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To the editor,

 The biological formation of hydrogen peroxide has been postulated since 1922, particularly 
in connection with catalase and peroxidase’s presumed function, initially only found in cultures of 
some bacteria and some molds and specific enzymatic reactions requiring molecular oxygen for the 
oxidation of their respective substrates (1-5). In 1943, indirect evidence for H2O2 formation during 
respiration of bovine spermatozoa in the egg-yolk medium had been demonstrated, and that the incu-
bation of human spermatozoa under conditions of high oxygen tension resulted in a loss of motility 
that could be reversed by the presence of catalase (6, 7). In 1946, finally, hydrogen peroxide forma-
tion by human spermatozoa and its inhibitory effect on respiration was demonstrated (8). In 1986, 
the positive association between impaired sperm function and men attending infertility clinics was 
established (9). In 1989, Aitken et al. described that human spermatozoa can generate reactive oxygen 
species (ROS), significantly accelerated in cases of defective sperm function, examining the pivotal 
role of lipid peroxidation (LPO) in mediating free radical damage to cells, either by an intrinsic mecha-
nism or induced by ionophore (9). Among functional consequences, was a dose-dependent reduction 
in human spermatozoa’s ability to exhibit sperm-oocyte fusion, which could be reversed by including 
a chain-breaking antioxidant, alfa-tocopherol, implicating a causative role for LPO in the etiology 
of defective sperm function. Furthermore, a possible physiological role for ROS generated by human 
spermatozoa in mediating physiological spermatozoa-oocyte interaction was postulated (9). 

The biological failure of reproduction and the consequential involuntary childlessness expe-
rienced by an increasing population of males worldwide expressing a 59.7% decrease in semen quality 
over less than 40 years in 43 thousand men in 85 studies from all continents, should raise concern to 
a potential common, unique and powerful sperm cell damage mechanism: oxidative stress (10). The 
generation of reactive oxygen and nitrogen species, leading to peroxidation of lipids in the bi-lipidic 
sperm membrane, ultimately fragmenting the mitochondrial and nuclear DNA and damaging other 
organelles. 

Decades later, although these concepts appear simple and straightforward, the pathophysiolo-
gical understanding, the laboratorial and clinical applications of ROS & LPO measurements for male 
component infertility have not yet been widely disseminated outside the inner circle of translational 
andrology.  In spite that a recent Medline search using the terms spermatozoa and oxidative stress/ROS/
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LPO found 2,006 papers, the andrological com-
munity linked to male subfertility is still stru-
ggling to disseminate to urologists, reproductive 
endocrinologists, and gynecologists that regular 
semen analysis is insufficient and imprecise to 
translate functional status at a cellular level. The 
purposeful and convenient misinterpretation by 
many of what means low-quality or abnormal 
seminal parameters has unfortunately led to a 
growing, profitable, relatively uncontrolled, 
and under sighted multi-billion dollar, industry 
leading to excessive use and abuse of assisted 
reproductive technologies in many parts of the 
world (11), with consequences going beyond the 
couple´s health but diving deep into future ge-
nerations faced with unknown potential risks 
that include, but are not limited to: higher mis-
carriage rates, congenital disabilities, premature 
or low-birth-weight, multiple gestations, higher 
maternal death, increased and major urogenital, 
cardiovascular and neurological malfomations,  
increased genomic instability, increased imprin-
ting disorders, De novo mutations, increased risk 
of hypospadias, higher blood pressure at a young 
age, increased risk of cancer, psychological and 
neurodevelopmental features in offspring after 
ART treatments (11-16). The purpose of a high-
-complex and fully dedicated andrology labora-
tory with internal and external quality control 
assessments in the settings of andrology/urology 
practices is mandatory to investigate the under-
lying cause of infertility thoroughly and at the 
same time guide to improving methods to restore 
male general health, testicular and sperm func-
tion. Andrologists should assess sperm cell status 
through selective functional tests and ultimately 
propose methods to enhance this evaluation, se-
arching for reliable, reproducible, cost-effective 
tests with well-established reference values for 
the fertile and infertile population.

Over time, field-tested methodologies 
have been defined as the gold-standard OS and 
ROS measurement method, the chemilumines-
cence assay using a luminometer and luminol 
(5-amino-2,3-dihydro 1,4-phthalazinedione) 
as a probe. Results are expressed as 104 coun-
ted photons per minute (cpm)/ 20 x 106 sperm. 
Each andrology setting could establish its own 

local/regional reference values for the fertile 
population following strong World Health re-
commendations. Athayde et al., 2007 in Brazil 
established reference values for ROS in neat 
and washed semen samples with or without leu-
kocytes for the population with proven fertility 
(16). For washed semen, it was established 51.5 
as an optimal cutoff (accuracy 73.2%) for sam-
ples with leukocytes but without Leukocytos-
permia, and 10.0 for semen without leukocytes 
(accuracy 69.0%). For neat semen, an optimal 
cutoff of 0.56 for samples without leukocytes 
and 1.25 for semen with leukocytes (Endtz >0 
and <1x 106/mL) was determined (17). Of notice, 
the identification of potential sources of ROS is 
essential for guiding any clinical intervention. 
Leukocytes are a significant ROS production 
source (18) and solidly indicate the demand for 
a more careful evaluation. A significant diffe-
rence was identified when comparing the fertile 
groups with and without leukocytes (excluding 
samples with Leukocytospermia). Even fertile 
men had substantially higher ROS levels in neat 
and washed semen samples with leukocytes (<1x 
106/mL).

Nevertheless, one point to be considered 
is that ROS are just a part of the spectrum of oxi-
dative stress that can be precisely measured by 
various and laborious techniques, other by-pro-
ducts like reductive nitrogen species, sometimes 
even more harmful, fall short in the capacity 
of testing. Functionally speaking, sperm capa-
citation is expressed as a redox-regulated me-
chanism wherein a low level of reactive oxygen 
species (ROS) generation is closely involved in 
driving such events as promoting the cAMP ge-
neration, cholesterol efflux reinforcement, and 
tyrosine phosphorylation. However, ROS’s con-
tinuous generation ultimately creates problems 
for spermatozoa because their unique physical 
architecture and unusual biochemical composi-
tion mean that they are vulnerable to oxidative 
stress. Therefore, spermatozoa and other testi-
cular cells are heavily dependent on the antio-
xidant protection afforded by the fluids in the 
male and female reproductive tracts and, inclu-
ding the seminal plasma. Suppose this antioxi-
dant protection should be compromised for any 
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reason. In that case, the spermatozoa experience 
pathological oxidative damage, to such a degree 
that spermatozoa under normal physiological 
conditions or even to some extent and for a pe-
riod, pathological circumstances (ex.: varicocele, 
cigarette smoking, marijuana use), spermatozoa 
can engage in a redox-regulated cascade of hype-
ractivation, capacitation, and even sperm-zona 
pellucida binding, without fear of succumbing to 
OS, but with a thin margin (18). 

Cicek et al. (19) aimed at measuring the 
association of seminal oxidation-reduction po-
tential (ORP) with sperm parameters in patients 
with unexplained male infertility. A “one-size-
-fits-all” system is uniquely seductive in the po-
sitive sense that by analyzing all components in 
the spectrum of OS and the counterpart of an-
tioxidants, the expressed number would reflect a 
positive or negative biological homeostasis that 
could guide the clinician towards treatment an-
tioxidants or other medical interventions. Seve-
ral questions are raised and should be of con-
cern. Although it is attractive to have a specific 
number that expresses the fight between OS and 
defense mechanisms, the measurement of all the-
se elements and their by-products made by the 
human spermatozoa and surrounding tissues is 
made particularly difficult because of the various 
oxygen metabolites involved and the low levels 
of ROS generation compared with contaminating 

cell types, in particular neutrophils.  Therefore, 
any study that does not adequately address the-
se variables should be looked at with precaution. 
The reduction of one single electron that provi-
des enough energy to generate input for the che-
miluminescence or any other electrical stimula-
tion assay, could also be achieved by reductases 
such as cytochrome b5 and P450 using NADH 
or NADPH as electron donors, respectively. This 
could lead to a serious bias or flaw in methods 
to measure OS or ORP, provided that no positi-
ve or negative controls are running at the same 
time. Furthermore, as confounding-factors not 
addressed in the paper by Cicek et al. are the po-
tential presence of defective immature spermato-
zoa with excessive residual retained cytoplasm, 
quite common in the infertile population, which 
by itself can generate excessive OS via NAD(P)H 
oxidase (20).

The ORP measurement could theoretically 
have some advantages as it arguably provides re-
dox balance in real-time and can be assessed even 
in frozen seminal plasma, requiring less techni-
cal expertise than other techniques (21). But what 
about quality control issues and calibration bias? 
Nonetheless, criticisms also emerge because the 
sample’s viscosity directly interferes with results, 
not to mention other interferences like neutrophils 
and other OS generating cells. To be widely ac-
cepted, more independently evaluated prospecti-
ve studies are mandatory with larger sample si-
zes, fertile and infertile controls, and more widely 
standardized reference values for all these va-
riables with or without Leukocytes. Anyway, the 
good news is that Andrology is moving progres-
sively forward with concepts that sooner or later 
will become easily more understandable.
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