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ABSTRACT
To study the DNA integrity of spermatozoa of infertile men before and after cryopreservation and to establish the
difference between four groups of patients namely normozoospermic, oligozoospermic, asthenozoospermic and
teratozoospermic men.Type of study: Prospective study.Study place: Reproductive Medicine Department, Chettinad
Health City.: Data from 40 men of age range 25-45 years were included in the study. The study population was
divided into four groups Group A Normozoospermic (n=10),Group B Oligozoospermic
(n=10),
Group
C
Asthenozoospermic (n=10),Group D Teratozoospermic (n=10),After semen analysis, each semen sample was mixed
with the cryoprotective media and was frozen with liquid nitrogen (-196 ˚ C). Acridine Orange test was used for the
assessment of chromatin structures. After 2 weeks of cryostorage, semen samples were thawed and the effect of
cryopreservation on sperm chromatin integrity was evaluated. DNA damage was significantly greater (p < 0.001)
following Cryopreservation. Group B, C, D had higher DNA damage than group A samples. The freeze-thawing
procedure has a negative impact on the DNA integrity of human spermatozoa. Results indicate that sperm DNA
damage was significantly higher in groups Oligo, Astheno and Teratozoospermic patients than Noormozoospermic
patients.
Key words: Cryopreservation, Human Sperm DNA integrity, Acridine Orange test.

INTRODUCTION
Cryopreservation
literally
means
“maintenance of the viability of excised
tissues or organs at extremely low
temperatures”. Cryopreservation plays an
important role in assisted reproduction, as it
enables the reproductive cells collected
and/or fertilized in one treatment cycle, to be
used for in a future treatment cycle. It is also
widely used as a method of storing different
cell types and tissues including male
gametes and occasionally female gametes.
Applications include the preservation of
spermatozoa before radiotherapy and/or
chemotherapy1, which are likely to lead to
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testicular failure or ejaculatory dysfunction.
However, due to the damage induced by
freezing, the motility of cryopreserved
spermatozoa after thawing is significantly
reduced and shows wide intra- and interindividual variability2,3.
Cryopreservation of cells is always
encountered with some adverse effects,
especially osmotic either during freezing or
during thawing. This is also true of
spermatozoa, where damage to the cell
membrane and impairment of sperm motility
resulting from freezing or thawing process
lower the fertilizing capacity. The post thaw
motility of human sperm can range from 20
percent to 50 percent of the sperm motility
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before cryopreservation4. The loss of
motility is believed to be caused by several
factors, including diminished integrity of the
membranes and cryodamage to the
membranes of the intracellular organelles,
which then affect energy metabolism and
synthesis.
Studies
show
that
cryopreservation of semen also induces
DNA damage which can prove highly
detrimental to the resulting embryos5,6,7.
Poor chromatin packing has been shown to
correlate
with
numerous
adverse
reproductive outcomes including Poor
fertilization after IVF and ICSI8 and
increased incidence of pregnancy loss9.
Sperm DNA integrity is essential for
accurate
transmission
of
genetic
information. This parameter has been shown
to be of paramount importance for
fertilization
and
normal
embryo
7,9,10,11
development
. The origin and impact
of sperm DNA fragmentation has thus been
a subject of numerous studies. Infertile men
with poor sperm motility and morphology
have
increased
DNA
fragmentation
compared to individuals with normal semen
parameters12,13,14. Men with normal semen
analysis may also have a high degree of
DNA fragmentation, which can be a major
cause of unexplained infertility and is not
detected during a routine semen analysis.
Sperm DNA fragmentation may result from
aberrant chromatin packaging during
spermatogenesis15,16,17, defective apoptosis
before ejaculation18, or excessive production
of reactive oxygen species (ROS) in the
ejaculate12,19.
There is mounting evidence that sperm DNA
damage is common in infertile men. Also,
the increasing concern over genetic and
epigenetic abnormalities in children
conceived through assisted conception urges
us to explore the subject of human sperm
genomic integrity further20,21. Exposure to
environmental or industrial toxins, oxidative
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stress, smoking, etc, are known to cause
sperm
DNA
fragmentation
and
infertility22,23. Fertilization by sperm
containing fragmented DNA may lead to
foetal mutations or malformations and may
also increase the risk of cancer in
offspring23. Moreover, fertilization by sperm
with fragmented DNA results in poor
embryonic
development,
decreased
implantation, lower pregnancy rates, and
recurrent
pregnancy
losses10,21,23,24.
Therefore, it would seem logical to evaluate
the chromatin integrity of sperm in infertile
men before assisted reproduction techniques
are used. Sperm DNA damage can also be
induced by cryopreservation since the
gametes are subjected to extreme
temperatures and hence extreme changes in
their internal milieu. It is highly essential to
know the impact of cryopreservation on the
DNA integrity of spermatozoa since it is a
routine technique used in assisted
reproduction.
Different techniques have been used to
assess sperm DNA integrity including direct
methods such as single cell electrophoresis
and Terminal deoxynucleotidyl transferasemediated DUTP nick end labeling assay
(TUNEL). Impaired DNA integrity can be
detected using the in situ DNA denaturation
test with acridine orange13,25 because
damaged DNA is more prone to
denaturation by heat or low pH than
undamaged DNA. These methods require
expensive
equipment
and
elaborate
procedures which are time consuming and
give similar results as other inexpensive
staining techniques like acridine orange
staining. Hence use of Acridine Orange test
may be a more practical alternative to the
expensive tests.
The human sperm DNA integrity assessed
by Acridine Orange stain3,7 has been widely
used for evaluation of male infertility.
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OBJECTIVE
The objective of this study was to assess the
impact of cryopreservation on the DNA
Integrity of spermatozoa in infertile men
using Acridine Orange.
METHODOLOGY
Type of study: Prospective study

Semen analysis
Sperms were counted in a Makler chamber®
(SEFI Medical Instruments Ltd.). The sperm
motility was assessed after liquefaction by
grading the sperm cells as
Progressive

Study place:
Department of Reproductive Medicine,
Chettinad Hospital and Research Institute.
Study population:
40 consenting patients (age range: 25 to 45
years) who attended the clinic during May
and June 2010 were included in the study.
The subjects were divided into four groups
(10 in each group):
Group A

Normozoospermic

Group B

Oligozoospermic

Group C

Asthenozoospermic

Group D

Teratozoospermic

Patients with history of vasectomy,
increased round cells in semen, h/o smoking,
alcohol use, substance abuse, and diabetes
were excluded from the study.
STUDY DESIGN
Semen collection

Semen samples were permitted to liquefy for
no more than 60 minutes at 37˚C before
www.earthjournals.org

Motility

Non Progressive Motility
Immotile
Sperm morphology scores were determined
by the Tygerberg ‘‘strict’’ criteria (Kruger et
al, 1986, 1988). All the other parameters
analyses were performed in accordance with
the guidelines of the World Health
Organization by a single observer.

NORMAL
REFERENCE
VALUES
(WHO 2010 – Laboratory manual for the
Examination and processing of human
semen- fifth edition )
Concentration 15 million/ml.
Total sperm count

39 million/ ejaculate.

Motility≥32% or more with a progressive
motility or ≥40% of total motility
(Progressive
and
Non
progressive
motility)within 60 minutes of ejaculation.
Morphology

All men were instructed to collect semen by
masturbation into a sterile plastic specimen
cup. They were instructed to abstain from
ejaculation for 48-72 hours before producing
the semen sample. They were also advised
to refrain from using any lubricants or drugs
for facilitation of ejaculation.
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analysis. A single semen sample was
collected from every individual.

≥4% normal forms.

Cryopreservation of spermatozoa
Semen was mixed with Spermfreeze
(Fertipro
8730
Beernem,
Belgium)
cryoprotectant at a ratio of 1:1 in a sterile
container. The cryoprotectant (stored at 4˚C)
was allowed to equilibrate to room
temperature before use and was added
gradually with gentle swirling. The mixture
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was then left at room temperature for 10 min
and then filled in cryovials and frozen by
static phase vapour cooling. Aliquots were
suspended in liquid nitrogen vapour 10cm
above the level of liquid nitrogen (-80˚C) for
15min. The samples were then plunged into
liquid nitrogen (-196˚C) and stored for at
least two weeks.
Thawing of spermatozoa
The cryovials containing spermatozoa were
removed from liquid nitrogen and the caps
were loosened to prevent them from
exploding. The samples were then left to
thaw at room temperature for 15–20 min.
Once the samples thawed, the contents were
transferred to a sterile container. An equal
volume of sperm wash media was added
gradually to avoid osmotic shock. The fluid
was then centrifuged at 2000rpm for 10 min.
The supernatant was removed and the pellet
was resuspended in an appropriate volume
of sperm wash media.

Sperm chromatin integrity by Acridine
Orange Fluorescence

A smear was made from each semen sample
and placed on a clean glass slide on the day
of the analysis. This was fixed overnight in
freshly prepared Carnoy’s solution (3 parts
of Methanol and 1 part of Glacial acetic
acid).
The next day slides were air-dried and
stained with AO solution (10 ml of 1% AO
in distilled water added to a mixture of 40
ml of 0.1M Citric acid and 2.5 ml of 0.3M
Na2HPO4, 2H2O) for 5 min.
The slides were then gently rinsed in
distilled water and kept in a cool and dark
place until evaluation was carried out.
At least 400 spermatozoa were counted per
slide under a fluorescent microscope (BX41;
Olympus, Tokyo, Japan) under x400
magnification, with excitation at 450–490
nm. Proportion of sperms with fragmented
DNA was calculated for each sample before
and after cryopreservation.
Spermatozoa with normal, intact doublestranded DNA stain green and those with
denatured ones show red or orange
fluorescence (Pictures 1-3).

Picture 1: AO stained slide before cryopreservation
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Picture 2: AO stained slide after cryopreservation

Picture 3: AO stained slide showing high proportion of DNA fragmentation.

STATISTICAL ANALYSIS

RESULTS

All analyses were conducted using the
statistical package SPSS 10.1. The one-way
ANOVA test was used for comparison of
mean values within the four groups studied.
Paired sample test was used to determine the
differences
in
before
and
after
cryopreservation of four groups.

The mean of percentage of sperms with
DNA fragmentation before cryopreservation
was calculated for each group. The values
are as follows:
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Group A: 8.7%
Group B: 9.8%
Group C: 10.2%
Group D: 9.5%
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Fig: 1 – Showing the mean DNA damage of four groups before cryopreservation

The highest percentage was in the asthenozoospermia group and the lowest was in the
normozoospermic men.
Percentage of DNA damage in each of the four groups was repeated after Cryopreservation. The
values are as follows:
Group A: 13.9%
Group B: 18.9%
Group C: 21.6%
Group D: 22.7%
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Fig: 2 – Showing the mean DNA damage of four groups after cryopreservation

Again the lowest levels are in the men with normozoospermia but the highest is in the
teratozoospermic men. Fragmented DNA in the asthenozoospermic men was only slightly lower
at 21.6%.
The difference in the mean percentage of sperms with DNA damage was then calculated:
Group A: 5.2%
Group B: 9.1%
Group C: 11.4%
Group D: 13.2%
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Fig: 3 – Showing the mean DNA damage of four groups due to cryopreservation
The increase in the DNA fragmentation due to cryopreservation was the most in the
teratozoospermic group and was least in the normozoospermic group.
DNA Damage
24
22
20

Mean

18
16
14
12

Before freezing

10

After freezing

8
6

Normozoosp ermic

Asthenozoosp ermic
Oligozoosp ermic

Teratozoosp ermic

Groups

Fig: 4 - Showing DNA damage before and after freezing (cryopreservation):
One way ANOVA test was used to compare the mean value of four groups. DNA damage after
cryopreservation within each group was statistically (p=0.000) significant.
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Table: 1 - One way ANOVA – Comparison of Mean values of the FOUR groups (Shaded area
showing statistically significant results)

DNA
Damage
before
freezing

Sum of
df
Squares

Mean
Square

F

Sig.

Between Groups

12.100

3

4.033

.361

.781

Within Groups

401.800

36

11.161

Total

413.900

39

Between Groups

461.675

3

153.892

11.984

.000

462.300

36

12.842

923.975

39

DNA
Damage after
freezing
Within Groups

Total

Paired sample test was used to determine the differences in DNA fragmentation between the
four groups before and after cryopreservation.
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Table: 2- Paired Samples Statistics

Group

DNA Damage
freezing

before

Mean

N

Std.
Std.
Error
Deviation
Mean

8.70

10

4.473

1.415

13.90

10

4.433

1.402

9.80

10

3.011

.952

18.90

10

2.132

.674

10.20

10

2.530

.800

21.60

10

2.989

.945

9.50

10

3.028

.957

22.70

10

4.270

1.350

Normozoospermic
DNA
Damage
freezing
DNA Damage
freezing

after

before

Oligozoospermic
DNA
Damage
freezing
DNA Damage
freezing

after

before

Asthenozoospermic
DNA
Damage
freezing
DNA Damage
freezing

after

before

Teratozoospermic
DNA
Damage
freezing

after

The following table shows the statistical analysis of the differences in DNA fragmentation before
and after freezing. These were statistically significant in each of the four groups.
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Table 3: Paired sample test.

.

Paired Differences
95% Confidence
Mean

SD

SE

Group
Normozoospermic

Oligozoospermic

Asthenozoospermic

Teratozoospermic

Interval of
Difference
Lower

the t

Sig.
df (2tailed)

Upper

-5.20

1.814 .573 -6.50

-3.90

-9.067

9

.000

-9.10

2.079 .657 -10.59

-7.61

-13.842

9

.000

-11.40 2.875 .909 -13.46

-9.34

-12.538

9

.000

-13.20 2.936 .929 -15.30

-11.10

-14.216

9

.000

DISCUSSION
Semen quality is usually measured by
assessing concentration, motility and
morphology of spermatozoa (WHO, 1999).
These parameters, however, are not able to
assess alterations in sperm chromatin
organization, such as irregular condensation
or DNA damage26,27. For this reason, sperm
DNA fragmentation may be considered as a
valuable tool during the assessment of
semen quality. Various theories have been
put forward to explain sperm DNA damage.
Some authors think that this damage is due
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to incomplete maturation of the gametes
caused by flawed topoisomerase II activity8;
some suggest that the alteration in genetic
material is the result of an incomplete
apoptotic process12, 23,25, and other authors
believe that sperm DNA damage may be the
result of excess ROS production23.
Regardless of sperm DNA damage etiology,
the discovery of cases of male infertility
stemming from sperm DNA alteration has
raised a new issue. In particular, there is
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very little information on the possible
consequences of fertilization, using sperm
with anomalous chromatin organization on
embryo
development,
implantation,
gestation and offspring28.
Therefore,
simple
circumvention
of
fertilization using ICSI may not overcome
all the possible deleterious effects arising
from defective sperm DNA.
Cryopreservation causes extensive damage
to sperm membranes and decreases the
percentage of motile spermatozoa and the
velocity of their movement29,30,31. Membrane
disruption may be a consequence of liquid
phase transition changes and increased lipid
per oxidation .
Freeze–thawing of spermatozoa also results
in a reduction of sperm metabolism which
reduces the number of functional
spermatozoa
available
for
assisted
32,33
conception techniques
. Sperm DNA
integrity is an important factor in the
paternal contribution of human sperm to the
fertilization process and the maintenance of
pregnancy23.
This study indicates that sperm DNA
damage in infertile males is increased after
cryopreservation and sperms with abnormal
morphology and low levels of motility have
higher DNA damage than motile and normal
sperms. In this study Normozoospermic
group had a lower percentage of sperm with
DNA damage compared to the other groups.
Several studies have reported similar
findings but have suggested different
techniques used to find DNA damage.
Although the extent of DNA damage is
closely related to sperm function and male
infertility, the origin of such damage is still
controversial. It is believed that despite
improper packaging and ligation during
sperm maturation and germ cell apoptosis,
oxidative stress is an important factor in
211
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sperm DNA damage24. This is important as
mature spermatozoa with DNA damage may
exhibit lower functional potential and this
may explain the patients’ subfertility status
especially in couples with so called
unexplained infertility34.
This close relationship is particularly
important in ICSI, where the sperm
introduced is often selected by an operator,
the sperm parameters are often ‘critical’ and,
consequently, the risk of injecting sperm
with damaged DNA into the oocyte is
increased.
CONCLUSION
Cryopreservation induces significant DNA
damage in semen samples. Acridine Orange
test is the simple economical test and may
be useful in predicting DNA fragmentation
when compared to other TUNNEL assay
and COMET assay and can be used as a
routine test prior to ART procedures. The
development and correct usage of methods
for selecting sperm with undamaged DNA
should be studied carefully, especially where
ICSI is strongly recommended.
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