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SUMMARY

Ram  spermatozoa are most susceptible  to  damage during
cryopreservation. Cholesterol and phospholipids are known ta affect
membrane stability and fertilizing potential of ram spermatozoa. The
objective of the current study was to investigate the effect of primrose
oil and cholesterol addition to the freezing extender on the freczability,
ultrastructure, biochemical changes and in vitro fertilizing potential of
ram spermatozoa. Semen was collected from 6 rams of three vears old,
pooled together and extended in Tris-based extender supplemented with
primrose oil and cholesterol in different concentrations. Extended semen
was cooled and freezed in liquid nitrogen. Sperm motility after difution
and post-thawing, acrosomal integrity and viability index were assessed
subjectively. Some biochemical changes of frozen semen were
determined. Representative samples from the treated ram semen were
subjected to iransmission clectron microscopy study. Frozen-thawed ram
semen treated with primrose oil and cholestero! was used to evaluate
their in vitro fertilizing potential. Addition of 2.5 mM primrose oil to the
semen extender significantly improved  the post-thawing motility,
viability index and acrosomal integrity (62.50%, 180.00 and 16.25%
versus 6.25%,10.62 and 36.75%, respectively with 6 mg/ml cholestero] -
3-suifate). Also, primrose oil addition minimized fhe biochemical
changss and ultrestructure damage of ram spermatozoa and crhanced the
in viro fertilization rate and the morula and blastocyst stages
development (48.45,27.47 and 16.68% versus 1341227 and 0.00%.
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respectively with 6 mg/m! cholesterol -3-sulfate). The resuits regarded

to 6 mg/ml cholesterol-3-sulfate supplemented ram semen extender wese
13.41, 2.27 and 0.00%, respectively. In conclusion, the present resuits
provide a novel evidence that the addition of primrose oil to the
extended ram semen protects the semen from cryoinjury, improves post-
thawing semen function and in vitro fertilizing potential, whereas,
cholesterol-3-sulfate has a detrimental effect on the ram semen
freezability and in vitro fertilizing potential.

Key words: Primrose oil, cholesierol-3-sulfate, ram Sperniaiozoa,
biochemical assay, semen

INTRODUCTION

One characteristic feature of the plasma membrane of
mammalian sperm cells is the asymmetric transhilayer distribution of
lipid (Nolan et @/, 1995 and Muller er al., 1998). The sperm plasma
membrane transhilayer rearrangement of lipids and destabilization of the
lipid phase play an important rofe in the fertilization process of
spermatozoa (Nolan and Hammerstedt, 1997 and Muller ef al. 1999).
However, premature destabilization may impaire the viability and the
fertilizing potential of sperm cells. Ram  spermatozoa are most
susceptible to damage during freezing between the temperature — 10°C
and - 25°C (Byme et al, 2000). Cryopreservation exerts osmotic,
mechanical and chemical stresses on sperm cells (Drokin e al, 1999).
Damage of sperm cells by cryopreservation has been associated with
alterations of the plasma membranc lipid phase. Changes in the lipid
composition of the sperm cell membranes are responsible for the rise in
‘membrane fluidity’ upon cryotreatment (Hinkovska-Galcheva er ai,
1988 and Bulr es af, 1994). Those changes are also thought 1o
contribute to the loss of mammalian spermatozoa motility and fertility
after freezing (Holt and North, 1984 and 1986).

Cholesterol and phospholipids are known to affect membrane
stability and appear to influence the fertilizing potential of spermateozoa
(Grippo et al,, 1994). Cholestero] is mostly directed to the cell surface
and, when in excess, it severely alters the fluidity of the lipid bilayer and
plasma membrane properties (Liscum and Underwood, 1995 and
Kellner—Weibel ef ai, 1998). Inclusion of linoleic-olic acids to the
semen diluent had a beneficial effect on preserving the sperm motility
and viability (Perez-Pe er ul, 2001),
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Primrose oil is a pure natural oil extracted from the seeds of the
biennial plant. It is a unique supplement of linoleic and gamma-linolenic
acid (GLA). Prostaglandins are derived from the membrane
phospholipid stores of arachidonic acid (€ 20:4), which are synthesized
from dietary linoleic acid (C 18:2) (Filley et al,, 1999). The addition of
PGE to the fertilization medium increased the cleavage rate (Gurevich er
al., 1993). Thercfore, the current study was designed to investigate the
effect of primrose oil and cholesteroi-3-sulfate addition to the Tris-based
extender on the sperm freezability, ultrastructure, biochemical changes
and in vitro fertilizing potential of the ram spermatozoa,

MATERIALS and METHODS

Semen coliection and extender:

Semen samples were collected twice weekly from six matured,
clinically health Barki ram aged 3 years. Semen samples of at least 70%
initial motlity and 3 x 10° sperm cells /ml were used. Immediately after
collection, samples were split into 7 portions and diluted at 1:19at 30 °C
with Tris-based extender (Evans and Maxwell, 1986), containing
primrose oil (0.5,2.5 and 5 mM), cholesterol-3-sulfate (1,3 and 6 mg/ml)
or extender as a control without any addition .

Processing of ram semen:

Immediately after dilution, the extended semen was cooled to
5 °C throughout 60 minutes in a cold handling cabinet. The cooled
semen was loaded into 0.25 ml French straws (IMV, L*Aigle, France)
arranged horizontally on a cooled racks, then lowered into liquid
nitrogen vapor inside foam box according to Khalifa (2001), then the
straws were immersed and stored in liguid nitrogen.

Evaluation of semen freezability:

After 24 hour, frozen semen samples were thawsd in water bath
at 40 °C for 30 seconds. Sperm motility was subjectively assessed
immediately after dilution, thawing and afler 1, 2 and 3 hours post-
thawing. The post-thawing viability indices were recorded according to
Milovanov (1962).

Preparation of semen samples for transmission electron microscopy
(TEM):

Semen samples were prepared for TEM as described by (Kakar
and Anand, 1984). Ram semen samples treated with 6 me/ml
cholesterol-3-sulfate and 2.5mM primrose oil revealed the worst and the
best results on evaluating the post-thawing motility and viability index
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were selected for TEM study. Post-thawed semen samples (ore mi of
sach semen sample) wore fixed in 2 primary fixative consisted of 5%
glutraldehyde and 5% formaldehyde (1:1) in 0.1 M phosphate buffer
(pH. 7.4) for 1 hour at 4 °C. The sperm suspension was centrifuged at
3000 rpm for § minutes to remove the glutraldehyde-formaldehyde
mixture. The supsmatant was discarded and the pellets were
resuspended and washed twice with 0.1 M phosphate buffer (plH, 7.4)
and then post-fixed by 1 % osmium tetraoxide in 0.1 M phosphate buffer
(pH, 7.4) for 1 hour at 4 °C. Briefly, after routine dehydration with &
graded series of ethanol, the sperm pellets were infiltrated suceessively
with absolute propylenc-oxide and Spur’s epoxy resin, then with
absolute Spurr’s epoxy resin. Finally, the sperm pellets were embedded
in the beam capsules with fresh Spurr’s epoxy resin. Ultrathin sections
were cut out with a diamond knife and the grids were contrasted with
uranyl acetate and lead citrate (Reynolds, 1963). The scctions were
examined under transmission electron microscope (Jeol 1008, at
VACSERA- Electron Microscopy Unit).

Biochemical assay of frozen ram semen:

The assays for alanine transaminase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP) were carried
out according to (Upreti ef af, 1996). Total cholesterol and high density
lipoprotein (HDL) of frozen-thawed ram semen samples  were
determined by colorimetric method (Specord 40, analytikjcne CEAG,
Germany) according to Watson (1960} and Cohn et g/, (1 988).
Evaluation of in vitro fertilizing potential of the treated semen:

Frozen semen samples treated with primrose oil and cholesterol-
3-sulfate were used for assessing of their fertilizing potential in vitra. .-
In vitro maturation:

Oocytes were collected, selected and matured in vitro in TCM-
199 medium supplemented with 10 pg/ml LH, 5 pg/ml FSH and 1 pg/ml
estradiol-17 B at 39 °C for 24 hour in a humidified atmosphere of
5%CO; in air according to O’Brien et al. (1996).

In vitro sperm preparation:

Three straws of frozen ram semen from each treatment were
thawed in a water bath at 37 °C for 30 seconds. Immediately after
thawing, the most motile ram spermatozoa was separated by swim up
method in S-TALP medium containing 6 me/ml BSA, for 1 hour
(Parrish ef al,, 1988). The uppermost layer of spermatozoa was selected
and washed twice by centrifugation at 2000 rpm. for 10 minutes. Sperm
pellet was resuspended in F-TALP medium containing 10 ug/ml heparin
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for sperm  capacitation. After appropriate dilution, 2 ml of sperm
suspension was added per fertilization drop at a final concentration of
2.5 x 10°. Gametes were co-incubated in fertilization drops under silicon
oil for 18 hour at 39 °C in 5%CO; in a humidified air. Afier sperm-
cocyte incubation, some of oocytes were fixed in acetic acid-ethanol
(1:3) and stained with 1% aceto-orcein stain to assess the fertilization
rate. Fertilization was considered to be occurred when male pronucleus
or enlarged sperm head or even sperm tail was present in the oocyte
ooplasm.

In vitro culture:

Groups of the inseminated oocytes were then freed from cumulus
cells and the attached spermatozoa by gentle pipetting and cultured in
TCM-199 medium containing 25mM HEPES. The proportion of cleaved
oocyles was recorded 48 hour after insemination and those developed to
the morula and blastocyst stages were recorded 5- to 7-days post-
insemination (Winter berger-Torres and Sevellec, 1987).

Statistical analvsis:

The statistical analysis was performed using the Costat Computer
Program, version 3.03 copyright {1986) Cottort Software, all data were
subjected to analysis of variance (ANOVA). A probability of less than
0.0% (P<0.05) was considered statistically significant,

RESULTS

Data regarding the influence of different primrose oil and
cholesterol-3-sulfate concenirations on the sperm function in the
cryopreserved ram semen are iflustrated in Table 1. Supplementation of
Tris-based extender with 0.5 or 2.5 mM primrose oil increased
significantly (P< 0.001) the post-thawing sperm motility compared to the
contro!l .Additionally, primrose oil at concentrations of 0.5 and 2.5 mM
enhanced significantly (P<0.001) the post-thawing sperm muotility as
compared with 3 mg/ml and 6 mg/ml cholesterol-3-sulfate. Likewise,
supplementation of Tris-based extender with 0.5 and 2.5 mM primrose
oil significantly increased (P<0.001) the viability indices compared to
the control and significantly increased (P<0.001) compared o 3 and 6
mg/ml cholesterol-3-sulfate. Furthermore, the present results revealed
that the percentage of acrosomal defect was significantly decreased (P<
0.001) with 0.5 and 2.5mM primrose oil treated semen compared 10 3
and 6 mg/ml cholestero]l-3-sulfate ,



Assiur Vet Med. J. Vol. 50 No. 103 Oetober 2004

Tablel: Influence of different prinrose oil and cholesterol-3-sulfate
concentrations on post-thawing motility, viability indices and
acrosomal defect of ram spermatozoa. (Mean+SE).

Concentration Motiltly . Acrosoms|
- Jfml After dilution | Post-thawing Veablifylidex defect
Contro! extender a b b c
alone 80.60+2,04 40.00:-4.08 120.0026.12 17.2542.29
Primirosc 0.3 mM a a a e
Qit 82,50+3.23 62.50£2.50 176.25+10.68 13.7542.21
2.5 mM a a a ¢
86.2522.39 62.30=4.79 180.00+10.55 16.25=1.86
3mM a b be ¢
81.25+3.15 37.50=4 80 11).25£16.68 20.50=3.52°
cholesierol-3- | | mg/mi a be c b
suifate 82.50=1.44 30.00=4.08 86.25:8.26 29.56=1.19
3 mg/mi a ¢ d b
82.50+1.44 25.00=2.89 35.00+2.04 32.25+2.89
6 mg/mi a d e J
80.00+2.04 6.25=1.25 10.62+] 88 36,75:0.48
Sigrificance NS P<0.001 P<0.001 P=0.001

Values arc from 4 trizls for each treatment
Vakues with different letters in the same column were significantly different (P=0.001)

Ultrastructure findings:

The uitrastructure study, by transmission electron mIiCroscopy
(TEM) of ram semen samples treated with 2.5 mM primrose oil before
freezing, revealed enhancement in the freezability of the spermatozoa
and reduced the effect of the freezing and thawing. Examination by
TEM illustrated that the plasma membrane and acrosomal membranes
were intact in the majority of sperm cells. The plasma membrane
appeared as thick electron-dense material surrounding the whole head
region of sperms with loose attachment at the acrosome and the nucleus
content was homogenous in the electron- density (Fig. 1). The outer and
inner acrosomal membranes and the subacrosomal space were evident
(Fig. 2). The mitochondria were slightly vacuolated and were more
closcly attachad to the underlying dense fibers ( Fig. 3).

Examination of ram semen samples treated with 5 mg/ml
cholesterol-3-suifate by TEM showed severe damage in the plasma
membrane along the sperm cell, acrosomal membranes. and the
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mitochondrial helix, Plasmz membrane of sperm cells was completely

lost at the head region in the majority of spermatozoa (Fig. 4). Many
electron-dense materials in the space between the plasma membrane and
the outer acrosomal membrane could be observed at the head region
{may be destructed materials of the outer acrosomal membrane) (Fig. 5}
Also, the plasma membrane at the mid-piece tegion of the tail was
detached from the underlying mitochondrial helix and evaginated &t
some areas and contained electron-dense materials {may be destructed
mitochondrion) (Fig. 6) and it appeared thin and with less electron-
density at the end-picce (Fig. 7).

The outer acrosomal membrane was segmented {Fig. 4). Also,
the acrosome was swollen as indicated by increasing the distance
between the outer and inner acrosomal membranes (Fig. 4). The
mitochondria at the neck and mid-piece regions of the tail are found to
have vacuolated matrix (marked electron translucent spaces) and some
mitochondria appeared swollen (Fig. 6) or completely destructed (only
ghosts of mitochondria} (Fig. 8). However, the damage of mitochondria
was more evident in the neck region of the tail (Fig. 8).The dense fibers
of the axonemal complex at the neck and mid-piece regions of the tail
were indistinet (Fig. 7 and Fig. 8).

Biochemical assay:

‘The data regarding the cffect of primrose oif and cholesterol on
the enzyme activities of cryopreserved ram semen are presented in
Table 2.

The AST and ALP enzymes leakage during freezing was
significantly decreased (P<0.001) with 2.5 mM primrose oil
supplemented ram semen extender (84.25 = 3.49 U/L, 3164.00£16.72
U/L, respectively). In contrast, addition of 6 mg/ml cholesterol-3-sulfate
to the extended ram semen drastically increased the AST and ALP
enzymes leakage during freezing (14125 £4.27 and 5248.00 =102.94
UYL, respectively). Likewise, the results presented in Table 2, revealed
that addition of 2.5 mM of primrose oil to the extended semen,
significantly decreased the HDL and cholesterol (20.60+1.25 mg/dl and
55.61 = 6.03 mg/dl, respectively) compared to 6 mg/mi cholesterol-3-
sulfate (37.02=2.30 mg/dl and 113.12 = 2.23 mg/di, respectively).
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Table 2: Influence of different primrose oil and cholesterol-3-suifate
concentrations on post-freezing enzymes and lipids activity

of ram semen (Means= § E)

{ “reatmeats ’ Concentratios | ALT* ((im)) | asres [ ALpers J HDLARes [ Cholesternl [
‘ml {UimYy {Liml) mgiit mg/d)
Cortral Extender b 2 c b a
alone 189.2552.17 | 136.2524.27 3408752332 25.77=1.64 104.03=4.5%
Primrose oif 1mM b b de 3 b
186002455 | 105.00<7.18 3198226 07 2172036 86.5922.08
, 2.5 mM b ¢ e c ¢
{ 183255349 | 84252349 31640021672 20.60%1.28 55.6126.03 |
| 5SmM b b ed b b
I 188.5042.10 | 103.75210.45 | 33402522543 28255143 87.0521,29 |
Chelesterol I mg/mi b a ed b 5 |
-3-sulfate 189.5042.19 127.5023.23 3334.25250.54 26.8320.61 103.85+4.62 |
3 mg/ml h @ b a a |
187.5043.07 | 136252427 3595.00=50.54 28.58+0.63 108.6942 32 |
&'mg/mi a EY 2 a a
20000=4.56 | 1432524 27 S248.00=102.94 37.0242.30 [13.1222.23
Significance P<0.0061 ] P=0.6a1 [ P<dioot P=0.001 P<0,601 |

Values are from 4 trials for each Treatment

Values with different lelters in the ssme column were significently different (P=0.001)

* ALT: zlanine transaninase *¢ AST- Aspriale aminotransferase CRZYme

% ALP: Alkeline phosphatase enzyme *##¢ 4D - high density fipoprotein

In vitro fertilizing potential :

The results presented in Table 3 and Fig. 9 showed that the
treatment with 2.5 mM primrose ol significantly increased (P<0.001)
the penetration and fertilization rates (68.37=1.97 and 48.45 +3.56%.
respectively) as compared with 3 mg/ml cholesterol-3-sulfate (54.01:
4.63 and 21.32 =7.78%, respectively) and 6 mgimi cholesterol-3-sulfate
(42.44 £5.48 and 13.41 + 4.79%, respectively). Furthermore, 2.5 mM
primrose oil treated frozen ram semen significantly enhanced (P<0.01)
the cleavage rate, morula and blastocyst development (Table 4 and,

mg/ml cholesterol-3-sulfate (12.02 * 1385, 227 = 1.33 and 0.00%,
respectively). Additionally, 2.5 mg/ml primrose oil treated semen
improved the embryo developmental rates as compared with the control.
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Table 3: Influence of different primrose oil and cholesterol-3-sulfate
concentrations on in vitro fertilization dynamics of sheep
oocytes (Mean = SE).

Treatment | Concentrations | Ne.of Penctration rate | Fertilization rate
/mi oocytes o
Control Extender alone 62 65.98:5.87 ab 33.8242.76 be
[Primrosc oil | 0.5 mM 65 63752399ab | 43.7523.99 ab
| Primrose ol | 2.5 mM 54 68372197 a 4845356 a
Primrosc 01l | 5 mM G0 65.33=2.09 ab 37.08 +1.72 ab ]
Cholesterol | 1 mg/mi 52 [60.83+3.94ab | 43.16+2.09 be
Cholesterol | 3 mg/ml 55 54.0144.63 be 21.32+7.78 ed
Cholesterol | 6 mg/m! 62 42.44+548 ¢ 13.41+4.79 d
| Significance | P<0.01 *= P<0.001 **#

Values are from 4 trials for each treatment
Values with different letters in the same column were significantly different (P<0.001}

n

Table 4; Influence of different primrose oil and cholesterol-3-sulfate
concentrations on in vitro sheep embryonic development

(Mean = SE).

| Treatment | Concentrations i No. of | Cleavage rate Moruja Blastocyst

i . fml | boeytes

[ Control Extender | 42 31.2553.15 b 8.75:5.91 be | 2.0842.08 be |

|_Primrosc oil 0.5 mM 46 34,2324.76 ab 13.2642.76 be | 6.9242.37 b |

| Primrose oil 2.5 mM 48 43,3523.14 a 27.47+£3.6] a | 16.6842.592 |
Primrose oil SmM 42 30.89=321 b 149i=3.14 b | 4.2822.54 be
Cholesterol 1 mg/ml 45 29.1626.29 b 8.3322.89 be | 2.50=1.45be
Cholesterol | 3 meimi 45 [ 174022356 ¢ | 5072293 be | 0.00:0.00 ¢
Cholesterol 6 mg/mi | 49 [ 12.02+].85 ¢ 2274133 ¢ | 0.00=0.00 ¢

. Significance. | ] | P<0.00] | P=0.001 P=0.00L

Values are from 4 trials for each treatment
Values with different ietters in the same column were significantly different (P<0.001

DISCUSSION

The transbilayer dynamics of lipids in the plasma membrane of
mammalian sperm cells is crucial for the fertilization process (Muller ef
al.,, 1999). Recently, comprehensive overviews on the lipid dyramics in
the plasma membrane of mammalian sperm cell and its possible
physiological relevance have been given (Martinez and Morros, 1996
and Nolan and Hammerstedt ef al, 1997). The present findings clearly
show that cryo- preservation of ram semen tesulted in & significant
decrease in the post-thawing sperm motility, viability and the in vitro

£

feriilizing potential. These results are consistent with those of Bhosrekar
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ef al. (1991) and Muller ef al. (1999) who found that, cryotreatment
exerted osmotic, mechanical and chemical stresses on sperm cell that
impaired dramatically the integrity of the plasma membrane.
Additionally, Muller et ol (1999) indicated that, the damage of sperm
cell by eryopreservation has been associated with alteration of the
plasma membrane lipid phase. Any untimed destabilization of the lipid
phase may abolish irreversibly the fertilizing potential of sperm cells
(Watson; 1995). The present results reveal that, the membrane
constituents (phospholipids and cholesterol) have an important role in
preserving the fertilizing ability of spermatozoa .

The current results emphasize that, addition of 2.5 mg/ml
primrose oil to the diluted ram semen, had an immediate bencficial
effect on sperm freczability, in  vitro fertilizing potential and
significantly minimized the ultrastructure damage and biochemical
changes that occur lo many spermatozoa during cryopreservation.
Gurevich et al. (1993) and Kolev and Dimov (1998) attributed the
Improvement of sperm freczability and fertilizing potential of primrose
oil treated ram semen to the presence of gamma linolenic acid which is
the precursor of prostaglandin E.  Addition of prostaglandin to semen
extender increased the life span of the spermatozoa and the cleavage rate
of the inseminated oocytes. On the contrary, addition of 6 mg/ml
cholesterol-3-sulfate to the extended semen, drastically inhibit ram
semen freczability, in vitro fertilizing potential and lead to a pronounced
damage in the sperm ce!l ultrastructure and increased the biochemical
changes. These results are consistent with Grippo ef al. (1994), Zeng and
Terada (2000) and Perez-Pe et al. (2001). Cholesterol, when in excess,
severely alters the fluidity of the lipid bilayer and plasma membrane
properties while removal of cholesterol from the cell, is of great
importance for ceil function and survival (Johson et al. 1991; Liscum
and Underwood, 1995 and Kellner-Weibet er af. 1998). Additionally,
Watson (1979) suggested that, cholesterol have an important role in the
sperm cells stability. Moreover, Mazur ( 1985} found that, by increasing
membrane fluidity and permeability, the amount of intracellular ice
formation, which is fethal to the cell on cryopreservation, wil! be
decreased.

Transmission electron microscopy findings reveal a great
damage in the plasma membrane, acrosomal membranes as well as in
the mitochondrial helix of tam spermatozoa after freezing in cholesterol
enriched extender in respect to primrose ofl enriched extender. These
resulls are in accordance with those reporied by (Krongenaes ef ol
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(1994). Hammerstedt et af. (1990) and Watson (1995) related the
drastic decrease in spermatozoal freezability and fertilizing potential o
the effect of cholesterol-3-sulfate treated ram semen on the integrity of
the plasma membrane, Moreover, Windsor (1997) found that
mitochondrial respiration plays an important role in the fertilizing
potential of ram spermatozoa and thus, mitochondrial injury during
freezing is likely to be implicated in poor fertility of frozen ram semen.
However, TEM examination of sperm cells treated with primrose oil
show slight mitochondrial damage and intact plasma membrane in the
majonty of sperm cells. Therefore, the improvement i the sperm
function and fertilizing potential of primrose oil treated frozen ran
semen may be atiributed 1o the decreased damage of plasma membrane,
acrosomal membranes and mitochondrial helix during freezing. The
observed disturbance in the plasma membrane integrity by TEM
examination, lead to cytoplasmic enzymes leakage. which in high
concentrations can be toxic to the spermatozoa. These results are in
agreement with (White, 1993; Ollero e/ al, 1996 and Drokin e al,
1999).

The present study show that, most of ALP and AST enzymes
were leaked during freezing with cholesterol treated ram semen in
respect to primrose oil treated semen. These results are consistent with
those reported by (Krebs, 1972, Tang and Hoskins, 1975 and Dhami and
Kodagali 1988 and 1990) who found that. AST and ALP enzymes
leakage could be used as a marker for optimization of freezability and
fertilizing ability of cryopreserved ram semen.

In conclusion, the present study provides 2 novel evidence that,
the addition of primrose oil to ram semen diluents improved the ram
scmen freezability and in vitro fertilizing potential presumably by
protecting the mitochondria, plasma membrane and acrosomal
membranes  from damage during cryopreservation.  Meanwhile,
cholesterol-3-sulfate treatment resulted in a pronounced reduction in
sperm function and severe damage in sperm cells ultrastructires.
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Fig. 3.

Fig. 1

Fig. 1: Electron microgtaph for a sagitial section in the sperm head from
a frozen-thawed semen sample treated with primrose oil
showing intact plasma membrane (PM) and the nucleus content
(N) s homogenous in the electron density. (X 14 000).

Fig. 2: Electron micrograph for a sagittal section in the sperm head from
a frozen-thawed semen sample treated with primrose oil
illustrating  intact outer {OAM) and inner acrosomal
membranes (TAM). Also, the subacrosomal space is evident.
{X 14 000).

Fig. 3: Electron micrograph for 2 transverse section in the neck region of
the tail from a frozen-thawed semen sample treated with
primrose ofl showing mitochondria (M) with slight electron
ranshucent spaces in the mitochondtial matrix. The
mitochondrial helix is closely attached to the underlying
axonemal complex. (X 28 000).
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GAM Y

Fig. 4: Electron micrograph for a sagittal section in the sperm head from
a frozen-thawed semen sample treated with cholesterol-3-
sulphate illustrating complete loss of the plasma membrane,
segmentation of the outer acrosomal membrane (OAM) (arrows),
and swollen acrosome. (X 35 000).

3 L

Fig. 5: Electron micrograph for a sagittal section in the sperm head from
& frozen-thawed semen sample treated with cholesterol-3-
sulphate  showing multiple electron dense materials just
underneath the plasma membrance (may be destructed material of

the outer acrosomal membrane) (arrows). (X 28 000).

Fig. 6: Electron micrograph for a cross section in the mid-piece region of
the tail fom a frozen-thawed semen sampie trested with
cholesterol-3-sulphate illustrating severe degencration of the
mitochondria that contain electron-translucent spaces with
absence of their transverse cristac. Also the plasma membrane, at
some areas, appeared evaginated and detached (thin amrow) from
he underiying mitochondrial helix and contained electron dense
materials within the evagination (may be destructed
mitochondrion) (open arrow). (X 28 000).
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Fig. 7: Electron micrograph for a longitudinal section in the mid-piece .
(upper) and en-picce (lower) of the tail from a frozen-thawed
semen sample treated with cholesterol-3-sulphate showing
marked vacuolation of the mitochondrial matrix {marked
clectron translucent spaces) and the plasma membrance
appeared thin and with less electron density at the end-piece
(arrows). (X 35 000).

e

Fig. 8: Electron micrograph of a cross section in the neck region (note
the presence of mitochondria in different orientation) showing
severe ‘degeneration in the mitochondria that contained
electron-translucent spaces with compiete absence of the
transverse eristae and some mitochondria are completely
disappeared. (X 40 000).

184




Assiut Vet ifed. J._Vol. S0 No. 103 Cotober 2004

T

Fig. 9: Fertilized oocyte showing male pronucleus formation from
matured oocyte that inseminated with primrose oil-treated
frozen ram semen. (X 10).

Fig. 10: Compact moruia stage from matured oocyte that inseminated
with primrose oil-treated frozen ram semen. (X 10).

Fig. 11: Blastocyst stage from matured oocyte that inseminated with
primrose oil-reated frozen ram semen. (X10).
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