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® A review of the main causes of male infertility in the aspect of the relationship with the degree of sperm DNA frag-
mentation is presented. Information is provided on the main methods for assessing sperm DNA fragmentation and its
effect on male fertility. The effect of oxidative stress on the integrity of sperm DNA structure, the reparative capabilities of
antioxidant therapy, and the effect of varicocele on male fertility are described.
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INTRODUCTION

Infertility is a problem that affects 15% of sexually
active couples engaging in unprotected intercourse,
which is approximately 48.5 million couples world-
wide. One in eight couples faces problems when
planning their first child, and one in six faces prob-
lems when planning their second. Notably, the share
of male factor infertility varies in different countries
worldwide, ranging from 20%-70% [1-4].

According to the World Health Organization, in-
fertility is the inability to achieve clinical pregnancy
by a sexually active couple despite regular sexual life

for one year or more, without contraceptive use [5].
The primary reasons for the decreased male fertil-
ity are congenital or acquired abnormalities of the
genitourinary organs, malignant neoplasms and in-
fections of the genitals, increased temperature in the
scrotum, endocrine disorders, genetic abnormalities,
and immunological factors [6]. The annual increase
in the number of oncological diseases, including
in young men, negatively affects their fertility that
could be significantly reduced or completely lost
because of chemotherapy and radiation therapy [7].
Nevertheless, in approximately 40% of infertile men,
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the cause of infertility remains unknown (idiopathic
male infertility). Moreover, in male idiopathic in-
fertility during the anamnesis, diseases that violate
the spermatogenesis are not diagnosed; no changes
during physical examination are detected; and no
violations of hormonal, genetic, and biochemical pa-
rameters are observed. Presumably, idiopathic male
infertility might be indirectly caused by imbalanced
environmental factors, processes that accumulate
oxygen free radicals, or genetic and epigenetic ab-
normalities. Therefore, detecting new genetic fac-
tors of male infertility in idiopathic infertility is one
of the priorities of modern andrology [8, 9].

Male infertility is a multifactorial pathological
condition affecting approximately 7% of the male
population. The genetic landscape of male infertility
is complicated because the histological phenotypes
of sperm and supremacy are extremely heteroge-
neous, and at least 2000 genes are involved in sper-
matogenesis [9].

Over the past years, the significance of determin-
ing the degree of sperm DNA fragmentation (SDF)
has garnered attention. It is believed that this is a
separate entity of genetic imbalance of a sperm that
causes imbalances in male fertility and affects the
probability of conception during the natural re-
productive cycle, and reduces the effectiveness of
assisted reproductive treatment procedures (ART)
[10-12]. The integrity of the genome is continuously
imbalanced by both endogenous by-products of me-
tabolism and exogenous factors. Depending on indi-
cators, such as the cell type, the cell cycle stage, and
the type of DNA damage, the sperm has several ways
to repair damaged DNA, and an incorrect repair can
have negative consequences. Double-stranded DNA
breaks are induced endogenously during spermato-
genesis both at the meiotic stage (to facilitate the
formation of meiotic crossovers) and during sper-
matogenesis when the chromatin of round haploid
spermatids is compacted by replacing histones with
protamine. The term “damage of the sperm DNA”
refers to several defects in the chromatin structure,
including breaks in one or two helices of the DNA
molecule, deletions, the formation of additional
bonds in the helix or between the helices of DNA,
and incorrect placement of protamine because of de-
fective crosslinking of DNA and proteins.

SDF is a unique form of genetic damage of the
male gamete DNA, which can lead to problems with
fertility and embryonic development. The higher

the number of damages, the lower the integrity of
the genetic material and the probability of preg-
nancy. Notably, measuring the integrity of a sperm
sex chromatin has been the subject of numerous stu-
dies last decade, which revealed that excessive sperm
SDF disrupts male fertility.

CLINICAL SIGNIFICANCE
OF DETERMINING SPERM DNA
FRAGMENTATION

The integrity of sperm DNA is a crucial factor for
successful fertilization and proper development dur-
ing pregnancy. Pathological SDF means the loss of
structural integrity of the entire DNA molecule of
the sperm. Even though the ability to fertilize is pre-
served, with defective DNA, its primary functions
are disrupted, which is both a factor in reducing the
probability of fertilization and a factor that increases
the risk of miscarriage and the birth of a child with
various genetic abnormalities.

Chromatin damage can occur at any stage of sper-
matogenesis, spermiogenesis when passing through
the epididymis, and in vitro during the preparation
of sperm for fertilization. It is critical to note that
defective sperm containing damaged DNA might re-
tain its fertilization ability. However, increased SDF
can cause idiopathic male infertility, ART procedure
failures, and recurrent miscarriages during the natu-
ral reproductive cycle. Moreover, sperm DNA dam-
age is associated with an increased risk of oncoge-
netic diseases and transmission of genetic defects to
offspring [10, 11]. Nonetheless, the use of balanced
antioxidant complexes has been proven to reduce
the negative effects of increased secretion of reac-
tive oxygen species (ROS) and improve the quality of
ejaculate, thereby reducing the risk of unsatisfactory
ART procedural results [10-14].

A group of authors spermatologically analyzed
461 men with infertility. Notably, in 23% of the sur-
veyed patients, SDF frequency was more than 15%,
ranging from 15.1%-30% in 18% of patients and
exceeding 30% in 5%. The number of sperms with
fragmented DNA in severe forms of azoospermia
is higher than the less expressed disorders of sper-
matogenesis. The negative dynamics between the
sperm concentration changes and the SDF frequency
was revealed. The results confirmed the assumption
of a correlation between spermatological parameters
(concentration, motility, and morphology of sper-
matozoa) and the frequency of SDE. Therefore, the
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SDF indicator has an absolute diagnostic and prog-
nostic value for married couples with reproductive
disorders [3].

Furthermore, SDF is directly proportional to de-
creased fertilization rate, reduced embryonal quality,
decreased frequency of pregnancy, and an increased
risk of miscarriage.

CAUSES OF PATHOLOGICAL
FRAGMENTATION OF SPERM DNA

The primary causes of pathological SDF that lead
to sperm nuclear apparatus damage include various
types of intoxication, occupational hazards, adverse
environmental factors, poor lifestyle, alimentary fac-
tors, varicocele, infectious and inflammatory diseas-
es of the scrotum, smoking, and drug use. Cannabis
use negatively affects the spermatogenesis process,
starting from the meiotic stage to spermiogenesis
and possibly sperm maturation in the testes of men
with infertility [15, 16]. In addition, the administra-
tion of certain drugs, particularly from the group of
serotonin reuptake inhibitors, can cause an increase
in the degree of pathological SDF [17].

Other causes of SDF may be pathological apoptosis,
excessive ART production, and a decrease in the num-
ber of seed antioxidants. Moreover, the toxic effects of
drugs and factors, such as xenobiotics; increased tem-
perature in testis tissues (fever, varicocele); and old age,
were associated with sperm DNA strand damage [10].

Furthermore, one of the possible and probable causes
of pathological SDF could be oxidative stress. Accord-
ing to numerous literature data, one of the factors that
can reduce male fertility is the hyperproduction of the
so-called ROS, including ozone, nitric oxide, and free
radicals. All these agents can damage the membranes
of sperm, reducing their mobility and disrupting their
fertilizing ability. Generally, the pathophysiology of in-
fertility disorders associated with oxidative stress has
the following path of development: hyperproduction of
ROS causes modification of nuclear DNA, destroying
lipids and proteins of the plasma mitochondrial mem-
brane. In addition, imbalances in the plasma membrane
structure alter its fluidity, thereby impairing the sperm
mobility and the acrosomal reaction necessary for the
penetration of the eggshell by the sperm [18].

METHODS FOR EVALUATING SPERM
DNA FRAGMENTATION

Damage to sperm DNA can be caused by several
factors, both external and internal. One of the prob-

lems associated with assessing the degree and type
of SDF is the disunity and high variability of the
results obtained using different detection methods.
Generally, most tests currently developed and imple-
mented in clinical practice for evaluating SDF have a
relatively high sensitivity.

Notably, various methods of verification of
DNA fragmentation are used to detect sperm DNA
damage, such as structural analysis of sperm chro-
matin (SCSA), chromatin dispersion test (SCD),
nick-end labeling of dUTP using terminal deoxynu-
cleotidyl transferase (TUNEL) and gel electropho-
resis (Comet), and coloring with aniline blue and
chromomycin A3 [19-22].

TUNEL method

The TUNEL method is an evaluation method
for determining the degree of SDF. Analysis of the
terminal deoxynucleotidyl transferase (TdT) dUTP
nick-end labeling (TUNEL) quantifies the inclu-
sion of fluoresceinated dUTP in single- and double-
stranded DNA breaks by tagging the 3’-OH ends of
TdT. The TdT-mediated label method of the dUTP
end of a DNA break measures the extent of DNA
damage by including the insertion of a DNA probe
(a modified nucleotide) at the site of the DNA dam-
age. This method allows us to determine the pro-
portion of sperms with DNA damage that carries a
modified nucleotide embedded in the DNA break.
The recommendations for standardization and har-
monization provide information according to which
TUNEL is a reliable test for measuring SDF and suit-
able for conducting multicenter studies. In addition,
the TUNEL method enables determination of the
degree of complete and partial SDF, which is crucial
for assessing its severity and the effectiveness of a
treatment [20, 22-25].

SCSA method

The SCSA method or Evenson chromatin struc-
ture determination analyzes the sperm’s chromatin
structure. The research principle is based on mea-
suring the susceptibility of DNA to denaturation.
The sperms with denatured DNA are quantified us-
ing flow cytometry. The study is performed using
a fluorescent DNA marker. They apply 1024 chan-
nels (degrees) of both red and green fluorescence.
The SCSA test is a rapid measurement using flow cy-
tometry that provides reliable statistics with excep-
tional accuracy and repeatability. Analysis of several
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experimental studies indicates that SCSA is an effec-
tive method for determining the integrity of sperm
DNA, which has been confirmed by numerous pub-
lications on the use of the SCSA test in clinical prac-
tice [20, 22, 26].

SCD method

The SCD method analyzes the chromatin dis-
persion of sperm. This method is used to measure
the susceptibility of DNA to denaturation, and the
number of sperm cells with fragmented DNA is cal-
culated. The method is based on the dispersion of
chromatin around the nucleus because of which it
is possible to distinguish sperm with different de-
grees of SDF. Hence, to examine the dispersion of
chromatin in the nuclei of a sperm, special re-
agents (enzymes) are used to “highlight” the heads
of those sperm cells where there are breaks in the
DNA. In the SCD test, the chromatin of the damaged
sperm is distributed much closer to the nucleus, and
in the normal sperm, it is distributed in a larger ra-
dius. Therefore, the SSD test can be used as a routine
test for SDF screening [22].

The DNA-comet method (Comet)

The method of performing gel electrophoresis
of individual cells or the DNA-comet technique is
highly sensitive and rapid, providing highly reliable
results during DNA repair system studies. In addi-
tion, it is relatively simple and feasible, and has been
standardized at the international level. The method
is based on the registration of different mobilities in
a constant electric field of damaged DNA or DNA
fragments of individual lysed cells enclosed in a thin
agarose gel on a standard slide. In this case, the cell’s
DNA migrates, forming an electrophoretic trace that
visually resembles the “tail of a comet,” the parame-
ters of which depend on the degree of DNA denatur-
ation. The degree of DNA fragmentation in a single
sperm cell is estimated by the proportion of DNA in
the “tail of the comet,” the length of the “tail,” and
the intensity of color. Nowadays, there are no ex-
act established thresholds for the norm. Analysis of
50 sperm cells is informative and sufficient to con-
clude regarding the proportion of sperm with dam-
aged DNA in the entire ejaculate [20, 22, 26].

Staining with aniline blue and chromomycin A3
This method involves measuring the level of
sperm chromatin compaction based on the ratio of

histones and protamines. Nonetheless, the number
of sperm cells with low chromatin compaction, cal-
culated as a percentage, is subject to review [26, 27].

INFLUENCE OF MEN’S AGE
ON THE PROBABILITY OF PATHOLOGICAL
FRAGMENTATION OF SPERM DNA

One of the factors that predispose to sperm DNA
breaks is the age of the man. The natural aging process
of the entire body directly affects the increase in sperm
DNA structure imbalances. According to S.I. Mos-
kovtsev et al. [28], compared with men younger than
30 years, SDF occurs twice as often in men older
than 45 years (15.2% vs. 32.0%). Notably, SDF levels
in the age groups 30-35, 35-40, and 40-45 years are
19.4%, 20.1%, and 26.4%, respectively [28]. In a meta-
analysis of 26 studies involving 10,220 patients, the
authors determined a negative association between
the increased age in men and the degree of SDF [29].
Notably, damaged sperm DNA can affect embryonal
quality, cause impaired implantation, and reduce the
frequency of pregnancy [28, 29].

INFLUENCE OF NUTRITION
AND ANTIOXIDANT THERAPY
ON SPERM DNA INTEGRITY

Several physiological and genetic factors are asso-
ciated with sperm function and infertility. ROS and
oxidative stress are strongly associated with various
pathologies, including aging and male infertility.
Antioxidants (vitamins C, E, folic acid, L-carnitine,
etc.) are extensively used in various treatment mo-
dalities to protect cells from damage caused by oxy-
gen free radicals [30-33].

Despite the diversity of factors predisposing to
male infertility, the exact cause remains unknown in
several cases. When studying the idiopathic causes
of male infertility at the molecular level, a significant
contribution of oxidative stress was revealed, lead-
ing to an imbalance of the body’s redox state caused
by either too high levels of oxidants or too low levels
of antioxidants [34, 35].

ROS or “free radicals” are highly reactive oxygen-
derived molecules characterized by unpaired elec-
trons in their outer valence orbit. ROS play a crucial
role in signal transmission and homeostasis. They
are produced by the sperm in small quantities, pro-
viding useful functional efficiency, including initi-
ating sperm formation, regulating their maturation,
and enhancing cellular signaling pathways. Howev-
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er, high ROS levels can have a paradoxical effect on
sperm function, leading to infertility. Some endog-
enous (immature spermatozoa, leukocytosis, varico-
cele) and exogenous (testicular hyperthermia, envi-
ronmental exposure) factors have been recognized
as the potential causes of increased ROS production.

Furthermore, because of an excessive amount of
ROS or when the antioxidant activity is disrupted, an
imbalance between oxidation and reduction occurs,
causing oxidative stress — to which the spermatozoa
are particularly vulnerable. They contain low levels
of enzymatic antioxidants, which are not sufficient
to protect sperm from high ROS levels [34].

A critical factor contributing to the repair of frag-
mented DNA sections is a change in nutrition, pri-
marily filling the body’s lack of polyunsaturated fatty
acids. Docosahexaenoic acid is an essential polyun-
saturated fatty acid of the omega 3 class — one of the
most valuable polyunsaturated fatty acids for hu-
man health. Docosahexaenoic acid is a part of most
body tissues, one of the most essential structural and
functional components of the central nervous sys-
tem, the main component of the gray matter of the
brain, retina, testicles, and cell membranes of sperm.
The use of docosahexaenoic acid in patients with an
increased SDF index reduces sperm DNA damage
and increases the antioxidant activity of the ejacu-
late [35, 36].

Vitamin E (a-tocopherol) is a powerful antioxi-
dant and is a fat-soluble organic compound located
in the cell membranes. It suppresses free hydroxyl
radicals and superoxide anions, reducing the lipid
peroxidation initiated by ROS at the plasma mem-
brane level. A direct link has been noted between the
vitamin E level in seminal plasma and the percent-
age of mobile sperm forms in the ejaculate. Hence,
lower vitamin E levels were observed in the ejaculate
of men with infertility.

Vitamin C (ascorbic acid) is a water-soluble com-
pound, and its concentration in the seminal plasma
is 10 times higher than in blood plasma. It neutra-
lizes hydroxyl, superoxide, and peroxide radicals,
protecting from endogenous oxidative damage.
The seminal fluid of men with infertility with as-
thenozoospermia has been noted to have lower vi-
tamin C content and a higher ROS level compared
with fertile men.

Folic acid (vitamin B,) is involved in the nucleic
acid synthesis and amino acid metabolism. Never-
theless, because of its affinity to free radicals, it is

possible to use this vitamin as an antioxidant in male
infertility treatment. Consumption of vitamin B,
leads to a decrease in the degree of pathological
SDF [37].

Therefore, antioxidant therapy has a positive ef-
fect on the primary parameters of the ejaculate and
improves its main indicators, including sperm vi-
ability that positively affects the fertilizing ability of
the ejaculate, the ART results, and the frequency of
live births.

Hence, the oral antioxidant supplements improve
the quality of ejaculate, reduce the oxidative damage
processes, and decrease the risk of potentially harm-
ful effects, thereby favorably affecting male fertility
[34, 38-40].

INFLUENCE OF VARICOCELE
ON SPERM DNA

One of the factors that affect fertility and gesta-
tion is varicocele. Varicocele is considered as one
of the ways of pathological SDF correction. Micro-
surgical varicocelectomy increases the frequency of
spontaneous pregnancy and improves the ART re-
sults (including cases of unsuccessful ART attempts
in the anamnesis). Notably, varicocelectomy has
been proven to reduce oxidative stress effects and
the degree of SDF, thereby helping to mitigate re-
productive losses (especially in the first trimester of
pregnancy). Therefore, assessing the level of SDF in
patients with varicocele will help evaluate and pre-
dict the probability of conception in this category of
patients. Surgical treatment for varicocele can im-
prove sperm DNA integrity, increasing the chances
of conception, or improving the prognosis of ART
procedures [12, 21, 22, 32, 41].

A study by G. Pourmand et al. [32] included
100 men with infertility and left grade II varicocele.
After the examination, all patients underwent vari-
cocelectomy using the Marmara method. Patients
were divided into two groups, and those in group 1
did not receive sperm-producing therapy during the
postoperative period. Patients in group 2 were given
a complex of micronutrients for 6 months from the
first postoperative day. A spermogram and additional
sperm tests were performed and evaluated before the
operation and 6 months after it. According to the au-
thors, surgical treatment for varicocele improved the
integrity of sperm DNA and increased the probabil-
ity of impregnation or the effectiveness of ART pro-
cedures in group 1. Nevertheless, surgical treatment,
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along with complex of micronutrients (in group 2
patients) had the most significant positive effect on
both the primary parameters of the spermogram and
the degree of SDFE. Therefore, the authors recom-
mended performing additional tests, especially to
determine the level of SDF, when examining all men
with fertility disorders. Nonetheless, it is imperative
to assess SDF in patients with varicocele, even with
normal zoospermia, to accurately predict the ability
to conceive in this category of patients [32].

CONCLUSION

Therefore, determining the degree of SDF plays a
crucial role in the andrology practice because it helps
to accurately predict the probability of pregnancy, its
course, and results, both during the natural repro-
ductive cycle and in vitro fertilization or intracyto-
plasmic sperm injection protocols. Notably, TUNEL
is one of the most optimal methods for evaluating
SDE. Moreover, antioxidant therapy and varicocele
surgery can normalize the structural integrity of the
sperm DNA.

REFERENCES

1. Jlebepes I.C., Tonybes H.A., Wanepkus V.A. u mp. Myxckoe
becnnoaue B Poccuiickoii denepauin: CTaTucTNYECKUE AaHHbIE
3a 20002018 rofbl // IKCNepUMEHTANbHAA 1 KIIMHNYECKAA YPO-
norua. — 2019. — N°4. — C. 4-13. [Lebedev GS., Golubev NA,
Shaderkin 1A, et al. Male infertility in the Russian Federation: sta-
tistical data for 2000-2018. Experimental and Clinical Urology.
2019;(4):4-13. (In Russ.)]. https://doi.org/10.29188/2222-8543-
2019-11-4-4-12.

2. Inhorn MC, Patrizio P. Infertility around the globe: new thinking on
gender, reproductive technologies and global movements in the
21% century. Hum Reprod Update. 2015; 21(4):411-426. https://
doi.org/10.1093/humupd/dmv016.

3. Pynnesa C.A., bparuna E.E., ApucoynuH E.A. n op. dparmerTauna
[HK B crepmaro3omaax 1 ee B3auMoCBA3b C HapylIeHWeM Crepma-
TOreHe3a // AHIPONoruA 1 reHutanbHas xupyprisa. —2014.—T.15. —
N°4. — C. 26-33. [Rudneva SA., Bragina EE, Arifulin EA, et al. DNA
fragmentation in spermatozoa and its relationship with impaired
spermatogenesis. Andrology and Genital Surgery. 2014;15(4):26-33.
(In Russ.)]. https://doi.org/10.17650/2070-9781-2014-4.

4. Agarwal A, Mulgund A, Hamada A, et al. A unique view on male
infertility around the globe. Reprod Biol Endocrinol. 2015;13:37.
https://doi.org/10.1186/512958-015-0032-1.

5. Jungwirth A, Giwercman A, Tournaye H, et al. European Asso-
ciation of Urology guidelines on Male Infertility: the 2012 up-
date. Eur Urol. 2012;62(2):324-332. https://doi.org/10.1016/j.
eururo.2012.04.048.

(=2}

10.

11.

12.

13.

14.

15.

16.

17.

Anb-LWykpn C.X., Boposew C.10., Toponos B.A. HapyweHue cnep-
MaTOreHesa 1 1CXofbl BCOMOratenbHbIX PENPOAYKTUBHbIX Tex-
HOMOr A NPY Pa3NnyHbIX hopmax runoroHanuama // Yponoruye-
ckue genomoctn. —2016.—T.6.—N° 1.—C. 21-28. [Al-Shukri SH,
Borovets SYu, Toropov VA. Violation of spermatogenesis and
outcomes of assisted reproductive technologies in various forms
of hypogonadism. Urologicheskie vedomosti. 2016;6(1):21-28.
(In Russ)]. https://doi.org/10.17816/uroved621-28.

Hanson BM, Eisenberg ML, Hotaling JM. Male infertility: a biomark-
er of individual and familial cancer risk. Fertil Steril. 2018;109(1):
6-19. https://doi.org/10.1016/j.fertnstert.2017.11.005.

Krausz C, Riera-Escamilla A. Genetics of male infertility. Nat Rev
Urol. 2018;15(6):369-384. https://doi.org/10.1038/541585-018-
0003-3.

Menezo YJ, Silvestris E, Dale B, et al. Oxidative stress and altera-
tions in DNA methylation: two sides of the same coin in repro-
duction. Reprod Biomed Online. 2016;33(6):668-683. https://doi.
0rg/10.1016/j.romo.2016.09.006.

Cissen M, Wely MV, Scholten I, et al. Measuring Sperm DNA Frag-
mentation and Clinical Outcomes of Medically Assisted Reproduction:
A Systematic Review and Meta-Analysis. PLoS One. 2016;11(11):
0165125, https://doi.org/10.1371/journal.pone.0165125.

Tarin JJ, Garcia-Pérez MA, Cano A. Assisted reproductive techno-
logy results: why are livebirth percentages so low? Mol. Reprod.
Dev. 2014;81(7):568-583. https://doi.org/10.1002/mrd.22340.
Cassuto NG, Hazout A, Bouret D, etal. Low birth defects by deselect-
ing abnormal spermatozoa before ICSI. Reprod. Biomed. Online.
2014;28(1):47-53. https://doi.org/10.1016/j.romo.2013.08.013.
Bach PV, Schlegel PN. Sperm DNA damage and its role in IVF
and ICSI. Basic Clin Androl. 2016;26:15. https://doi.org/10.1186/
$12610-016-0043-6.

Khadem N, Poorhoseyni A, Jalali M, et al. Sperm DNA fragmentation
in couples with unexplained recurrent spontaneous abortions. An-
drologia. 2014;46(2):126-130. https://doi.org/10.1111/and.12056.
Verhaeghe F, Di Pizio P, Bichara C, et al. Cannabis consumption
might exert deleterious effects on sperm nuclear quality in infer-
tile men. Reprod Biomed Online. 2020;40(2):270-280. https://doi.
0rg/10.1016/j.romo.2019.11.002.

Gunes S, Al-Sadaan M, Agarwal A. Spermatogenesis, DNA
damage and DNA repair mechanisms in male infertility. Reprod
Biomed Online. 2015;31(3):309-319. https://doi.org/10.1016/].
rbmo.2015.06.010.

KopuyHos M.H., KopuyHosa E.C. CenexTuBHble MHruoutopbl 06-
PATHOT O 3aXBaTa CEPOTOHNHA W (DEPTUTbHbIA NOTEHLMAN MYXUMHBI.
[Mewxmarpua 1n yponorua. Ha CTbike CMeXHbIX aucunninH // Ypono-
ruyeckue senomoctn. —2016. — T. 6. —N° 3. — C. 19-25. [Korshu-
nov MN, Korshunova ES. Selective serotonin reuptake inhibitor and
fertility potential of the men. Psychiatry and Urology. At the junction
of related disciplines. Urologicheskie vedomosti. 2016;6(3):19-25.
(In'Russ.)]. https://doi.org/10.17816/uroved6319-25.

@ UROLOGY REPORTS (St. Petersburg)

2020;10:(2) ISSN 2225-9074



REVIEWS / OB30PbI

119

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

Agarwal A, Rana M, Qiu E, et al. Role of oxidative stress, infec-
tion and inflammation in male infertility. Andrologia. 2018;50(11):
£13126. https://doi.org/10.1111/and.13126.

Ribeiro S, Sharma R, Gupta S, et al. Inter- and intra-laboratory
standardization of TUNEL assay for assessment of sperm DNA frag-
mentation. Andrology. 2017;5(3):477-485. https://doi.org/10.1111/
andr.12334.

Zini A, Albert O, Robaire B. Assessing sperm chromatin and DNA
damage: clinical importance and development of standards. An-
drology. 2014;2(3):322-325.  https://doi.org/10.1111/}.2047-
2927.2014.00193 x.

Majzoub A, Esteves S, Gosalvez J, et al. Specialized sperm function tests
in varicocele and the future of andrology laboratory. Asian J Androl.
2016;18(2):205-212. https://doi.org/10.4103/1008-682X.172642.
Esteves SC, Santi D, Simoni M. An update on clinical and surgical
interventions to reduce sperm DNA fragmentation in infertile men.
Andrology. 2020;8(1):53-81. https://doi.org/10.1111/andr.12724.

Arifulin EA, Bragina EE, Kurilo LF, et al. High-throughput analy-
sis of TUNEL-stained sperm using image cytometry. Cytometry.
2017;91(9):854-858. https://doi.org/10.1002/cyto.a.23164.

Das L, Parbin S, Pradhan N, et al. Epigenetics of reproductive
infertility. Front Biosci (Schol Ed). 2017;9:509-535. https://doi.
0rg/10.2741/s497.

Gupta S, Sharma R, Agarwal A. Inter-and intra-laboratory stan-
dardization of TUNEL assay for assessment of sperm DNA Frag-
mentation. Curr Protoc Toxicol. 2017;74:16.11.1-16.11.22.
https://doi.org/10.1002/cptx.37.

Evenson DP. The Sperm Chromatin Structure Assay (SCSA®)
and other sperm DNA fragmentation tests for evaluation of
sperm nuclear DNA integrity as related to fertility. Anim Re-
prod Sci. 2016;169:56-75. https://doi.org/10.1016/j.anirepro-
s¢i.2016.01.017.

Simon L, Murphy K, Shamsi MB, et al. Paternal influence of sperm
DNA integrity on early embryonic development. Hum Reprod.
2014;29(11):2402-2412. https://doi.org/10.1093/humrep/deu228.

Moskovtsev SI, Willis J, Mullen JB. Age-related decline
in sperm deoxyribonucleic acid integrity in patients evalu-
ated for male infertility. Fertil Steril. 2006;85(2):496-499.
https://doi.org/10.1016/j.fertnstert.2005.05.075.

Johnson SL, Dunleavya J, Gemmell NJ, Nakagawa S. Consistent
age-dependent declines in human semen quality: A systematic re-
view and meta-analysis. Ageing Res Rev. 2015;19:22-33. https://
doi.org/ 10.1016/j.arr.2014.10.007.

OBynHHmkos P.U., Monosa A.10., Famuaos C.W., Keacos A.B. AH-
TUOKCUOAHTHAA Tepanua — KN4 K NIEYEHNI0 aMONATUYECKOr0
myxckoro 6ecnnoaua // MeauumHckuii Coset. —2017. —N° 20. —
177-181. [Ovchinnikov RI, Popova AYu, Gamidov S, Kvasov AV.
Antioxidant therapy is the key to the treatment of idiopathic male
infertility. Medical Council. 2017;(20):177-181. (In Russ.)].
https://doi.org/10.21518/2079-701X-2017-20-177-181.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jannatifar R, Parivar K, Roodbari NH, et al. Effects of N-acetyl-cys-
teine supplementation on sperm quality, chromatin integrity and
level of oxidative stress in infertile men. Reprod Biol Endocrinol.
2019;17:24. https://doi.org/10.1186/512958-019-0468-9.
Pourmand G, Movahedin M, Dehghani S, et al. Does L-carniting
therapy add any extra benefit to standard inguinal varicocelectomy
in terms of deoxyribonucleic acid damage or sperm quality fac-
tor indices: a randomized study. Urology. 2014;84(4):821-825.
https://doi.org/10.1016/j.urology.2014.07.006.

KanuuHa C.H., KopeHbko [1.I., decenko B.H. JleueHue cnep-
MaTOMOrMYECKIX HAPYWEHWIA 11 OKCUAATMBHOMO CTpecca noche
NEPEHECEHHbIX DEMPOMYKTMBHO 3HA4MMbIX 3a60neBaHMiA, Bbl-
3BaHHbIX WMHCDEKLMAMY, MEPeaoWMMINCA NONOBLIM  NYTEM  //
Yponoruyeckue segomoctin. — 2018, — T. 8. — N°4. — C. 5-15.
[Kalinina SN, Korenkov DG, Fesenko VN. Treatment of spermato-
logic disorders and oxidative stress after reproductively significant
diseases caused by sexually transmitted infection. Urologicheskie
vedomosti. 2018;8(4):5-15. (In Russ.)]. https://doi.org/10.17816/
uroved84s-15.

Barazani Y, Agrawal A, Sabanegh ES. Jr. Functional sperm testing and
the role of proteomics in the evaluation of male infertility. Urology.
2014:84(2):255-61.  https://doi.org/10.1016/j.urology.2014.04.043.
Elbardisi H, Finelli R, Agarwal A, et al. Predictive value of oxidative
stress testing in semen for sperm DNA fragmentation assessed by
sperm chromatin dispersion test. Andrology. 2019;11. https://doi.
org/10.1111/andr.12743.

Monoea A.l0., Famupos C.1., OB4nHHIKOB P.1. v ap. OnbIT npumMeHe-
HUA I0KO3areKcaeHoBoi kenotbl (bpyaw Mnioc) y naumeHToB ¢ no-
BbIlLIEHHbIM MHAEKCOM hparmeHTaumi [IHK cnepmato3onmos B Ha-
Y4HOM LIEHTDE aKYLIEPCTBA, MMHEKONOT M 1 NEPUHATONOT N M. aKap.
B./. Kynakosa // AHaponorua v reHiTanbHaa xupyprua. — 2015, —
T.16.—N°2.—C. 51-55 [Popova AYu, Gamidov SI, Ovchinnikov RI,
gt al. Experience in the use of docosahexaenoic acid (BrudiPlus) in
patients with increased sperm DNA fragmentation index in Acad.
V.. Kulakov Research Center for Obstetrics, Gynecology and Perina-
tology. Andrology and Genital Surgery. 2015;16(2):51-55. (In Russ.)].
https://doi.org/10.17650/2070-9781-2015-2.

Majzoub A, Agarwal A. Systematic review of antioxidant types and
doses in male infertility: Benefits on semen parameters, advanced
spermfunction, assisted reproductionand live-birth rate. Arab J Urol.
2018;16(1):113-124. https://doi.org/10.1016/}.aju.2017.11.013.
Henkel R, Sandhu S, Agarwal A. The excessive use of antioxi-
dant therapy: A possible cause of male infertility? Andrologia.
2019;51(1): 13162. https://doi.org/10.1111/and.13162.

Smits RM, Mackenzie-Proctor R, Yazdani A, et al. Antioxidants
for male subfertility. Cochrane Database Syst Rev. 2019;14(3):
CDO007411. https://doi.org/10.1002/14651858.CD007411.pub4.
Showell MG, Brown J, Yazdani A, et al. Antioxidants for male
subfertility. Cochrane Database Syst Rev. 2014;12: CD007411.
https://doi.org/10.1002/14651858.CD007411.

® YPOJIOTMYECKUE BEJOMOCTH

2020 Tom 10 Ne2

ISSN 2225-9074



180

REVIEWS / OB30PbI

41. OBymHHMKoB P.J., Tamupos C.M., Monosa A.lD. v op. MpuumHbl
PEnpPOMYKTUBHbIX NOTEPb Y MyX4nH — pparmerTauma OHK cnep-
MaT0301a0B // Pycckiii MeamumHcKiA xypHan. — 2015, — N° 4. —

Information about the authors:

C. 634. [Ovchinnikov RI, Gamidov SI, Popova AYu, et al. Prichiny
reproduktivnykh poter’ u muzhchin — fragmentatsiya DNK spermato-
zoidov. Russian Medical Journal. 2015;(4):634. (In Russ.)].

Ceedenus 06 asmopax:

Sergey Yu. Borovets — Doctor of Medical Science, Professor of
Department of Urology. Academician I.P. Pavlov First Saint Petersburg
State Medical University of the Ministry of Healthcare of the Russian
Federation, Saint Petersburg, Russia. E-mail: sborovets@mail.ru.

Viktoria A. Egorova — Clinical Resident, Department of Urology.
Academician [.LP. Pavlov First Saint Petersburg State Medical
University of the Ministry of Healthcare of the Russian Federation,
Saint Petersburg, Russia. E-mail: vikovka@mail.ru.

Alexander M. Gzgzian — Doctor of Medical Science, Chief of the
Center of the Assisted Reproductive Technology. The Research
Institute of Obstetrics, Gynecology and Reproductology named aiter
D.O. Ott, Saint Petersburg, Russia. E-mail: agzgzyan@gmail.com.

Salman Kh. Al-Shukri — MD, PhD, Professor, Head of Department of
Urology. Academician I.P. Pavlov First St Petersburg State Medical
University of the Ministry of Healthcare of the Russian Federation.
E-mail: alshukri@mail.ru.

Cepreii OpbeBuu Boposew — z1-p Mej1. Hayk, npoceccop kade-
npeiyposiorun. PI'BOY BO T1CIT6I'MY um. akan. U.I1. [1aBnosa
Munsnpaa Poccun, Cankr-IlerepGypr. E-mail: sborovets@
mail.ru.

Bukropusi AnekceeBna EropoBa — KiiHHUIeCKHil OpAUHATOP Ka-
tdenpol yposorun. PI'BOY BO TICIT6I'MY um. akan. V.IT. T1as-
noBa Munznpaea Pocenn, Cankr-Tlerepoypr. E-mail: vikovka @
mail.ru.

Anekcanap MkpruueBuu [3r3ssH — J-p Mejl. HayK, 3aBe/yio-
wmit LleHTpoM BCrioMOraTesibHbIX PernpoiyKTHBHBIX TEXHOJO-
ruii. @TBHY HUUW ATuP um. I1.0. Otra, Cankr-IletepGypr.
E-mail: agzgzyan@gmail.com.

Canbman XacyHoBuu Ausb-Lllykpu — 1-p me. Hayk, npodec-
cop, 3aBenytolmi kadeapoit yposoruu. PIBOY BO TICIT6IMY
uM. akaj. VL.IT. [TaBnoBa Munsapasa Poceun, Cankr-IlerepOypr.
E-mail: alshukri@mail.ru.

@ UROLOGY REPORTS (St. Petersburg)

2020;10:(2) ISSN 2225-9074



