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SUMMARY

Cryopreservation of ram semen disrupts the membrane integrity of
spermatozoa and reduces the motility and the fertilizing potential. The
transbilayer dynamics of lipids in the plasma membrane of mammalian
sperm cells is crucial for the fertilization process. The aim of the present
study is to develop a treatment supporting the membrane integrity of ram
spermatzoa during cryopreservation, Semen samples were collected
from six rams aged 2-3 years. pooled together and cxtended in Tris
based extender supplemented with different fatty acids and cholesterol
concentrations. Extended semen was cooled and freezed. Percentages of
motility after dilution, post — thawing and acrosomal defects as well as
viability index were subjectively assessed, I'rozen — thawed ram semen
treated with low or high concentrations of fatty acids and cholesterol
were used to assess their in vitro fertilizing potential. Addition of 1
mg/ml palmitic acid or Smg /ml linoleic acid significantly increased
(P=0.001) post-thawing sperm  motility  (64.00 and 56.00%,
respectively), viability indices (188.00 and 154.00. respectively),
decreased acrosomal defect (15.00 and 18.00 %, respectively), enhanced
significantly (P<0.05) in vitro fertilization rate (53.84 and 51.72 %,
respectively) and in vitro blastocyst production (18.75 and 16.66%,
respectively). On the other hand, addition of cholesterol to the diluted
ram semen, ¢ven in low concentration, resulted in a drastic decrease in
the post - thawing motility (40.00 %), viability index (96.00), increased
acrosomal defect (27.00%) and inhibited severely in vitro blastocyst
production (3.77%). In conclusion, the current results illustrated that,
the addition of Img/ml palmitic or Smg/ml linoleic acid to ram semen
extender, protecied ram sperm plasma membrane against cryoinjury,
improved semen freezability and in vitro fertilizing potential, By
contrast, cholesterol addition to the diluted ram semen drastically
inhibited ram semen freevability and in vitro fertilizing potential.
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INTRODUCTION

The plasma membranes of mammalian spermatozoa contrast
sharply with those of mammalian somatic ceils in their composition and
biophysical properties (Wolf ef al, 1990 and Cerolini er al, 2001).
Sperm plasma membranes have unusually high levels of cther-linked
lipids or of highly unsaturated fatty acyl groups (White. 1993).The
movement and distribution of phospholipids between the exoplasmic
and cytoplasmic leaflet of the plasma membrane of ram spermatozoa is a
highly dynamic, ATP- dependent process (Muller ¢r al., 1997) The
transbilayer dynamics of lipid in the plasma membrane of ram
spermatozoa is crucial for the fertilization process (Nolan and
Hammerstedt, 1997 and Muller er af., 1999) .

Cryopreservation has been associated with a dramatic alieration
of the plasma membranc lipid content and phospholipids release (Darin-
Bennett e/ af, 1973 and Oliw er af., 1993). These changes of the lipid
composition of sperm membranes have been responsible for the increase
in the plasma membrane fluidity upon cryotreatment (Ilinkovska-
Galcheva et al, 1989; Buhr ef al, 1994). The susceptibility of ram
spermalozoa to damage during cryopreservation is linked with a high
ratio of unsaturated: saturated fatly acids in the phospholipids of the
plasma membranc and low cholesterol content {White, 1993).

Cholesterol phospholipids ratio in the sperm membrane may in
fact play a mechanistic role in membranc stability and appear w0
influence the fertilizing potential of ram spermatozoa (Langlais and
Roberts, 1985 and Grippo ef al.. 1994). Recently, therc is a strong
evidence that, the addition of phospholipids to diluted ram semen may
provide immediate protection against cryopreservation effects and
improve sperm motility. However, the physiological role of membranc
phospholipids and cholesterol in maintaining the fecundity of ram
spermatozoa during cryopreservation remains to be elucidated.
Therefore the present study was designed to investigate the effects of
some fatty acids and cholesterol addition 1o ram semen extender on their
freezability and fertilizing potential in vitro.

MATERIALS and METHODS

Animals:

Six mature, clinically health Barki rams, aged 2-3 years were
used. They were kept at the experimental farm of Animal Reproduction
Research Institute (ARRI) Giza, Egypt.

306



Assiut Vet, Med, J._Vol. 50 No. 101 April 2004

Semen collection and extender:

Scmen samples were collected twice weekly from rams using
attificial vagina that was adjusted to a proper condition, Semen samples
of at Jeast 70% initial motility and 3 x 10° sperm cells / ml were used.

[mmediately after collection, samples were split into 16 portions and
diluted at 1:19 ratio at 30°C with Tris based extender (Evans and
Maxwell 1986), containing different fatty acid concentrations as follow;
extender alone (control); palmitic acid (1,2 and 4mg / ml); linoleic acid
(5,10 and 20 mg/ml); arachidonic acid (1, 5 and 10 mg /ml) : iecithin (3,
10, 20 mg/ml) and cholesterol (2,5 and 10 mg/mi).

Processing of ram semen:

Immediately alter dilution, the extended semen was cooled to
5°C throughout 60 minute in a cold handling cabinet. The cooled semen
was looded into 0.25ml French straws (IMV, " Aigle, France), arranged
horizontally on a cooled rackes, then lowered into liquid nitrogen vapor
inside foam box according to (Khalifa, 2001). Then the straws werc
immersed in liquid nitrogen and stored.

Lvaluation of semen freezability:

After 24 hour, [rozen ram semen samples were thawed in water
bath at 40°C for 30 second, Sperm motility was subjectively assessed
immediately after dilution, post- thawing and after 1,2and 3 hours of
thawing. The post-thawing viability indices were recorded according to
Milovanov (1962). The percentage of abnormal acrosome was recorded
after thawing in smears stained by Fast green FCF according to Wells
and Awa (1970},

Evaluation of fertilizing potential of the treated semen in vitro:

Frozen semen samples treated with low or high concentrations of
falty acid and cholesterol were used for evaluation of their fertilizing
ability in vitro.

In vitro cocyte maturation:

Cumulus — oocyte complexes (COCs) were obtained by slicing of
sheep ovaries and collecting groups of 20 COCs with homogenous
ooplasm swrrounded by compact multi layers of cumulus cells were
selected for culture in 50- ul drops of TCM — 199 medium supplemented
with10 pg / ml luteinizing hormone, Spg / ml follicle stimulating
hormone and lyg / ml estradiol-17p, under sterile mineral oil at 39 °C
for 24 hour in an atmosphere of 3% COs in air (O Brien er al,, 1996).

In vitro preparation of the sperm
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Straws of frozen ram semen from each treatment were thawed in
a water bath at 37 °C for 30 sce. Immediately after thawing, the most
motile ram spermatozoa was separated by swim up method in S-TALP
medium containing 6 mg/ ml BSA, for 1 hour (Parrish et al, 1988). The
uppermost laver of spermatozoa was selected and washed twice by
¢entrifugation at 2000 rpm for 10 minates. Sperm pellet was resupended
in F-TALP media containing 10-ug/ml heparin. Aficr appropriate
dilution, 2ul of sperm suspension was added per fertilization drop at a
final concentration of 2.5 x 10° sperm cell / ml. Gametes were co-
incubated in fertilization drops under silicon oil for 18 hours at 39 °C in
3% CO;y in humidified air. After oocyte ~ sperm incubation, some of
oocvte were fixed in acetic acid - cthanol (1:3) and stained with 1 %
accto- orcein stain to assess fertilization at 400x magnification.
Pertilization was defined by the presence of either the sperm tail
associated with the male pronucleus or the presence of 2 pronuclei.
Groups of the inseminated oocyte were then {reed from cumulus cell and
attached spermatozoa by gentle pipetting and cultured in TCM-199
medium with HEPES modification. The proportion of cleaved oocytes
was recorded 48h after insemination and those developed to the morula
and blastocyst stages were recorded at 5- Lo 7- days post insemination
(Wintenberger - Torres and Seveliec, 1987).

Statistical analysis:

By using the Costat Computer Program, version 3.03 copyright
(1986) cottort software, all data were subjected Lo analysis of variance
(ANOVA). Treated means were compared by the least significant
difference test (LSD) at 1% and 5% level at probability. In vitro
fertilization rate and embryos development were analyzed using Chi-
square analysis (Xz). The Pearson correlation test was used to calcuiate
the correlation between semen parameters measured and in wvitro
fertilization rate and in vitro embryo production.

RESULTS

Data regarding the effects of different fatty acids aud cholesterol
conecentrations on the motility of cryopreserved ram semen ave outlined
in Table 1, The percentage of motility immediately after dilution was
nearly similar among different treatments. However, the percentage of
the post- thawing sperm motility was significantly increased (P <0.001)
with 1 mg/ml palmitic acid and 5 mg/ml linoleic acid (64.0042.44 and
56.004+2.44%, respectively) compared with control, cholesterol and
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arachidonic acid at all concentrations .On the other hand, the percentage
of post- thawing sperm motility was significantly decreased with the
addition of high cholesterol concentration to the Tris based extender
(7.00::1.22%). Additionally, the highest percentage of sperm motility
reduction was recorded with the high cholesterol concentration
(91.3241.56%), while the lowest percentage of sperm motility reduction
was recorded with inclusion of low concentration of both palmitic acid
and linoleic acid (21.90 = 2.68 and 32.50 +2.96%, respectively).

Table I: Effect of different concentrations of fatty acids and cholesterol

_on post-thawing motility of ram spermatozoa (M eanstSE).
Treatment Concentration Maotility after Paost - thawing Reduction of sperm |
L omil Dilution (%) maotifity (%) maotility ( %)
|
Conurel 83.00 4 1.22 38002 1.99% 5411 £2.68°%
Palmitic I mg 82.00 & 122" 61.00 244" 2190=2.68%
Acid 2me 86.00 244" 56.00 £ 587 3527+536%
dmg 1 5004273 3800£3.793 % 5552 £3.36 "%
Linoleic Smg U oR300122 56.00 32.44% 32504296 %
Acid | 10mng Pog2.00=1.99 52.00 2 4,89 2 3668+ 5.50 %
20mg 8540 £1.57" 564002447 33.8843.76%
Legilhin Smg 32.00+1.22° 4800 % 7,34 4191 +8.047
10mg §5.00+ 157" 4800+ 6.63 " 43594 760
‘ 20 mg $3.00+1.22" A700 2 663" 4338760
T Arachidonic | img 8500 £ |.57* 38.00 + 1.99%" $3.09 +2.68 "
Acid Smg $L.O0=331" 32008373 60.07 + 4.47 ¢
10 mg 86.00 = 1.86" 26004244 " 59352268Y |
| Chalesterol 2mg 8100+ 186" | 4000E316° 3241+335%
3 mg §1.0020.99" 26.00+£2.44" 67.94 £2.90
10 mg 81.00£0.99* 7.00+ 1228 91.32+1.56°
Over alt 83372045 425 1.83 4971 £2.17
__mcnn
| Significance Ns (F=0.97) (F=12.05) (F=13.17)
P 00001 P 0.000] |

Values are from 5 triais for each treatment.
Vatues with different letters in the same column are significantly different at fsast
(P=0.001).

The data presented in Table 2, showed that, supplementation of
Tris- based extender with 1 mg / ml palmitic acid significantly increased
(P< 0.001) viability index (188.00 +14.45) as compared to control
(125.00 + 3.87) and all other fatty acid concentrations. Whereas, the
lowest viability index was recorded with 10 mg / ml cholestero] (13.5 £
0.60). Likewise, the resulls presented in Table 2, showed that low
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concentration of palmitic acid, linoleic acid and lecithin supplemented
Tris- based extender significantly decreased (P<0.001) the percentage of
acrosomal defect (15.00 + 1.64, 18.00+ 1.64 and 184 = 2.67 Ya,
respectively). On the other hand, the highest percentage of acrosomal
defect was recorded with high concentration of cholesterol, arachidonic
acid and control (33.6 £ 1.06, 33.20 + 0.91 and 30.00 + 593 %,
respectively).

Table 2: Effect of different concentrations of fatty acids and cholesterol

on the wviability indices and acrosomal defect of ram
spermatozoa MeanstSE).

! Trecatment | Concentration | Viability indices | Acrosomal defect (%) |
| /ml I
| Control - 125.00 4 3.87 ¢ 30.00+5.93°
Palmitic Img 188.00+ 14.45° 15.00 £ | 64°¢
Acid Zmg 163.00 = 16.01 % 18.60 & 2.20 ¢
4mg 129.00 931 20,40 = 4.35 "
Linoleic 3mg 154.00 = 11.22% 18.00 = 1.64 %
Acid 10 mg 144.00 + 12,87 18.40 + 0,39
20 mg 149.00 £ §.85 21.00= 2.60
Lecithin Smg 150,00 + 15,575 18.40 + 2,67 %
0mg | 111.00£9.13 % 2040+ 1.74
20mg | 144.00214.08™ | 24.80+ 348"
Arachidonic I 'mg 111.00 + 5,99 % 21.00 = 1.86 %
Acid 5 mg 94,00+ 186° 24.60=2.20™4
10 mg 62.00+874" 33204091 |
Cholesterol 2mg 96,00 +2.44 ¢ 27.00 = 1.81 *
3mg 55.00+£2.73° 31.20+2.59 %
W0mg | 135+060% 33.60+£1.06" |
Over all 118,03 £5.42 2347 = 0. 87
mean s
significance (F=20.78) (F=4.88) !
P< 0.001 P= 0.001 N

Values are from 5 trials for each treatment.

Vaiues with different lctters in the same column are significantly different at least
(P=0.001).

The results presented in Table 3. revealed that, although the
sperm penetration rates did not dilfer among low concentrations of
different treatments and control, the rate of male pronuclei formation
(MPN) was significantly increased (P= 0.05) in oocyte that was
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inseminated with frozen - thawed ram semen treated with low
concentrations of palmitic acid (53.84%) and linoleic acid (51.72 %)
compared with control (32.61%). Morcover, the rates of development to
the blastocyst, were significantly cnhanced (P<0.05) in oocytes that
inseminated with low concentrations of palmitic acid and linoleic acid
(18.75 and 16.66 %. respectively) as compared to cholesterol and control
(3.77 and 2.44 %, respectively), Table, 4.

Table 3: Influence of low concentrations of fatty acids and holesterol on
in vitro fertilization of sheep oocytes.

T Treatments [ Concentrations | No. of Penetration rate Fertilization rate |
/ml_ | oocytes No. (%) No. (%) |
Contzal 46 29 (634 15 (3261)°
Palmitic acid Img 32 36 (69.23)% 28 (33.84)"
Lineleic acid img 38 40 (68.97Y 30 (5172
Lecithin 3mg 67 44 (65677 | 26 (3381
Arachidonic acid 1mg 65 45 (69230 | 23 {38.46)"
cholesterol 2mg Loss | 34 18y | 20 (36.36)"

Values with diffcrent letters in the same column are significantly different at least
(P<0.05).

Table 4: Influence of low concentration of fatty acids and cholesterol
on in vitro sheep embryonic development,

Treatments (2onccm}ulimus No. of Clesvage rate . Morula Blastoeyst
fml vacytes No. (%o} No. (%) No. (%)

Conteol 41 14 Grsy |4 et |1 e
Palmitic acid L mg a8 22 13583y 13 278y (9 (18.28y"
Linolete acid Smg 26 5 {4167y 1o (2778 | 6 {16.66)*
Lecithin 5mg 45 I7 G |8 (7t | s (L
Arachidoniz acid tmg 49 ig (36.737 | 6 Q224 | 3 612
Cholesteral 2mg a3 18 33967 | 8 (9.43)° 2 aan

Values with different letters in the same column ave significantly different at least

(P<0.05).

As shown in Tables 5 and 6, insemination of sheep oocytes with

frozen — thawed semen treated with high concentration of cholesterol
decreased significantly (P<0.05) male pronuclei formation, cleavage
rate, morula and blastocysts development (26.92, 21.43, 4.76 and 0.00
%, respectively) compared to high concentrations of palmitic acid and
linoleic acid. Additionally, there was a non-significant differcnce ameng
other treated groups regarding the in vitro fertilization rate or the embryo
developmental rates.
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Table §: Influence of high concentrations of fatty acids and cholesterol
on in vitro fertilization rate of sheep oocytes,

| Treatments

| Concentrations

No.of ooeytes | Penetration rate

Jml g__Nu. (%) o,
Contral i 55 I35 (6364 |
Palmiticacid | Amg 48 | 3t o438 | 23
Linoleie weid | 20 me ) 137 (s96nr | 25
Lesithin 20 me 36 | 32 Grar | 21
Atachidonic acid {0me 42 [.23 G | 7
Cholesterol O mg 52 {22 @23 | 4

Fertilization rate
No. (%)
21 {

G818)°
@roay |
i

(20.489
25.92)" |

Vaiues with diffcrent letters in the same column

(P<0.03).

are signilicantly different at least

Table 6: Influence of high concentration of fatty acids and cholesterol
on in vitro sheep embryonic development.

Treatments | Conceatrations | Ne.of | Cleavage rate Morula | Blastocyst
Sml oncytes ‘ No. (%) No, Ye} _'__Nu. (%)
Control 48 l 17 {35.42y 4 PExh 2 @I1m
Palmitic nctd 4mg 39 (17 @asey 8§ 2081y |4 (10261
Lirwletc acsd 2mg 51 22 {43149 8 (15.607" | 4 (7 847 I
Lecithin me (15 a5 e |2 !
Arachidonic acid Wmg 36 i3 (36213 |4 (| 2 {3.567
Cholesterel me 42 9 (21.43)" { 2 (476" 0 {0.00)* ‘

Values with different letters in the same column arc significantly different at least

(P=0.05).

The current results demonstrated that, supplementation of Tris —
based extender with low concentration of fatly acids existed a
significantly high corrclation between the measured semen parameters
(post — thawing motility. viability index and acrosomal defect) and in
vitro fertilization rate and embryo development to the morula and
blastocyst stages. However, this correlation was not recorded when high
concentrations of fatty acids were added to the Tris -- based extender.

DISCUSSION

The main characteristic feature of the plasma membrane of
mammalian spermatozoa is the asymmetric transbilayer distribution of
lipid (Nolan ef @l 1993), which has been suggested to play an important
role in the fertilization process of spermatozoa (Nolan and Hammerstedt,
1997). The results in the current study emphasize that, addition of
appropriate concentrations of fatty acids to diluted ram semen can play
an important role in impraving freezability and vitro fertilizing potential
ol ram spermatozoa. These results are entirely consistent with Quinn ef
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al. (1980); Watson and Anderson (1983); Hinkovska — Galcheva et al,
(1988} and Perez-Pe er al (2001). They found that, the addition of
phospholipids to suspension of ram semen prior w0 freezing, decreased
membrane damage, increased the percentage of motile spermatozoa and
those with intact acrosome post- thawing, There is a prowing evidence
that fatty acid composition of sperm membranes especially their
unsaturated components determine their biophysical characteristics such
as fluidity and specific sperm function, including sperm motility and
fertilizing capacity (Ladha, 1998).

Cryopreservation of ram spermatozoa altered severely the fatly
aeids composition of sperm membranes and these varialion were mainly
due to a decrease of polyunsaturated fatly acids as well as an increase of
the diacyle derivatives of phosphatidyl choline and phosphatidyl
ethanolamine (Hinkovska- Galcheva ef al., 1988; Drokin ef ¢i., 1999 and
Cerolini et al., 2001) .The susceptibility of spermatozoa to damage
during [reezing is linked with a high ratio of polyunsaturated: saturated
fatty acids in the phospholipids of plasma membranes of ram
spermatozoa (White, 1993). Additionally, the high unsaturated fatty acid
content of sperm also make them susceptible to damage from lipid
peroxidation which adversely affects sperm motility, metabolism, ulira
structure and fertility {Maxwell and Watson, 1996; Iwata ez al., 1998 and
Badr et i, 2003). In agreement with previous results, the current results
reveal a highly significant reduction in the motility, viability. acrosomal
integrity and in vitro fertilizing potential of untreated frozen semen.
Recently, there is a strong evidence that, the production of total
polyunsaturated fatty acids decreased over the period of storage and is
balanaced by a complementary increase in the proportion of total
saturated fatty acids (Cerolini er al, 2000). Moreover, the components
and surfactants in the freezing diluents have also been shown to affect
membrane  fluidity and the wviability of spermatozoa after
cryopreservation (Pettitt and Buhr, 1998). Therefore, it is reasonable to
assume that modification of membrane fluidity before freczing might be
linked to the damage caused during freezing and thawing. Moreover, it
has been demonstrated that when the yeast cell membrane was more
fluid, the cells survived frozen — thawed damage significantly better
(Kruuv ef al. 1978). Additionally, Watson (1979) suggested that, if the
cell is sufficiently permeable to watcr, the differential vapor pressure for
water across the plasma membrane remains small during freezing and
dehydration results as water moves out of the cell to frecze extra
cellulary. By increasing membrane fluidity and permeability. the amount
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of intracellular ice formation, which is lethal to cell in eryopreservation,
will be decreased (Mazur, 1985). Therefore, the improvement of ram
semen freezability and fertilizing capacity with palmitic acid and linoleic
acid observed in the current study may be attributed to its ability to
modify plasma membrane fluidity and permeability in such a way as to
increase membranc stability during cooling.

Moreover. the current results underlines that, the profective
effects of [atty acids on sperm functions during freezing are dosc-
dependent. These results are in agreement with Pellicer- Rubio and
Combarnous (1998) who found that. the major unsaturated fatty acid
{Oleic acid) but not the major saturated fatty acid {palmitic acid)
exhibited dose- dependebt determintal elfects on goal spermatozod.

The present results strongly suggest that cholesterol addition to
semen extender drastically inhibit sperm motility, viability, acrosomal
integrity and sperm fertilizing potential, These results are parallel to
previous studies on cholesterol: phospholipid ratio (Grippo er ¢l 1994
and Zeng and Terada, 2000). Cholesterol, a major structural: constituent
of plasma membranes. is one of the important regulators of membrane
fluidity (Hartcl et al, 1998) and permeability {(McGrath, 1988}
Membrane cholesterol efflux induces an enhanced membrane fluidity
and permeability (Cooper e al. 1978). Converscly, elevation of
membrane cholesterol is associated with decreased membrane {luidity
(Martel er af., 1998) and therefore, increased susceptability of sperm to
cryoinjury.

The relationship between sperm motility, viability, acrosomal
integrity and in vitro fertilization rates and embryo production was
demonstrated in the present study, as the percentage ol post- thawing
sperm motility increased, so did the chances of morula and blastocyst
production in vitro. These results are in agrecment with the findings of
Aziz ef al. (2000} and Lee e al. (2001). They recorded high relationship
between sperm motility and TVF rates,

In conclusion, the current study provides novel evidence that, the
addition of’

Img/ ml palmitic acid or Smg / ml linoleic acid to the dilutedram
semen enhance ram semen freezability, in vitro fertilizing potential,
presumably by modifying the plasma membrane fluidity. Whereas, the
addition of cholesterol to ram semen diluent result in a drastic decrease
in the percentage of ram sperm freezability and their fortilizing ability.
The current results demonstrate that, supplementation of Tris — based
extender with low concentration of fatty acids exists a significantly high
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correlation between the measured semen parameters (post — thawing
motility, viability index and acrosomal defect} and in viwro fertilization
rate and embryo development to the morula and blastocyst stages.
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