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ABSTRACT

BACKGROUND AND OBJECTIVE: Cryopreservation of sperm currently plays a significant role in maintaining the
fertility of couples who undergo infertility treatment, particularly in patients with oligospermia and cryptospermia. To
avoid recurrent biopsies, we need to dedicate a lot of time to sperm collection so that the patient is placed in infertility
treatment cycles when the necessary conditions are provided. This study is dedicated to Cryopreservation of sperm in
oligospermia and cryptospermia samples.

METHODS: For this study, we referred to NCBI database and selected articles related to various methods of
cryopreserving sperm using certain keywords such as "oligospermia™, “cryptospermia” and “cryopreservation of sperm™
and articles that surveyed cryopreservation in terms of medical and functional views.

FINDINGS: To cryopreserve sperm, three methods are used; slow, fast and glass. Using several preservatives in
culture medium is necessary for survival of sperm. Since cryopreservation may weaken sperm mobility in patients with
severe spermatogenesis disorder, researchers seek to devise new methods to reduce these effects. Using zona pellucid,
volvox globator algae, alginate-agarose, cryoloop, straw and microinjection needle are among the methods advised for
preserving sperms and increasing their survival rate.

CONCLUSION: According to the results of this study, using different tools to achieve best results depends on the type
of samples obtained from these patients.
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Introduction

About 15% of couples suffer from infertility.
There are factors and problems that induce infertility in
men, affect 1 in every 20 men and include half of the
cases in need of assisted reproductive therapy as a
participating factor. Several disorders and diseases
may cause infertility in men. Moreover, there are also
unknown causes for men’s infertility that are
inexplicable (1). Men’s infertility may have different
reasons. Varicocele or varicose veins in testicles is the
most common disease after puberty and is one of the
effective factors in men’s infertility. Although
varicocele is one of the most common causes of
damaged sperm parameters, we need to consider that it
may not cause a serious damage in all individuals.
Genetic and chromosomal abnormalities are among the
known factors that may cause infertility in men. There
are several other factors that induce infertility: changes
in environmental conditions, which lead to increased
number of pollutants (2), disorders occurred in the
hormonal system (3), changes in the immune system
(4) as well as lack of elements and antioxidants (5, 6),
environmental toxins such as cadmium, mercury,
bisphenol and dioxins (7), agricultural pesticides such
as diazinon and hinosan (8) may have negative effects
on the process of spermatogenesis and cause infertility
by reducing sperm parameters.

However, since there are several assisted
reproductive techniques such as intracytoplasmic
sperm injection or microinjection provide the
possibility to have children for men with very low
sperm count and poor parameters. Therefore, patients
with oligospermia and cryptospermia with low sperm
count can successfully benefit from this technique (9,
10). Oligospermia is a condition, in which the sperm
count in the semen is below 20 million per ml and may
be below 5 million in severe conditions.
Cryptospermia refers to men with less than 100000
sperm per ml in their semen.

As of now, there is no reliable and definitive
medication for this such conditions. Therefore, a
natural pregnancy is an issue for these people, yet not
impossible. In such cases, only very accurate
techniques in repeated semen samples may achieve
sperm (11-13). Considering that achieving the required
sperm for microinjection may not be possible for
samples with very low sperm count and weak
parameters during puncture and egg collection, all
necessary measures need to be considered before any
action. The best technique for such cases is collecting
and cryopreserving sperm, in order to prevent the
stoppage of puncture. Several fertility centers use
testicular biopsy method coincided with the day of egg
extraction to prevent the stoppage of microinjection or

intracytoplasmic sperm injection (ICSI). Some others
have suggested egg cryopreservation.

However, all these interventions only delay the
problem of sperm shortage. Therefore, sperm
cryopreservation in these patients before the day of egg
extraction will be very helpful and it must be done
before ovarian stimulation (14). To avoid recurrent
biopsies from patients with severe oligospermia or
cryptospermia, some fertility centers dedicate a great
deal of time to sperm collection and after
cryopreservation and preparation of the necessary
conditions, start the cycle of infertility therapy (15).
This study aims to investigate cryopreservation of
sperm in oligospermia and cryptospermia samples.

Methods

For this study, we referred to NCBI database and
selected articles related to various methods of
cryopreserving sperm using certain keywords such as
"oligospermia”, "cryptospermia" and "cryopreservation
of sperm” and articles that surveyed cryopreservation

in terms of medical and functional views.

Results

Sperm cryopreservation techniques: The mechanism
of cryopreservation is based on the fact that when
intracellular water turns into ice in the right
temperature, in a way that the cell is not damaged, the
molecular movements are effectively stopped and the
biochemical processes of cell are delayed or stopped
completely. In this condition, cell viability will
increase. Sperm cryopreservation is categorized into
three methods: slow freezing, ultra-rapid freezing and
vitrification.

Slow freezing in done through several steps with
cell temperature decreasing gradually. However, in
ultra-rapid method, sperms are exposed to nitrogen
vapor at a distance of 1.5-3 cm from the surface of
nitrogen for a certain period of time. In this condition,
the temperature of sperm in declined up to -60°C.
Then, sperm are transferred into liquid nitrogen
container. We need to consider that both of these
methods do not show very ideal results due to
formation of ice crystals. Therefore, several studies
have been carried out to reduce time of the process and
removal of ice crystals and expensive equipment have
been used solve these issues. Vitrification is one way
of avoid cell damage due to formation of ice crystals.
In this method, samples are directly and quickly
immersed in liquid nitrogen so that the
cryopreservation process is done extremely fast. In this
method, samples are chilled at a very high speed
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(72000 k/min) and are cryopreserved in a very short
period (5-8 seconds) (16).

In 2003, a group of researchers presented a new
technique for vitrification. Based on this new
technique, researchers try not to use cryopreservation
culture medium, since it has toxic and lethal effects on
sperm. By dragging sperm into CryoLoop, samples are
directly immersed in liquid nitrogen. Using this
method significantly improved the viability and
motility of sperm compared with conventional
methods (17). Some researchers believe that the
process of melting-freezing reduces motility, changes
penetration pattern in cervical mucus, changes
acrosome structure and plasma membrane and slows
the proteolytic activity of acrosin (18).

Nowadays, despite the use of modern protocols for
cryopreservation, the qualitative and quantitative
parameters of living sperm after melting are
unsatisfactory compared with the sample before being
frozen and the fertility rate obtained from frozen sperm
is lower than fresh sample (19). Melting and vapor
phases of cryopreservation not only kill the sperm, but
also damage the acrosome. The effect of
cryopreservation on sperm during melting and vapor
phases is identical for fertile people and people with
oligospermia. Therefore, the quality of sperm in people
with oligospermia after freezing and melting is not
considerably different (20).

Results of a study show that the osmotic pressure
caused by protective materials in cryopreservation
medium damages plasma membrane of sperm.
Moreover, severe temperature reduction in sperm
during cryopreservation causes considerable damage to
the anterior portion of sperm head and the lower
acrosome membrane. The induced shock may lead to
rupture and reduction in the acrosome matrix.
Acrosome enzymes are necessary for fertilization
ability and they help sperm reach oocyte plasma
membrane and thus damage to these enzymes is
accompanied by reduced fertilization. Therefore, the
percentage of components in cryopreservation medium
must be modified, so that the sperm is faced with
minimum damage. This is especially important in
patients with oligospermia and cryptospermia who
have limited number of living and moving sperm (21).
The main principle in cryopreservation process is the
reduction of damage caused by formation of ice
crystals and toxic salts inside cells. The cooling
process of cell must be done slowly and the
intracellular water must be removed properly.

One must note that before or during the cooling
process, a suitable substitute needs to be considered for
the water extracted from cell (22). Considering that the
freezing process decreases the fertility capacity of
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sperm by causing damage to the cell membrane,
damage to sperm motility, change in morphology and
acrosome damage, damage to DNA structure and
sperm function, more attention has been paid in recent
years to assessment of different methods of
cryopreservation to investigate their effect of sperm
motility. Different preservative medium also protect
sperms against negative effects of freezing process. All
these factors help us chose the best and most effective
method with minimum damage to sperm. Three most
common medium used for sperm cryopreservation
include TYBG, HSPM and GEYC (23).

The only compound in TYBG medium that
maintains the extracellular osmotic pressure is
dextrose. Glucose, fructose and glycine are used in
GEYC medium and glucose, sucrose and glycine are
present in HSPM medium. It seems that GEYC and
HSPM benefit from better maintainers to maintain
extracellular osmotic pressure compared with TYBG
medium (24). Moreover, one of the studies indicated
that there is not a significant difference between
GEYC and HSPM medium regarding fertility of the
frozen sperm. However, the percentage of cycles
resulting in pregnancy for frozen samples in HSPM
medium was more than GEY C medium (25).

Various maintainers are used along with sperm
cryopreservation culture medium. Some of these
maintainers are egg yolk, milk, dual ion buffers (with
negative and positive ions), citrate, fructose, tris
buffer, glucose, dextrose and glycine (26). Therefore,
considering the effect of various maintainers on
cryopreservation culture medium, HSPM is suggested
to be used instead of GEYC as a better diluent. The
advantage of HSPM medium over TYBG and GEYC
is that it is a sterile medium and is biochemically
defined. Since this medium lacks egg yolk or any type
of non-human protein, the possible presence of
unwanted antibodies in response to intrauterine
insemination is prevented. Some studies show that the
best efficiency in motility and viability rate of sperm
belongs to the slow freezing method. Moreover,
regarding different freezing mediums, viability rate of
sperm after melting in HSPM medium is significantly
higher than TYBG and GEYC mediums. Therefore,
due to lack of access to freezing devices in all fertility
centers, using HSPM cryopreservation medium in
vapor phase is advised for sperm samples with natural
parameters (27).

One of the issues in the process of sperm
cryopreservation is the fact that there is still no
medium to prevent sperm damage during the process
of freezing completely. Damage to sperm can be
detected immediately when their motility has slowed
down after melting. Thus, adding preservatives before
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freezing is essential to better viability of sperm.
However, there is another theory, according to which
slower motility of sperm during freezing and melting
may be due to having contact with medium
preservatives (28). In 2005, researchers concluded that
in preserving the structure of sperm, DMSO acts better
than glycerol or 1,2-propanediol during the freezing
process (29).

Investigating the effect of selenium on natural
sperm, another group of researchers in 2014 found that
5 upg/L selenium increases the motility, morphology
and viability rate of sperm after melting process (30).
The effect of antioxidants on the quality of melted
sperm in ultra-rapid method indicates that vitamin E at
1 and 2 mmol concentration increase the motility rate,
the progressive motility and viability rate of natural
sperm, which was significant in progressive motility
and viability rate compared with control group.
Although this increase is observed in oligospermia
samples, the difference was not statistically significant
compared with control group. Ascorbic acid (vitamin
C) is another case that has no special effect on any of
sperm parameters (31).

Sperm of people with oligoasthenoteratospermia is
more prone to damage after freezing compared with
normal people. Centrifugation before freezing helps
choosing sperm resistant to freezing. In this regard,
hypotaurine is one of the antioxidants with protective
effects of sperm function (32). Some researchers
reported that freezing with machines maintains the
quality of sperm better than freezing using vapor phase
(33). The progressive motility of sperm may slow
down significantly after vitrification. In addition,
vitrification causes significant decrease in viability and
morphology of sperm and causes significant increase
in apoptosis rate without changing the sperm count. In
other words, vitrification has negative effects on vital
parameter and apoptosis rate of sperm in infertile men,
though less than other methods (34).

Assessment of motility, viability and acrosome
reaction in sperm, before and after freezing, indicates
that in the absence of cryopreservation medium and
only in the presence of seminal plasma, vitrification
technique decreases motility rate, viability and
acrosome reaction in human sperm less, compared
with HSPM medium (35). Although cryopreservation
weakens the motility of sperm in patients with severe
spermatogenesis disorder but does not endanger
fertilization and pregnancy (36).

Comparison between fresh and frozen sperm in
patients with  oligospermia  demonstrates  that
parameters of sperm, fertilization and pregnancy were
similar in both groups and sperm cryopreservation can
be helpful in patients with oligospermia (14). For

reaching a better conclusion regarding parameters of
sperm after melting, researchers use different methods
and tools to freeze sperm in patients with oligospermia
including:

1. Using Zona pellucida: although the idea of sperm
cryopreservation  for  patients  with  special
characteristics or patients with very low sperm count
goes back to more than one decade ago, there are
various biological issues to overcome it. Early attempts
to freeze spermatozoa and place them in empty animal
or human zona pellucida, experimentally filled with
preservatives (37-40), led to the conclusion that
viability and fertilization of sperm with human zona is
less than animal zona such as hamster. The researchers
did not reject the possibility that when human zona is
used, the presence of ZP3-binding protein may cause
induction in acrosome reaction. Although this method
requires special skills, equipment and perseverance,
live birth by human or hamster zona has been reported
by some of the relevant experts.

One of the advantages of this method is that it
somehow prevents wasting the time for tasks like
screening and isolation of motile sperm which is
necessary after melting in conventional methods.
Moreover, due to less contact of freezing substance
and prevention of possible disadvantages due to risk of
biological contamination, this method is mentioned as
an appropriate method. However, its utilization
difficulties could not attract the attention of experts
(41-44).

2. Using Volvox globator: in this method,
spermatozoa is injected into the spherical area of algae
and it is then frozen. Placement of sperm and its
recycling after melting is done using special needle of
microinjection (45). Using spherical algae volvox
globator is a promising, inexpensive and easy method
to maintain motile sperm and has high performance.
Although this method sounds attractive and perfect for
sperm cryopreservation, it is accompanied by certain
limitations. The contrast between human gametes and
genetic material of algae and constant level of algae
are among the limitations of this method.

3. Using alginate-agarose: the suggestion of using
non-biological carriers such as polysaccharide
alginate-agarose is in fact the substitution of a non-
toxic material for cryopreservation of low count sperm.
In this method, a small amount of sperm is placed in
alginic acid drops and they can be melted and
transformed into liquid again to recycle sperm. One of
the advantages of this method is the ineffectiveness of
alginic acid, which almost causes no change.
Moreover, in this method, alginic acid prevents sperm
from sticking to the wall of the pipette or
contamination with foreign biological material. At the



J Babol Univ Med Sci; 18(11); Nov 2016

same time, for patients with low sperm count, the
samples can be divided into some parts to use them in
several stages. Reduced sperm motility after melting is
one of the disadvantages of this method (46, 47). In
this method, some materials can be used as
preservatives.

First, sperm is combined with preservatives and is
added to alginate before gelatinization. Then, samples
are frozen in small, round sizes. We need to consider
that since samples need to be dissolved in acid citrate
in slow freezing method and a small amount of alginic
acid is left in the membrane of the sperm in this
condition, dividing the samples into small pieces of
agarose and placing them in 0.25 cc straws and going
through vitrification can preserve the parameters of
sperm to a large extent (47).

4. Using CryoLoop: in this method, sperm samples
were divided into small volumes of 15 to 20 pl and
were placed on special cryos for embryo freezing (48-
50); Or, sperm samples were placed on a roll of
freezing material covered with Nylon Ring and
directly immersed in nitrogen liquid. This method is
easily accessible and does not require additional
arrangements or supplies. The risk of contamination
due to openness of the system is one of the
disadvantages of this method (51, 52).

5. Using straw: using pipette is another conventional
method. Stretched pipettes act like straw and can be
obtained in different sizes. Sperm should be prepared
in 1 to 5 pl suspension and be placed in pipettes
through vitrification technique (53). In this condition,
the combination of sperm and freezing substance was
placed inside the small pipette and was then immersed
in liquid nitrogen. One of the advantages of this sterile
method is its simplicity and easiness. However, it is
not that appropriate for samples that are severely
damaged and do not benefit from suitable parameters,
because the sperm may stick to the wall of pipette and
the samples may be lost (14, 54).

6. Using microinjection needle (ICSI pipette): for
patients with severe oligospermia or cryptospermia,
special microinjection needles are advised. Both
methods of slow freezing and vitrification can be used
and the sperm can be kept inside it (50, 55). Sterility,
simplicity and easiness are the advantages of this
method. However, this method cannot be used for a
long period and there is the possibility of
contamination. We should also consider that
microinjection needles are extremely fragile (56).

7. Micro droplet: sperm cryopreservation is done
using small 1 to 40 pl drops. These drops contain
sperm and the freezing substance and are placed on a
cold surface or directly immersed in liquid nitrogen
(53, 57). The small drops are then placed in special
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culture containers and covered with mineral oil (58-
60). In this method, there is little chance that sperm
stick to the surface of the freezing device. The
disadvantages of this method include the risk of
contamination as well as the shape and the size of
culture containers, which may cause problems for
using or storing sperm in liquid nitrogen.

8. Microspheres agarose: in this method, sperm is
kept on very delicate filaments of agarose and one of
the advantages is that it is non-biological. However, it
is not clinically evaluated yet (47).

Discussion

Some researchers concluded that if we use straw in
sperm cryopreservation, particularly in samples with
oligospermia or cryptospermia, the motility rate,
viability rate and morphology of sperm in processed
and washed samples are better than samples that did
not go through the washing process after melting. This
signifies the importance of processing and washing the
sperm in oligospermia and cryptospermia samples
(61). Some researchers refrain from using some
preservatives for sperm cryopreservation due to their
toxicity.

A study shows that elimination of preservatives
necessitates the use of a special technique for sperm
cryopreservation. Optimization of sperm
cryopreservation techniques can be applicable for
natural samples as well as samples such as
oligospermia and cryptospermia. The capillarity in
pipettes helps us place sperm inside the special pipettes
(straws) and then immerse it in liquid nitrogen without
using preservatives. In addition to the previous
method, use of special biopsy pipette is also advised.
Evidence indicate that although both methods benefit
from high reliability, the chance of preserving natural
sperm samples or oligospermia and cryptospermia
samples is higher in biopsy pipettes (62).

Another issue that is highly important in sperm
cryopreservation is the risk of contamination. FDA
regulatory agency tends to support the methods that do
not cause any kind of contamination during the process
of freezing or while storing the sperm in liquid
nitrogen. Therefore, it has been observed that placing
sperm on CryoTubes or Petri dishes without hermetic
packaging or without being sealed increased the risk of
contamination. For this reason, recycling rate, viability
rate and motility rate of frozen sperm may differ by
59-100%, 8-85% and 0-100%, respectively.

Although the extent of this difference is related to
the population of patients, initial quality of the sample,
the frozen sperm count, the freezing device, type of
substance added for freezing and the protocol of
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freezing and melting, the risk of contamination during
the freezing or melting process should not go
unnoticed as well (63). Now, a question is proposed
here: can any sample go through the cryopreservation
process? Needless to say, finding alive and motile
sperm after melting, particularly in cases of severe
oligospermia and cryptospermia, is a very difficult
task. Of tens of samples with this problem, maybe we
can only preserve the motility and viability of sperm in
only a few samples after melting. Therefore, a limited
percentage of such samples can be used for assisted
reproductive techniques. We have to consider that the
primary parameters of sperm are the major
determining factors of freezing and melting processes.
In support of this hypothesis, we must note that the
basic parameters of sperm, except for morphology, are
closely related to sperm motility.

According to the World Health Organization
definition, sperm samples with count, motility and
viability rate less than the 5th percentile have the least
level of motility and viability. Therefore, World Health
Organization emphasizes that for sperm samples with
parameters (or one of the parameters) less than the 5th
percentile, the patient needs consultation and his
fertility should be measured more accurately. Using
any kind of method in such cases may not have
favorable consequences.

Therefore, the sperm should be prepared for
cryopreservation with more attention using an
appropriate method and we need to design an accurate
plan for an optimized recycling during the melting
process. In this regard, samples such as oligospermia,
severe oligospermia, cryptospermia, testical cancer and
parameters less than the 5th percentile require more
accurate assessment (64). In cases where the sperm
count is less than 1 million sperm per milliliter of
semen, like the case of patients with severe
oligospermia or cryptospermia, we may not find any
difference between the outcome of egg fertilization and
the use of fresh or frozen sperm. The desired result
strengthens the theory that we should not start the

process of sperm cryopreservation without accurate
assessment of the criteria and effectiveness of sperm
(65).

According to some experts, we may be able to
achieve higher fertilization rates and better quality
embryo using frozen sperm from patients with
azoospermia or cryptospermia (obtained through
biopsy method). However, if we use fresh sperm in
these patients, we experience better implantation. This
result attracted the attention of so many experts and
obliged them to consider sperm cryopreservation as an
alternative and inevitable solution (66).

It seems that semen samples in people with normal
level of sperm are more resistant to the damage due to
freezing and melting, compared with semen samples in
people with oligospermia, cryptospermia and
asthenospermia. Although obtaining sperm from testis
and epididymis by biopsy method was encouraging for
patients and it is an effective component in the
treatment of male infertility, we still need to do a lot of
work in regard with freezing low count sperm
biologically and technically and we need to do so
much investigation to introduce appropriate techniques
for its clinical use. Human sperm can be successfully
frozen and recycled for later use. Sperm
cryopreservation currently plays a key role in
preserving the fertility of couples undergoing infertility
treatment, patients with cancer undergoing chemical
therapy or radiotherapy with the possibility of damage
to the gonads, pelvic or testicular surgery, patients with
degenerative diseases such as diabetes, multiple
sclerosis or spinal cord injury, men undergoing
surgical sterilization such as vasectomy, screening and
quarantining of sample donor, oligospermia and
cryptospermia.
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