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Abstract
The study aimed to determine the ultrastructural changes of ram spermatozoa after
freezing-thawing at different rates (temperature, time) and the correlations between them
and the cytological parameters. The thawing variants tested were: thawing at 90° C for 2
seconds, thawing at 75° C for 5 seconds, thawing at 75° C for 10 seconds, thawing at 50°
C for 30 seconds, and thawing at 39° C for 120 seconds. The results of this research on the
degree of damage to the plasma membrane after freezing-thawing at different rates show
that the best thawing rates are obtained when the fine straws were thawed at 39° C and
50° C as compared with other thawing temperatures.
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Introduction
Semen cryopreservation is a widely used method for artificial insemination
because it facilitates the dissemination of valuable genetic material, even in small
herds, leading to the increase of the improvement of the gene pool.
While the basic cryogenic damage can be morphological and often lead to
dysfunction, physical stress suffered by the sperm membrane during the freezing
process must be considered as the most limiting factor [8]. Even though sperm
motility and morphology assessments can be used as a quick analysis of semen
samples, these tests do not reveal morphological changes in nanometer-sized
defects [3].
Different regions of the plasma membrane of sperm cells plays different roles
in sperm cell function and survival. Structural components of the head,
intermediate piece and flagellum respond differently to factors such as heat and
osmotic shock during storage in a liquid or frozen state [7].
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Using TEM (Transmission Electron Microscopy) as a complementary
diagnostic for qualitative assessment of semen lead to more accurate
determination of its fertilizing ability.
The study aimed to determine the ultrastructural changes of ram spermatozoa
after freezing-thawing at different rates (temperature, time) and the correlations
between them and the cytological parameters.
Materials and methods
Animals: sperm samples were collected from five adult Merinos de Palas
rams with known fertility. Collection was made with an artificial vagina, 2 times
per week. Sperm samples from each animal were analyzed separately in order to
take into account the variability in the individual. For each male 1-2 ejaculates
were collected (every 15-30 minutes), which were subsequently mixed and
subjected to experiments. A total of 86 ejaculate were processed. Semen was
cryopreserved in 0.25 ml fine straws.
The activity of freezing ram semen was performed according to the freezing
technology developed in the Laboratory of Biotechnology of Reproduction,
Institute of Research-Development for Sheep and Goats Breeding of Palas,
Constanta [12], [13]. Experiments were conducted in the normal breeding season,
during October 2012 - December 2012. Thawing and testing semen samples was
performed in the Laboratory of Cell Biology, University Ovidius, from March to
June 2013.
As dilution medium a diluent of Tris base 20% (v/v) egg yolk was used. The
cryoprotectant used for freezing ram semen was glycerol (5% final concentration).
The following thawing variants were tested:
- Thawing at 90 ° C for 2 seconds
- Thawing at 75 ° C for 5 seconds
- Thawing at 75 ° C for 10 seconds
- Thawing at 50 ° C for 30 seconds
- Thawing at 39 ° C for 120 seconds
Sperm samples from the experimental variants were processed and analyzed
in terms of ultrastructural view using transmission electron microscopy. The
samples were processed in the usual way, namely prefixing the samples in a
cacodylate buffer with 2.7% glutaraldehyde, fixing in osmic acid, dehydrating in
serial alcohol baths and including in epoxy resins. The fine sections were double
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stained with uranyl acetate and lead acetate, after which they were examined
under a Philips 320M microscope.
Evaluation of sections
Sperm cells were assessed at all levels of the cell for plasma membrane
integrity. Transversal and longitudinal sections at the level of the main part and
the intermediate part of the flagella and sagittal sections through the sperm head
were examined. Sections were categorized as having undamaged or damaged
membranes. Also, the acrosome integrity was analyzed, which has been classified
as undamaged or vesicular. The method consisted of counting at least 200
spermatozoa, serially sectioned in various planes of the sperm cells for each
experimental variant [6], [13]. Characterization of whole cell was made after the
appearance of the membrane on photographs taken on a small scale x 3500-6000.
Results
The results regarding the integrity of the plasma membrane at the flagella and
sperm cell head level and the acrosome integrity are shown in Table 1.
Table 1. The integrity of the plasma membrane and the acrosome
(%, mean ± SE, n = 10) after freeze-thaw
Variant

n

Thawing at 39 ° C
for 120 seconds

Plasma membrane

Acrosome

Head

Flagella

10

41.59 ± 2.56a

44.25 ± 3.12a

46.99 ± 2.39a

Thawing at 50 ° C
for 30 seconds

10

46.21 ± 1.79a

53.12 ± 2.72a

60.02 ± 4.52a

Thawing at 75 ° C
for 10 seconds

10

24.66 ± 1.23b

28.03 ± 1.85b

27.86 ± 1.42b

Thawing at 75 ° C
for 5 seconds

10

29.04 ± 2.19c

34.16 ± 1.62c

37.92 ± 3.23c

Thawing at 90 ° C
for 2 seconds

10

12.66 ± 0.78d

15.25 ± 1.65d

17.23 ± 0.83d

Sperm cell ultrastructure analysis results are in agreement with those obtained
by optical microscopy analysis and flow cytometry. The best results regarding the
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integrity of the plasma membrane, both at the head and the flagellum level were
obtained for thawing at 50 °C for 30" and the worst results for thawing at 90° C
for 2". There were no statistically significant differences between thawing at 39 º
C and thawing at 50 º C, but there were statistically significant differences
(p < 0.05) compared to the rest of the thawing variants.
1. Ultrastructure of frozen-thawed spermatozoa at 39 ° C for 120"
In general, all the head level sections shows normal membranes and a rate of
41.59% of the cell plasma shows non lysed membranes at the head level (figure
1). The acrosome has a intact structure in 42% of cells and the acrosome external
membrane is generally unaffected. At the flagella level, 44.25% of the cells have
integral plasma membrane.

Fig. 1 (original). Sagittal section at the head level (x8500),
acrosome contains an acrosome matrix with an electron-dense layout,
in which the apical ridge is observed
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2. Ultrastructure of frozen-thawed spermatozoa at 50 ° C for 30"
It is found that most of the membrane damage occurs at the head level,
similar to the other experimental variants, although differences between the
damage of the flagella are very small. Interrupted membranes occur in 46% of
ram spermatozoa thawed at 50 ° C. At the intermediate piece and the main piece
level damage occurs in 49% of cells (figure 2). The acrosome has a intact
structure in 60% of the cells.
The increased motility observed implies the existence of a cytoskeleton and a
motor system of the microtubule and intact mitochondria.

Fig. 1 (original). Ram sperm cells thawed at 50 O C (x8500)

3. Ultrastructure of frozen-thawed spermatozoa at 75 ° C for 5" and 10"
Thawing at 75 ° C, both for the period of 5 seconds and 10 seconds lead
to significantly lower results compared to thawing at 39º C and 50º C. Better
results were obtained thawing for 5 seconds.
At the flagella level the plasma membrane has a serrated look, is partially
detached or completely broken (figure 3).
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Fig. 3 (original). Ram sperm cells thawed at 75 O C for 5" (x8500)

4. Ultrastructure of frozen-thawed spermatozoa at 90° C for 2"
In the case of thawing at 90º C statistically significantly lower results were
obtained compared to the rest of variants. Only 12.66% of the cells shows integral
plasma membranes at the head level and 15.25% at the flagella level (figure 4).
The acrosome has intact structure only in 17.23% of cells.

Fig. 4 (original). Ram sperm cells thawed at 90 O C for 2" (x23500)
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DISCUSIONS
During the process of cryopreservation sperm cells suffers ultrastructural
changes (plasma membrane, mitochondrial, acrosome), biochemical and
functional [10]. Damage can occur at any stage of the process, but to a greater
extent during cooling at 0° C and thawing and less during storage at -180 ° C.
Structures and spermatozoa organelles respond differently in different phases to
the osmotic or environment temperature changes. Ultrastructural damage are
accompanied by biochemical changes or cell loss of vital content.
Plasma membrane integrity and mitochondrial function are the main attributes
of a sperm cell to fertilize an egg. Damage to the plasma membrane and
mitochondrial function may lead to membrane destabilization and impaired
mitochondrial energy metabolism and cell viability [9], [11]. After freeze-thawing
the alteration of mitochondrial filament was observed, also in a smaller proportion
at the axonema, the filament and the fibril flagellation level.
The main target of the damage caused by cryopreservation is the spermatozoa
plasma membrane. Due to variations in temperature and osmolarity, such as
freeze-thaw induced alternations of the cell volume of water generating
considerable mechanical stress on the cell membrane [5]. Since only sperm with
intact membranes may be subject to capacitation and acrosome reaction, it is
important to know the type and location of changes in order to optimize the
technology of freezing [2].
In mammals, sperm cell membrane has a specific lipid content, distinct from
that of other cells. It contains high levels of phospholipid, sterols, saturated and
unsaturated fatty acids, plasminogen and sphingomyelins . This structure is
responsible for the specific flow, flexibility and the ability of sperm cell operation.
Polyunsaturated fatty acids have an important role in ensuring fluidity and in
regulation of spermatogenesis [1]. Sperm plasma membrane has a heterogeneous
structure in five specific areas: acrosome, equatorial segment, basal segment,
intermediate and terminal piece. The differences between these regions are related
to different physiological functions. Before and after ejaculation the plasma
membrane suffers from some changes in the integration of lipid, modification of
the degree of saturation of fatty acids and the loss of cholesterol from its
composition resulting in a marked decrease in the cholesterol / phospholipid
ratio. The various regions of the membranes differ in respect to this report.
Microscopic examination of ram sperm labeled with an membrane
integrity indicator demonstrated that exposure to low temperature followed by
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heating has a different effect on plasma membrane, especially at the head and
intermediate piece level [6]. Ultrastructural analysis results show that the head
plasma membranes are more affected than the flagella. While several cytoskeletal
proteins were identified, their role in maintaining the integrity of the plasma
membrane remains unclear [4]. Also, research shows that the acrosome is less
affected, although the sperm plasma membrane that surrounds the sperm cell head
presents major detachment, vacuolation and even interruptions. Similar results
were obtained in studies [8] showing that the sperm plasma membrane
surrounding the head is considerably more labile than the one at flagellum level
and the outer acrosome membrane is more vulnerable than the internal one .
CONCLUSIONS
Freezing-thawing leads to alterations in the plasma membrane that include
rupture, especially at the head level, and membrane detachment and vacuolation at
the head and flagella level. Analysis of photomicrographs shows that the
acrosome were only partially affected by the freezing-thawing process. Although
many cells shows a bloated acrosome, the internal acrosome membrane is intact.
Plasma membrane has several degenerative changes at the head level compared to
the flagella level.
The results regarding the degree of damage to the plasma membrane after
freezing-thawing at different rates show that the best rates are thawing at 39 ° C
for 120" and thawing at 50° C for 30".
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