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Editorial
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Greetings from the Editorial Board of Chettinad Health 
City Medical Journal!

Advances in early cancer diagnosis and treatment 
regimens have significantly improved survival rates, 
allowing patients and professionals to think beyond the 
cure for cancer to the future quality of life. Fertility 
impairment is a significant concern for many pediatric, 
adolescent and young adult cancer survivors. Treat-
ment modalities such as chemotherapy, radiotherapy 
and surgery can impair the future fertility of men, 
women and children combating with cancer. Options 
to preserve the fertility of these patients holds signifi-
cant value in improving the quality of their life post 
treatment. Though the field of fertility preservation has 
started gaining attention just a decade ago, there is a 
serious lack of collaborative effort between cancer care 
and fertility management.

This special issue of Chettinad Health City Medical 
Journalis a compilation of the contributions of all the 
well-known researchers and clinicians who are work-
ing in the field of fertility preservation.An original 
article aims to understand the damaging effects of 
radiation on spermatozoa of men exposed to therapeu-
tic or accidental exposures to radiation.

Dr. Satish Kumar Adiga

Section Editor,

Prof. & HOD, Dept. of Clinical Embryology,

Kasturba Medical College,  Manipal.

E-mail: satish.adiga@manipal.ed

Native plants of India are known for their medicinal 
values and other diverse applications. One such plant is 
Moringa oleifera better known as the drumstick tree, 
appears to also have a role in male fertility preservation, 
as described in a review article. Another review 
highlights the importance of cryopreservation in 
infertility management and fertility preservation. 

A seminar article educates the readers on the different 
options available in fertility preservation for cancer 
patients, along with providing a perspective on future 
strategies. Having understood the different options, it 
is essential to also be aware of the social and ethical 
issues surrounding oncofertility, which are discussed 
through another article.

Hope you enjoy the informative articles.  Look forward 
to your opinions and feedback!
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Paternal Age Influences Human Sperm Chromatin Sensitivity to Ionizing 
Radiation

Original Article

Shubhashree U*, Fiona D’Souza**, Guruprasad K***, Satish Kumar A****

* Assistant professor ,**Senior Research Fellow,***Professor, ****Prof and HOD , Department of Clinical Embryology,

Kasturba Medical College, Manipal Academy of Higher Education, Manipal, India. 

Ms.Shubhashree Uppangala is working as Assistant Professor, Department of Clinical Embryology, 
Manipal Academy of Higher Education (MAHE). She obtained her master (M.Sc.) degree in Biochemis-
try from the university of Mysore. And doctor of philosophy in Medical Science (Embryology) from 
Manipal Academy of Higher Education (MAHE). She also has 21 International and National publications 
to her credit.Received prestigious extramural research grants as Principal & co-investigator in the area 
of metabolomics and oncofertility.

Abstract 

Objective : To understand the age related sensitivity of human and mouse sperm chromatin to radiation. 

Study design: This prospective study examined the comparative in vitro radiosensitivity of sperm DNA from 
normozoospermic human ejaculate (N= 47) and mouse epididymal spermatozoa (N= 40), from various age 
groups. Human ejaculates and mouse sperm suspension were exposed to 0 and 5 Gy,-radiation using 60Cobalt 
tele-therapy unit and sperm DNA damage was assessed by single cell gel electrophoresis (neutral comet assay).

Results: The DNA fragmentation analysis of 5 Gy irradiated spermatozoa has revealed a significant increase in 
olive tail moment (OTM) in men above 40 years (P<0.05). In contrast, the OTM did not vary in mouse spermato-
zoa in any of the irradiated groups. 

Conclusion: Though, the data has emerged from in vitro radiation exposure, from the clinical point of view, the 
study warns that men who are above 40 years are at higher risk of acquiring sperm DNA fragmentation after 
therapeutic and accidental radiation exposures.

Key words: anti-cancer agents, comet assay, ionizing radiation, paternal age, sperm DNA integrity.
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the differences in sperm DNA damage susceptibility 
to a genotoxic agent.15,16

Although there has been a drastic increase in the 
incidence of cancer in men, the advancements in thera-
peutic regimes have significantly improved the survival 
of the affected individuals. The number of survivors in 
the reproductive age group is increasing; hence it is 
important to evaluate the sensitivity of sperm chroma-
tin structure to anticancer agents. The current scenario 
demands in depth understanding of the differential 
sensitivity of spermatozoa with respect to the age of the 
individuals. In this study we investigated the spermato-
zoal susceptibility to ionizing radiation in vitro. To 
examine the comparative radiosensitivity of sperm 
DNA, both mouse and human spermatozoa from 
various age groups were included in this study. 

Materials and methods
Human subjects

This prospective study included 47 men attending 
University infertility clinic for semen evaluation. Only 
normozoospermic ejaculates were included in this 
study as poor quality ejaculates are known to carry 
higher level of baseline DNA fragmentation.17 The 
study was approved by the Institutional Ethical 
Committee.

Introduction
It is now evident that the anticancer treatments such as 
radiation and chemotherapeutic agents pose a great 
threat to sperm chromatin integrity.1,2 Though, DNA 
repair mechanisms play a pivotal role in mutagenesis, 
certain repair pathways aberrantly function with the 
advancement in age.3,4 It has been shown that muta-
genic response to ionizing radiation in germline is 
modulated by age.5 Importantly, the persistence of 
unrepaired DNA lesions in germ cells may have delete-
rious consequences of transgenerational genomic 
instability thereby resulting in abnormal reproductive 
outcome in the offspring.6-9

Sperm chromatin is composed of tightly packed DNA 
with small basic proteins called protamines, which 
helps in chromatin remodeling process.10 It is now 
evident that altered protamine level increases the 
susceptibility of sperm to undergo DNA fragmenta-
tion and eventual poor outcomes in assisted 
reproduction.11 The proportion of protamine and 
nucleosomal structure are different in mouse and 
human spermatozoa10-12 in which human sperm 
nuclear DNA has a heterogeneous structure with 
some regions and genes remaining associated with 
histones or with other proteins.10,13,14 Hence this 
difference in chromatin structure may demonstrate 
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Semen samples were obtained between 3-5 days of 
sexual abstinence by masturbation in sterile nontoxic 
containers. Semen analysis was performed within one 
hour of collection under sterile conditions. Upon 
completion of liquefaction, the sample was mixed well 
and evaluated for physical and microscopic characteris-
tics according to WHO criteria.18

Animals 

The animal care and handling were done according to 
the institutional guidelines for animal experimentation 
and the proposal was approved by the Institutional 
Ethical Committee. Healthy Swiss albino male mice 
between the age of 8-52 weeks maintained under the 
controlled conditions of temperature (23±2°C) and 
light (12 h light/dark cycles) with standard diet and 
water ad libitum were used in this study. The animals 
were sacrificed and spermatozoa were extracted from 
the caudae epididymis in 2 mL of pre-warmed Earle’s 
Balanced Salt Solution (EBSS) (Medium 199,Sigma 
Chemical Co., St. Louis, USA Cat. No. M5017) supple-
mented with 0.1% bovine serum albumin (BSA) (Sigma 
Chemical Co., St. Louis, USA Cat. No. A3311). The 
spermatozoa were centrifuged and the pellet was 
resuspended in 500 µL of medium for the further 
experiments

In vitro irradiation

Fixed volume 500 µL of the human ejaculate and mouse 
sperm suspension were transferred to a petridish and 
then exposed to 0 and 5 Gy-radiation using 60Co 
tele-therapy unit with a dose of 1 Gy/ min at room 
temperature. 

Single cell gel electrophoresis (Neutral comet assay)

Within 30 mins after irradiation, the DNA fragmenta-
tion in spermatozoa was assessed by the comet assay as 
described earlier19 with minor modifications. Briefly, 
the spermatozoa suspended in sterile Phosphate 
Buffer Saline (PBS), (pH 7.4) were mixed with equal 
volume of 1 % low melting point (LMP) agarose 
(Sisco Research Laboratories, India, Cat. No. 0140151) 
and layered on a slide pre-coated with 1 % normal 
melting point (NMP) agarose (Sisco Research Labo-
ratories, India, Cat.No.0144162). Agarose was 
allowed to gel by placing the slides at -4°Cfor 5 mins. 
A third coat of agarose was layered over the second 
layer followed by overnight incubation in lysing 
solution (2.5 M sodium chloride, 100 mM disodium 
EDTA, 10 mMTrizma base, 10% DMSO, 1 % Triton 
X-100, 20 mM DTT (pH 10) at 4°C. Sperm DNA 
unwinding was carried out by immersing the slides in 
electrophoresis buffer (300 mM Sodium acetate, 100 
mMTris base, pH= 9) for 20 mins followed by electro-
phoresis at 20 V (VcM= 0.74 V/cm, 100 mA) for 60 
mins (performed at 4°C). The slides were neutralized 
by flooding with neutralization buffer (0.4 M TrisHCl 
buffer) for 5 minutes, dehydrated by immersing them 
in chilled absolute alcohol for 10 mins and stored till 
further processing.

For visualization and scoring, the slides were 
rehydrated in cold PBS for 10 minutes and stained with 
2g/ml Ethidium bromide. The slides were observed 
under a fluorescent microscope (Imager-A1, Zeiss, 
Germany) and images were captured using 40 X objec-
tive. A minimum of 50 randomly selected images were 
captured from each slide which was coded to prevent 
observer’s bias. The sperm with DNA damage attained 
the shape of comet with tail region consisting of 
fragmented DNA and head region with intact DNA. 
The representative images have been provided in 
Supplementary Fig 1. The comet evaluation of the 
captured images was done using Kinetic Imaging 
software (Komet 5.5, UK).   

Statistical analysis

The data represents mean and standard error (Mean ± 
SEM) of the values. The statistical significance level was 
calculated using One Way Analysis of Number of 
Variance (ANOVA) (Tukey test) using Graph PADIn-
stat software, USA. The graphs were plotted using 
Origin 6.0 (USA).

Results
Human study

The present study included a total of 47 normozoosper-
mic men from various age groups (Group I, 21-30 years, 
N=10; Group II, 31-40 years, N=28; Group III, 41-50 
years, N=9). The sperm count per milliliter of ejaculate 
(mean ± SEM) in Group I, II and III was 62.0 ± 10.72; 
49.25±5.54 and 35.25±5.92 respectively which was not 
significantly different between each group. Similarly, 
total sperm motility also did not show significant differ-
ence between any of the groups (Group I: 65.22 ± 5.21, 
Group II: 63.25 ± 1.68; Group III: 56.37 ± 4.55). Neutral 
comet assay was performed to determine the extent of 
DNA fragmentation in the ejaculates of various groups. 
The DNA fragmentation as measured by OTM did not 
vary between group I & II. Though, a moderate increase 
in the baseline OTM was observed in group III, the 
difference was not statistically significant with other 
groups studied. Exposure to 5 Gy-radiation induced a 
marginal, non-significantly higher level of OTM in 
group I and II within 30 min after irradiation. However, 
the OTM was increased by approximately 1.7 folds in 
group III which was significantly higher than the unirra-
diated control (P<0.05) (Fig 1). 

Fig 1: DNA fragmentation in in vitro irradiated human 
spermatozoa from various age groups. Olive tail moment 
in unirradiated control and 5 Gy-irradiated human 
spermatozoa(*P < .05 Vs unirradiated).
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Mouse study

In order to determine the species specific sensitivity of 

ionizing radiation in relation to the age, mouse 

spermatozoa from 8 (Group I), 12(Group II), 26 

(Group III), and 52 (Group IV), weeks were used in 

replicates.20 The number of animals (N) used in each 

group was 10. Similar to human ejaculates, the sperm 

count and motility in mice did not vary significantly 

between each group (sperm count in millions/ml:  

18.08 ± 2.8, 17.13 ± 2.1, 16.41 ± 2.5, 16.61 ± 3.4 and 

percent sperm motility: 66.9 ± 2.19, 51.9 ± 6.09, 53.2 ± 

5.8, 58.4 ± 5.7 in 8, 12, 26, 52 weeks groups respec-

tively). The DNA fragmentation was quantified in at 

least 50 spermatozoa from each group. The baseline 

OTM showed a minimum non-significant variation 

between different age groups studied. In vitro 

-irradiation was performed on mouse spermatozoa 

and conditions were kept identical to human sperm 

irradiation. In contrast to human spermatozoa, the 

OTM level did not vary in any of the irradiated group 

including the highest age group of 52 weeks which 

demonstrated only 1.14 fold non significant increases 

in the OTM level when compared to unirradiated 

control (Fig 2).

Discussion
In this study, we compared the sperm chromatin sensi-
tivity to in vitro exposed ionizing radiation from the 
individuals of varying age group. In vitro irradiation of 
spermatozoa enabled us to elucidate the direct and 
untargeted effect of radiation on male germ cells in 
relation to the age of the individuals. Parallely, mouse 
spermatozoa were also evaluated to compare the 
species specific response to ionizing radiation using 
neutral comet assay. We found that human spermato-
zoa from the subsets of age between 40-50 years had 
increased sensitivity to radiation induced DNA 
fragmentation. In contrast, spermatozoa from mouse 
up to 52 weeks of age failed to show any significant 
increase in the radiation induced DNA damage. 

Ageing is associated with an overall increase in oxida-
tive stress possibly due to decreased ATP and increased 
reactive oxygen species (ROS) production.21 Studies 
have shown that the effect of age on human spermato-
zoa is associated with change in motility pattern22 and 
DNA integrity17,23 which are probably due to the 
compromised maturing efficiency of spermatozoa in 
older mammals during their epididymal transit.24 
However, we did  seemarginal increase in  the baseline 
DNA fragmentation both in mice and human spermato-
zoa, though studies have shown different protamine 
and nucleosomal structure in mice and human10,12  which 
are responsible for compactness of sperm nuclear DNA. 
Along with difference in sperm nuclear structure, study 
subjects were not uniformly distributed in human 
study; because of this reason may be we were not able 
to prove statistical difference in baseline DNA damage. 
Hence, giving the contradictory results to the current 
literature. 

It has been shown that oxidative stress constitutes one 
of the mechanisms for inducing the DNA damage in 
spermatozoa, and defective chromatin remodeling 
renders spermatozoa susceptible to oxidative attack.25 
To investigate whether sperm with dissimilar chroma-
tin architecture exhibit differential sensitivity to geno-
toxic insult, in this study, both human and mouse 
spermatozoa from different age groups were exposed 
to �-radiation. The results of our study showed that the 
direct effect of ionizing radiation on sperm is dependent 
on the age in human but not in mouse model.

The gonadotoxic effects of cancer therapy especially on 
sperm DNA integrity is well documented26,27, yet it 
remains controversial whether the susceptibility of 
spermatozoa to commonly used ionizing radiation is 
related to the age of the patients. In order to test this 
hypothesis, we included 47 normozoospermic ejacu-
lates from different age groups exposed to radiation. 
Though, we did see marginal increase in sperm DNA 
fragmentation until 40 years of age, men who are above 
40 years of age had significantly elevated level of sperm 
DNA fragmentation in response to radiation. The 
increased genetic abnormalities with age have largely 
been attributed to genetic changes in the egg and sperm 

Supplementary Fig 1 : Representative images of single cell 
gel electrophoresis (Comet) a-d) human sperm cells 
displaying various degrees of DNA fragmentation. e-f) 
sperm cells from mice showing various degrees of DNA 
fragmentation.

Fig 2: DNA fragmentation in in vitro irradiated mouse 
spermatozoa from various age groups.  Olive tail moment 
in unirradiatedcontrol and 5 Gy-irradiated  mouse 
spermatozoa.
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of the parents.28 There are reports that DNA damage 
and chromosomal errors increase with age in 
sperm17,29  possibly due to qualitative change in the 
lineage of sperm producing cells as they age and/or 
due to defective DNA repair machinery.28 Since 
mature sperm is transcriptionally silent, the elevated 
DNA lesions observed in the present study is unlikely 
due to aberrant repair pathway but possibly because 
of age related changes in chromatin architecture. The 
results also emphasize on the fact that the men who 
are above 40 years are more prone to acquire sperm 
DNA damage. 

Apart from the differences in the proportion of prota-
mine and nucleosomal structure in mouse and human 
spermatozoa10,12, there were also some differences in 
the resistance to oxidation between the sperm nuclei of 
the different species.30 It has been shown that both 
mouse and human spermatozoa were quite resistant to 
in vitro irradiation.31 However, the distribution of DNA 
damage among individual sperm cells after irradiation in 
mice was heterogeneous.32 In contrast, the human 
sperm is most susceptible to undergo DNA fragmenta-
tion in response to in vitro stimulation when compared 
to mouse and bull sperm.16 Our results suggest that 
sensitivity of mouse spermatozoa to in vitro genotoxic 
insult is much lower than that of human spermatozoa 
which agrees with earlier report.16 The proportion of 
protamine 2 is 67% and 34% in human and mouse 
spermatozoa respectively. In addition, some nucleoso-
mal structure is retained in human (up to 15%) and, in 
smaller quantity(~1%) in mouse spermatozoa10,12, 

which could explain the resistance of mouse sperm 
chromatin to undergo fragmentation in response to in 
vitro irradiationin comparison to human sperm.

There are limitations in comparing age related sensitiv-
ity between two species as mice and humans have a 
maximum life-span of 4 years and 120 years, respec-
tively which are at two extremes of the longevity 
range.33 In spite of their similarities at the molecular, 
cellular and physiological level, there are dissimilarities 
in the rates at which they age.34 However, mouse 
models are still considered as one of the primary 
systems in studies of human longevity. Hence, mice 
model was used in the present study to compare the in 
vitro radiosensitivity of human spermatozoa of various 
age groups.

Despite of several observed age related changes, our 
results demonstrate that irradiation of human sperma-
tozoa results in age dependent increase in the level of 
DNA fragmentation possibly due to age related differ-
ences in chromatin architecture. Therefore,from the 
clinical point of view, the study demonstrates that men 
who are above 40 years are at higher risk of acquiring 
sperm DNA fragmentation after therapeutic and 
accidental radiation exposures hence proper counseling 
should be seriously considered as sperm chromatin 
integrity is of fundamental importance for these 
subjects to father a child. As the present study 

is restricted to in vitro irradiation of spermatozoa, 
further studies are required to confirm our observation 
in patients who have received radiation therapy.
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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 
awareness and knowledge of cancer treatment and its consequences. This review gives an overview of impor-
tance of cryopreservation technology in infertility treatment and fertility preservation.
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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 

Corresponding author - Dr Guruprasad Kalthur - (guru.kalthur@manipal.edu)

Chettinad Health City Medical Journal 2018; 7(3): 100 - 105

Fig 1: Current applications of cryopreservation in ART
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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

Review Article          Cryopreservation- A Boon to Assisted Reproductive Technologies

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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Introduction
Moringa oleifera (MO) is a fast growing tree belonging 
to monogeneric family Moringaceae, a native of India. 
The genus Moringa has 13 other species native to the 
African continent1 and are distributed in tropical and 
subtropical regions of the world (Fig 1). The plant has 
been used from ancient times to prepare various dishes 
and herbal medicines owing to its rich nutrient contents 
and therapeutic values. Hence, it is popularly known as 
‘Miracle tree’ or ‘Nature gift’ or ‘Mothers best friend’. 
In India, MO is commonly referred to as ‘drumstick 
tree’, due to the shape of its fruit which resembles a 
drum stick. It is also called as ‘horse radish tree’ due to 
the pungent smell of its roots. The plant has a diverse 
application such as source of food, animal fodder, 
natural coagulants, forestry products, fertilizer, alley 
cropping and fueling.2
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Abstract 

Since time immemorial, Moringa oleifera Lam. (MO) is a highly valued plant with potential application in the area 
of nutrition and medicine. All parts of the plant have been used in preparing Ayurvedic medicines while the 
leaves and pods have been used in preparing traditional dishes. The leaves of this plant are most commonly used 
as they are rich in amino acids, vitamins, poly-phenols, flavonoids, alkaloids and phytosterols, which attribute to 
the nutritive and medicinal properties. The tissue and cyto-protective action of MO against various toxic agents  
is gaining tremendous importance in the field of toxicology. However, very few reports have highlighted the 
protective effect of MO and its active components against gonadotoxic agents. The present review mainly 
focuses on the medicinal properties of MO with special reference to its role in male fertility preservation.

Key words: Moringaoleifera, Chemotherapy, Testicular damage, Chemoprotection, Antioxidant 

Volume 7, Number 3

Taxonomy of Moringa oleifera Lam.
Kingdom:Plantae

Phylum:    Tracheophyta

Class:        Magnoliopsida

Order:      Brassicales

Family:     Moringaceae

Genus:      Moringa

Species:    oleifera

Moringa oleifera plant as a nutritive source
Moringa oleifera is a highly nutritive plant. MO seeds 
are rich in monounsaturated fatty acids and proteins 
with sulfur containing amino acids.3 Interestingly, 
Moringa species grow in zones where malnutrition is 
more evident such as drought affected areas. The 
leaves, pods and seeds (Fig 2) of this plant are nutritious 
and most commonly used for preparing traditional 
dishes. In India, M. oleifera is commercially cultivated 
mainly for its pods as a vegetable4; the pods are rich in 
proteins, carbohydrates and dietary fibers.5 The leaves 
are rich in proteins, essential amino acids, vitamins, 
minerals and antioxidants which serve as natural 
remedy in preventing malnutrition in children of under- 
developed countries.6-8 A randomized blind placebo 
control study showed that MO leaf powder can 
improve nutritional intake and nutritional status in HIV 
infected patients undergoing anti-retroviral therapy 
thereby ensuring good immuno-metabolic response.9
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Fig 1: Global distribution of Moringa species 
(shown in green color)
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Fig 2: Different parts of Moringa oleifera plant 

Parts Composition Medicinal property 

Roots 

Benzyl 
isothiocyanate 
Phenethyl isothiocya
nate 

Anticancer 
Neuro-protective 
Anti-fertility 

Stem 
(Bark) 

 
Antibacterial action 
Anticancer effect 
Insulin sensitization 

Leaves 

Glucomoringin 
isothiocyanate, 
Quercetin, Benzyl 
isothiocyanate, 
Vicenin-2, 
Chlorogenic acid, 
Gallic acid, 
Kaempferol, 
Rosmarinic acid and 
Rutin 

Anticancer 

Chemo-sensitization 
 
Anti-diabetic 
Anti-bacterial 
Anti-viral 
Antianalgesic, anti-
inflammatory and 
antioxidant 
Wound healing 

Pods and 
seeds 

Isothiocyanates 

Anti-hypertension 
Antioxidant and 
antibacterial action 
Anti-inflammatory 
action 
Antiulcer 

Flowers Trypsin inhibitor 
Larvicidal action on 
Aedes aegypti 

(dengue fever) 

Table 1: Medicinal properties of different parts of 
Moringa oleifera plant

  active principle of the extract specifically targets 
the cancer cells, thereby it can potentially decrease 
the side effects on normal tissues unlike many of the 
chemotherapeutic drugs. Aqueous extract of MO 
leaves increased the cytotoxic effect of 
chemotherapeutic agents on pancreatic cancer 
cells11 by down-regulating nuclear factor-kappa 
beta (NF-kB) indicating chemo-sensitization of the 
extract. Ethanolic extract of leaves exhibited 
anticancer activity in breast and colorectal cancer 
cell lines.12 The crude extract and certain isolates of 
the plant such as glucomoringin isothiocyanate, 
quercetin and benzyl isothiocyanate have been 
shown to increase the apoptosis in cancer cell 
lines.13-16

b. Antidiabetic effects: Methanolic extract of MO 
leaves prevented diabetes induced nephrotoxicity 
through its hyperglycemic, antioxidant and 
anti-inflammatory action.17 Aqueous extract of leaf 
showed potent anti-diabetic effect against 
streptozotocin-induced diabetes in rats.18 The study 
on type 2 diabetes-induced mice and rats revealed 
that the extract of MO exhibited hypoglycemic 
effect, ameliorated oxidative stress, renal and 
hepatic dysfunction and improved glycogen 
synthesis and modulated lipid metabolism.19-22 It has 
been demonstrated that MO leaf extract can 
mitigate alloxan-induced diabetes by regenerating 
β-cells and modulate the expression of pyruvate 
carboxylase.23 Furthermore, the extract from bark 
showed improvement in insulin resistance induced 
by dexamethasone.24

c. Antimicrobial action: The water-soluble lectin 
extracted from MO exhibited antibacterial action 
against Serrata marcescens and Bacillus species by 
inducing cell wall damage.25 The bark showed 
significant beneficial effect in the management of 
urinary tract infections.26 The aqueous extract from 
MO leaves showed protection against HBV 
infection by reducing fibrosis markers, IL-6 and 
HBsAg secretion.27 The flower extract inhibited the 
larval growth of Aedes aegypti, a vector of dengue 
fever, by targeting trypsin and acetyl choline ester-
ase activity.28

d Other properties: Aqueous extract of MO leaves 
contain phytochemicals like vicenin-2, chlorogenic 
acid, gallic acid, quercetin, kaempferol, 
rosmarinic acid and rutin which exhibited poten-
tial wound healing property.29,30 The methanolic 
extract showed analgesic, anti-inflammatory and 
antioxidant properties in animal models.31-33 The 
active compounds in pods and seeds exhibited 
hypotensive and anti-ulcer properties 
respectively.34,35  The hydro-ethanolic extract of 
MO leaves showed cerebro-protective effect 
against ischemic stroke by decreasing oxidative 
stress36 and penicillin induced convulsion, 
locomotor behavior by modulating the secretion 
of neurotransmitters.37 

Use of Moringa oleifera in Ayurvedic 
medicine
Moringa oleifera is the plant of choice for the prepara-
tion of various traditional medicines since ancient times. 
All parts of the plant have shown immense health 
benefits, particularly in improving function of repro-
ductive, circulatory and immune system. Various 
studies have shown that MO and its active ingredients, 
either alone or as a multi-herbal preparation play a 
promising role in combating a wide range of patholo-
gies including cancer, diabetes, ulcer, oxidative stress, 
infection and infertility (Table 1). Among different parts 
of the plant, leaves have been widely studied for its 
various therapeutic properties as detailed below.

a. Anticancer effect: Aqueous extract of MO leaves 
hinder the proliferation of alveolar cancer cells by 
inducing oxidative stress, DNA fragmentation and 
apoptosis. Moreover, the anti-proliferative effect 
of the extract was greater in cancer cells than 
normal cells10; thus it can be speculated that an 
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Role of Moringa oleifera in tissue protection

The tissue protective action of MO is summarized in 
Table 2. The studies have shown that MO and its active 
components impart protective action against certain 
toxic chemicals and radiation. Aqueous extract of MO 
leaves showed amelioration of radiation-induced 
oxidative stress in mouse hepatocytes by inhibiting 
translocation of Nf-kb, decreasing lipid peroxidation 
and increasing the activity of antioxidant enzymes.38 
The toxic effect of radiation on bone marrow cell was 
mitigated by the extract by decreasing induction of 
chromosomal aberrations and micronucleus 
formation.39 A recent study revealed that butyl 
p-hydroxyphenyl-acetate (MIMO2), a novel 
compound isolated from MO leaves prevented 
oxidative stress and DNA damage induced by a metal 
vanadium, a potent neuro-toxicant.40 Further, MO leaf 
extract showed nephro-protective effect against 
acetaminophen, a common analgesic and antipyretic by 
modulating activity of antioxidant enzymes and 
anti-inflammatory molecules.41 Similarly, another study 
exhibited the mitigating effect of MO leaves on 
acetaminophen induced hepatotoxicity by restoring 
glutathione level.42 The ethanolic extract of MO leaves 
showed ameliorating effect against anti-tuberculosis 
drugs (isoniazid, rifampicin, and pyrazinamide) - 
induced hepatotoxicity.43 The oil extracted from MO 

seeds showed protective effect against carbon 
tetrachloride (CCl4)-induced hepatitis by decreasing 
lipid peroxidation and antioxidant status in rat 
hepatocytes .44

Protective role of Moringa oleifera in male gonadal 
toxicity

It is known that certain chemicals and radiation are 
highly toxic to testes as they affect structure and/or 
functioning of testes. In literature, there are very few 
reports on protective action of MO against testicular 
toxicity. The ethanolic extract of leaves showed the 
mitigating effect against chromium-induced testicular 
toxicity and improvement in sperm functions by 
preventing oxidative stress and increasing testosterone 
in rats.45 The oil produced from MO, mitigated mercury 
induced testicular toxicity by improving steroidogen-
esis and antioxidant status in rats.46 However, there are 
no studies on the protective role of MO against chemo-
therapy and radiotherapy; which are known to cause 
severe damaging effects on testes imparting infertility. 
Therefore, we have conducted experiments to assess 
the testicular protective effect of ethanolic extract of 
MO leaves against cyclophosphamide, a broad 
spectrum anticancer drug.

Role of Moringa oleifera in Fertility Preservation

In recent years, the number of cancer survivors have 
been increasing due to the tremendous advancement in 
diagnostic and therapeutic strategies in cancer 
treatment. However, due to the non-specific action of 
radiation and anticancer drugs, these agents can cause 
toxicity in normal cells leading to various long-term 
health issues. Testis is highly vulnerable to these toxic 
agents due to the presence of rapidly proliferating 
spermatogonial stem cells (SSC). Depletion of SSC 
leads to temporary or permanent arrest in spermato-
genesis. Therefore, cancer survivors have compro-
mised fertility potential which in turn affects the quality 
of life post chemotherapy and radiotherapy. 

Fertility preservation is a promising option to preserve 
reproductive capacity of cancer patients undergoing 
chemo- and radio- therapies. The currently available 
methods of fertility preservation are depicted in Fig 3. 

Fig 3: Schematic representation to show fertility preservation options for males

MO Extract /
Phytochemicals

Toxic agents Tissue/ cell 

Leaf extract Radiation 
Liver 

Bone marrow

 

Leaf extract Acetaminophen 
Kidney 

Liver 

Leaf extract 

Antituberculosis 
drugs- isoniazid, 
rifampicin, and 
pyrazinamide 

Liver 

Leaf extract Chromium 
Testis 

Leaf extract Cyclophosphamide 

Butyl p-hydroxy
phenyl-acetate 

Vanadium Neurons 

Table 2: Tissue protective action of Moringa oleifera leaf 
extract and its phytochemicals. 
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Semen cryopreservation is a well-established method 
for fertility preservation in adult males. However, it 
cannot be applicable for pre-pubertal individuals as 
they do not produce spermatozoa; testicular 
cryopreservation or SSC cryopreservation followed by 
derivation of spermatozoa by auto-transplantation or in 
vitro culture are the only available options. But these 
protocols are still in the experimental stages and have 
technical limitations. Since the survival rate in 
childhood cancer has increased more than 80%47, there 
is a need for developing a strategy for fertility preserva-
tion, which is practically feasible and economically 
affordable.

Chemoprotection is considered to be an ideal, 
alternative option for fertility preservation using 
cyto-protective agents. These include Gonadotro-
pin releasing hormone (GnRH) analogues48,49, 
synthetic compounds like amifostine (WR-2721), 
AS101 (immuno-modulator)50,51 and natural prod-
ucts like antioxidants, vitamins and plant 
extracts.52-63 Among these, natural products have 
gained popularity because they are part of our diet 
and well tolerated by the body. Moreover, the 
clinical trials with GnRH analogs and other 
synthetic agents did not show any promising role 
in preventing chemotherapy-induced male 
gonadal toxicity.64,65 The chemoprotective effect 
of various plant extracts and natural compounds 

against chemo and radiotherapy induced testicular 
toxicity are mentioned in Table 3.

Our earlier study demonstrated that administration of 
ethanolic extract of MO leaves (MOE) to pre-pubertal 
mice mitigated the cyclophosphamide (CP) induced 
testicular toxicity and improved the sperm functional 
characteristics when mice attained puberty.66 
The improvements in the testicular functions were 
associated with decreased lipid peroxidation and 
increased activity of antioxidant enzymes like super-
oxide dismutase (SOD) and catalase suggesting that 
MOE prevents testicular tissue by preventing oxida-
tive stress induced by CP. Further, administration of 
MOE prior to CP was able to decrease the DNA 
damage and apoptosis in spermatogonial cells of 
pre-pubertal mice which are highly sensitive to CP. 
The protective effect of MOE is further supported by 
gene expression analysis by quantitative reverse 
transcriptase PCR (qRT-PCR), where it has been 
shown to modulate the expression of genes related to 
DNA damage response, pluripotency and stem cell 
survival.67

Mechanism of protective action
High Performance Thin Layer Chromatography 
(HPTLC) analysis showed that MOE is rich in quercetin 
and chlorogenic acid that are known to possess 
antioxidant and anti-apoptotic properties. CP is an 
alkylating agent which mainly targets rapidly prolifer-
ating spermatogonial cells. In our study, it was 
demonstrated that MOE increased the activity of 
antioxidant enzymes like superoxide dismutase 
(SOD), catalase, glutathione peroxidase (GPX4), 
glutathione S transferase (GST) and glutathione 
reductase (GSR). These enzymes can help in 
CP-induced oxidative stress and prevent oxidative 
damage of DNA, RNA and proteins. Single cell gel 
electrophoresis (Comet assay) and Terminal deoxy-
nucleotidyl transferase dUTP nick end labeling 
(TUNEL) assay showed that DNA damage and apop-
tosis induced by CP was significantly decreased by 
MOE administration in spermatogonial cells thereby 
ensuring the normal spermatogenesis and improve-
ment in quality of spermatozoa. Further, in support of 
the above findings, flow cytometric analysis showed 
that MOE attenuated CP-induced depletion of differ-
entiating and haploid population. Gene expression 
analysis showed that MOE modulated the expression 
of genes related to apoptosis (P53, Bax, Bcl2 and 
CytC), pluripotency (Oct4) and stem cell survival 
(c-Kit) suggesting the molecular mechanism underly-
ing protective effect. The study on kinetics of DNA 
damage and repair following CP treatment in 
spermatogonial cells revealed that MOE administra-
tion modulated the expression of γ-H2AX (double 
strand break sensor) as well as RAD51 and KU80 
(repair proteins).  These observations further confirm 
that MOE can alter the CP mediated DNA damage 
response, thereby rescuing the spermatogonial cells 
leading to normal spermatogenesis (unpublished 
findings).

Extract/active
compounds 

Chemotherapeutic
agent 

Beneficial effect 

Zingiber officinale Busulfan 
Increased sperm 
count and 
testosterone 

Ginkgo biloba  

Doxorubicin 

Improved sperm 
functions, 
decreased 
oxidative stress 
and apoptosis 

Allium sativum  

Amaranthus viridis  Cyclophosphamide Improved sperm 
functions, 
endocrine 
functions, 
antioxidant 
status and 
decreased 
apoptosis 

Rosmarinus 

officinalis  
Etoposide 

Podophyllum 

hexandrum  
Radiation 

Improved 
spermatogenesis 
and antioxidant 
status 

Mentha Piperita   

β-carotene Methotrexate Decreased 
oxidative 
damage and 
apoptosis 
 

Curcumin Cisplatin 

Vitamin C Cisplatin 

Ellagic acid 
Cisplatin 
Cyclophosphamide 

Increased sperm 
quality, 
improved 
spermatogenesis 
and antioxidant 
status 

Lycopene Cyclophosphamide 

Table 3: Chemo-protective role of herbal extracts and its 
active principles in chemo and radiotherapy-induced 
testicular toxicity
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Conclusion and future prospects
Administration of MOE seems to be a promising 
strategy to prevent chemotherapy-induced testicular 
toxicity. This can serve as an ideal option for 
pre-pubertal boys undergoing chemotherapy. The use 
of MO during cancer treatment is expected to have 
complementary effects due to the anticancer properties 
of the extract in addition to its normal tissue protective 
effect. The anti-proliferative activity of the extract 
helps in reducing the dose of anticancer drugs and in 
turn can further reduce the testicular toxicity. However, 
further studies are required to establish the dual role of 
MO as an anticancer and protective agent.
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Introduction
It is a long cherished dream for most people to leave 
their genetic footprint in this world. All species, includ-
ing human beings, reproduce and continue to live 
through their off springs. However, the scenario is not 
ideal in patients with severe medical conditions. 

In various medical conditions, the disease itself or its 
treatment affects the reproductive organs and thereby 
fertility of the individual. These medical conditions 
include cancer -‘the emperor of all maladies’1, 
Klinefelter’s syndrome2, and non-malignant systemic 
diseases like systemic lupus erythematosis which 
requires chemotherapy for treatment.3 Chemotherapy 
and radiotherapy are proven to cause gonadal damage 
as germ cells are extremely sensitive to cytotoxic agents 
and radiation therapy.3

More than 200,000 men and women under the age of 
45 years are diagnosed with cancer annually.4 Until a 
few decades ago, survival was the only aspect that was 
focused upon in cancer patients undergoing treatment 
but now survival rates have increased from 50% (1975-
77)  to 68% (1999-2006), and the 5-year cancer surviv-
val r ate in women is currently 90% for breast, 991%
for melanoma, 71% for cervical, 69% for non-Hodgkin 
lymphoma, and 55% for leukemia.5 This raises the hope 
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Abstract 

Fertility preservation is the cryopreservation of gametes (spermatozoa, oocytes), embryos, testicular tissue, and 
ovarian tissue in order to have a choice of reproduction in the future. This is crucial in patients affected with cancer 
or other severe medical diseases whose treatment hampers the fertility potential of an individual. Fertility preser-
vation however, raises a lot of ethical issues in each group of patients. 

The general limitations that apply to cryopreservation are the quality of the biological material cryopreserved, 
post-thaw survival rate, and the efficacy & safety of experimental protocols (gonadal tissue and whole ovary 
cryopreservation). Additionally, there are ethical concerns that impact fertility preservation, like obtaining 
informed consent from pre-pubertal adolescents with cancer, delaying treatment in cancer patients for the sake 
of fertility and possible reintroduction of malignancy post auto-transplantation of the frozen-thawed reproduc-
tive tissue.

 Fertility preservation by cryopreservation of gametes and embryos offers hope to many, while gonadal tissue 
cryopreservation is still in its infancy and therefore long term follow-up studies are required to monitor the safety 
of the techniques and the health of children born out of such procedures.
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for fertility. The American Society of Clinical Oncology 
now recommends all oncologists to counsel patients 
regarding fertility preservation options.6

The different options available in fertility preservation 
are cryopreservation of oocytes, spermatozoa, 
embryos or gonadal tissues for future use through 
Assisted Reproductive Technologies(ART). 

While preservation of gametes and embryos is an 
established ART procedure, which adults of reproduc-
ible age can avail, in prepubertal patients the only 
available option is cryopreservation of gonadal tissue, 
which is still experimental in nature.7

An overview of the different fertility preservation 
options are8:

1. Sperm cryopreservation: Semen samples can be 
obtained from adult males through masturbation or 
coitus interruptus. This is an established procedure 
routinely used in ART and male fertility preservation.

2. Oocytes: This involves controlled ovarian hyper-
stimulation followed by transvaginal oocyte aspira-
tion and subsequent cryopreservation of the 
oocytes obtained. These oocytes can later be 
thawed and subjected to ICSI (Intra cytoplasmic 
sperm injection).
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3. Embryos: This option requires the woman to 
undergo an IVF/ICSI cycle after which the devel-
oped embryos are cryopreserved and stored for 
future use.

4. Gonadal tissue: This includes testicular tissue or 
ovarian tissue cryopreservation which is mostly 
offered to prepubertal patients. The protocols for 
fertility preservation in gonadal tissue are still in the 
experimental stages and therefore come under the 
blanket of research. Ovarian cortex cryopreserva-
tion involves slicing of the ovarian cortex, which 
contains primordial follicles, into tiny bits and freez-
ing them. In future, they can be thawed and 
autotransplanted to an orthotopic or heterotopic 
site or even be matured in vitro. In testicular tissue 
cryopreservation, a testicular biopsy is done and 
tissue pieces are frozen. ASRM recommends 
obtaining institutional review board approval 
before performing these procedures, since they are 
experimental in nature.8

5. Whole ovary9: It is similar to ovarian tissue 
cryopreservation, but the protocols for this strategy 
are still in their infancy and hence considered 
experimental, according to ASRM.

 With the help of the above techniques, fertility 
preservation offers reproductive autonomy to those 
who may not be able to conceive in the future. 
However, there are many ethical and social 
concerns associated with it that need to be borne in 
mind while offering these services.

Ethical & Social concerns
l Counselling10: The oncologists play a very crucial 

role in helping patients to preserve their fertility. 
While patients face the battle of a life-threatening 
disease, the option of preserving fertility may not be 
their priority at the time of cancer treatment. On the 
other hand, delaying cancer treatment in order to 
preserve fertility is also not justified. Due to the 
short time period between cancer diagnosis and 
treatment, it can be quite stressful for patients to 
take a decision to preserve their fertility. It is 
important for the healthcare providers to provide 
contextual information concerning their fertility 
consequences, as each patient’s situation is 
unique.Counseling should be given in a 
comprehensive manner regarding the available 
options i.e., oocytes, spermatozoa, embryo, 
ovarian tissue, whole ovary or testicular tissue 
cryopreservation.

l Welfare of unborn child: Another concern is the 
health or life expectancy of the mother who bears 
the child through fertility preservation after cancer 
treatment - chances of recurrence of cancer can 
compromise the welfare of the child. There have 
also been no long term studies monitoring the 
health and well-being of children born from 

 gametes obtained from gonadal tissues of a cancer 
 patient. Follow-up studies are also required to

 monitor and develop the existing protocols with 
concern to their safety and efficacy.11

l Efficacy of experimental procedures11,12: In prepu-
bertal children, experimental procedures like 
ovarian and testicular tissue is currently the only 
available method for preserving fertility. However, 
the safety and effectiveness and long-term conse-
quences of usage of such tissue also needs to be 
determined. Due to the limited evidence to prove its 
efficacy, the debate arises as to whether it is 
ethically justifiable to offer such an option to prepu-
bertal cancer patients, which could border on giving 
false hopes to patients. Hence it is important for the 
patients and the parents to be informed of the 
experimental nature and the risks involved. Such 
treatment should be offered only in institutions 
which have facilities for long term follow up of 
these patients and the knowhow of in vitro matura-
tion or gonadal auto transplant and not in run-of-
the-mill IVF centres.

l Ovarian stimulation and oocyte retrieval before 
cancer treatment13: In oncological patients of repro-
ducible age, oocyte and embryo freezing is offered 
to preserve their fertility, before undertaking 
cancer treatment. However, this option carries with 
it the risk of ovarian hyperstimulation and oocyte 
retrieval and most importantly delaying of cancer 
treatment. The reproductive specialist would be 
required to plan the procedure at the earliest to 
avoid delays in commencing cancer treatment, and 
the ovarian stimulation protocols should be chosen 
carefully so as not to worsen the disease. 

l Informed consent12: It is essential for the patient to 
know the available options in fertility preservation, 
their success rates and the future risks in addition to 
the ensuing costs. Comprehensive counselling by 
the oncologist and reproductive specialist will help 
the patient make an informed decision. While it is 
relatively easy to obtain consent from adults, the 
same is not true in the case of pre-pubertal children 
and minors under the age of 18, who may not under-
stand the need for fertility preservation nor have the 
knowledge of the implications or benefits of the 
procedure.  In such cases the parent or guardian can 
help them take the decision and give their assent. 
The American Academy of Pediatrics has stated that 
minors should give their assent ‘to the extent of 
their capacity’, to use of any treatments.14

l Storage duration and disposal of samples:Few of 
the major concerns for the ART clinics offering 
fertility preservation are storage space, duration of 
freezing, cost involved, and the disposal of the 
biological material. As the procedure involves 
conserving fertility for future use, the ‘future’can 
vary from a couple of years to even a decade or 
more. 
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With the upcoming demand of fertility preservation, 
the infrastructure to hold all these materials for an 
indefinite period of time is a pressing issue. Discarding 
of the gametes or gonadal tissue poses a big dilemma 
for reproductive units, especially in case of death during 
the course of treatment or if the patients do not return 
to claim their gametes. The ownership of the frozen 
material in such situations has to be established prior to 
the treatment to avoid any conflicts.15 

Conclusion 
Fertility preservation is the storage of gametes or 
reproductive tissue for future use. This can be done 
either for medical reasons or social reasons. While 
fertility preservation offers reproductive autonomy, it 
also raises numerous ethical and social concerns; some 
of them being the health of children born out of such 
procedures, the need for long-term safety of experi-
mental protocols, obtaining informed consent from 
minors and disposal of the frozen biological material. It 
is important for the healthcare provider to adequately 
counsel the patients about fertility preservation, 
especially of the pediatric age group, detailing the risks 
and benefits in the context of each patient’s situation. 
The primary ethical decrees-beneficence and non- 
maleficence should be borne in mind by healthcare 
professionals while offering fertility preservation 
services.  While oncologists have added years to the life 
of the patient, fertility preservation would add life to 
the years. Therefore, if ICPD has considered reproduc-
tion as a fundamental right16, then might it not be appro-
priate to also consider its preservation to be one?
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Introduction 

Procreation and parenthood has always been central to 
human culture and society. There are many who 
experience situations that affect their future pregnancy 
adversely. These range from voluntary choice to delay 
conception till a later date or diseases and treatments 
that affect future fertility. Earlier there were not too 
many options for fertility preserving other than 
planning pregnancy early or cryopreserving sperm. 
With the advent of assisted reproductive technologies 
(ART) new tools for fertility conservation have 
emerged; ovarian cortex, oocyte or embryo 
cryopreservation. Surgical and pharmacotherapeutic 
advancements have helped in improving the scope of 
fertility preservation in oncology.

Indications for Fertility Preservation

l Cancer

l Diseases that can cause premature ovarian insuffi-
ciency or testicular failure

l Auto immune diseases

l Prior to myeloablative techniques for hematopoi-
etic stem cell therapy

l Hematologic diseases like thalassemia, sickle cell 
anemia

l Severe Gonadal damage- iatrogenic/traumatic

l Gender reassignment procedures

Available Fertility Preservation (FP) 
Strategies

l Cryopreservation Technologies

 - Semen /testicular tissue Cryopreservation

 - Embryo Cryopreservation

 - Mature Oocyte Cryopreservation
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1999. He has more than 300 publications and presented more than 700 presentations in National and 
International congresses and editor of ten text books. He was awarded - DrDuru Shah Life time achieve-
ment award for the 2017 by Indian Society of Assisted Reproduction (ISAR), FOGSI – DrKuttyLifetime  
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Trophy – 2011-2012. He was the President of Karnataka State obstetric and gynaecologicalsocieties  of 
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 - In-vitro maturation

 - Ovarian Tissue Cryo preservation

l Surgical strategies

 - Fertility sparing surgery

 - Uterine transplant

l Medical adjuvants to chemotherapy

 - Use of gonadotropin-releasing hormone agonists

Cryopreservation Technologies

1) Semen/Sperm cryopreservation

Semen is cryopreserved most often prior to chemo-
therapy or radiotherapy for cancer as these are known 
to affect the quality and quantity of gametes signifi-
cantly. This is the established fertility preservation 
technique for men who can produce a semen sample.  
Some men cryopreserve sperm as an ‘insurance policy’ 
or ‘back up’ before a fertility treatment cycle as they 
may not be able to provide a sample on demand or 
when the quality of the semen parameters have been 
highly variable earlier.

Spermatozoa obtained for cryopreservation are 
obtained by masturbations or after stimulation when 
with ejaculatory problems, or sperm retrieved by 
various techniques like Percutaneous epididymal 
sperm aspiration (PESA), Testicular aspiration (TESA), 
testicular biopsy and sperm extractionetc.

When an ejaculate is obtained; the semen liquefies, the 
parameters are analyzed,and motile viable sperms are 
isolated by swim-up or density gradient methods and 
then cryopreserved. The sperm pellet obtained after 
processing is mixed with cryoprotectants and are 
frozen. Two most commonly used methodsare slow 
freezing and rapid freezing. The slow freezing 
technique was introduced by Behrman and Sawada1 
which involves cooling sperm over a period of 2–4 
hours in two or three steps, manually or automatically
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using a semi programmable freezer. Rapid freezing 
proposed by Sherman2 involves exposure of sperm 
containing straws to nitrogen vapors for 8–10 min and 
immersion into liquid nitrogen at −196°C.

Smaller number of spermatozoa are obtained in sperm 
retrieval techniques. They must be cryopreserved by 
novel approaches involving biological or 
non-biological sperm carriers. ICSI pipettes, mini 
straws, cryo loop, agarose microspheres, empty zona 
pellucida are used as a carrier for freezing small 
number of  spermatozoa.3-7

Cryopreservation affects the DNA integrity of some of 
the stored spermatozoa.8 Never the less,the cryopre-
served sperm have been used over decades to achieve 
pregnancies safely either by insemination or by IVF/ 
ICSI.

Testicular tissue/sperm preservation in pre-pubertal 
boys

Testicular biopsy and tissue of immature testis are 
cryopreserved forpre-pubertal boys in whom semen 
cryopreservation is not possible. Testicular tissue 
cryopreservation should be recommended in pre- 
pubertal boys even though fertility restoration strate-
gies by auto-transplantation of cryopreserved testicular 
tissue have not yet been tested for safe clinical use in 
humans.9

2) Embryo cryo preservation

Embryo cryopreservation for fertility preservation are 
opted by the couple where the female partner undergo-
ing ovarian depleting or gonadotoxic treatment of 
oncologic origin. This is one of the first line strategies for 
post pubertal fertility preservation and the other being 
metaphase II (mature) oocyte vitrification which has 
high success rates9. Women who wants to delay their 
childbearing but does not want to risk of not having 
adequate ovarian reserve undergo oocyte cryopreserva-
tion. Embryo cryopreservation requires the oocytes to 
be retrievedfrom the woman and spermatozoa to 
fertilize the mature oocytes. Hence, the woman needs 
to go through IVF and should have a source for sperma-
tozoa- husband/partner or donor spermatozoa. The 
woman may need controlled ovarian stimulation which 
may delay the cancer treatment. Embryo cryopreserva-
tion is not suitable for pre-pubertal patients in whom 
ovaries are still pre-pubertal.10

Embryo cryopreservation provides a good success rate 
depending on the number and quality of embryos 
stored. A retrospective analysis done by Cardoza et al in 
201511 noted a 37% pregnancy rate and 30% cumulative 
live birth rate in cancer patients who underwent Frozen 
Embryo Transfer (FET) which was comparable to 43% 
pregnancy rate and 32% cumulative pregnancy rates 
(p=0.49 and p =0.85 respectively) in women undergo-
ing IVF for tubal infertility. The cancer patients were 
found to have significantly higher rates of twinning 
(p=0.035) which may have been because there were no 
underlying factors causing infertility.

3) Mature Oocyte Cryopreservation

Oocyte preservation is a good option for women to 
maintain reproductive autonomy. Metaphase II oocyte 
vitrification is considered the best technique.9 Here the 
woman undergoes controlled ovarian (COS) stimula-
tion, trigger and oocyte retrieval and the mature 
oocytes are cryopreserved. Hence it goes without 
saying that mature oocyte cryopreservation is preferred 
only in women in whom COS is safe and is expected to 
respond well.

The advancements in the freezing and thawing 
techniques, especially the introduction of vitrification 
techniques, have considerably increased the pregnancy 
rates from cryopreserved, warmed and fertilized 
oocytes. Cobo et al12 and Rienzi et al13 noted that the 
implantation ratesand pregnancy rates of embryos 
derived from fresh versus vitrified oocytes were 
comparable.

Both embryo and oocyte cryopreservation cannot be 
performed on prepubertal girls as they are not suited for 
ovarian stimulation or for transvaginal oocyte retrieval.

Ovarian stimulation for embryo or mature oocyte 
cryopreservation

Ovarian stimulation for fertility preservation is 
advocated only if it is safe for the patient and ovarian 
response is expected to be good. Gonadotropin-
releasing hormone (GnRH) antagonist protocols are 
 referred as they are shorter, cost effective and  yield
outcomes comparable to the longer GnRH agonist 
protocol. Dose of gonadotropins can be decided based 
on age, ovarian reserve and body mass index to get an 
appropriate response.

When fertility preservation is to be done especially 
when the patient has cancer, time constraints may pose 
limitations in waiting till a conventional day 2 start of 
COS. In such scenarios, luteal phase stimulation and  
random start protocols may be used so that the wait till 
menstruation is avoided. In the luteal phase 
protocol,GnRH antagonist is given for 3–4 days to 
achieve a quick down-regulation and controlled 
ovarian stimulation (COS) is started subsequently with 
or without the onset of a menstrual bleed. The random 
start protocol was introduced by Cakmak et al14  where 
COS is started as soon as the patient is ready irrespec-
tive of the menstrual cycle phase she is in at that point 
of time. The follicles secondary to the lead follicles are 
followed and when they reach a size of 12 mm GnRH 
antagonist control is started till oocyte trigger and 
retrieval is done. Normal follicular growth and devel-
opment is observed despite the increased progester-
one levels seen in the luteal phase or a spontaneous 
luteinizing hormone surge, which may occur when the 
initial lead follicle reaches maturity. The random and 
conventional start cycles were comparable in the 
number of eggs retrieved, mature oocyte yield, and 
fertilization rates. The duration of stimulation is 
needed till oocyte retrieval are longer compared to the 
conventional start COS.
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Anti-estrogens; letrozole and tamoxifen-based COS or 
addition to routine COS are associated substantiallyto 
reduced peak estradiol levels, making them a safer and 
effective protocol in women with estrogen sensitive 
cancers.15-16

4) In vitro maturation (IVM) of immature oocytes

Here immature oocytes are retrieved either invitro after 
minimal or no stimulation or ex vivo from ovarian tissue 
(ovarian cortex biopsy or oophorectomy specimen) 
followed by IVM and fertilization and embryo 
cryopreservation or mature oocyte freezing. Ex vivo 
immature oocyte retrieval and IVM and preservation is a 
good strategy for prepubertal girls requiring fertility 
preservation. Immature oocyte aspiration and invitro 
maturation for IVF is most commonly used in PCOS 
patients toretrieve more oocytes without ovarian 
stimulation, thereby completely avoiding the risk of 
ovarian hyperstimulation syndrome. This is a promising 
technique to preserve fertility in cancer patients who do 
not want to risk ovarian stimulation and in prepubertal 
girls. It also offers hope to preserve fertility in prepu-
bertal girls who have had hematological malignancies 
like leukemia where ovarian tissue cannot be trans-
planted due to risk of reintroduction of cancer cells.

First live birth from cryopreserved embryos obtained 
from in vitro matured oocytes after oophorectomy in an 
ovarian cancer patient was achieved in Singapore and 
the case report was published in 2014.17 The first ongo-
ing pregnancy from fertilization of IVM oocyte was 
reported in by SegersI et al in 2015.18 They had retrieved 
immature oocytes from oophorectomy specimen of 34 
patients and had a mean immature oocyte yield of 14per 
patient. The IVM rate was 36%, fertilization rate 64% 
and at least one good day 3 embryo could be frozen in 
seven of eight couples who underwent embryo 
cryopreservation. One of these patients conceived and 
had an ongoing pregnancy in 2015.

Giovanna Fasano et al19 assessed theefficiency of oocyte 
in-vitro maturation (IVM) and vitrification procedures. 
They studied 130 adults and six prepubertal girls. A 
higher mean oocyte yield was obtained from the girls 
compared with adults (11.5 ± 8.0 versus 3.8 ± 4.2, 
respectively, P < 0.001) but degenerated oocytes were 
significantly higher in girls (35.5% versus 17.1%, respec-
tively, P < 0.001). IVM rates were significantly more in 
the post pubertal compared to pre-pubertalgirls (28,1% 
versus10.3%, P = 0.002). 

5) Ovarian tissue cryopreservation

Ovarian tissue cryopreservation (OTC) is procuring 
and the procedure involves freezing of ovarian cortical 
tissue. This technique has many advantages over oocyte 
and embryo cryopreservation. It does not delay the start 
of cancer therapy and avoids the risk of ovarian stimula-
tion. There is no need for partner or donor sperm.

The disadvantage is the chance of reintroduction of 
cancer cells when tissues are auto transplanted. Hence 
auto transplantation is not adviced in women who have 

been treated for leukemia. The ovarian cortex is 
dissected, free cut in to small fragments and are either 
vitrified or frozen by a slow cooling technique. This 
ovarian cortex may be harvested leaving the ovaries 
behind or be done exvivo after performing oophorec-
tomy. OTC can be done both in prepubertal children and 
adults. The tissue is later warmed and transplanted into 
the pelvis- either onto ovarian remnant or pelvic perito-
neum (orthotopic) or subcutaneously in the fore arm or 
abdominal wall (heterotopic), when the patient is fit and 
chooses to regain fertility. Spontaneous pregnancies can 
occur following orthotopic ovarian tissue transplanta-
tion while IVF and oocyte retrieval, fertilization and 
then embryo transfer is required to achieve pregnancy 
from the heterotopic cortex transplant.

Complete restoration of ovarian activity has been seen 
in all women whose transplanted ovarian cortex had 
primordial follicles. The restored ovarian cortical 
function has been documented to last up to 7 years 
following transplant, with the women resuming 
cyclical menstruation. Jadoul P et al in 2017 reports that 
more than 86 live births from auto transplanted ovarian 
tissue have already been documented.20 They analyzed 
545 cases and found that ovarian tissue transplant 
resulted in a 30%pregnancy rate. Donnez et al in 2004 
reported the first live birth following laparoscopic 
orthotopic transplant of cryopreserved ovarian tissue 
in a Hodgkin’s lymphoma survivor who had gone into 
premature ovarian insufficiency due to her cancer 
treatment.The first live birth from orthotopic trans-
plantation of cryopreserved ovarian tissue frozen prior 
to achieving menarche was reported in 2015.21 The 
ovarian tissue was cryopreserved at the age of 14 as the 
girl needed myeloablative treatment followed by 
hematopoietic stem cell transplantation to cure severe 
sickle cell anemia.  The first ongoing pregnancy follow-
ing IVF and ET from a heterotopic auto transplant of 
cryopreserved ovarian tissue was reported by Stern et 
al22 in 2013.

Surgical Strategies
Medical and surgical fertility sparing approaches are 
applied in cancerpatients so that they have a reasonable 
hope to conceive naturally or with ART

Fertility sparing Surgery (FSS) in cancer 
patients
Ovarian transposition in women who need radio-
therapy

In women who require pelvic or irradiation 
laparoscopy/laparotomy and ovarian transposition to 
above pelvic brim by mobilizing the ovaries after 
cutting the utero ovarian ligaments. When craniospinal 
irradiation must be given, the ovaries are fixed as 
laterally as away from the spine as possible. Titanium 
clips are placed on the borders of the ovaries for radio-
logical identification. These women require IVF and 
transabdominal oocyte retrieval when they plan to 
conceive.
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Cervical cancer

Radical trachelectomy (RT), and in selected cases 
conization and simple trachelectomy have been 
pioneered to treat early-stage cervical carcinoma as the 
fertility sparing option. While subsequent pregnancies 
have been reported, after RT. Fertility may be impaired 
by anatomical and physiological changes, such as 
adhesions, cervical stenosis and/or loss of cervical 
function. The surgical procedure can be followed by 
subfertility and a need for assisted reproduction.23

Ovarian tumors

Fertility-sparing surgery by retaining one ovary or 
resorting to only partial cystectomy with extensive 
staging may be offered to young women with stage I 
ovarian epithelial cancer, after counselling about the 
risk of recurrence and need for complete surgery after 
family is completed. 

Borderline ovarian tumors (BOT) account for 10–15% of 
all epithelial tumors, and these women are typically 
youngerthan 40 years of age when diagnosed. lthough 
conservative surgery is done, most of these women 
require ART techniques in view of altered ovarian 
reserve or post-operative adhesions. In vitro data have 
suggested that gonadotrophins and/or high-dose 
estrogens do not induce proliferation in BOT cell 
cultures. Hence, IVF may be considered for patients 
who select conservative fertility-sparing management 
for borderline tumors as there is no evidence for any 
adverse effects of pregnancy on the course of BOT.23

Endometrial carcinoma

In patients who desire fertility preservation with 
detailed counselling, conservative management with 
high-dose progestin treatment may be considered to 
allow a disease-free window in which to attempt 
pregnancy. 

For younger patients, with a shorter duration of 
infertility and reassuring ovarian reserve without 
anovulation or severe male factor, spontaneous 
conception may be attempted for a limited time but may 
take several months, which can lead to anxiety about the 
risk of recurrent disease. Thus, assisted reproductive 
treatments may be performed for attaining early 
pregnancy. Efficient ART therapies have helped 
successful pregnancies to be increasingly reported.23 
The data that are derived from these cases do not seem 
to show worse prognoses as ART probably increases the 
chances of gestation and cuts the interval to conception.

Uterine Transplant
Uterine transplant is the surgical procedure where a 
healthy uterus is transplanted when the uterus is absent 
congenitally/ iatrogenically. Absolute uterine factor 
infertility (AUFI) affects approximately one in 500 
women of childbearing age. Till the advent of uterine 
transplantation, adoption or surrogacy were the only 
options for these women. In 2000, the first human 
uterine transplant was done in Saudi Arabia although 

the uterus had to be removed within three hours.24 The 
second uterine transplant was successfully done in 
Turkey in 2011, but although the graft survived under 
immunosuppressive therapy and the patient resumed 
menstrual cycles, no live birth occurred although IVF 
was tried multiple times.25  The first series of livebirths 
following uterine transplants from close relatives were 
reported by the Swedish team headed by Matt 
Brannstrom in 2014.26

Medical Strategy-Gonadotropin releasing
Hormone (GnRH) Agonist 
“Fertoprotective adjuvant therapy” is a term used for 
administration of adjuvant therapy during or prior to 
chemotherapy with an agent that can prevent loss of 
ovarian reserve. So far, the only drug used in clinical 
practice is the gonadotropin-releasing hormone 
(GnRH) agonist.27-28

Gonadotropin-releasing hormone agonist causes 
suppression of the gonadotropin levels to prepubertal 
levels and decreases utero-ovarian perfusion. It is 
frequently used in conjunction with chemotherapy 
hoping to minimize the gameto toxic effects. The 
GnRHagonist should be started at least 10days prior to 
chemotherapy so that the suppressive effect is well 
established, and should be continued till the chemo-
therapy is over.10

The 2011 Cochrane database suggests considering the 
‘off label’use of GnRH agonists in women of reproduc-
tive age receiving chemotherapy.29

Future Perspectives
Activation of follicles

A live birth has been achieved by IVF and ET in a woman 
with POI using a double approach which resulted in 
rapid folliculogenesis and mature oocyte production 
following auto transplantation of ovarian cryopre-
served tissues (OTC)

• activating in vivo primordial follicles in by interrupt-
ing the Hippo signaling pathway mechanically using 
ovarian fragmentation/laser/ drilling

• Invitro primordial follicular activation of OCT prior 
to auto transplantation by acting on the PI3K-
PTEN-AKT-FOXO3 pathway

In vitro follicle culture

Cryopreserved tissue transplantation carries the risk of 
re-seeding cancer cells into the patient. This risk can be 
minimized by using complete In Vitro Gametogenesis 
IVG and maturation of oocytes as a means of fertility 
restoration.

In Vitro Gametogenesis (IVG) by in situ culture of 
primordial follicles from cryopreserved tissue using 
three dimensional (3D) multi step culture methods have 
yielded meiotically competent metaphase II non-human 
primate and human oocytes. However, considerable 
researches are needed before the proven safety of using 
these oocytes.
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Artificial ovaries

Instead of above (in vitro culture) primordial follicles 
may be engineered into an ‘artificial ovary’, consisting 
of preantral follicles and other ovarian cells assembled 
in a 3D matrix, or scaffold. Once transplanted to the 
patient, this ‘artificial ovary’ is expected to restore 
ovarian function and fertility.

New fertoprotective agents

Current researches focuses on agents with 
anti-apoptotic properties (imatinib, sphingosine-1- 
phosphate, and tamoxifen) and on agents that also 
prevent follicle activation such as, an immune 
modulator (AS101) that acts on the PI3K/PTEN/AKT 
follicle activation pathway and the anti-Mullerian 
hormone.9

In Vitro spermatogenesis

Spermatogonial stem cells (SSC) are cultured in 3D 
systems that resemble the in vivo situation. This is still in 
the early experimental stage.

Artificial gametes

The use of primordial germ cells (PGC) and Pluripotent 
stem cells (PSC) are potential sources of gametes. It is 
reported that the generation of haploid mouse 
spermatid-like cells are able to produce viable and 
fertile offspring.

Barcelona International Society for Fertil-
ity Preservation-eshre-asrm 2015 Expert 
Working Group Recommendations
l Patients suffering from cancer and non-cancer 

diseases that may affect their fertility, should be 
counselled regarding the potential fertility loss and 
should be referred to fertility specialists to discuss 
options for FP and current results 

l Semen cryopreservation is the only established FP 
technique in men

l Embryo and oocyte cryopreservation are first-line 
FP methods in post pubertal women. Metaphase II  
 oocyte cryopreservation (vitrification) is the 
preferred option.

l Cumulative evidence supports future use of ortho-
topic transplantation of cryopreserved ovarian 
tissue to regain ovarian function as well the fertility.

l Testicular tissue cryopreservation should be recom-
mended in pre- pubertal boys even though fertility 
restoration strategies by auto transplantation of 
cryopreserved testicular tissue have not yet been 
tested for safe clinical use in humans.

l The international registries on the short- and long- 
term outcomes of FP should be established. 
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The saga of skin!

'I am your skin

Closer than your kin

I hold you tight like a wife

But for me there is no life

I come in many a shade

On me rests a trillion dollar trade

The fair go to beach

The rest get to bleach!

In the heat I am your fan

And also get to tan

When cold takes hold

I keep you warm in my fold

I let in light

And let out sweat

I give you Vitamin D

And some immunity

I give pain and pleasure

In no small measure

The histamine rush

Makes one to blush

The touch of the feather

Makes you not to bother

Press a little deep

And you begin to weep

In youth the hormonal flow

Makes me to glow

With vagaries of age 

One looks like a sage

With reversal of age

The present day rage

The skinner is a winner

And a veritable money spinner!
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