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regarding fertility is slightly low.[2,3] These methods 
usually involve a subjective assessment of a few hundred 
spermatozoa and quality assurance is rarely implemented 
in the laboratories performing such analysis.[4] As a 
result, there has for long been a search for better markers 
of male fertility. During the last decade, the search for 

Introduction

In recent decades, the DNA fragmentation 
index (DFI) has been considered an appealing topic 

by researchers in the field of male infertility because 
conventional methods for assessing semen quality 
are variable and slightly unreliable. Although the 
traditional semen parameters such as concentration, 
motility and morphology are a golden standard in 
diagnosing male infertility, it has become shown that 
none of these parameters recommended by the World 
Health Organization[1] are sufficient for the prediction 
of male fertility capacity and their discriminative power 
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Background: The sperm DNA fragmentation has been considered an important 
index in the field of male infertility. Aims: Our study aims to evaluate the 
impact of different factors, including incubation time, storage time, storage 
medium and method of thawing, on DNA fragmentation of semen samples. 
Settings and Design: This study was designed as a before–after study in five 
experiments. Materials and Methods: Experiment 1 was conducted to assess 
the effect of storage time in liquid nitrogen on 15 semen samples. In experiment 
2, DNA fragmentation was performed on 10 semen samples with different 
incubation times before freezing. In experiments 3, 4, two different storage media 
and thawing methods were applied respectively in two separate groups, each 
containing 30 samples and the DNA fragmentation index (DFI) was measured 
using the sperm chromatin structure assay method. Statistical Analysis: Data were 
analysed using Stata version 11. Results: There was a significant increase in sperm 
DNA fragmentation of samples stored in liquid nitrogen for 1 month. This increase 
occurred in the first 2 weeks. Furthermore, our results showed a significant 
increase in the DFI after 120 min of incubation at room temperature (RT) and also 
thawing in RT separately. Conclusion: It is better to use fresh samples to measure 
DNA fragmentation up to 2 h after ejaculation to achieve more accurate results. 
Furthermore, if sperm freezing is inevitable, the use of a water bath (37°C) to 
thaw will be the most appropriate option, as it can lead to less DNA damage.
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better predictors of male fertility resulted in an increased 
focus on sperm DNA integrity.[5] The correlation between 
sperm DNA damage and male infertility has been 
widely studied. There are several methods to evaluate 
different aspects of sperm DNA integrity. These include 
terminal deoxynucleotidyltransferase‑mediated nick end 
labelling,[6] in situ nick translation,[1,7] single‑cell gel 
electrophoresis assay (Comet assay),[8] and the sperm 
chromatin structure assay (SCSA).[9] Among these 
methods, SCSA is an accurate and fast test that has been 
shown to be a good predictor of fertility.[10‑14] Statistical 
thresholds have been established for fertility prognosis 
when using SCSA procedures in humans.[15] The different 
results obtained from SCSA procedures have also been 
shown to be independent of conventional semen quality 
measures, and the assay, therefore, makes a contribution 
to the semen analysis profile.[16]

The precision of the SCSA test may be influenced by 
several factors, including the storage medium, incubation 
time, thawing methods, the human error involved in 
running the test and the performance or variation of 
the instruments used. Therefore, high attention to the 
standardisation of methods and protocols could improve 
the accuracy of results and reduce variation.

There are many reports about the effects of 
cryopreservation and cryoprotectants on DNA integrity, 
but to our knowledge, the impacts of specific factors, 
including the storage medium, incubation and freezing 
time and thawing methods on DNA fragmentation of 
fresh and immediately frozen sperm without using 
cryoprotectant have not been reported so far. The present 
study was designed to assess the possible effects of these 
factors on DFI.

Materials and Methods
Setting and study design
This research was designed as a before–after study in 
2013. This study was conducted in accordance with 
principles of Helsinki Declaration and approved by the 
Ethics Committee of the Royan Institute (EC/93/1103). 
All participants were informed about the programme and 
informed consent were obtained from all individuals.

The study randomly included a single ejaculation from 
men after 3 days of abstinence without any knowledge 
about the fertility situation. Semen samples with sperm 
concentration <1 million per ml were excluded from the 
study. A sample size calculation was not performed.

Experimental design
Experiment 1
To compare the effects of freezing time on the sperm 
DFI, 15 semen samples were categorised into eight 

subgroups based on storage time (fresh, 1 min, 1, 2, 
3 weeks and 1, 2, 3 months after storing in liquid 
nitrogen). All samples stored in liquid nitrogen were 
thawed in a water bath at 37°C for 30 s. It should be 
noted that except for the variable evaluated during each 
experiment, all other factors were constant for all the 
specimens. Besides, all experiments were performed 
twice.

Experiment 2
DFI levels were measured in 10 semen samples after 
0, 30, 60, 90, 120, 180, 210, 240, 270 and 330 min of 
ejaculation and also an overnight incubation at room 
temperature (RT).

Experiment 3
To determine the possible effects of the storage medium 
on the sperm DFI, 30 semen samples were collected. 
15 of 30 were stored in semen plasma, and the remaining 
15 were stored in human tubal fluid (HTF). DFI was 
evaluated at two different times (fresh and 1 week after 
freezing).

Experiment 4
To compare the effects of thawing methods on SCSA 
results, 30 semen samples were categorised into two 
following groups: 15 semen samples were thawed in a 
water bath at 37°C for 30 s and 15 semen samples were 
thawed at RT.

Sperm chromatin structure assay
The procedure to measure sperm DNA damage by flow 
cytometry (FCM) SCSA was performed as described by 
Evenson et al.[10] with few modifications. Briefly, on the 
day of analysis, fresh and frozen samples were analysed 
immediately. An aliquot of unprocessed semen (~2–8 ml) 
was diluted to a concentration of 1–2 × 106 sperm/ml 
with phosphate buffer saline. This cell suspension was 
treated with an acid detergent solution (pH, 1.2) 
containing 0.1% Triton X‑100, 0.15 M NaCl and 0.08 
N HCl for the 40s, and then stained with 6 mg/l purified 
Acridine Orange (AO) in a phosphate‑citrate buffer 
(pH, 6.0).

Cells were analysed using a FACSCalibur flow 
cytometer, equipped with an air‑cooled argon 
ion (488 nm) laser (BD, San Jose). A total of 10000 
events were accumulated for each measurement at 
a flow rate of 200–300 cells/s. AO, intercalated in 
double‑stranded DNA, emits green fluorescence, and 
emission was detected using 530/30 nm bandpass 
filter (Fl‑1), whereas AO associated with single‑stranded 
DNA emits red fluorescence and emission was detected 
with 670 bandpass filter (Fl‑3). Data were collected and 
analysed using the CellQuest programme. The percentage 
of abnormal sperm with detectable DFI (DFI%) was 
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calculated from the DFI frequency Dot plot obtained 
from the ratio between the red and total (red plus green) 
fluorescence intensity.[17] For the flow cytometer set‑up 
and calibration, a reference sample was used from 
a normal donor ejaculate sample retrieved from the 
laboratory repository. It should be noted that SCSA was 
performed by one technician.

Statistical analysis
Data were analysed using Stata version 11 (Stata Corp., 
College Station, TX, USA). All statistics are presented 
as mean ± standard error. Randomisation was done by 
the Balance Block Randomisation method. Results were 
analysed by variance analysis and paired t‑test. P < 0.05 
were considered statistically significant.

Results
There was a significant increase in the mean of DFI 
between fresh samples and those being stored for 
1 min in liquid nitrogen (22.93 ± 1.01 vs. 25.67 ± 1.08, 
P < 0.05). The mean of DFI continued to increase until 
2 weeks after storage (31.24 ± 3.74) but did not show 
any significant increase after the 3rd week.

In experiment 2, the mean of DFI in fresh samples 
was measured at 19.65 ± 2.95; and after 2 h of 
incubation in RT, there was a significant increase 
in DFI (22.73 ± 2.73). Moreover, it increased 
sharply when samples were incubated overnight at 
RT (34.32 ± 3.19)  [Figure 1].

As shown in Figure 2, no significant increase was 
observed between the mean of DFI in samples stored 
with semen plasma in comparison with those stored with 
HTF. 

In experiment 4, the values of DFI of frozen samples 
thawed by water bath at 37°C were significantly lower 
than those which were melted in RT (22.83 ± 3.83 and 
30.92 ± 4.93, respectively [Figure 3].

Discussion
Today, the SCSA is the only sperm DNA integrity 
assessment method that has demonstrated clear and 
clinically useful cut‑off levels for calculating male 
fertility potential.[12,17‑19] The SCSA is a standardized test 
that is performed according to a strict protocol[15] and 
apart from being subject to a very limited intralaboratory 
variation,[20] it has shown to be very robust to variation 
between laboratories. Moreover, the clear cut‑off levels 
concerning fertility are maybe the most obvious benefit 
compared to other sperm DNA integrity tests.[19] The 
disadvantage of this method includes the need for 
expensive tools, particularly a flow cytometer, to run the 
analysis. Furthermore, this method irreversibly damages 

the spermatozoa and they cannot be used for fertilisation 
purposes anymore.

It should be noted that in the present study, all steps of 
the FCM procedure were performed by one technician 
to minimise human performance errors.

Although there are several studies about the usage of 
SCSA in immediately frozen semen,[12,21,22] the effect of 
sperm freezing without cryoprotectants on DFI results 
has not been evaluated so far. Our results showed 
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Figure 1: Comparison of mean of DFI in different incubation time in RT. 
RT: Room temperature, DFI: DNA fragmentation index
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Figure 2: Mean of DFI in two cultures (culture 1, semen plasma and culture 
2, HTF); t0, fresh samples; t1, 1 week after freezing samples (P > 0.05). 
DFI: DNA fragmentation index, HTF: Human tubal fluid
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Figure 3: Comparison of DFI levels in two different thawing 
methods (water bath 37°C and room temperature 25°C) (P < 0.05). 
DFI: DNA fragmentation index
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that sperm storage in liquid nitrogen during 1 min to 
2 weeks causes an increasing DFI in comparison to 
fresh samples. To our knowledge, no report exists about 
the role of immediate freezing on sperm DNA damage 
and most studies have been focused on the effect of 
cryopreservation on DFI.

In experiment 2, our results showed that SCSA values 
increase significantly after 2 h of ejaculation and 
also an overnight incubation at RT as a result of the 
presence of oxidants in the seminal plasma, so based on 
our obtained data, it is better to perform DFI analysis 
until 2 h of sampling. Previous studies confirmed that 
reactive oxygen species play a role in sperm DNA 
damage.[14,23‑26] In 2010, Zribi et al. evaluated the effects 
of cryopreservation on human sperm DNA integrity and 
demonstrated that oxidation could cause DNA damage.[27] 
Peris et al. showed that ROS promotes DNA instability 
in ram sperm.[23] Moreover, Smith et al. indicated that 
oxidative damage is associated with sperm DNA damage 
in patients.[28,29] In fact, ROS have an adequate time to 
damage sperm chromatin with poor compaction and 
incomplete protamination. The main sources of excess 
ROS generation in semen are spermatozoa with abnormal 
morphology and leucocytes.[29] Well‑known variations 
of semen variables overtime can theoretically lead to 
variable levels of ROS in semen, and, subsequently, to 
the variation of sperm DNA damage levels overtime in 
some men.[5]

In the other part of our research, semen plasma and 
HTF were considered two medium for sperm storage 
in liquid nitrogen. In the initial hypothesis, we assumed 
that seminal plasma oxidants might affect DNA integrity. 
Although our results represented an increase in the mean 
of DFI in sperm stored in semen plasma compared 
with those in HTF, the difference was not statistically 
significant. We propose that urgent freezing may prevent 
the damaging effects of oxidants on sperm DNA integrity.

In experiment 4, two methods were applied for thawing 
frozen samples. As we expected, the levels of DFI in 
samples thawed at 37°C were significantly less than 
those thawed at RT. This finding is consistent with 
earlier reports by Boe‑Hansen et al., showing that slow 
incubation of samples for thawing has a significant 
adverse effect on the DFI.[30] Before we assumed that the 
increase of DFI levels in samples thawed at RT would 
result from a longer time of thawing in RT condition.

Since, in recent years, DFI has been considered an 
effective parameter as well as sperm parameters in 
spontaneous abortion and ART outcomes and was 
prescribed by clinicians, reproducibility and accuracy of 
the test are extremely important. In the present study, it 

was demonstrated that incubation and freezing time and 
thawing methods could affect sperm DNA integrity, and 
thus, optimisation of the whole conditions is required.

Conclusion
According to our results, it can be concluded that sperm 
storage without cryoprotectants in liquid nitrogen can 
lead to an increase in DFI levels; therefore, it is better 
to use fresh samples for sperm DNA fragmentation 
measurement. Moreover, SCSA should be performed 
until 2 h after ejaculation to achieve more accurate 
results. Furthermore, if sperm freezing is inevitable, 
the use of a water bath (37°C) to thaw will be the most 
appropriate option, as it can lead to less DNA damage. 
Finally, to our knowledge, it is the first study about 
optimisation of SCSA and this approach will help the 
experts and improve quality control and validity of the 
test.

Authors’ contributions
M. S and M. S. G developed the concept. H. 
H performed the experiments and participated in drafting 
the manuscript. A. R analysed the data.

Acknowledgements
We are grateful to all participants in this study and the 
Andrology Department of Royan Institute for financial 
and material support.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Data availability statement
All data generated or analysed during this study are 
included in this published article.

References
1. World Health Organization. Department of Reproductive Health 

and Research. WHO Laboratory Manual for the Examination and 
Processing of Human Semen. World Health Organization; 2010. 
p. 25‑6.

2. Guzick DS, Overstreet JW, Factor‑Litvak P, Brazil CK, 
Nakajima ST, Coutifaris C, et al. Sperm morphology, motility, 
and concentration in fertile and infertile men. N Engl J Med 
2001;345:1388‑93.

3. Bonde JP, Ernst E, Jensen TK, Hjollund NH, Kolstad H, 
Henriksen TB, et al. Relation between semen quality and fertility: 
A population‑based study of 430 first‑pregnancy planners. Lancet 
1998;352:1172‑7.

4. Boe‑Hansen GB, Fedder J, Ersbøll AK, Christensen P. The sperm 
chromatin structure assay as a diagnostic tool in the human 
fertility clinic. Hum Reprod 2006;21:1576‑82.

5. Erenpreiss J, Spano M, Erenpreisa J, Bungum M, Giwercman A. 
Sperm chromatin structure and male fertility: Biological and 
clinical aspects. Asian J Androl 2006;8:11‑29.



381Journal of Human Reproductive Sciences ¦ Volume 15 ¦ Issue 4 ¦ October-December 2022

Sabbaghian, et al.: Environmental factors and sperm DFI

6. Sailer BL, Jost LK, Evenson DP. Mammalian sperm DNA 
susceptibility to in situ denaturation associated with the 
presence of DNA strand breaks as measured by the terminal 
deoxynucleotidyl transferase assay. J Androl 1995;16:80‑7.

7. Manicardi GC, Bianchi PG, Pantano S, Azzoni P, Bizzaro D, 
Bianchi U, et al. Presence of endogenous nicks in DNA 
of ejaculated human spermatozoa and its relationship to 
chromomycin A3 accessibility. Biol Reprod 1995;52:864‑7.

8. Haines G, Marples B, Daniel P, Morris I. DNA damage in human 
and mouse spermatozoa after in vitro‑irradiation assessed by the 
comet assay. Reprod Toxicol 1998;444:79‑93.

9. Larson KL, DeJonge CJ, Barnes AM, Jost LK, Evenson DP. 
Sperm chromatin structure assay parameters as predictors of 
failed pregnancy following assisted reproductive techniques. 
Hum Reprod 2000;15:1717‑22.

10. Evenson DP, Jost LK, Marshall D, Zinaman MJ, Clegg E, 
Purvis K, et al. Utility of the sperm chromatin structure assay 
as a diagnostic and prognostic tool in the human fertility clinic. 
Hum Reprod 1999;14:1039‑49.

11. Evenson D, Jost L. Sperm chromatin structure assay is useful for 
fertility assessment. Methods Cell Sci 2000;22:169‑89.

12. Bungum M, Humaidan P, Axmon A, Spano M, Bungum L, 
Erenpreiss J, et al. Sperm DNA integrity assessment in prediction 
of assisted reproduction technology outcome. Hum Reprod 
2007;22:174‑9.

13. Hosseinifar H, Sabbaghian M, Chehrazi M, Modarresi T, 
Alipour FJ, Sadighi Gilani MA. Assessment of deoxyribonucleic 
acid fragmentation index, testicular volume, semen parameters, 
and hormone profile in gonadotropin‑treated men with 
hypogonadotropic hypogonadism. Urology 2013;82:1291‑5.

14. Hosseinifar H, Gourabi H, Salekdeh GH, Alikhani M, 
Mirshahvaladi S, Sabbaghian M, et al. Study of sperm protein 
profile in men with and without varicocele using two‑dimensional 
gel electrophoresis. Urology 2013;81:293‑300.

15. Evenson DP, Larson KL, Jost LK. Sperm chromatin structure 
assay: Its clinical use for detecting sperm DNA fragmentation in 
male infertility and comparisons with other techniques. J Androl 
2002;23:25‑43.

16. Evenson DP, Jost LK, Baer RK, Turner TW, Schrader SM. 
Individuality of DNA denaturation patterns in human sperm 
as measured by the sperm chromatin structure assay. Reprod 
Toxicol 1991;5:115‑25.

17. Evenson DP, Darzynkiewicz Z, Melamed MR. Relation of 
mammalian sperm chromatin heterogeneity to fertility. Science 
1980;210:1131‑3.

18. Giwercman A, Lindstedt L, Larsson M, Bungum M, Spano M, 
Levine RJ, et al. Sperm chromatin structure assay as an 

independent predictor of fertility in vivo: A case‑control study. 
Int J Androl 2010;33:e221‑7.

19. Bungum M. Sperm DNA integrity assessment: A new tool 
in diagnosis and treatment of fertility. Obstet Gynecol Int 
2012;2012:531042.

20. Giwercman A, Spano M, Lähdetie J, Bonde JP. Quality assurance 
of semen analysis in multicenter studies. Asclepios. Scand J 
Work Environ Health 1999;25 Suppl 1:23‑5.

21. Bungum M, Humaidan P, Spano M, Jepson K, Bungum L, 
Giwercman A. The predictive value of sperm chromatin structure 
assay (SCSA) parameters for the outcome of intrauterine 
insemination, IVF and ICSI. Hum Reprod 2004;19:1401‑8.

22. Bungum M, Spanò M, Humaidan P, Eleuteri P, Rescia M, 
Giwercman A. Sperm chromatin structure assay parameters 
measured after density gradient centrifugation are not predictive 
for the outcome of ART. Hum Reprod 2008;23:4‑10.

23. Peris SI, Bilodeau JF, Dufour M, Bailey JL. Impact of 
cryopreservation and reactive oxygen species on DNA integrity, 
lipid peroxidation, and functional parameters in ram sperm. Mol 
Reprod Dev 2007;74:878‑92.

24. Smit M, Romijn JC, Wildhagen MF, Weber RF, Dohle GR. 
Sperm chromatin structure is associated with the quality 
of spermatogenesis in infertile patients. Fertil Steril 
2010;94:1748‑52.

25. Moustafa MH, Sharma RK, Thornton J, Mascha E, 
Abdel‑Hafez MA, Thomas AJ Jr., et al. Relationship between 
ROS production, apoptosis and DNA denaturation in 
spermatozoa from patients examined for infertility. Hum Reprod 
2004;19:129‑38.

26. Hosseinifar H, Sabbaghian M, Nasrabadi D, Modarresi T, 
Dizaj AV, Gourabi H, et al. Study of the effect of varicocelectomy 
on sperm proteins expression in patients with varicocele and 
poor sperm quality by using two‑dimensional gel electrophoresis. 
J Assist Reprod Genet 2014;31:725‑9.

27. Zribi N, Feki Chakroun N, El Euch H, Gargouri J, Bahloul A, 
Ammar Keskes L. Effects of cryopreservation on human sperm 
deoxyribonucleic acid integrity. Fertil Steril 2010;93:159‑66.

28. Smith R, Kaune H, Parodi D, Madariaga M, Rios R, Morales I, 
et al. Increased sperm DNA damage in patients with varicocele: 
Relationship with seminal oxidative stress. Hum Reprod 
2006;21:986‑93.

29. Aitken RJ, Baker MA, Sawyer D. Oxidative stress in the male 
germ line and its role in the aetiology of male infertility and 
genetic disease. Reprod Biomed Online 2003;7:65‑70.

30. Boe‑Hansen GB, Ersbøll AK, Christensen P. Variability and 
laboratory factors affecting the sperm chromatin structure assay 
in human semen. J Androl 2005;26:360‑8.


