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SUMMARY

Growing evidence suggests that the generation of reactive oxygen
species. (ROS) during semen processing and their detoxification by
antioxidants plays a very important role in sperm functions. However,
the relationship between the level of antioxidants and the buffalo sperm
functions remains poorly understood. Therefore, the present study was
designed to investigate the influence of different antioxidant
concentrations  supplemented extender on semen freezability and
fertilizing ability. Semen was collected from six buffalo bulls using
artificial vagina. Above averaged semen quality (motility > 70% and
concentration 800.00 x 10% sperm cells / ml) was pooled together. Pooled
semen was extended in Tris based extender supplemented with different
antioxidant concentrations, frozen over liquid nitrogen vapor and stored
in liquid nitrogen. Frozen — thawed buffalo semen treated with low or
high antioxidant concentrations were used to assess its in vitro fertilizing
potential. Antioxidants treated buffalo spermatozoa with superior post
thawing quality were used for artificial insemination (Al) to record the
conception rate. Low antioxidant concentrations improved sperm
functions. Antioxidants in combination, selenium + vitamin A+ C+E
(Selenium - ACE) at low concentrations had a beneficial effect on post
thaw sperm motility (58.33 %), viability index (134.16), AST (101.33
Ufml) , AKP (10.33U74) , in vitro fertilization rate (58.33%) , in vitro
embryonic development to blastocyst stage ( 17.33% ) and conception
rate (69.43%). The present results strongly suggests that the addition of
sclenium -ACE at low concentrations to the extended buffalo semen
improves post thaw sperm quality, in vitro fertilizing potential and
conception rate.
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INTRODUCTION

Improvement of semen cryopreservation requires a Dbetter
understanding of the properties of the currently used extender. Excessive
generation of reactive oxygen species (ROS) during or following semen
cryopreservation, increases lipid peroxidation, that reduce sperm activity
and alter sperm functions (Askari ef al, 1994 and Bilodeau et
al 2002).Buffalo spermatozoa contain comparatively more unsaturated
fatty acids than other species which make them more vulnerable to lipid
peroxidation (Singh ef al.,1989).Addition of antioxidants to the media
brought beneficial effects in preventing loss of motility , inhibiting lipid
peroxidation (Kim and Parthasarathy,1998) and improving semen
preservation (Sarlos ef al.,2002). Vitamin E ( -tocopherol and its
derivatives), the predominant chain — breaking lipid-soluble antioxidant
in animal cells, is believed to be the primary free radicals scavenger in
mammalian cell membranes (Chow, 1991) and prevents lipid
peroxidation (Cerolini ef al., 2000), thereby preserving spermatozoa
metabolic activity and cellular viability (Beconi e al., 1993).

Vitamin C, the major water-soluble antioxidant, is the first line
antioxidant that proved to inhibit lipid peroxidation and scavenge free
radicals (Machlin and Gabriel, 1980). Combination of both ascorbate
and - tocophrol in sperm preparation medium reduced significantly
H,0; - induced DNA damage in a dose-dependent manner (Donnelly et
al., 1999 and Brennan ef al., 2000).

Beta-carotene is a powerful antioxidant, that works
synergistically with - tocopherol to prevent lipid peroxidation and offers
effective antioxidant activity in tissues with low oxygen concentration
(Kozicki et al., 1981).

Selenium is an essential trace element and has a powerful
antioxidant activity. Recent evidence suggested that, selenium
supplementation increased the antioxidant glutathione peroxidase
activity thus decreasing the ROS leading to an increase in male fertility
(Smith ef al., 1979 and Castellini ef al., 2002).

As a step towards elucidating the relationship between
antioxidants supplementation and fertilizing ability of buffalo semen, the
objectives of the present study were to investigate the effect of
supplementation of buffalo extender with different antioxidant
concentrations on freezability of buffalo spermatozoa, in vitro fertilizing
potential and conception rate of treated frozen semen.
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MATERIAL and METHODS

Extender preparation:

Tris based extender was prepared according to Steinbach and
Foote (1967). Different antioxidant concentrations were added to the
Tris based extender as follow; extender alone (control); vitamin E (1,2
and 3mg/ ml); vitamin C (3,6 and 9 mg / ml}; vitamin A {50,100 and 150
TU); selenium (2.5,5 and 10 pg / ml); combination of more than one
antioxidant:-

Vitamin A + vitamin E; vitamin A + vitamin C; vitamin A +
selenium; vitamin C + vitamin E; vitamin C + selenium, vitamin E +
selenium; vitamin A+ vitamin C+ vitamin E + selenium all previous
antioxidants combination were at the lowest concentrations mentioned
before. Lastly, vitamin A +vitamin C +vitaminE + selenium, at the
highest concentrations used in this study.

Scemen collection and preservation:

Semen samples were collected from six buffalo bulls, kept at the
Animal Reproduction Research Institute farm, Al-Harm. Only semen
samples of at least 70% initial sperm motility and 800,00x10° sperm
cells /ml were pooled, divided into 21 portions and diluted ata 1: 8
ratio at 30C°with Tris based extender containing different antioxidant
concentrations. The dilsted semen samples were cooled to 5C
throughout 45 minutes, equitibrated for 2h at 5C” and then looded into
0.25-ml PVC mini straws (IMV, L' Aigle, France). The straws were then
subjected to deep freezing in liquid nitrogen vapor for 15 minutes,
immersed and stored in liquid nitrogen containers according to
Mohammed ef al. (1998).

Evaluation of semen freezability:

After 24 hours, frozen semen samples were thawed at 35 C for 30
sec. Sperm motility was evaluated after dilution and post thawing.
Viability indices were recorded for thawed samples that were incubated
at 37 C for 3 h according Milovanov (1962). Aspartate Amino
Transferase (AST) and Alkaline Phosphatase (AKP) enzymes of diluted
and thawed semen samples were measured spectrophotometrically
according toTietz (1976).
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Evaluation of fertilizing potential of the treated semen in vitro:

Semen samples frozen in Tris extender containing low or high
antioxidant concentrations were used for evaluating of their fertilizing
ability.
In vitre oocyte maturation:

Oocytes were collected, selected and matured in vitro in TCM-199
medium for 24 h according to Badr et al. (2003).
In vitro sperm preparation:

Three straws from each treatment were thawed in a water bath at 35
C° for 30 sec and semen was layered under Iml of modifid Tyrode's
medium (Sp.TALP) in 1.5 ml test tubes. After 1 h, 400 pi of the
uppermost layer of the Sp. TALP medium was collected and washed
twice by centrifugation at 2000 rpm for 10 minutes and then
resuspended in 1ml of fertilization medium; modified Tyrode's medium
(F.TALP) supplemented with 100 pg/ml heparin according to (Parrish e/
al., 1988).
In vitro fertilization

In vitro matured oocytes having fully expanded cumulus cells
were cultured in 50-pl drop of the respective F-TALP medium. They
were inseminated with the treated frozen — thawed semen at a final
concentration of 2x10° motile sperm cells /ml. Gametes were incubated
under sterile paraffin oil for 18 hat 39 C’'in 5 % Coz in humidified air.
After oocyte-sperm incubation, some of oocytes were fixed in
acetic acid-ethanol (1:3) and stained with 1% aceto—orcein stain and
examined under a phase contrast microscope (x400) for evaluating their
fertilization rate. Fertilization was considered to be occurred when male
pronucleus or enlarged sperm heads were present. Groups of the
inseminated oocytes were then freed from cumulus cells and attached
spermatozoa by gentle pipetting and cultured in TCM-199 medium with
Hepes. The proportion of cleaved oocytes was recorded 48 h after
insemination and those developed to the morula and blastocyst stages
were recorded at 5-to7- days post insemination,

Assessment of conception rate:

This trial was carried out to detect whether the improvement of
post-thawing motility and viability due to semen treatment with
antioxidants would be reflected in improvement in the fertility rate.
Semen samples with the highest post thawing motility, viability and
fertilizing potential were used to inseminate 138 buffalo-cows for
evaluating of the conception rate. Semen straws were randomly
distributed among AI centers and herds in El-Gharbia fields. The
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percentage of buffaloes that did not return to estrus within 56-d after Al
was used as a measure of conception rate.
Statistical analysis:

The statistical analysis were performed using a computerized
statistical analysis system (SAS, 1985). Data were subjected to
analysis of variance (ANOVA) to clarify the effect of antioxidants on
motility, viability, enzyme activities and conception rate. In vitre
fertilization rate and embryos development were analyzed using Chi-
square analysis (x”). The pearson correlation test was used to calculate
the correltion between sperm parameters measured and conception
rate.

RESULTS

Data regarding the effect of different antioxidant concentrations
on sperm motility and viability indices of cryopreserved bufTalo semen
are presented in Table 1.

The percentage of motility immediately after dilution was
significantly  (P<0.05) increased when semen extender was
supplemented with low concentrations of selenium — ACE (81.66 %) in
comparison to 9 mg/mi vitamin C (66.66 %), vitamin A + vitamin E
(66.66%) and vitamin A + vitamin C (65.02 %) supplementation.

Selenium—ACE supplementation to semen extender, at low
concentration increased significantly (P<0.01) the post-thawing sperm
motility (58.33 %) compared to other used antioxidant concentrations,
except selenium — ACE at high concentrations.

The data outlined in Table 1, showed that, the lowest percentage
of reduction in post-thawing sperm motility than those after dilution
motility were recorded with low concentration of selenium — ACE and
2.5ug/ml selenium supplemented semen extender (28.55 and 31.94 %,
respectively) compared to control samples (38.73 %) and other
antioxidant treatments.

The wviability index of cryopreserved buffalo semen was
significantly increased (P<0.01) with low concentrations of selenium -
ACE supplementation to semen extender (134.16) as compared with
control (85.83) and all other antioxidants supplementation, except that of
selenium at 2.5 pg/m!. The lowest viability indices in the present study
were recorded with 9 mg/ml vitamin C (39.16), vitamin C + vitamin E
(40.01) and vitamin C + vitamin A (36.66).

The results regarding the effect of different antioxidant
concentrations on enzyme activities of cryopreserved builalo semen are
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persented in Table 2. Supplementation of buffalo semen extender with
fow concentrations of sclenium — ACE significantly (P<0.01) decrcased
AST performance after dilution and post-thawing (68.66 and
101.33U/ml, respectively) as compared with all high antioxidant
concentrations. Alkaline Phosphatase activity (AKP) after dilution was
significantly (P<0.05) reduced with low concentrations of selenium —
ACE supplemented semen extender (8.01 U/L) compared to vitamin C +
seleniom  (15.33 U/L) and vitamin E + selenium (1533 U/L)
supplementation. Similarly, low concentrations of selenium — ACE
decreased significantly (P<0.01) the post-thaw alkaline phosphatase
activity (10.33 U/L) compared to all high antioxidant concentrations and
other antioxidant combinations except with vitamin E + vitamin C and
selenium + A C E at high levels.

As shown in Table 3, the rate of male pronucleus formation was
significantly higher in the oocytes that inseminated with frozen - thawed
buffalo semen treated with low concentration of selenium — ACE (58.33
%; P<0.05) than when they inseminated with 3mg/ml vitamin C treated
semen (42.86%) or with control (43.06 %). However, the in vitro
penetration rates did not differ among different treatments and control.

The cleavage rate and in vitro embryo development to compacted
morulae and blastocysts (Table 4) were significantly improved (p <0.05)
in oocytes inseminated with low concentration of selenium ~ACE
treated semen (54.67, 26.67 and 17.33 %, respectively) in comparison to
control semen (32.61, 10.87 and 4.35 %, respectively) and 3mg/ml
vitamin C treated semen (30.77, 9.62 and 3.85 %, respectively). There
was no significant difference between vitamin E, vitamin A, selenium
and selenium- ACE regarding the cleavage rates or morulae and
blastocysts developmental rates.

As shown in Table 5, the rates of in vitro sperm penetration were
significantly decreased (p <0.05) when oocytes were inseminated with
frozen semen treated with high antioxidant concentrations compared to
those inseminated with control semen (57.41 %). The rate of male
pronucleus formation were significantly (P< 0.05) reduced when oocytes
were inseminated with frozen—thawed buffalo semen treated with high
concentration of vitamin C and vitamin A (19.57% and 20.51 %,
respectively) compared to those inseminated with control semen (40.74
%). Similarly, high concentrations of vitamin C and A decreased
significantly (P < 0.05) the cleavage rates (18.52 and 19.69 %,
respectively) compared to control group (37.21%; Table 6). However,

267



Assiut Vet. Med._J. Vol. 49 No. 99, October 2003

there were non significant differences among groups regarding the
developmental rates to morula and blastocyst stages; Table 6.

The results regarding the influence of different antioxidants
supplementation to semen extender on the conception rate are presented
in Table 7. After 56-d of AI insemination, Selenium-ACE at low
concentrations increased significantly (P < 0.05) the conception rate
(69.43 %) compared to control (45.78 %). There is a positive correlation
at (P < 0.0S) between conception rate and viability index.

DISCUSSION

The results in the current study emphasize that addition of
appropriate concentrations of antioxidants can play an important role in
improving freezability and fertilizing potential of buffalo spermatozoa
The beneficial effects of low concentrations of antioxidants on sperm
freezability recorded in the present study are entirely consistent with
Witting (1980) : Affranchino et al .(1991) ; Beconi et al.(1993) ; Sarlos
et al (2002) and Khalifa (2002 ) and on in vitro buffalo embryonic
development with Goto et al. (1993) and Takahashi et al .( 1993 ).The
ability of antioxidants to increase sperm function , enzyme activity and
in vitro fertilizing potential of spermatozoa exquisitely dependent on the
inhibition of the damaging effect of lipid peroxidation ( Aitken et al,
1998 ; Kim and Parthasarathy , 1998 and Dalvitetal. 1998 ) . Lipid
peroxidation induces structural alterations, particularly in the acrosomal
region of the sperm cell that cause the plasma membrane to loose its
ability to act as a permeability barrier. Therefore, lipid peroxidation
induces a fast and irreversible loose of motility, a deep change of sperm
cytosclic enzymes, affecting the semen preservation, sperm — oocyte
fusion and in vitro embryo development (Jones and Mann, 1977;
Alvarez and Storey , 1984 ; Halliwell et al ., 1992 ;Johnson and Nasr-
Esfahani , 1994 ; Parinaud et al ., 1997 and Iwata et al ., 1998).

Selenium addition to the semen extender has an important role in
improving buffalo bull sperm freezability and in vitro fertilizing ability.
This improvement of the sperm function may probably be due to
increase glutathione peroxidase activities, which will give protection
against spontaneous lipid peroxidation (Smith et al., 1979; Kendall et
al., 2000 and Castellini et al. 2002). In spite of glutathione's
effectiveness in preserving sperm motility , Lindemann et al. (1988)
have found that mature bull spermatozoa have a little amounts of this
common biological antioxidant. Moreover, Sigel et al. (1980) indicated
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that, the motility of bovine spermatozoa was increased in vitro as the
selenium level increased up to 1 pg/ml and decreased thereafter.

Vitamin E have a positive influence on buffalo bull semen
freezability , in vitro fertilizing potential and fertility rate in a dose —
dependent manner . The main biological function of vitamin E likely is
to scavenge free radicals, inhibit lipid peroxidation and provide sperm,
with dose — dependent, protection against ROS which induce DNA
damage (Brezezinska — Slebodzinska et al., 1995; Marin— Guzman et
al., 1997; Donnelly et al ., 1999; El-Sheltawi et al., 1999 and Verma and
Kanwar , 1999 ) Vitamin E increased sperm motility , viability and
further embryo development through its prevention of an oxidative
reduction in the level of the major poly unsaturated fatty acids in
membranes (Lucy, 1972 ; Chow, 1991 ; Brezezinska — Slebodzinska et
al ., 1995 and Cerolini et al.,2000) as well as the protective effect it
exerted on the plasmatic membrane of the bovine spermatozoa during
deep freezing and post- thawing incubation (Beconi et al., 1991 ; Marin-
Guzman et al ., 1997 and Verma and Kanwar, 1999) .

Vitamin C improved buffalo bull sperm function in a dose —
dependent manner.The positive influence of vitamin C on sperm quality are
in agreement with (Verma and Kanwar , 1999 ; Sakagmi et al., 2000 and
Khalifa, 2002). Addition of ascorbate to sperm preparation medium did
provide sperm with complete protection against ROS, decreasing the
susceptibility to lipid peroxidation at high oxygen tension in a dose
dependent manner (Beconi et al, 1993 and Donnelly et al, 1999). A
complex relationship between vitamin E and vitamin C was existed by
(Machlin and Gabriel 1980). They proved that, vitamin C regenerated
vitamin E molecules that have undergone free radical attack and may also
spared vitamin E from oxidation.Vitamin E and C combination in semen
extender was expected to improve freezability and fertilizing ability of
buffalo spermatozoa, more than vitamin E alone, by elevating the
antioxidant action of vitamin E. Instead, our results showed that
sperm function worsened when vitamin C was added. Similar observation
was reported recently with human semen (Hughs et al., 1998) and bovine
spermatozoa (Olsen and Seidel , 2000 ) . Both vitamins are strong reducing
agents and may act as preoxidants by maintaining iron and other metals in 2
reduced states thus promoting lipid peroxidation (Yamamoto and Niki, 1988).

Selenium-ACE addition to semen extender at low concentrations
have an important role in improving buffalo bull conception rate. The
positive effects of selenium — ACE on conception rate are in agreement
with (Foote et al., 2002 and Khalifa ,2002). The observed improvement
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found in semen quality of treated frozen-thawed buffalo semen may be
responsible for increased conception rate of cryopreserved buffalo
semen in the field .The results from the current study indicate that
selenium and antioxidations addition to buffalo semen extender can
affect buffalo semen quality, but the greater effect scemed to be from
selenium .The interaction of vitamin A, C and E with sclenium at
appropriate concentration may inhibit lipid peroxidation and therefore ,
improved buffalo sperm freezability and fertilizing potential.

On the other hand, it was observed from the present study that
supplementation of buffalo semen extender with high concentrations of
antioxidant were associated with a dramatic decline in the functional and
fertilizing potential of buffalo spermatozoa. The dramatic effects of high
antioxidant concentrations on sperm function and fertilizing ability are
entirely consistent with previous studies (Kozicki et al., 1981; Alabi et
al., 1985; Dalvit et al., 1998; Verma and Kanwar, 1999 and Donnelly et
al., 1999) who reported abrupt fall in sperm motility, viability, in vitro
fertilizing potential and concomitant increased lipid peroxidation with
high concentrations of antioxidant supplementation. Exposure of
spermatozoa to high level of antioxidants can rapidly overwhelm the
spermatozoon s defenses and induce alteration in the fluidity of sperm
plasmatic membrane (Aitken et al., 1998 and Dalvit et al ., 1998 ) . Such
severely damaged spermatozoa could not participate in fertilization,
because collateral peroxidative damage to the plasma membrane would
seriously impair the capacity of these cells for movement and sperm —
oocyte fusion (ditken and Fisher, 1994). _

In conclusion, the present study provides evidence that selenium
— ACE at appropriate concentrations enhance buffalo bull semen
freezability, in vitro fertilizing potential, buffalo embryonic development
in vitro and conception rate, presumably by affording protection from
reactive oxygen species and lipid peroxidation.
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Table 3 . Lffect of ow antioxidant concentrations adiiiion ta semen exiender on

vitro penetration and malepronuctens formation of buffafo oocyies

Treatments
Contral
Vitamin E | mg/mt
Vitamin C 3mg/ml
Vitamin A 50iu/mi
Selenium 2. 3pg/ml

Selenium- ACE
L

“No. of matured

oncyles

72
92
105
38
77
120

Pengtration raic Fertilization rate | Poly sperm |
N (%) N (%) N (%)

(42 (5833 a |31 (4306) a | 11 {1528) a
S5 (59.78) a ]42 (45.65) ab |10 (10871
61 (58.09) a |45  (4286) a |16 (1524) a
51 (57.95) a4l (4659) ab |10 (1136) =
49 (6364) a |37 (4805) ab |12 {1558) a
83 (69.17) a |70 (5833} b |13 (1083

Values are from 4 experiments for cach freatment
a-b percentage within same column with different letters differ significantly (P<0 05 ) |

Table 4 . Lffect of low antioxidant concentrations addition to semen extendes on i

vitro buffalo embryos development.

Selenium- ACE

No of
Ir 5 inated Cleavage rate
oncytes N (%)
Control 46 15 (3261) =a
Vitamin B | mgfmi &5 29 {41.62) ab
Vitamin C 3mg/ml 52 i6 (3077) a
Vitamin A S0m/mi S8 23 (39.66) ab
Sclenium 2.5 pg/mi 54 25 (46,29) ab
75 41

(3467) b

Morula Blastocyst
N (%) N (%) '
S (1087) a |2 (435 =
11 (1692) ab |7 (1077) ab
S {962y a |12 (38%) a
¢ {1552) ab |4 (689} ab
1 (2037 ab S (9.26) ab
200 (2667 b {13 (1733) b

Values arc from 4 experiments for each teeatinent
a-b percentage within same column with different letters differ significantly (P=0.05 ) .

Table 5. Influence of high antioxidant concentrations addition to semen extender o 1w

vitro penetration and male pronucleus formation in buffolo oocytes.

Control

I

Treatments

Vitamin £ 3 mg/ml
Vitamin C $mp/mi]
Vitamin A150iu/m}
Selenium 19 pa/mi
Selenium- ACE

Ne. of matured

oocytes
g
12

46

39

40

b )

Penetration rate

N R
131 (5741) a
15 (3571) b
15 (3260) b
13 (3333) b
17 (3696) b
24 (43.64) ab

Fertilizalion rate
N (%)

122 @074y a

10 (2381) a
9 (1957) b

8 {2051) b

i3
20

(28.26) ab
(36.36) ab

© Polysperm |

N (%)

9 (ie6n  a |
S(119n  a
6 (1304) =a |
s (282) o
4. (B69) a |
q

(727} a

 Values are from 4 experiments for each treatment

a-b percentage within same column with different letters differ significantly { P<0.05 )
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