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SUMMARY

Buffalo sperm fertilizing capacity principally
depends on sperm moitility and membrane integri-
ty. Peroxidative damage induced by Reactive
Oxygen Species (ROS) has been proposed as one
of the major causes of defective sperm function.
The objective of the present study was to investi-
gate the presence of superoxide dismutase (SOD)
in the buffalo semen and its role in the defense
against oxidative damage. Fifty semen samples
were collected from 16 buffalo-bulls (4 - 15 years
old) and evaluated before cryopreservation. The
activity of SOD and glutathione-S-transterase
(GST) as well as the levels of glutathione (GSH)
and malondialdehyde (MDA) were assayed in the
seminal plasma before freezing. Aspartate amino-
transferase (AST) and cholesterol contents were

assayed in seminal plasma before freczing and af-
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ter freezing- thawing. The results revealed the
presence of SOD activity (0.07 £ 0.01 U/mg
protein} in the seminal plasma of buffalo-
bulls.The increasing SOD activity accompanied
high sperm motility after dilution and before
freezing. Semen evaluating parameters varied
with the age of bulls and high values were found
in young than old aged animals. Positive correla-
tions existed between activities of SOD and GST
in the seminal plasma and inverse relations werc
detected between SOD activity and both choleste-
ro! efflux and frequency of post-thaw sperm cell
abnormalities. The relations between post-thaw
sperm cell abnormalities and each of MDA, AST
and cholesterol were positive. The rate of in-
crease in post-thaw sperm motility in response o
5 mM pentoxifylline was high in samples with

low MDA level before freezing,




INTRODUCTION

There is growing evidence that oxidative stress
significantly impairs sperm functions (Ochsen-
dorf et al., 1998). Due to their high content of
polyunsaturated fatty acids spermatozoa are sus-
ceptible to damage induced by reactive oxygen
species (De Lamirande and Gagnon, 1995). The
process of peroxidation is accompanied by exten-
sive structural alterations, particularly in the acro-
somal region of the sperm cell, a rapid and irre-
versible loss of motility, a profound change in
metabolism, and a high rate of leakage of intra-
cellular sperm constituents (Jones and Mann,

1977).

Bovine spermatozoa are poorly adapted to metab-
olize the toxic hydrogen peroxide (Bilodeau et
al., 2000). Frozen-thawed bull spermatozoa are
more easily peroxidized than fresh spermatozoa
{Trinchero et al., 1990) and this is associated with
production of oxygen free radicals that leads
to reduction in sperm membrane fluidity and
decrease in sperm function following cryopreser-

vation (Chattergiee and Gagnon, 2001).

One of the main antioxidant enzymes involved
m ROS detoxification in bovine semen is SOD
(Bilodeau et al., 2000).

The present work was undertaken to investigate

the presence of SOD in buffalo semen and its in-

fluence on the motility, viability, membrane in-
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tegrity and morphologic abnormalities of sper-

matozoa after thawing.

MATERIALS AND METHODS

Animals:

Sixteen healthy buffalo-bulls (4 - 15 years old)
from Abassia center for frozen buffalo semen, be-
longing to the General Organization for Veteri-
nary Services, Ministry of Agriculture, Cairo,
were used in this study. Semen collection was
performed according to artificial insemination
standard procedures. In most experiments, the
first and the second ejaculates from each animal
were pooled. Otherwise, either the first or the sec-

ond ejaculate was used separately,

Semen evaluation and processing:
Fifty semen samples were used in this study.
Immediately after collection, scinen samples were
evaluated using conventional inethods. An aliquot
of one ml of each semen sample was centrifuged
at 3000 rpm for 5 minutes and the supernatant
fluid (seminal plasma) was collected, immediately
frozen and kept at-20°C until analysis of SOD
and GST activities and GSH and MDA levels.

Following initial evajuation, semen samples were
prepared for dilution in Laiciphos 477-egg yolk-
glycerol diluent (Tayseer, 1993). They were dilut-
ed (one-step dilution) to a final concentration of
50 - 60 X 109 sperm / ml diluent and cooled down
to 5°C within one hour (Talcvi et al., 1994). After

cooling , the diluted semen was packaged in 0.5
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ml straws during the equilibration period (4
hours). Semen from four straws (2 ml) was cen-
trifuged at 3000 rpm for 10 minutes and the su-
pernatant fluid was frozen at -20°C pending anal-
ysis for cholesterol and AST before freezing.
After equilibration, semen straws were frozen on

-80 to -120°C for

10 minutes, after which the straws were im-

liquid nitrogen vapor at about

mersed into liquid nitrogen at - 196°C (Sansone
et al., 2000).

Post-thaw sperm incubation;

Twenty four hours after freezing, straws were
thawed in a water bath at 40°C for 30 seconds
and then transferred to a water bath (30°C) and
incubated for 4 hours. Sperm motility (%) was
evaluated every one hour and viability indices
were calculated according to Milovanov et al.
(1964).

stained with nigrosen - eosin stain (Dott and Fos-

Immediately after thawing, smears
ter, 1972) were examined for sperm abnormali-
ties, The percentage of spermatozoa with abnor-
mal acrosomes was recorded in other smears of
thawed semen stained by Fast green FCF accord-
ing to the method of Wells and Awa (1970). In
addition, an aliquot (2 ml) of thawed semen was
removed just after thawing and centrifuged at
3000 rpm for 10 minutes. The supernatant was
collected and stored at -20°C until analysis of
cholesterol and AST. Following incubation for
four hours, a split sample of thawed semen was
diluted (1:1) with tris-based buffer supplemented

with 5 mM pentoxifylline (PTx) and sperm motil-
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ity was determined after 15 minutes. Consequent-
ly, the rate of increase in sperm motility was cal-

culated.

SOD and GST assays:

The activities of SOD (U/mg protein) and GST
(U/mg protein/minute) .were estimated as de-
scribed by Habig et al. (1974) and Giannopolitis
and Ries (1977) and the enzyme activitics were
expressed as unit / mg of protein. Protein was de-

termined by the method of Bradford (1976).

GSH and MDA levels:

The icvel of GSH (umol/ml) was measured ac-
cording to the method of Srivastava and Beutler
(1968). Seminal plasma MDA leve! (nmol/ml)
was determined by the method of Yoshioka et al.
(1979) and expressed as nmol MDA / ml tetra-

methoxy propane.

AST assay:

AST activity (U/L) in the seminal plasma before
freezing and after thawing was measured spectro-
photometerically according to the method of
Tietz (1976). The rate of increase in post-thaw

activity of extracellular AST (%) was calculated.

Cholesterol level:

The cholesteroi level (mg/dL) was measured
according to the method described by Allain et al.
(1974). The rate of increase in post-thaw level of

cholesterol (%) was calculated.
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Statistical analysis:

The data was divided according to age of the buf-
falo-bulls into: young (4 - 6 years), middle (7- 10
years) and old-aged bulls (14 - 15 years). Correla-
tion coefficients, t-test and analysis of variance
(ANOVA) were calculated using a commercial

software (Statistica for windows, 1993).

RESULTS

SOD activity in the seminal plasma of buffalo-
bulls was 0.07+ 0.01U/mg protein (Table 1).
Fresh semen parameters (sperm cell concentra-
tion (X 10%/m), percent abnormal acrosomes and
percent abnormal tails differed significantly
(P<0.05) between young and old aged bulls (1.19

+0.09 Vs 086+ 0.08, 025 £ 0.11 Vs 1.17£ 0.27

and 29.56 + 2.01 Vs 12.83 11,66, respectively).
Concurrently, sperm motility % differed signifi-
cantly (P<0.05) between middle and old aged buf-
falo-bulls. SOD activity was, however, non sig-
lower in old (0.05 £ 0.01 U/ mg
protein) than in young (0.07 = 02 U/ mg pro-
tein) and middle (0.08+ 0.01 U/ mg protein) aged
bulls (Table 1).

nificantly,

As presented in Table 2, sperm motility (%) after
dilution as well as after cooling differed signifi-
cantly (P<0.05) between the middle and old aged
bulls (75.00 £1.58 Vs 68.33 + 1.53 and 75.00
+1.58 Vs 68.33 £ 1.99, respectively). Simultane-
ously, the activities of SOD in fresh semen sam-
ples were higher in middle than in old aged buffa-
lo-bulls (Table 2).

Table (1): Effect of age of buffalo-bulls on fresh semen attributes and SOD activity in

seminal plasma (means + SEM).

Buffalo-bulls ages
Semen parameters Young(4-6 years} | Middie(7-10 years) Old (14-15 yc:arsr)m-1 Ov:irall
n |Mean+SEM | n |Mcan£SEM | n |Mecan £ SEM e
Volume (ml) 19 1 292021 16 | 2452016 | 15} 290020 [ 277+0.11
pH 19 | 6.69£0.02 16 { 669002 | 15 | 671003 | 6702001
Conc. (X10%/ml) 19 [ 11924000 | 16 { 11224012 | 15 [0.86P+0.08 | 1.07+0.06
Mass motility 19 1 3.11£0.11 16 | 325011 15 | 3.07£007 | 3.14+£0.06
% Motility 19 [64.4734132 | 16 | 68.44P+1.35 | 15 ] 63.33%%1.26 | 65.40 £ 081
Live sperm 16 | 88.44+123 121 89424100 | 12 | 86.42+1.25 } 88.1320.70
% abnormal acrosome } 16 | 0.253+0.1! 12 | 0.75P+0.28 12 | 1179027 | 0.68+0.14
% abnormal head 16 | 2.81 %053 12 ] 3.50H:72 2 | 3.08 £0.60 30034
% abnormal midpiece | 16 | 9.56+0.89 12 [ 11254 1.88 | 12 | 825£096 | 9.6810.73
% abnormal taill 16 1295635201 | 12 | 2067°x1.63 | 12 {12.830x1.66 | 21.88%1.52
% proximal droplets 16 | 1.38+£0.26 12| 1.58+047 12 ] 1.08+0.26 .35+ 019
% distal droplets 16 | 0.31+£0.28 12 075£022 | 12 | 0424015 ) 068£0.14
SOD activity 19 | 0.70440.02 16 | 0.080+0.01 15 10.059%40.01 | 0.0720.01

Means in the same row not sharing common superscript letters differ significantly P<0.05
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Table (2): Effect of age of buffalo-bulls on post-thaw semen parameters and enzymes
activity in seminal plasma (means + SEM).

Buffalo-bulls ages

Post-thaw
Semen parameters Young(4-6 years) | Middle(7-10 years) | Old (14-15 years) Total
n | Meanz SEM | n | Mean+ SEM n | Mean £ SEM
Motility after dilution 19 170.798b+ 021} 16 | 75.00%1.58 | 15 | 69.33b+ 1.53 | 71.70+ 1.03
Motility after cooling 19 | 707921 1,93 16 | 75.002 1.58 | 15 | 68330+ 199 7120+ 1.12
Post-thaw motility 16 | 36.88£2.62 | 12| 37.92+3.17 | 12 | 37.50+2.42 ] 37.38+ 1.55
Motility after 16 | 1406271 | 12| 1583439 | 12 | 14.17£3.36 {1463+ 193
Viability indices 16 | 102.19+11.60| 12 | 11479219.12 { 12 | 99.58 £14.77§ 105.19+8.44
Motility after PTx 16 | 4250+£385 1 12 41255533 § 12 | 34.58£ 549 | 39.75+£2.74
% increase in motility 16 1343.33£77.13] 12 | 305.05£74.09 | 12 [289.58+113.224315.72+ 49.78
%0 abnormal acrosome 16 ) 37.81 £ 1.88 | 12| 35754225 | 12 | 34.42+1.96 | 36.18+ 1.16
% abnormal head 16 1 07.31+£066 | 12| 072542130 | 12 | 09.58£139 | 07.98+0.63
% abnormal midpiece 16 [ 1325£089 | 12| 1483167 | 12 | 11.50+£0.72 | 13.20+0.67
% abnormal taill 16 [ 35982+ 1.87] 12 [ 294200 +324 | 12 | 24.080+332] 30434137
SOD activity 19 | 00.072+0.02 | 16 | 00.08P+001 | 15 | 0.053P+0.01 | 00.07 £ 0.0
GSH level 191 0841+093 | 15] 0822+096 | 15 ) 08.30+0.87 | 08.32+0.53
GST activity 191 0023+005) 14] 00.19%0.02 | 15 | 00.15£0.02§ 00.19+0.02
MDA level 19] 02414023 ] 16| 0205+0.16 | 15 | 02752028 | 02.40+0.14
Cholesterol before freezing | 16 | 79.64+555 | 12 | 84.41+494 | 12 | 86.31£3.96 | 83.07£2.89
Cholesterol After thawing 19 [ 101.22%4.61] 16| 101.724£3.37 | 15 | 10203+ 3.43] 101.62+2.26
Cholesterol increase 16 | 29.59 527 [ 12| 28.02+ 6.41 | 12 | 21484 526} 26.68:43.22
AST before freezing 16 | 223.20421.25] 12 | 264.91425.64 | 12 | 218.70424.07]234.36% 13.58
AST after thawing 19 | 320.61+24.08 1”6 332.61432.81 | 15 {327.94 + 27.90) 326.65+15.91
AST increase 16 | 563941432 | 121 36.26 % 11.43 | 12 | 73.02+22.12] 55.34£9.45

Means in the same row not sharing a common superscript letter differed significantly P<0.05
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A positive linear correlation (P<0.05) was found
between SOD activity and both of GSH level and
GST activity in seminal plasma (Table 3). Con-
versely, SOD activity showed an inverse rela-
tions (P<0.05) with cholesterol level before
freezing, after thawing, and post-thaw abnormal

tails (%) of buffalo spermatozoa (Table 3).

Table 4 shows a negative linear correlation
(P<0.05) between GSH level in seminal plasma

and percent abnormal tails in fresh and post-

thawed ejaculates. Moreover, negative correla-
tions {(P<0.05) were found between GST activity
and both of cholesterol level and AST activity in
fresh and post-thawed ejaculates (Table 4). GST
activity showed a negative correlation (P<0.05)
with percent post-thaw abnormal tails and a posi-
tive correlation (P<0.05) with percent increase in
motility after addition of PTx to the thawed sam-

ples (Table 4).

Table (3): Correlation Coefficients between SOD activity in seminal plasma and

semen parameters of buffalo-bulls

Type of correlation n | Correlation
Coefficicnts
SOD activity X GSH level in all ejaculates 49 | r=0.36*
SOD activity X GST activity in all ejaculates 50 } r=0.66*
1soD activity X cholesterol level before freezing in all ejaculates 40 | r=-040*
SOD activity X GST activity in young aged buils 19 | r=0.65*
SOD activity X GST activity in middle aged bulls 16 | r=0.68*%
SOD activity X post-thaw cholesterol level in middie aged bulls 16 | r=-072%
SOD activity X post-thaw abnormal tails (%) in middle aged buils 12 | r=-0.62%
SOD activity X GST activity in old aged bulls 15 F r=0.77*

* P<0.05
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Table (4): Correlation Coefficients between GSH level, GST activity in seminal

plasma and semen parameters of buffalo-bulls.

Type of correlation _ n Correlation

Coefficients
GSH level X abnormal tails % in all ¢jaculates _ 39 | r=-0.35*
GSH level X post-thaw abnormal tails % in all ejaculates : 39 | r=-0.54%
GSH level X post-thaw abnormal tails % in young aged bulls 16 | r=-0.62%
GSH level X post-thaw abnormal tails % in middle aged bulls Il | r=-0.66%
GST activity X cholesterol level before freezing in all ejaculates 40 § r=-0.43*

GST activity X % motility increase due to PTx in young aged bulls 16 | r=0.52%

GST activity X post-thaw abnormal tails % in middle aged bulls 12 {r=-0.61*

GST activity X cholesterol level] before freezing in old aged bulls 12 | r=-0.59*

GST activity X post-thaw cholesterol level in old aged bulls 15 | r=-0.59*

GST activity X AST activity before freezing in old aged bulls 12 { r=-0.69*

GST activity X post-thaw AST activity in old aged bulls 15 | r=-0.64*
* P<0.05

Table (5): Correlation Coefficients between MDA, AST and cholesterol levels in

seminal plasma and semen parameters of buffalo-bulls.

Type of correlation n | Correlation
Coefficients

MDA level X percent motility increase due to PTx in young aged bulls 16 | r=-0.65%

MDA level X post-thaw abnormal acrosomes (%) in young aged bulls 16 | r=0.55*
MDA level X post-thaw abnormal tails (%) in old aged bulls 12 | r=0.61%
AST activity before freezing X post-thaw abnormal tails 12 | r=0.76*

Cholesterol level before freezing X post-thaw abnormal tails (%) in old] {2 | r = 0.60*

aged bulls
* P<0.05
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A positive linear correlation (P<0.05) was found
between post-thaw sperm cell abnormalities and
each of MDA level, AST activity and cholestero}
fevel (Table 5). However, the relation between
MDA level and the % increase in sperm motility
after addition of PTx to the thawed samples was
negative (r =- 0.65; P<0.05).

Analysis of variance (Table 6) revealed a signifi-
cant (P<0.05) effect of MDA level in seminal
plasma of fresh semen on post-thaw sperm motil-

ity % at O hour in all ejaculates, viability indices

and % increase in sperm motility after addition
of PTx to thawed samples in young bulls. Fur-
thermore, this effect was highly significant
(P<0.01) on post-thaw sperm motility % at 2
hours in young bulls (Table 6).

As shows in Table 7, analysis of variance re-
vealed a highly significant (P<0.01) effect of
cholesterol level before freezing on sperm motili-
ty %. This effect was significant (P<0.05) on
post-thaw abnormal midpiece % in all ejaculates
{Table 7).

Table(6): Analysis of variance for the effect of MDA level on post-thaw semen

parameters
Variables DF MS F-value
Post-thaw motility % at 0 h in all ejaculates 4 236.18 2.87*
Error 34 82.30
Post-thaw motility % at 2 h in young aged bulls 2 625.00 10.71%=*
Error 12 58.30
Viability indices in young aged bulls 2 5498.60 4.19*

"| Error 12 131190 '
% motility increase due to PTx in young aged buils 2 28119310 421%
Error 12 66850.50
* P<0.05

“Table -(7): Analysis of variance for the effect of cholesterol level before freezing
on semen parameters of buffalo-bulls.

Variables DF MS F-value
% sperm motility in all ejaculates 9 58.90 13.20**
Error 7 4.50
Post-thaw abnormal miidpiece % in all ejaculates 9 34.90 4.97* i
Error 7 7.00
* P<0.05 ** P<0.01
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Table (8): Analysis of variance for the effect of post-thaw cholesterol level on
semen parameters of buffalo-bulls.

The variables DF MS F-value
Post-thaw abnormal tails % in all ejaculates 14 173.20 5.57*
Error 6 31.11
* P<0.05

Analysis of variance (Table 8) revealed a signifi-
cant {P<0.05) effect of post-thaw cholesterol lev-
el on posi-thaw abnormal tails % in all semen
samples. Moreover, as shown in data presented in
Table 9 there is a significant (P<0.05) effect of

post-thaw increase in cholesterol rate on post-

thaw abnormal acrosomes % in all ejaculates.

Analysis of variance (Table 10) revealed a signif-
icant (P<0.05) effect of post-thaw % increase in
AST rate on both post-thaw sperm motility % at
4 hours in alf ejaculates and post-thaw motility

response to PTx in all semen samples,

Table (9): Analysis of variance for the effect of post-thaw % increase in cholesterol

rate on semen parameters of buffaio-bulis.

The variables DF MS F-value
Post-thaw abnormal acrosomes % in all cjaculates 12 45.40 36.30*
Etror 2 1.30
* P<0.05

Table (10): Analysis of variance for the effect of post-thaw % increase in AST rate
on semen parameters of buffalo-bulls.

Variables DF MS F-value
Post-thaw motility % at 4 h in ali ejaculates 3 622.20 74.67*
Error 2 8.33
Post-thaw motility response to PTx in all ejaculates 3 594.40 71.33%"
Error 2 8.33
* P<0.05

Vet.Med.J.,Giza.Vol.53,No.4(2005)
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DISCUSSION

Literature survey did not clarify any information
regarding the distribution and properties of SOD
in buffalo semen. However, the present study
identified a high activity of this enzyme in the

seminal plasma of buffalo-bulis.

In this study, we found a clear reduction in SOD
activity in seminal plasma with increasing age of
buffalo-bulls. Kelso et al. (1997) reported similar
finding in bulls.

The present results clearly showed a lower sperm
cell concentrations, motility and abnormal tails
percent in old than young and middle aged buffa-
lo-bulls. These findings accompanied a reduction
in SOD activity in seminal plasma with increas-
ing animals age. Similar findings were published
in bulls (Kelso et al., 1997},

The marked increase in sperm motility after dilu-
tion (and before freezing) in middle than old aged
buffalo-bulls could be attributed to the high activ-
ity of SOD in seminal plasma of middle aged
bulls. SOD was found to increase the duration of
motility in sperm preparations (Lindemann et al.,
1988) as it is on the front line of defense mecha-
nism against effects of reactive oxygen species
(Bilodeau et al., 2000).

Results of our study clarified that the increase in

SOD activity in seminal plasma was accompa-
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nied with concomitant increase in (GSH level and
GST activity. Also, there was a significant in-
verse relation between both SOD activity and
GSH level in seminal plasma and both of choles-
terol levels and post-thaw sperm tails abnormali-
ties. GSH and SOD could have therapeutic poten-
tial for better functional competence of
spermatozoa (Griveau and Le-Lannou, 1994).
Concerning the influence of SOD on functional
competence of buffalo spermatozoa, It exerted a
significant improvement in post-thaw sperm mo-
tility and plasma membrane integrity as well as a
significant decrease in post-thaw sperm abnor-
malities (Lindemann et al., 1988; O' Flaherty et
al, 1997, 1999). The presence of GSH in seminal
plasma resuited in protection of sperm motility
(UcKun et al., 2002) and restoring the functional

constitution of polyunsaturated fatty acids in the

cell membrane of spermatozoa (Lenzi et al.,

1996).

In the present study, there was a synergistic ef-
fect between GST and the added PTx for increas-
ing post-thaw sperm motility. GST is a member
of the glutathione cycle that is responsible for de-
toxification of hydrogen peroxide (Li, 1975). The
added PTXx, on the other hand, keeps sperm motil-
ity, prevents membrane lipid peroxidation (Bell
et al,, 1993; Yovich, 1993; McKinney et al.,
1996; Okada et al., 1997) and significantly in-
creases sperm intrinsic relative force (Patrizio et
al., 2000).

Vet.Med.J.,Giza.Vol.53,No.4{ 2005)



The present results showed that lipid peroxidation
potential (MDA formation) correlated positively
with sperm cell abnormalities and negatively with
post-thaw sperm motility after the addition of
PTx. Also, MDA level exerted a significant
(P<0.05) effect on post-thaw sperm motility.
Simlar findings were reported in human (Rao et
al., 1989; Gomez et al., 1998). Poor sperm motili-
ty was linked with membrane fragility and sper-
matozoa with abnormalities probably had mem-
brane and/or cytoplasmic antioxidant system
defects (Slaweta et al., 1988; Rao et al., 1989,
Aitken et al., 1993).

In the current work, cholesterol levels and AST
activities showed a significant (P<0.05) effect on
sperm motility and sperm cell abnormalities.
Both cholesterol efflux and AST activities are in-
dicators of sperm membrane damage by oxidative
stress of superoxide anions (Gagnon and Lami-

rande, 1995).

It is tempting to speculate that high SOD activi-
ties and low MDA levels in buffalo semen before
freezing affect sperm motility and sperm cell ab-
normalities after freezing-thawing and incubation
at 30°C. SOD activity of a fresh semen sample
appears to be a good predictor of the life time of
that particular sample and so may prove useful in

semen analysis.

Vet.Med.J.,Giza.Vol.53.No.4(2005)
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