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Abstract

Today, sperm cryopreservation is a routine practice in infertility clinics. There are many
indications for sperm preservation including before starting chemo- and radiotherapy,
orchiotomy, vasectomy, biopsies from epididymal and testicular tissues in azoospermic
patients, gender change, following spinal cord injury, and hypogonadotropic
hypogonadism. Routinely, spermatozoa are preserved in liquid nitrogen. This method
has several limitations including a permanent need for liquid nitrogen, hazards related to
working with liquid nitrogen like skin burning or eye damage, risk of liquid nitrogen
evaporation and missing the samples, and risk of cross contamination between samples.
Many researchers are trying to introduce an alternative method to overcome these
limitations. Also, liquid nitrogen tanks need a suitable place to be placed in. One of the
alternative methods to preserve sperm is freeze-drying. This process consists of three
steps. The first step is sample freezing, during which the solvent is separated from the
solvent. Water forms ice crystals and the solute is placed between the ice crystals.
Freezing may be done in a separate device or in a freeze dryer. The second step is the
primary drying, in which the pressure of the device is reduced and heat is used to begin
sublimation of the ice crystals. During the third step, which is the secondary drying, the
final absorption of the remaining water is usually done by increasing the temperature of
the product and slightly reducing the water vapor pressure in the container (17). This
method has many advantages, including that it eliminates the need for liquid nitrogen
for long-term storage and the dried samples can be stored at 4°C or room temperature.
To use sperm, rehydration must be done in order to be used in assisted reproduction
techniques. In the preservation of human sperm by freeze-drying, the general lack of
movement in the dried specimens indicates severe damage to the plasma membrane of
the sperm. The effect of the physical and chemical environments to which sperm are
exposed and the subsequent swelling and shrinkage as a result of water flow cause
damage to the organelles, the lipid structure of the cell plasma membrane, and the water
channels in the membrane (9). After freeze-drying, sperm become immobile in all
culture media including culture media or distilled water. Sperm viability has been
reported following freeze-drying in various animal species (16). It was shown that
freeze-drying has reduced the level of lipid peroxidation in comparison with
vitrification and slow freezing. Also, freeze-drying induced mixture and lack of
saturated and unsaturated fatty acid in plasma membrane. Freeze-drying of human
spermatozoa has been related to complete loss of viability which indicates that sperm
plasma membrane during this process is damaged. It seems that using distilled water in
rehydration process may lead to damage of plasma membrane but sing culture media
also showed the loss of viability concluding that plasma membrane damage has already
been occurred and is not related to rehydration process. One of the anomalies that
occurs after sperm freezing drying is morphological anomalies, especially in the tail,
where curved tails have the highest proportion of these anomalies (9). When sperm
returns to isotonic conditions after exposure to high osmolarity solutions, this causes the
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tail to twist and bend around the sperm head. In addition, changes in water content
during cell dehydration may lead to tail twisting. Culture of rehydrated spermatozoa
after one day showed an increase in tail coiling of tail missing. Long period of
incubation after rehydration showed that not only sperm morphology may change but
also sperm factor relate to activation of oocyte may be impaired. It was shown that
sperm head without increasing in vacuoles has been preserved in freeze-drying. The
acrosome is the part of the sperm that is highly affected by freeze-drying in all culture
media, regardless of semen status or storage temperature, which can be preserved in this
technique (22). It was found that more than seventy percent of acrosome could be
reserved after freeze-drying. Adding trehalose to freeze-drying medium also had
beneficial effect on maintaining acrosome integrity. Trehalose can maintain the
structure of spermatozoa in very low temperature leading to maintain acrosome
integrity. Sperm DNA integrity is very important to be intact for successful fertilization
and embryo development. Sperm DNA is evaluated in all studies evaluating different
methods of sperm preservation. The effect of freeze-drying on DNA structure is
contradictory. Animal studies have shown sperm DNA damage may be responsible for
intracytoplasmic sperm injection after freeze-drying. Although DNA damage has been
attributed to factors such as heat shock, ice crystal formation, and oxidative stress, it is
suggested that damage to freeze-dried sperm DNA may be due to endonucleases
released during such processes or to oxidative stress. It happens from watering.
Numerous studies have shown that DNA integrity can be maintained following this
method (9, 28). Also, a human study has shown that the amount of DNA fragmentation
in the freeze-dried group increases compared to the fresh group, but this increase is not
significant. Examination of sperm resistance to cryopreservation revealed that immature
spermatozoa were damaged by this method more than mature ones. Adding trehalose to
freeze-drying media help to maintain the sperm DNA integrity (36). Chromosomal
integrity and fertility of sperm can be maintained after adding EDTA to the culture
medium during freeze-drying. In a study on bear sperm, it was shown that adding
trehalose to the environment improves the integrity of sperm DNA after the freeze-
drying process, but does not promote fertility and subsequent evolution to the blastocyst
stage (36). Trehalose in dog sperm also showed that it could lead to a reduction in
sperm fragmentation, although this difference was not significant (21). Although the
addition of trehalose led to the preservation of boar sperm DNA following freeze-
drying, it could not increase fertility and blastocyst production (36). Trehalose appears
to bind to DNA as well as to establish a viscous environment by binding hydrogen
between its molecules and protecting sperm DNA following a decrease in temperature
(37). Trehalose also preserves the structure of DNA by removing water from the cell
and forming hydrogen bonds with DNA (38). Another factor recommended in studies to
reduce the destructive effects on sperm DNA is the addition of rosmarinic acid to sperm
before freezing (14, 39). In a recent study it was shown that the addition of melatonin
led to the preservation of the morphology and DNA methylation status of rabbit sperm
following cryopreservation. The use of trehalose in freeze-drying can also lead to the
preservation of microtubules (23). This article reviews the studies on freeze-drying of
sperm and its effects on sperm parameters.
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