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Abstract

Background: The association between varicocele and male infertility has always
been a subject of ongoing debate. Lactoferrin (LF) belongs to the transferrin family
with iron-binding properties and exhibits many beneficial biological properties. The
purpose of the current study was to assess seminal levels of LF in infertile
oligoasthenoteratozoospermic (OAT) men with varicocele.

Methods: Sixty-nine men were allocated into three groups; healthy fertile men (as
controls) (n=20), infertile OAT men without varicocele (n=19), and infertile OAT
men with varicocele (n=30). All men underwent history taking, genital examination,
semen analysis, and determination levels of seminal LF by ELISA method.
Statistical analysis was carried out using Kruskal-Wallis test followed by post-hoc
analysis (Conover) for comparisons involving more than two groups, and the Mann-
Whitney U test for comparisons between two groups. Spearman correlation test was
used to assess the relationship between variables. The p<0.05 was set as statistically
significant.

Results: The median seminal LF level of the healthy fertile controls demonstrated
significantly increased levels compared to both groups of infertile OAT men with or
of Medicine, Cairo without varicocele (p<0.000001). The median seminal LF level of the infertile OAT
University, Cairo, Egypt men with varicocele grade Il demonstrated a significant decrease compared to in-
E-mail: ~ fertile OAT men with grade Il (p=0.0057). Collectively, seminal LF levels exhibited
magm"”d'fawzy@kasra'a'” significant positive correlations with sperm concentration, total sperm motility, and
y-ecueg normal sperm morphology.

Conclusion: LF can be an imperative seminal biomarker that decreases in infertile
OAT men especially if associated with varicocele.
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Introduction

ceive after at least 12 months of regular and
unprotected coitus. This health problem
affects about 8-12% of couples worldwide within
reproductive age (1). Males are solely responsible
for about 20-30% of these cases and are a con-
tributing factor in an additional 30-40% of all

I nfertility is defined as the inability to con-

infertility cases (2).

Varicocele, the most treatable cause of male in-
fertility, is characterized by dilated, elongated,
tortuous, thickened veins of the pampiniform
plexus (3). This condition is recognized in up to
35-44% of males with primary infertility, and
nearly 45-81% with secondary infertility (4). It
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has been recognized that infertile men who were
diagnosed with varicocele often have reduced
sperm concentration, motility, and normal mor-
phology (5, 6). Additionally, other studies carried
out on fertile men identified affected sperm qua-
lity even in men with low-grade varicocele (7, 8).
However, the association between varicocele and
male infertility has been debated as some men
with varicocele can still father children, even
without intervention (9, 10).

LF is a highly glycosylated medium-molecular
weight globular glycoprotein of 690 amino acid
residues belonging to the transferrin family with
iron-binding properties (11). This multifunctional
protein deserves to be termed a "miracle mo-
lecule", as it exhibits many valuable properties
such as anti-pathogenic, anti-inflammatory, im-
munomodulatory, and DNA-regulatory activities
(12). Human body cells can produce LF which has
been detected in the kidneys, gallbladder, lungs,
intestine, pancreas, liver, saliva, prostate, tears,
sperm, urine, bronchial secretions, cerebrospinal
fluid, vaginal discharge, synovial fluid, blood
plasma, and immune cells (13).

LF was first identified in the human seminal
plasma (14) as being secreted by the seminal ves-
icles and the prostate (15). However, few studies,
mainly in animal models, have investigated sem-
inal LF relationships. Martins et al. demonstrated
that LF increases sperm membrane functionality
in frozen equine semen (16). Thaler et al. sug-
gested that some LF molecules in seminal plasma
are free and that others are associated with LF-
binding molecules that change their physicoche-
mical properties, influencing their affinity to
sperm (17). Additionally, Su et al. showed that LF
iS an important protein during cryopreservation,
and its addition to a cryoprotective extender can
significantly improve the function of frozen ram
sperm (18). In humans, LF was spotted in human
oviductal secretion where it can bind to oocytes
and sperm, and modulate gamete interaction (19).
Hamada et al. reported that LF functions as an
antioxidant by chelating iron to prevent lipid
peroxidation, with its levels being elevated in
samples lacking oxidative stress (20). The purpose
of the current study was to assess seminal LF
levels in infertile OAT men with varicocele.

Methods
This study was carried out from the 1st of June
2022 to the 31st of December 2022. Overall, 69
male Egyptian subjects with matched age and Ca-

ucasian ethnicity were investigated. These sub-
jects were recruited from the Andrology Outpa-
tient Clinic at the University Hospital following
institutional review board approval and after ob-
taining written informed consent. Inclusion cri-
teria were infertile OAT men with/without varico-
cele (sperm concentration <15x108/ml, sperm mo-
tility <42%, normal sperm morphology <4%) and
fertile normozoospermic men without varicocele
(sperm concentration >15x10%/ml, sperm motility
>42%, normal sperm morphology >4%) who had
fathered a child within the previous year, with
normal female partner factors.

Exclusion criteria were azoospermia, leukocyto-
spermia, smoking, previous testicular disorders
(torsion, trauma, infection), history of chemo-
therapy or radiotherapy, chronic debilitating dis-
ease, and previous varicocelectomy. The sample
size was estimated to require at least 60 measure-
ments to achieve a 95% confidence level, en-
suring that the true value lies within £5% of the
measured value. The subjects were divided into
three groups: Group | (n=20), healthy fertile nor-
mozoospermic men without varicocele (control
group); Group Il (n=19), infertile OAT men with-
out varicocele; and Group Il (n=30), infertile
OAT men with varicocele.

All cases underwent history taking, genital ex-
amination, and semen analysis. The genital ex-
amination was carried out to evaluate testicular
size and assess the spermatic cord for the clinical
diagnosis of varicocele, which was confirmed
radiologically using scrotal ultrasound (Mindray
Z5; Mindray Bio-Medical Electronics Co., China).
Semen analysis was carried out twice, two weeks
apart, after 4-5 days of sexual abstinence in a
clean aseptic wide-pored container according to
WHO guidelines (21). Clinical examination was
done in the standing position with/without the
Valsalva maneuver. Scrotal color Doppler ultra-
sonography (ACUSON 128XB; Siemens Healthi-
neers, USA) was carried out to diagnose varico-
cele, defined as a venous diameter >3 mm on
duplex imaging. Varicocele was classified clini-
cally as grade | (only palpable during Valsalva
maneuver), grade Il (palpable distension when
standing upright), and grade 1l (visible through
the scrotal skin) (22). All cases had peroxidase-
positive leukocytes at a concentration of <1x10/
ml of semen (23). Seminal LF estimation was
carried out by an Enzyme-Linked Immunosorbent
Assay (ELIZA) kit with a sensitivity of 0.19 ng/ml
(Elabscience, USA).
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Statistical analysis: Statistical analysis was carried
out using the MedCalc® Statistical Software ver-
sion 20 (MedCalc Software Ltd, Belgium). Kol-
mogorov-Smirnov test was used to test normal
distribution. Data were presented with medians,
and interquartile range (IQR). Statistical analysis
was performed using the Kruskal-Wallis test fol-
lowed by post-hoc analysis (Conover) for com-
parisons among more than two independent
groups with non-parametric data, and the Mann—
Whitney U test for comparisons between two in-
dependent groups with non-parametric data.
Spearman correlation test was used to assess cor-
relations between variables. The p<0.05 was set as
statistically significant.

Results
The median seminal LF level of the healthy fer-
tile control group demonstrated significant in-
creases compared to both infertile OAT men with/
without varicocele. Also, the median seminal LF
in fertile men without varicocele exhibited a sig-
nificant increase compared to infertile OAT men
with/without varicocele (p=0.000001) (Table 1,
Figure 1). Among infertile OAT men with varico-
cele, cases with grade Il exhibited a significant
increase in the median seminal LF compared to
those with grade Ill (p=0.0057) (Table 2, Figure
2). Collectively, seminal LF demonstrated signi-
ficant positive correlations with sperm concen-
tration (p=0.365, p=0.0021), total sperm motility
(p=0.463, p=0.0001), normal sperm morphology
(p=0.552, p=0.0001), but no significant correla-
tions with age (p=0.0221, p=0.8572) or semen

volume (p=0.233, p=0.0536).

Discussion
The current study demonstrated significantly de-
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Figure 1. The median seminal LF levels in different
investigated groups

creased median seminal LF levels in the infertile
OAT men, with/without varicocele compared to
healthy fertile controls, along with significant
positive correlations with sperm concentration,
total sperm motility, and normal sperm morpho-
logy. These outcomes could be interpreted in the
context of well-recognized characteristics of LF
as a molecule with antioxidant, anti-apoptotic,
anti-autophagic, as well as anti-inflammatory pro-
perties (24, 25). In this context, varicocele is well-
known for its association with elevated seminal
reactive oxygen species (ROS), as well as in-
creased apoptotic and autophagic markers, as re-
ported in numerous studies (26-31).

ROS are fundamental for spermatogenesis, but
excessive levels can impair the fertility potential.
Indeed, ROS induce lipid peroxidation of the
sperm membrane, leading to sperm DNA damage
and promoting gamete apoptosis (32). Recently,

Table 1. Comparison of the mean data of the investigated groups (median, IQR)

Fertile controls Infertile OAT Infertile OAT Kruskal-Wallis test

without varicocele  men without varicocele  men with varicocele p-value
n 20 30
Age (years) 31.0 (4.5) 30.0 (5.7) 29.0 (4.0) 0.200322
Semen volume (ml) 2.4(2.7) 2.8(2.0) 2.4 (1.5) 0.487496
Sperm concentration (10%/ml) 49.8 (27.1) 53(.7) 4.8 (5.15) 0.000001 *
Total sperm motility (%) 57.5 (10.0) 20.0 (10.0) 25.0 (10.0) 0.000001 *
Normal sperm morphology (%) 8.5(1.0) 2.0(1.0) 2.0(1.0) 0.000001 *
Seminal lactoferrin (ng/ml) 18.8 (8.1) 13.6 (9.46) 5.1 (5.68) 0.000001 *

IQR: Interquartile range. Significant statistical difference at p<0.05
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Table 2. Comparison of seminal parameters in infertile OAT men with varicocele according to varicocele grade (median, IQR)

Infertile OAT men Infertile OAT men with Mann-Whitney U test

with varicocele grade 11 varicocele grade 111 p-value
n 16 14
Age (years) 29.0 (2.25) 29.5 (5.0) 0.5304
Semen volume (ml) 2.4 (1.55) 2.3(1.37) 0.9333
Sperm concentration (108/ml) 3.2 (5.05) 5.6 (4.3) 0.4411
Total sperm motility (%) 25.0 (6.25) 20.0 (13.75) 0.0160 *
Normal sperm morphology (%) 2.0(1.0) 2.0(1.0) 0.9803
Seminal lactoferrin (ng/ml) 7.3 (5.62) 3.3(2.89) 0.0057 *

IQR: Interquartile range. Significant statistical difference at p<0.05
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Figure 2. Median seminal LF levels in infertile OAT men
with varicocele according to clinical grade

He et al. (33) demonstrated that LF mitigates
spermatogenic dysfunction in mice through extra-
cellular signal-regulated kinase 1/2 (ERK1/2)-me-
diated, ubiquitin-dependent degradation of P62, a
classical autophagy receptor.

Previously, Autiero et al. (34) indicated that LF
is raised in a cohort of asthenozoospermia as well
as oligozoospermia but the number of cases in
their study was relatively small, and it was unclear
whether the asthenospermic group had normal
sperm density or not. Along with their study,
Buckett et al. (35) reported that seminal LF levels
were elevated in a cohort of oligozoospermia and
oligoasthenozoospermia samples, with no signifi-
cant differences between asthenozoospermic men
with normal sperm density and normozoospermic
controls; however, leukocytes were present in
most of the investigated ejaculates. Although the
median LF concentration was higher, in Buckett

et al.’s (35) study, there was no significant dif-
ference between samples exhibiting leukocyto-
spermia and those that did not. In the current
study, leukocytospermia was excluded in all
cases.

In the current study, infertile OAT men associ-
ated with grade 111 varicocele demonstrated signi-
ficantly decreased median seminal LF levels com-
pared to the infertile OAT cases with grade Il
varicocele. Moreover, Alkan et al. (36) showed
that cases of grade 111 varicocele had significantly
higher superoxide anion and total ROS levels than
cases with grade Il varicocele and fertile controls.
Additionally, many studies pointed to the de-
creased seminal antioxidant levels with increased
varicocele grade (37-39).

Recently, numerous oral antioxidants have been
introduced as a treatment for male infertility,
either as single agents or in combination, with
varying outcomes (40-42). LF shows the potential
as a supplementary antioxidant for the manage-
ment of male infertility. To date, most studies on
LF have been conducted in reproductive animal
models, where it demonstrated beneficial effects
(43-45). Recently, He et al. (33) demonstrated that
LF alleviates spermatogenic dysfunction in mice
via ERK1/2-mediated ubiquitin-dependent deg-
radation of P62, a classical autophagy receptor,
which also involves the restoration of apoptosis,
reduction of oxidative stress, and normalization of
autophagic flux. These authors suggested that the
signaling pathways and molecules involved could
expand the scope of LF research and its potential
applications. However, investigations of these
effects in humans remains largely unexplored.

LF demonstrates promising potential as a supple-
mentary antioxidant in the management of male
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infertility by mitigating oxidative stress, support-
ing sperm quality, and protecting against apop-
totic and autophagic damage. However, this study
has certain limitations, including a relatively small
sample size. Previous studies have consistently
highlighted the significant benefits of varicocele
repair in improving seminal parameters and re-
ducing oxidative stress and apoptotic markers (46,
47).

Conclusion

It is concluded that LF is an imperative seminal
biomarker that is decreased in infertile OAT men
especially if associated with varicocele. As a
novel antioxidant with anti-apoptotic, anti-auto-
phagic, and anti-inflammatory properties, LF has
the potential to be utilized in various studies ad-
dressing male infertility in general, and varico-
cele-associated infertility in particular.

Conflict of Interest
None.
Funding: This research did not receive any spe-
cific grant from any funding agency in the public,
commercial, or not-for-profit sector.

References
1. Zegers-Hochschild F, Adamson GD, Dyer S. The
international glossary on infertility and fertility care.
Fertil Steril. 2017;108(3):393-406.

2. Vander Borght M, Wyns C. Fertility and infertility:
definition and epidemiology. Clin Biochem. 2018;
62:2-10.

3. Zavattaro M, Ceruti C, Motta G, Allasia S, Marinelli
L, Tagliabu M et al. Treating varicocele: Current
knowledge and treatment options. J Endocrinol
Invest. 2018;41(12):1365-75.

4. Clavijo RI, Carrasquillo R, Ramasamy R. Varico-
celes: prevalence and pathogenesis in adult men.
Fertil Steril. 2017;108(3):364-9.

5. Arya D, Balasinor N, Singh D. Varicocoele-
associated male infertility: Cellular and molecular
perspectives of pathophysiology. Andrology. 2022;
10(8):1463-83.

6. Elahi M, Hojati V, Hashemitabar M, Afrough M,
Mohammadpour Kargar H, Dastoorpoor M. Nega-
tive effect of varicocele on sperm mitochondrial
dysfunction: a cross-sectional study. Int J Reprod
Biomed. 2023;21(4):323-32.

7. Mostafa T, Anis T, Imam H, El-Nashar AR, Osman
IA. Seminal reactive oxygen species-antioxidant
relationship in fertile males with and without varico-
cele. Andrologia. 2009;41(2):125-9.

Ghaly MF, et al. JRI

8. Damsgaard J, Joensen UN, Carlsen E, Erenpreiss J,
Blomberg Jensen M, Matulevicius V et al. Varico-
cele is associated with impaired semen quality and
reproductive hormone levels: a study of 7035
healthy young men from six European countries.
Eur Urol. 2016;70(6):1019-29.

9. Jensen CFS, @stergren P, Dupree JM, Ohl DA,
Senksen J, Fode M. Varicocele and male infertility.
Nat Rev Urol. 2017;14(9):523-33.

10. Lai TC, Roychoudhury S, Cho CL. Oxidative
stress and varicocele-associated male infertility.
Adv Exp Med Biol. 2022;1358:205-35.

11. Mazurier J, Spik G. Comparative study of the iron-
binding properties of human transferrins. 1. Com-
plete and sequential iron saturation and desatura-
tion of the lactotransferrin. Biochim Biophys Acta.
1980;629(2):399-408.

12. Kowalczyk P, Kaczynska K, Kleczkowska P,
Bukowska-Osko I, Kramkowski K, Sulejczak D.
The lactoferrin phenomenon-a miracle molecule.
Molecules. 2022;27(9):2941.

13. Cao X, Ren Y, Lu Q, Wang K, Wu Y, Wang Y et
al. Lactoferrin: A glycoprotein that plays an active
role in human health. Front Nutr. 2023;9:1018336.

14. Masson P, Heremans J. Studies on lactoferrin, the
iron-binding protein of secretions. Prot Biol Fluids.
1966;14:115-24.

15. Hekman A, Rumke P. The antigens of human
seminal plasma. With special reference to
lactoferrin as a spermatozoa-coating antigen. Ferti
Steril. 1969;20(2):312-23.

16. Thaler CJ, Vanderpuye OA, Mclintyre JA, Faulk
WP. Lactoferrin binding molecules in human se-
minal plasma. Biol Reprod. 1990;43(4):712-7.

17. Martins HS, da Silva GC, Cortes SF, Paes FO,
Martins Filho OA, Araujo M et al. Lactoferrin
increases sperm membrane functionality of frozen
equine semen. Reprod Domest Anim. 2018;53(3):
617-23.

18. Su J, Wang C, Song Y, Yang Y, Cao G. Effect of
lactoferrin on ram sperm motility after cryopreser-
vation. Anim Biosci. 2022;35(9):1351-9.

19. Zumoffen CM, Massa E, Caille AM, Munuce MJ,
Ghersevich SA. Effects of lactoferrin, a protein
present in the female reproductive tract, on para-
meters of human sperm capacitation and gamete
interaction. Andrology. 2015;3(6):1068-75.

20. Hamada A, Sharma R, du Plessis SS, Willard B,
Yadav SP, Sabanegh E et al. Two-dimensional dif-
ferential in-gel electrophoresis-based proteomics of
male gametes in relation to oxidative stress. Fertil
Steril. 2013;99(5):1216-26.e2.

J Reprod Infertil, Vol 26, No 2, Apr-Jun 2025 || RS 123

Arul-mammy/:dny wouy papeojumod


https://pubmed.ncbi.nlm.nih.gov/28865534/
https://pubmed.ncbi.nlm.nih.gov/28865534/
https://pubmed.ncbi.nlm.nih.gov/36040837/
https://pubmed.ncbi.nlm.nih.gov/36040837/
https://pubmed.ncbi.nlm.nih.gov/36040837/
https://pubmed.ncbi.nlm.nih.gov/36712548/
https://pubmed.ncbi.nlm.nih.gov/36712548/

NIRdN seminal Lactoferrin in OAT Men with Varicocele

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

124

World Health Organization. WHO laboratory
manual for the examination and processing of
human semen. 6™ ed. Switzerland: Geneva: WHO
Press; 2010. 276 p.

Kim YS, Kim SK, Cho IC, Min SK. Efficacy of
scrotal Doppler ultrasonography with the Valsalva
maneuver, standing position, and resting-Valsalva
ratio for varicocele diagnosis. Korean J Urol. 2015;
56(2):144-9.

Sharma R, Gupta S, Agarwal A, Henkel R, Finelli
R, Parekh N, et al. Relevance of leukocytospermia
and semen culture and its true place in diagnosing
and treating male infertility. World J Mens Health.
2022;40(2):191-207.

Park SY, Jeong AJ, Kim GY, Jo A, Lee JE, Leem
SH, et al. Lactoferrin protects human mesenchymal
stem cells from oxidative stress-induced senes-
cence and apoptosis. J Microbiol Biotechnol. 2017;
27(10):1877-84.

Ohradanova-Repic A, Prazenicova R, Gebetsber-
ger L, Moskalets T, Skrabana R, Cehlar O, et al.
Time to kill and time to heal: the multifaceted role
of lactoferrin and lactoferricin in host defense.
Pharmaceutics. 2023;15(4):1056.

Mostafa T, Rashed LA, Osman |, Marawan M. Se-
minal plasma oxytocin and oxidative stress levels
in infertile men with varicocele. Andrologia. 2015;
47(2):209-13.

Mikhael NW, El-Refaie AM, Sabry JH, Akl EM,
Habashy AY, Mostafa T. Assessment of seminal
granulysin in infertile men with varicocele. Andro-
logia. 2018;50(8):e13066.

Abd El Rahman SH, Rashed LA, Akl EM, Mostafa
T. Assessment of seminal YKL-40 in infertile men
with varicocele. Andrologia. 2020;52(10):e13756.

Mostafa T, El-Taweel AEI, Rashed LA, Moham-
med NAM, Akl EM. Assessment of seminal
cystatin C levels in infertile men with varicocele:
A preliminary study. Andrologia. 2022;54(1):
e14278.

Ammar O, Tekeya O, Hannachi I, Sallem A, Hao-
uas Z, Mehdi M. Increased Sperm DNA Frag-
mentation in infertile men with varicocele: re-
lationship with apoptosis, seminal oxidative stress,
and spermatic parameters. Reprod Sci. 2021;28(3):
909-19.

Shah R, Agarwal A, Kavoussi P, Rambhatla A,
Saleh R, Cannarella R, Harraz AM et al. Con-
sensus and diversity in the management of varico-
cele for male infertility: Results of a global prac-
tice survey and comparison with guidelines and
recommendations. World J Mens Health. 2023;41
(1):164-97.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dutta S, Majzoub A, Agarwal A. Oxidative stress
and sperm function: A systematic review on
evaluation and management. Arab J Urol. 2019;17
(2):87-97.

He H, Chen X, Li X, Yang K, Li J, Shi H.
Lactoferrin alleviates spermatogenesis dysfunction
caused by bisphenol A and cadmium via amelio-
rating disordered autophagy, apoptosis and oxida-
tive stress. Int J Biol Macromol. 2022;222(Pt A):
1048-62.

Autiero M, Sansone G, Abrescia P. Relative ratios
of lactoferrin, albumin, and acid phosphatase se-
minal levels as sperm quality markers in fertile and
infertile men. J Androl. 1991;12(3):191-200.

Buckett W, Luckas M, Gazvani M, Aird I, Lewis
D. Seminal plasma lactoferrin concentrations in
normal and abnormal semen samples. J Androl.
1997;18(3):302-4.

Alkan 1, Yiiksel M, Canat HL, Atalay HA, Can O,
Ozveri H et al. Superoxide anion production by the
spermatozoa of men with varicocele: relationship
with varicocele grade and semen parameters.
World J Mens Health. 2018;36(3):255-62.

Mostafa T, Abougabal K, Mintziori G, Nabil N,
Adel M, AboSief AF. Seminal L-carnitine in in-
fertile oligoasthenoteratozoospermic men with va-
ricocele. J Reprod Infertil. 2022;23(1):26-32.

Ashrafzade AM, Sadighi Gilani MA, Topraggaleh
TR, Khojasteh M, Sepidarkish M, Borjian Borou-
jeni P et al. Oxidative stress-related miRNASs in
spermatozoa may reveal the severity of damage in
grade Il varicocele. Andrologia. 2020;52(9):
£13598.

Azab SS, Mostafa T, Abougabal KM, Tohamy AA,
Nabil N. Assessment of seminal calcium and mag-
nesium levels in infertile men with varicocele be-
fore and after varicocelectomy. Andrology. 2021;9
(6):1853-8.

Steiner AZ, Hansen KR, Barnhart KT, Cedars Ml,
Legro RS, Diamond MP et al. Reproductive
Medicine Network. The effect of antioxidants on
male factor infertility: the males, antioxidants, and
infertility (MOXI) randomized clinical trial. Fertil
Steril. 2020;113(3):552-60.e3.

Agarwal A, Finelli R, Selvam MKP, Leisegang K,
Majzoub A, Tadros N et al. A Global survey of
reproductive specialists to determine the clinical
utility of oxidative stress testing and antioxidant
use in male infertility. World J Mens Health. 2021;
39(3):470-88.

Knudtson JF, Sun F, Coward RM, Hansen KR,
Barnhart KT, Smith J et al. The relationship of

plasma antioxidant levels to semen parameters: the
males, antioxidants, and infertility (MOXI) rando-

S 5 Reprod Infertil, Vol 26, No 2, Apr-Jun 2025

Arul-mammy/:dny wouy papeojumod


https://pubmed.ncbi.nlm.nih.gov/36183753/
https://pubmed.ncbi.nlm.nih.gov/36183753/
https://pubmed.ncbi.nlm.nih.gov/36183753/
https://pubmed.ncbi.nlm.nih.gov/36183753/

43.

44,

45.

mized clinical trial. J Assist Reprod Genet. 2021;
38(11):3005-13.

Martins HS, Souza MR, Penna CF, da Silva GC,
Cortes SF, Stahlberg R et al. Milk, caseinate and
lactoferrin addition to equine semen cooling ex-
tenders. Andrologia. 2016;48(9):862-8.

Martins HS, da Silva GC, Cortes SF, Paes FO,
Martins Filho OA, Araujo M et al. Lactoferrin
increases sperm membrane functionality of frozen
equine semen. Reprod Domest Anim. 2018;53(3):
617-23.

Massa E, Gola A, Moriconi M, Lo Celso A,
Madariaga MJ, Pelusa F et al. Lactoferrin affects in
vitro and in vivo fertilization and implantation in
rats. Biometals. 2023;36(3):575-85.

46.

47.

Ghaly MF, et al. JRI

Abdelbaki SA, Sabry JH, Al-Adl AM, Sabry HH.
The impact of coexisting sperm DNA fragmen-
tation and seminal oxidative stress on the outcome
of varicocelectomy in infertile patients: A pro-
spective controlled study. Arab J Urol. 2017;15(2):
131-9.

Cannarella R, Shah R, Saleh R, Boitrelle F,
Hamoda TAA, Singh R, et al. Effects of varicocele
repair on sperm DNA fragmentation and seminal
malondialdehyde levels in infertile men with cli-
nical varicocele: a systematic review and meta-
analysis. World J Mens Health. 2024;42(2):321-37.

J Reprod Infertil, Vol 26, No 2, Apr-Jun 2025 [ I 125

2 ul-mammy//:dny woly papeojumod



