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Abstract
Purpose  Management of male infertility is always a difficult task, with pathophysiology and available treatments often 
poorly understood. The purpose of this review was to summarize current evidence regarding the use of protective agents 
against reactive oxygen species (ROS), such as antioxidants that may be useful in the treatment of male factor infertility.
Methods  For this publication, a search of studies concerning oxidative stress, male infertility and antioxidant therapy was 
performed using the search engines ScienceDirect, OVID, PubMed and MEDLINE. Articles published in languages other 
than English were not considered.
Results  An interest in the physiologic and pathologic effects of ROS has grown. Nevertheless, use of antioxidants is chal‑
lenging, considering the balance between physiological ROS activity and detrimental oxidative stress level. Several studies 
have shown positive outcomes in terms of semen parameters, with others having failed to do so. Available evidence is still 
limited in pregnancy and live birth rates.
Conclusions  Protective agents against ROS, such as antioxidants, may have positive effects on semen parameters in some 
patients, although a widespread indication is still restricted by practical aspects, including unknown physiological levels of 
ROS and controversy regarding different concentrations and combinations of drugs.

Keywords  Male infertility · Antioxidants · Reactive oxygen species

Introduction

Infertility, as defined by failure in spontaneous pregnancy 
after 1 year of unprotected intercourse, may affect 8–15% of 
couples. A male factor is solely responsible for up to 20% 
of the cases and contributes to 30–50% of couples’ infertil‑
ity [1]. Modern assisted reproduction techniques overcome 
severe male factor infertility, although application of these 
methods in all infertile couples would definitely represent 
overtreatment.

Oxidative stress and male infertility have been previously 
correlated, with an imbalance between oxidation and reduc‑
tion associated with negative effects on cells. Shifts of the 
body redox balance toward any of the oxidative stress or 
reductive stress sides are considered deleterious [2]. Ide‑
ally, a careful diagnostic workup is necessary before any 
treatment, for adequate and individual treatment selection.

This article reviews reactive oxygen species (ROS) 
sources and discusses its physiological and pathological 
effects. We also discuss the use of protective agents against 
ROS, such as antioxidants, that may be useful in the treat‑
ment of male factor infertility.

Reactive oxygen species and effects of seminal 
oxidative stress

ROS are compounds of oxygen containing free and unpaired 
electrons on their outer orbit. Among these compounds are 
the superoxide anion (O2−), hydroxyl (OH−) and hydrogen 
peroxide (H2O2), all highly reactive and capable of protein, 
lipid and nucleic acid damage [3, 4].
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Concerning human reproduction, a balance typically 
exists between ROS production and the antioxidant scav‑
enging system located in the male reproductive tract. Low 
physiological levels of ROS are essential in the regulation 
of sperm functions including sperm capacitation, the acro‑
some reaction and sperm–oocyte fusion on fertilization 
signaling [5]. Other physiologic functions, such as mito‑
chondrial activity and endothelial cell proliferation, demand 
a low level of oxidative stress [6]. Usually, both intrinsic 
and extrinsic mechanisms act for a redox balance. Among 
intrinsic enzymatic oxidants are catalase, thiol peroxidases 
and superoxide dismutase, apart from non-enzymatic anti‑
oxidants such as gluthatione. Exogenous micronutrients are 
usually provided by a well-balanced intake of vitamins and 
trace elements such as vitamin A, vitamin C, vitamin E, 
l-carnitine, N-acetylcysteine, selenium and zinc.

Excessive production of ROS in the semen may over‑
whelm the antioxidant defense mechanisms and imbalance 
redox status. After release of germinal epithelium, sperma‑
tozoa are devoid of cytoplasm and its protective enzymes 
catalase and superoxide dismutase. Moreover, due to their 
high levels of polyunsaturated fatty acids, sperm plasma 
membranes are highly susceptible to undergoing a lipid per‑
oxidation process [7]—the removal of electrons from the 
lipid membrane by ROS.

Apart from changes of membrane fluidity itself, peroxi‑
dation triggers a sequence of redox reactions that generates 
aldehydes as end products. These mutagenic and genotoxic 
alkylating agents are capable of inducing DNA damages and 
protein changes. Stem cells have highly effective proofread‑
ing and DNA repair. This results in a very low spontaneous 
mutation rates in the germ line [8]. Nevertheless, the ability 
of self-repair and apoptosis is lost after meiosis for gamete 

production, with extensive DNA damage ultimately resulting 
in poor embryo development, miscarriage and consequences 
on the fertility of the offspring through Y chromosome 
changes [9]. This is especially important in the context of 
assisted reproduction techniques, when the selection pres‑
sure on high fertility genes is bypassed.

Sperm motility loss has also been correlated with 
increased ROS and oxidative stress, although the exact 
pathophysiology of this process is still unknown. Hypoth‑
esis also rely on lipid peroxidation, direct effect on vital 
energy metabolism enzymes such as G6PD or interrelated 
biochemical events with decreased protein phosphorylation 
[10].

Immature spermatozoa and leucocytes in the seminal 
plasma are the main sources of endogenous ROS. Resid‑
ual cytoplasm on immature spermatozoa contains greater 
amounts of cytoplasmic enzyme glucose-6-phosphate dehy‑
drogenase, with higher mitochondrial metabolism generating 
higher amounts of ROS [11]. Peroxidase-positive leucocytes 
are able to produce ROS 1000-fold more than spermato‑
zoa [12], and are usually present concomitantly with infec‑
tious and inflammatory conditions such as epididymitis and 
prostatitis.

Other endogenous and exogenous conditions favor oxi‑
dative stress: varicocele, metabolic syndromes, cigarette 
smoking, alcohol abuse, recreational drug abuse, combined 
with some of modern days factors such as environmental 
pollution, ionizing radiation and mobile phone use.

Antioxidant therapy

Antioxidants comprise a relatively accessible and inexpen‑
sive therapy that has been used in infertile patients. It is 

Table 1   Dosing of the commonly prescribed antioxidants on recent publications

NAC N-acetyl-l-cysteine, CoQ10 co-enzyme Q10, LC l-carnitine, LAC l-acetyl carnitine
Reference: Majzoub and Agarwal [6]
Dosing of the most commonly prescribed antioxidants is variable among recent publications. Majzoub et al. performed a systematic review of 
the compounds and indications regarding semen parameters, DNA fragmentation, oxidative stress, improving success rates of assisted reproduc‑
tive techniques and live birth, as summarized in the table

Antioxidant compound Mechanism of action Dose

Tocopherol (vitamin E) Neutralizes ROS 180 mg–1 g
CoQ10 Energy production, pro-motility molecule. Inhibits superoxide formation 20 mg–300 mg
NAC Direct effect through hydroxyl radicals scavenging and precursor of glutathione, a neutralizer 

of ROS
600 mg

Folic acid (vitamin B9) ROS scavenging, nucleic acid synthesis 200 µ–5 mg
Ascorbic acid (vitamin C) Neutralizes ROS 10 mg–1 g
Selenium Enhanced enzymatic antioxidant activity 50 µg–200 µg
Zinc Decreases production of hydrogen peroxide and hydroxyl radicals; DNA and RNA metabo‑

lism, signal transduction
66 mg; 400 mg–5 g

Lycopene ROS quenching 2–6 mg
Carnitine Scavenges ROS LC: 2 g and LAC: 1 g
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based on the property of chemical or biological compounds 
to neutralize or scavenge ROS or enhance enzymatic anti‑
oxidant activity, with the logical hypothesis that an increased 
antioxidant intake would treat and prevent male infertility.

Ideally, an effective treatment would be tailored to the 
patient’s redox status. Limitation of this assumption is a 
lack of a widely accepted method to measure redox status, a 
precise normal redox level or acceptable cutoff values [13]. 
Therefore, commonly prescribed antioxidants have variable 
data among recent publications regarding dosing ranges and 
combinations.

Antioxidant therapy is also challenging when the balance 
between physiological ROS activity and detrimental oxida‑
tive stress level is considered. If antioxidants can reduce the 
pathological effect of ROS on one hand, on the other hand 
an overconsumption of such compounds could interfere with 
redox balance, in a process called “antioxidant paradox”. 
Although cells usually work in a reduced state, a certain 
degree of oxidation is necessary. Protein synthesis and 
gene transcription require oxidation, as well as apoptosis, 
an important cellular mechanism and an oxidative process 
itself. Nevertheless, caspase enzymes enrolled in apoptosis 
can be deactivated by excessive oxidative status. Antioxi‑
dants could therefore shift the balance toward either sup‑
pression or facilitation of apoptosis [4].

Recently, Majzoub et  al. [6] performed a systematic 
review of antioxidants and indications. The described 
compounds, in monotherapy or combination, are: vita‑
min C (500–1000  mg) vitamin E (400  mg), carnitines 
(500–1000 mg), NAC (600 mg), zinc (25–400 mg), lyco‑
pene (6–8 mg), folic acid (0.5 mg) and co-enzyme Q10 
(100–300 mg). The mechanism of action and doses are sum‑
marized in Table 1.

Evidence in antioxidant therapy

Overall, evidence regarding antioxidant therapy reflects the 
heterogeneity of compounds, dosing and clinical applica‑
tions. Henkel et al. [13]. performed an interesting review 
of antioxidants use in male infertility, with the main studies 
summarized in Table 2. The authors highlight trials with 
effects in semen parameters and other studies that failed to 
show positive outcomes. Although the reviewers present 
mostly randomized controlled trials, studies are widely vari‑
able regarding the type of antioxidants and combinations, 
population selection, follow-up and outcomes.

In terms of reproductive outcomes, a 2014 Cochrane 
review considered live birth rate as the primary end point. 
The main comparison was use of antioxidants versus placebo 
or no treatment. Secondary outcomes included clinical preg‑
nancy, adverse effects, level of sperm DNA fragmentation, 
sperm motility and sperm concentration. In this meta-anal‑
ysis, Showell et al. [14] summarize the main results of 48 

trials in a population of 4179 subfertile men. For live birth, 
the quality of evidence was low (according to GRADE), in 
only four studies and a total of 277 participants, with a OR 
of 4.21 (2.08–8.51). Clinical pregnancy rate also showed a 
low quality of evidence and an OR of 3.43 (1.92–6.11) in 
seven studies with 522 patients. Considering adverse effects, 
samples were small to draw conclusions. Researchers were 
also unable to perform a meta-analysis on head to head 
antioxidants comparison for clinical pregnancy, live birth, 
adverse effects or semen parameters.

Take home message

Pathophysiology of male infertility is often a poorly under‑
stood process, increasing difficulty in patient management. 
Although studies have shown a potential improvement of 
male fertility, a widespread indication for antioxidants is still 
restricted by practical aspects, including unknown physi‑
ological levels of ROS and controversy regarding different 
concentrations and combinations of drugs. Overall, available 
studies with antioxidants show high heterogeneity in design, 
dosing ranges and outcomes. Limited data are available on 
adverse effects, and further trials are needed to define precise 
and optimal use of such substances.
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