%)
These results are in agreement with those obtaiged The results in Table (12) revealed that the
El-Harairyet al. (2010) and Gabr (2009). The observed frozen-thawed semen extended with 3.5% glycera plu
improvement with all GSH levels may be attributed t 3.5% DMSO added with 0.4mM GSH gave
the protective mechanism of GSH to the spermatozoasignificantly (P<0.05) higher conception rate (GR3n
cell against the destructive effect of reactivegety  the frozen-thawed semen extended with7% glycerol or
species (Meister, 1983 and Levetsal., 1997). Similar  7%DMSO. However, the conception rates of the cows
trends were reported by El-Nenagtyal. (2006) and EI-  artificially inseminated with the frozen-thawed sam
Kishk (2010) in Friesian and Ahmed (2008) and Gabrwith 7% glycerol, 7%DMSO, 7% glycerol plus 0.4mM
(2009) in buffalo bull semen. They reported that th GSH, 7%DMSO plus 0.4mM GSH and 3.5% glycerol
addition of antioxidants to extended frozen semenplus 3.5% DMSO were insignificant (Table 12).
improved spermatozoal quality, being the best with Similarly, the conception rate of the cows artdity
GSH at a level of 0.4mM. inseminated with the frozen-thawed semen with 7%
4. Enzymatic activity (U/10° spermatozoa): GL plus 0.4mM GSH, 7% DMSO plus 0.4mM GSH
The results in Tables (7 to 11) confirm that and 3.5% GL plus 3.5% DMSO with or without 0.4mM
supplementation of GSH at levels of 0.2, 0.4 andGSH were insignificant. In addition, the conception
0.8mM to the frozen-thawed semen significantly rate of the cows artificially inseminated with the
(P<0.05) reduced the amount of AST, ALT, ACP, ALP frozen-thawed semen extended with 7% DMSO
and LDH enzymes released into the extracellularshowed insignificantly higher than the frozen-thdwe
medium as compared to free GSH medium. The lowessemen extende with 7%GL. These results revealdd tha
(P<0.05) amount of these enzymes (AST, ALT, ACP, the fertilizing efficiency is nearly equal for tkiéferent
ALP and LDH) released in the extracellular medium frozen-thawed bull semen added with the different
was recorded in post-thawed semen supplemented witlevels of glycerol. The highest CR of frozen-thawed
0.4mM, moderate with 0.2mM and the highest with semen with LYC extender containing a combination of
0.8 mM GSH, being all significantly (P<0.05) lower 3.5% glycerol plus 3.5% DMSO supplemented with
than free GSH medium. Such findings indicated 0.4mM of GSH was mainly related to the best
beneficial effects of GSH addition at a level of M improvement of post-thawing sperm motility,
on membrane integrity of spermatozoa compared tofreezability as well as the lowest of acrosomal dgen
other GSH levels. Similar trends were obtained byof spermatozoa Gabr (2009) confirmed that the
Gabr (2009) in buffalo and El-Kishk (2010) in Figas conception rate of buffalo cows inseminated was
bull semen. recorded withfrozen-thawed semen extended with
The advancement of thawing-incubation at Tris-based extender containing 0.4 or 0.8 mM G&H.
37°C for up to 2 hours significantly (P<0.05) isased this respect, Footet al. (2002) found that, the 59 days
the activity of AST, ALT, ACP, ALP and LDH non-return rates for semen containing 0, 0.5 ad 1.
enzymes in post-thawed bull semen supplemented witmM of GSH were 71.9, 69.5 and 70.9% respectively.
different levels of GSH or free GSH medium (Table 7 Frozen-thawed semen with 0.5 mM of GSH and 100
to 11). These results are in agreement with thoseU/ml of superoxide dismutase resulted in 74.0 and
reported by Zeidan et al . (1998 and 2008). It appe 73.9% of CR, respectively. EI-Nenaetyal. (2006) and
spermatozoal damage during storage may be assbciateEl-Kishk (2010) suggested that the addition of G8H
with inccreas sperm membrane permeability andthe extender during freezing phase improved the
leakage of intracellular enzymes. quality and fertilizing ability of frozen-thawed
It is of interest to note that GSH spermatozoa. These results are in agreement vageth
supplementation at a level of 0.4mM to the extehde of Nishimura and Morii (1993).
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Table (1). Composition of lactose-yolk citrate extender containing different types of
cryoprotectants and their combinations.

Type of extende

Ingredients
Extender. Extender. Extender:

Lactoseyolk citrate (ml)’ 73 73 73
Glycerol (ml 7 - 3.t
Dimethyl sulfoxide (ml - 7 3.t
Fresh egg yolk(m 2C 20 2C
Penicillin(1U/ml) 50C 50C 50C
Streptomycingg/ml) 50C 50C 50C

* Lactose-yolk citrate ( 2.9g sodium citrate dihydrate, 0.04g citric acid anhydrate, 1.25 g
lactose dissolved in 100 ml distilled water).

Table (2). Effect of cryoprotectantstype on the percentages of post-thawing motility,
freezability and acrosomal damage of bull sper matozoa.

Tvpe of crvoprotectants Pos-thawing sperr Freezability of Acrosomal damage ¢
yp yop motility(%) spermatozoa (%) spermatozoa (%)

7% Glycerol GL) 57.60+0.5" 72.00+0.6° 12.20+0.8°

7% Dimethyl sulfoxide

(DMSO) 57.20+0.67 71.50+1.37 12.000.98

3.5% GL + 3.5% DMS! 60.20+0.4° 75.25+0.4¢ 10.00+0.3°

a, b: Means with different superscripts in the saolamn are significantly different at{B.05).

Table (3). Enzymatic activity (U/10° spermatozoa) of frozen-thawed bull semen as affected by the different
types of cryoprotectants.

Type of Aspartate Alanine Acid phosphatase Alkaline Lactic
cryoprotectans aminotransferase  aminotransferase phosphatase dehydrogenase
7% Glycerol (GL) 18.40 £ 0.52 10.04 £0.72 149.00+ 1.8% 59.00+1.12 278.20 +2.08
7% Dimethyl- 17.60 + 0.98 9.40 £ 0.67 147.02 +1.8% 60.01+1.13 275.43 +2.58
sulfoxide(DMSO)

3.5% GL + 3.5% 16.02 + 0.9% 7.01+0.72 105.02 + 1.85 50.02+1.18 245.61 +1.78
DMSO

a, b: Means with different superscripts in the sawlamn are significantly different at<{P.05).

Table (4). Mean percentage of matility of frozen-thawed bull sper matozoa supplemented with the
different levels of glutathione, during thawing-incubation at 37°C for 2 hours.

Incubation Glutathione level (mV Overall mean
time (hrs) 0 0.2 0.4 0.6
0 54.01+0.5! 58.62+0.5; 62.60+0.2! 57.61+0.6! 58.21+0.7°
1 48.62+0.5; 54.00+0.3 58.81+0.2: 51.42+0.9! 53.21+0.9°
2 36.80+0.6' 46.21+0.8; 50.40+0.5 41.21+1.3 43.65+1.2°
Mear 46.47+1.9° 52.94+1.4° 57.27+1.3¢ 50.08+1.8° 51.6¢

a, b,c,d: Means with different superscripts inshene row or column are significantly different B£@.05).
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Table (5). Mean percentage of freezability of bull spermatozoa supplemented with the different levels of glutathione, during
thawing-incubation at 37°C for 2 hours.

Glutathione level (mM)

Incubation time
Overall mean

(hrs) 0 0.2 0.4 0.8
0 67.51+0.61 73.2740.67 78.25+0.28 72.01+0.87 72,7880
1 60.77+0.69 67.50+0.36 73.51+0.23 64.27+1.22 66.5161
2 46.00+0.96 57.7620.98 63.0020.76 51.51+1.67 545511

Mear 58.09+2.3¢ 66.17+1.7° 71.58+1.7¢ 62.59+2.3° 64.61

a, b, ¢, d: Means with different superscripts ia $ame row or column are significantly differen(rRg0.05).

Table (6). Mean percentage of post-thawed bull spermatozoa with damaged acr osome supplemented
with thedifferent levels of glutathione, during thawing-incubation at 37°C for 2 hours.

Incubation time Glutathione level (mM) Overall mean
(hrs) 0 0.2 0.4 0.8
0 12.40+0.61 9.60+0.60 7.80%0.50 10.40+0.69 10.05#0.4
1 17.00£0.72 11.60+0.52 9.40+0.52 12.40+0.83 12.6080.
2 20.80+1.36 14.20+0.55 11.20+0.82 15.00+0.72 15.2850
Mean 16.73+1.03 11.80+0.57 9.47+0.49 12.60+0.63 12.65
a, b, c: Means with different superscripts in tame row or column are significantly different
at (R0.05).

Table (7). Activity of aspartate-aminotransfer ase enzyme (U/10° sper matozoa) of frozen -thawed bull semen supplemented with
the different levels of glutathione, during thawing- incubation at 37°C for 2 hours.

Incubation time Glutathione level (mM)
(hrs) Overall mean
0 0.2 0.4 0.8
0 17.80+1.04 15.00+0.55 12.80+0.86 15.80+0.8 15.35+0.55
1 30.40+1.75 23.60+0.98 20.40+1.09 25.20+0.98 24.90+1.02
2 42.00£0.85 33.00£1.16 30.20+1.08 36.40+1.04 35.40+1.1%
Mean 30.06+2.7% 23.86+2.0% 21.13+1.98 25.80+2.29 25.21

a, b, ¢,d: Means with different superscriptthie same row or column are significantly différex (”<0.05)..

Table(8). Activity of alanine-aminotransferase enzyme (U/10° sper matozoa) of frozen- thawed bull semen supplemented with
the different levels of glutathione, during thawing-incubation at 37°C for 2 hours.

Incubation time Glutathione level (mM) Mean
(hrs) 0 0.2 0.4 0.8
0 13.40+0.52 8.60+0.40 7.60+0.39 9.40+0.52 9.7540.32
1 17.60+0.51 13.20+0.75 11.40+0.76 14.40+0.69 14,1680
2 31.00+0.55 23.20+0.98 21.40+1.23 24.20+1.04 24.9540
Mean 20.66+1.87 15.00+1.68 13.46+1.61 16.00+1.68 16.28

a, b, c: Means with different superscripts in tame row or column are significantly different a(r05).

http://www.americanscience.org 798 editor@americanscience.org




Journal of American Science, 2011;7(5)

http://www.americanscience.org

Table (9). Activity of acid phosphatase enzyme (U/10° sper matozoa) of frozen-thawed bull semen
supplemented with the different levels of glutathione, during thawing- incubation at 37°C
for 2 hours.

Incubation time

Glutathione level (mM)

Overall mean

(hrs) 0 0.2 0.4 0.8
0 144.00+1.48 123.40+1.59 113.60+1.13 131.40+0.51 1o .6t
1 174.60+1.64 145.40+1.96 125.80+1.77 156.60+3.63 .6m.20
2 228.40+3.34 172.60+2.30 141.00+3.54 187.00+3.43 2B .36
Mean 182.33+9.3% 147.13+5.44 126.80+3.23 158.33+6.22 153.65

a, b, ¢, d : Means with different superscriptshi@a $ame row or column are significantly differan{P<0.05).

Table (10). Activity of alkaline phosphatase enzyme (U/10° sper matozoa) of frozen-thawed bull semen supplemented with the
different levels of glutathione, during thawing-incubation at 37°C for 2 hours.

Incubation time Glutathione level (mM)

Overall mean
(hrs) 0 0.2 0.4 0.8
0 55.00£1.72 44.60+1.18 39.20+0.90 47.20+1.88 46 . AF1
1 86.20+2.86 67.80+1.95 53.60+1.77 74.20+3.88 70.4582
2 127.0045.40 96.00+5.70 80.40+4.95 102.20+6.01 muss
Mean 89.40+8.05 69.46+5.8% 57.73+4.79 74.53+6.38 72.78

a, b, ¢: Means with different superscripts in tame row or column are significantly different at(r05).

Table (11). Activity of lactic dehydrogenase enzyme (U/10° sper matozoa) of frozen-thawed bull semen
supplemented with different levels of glutathione, during thawing- incubation at 37°C for 2

hours.
Incubation time Glutathione level (mM)
Overall mean
(hrs) 0 0.2 0.4 0.8
0 278.05+2.59 247.41+2.18 222.61+4.01 252.03+1.54 050167
1 319.02+4.04 276.02+2.45 248.05+5.20 303.42+3.09 .62B67 .96
2 352.8346.36 299.42+4.45 274.80+4.72 312.06+4.13 . 30%.86
Mean 316.63+8.46 274.28+5.88 248.48+6.18 289.17+9.48 282.14

a, b, c, d: Means with different superscripts i@ $ame row or column are significantly differenfR0.05).

Table (12). Theconception rate of Friesian cows artificially inseminated with frozen-thawed semen as
affected by the different cryopr otective agents added with 0.4 mM glutathione.

No. of cows No. of cows Conception rate
Treatments . . .
inseminated conceived (%)
7% Glycerol (GL) 20 14 70.00b
7% Dimethyl sulfoxide (DMSC 18 14 73.68L
7%GL + 0.4 mM Glutathione (GSH) 20 16 80.00ab
7%DMS0O+0.4 mM GSH 21 17 80.95ab
3.5% GL + 3.5% DMSO 20 15 75.00ab
3.5% GL+3.5 %DMSO0+0.4 mM GS 20 17 85.00:¢

a, b : Means with different superscripts in theuawh are significantly differer(P<0.05)

4. Conclusion

http://www.americanscience.org 799

editor@americanscience.org



Journal of American Science, 2011;7(5)

http://www.americanscience.org

In conclusion, a high proportion of thellbu
spermatozoa retained active motility after freezimgl
thawing from -198C in a medium containing dimethyl
sulfoxide as a cryoprotective agent. The obtained
results revealed that dimethyl sulfoxide with ghale
protect bull spermatozoa more effectively than gipt
or dimethyl sulfoxide alone during freezing and
thawing. The frozen-thawed bull semen added with O.
mM glutathione / 100ml is more efficient in
maintaining post-thawing sperm motility, freezatyili
acrosomal integrity, maintaining enzymatic actiati
and subsequent fertilizing efficiency of bull
spermatozoa than free glutathione medium. Thergfore
it can be recommended to extension and freezing of
bull semen with 3.5% glycerol plus 3.5% dimethyl
sulfoxide supplemented with glutathione at a lexl
0.4 mM / 100ml for artificial insemination prograrem
to enhance conception rates in cows.
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