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Introduction 

Lazaro Spallanzani, an Italian Physiologist, for the first 
time in 1776 observed that spermatozoa became 
motionless when cooled by snow.1 But a serendipitous 
discovery by Christopher Polge, paved way for the 
establishment of sperm cryopreservation by demon-
strating the use of glycerol as a cryoprotectant 
preserved the motility of rooster spermatozoa.2 The 
concept of semen banking in humans was first 
proposed by Mantegazza in 1886, for military mende-
siring a progeny,by storing sperm for long periods by 
cryopreservation.3 The reporting of the first human 
pregnancy by frozen sperm (-78°C) by Bunge and 
Sherman in 1953 was a milestone in infertility leading to 
the establishment of clinical cryobanks and evolution of 
cryopreservation protocols in the IVF clinic.4

Rapid advancement in ART has led cryopreservation to 
become an integral part of its treatment, by cryopre-
serving gametes, embryos and gonadal tissues (Fig 1). 
This is done by cooling of cells or whole tissues to low, 
sub-zero temperatures, usually in liquid nitrogen 
(-196°C) or in liquid nitrogen vapor (-160°C), at which 
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Abstract 

With advancement in assisted reproduction technology, cryopreservation has now become an essential aspect of 
in vitro fertilization cycle. While this technology was considered to have potential benefit in Assisted Reproduc-
tive Technology (ART) earlier, in recent times it has also found its place in fertility preservation with increasing 
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temperature the cells are maintained in a state of 
suspended animation over a period of time due to the 
cessation of all metabolic processes within the cell.5  
This is feasible with the use of cryoprotective agents 
which are employed in cryopreservation to minimize 
cellular damage during the process of freeze-thawing.

There are two main types of cryoprotective agents 
insert - penetrating and no-penetrating, based on their 
ability to permeate through the cell membrane. 
Commonly used low molecular weight permeating 
cryoprotectants are glycerol, DMSO, propanediol and 
ethylene glycol. Non-penetrating agents such as treha-
lose, raffinose, sucrose, ficoll, plasma proteins and 
lipoproteins do not permeate the cells but cause 
dehydration by exosmosis.6,7

The different cryopreservation protocols used for 
gametes/embryos/gonadal tissues are slow freezing, 
rapid freezing and vitrification. The principle behind all 
these methods is to first expose the cells to cryoprotect-
ants followed by cooling to the desired storage 
temperature, and consequently, warming of 
cells(thawing) along with the removal of cryoprotect-
ants.  In slow cooling procedures the cells are equili-
brated with penetrating cryoprotectants by exposing 
them to the increasing concentrations of cryoprotect-
ant solutions and then gradually exposed to tempera-
tures in the decreasing order using a sophisticated 
automated programmable freezer. This process is 
usually time consuming.

The rapid cryopreservation method involves plunging 
of cells into liquid nitrogen after sufficient equilibra-
tion with cryoprotectants. This method is relatively 
simple and does not require any expensive 
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Fig 1: Current applications of cryopreservation in ART
100



Review Article          Cryopreservation- A Boon to Assisted Reproductive Technologies Volume 7, Number 3

instruments8 unlike slow cooling. A more commonly 
used method in recent times, for oocytes and embryos is 
vitrification which is an ultra-rapid cooling technique 
where the cells are exposed to high concentration of 
cryoprotective agents and then rapidly immersed in 
liquid nitrogen with a cooling rate as high as 6-10,000° 

C/min. This protocol is routinely utilized in cryopre-
serving gametes2, zygotes9,10, blastocysts11,12 and 
gonadal tissues.13,14

To  utilize the frozen samples for ART treatment, the 
cells of interest are thawed when they are taken out of 
liquid nitrogen and transferred to suitable culture media 
at 37°C. Rapid rate of thawing is preferred over slow 
rate as it significantly avoids the growth of intracellular 
ice crystal formation during this process.  

The different biological material that can be cryopre-
served in ART treatment and fertility preservation are: 

a. Semen 

Semen cryopreservation is an established ART proce-
dure which is offered to infertile men undertaking 
treatment and also men with medical disorders whose 
treatment might compromise their fertility.Males 
affected with testicular cancer, Hodgkin's disease and 
other lymphomas, leukemia, nephrotic syndrome, 
diabetes, multiple sclerosis, men exposed to pesticides, 
radiation and mutagenic chemicals and men engaged in 
military operations are the potential candidates for 
semen cryopreservation. 

Sperm banking is a common application of cryopreser-
vation widely offered in ART, where cryopreserved 
sperm from anonymous healthy, screened donors can 
be used in treating infertile couples where the male 
partner has untreatable azoospermia /or total terato-
zoospermia. Having a large number of donor samples 
with different phenotypes and blood groups will help to 
match the recipient. More importantly, quarantine of 
samples can be achieved by cryopreservation.

Another application of sperm banking is to store back - 
up samples for infertile patients undertaking ART 
treatment. Men are usually required to produce a 
semen sample on the day of the ART procedure.  This 
can be highly stressful to certain patients and therefore 
may experience difficulty in collection, due to 
anxiety-related erectile or ejaculatory dysfunction. This 
can also be beneficial to patients who might not be 
present on the day of the procedure due to unscheduled 
traveling. Storage of sperm as a precautionary measure 
prior to the scheduled procedure can help to alleviate 
the emotional stress on such patients and also ensure 
that treatment can proceed as planned. The common 
indications for sperm cryopreservation are listed in 
Table 1.

The process of cryopreservation can lead to dramatic 
changes in intra-and extracellular environment of the 
sperm. According to Gao et al., at least 50% of sperma-
tozoa lose their viability due to ultrastructural changes 
that happens during freeze-thaw process  thereby 

reducing the efficacy of cryopreservation.15,16  The 
ultrastructural changes include membrane and 
acrosome swelling, loss of acrosome and mitochondrial 
damage.17-19 The damage to mitochondria and sperm tail 
during cryopreservation leads to poor motility in post 
thaw samples16,20 which is thought to be associated with 
production of free radicals.21 The high susceptibility of 
spermatozoa to reactive oxygen species (ROS) is due to 
the high PUFA content in their membrane and the 
limited repair ability.22-25

b. Oocyte 

Oocyte cryopreservation gives flexibility to ART 
treatment by allowing the possibility of cryopreserving 
the oocytes in certain scenarios such as ovarian hyper 
stimulation syndrome (OHSS) or inability of the male 
partner to produce viable sperm sample on the day of 
procedure or for social egg freezing. Oocyte freezing is 
also offered as a fertility preservation procedure for 
cancer patients who are at risk of premature ovarian 
failure due to chemotherapy and/or radiotherapy.26,27 
Another important application of oocyte cryopreserva-
tion is in oocyte donation programmes where young 
fertile women are recruited according to ICMR 
guidelines28, undergo controlled ovarian stimulation 
and oocytes are collected. The obtained oocytes can be 
cryopreserved and thawed later for indicated patients 
when required. The indications for oocyte cryopreser-
vation are listed in Table 2.

The human metaphase II oocytes are vulnerable to 
freeze thaw procedure due to its ultrastructure, large 
nuclear cytoplasmic ratio, presence of meiotic spindle 
and sensitivity of zona pellucida.29 The most common 
cryoinjuries are damage to the spindle apparatus30,31, 

Indication  
Back-up samples For patients with difficulty in 

collection or unavailable on the day 
of procedure, this option helps to 
reduce the emotional burden on 
patients 

Donor sperm 
banking 

For heterologous insemination, 
semen samples can be obtained 
from donors, as per ICMR 
guidelines and cryopreserved. 

Fertility 
preservation for 
cancer patients 

Patients with malignant and non-
malignant diseases whose 
treatment can impair fertility can 
preserve their samples before 
undergoing treatment. For adult 
males, semen cryopreservation can 
be offered. 

Social sperm 
freezing/ 
convenience 
banking 

For men who would like to start a 
family later in life can preserve 
their sperm while they are young 

Testicular/Epididy
mal spermatozoa 
storage after 
TESA/TESE/PESA 

Patients with obstructive and non-
obstructive azoospermia can store 
retrieved   testicular/epididymal 
spermatozoa samples which can be 
used for ICSI. 

Table 1: Indications for sperm cryopreservation

Application of cryopreservation
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hardening of zona pellucida32, premature cortical 
granule reactions33, chromosomal anomalies34,35 and 
parthenogenesis.36

To overcome the above stated issues, an alternative 
strategy is to store immature oocytes at the germinal 
vesicle stage, obtained from graffian follicles. Immature 
oocytes are less sensitive to cryoinjury14 due to their 
small size (30- 60°m), low metabolic rate, absence of 
zona, cortical granules and smaller amount of cryosen-
sitive intracytoplasmic lipids.37 Since these oocytes are 
at diplotene stage, the lack of spindle apparatus 
presents less risk of cytogenic errors in subsequent 
divisions.  The only major hurdle for this alternative 
strategy is that these oocytes have to undergo invitro 
maturation which may lead to zona hardening. 

c. Cryopreservation of gonadal tissues
(i). Testicular tissue

Cryopreservation of spermatozoa retrieved by testicu-
lar biopsies is a routinely followed ART procedure for 
patients with non-obstructive azoospermia which 
helps to overcome the financial, physical and mental 
strain of undergoing repeated biopsy procedure. 
Several studies have shown that the fertilization 
potential, embryo growth and delivery rate of fresh 
and frozen spermatozoa retrieved from testicular 
tissue are comparable.38-40

Testicular tissue cryopreservation is also offered for 
prepubertal cancer patients prior to chemotherapy, as 
a part of fertility preservation procedure, which is still 
experimental in nature.41,42 The prepubertal testicular 
tissue is highly susceptible to cytotoxic treatments due 
to the presence of spermatogonia that are proliferative 
in nature and therefore are targeted by anti-cancer 
agents.43 Hence, in these patients, testicular biopsy 
can be performed and the tissue can be cryopreserved 
by slow freezing. Fertility restoration can be done by 
thawing the tissue at a later time, when the patient is 
ready to have a family, and sperm derived by either 
auto-transplantation to an orthotopic or heterotopic 
site or even be matured in vitro.44

In  

banking 

 
 
 

Fertility 

s, may 

 

dication Application of cryopreservation

Donor oocyte 

 

preservation for 
cancer patients 

For women in the reproducible age 
and prepubertal cancer patients, 
oocyte cryopreservation can be 
offered 

Social egg freezing Women who wish to start their 
family late due to professional, 
social or financial situation
choose to freeze their oocytes at a 
younger age which can later be 
thawed and used for ICSI.

Table 2: Indications for oocyte cryopreservation

(ii). Ovarian tissue

In women who are at a risk of premature menopause 
due to several reasons such as recurrent or severe 
ovarian diseases (cysts, benign tumors, endometrio-
mas), removal of ovary to treat endometriosis or genital 
cancer45, chemotherapy or radiotherapy to treat cancer 
or other systemic diseases46 and in women with 
chromosomal anomalies such as Turner’s syndrome45-47, 
ovarian tissue cryopreservation or whole ovary 
cryopreservation can be offered. Though this proce-
dure is still experimental in nature, it is a promising 
alternative to prevent fertility loss in the above 
mentioned group of patients. It has been shown that 
ovarian tissue is more cryotolerant and regains function 
upon transplantation without vascular anastamosis. The 
indications for gonadal tissue cryopreservation are 
listed in Table 3.

d. Embryo cryopreservation

Embryo cryopreservation has proved to be a boon to 
ART as the technique helps in freezing supernumerary 
embryos, alleviating the stress on patients with OHSS 
through a frozen embryo transfer cycle, and in patients 
who are unable to undergo fresh ET due to inadequate 
endometrial development. A recent addition to the 
indication for embryo cryopreservation is 
pre-implantation genetic testing for patients with a 
history of genetic disease PGD - Preimplantation 
genetic diagnosis, or in patients with repeated IVF 
failures who wish to increase the chances of pregnancy 
PGS- Preimplantation genetic screening. The indica-
tions for embryo cryopreservation are listed in table 4.

The outcome of embryo cryopreservation is mainly 
influenced by the stage of development48 and the 
quality of embryo at the time of freezing.49 Embryos 
have been successfully cryopreserved at zygote48, 
cleavage50 and blastocyst stages51, using various freez-
ing protocols with either dimethylsulphoxide 
(DMSO)52, 1,2-propanediol(PROH)53 or glycerol51 as 
cryoprotective agents.Currently the most widely used 
method for cryopreservation of embryos is vitrification 
using 15%DMSO, 15% EG and 0.5M sucrose.54 
However, the major concern with embryo cryopreser-
vation is the passage of rights and disposal of embryos if 
the couple divorces each other or in case of death of a 
partner.

Indication Application of cryopreservation 

Testicular tissue Male prepubertal patients can undergo 
testicular biopsy and cryopreserve their 
testicular tissue, which can be used in 
future to restore fertility 

Ovarian tissue Female prepubertal patients can 
undergo ovarian biopsy and 
cryopreserve their ovarian cortex, 
which can be used in future to restore 
fertility 

Table 3: Indications for gonadal tissue cryopreservation
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Oocyte donors can be recruited as
per ICMR guidelines. Their
oocytes are retrieved and
cryopreserved which can be used
when needed for indicated
after appropriate matching.
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Risk of cryopreservation

While cryopreservation is a boon to ART, it also carries 
with it certain risks such as loss of cell viability, DNA 
damage, free radical generation and decrease in fertiliz-
ing potential of the gametes and reduced implantation 
potential of the embryos. These exogenous 
non-physiological processes can change the genetic 
and epigenetic integrity of the gametes or embryos. 
Though there are not many reports, the available litera-
ture suggests that there is no difference in the post-
natal developmental characteristics of progenies born 
 from cryopreserved gametes or embryos. 

The same however cannot be said for gonadal tissue as 
the fertility restoration is still in its infancy. Another 
major concern is the transmission of infectious agents 
through liquid nitrogen. It has been shown that 
infectious agents such as viruses can cross contaminate 
other stored samples either due to breakage of straws 
or leakage of samples from sealed ends of plastic 
straws.55 The risk of transmission can be significantly 
reduced by storing the infected specimens in separate 
liquid nitrogen containers designated for infectious 
samples.
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