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Purpose: Male infertility is a growing but poorly understood condition, largely evaluated through sperm parameters. Oxida-
tive stress plays a crucial role in idiopathic cases, with 30%-80% of patients showing elevated reactive oxygen species levels
in seminal plasma. Antioxidants are increasingly used in reproductive medicine, but their effectiveness may be limited by the
lack of prior assessment in patients. This study aimed to evaluate the efficacy of a Tetraselmis chuii-derived ingredient, with a
high superoxide dismutase (SOD) activity (TSOD), in improving sperm quality parameters, including sperm DNA fragmenta-
tion (SDF), and static oxidation-reduction potential (SORP).

Materials and Methods: In this randomized, double-blind, placebo-controlled clinical study, a total of 80 males with idio-
pathic infertility were recruited and randomly assigned to receive either TSOD (n=40) or placebo (n=40) at 250 mg/d for
three months. Blood and semen samples were collected at baseline and post-treatment to assess hormonal profiles, semen
parameters, SDF, and sORP. Additionally, socio-demographic data and reproductive outcomes were recorded.

Results: After three months of supplementation, the TSOD group exhibited a significant increase in serum levels of luteinizing
and follicle-stimulating hormone, resulting in improved sperm concentration and progressive motility. A significant reduction
in both total and double-strand SDF was also observed exclusively in the TSOD group, particularly among males with ini-
tially pathological sORP values. Following a 3-month wash-out period, seminal parameters tended to return toward baseline
values, while serum hormonal levels and SDF remained relatively stable. Notably, the improvements in semen quality were
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translated into superior reproductive outcomes, as the TSOD group achieved significantly higher live birth rates compared to

the control group.

Conclusions: TSOD supplementation demonstrates clinical efficacy in improving sperm quality parameters and reproductive
outcomes in males with oxidative stress-related idiopathic infertility. However, its use should be preceded by redox status as-

sessment to identify patients most likely to benefit.
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INTRODUCTION

Infertility is an increasingly prevalent condition with
complex, multifactorial, and poorly understood causes
[1], linked to rising utilization of assisted reproductive
technologies (ART). Around 3 million ART cycles are
performed globally each year, driven by delayed par-
enthood and increasing infertility rates [1]. Numerous
studies have also reported a global decline in sperm
concentration and total count over recent decades, sug-
gesting potential environmental influences [2]. Male in-
fertility accounts for half of infertility cases; however,
around 60% of these remain diagnosed as idiopathic
or of unknown cause [3]. Conventional semen analysis,
based on World Health Organization (WHO) guidelines
[4] overlooks molecular factors with potential crucial
roles in ART outcomes, with oxidative stress (OS)
emerging as a key contributor to idiopathic male infer-
tility.

Redox balance refers to the equilibrium between
oxidizing (such as reactive oxygen species [ROS] or
oxidized thiols) and antioxidant agents (such as free
thiols and B-carotenes) [5,6]. ROS, including superoxide
anion (O,) and hydrogen peroxide (H,0,), are naturally
produced in male germ line during metabolic processes
in organelles like peroxisomes and mitochondria [7]. In
the seminiferous epithelium, Sertoli cells produce anti-
oxidant enzymes such as superoxide dismutase (SOD),
glutathione peroxidase and catalase, that protect germ
cells from ROS. Furthermore, non-enzymatic antioxi-
dants such as vitamins C and E also help balance ROS
production under healthy conditions [7,8]. Once sperm
leave to seminiferous tubules, they lose antioxidant
protection and become vulnerable to oxidative attack
[78]

At physiological levels, ROS are essential for the
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fertilization capacity of sperm, as they represent key
signalling molecules in processes such as capacita-
tion and hyperactivation [7,9,10]. However, insufficient
ROS levels impair spermatogenesis and sperm quality
[9,11,12], while excessive ROS or insufficient reducing
agents lead to an imbalance known as OS [4]. Between
30% and 80% of males with unexplained infertility
exhibit elevated ROS levels in seminal plasma, which
can damage cellular structures, including the plasma
membrane, mitochondria, and chromatin, compromis-
ing sperm function [3]. Sperm cells are particularly vul-
nerable to oxidative damage due to their low antioxi-
dant enzyme content, their polyunsaturated fatty acid-
rich membrane and their high mitochondrial content,
which generate ROS as a by-product, accumulating in
the epididymis during maturation [7,10]. As the nucleus
of the mature spermatozoa is mainly transcriptionally
and translationally inactive [13], they are unable to
synthesize de novo antioxidant proteins in response to
oxidative insults. Furthermore, ROS excess in seminal
plasma can impair sperm capacitation and fertilizing
potential [10]. Numerous potential sources of OS, both
intrinsic and extrinsic, are known, including diet, toxic
habits, and diseases [7].

Due to the increasing number of patients with al-
tered semen parameters, fertility clinics have increas-
ingly turned to antioxidant supplements [14,15]. In-
vitro studies reported the dose-dependent efficacy of
vitamins C and E in protecting sperm motility and
morphology by suppressing lipid peroxidation during
cryopreservation. Glutathione, N-acetyl-L-cysteine, co-
enzyme Q10, and albumin have been used to protect
sperm motility and vitality during sperm preparation
for ART. Other studies support the benefit of catalase
and SOD in preserving sperm motility by mitigating
ROS. Nonetheless, high doses of antioxidants in the
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capacitation medium have been related to negative ef-
fects, inducing peroxidative damage to sperm [16]. Par-
allelly, in-vivo studies reported improvements in semen
parameters, sperm DNA fragmentation (SDF), and
pregnancy rates after oral administration of vitamins
C and E, either alone or with glutathione or selenium.
Similarly, carnitines or pentoxifylline have also shown
dose-dependent efficacy in improving sperm motility.
Other studies failed to demonstrate the benefits, prob-
ably due to insufficient doses or too short treatment
duration [16]. Despite this evidence, debates persist
about the efficacy of antioxidants for the treatment
of idiopathic infertility in male, as many studies lack
placebo controls, double-blind design, or correlation of
improved semen parameters with ART outcomes [14,16].

There is growing interest in microalgae-based supple-
ments due to their high content of bioactive metabo-
lites potentially beneficial to human health [15,16]. In
2014, the European Union approved the microalga Tet-
raselmis chuii for human consumption. A freeze-dried
and natural ingredient derived from this microalgae
exhibits significantly high SOD activity, over 30,000 U/
g (TSOD). TSOD also contains polyunsaturated fatty
acids, vitamins, carotenoids, polyphenols, and phytos-
terols, all of them exhibiting potential bioactivity [15,17).
In-vitro studies have shown that TSOD promotes an-
tioxidant and metal-chelating responses, inhibits ace-
tylcholinesterase, and may upregulate genes involved
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in mitochondrial biogenesis and ATP synthesis [15,17].
Additionally, preliminary in-vivo studies reported im-
munostimulant and anti-inflammatory effects after 3
weeks of supplementation [15].

Despite all, there is a lack of proper screening to
identify which patients would truly benefit from an-
tioxidant supplementation, as diagnostic techniques
to assess seminal OS are not yet established [4,16]. The
MiOXSYS" system has recently emerged as a fast and
simple method suitable for andrology labs [4,18]. How-
ever, its diagnostic relevance remains uncertain due to
a lack of standardized protocols and clinical trials cor-
relating this variable to improvements in sperm qual-
ity and ART outcomes [4,19,20].

The aim of this study was to evaluate: (1) the effi-
cacy of dietary supplementation with TSOD in improv-
ing sperm quality, including SDF and static oxidation-
reduction potential (SORP), and (2) the reproductive
outcomes during a 6-month post-treatment follow-up
period.

MATERIALS AND METHODS

1. Study design

A monocentric, prospective, randomized, double-blind,
placebo-controlled clinical study was conducted with
two experimental groups: a group supplemented with
TSOD (n=40), and a control group supplemented with

-25.75%
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Fig. 1. Study design of present monocentric, prospective, randomized, double-blind, and placebo-controlled clinical study. TSOD: superoxide
dismutase-rich Tetraselmis chuii, BMI: body mass index, LH: luteinizing hormone, FSH: follicle-stimulating hormone, INHB: inhibin, SORP/C: static
oxidation-reduction potential normalized by sperm concentration.
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placebo (n=40) (Fig. 1). The TSOD group received 250
mg/d for three months, equivalent to one spermatogen-
esis cycle. The control group received the same daily
dose of placebo for the same period. Capsules were
manufactured to be identical in appearance. After sup-
plementation, both groups underwent a 3-month wash-
out period. Clinical parameters, seminal quality, OS,
and SDF were assessed in samples obtained at Visit O
(baseline), Visit 1 (post-supplementation) and Visit 2
(post-wash-out).

2. Selection and processing of biological

samples
Semen samples were obtained with informed con-

sent from adult males (aged 18—-45 years) after 3-5
days of sexual abstinence. Participants had a body
mass index (BMI) under 30 kg/m” and were diagnosed
with idiopathic infertility. Exclusion criteria included
azoospermia, severe oligozoospermia (<5x10° sperma-
tozoa/mL), urinary or testicular disorders, hormonal
or chromosomal abnormalities, oncological treatment,
and recent (past 3 months) use of drugs or antioxi-
dant supplements. Sociodemographic data (age, height,
weight, and lifestyle habits, including physical activ-
ity and smoking) were recorded for all participants.
Both blood and semen samples were collected at Visit
0, Visit 1, and Visit 2 to assess hormonal profiles and
semen parameters. Seminograms were performed post-
liquefaction following WHO guidelines [4] evaluating
ejaculate volume, sperm concentration, motility, mor-
phology, and vitality as routinely. A portion of each se-
men sample was used for sSORP and the remainder was
cryopreserved in liquid nitrogen using cryoprotectant
CryoSperm™ (ORIGIO"; CooperSurgical®), following
the manufacturer's instructions. Blood levels of lutein-
1zing hormone (LH), follicle-stimulating hormone (FSH),
and inhibin were routinely measured by enzyme-linked
Immunoassay.

3. Measurement of semen sORP using the

MiOXSYS" system

The MiOXSYS" galvanostatic system (Caerus Bio-
technologies) was used to measure the balance between
total oxidant and reductant activity in seminal plasma.
For each measurement, 30 uLi of fresh ejaculate was
deposited on a single-use sample holder chip. The semi-
nal sORP was then displayed in mV on the device
screen and subsequently normalized to sperm concen-
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tration (sSORP/C). Samples with sORP/C values >1.34
mV/10° spermatozoa/mL were classified as exhibiting

0S, with an upper limit of 9.00 mV/10° spermatozoa/
mL [6,18].

4. Evaluation of SDF with the alkaline and

neutral comet assay

The comet assay, performed under both alkaline and
neutral conditions, has been established as the most
robust and sensitive method for detecting SDF, with
the neutral assay specifically identifying double-strand
DNA breaks [21,22]. Briefly, approximately 10,000
sperm from cryopreserved samples were embedded in
1% low-melting-point agarose gel and subjected to lysis.
Slides were immersed in either neutral or alkaline elec-
trophoresis buffer for 30 min, followed by electropho-
resis at 22 V for 10—15 min, maintaining current below
280 mA to prevent overheating. DNA was then stained
with SYBR™ Gold (Invitrogen™, ThermoFisher scien-
tific”) and visualized by fluorescence microscopy. DNA
fragments migrated further than intact chromatin,
forming a characteristic comet tail. The percentage of
fragmented sperm was quantified by analyzing 60—120
cells per sample.

5. Determination of the success of ART

For each couple undergoing ART, reproductive
outcomes during a 6-month post-treatment follow-
up period were recorded and classified as spontane-
ous pregnancy, pregnancy achieved through in-vitro
fertilization (IVF), pregnancy loss (miscarriage), or
unsuccessful IVF attempt (Supplement Table 1). Two
variables were then compared by chi” test between the
TSOD and placebo groups: (1) Embryo proportion (en-
compassed live births from both spontaneous gestation
and ART and miscarriages), and (2) Live births propor-
tion (included live births from spontaneous gestation
or ART). p-values<0.05 were considered statistically
significant.

6. Statistical analysis

All statistical analyses were performed using RStu-
dio version 4.3.2 [23]. Because not all data followed
a normal distribution (determined via Shapiro test),
Wilcoxon test was applied for pairwise comparisons. p-
values<0.05 were considered statistically significant.
Baseline homogeneity between the TSOD and placebo
groups was evaluated for sociodemographic, hormon-
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al, seminal, and molecular parameters. Intra-group
analyses assessed changes from Visit 0 to Visit 1, and
inter-group comparisons were conducted to identify
supplementation-related effects. Patients were strati-
fied based on baseline SORP/C into pathological and
non-pathological OS groups. Finally, the dynamics of
significantly altered parameters were examined after
the wash-out period.

7. Ethics statement

The study protocol was approved by the Institutional
Review Board of Clinical Research Ethics Committee
of Clinic Barcelona Hospital (Reg. No. HCB/2020/1147)
and research project was registered in a primary reg-
istry (ClinicalTrials.gov ID: NCT04864314). Written
informed consents were obtained from all participants.
All procedures were conducted in accordance with the
ethical standards of the institutional and/or national
research committee and with the 1964 Declaration of
Helsinki and its later amendments.

Table 1. Baseline parameters in individual groups (Visit 0)
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RESULTS

1. Baseline characteristics of the study

population

Sociodemographic parameters (BMI, age, and toxic
habits), hormonal levels (LH, FSH, and inhibin blood
levels) and semen parameters (ejaculate volume, sperm
concentration, sperm motility, morphology, and vital-
ity) were evaluated alongside molecular parameters
not typically included in routine semen analysis, such
as sORP/C and SDF, in the 80 enrolled patients. A
descriptive analysis at baseline showed no significant
differences between the TSOD and placebo groups,
confirming the homogeneity of the study population
and supporting the validity of subsequent comparisons
(Table 1).

Patient retention was high: between Visit 0 and Visit
1 (after three months of supplementation), the dropout
rate was below 20%, with a higher loss (above 25%) to
follow-up during the wash-out period (Fig. 1). Addition-
ally, four patients were excluded from the analysis
because their baseline sperm concentration and pro-
gressive motility values exceeded the WHO minimum
reference thresholds [4], ensuring a homogeneous co-

Variable Thresholds Placebo (n=40) TSOD (n=40) p-value

Age (y) - 37.13+4.39 37.02+5.71 ns
Body mass index (kg/m?) - 26.35%3.81 26.49+4.36 ns
Smokers (%) - 27.50 34.20 ns
Hormonal parameters

Luteinizing hormone (U/L) 1.50-7.50° 4.02+1.49 3.98+1.98 ns

Follicle-stimulating hormone (U/L) 1.70-8.00° 5.60+3.18 5.51£2.26 ns

Inhibin (ng/L) 120.00-400.00° 188.86+70.95 166.82+70.97 ns
Seminal parameters

Seminal volume (mL) 1.50-2.00° 2.83+1.62 2.53+1.36 ns

Sperm concentration (10°/mL) >16.00° 37.48+48.29 38.70+55.00 ns

Progressive motility (A+B) (%) >30.00° 17.43+£10.89 20.30+13.63 ns

Normal morphology (%) >4.00° 5.15+3.15 5.12+3.63 ns

Vitality (%) >58.00° 63.83+12.80 58.70+14.28 ns
Molecular parameters

SORP/C (mV/10°/mL) <1.34° 3.26+2.95 3.10+2.90 ns

Single-strand DNA fragmentation (%) <36.09° 33.74+11.68 33.71£11.13 ns

Double-strand DNA fragmentation (%) <27.72° 28.85+13.77 29.24+12.84 ns

Values are presented as meantstandard deviation.
p-values<0.05 were considered statistically significant.

TSOD: superoxide dismutase-rich Tetraselmis chuii, 10° millions of spermatozoa, sORP/C: static oxidation-reduction potential normalized by

sperm concentration, mV: millivolts, ns: not significant.

Threshold values were stablished according to "WHO 2021 indications, °scientific literature, or own data.

www.wjmh.org 5
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Table 2. Differences between selected variables after three months of TSOD/placebo supplementation (Visit 1) compared with baseline param-
eters (Visit 0)

Placebo (n=31) TSOD (n=31)
Variable p-value p-value
Visit 0 Visit 1 Visit 0 Visit 1
Hormonal parameters
Luteinizing hormone (U/L) 3.89+1.49 3.96+1.65 ns 3.86+2.07 4.53+2.00 0.014
Follicle-stimulating hormone (U/L) 5.38+3.12 5.25+3.03 ns 5.39+2.14 5.82+2.30 ns
Inhibin (ng/L) 190.79+71.73 174.38+65.39 0.045 171.95£75.94  165.80+61.44 ns
Seminal parameters
Seminal volume (mL) 2.84+1.59 2.86+1.47 ns 2.44+1.25 2.54+1.24 ns
Sperm concentration (1 0%/mL) 41.34452.13 38.70+53.72 ns 36.45+52.62 37.79+49.19 ns
Progressive motility (A+B) (%) 15.744+9.00 19.62+14.59 ns 18.80+12.08 25.11+£17.03 0.041
Normal morphology (%) 5.39+3.16 5.00+3.09 ns 4.93+3.74 4.32+3.61 ns
Vitality (%) 61.68+12.91 59.58+13.09 ns 59.47+16.11 61.92+10.79 ns
Molecular parameters
SORP/C (mV/10%/mL) 3.01+2.86 2.59+2.67 ns 3.07+3.03 3.1743.25 ns
Single-strand DNA fragmentation (%) 35.40+11.53 31.29+10.25 ns 34.21+11.97 30.31+£12.52 ns
Double-strand DNA fragmentation (%) 30.63+14.35 31.41£15.31 ns 30.34+13.58 26.60+11.28 ns

Values are presented as meanzstandard deviation.
p-values<0.05 were considered statistically significant.

TSOD: superoxide dismutase-rich Tetraselmis chuii, 10° millions of spermatozoa, sORP/C: static oxidation-reduction potential normalized by
sperm concentration, mV: millivolts, ns: not significant.
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Fig. 2. Differences in blood luteinizing hormone levels (A) and progressive sperm motility (B) between baseline values (Visit 0), after three months
of supplementation (Visit 1), and after three months of wash-out (Visit 2) in the TSOD group. p-values<0.05 were considered significant. TSOD:
superoxide dismutase-rich Tetraselmis chuii, ns: not significant. *p<0.05.

hort of oligozoospermic, asthenozoospermic, or oligoas-
thenozoospermic patients. No adverse effects of TSOD
supplementation were reported by any participant in

from 3.86+2.07 to 4.53+2.00 U/L, p<0.05) and progres-
sive sperm motility (+33%; from 18.80%=+12.08% to
25.11%+17.03%, p<0.05). These changes were not ob-

the study.

2. Effects of TSOD supplementation on
hormonal, seminal and molecular
parameters

Patients who received TSOD for three months
showed a significant increase in LH levels (+17%;

6  www.wjmh.org

served in the placebo group (Table 2). The placebo
group exhibited a slight decrease in inhibin levels
(from 190.79+71.73 to 174.38+65.39 ng/L, p<0.05) (Table
2). After the wash-out period, the improved parameters
in the TSOD group regressed, returning to values not
significantly different from baseline at Visit 0 (Fig. 2).
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Table 3. Variables with significant improvements after three months of TSOD supplementation (Visit 1), in two cohorts according to static oxida-

tion-reduction potential

Cohort 1: Patients with a pathologic sORP (sORP/C>1.34 mV/10°/mL)

. Placebo (n=20) TSOD (n=19)
Variable p-value p-value
Visit 0 Visit 1 Visit 0 Visit 1
Luteinizing hormone (U/L) 3.77+£1.36 4.01£1.08 ns 4.02+2.28 4.88+2.17 0.029
Follicle-stimulating hormone (U/L) 5.76£3.29 5.62+3.03 ns 5.39+2.01 5.92+2.16 0.024
Sperm concentration (10°/mL) 14.32+£10.53 18.33£15.51 ns 12.93+13.89  26.68+32.32 0.045
Overall DNA fragmentation (%) 34.78+12.39 32.83+£11.15 ns 36.19+13.30 29.17+£13.41 0.048
Double-strand DNA fragmentation (%) 31.35£15.18  34.49+17.01 ns 33.35+£14.71 25.06+£11.04 0.001
Cohort 2: Patients with a non-pathologic sORP (sORP/C<1.34 mV/10°/mL)
. Placebo (n=11) TSOD (n=12)
Variable — — p-value — — p-value
Visit 0 Visit 1 Visit 0 Visit 1
Progressive motility (A+B) (%) 14.68+6.94 23.20+17.98 ns 16.18+£10.47 21.50+14.26 0.027

Values are presented as meanzstandard deviation.
p-values<0.05 were considered statistically significant.

TSOD: superoxide dismutase-rich Tetraselmis chuii, SORP/C: static oxidation-reduction potential normalized by sperm concentration, mV: mil-

livolts, 10° millions of spermatozoids, ns: not significant.

3. Effects of TSOD supplementation in

patients classified by baseline OS levels

We specially detected a direct and significant impact
on semen quality in patients with an altered initial
sORP/C (Table 3). Evaluating only those patients who
presented a SORP/C over 1.34 mV/10° spermatozoa/mL
at Visit 0 (Table 3, Cohort 1), we found a significant in-
crease not only in LH levels (from 4.02+2.28 to 4.88+2.17
U/L, p<0.05), but also in FSH levels (from 5.39+2.01 to
5.92+2.16 U/L, p<0.05) after TSOD supplementation.
Reflecting this improvement in hormonal parameters,
sperm concentration significantly doubled between
Visit 0 and Visit 1 (from 12.93+13.89 to 26.68+32.32
10° sperm/mL, p<0.05) and progressive sperm motil-
ity showed an upward trend (from 20.46%+12.99% to
27.39%+18.57%, p>0.05). Similarly, the proportion of cells
with global SDF and, specifically, with double-stranded
DNA breaks, was significantly reduced after TSOD
supplementation (from 36.19%+13.30% to 29.17%+13.41%,
p<0.05, and from 33.35%+14.71% to 25.06%+11.04%,
p<0.01, respectively). These parameters did not show
statistically significant differences in the placebo group
(Table 3, Cohort 1). After three months of wash-out,
sperm concentration rapidly returned to baseline levels.
In contrast, the percentage of cells with double-strand
DNA breaks remained at lower values, more similar to
those observed at Visit 1. Other parameters showed less
consistent recovery patterns, neither fully returning to
baseline nor remaining as stable as double-strand DNA

fragmentation (Fig. 3).

Alternatively, those patients with an initial SORP/C
considered non-pathological (<1.34 mV/10° spermatozoa/
mL spermatozoa/ml.) who were supplemented with the
antioxidant TSOD showed a significant increase only
in progressive sperm motility (from 16.18%+10.47% to
21.50%+14.26%, p<0.05) (Table 3 Cohort 2 and Fig. 4A).
No significant changes in SORP/C were detected (Fig.
4B).

4. Higher live birth rates after TSOD

supplementation

Within the entire cohort, fertility outcomes were
available for 49 patients: 27 in the TSOD group and
22 in the placebo group. Among patients with known
fertility outcomes within the first three months post-
supplementation, 63% of the TSOD group achieved
spontaneous pregnancy or successful ART cycles (in-
cluding miscarriages), compared to 28% of the placebo
group. Similar trends were observed for live birth rates
(Fig. 5A). During the 6-month post-supplementation pe-
riod, comparable patterns emerged for embryo genera-
tion outcomes. However, pronounced differences in live
birth rates were observed, with 66% of patients in the
TSOD group achieving offspring compared to 21% in
the control group (p<0.05) (Fig. 5B).
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**p<0.01.

DISCUSSION

This study confirms the clinical efficacy of TSOD, a
marine microalgae-derived antioxidant supplement, in
improving semen quality in patients with idiopathic

8  wwwwjmh.org

infertility [24], assessing molecular parameters such
as SDF or sORP/C for the first time. We have deter-
mined and report novel correlations on antioxidant
supplementation, SDF and sORP/C and reproductive
outcomes. OS is widely recognized as a key contributor
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to male infertility. Chronic exposure to ROS has been
shown to disrupt the hypothalamic-pituitary-testicular
axis, leading to a reduction in gonadotropins such as
LH and FSH and ultimately impairing testosterone
production and spermatogenesis [25]. Furthermore, con-
tinuous exposure to ROS damages testicular and sperm
cell structures [7,10] and alters gene transcription and
enzymatic function within the testes and accessory
glands [26,27]. In the present manuscript, a significant
increase in LH levels after three months of TSOD
supplementation was observed, consistent with results
from previously reported studies after antioxidant

supplementation [28,29]. Interestingly, in patients with
initial redox imbalance, FSH levels also increased after
supplementation. Despite a slight decrease in inhibin
levels in both groups, this parameter showed high vari-
ability, making its interpretation less clear. These hor-
monal improvements were accompanied by enhanced
sperm concentration and progressive motility in the
TSOD-supplemented patients.

At the molecular level, TSOD supplementation im-
proved sperm DNA integrity. Specifically, it reduced
the proportion of sperm cells with double-strand DNA
breaks in patients with an initial redox imbalance.

www.wjmh.org 9
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These findings are consistent with previous studies
demonstrating that TSOD enhances the transcription
and activity of endogenous antioxidant enzymes, and
stimulates biosynthesis and recycling of glutathione,
a key cellular antioxidant peptide that protect cells
against free radicals [15,17]. Moreover, potential activa-
tion of DNA repair mechanisms by TSOD cannot be
ruled out, as this antioxidant has been demonstrated to
upregulate two key cellular factors, NRF2 and SIRT1,
both involved in the repair of double-strand DNA
breaks [15].

Seminal parameters such as motility and concentra-
tion appear to be particularly sensitive to changes in
redox balance [9,11,12]. In this study, both parameters
exhibited significant improvements following TSOD
supplementation but tended to regress toward baseline
values once supplementation was discontinued. Un-
like seminal parameters, sperm DNA integrity after
supplementation appeared more sustained over time,
possibly due to regulation by more complex and stable
physiological mechanisms.

Importantly, these molecular and functional im-
provements translated into enhanced reproductive
outcomes. Patients supplemented with TSOD showed
higher embryo generation rates (including live births
from spontaneous gestation and IVF, as well as miscar-
riages) and a significantly greater proportion of live
births within six months post-supplementation com-
pared to the placebo group. Notably, of the six spon-
taneous pregnancies recorded, five occurred in males
who had received TSOD. These results could reflect the
reduction of sperm with DNA fragmentation, as lower
fragmentation rates have been associated with im-
proved pregnancy and live birth outcomes in previous
studies [14,16].

It is worth noting that TSOD supplementation was
well tolerated, even in males with normal OS levels at
baseline. However, the general clinical use of antioxi-
dants should be approached with caution, as not all
males with idiopathic infertility benefit equally, under-
scoring the importance of individualized treatment. It
should be also considered that ROS play a physiologi-
cal role in sperm capacitation and hyperactivation [10-
12,16], and excessive antioxidant intake could theoreti-
cally lead to reductive stress, impairing sperm function.
TSOD, being a potent natural antioxidant, has been
shown to induce a homeostatic response in human tis-
sues by modulating only the cellular responses that

10 www.wjmh.org
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require enhancement [15]. Therefore, it is unlikely to
interfere with redox-mediated cellular signalling and
processes after supplementation. Nevertheless, a thor-
ough clinical assessment of redox status in each pa-
tient is essential before initiating antioxidant therapy.
Additionally, healthy lifestyle habits, such as regular
exercise, have independently been shown to improve
semen parameters and reduce OS [3,30], suggesting
that antioxidant supplementation should be considered
as part of a broader reproductive health strategy.

While these are promising results, sample size of
this study was modest. Larger, multicentre trials are
needed to confirm the durability of these effects and
to evaluate the optimal duration and dosing of TSOD
supplementation. Furthermore, future studies should
investigate whether combining TSOD therapy with
lifestyle interventions could yield additive or synergis-
tic benefits.

CONCLUSIONS

TSOD supplementation improved hormonal profiles,
semen quality, and sperm DNA integrity in males with
idiopathic infertility, particularly in those with el-
evated OS. These molecular and seminal improvements
translated into higher pregnancy and live birth rates.
However, the effects on semen parameters appeared to
be transient, suggesting that sustained supplementa-
tion or additional interventions may be necessary to
maintain reproductive benefits.
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