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Abstract: Antioxidants are used in the empirical treatment of infertile men. The aim of this study was
to evaluate the effects of antioxidant therapy on conventional semen parameters and advanced sperm
function tests in men seeking fertility treatment. A total of 148 infertile men of unknown etiology were
divided into idiopathic (n = 119) and unexplained male infertility (UMI; n = 29). All participants were
treated with the antioxidant supplement ‘FH PRO for Men’ for a period of three months. Compared
with pretreatment results, there was a significant improvement in conventional semen parameters
including sperm concentration, total and progressive motility and normal morphology, and seminal
oxidation reduction potential (ORP), and sperm DNA fragmentation (SDF) in idiopathic infertile
men. The changes were more prominent in idiopathic infertile men positive for ORP and SDF. UMI
patients showed an improvement in progressive motility, ORP, and SDF after antioxidant treatment.
Statistical analysis revealed that the efficacy of FH PRO for Men was significant in idiopathic male
infertility compared with UMI. Treatment of idiopathic male infertility patients with the FH PRO for
Men antioxidant regimen for three months resulted in a significant improvement in conventional
semen parameters and sperm function. Therefore, FH PRO for Men offers promise for the medical
treatment of idiopathic male infertility.

Keywords: idiopathic male infertility; unexplained male infertility; antioxidants; oxidation-reduction
potential; sperm DNA fragmentation

1. Introduction

Infertility is a global health problem affecting 15% of couples world-wide, with the male factor
contributing to almost half of the reported cases [1,2]. Despite the extensive research and advances in
male reproductive health, a significant proportion of male infertility cases are idiopathic [3]. Idiopathic
male infertility is characterized by the presence of abnormal semen parameters without a discernible
cause and absence of female factor infertility [4]. On the other hand, men exhibiting infertility owing to
an unknown origin with normal semen parameters and having female factor ruled out are categorized
as unexplained male infertility (UMI) [5]. Overwhelming evidence suggests the central role of oxidative
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stress in the etiology of male infertility [6-8], and about 30-80% of infertile men have been reported to
have elevated levels of seminal reactive oxygen species (ROS) [4]. Recently, the term “male oxidative
stress infertility” (MOSI) has been coined “as a novel descriptor for infertile men with abnormal
semen characteristics and oxidative stress” and has been reported to influence 37.2 million men with
idiopathic infertility [4].

Oxidative stress prevails when the levels of ROS exceeds the scavenging potential of antioxidant
defense system. ROS have a dual role in male fertility as well as infertility [9]. While it is true
that low levels of ROS are crucial for normal sperm functions, high levels have been reported to
cause peroxidative damage to spermatozoa, thereby jeopardizing their fertilizing ability [10]. Hence,
maintaining the levels of ROS within physiological levels is crucial for conserving the structural and
functional integrity of spermatozoa. Increased oxidative stress results in the alteration of semen
characteristics by inducing lipid peroxidation of sperm plasma membrane, oxidation of crucial sperm
proteins, and sperm DNA fragmentation (SDF), leading to male infertility [11,12].

With an increasing acknowledgment of the role of oxidative stress in the pathophysiology of male
infertility, antioxidant supplementation is recommended as one of the treatment choices for idiopathic
infertile men [4,13]. Oral supplementation of a single antioxidant or combination of antioxidants such
as L-carnitine, L-acetyl carnitine, N-acetyl-cysteine, Coenzyme Q10, selenium, vitamin C, vitamin E,
and lycopene has been reported to improve semen parameters and sperm DNA integrity in idiopathic
infertile men [14-20]. Furthermore, multi-antioxidant supplementation is considered more effective for
male fertility parameters owing to the synergetic effects of antioxidants [16,21,22]. A study conducted
by Gharagozloo et al. investigated the efficacy of Fertilix®, an antioxidant formulation, using two
established mouse models of oxidative stress (scrotal heating and Gpx5 knockout mice) and reported
protection of sperm DNA against oxidative damage and an increased pregnancy rate [22]. A recent
systematic review involving 29 studies (19 randomized clinical trials and 10 prospective studies)
examined the effect of oral antioxidant therapy on fertility outcomes and reported a positive effect
of antioxidant supplementation on basic semen parameters, advanced sperm function, outcomes
of assisted reproductive therapy (ART), and live birth rate [23]. Conversely, several studies failed
to confirm any positive effect of antioxidant therapy or even reported a negative impact on male
fertility [24-26]. Therefore, there is not yet a clear consensus regarding the clinical effectiveness of
antioxidant therapy in male infertility. In light of the above, the present study was undertaken to
evaluate the efficacy of antioxidant supplementation with ‘FH PRO for Men’ on conventional and
advanced sperm function tests in men with idiopathic infertility and men with UML

2. Materials and Methods

2.1. Study Design and Ethics Statement

This prospective clinical trial was registered under linicaltrials.gov (NCT03464656) and conducted
in the Male Infertility Unit of the Department of Urology, Hamad Medical Corporation, Doha, Qatar, in
collaboration with the American Center for Reproductive Medicine, Cleveland Clinic, Cleveland, Ohio,
from March 2018 to January 2019. A total of 148 infertile men were included in this study (Figure 1).
All patients gave written consent before being recruited in the study. The Institutional Review Board
(IRB) of Hamad Medical Corporation approved the study protocol (HMC-IRB #16351/16).

2.2. Study Subjects

Adult males presenting to the male infertility clinic were screened for inclusion and exclusion
criteria before enrollment in the study. Infertile men (between 20 and 50 years of age) with unknown
etiology and female infertility factor ruled out were included in the study. On the basis of semen
analysis, subjects enrolled were categorized into idiopathic and UMI. The idiopathic infertility group
included men with abnormal semen analysis defined as having at least one sperm parameter (sperm
concentration >1 and <15 million per mL, total sperm motility <40%, or sperm morphology as
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evaluated by strict criteria with normal forms <4.0%). In the UMI group, infertile men with normal
semen parameters (sperm concentration >15 million per mL, total sperm motility >40%, or sperm
morphology as evaluated by strict criteria with normal forms >4.0%) were included [27]. Exclusion
criteria included patients with azoospermia or with a sperm concentration <1 million per mL and
those with leukocytospermia. In addition, patients having any identifiable cause for infertility such
as clinical varicocele (grade 2 and higher), orchitis, epididymitis, cryptorchidism, genetic cause for
infertility, or irradiation, as well as subjects who received chemotherapy treatment, clinically meaningful
endocrinopathy defined as an endocrinopathy (which requires endocrine medications, for example,
diabetes, thyroid disease, pituitary diseases, adrenal diseases, and so on), or abnormal hormonal
profile (testosterone <10.4 nmol/L, luteinizing hormone (LH) <1 or > 9 IU/L, and/or follicle stimulating
hormone (FSH) <1 or >19 IU/mL, elevated prolactin >407 mIU/L, elevated thyroid-stimulating hormone
(TSH) >4.5 U/mL, elevated estrogen >275 pmol/L) were also excluded from the study. Patients receiving
antioxidants in the past six months were excluded. Also, patients with dietary or social habits (subjects
following any special diet including, but not limited to liquid, high or low protein, raw food, vegetarian,
or vegan, among others, as well as consumption of more than one unit of alcohol daily, and history
or current use of illegal or “recreational” drugs), as well as medical conditions (such as known HIV
infection, malignancy, and renal or hepatic failure) that may impact oxidative stress, were also excluded.
Twenty-one patients out of 171 in total were excluded based on the above criteria. Of the remaining
150, only 2 dropped out from the study, while remaining 148 completed the trial.

Study Subjects
Infertile Men
(n=148)

Semen Analysis

At least one abnormal I l Normozoospermia

semen parameter

Idiopathic Unexplained
Male Infertility Male Infertility
(n=119) (n=29)
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« Sperm Concentration ¢ Sperm Morphology
« Total Motility * Oxidation-Reduction Potential
* Progressives Motility * Sperm DNA Fragmentation

CCF©2020
Figure 1. Flow diagram depicting the experimental design.

2.3. Study Protocol

A physician specializing in male infertility obtained a full medical history from each study
participant, and performed a physical examination (general and local genital) on each participant.
Standard semen analysis, SDF, and seminal oxidation-reduction potential (ORP) were evaluated at the
beginning of the study. Patients were prescribed to take three capsules of the antioxidant formula “FH
PRO for Men” (Fairhaven Health LLC, Bellingham, WA, USA) twice a day for three months, which
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provides the following amounts of these nutrients per day: vitamin A (as beta-carotene): 5000 IU,
vitamin C: 120 mg, vitamin D3: 1200 IU, vitamin E (as mixed tocopherols): 200 IU, vitamin K: 80
pg, thiamin: 3 mg, riboflavin: 3.4 mg, niacin: 20 mg, vitamin B6: 25 mg, folate: 800 ng, vitamin
B12: 1000 pg, biotin: 600 ug, pantothenic acid: 20 mg, iodine: 150 pg, zinc: 30 mg, selenium: 140 pg,
copper: 1 mg, manganese: 2 mg, chromium: 120 pg, molybdenum: 75 pg, L-carnitine tartrate: 2000 mg,
L-arginine: 350 mg, CoQ10: 200 mg, N-acetyl L-cysteine: 200 mg, grapeseed extract: 20 mg, lycopene:
10 mg, and benfotiamine: 1 mg. Thorough monitoring of the patients’ compliance with the medication
was done through bi-weekly phone call follow-up. After finishing the three months of treatment,
patients were examined again, and semen analysis, SDF, and ORP were reassessed.

2.4. Semen Analysis

After complete liquefaction, each sample was evaluated for macroscopic parameters such as color,
PH, ejaculate volume, and viscosity. An aliquot of the sample was examined for sperm concentration,
total sperm count, total and progressive motility, and sperm morphology using the WHO Fifth Edition
guidelines (WHO, 2010) [27]. Semen analysis was done manually using a hemocytometer. Sperm
motility was assessed and categorized as progressive or non-progressive. Morphology was assessed
by a single experienced technician using the Diff-Quik staining protocol and evaluated according to
strict criteria for normal sperm morphology with 4% normal morphology as a cut-off (WHO, 2010).
Patients were classified according to WHO (2010) criteria into ‘oligozoospermic’, ‘asthenozoospermic’,
and/or ‘teratozoospermic’.

2.5. Sperm DNA Fragmentation (SDF) Assessment

SDF was evaluated using the Halosperm kit from Halotech DNA, S.L. (Madrid, Spain) as per the
manufacturer’s instructions. The method is based on the sperm chromatin dispersion test [28]. In brief,
unfixed spermatozoa were immersed in an inert agarose microgel on a pretreated slide. An initial acid
treatment denatures DNA in the spermatozoa with fragmented DNA. The lysing solution removes
most of the nuclear proteins, and in the absence of large DNA breaks, produces nucleoids with large
halos of spreading DNA loops, emerging from a central core. Spermatozoa with fragmented DNA do
not produce or show a very small dispersion halo. Both positive and negative controls were included.
For the positive control (sperm with halo), the acid denaturation (0.08 N HCI) step was omitted. For the
negative control (sperm without halo), after removing the coverslip, 10 uL of undiluted denaturation
solution was applied and a cover slip was gently placed without pressure and left for 5 min. A
minimum of 500 spermatozoa were scored and reported as percentage of sperm with fragmented DNA.
A cut-off value of 30% was used to differentiate normal from high SDF [29]. Accordingly, patients were
classified into high (>30% SDF) and low (<30% SDF) groups.

2.6. Oxidative Stress Assessment

Oxidative stress was assessed by measuring the static ORP of neat liquefied semen samples using
the MiOXSYS™ (Aytu Bioscience, Inc., Englewood, CO, USA). This is a galvanostatic measure of
the electron transfer from reductants (antioxidants) to oxidants under a steady low voltage reducing
current. Thus, it provides an aggregate measure of all current oxidant and antioxidant activity in
a sample. Higher ORP values (mV) indicate a higher oxidant activity relative to the antioxidant
activity and, therefore, a greater state of oxidative stress. Each sample was run in duplicate. Briefly,
a 30 pL aliquot of liquefied semen was loaded on a test sensor that had been pre-inserted into the
MiOXSYS analyzer (Aytu Bioscience, Englewood, CO, USA). No specific preparation of the semen
samples is needed to perform the test. To control for differences in sperm count, ORP values were
normalized by dividing the ORP with the sperm concentration (x10%/mL) and are represented as
mV/10° sperm/mL [30]. A cut-off value of 1.34 mV/10%/mL was used to differentiate normal from
abnormal semen parameters [31]. According to this classification, patients were grouped into high
ORP (>1.34 mV/10° sperm/mL) and low ORP (<1.34 mV/10° sperm/mL).
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2.7. Statistical Analysis

Statistical analysis was performed using MedCalc statistical software version 19.1 (MedCalc
Software bv, Ostend, Belgium). After testing for normal distribution using the Chi-squared test,
parametric (Pearson’s correlation, paired samples t-test) or non-parametric (Spearman’s Rank
correlation, Wilcoxon test) tests were employed. In addition, the McNemar test was used to
test the difference between paired proportions. Qualitative and quantitative measurements were
summarized using frequency with percentage and mean + SD. A p-value less than 0.05 was considered
statistically significant.

3. Results

The study subjects reported no adverse effect of antioxidant supplement during or after six months
of the trial. Of the 148 patients who completed this clinical trial, 102 patients were diagnosed with
primary infertility and 46 of secondary infertility with a mean duration of infertility of 5.8 + 4.3 years.
The mean age of study participants was 35.9 + 0.5 years. A total of 119 of the 148 subjects included in
the study showed abnormal semen parameters, while 29 were normozoospermic with UMI. Table 1
compares all semen parameters of both groups, except sperm vitality as it was evaluated only in
patients with <40% total motile sperm.

Table 1. Baseline summary statistics of idiopathic (at least one abnormal sperm parameter) and
unexplained (normozoospermic) male infertility subjects.

Parameters Idiopathic Male Infertility n Unexplained Male Infertility n
Age (years) (36%6;?50?2191.0) 19 (34%%'21%02?6.0) »
BMI (Kg/m?) (2919;'26%7f§,62_9) 119 (28.279;‘56%32)510) »
Right testis size (mL) (13111,2181 ;_'?0) 87 (16_156;;3%;.1691) 24
Left testis size (mL) a 413,811i (;1_'245) 87 (13.195;‘?;05.13&1) 2
Wife’s age (years) (31%1,_ '57%03'367' 8) 119 (27%7;'35%3‘0:;043) 2
Semen volume (mL) (3,30.;11%612 0) 119 (3%?2%0212.0) %
Sperm concentration (10°/mL) (11160% 3i 61—72.4.18) 19 (364(?,224-1_‘—;;33) »
Sperm viability (%) (5043/636i ()1—76;.0) 76 N/A
Total motility (%) (30?8;21;3133 0 119 (50%2;'25%020.0) 2
Progressive motility (%) (0.20‘?0%0?50) 119 (12)?095_ 29(')?0) 29
Normal morphology (%) (2.20';21%0;7‘0) 119 (4%74%03%5.0) 2
SDF (%) (42%8,:52;02—26.3.0) 8 (212-3,:21‘?;475-3) »
ORP (mV/10° sperm/mL) ( 51;4227116384) 119 (113,60i8121 3) »

All the values are presented as mean + SD (median; interquartile range). BMI: body mass index, SDF: sperm DNA
fragmentation, ORP: oxidation-reduction potential.

3.1. Effect of Antioxidant Supplementation on Sperm Parameters

3.1.1. Idiopathic Infertility Group

Table 2 summarizes the clinical data and investigations of all 119 infertile patients with
abnormal semen parameters pre- and post-treatment with FH PRO for Men. Supplementation
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of idiopathic infertile men with FH PRO showed a significant decrease in seminal ORP and
SDF levels (Table 2). Post-treatment showed significant (p < 0.05) improvements compared with
pre-treatment results with regards to all parameters investigated, except for semen volume and sperm
viability. Further, the sub-category of idiopathic infertile men (n = 108) having high levels of ORP
(= 1.34 mV/10° sperm/mL) after antioxidant treatment showed a significant change in their semen
parameters (sperm concentration, total motility, progressive motility, and normal sperm morphology)
(Table 3). We also noticed a significant difference in the pre- and post-treatment semen parameters
of the idiopathic infertile men (n = 51) having high levels of SDF (>30%) (Table 4). Altogether,
supplementation of idiopathic infertile men having both high levels of ORP and SDF with FH PRO for
Men showed a significant improvement in the semen parameters (Table 5).

Table 2. Summary statistics of semen parameters, SDF, and ORP before and after the treatment of
idiopathic infertile patients with FH PRO for Men.

Percent Change p Value
Parameters Before Treatment n After Treatment n (Mean + SEM) Wilcoxon Test
31+1.6 3014
Semen volume (mL) (3.0; 1.6-4.0) 119 (3.0; 2.0-3.5) 119 83+39 0.9055
Sperm concentration (106/mL) (111_60'%;61;:8) 119 (1;50',5 ;ﬁifs) 119 1411 + 35.8 <0.0001
o 486+17.7 50.0 + 18.2
0
Sperm viability (%) (50.0; 36.0-60.0) 76 (52.0; 43.3-61.3) 49 158 +9.3 0.4812
N 302 +163 35.1+189
0
Total motility (%) (300 16.3-40.0) 119 (@00,163.500) 119 49.6+13.9 0.0014
Progressive motility (%) (0?6?0%02 ‘5 0 119 (043-’603—280) 119 31467 <0.0001
Normal morphology (%) (2%;21%015?0) 119 (3%;11%28) 119 963+ 225 <0.0001
. 135+228 343+194
SDF (%) (42.0; 25.0-60.0) 8 (28.0;20.043.0) 8 5164 0.0017
ORP (mV/10° sperm/mL) (51_5%“42?163‘% 119 (Z‘; 59{56.72) 119 ~253+109 <0.0001

All the values are presented as mean + SD (median; interquartile range). SDF: sperm DNA fragmentation, ORP:
oxidation-reduction potential.

Table 3. Summary statistics of semen parameters, SDF, and ORP before and after the treatment with
FH PRO for Men in idiopathic infertile patients having high ORP levels.

Percent Change p Value
Parameters Before Treatment n After Treatment n (Mean + SEM) Wilcoxon Test

Sperm concentration (106/mL) a oo 0 108 (123();15%4%%; 0 108 151.30 + 393 <0.0001
o 302 £ 16.6 349+194

Total motility (%) (30.0; 17.5-42.5) 108 (40.0; 15.0-50.0) 108 51.3+15.3 0.0043

Progressive motility (%) (o,zd?o%ofg 0 108 (0,3:70.?)-71'3.0) 108 289+7.2 0.0002

Normal morphology (%) (220211(;37 0 108 (3.‘;;11%027_5) 108 92.1+233 <0.0001
430219 37.1+198

0 _
SDF (%) (42.5;25.0-61.5) o7 (30.0; 22.0-44.3) 67 1472 0.0105
ORP (mV/10° sperm/mL) (61:5353i6—117425) 108 (2850 ;11_684.1@ 108 -273+119 <0.0001

ORP > 1.34 mV/10° sperm/mL is considered as high. SDF: sperm DNA fragmentation, ORP:
oxidation-reduction potential.

3.1.2. Unexplained Male Infertility Group

Table 6 depicts the summary results of before and after the antioxidant supplementation for
the 29 normozoospermic men with unexplained infertility. Comparing the men with UMI against
idiopathic infertile men in response to treatment with FH PRO for Men revealed that idiopathic
infertile men showed significant differences in their semen parameters (sperm concentration, total
motility, progressive motility, and normal sperm morphology), while in men with UMI only progressive
motility improved significantly (Tables 2 and 6). Furthermore, the treatment of idiopathic infertile men
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(oligo-, astheno-, and teratozoospermia) with FH PRO for Men resulted in the significant reduction
in the percentage of oligozoospermic (53.4% vs. 37.8%), asthenozoospermic (48.6% vs. 35.8%), and
teratozoospermic (66.2% vs. 47.3%) patients (Figure 2 and Supplementary Table S1).

Table 4. Summary statistics of semen parameters, SDF, and ORP before and after the treatment with
FH PRO for Men in idiopathic infertile patients having high SDF levels.

Parameters Before Treatment

n

After Treatment

Percent Change
(Mean + SEM)

p Value
Wilcoxon Test

21.1+16.9

329 +282

5 6
Sperm concentration (10°/mL) (14.0; 11.0-27.0) 51 (27.0; 13.0-44.3) 51 114.1 +47.0 0.0001
N 255+127 325+18.1
.

Total motility (%) (250:15.0-500) 51 (30.0;163-500) 51 4824165 0.0061
Progressive motility (%) (0%?0%015 0 51 (08;503?1‘8‘0) 51 480+115 0.0001
Normal morphology (%) (2?6?1%030) 51 (2?6;91%0343.@ 51 89.1+208 0.0015

56.5 + 16.9 042212
0 _
SDF (%) (5.0, 43.0-700) 47 (390,27, 3-56.) 47 242+47 <0.0001
ORP (mV/106 sperm/mL) ¢ éfig %) 51 (1?;%0%';;9) 51 —248+211 <0.0001

SDF >30% is considered as high. SDF: sperm DNA fragmentation, ORP: oxidation-reduction potential.

Table 5. Summary statistics of semen parameters, SDF, and ORP before and after the treatment with

FH PRO for Men in idiopathic infertile patients having high ORP and SDF levels.

Parameters Before Treatment n After Treatment n l:ﬁ:itflsl;ﬁf P Valu?r:\sltilcoxon
Sperm concentration (106/mL) (1313913: 3?220) 46 @ 432’412: 0251';0) 46 119.6 +1.9 0.0008
Total motility (%) (252_3;41; 01723‘30) 46 (32%52,;71;(35552.0) 46 53.0 + 185 0.0089
Progressive motility (%) (o%;so%oiii 0 46 (08;'70;?1'3_0) 46 489 £ 125 0.0002
Normal morphology (%) (23?1%01;4)2.0) 46 (3'20‘;91%030) 46 88.6 +21.7 0.0026
SDF (%) s s0m00 2 wormoten | ® ~205+48 0.0002
ORP (mV/10° sperm/mL) ( 417;8?‘; 5 46 (1%?0f9§£ 0 46 2484233 <0.0001

ORP >1.34 mV/10° sperm/mL and SDF >30% are considered as high. SDF: sperm DNA fragmentation, ORP:

oxidation-reduction potential.

Table 6. Summary statistics of semen parameters, SDF, and ORP before and after the treatment of

unexplained male infertility patients with FH PRO for Men.

Parameter: Before Treatment After Treatment Percent Change p Value
arameters (n=29) (1 =29) (Mean + SEM) Wilcoxon Test

Semen volume (mL) (3%92102120) (336‘12t01;120) 13.6 £ 8.8 0.4852

Sperm concentration (106/mL) @ 64822f;:15§ 3) (5253:52; 52—863 2) 294 +124 0.1872
e o 525+8.3 522+9.7

Total motility (%) (50.0; 45.0-60.0) (52.0; 45.0-60.5) 0.6 £3.7 0.6495

Progressive motility (%) (1})9'09 N 3690) a Jrox e 0 4631152 0.0024

Normal morphology (%) ( o7 410%750) ( o7 41023)3) 3144139 0.1779
o 282+175 23.0+11.6

SDF (%) (21.0; 14.5-47.3) (20.0; 15.8-28.3) 5983 0.0306

ORP (mV/10° sperm/mL) (113'_6;81'213) (019'_155?'19 b ~19.6+117 0.0168

All the values are presented as mean + SD (median; interquartile range).

oxidation-reduction potential.

SDF: sperm DNA fragmentation, ORP:
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Figure 2. Outcome of FH PRO treatment on infertile men (n = 119) with oligozoospermia (sperm
concentration <15 X 106/mL), asthenozoospermia (total motility <40%), and teratozoospermia (normal
sperm morphology <4%). McNeamar test was used to calculate the percent change.

3.2. Effect of Antioxidant Supplementation on Seminal ORP

3.2.1. Idiopathic Infertility Group

Out of the 119 patients with idiopathic infertility, 108 had high initial ORP (90.8%) while only
74 (62.2%) had high ORP after the treatment. After antioxidant treatment, the seminal ORP levels
significantly decreased (p < 0.05) in men with idiopathic infertility (Table 2). Further, in the sub-category
of idiopathic infertile men (1 = 108) having high levels of ORP (>1.34 mV/10° sperm/mL), the mean
ORP levels were 13.5 + 17.2 mV/10° sperm/mL before the treatment. After treatment with FH PRO for
Men, the ORP levels decreased to 8.0 + 16.4 mV/10° sperm/mL (Table 3). A similar decrease in the
seminal ORP levels was noticed in post-treatment idiopathic infertile men (n = 51) having high levels
of SDF (>30%) (Table 4). Further, supplementation of idiopathic infertile men (1 = 46) having high
levels of both ORP and SDF with FH PRO for Men showed a significant reduction in the seminal ORP
levels from 6.7 + 6.6 mV/10° sperm/mL to 3.7 + 8.9 mV/10° sperm/mL (Table 5).

3.2.2. Unexplained Male Infertility Group

In men with UMI (n = 29), 14 (50.0%) had high ORP values before supplementation with FH PRO
for Men; following supplementation, only eight patients (28.6%) showed high ORP levels (Table 7).
The results further showed that treatment of UMI patients with FH PRO for Men resulted in a significant
improvement in seminal ORP (1.6 + 1.1 mV/10° sperm/mL vs. 1.1 + 0.9 mV/10° sperm/mL; p < 0.05)
(Table 6). Considering both groups (men with idiopathic male infertility and UMI) separately, the
McNemar test showed a positive effect of FH PRO for Men by reducing seminal OPR in idiopathic
infertile patients. The percentage of patients with high ORP levels decreased from 90.8% to 63.0%
post-treatment, whereas in men with UMI, there was no significant improvement after treatment
(Table 7).
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Table 7. Effect of FH PRO for Men on seminal ORP and SDF in men with idiopathic male infertility
and unexplained male infertility.

Number of Patients (Percentage)

Grou Catego! -
P oty Before Treatment After Treatment p-Value
McNemar Test
1 a 0, 10,
Idiopathic male infertility High ORP 108 (90.8%) 75 (63.0%) <0.0001
High SDF b 47 (60.3%) 35 (44.9%) 0.0227
1 a
Unexplained male infertility High ORP 14 (50.0%) 8 (28.6%) 0.1796
High SDF b 10 (34.5%) 5 (17.2%) 0.0625

a Cut-off value for ORP = 1.34 mV/10° sperm/mL, b cut-off value for SDF = 30%. SDF: sperm DNA fragmentation,
ORP: oxidation-reduction potential.

3.3. Effect of Antioxidant Supplementation on SDF

3.3.1. Idiopathic Infertility Group

SDF was assessed in only 112 patients (83 men with idiopathic infertility; 29 men with UMI) having
sperm concentration >5 X 10%/mL. Supplementation with FH PRO for Men resulted in a significant
decrease (p < 0.05) in SDF levels (43.5% =+ 22.8 to 34.3% + 19.4) in men with idiopathic infertility (Table 2).
Also, idiopathic infertility patients (n = 67) having high levels of ORP (>1.34 mV/10° sperm/mL) showed
a reduction in SDF levels after the treatment (Table 3). Similar effects on SDF levels were observed in
post-treatment idiopathic infertile men (n = 47) with high initial levels of SDF (>30%) (Table 4). Further,
supplementation of idiopathic infertile men (n = 42) having high levels of both ORP and SDF with FH
PRO for Men showed a significant reduction in the SDF levels from 56.3% + 16.5% to 44.0% + 20.3%
(Table 5).

3.3.2. Unexplained Male Infertility Group

Unexplained infertility patients (n = 29) showed a decrease (p < 0.05) in SDF levels following
treatment with FH PRO for Men. However, the pre- and post-treatment SDF levels remained below the
cut-off value of 30% (Table 6). The McNemar test revealed that, after antioxidant treatment, the SDF
levels in idiopathic infertile men reduced below the cut-off value of 30%. Whereas, in normozoospermic
infertile patients, the effect of FH PRO for Men on SDF levels was not significant (Table 7).

4. Discussion

Oxidative stress has been implicated in the pathophysiology of male infertility and the associated
increase in free radicals, inducing sperm dysfunction and high SDF [12]. Moreover, imbalance in the
levels of ROS and antioxidant enzymes coupled with increased peroxidative damage to sperm plasma
membrane and DNA have been frequently reported in male infertility of unknown origin [4,32-34].
In this context, antioxidant supplementation has been recommended as one of the treatment choices
for men with idiopathic infertility [4,13]. Though several studies have reported beneficial effects of
antioxidant supplementation in idiopathic infertile men [18-20,35,36], some reported the negative
impacts of antioxidant therapy on male infertility [24-26]. Hence, there is not yet consensus on the
clinical effectiveness of antioxidant therapy in male infertility. The present study was conducted to
evaluate the efficacy of FH PRO for Men treatment in idiopathic infertile men (non-normozoospermic)
and unexplained (normozoospermic) male infertility. We compared the pre- and post-treatment levels
of conventional sperm parameters and advance sperm function tests in each group as well as between
the groups to assess the efficacy as well as the response to the antioxidant supplementation. For the
first time, this study sheds light on the possible treatment of idiopathic male infertility and UMI using
an antioxidant formulation.

An antioxidant formulation is considered to be beneficial for infertile men when it is able
to bring about a positive change in basic semen parameters such as sperm concentration, total
sperm motility, progressive motility, and normal sperm morphology as per 2010 WHO Fifth Edition
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criteria. Several clinical trials have reported an improvement in semen parameters after antioxidant
treatment [16,18,20,37-39]. In the current trial, men with idiopathic infertility showed an improvement
in semen parameters such as sperm concentration, total motility, progressive motility, and normal
sperm morphology after treatment with FH PRO for Men, a multi-ingredient dietary supplement
containing antioxidants, vitamins, and minerals in adequate dosages to produce a positive synergistic
effect on sperm parameters. The inclusion of spermatogenic components such as r-arginine and zinc
in the recommended dosage improved the sperm concentration significantly in idiopathic infertile
men. However, the changes were more prominent in idiopathic infertile men with high levels
of oxidative stress and sperm DNA damage. Agarwal et al. 2019 reported that proteins such as
PRKARI1A, PRKAR2A, PRKACA, and LDHC associated with the CREM signaling pathway were
activated in idiopathic infertile men after treatment with FH PRO for Men [40]. Proper functioning of
the CREM signaling pathway is essential for the differentiation of spermatids [41]. Sperm maturation
proteins such as CLU and TPP2 were also reported to be overexpressed in idiopathic infertile men
following treatment with antioxidant formulation [40]. Therefore, the significant increase in semen
parameters of idiopathic infertile men following treatment could be because of the activation of proteins
associated with spermatogenesis at the molecular level by the components present in FH PRO for Men.
Furthermore, the increase in the total and progressive motility of sperm after antioxidant treatment
may be because of the action of L-carnitine tartrate, which is a source of energy production in matured
spermatozoa [42]. This is supported by the proteomic and bioinformatic results, demonstrating the
activation of the transcription factor PPARGC1A associated with sperm motility and capacitation [40].
In the case of normozoospermic men with UMI, FH PRO for Men did not show a significant change
in sperm concentration, total motility, and sperm normal morphology, but a significant increase was
noticed in the progressive motility. Overall, the improvement in sperm parameters of infertile men
with abnormal semen parameters clearly indicates that FH PRO for Men has a higher efficacy in men
with idiopathic infertility. There was a significant decrease in the number of patients categorized
as oligozoospermic, asthenozoopspermic, and teratozoospermic after antioxidant treatment, which
reflects an improvement in sperm quality and function owing to supplementation with antioxidants.
These findings are in agreement with the changes observed previously by Agarawal et al. at the
subcellular level, such as overexpression of sperm binding and fertilization proteins after treatment
with FH PRO for Men [40].

In semen, a balance between ROS and antioxidant systems establishes redox homeostasis, which
is essential for the normal functioning of spermatozoa. Excessive production of ROS decreases the
concentration of antioxidants and results in seminal oxidative stress, which is considered as one of the
major factors contributing to male infertility. Conventionally available techniques can either detect
oxidative stress directly or indirectly, but do not provide the complete measure of seminal redox status.
Recently, ORP has been used as a tool to evaluate the seminal oxidative stress, which provides a
comprehensive analysis of the seminal oxidant and reductant levels [20,43]. Furthermore, increased
levels of ORP were also found to have a negative impact on the sperm vitality and mitochondrial
membrane potential [44,45]. In the current study, we noticed a significant decrease in seminal ORP
levels in infertile men after antioxidant treatment. Idiopathic infertile men positive for ORP and SDF
showed a drastic decrease in the ORP levels after antioxidant treatment. A decrease in ORP levels
was also observed in UMI patients, however, this decrease in UMI patients did not reach statistical
significance (Table 7). The antioxidant formulation used in the current study includes 1-carnitine
tartrate, arginine, and Co-Q10, which are known to improve semen quality [23,46,47]. At the outset of
the study, participants in the idiopathic infertility group were categorized according to WHO (2010)
guidelines into ‘oligozoospermic’, “asthenozoospermic’, and/or ‘teratozoospermic based on the results
of the initial semen analysis. Following antioxidant treatment, the number of participants in these
groups showing an improvement in sperm quality was significantly improved. In a recent study, the
same antioxidant formulation has been shown to increase the expression of mitochondrial proteins such
as NDUSF1 to counteract oxidative stress [40]. Furthermore, the antioxidants were able to modulate
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the cellular pathways by the activation of the CREM signaling pathway, as well as inhibit the hypoxia
and oxidative stress pathway and the protein oxidation pathway, all of which are deleterious for the
spermatozoa [40]. This clearly indicates that antioxidant supplementation reduces seminal oxidative
stress, which in turn has a beneficial effect on semen quality, which was observed in the current study.

Sperm DNA damage is one of the major consequences of continuous seminal oxidative stress [48].
Increased levels of seminal ROS result in post-testicular DNA damage [7]. Oxidative stress mediated
DNA damage can be either directly because of oxidation of DNA base pairs, breaks in the DNA, and
chromatin decondensation, or indirectly as a result of activating caspases and endonucleases. A strong
correlation exists between high levels of ROS and SDF in infertile men [49,50]. Ultimately, SDF has an
adverse effect on the fertilizing ability of spermatozoa. Simon et al. reported a low fertilization rate
in patients with high levels of SDF using Comet assay [51]. Several studies have reported a negative
correlation between SDF and fertilization rates, pregnancy, and embryo quality [52-54]. Barehet al.
reported high incidence of SDF in normozoospermic male partners of couples with recurrent pregnancy
loss (RPL) [55]. In the current study, we also noticed high levels of DNA damage in idiopathic infertile
men, which decreased significantly following antioxidant supplementation with FH PRO for Men.
Bio-availability of specific antioxidant components such as carnitine, arginine, Co-Q10, selenium,
and vitamin E and C in recommended dosage could be the reason for the efficacy of FH PRO for Men.
Previous studies have also discussed the beneficial effect of individual or combined oral antioxidants
on reducing SDF levels in several male infertility conditions [19,56,57]. In the current study, the SDF
levels in UMI patients decreased after antioxidant treatment, but this improvement in SDF did not
reach statistical significance. Recently, Agarwal et al. demonstrated that the sperm proteins associated
with cellular pathways such as cell death, necrosis, and apoptosis were deactivated in infertile men
after treatment with FH PRO for Men [40]. Decreased SDF levels following treatment with FH PRO for
Men indicate that the current results corroborate the proteomic findings.

The current study was prospective in design and not a double-blind or placebo-controlled clinical
trial. Nevertheless, we recruited a total of 148 men in this internally controlled pilot study with the
same subjects being examined before and after antioxidant treatment (FH PRO for Men). This had
the advantage that we could identify the responders for each parameter that was tested. With this
study design, where we had matched pairs of subjects, we could use the McNemar test to assess the
efficacy of the antioxidant treatment. In the group of men with idiopathic infertility, specifically those
with high ORP before the treatment, the McNemar test was significant, indicating the effectiveness
of the treatment. By testing this way, we were then able to distinguish the efficacy of the treatment
in idiopathic infertile men compared with patients with UMI, where the treatment did not show
statistically significant results. This study focused mainly on the seminal and sperm parameters such
as motility, normal morphology, sperm DNA fragmentation, and ORP. A lack of embryological results
and complete pregnancy outcome is one of the limitations of this study.

In conclusion, in this internally controlled pilot study, we investigated a combination antioxidant
formulation to treat MOSI. As the physiological antioxidant defense system is multi-layered and
synergistically working, supplementation with a single vitamin or a formulation that does not support
these synergistic functions may not be effective. In our case, we used FH PRO for Men, a balanced
combination of various vitamins, essential co-factors for important antioxidant enzymes such as
zinc, copper, and manganese for superoxide dismutase. It also contained selenium, a co-factor
for glutathione peroxidase; powerful antioxidants such as lycopene and grape seed extract; and
L-carnitine, a non-proteinogenic amino acid, essential for normal mitochondrial function as it shuttles
fatty acids into mitochondria. The treatment was successful in the idiopathic group, resulting in a
statistically significant improvement in sperm concentration, total motility, progressive motility, normal
morphology, SDF, and ORP.

The results of our study add to the body of literature that aims to evaluate the effectiveness
of treatment of male infertility with antioxidants. As discussed above, previous clinical trials have
produced mixed results, and there is not yet consensus on the benefits of antioxidant treatment for
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male infertility. We believe that patient selection was a key factor in eliciting the beneficial effects of
antioxidant supplementation with FH PRO for Men. As opposed to the majority of published studies
on antioxidant supplementation, our clinical trial included patients with idiopathic male infertility and
high seminal oxidative stress (91%; 108/119). In addition, the strongly favorable results observed in
the current study suggest that perhaps a multi-ingredient formulation containing several different
antioxidants, along with vitamins and minerals that serve as cofactors, may be superior to other
antioxidant formulations that contain only a small number of nutrients, or that contain too low of a dose
of the key antioxidants. The results of this study are encouraging, however, large-scale randomized,
placebo-controlled trials that include embryological parameters such as fertilization, pregnancy, and
live birth rates should be conducted.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3921/9/3/219/s1,
Table S1: Number and percentage of patients with oligozoospermia, asthenozoospermia and teratozoospermia
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Author Contributions: Conceptualization, M.A. and A.A.; methodology, M.A., A M., and H.E,; software, A.M.,
M.KPS., and R.H,; investigation, M.A. and A.A.; data curation, M.A., A.A.,, AM., MKPS, RH,, and S.B,;
writing—original draft preparation, S.B., M.K.P.S., and R.H.; writing—review and editing, M.A., A.A., AM.,
MK.PS., R.H,, S.B., and H.E; supervision, M.A. and A.A.; project administration, M.A. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Shaimaa Sallam helped in the coordination of this clinical trial, Farid Keyvanifard and
Mohamed AboHalawa assisted in the laboratory workup. Authors are grateful to Luna Samanta (Ravenshaw
University, India) for her suggestions and Kristian Leisegang (University of Western Cape, South Africa) for his
review of our manuscript. Graphic artists from Cleveland Clinic’s Arts and Medical Photography Department
helped in the manuscript illustrations.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Irvine, D.S. Epidemiology and aetiology of male infertility. Hum. Reprod. 1998, 13, 33—44. [CrossRef]
[PubMed]

2. Agarwal, A.; Mulgund, A.; Hamada, A.; Chyatte, M.R. A unique view on male infertility around the globe.
Reprod. Biol. Endocrinol. 2015, 13, 37. [CrossRef]

3.  Jungwirth, A,; Diemer, T.; Dohle, G.R.; Giwercman, A.; Kopa, Z.; Tournaye, H.; Krausz, C. Guidelines on
male infertility, European association of urology guidelines. Arnh. Neth. 2015, 1-41.

4. Agarwal, A; Parekh, N.; Panner Selvam, M.K.; Henkel, R.; Shah, R.; Homa, S.T.; Ramasamy, R.; Ko, E.;
Tremellen, K.; Esteves, S.; et al. Male oxidative stress infertility (MOSI): Proposed terminology and clinical
practice guidelines for management of idiopathic male infertility. World J. Men’s Health 2019, 37, 296-312.
[CrossRef] [PubMed]

5. American Urological Association. The Optimal Evaluation of the Infertile Male: AUA Best Practice Statement;
American Urological Association Education and Research: Linthicum, MD, USA, 2010.

6.  Tremellen, K. Oxidative stress and male infertility—A clinical perspective. Hum. Reprod. Update 2008, 14,
243-258. [CrossRef]

7. Bui, A.D.; Sharma, R.; Henkel, R.; Agarwal, A. Reactive oxygen species impact on sperm DNA and its role in
male infertility. Andrologia 2018, 50, €13012. [CrossRef]

8. Wagner, H.; Cheng, ] W.; Ko, E.Y. Role of reactive oxygen species in male infertility: An updated review of
literature. Arab J. Urol. 2018, 16, 35-43. [CrossRef]

9. Bardaweel, S.K.; Gul, M.; Alzweiri, M.; Ishaqat, A.; ALSalamat, H.A.; Bashatwah, R.M. Reactive oxygen
species: The dual role in physiological and pathological conditions of the human body. Eurasian J. Med. 2018,
50, 193-201. [CrossRef]

10. Du Plessis, S.S.; Agarwal, A.; Halabi, J.; Tvrda, E. Contemporary evidence on the physiological role of
reactive oxygen species in human sperm function. . Assist. Reprod. Genet. 2015, 32, 509-520. [CrossRef]

11.  Aitken, R.J.; Koppers, A.]. Apoptosis and DNA damage in human spermatozoa. Asian J. Androl. 2011, 13,
36—42. [CrossRef]


http://www.mdpi.com/2076-3921/9/3/219/s1
http://dx.doi.org/10.1093/humrep/13.suppl_1.33
http://www.ncbi.nlm.nih.gov/pubmed/9663768
http://dx.doi.org/10.1186/s12958-015-0032-1
http://dx.doi.org/10.5534/wjmh.190055
http://www.ncbi.nlm.nih.gov/pubmed/31081299
http://dx.doi.org/10.1093/humupd/dmn004
http://dx.doi.org/10.1111/and.13012
http://dx.doi.org/10.1016/j.aju.2017.11.001
http://dx.doi.org/10.5152/eurasianjmed.2018.17397
http://dx.doi.org/10.1007/s10815-014-0425-7
http://dx.doi.org/10.1038/aja.2010.68

Antioxidants 2020, 9, 219 13 of 15

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Agarwal, A.; Virk, G.; Ong, C.; Du Plessis, S.S. Effect of oxidative stress on male reproduction. World ].
Men’s Health 2014, 32, 1-17. [CrossRef] [PubMed]

Aitken, R.J.; De Iuliis, G.N.; Drevet, ].R. Role of oxidative stress in the etiology of male infertility and the
potential therapeutic value of antioxidants. In Oxidants, Antioxidants and Impact of the Oxidative Status in Male
Reproduction; Elsevier: Amsterdam, The Netherlands, 2019; pp. 91-100.

Gupta, N.P,; Kumar, R. Lycopene therapy in idiopathic male infertility—A preliminary report. Int. Urol.
Nephrol. 2002, 34, 369-372. [CrossRef] [PubMed]

Lenzi, A.; Sgro, P.; Salacone, P; Paoli, D.; Gilio, B.; Lombardo, F; Santulli, M.; Agarwal, A.; Gandini, L.
A placebo-controlled double-blind randomized trial of the use of combined l-carnitine and I-acetyl-carnitine
treatment in men with asthenozoospermia. Fertil. Steril. 2004, 81, 1578-1584. [CrossRef] [PubMed]
Balercia, G.; Regoli, E.; Armeni, T.; Koverech, A.; Mantero, F.; Boscaro, M. Placebo-controlled double-blind
randomized trial on the use of L-carnitine, L-acetylcarnitine, or combined L-carnitine and L-acetylcarnitine
in men with idiopathic asthenozoospermia. Fertil. Steril. 2005, 84, 662—671. [CrossRef] [PubMed]
Safarinejad, M.R.; Safarinejad, S.; Shafiei, N.; Safarinejad, S. Effects of the reduced form of coenzyme Q10
(ubiquinol) on semen parameters in men with idiopathic infertility: A double-blind, placebo controlled,
randomized study. J. Urol. 2012, 188, 526-531. [CrossRef] [PubMed]

ElSheikh, M.G.; Hosny, M.B.; Elshenoufy, A.; Elghamrawi, H.; Fayad, A.; Abdelrahman, S. Combination of
vitamin E and clomiphene citrate in treating patients with idiopathic oligoasthenozoospermia: A prospective,
randomized trial. Andrology 2015, 3, 864-867. [CrossRef]

Majzoub, A.; Agarwal, A ; Esteves, S.C. Antioxidants for elevated sperm DNA fragmentation: A mini review.
Transl. Androl. Urol. 2017, 6, S649-5653. [CrossRef]

Micic, S.; Lalic, N.; Djordjevic, D.; Bojanic, N.; Bogavac-Stanojevic, N.; Busetto, G.M.; Virmani, A.; Agarwal, A.
Double-blind, randomised, placebo-controlled trial on the effect of L-carnitine and L-acetylcarnitine on
sperm parameters in men with idiopathic oligoasthenozoospermia. Andrologia 2019, 51, e13267. [CrossRef]
Abad, C.; Amengual, M.J.; Gosdlvez, ].; Coward, K.; Hannaoui, N.; Benet, J.; Garcia-Peir6, A.; Prats, J. Effects
of oral antioxidant treatment upon the dynamics of human sperm DNA fragmentation and subpopulations
of sperm with highly degraded DNA. Andrologia 2013, 45, 211-216. [CrossRef]

Gharagozloo, P.; Gutiérrez-Adan, A.; Champroux, A.; Noblanc, A.; Kocer, A.; Calle, A.; Pérez-Cerezales, S.;
Pericuesta, E.; Polhemus, A.; Moazamian, A.; et al. A novel antioxidant formulation designed to treat male
infertility associated with oxidative stress: Promising preclinical evidence from animal models. Hum. Reprod.
2016, 31, 252-262. [CrossRef]

Majzoub, A.; Agarwal, A. Systematic review of antioxidant types and doses in male infertility: Benefits on
semen parameters, advanced sperm function, assisted reproduction and live-birth rate. Arab J. Urol. 2018, 16,
113-124. [CrossRef] [PubMed]

Meénézo, Y.J.; Hazout, A.; Panteix, G.; Robert, E; Rollet, J.; Cohen-Bacrie, P.; Chapuis, F.; Clément, P;
Benkhalifa, M. Antioxidants to reduce sperm DNA fragmentation: An unexpected adverse effect.
Reprod. Biomed. Online 2007, 14, 418-421. [CrossRef]

Zini, A.; Al-Hathal, N. Antioxidant therapy in male infertility: Fact or fiction? Asian |. Androl. 2011, 13,
374-381. [CrossRef] [PubMed]

Steiner, A.; Hansen, K.; Diamond, M.; Coutifaris, C.; Cedars, M.; Legro, R.; Usadji, R.; Baker, V.; Coward, R.;
Santoro, N.; et al. Antioxidants in the treatment of male factor infertility: Results from the double blind,
multi-center, randomized controlled Males, Antioxidants, and Infertility (MOXI) trial. Hum. Reprod. 2018,
33, i30.

World Health Organization. WHO Laboratory Manual for the Examination and Processing of Human Semen;
World Health Organization: Geneva, Switzerland, 2010.

Fernandez, J.L.; Muriel, L.; Rivero, M.T.; Goyanes, V.; Vazquez, R.; Alvarez, ].G. The sperm chromatin
dispersion test: A simple method for the determination of sperm DNA fragmentation. J. Androl. 2003, 24,
59-66.

Agarwal, A.; Cho, C.L.; Majzoub, A.; Esteves, S.C. The Society for Translational Medicine: Clinical practice
guidelines for sperm DNA fragmentation testing in male infertility. Transl Androl Urol. 2017, 6 (Suppl 4),
S5720-S733. [CrossRef]


http://dx.doi.org/10.5534/wjmh.2014.32.1.1
http://www.ncbi.nlm.nih.gov/pubmed/24872947
http://dx.doi.org/10.1023/A:1024483520560
http://www.ncbi.nlm.nih.gov/pubmed/12899230
http://dx.doi.org/10.1016/j.fertnstert.2003.10.034
http://www.ncbi.nlm.nih.gov/pubmed/15193480
http://dx.doi.org/10.1016/j.fertnstert.2005.03.064
http://www.ncbi.nlm.nih.gov/pubmed/16169400
http://dx.doi.org/10.1016/j.juro.2012.03.131
http://www.ncbi.nlm.nih.gov/pubmed/22704112
http://dx.doi.org/10.1111/andr.12086
http://dx.doi.org/10.21037/tau.2017.07.09
http://dx.doi.org/10.1111/and.13267
http://dx.doi.org/10.1111/and.12003
http://dx.doi.org/10.1093/humrep/dev302
http://dx.doi.org/10.1016/j.aju.2017.11.013
http://www.ncbi.nlm.nih.gov/pubmed/29713542
http://dx.doi.org/10.1016/S1472-6483(10)60887-5
http://dx.doi.org/10.1038/aja.2010.182
http://www.ncbi.nlm.nih.gov/pubmed/21516118
http://dx.doi.org/10.21037/tau.2017.08.06

Antioxidants 2020, 9, 219 14 of 15

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Agarwal, A.; Sharma, R.; Roychoudhury, S.; Du Plessis, S.; Sabanegh, E. MiOXSYS: A novel method of
measuring oxidation reduction potential in semen and seminal plasma. Fertil. Steril. 2016, 106, 566-573.
[CrossRef]

Agarwal, A.; Selvam, M.K.; Arafa, M.; Okada, H.; Homa, S.; Killeen, A.; Balaban, B.; Saleh, R.; Armagan, A.;
Roychoudhury, S.; et al. Multi-center evaluation of oxidation-reduction potential by the MiOXSYS in males
with abnormal semen. Asian J. Androl. 2019, 21, 565. [CrossRef]

Aktan, G.; Dogru-Abbasoglu, S.; Kiglikgergin, C.; Kadioglu, A.; Ozdemirler-Frata, G.; Kocak-Toker, N.
Mystery of idiopathic male infertility: Is oxidative stress an actual risk? Fertil. Steril. 2013, 99, 1211-1215.
[CrossRef]

Doshi, S.B.; Sharma, RK.; Agarwal, A.A. Oxidative Stress in Unexplained Male Infertility, in Unexplained
Infertility: Pathophysiology, Evaluation and Treatment; Schattman, G.L., Esteves, S.C., Agarwal, A., Eds;
Springer: New York, NY, USA, 2015; pp. 81-89.

Darbandi, M.; Darbandi, S.; Agarwal, A.; Baskaran, S.; Dutta, S.; Sengupta, P.; Khorshid, H.R.; Esteves, S.;
Gilany, K.; Hedayati, M.; et al. Reactive oxygen species-induced alterations in H19-Igf2 methylation patterns,
seminal plasma metabolites, and semen quality. . Assist. Reprod. Genet. 2019, 36, 241-253. [CrossRef]
Showell, M.G.; Mackenzie-Proctor, R.; Brown, J.; Yazdani, A.; Stankiewicz, M.T.; Hart, R.J. Antioxidants for
male subfertility. Cochrane Database Syst. Rev. 2014, 12, CD007411. [CrossRef] [PubMed]

Showell, M.G.; Mackenzie-Proctor, R.; Jordan, V.; Hart, R.J. Antioxidants for female subfertility. Cochrane
Database Syst. Rev. 2017, 7, CD007807. [CrossRef] [PubMed]

Busetto, G.M.; Agarwal, A,; Virmani, A.; Antonini, G.; Ragonesi, G.; Del Giudice, F; Micic, S.;
Gentile, V.,; De Berardinis, E. Effect of metabolic and antioxidant supplementation on sperm parameters in
oligo-astheno-teratozoospermia, with and without varicocele: A double-blind placebo-controlled study.
Andrologia 2018, 50, €12927. [CrossRef] [PubMed]

Safarinejad, M.R. Efficacy of coenzyme Q10 on semen parameters, sperm function and reproductive hormones
in infertile men. J. Urol. 2009, 182, 237-248. [CrossRef] [PubMed]

Tremellen, K.; Miari, G.; Froiland, D.; Thompson, J. A randomised control trial examining the effect of an
antioxidant (Menevit) on pregnancy outcome during IVF-ICSI treatment. Aust. N. Z. |. Obstet. Gynaecol.
2007, 47,216-221. [CrossRef]

Agarwal, A.; Panner Selvam, M.K.; Samanta, L.; Vij, S.C.; Parekh, N.; Sabanegh, E.; Tadros, N.N.; Arafa, M.;
Sharma, R. Effect of antioxidant supplementation on the sperm proteome of idiopathic infertile men.
Antioxidants (Basel) 2019, 8, 488. [CrossRef]

Weinbauer, G.F; Behr, R.; Bergmann, M.; Nieschlag, E. Testicular cAMP responsive element modulator
(CREM) protein is expressed in round spermatids but is absent or reduced in men with round spermatid
maturation arrest. Mol. Hum. Reprod. 1998, 4, 9-15. [CrossRef]

Agarwal, A.; Said, T.M. Carnitines and male infertility. Reprod. Biomed. Online 2004, 8, 376-384. [CrossRef]
Agarwal, A ; Roychoudhury, S.; Bjugstad, K.B.; Cho, C.L. Oxidation-reduction potential of semen: What is
its role in the treatment of male infertility? Ther. Adv. Urol. 2016, 8, 302-318. [CrossRef]

Agarwal, A.; Henkel, R.; Sharma, R.; Tadros, N.N.; Sabanegh, E. Determination of seminal oxidation-reduction
potential (ORP) as an easy and cost-effective clinical marker of male infertility. Andrologia 2018, 50. [CrossRef]
Selvam, M.K,; Agarwal, A.; Finelli, R.; Douglas, C.M.; Henkel, R.; Gupta, S.; Sharma, R. Effect of
oxidation-reduction potential on mitochondrial membrane potential and vitality of physiologically normal
human spermatozoa. Fertil. Steril. 2019, 112, e375. [CrossRef]

Mongioi, L.; Calogero, A.E.; Vicari, E.; Condorelli, R.A.; Russo, G.I; Privitera, S.; Morgia, G.; La Vignera, S.
The role of carnitine in male infertility. Andrology 2016, 4, 800-807. [CrossRef] [PubMed]

Micic, S.; Lalic, N.; Djordjevic, D.; Bojanic, N.; Virmani, A.; Busetto, G.; Agarwal, A. Carnitines and essential
nutrients ameliorate sperm vitality and DNA fragmentation index which also predict improvement in
progressive sperm motility. Fertil. Steril. 2018, 110, e297. [CrossRef]

Aitken, R.J.; DeIuliis, G.N. On the possible origins of DNA damage in human spermatozoa. Mol. Hum. Reprod.
2010, 16, 3-13. [CrossRef] [PubMed]

Agarwal, A.; Cho, C.L.; Esteves, S.C.; Majzoub, A. Reactive oxygen species and sperm DNA fragmentation.
Transl. Androl. Urol. 2017, 6, S695-5696. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.fertnstert.2016.05.013
http://dx.doi.org/10.4103/aja.aja_5_19
http://dx.doi.org/10.1016/j.fertnstert.2012.11.045
http://dx.doi.org/10.1007/s10815-018-1350-y
http://dx.doi.org/10.1002/14651858.CD007411.pub3
http://www.ncbi.nlm.nih.gov/pubmed/25504418
http://dx.doi.org/10.1002/14651858.CD007807.pub3
http://www.ncbi.nlm.nih.gov/pubmed/28752910
http://dx.doi.org/10.1111/and.12927
http://www.ncbi.nlm.nih.gov/pubmed/29315686
http://dx.doi.org/10.1016/j.juro.2009.02.121
http://www.ncbi.nlm.nih.gov/pubmed/19447425
http://dx.doi.org/10.1111/j.1479-828X.2007.00723.x
http://dx.doi.org/10.3390/antiox8100488
http://dx.doi.org/10.1093/molehr/4.1.9
http://dx.doi.org/10.1016/S1472-6483(10)60920-0
http://dx.doi.org/10.1177/1756287216652779
http://dx.doi.org/10.1111/and.12914
http://dx.doi.org/10.1016/j.fertnstert.2019.07.1072
http://dx.doi.org/10.1111/andr.12191
http://www.ncbi.nlm.nih.gov/pubmed/27152678
http://dx.doi.org/10.1016/j.fertnstert.2018.07.834
http://dx.doi.org/10.1093/molehr/gap059
http://www.ncbi.nlm.nih.gov/pubmed/19648152
http://dx.doi.org/10.21037/tau.2017.05.40
http://www.ncbi.nlm.nih.gov/pubmed/29082952

Antioxidants 2020, 9, 219 15 of 15

50.

51.

52.

53.

54.

55.

56.

57.

Zandieh, Z.; Vatannejad, A.; Doosti, M.; Zabihzadeh, S.; Haddadi, M.; Bajelan, L.; Rashidi, B.; Amanpour, S.
Comparing reactive oxygen species and DNA fragmentation in semen samples of unexplained infertile and
healthy fertile men. Ir. ]. Med. Sci. 2018, 187, 657—662. [CrossRef]

Simon, L.; Brunborg, G.; Stevenson, M.; Lutton, D.; McManus, J.; Lewis, S.E. Clinical significance of sperm
DNA damage in assisted reproduction outcome. Hum. Reprod. 2010, 25, 1594-1608. [CrossRef]

Santos, T.C.G.A.; Azzolini, A.; Oleinki, T.D.; Camillo, J.; Cedenho, A.P; Lo Turco, E.G. The impact of sperm
DNA fragmentation in fertilization rates and blastocyst development: A first look. Fertil. Steril. 2013, 100,
S221. [CrossRef]

Sedo, C.A.; Bilinski, M.; Lorenzi, D.; Uriondo, H.; Noblia, F.; Longobucco, V.; Lagar, E.V.; Nodar, F. Effect of
sperm DNA fragmentation on embryo development: Clinical and biological aspects. JBRA Assist. Reprod.
2017, 21, 343-350. [CrossRef]

Zheng, W.W.; Song, G.; Wang, Q.L.; Liu, S.W.; Zhu, X.L.; Deng, S.M.; Zhong, A.; Tan, YM.; Tan, Y. Sperm DNA
damage has a negative effect on early embryonic development following in vitro fertilization. Asian J. Androl.
2018, 20, 75-79. [CrossRef]

Bareh, G.M.; Jacoby, E.; Binkley, P.; Schenken, R.S.; Robinson, R.D. Sperm deoxyribonucleic acid fragmentation
assessment in normozoospermic male partners of couples with unexplained recurrent pregnancy loss:
A prospective study. Fertil. Steril. 2016, 105, 329-336. [CrossRef] [PubMed]

Zini, A.; Gabriel, M.S.; Baazeem, A. Antioxidants and sperm DNA damage: A clinical perspective. . Assist.
Reprod. Genet. 2009, 26, 427-432. [CrossRef] [PubMed]

Le Saint, C.; Kadoch, 1].; Bissonnette, F.; Choi, J.; Zini, J.; San, M.; Gabriel, A.Z. Beneficial effect of antioxidant
therapy on sperm DNA integrity is not associated with a similar effect on sperm chromatin integrity.
AME Med. ]. 2019, 4, 31. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1007/s11845-017-1708-7
http://dx.doi.org/10.1093/humrep/deq103
http://dx.doi.org/10.1016/j.fertnstert.2013.07.1319
http://dx.doi.org/10.5935/1518-0557.20170061
http://dx.doi.org/10.4103/aja.aja_19_17
http://dx.doi.org/10.1016/j.fertnstert.2015.10.033
http://www.ncbi.nlm.nih.gov/pubmed/26607021
http://dx.doi.org/10.1007/s10815-009-9343-5
http://www.ncbi.nlm.nih.gov/pubmed/19768529
http://dx.doi.org/10.21037/amj.2019.06.01
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Ethics Statement 
	Study Subjects 
	Study Protocol 
	Semen Analysis 
	Sperm DNA Fragmentation (SDF) Assessment 
	Oxidative Stress Assessment 
	Statistical Analysis 

	Results 
	Effect of Antioxidant Supplementation on Sperm Parameters 
	Idiopathic Infertility Group 
	Unexplained Male Infertility Group 

	Effect of Antioxidant Supplementation on Seminal ORP 
	Idiopathic Infertility Group 
	Unexplained Male Infertility Group 

	Effect of Antioxidant Supplementation on SDF 
	Idiopathic Infertility Group 
	Unexplained Male Infertility Group 


	Discussion 
	References

