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Effects of antioxidants on motility and DNA integrity in 
frozen-thawed sperm
Antioksidanların sperm kriyoprezervasyonu sonrası 
motilite ve DNA bütünlüğü üzerine etkileri

SUMMARY

Aims: This study aims to investigate whether the addition of the 
antioxidant complex including taurine, ascorbic acid, and glutathione 
into the cryopreservation medium affects the damage to sperm 
during the freezing process.

Material and Methods: Ejaculate samples of patients who applied 
for semen analysis to the Assisted Reproduction Unit of Private Adatip 
Hospital were used. Fresh samples were analyzed for standard semen 
quality parameters according to the World Health Organization 
guidelines. Samples within the normal range were evaluated 
for sperm DNA fragmentation using the Halosperm technique. 
Remaining ejaculates were washed with the gradient method before 
cryopreservation. Sperm samples of each patient were divided 
equally for freezing in a cryopreservation medium with or without 
the antioxidant supplementation. One month later, the samples 
were thawed. Post-thaw total motility and DNA fragmentation were 
determined for each sample. 

Results: Semen samples of 40 patients were analyzed. We observed 
decreased total motility (34.8 ±5.32 % vs. 65.5 ±6.42 %, P= 
0.002) and increased sperm DNA fragmentation (52.3±5.42 % vs. 
26.4±3.12 %, P= 0.002) in post-thaw semen samples following 
cryopreservation in comparison to fresh samples. The addition of 
antioxidants to the freezing medium did not have a statistically 
significant effect on sperm motility (38.3± 6.22 % vs. 34.8 ±5.32 %, 
P =0.07) and DNA damage (47.5±4.7 % vs. 52.3±5.42, P =0.08) 
when compared to control samples following the freezing process.

Conclusions: We observed increased sperm DNA fragmentation and 
decreased total motility following cryopreservation. No significant 
improvement in sperm motility or DNA integrity was obtained after 
the addition of 5 µM of the antioxidants taurine, ascorbic acid, and 
glutathione to the freezing media.

Keywords: halosperm, DNA fragmentation, antioxidants, sperm freezing, 
motility, cryopreservation 

ÖZET

Amaç: Bu çalışmanın amacı sperm dondurma medyumuna taurin, 
glutatyon ve askorbattan oluşan antioksidan kompleksi eklenmesinin, 
dondurma işleminde oluşacak sperm hasarına etkisini incelemektir.

Materyal ve Metodlar: Özel Adatıp Hastanesi Üremeye Yardımcı Tedavi 
Merkezi’ne semen analizi için başvuran hastaların ejakülat örnekleri 
kulanıldı. Taze numuneler, Dünya Sağlık Örgütü kriterlerine göre analiz 
edildi. Normal aralıktaki numuneler Halosperm tekniği kullanılarak 
sperm DNA fragmantasyonu açısından değerlendirildi. Kalan ejakülatlar, 
kriyoprezervasyon öncesinde gradient yöntemiyle hazırlandı. Her hastanın 
sperm örnekleri, bir kriyoprezervasyon ortamında antioksidan takviyesi ile 
veya antioksidan takviyesi olmadan dondurmak için eşit olarak bölündü. 
Örnekler dondurulduktan 1 ay sonra çözdürme işlemi yapıldı. Çözülme 
sonrası motilite tayini yapıldı ve DNA fragmantasyon  analizi yapıldı.

Bulgular: 40 hastanın semen örnekleri analiz edildi Dondurma çözdürme 
sonrası, antioksidan eklenen ve eklenmeyen grupların ikisinde de dondurma 
öncesine oranla total motilitede anlamlı bir düşüş görüldü (34.8 ±5.32 
vs 65.5 ±6.42, P= 0.002; 38.3± 6.22 vs 65.5 ±6.42, P= 0.003). 
Kontrol ve deney gruplarının ikisinde de dondurma öncesine oranla DNA 
fragmantasyonunda anlamlı bir artış görüldü (52.3±5.42 vs 26.4±3.12, 
P= 0.002; 47.5±4.7 vs 26.4±3.12, P= 0.003). Ancak, kriyoprezervasyon 
ortamına eklenen antioksidanların total motilite (38.3± 6.22 % vs. 34.8 
±5.32 %, P =0.07) ya da DNA fragmantasyonuna (47.5±4.7 % vs. 
52.3±5.42, P =0.08) anlamlı bir etkisi bulunmadı. 

Sonuç: Kriyoprezervasyondan sonra sperm DNA fragmantasyonunda 
artış ve toplam motilitede azalma gözlendi. Kriyoprezervasyon ortamına 
5 uM taurin, glutatyon ve askorbattan oluşan antioksidan kompleksi ilave 
edildikten sonra sperm motilitesinde veya DNA bütünlüğünde anlamlı bir 
fark gözlenmedi.

Anahtar kelimeler: halosperm, DNA fragmantasyonu, antioksidan, sperm 
dondurma, motilite, kriyoprezervasyon

M
al

te
pe

 T
ıp

 D
er

gi
si

 C
ilt

: 1
2 

Sa
yı

: 2
/ 2

02
0 

ht
tp

s:
// 

do
i.o

rg
/1

0.
35

51
4/

m
td

.2
02

0.
28

İletişim: Belgin Selam
Department of Obstetrics and Gynecology, Acibadem Altunizade Hospital, 
İstanbul, Turkey
e-mail: bselam@hotmail.com

Seren Çelik1, Ümit Özekici2, Mehmet Cıncık3, Belgin Selam4, Yaprak 
Dönmez Çakıl3
1Institute of Health Sciences, Maltepe University, Istanbul, Turkey
2Department of Obstetrics and Gynecology, Faculty of Medicine, Maltepe University, 
Istanbul, Turkey
3Department of Histology and Embryology, Faculty of Medicine, Maltepe University, 
Istanbul, Turkey
4Department of Obstetrics and Gynecology, Faculty of Medicine, Acibadem Mehmet 
Ali Aydinlar University, Acibadem Altunizade Hospital, Unit of ART, Istanbul, Turkey

O
R

IG
IN

A
L

 A
R

T
IC

L
E

K
L

İN
İK

 A
R

A
Ş

T
IR

M
A



42

INTRODUCTION

Since the first attempts to preserve human spermatozoa 
at sub-zero temperatures in 1776 (1), considerable 
research has been conducted to improve the methods 
of cryopreservation for optimum cryosurvival and 
to overcome the associated physical and chemical 
damage to the sperm (2, 3). Some indications for 
storage of sperm comprise cytotoxic treatments 
such as chemotherapy and radiotherapy, sperm 
donation, obstructive surgeries such as vasectomy, and 
reproductive problems such as anejaculation, severe 
oligozoospermia, and obstructive azoospermia (4). The 
structural and functional integrity of the spermatozoa 
determines the capability to fertilize an oocyte and 
therefore is a key for success in assisted reproductive 
techniques (ARTs) (5).

Frozen-thawed semen can be used for ARTs including 
in vitro fertilization (IVF) and intracytoplasmic sperm 
injection (ICSI). Several clinical reports presented live 
births with the successful use of human spermatozoa 
stored for longer than 20 years (6, 7). Although 
sperm cryopreservation is an effective route to 
preserve male fertility, some limitations still exist. 
Despite the advantages spermatozoa membrane 
presents, cryopreservation leads to several damaging 
processes such as thermal shock with the formation 
of intracellular and extracellular ice crystals, cellular 
dehydration, and osmotic shock (8). A well-controlled 
cryopreservation process, therefore, is critical to 
maintaining the original pre-freezing sperm quality 
parameters. The cryopreservative medium is one of the 
factors contributing to optimum cryosurvival, egg yolk, 
and glycerol being the most common constituents 
(9). Several studies have examined cryodamage in 
spermatozoa and indicated oxidative stress as one 
of the main causes of alterations in function due to 
an imbalance between reactive oxygen species (ROS) 
and the antioxidant system of spermatozoa (10). 
Although the effect of cryopreservation on sperm 
DNA integrity is controversial, many studies propose 
that cryopreservation induces DNA fragmentation 
(11-13). Production of ROS has been suggested to 
be mainly responsible for DNA damage in post-thaw 
spermatozoa (14, 15).

Seminal fluid as an important source of antioxidants is 
thought to be crucial in protecting spermatozoa from 
oxidative injury (16). Vitamin C is one of the principal 
antioxidants in seminal plasma of fertile men, with a 
major role in the chain-breaking antioxidant capacity 
of the semen (17). Decreased seminal glutathione 

was reported to be implicated in low sperm quality 
(18). Taurine was identified in mammalian sperm and 
reproductive tract and was proposed to be essential 
for fertilization (19). The requirement of antioxidants 
to overcome the damages mediated by oxidative stress 
prompted us to investigate the effects of ascorbic acid 
(vitamin C), glutathione and taurine on post-thaw 
sperm motility and DNA integrity. This study aims to 
examine the motility and DNA fragmentation in frozen-
thawed sperm when the cryopreservation medium 
is supplemented with the antioxidants ascorbic acid, 
glutathione, and taurine.

MATERIALS AND METHODS

Patients 
Forty volunteer non-smoking men in early adulthood 
(between ages 20–40) with normozoospermia 
according to the World Health Organization (WHO) 
2010 criteria (20) were involved in the study. The 
patients had no history of any systemic disease, febrile 
disease at childhood, testicular trauma, varicocele, 
or other diseases that affect reproductive function. 
Informed consent was obtained from patients. This 
study was approved by the local clinical ethics board of 
Maltepe University Faculty of Medicine, Istanbul.

Study Design
Semen samples were collected in sterile containers 
by masturbation after a sexual abstinence period of 
2-7 days. The liquefied fresh semen samples were 
used to analyze standard semen quality parameters 
according to the WHO guidelines (20) and sperm DNA 
fragmentation. Remaining aliquots were prepared 
for cryopreservation with or without the addition of 
antioxidants for (i) a direct comparison of fresh and 
frozen semen from the same ejaculate and (ii) evaluation 
of the effect of antioxidants in cryopreservation media 
on sperm motility and DNA fragmentation.

Semen Analysis
Semen analysis was performed following a period of 
incubation at room temperature for 10-60 minutes 
to allow for liquefaction. After complete liquefaction, 
the volume and the pH were measured. Ten microliters 
of each sample were used to fill a Makler counting 
chamber (Sefi-Medical Instruments, Israel) and the 
specimens were assessed for sperm count and motility 
using a phase-contrast microscope (CH30, Olympus 
Corp., Japan) under magnification of 20x. 

The semen smear was prepared, air-dried, and stained 
with Diff-Quick (Polysciences, USA) to evaluate the 
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sperm morphology. Briefly, slides were fixed with Diff-
Quick fixative agent and stained with cationic and 
anionic solutions. At least, 200 sperms were counted 
under 100x magnification according to Kruger’s strict 
criteria (21).

Assessment of DNA Fragmentation

Halosperm Technique

Sperm DNA fragmentation was detected using the 
Halosperm kit according to the manufacturer’s 
instructions (Halotech DNA SL, Spain). The Halosperm 
kit facilitates DNA fragmentation analysis based on the 
sperm chromatin dispersion technique (SCD test)(22). 
SCD test enables the discrimination of spermatozoa 
with fragmented DNA following acid denaturation and 
removal of nuclear proteins. In this way, sperm with 
intact DNA create halos of dispersed DNA loops while 
those with degraded DNA will generate either no halos 
or small halos. 

The low melting point agarose gel supplied with the kit 
was placed in a microwave for 5 minutes to melt and 
was transferred to a water bath at 370C for 5 minutes. 
25µL of the semen sample was then immersed in 
the liquefied agarose gel and spread onto the slide. 
The coverslip was gently removed after a subsequent 
incubation for 5 minutes on a cold plate at 40C for 
agarose polymerization and sample embedding. Next, 
the sample was immersed in an acid denaturation 
solution for 7 minutes, followed by 25 minutes of 
incubation in lysing solution. Samples were rinsed and 
dehydrated in increasing concentrations of ethanol 
(70%, 90%, and 100%). Finally, the slides were air-
dried, stained with Diff-Quick and the halos of dispersed 
DNA loops were observed under 100x magnification. 
At least 200 spermatozoa were evaluated in this test.

Classification of Sperm 

The criteria to determine intact and fragmented DNA in 
spermatozoa were described by Ferna´ndez et al (22). 
Five SCD patterns are possible as illustrated in Figure 
1: (i) large halo with a thickness greater than or equal 
to the minor diameter of the core (ii) medium halo with 
a halo size between that of big halo and small halo (iii) 
small halo with a thickness equal to or smaller than 
1/3 of the minor diameter of the core (iv) without halo 
where no halo is formed (v) degraded where no halo 
is formed and a weakly or irregularly stained core is 
demonstrated.

Determination of DNA Fragmentation Ratio

Spermatozoa were classified for possible SCD patterns 
mentioned above. DNA fragmentation ratio was 
determined by calculating the total percentage of 
spermatozoa with DNA fragmentation including 
degraded spermatozoa and those with small halo and 
without halo.

Cryopreservation 

Density gradient centrifugation

Spermatozoa were selected by density gradient 
centrifugation method before cryopreservation. First, 
50% and 90% of gradient solutions were prepared by 
diluting the gradient solution (SpermFilter, Gynotec, 
Netherlands) with a sperm-washing medium (GM501 
SpermAir, Gynemed, Germany). The gradient layers 
were prepared in conical tubes (1 mL of 50 % top 
layer gradient solution and 1 mL of 90% lower layer 
gradient solution).  The liquefied semen sample was 
gently layered on top of the gradient. Following 
centrifugation at 1600 rpm for 10 min, the pellet 
containing spermatozoa was resuspended and washed 
in the sperm-washing medium. After another round of 
centrifugation, spermatozoa were recovered in sperm-
washing medium and were ready for subsequent 
cryopreservation procedures.

Sperm cryopreservation 

To determine the role of antioxidants in sperm freezing, 
prepared sperm suspension was divided into two equal 
portions. Both groups of the sperm suspensions were 
mixed with an equal volume (1:1) of Freezing Medium 
TEST-Yolk Buffer (Irvine Scientific, USA) and were 
exposed to nitrogen liquid-vapor (5 cm above liquid 
nitrogen) for 10-20 minutes followed by plunging into 
liquid nitrogen (–196 °C). The same batch of the freezing 
medium was used for all samples used in this study. 
Additionally, the freezing medium of the second group 
was supplemented with the antioxidant compounds 
taurine (Merck, Germany), ascorbate (Merck), and 
glutathione (GSH) (Merck) with a final concentration of 
5 µM. The first group did not include any antioxidant 
supplementation in the freezing medium and therefore 
represents the control group. 

Sperm Thawing
Thawing was performed one month after the sperm 
samples were frozen. The samples were thawed at 
37°C for 1 minute. After gentle addition of 1mL of 
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preheated sperm washing medium, the freezing 
medium was removed by centrifugation at 1800 rpm 
for 5 minutes.  The pellet containing spermatozoa was 
resuspended in the sperm washing medium.

Statistical Analysis
All statistical analyses were performed using SPSS 
software (version 13.0, SPSS Inc). The demographic 
characteristics of the patients were expressed as mean 
and min-max. Data on DNA fragmentation and motility 
analyses were presented as mean ± standard deviation. 
The Mann-Whitney U test was used to compare the 
differences between the groups. The paired sample 
t-test was used to compare the differences before-
and-after the procedures. A p-value of less than 0.05 is 
statistically significant.

RESULTS

Characteristics of the study population
Semen samples from 40 male patients were analyzed. 
The mean age and body mass index (BMI) of the 
patients were calculated as 34.25 (between 20-40) 
years, and 28 (between 25 and 34) kg/m2, respectively. 
Semen parameters (mean, range) were evaluated for 
sperm volume (mL), sperm count (106/mL), and sperm 
total motility (%) as presented in Table 1. 

Effect of antioxidants on post-thaw total motility
Each sample was prepared through density gradient 
centrifugation and the final volume was divided equally 
for cryopreservation in the absence or presence of 
antioxidants. Total motility (%) was determined before 
and after cryopreservation (Table 2). A significant 
decrease in total motility was found in post-thaw 
control samples when compared to fresh samples 
(34.8 ±5.32 % vs. 65.5 ±6.42 %, P= 0.002). Similarly, 
total motility was significantly reduced in post-thaw 
samples frozen with antioxidant supplementation in 
comparison to fresh samples (38.3± 6.22 % vs. 65.5 
±6.42 %, P =0.003).  

To determine any cryoprotective effect of the 
antioxidants used in this study, the total motility 
of post-thaw samples frozen with antioxidant 
supplementation was compared to that of control 
samples. Spermatozoa cryopreserved with or without 
the addition of antioxidants demonstrated total motility 
of 38.3± 6.22 % and 34.8 ±5.32 %, respectively, 
without a statistically significant difference (P =0.07; 
Table 2). 

Effect of antioxidants on post-thaw DNA integrity
The images of halos generated with the Halosperm 
technique enabled the classification of spermatozoa 
for DNA fragmentation. Cryopreservation led to an 
increased sperm DNA fragmentation ratio (Table 3). 
Post-thaw samples frozen in the absence and presence 
of antioxidants showed a DNA fragmentation ratio of 
52.3±5.42 % and 47.5±4.7 %, respectively, statistically 
higher than that of fresh samples (26.4±3.12 %, P 
=0.002 and P =0.003, respectively). Antioxidants did 
not cause a significant difference in DNA fragmentation 
ratio when compared to control samples (P =0.08; 
Table 3) (Figure 2).

Table 1: Demographic characteristics of the patients.

Table 2: Comparison of total motility (%) in fresh and post-thaw 
spermatozoa. Cryopreservation was performed with or without the 
addition of antioxidants. aP =0.002 and bP =0.003 in comparison to 

fresh samples, cP =0.07 in comparison to control samples.

Table 3: Comparison of DNA fragmentation ratio (%) in fresh and 
post-thaw spermatozoa. Cryopreservation was performed with or 
without the addition of antioxidants. aP =0.002 and bP =0.003 in 
comparison to fresh samples, cP =0.08 in comparison to control 

samples.
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DISCUSSION

The present study is based on the association of reactive 
oxygen species (ROS) production with deleterious 
effects on post-thaw spermatozoa and aims to 
improve on DNA integrity and functional capabilities 
including motility by the use of the antioxidants in 
cryopreservation medium. 

Sperm motility and DNA integrity provide useful 
information for diagnosing male infertility (23). 
Infertile men are more vulnerable to oxidative damage 
with reduced enzymatic antioxidant defenses and 
increased ROS generation in their semen (24). High ROS 
concentrations were indicated to lead to suboptimal 
sperm quality by affecting the structural and functional 
integrity of sperm including the motility and DNA 
fragmentation (25). Oral antioxidant intake including 
vitamins and minerals such as vitamin C, vitamin 
E, zinc, taurine, hypotaurine, and glutathione have 

been investigated to counteract the seminal oxidative 
damage, in the recent years (26). Oxidative stress also 
represents a concern during cryopreservation (10, 
27). Freezing and thawing exert detrimental effects 
on spermatozoa that lead to poor motility (3, 16, 
28). Whilst there is no agreement in the literature 
on whether cryopreservation induces DNA damage, 
a number of studies reported DNA fragmentation in 
post-thaw spermatozoa (11-13). Post-cryopreservation 
analysis revealed the link between the production 
of ROS following the changes of mitochondrial 
membrane properties and loss of motility and increased 
DNA fragmentation in frozen-thawed sperm (14, 15). 
Spermatozoa are highly sensitive to ROS-induced 
damage due to the elevated content of polyunsaturated 
fatty acids in their membranes (29). Seminal plasma, 
rich in antioxidants, may have a protective capacity 
against oxidative damage. Sperm frozen in seminal 
plasma was reported to be more resistant against 
cryodamage (16).
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Figure 1:  Classification of human sperm DNA fragmentation using Halosperm test (39).

Figure 2: Illustrates the patterns of DNA loop halos after cryopreservation with or without the antioxidant supplementation. Semen sample of 
patient 20 after cryopreservation A) without any antioxidant supplementation B) with antioxidant supplementation: a. large halo b. medium 
halo c. small halo d. without halo.
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To overcome the effects of oxidative stress in post-thaw 
spermatozoa, antioxidant molecules or antioxidant 
enzymes have been introduced in the cryopreservation 
media during freezing (10, 17). Notably, significant 
improvements in several sperm parameters 
including viability, motility, and DNA integrity were 
demonstrated after supplementation of freezing 
media with antioxidants such as vitamin E analogous, 
glutathione and L-carnitine (30-32). On the other 
hand, some studies failed to demonstrate the same 
positive effects (10, 17). Vitamin E supplementation 
of cryopreservation medium significantly improved 
post-thaw motility, without changing sperm viability or 
extent of DNA fragmentation. Interestingly, the positive 
effect of vitamin E supplementation was associated 
with men’s age, in this study (33). 

The antioxidant molecules used in the present study 
are ascorbic acid (vitamin C), glutathione and taurine, 
important for the proper function of antioxidant 
enzymes (10). Their combination was evaluated for 
a possible protective effect during cryopreservation. 
No significant improvement in sperm motility or DNA 
integrity was obtained after the addition of 5 µM of 
the antioxidants to the freezing media. So far, these 
antioxidants have been used in several studies, where 
positive effects, as well as no effect on sperm parameters, 
were observed. The addition of vitamin C to prepared 
spermatozoa was reported to result in a better recovery 
rate of sperm parameters and DNA integrity following 
vitrification (34). However, another study showed that 
vitamin C along with TEST yolk buffer did not result 
in any improvement in sperm parameters including 
motility (35). Moreover, it was claimed that vitamin C 
has dose-dependent effects during cryopreservation 
and reduced motility was observed at high doses (36). 
A recent study evaluated glutathione supplementation 
and reported higher sperm viability and decreased 
DNA fragmentation (32). Nevertheless, the addition of 
glutathione had a partial benefit in another study, as 
despite reduced levels of ROS in spermatozoa, no effect 
on lipid membrane disorder or chromatin condensation 
was detected (37). The studies on the role of taurine in 
the preservation of human spermatozoa are limited. 
Researchers demonstrated improved sperm motility, 
viability, and reduced DNA damage in the presence of 
taurine in chicken (38).

The protective effects of the antioxidants appear to be 
dependent on the selection of the molecules (alone 
or in combination) and the conditions including the 
dosage and the procedure. The number and the 
demographic characteristics of the patients might 

also explain the differences in the results. Thus, future 
studies are required to determine the ideal antioxidants 
and optimum conditions for the use of antioxidants in 
the media for assisted reproductive technologies.

REFERENCES

1. Sherman JK. Synopsis of the use of frozen human 
semen since 1964: state of the art of human semen 
banking. Fertility and sterility. 1973 May;24(5):397-
412.
2. Desrosiers P, Legare C, Leclerc P, Sullivan R. 
Membranous and structural damage that occur during 
cryopreservation of human sperm may be time-related 
events. Fertility and sterility. 2006 Jun;85(6):1744-52.
3. Ozkavukcu S, Erdemli E, Isik A, Oztuna D, 
Karahuseyinoglu SJJoAR, Genetics. Effects of 
cryopreservation on sperm parameters and 
ultrastructural morphology of human spermatozoa. 
2008 August 01;25(8):403-11.
4. Oktay K, Harvey BE, Partridge AH, Quinn GP, 
Reinecke J, Taylor HS, et al. Fertility Preservation in 
Patients With Cancer: ASCO Clinical Practice Guideline 
Update. Journal of clinical oncology : official journal 
of the American Society of Clinical Oncology. 2018 Jul 
1;36(19):1994-2001.
5. Henkel R, Maaß G, Bödeker R-H, Scheibelhut 
C, Stalf T, Mehnert C, et al. Sperm function and 
assisted reproduction technology. Reprod Med Biol. 
2005;4(1):7-30.
6. Horne G, Atkinson AD, Pease EH, Logue JP, Brison DR, 
Lieberman BA. Live birth with sperm cryopreserved for 
21 years prior to cancer treatment: case report. Human 
reproduction (Oxford, England). 2004 Jun;19(6):1448-
9.
7. Szell AZ, Bierbaum RC, Hazelrigg WB, Chetkowski 
RJ. Live births from frozen human semen stored for 40 
years. Journal of assisted reproduction and genetics. 
2013 Jun;30(6):743-4.
8. Di Santo M, Tarozzi N, Nadalini M, Borini A. Human 
Sperm Cryopreservation: Update on Techniques, Effect 
on DNA Integrity, and Implications for ART. Advances in 
urology. 2012;2012:854837.
9. Rozati H, Handley T, Jayasena CN. Process and Pitfalls 
of Sperm Cryopreservation. Journal of clinical medicine. 
2017 Sep 19;6(9).
10. Hezavehei M, Sharafi M, Kouchesfahani HM, Henkel 
R, Agarwal A, Esmaeili V, et al. Sperm cryopreservation: 
A review on current molecular cryobiology and 
advanced approaches. Reproductive biomedicine 
online. 2018 Sep;37(3):327-39.
11. Meamar M, Zribi N, Cambi M, Tamburrino 
L, Marchiani S, Filimberti E, et al. Sperm DNA 

Çe
lik

 v
e 

ar
k.



Maltepe Tıp Dergisi / Maltepe Medical Journal

47

fragmentation induced by cryopreservation: new 
insights and effect of a natural extract from Opuntia 
ficus-indica. Fertility and sterility. 2012 Aug;98(2):326-
33.
12. Cankut S, Dinc T, Cincik M, Ozturk G, Selam B. 
Evaluation of Sperm DNA Fragmentation via Halosperm 
Technique and TUNEL Assay Before and After 
Cryopreservation. Reproductive sciences (Thousand 
Oaks, Calif). 2019 Dec;26(12):1575-81.
13. Le MT, Nguyen TTT, Nguyen TT, Nguyen TV, 
Nguyen TAT, Nguyen QHV, et al. Does conventional 
freezing affect sperm DNA fragmentation? Clinical 
and experimental reproductive medicine. 2019 
Jun;46(2):67-75.
14. Thomson LK, Fleming SD, Aitken RJ, De Iuliis GN, 
Zieschang JA, Clark AM. Cryopreservation-induced 
human sperm DNA damage is predominantly mediated 
by oxidative stress rather than apoptosis. Human 
reproduction (Oxford, England). 2009 Sep;24(9):2061-
70.
15. Said TM, Gaglani A, Agarwal A. Implication 
of apoptosis in sperm cryoinjury. Reproductive 
biomedicine online. 2010 Oct;21(4):456-62.
16. Donnelly ET, McClure N, Lewis SE. Cryopreservation 
of human semen and prepared sperm: effects on 
motility parameters and DNA integrity. Fertility and 
sterility. 2001 Nov;76(5):892-900.
17. Agarwal A, Nallella KP, Allamaneni SS, Said TM. 
Role of antioxidants in treatment of male infertility: an 
overview of the literature. Reproductive biomedicine 
online. 2004 Jun;8(6):616-27.
18. Atig F, Raffa M, Habib B-A, Kerkeni A, Saad A, Ajina 
M. Impact of seminal trace element and glutathione 
levels on semen quality of Tunisian infertile men. BMC 
Urol. 2012;12:6-.
19. Donnelly ET, Mcclure N, Lewis SEM. Glutathione 
and hypotaurine in vitro: effects on human sperm 
motility, DNA integrity and production of reactive 
oxygen species. Mutagenesis. 2000;15(1):61-8.
20. World Health Organization. WHO Laboratory 
Manual for the examination and processing of human 
semen. Cambridge: Cambridge University Press; 2010.
21. Menkveld R, Stander FS, Kotze TJ, Kruger TF, van 
Zyl JA. The evaluation of morphological characteristics 
of human spermatozoa according to stricter criteria. 
Human reproduction (Oxford, England). 1990 
Jul;5(5):586-92.
22. Fernandez JL, Muriel L, Goyanes V, Segrelles E, 
Gosalvez J, Enciso M, et al. Halosperm is an easy, 
available, and cost-effective alternative for determining 
sperm DNA fragmentation. Fertility and sterility. 2005 
Oct;84(4):860.
23. Lewis SE, John Aitken R, Conner SJ, Iuliis GD, 

Evenson DP, Henkel R, et al. The impact of sperm DNA 
damage in assisted conception and beyond: recent 
advances in diagnosis and treatment. Reproductive 
biomedicine online. 2013 Oct;27(4):325-37.
24. Martin-Hidalgo D, Bragado MJ, Batista AR, Oliveira 
PF, Alves MG. Antioxidants and Male Fertility: from 
Molecular Studies to Clinical Evidence. Antioxidants 
(Basel, Switzerland). 2019 Apr 5;8(4).
25. Kefer JC, Agarwal A, Sabanegh E. Role of antioxidants 
in the treatment of male infertility. International journal 
of urology : official journal of the Japanese Urological 
Association. 2009 May;16(5):449-57.
26. Showell MG, Mackenzie-Proctor R, Brown J, 
Yazdani A, Stankiewicz MT, Hart RJ. Antioxidants for 
male subfertility. The Cochrane database of systematic 
reviews. 2014 (12):Cd007411.
27. Figueroa E, Farias JG, Lee-Estevez M, Valdebenito I, 
Risopatrón J, Magnotti C, et al. Sperm cryopreservation 
with supplementation of α-tocopherol and ascorbic acid 
in freezing media increase sperm function and fertility 
rate in Atlantic salmon (Salmo salar). Aquaculture. 
2018 2018/08/01/;493:1-8.
28. Zribi N, Feki Chakroun N, El Euch H, Gargouri J, 
Bahloul A, Ammar Keskes L. Effects of cryopreservation 
on human sperm deoxyribonucleic acid integrity. 
Fertility and sterility. 2010;93(1):159-66.
29. Agarwal A, Makker K, Sharma R. Clinical relevance 
of oxidative stress in male factor infertility: an update. 
American journal of reproductive immunology (New 
York, NY : 1989). 2008 Jan;59(1):2-11.
30. Kalthur G, Raj S, Thiyagarajan A, Kumar S, Kumar 
P, Adiga SK. Vitamin E supplementation in semen-
freezing medium improves the motility and protects 
sperm from freeze-thaw-induced DNA damage. Fertility 
and sterility. 2011 Mar 1;95(3):1149-51.
31. Banihani S, Agarwal A, Sharma R, Bayachou 
M. Cryoprotective effect of L-carnitine on motility, 
vitality and DNA oxidation of human spermatozoa. 
Andrologia. 2014 Aug;46(6):637-41.
32. Ghorbani M, Vatannejad A, Khodadadi I, 
Amiri I, Tavilani H. Protective effects of glutathione 
supplementation against oxidative stress during 
cryopreservation of human spermatozoa. Cryo letters. 
2016 Jan-Feb;37(1):34-40.
33. Taylor K, Roberts P, Sanders K, Burton P. Effect 
of antioxidant supplementation of cryopreservation 
medium on post-thaw integrity of human spermatozoa. 
Reproductive biomedicine online. 2009 Feb;18(2):184-
9.
34. Mangoli E, Talebi AR, Anvari M, Taheri F, 
Vatanparast M, Rahiminia T, et al. Vitamin C attenuates 
negative effects of vitrification on sperm parameters, 
chromatin quality, apoptosis and acrosome reaction 

M
al

te
pe

 T
ıp

 D
er

gi
si

 C
ilt

: 1
2 

Sa
yı

: 2
/ 2

02
0 

ht
tp

s:
// 

do
i.o

rg
/1

0.
35

51
4/

m
td

.2
02

0.
28



48

in neat and prepared normozoospermic samples. 
Taiwanese Journal of Obstetrics and Gynecology. 2018 
2018/04/01/;57(2):200-4.
35. Askari HA, Check JH, Peymer N, Bollendorf A. 
Effect of natural antioxidants tocopherol and ascorbic 
acids in maintenance of sperm activity during freeze-
thaw process. Archives of andrology. 1994 Jul-
Aug;33(1):11-5.
36. Verma A, Kanwar KC. Human sperm motility 
and lipid peroxidation in different ascorbic acid 
concentrations: an in vitro analysis. Andrologia. 1998 
Nov;30(6):325-9.
37. Gadea J, Molla M, Selles E, Marco MA, Garcia-
Vazquez FA, Gardon JC. Reduced glutathione content 
in human sperm is decreased after cryopreservation: 
Effect of the addition of reduced glutathione to the 
freezing and thawing extenders. Cryobiology. 2011 
2011/02/01/;62(1):40-6.
38. Partyka A, Rodak O, Bajzert J, Kochan J, Nizanski 
W. The Effect of L-Carnitine, Hypotaurine, and Taurine 
Supplementation on the Quality of Cryopreserved 
Chicken Semen. BioMed research international. 
2017;2017:7279341.
39. Halotech DNA SL. Halosperm. Available from: https://
www.halotechdna.com/wp-content/uploads/2015/09/
Halosperm-web.pdf . Accessed July 06, 2020.

Çe
lik

 v
e 

ar
k.


