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ABSTRACT

Fortification of citrate-based extenders with lipid peroxidation inhibitors s:qmiacantl uy
(P < 0.05) improved the preservabilitt y of chilled bull semen. The superior values of
sperim motility and viability were recorded for 2.80mg pentoxifylline /ml: 1.00 mg
LDIA / ml: 2,00mg sodium thiosulfate / mi; 0. 10mg ascorbic acid /ml; 1.00mg methio-
nine / mil: 0.00Smg epinephrine /mil: 2.00mg mannitol /ml: 0.43ng sodium benzoate /
ml aind 0.02mg 17b- Estradiol fmi.

INTROD UCTIO_N

The ultimate merit of conservation of bovine semen in a liquid state is that far lewer sper-
matozoa «are required per insemination cdoses to achieve the same level of fertility compared with
frozen scimen (Yoshida, 2000). Nevertheless, the short fertile life of unfrozen semen makes it-a
less Hexibic option (Krzyzosiak et al., 2000).

Throughout the last two decades, a considerable amount of cvidences has accumulated to
suggest that excessive generation of reactive oxygen species (ROS) during processing and storage
of bull semnen in cgg yolk-based extenders procured a dramatic loss in the motility and fertilizing
ability of spermatozoa owing to the initiation of a lipid peroxidation cascade in sperm mem-
branes (Vishwanath and Shannon, 1997, 2000). Likewise, the free radical theory of sperm ag-
ing postulaled that in the early stages of spermatozoal senescence, lipid peroxidation triggered
degeneralive changes in the inner mitochondrial membrane and nuclear membranes ol chilled-

stored spcerinatozoa (Vishwanath and Shannon, 1997; Cerolini et al., 2000).

The current study was, therctore, performed to investigate whether the motility of chilled-
stored bull spermatozoa could be maintained for extended periods by supplementation of semen
extenders with some inhibitors of sperm lipid peroxidation. If so, what is the appropriate concen-

tration of cach inhibitor that could attain the maximum #alues of sperm motility and viability.
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MATERIALS AND METHODS

Chemical reagents and semen extenders

Unless otherwise stated, all chemicals used in this study were of the highest available grade
and purchased from Sigma-Aldrich Co., Deisenhofen, Germany. For short-term preservation of
bull semen. egg yolk-citrate diluent (Dhami et.al,, 1993) was used. It was composed of 73.00ml
sodium cilrate buffer (prepared by dissolving 2.90g trisodium citrate dihydrate in 100.00ml
glass-distilled water}, 20.00ml fresh chicken egg yolk and 7.00ml glycerol. Anubiotics wore add-
ed to the diluent at concentrations of 1000.001U/ml penictilin G sodium and 1.00mg/ml strepto-

mycin sullate.
Semen collection and processing

Semen samples were collected twice a week by means of an artificial vagina from lour Baladl
bulls (5-7 years old} belonging to a private farm at El-Manzala, Dakahlia, Egypt. Within 5 min-
utes following collection, semen samples were transferred to the laboratory and kept in a water
bath at 30°C for initial evaluations including semen volume, sperm concentration, mass move-
ment, individual motility, live spermatozoa and sperm morphological abnormalities (Khalifa,
2001). Only cjaculates of at least 65% initial motility and 700x10€ sperm cells/mt were used in
a series of nine in vitro experiments. In each experiment, 20 ejaculates from bulls (5 ¢jaculates/
bull) were split and diluted (1:4) at 30°C with semen diluents supplemented with or without the

following concentrations of sperm lipid peroxidation inhibitors: -
- Experiment 1: 1.40, 2.80 and 4.20mg/ml {w/v) pentoxifylline (white powder).
- Experiment 2: 1.00, 2.00 and 3.00mg/ml {w/v) EDTA (Free acid, anhydrous).
- Experiment 3: 1,00, 2.00 and 3.00 mg/ml {w/v}) sodium thiosulfate pentahydrate.
- Experiment 4: 0.10, 0.50, 1.00 and 1.50mg/ ml (w/v} L-ascorbic acid (Frce acid, line crys-

tals).
- Experiment 5: 1,00, 2.00 and 3.00mg/ml (w/v) DL-methionine (DL-2-Amino-4-methylthiol-
butanvic acid, crystalline, BDH Chemical Co. England).

- Experiment 6: 0.005, 0.010 and 0.015 mg/ml (w/v) (&)- epinephrine hydrochloride.
- Experiment 7: 1,00, 2.00 and 3.00 mg/ml {w/v) D-mannitoi {Crystalline).

. Experiment 8: 0.43, 0.86 and 1.30mg/ml {w/v) sodium benzoate.

- Experiment 9: 0.01, 0.02 and 0.04 mg/ml {w/v) 17f-Estradiol. Since Estradiol is a fat solu-
ble compound, therefore, it has been decided to dissolve these concentrations in a suitable

fat solvent {dimethyl sulfoxide: DMSO) that has not any detrimental effect on the viability of
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bull spermatozoa at a concentration {v/v) of 1.00% (Snedeker and Gaunya, 1970). Also,
becanse DMSO has been shown to have an inhibitory effect on sperm lipid peroxidation (El-
Saidy et al., 2000), a second control diluent containing 1.00% (v/v) DMSO was used as a
semen treatment in this experiment.

Within 10 minutes after dilution, the extended semen was placed in the refl;igeralor and incu-
bated at 5°C for 168 hours. The minimum number of progressively motile spermatozoa per ml of
diluted scmen was 90x106, Sperm progressive motility was subjectively assessed alter dilution,
as well as alter 6. 24, 48, 72, 96, 120, 144 and 168 hours of incubation period using a phase-
contrast microscope (400X) equipped with a thermal stage at 37°C. The viability index of incu-
bated semcn was calculated according to Milovanov (1962).

Statistical analyses

Using the general models procedures of the Statistical Analysis Systems {SAS, 1990), data
obtained from each experiment were subjected to analysis of variance (one way ANOVA]) to clarify
the influcnee of semen treatments on sperm motility and viability indices. Trealed mcans were

compared Ly the least significant difference test (LSD) at 5% level of probability.

RESULTS
Before processing of bull semen lor hypothermic preservation, examination of {reshly cjaculat-
ed semen samples, throughout the present investigation, revealed that the overall mean percent-
ages of progressive motile sperm, live spermatozoa and total sperm abnormalities were 71.00%,
81.20% and 13.86%, respectively.

As depicied in table 1, fortification of semen extenders with 2.80mg/ ml pentoxifylline result-
ed in a significant (P<0.05) improvement in sperm motility after incubation of chilled bull semen
for 72 and 168 hours. Also, at the aforementioned concentration of pentoxifylline, the maximum

value (123.83 + 3.45) of viability index was obtained.

Table 2 oullines the effect of three levels of EDTA on preservability of bull semen, 1t was evi-
dent that supplementation of citrate-based diluents with 1.00mg/ml EDTA induced a significant
(P<0.05) angmentation in the viability index and sperm motility percentages at all incubation pe-
riods. On the contrary, inclusion of EDTA in semen extenders at a concentration of 3.00mg/ml

significantly (P<0.05) minimized the motility and viability indices of stored spermatozoa.

Data regarding the influence of sodium thiosulfate on the quality of preserved semen are clar-
ified in table 3. In vitro provision of semen extenders with 2.00 or 3.00mg/ml sodium thiosulfate

significantly (P < 0.05) exeried an explicit increase in sperm motility after dilution as well as after
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6 hours ol incubation at 5°C. The superior value (95.70+£5.04) of viability index was achieved af-

ter treatment of bull spermatozoa with sodium thiosulfate at a concentration of 2.00mg/ml.

Table 4 displays the cutcomes of in vitro exposure of bull semen to different concentrations of
ascorbic acid. It was clear that ascorbic acid at a concentration of 0.10mg/ml had a significant
{P<0.05) amendatory effect on storageability of semen. The highest percentages of sperm motility
after 72 hours {64.5012,17%) and 168 hours (44.50+3.37%) of incubation period, as well as the
greatest valuce (106.44+3.30) of viability index were attained by the above-mentioned level of as-

corbic acid,

Table 5 points out the impact of methionine on the quality of preserved semen. Definitely,
prestorage treatment of bull spermatozoa with 1.00mg/ml! methionine significantly (P< 0.05) pro-
voked a detectable enhancement in their motility after 168 hours of incubation period. Concomi-
tantly, at {he same concentration of methionine, the maximum value (120.0312.85} of viability

index was recorded.

Table 6 illustrates the influence of epinephrine on the livability of chilled-stored semen. As a
rule, the motility percentoges and viability indices of spermatozoa supplemented with 0.005mg/
nil epinephrine were significantly (P< 0.05) higher than that of spermatozoa supplemented with
or withoui 0.010 and 0.015mg/ml epinephrine. At 168 hours of incubation period, analysis of
variance could not detect any significant variation among the motility percentages of spermato-

zoa treated with 0.005 and 0.010mg/ml epinephrine.

With respect to the effect of mannitol on preservability of bull semen, table 7 demonstrates a
pronounced (P<0.05) improvement in the viability indices of stored spermatozoa after supple-
mentation of diluents with 1.00, 2.00 or 3.00mg/ml. The maximum percentages of sperm motili-
ty after 6 hours (81.50+0.76%), 72 hours (77.00£1.11%) and 168 hours (53.50+3.95%) of incu-
bation pcriod were observed after treatment of semen with mannitel at a concentration of
2.00mg/ml.

Table 8 c¢xplicates the effect of various doses of sodium benzoate on the quality of stored bull
semen. DBroadly, the mean values of viability indices and sperm motility {at 72 and 168 hours) of
semen cxposcd to 0.43mg/ml were signiticantly (P<0.05) higher not only than that of control but

also than that of semen exposed to 0.86 and 1.30mg/ml.

As indicated in table 9, in vitro fortification of bull semen extenders with increasing concen-
trations (0.01. 0.02 and 0.04mg/ml) of 17p-Estradiol resulted in a significant (P<0.05) increment
in the muotility and viability indices of incubated spermatozoa. The maximum percentages of
sperm motility after dilution (80.00+1.07%). 6 hours (78.61+0.97%]), 72 hours (73.0610.72%)
and 168 hours (45.28+2.51%) of incubation period as well as the superior value (120.48+1.70) of
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viabilily index were detected aller treatment of semen with Estradiol it a concentration of
0.02mg/ml.

DISCUSSION

Movement is the major energy-demanding process in spermatozoa that has been considered a
prerequisiic criterion in the assessment of how many sperm cells are functlionally competent to

carry oul the fertilization process (Gagnon and Lamirande, 1995).

In spite ol the existence of antioxidant defense mechanisms within mammalian sperm. the
flux of local oxidant generation in consequence of low-temperature manipulation ol scmen may
frequently overwhelm these defenses, resulting in the occurrence of sperm lipid peroxidation
(Erokhin et al., 1996). Loss of {lagellar beat frequency, inactivation of sperm metabolic en-
zymes, rechiction of intracellular adenosine triphosphate (ATP) levels and atltenuation of cyclic
adenosine monophosphate (cAMP)-dependent phosphorylation of axoneme proieins have all been
associaled with the accumulation of lipid peroxidation products in sperm membrances (Gagnon,
1997).

Supporiing the above-mentioned concept, our data clearly highlight the pivotal role of lipid

peroxidation inhibitors in maintaining the longevity of chilled-stored bull semen.

Supplementation of semen extenders with pentoxifvlline at a concentration of 2.80mg/ml re-
sulted in @ marked improvement in sperm motility and viability. These results did not coincide
with findings of Gotz (1995) who recorded the inability of pentoxifylline (2.00mg/ml) to improve
bull spertn moltility. However, in another study, Vega et al. (1997) found that postthaw supple-
mentation ol cryopreserved bull semen with 6.00 or 10.00 mM pentoxifylline could prolong the
viability ol spermatozoa. Recently, in an endeavor to find out the influence of pentoxifylline on
preservability ol semen, Khalifa (2001) detected a significant augmentation in sperm motility
and viahility alter its addition to ram and buffalo semen extenders at concentrations of .50 and
5.00mM. respectively, The favourable influence of pentoxifylline on sperm motility was ascribed
to its ability (v safeguard sperm membranes from the peroxidative damage of rcaclive oxygen
species {(Sharma and Agarwal, 1997; El-Sheltawi et al., 2002). Furthermore,. it has been sug-
gested that pentoxifylline was capable of increasing the intracellular levels of ¢cAMDP, a molecule

involved in regulation of sperim kinematic activity (Ramesha et al., 2000).

Fortification of bull semen extenders with a low level {1.00mg/ml} of EDTA caused a signifi-
cant increasce in the motility and viability of chilled-stored spermatozoa. In agreement with the

present data, Dhami et al, (1993, 1995) observed that inclusion of 0.10% EDTA in cilrate-egg
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yolk- glycerol diluents had a signilicant benelicial effect on the motility, viability aund fertility of
frozen-thawed and liquid {5°C) scmen of Friesian bulls. The amendatory clleet ol KDTA on pre-
servability of semen was attribuled to its tendency o alleviate the peroxidative damage incurred

by releasing of amino acid oxidase from dead spermatozoa (Shannon and Curson, 1972, 1982).

Paradoxically, the current study revealed a dramatic decrease in sperm motility and viability
alter inclusion of a high level {3.00mg/ml of EDTA in semen diluents. In accord with our obser-
vation. Vishwanath et al. (1992) in their study on the effect of chelatiﬁg agents and (ree radical
scavengers on survival of bull spermatozoa at ambient temperature. noliced that dilnents forti-
fied with 1.00 to 10.00 mM EDTA were significanily poorer than the control in aindaining
spérm maolilily. As a matter of fact, the involvement of EDTA in cessation of sperm metabolic ac-
livity is hevond doubt because at a high concentration EDTA could inhibit the activity of sper-
matozoal adenosine triphosphatasce (Mann and Lutwak-Mann, 1981), stimulate sperin lipid per-
oxicdation (Aitken et al., 1993), and minimize the intracellular level of calcitim ions (Centola,
1998).

Concerning the impact of sulfur- containing compounds on storageability of bull semen. the
present work reeorded a remarkable increment in sperm motility after addition ol sedium thio-

sullate (2.00mg/1nl) or methionine (1.00 mg/m1l} to citrate-based extenders.

Our data did potentiate the findings ol Nauk and Gus’kov (1983) and Nauk (1988) wlio justi-
fied that inclusion of sodium thiosulfate in bull semen extenders resulted in a reduction in the
rate ol sperm lipild peroxidation and a subsequent enhancement in sperm molility and surviva-
bility. llowever, Moroz et al. (1990) and Lapointe and Sirard (1998) ruled out the ability of

methjonitie to improve bull sperm motility.

Il is worthy to note under our experinienial conditions that the favourable influence of methi-
onine on sperm motility may be rclied on its capability to maintain a high level ol alpha- tocoph-
erol in sciinal plasma and spermatozoa (Kaludin and Dimitrova, 1986). Alpha-locophcerol was

detected (o be a potent chain-breaking antioxidant that could inhibit the propagation of lipid

peroxidation in the sperm membranes (Beconi et al., 1993).

As regards the effect of hydroxyl radical scavengers on longevity of bull semen, the current in-
vestigation detected a pronounced augmentation in sperm motility and viability alter in vitro pro-
vision of citrate-based diluents with ascorbic acid {0.10 mg/m1) or mannitol (2.00 mg/ml) or so-
divm henzoate (0.43mg/ml). Nearly similar effects were obtained by Beconi et al. (1993) who
observed ihat lortification of bull semen extenders with 5mM sodium ascorbate induced a signif-
jcant improvement in sperm motility. Moreover, Khalifa (2001) found thatl supplementation of

ram scimcen extenders with 0.10% mannitol or 3.00 mM sodium benzoate resulted in a significant
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increasc in the viability of chilled - stored spermatozoa. The beneficial influence of ascorbic aeid
or mannitol or sodium benzoate in semen diluents may be resided in its ability o inhibil the per-
oxidation ol polyunsaturated fat y acids in sperm membranes by neutralization of hydroxyl radi-
cals, protection of intracellular superoxide dismutase activily, regencration ol the antioxidant ac-
Livity of the oxidized form of alpha-tocopherol in sperm membranes and reducing the delelerious
cffects ol hvdrogen peroxide in stored sperm cells (Bize et al., 1991; Beconi et al., 1993; To-
netti et al ., 1993; Dalvit et al. , 1998).

Epincephrine {(adrenaline} is a normal constituent of bovine seminal plasma (Mann and Lut-
wak-Mann, 1981) that, immediately after ejaculation, binds to alpha-adrencrgic receptors on
sperm plisma membrane and mediates several cellular functions including an increase in the
influx ol free calcium ions into sperm cclls (Meizel, 19858} and stimulation of sperm molility
(Nelson and Cariello, 1989) as well as sperm transport in the female reproductive tract (Gal-

lagher and Senger, 1989).

Hand in hand with the aforementioned lindings. our data evidently revealed that treatment of
bull semen with a low concentration (0.005mg/m1) of epinephrine induced a signilicant increase
in sperin mmotility not only immediately after dilution but also after extended periods of incuba-
tion al 5Y'C. Il scemed that epinephrine at this level might be able to maintain the viability of bull

spermatozoa by inhibiting the rate of lipid peroxidation (Alvarez and Storey, 1983).

On Lhe contrary, the present investigation indicated that exposure of bull semen to a high
dose {0.015mg/m1l} of epinephrine caused a significant decrease in sperm motility aficr 72 hours
of incubuation period. Concomitantly, Mann (1964) reported that when adrenaline was added to
bull semen in relatively high concentrations {10.00-100.00ug/m1), the acrobic. butl not the an-
aerobic. fructolysis was gradually inhibited due to aerobic formation of adrenochroume by catalyt-
ic action of the cytochrome systeim of spermatozoa upon adrenaline or due to formation of hydro-
gen peroxide by the catalytic action of seminal plasma monoamine oxidase [adrenaline oxidase)
on adrenaline.

17b- Estradiol represents one of the normal constituents of mammalian seminal plasma (Rae-
side and Christie, 1997) that, upon ejaculation, binds to sperm plasma membranc and regu-
lates spermatozoal functions (Luconi et al., 1999). There have been claims that in addition to
be metabolized by sperm cells (Seamark and White, 1964), estradiol at a low concentration
(2.00pg/m1) is able to activate sperm adenylate cyclase(Cheng and Boettcher, 1982) and may

be involved in the stimulation of sperm transport in the female reproductive tract (Orihuela et

al., 1999).

Interestingly, a potent antioxidant action of cstrogens, which exceeds that ol alpha-
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tocopherol. has only recently been realized (Behl et al.,, 1995; Murdoch, 1998). Esiradiol at a
concentration of 320.00 pg/m1l can safeguard the living cells from hydrogen peroxicie- induced
cell death (Wiseman et al., 1993; Lund et al., 1999, Wise et al., 1999).

In view of the above-stated disputations, as well as in agreement with the lindings of the pre-
vious authors (Hicks et al., 1972; Daader and El-Keraby, 1982; Marinov et al., 1983; Idao-
mar et al.,, 1989), our investigation recorded the maximum improvement in sperm motility and
viability alter supplementation of semen diluents with estradiol at a concentration of 0.02mg/
ml. It sccms that the tendency of Estradiol to mediate hydrogen- transfer process (Mann, 1964)
may be responsible for the elimination of hydrogen peroxide from the sperm cells. thereby inhib-
iting peroxidation of phospholipids in sperm membranes.

In conclusion, supplementation of citrate-based extenders with lipid peroxidation inhibitors
could maintain the motility of chilled bull semen up to 168 hours. Experiments arc in progress

o comparc between these inhibitors in an attempt to select the best one.

Vol. IV, No. 2, 2002
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Table [I: yfiec - il '
¢ bEliect of pen / il (90 . I ,
toxifylline on motility ("4 and viability ol chilted-siored bult

spermatozoa (Means + SI9).

Plentoxifyllinc After Incubation periods (hours) Vinhility
coneentrations (mg/mi) . dilution 6 72 t68 imlicc.‘z‘
Control 73.002+2.49 72.00+2.71 66.50+ 1501 000105 | Too R0 R
| 1.40 75.50 + 3.02 77.50x3.27 71.50+1 80" 5(1.50»4.:1 Y RAT A es
| 2.80 7550283 | 77.50:2.27 | 72.50£2.01° | S5.0002.5K0 | 131 RITTae
4.20 7750 £2.50 | 80.50£2.07 [ 73.00+1.86" | 48 50466 | 130.0173 71

Means with different superscripts in the same coliann are stgnificamly different o0 o us)

Table 2: Eiftect of EIVTA on motility (%) and viability of chilled-stored bull SpCrtatn g

(Means + S,

EDTA Incubation periods (hours) Viability
After dilution :
concentrations {mg/ml) 6 72 168 indices
Control 76.50 4 | 087 76.00£1.63" 67.00+1.86" IR00d 6" S 81y 03
" 1.00 8250+ 171" | 79.50£1.17" | 73.5051.07" | 47.0043 81" | 1209313 3"
2.00 79.50 + 117" | 79.00£1.25™ [ 63.0042.91" | 38.00:3.96" | 10701+ 78"
3.00 75502 1.89" | 68.00£2.26° | 320043895 | 8501107 | S32313 R0

Mecns with different superscripts in the same colinny are significantly different o - 0 05

Table 3: Uffcet of sodium thiosulfate on motility (%) and viahility ol ehilled-stored bull

spermatozoa (Means £ SE).

e - 0
Sodium thiosulfate Incubation periods (hours) Viability

After dilution
concentrations (mg/ml) 6 72 168 indices
Control 69.50+ 090" | 67.5051.12" | 58504325 | 140043 14 | 825913200
1.00 7100 £ 1.25% | 705011 38™ | 63.50£299 | 24.0044.52 | 93961443
2.00 73002 133" | 73.005133" | 65501263 | 19500550 | 05 1055 04" |
3.00 7500+ 1297 | 73.504107° | 62504239 | 130002.03 | BRO9+151%
i rﬁ, e

Means with different superscripts in the same coltunn are significanthy different o
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Table 4: FEffect of ascorbic acid on motility (%) and viability of chilled-stored bull

spermatozoa {Means £ SE).

Ascorbic acid Incubation periods (hours iahility
concentrations (mg/ml) After dilution 6 p72 ( )168 ‘:::::c.:)
Control 73.00+1.33 71.00+£1.00 55.50+2 4] 33.5043.07" | 94 3542 15"
0.10 75.00+ 1.49 72.00+1.33 64.50+2.17 44.504£337" 1 106,443 30"
0.50 72,50 + 1.71 72004170 | 60.0045.11 | 36.00:3.71" | 99.4)45 17"
1.00 73.00+ 2.00 72.00x 2.26 54.50£ 5.84 | 29.50x 3.37" | 94.55+ 6.74*
1.50 74.50% 1.17 74.00+1.25 55.00+6.06 25.50£6.47" $7.098 80"

Means with different superscripts in the same column are significanthy difforent (0 « o 03

Table 5: tffect of methionine on motility (%) and viability of chilled-stored bull
spermatozoa (Means = SE).
Methionine Incubation periods (hours) . Viability
After dilution
concentrations (mg/mi) 6 72 168 indices
Control 74.00 £ 1.94 74.00£1.94 64.002£2.08 45.00£2.01" 105.38£2.11"
1.00 77.00 £ 2.00 77.00+2.00 T1.50+£2.11 52.00+1.12° 120.03%2.85"
2.00 78.50+2.69 } 78.5022.69 | 68.50£3.41 | 46.50+2.80"" [ 115.3743.66"
3.00 79.00+ 2.87 79.00+ 2.87 74.00% 277 | 46,00+ 252" ] 119251 46t

Means with different superscripts in the same colun are significantly different o < v 03)

Table 6: Effect of epinephrine on motility (%) and viability of chilled-stored bull

spermatozoa (Meaus % SE).

Epinephrine Incubation periods (hours) Viability
After dilution L
concentrations (mg/ml} 6 72 168 indices
Control 74.00 +1.25 | 71.50%1.68" 67.00+1.33" 1 31.5043.66" ] 102.20+3.88™
[ 0.005 78.00 £ 111" | 78.0021.01% | 77.0000.82" | 4950502 | 120.67:337"
0.010 73.50 £ 130" 70.50+2.03" 67.5042.61" | 45.50+4.56™ | 111 894501
0.015 73.50+ 1.68° 68.00+3.18" 58.50+ 3177 | 37504 4.10™ | 98131 5.95°

Meuns with different superscripts in the same column are significantly different (P<0.05)
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Table 7: Effect of mannitol on motility (%) and viability of chilled-stored bull spermatozoa

{Mecans + Si).

Mannitol Incubation periods (hours) Viability
. After dilution
concentrations (mg/ml) 6 72 168 indices
Control 78.00 £ (.82 77.50+0.83" | 70.00£1.05" | 36.00:2.21" ) 112.11+) 98
1.00 79.00 + 1.00 | 78.50£1.07" | 75.5041.57" | 475043 44" | 1229940 23"
2.00 81.50+0.76 81.50x0.76" | 77.0041.11" | 53.50+3.95" | 128.87+2.50°
3.00 79.001 1.23 76.00% 1.80" | 71.00+£ 0.67" | 50.50+ 3.29" | 11870+ 2.11"

Means with different superscripts in the same column are significantly different (0 e 03,

Table 8: Effect of sodium benzoate on motility (%) and viability of chilled-stored bull

spermatozoa (Means + SE).

Sodium benzoate Incubation periods (hours) Viability
After dilution o
concentrations (mg/ml) 6 72 168 indices
Control 76.00 £ 1.00 75.00+1.05 67.00+1.86" 43 5043.38" | 1109944427
0.43 79.50 £ 1.38 79.50+1.38 | 75.5021.74" | 57.50+4.49" | i28.96+3.43"
0.86 76.50 + 1.38 75.50+2.03 68.00+2.007 415044227 [ 14.94-+3.47"
1.30 77.00% 1,11 76.50+1.30 69.50+ 1.57" | 43.0044.36" | 113,99+ 3.65°

Meuns with different superscripts in the same columnn are significanily different (' < 0.03),

Table 9: Effect of 17p-Fstradiol on motility (%) and viability of chilled-stored bull

spermatozoa (Means X SE).

After Incubation periods (hours) Viability
Semen freatments dilution 6 72 168 indices
Control 74 724 0.75" 71.3940.97" 60.5611.39" | 28.61+7 8" 04 38+ 59"
1.00 % DMSO T4 44+ 038" | 71.9440.72" | 61.9420.72° 30.00£1.81° 98.13£1.50°
o 001 7889 + 0.76™ | 76.94+0.92" 70.83+0.93" | 41.67t2.97" 114294227
E .o
Wy
_EZ 3
P N =1 h N
SLeQ 00 80.00+ 1.07° 78.6140.97° | 73.06+ 0.72° | 4528+ 251" 120 484 1,70
fFEoT
he¢n
w =2
g 2 0.04 ..
¢35 ' 7722+ v.01° 75 98+1.11" | 68.89+0.95" | 43.89+3.12" 117.6414.04
£ 2214,
o

Means with different superscripis in the same colwmn are significainly different (0005

. 2, 02
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